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FOREWORD 

The Langley Aerospace Research Summer Scholars (LARSS) Program was estab~shed by 
Dr. Samuel E. Massenberg in 1986. The program has increased from 20 participan~s in 1986 
to 114 participants in 1995. The program is LaRC-unique and is administered by Hmpton 
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. Addi~onalP 
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 pussue 
and earn graduate degrees and to enhance their interest in aerospace research by exposbg 
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 tbe 
students during the summary of 1995. 

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

OFFICE OF EDUCATION 

The Office of Education serves as the primary focal point for most educational appoau~fies 
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 potenfial 
of the employees of NASA Langley Research Center through planning, policy formula~on, 
and administration of human resource programs and procedures. The areas of e~mphasis 
include: position classification, recruitment, career development, labor relations, 
performance management and awards, training and education, employee benefits, 
organizational development, occupational health, and retirement. Research opportu~fies 
exist in the following categories of effort: personnel information systems, human 
performance technologies, learning support and transfer techniques, organizatioin design, and 
change dynamics. 

OFFICE OF EXTERNAL AFFAIRS 

The Office of External Affairs manages a broad range of programs designed to co 
with and monitor the external environment. These programs involve public affalirs, 
congressional affairs, public services, freedom of information (FOI), technical conference 
management, research, writing and editing, exhibit design and fabrication, speech w i h g ,  
and a variety of other staff support for the Center. The office includes the Office of h b E c  
Affairs (OPA) and the Office of Public Services (OPS). OPA serves as a comm.u~ca~ons 
facilitator between center management and news media and the public about research 
programs and other subjects of interest. OPA issues news releases, etc., and pubfishes 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. 



OWICE OF COMPTROLLER 

The Clffice of Comptroller is responsible for the centralized planning and analysis of all 
83enter resources and financial management activities. The office is the focal point for the 
development and execution of financial and resource decisions. The Comptroller 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 
progranns 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 
wjih customers and performs aircraft vehicle studies to obtain an integrated set of research 
objec~ves. APG also provides program management for focused programs when 
hplementation 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. 

mTERI\TAL OPERATIONS GROUP 

The Internal Operations Group (IOG) supports the Center's research programs and project 
ac~vities, 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 
Consmction of Facilities program; all functions necessary to design, install, operate and 
anGntain 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 
operatioin of complex aerospace systems and research test articles; Center-wide electronic 
disciplhe 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 
mhta in~  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 
cer~fication 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 
CapabGQ, Engineering, Mechanical Systems Enginee~g,  Facility Systems Engineering, 
M a t e ~ d s  Characterization Technology, and Engineering Laboratory Unit. 



RESEARCH AND TECHNOLOGY GROUP 

The Research and Technology Group consists of approximately 800 
scientists, engineers, technicians and support personnel who are responsible for perfordng 
basic research and technology development in a broad range of aeronautical and selectd 
space disciplines. Through an interdisciplinary approach, the group produces proven md 
usable technology for aerospace and non-aerospace customers. The Research and 
Technology Group program includes research activities in: Aerodynamics, Flight D y n ~ c s  
and Controls, Fluid Mechanics and Acoustics, Gas Dynamics, Competitiveness, Infoma~on 
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), GEmate 
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 md 
Instruments, and In-Space Technology Experiments. 

TECHNOLOGY APPLICATIONS GROUP 

The Technology Applications Group (TAG) leads the Center's technology transfer md 
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 additialn, 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 fights in 
intellectual property matters. TAG also provides the overall leadership for planfig and 
implementing the Center's Small Business Innovation Research Program (SBIR.) and the 
Small Business Technology Transfer Program (STIR). The Agency conceives and nnames 
innovative concepts and methodologies applicable to its focused research progrms in 
aeronautics and space. Langley seeks synergistic partnerships with industries and 
universities in these mission programs. A dynamic, cooperative teaming with n a ~ o n d  
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 Ni4SA benefits 
through the mission-related accomplishments. As students graduate, they have hproved 
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 relations~p of the 
work to our mission and technology thrust, industry funds a university faculty niember m d  a 
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s ~ d e n t  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 am, bringing their collective strength to bar on a specific problem. Colleges and 
universibes 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 
addibon, academic institutions facilitate, promote, and support technology transfer and 

ialization of advanced aeronautics, space, and related technologies to both technical 
a d  non-technical settings through creation or enhancement of courses and curricula to reflect 
knowledge transferred from NASA-conceived methodologies or technologies, direct student 
hvolvement in NASA-sponsored research projects and missions, and publication and 
presentafion 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 globd map. 

Introduction 

Interest in the radiation levels of the Earth's atmosphere goes back to the 1960's when the 
first insmments 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 19807s, the Earth Radiation Budget Experiment 
(ERBE) was launched to better understand the radiation budget. In 1997, the first Clouds and the 
Emla'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 5pm), longwave (5 to 200pm) and total waveband (0.2 to 200pm). 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 dab. It has no moving parts, collecting data only in the field of view underneath it and con- 
hues  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- 
~ h m .  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 (TRMIVI) in August 
1997 and the EOS-AM and EOS-PM in the following years, CERES plans to continiue ERBE9s 
mission of tracking the earth radiation budget. CERES will also provide estimates for sudace 
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 mount, 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 12pm). CERES also has the 
capability of operating in a rotating azimuth plane scan (RAPS); instead of collectin~g 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 Auxes, 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 EIRBE S-8 data 
on a cylindrical world map. Used to visualize the data, it could plot various types of radiomet~c 
data, particular orbits, and data from various times of the day. The plots served as a venficatlon 
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 p~oducts 
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 Obstael4es 

Fomam 90 is the preferred language on the CERES project; many commonly used routines 
had already bleen written with F90, running on the machines nimbus, asdsun, and bobill. How- 
ever, it stiU i s  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 
apgropnate 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 
ofiginal 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: 
- /ogt/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. 

- /opt,loptional/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. 

- /opt,/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: 
- /opt,/optionallncar - The scripts call libraries in /usrPocaVncar~lib. The programs com- 

pile and execute but crash because it is an old version of NCAR. 
- /opt/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 
/oprloptionalJnbin/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 
- daylnight 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 dara 
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 SSE 
the plots look identical using the S-8 plot generator and the SSF plot generator. Ve~ificaeion 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 aingle, 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 SSE Figure 
7 is the whole plot from the short SSF; Figure 8 shows the details of Figure 7. The 140 foopfints 
are located over the North Pacific. 

The Applications 

Currently, the software is being used as a verification tool. The other prograimmers 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 vv'ill quickly 
need to verify the data looks similar to the expected results. This plotting software will alllow 
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:-s81read-any-s8. The recompile command is 'recompile-mod' and the execute 
csmmmd is 's8erbepl'. 

The software to remove the header of the S-8 is located on bobill in jbarsi/ceres-ssfl 
m&e-ssf/removeheader. To compile, execute 'write-s8.exe' and supply the program with the 
filenme 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- 
n m e  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 ssfuser file - 'ssf-user.f7 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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B. A. Wielicki and B. R. Barkstrom. CERES Algorithm Theoretical Basis Document. Release 1.1, April 1994. 





Figure 3. CERES SSF Plot of Radiomeric Total Channel for the first hour of data. 

-- 

Ficrure J. CERES SSF Plot 01 Radiometric Total Channel for the wand hour of data. 



Figure 5. CERES SSF Plot of Top of the Atmosphere Flus for daytime data. 

Figure 6. CERES SSF Plot of Top ot .-\tmo\phere Flus for ni, (thtt~me data. 



- 

Figure 8. Detrvl of Figure 7. Data located oiler east . h a .  
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ABSTRACT 

The central focus of my study for the summer of 1995 was to provide logistical 
supporl 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 
mmaging staff for exhibits and the aerospace theater. A secondary purpose was to serve 
in oher public service capacities by writing news releases, fact sheets, announcements, 
m d  d c l e s  for the ResearcherNews. 

BODY 

T%e 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 
sheeb, announcements, and articles for the w r  News. Various assignments were 
given during this summer session and summaries of d l  activities will be provided below. 
For a colnprehensive 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 
oppomrrity 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. 
T1-ne effsm to coordinate these participants, and their numerous individual requests, was 
fa'aeiliibaed by the logistics manager. As the assistant logistics manager, it was my duty to 
k p  a majority of these details in order. It was my responsibility to serve as a liaison to 
phcipants 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 
ws dscj my responsibility to manipulate exhibit floor staffing and aerospace theater 
srad-fing schedules for NASA exhibitors. 

Submitting articles to the Researcher News was-a secondary function of this 
inkmship position. Included in Volume 9, Issue 15, July 28, 1995, is an article about the 
;hs@ona~~t training selection process and training programs; and an announcement for the 
Virgbia Air and Space Center special promotion (see attached). In the upcoming edition, 
d c l e s  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 h e  7- X 10- foot conference room, the availability of the Newsroom, the Grand 
Opning of the Pearl I. Young Theater, the 10th anniversary of the Childcare 
Bvelopment Center, and a piece on the Transonic Dynamic Tunnel. Each article 
rquires research, interviews, and patience as rewrites are always a necessity. 

.hother facet of this position was the opportunity to take excursions outside of 
h e  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 sneak 
with them one on one. On another occasion, I was given . . .  the opportunity to shadow J h  
Schultz, the science and technology reporter for the Vrrymran- Pilot He showed us 
around the newsroom and introduced us to numerous individuals who work wirhin h e  
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 ~p 
to Washington, D.C., to visit NASA headquarters. The department of Public Affdrs, md 
its many facets was a prime target for this visit. It was interesting to see the opera~ons of 
this major center and speak with the people working within the system. I also had a 
chance to meet with personnel from the Education Department, who gave adviae for 
future career and educational plans. 

WRITING FOR PUBLIC RELATIONS 

As need arose, I also completed various pieces of public relations related w ~ d n g ,  
These included but were not limited to, a fact sheet on the MEEPIMir Shuttle Payload, 
monthly story opportunities releases (see attached), announcements for the Virginia f i r  
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 

T i e  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 wi& 
many individuals and heed the advice they provided was priceless. My work ~ ~ r i t h  the 
Oshkosh logistics was challenging, yet very enjoyable as I love to manipulate d e ~ l s .  
The opportunity to practice and polish my writing skills will be a benefit for a l i f ehe .  



Assignmentsl Calendar for Danielle Beck 

W m K  QPNW June 19- 23 
19- Lecture 10:OO 

OSHKOSH Logistics 

W m K  TWO/ June 26-30 
26- Lecture 10:OO 
29- AP Style Workshop 

9:OQ-11:O 
Al~icle: NACA Airfoil Report 
Announcement VASC promotion 

OSHKOSH Logistics 

WEEK 133 July 5-7 (Holiday) 
5- RN Layout Training 

OSHKOSH Logistics 

W m K  FOUR/ July 10-14 
10- Lecture 1o:o 
1 :L - Astronaut Tour 
14- Career Seminar 

Article: Astronaut Candidate Tour 
OSHKOSH Logistics 

W m K  HVWJuly 17-21 
1 IB- RN Deadline Due: Astronuut Candidate Tour, NACA Airfoil 
19- OSHKOSH Meeting 
20- Headquarters Tour 

OSHKOSH Logistics 

WEEK SIW July 24-28 
24- Lecture 10:00/ Group Photo 
25- Story Opps Due 
27- Banquet 
OSHKOSH Logistics 

Article: Odyssey of the Mind,. LzRC This Week 
Announcement: Pearl I. Young neater  Opening/ LARC This Weeek 

WEEK SEVEN/ July 31- Aug. 4 OSHKOSH AIR SHOW 
31- Lecture 9:00 
3 1- Tour of Virginia Pilot 
3 1 - 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 NINW Aug. 14-18 
15- RN Deadline Due: TrMsonic Q m n a m L c  Tu,nnel, 7 -x 10- foot completed 

Childcare 
16- Story Opps Due 

WEEK TEN Aug. 21-25 
22- Pearl I. 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 Childcard Tour Wind Tunnel with Child Care 
3 Work on Report/ Visit Exhibits 
4 Experiment 10-1 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 
1 1 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 Opening1 Write Article 
3 2 
L. -1 

24 Finish Payload Fact Sheet 
25 RN Deadline Pearl I. Young Theater Opening, Newsroom Completed 



SANews 
National Aeronautics and 
S p m  Admjnistration. 

Lsngley Research Center 
Hampton, Virginia 23681 -0001 

For Release: Immediately 
R e l w e  No. 95-071 

NASA Langley Story Opportunities-August 
GENERBbL AVIATION IS GIVEN NEW LIFE. A network of partnerships between 
governm~ent, industries, universities and nonprofit organizations is breathing new life into 
gelnerd aviation. The official signing ceremony of the AGATE (Advanced General 
Avial;ion Transport Experiments) Consortium took place on July 29 in Oshkosh, Wis., 
home of the Experimental Aircraft Association (EAA) annual Fly-in Convention and 
Spsa Aviation Exhibition. AGATE is a multifaceted organization formed by NASA, 
F M  andl the general aviation industry aimed at increasing revenue and creating jobs. 

AIRS CONTACT: Keith Henry (804) 864-6 124 

10,000 PAGES ALL ON ONE LI'ITLE DISC. "Legacy," a joint project between the 
NASA General Aviation Program Office and the NASA Langley Technical Library, is a 
CD-ROE14 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 
repom on general aviation. Hard copies would cost as much as $3,000, yet the CD-ROM 
is av~lalble for $75 plus $6 for shipping and handling. The disc is available through the 
Natjiond Technical Information Service (NTIS). 
m S  COmACIT: (703) 487-4650 
NASA LANGLEY TECHNICAL LIBRARY CONTACT: Susan Adkins (804) 864-2390 

**+NASB/FAA CHALLENGE STUDENTS TO INNOVATE IN 1996. NASA and 
the FAA, are sponsoring a general aviation design competition for aeronautical and 
engineling students. The competition challenges student teams to develop small aircraft 
&ansportation system innovations in various technical areas. The purpose of the 
comptition 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 
Consortiium. 
VJRGDaA SPACE GRANT CONSORTIUM: (804) 865-0726 
PUBLIC AFFAIRS CONTACT: Keith Henry (804) 864-6124 

***DElIGN COMPETITION WINNERS ANNOUNCED. A student team from three 
Kmsas universities -- the University of Kansas, Kansas State and Wichita State -- 
i n ~ d u c e d  an operator-friendly aircraft design earning them first place in the first annual 
NASA1FAA National General Aviation Design Competition. Embry-Riddle 
Aeronautical University, Daytona, Fla., took second; Mississippi State University took 
(.a$ird; and's design group representing the University of Virginia, the Pratt Institute at 
BrooMyn and Mallen Research Corp. of Charlottesville took an honorable mention. 
PUBLIC AFFAIRS CONTACT. Keith Henry (804) 864-6 124 



AUGUST STORY OPPORTUNITIESl2 

REMINDER: 'SEAFOOD FARMING' TALK AUG. 1. Michael J. Oesterling, m 
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 imvi(led ts 
the 2 p.m. talk and to a media briefing at 1:15 p.m. at the H.J.E. Reid Conference Cenkr. 
Will be repeated at Virginia Air & Space Center, Hampton, at 7:30 p.m. 
PUBLIC AFFAIRS CONTACT: Catherine E. Watson (804) 864-612213 

AERONAUTICS IN THE 21ST CENTURY. James A. Blackwell, the president of &e 
Aeronautics Sector of Lockheed Martin, will share his views of the future of aeronau~es 
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) 864-6 122 

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 exye~ment 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 N14SA 
Langley will spend six weeks in central Brazil studying the atmospheric effects of 
biomass burning. The field experiment, which begins Aug. 16, will involve coordinakd 
aircraft, surface and satellite measurements of smoke characteristics and the interac~on sf 
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 - B r ~ l ) ,  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 RLV program calls for development of one or rnore 
launch vehicles that could deliver payloads and people to space, fly back to Earth, md 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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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. 
Cornlpact, 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 ofthis 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 
VV;LU give the user the abiity 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. Ulrtimately, 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 auil iaq 
electronics, ranging in size, are necessary to support the CCDs. The size of the supporting electroics 
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 commer~cially avihllable 
3-phase CCDs, determine how they fbnction, and become familiar with the varioi~s enigineefimg 
software design tools on the CAEDE system. The design tools which will be needed i'or this project 
are; 

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

2. LEAPFROG is a design tool that detects errors in the VHDL program, sixnmulates the 
VHDL program, synthesizes, and converts the VHDL description into a diagram sf  
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 though the 
Leapfrog simulator 
into the final XILINX product (chip). 

In order for the timing generator to successfblly operate 3-phase CCDs, a study of t i i ~ n g  diagrams 
from the leading manufacturers had to be conducted in order to note any similarities or diEwences 
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 vafious 
timing diagrams into a find 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 & Tecbcal 
State University with access to NASA's CAEDE system enabling more efficient design work. 



Though 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. 
Pro~sions 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 
^ ' a b k e s  CCD auxiliary electronics will result in a reduction of the size and weight of focal planes 

bmed on Ge'Ds. This will be very beneficial to a wide range of commercial, scientific, and defense 
applications. 
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ABSTRACT 

An analytical study was conducted for a 114 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 
reducled ply thicknesses for 112 and 114 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 stmc- 
tures. The composite materials are made up of several plies or laminae. Each l a ~ n a  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 stmctures 
using scale models have failed in the past to accurately predict the strength olf full-scale 
structures. In response to this, a new method of composite structure scaling has been 
implemented using reduced laminate ply thicknesses corresponding to 112 and 114 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 112 scale and two 114 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 Iblin 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 deternine 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. 



Th~e panel design is a five-stringer composite stiffened compression panel. They are 
made from Hercules AS413502 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 O ,+J- 45 O , 90  O plies. 

A linear finite element analysis of the 114 scale model was conducted using STAGS 
(STructural Analysis of General Shells) computer code developed at Lockheed Palo Alto 
Reseaxch 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 Ib 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 cured  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 lb 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 







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- 
sue-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. 
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ABSTRACT 

Data was collected in order to further NASA Langley Research Center's 
Geographic Information System(G1S). Information on LaRC's communication, electrical, 
and facility configurations was collected. Existing data was corrected through 
verafication, 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(1CTT) 
prove G.IS to be a valuable resource for LaRC. 



INTRODUCTION 

Geographic Information System(G1S) is an integrated system of compu1:er 
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 dlow 
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 GlS, 
communication, electrical, and facility configuration information was collected. 

PROCEDURE 

The initial project for the Imaging and CADD Technology Team's (ICTT) su 
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 drawkgs 
and compared to the original brochures for any discrepancies. Once the nearly two 
hundred facilities associated with the NASA Langley Research Center were me<asup-ed, 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 m y  
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 t r a n s ~ a e d .  
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 



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 
fa'acibities. 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 wrmg and 
changes on the floorplans were made. A major part of the interior verification was the 
locating of the IDFBDF systems. These systems are the power source of each facility. 
IIDF (Intermediate Distribution Frames) deals with the phone jacks and the associated 
currents. Similarly, BDF's (Building Distribution Frames) involve the circuits and 
elechcal aspects of a facility. 

TJsing 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, IDFBDF systems and the exterior 
charracteristics of each facility were recorded. This would later be implemented into the 
GIIS. The possible additional use of this footage would be a multimedia tour of NASA 
Lmgley 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 cuePat 
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 
IDFLBDF, phone and network jack information. While the IDFLBDF 's for the most part 
were consistent with floor plans, many of the phone jacks were not and were reeonfigured 
on drawings giving an accurate account of where each jack was located. 

There were also many structural changes in buildings. New rooms were added m d  
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 needi. The find 
result is a new updated database and drawing with all vital information needed to suppoa 
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 aranslakd 
to the GIs, which allows the user to obtain information through a visual image of k&C 
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. 



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 
though appropriate communication. Finally, organization was a high priority. It was 
iqerative to maintain the drawings, database, information, and floorplans in an orderly 
fas&on. Each of these aforementioned qualities has helped develop the overall, individual 
character of each LARSS summer student. 
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Abstract: 

Piezoelectric materials exhibit an electrical response, 
such as voltage or charge, in reaction to a mechanicad 
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 iinclude 
experimental poling, characterization of the capacitance , 
and demonstration of the use of a piezoelectric polymer as a 
speaker. 



Introduction: 

"Piezo" is the Greek word that represents "pressure." 
Hence, piezoelectricity describes the relationship between 
pressure and electricity. Piezoelectric materials are those 
materjials 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 ~ressurdl Dimensional 

Voltage I 

Output 1 
Applied + 
Voltage -1 u 

Actuators Sensors 

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 [I] 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. 



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 

al 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 
n 

(b) Poled n 
I 

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. 
It  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 rnultimeters which monitor the voltage and current 
during poling. 



Figure 1.3. Poling set-up 

The film was heated at a temperature 10 degrees below the 
specific polymers' glass transition temperature (T,) , 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 (T,), and poling period (t,). As shown in Figure 
1.4 the polymers were poled for approximately 5 minutes 
at a constant temperature (approximately 2 10°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. 



Polymer Pologram 
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Polymer Sample 
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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 

I l l /  
Voltage 

Figure 1.5. Parallel Plate Capacitance 

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

where d = thickness between polymer plates 
eo = permittivity of free space and is equal. to 

8.854 x 10-12~/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. 

Figure 1.6. Chemical structure of JPCYANO polyimide. 



A Data Precision Capacitance meter model 938 was 
used to measure capacitance in a Blue M mechanical 
convection oven model OV-47 2A-3. Measurements were 
taken at 10" C intervals starting at room temperature and 
ending at 2 11°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 

ple 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 LM386 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 



ceramic RAINBOW wafer and the amplifier. The bud box 
was closed and the leads from the headset were attached to 
the screws on the outside of the bud box. 

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 
ceram:ic 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 crea~ted in 
order to construct a circuit that would use the piezoelectric 
RAINBOW ceramic, PLZT, as a speaker. 



References 

1. Kawai, Jpn. J. Appl Phys., 8, 975 (1969). 
2. M.G. Broadhurst and G.T. Davis, Ferroelectrics, 60, 3 
(1984). 



Technology Transfer 

by 

Kimberly R. Bullock 

Langley Aerospace Research Summer Scholar 

Rosemary Baize 

Mentor 

Cheryl Allen 

Mentor 

Technology Applications Group 
Technology Transfer Team 



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 almosit four decades. Recently, increasing global competition has emphasized the 
importance of fully utilizing federally funded technologies. Today NASA must meet its 
nnisslon 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 
fomulated a new way of doing business with the private sector. Emphasis is placed on 
f o ~ n g  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 Moird. I have also worked to establish a cooperative 
program with TAG, private industry, and a university known as the 
TAGfindustryIAcademia Program. 



Technology Transfer 

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 confxibutes 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 standads 
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/Environmer~t 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 Ithat may 
be used for some type of NDE. I then pulled each patenthnvention disclosure file and read 
through each one. I divided the files up into different types of NDE. The categories were 
eddy current/electromagnetic flaw detector, ultrasound, x-ray, and acoustic emission. 1 
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 stelel 
pipelines. The weld joints between them are 3 to 4 inches thck 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 hgh  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 



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 lbecause 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 Moire" 
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 
moire or X-ray moire 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 moire 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. 
H obtlned 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 
connpanies controlled the new tire and retread market in the US for manufacturing. (see 
Fig. I-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 D&.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, 
Bnc. 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 moire. 

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 TAGAndustryIAcademia 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 

ercialization 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 
infomation 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 
S u m e r  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 
conrelations in the database generated by the SHIP3D code, which modeled different 
scrmjet 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 ;m inlet, a 
subsonic difiser, a combustion section, and an exit nozzle. Air entering the engjine is 
initially slowed in the inlet causing its static pressure to increase by use of oblique shocks. 
The air then passes through the subsonic diffiser 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 diifffUsers 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 ape 
supersonic. Hence the need for a supersonic combustion ramjet, or scramjet. I11 order to 
bridge the gap between ramjets and rockets, it is desired that vehicles prolpelled by 
scrarnjets 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 2. 

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.3 p. 16 

Takeoff Weight Fraction Aircraft Rocket 

Payload 
Empty 
Fuel 
Oxygen 

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 weiglhts. It is 



irnpodmt to note that 'empty weight' includes items such as life-support, fuel tanks, 
power, controls, and engines. 

A hypers~onic airbreathing vehicle, on the other hand, acquires it's oxygen from the 
medium tlnrough 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 
majoPlty of its acceleration time under power of scramjets. Therefore, the design 
opti&ati~on 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 t;urrently underway at NASA Langley Research Center in Hampton, VA on the 
theoretical, as well as experimental, development of he1 mixing in scramjet engines. 

Due to the cost of physical experimentation for these high-speed conditions, 
coqutational 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 thee dimensional physical processes inside a scramjet combustor is the Supersonic 
Hydrogerl Injection Program, or SHIP3D. This code uses a four species combustion 
model in conjunction with the parabollzed, mass-averaged equations for the conservation 
of mass, momentum, total energy, total hel, and turbulence fields. The governing 
a l g o i t h  is the SIMPLE (Semi-Implicit Method for Pressure-Linked Equations) 
algo~thm 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., fueVair ratio, 
csmbusto~r 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 SHIP3D7 the first task was 
to see what the total stagnation enthalpy, total pressure, and the temperature were dokg 
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 indiviidual 
species stagnation enthalpies were doing. This had a two fold effect. Ht 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 thie code is 
calculating and how it is calculating it. 

One of the biggest difficulties in this project has been figuring out just how S m 3 D  
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 workiligs of the 
code answered quickly. This has led to a heavy investment of time in deciphering just how 
SHJP3D 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 cur~entBy 
assumed to be due to mass loss inherent in the code itself as a result of the grid ~ a t c ~ n ~ ~ .  
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 
detehIllng the piezo-optic coefficients of a new laser material. This data was collected using a 
quadbugle 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 cystal of Erbium doped Yttrium Aluminum Garnet (Er:YAG) (used in order to validate the 
expernrnental 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 
orkhogonally polarized portion of the beam measured with a optical sensor. At a later stage, the 
Er:UAG crystal was replaced with a new crystal in order to determine the piezo-optic coefficients 
sf this uncharacterized material. The applied load was monitored with the use of a 50 lb. 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 
-&I1 %turnho 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 
detenanined 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 aforen~entioned 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 
expe~mentally 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 fbrther 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 vaIlsus 
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 wavelenghs 
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 refiactive index of the laser through direct manipulation of the laser crystal itself. Brae 
manifestation of this photoelastic effect involves the heating of the laser crystal in order to blnng 
about thermal expansion to introduce a strain, which yields a change in the optical path lengh 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 d l e t e ~ n e d  
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 t.he 
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. 



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 c~ystalline 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 9i.u). The below relationship relates 
these piezo-optic coefficients , the applied stress tensor an the relative dielectric tensor 'Kt 
where repeated indices indicate summation: 

d 

The piezo-optic constants describe the effect of stress on the index of refraction of the 
materiial 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 
5indicatp.a~'; a graphical representation of optical properties expressed as an ellipsoid of wave 
nomals. 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 afier a stress is applied, this 'indicatrix' equation changes significantly 
and comespondingly, 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 = (lijrs * Crskl 

The materials to be tested are of a crystalline atomic structure therefore, in their least 
symetnc  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: 

qmn = Pmr * Sm 

Pmn = 9mr * Cm 



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 peqendicular 
to the optical axis and differing in optical path length as follows : 

The length of the crystal is 'd' and no & ne are the differing indexes of refraction of the two 
components. Expressed in terms of phase shift the above expression becomes: 

Recall prior mention of the form of the refractive index ellipsoid and its sensitivity to the phots- 
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: 

Solving this equation for the index of refraction in the x and y directions : 

nx = n*(1 + n2 * 912 * 02)-I/2 and ny = n*(l + n2 * q22 * o2)-lI2 

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

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: 

It is this expression which is used to validate the experimental method by matchng 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, t&s 
expression is then used to 'back-calculate' the piezo-optic coefficients of a new material using 
experimentally determined transmission values. 



Experimental Apparatus 

Thoughout 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 
expe~mentation 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 

wavelengkh of 543 nanometers. In addition, the specimen stressing apparatus was a spring 
loaded cbystal 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 
claaractefize the performance of the press in order to draw some correlation between the number 
of tums 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 loadlturns relationship in 
eEect, 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 
amangement 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 
cuarent fi om 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 Boad value, so long as the value of the shunted bridge is known as well. This value is used 
in the calibra~tion 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 multiplied 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 Binear 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 
va~ation in the load application point (suggested by the small circular pattern etched into the top 
piston face) a1 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 
mbber disc was also placed on the bottom face of the piston (which contacts the test specimen) 
which. provecl 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 
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setup eliminated the need for a load 1 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 ekinge 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 fiinge 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 ~intederometq 
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 vvhen semck 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 eEect 
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 polaPlzed 
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, atornic 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 even,tually 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. 



W e n  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 Mrlll be reported by the amplifier. 

EXPERIMENT 

In orcler 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 
( polanzer 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 
detefined v,alue 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 
expefimentally determined maximum signal intensity (So) and the load cell sensitivity, we obtain a 
result in terns of force squared. 

The experimental procedure used in testing the Yttrium Gallium Aluminum Garnet 
(UGAG) 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 
lenglh remained the same resulting in greater applied force per unit area. It is then reasonable to 
expect the resulting data to extend hrther into the quartic portion of the sine squared curve ( the 
beak" of the sinusoid curve if you will ) and the resulting curve fit to be dominated by the higher 
order quafiic 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 cionstants of the YGAG crystal using the aforementioned theoretical determined 
equation for i:ransmission 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. Thie 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 : 35.8542 x F (if) 

THEORETICAL LASER TRANSMISSION : 30.38 x F 2 (#) 

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 (q11-912) 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 crysta.l which was 
used previously in the validation of the experimental method. 

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

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

PERCENTAGE DIFFERENCE : 1.06% 

EXPERIMENTAL ( (111 - 912 ) #1: 0.1313 x 10-l2 pa-l 

EXPERIMENTAL ( (11 1 - 912 ) #2: 0.1328 x 10-l2 pam1 

PERCENTAGE DIFFERENCE : 1.13% 
-- 

( 911 - 412 ) YGAG 1 YAG PERCENT DIFFERENCE - 23.18% 



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 UAG crystal with which it was compared. As stated previously, the presence of Erbium in 
the expe~mental 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 
(UGAG ) 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 coxeliati~on of separate experimental runs carried out on the YGAG sample - a 1.13% percent 
diEerence- 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 
Prtsparedness 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 
t p e s  of equipment and communication capability that an efficient EOC should contain (i.e., 
wmpmkers, software, telephone systems, radio systems, etc.) was documented. With this information 
a bqulrememts Document was written stating a brief description of the equipment and required 
quantity to 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 
( h ~ c m e s ,  tornados, floods, etc.) or manmade disasters (fires, spills, etc.) must be managed in 
a fag md 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 
EX, all other actions will be directed and controlled in order to proceed in a coordinated way 
and hereby respond in an efficient and effective form. 

The LaEPC EOC is located in building 1248, Room 1 14 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. 

Orle 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 
capabfities 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 LaTPC 
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 h e s  
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 Gafkey, from JSC, electronically sent their Reqiuirernent 
Document and detailed information on their visit to the Los Angeles County EOC and 
Consolidated Fire Protection District EOC. John Woods, Arnes Research Center, is sending 
some information on their EOC but it has not yet arrived. In addition to contacting these centers, 
efforts were made to contact the Federal Emergency Management Agency (FEU) ,  re@;lonal 
agency. Besides all this, research was done on the Internet-Netscape where general infomation 
on Greater Houston Transportation & Emergency Management Center, NACEC v o d h  
American Center for Emergency Communications Inc.) Disaster Support Seniices md 
Minneapolis Emergency Communications Center was obtained. The fire department at kaRC md 
the Newport News Emergency Response Team were also visited as part of the research . A m& 
source of information was Doug Smith (LaRC Fire Chief), who is currently worloing on 
improving the EOC capabilities. 

Because Langley Research Center is located on a high risk area for hurricanes and Roods 
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 urould 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 wjill 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 recomlnend the 
most suitable console for this purpose. Several layouts were submitted by the company and one 
which met the requirements was bought. 

After organizing the obtained information, a Requirements Document was f i a e n  
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 Requ~irements 
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 
EaRC Emergency Operations Center is as follows: 



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 nnust 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. E8C k personnel must be able to communicate with the people at the site of the emergency. 
4. The E0C rnust 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 
coanmm~catilon systems are required. 
7. Books, references, and all important telephone numbers should be readily accessible to the 
EOG 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 slilould be conducted to veri@ the operation of the center and maintenance and 
inspectko oof'the equipment should be done periodically. 
11 1. EOG sh~ould have a storage stocked with food, fitel and water for personnel remaining 
kthout outside contact or should have some sort of agreement with the cafeteria in order to be 
provided vvith supplies. 

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

Equipment Requirements: 

4. 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. Nso, 
a minimum of five cellular phones should be provided for LaRC operations: Fire Ckef, 
Emergency Preparedness Officer, Office of Environmental Engineering, Head of O S E W  and 
Head of Security. Besides all this, being a NASA Center, government telecommuniications 
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. 

11. 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 inledace 
with the fire department (2) an INDIGO workstation and (3) a PC. In case of a fire alam, the 
FIRST access interface will show the building and room where the alarm was gene:rated on a 
graphic map. In addition, the interface will tell the number of handicapped persons aissigned to 
a building and any chemicals located there. The INDIGO workstation will be tied to FAmOU. 
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 s a f q  
coordinators and safety heads. Approximate measurements of required monitors are 15", 1 7IP,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 sirnulate the other 
two, but it is very slow and cannot run at the same time. The EOC also includes one blacMwhte 
scanner and two HP laser jet printers. Also the following networks and software are cunently 
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 mateI-sal 

and chemicals on the center. 
* DOD material tracking system 
* clairborne-OSEMA sun workstation 
* longstreet-network server tied to nas 
* nas-lessons learned, E E E  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 



* 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 
soRware for the INDIGO workstation if needed. 

III. 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 
k t h  the EOC or outside the Center if needed. People at the site must be able to have access to 
the d o m t i o n  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 
scamer (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 
pa~-kially, therle 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 
dedicatd h a e l d  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 
systa .  This allows the user to not to have to go through the base unit in order to communicate 
to another usler, with a 35 miles radius. 

Cunantly 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 
mother user. 

BV. Power Backup System: 

In case of an emergency the EOC should be able to operate under any circumstances. 
Died 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 
udihnanted 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 
wkch 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 he1 that will last for weeks. 

V. Weather Station: 

The LaRC center is located in a high risk area for hunicanes, floods and tornadoes and 
therefore these natural disasters are more likely to strike this center. Because of this, it is very 
i m p o ~ a n t  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 worEng 
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 W A C  2 9 00 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 briiefing 
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 
AMEM 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 finisheti with tbe 
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 learned on emergency response. The 
EOC plays an important role in this and if properly equipped, can help minimize tthe 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 persomel 
control any emergency on the Center. 
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n e  NASA Langley Research Center's Educational Programs Officer, Marchelle D. 
ghr, gave me two main assignments to be completed by the end of the ten-week LARSS 

These assignments were to redesign the NASA Langley Teacher Research Center (TRC) 
and mate new home page templates for the TRC and Office of Education. I worked with 

NASA Educa.tion Specialist, Jane George and the TRC director Nick Koltun for instruction in 
copmle~ng ttnese assignments. The main objective of my assigned projects was to create designs 
that refnecced NASA's educational goals, related to the TRC, and the Office of Education's desire 
for bgh  aesthetics in their multimedia materials. The Office of Education did not just want their 

na: TRC lbrochure and home page to be reworked, but; they wanted these items to be strong 
visud representa~ons of the TRC's purpose. 



1995 LARSS TECHNICAL REPORT 

The NASA Langley Teacher Resource Center (TRC) was established to provide dueamn 
immediate access to information generated by NASA's programs, technologies and discove~es. 
Any design for a TRC brochure or home page will have to represent this purpose. PJASA h g l e y  
Research Center's Education Programs Officer chose me to complete assignments of redesignkg 
these items based on my field of study, graphic design, and the creativeness of portFoEo work. As 
a designer, I have the desire to present ideas that meet the client's expectations using my pessond 
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 IVASA logo, 
the TRC logo, the Virginia Air and Space Center logo and a wealth of information albout the m C 9 s  
purpose and services. Simplicity was my goal. I wanted to make the pieces fit perf~rly \F;n;&sut 
many useless graphics and jargon. I spent a week at the TRC to get a feel for its sysltem of 
operation and how the director canied out NASA's purpose for Teacher Resource e n t e n  into m 
everyday procedure. 

I developed three ideas for the new brochure's design. The first idea used the s m e  apple 
from the original TRC logo and the Virginia Air and Space Center logo, which were &&d 
together, along with the NASA logo, by an airplane. The airplane flies around each logo md 
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 appb 
still symbolized educators and the children symbolized learning. The other logos were separard 
from this new logo and placed in areas where their importance could still be understcood. n e  last 
idea was to use the logos simply as small graphic elements and illustrate the purpose and s e ~ c e s  
of the TRC using cartoon-like pictures. These pictures involved a teacher visiting the 'I"RC and 
learning how she could use its materials in the classroom. 

The first idea was approved for the brochure design because it truly brings alJ h e  pieces 
together in a way that symbolizes the purpose of the TRC. At the Virginia Air and :Space awter, 
the TRC provides educators the opportunity to use NASA print and multimedia mate:fids = l a d  to 
science, math and engineering for the enhancement of their students learning. The dlesign says aU 
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 Gsud. 
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 md 
styles of home pages. The home pages that caught my eye were not necessarily the ones d e ~ n g  
with information I was interested in. I was attracted to their design. The differences in &ese home 
pages are plenty of bright color, complex clickable graphics and interesting headings wih 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 resu1.t 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 mate 
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 



eaeh should look when actually produced. The printer will use a comp as a guide in printing the 
bmhure, and the home page programer will use a comp as a guide to putting the home page 
togeher, 

I m very appreciative that I was set up in Graphics with a computer, printer, and other 
ma teds  to complete my assignments. Working in such an atmosphere with advanced equipment 
md p p k c  &sign experts for guidance enhanced my creativity and total L A B S  Program 
experjienee. 

I believe the designs I created for my assignments are successful in representing the NASA 
h g l e y  Teacher Resource Center's purpose and services. Ms.Canright and Dr. Massenburg are 
pleas& wirh the outcome of my assignments and their pleasure satisfies my designer's desire. 
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Abstract 

of Education's fundamental goal is to disseminate information, mostly that 
wEch relates to science and technology. In this attempt, as I have observed, the Office has many 

& a g  both students and teachers to NASA Langley to expose them to the facilities 
k them some about the scientific theory and about available modern technology. As a 

way of evanding the audience that can be reached, as the expense of bringing people in is limiting, 
proposed establishing a center dedicated to researching and producing 

M&ough distant learning through telecommunications is not a new concept, as many 
~ v e n i ~ e s ,  colleges, and precollege level schools offer televised courses, the research in this field 
has 'been E V A .  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 
aefi~ence. In some cases the videos are produced without a Live-lecture atmosphere, but are stdl 
ody classmm lectures. In either case, however, the full range of capabilities of video production 
m not k h g  fully utilized. Methods for best relaying educational material have not been explored. 
Possib%%i!es for including computerized images and video clips for the purpose of showing 

and ]processes, as well as examples in fitting cases, may add considerably to the 
al value of these videos. Also, through Internet and satellite links, it is possible for 

mrcnote smdents to interact with the teachers during televised sessions. These possibilities might, 
dso, adca to the effectiveness of distant learning programs. Ms. Canright's proposed center will be 
ddcated to researching these possibilities and eventually spreading the results to distant learning 

manslgers. 

m s  is the project I was involved in over the summer. As implied, the center is still at the 
found;s~on stages. Ms. Canright has proposed four or five possible series that could be developed, 

d at a specific age group of students, or group of teachers. I was involved in the 
desip of rfie series aimed at the youngest children, the Picture Book Science series. My 
involvernenc kicluded proposing and researching topics, writing a lesson for the first show, writing 
the laam p d o n  of the picture book story (the part including the scientific lesson), and illustrating 
the stow. I also designed and collected the materials for the Learning Center's television studio set 
as well as f ished the painting of the main backdrop panels. 



LARSS Report 
Mowing the abstract to be an integral portion of this report, I will not rdemdbe W. 

Canright's proposed distant learning center, but will instead, lead directly into my in~rolvmenr 
with the center as a LARSS intern. My range of involvement covered several areas. To exp1;rina 
these, I will first list them, and then expand each one: 

Design, collection of materials for, and construdion of TV studio set. 

Picture Book Science development: 

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

- Create the first lesson- including the fundamental scientific concepts to be ec~vere$ 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 p d o n  of the 
story. 

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

- Illustrate 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 dictare the 
desired features as well as the constraints. The video equipment is currently being assembld 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 hages. B o ~  
prerecorded and live broadcasts will be developed. As part of my set design proposal T hcludd 
this report: 

Learning Laboratory Set Design PIoposal July 5, 1995 

The following video studlo set design was created with the goal of meeting the O f f h  of 
Education's diverse needs. By presenting a sfrong visual background that can easily be ainerscl bn b b h  
imagery and mood, the set will be useful fbr situations ranging from fonnal ksctums on eduationa! th~)%)y# 
to active demonstrations of scientific prlnclples, to recorded conversations between two elrprts on 8 
certain topk. 

- 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 iI not distract the audience 
from the information being presented. For this reason, I 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 



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. 

- Frm standing pnols. 
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. 

- k r  urn wlth tw without N screen. 
The W screen can be used to show a stationary computer generated logo or image, used instead of a flip-chart 
or over-head pr~~jector, and can be used to show video clips during a presentation. The TV can show images 
loaded from the computer or the video equipment. However. when the N is not desirable in a presentation, or 
the set is taken somewhere out of the studio, the panels are simply moved closer together. 

- kjlr Furniture ibr versatiIity. 
Using light weiglht, interchangeable pieces, furniture such as display tables and benches. a podium, and a 
mnfsrence tablo will be easily built to suit the specific needs of each show produced in this studio. 

- WRI-pcrposle stud& set. 
The topic of the1 video will be specified or emphasized by the imagery added to the set by hanging "cutout" 
Iwos or images, projecting images on the TV screen, and displaying models or demonstration materials. 

The intended piurpose or mood of the video can be specified or emphasized by the geometry of the panels, as 
dsmonstrated below, the TV images, the cutout images, the choice and positioning of furniture, as well as 
other ssl amsssories such as plants or flags. 

As des&bed in the report, free-standing, interchangeable panels are what I proposed. As part of 
~s p o p s d  a complete set materials list and an estimated cost were included. 

Upon acceptance, I consulted with a man from Engineering and Construction Services, 
Rdph Angel, who offered advice on the design of the panels as well as help in the construction of 
hem, E s  help is greatly appreciated. After the panels were built, I proceeded to paint them. The 
rn 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 e n r e d  the project. All that was written is that the series would consist of eight half hour shows, 

g a children's story, a science lesson, and an introduction of an activity which the 
ekl&n could pmue after the video at school or at home, This left a lot of room for creativity. 

I speIlt the time during the f ~ s t  weeks of my LARSS internship brainstorming topic ideas 
g the fundamental content that would be included in those. The following is a list of 

the topics I 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 attacheid to Iho cuwsd 

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 ensgy are both involved in 
lii) 

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 bre 
- why humans can't strap on wings and fly (distribution of muscuPature 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) cornpared lo the 

time it took to get off the ground! 

SPACE: 
ROCKET PROPULSION (Expanslon of mass vs. the use of friction): 

- describe the physics of propellers, 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 cant push on anything, how do they go forward? 
- have to bum fuel 
- the expansion of compressed gases sends them forward 
- actually relates to expansion of mass - this is conservation of momentum 

GRAVITY and ORBm 
- 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 amling effect: 

- reflecting sunlight back into space 
-(reflecting high energy radiation back to space) 
- HUGE heating effect: 



- trapping heat given off by t h i  earth 
- (reflecting low energy radiation back to the earth) 

-the NET effect is a SLIGHT cooling one - effects of pollution on clouds: 
- spewing more 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 WOW 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 fwused my efforts on studying the fundamentals of lift, which would be the topic of the first 
h k .  1 sm&& from Naval Aviator's Aeronautic Textbook as well as other books from Langley's 
twl.anjical . I also discussed the principles at length with a NASA scientist, Geoffrey 
Consihe. 

ut the fundamental ideas of something as complicated and subtle as lift proved to 
ult part of the process. I am now convinced that the reason lift is not taught until 

couege level, ;and even then only a mathematically modeled version, is because the actual physics 
g the physics in a manner that would reach even K-3 graders became my 

g for demonstrations accessible to all teachers and children was also a central 
part of ~s pnxess. 

hother part of the process of science lesson design, was to study the National Science 
Muca~onal ~bdards .  This book gave me a sense of what the children were capable of as well as 
what &eiu reachers would be focusing on in their lessons. The goal fur the videos should be to 
pesent m e ~ n t  material but at an appropriate academic level. 

Hn semhing for the pre-published children's books that would lead into the science lessons 
by s p x f i g  the children's interests in flying, space, or clouds, we realized that none completely 
s ~ t d  oplp weds. This led the other LARSS student, Kenneth Smith, and I to writing and 
a u s m h g  our own. Kenneth wrote a story about eight children which brought up questions on the 
s s h f i e s  md differences between kites and planes. I decided to write an ending to the story that 
would mswer the questions on the mechanisms of both kite (flat plate) and plane (airfoil) lift. 

I dso illustrated story. The illustrations took me a large part of the summer as the eight 
e M b w  md their teacher were of widely varying ethnic backgrounds, which required some time 

g to h w  in an obviously differentiating manner. Upon visually creating the eight children 
md r%le teacha, I did 33 illustrations for the story. The drawings are black ink on white paper, a 
t e f ique  chosen for a several reasons. For one, the technique is relatively fast compared to such 
tecfiques as paints or pastels; children's books of this length would tend to take a year to illustrate 
if bese 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 
~ a p G c s  eomlputer, 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 e~lbrem1y ~~d 
colors, transparent ink is the best option. The visually smoothest way to apply ink is W u &  a 
printer. By coloring the scanned black and white drawings with the computer, and then p ~ h g  
them, truly bold illustrations will be created if hard copies are desired As I will mention on 
in this report, publishing a book out of the story and including the science lesson as an bserl or 
integral part of the book would allow teachers to create this lesson live in their clas~ooms, or mme 
deeply instill the lesson by reviewing the material with the children multiple times. Exansgles of 
the black and white illustrations are included as an appendix. 

The science lesson following the story will elaborate upon the ideas which wae ~ e f l y  
explained in the story. Demonstrations of the principles will allow the children to relate h e  
principles involved in such phenomena as lift to occurrences that are visible in their e:veryday Gves; 
the demonstrations will help the children to assimilate the ideas. Also, activities whilch rke e M h n  
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 benveen Eres (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 p%shhg 
stages of the content, I can see two other possible uses of the created material, uses that wodd 
align with the Office of Education's goals. For one, as mentioned, the story and illustratjions could 
be published in book format with the corresponding expanded science lesson, demoms$larjion ideas, 
and activity ideas included either as an insert or as an integral part of the book. Another use: of h e  
prepared material would be to share it with the teachers who visit Langley's Office of Muca~on 
every summer as a way of preparing them to teach the material to their students. 
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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 
(OEOP). One of my projects gave me the chance to gain experience in developing 
calculafion 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 irt 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 
mino~ties ;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 indivicluals with disabilities are provided the necessary a c c o d t i o n s  that are 
essential to1 the function of their job. 



The data needed for the graphs was extractedfkom Personnel Data Runs. mis  
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 numb of' 
years needed for promotion within each racelgender 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 promodons 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. Wih  
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 mino~des 
and women are not conpatible to their representation here at Langley. Most would wgue 
that the disparity is due to a higher number of male employees, however I found &at 
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 infomahon 
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 c o w  
cases from the LEXIS, and PERSONNET computer systems. These systems can be u d  
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 rulh~gs &at 
have become precedential setting due to the decisions of more went  court cases. 
Through my analysis, I was able to assist the OEOP in their perpetual efforts to assune: 
reasonable accommodations to the disabled workers that they represent. They xrmr to 
afford accommodations that provide an equal employment opportunity, however &is 
accommodation can not create an "undue hardship." Therefore, the OEOP oEce 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 impmnee 
when considering the financial strains that have been placed on NASA and its eimployws. . 

My final result was over 200 pages of information. This information includes I I 
cases, and numerous acts and codes. With this project I was able to obtain kna~wledge 
about the legal aspect of the equal employment opportunities that not only affect &sabld 
workers, but of which all workers are entitled. 
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ABSTRACT 

Mlethme is an important trace gas because it is a greenhouse gas that affects the 
o x i h ~ v e  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 AdministrationfClimate 
Monitoring and Diagnostics Laboratory (NOAAJCMDL) ground station data, a global 
elimarolo,gy of methane values was produced. Unfortunately, because the NOAA/CMDL 
pound stations are so sparse, the global climatology is low resolution. In order to 
compensalte 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 
smmthing 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 
elimacola~gies can be used for testing large-scale models of chemical production, 
destmetion, and transport. This project develops the groundwork for further research in 
building global climatologies from sparse ground station data and studying the transport 
and &slribution of trace gases. 



INTRODUCTION 

The concentration of methane (CH4) in the atmosphere, an important $reenhouse 
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 souces. 
This amount constitutes 2/3 of all methane emissions globally. Because the concenm~on of 
methane is steadily increasing, and anthropogenic sources are such a large fraction of tstd 
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 merhme 
concentrations using sparse ground station data. 

The basis of the project lies in methane measurements obtained from t~wo SOWC~S. 
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 globd 
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) evaliuaae 
the capability of instrument techniques to measure concentrations of key chemical spcies in 
the atmosphere, and (2) systematically address tropospheric chemistry issues relevmt to 
global change. The GTE project has encompassed four major airborne experiments: (1) the 
Chemical Instrumentation Test and Evaluation (CITE) experiments were conductd to 
evaluate the measurement techniques of some atmospheric gases; (2) the Atmospbefic 
Boundary Layer Experiment (ABLE) explored the atmospheric boundary layer aibove major 
ecosystems that are known to influence global chemistry; (3) the Pacific Exploratov 
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 AtSanatic 
(TRACE-A) investigated the distribution of trace gases over the tropical south Allan~c, 

The second data source was the National Oceanic and Atmospheric 
Administration/Climate Monitoring and Diagnostics Laboratory (NOAA/CMDL). Zn A p d  
of 1983, NOANCMDL expanded its air flask sample analysis to include the collec~on md 
study of methane in the atmosphere. Globally, there are 27 permanent grround sires 
dedicated to this study. The Global Cooperative Air Sampling Network, which includes 4 4  
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 NOAAICImL 
laboratory in Boulder, Colorado. This data is now available via electronic archive. 

The LARSS project involved data reduction and analysis of data fmm 
NOANCMDL and NASNGTE. From a public database, NASAIGTE and NOANCmL 
data were obtained. Using information about the ground stations and the measurements 
taken there, global contour plots of methane levels were constructed. The finldjlngs show 
that this low-resolution data can be smoothed and produce an accurate representa~on of 
global methane levels. The basis of the project lies in the verification of this c o n t o ~ n g  
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 g o d  
climatologies can be made using NOAA/CMDL ground station data, and that the high- 
accuracy and resolution in-situ aircraft data from the NASNGTE missions can be used to 
validate the smoothing and contouring routine. 



DESCRIPTION OF DATA 

The average values for monthly methane levels were obtained from the 
NOAA/CNIDL data archive for the years 1991-1993. A 72 by 36 array was used to 
Epresent 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 
hat 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 sphefical distribution model was used, in which the weight dropped off as the reciprocal 
of ~e distance §quared (lId2) 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 
presewed so they would not be lost during this process. The final array created a global 
e~matoloj@cal map of methane with no missing data points. Some sample plots are show as 
Figwes 2-14, in which the low values of methane are indicated by blues, intermediate 
vdeiles 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 
CMq measurements were separated into 5" by 5" blocks and the number of CH4 samples 
raken 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- 
siru GTE flight data needed to be found. Since there was no set program to make these 
eomp~sons, necessary D L  routines were developed on a DECstation 50001200. The code 
prduces graphs of each global area studied, comparing the flight data to the ground station 
measurrements. This routine helped in making analyses for the objective. 

DISCUSSION 

Some measurements taken during some of the flights exhibited unexpected 
vxiacions. During Flight 4 of the PEM-West A mission, which went from the Ames 
Researeh Center in California to Anchorage, Alaska, the methane measurements showed a 
shaq 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 
mce gases indicates that the flight entered the tropopause and possibly the stratosphere. In 
this exan~ple, 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 
clime mgosphere would not be representative of tropospheric methane levels, this data was 
exeauded from the analysis and comparison with the globally contoured methane levels. 



RESULTS 

In general, the contours produced using the NOAAICMDL ground stabon da@ 
compared favorably with the flight data from GTE. Figures 16-18 show some of &ese 
comparisons. The contour lines usually showed a 10-30 ppb higher methane concenrrafion 
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 Right 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 prcdcted and 
measured methane levels. It can be seen that the difference between the predicted contow 
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 &fference 
between the two methane values started out at approximately 35 ppb at the beginning of &e 
flight and decreased to approximately 10 ppb at the end of the flight. A csmpila~on of all 
the flight measurements taken showed that the average difference between measured md 
predicted values at the 40"-50" N latitude (the flight's starting point) was 23-33 ppb md 
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 cdcula~on. 
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 thar: there is a 
consistent concentration of 1650-1800 ppb. Therefore globally, there is an emor of 
magnitude of approximately 20%. The average difference between the flight data and 
ground station data then becomes significant when considering global variations. Fox- 
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 enor of over 20 ppb were fouind, 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 anal 
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 labtude. 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 plredict 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 funher g o u n d  
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 nos 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. 



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 
rmetlhd if other areas and times of the year were be examined. 

Thle 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 
elimatolo@es 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 (C02) and nitrous oxide (N20). In conclusion, the 
project shows that using aircraft data, especially if globally distributed, is a good method to 
validare global climatologies produced from sparse ground station data. It lays the 
groundwork for further research in building global climatologies from sparse ground 
sra~on data and studying the transport and distribution of trace gases. 
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Abstract 

The objective of this Langley Aerospace Research Summer Scholars (LARSS) research project 
was to ~ t e  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. 



A few years ago, Robert M. Baker wrote a risk assessment program in DBase IV called Te 
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 EaRC 
guidelines. Realizing that other NASA Research Centers might benefit by using such a propam 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 T e a a s k ,  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 TearnRisk 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 WllX 
machine running LaRCRisk via a network connection. Nonetheless, Mr. Baker and Mr. Bark 
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 ream 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 manipuilate 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. 



Summary 

Before a dete~mination 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 diflerent 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 
obbining Inpi~t 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 reams 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 ahis modular approach, inputloutput 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 s f  several employees. 

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

Durjing my summer experience in the LARSS program, I created a performance support 

system showbg the techniques of creating text in Quark XPress, I then placed the text into 

Adobe Ulustrator 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 

G r a p ~ c  Arts and the computer skills utilized to typeset and design certificates, brochures, cover 

pages, manuds, etc. 



During my summer experience in the LARSS program, I created logos, brochmres, cover 

pages, manuals and certificates using Quark XPress, Adobe Photoshop and Adobe Illus&atoe. 

By incorporating scanned images and photographs from Photoshop into Illustrator dong 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 LARSSIASEE 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, nloved 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 dlows 

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 ha: 

incorporation into page layout designs or simply to be printed directly from Photo~shop 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. 



5. Go to File menu, scroll down to Acquire and move cursor over to Onescanner. The 

scanner dialog box appears. 

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

7. Click the preview box. The scanner previews your selection. 

8. h tlhe 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. 

9. Click on Scan to capture the image. 

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

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

ning. Mso, 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. 

Hen 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 comer of the image and dragging to the 

opposite comer. 

2. Go to the Edit menu to Crop, release and the image is cropped to your specifications. 

3. Use: the magnification tool to enlarge the scan to a view of 1:l. 

4. Go to the Image menu to Adjust to BrightnessIContrast. The BrightnessIContrast 

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. 

'Ilou want a solid white background with a consistently black signature. 

5. Make any further adjustments necessary for a quality image. 

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

7.  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 from1 the Adobe 

Photoshop User Guide. 

Just as Photoshop has specific functions relevant to the graphic arts, so does Quak  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 checkmg. 

Although XPress does not allow for the diversity available in Adobe Illus~ator, 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 t&.e 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 typelscroll tool, click in the Text Box on the page and begin tjrphg. 

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

size, leading, alignment and wordnetter spacing. 

Any number of changes can be made to text in XPresG 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 perfom 

many of the functions of the other two programs, just not as specialized. Illustrator does text 

as well as XPress, only Illustrator does not have a spell checker and has memory problems after 



using the Tab function. (So NEVER do Tabs in Illustrator!!) And Illustrator 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 mwork Land 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 or a rock for a sculptor. Illustrator's diversity allows many functions to be 

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

&i~ti~ail]ly. 

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

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 Adobe Illustrator window. 

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

seconds to open the program. 

5. Illustrator 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. 

6.  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. 

7. Select the Text Tool Icon in the Toolbox, click ori'the page where you want the text to 

begin and begin typing. Use the ruler as a guideline for centering text or graphics. 

8. After entering text, use the Font & Type menus to change fonts, point size, leading, 

alignment and wordfletter spacing. 

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

10. Choose the Pointer Icon from the Toolbox. 

1 1. 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, andlor 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 andor fill the object. Here is how to use the 

Paint Style dialog'box: 

1. Click on the object to be strokedfilled. (Click on the baseline of text to select lit 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 aaad 

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 comer 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 propoflion. 

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 didog box 

on page 7 of the Adobe Illustrator User Guide to learn the names and functions of' each s f  the 

toolbox icons, as well as other useful tips. 

Not only does Photoshop, XPress and Illustrator incoqjorate all the elements of g r a p ~ e  arts 

software into an easy and fun package, but they also provide concise, professionaf features that 

allow the artist to present a total image. Learning typography and design as an art is blfilling 

and rewarding, not only on a professional level but also on an amateur one. As you Bern 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 
~ s c r d t  design and analyses studies. These studies include the prediction of characteristics of a 
p d c u l a r  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. 11 is a tool used for aircraft systems 
malysis and design. A baseline input model of a Lockheed C-130E was generated for the Flight 
Optimization system. 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 
ai~lp'bane performance is computed internally by FLOPS. The model was then calibrated to 
reproduce tlie 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 resulfng change in performance from the output file. 

The baseline model of the C-130E was used to analyze the effects of implementing upper 
wr;ing suaface blowing on the airplane. This involved removing the turboprop engines that were 
on the 6-130E and replacing them with turbofan engines. An investigation of the improvements 
in aivliane 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 pexfomance 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 h h r e  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 dlerivafive 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 shdies 
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 sunface 
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  characteristic;^. 
Unfortunately, no detailed data was obtained for takeoff and landing for the actual1 C-P30E. IFOH. 
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 Aircrafi 
Characteristics Chart [Ref. 21, a MIL-STD-1374 Group Weight Statement [Ref. 31, Jane's All 
the World Aircraft [Ref. 41, the Propulsion Summary Characteristics Chart for the Allison T56 
turboprop engines [Ref. 53, and other existing aerodynamic and thrust data for the aisplane. 

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 



computed aerodynamic data and the existing aerodynamic data to ensure that the FLOPS model 
was reasonal3le. 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 
cdibrated 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 imade, 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 
baeline 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 resultrs would not properly reflect the design change made since it was not intended to 
change the wring and other equipment just because the engines were changed. Derivative models 
&low for changing specific airplane components while leaving all of the other components 
untouched. 

Bo& design trade studies and technology impact assessments were conducted for the 
implementation of the upper surface blowing concept on the baseline model. The 
implemenktion 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 smc;ture or systems. High by-pass ratio turbofan engines with approximately the same 
satic 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 
t h s t .  Since only limited data was available for takeoff, landing, and other low speed flight 
character?istics for the C-l3OE, only the major impacts of the new engines on basic mission 
pehmance--range, speeds, and altitudes--were examined. This investigation would be 
considered a design trade study. 

The 4f eneral Electric TF34 engines chosen for the upper surface blowing concept were 
relatively old engines. New technology, if implemented on these engines, could reduce k e l  
consumption and increase thrust. Using the new derivative model, the effects of the newer 
technolog on the performance of the engines were also investigated. The change in engine 
pelrfomance 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 

The baseline model can be fbrther validated by examining Figures 1 and 2. Figure B shosa~s 
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 impromnt 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 alti.tude and 
subsequent operational mission improvement was observed. A summary of the i~nprovements in 
performance with the addition of the upper surface blowing is presented in Table 2. 
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The results above were computed using the baseline reference gross weight to obtain a 
meaningfbl 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 fUeP 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 enginelaircraft performance, the FLOPS model 
with the TF34 engines was used to investigate higher engine thrust ratings and lower he1 
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 11F34 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 aiqplane 
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. Va~ations of the 
baseline model were also used to examine the impact of new technology on the enginelaircraft 
performance. 

The upper surface blowing concept had mixed benefits to basic mission perfomance. 
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 %el 
consumption negated the benefit of the reduction in empty weight and range perfomance 
decreased significantly. The application of technology to increase engine thrust did l i ~ l e  to aRect 
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 federd agency, NASA has a moral and legal obligation to the public to manage the 
wc&wlo@cal heritage resources under its control. Archeological sites are unique, nonrenewable 
resowes &tit must be preserved so that future generations may experience and interpret the 
msarerjial rernkns of the past. These sites are protected by a wide array of federal regulations 
incIu&ng 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 
na~onk  cculmal 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 
cslblec~ons cam 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 
condii~ons far the collections and an adequate study area in which researchers can examine the 
&facts and tlocuments. 

Bn the 1970's and early 1980's, a group of NASA employees formed the LRC Historical and 
kcheolodcal Society (LRCHAS) in order to pursue studies of the colonial plantations that had 
k e n  &splaced by Langley Research Center (LaRC). They collected data on family histories 
mdl lmd ownership as well as conducting archeological surveys and excavations at two 
impol-rant 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 ~ p o l a  was written, and since 1982 the artifacts have moldered in a flimsy trailer with no 
climate con@(ols, 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. 

ended 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 
collec~on, catalog it, and prepare it for transfer to a facility which could provide adequate long- 
tern curafion conditions for the artifacts and documents. The first phase was to organize the 
d fac t s ,  whir;h were lying about the lab in various stages of cleaning, analysis, and conservation. 
Once all of the artifacts from the various excavation units aiid levels had been regrouped, they 
we= 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. Anoher aspect of my project was to organize the records left by the LRCHAS. Bundles 
of papem, photographs, and field data found in every comer and drawer of the laboratory trailer 
were put into order and, where appropriate, copies were made on acid-free Permabond paper for 
longtern 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 
qudified scholars interested in exploring LaRC's rich historical heritage. 



INTRODUCTION 
Archeology provides us with a unique opportunity to study the past through the exhnaGon 

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 &facts 
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 schol~s. Cma~ora 
is often given low priority in archeological circles, being considered less glamorous rhm field 
excavation, but any archeologist who has had to work with previously excavated mate~ds  can 
attest to the importance of proper storage and maintenance of artifacts and especialliy the relatd 
records. These records can include field notes, maps, photographs, historical records, and my 
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 ~randody 
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 archeoIog.ica1 
resources, the federal government has established guidelines for the curation of fedlerally-ownd 
archeological collections to ensure their preservation for future generations. These regulaljions 
are spelled out in 36 C.F.R. Part 79 "Curation of Federally Owned and Administered 
Archeological Collections" (see Appendix B). In a nutshell, these guidelines require &at 
artifacts and records be stored together in a secure, fireproof facility with stable climatic coneols 
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 o p b d  methds 
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 1:o rely om 
previously excavated collections to conduct their research. 

ARCHEOLOGY AT LANGLEY RESEARCH CENTER 

The study of the history and archeological resources at Langley Research Centeir can be m c d  
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 hyh~l l ic  test mck 
near Brick Kiln Creek, when a 17th century stone house feu-ndation and colonial a ~ f a e t s  were 
exposed by grading equipment. It had long been known that this area and the nearby b ~ c k  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, savd 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 Haqlton. Some 
members focused on historical issues, researching state and county records offices for f a ~ l y  
histories, wills, land patents, and deeds in order to document the human history andl changing 
patterns of land ownership in the region. Other members opted to study the material r e m ~ n s  of 
the past, and after consultation with the state archeologist and NASA officials, co 



fmt  insmcti'onal archeological excavation in Fall 1973'at the site of Cloverdale plantation. They 
sosn encountered a large trash pit which eventually yielded hundreds of artifacts dating from the 
~&5-117& Wsugh the early 20th century. 

In 197 1, the LRCHAS prepared the documentation necessary to have Chesterville plantation, 
h e  bMplace and home of George Wythe, declared a National Historic Landmark. The site 
ineluded the 17th century stone house foundation and the remains of a brick house which was 
built c. 1772 and burned in 191 1. In the fall of 1974, they initiated a systematic shovel test 
s w e y  of the main area around the two house ruins in order to establish the site boundaries, 
discovening sm 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. 

Ln 1975, the LRCHAS initiated extensive excavation of the older stone house foundation in 
order to f d l e r  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-fmr squxes, of which two were selected for deeper excavation. Tens of thousands of 
h f a e t s  wew, recovered in the course of this project. In addition, the group constructed the 
histoical site markers which still dot Langley's landscape and prepared a drive-through historical 
tow 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 
en&usiasm of society members. Laboratory curation and analysis had been neglected for some 
 me, and by the mid 1980's the entire project had been essentially abandoned. 

m e n  exadned in early June 1995, the situation appeared hopeless. The last excavation unit 
had never beien backfilled, and a small tree had sprouted from the exposed site floor. In the lab, 
h f a e t s  we= piled on every flat surface in sight: shelves, desks, worktables, the draining board 
of the s i d ,  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. Mifacts 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 
envkonment 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 
mraabled 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 &ihe 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 
~m ten seconds. The structure was deteriorating, and stoop a very real chance of being 
d e s m y d  by a strong windstorm. 

Before dealing with the artifacts themselves, the files of the LRCHAS were organized in 
order to get a1 feel for the operation of the society and to gain some idea of what could be 
expected to e:xist in the collection. Minutes of meetings, memos, correspondence, field notes, 
photoghaphs, and other research materials were organized as best as possible. As the project 
proghessed 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. 
Werever polssible, information from several sources was cross-referenced. For example, an 
d f a e t  found in the lab which had lost its identification tag was later identified, using a labelled 
photograph md 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 m&e 
sense weeks later when a corresponding piece of data was uncovered. It was quite a detecfive 
story at times, and in the end it was possible to learn a great deal about George Wythe, his f d l y  
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, Eom 
a valuable resource for a variety of inquiries into this period of the past. Major fun,c~onal h f a c t  
classes represented in Langley's collection include the following: 

Functional catege~y Related artifact t yye~  
Food storage / preparation / consumption ceramics, glassware, iron kettles and stove pms, 

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 pms 
Leisure activities pipes, marbles, porcelain dolls, bone dohnoes. 

These items of material culture, along with the contextual information gleaned from 
genealogy 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 frolrn 
archeological remains. Significant advances in archeological method and theory have mcw& 
even since the Chesterville excavations were abandoned in 1981, and these interpretlive 
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 sepmted into 
artifact classes such as ceramics, glass, bone, etc., then all of those bags were placed in one lmge 
bag and assigned a lot number for the entire provenience. 

For the benefit of the uninitiated, provenience refers to the location in which an mifact was 
found. This context is crucial in understanding the relationships between all the artifacts fsom a 
site. The provenience, then, is the artifact's position in three-dimensional space. The excava~csm 
unit, usually identified with an Excavation Record number (E.R. #), marks the harizontd 
location, while the level, usually identified with an upper case letter, marks the v a ~ c d  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 nmow 
walls known as bulks to separate the squares; these bulks were later excavated in some cases, md 
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 ~ n c a ~  
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 r e e d s  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 appeax to have k e n  
recorded by the LRCHAS excavators. A few stratigraphic profile drawings have been found 



which ~ g h t  provide this information, but time constraints in the current project precluded this 
level of malysis. 

Once d l  of the artifacts had been grouped with others from the same provenience, the 
earalo~ng process commenced. Every provenience was assigned a lot number, and if a bulk 
wall or feam-e 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, 6 C - W  pit, etc.). All artifacts from the same provenience should be cataloged under the 
same lor nunlber, and any deviations from this standard should be noted in the artifact catalog. 
In &e present case, rubble (consisting of brick, mortar, plaster, shell and stone) was cataloged 
sepmrely from artifacts (such as ceramics, glass, etc. ) for packaging purposes, so as to prevent 
1Fiha@le dfac:ts from being crushed by the bulkier rubble. The rubble was cataloged in numerical 
order fmm E.R. # 1 through E.R. # 13, followed by E.R. # 101, followed by the artifacts from 
E.R. #B w u g h  E.R. #13. Occasional deviations from this system occurred if, for instance, a 
seay bag of artifacts was discovered after the rest of that provenience had already been cataloged 
a d  packagerl. 

M f a c t s  were occasionally found with no provenience information, whether the container had 
never k e n  lalbelled in the first place or the label had simply faded over the years. These 
mifacts weE labelled "No Provenience" and each such group was assigned its own lot number. 
&ifate@ wit11 no provenience have no analytical value, but are useful for a study collection or 
for &splay piurposes. 

Idealliy, 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. Man!! of the unique or most interesting artifacts Erom the Chesterville site were pulled 
h n a  &e colle~tion for displays and lectures, and the list of their proveniences has been lost, so 
bey are smclk in a display collection limbo. Anytime an artifact is pulled from its lot, a note to 
&at eEect should be placed with the remaining artifacts and a separate list of "pulled artifacts" 
should be m ~ i n ~ n e d  to provide double indemnity against information loss. When the pulled 
h f x t  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- 
s i zd  acid-free archival quality Hollinger storage boxes. These are the archival industry standard 
md should be used whenever possible for the long-term storage of archeological collections. 
They are study, 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. 

n e  d f a c t  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 
mmagement tasks. A quick scan of the list can tell where dl of the artifacts from a particular 
prwenience can be found, which lots are in a particular box, and give an approximate idea of 
h e  qumbr;y 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 
c o n t ~ n s  all of the artifacts (except rubble) from all of the levels in excavation units 1,2,3, and 
4, cornpfising lot #'s 208-246. 

n e  organization, cleaning, cataloging, and packing of the collection was carried out in the 
t r ~ l e r  hat  had served as the laboratory and storage facility. Meanwhile, back at the Facilities 
Plmning andl Development Office, LaRCs Master Planner (who also serves as Historic 
Resewation 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, 
inadquare srecurity - until, finally a room that met the basic requirements was found. It will have 
smm 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 LRCHLBS. Photogaphs, 
maps, field records, historical background materials, and other research materials will be stor& 
along with the artifacts in a room that can be used by qualified researchers who wish to sbudy h e  
material. In theory, the collection should never have to leave that room, except folr exhibi~, 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 Vkginia 
Department of Historic Resources (VDHR) for permanent curation. The Chief Curator fm 
VDHR, Beth Acuff, has indicated that that would ultimately be the best avenue to take. Wm 
has the staff, facilities, and resources to properly care for the collection in perpetuity and to m&e 
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 LaRCs colleeriion 
currently includes 72 boxes, this would cost a total of $5625. This outlay may seem high at 
fmt, but it would remove a great burden of responsibility from NASA's shoulders. In ad&Gon to 
storage, VDHR takes responsibility for any future conservation needs or exhibit preparabiions that 
may become necessary. 

In either case, much work remains to be done before this phase of the project can be s ~ d  to be 
complete. The collection needs to be more thoroughly inventoried, and this information add& 
to the site fdes at VDHR. The Chesterville site, by virtue of its association with George Wytihe 
as well as its sheer richness, is an important resource for the region and the archaeologied 
community at large, and the results of its excavation must be disseminated to the plublic. 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 band. The 
existing records are spotty, but many of the original excavators are still employed at LaRC md 
have indicated a willingness to assist in such an undertaking. Prompt reporting of areheologieal 
investigation is an accepted standard in the profession; it fulfills our obligation to 41 a aae 
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 scholm. 

In all fairness, it should be noted that had it not been for the hard work and ddcariion of the 
LRCHAS members, working on their own time with no reward except the thrill of' &seovery, we 
would know nothing about any of these sites or about the people who lived here lxfore the 
arrival of NASA. While history and archaeology are not within the realm of NASA" sssion, 
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 befm 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" whiclh em be more 
fully interpreted through the preservation and analysis of historic artifacts and sites. It is hop& 
that the present archaeological curation program at Langley Research Center can bfing 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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ABSTRACT 

This report outlines the steps taken in the research and design of a pilot hazardous rnatenal 
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. 



In 1993- 19941 the Office of Environmental Engineering contracted SAIC to develop NASA 
LangPey's Pollution Prevention (P2) Program. One of the priority projects identified in this 
contract was the development of a hazardous waste minimization (HAZMIN)/ hazardous 
matefials reutnlization (HAZMART) program in the form of a Hazardous Materials Pharmacy. As 
my L m S S  project I was tasked with beginning the development of the Hazardous Materials 
Phssmacy . 

A hmardous materials pharmacy is designed to reduce hazardous material procurement costs and 
hzardous 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 hmardous 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 fhee of charge, thereby reducing procurement costs. The use of this material by another 
shop prevents it from expiring, thereby reducing hazardous waste disposal costs. 

Research on tlne project began by doing a literature search and by visiting some operational 
Hazardous Mdterials 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 
""?Fah;iPity Planring and Design Guide: Hazardous Material Pharmacy." The operational 
phamacies 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 
phamacies are usually involved in the supply of new hazardous materials as well as the reuse of 
excess materia~ls. NASA LaRC supply was contacted but they did not see the benefit of such a . 
project. Becaiuse of lack of support from supply it was decided that the hazardous material 
phamacy 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 
proi;mm 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 
a~couamrabinity procedures for issuance, use and disposal of hazardous materials. EG&G is 



divided into many trades covering the entire center. ~ a c h  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&G7s official 
involvement in the project. (See Appendix A) Copies of this letter were sent to key LaRG 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 infom 
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 Co:mputer 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 materid 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, lsulldlng 
I 187. 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. 



0EE md EG&G personnel have agreed that EG&G personnel will run the daily operations of the 
hawdous 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 availablle 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 
m a t e ~ d  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 
phramacy. The value of the materials that are distributed can be totaled to estimate the reduction 
in pmcenrerner~t 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. 

Ifthis pilot project proves successful it can be expanded to incorporate other areas at NASA 
Lac. 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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APPENDIX A 

June 30, 1995 

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

FROM: 429lHead. Office of Environmental Engineering, OSEMA 

SUBJECT: 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 ares unused, until i t  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 exlpiring, other 
shop areas ordered new supplies of the same material. 

The hazardous materials pharmacy would act as a clearinghouse for such materials. Mate~al  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 ma~terials. 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 additional 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 

-or if 7 need additional information. Thank you for your time and consideration. 

cc: 
1341AD 
48 11OSD 
485lJ. R. Carbonneau 
48511. L. Kirby 
42 IIOSEMA 
4291OEE 
429lL. H. Holland 



APPENDIX B 

The fo'ollo~n(g 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 entrmcies 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. The unit is fitted with 
explosion relief and dry chemical fire suppression systems. The unit is also air conditioned and 
insulated. 

Manufacturer Information 

Safety Storajze, Inc. Northeast 
34 1 Wi1lowb~rook Lane 
West Chester, PA 19382 
1Representati.ve: Art Fad 
Telephone: (6 10) 692-9 15 1 
Fax: (610) 692-91 56 



APPENDIX C 

August 01, 1995 

EG&G's inventory of materials to be placed into NASA's Hazardous Materials Phannacy 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. 
740 10 hardener 
flammable liquid 
5 ea. 1 gal. cans 

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

Glyptal Inc. 
74004 buff epoxy enamel 
flammable liquid 
2 ea. 1 gal. can 

AIC, SHEETMETAL SECTION 

Ethylene Glycol 
6 ea. 1 gal. cans 

Selig's spray & wipe, Clean Up I1 
aerosol detergent, disinfectant 
1 1 ea. 19 oz. aerosol cans 

paint aluminum, heat resisting, 1200 deg. F 
NSN 80 10-00-8 15-2692 
1 ea. 1 gal. can 

Selig's Formula 0-88 
organic cleaner and degreaser 
combustible liquid 
1 ea. 5 gal. can 



MECMNICAL SECTION 

Dupont hare1  61 00 
c l ea~ng  agent 
combustble liquid 
21 ea. 5 gal. can 

Dupont Axarel2200 
c l ea~ng  agent 
combustible liq,uid 
1 ea. 5 gal. can 

BUTeDmG T'MDES SECTION 

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

GIidden Latex paint 
6 ea. 1 gal. canis 

Pittsburgh Pair~ts 
D m  enamel / 100% acrylic 
2 ea. 1 gal. canis 

Bix spray-on stripper 
paint remover 
poison 
1 ea 1 gal. can 

Pittsburgh off~white 
block filler / latex 
1 ea. 5 gal. can1 

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

Plasite (wfite) 
cold-see coating 
flamable 
3 ea. B gal. kits 

Devcon ""Z" 
cold galva~zing compound 
3 ea. 24 lb. cans 
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ABSTMCT 
This report presents the results of an assessment of electromagnetic fields completed at NASA 
Lmdey Research Center as part of the Langley Aerospace Research Summer Scholars Program. 
This project was performed to determine levels of electromagnetic fields, determine the 
siglmficmce 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 
vvlth humans. The results of three major occupational epidemiological studies is presented to 
detehne risks posed to humans by EMF exposure. The data for this report came from peer- 
reklewed 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 heailth eEects 
resulting from exposure to Extremely Low Frequency (ELF) Electromagnetic Fields (Em) .  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 varted 
health problems in persons working in high-voltage power switch yards. In 1977, the Unnted 
States Department of Energy began researching EMF in response to concerns raised abu t  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 delefine 
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 caus'ed by E W .  

Electromagnetic fields are virtually ubiquitous in our environment. NASA Langley 1P.esearch 
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 PJtudies 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 ioiAng 
and non-ionizing regions. Ionizing radiation includes gamma rays and X-rays. Non-iioiilzlng 
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 bemeen 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 polwer line 
operating at a frequency of 60 hertz has a wavelength of 3 100 miles, while a microwave oven 
operating at 2450 megahertz (one megahertz = one million hertz) has a wavelength c~f 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 (6) = 1000 milligauss (mG) 
1 milligauss (mG) = 0.1 micro tesla 



In the Uruitecl States, electrical power alternates at a rate of 60 cycles per second (hertz). This 
altemsatiing ctlrrent (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 earZI.1 produces its own DC electrical energy through thunderstorms and currents deep within 
the ea~kn's core. The DC magnetic field from the currents in the earth's core averages 500 
rnllllgauss (mG) which is higher than the magnetic field levels resulting from AC electrical power. 

The eaah"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 fiom 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. 

Electromagn~etic fields are made up of both electric and magnetic fields. Electric and magnetic 
fields behave very differently fiom one another even though they both result fiom 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. 
Mabgnetic fields can only be effectively shielded by using nonferromagnetic, high-conductive 
copper. 

ELEGTROS82AGNETIC 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 
aaivity 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 conhsiio:~ lies in determining the exact mechanism by which electromagnetic fields interact 
.inlath cells. 

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

Acute Physiological Effects 
In 199 1, research was performed at the Midwest Research Institute to determine the effects of 
EhfF on hman heat 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. Sigfificant 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 
~ t k l  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 physiologicd 
variations. 

Such effects would only be of concern if they have negative effects on human perfomance 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 fbnction caused by magnetic fiellds 
constitutes a health hazard. 

The pineal gland acts as a biological timekeeper for the human body. In a process kn~ovvn 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 fbnction 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, lighit exposure, 
temperature, and diet. The individual response of each organism being studied makes it diacult 
to prove or disprove that a definite effect on pineal fbnction is caused by EMF. Studies 
performed to determine if EMF disrupts the human biological timeclock have been in,conclusive. 

Recently, a great deal of attention has been focused on the role of melatonin in cancer, pib~rl:icularIy 
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 becausle 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 intefierence cm 
effect pacemaker fbnction 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 fknction to be altered the user must have one o:f 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 malfknction from electtrornagnetic 
interference are relatively low. It has been suggested that standardization of pacemakers to resist 
electromagnetic interference would be the preferred mode of protection. 



EBI1Z)EMIOLOGICAL STUDIES 
Epidemiology is the study of disease and its pattern of occurrence in human populations. Results 
of epide~ologicd studies are reported in terms of statistical association between various factors 
and disease. Epidemiology is an observational science, not an experimental science. 

Principles of IEpidemiology 
Epidernciology 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 
sifificant if researchers are 95 percent confident that an association exists. A statistically 
slgruficant finding does not necessarily prove a causal association. 

In most epidemiological studies pertaining to EMF researchers try to establish an association 
bemeen the occurrence of a particular health related outcome and exposure to EMF. Two 
goups 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 
E m .  ARer exposure estimation, a calculation can be used to determine the relative risk ( odds 
ratno). 

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 calusing disease. 

Review af Olccupational 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 
leukerrana rates in 10 of 1 1 occupations involving exposure to EMF. Numerous studies have been 
reposed 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 confliding 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. Thus 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 
Electncite de France. The main priority of the study was to assess risk for leukemia, brain cancer, 
md 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 aidled 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 hsto~cal  
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 3 1 mG-years. Workers whose exposure exceeded the 
median had a statistically significant relative risk of 3.2 at the 95 percent confidence internal 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 staing 
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 fiom l e u k e ~ a ,  
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 sf 
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 lin~eworkers. 
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 employrneM 
histories and actual EMF exposure monitoring of lineworkers and non-lineworkers i~nder 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 kglaer risk of 
developing leukemia than workers with a constant exposure level. Cable splicers had the Eghest 
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. 



Summaq  of Findings From Epidemiologic Data 
W l e  the studies presented in this report represent a signrficant improvement in design and 
methodology over past studies, they have provided no conclusive evidence that an effect from 
E m  exposul-e exists or does not exist. Theriault reported a slightly increased risk in acute 
nnyeloid leukemia, but was skeptical that his findings were inconclusive. Sahl et al. found no 
evladence 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-responsle relationship between EMF and detrimental health effects is demonstrated. 

=SUETS CBF EMF SURVEY 
Research to assess exposure to EMF in occupations other than electrical power workers is still in 
its idancy. 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 L&C. 

Methods 
Measurements of magnetic field strengths were made at approximately 20 LaRC facilities. 
Mapetic fields were chosen over electric fields because magnetic fields are believed to be the 
more hiazardous component of EMFs. Facilities were chosen after consulting with electrical 
safe:ty perso~linel according to the level of electrical power consumption. Electrical substations 
md power lines were also included in the survey. 

h e a ,  point-in-time magnetic field measurements, often referred to as "spot" measurements were 
made dufing a walk through survey at each facility. Etiorts were made to cover all areas of each 
facilify. A sigpificant level was considered to be above 1.0 mG. During the walk through, levels 
were ccoantlnuously 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. Ofien, ithe 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 
sujearveys at a time when equipment pertinent to the task of each facilty was in operation. 

Instrumentation 
Ml measurem.ents were made using a handheld ELF gaussmeter (Model PLM-100WB) 
maanufaaured 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) 
vdue 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 PILM-100WB has a probe (4.8" long x 0.8" diameter) separate fiom the unit to allow 
for d e t e ~ m t i o n  sf the orientation of the field. Measurements were made holding the probe 
approximatel~r four feet above the floor, an arms length fiom 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 1 14 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 Turnel 
while in operation ranged from 1.2 to 5.1 mG. The substation located in room 107 in 12112C had 
levels ranging from <1 mG to 3.5 mG. The high speed 7x1 0 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 %om the 
side of the drive, a level of 66 mG was recorded, but three feet from the drive the level dropped to 
3.5 mG. 
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 entefing 
LaRC. Measurements taken at the four comers 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. 



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 roonl had numerous computers and video display terminals, but no significant (>I mG) 
measurememts 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 displajl terminals. 
1247 - Hypersonic Facilities Complex 
Readings taken in office areas were less than 1 mG with one significant exception. In 1247B the 
elecr~csal pariels in room 113 had readings of up to 140 mG. An office (room 1 14) was located 
directly in front of room 1 13. Readings in room 1 13 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 
signrmficasnl. The basement has a number of motors and electrical panels that ranged from 2.3 to 
14.8 
1251 - Unitary Wind Tunnel 
Ml rneasurennents taken in office areas and control rooms were less than 1 mG. Readings in the 
area of amel drive motors and compressors range from 30 - 80 mG. 
8253 - Subsltation S2 
Readings were taken at the fence surrounding the substation. Levels ranged from less than 1 mG 
to 4.1 mG. 
1268(A and IB) - Computer Complex 
Readirags taken in the basement range from less than 1 mG to 175 mG. The reading of 175 mG 
c m e  from the electrical intake for the building. Office areas had no signtficant background levels. 
In 1268 B, the mechanical equipment room (room 1205) had several dehumidifying units with 
levels ranging from 24 to 57 mG. Room 121 5 had large computer drives with fields ranging from 
less than B mG to 5.5 mG. The substation located behind building 1268A had levels ranging from 
2.5 to 7 mG. 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 
renova"cions. The penthouse had field levels ranging from 1.5 - 9.7 mG. 
1270 - Printled Circuit Lab 
Measurements ranged from 1.1 mG to 1.3 mG. 
1291 - Engir~eering Support Lab 
Measurements ranged from less than 1 mG to 1.7 mG. 
1290 - Subslation UVVT 
Fields from the power lines entering the substation measured 2.4 mG. Readings taken around the 
pe9lmeter 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 
suweys 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 oRen change 
by a factor of 100 over a distance of three feet fiom the source of the field. A great ,temporal 
variability also exists in magnetic field measurements. The spot measurements made in tGs sumey 
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. Evey 
effort was made to survey facilities at a time when they were in full operation ( i.e. mind bmels 
and laboratories). 

Background levels (away fiom power consuming equipment) were lower than 1 mG. The low 
background levels occur because with the exception of the power lines entering LaRG that mn to 
the Stratton Road substation, all power distribution is accomplished through underground s ~ m g  
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 locaiions. 
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 inconvenie~ 
to wear for extended periods. 

REGULATORY GUIDELINES FOR EMF EXPOSURE 

The American Conference of Governmental Industrial Hygienists (ACGIH) and the I[ntern;alional 
Commission on Non-ionizing Radiation Protection (IRPMNIRC) 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 ACGH Threshold Limit Values for 60 hertz EMF exposure state that occupational exposare 
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 L i ~ t  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) 



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 
seducing 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: 

- Msvling wolrk 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 
teminal (WIT) 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 hrnaces or other 
machnesy with high electrical consumption 
- All W T s  ]purchased should be shielded for magnetic field emissions 

CONCLUSIONS 

No biological or epidemiological studies have shown firm evidence of detrimental health effects 
resulting frorn 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 sunrey 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 
Idomation Dissemination) Program in order to expand and accelerate ongoing EMF research 
e R o ~ s  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 
mnagement. The results of The RAPID program studies will provide adequate information for 
policy develolpment 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 EXECUTIVESUMMARY 
A marketing tool was created to expand the knowledge of LaRC developed polyme~c 

materials, in order to facilitate the technology transfer process and increa3e t e c h o l o a  
commercialization awareness among a "non-technical" audience. The created brochure feahres 
four materials, LaRCm-CP, LaRCW-RP46, LaRC-SI, and LaRCW-IA, and bghli&& their 
competitive strengths in potential commercial applications. Excellent opportunities exist in the 
$40 million per year microelectronics market and the $6 billion adhesives market. lit is hoped that 
the created brochure will generate inquiries regarding the use of the above materials in markets 
such as these. 



2 INTRODUCTION 

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

The Patent Counsel Ofice, who assist LaRC researchers in tbe 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. 
The Small Business Partnership Team, who encourage and fund the development of 
innovative LaRC technologies through contracts with small (<500 employees) US- 
owned businesses. 
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 
Techslogy Transfer Team. 

As a branch of the Materials Division, the Composites and Polymers Branch develops 
iq roved  materials concepts for efficient aerospace structures, including polymeric materials to 
be used as matrices for fiber-reinforced composites, adhesives for bonding structures, and high- 
pedomance 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 
eighky-nine unique materials inventions, all of which are available for transfer to American 
industry. 

The efforts of the Technology Transfer Team are supported by a variety of publications 
dekilhg 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 
techical for a layman to understand. This causes an uneven disbursement of information, and 
c m  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, 
Kglhliglahg 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 Pro.iect Methodology 
Once the project was defined, a storyboard was created (Figure I), from d i c b  a project 

methodology was designed. 

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. A%ter 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 intewiew 
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 libraay 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 tlhe infomation 
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 h r n  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 finalked, a 
brochure layout was designed, graphics were selected, and the brochure was publislhed. 

3.2 Utilization of LaRC Resources 
Through the course of the project, information was gathered fiom the following contacts: 

three Technology Transfer Team members 
two Patent Counsel Office members 
twelve Composites and Polymers Branch researchers 
two Research Triangle Institute (RTI) contractors 
one Graphics and Design Section member 



The following facilities and physical resources were also used: 
NASA Technical Library, including STILAS and CD-ROM search capabilities 

0 search facilities 

TAG publications 
FLTI publications 
Composites and Materials Branch laboratories 

0 Graphics and Design section publishing facilities 

Figure 2 details time allocations for project activities. 

?, ................................................................................................................. ,... 0 ..... . ................................... . ..... .? 
Figure 2 



3.3 Competitive Advantages of LaRC Materials 
The following table lists the competitive strengths of the LaRC polymers lncluded in the 

brochure: 

n stable in high temperature enviroments 
low water absorption 

non-carcinogenic 
twice as strong as competitors 

structural and thermal stability from -280°F 

moisture and flame resistant 
chemical and environmental resistance 

solvent resistant 



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: 

LaWC Colorless Polyimides (LaRCm-CP) 

LaRCm-W46 Polyimide 

0 LCD and other Flat Panel Displays 
Microelectronics, including Multi-Chip 
Modules and Flexible Printed Circuit 
Boards 
High Performance Wire Coatings 

0 Printed Circuit Boards 
Automotive Engine Components 
Kitchen Ware 

Electronics and Optics, particularly for 
Ultra-Thin Multilayer Flexible Circuits 
Fabrication of Mechanical Parts 

ennoplastic Polyimides (LaRCN-IA) Fire Resistant Foams and Fibers, including 
use in Residences and Protective Fabrics 
Films and Coatings for Printed Circuit 
Boards and Wire Insulation 

I Durable Moldings I 

Estlirnated 1995 market values for areas of applications are as follows: 
LCD and Flat Panel Displays = $20 million 
Microelectronics, including printed circuit boards = $40 million 

o Wire Coatings = $37 million 
Ajdhesives = $6 billion 

There are two disadvantages to be overcome when marketing the LaRC developed 
msater;lals. The first is a major obstacle for all of the above materials except LaRCm-RP46. Due to 
e c o n o ~ e s  of scale, it is difficult for the LaRC materials to compete with commercial materials 
based on cosit. 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 
dificult to effectively represent the performance advantages of LaRC developed materials, 
pa&icularly when competing with technologi& 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 ofice regardkg a 
technology which may fill a need of the organization. These inquiries are generated by a vane$id. 
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-techleal 
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-techical 
community, and possibly increase the number of inquiries regarding LaRC techologies. 
Distribution channels should include electronic media, as well as public displays. A haher  area 
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 t echo lou  

pull strategy, LaRC contracts out much of the commercialization work involving ""teclhmolog 
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 technologgr push 
methods, it will be important for them to receive support for the transfer dhroughout 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 f l e~ble  
circuit boards and the final consumer would also be provided with information. A brochwe 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 acceptmce 
created within these sectors will ease the bbpush" of the technology into lower layers of the d u e  
chain, and could be instrumental in unseating current technology leaders. 



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 
Ld3.C 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 
competitiven~ess and economic growth could be enhanced. 

By creating marketing tools that reach a wide-spread audience -. and may be used in a 
vaaaev of ways, the Technology Transfer Team can expand the number of opportunities and 
edance 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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As anuto~mated systems proliferate in aviation systems, human operators are taking on less 
md less of an active role in the jobs they once performed, often reducing what should be 
impomnt jobs to tasks barely more complex than monitoring machines. When operators 
~ e =  forced into these roles, they risk slipping into hazardous states of awareness, which 
c m  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 
m d e l ,  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 
araSfnc 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 psychologicad 
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 autornated, h e  
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 tlnat 
precludes satisfactory performance (Pope et. al., 1994). Among the effects of tilecreased 
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 "boredon~'%at are 
not associated with fatigue, especially a decrease in situation awareness (Pope ;and B s g a  
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-m&ng 
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 perfa~mance 
(Endsley and Kiris, 1994). 

In order to facilitate a study of these declines in performance using automated 
systems, Endsley and Kiris (1 994) defined five specific levels of automation. The first 
level, incorporating no automation, leaves all decisions and actions to the operator. "FRe 
second level, dubbed "decision support," calls upon the operator to make decis~ions and 
actions, while the automated system makes suggestions. In the third, or "consen&dQ' 
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 czc~ons 
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 lpersonal 
computers used by agency secretaries for word processing" (1994). 

In response to the rapid growth of air traffic that is quickly becoming tcw 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 (mu). In 
addition to communicating the location of aircraft, the AERA computers will 11o~fy 
controllers of future conflicts, check for deviations, advise alternate routes, de~~ise &e 
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 



confidence is gained in the computer's capability, the AERA system may be permitted to 
fornulate alternative clearances, choose the most practical clearance, and transmit it 
direcdy to the aircraft without controller intervention. The air traffic controller will only 
be required to monitor system performance and to intercede in unusual conditions." 
molm, 1994) Software has been designed at NASA Ames Research Center to help steer 
~rcralR Khrough traffic jams, advise the best sequencing for landing, and suggest landing 
mmeuvlers for individual airplanes (Scientific American, 1994). 

However, in light of findings that warn of declining performance when decision- 
m&ng procespes become automated, extreme caution must be taken. Although numerous 
tests have been conducted on components of the new automated systems by NASA, and 
h e  F M  (Credeur et. al.), and international agencies (Beniot et. al.), none have been 
pedomled 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 
mhlized to improve Air Traffic Control situations without exceeding the point at which 
con&~llers cease to be suficiently involved and mentally engaged? 

To answer this, an informal research project was conducted by this researcher in 
h e  sumlner 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 
masuremnent of situation awareness in air traffic control, studies focusing on 
measurement of situation awareness and measurement of air traffic controllers were 
exmind .  

As early as 1980, David Hopkin discussed measurements of air traffic controllers 
at lengrh in a special issue of Human Factors dedicated entirely to ATC. He sited several 
empiically proven techniques of testing air traffic controllers, from performance, errors, 
delays artd omissions to physiological indices to interviews, discussions, questionnaires 
md case histories. One technique he favored was task performance as it pertains to 
worMoad and involvement, stating that, "All (ATC activities) do not have equal 
impomnce, and some, thought desirable, may often be postponed for awhile or omitted 
altogethe:r," and that "measures of the least important activities of the controller may 
proGde the most sensitive indices of the effects of high task loading." More recently, 
NopGn (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 
sf perfonmance 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 
chmged greatly." 

As recently as March 1995, Mica Endsley discussed measurement of situation 
awweness at length in a special issue of Human Factors. She began by establishing that 
the c~terjia for a measurement technique for situation awareness must measure the 
consmct 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 sensi~ve 
to changes in workload and/or attention. Endsley then proceeds to analyze in cde~il 
physiological measures, performance measures, subjective techniques, and questionn~res. 
But the best measure of situation awareness, she concludes, is to freeze the sim,ula~on 
briefly to quiz the operator on hisher awareness of many different facets of the 
simulation and the information with which helshe should be familiar at all times. 

To satis@ both sets of specifications as well as numerous others, a synergy of 
data collection techniques was developed and/or adopted for the CATSPAu experiiment. 
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 uselplanned. 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, 19931, 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 encoul-aged &em 
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 TIL\CON, 
produced by Wesson Software, was run on an IBM PC with graphics capabili~es. h 
additional IBM PC was used to run a program that simulated "automated a s s i s ~ c e ' ~  
written in quick basic by Dr. Ray Comstock. 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 experiiment 
were conducted in the Human Engineering Methods offices and laboratory (Bldlgs 1168 
and 1268) at Langley Research Center. 

Subjects: Three volunteer subjects, recruited from the pool of LARSS students and h e  
researchers' personal contacts, were utilized. All three were male and ranged in age b r n  
17 to 28. Subjects were screened to insure they had normal vision, had not been 
diagnosed with Attention Deficit Disorder (ADD) or Attention Deficit-Hyperiactivi~ 
Disorder (ADHD), and had no prior experience with air traffic control. 



Experiirnental 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 Trafic Control 
Wessom and Young, 1988). The experience of communicating with aircraft was simulated 
by havi~ng subjects speak into a headset, and their verbal commands were translated to 

CClN keyboard commands by the concealed confederate. 
IFrom 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 
hsks 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. 

1Subjects completed a 45 minute training session on the use of the simulation 
ssfacvare 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 
Ques~oinnaire, quizzing subjects on the location of aircraft, and their destinations and 
sams (see Appendix A), was developed to administer to subjects at various intervals 
dening tlhe simulation in which the program was paused and the screen was covered. The 
Task Lolad Index (see Appendix B) developed and empirically proven by Hart and 
S ~ e l a r ~ d  (1 988)' was also administered before the simulation resumed. Errors, in the 
fom of missed approaches (aircraft that are not successfully prepared for landing at the 
~ ~ o f i ) ,  were counted during the simulation. Omissions less vital to the overall success 
sf the task, in the form of hand-offs (aircraft that are not successfully passed on to the 
next coltlitroller) , 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 
automatled assistance they received. 

- -  

Resullts and Discussion 

Because only three subjects were run and conditions were altered for each subject through 
the prwless 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 
&e 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 cfestinations of current aircraft, number of aircraft about to enter the sector, and 



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

In the verbal de-briefing, two subjects reported that the automated assi:stant 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 assismr 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 frtzquuendy 
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 dynmic, 
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 c m s t  
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 assisant 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 controPllerskmrs 
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 &e 
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 
Slrbjecl ID: SWdy 11): 

Raling Scale Delinftions 
Place a mark el the desired poinl on @a& &@: 

Tllla Desc r l p t l ons  
M E N T A L  DEMAND Ho" mhh ~ ~ l a l  and pcrceplual aclivily MENTAL DEMAND 

was rsguired (e.0.. tl~ilking. deciinp. 
calcublinp, remembering, lodcir~. 
reatchino. elc.17 Was ll ic IPS~ easy w 
dermndii. s i h e  or conplex. erdai9 a Low High 
hngivinp? 

PHYSICAL DEMAND now mrch physical aclivily was r c ~ l i r c d  PI PI"I'ICAL DEMAND 
(e.9.. pushhg, pulbng, turning. CMIIIOIII~IQ. 
adivalirp. Uc.)? Was lie lask easy w 
detnandi, slow or brisk, slack w 

! i l 1 1 ! ! 1 t t t d f i  

stretamus. resllul w laborious? LOW wgh 

TEMPORAL DEMAND HOW mu& time pessttre didyou 1cc1 r~~rc .  lo TEMPORAL DEMAND 
tlw rate w pace at w l k h  Ilw I ~ s k s  w !ask 
ekmems ommedf Was llr pace sbw and 
bkuroly w rapid and Iranlic? 

Low  High 

PERFORMANCE k w  auaesslul do yoct lhir~k yar wne in PEnFClRMANCE 
a m s h i n g  \lie p a l s  ol ltrc lask scl by 
Iln erperimnler (w  ywrscll)' llow 
sa(is l i i  were you will1 yocrr perfwr~~artce in 
acconplisling lliese goals7 Good 

EFFORT How hard cld y w  have lo wotk (nrcnlally 
and physically) to accomplislr ywr levcl of 
pedamance? 

Low High 

FRUSTRATION LEVEL How itsecure. dismuraged. irtilalcd. FRUSTRATION 
stressed and annoyed versus secure. 
grat i l i i .  cbnterX, relaxed and cmi@acenl 
did you lee1 M n g  Ihe lask? 

Low High 
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Abskact 
The rules concerning patenting at NASA-LaRC have changed with the new 

emphasis; on technology transfer. Many researchers here at the Center do not know how 
to go about patenting their inventions, and in addition to this, they do not realize the 
rewards and benefits that are associated with patenting their technology. The Patent 
Counsel Team in the Technology Applications Group is open to all employees who wish 
to use their services. My project involved writing a series of articles for the Researcher 
Nms to :inform those with potentially patentable inventions about the process. 

Project Summary 
The article for the Researcher News was divided into two separate sections to be 

prjinted in consecutive issues of the paper. The first dealt with the actual patent process 
-- from the innovator's first disclosure to the rewards that can be gained once the 
inven~on is patented. The second article focused on the members of the Patent Counsel 
Tern and their duties. 

The initial article involved an extensive amount of research into patenting 
inventions. Using the NASA publication Invention Disclosure Information for NASA 
Bnvenlors and data obtained from the Patent Counsel Office, a simplified interpretation 
was written. 

The patent process is a rather tedious one and requires much effort, and the task 
off sohng through the information belongs to the members of the Patent Counsel Team 
PGT). Before the PCT can submit an application to the Patent and Trademark Office 
PTO) in Crystal City, Virginia, the researcher or researchers responsible for the 
invention must disclose their invention to the PCT. This disclosure includes the name(s) 
of h e  inventor(s); how, when and where the invention came to be; and a description of 
the techndogy. The PCT reviews the data in the disclosure and determines the 
pateaability of the invention. If the invention appears to be patentable and has sufficient 
commercial potential, a detailed application for a patent grant will be submitted to the 
PTO. 

Tlhe results of obtaining a patent can be lucrative, and many researchers do not 
redize the rewards that can come with patenting an invention. The technology can be 
licensed to private companies for their exclusive use, netting the inventor and NASA 
roydties; awards are given to innovators by NASA Headquarters; and the peer 
recopihon received is very gratifling. 

The first Researcher article also compared the volume of disclosures, applications, 
md pmts  issued between the different NASA centers. LaRC led all centers in each 
category. This information was used to motivate and encourage more researchers to take 
the chance of getting their technology patented. 

Tlie second article centered on the actual members of the PCT. Found in building 
1229, the PCT is a small but integral part of the Technology Applications Group. 
Composed of six members, including three attorneys, the PCT performs duties ranging 
from preparing applications, amendments and other documentation to recommending 
ac~ons concerning patent infringements. 

G~eorge Helfrich serves as LaRC's Chief Patent Counsel and leads the PCT. He 
oversees dl chemical technology applications. Kimberly Chasteen, also an attorney, 



focuses on aeronautical technologies. Robin Edwards, the third attorney in the PGT, 
concentrates on the mechanical applications. Elaine McMahon serves as legal infomation 
specialist and is the primary point of contact for matters such as invention disclosu~es, 
licenses, and legal research. Theresa Walker, a legal technician, administers qumi-legd 
fbnctions of the PCTand acts as a specialist in the handling of formal matters bemeen 
LaRC and the U.S. Patent and Trademark Ofice. 

Without the constituents of the PCT to litigate the details of patent applicdions, 
many commercial companies would find themselves without new technologies to move 
them into the future. The researchers that develop these technologies could not possibly 
divide their time and attentions between legal matters and the development of excidng 
new information. As part of the second Researcher article, the data from the sources 
mentioned above was summarized. Using this summary, a concise translation of the 
patent process was written not only for the inventors at LaRC, but for all employees. 







ABSTRACT 

The objective of my summer internship at NASA Langley Research Center 
was to Beam and understand some of the budgeting practices and principles 
used by the Programs and Resources Division. As a third year finance student 
m; of the skills I have acquired this summer through the LARSS program 
m?il not onliy benefit me in my college career but also in the business world. As 
an intern in PRQ I was involved in a detailed training program, the Program 
OperaGng Plan 95-2, and general day to day work. Each exercise included an  
overnew of' various basic skills needed so that I could thoroughly understand 
the 1Finmei;al operations of a government agency. 



During the ten weeks that I interned in the Programs and Resources 
Division(PRD), the Program Operating Plan 95-2 (POP 95-2) needed to be 
completed. A POP occurs twice a year and is necessary for the financial 
support of program offices. My major project was to help in prep 
database essential to the completion of the POP. In order to do this I had to 
participate in a series of events as  part of training. In addition to my project, I 
worked with other PRD employees, helping with day to day work. 

The training program organized by PRD contained several parts. One 
part consisted of a video tape by Mr. Joseph R. Struhar, Chief Financial 
Officer, explaining the fundamental terms and principles of the budgeting 
process. Everything I needed to know to perform my project was covered in this 
tape. Another part of the training program were several small one-on-one 
infomation sessions with other employees of my division. These were useful in 
understanding what occurs at a more specific level. The Space Resources 
Branch head, Buena E. Crawford, also explained to me the structure of the 
Langley Research Center (LaRC) and NASA as  a whole. This was very 
important in the budgeting process because PRD frequently interacts directly 
with Headquarters as well as with all groups and divisions at L a c .  H also 
attended the comptroller monthly status review and other meetings ccleal~g 
with the budget at LaRC. This was to further increase my knowledge of the 
finance process a t  Langley. In addition I attended a Microsoft Word class. 

My main project this summer was to help in a significant way mth the 
POP 95-2 budget call. This year NASA utilized a different method for 
completing the POP. Program office budgets for LaRC were sent by tlhe 
Institutional Program Office (IPO) under the Office of Aeronautics (Code R). It 
was PRD's responsibility to distribute the guideline information to all center 
managers. I helped develop the database which distributed program guidelhes 
to all non-aeronautics program offices. The database was created at the 9-digit 
FU'R level and included input cells for dollars and workforce, both civil servant 
and support service contractors. The Space and Atmosphere Science Progrm 
Group (SASPG) provided the dollar and workforce amounts which they believed 
would be appropriate for them. We then entered it into the database. The 
main purpose of the database was to analyze the centers NOA (Net Obligating 
Authority) and to prepare trace documents and Program Financial Plans 
(PFP's). These in turn are submitted back to Headquarters where the final 
funding decision is made for the years 1996-2000. 

In addition to my project, I helped the division with day to day work 
requirements. This included creating spreadsheets, flowcharts, sand (other 
miscellaneous documents needed for use in PRD or to be provided to1 the 
division's customers. 

In order to successfully complete my project I used a Macintosh HTci 
computer equipped with the following software: Microsoft Word version 5. la, 
Microsoft PowerPoint version 3.0b, and Microsoft Excel version 5.0. I also used 
a hand calculator. 
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ABSTRACT 

In investigating the potential of a new actuator for use in an active flow control 
sysam, several objectives had to be accomplished, the largest of which was the 
expnmental setup. The work was conducted at the NASA Langley 20x28 Shear Flow 
Con&ol Tunnel. The actuator named "Thunder", is a high deflection piezo device recently 
developed at Langley Research Center. This research involved setting up the 
insmmentation, the lighting, the smoke, and the recording devices. The instrumentation 
was automated by means of a Power Macintosh running LabVIEW, a graphical 
insmrnentation package developed by National Instruments. Routines were written to 
dlow the tunnel conditions to be determined at a given instant at the push of a button. This 
includedl determination of tunnel pressures, speed, density, temperature, and viscosity. 

Other aspects of the experimental equipment included the set up of a CCD video 
cmera with a video frame grabber, monitor, and VCR to capture the motion. A strobe 
light was used to highlight the smoke that was used to visualize the flow. Additional effort 
was put into creating a scale drawing of another tunnel on site and a limited literature search 
in the ales of active flow control. 



Introduction / Background Information 

The motivation for investigating active flow control is based on the notion hat 
overall performance of an aircraft can be dramatically improved with active systems as 
opposed to the traditional passive aerodynamic schemes. In pursuing active flow con&ol, it 
is apparent that the system can be broken down into three subsystems. These are the 
sensors, the control scheme, and the control mechanism. The dramatic increase in 
computational and material technologies over the past years has begun to make the redstic 
implementation of each of these possible. Computer technology is currently capable of 
completing the-necessary nonlinear computations for the control scheme, and MEMS 
technology is promising to deliver cheap and reliable sensors that could be embedded 
within a composite material. This experiment investigates the use of a high deflection piezo 
actuator, develop at NASA Langley Research Center, as a means of controlling a mbuBent 
flow. The actuator is controlled by means of a voltage which makes the system relatively 
light and easy to implement. The experiment was performed in the NASA 20x28 Shea 
Flow Control Tunnel. 

In setting up the experiment, LabVIEW virtual instruments (VIs) were developed to 
automate many common wind tunnel data acquisition procedures. Effort was made to 
produce a modular system that is easily portable to tunnels with similar configurations. 
This is desirable in order to reduce the setup time and effort that will be necessary for future 
research. VIs were required to monitor tunnel flow conditions including speed, 
atmospheric and dynamic pressure, temperature, viscosity, density, as well as the relative 
humidity in the room to be used in future humidity based corrections. An additional set of 
VIs was developed to produce waveform functions at various phase angles, frequencies, 
peak-peak amplitudes, and DC offsets on two independent channels that could be phased 
together if desired. Attention was paid to usability in all cases to further increase it's 
usefulness in other lab settings. The experimental setup also made use of a smoke 
generator, a strobe light, and a means of recording the motion by means of a VCR m d  a 
video frame grabber. 

This setup was performed both for the experiment that it facilitated, as well as for 
the experience of conducting a wind tunnel experiment from start to finish. Add.itiond 
experience was gained by producing a scale drawing of the NASA 2x3 Boundary Layer 
Channel Flow Tunnel. This was necessary for the design of planned tunnel modifications. 

Summary of Research Project 

The research was initiated by a short study of the LabVIEW graphical prog 
language and the GPIB bus. This was conducted by means of the National hstruments 
tutorial and other pieces of documentation that were included with the package. Based on 
this, and by using many of the device drivers as supplied by National Instruments as 
examples, the necessary virtual instruments (VIs) were written. 

The first VIs were written,to control the HP 32451-1 Data Acquisition / Control Unit, 
and it's accessories, through the GPIB bus. The accessories included HP 44705 
multiplexors and a HP 44701 integrating voltmeter. These were use in conjunction with 
Barocel differential pressure transducers, and a pitot tube, to determine the dynamic 
pressure and the difference between the static and atmospheric pressures. This ~requked 
becoming familiar with the HP BASIC programming language and many of the mackne 
independent commands for each device. Due to the unsteady nature of the airflow, the 
measurements are averaged over a specified time in intervals of 1/60 seconds by m m s  of 
the integrating feature of the voltmeter. The 1/60 interval eliminates the interference of the 



e l ec~ca l  line noise and produces a more accurate measurement. The VI also took 
advantag~e of machine generated interrupts in order to signal the host computer when the 
opmfion was completed. This allows the user to average the pressure over long periods of 
time while not demanding the computer to repeatedly check for the answer. 

Other readings were taken by a high precision pressure transducer to record 
atmospheric pressure and return the result to the computer via the GPIB bus. The initial 
stages of a TCPJIP client-server system was also developed so that atmospheric pressure 
readkg could be taken from a remote site if the transducer was not locally available. This 
w o k  by the client addressing the server computer, where the atmospheric pressure 
transducer would be present , with a request. The server computer would then prompt the 
devise for a reading and pass the result back to the client computer. This would be 
effective since atmospheric pressure tends to vary only slightly from room to room on a 
grven day. The high cost of the devices makes the small error associated with such a 
system acceptable due to the large cost savings associated with purchasing only one devise 
for multiple laboratories. 

A, similar VI was then written to determine the temperature based upon an RTD 
positioned in the flow and a 4 wire resistance reading. The 4 wire method is used to 
e l i ~ n a t e  any resistance due to the electric leads, which reduces the uncertainty of the 
mesurernent. The 4 wire method works by taking the resistance across two of the wires 
as in a standard resistance measure. The other two leads are then used to measure the 
volbge drop which eliminates the internal resistance of the wires. Lastly, a General 
Eastem relative humidity sensor was used to determine the percent relative humidity and 
was read by the computer based upon an output voltage. Since several of the parameters 
e m  vary based upon humidity, and due to the relatively high humidity associated with the 
south.l-eastern Virginia climate, this could prove to be a valuable correction when high 
orders of accuracy are needed. Based upon the measured parameters, the remaining ones 
including density, speed, and viscosity were then determined. Speed was based upon the 
definition of the dynamic pressure along with the density that was determined based upon 
the ideal gas law. Viscosity was based on an empirical correlation based upon temperature. 

The next phase of the research then consisted of writing a user friendly LabVIEW 
intedace and set of VIs for the HP 3245A universal source. The resulting VI makes use of 
most of the capabilities of the devise. This includes producing both standard and arbitrary 
waveforms for two independent channels. The standard waveforms include sine waves, 
squae waves, and ramp waves. For additional flexibility, the frequencies, phase angle, 
DC offset, and peak - peak voltages or currents can be determined. The user has the option 
to synchronize the phasing of the two channels, so that they can be used together. All these 
features we available at the push of a button or the turn of a dial. If an arbitrary waveform 
is desired, the user may either manually input the required 2,049 points, or may input the 
numbers from a text file generated in a spreadsheet such as Excel. A separate VI was also 
waa@en to modify the phase of a given channel in real time. This allows the user to vary the 
relation of two phase synchronized channels during the course of an experiment, without 
intemption. 

In setting up the experiment the above mentioned VIs and equipment were used. 
The farst set of VIs were used to monitor the conditions of the flow, and the universal 
source VIs were used to control and synchronize the strobe light and the actuator. The 
s&obe light was a General Radio 1540 Strobolurne, which was desired for this experiment 
because of it's intensity. The strobe was controlled by means of a TTL wave produced by 
the ~Illversal source which was inputted into an optically isolated triggering device built for 
this application. The triggering device would then trigger the external trigger connection on 
the strobe light within 3 microseconds. The strobe light was used to light up the smoke so 



that it would be visible to the camera. The strobe light was positioned directly above the 
model and the light passed through a narrow Plexiglas window directly above the model. 
This allowed the smoke to be effectively lit while maintaining contrast between the smoke 
and the black background that was painted to the left of the model. A CCD camera was 
positioned on a tripod to the right of the model so that it watched the model in profile wlhh 
the black background immediately behind the model. 

The model was mounted on a Bakelite plate that was manufactured to fit j.n the 
middle of a flat plate that is the third of three interconnected aluminum flat plates that mn 
the length of the 15 foot 4 inch test section. Trips were applied at the leading edge of the 
first plate and on all sides of the tunnel just after the contraction. The first plate has a 
rounded leading edge and a flap is located at the trailing edge of the third plate. 1The flap 
was adjusted until the flow remained attached on the upper surface. Since the plates were 
mounted towards the bottom of the test section, the tunnel floor caused blockage effects 
which tended to move the stagnation point below the leading edge. By raising the trGllng 
edge flap, the stagnation point was moved back to the leading edge, thereby preventing 
separation. This was tested by applying oil to the plate and observing it's motion wkle the 
tunnel was running with various flap settings. 

In between the first and second plates, a small gap was made through which the 
smoke was introduced. The slot was about 2 inches wide and located at the center of the 
gap between the plates. The edges were all filled and the remaining portions of the gap 
were covered with duct tape. The slot was fitted by means of an adapter to a one: inch 
plastic tube that passed through a hole in the bottom of the tunnel and into a wooden 
plenum that was produced to cool the smoke. The smoke was generated by means of a F- 
100 Performance Smoke Generator. The water and glycerin based smoke is hot as it lecaves 
the device. It was feared that this would cause a buoyancy effect when the smoke enareal 
the flow. It was assumed that the hot air would remain at the top of the plenum md would 
fall as it cooled. Thus the smoke was pumped into the plenum by the smoke genlerator and 
was pulled up from the bottom of the plenum by the plastic tube due to the low pressure 
produced by the air moving over the slot in the tunnel. 

The actuator was powered by means of an external amplifier that was in tm 
connected to the universal source. It was run with a sine wave that was synchronized with 
the strobe. The camera was connected to a monitor, a VCR, and a Computer EyesRT 
video frame grabber that could digitize a frame or make a Quicktime movie of any obsemed 
phenomena. 

The air would become tripped just after the leading edge of the first plate and f o m  a 
turbulent boundary layer. Then flow would then proceed down the plate where ithe smoke 
was injected and was carried along with the flow. It is assumed that the smoke p d c l e s  
were light enough to accurately follow the flow. The smoke would then proceed 
downstream and cover the actuator where the actuators motion should produce s~ome sort of 
disturbance. This disturbance should be followed by the smoke which will be lilt up by the 
strobe and in turn captured on the VCR while being viewed in the monitor. The pusgose of 
the experiment was to observe what sort of effects the actuator will have on the flow. 

Results 1 Conclusion 

The results of the experiment were as yet undetermined when my term was ended. The 
setup seems to work as described in a useful and predictable manner. The most useful 
result to date was the experience gained in working with a developing technology, and in 
the fine points of conducting a wind tunnel investigation. Specific experience was g ~ n e d  



in seaing up the instrumentation. This included use of the GPIB 1 E E E  488.2 bus, and 
learning both IHP BASIC and the LabVEW graphical programming language. All of these 
are general enough to be useful in future experiments. Additionally, the experience of 
worloing with a tunnel technician, and by getting hands on experience in working with 
much of the equipment, I feel better equipped to conduct in future wind tunnel I might 
encounter in the future. 



Dynamic Acoustic Detection of 
Boundary Layer Transition 

Jonathan (J.r) Grohs 
University of Missouri -- Rolla 

Mentor: Guy T. Kernmerly 
NASA -- Langley Research Center 

Research and Technology Group 
Applied Aerodynamics Division 
Subsonic Aerodynamics Branch 



Abstract 

The 1995 LA.RSS Research for J.r Grohs is a wind tunnel investigation into the acoustic nature of 

b o u n d q  layer transition using miniature microphones. This research is the groundwork for 

e n v  into the National Transonic Facility (NTF) at the NASA -- Langley Research Center 

(Lac). Due to the extreme environmental conditions of NTF testing, low temperatures and high 

pressures, tradition; boundary layer detection methods are not available. The emphasis of this 

project m d  fillrther studies is acoustical sampling of a typical boundary layer and environmental 

dmabiliy of the miniature microphones. 

The resemh was conducted with the 14 by 22 Foot Subsonic Tunnel, concurrent with another 

wind runnel test. Using the resources of LaRC, a full inquiry into the feasibility of using Knowles 

Elee@onics Inc. EM-3086 microphones to detect the surface boundary layer, under differing con- 

&tions, was completed. This report shall discuss the difficulties encountered, product perfor- 

mmee and observations, and future research adaptability of this method. 



Introduction 

Within traditional wind tunnel testing conditions, detection and study of the surface boundq 

layer can be found in variety forms. Resources such as hot film, pressure transducers, and pres- 

sure sensitive paint are a few such methods. However, within the adverse operating con&tions at 

the National Transonic Facility (NTF) at NASA -- Langley Research Center (LaRC), such rech- 

niques are impossible to use. Therefore, the investigation of acoustical measurements of a bound- 

ary layer with miniature microphones was initiated. While acoustic testing of' aerodynmic 

properties has been conducted previously, it has not emphasized on undisturbed measurements 

along the surface of an airfoil. 

The groundwork for this study was research into the resources available to collect such measure- 

ments and information on the topic. Using the previous investigation of Agarwal and Skpson 

[I] as background information, an initial plan to place miniature microphones within the sudace 

of an airfoil was started. Through the acquisition and comparison of dynamic acoustic data, the 

feasibility of measuring an active boundary layer could be studied. 

Approach 

Provided with the Knowles Electronics, Inc. EM-3086 microphones, the author designed and had 

fabricated an aluminum plate to incorporate a set of the microphones into the upper sudace of a 

preexisting idealized flat plate model. Through a direct connection in the interior of the aidoil, 

data from the microphone was extracted and analyzed through a portable HP Dynamic Signal 

Analyzer and oscilloscope. The entire setup was then entered and floor mounted into the 14 by 22 

Foot Subsonic Wind Tunnel to the rear of an High Speed Civil Transport (HSCT) Test. Data was 

accumulated at a dynamic pressure of 85 psf. 

The setup of the microphones was such that differing conditions of a boundary layer could be 

determined simultaneously along the entire plate. Figure 1 shows the orientation of the setup on 

the upper surface, Figure 2 provides a model cross section and Figure 3 includes a microphone 

schematic. Note the offset of the streamwise row of microphones, used to remove any eSecr of a 



Microphone Legend: 
# 1417 Flush Mounted 

1 0.143" 1 

Figure 3: Microphone Schematic [2] 

previous microphone port's wake from disturbing downstream microphones. Due to equipment 

re 'es~~nts,  many factors limited the availability of every data possibility, but the designs for this 

project inclulded many ideas for future research opportunities. For example, the four spanwise 

microphones were included to eventually investigate signal. attenuation of the boundary layer sig- 

nd, given different metal tube lengths connecting the port with the microphone. The priority of 

the cumnt  research was to establish a baseline system and to begin taking data on the feasibility 

sf m e a s u h g  the acoustic signals of the boundary layer of the plate. 

The m a j o ~ t y  of the research time was consumed in the actual buildup process of these micro- 

phones, leaving very little time to pull real-time data. Initial concerns of this technique included 

w&e effects from the HSCT model disrupting the flow over the microphones, the microphone 

ports hemselves tripping the flow into transition, the actual detection of the boundary layer over 



the background noise, and the ability to differentiate between transition, laminar flow, and turbu- 

lent flow. Through preliminary real-time signal analysis, it was determined that the boundary was 

detectable and different types of flows could be observed, given certain conditions. Thus, to 

address as many of these problems as possible, a schedule of runs was established to test each 

plausible condition. Through the use of grit, to trigger transition in the flow, cover rape, to 

remove the effects of the microphone ports on the flow, and timing, to prevent the HSe3a" model's 

wake from disturbing the flow, the signals of different boundary layer regions could be deter- 

mined. As a side investigation, a speaker was also installed to determine the audio &fference in 

such conditions. 

Results and Conclusions 

Through the run schedule, it was determined that the microphones can distinguish between 

boundary layer types only after removing any adverse flow effects. The microphone p o ~ s  were 

found to be disturbing the flow just by being exposed, causing some concerns. Note that pressure 

ports, frequently used in wind tunnel testing to determine the pressures along an a s o i l ,  are 

approximately the same size as the microphone ports, and thus can be influencing the a idow 

directly over the ports. While a small disturbance would not alter a non-dynamic measurement 

such as a pressure, it does introduce an error in any such calculation, thus addressing the issue of 

pressure port accuracy.. For the affected dynamic acoustic signals, measures must be r&en to 

remove this effect. 

Through the use of cover tape, beginning from the leading edge and sealing the microphone ports 

to provide a smooth surface, it was found that dynamic acoustical data of the boundary layer was 

still obtainable. Although dampened, the difference in a laminar boundary Bayer and mrbulent 

boundary layer, can be distinguished. Figure 4 demonstrates laminar flow while Figure 5 samples 

turbulent flow. These graphs were obtained using the same microphone, once with forced wmsi- 

tion, and once without. Transitional dynamic signals were also recorded as an entirely different 

pattern of vertical spikes as shown in Figure 6. Note that this data was obtained under another 

configuration without cover tape, thus the difference in output voltages. Therefore, &rough the 

implementation of cover tape, the research to determine the feasibility of detecting the b o u n d v  



Figure 4: Dynamic acoustic signal of a laminar boundary layer (Gain -- 10) 
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Figure 6: Dynamic acoustic signal of a transitional boundary layer (Gain -- 10) 



layer was a success. 

Many possibilities of this project are still to be researched, prior to actual testing withh the con- 

fines of the NTF. Aspects such as physical durability to both pressure and temperature., anad tube 

length attenuation are to be investigated in the near future. Some groundwork has been conducted, 

and the burden of research development has been removed in the original setup of this exped- 

ment. Through further study, similar dynamic acoustic data could be used to deternine the pse- 

cise flow over an airfoil surface in facilities that lacked the ability previously. 
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This repoa aiccounts details of two research projects for the Langley Aerospace Research Summer 
SchoPass (MRSS)  program. The first project, with the Office of Mission Assurance, involved 
subjectively predicting the probable success of two aeronautics programs by means of a tool called 
a Figure of Merit. The figure of merit bases program success on the quality and reliability of the 
Mlovving factors: parts, complexity of research, quality programs, hazards elimination, and single 
p i n t  failures elimination. The second project, for the Office of Safety and Facilities Assurance, 
raqulred planning, layouts, and source seeking for an addition to the fire house. Forecasted 
changes in Ficility layout necessitate this addition which will serve as housing for the fire fighters. 



RODUCTION 

Langley Aerospace Research Summer Scholars (LARSS) program time was spent in the Oflice of 
Safety, Environment, and Mission Assurance (OSEMA). Program managers involved in 
aeronautics research, space payloads, or facilities planning at any NASA center may contact 
OSEMA. Once called upon, the office will not partake in any direct research or engineering. 
Rather, OSEMA assumes the role of a disinterested third party which objectively reviews the 
quality of the engineering, the parts, and the program itself, Once involved with a program, 
OSEMA has the power to prevent that program from taking place if it proves potentiallly dangerous 
to personnel or equipment. OSEMA believes their services add value to NASA programs by 
assuring the quality and reliability ofthe systems and structures involved. 

Personal involvement with OSEMA was in the areas of both aeronautics and facilities safety, 
reliability, and quality assurance. The first halt' of the program was spent in the Off'ice of Mission 
Assurance, a subset of OSEMA responsible for the review of aeronautics programs and space 
payloads. There, the assignment was to survey two of the aeronautics programs OSEMA was 
asked to oversee in order that a figure of merit be determined. The tipure of merit is a subjxtlve 
method of determining the probable success of a program on the basis of the following five factors: 
parts, complexity of research, quality programs, hazards elimination, and single point failures 
elimination. A single point failure is the failure of any one item that will result in the mmplete 
destruction of property and/or death. The aforementioned categories are assigned weights, and are 
then subjectively rated on a scale of 0-4 on the basis of a review of the quality and reliabiliegi 
programs in place. The products of the weights and ratings for each category are then summed. 
The total score will be between zero and four and is evaluated much like a GPA, with a zero k i n g  
a likelihood of failure, and four being the likelihood of complete success. It should be menhoned 
that the figure of merit model inherently assumes that the more complicated a pro-ject is, the less 
likely it is to succeed. Figure 1 shows a schematic of the figure of merit categories, weigh&, and 
ratings. 

The second half of the summer was spent in the Office of Safety and Facilities Assumnee, another 
sub-area of OSEMA. The project in the facilities area was to research and provide layouts for a 
prefibricated addition to the fire station. This addition will serve as housing for the fire Ilghkens 
and will become necessary when the NASA Langley emergency operations center (ECC) comes 
on-line, for the EOC will be located in the area which currently shelters the fire fighters. This 
project required research of potential vendors, study of existing NASA facilities and u~tilities, 
interface with vendors and NASA personnel, cost estimating, and cost engineering. 

AERONAUTICS PROGRAMS 

F-16XL LAMINAR FLOW CONTROL: 
This experiment, which involves one of two proposed lift control devices for the high speed civil 
transport, aims to maintain laminar flow over a longer extent of the wing chord than is currently 
possible. Since friction between the wing and boundary layer air is responsible for the onset of 
turbulent flow conditions, this project proposes to extend laminar flow by using suction to pull the 
boundary layer air into the wing. 

The apparatus for this experiment includes the F- 16% (ship no.2) which is located at NASA 
Dryden Flight Research Center in California, a wing glove, and a suction control system. The 
design, engineering, and assembly of the wing glove and the suction system was subcontlaeted by 
Rockwell International to Boeing Commercial Airplane Group and McDonnell Douglas 
Corporation (MDA), respectively. Rockwell International was involved as the prime integrating 
contractor and served as a liason between NASA and the contractor team. As such, R~xkwell was 
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responsible for coordinating interface meetings and providing the performance, schedule, and cost 
status. 

In the most brief and general terms, the glove is a 0.5 inch deep sandwich panel. The outer slilns 
consist of two titanium sheets. The outer skin is perforated with laser drilled holes, the inner sheet 
is unperforated. A series of aluminum "I" stiffeners run parallel to the leading edge of the bue 
wing and are bonded to the two sheets. These stiffeners provide the core of the panel sandwich. 
The wing glove attaches to the existing wing by means of a series of inverted channel members 
which run perpendicular to the leading edge. These ribs break up the suction panel into acceptable 
planform dimensions and provide a means of attaching the glove to the true wing. 

The suction system, which is located between the glove and the true wing, consists of a series of 
valves and sensors, ducts and couplings, plenum, and an onboard suction system controller which 
provides automatic management of all flow control valves. The suction system pulls the bounda~y 
layer air through the perforations in the glove, ducts it to the suction manifold, and d i ~ b r g e s  it 
overboard. 

OSEMA'S ROLE: 
As mentioned previously, Boeing was responsible for the wing glove. They providecl a 
satisfactory product and delivered it on schedule. MDA, however, requested exemptions and 

Qtances extensions and provided no interim design or engineering information. These circum,, 
prompted the program manager to call in OSEMA to provide test requirements for the delivered 
product which would insure hardware function within the limits ofthe schedule. 

MDA delivered the control box on schedule -- ovenveight and oversize. Additionally, since MDA 
subcontracted the design and assembly of the box to a model shop with no previous elcpenence in 
the aerospace industry, OSEMA supposes that the box was not engineered to withstand the 
dynamic environment of an aircraft. However, this issue cannot be investigated because MDA 
claims they have no drawings for the box. Further, the box smoked during testing, and the muse 
of the smoke has not been investigated. 

Finally, the presence of the glove on only one wing results in an asymmetric arrangement- The 
contractors claim this design will not cause adverse handling effects or compromise flight safety at 
test speeds or in the Mach-altitude corridor which gives access to the test region. This obsesvation 
is true, but fails to address issues of controllability at landing approach speeds where the readder 
loses authority to compensate for the modified pianform. 

All the above mentioned safety issues must be resolved before OSEMA will allow the experiment 
to fly. 

OV-10 WAKE TURBULENCE: 
This program aims to study the dangerous and potentially deadly wakes of aircraft andl the 
atmospheric conditions that surround these occurrences. NASA believes that air traffic may be 
managed more efficiently once these events are better understood. 

The test aircraft is an OV-10 Bronco outfitted with equipment to measure and record tlhe 
atmospheric conditions surrounding wake vortex events. 

OSEMA'S ROLE: 
While the scientists and experimenters on this program already had safety programs in place, 
OSEMA was called in to review their processes. This review included an assessment of the 
integrity of aircraft modiiications, an investigation into the possibility that test equipment Boeated on 
the wing could induce destructive vibrations, and a critique of their hazards analysis. 



GENEML: 
O S E M ' s  role in any aerospace program is to be present at Airworthiness Safety Review Boards 
(ASMbs). ASRBts represent a formal occasion to bring up and resolve any outstanding safety 
issues. If any board member believes that such issues remain, there is a possibility that the 
expnment will not fly. 

FIGURE OF MERIT RESULTS 

The Figure of Merit results for the F-16XL Laminar Flow Control program and the OV-10 Wake 
Turbulence program follow. 

Figure sf !Merit for F-16XL Supersonic Laminar Flow Control Experiment 

PARTS: 
P a s  I r  the project will be purchased "ofl' the shelf" as well as specially made. Therefore, parts 
merit a weight near two. 

EARCH COMPLEXITY: 
The prpject is quite complex in that several contractors must interface ideas as well as equipment. 
Additionally, this project will require the inception of several original designs as well as the 
B'abnmtion of those designs. Once the design and construction is complete, a means to collect and 
mdyze test data becomes necessary which further requires the availability of ground and flight 
support teams. These observations correspond to a weight near 1. 

QUALITgV PROGRAMS: 
The esQblislning of quality control measures is the responsibility of the individuaI contractors and 
sukontractors. Per the memoranda on file and on the basis of past conversations, it is apparent 
that Bming's quality control actions were satisfactory, while McDonnell Douglas had no quality 
conk01 programs whatsoever. When the two come together, quality approaches a medium value of 
2. 

ELIMINATION: 
Neither contractor specifically calls out a hazards elimination program, or a hazards identification 
progmm, for that matter. The quality assurance measures that Boeing had in place could infer a 
reduction in lthe potential for hazards, but the fact that no specific review programs are mentioned 
slagges& that no such program exists. As for McDonnell Douglas, their lack of quality programs 
g u m k e s  the lack of a hazards identification or elimination program. These observations warrant 
a rating of 0. 

SINGLE POINT FAILURES ELIMINATION: 
No single point failure identification or elimination program is mentioned, and no measures have 
been laken by either contractor to enact such a program. This state conforms to a rating of 0. 

m G U E  OF' MEXIT: 
Parts: 2t0.15) 
Research Complexity: l(0.20) 
Quality Programs: Z(0.15) 

0(0.25) 
Single Point Failures Elim.: O(0.25) 

0. s 



Shortly after the completion of this.review, the contractor team submitted a preliminary 
analysis. The team's examination identified potential hazards, their severity, muses, and effects. 
Control measures are also included in each scenario. The presence of this review brings the 
hazards elimination rating up to a 4. 

A single point fBilures program is still not specifically mentioned. Some critical hazards which 
could cause loss of life and/or aircraft are included in the hazards analysis. However, the t 
historical lack of quality programs leads to a reluctance to give the single point failures elimination 
program a rating higher than 1. The above factors lead to a revised firgure of merit of 2.05. 

Figure of Merit for OV-10 Wake Turbulence Program 

PARTS: 
This experiment utilizes commercial parts, modified commercial parts, and specidly fabnmw 
parts. Commercially available equipment constitutes the majority of the parts requirement with 
some items necessitating minor modifications. In general, these changes proceeded uli thout event . 
Likewise, the design and fabrication of specialized parts required limited effort. While most parts 
were commercially available, part modification added slight complication to the project, and design 
and fabrication of original ideas further added to the project's complexity. Therefore, the sum of 
all these factors constitutes a rating of two. This airplane is maintained to FAA standards with 
TSO'd parts. 

COMPLEXITY OF RESEARCH: 
The project seeks to address unanswered questions, but utilizes conventional means to achieve that 
end, The measurement tools, recording instruments, and means of analysis are standard a d ,  with 
few exceptions, commercially available. Arrangement of these instruments, however, was quite a 
bit more complicated, requiring rather extensive overhaul and modification of the test aircraft. 
These alterations occurred according to plan and within the limits of the schedule. Additional 
difficulty could have arisen with respect to the interface of facilities and research partners. 
However, most exchanges transpired without incident or delay. While the logistics o.f this 
experiment are not simple in nature, the personnel involved made it appear commonplace. 
Therefore, the complexity of research merits a moderate weight of 2.5. 

QUALITY PROGRAMS: 
The engineers and designers instilled quality into each step of their programs. The engineers 
addressed matters of structural integrity and design limitations by testing questionable items. 
Further, weekly meetings kept all involved parties "up to speed" and addressed variotls areas of 
concern. In addition, aviation safety review boards (ASRB's) were scheduled and briefed, and all 
review board recommendations were carried out. Moreover, QA inspected all modifications to 
insure safety and integrity. These items demonstrate the presence of an admirable quality progrm 
warranting a high rating of four. 

HAZARDS ELIMINATION: 
Hazard analyses were conducted and documented. The hazard reports identify causes and effects 
as well as any other relevant information, including an assessment of the probability of ornursenee. 
Further, the reports cite means of control or corrective actions. The analyses are thorough, follow 
standard NASA guidelines, and serve to eliminate most of the hazards or potential for hazards, 
entitling the program to a rating of four. 

SINGLE POINT FAILURES ELIMINATION: 
While a single point failures elimination program is not specifically called out, the hazards analysis 
covered areas that are considered single point failures. The examination consists of causes ;and 
effects, additional pertinent information as well as an evaluation of the probability of (mumenee. 



The malysis also identifies failure controls or corrective actions allowing the program a rating of 
four. 

RGUlRIE OF MERIT: 
Paas: 2(0.15) 
Raeasch Complexity: 2.5(0.20) 
Qudity Programs: q0.15) 
H a d s  Elimination: 4(0.25) 
Single Point Failures Elim.: 40.25) 

3.4 



FACILITIES PROJECT 

NASA Langley Research Center is currently involved with the development of an emergency 
operations center. This facility will be located in the area of the fire station which currently house 
the fire fighters on duty. Therefore, it will be necessary to provide alternate shelter for thc lire 
fighters when the EOC comes on-line. Due to budget constraints and restrictions on new 
construction the housing facility must be a prefabricated Butler-type building. 

The tirst step in the project was to establish a minimum and maximum arrangement, and eseimak 
the square fbotage requirements. The minimum layout would include a bunkroom capable of 
housing approximately ten men and two women and full bath facilities. Ideally, the structure 
would include full bath facili ties, kitchen hcili ties, a men's bunkroom, a women's bunkroom, a 
day room, a one man office which would also include room for a bunk, and an equiprnent room 
(for washertdryer storage). Approximate square footage ranged from a minimum of about 2000 
sq.ft. to an upper end near 3000 sq.ft. Any designs would include hook-ups for plumbing and 
electricity. 

Next, it was necessary to find vendors that could provide such a service. This task involved 
contacting those people on-center who have had recent dealings with the erection of' a ~prelabbnakd 
building. It was assumed that they would be able to provide names and numbers of vendors and, 
ideally, be able to provide vendor literature and brochures. 

The most important and most challenging task involved placement of the facility. Any arrangement 
must provide direct access to the bay. This constraint, coupled with funding limitations, severely 
confined site development. The original idea was to erect the building on the " 1247" side of the 
fire house, or the grassy area between the tire house and East Reid Street However, upon 
investigation, it was discovered that many underground utilities converge in this area. T h w  
utilities included several electrical conduits, a 36" storm sewer with various connectors, two 
separate sets of telephone lines, and a buried headwall. An alternative was to place the building on 
the " 1232" side over the existing parking area, This arrangement, however, would ne~essitare 
relocating the emergency generator and the condensing unit in addition to removing the asphalt 
parking surface. Moreover, providing direct access to the bay would necessitate cutting a hallway 
through the existing living space. All of these factors proved cost prohibitive. The last choice 
would be to go up -- add a modular second story. This option brings up the question of whether 
or not the foundation and the structural supports could accommodate the additional load. 

Resolving all the aforementioned issues required extensive consultation with personnel in the 
Facilities and Systems Engineering Division and the construction services section of the *rations 
Support Division. Those consulted advised that building over the electrical lines is allowable, as 
long as the manhole is left accessible. As for the storm drain, it is possible to build over it, but it is 
not good engineering practice. If the pipe were to rupture, the resulting washout could collapse the 
building. Moving the drainage pipe was an alternative, but that option would prove superiiluous 
and costly. With respect to going up, the present structure had not been engineered to 
accommodate a second floor. The resolution was to go with a long narrow structure, 
approximately 25 ft. by 70 ft. that would probably only provide the minimum xcommodations of 
a bunkroom and a bathroom. 

Once these issues were resolved, and while waiting to receive vendor information, time was spent 
sketching various arrangements. The 1 8 0  or 1 W  sq. ft. allowed inclusion of all but one of the 
desired elements. Depending on the configuration, either the dayroom, kitchen, or chief's office 
was sacrificed. Several contacts with building suppliers and erection firms were also made in 
order to determine a rough cost estimate. However, at this time, no pricing information has been 
delivered. 
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Abstract 

This study addresses an issue arising from the transfer of federal research 
technology to commercial use. The National Aeronautics and Space Administration 
(NASA) transfers much of this technology by the means of patent licenses. These licenses 
can be valuable to businesses and therefore have the potential to generate considerable 
income. In the Stevenson-Wydler Act, the U.S. Congress directed federal agencies to 
retLarn a rrlinimum'percentage of this income to inventors. In this act, Congress hoped to 
encourage invention disclosure, strengthen cooperation between public and private 
researchers, aid small businesses and to foster technology transfer. 

However, the wording in parts of the Act is not clear. When NASA established its 
royalty policy, it asked the U.S. General Accounting Office (GAO) for guidance as to the 
congressional intent. The GAO responded that Congress intended to reward government 
employees and a small set of private inventors who assigned their rights in an invention 
directly to the government. This narrow application of the Act did not reward inventors 
who worked for private entities, such as universities, because their assignment was 
through their employer and hence, indirect. In perhaps the most extreme of cases, one co- 
inventor could receive large payments of royalties while the other might receive nothing. 

This study examines the reasoning of the GAO and current NASA policy. In 
addition, Ithis study recommends a policy alternative that might aid in achieving the goals of 
the Stevenson-Wydler Act. The organization of this document is a merger of a technical 
report and a legal memorandum. 



Memorandum 
Question Presented/lntroduction 

Is an inventor entitled to royalties from licensing income when that inventor is an 
employee of a non-government organization and the inventor assigned his rights in the 
invention to his employer, which subsequently assigned its rights to NASA for technology 
commercialization? 

In April 1993, the National Aeronautics and Space Administration (NASA) 
requested guidance from the U.S. General Accounting Office (GAO) concerning the 
distribution of patent licensing royalties under the Stevenson-Wydler ~ c t . '  The GAO 
determined that (1) the plain language of the statute, particularly 15 U.S.C. § 37101c, does 
not allow royalty sharing when the government gains title to an invention by assign~ment 
from one other than the inventor, (2) private employers are best suited to reward their 
employees, and (3) legislative history does not support royalty sharing with private 
employees.2 In short, the GAO argued that the Stevenson-Wydler Act contemplated 
royalty sharing only for those individual inventors who assign their rights directly to the 
government. Such an inventor would be a sort of "free-agent" researcher, who dealt 
individually with the government. In the case of researchers employed by others, the 
government deals with the employer during the assignment of title, thus the inventor- 
employee is not a party to the transaction. If the employer and the government desire to 
include private employee inventors in royalty sharing, then they would have to agree 
separately on the terms. The means for such an agreement could be a condition to the 
employer's assignment of title to the government or as a limitation to the underlying 
research contract. 

Accordingly, NASA policy does not provide for comparable distribution of 
royalties to federal and private  inventor^.^ The implications are most visible in the 
inventions produced by collaborative work; for in that case, NASA policy can operate in 
conjunction with the federal laws that govern the ownership of inventions to produce a 
stark inequity in license royalties among co-inventors. 1n.collaborative efforts, non- 
government researchers work alongside government researchers. If the researchers 
cooperatively invent, then each co-inventor possesses an undivided partial interest in the 
invention. Government employees routinely assign their interest in inventions to the 
government pursuant to 37 C.F.R. $501. Similarly, non-government employees usually 
assign their interest to the employer as a condition of employment. 

Thus, the parties holding interest in the invention are the government and the 
employer. The allocation of ownership between these parties is governed by The Space 

' Technology Innovation (Stevenson-Wydler) Act, 15 U.S.C. § 3701 (Supp. IV 1986)(as amended by the 
National Institute of Standards and Technology Authorization Act for Fiscal Year 1989, Pub. L. 100-519, 
Section 303(a), 102 Stat. 2589, 2597 (1988)). 

U.S. General Accounting Office, Gen. Couns. Mem. B-235063 (April 3, 199l)(hereinafter Mem.). 
NASA Management Instruction (NMI) 3450.8 (Effective Date Dec. 1, 1992). 



~ c a . ~  In general, the government has a right to the title of any invention produced during 
the performance a NASA contract. However, if the contractor is a small entity (i.e. small 
business, non-profit or university), then the contractor may elect to take title to the 
invention.' If not, then title falls to the government. If the contractor is a large entity, then 
in order to gain title the contractor must request NASA to waive its rights to the in~ention.~ 
Addltionallly, if the government desires to commercialize the technology by exclusive 
license, then it must receive clear assignment of rights in the invention from all the 
in~entors .~  

For example, if a small business decided that it was unable to prosecute a patent for 
a collaborative invention, it could assign its interest in the invention to the federal 
government. In turn, the government could offer an exclusive license to a commercializing 
entity. The Stevenson-Wydler ~ct,"m~lemented by NASA Management Instruction 
(NMI) 3450.8, would govern the distribution of the licensing royalties. The standard 
Stevenson-Wydler Act distribution of royalties in section 7 of that instruction applies only 
to government "employee-inventors." This section gives royalties to NASA employees 
when the invention was produced by NASA alone, when NASA retains an undivided 
interest in a joint invention, or NASA receives the full title of a joint invention. Because 
section 7 gives royalties to government employees only, the non-NASA co-inventor is left 
with sectilon 8 for reward. Section 8 permits the government, through the Inventions and 
Contributions Board, to make "awards to the inventors." These awards are merely a 
discretionary alternative to using licensing income for "promoting the transfer of NASA 
technology." It is likely that such an award could match neither the dollar amount of 
royalty payments nor the duration of a long, license royalty scheme. Experience has 
shown that awards to non-NASA co-inventors under section 8 are infrequent and fall short 
of the royalty scheme of section 7. 

In some cases, this has prompted non-NASA employees to encourage their 
emp1oyer.s to take title of the invention without an accurate assessment of their ability to 
commercialize. If the employer is a small business, such as an end-user of the technology, 
it might be unable to develop or market the technology, stifling the purpose of the 
collaborative effort. If a private employer is in fact capable of developing and marketing 
the technology, then the harm to technology transfer would be less direct. The non-NASA 
employee would be rewarded under the small business's royalty plan. The NASA 
employee would receive no reward under NMI 3450.8 section 7, which is limited to 
"Whenever NASA licenses ... ." Under a different regulation discussed below, the 
governm~ent may be able to recoup some royalty income for the government co-inventor; 
however,, this guarantee is not applied uniformly and is not available to private co- 
inventor~. 

Each outcome is unsatisfactory for some of the co-inventors. The non-NASA co- 
inventor faces the dim prospect of discretionary awards under section 8 in lieu of a credible 
royalty sharing scheme. The NASA co-inventor faces the prospect of a research partner 
who may claim the sole reward for the joint work. In cases where multiple government 
employe~es work with a single private employee, the deprivation can be severe. This 
arrangement is squelching the enthusiasm of inventors in joint projects and thwarting the 
intent of the Stevenson-Wydler Act. 

Approach 

Section 305(a), 42 U.S.C.3 2457(a) (1988); see also FAR clause 52.227-1 1, and NFS clause 18-52.227- 
70. 

FAR clause 52.227- 1 1. 
' NFS clause 18-52.227-70. 

CJ 37 C.F.R. Q 404.7(a)(l)(ii)(C) (1993). 
15 U.S.C. Q 3710~.  



The approach of this study included problem definition, research of governing 
documents and a brief comparison of different agencies. Problem definition included 
discussing with Technology Transfer Team personnel some of the challenges and benefits 
arising from the current royalty distribution policy. The goal of the research step was to 
collect the applicable legal references and to reconstruct the development of current NASA 
policy. Additionally, the references would show if there were otherwise acceptable, 
alternative policies. Guidance on this issue included NASA management instructions, 
statutes, regulations, congressional committee hearings testimony and reports. The 
comparison of different programs included telephone conversations with technology 
transfer personnel from different agencies. This step was informal and aided the 
identification of pertinent references. The agencies included were the National Institute for 
Science and Technology, Department of Energy, Department of the Navy and the IVational 
Institute of Health. 

Results 

There is little direct guidance on the issue of distributing patent licensing royalties. 
It is clear that the example described above defeats the intent of the Stevenson-Wydler Act: 
"Cooperation among academia, Federal laboratories, labor, and industry, in such forms as 
technology transfer, personnel exchange, joint research projects, and others, should be 
renewed, expanded, and ~trengthened."~ Indeed, in a different context, the GAO has 
reported that "royalty sharing would be a more effective incentive if fewer inventors were 
disappointed in the rewards they re~eive."'~ Due in part to the paucity of authoritative 
guidance, NASA policy depends heavily on the GAO's interpretation of the Stevenson- 
Wydler Act. 

In general, the history of this Act shows a trend of expanding scope in order to aid 
the commercialization of government technology. Prior to 1988, the distribution of 
royalties among public and private co-inventors was not an issue because the inventor was 
required to be an employee of the agency at the time of invention." However, in that year 
Congress amended the Stevenson-Wydler Act to provide that: 

The head of the agency or his designee shall pay at least 15 percent 
of the royalties or other income the agency receives on account of 
any invention to the inventor (or co-inventors) if the inventor (or 
each such co-inventor) has assigned his or her rights in the invention 
to the United S tates.I2 

This tone echoes the congressional intent for the Stevenson- Wydler Act throughout the 
1980's, which was to "improve the transfer of commercially useful technologies from 
Federal laboratories and into the private sector."" 

The GAO examined 15 U.S.C. 8 3710c and decided that if an inventor individually 
owns the rights to an invention and directly assigns those rights to the government, then 
that inventor falls clearly within the scope of the Stevenson-Wydler Act and is ther~eby 
entitled to 15 percent of "the royalties or other income the agency  receive^."'^ Curiously, 
this "free agent" inventor is not included in the royalty scheme of NMI 3450.8 section 7. 
This section rewards only government employees. Presumably, the Inventions an'd 

9 5  U.S.C. 3 3710(3); see also 15 U.S.C. 3 3710c. 
I" U.S. GEN. ACCT. OFF., TECHNOLOGY TRANSFER: IMPROVING INCENTIVES FOR 
TECHNOLOGY TRANSFER AT FEDERAL LABORATORIES 3 (Oct. 26, 1993)(GAOiT-RCED-94-42). 
' I  See Mem., p.2. 
l 2  15 U.S.C. 3 3710c(a). 
'9. Rep. No. 283, 99th Cong. , 2d Sess. 1 (1986). 
j4  See Mem., p.5. 



Contrib~ti~ons Board is responsible for ensuring that such an inventor is rewarded under 
NMI 3450.8 section 8 in a manner compliant with 15 U.S.C. 5 3710c. At any rate, "free 
agent" inventors independently working for NASA are rare. 

In a case where the government gains rights to an invention by assignment from a 
non-govemment employer, royalty allocation to the employee "is not as clear."I5 The GAO 
argued that (I) the plain language of the statuteI6 does not allow royalty sharing when the 
government gains title to an invention by assignment from one other than the inventor, (2) 
private employers are best suited to reward their employees, and (3) legislative history does 
not support royalty sharing with private employees. Therefore, such inventors do not fall 
within the scope of the Stevenson-Wydler Act. Accordingly, the only provision to reward 
private inventors when the government receives right to an invention by assignment by the 
employer is through NMI 3450.8 section 8 (as discussed above) or by separate 
tnstmment, such as a contract or condition of assignment.17 There are aspects of the GAO 
analysis which, because of their implications for technology transfer, demand close 
examination. 

Plain Language 

The plain language of 15 U.S.C. 9 3710c does allow an interpretation that gives 
royalties tio inventors when the government received the rights from one other than the 
inventor. For ease of reference, such an interpretation might be considered "broad" when 
contrasted to the "narrow" GAO interpretation that the assignment must be made directly by 
the inventor. The phrase particularly at issue is "if the inventor ... has assigned his or her 
rights in the invention to the United States."" Two facts color this dispute: most private 
inventors are employees of private entities (i.e., "free agent7' inventors are rare) and most 
employers require as a condition of employment that employees assign their rights in 
inventions to the employer. 

On one hand, a broad view would be consistent with the stated intent of Congress 
in the Stevenson-Wydler Act: 

The Nation should give fuller recognition to individuals and companies 
which have made outstanding contributions to the promotion of technology 
or technological manpower for the improvement of the economic, 
environmental, or social well-being of the United States.I9 

In this clause Congress loosely identified the set of individuals meriting recognition. 
Congruously, in 1988 Congress expanded the royalty scheme from those inventors 
employed by the agency at the time of invention to any inventor who assigned his or her 
rights to the g~vernment.~' It follows-that if Congress wanted to limit this expansion to 
""fee agent" inventors, it would do so clearly. But Congress did not limit 15 U.S.C. 
37 10c. Indeed, elsewhere in the Act, Congress shows the ability to clearly differentiate 
between public and private personnel. For example, at one point Congress qualifies an 
inventor as a "Government empl~yee;"~' even in the section at hand, the word "employee" 
is used to limit one set of inventors to public personnel.22 If Congress intended to manifest 
its intent narrowly, it could have more clearly excluded the private employees by simple 

'* Mern., p.5. 
'' 15 U.S.C. 9 3710~.  
" Mem., p.6. 
" 15 U.S.C. § 3710c. 
" 15 U.S.C. 3 3701(11). 
2'"~b. L. 100-519, Q 303(a)(l) (1988). 

Id. $ 3710d. 
22 15 U.S.C. 3 3710c(3). 



word choice. Congress did not do this; the plain language signifies merely a concern that 
if the government gains a valuable invention, then an inventor should be rewarded. 

On the other hand, a narrow reading of this phrase assumes the restriction of an 
implied, reflexive pronoun; such a phrase would read: "if the inventor [himself or herselfl 
has assigned his or her rights to the United States." If this were the case, then Congress 
would have intended to exclude private employees through the odd mechanism of their 
employment contracts. In other words, to satisfy this narrow reading, an inventor seeking 
royalty income would have to convince the employer to write an exception in the 
employment contract that allowed the inventor to keep the rights to an invention as ]long as 
those rights were to be assigned to the government pursuant to a contract. Such a narrow 
reading treats the private employee inconsistently. For the purposes of the contract 
between the government and the private employer (contractor), the government treats the 
employee as an element the contractor; this enables the government to bargain for the total 
product of the contractor employees' work under the contract. Yet for the purposes of 
invention ownership, the government treats the employee as an independent inventor who 
has fairly exchanged his rights to one in privity with the government. In short, a narrow 
reading requires unwieldy legislative construction, creates inconsistencies within the Act 
and treats private employees inconsistently. 

Private Employers Are Best Suited To Reward Their Employees 

The second prong of the GAO's argument was that Congress intended to exclude 
private employees. The GAO grounded this intent by arguing that private employees did 
not need an incentive to disclose nor a reward for contribution: ''the government cannot 
promote or reward inventors as easily as can private industry ... .The desired incentive [for 
disclosure of inventions] ...p resumably is effected through the employment agreement."2' 
The fact that the employee has assigned the rights in the invention to the employer removes 
the employee from any relationship with the government. Indeed, giving royalties to a 
private employee would restore the employee's rights to an invention when the employee 
had assigned those rights away. Furthermore, the employer did not merit incentive or 
reward when the employer was not the inventor. Thus, the GAO viewed the employee 
much like a subcontractor who has already been paid by the contractor for his product. If 
the government were to pay the subcontractor again, then the subcontractor would lbe 
double rewarded. Similarly, the contractor required no special incentive or reward for the 
work of the subcontractor. 

This position is flawed on several grounds. First, the strength of this argument 
necessarily depends on the merit of the plain language argument. Recall that the GAO 
considered "free agent" inventors to be clearly within the scope of the Act. At the same 
time, the GAO would hold that private employees, the bulk of such inventors, are excluded 
by virtue of the indirect implication of customary employment contracts. No explanation is 
given for why such a strong limitation of the stated policy would be presented indirectly. Bn 
fact, this distinction is not supported elsewhere in the Act. If Congress found this issue to 
be a compelling problem, there would be more evidence. Yet the only manifestatic~n of this 
forceful policy argument is the GAO construction of the unclear language of 15 U.S.C. 8 
37 1 Oc. 

Second, the concern that private employees would be doubly rewarded is not 
accurate. The GAO argues that private employers are better able than the government to 
compensate employees for giving their rights of invention to the employer. If the 
government were to give royalties to the private employees, then the inventor would be 
doubly compensated. Thus, the GAO describes royalty sharing with private employees as 
a restoration of the inventor's rights in an invention. In comparing public and private 
inventors, this is a curious approach. The regulations which address government 

23 Mem., p.5 (emphasis in the original). 



ownership of the inventions of public employees are quite similar to the invention 
ownership clauses customary in employment contracts.24 Both employees are paid under 
their respective employment agreements for performance of their assigned duties. For the 
private employee, these duties are pursuant to the government contract. The merit of this 
agreement is not at issue. However, the income from license is external to this bargain; 
licensing iroyalties derive from the commercial value of the invention and not the completion 
of the duties of an underlying contract. If the government keeps all the income from 
licensing, then the private inventor cannot be rewarded from the commercialization of the 
invention. In that case, the flow of royalty income never reaches the private parties. Any 
reward an employer might give one of its inventors must come from the employer's general 
income and not from the licensing royalties. In other words, the market value of the license 
plays no role in the reward to the employee. The employer and the employee never see the 
income arising from the commercial value of the invention. Thus, a reward to a private 
inventor would be a loss to the employer; accordingly, only those inventions that produce 
an incidental benefit to the employer would merit a reward. This reward is far different 
from sharing the licensing royalties from commercialization. To argue that the incentive for 
the disclosure of inventions is effected through the employment agreement assumes a flow 
of income that simply does not exist. 

Moreover, this approach ignores the practical implications of the roles of the 
parties. The employer that rewards its employees generously from its income will likely be 
less competitive than an identical employer that offers little or no reward. Depending on 
how much of the employer's income is derived from government work, the effect may be 
to depress the reward programs of the private employers. Such a result is clearly contrary 
to the objectives of reporting inventions and contributing to their commercialization. 
Thus, when the government undertakes to commercialize the inventions of private 
employees, the private employers are poorly suited to reward the inventors. 

Legislative History Does Not Support Royalty Sharing With Private Employees 

The third prong of the GA07s  argument is that the history of the legislative process 
shows that Congress did not intend to restore the private employee's rights in an invention. 
The GAG) posited that "There is no support in the legislative history to suggest that 
Congress intended that result.."25 Indeed, the GAO argued that Congress expressly did 
not intend to set a precedent for royalty sharing for private employees. However, this 
assertion is misplaced. The legislative history on point is scarce and seems to accept a 
broad application of the Stevenson-Wydler Act. 

First, the legislative history does show that Congress intended not to interfere in 
private ernployment contracts. The express refusal to set a precedent in this area did not 
refer to the government provision of royalties to private employees. On April 
21, 1986, in reference to an earlier, government-only royalty sharing provision,26 Sen. 
Danforth of the Committee on Commerce, Science, and Transportation noted: 

Some representatives of businesses that employ scientists fear that 
establishing royalty sharing for Federal employees will set a precedent for 
legislation mandating royalty sharing for private inventors. The Committee 
believes that the government is different from private industry in that it 
cannot promote or reward inventors as easily, and that more inventions will 
be reported and developed if Federal employees have a guaranteed share in 

24 37 C.F.R. Q 501 (1995). 
25 Mem., p.5. 
'"hat is, pre-Pub. L. No. 100-519. 



potential royalties. The Committee does not intend for this provision 
affecting Government employees to set a precedent for private employees.27 

Thus, the concern of business was that if Congress discovered royalty sharing for federal 
employees to be beneficial, then Congress would force private employers to establish their 
own royalty sharing schemes as an element of general labor reform. The context of the 
above statement shows that it is irrelevant to the issue at hand. 

Second, the little legislative history that is available seems to indicate congressional 
acceptance of broad scheme of royalty sharing. It is common for summaries of the act to 
identify the set of inventors as including both government employees and other inventors. 
Indeed, the GAO memorandum refers to a letter from National Institutes of Health 
complaining of pre-royalty sharing inequity: 

Guest researchers, volunteers, or GOCO employee scientists may be 
inventors jointly with Federal scientists. Presently the Federal 
employee would be eligible for royalties from the joint invention, 
but'the other inventor would not. This creates an inequitable 
situation which cripples morale and the efficiency of the 
laboratory.28 

It is apparent that the testimony included the private employees of the contractor as a sui 
generis party. Similarly, the Stevenson-Wydler Act has been haled as requiring "Federal 
Agencies to pay Government employees and inventors at least fifteen percent of any ,729 royalties or other income received for an invention ... . If the subject party of inventors 
were as limited as the GAO argues, such unqualified language is not merely careless but 
misleading. Instead, it is much more consistent with the Act that the word inventor does 
includes private employees. 

A Separate Instrument 

The GAO argued that because private employee reward is not provided by the 
Stevenson-Wydler Act, it is available only by the terms of the employer's assignment to the 
government, the terms of the contract, or by the terms of a cooperative research 
agreement.30 This position depends on a number of assumptions. First, the GAO 
assumes that the private employee is able to leverage the employer into conditioning its 
relationship with the government in order to recoup licensing income. Second, the GAO 
assumes that the government would allow conditioning of government contracts and 
invention right assignment. Third, the GAO assumes that the commercial environment 
would permit the employer to undertake such a move and remain competitive. Finally, 
underlying these assumptions is the position that if the Stevenson-Wydler Act does not 
provide for royalty sharing with private employees, then the burden lies on the private party 
to change the terms of its relationship with the government. This begs the related (questions 
of whether the public might best be served by rewarding private contributions to 
technology development and whether the government might be might be able to enlploy 
these mechanisms for such a reward. 

Perhaps the most debilitating of these assumptions, if faulty, is that the government 
would allow such a change to the conditions of its relationship with contractors. For 
example, consider the obstacles to conditioning a government contract to require royalty 
sharing with private employees. First, any modification of the provisions in government 

27 S. Rep. No. 283, 99th Cong. , 2d Scss. 18 (1986). 
2X H.R. 476, 100th Cong., 2nd Sess., 796 (1988). 
'' H.R. 256, 100th Cong., 1st Sess., 3 (1987)(emphasis supplied). 
'" Mem., p.6. 



contracts must be authorized by the Federal Acquisition Regulations (FAR)." It is 
doubtful whether the FAR envisions such an arrangement; indeed, such a cost does not 
satisfy the definitions of either patent or royalty costs allowed in the FAR." Such a 
nonstanda~rd cost to the government would have to be found " a l l ~ w a b l e . " ~ ~ ~  such, the 
contracting officer must show that the private employee royalties were "chargeable to one 
or more c~ost objectives on the basis of the relative benefits received ... ."" Unless the 
commercialization of technology was one of the contract objectives, this would fail. 
Furthemore, such a condition implies a negotiated contract which would not terminate until 
the royalty agreement terminated. Disbursements under the contract could continue for the 
life of the patent. Thus, it is unlikely that the government would allow a private employer 
to condition a contract to include a royalty sharing scheme. 

Consider also the obstacles to conditioning the assignment of rights in the 
invention. To start, such a condition would likely be an impermissible limitation of the 
government's property rights under The Space ~ c t . "  Currently regulations allow only the 
government to condition its assignment of a government employees rights in an invention 
to a contractor." The law does not envision such flexibility for the c~ntractor. '~ Because 
any rnodiification to the terms of the government-contractor relationship must be authorized 
by the regulations, and this modification is not, then the provision of royalties to private 
employees as a condition of assignment would not be authorized." Thus, it appears that a 
contractor would find it difficult, if not impossible, to change the conditions of its 
relationship with government. 

A Brief Comparison 

Other agencies interpret the Stevenson-Wydler Act to allow for royalty sharing with 
private ernployees. As noted above, the comparison included The National Institute for 
Science and Technology, the Department of Energy, the Department of the Navy and the 
National Institute of Health. The contacts at the National Institute for Science and 
Technology and the Department of Energy claimed that their relationships with private 
entitles were so different as to provide a poor basis for comparison.39 The Department of 
the Navy implements the Stevenson-Wydler Act broadly, allowing private employees to 
share in licensing royalties.40 In fact, naval personnel who reviewed the subject GAO 
memorandum disagreed with the conclusions as producing "anomalous results" and 
defeating the plain intent of the ~tatute.~'  Personnel from the National Institute of Health 
concurred, suspecting that a narrow interpretation could be disruptive to collaborative 
efforts.42 

3 1  NFSD 18-52.104, see FAR 52.101(a). 
3 v ~ R  Q$ 31.205-30, 3 1.205-37, respectively. 
33 FAR 3 1.201-2. 
34 FAR 31.201-4. 
" 5 305(a), 42 USC Q 2457 (1988) 
3h 37 C.F.R. Q 401.10 (1993). 
" 37 C.F.R. 5 401 ; see NFS 18-52.227-70 and FAR 52-227.1 1 as modified by NFS 18-52.227- 1 1. 
'' 37 CFR 401.1. 
3" Telephone Interview with Terry Lynch, Technology Transfer, U.S. Nat'l Inst Sci. and Tcch. (Jul. 
1995); Telephone Interview with Irving Barrek, Patent Counsel, U.S. Dep't. of Energy, Oak Ridge Nat'l. 
Lab. (Jul 1995). 
"'SSECN.AVINST 5870.2D (May, 16, 1989). 
" Letter :from William C. Garvet, Deputy Counsel, Office of the Chief of Naval Research to Harry 
Lupuloff, Office of the General Counsel, NASA (Apr. 13, 1990)(Refer to 5870, Ser 00CIPl484 13 Apr 
90). 
" Telephone Interview with Steve Ferguson, Technology Transfer, U.S. Nat'l Inst. of Health (Jul. 1995). 



The Stevenson-Wydler Act allows for the sharing of licensing royalty income with 
private employees. Although there is little direct guidance on the issue of distributing 
patent licensing royalties, it is clear that the present policy counters the stated intent of 
Stevenson-Wydler Act. Accordingly, a recommendation that fosters cooperation with 
private inventors while advancing technology transfer will find its source in the equiitable 
treatment of inventors. 

One such plan might be a "mirror image" policy in which the reward to the co- 
inventor of the organization that relinquishes title would mirror that of the receiving 
organization. Under this proposal, the organization taking complete title would reward all 
inventors consistently under its own plan, regardless of employment status. Thus, if a 
non-profit organization did not elect to take title to a joint invention, then NASA would 
divide the licensing royalties into shares similar to the plan described in NMI 3450.8 
section 7, counting the private employee as one of the co-inventors. If the non-profit 
organization elected to take title and NASA assigned its interest to the organization, then as 
a condition of NASA's assignment of its interest in the invention, the non-profit 
organization would reward the NASA co-inventors under its own royalty share plan. The 
"mirror image" policy would not apply to cases in which the parties retained undivided 
interests in the invention. Because the NMI 3450.8 envisions essentially a complete 
distribution of royalties to the inventors, there should be no increase in governmen3t 
expense over the current plan; the royalty income is simply split into another equal share. 



U ~ i i t c d  S h t c s  G-AO Genernl ~ccountieg omec 
XV,asliington, D.C. 2094S 

Iiarry Lupuloff, Esq. 
Director of Patent Licensing 
National Aeronautics and Space 
Administration 

Dear Mr. Lupuloff: 

This concerns the National Aeronautics and Space 
Administration's request for our guidance in the distribution 
of income from patent licensing royalties. 

In accordance with your telephone conversation of April 2, 
1991, with Jerold Cohen of our staff, we have closed our file 
on the matter. 

Sincerely yours, 

Robert N. Hunter 
Associate General Counsel 



Mr. Edward Franlcle 

General Counsel 

Nat iona l  Aeronaut ics  and 

Space Adminis t ra t ion  

Washington, D .  C .  20546 

Dear M r .  F r ank le :  

Th i s  responds t o  t h e  Nat iona l  Aeronautics and Space Admin i s t r a t i on ' s  ( N A S A )  

r e q u e s t  f o r  o u r  guidance concerning the  manner i n  which income from i t s  p a t e n t  

l i c e n s i n g  r o y a l t i e s  should be d i s t r i b u t e d  t o  NASA inven to r s .  S p e c i f i c a l l y ,  

NASA a s k s  t o  what e x t e n t  t h e  Stevenson-Wydler Technology Innovat ion Act of 

1980. 5 1 4 ( a )  (1) ( A ) .  15 U.S.C. 5 3710c(a) (1) ( A )  (Supp. I V  1 9 8 6 ) ,  as  

amended by t h e  Nat iona l  I n s t i t u t e  of Standards and Technology Author iza t ion  

Act f o r  F i s c a l  Year 1989, Pub. L.. No. 100-519, 5 3 0 3 ( a ) .  102 S t a t .  258gV 

2597(1988) .  e n t i t l e s  i n v e n t o r s  o t h e r  than those  who a r e  c u r r e n t  o r  former 

f e d e r a l  employees,  o r  t h e i r  employers, t o  r ece ive  a  s h a r e  o f  NASA's r o y a l t y  

income. Because Congress made s e c t i o n  303 o f  Pub. L. No. 100-519, enacted 

October 24 ,  1988,  r e t r o a c t i v e  t o  October 20, 1986, NASA a l s o  a sks  ,whether t h e  

d i s t r i b u t i o n s  o f  r o y a l t y  income i t  made a f t e r  t he  e f f e c t i v e  d a t e  b u t  before  

t h e  enactment d a t e ,  must be r eca l cu l a t ed  t o  provide f o r  d i s t r i b u t i o n s  t o  any 

non-government i n v e n t o r s .  



I n  o u r  view,  r o y a l t y  payments under Pub.  L .  No. 100-519 may be made only t o  

non- federa l  employee i n v e n t o r s  who d i r e c t l y  ass ign  t h e i r  ownership r i g h t s  t o  - - 
the United S t a t e s .  We a l s o  conclude t h a t  s e c t i o n  3 0 3 ' s  d i s t r i b u t i o n  provis ion  

a p p l i e s  t o  r o y a l t i e s  rece ived  by the  government on o r  a f t e r  October 2 4 ,  1988, 

the date of enactment ,  from irlventions assibwed t o  t h e  government on o r  a f t e r  

October 210, 1986. 

P r i o r  t o  enactment o f  Pub. L .  No. 100-519. the  Stevenson-Wydler Technology 

Innovat ion  A c t  q f  1980, a s  amended by the  Federal  Technology Trans fe r  Act of  

1986, 5 7 ,  15 U.S.C. S 3 7 1 0 c ( a ) ( l ) ( A ) ,  authorized a  f e d e r a l  agency t o  s h a r e  

r o y a l t i e s  o n l y  w i th  an i nven to r  who was an employee o f  t h e  agency a t  t he  t i m e  

of the i n v e n t i o n .  Pub. L .  No. 100-519 modified t h a t  a u t h o r i t y ,  "... s o  t h a t  

i t  would apply t o  any inven to r  who has assigned h i s  o r  he r  r i g h t s  i n  t h e  

i nven t ion  t o  t h e  United S t a t e s . "  S. Rep. No. 466, 100th Cong., 2d Ses s .  15 

(1988). The law thus  now provides:  

"The head o f  t h e  agency o r  h i s  designee s h a l l  pay a t  l e a s t  15 

p e r c e n t  o f  t h e  r o y a l t i e s  o r  o t h e r  income the  agency r ece ives  on 

account  o f  any invent ion  t o  t he  i nven to r  ( o r  co- inventors )  i f  t h e  

i n v e n t o r  ( o r  each such co-inventor)  has ass igned h i s  o r  h e r  r i g h t s  

i n  t h e  i n v e n t i o n  t o  t h e  United S t a t e s . "  

NASA r e p o r t s  t h a t  s e v e r a l  of  t he  invent ions  f o r  which NASA rece ives  r o y a l t i e s  

were made by employees o f  g ran tees  o r  con t r ac to r s  who ass igned  t h e i r  r i g h t s  t o  

NASA. According t o  NASA, most s i t u a t i o n s  involve those where i t  is the  



employer o f  t h e  i nven to r  ( i  . e.  , the  con t r ac to r  o r  g r a n t e e )  , r a t h e r  t h a n  I;Ile 

i n v e n t o r ,  who a s s i g n s  r i g h t s  t o  the  United S t a t e s .  Pub. L. No. 100-519 does 

n o t  s t a t e  whether  i n d i v i d u a l  inventors  whose employers have assigned r i g h t s  t o  

t h e  United S t a t e s  a r e  e n t i t l e d  t o  a sha re  of  t he  r o y a l t i e s  rece ived  by t he  

government . 

Analysis--Royalty Ent i t l ement  

Ekecut ive Order No. 10096, January 2 3 ,  1950, a s  amended, r e q u i r e s  t he  United 

S t a t e s  t o  a c q u i r e  t h e  e n t i r e  r i g h t ,  t i t l e  and i n t e r e s t  t o  an invent ion  made by 

.a government employee where t he  government c o n t r i b u t i o n  t o  t h e  i nven t ion  i s  

s u f f i c i e n t  t o  j u s t i f y  a requirement f o r  t he  employee t o  a s s i g n  i n d i v i d u a l  

ownership. r i g h t s .  Af t e r  t he  Ehecutive Order was i s s u e d ,  t h i s  requirement 

became viewed a s  a d i s i n c e n t i v e  f o r  f e d e r a l  employees t o  r e p o r t  t h e i r  

i n v e n t i o n s  and t o  c o n t r i b u t e  t o  commercialization. Congress intended the  

r o y a l t y  s h a r i n g  p r o v i s i o n s  of  15 U.S.C. § 3710c(a)  (1) ( A )  t h a t  i t  added 

through t h e  Fede ra l  Technology Transfer  Act of  1986 t o  provide t h a t  i n c e n t i v e  

and encouragement . l /  

The 1986 s t a t u t e  d i d  n o t  address  roya l ty  s h a r i n g  by non-federal  i nven to r s  

working a t  f e d e r a l  l a b o r a t o r i e s .  The l a b o r a t o r i e s  undert*e coopera t ive  

r e s e a r c h  w i t h  t h e  p r i v a t e  s e c t o r  under a v a r i e t y  o f  arrangements.  Under some 

programs, b u s i n e s s e s ,  u n i v e r s i t i e s ,  p ro fe s s iona l  s o c i e t i e s ,  o r  o t h e r  

o r g a n i z a t i o n s  dona t e  t h e  s e r v i c e s  of  s c i e n t i s t s  and eng inee r s  i n  t h e i r  

S. Rep. No. 283, 99 th  ~ o n g .  , 2d Sess .  12 ,  r e p r i n t e d  i n  1986 U.S. Code Cong. 
& Admin. N e w s  3442. 3454. 



~mploy. P a t e n t  r i g h t s  f o r  invent ions  t h a t  riiay be ind.ividuallyYo_r. j o i n t l y  

produced a r e  governed by formal agreements. Other programs r e l y  on less 

formal arrangements  under which unpaid gues t  r e s e a r c h e r s  n o t  supe rv i sed  by the  

govcrniiiei~t,, unpaid bu t  governn~e~lt-supervised s p c x i a l  volunLeers ,  o r  cmployc?cs 

of a gavel-n~ment-owned, con t r ac to r  operated (GOCO) l a b o r a t o r y ,  p a r t i c i p a t e  i n  

coope ra t i ve  r e s e a r c h  p r o j e c t s  a t  f e d e r a l  laboratories.2-/ The l e g i s l a t i v e  

h i s t o r y  of  Pub. L .  No. 100-519 s t a t e s  t h a t  among t h e  changes made by i ts  

amendments t o  t h e  Stevenson-Wydler Act,  "Guest workers a t  f e d e r a l  l a b o r a t o r i e s  

a r e  made e l i g i b l e  f o r  t h e  roya l ty  sha r ing  provis ions  o f  t h e  Act beginning with 

t h e  d a t e  o f  passage  o f  t h e  Federal  Technology Trans fe r  Act o f  1986. ''11 This  

addressed  what was viewed a s  an inequ i t ab l e  s i t u a t i o n  i n  which f e d e r a l  

employee i n v e n t o r s  were e l i g i b l e  f o r  r o y a l t i e s  from a j o i n t  i n v e n t i o n ,  bu t  

g u e s t  r e s e a r c h e r s ,  vo lun tee r s ,  o r  GOCO employees s c i e n t i s t s  were n o t .  P r i o r  

t o  enactment o f  Pub. L .  No. 100-513. f o r  example, t h e  Nat iona l  I n s t i t x t e s  of  

Wealth complained t h a t  t h e  r e s u l t i n g  i nequ i t ab l e  s i t u a t i o n  c r i p p l e d  moral[e] 

and the e f f i c i e n c y  o f  t h e  l abo ra to ry  .v 

2 /  See 1989 Na t iona l  Bureau of Standards Authorizat ion:  Hearings Before t he  - 
Subcornm. on Sc i ence .  Research and Technology of t h e  House Comm. on Sc i ence ,  
Space,  and Technology, 100th Cong., 2d s e s s .  793 a t  795-96 (1988) ( s t a t emen t  
o f  P h i l i p  S. Chen, J r . ,  Ph.D., Associate  D i r ec to r  f o r  In t r amura l  A f f a i r s ,  
N I S 1 ) ;  Economic Development Through Technology Trans fe r :  Hearing Before t h e  
Subcornm. 011 S c i e n c e ,  Research and Technology of  t h e  House Comm. on Sc i ence  
Space,  and Technology. 100th Cong., 2nd Ses s .  96 a t  97 (1988) ( s t a t emen t  of  
Robert  A.  Kamper, D i r e c t o r  of the  Boulder Labora tor ies  o f  t h e  Na t iona l  Bureau 
of  S t anda rds .  Dept. o f  Commerce); and S. Rep. No. 9 8 ,  100th  Cong., 1st Ses s .  
13 ( 1 9 8 7 ) -  

3/ 1I.R. Rep. No. 673(1), 100th Cong.. 2d Sess .  24, r e p r i n t e d  i n  1988 U.S. Code 
Cong. & Admin. N e w s  3263, 3285. 

l ! /  1989 Na t iona l  Bureau of  Standards Authorizat ion.  sup ra  no t e  2 - 



Thu.5, i t  i s  c l e a r  under  Pub. I,. No. 100-513 t h a t  s o  l o n g  a s  t h e  n o n - f e d e r a l  

i n v e n t o r  individual.1.y owns r i g h t s  i n  t h e  i n v e n t i o n  and a s s i g n s  t h o s e  r i g h t s  

d i r e c t l y  t o  t h e  Uni ted  S t a t e s ,  r o y a l t i e s  subsequen t ly  r e c e i v e d  by t h e  govern- 

ment a r e  a v a i l a b l e  f o r  s h a r i n g  wi th  t h e  i n v e n t o r  under  Pub. L. No. 100-519. 

IIowever, t h e  s i t u a t i o n  is n o t  a s  c l e a r  where t h e  government r e c e i v e s  r i g l i t s  i n  

an i n v e n t i o n  th rough  ass ignment  from t h e  employer o f  a  non- federa l  f ~ n v e n t o r .  

NASA a d v i s e s  t h a t  t h e  government o f t e n  a c q u i r e s  i ts  ownership  r i g h t s  i n  

i n v e n t i o n s  made by non- federa l  i n v e n t o r s  by ass ignments  from t h e  i n v e n t o r ' s  

employer .  The employer presumably owns t h e  r i g h t s  p u r s u a n t  t o  agreement wi th  

t h e  i n v e n t o r .  I n  o u r  v iew,  n e i t h e r  t h e  i n v e n t o r  n o r  t h e  employer would be 

e n t i t l e d  t o  s h a r e  i n  t h e  r o y a l t i e s  i n  t h a t  s i t u a t i o n .  

The r e a s o n  w i t h  r e s p e c t  t o  t h e  i n v e n t o r  is t h a t  by l i m i t i n g  t h e  o r i g i n a l  

(1986)  r o y a l t y  s h a r i n g  p r o v i s i o n s  t o  f e d e r a l  employees, Congress expressed  i t s  

b e l i e f  t h a t  because  the government cannot  promote o r  reward i n v e n t o r s  as 

e a s i l y  as can  p r i v a t e  i n d u s t r y ,  more i n v e n t i o n s  would b e  r e p o r t e d  and 

deve loped  i f  f e d e r a l ' e m p l o y e e s  had a guaranteed s h a r e  i n  p o t e n t i a l  
. :  

r o y a l t i e s .  The d e s i r e d  i n c e n t i v e  where a  non- federa l  employee has  a s s i g n e d  
> 

r i g h t s  t o  t h e  employer ,  i n  c o n t r a s t ,  p r e s u m a b l y - i s  e f f e c t e d  through t h e  

employment agreement .  ~ f  pub. L. NO. 100-519 is c o n s t r u c t k d  t o  p e r m i t  r o y a l t y  

s h a r i n g  w i t h  an i n d i v i d u a l  i n v e n t o r  who has  p r e v i o u s l y  a s s i g n e d  h i s  r o y a l t y  

r i g h t s  i n  an i n v e n t i o n  t o  o t h e r  than  t h e  United S t a t e s  ( i . e . ,  t o  t h e  

e m p l o y e r ) ,  t h e  r e s u l t  would be t o  r e s t o r e ,  perhaps  u n n e c e s s a r i l y ,  a p o r t i o n  of 

t h o s e  r i g h t s  n o t w i t h s t a n d i n g  t h a t  ass ignment .  There  is  no s u p p o r t  i n  t h e  

l e g i s l a t i v e  h i s t o r y  t o  s u g g e s t  t h a t  Congress in tended  t h a t  r e s u l t .  I n  fact, 

t h e  l e g i s l a t i v e  h i s t o r y  e s p r e s s l y  s t a t e s  t h a t  r o y a l t y  s h a r i n g  f o r  f e d e r a l  



employees was n o t  in tended  t o  s e t  a  precedent  f o r  l e g i s l a t i o n  mandating 

r o y a l t y  s h a r i n g  f o r  p r i v a t e  employees .5/ 

Regarding t h e  employer, Pub. L .  No. 100-519 does n o t ,  i n  our  opirl ion, sugges t  

that assignment  o f  ownership r i g h t s  t o  t he  United S t a t e s  from the  i n v e n t o r ' s  

employer e n t i t l e s  t h e  employer t o  sha re  i n  r o y a l t i e s .  A s  s t a t e d  above. 

r o y a l t y  s h a r i n g  between f e d e r a l  l a b o r a t o r i e s  and c o l l a b o r a t i n g  non- federa l  

i n v e n t o r s  provides  i n c e n t i v e  and encouragement s i m i l a r  t o  t h a t  o r i g i n a l l y  

in tended  f o r  government employees, t h a t  i s ,  t o  r e p o r t  i nven t ions  and 

c o n t r i b u t e  t o  t h e i r  commercialization. Congress has n o t  manifested any i n t e n t  

t h a t  r o y a l t y  s h a r i n g  wi th  non-federal  i nven to r s  s e rve  any purpose o t h e r  than 

t o  c o r r e c t  what was viewed a s  an inequ i t ab l e  s i t u a t i o n .  This  was accomplished 

by o f f e r i n g  t h e  same i n c e n t i v e s  a v a i l a b l e  t o  f e d e r a l  employees t o  i nven to r s  

who might a l s o  be encouraged t o  r e p o r t  invent ions  and c o n t r i b u t e  t o  t h e i r  

commerc ia l iza t ion .  Because t h e  intended i n c e n t i v e  would n o t  accrue  t o  a  non- 

government i n v e n t o r  who prev ious ly  t r a n s f e r r e d  ownership r i g h t s  t o  h i s  o r  h e r  

employer, payment of  r o y a l t i e s  t o  t he  i n v e n t o r ' s  employer under Pub. L .  No. 

100-519 would d e f e a t  Congress '  only manifest  purpose f o r  s h a r i n g  r o y a l t i e s .  

Accordingly,  Pub. L. No. 100-519 does no t  c r e a t e  an employer 's  r i g h t  t o  

r o y a l t i e s .  I n s t e a d ,  t h e  employer 's  r i g h t s  a r e  governed by the  terms of  t h e  

grant, t h e  terms o f  t he  c o n t r a c t ,  o r  by t h e  terms of  a formal coopera t ive  

r e sea rch  agreement with t he  f e d e r a l  l abo ra to ry ,  a s  provided f o r  by s e c t i o n  5 

5/ S.  Rep. N o .  283, sup ra  no te  1. a t  3455- 

254 



of  t h e  Stevenson-Wydler Act ,  15 U.S.C. § 371.0n.6/ - Compensation and i n c e n t i v e  

t o  t h e  non- federa l  i n v e n t o r  i n  t h a t  case  would remain t he  r e s p o n s i b i l i t y  of 

t h e  i n v e n t o r ' s  p r i v a t e  s e c t o r  employer. 

Analysis--Royalty D i s t r i b u t i o n s  P r i o r  t o  October 24, 1988 

NASA f i r s t  d i s t r i b u t e d  r o y a l t i e s  t o  i ts  f e d e r a l  employee i nven to r s  i n  June 

1988. The fo l l owing  October 24,  Congress amended 15 U.S.C. § 3710c(a) (1) ( A )  

t o  p rov ide  f o r  r o y a l t y  payments t o  non-federal  inventors  a s  discussed above ,  

and s e t  October  20, 1986, a s  t h e  e f f e c t i v e  d a t e  of t he  amendment. N A S A  

q u e s t i o n s  whether i ts  June 1988 r o y a l t y  d i s t r i b u t i o n  must be recalculiated s o  

t h a t  r o y a l t i e s  may a l s o  be d i s t r i b u t e d  t o  non-government i nven to r s ,  and 

r e q u e s t s  guidance on t h e  proper  d i s t r i b u t i o n  of f u r t h e r  r o y a l t i e s  i t  has 

c o l l e c t e d .  

By s e t t i n g  October 20, 1986, a s  the e f f e c t i v e  da t e  f o r  t he  provis ions  

ex t end ing  r o y a l t y  s h a r i n g  t o  non-federal  employee i nven to r s ,  Congress clearly 

i n d i c a t e d  its i n t e n t  t h a t  t h e  s t a t u t e  ope ra t e  r e t r o a c t i v e l y .  However, no 

funds o t h e r  than  those  from r o y a l t i e s  received by the  government were made 

a v a i l a b l e  f o r  payment t o  non-federal  i nven to r s .  Disposition of those 

r o y a l t i e s  had been governed by provis ions  of  t he  Stevenson-Wydler Act i n  

61 S e c t i o n  3133 of  t h e  Nat iona l  Defense Authorizat ion Act f o r  F i s c a l  yea r s  - 
1990 and 1991. Pub. L. No. 101-189, provides  t h a t  i n t e l l e c t u a l  p roper ty  r i g h t s  
a r i s i n g  o u t  o f  work done under coopera t ive  research  and development a.greements 
w i l l  be  determined i n  accordance with the  agreements and the  appropr ia te  
s e c t i o n s  o f  s tevenson-Wydler . "Royal t i e s  accruing from cooperat ive r e sea rch  
and development agreements would be r e t a ined  by the [Federal]  l abo ra to ry  for 
use i n  accordance wi th  Stevenson-Wydler and the  ope ra t i ng  c o n t r a c t . "  
Conference Report  on H . R .  2461, Department of  Defense Authorizat ion Act, lOIst 
Cong., 1st S e s s . ,  135 Cong. Rec. S  15062 (November 6 ,  1989)- 



e E f e c t  p r i o r  t o  enactment  o f  Pub. L .  No. 100-513. F u r t h e r ,  t h e  l e g i s l a t i v e  

h i s t o r y  i s  s i l e n t  concern ing  t h e  r e t r o a c t i v e  [ r e t r o s p e c t i v e ]  p r o v i s i o n  and 

does  n o t  m a n i f e s t  any i n t e n t  t o  r e c a l c u l a t e  and r e d i s t r i b u t e  r o y a l t i e s  a l r e a d y  

d i s p o s e d  o f  under  p r o v i s i o n s  o f  law i n  e f f e c t  p r i o r  t o  1988. 

Q u a n t i f i a b l e  r i g h t s  t o  a  s h a r e  o f  t h e  r o y a l t i e s  r e c e i v e d  by t h e  government 

p r i o r  t o  Oc tober  24,  1988, accrued t o  f e d e r a l  employee i n v e n t o r s  under  t h e  

Stevenson-Wydler Act p r o v i s i o n s  i n  e f f e c t  p r i o r  t o  t h a t  d a t e .  I n  t h e  c a s e  o f  

i n v e n t i o n s  made j o i n t l y  by f e d e r a l  and non- federa l  i n v e n t o r s ,  Pub. L .  No., 

100-519 does  n o t  p r o v i d e  f o r  t h e  r e a l l o c a t i o n  o f  t h o s e  r i g h t s .  I n  a d d i t i o n ,  

r e c a l c u l a t i o n  o f  r o y a l t i e s  p a i d  t o  t h e  f e d e r a l  c o - i n v e n t o r ,  t h e  l a b o r a t o r y ,  o r  

t r a n s f e r r e d  t o  t h e  Treasury  p r i o r  t o  October 2 4 ,  1988, would r e q u i r e  NASA t o  

recoup  payments made i n  accordance wi th  t h e  law i n  e f f e c t  a t  t h e  t i m e  o f  

payment,  which w e  unders tand  would n o t  be p r a c t i c a l .  

i n  sum, w e  c o n c l u d e  t h a t  t h e  r e t r o a c t i v e  e f f e c t i v e  d a t e  of S e c t i o n  303 o f  Pub. 

L. No. 100-519 d o e s  n o t  app ly  t o  r o y a l t i e s  rece ived  by t h e  governmerlt p r i o r  t o  

Oc tober  24, 1988 ,  i r r e s p e c t i v e  o f  whether t h e y  have been d i s t r i b u t e d .  The 

r e t r o a c t i v e  e f f e c t  o f  t h a t  s e c t i o n ' s  r o y a l t y  s h a r i n g  p r o v i s i o n s  is l i m i t e d  t o  

r o y a l t i e s  r e c e i v e d  a f t e r  t h e  d a t e  of enactment from ass ignments  o f  ownership  

r i g h t s  made on o r  a f t e r  October 20,  1986. 

S i n c e r e l y  y o u r s .  

James F. Hinchman 
Genera l  Counsel  



DIGEST 

Where t h e  government a c q u i r e s  ownership r i g h t s  i n  [ a  j o i n t l y  developed]  an - 

i n v e n t i o n  by ass ignment  from t h e  i n v e n t o r ' s  employer under  a  r e s e a r c h  

agreement ,  a s t a t u t e  p r o v i d i n g  f o r  s h a r i n g  of r o y a l t i e s  wi th  "any i n v e n t o r  who 

h a s  a s s i g n e d  h i s  o r  h e r  r i g h t s  i n  t h e  i n v e n t i o n  t o  t h e  United S t a t e s "  does  n o t  

e n t i t l e  any n o n - f e d e r a l  i n v e n t o r s  t o  s h a r e  r o y a l t i e s  c o l l e c t e d  by t h e  

government,  n o r  d o e s  i t  e n t i t l e  t h e  employer t o  s h a r e  r o y a l t i e s ;  t h e  

i n v e n t o r ' s  e n t i t l e m e n t  is determined by c o n t r a c t  w i t h  t h e  employer,, and t h e  

e m p l o y e r ' s  e n t i t l e m e n t  is  determined by aareement w i t h  t h e  government. [ t h e  

employer t o  s h a r e  r o y a l t i e s ;  i n s t e a d ,  t h e  employer ' s  e n t i t l e m e n t  i s  determined 

i n  accordance  w i t h  t h e  f i rms agreement w i t h  t h e  government.]  

R e t r o a c t i v e  p r o v i s i o n s  amending Stevenson-Wydler Technology I n n o v a t i o n  A c t  of 

1980 t o  e x t e n d  r o y a l t y  s h a r i n g  t o  non-federal  employees i n v e n t o r s  who assign 

t h e i r  r i g h t s  i n  an i n v e n t i o n  t o  t h e  United S t a t e s  app ly  on ly  t o  r o y a l t i e s  

r e c e i v e d  by t h e  Uni ted  S t a t e s  a f t e r  t h e  d a t e  o f  t h e  amendment's enactment  frorr! 

i n v e n t i o n s  a s s i g n e d  on o r  a f t e r  t h e  r e t r o a c t i v e  e f f e c t i v e  d a t e .  
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ABSTRACT: The objectives of the NASA summer legal clerk program were to introduce legal 
clerks to the field of patent law by requiring them to prosecute patent applications by responding 
to office action rejections by the Patent and Trademarks Office (PTO); to evaluate research 
macenal published by NASA personnel for patentable subject matter; and to prepare a patent 
application. 

Introduction 

The ten-week summer legal clerk program was primarily designed to provide law students 
with an opportunity to gain experience in patent prosecution by filing for patent applications; by 
responding to Pa tent and Trademark Office (PTO) examiner rejections by amending previously 
filed applications; and by reviewing publications prepared by NASA personnel for patentable 
subject matter. 

A secondary objective of the legal clerk program was to introduce participating law 
students to the patenting philosophy and processing at NASA Langley Research Center (LaRC). 
In particular, the program stressed the importance of transferring technologies discovered at 
NASA LaRC through licensing of patents issued to inventors and scientist employed at LaRC by 
the U.S. Government. Inherent, in this process is the realization that technology transfer is most 
effective anld of greatest service to the public when an exclusive license is awarded to private 
industry for commercial purposes. Of equal importance is the continuous evaluation and re- 
evalua~on of the potential marketability, i.e. licensing, of the invention to warrant continuation of 
the patent application process. This introduction included a visit to NASA Headquarters in 
washing tor;^, D.C. to meet other members of the Patent Council Office. 

A fi.nal objective of the legal clerk program was to familiarize law students with the Patent 
and Tradem.ark Office in Washington, D.C. by requiring them to perform a manual patentability 
search using the PTO classifications manuals and indices, to locate prior subject matter art. 

Project Summary 

1. LAR 14569-1. Evaluated PTO office action. Originally concluded that the invention 
was probably not patentable under Title 35 U.S.C. 5 103 for nonobviousness, as the inventor's 
solution to a helicopter rotor blade noise problem was analogous to a noise reduction invention 
for a marine propeller. Upon further investigation and discussion with patent attorneys, 
concluded that the invention may be patentable over the existing art by focusing on the noise 
source problem, which is unique to a helicopter rotor blade and, consequently, distinguishable 
from the marine propeller used as art against the patent application. Hence, the marine propeller 
art was remote and non-analogous to the present invention as claimed and could not have been 
obvious to one of ordinary skill in the art. 

Filed a con tinuation-in-part application to include additional subject matter in the 
specifications to and claims so as to avoid a U.S.C. 5 102(b) novelty rejection. 



2. LAR 15003- 1. Evaluated PTO office action. Prepared draft amendment to overcome 
Title 35 U.S.C. 8s 102 and 103 rejections. Concluded that the prior art both did not teach md 
taught away from the invention as claimed. 

Patent application was allowed following a telephone conversation with the EYTO 
Examiner. 

3. LAR 15003-3. Evaluated PTO office action. Prepared amendment to overcome Title 
35 U.S.C. $8 102 and 112 rejections. Concluded that the invention as claimed would be 
patentable over the prior art by highlighting the fact that the the prior art did not teach and eaughc 
away from the invention as claimed. The focus of the amendment was to highlight the novelry of 
the internal, mechanical and abrupt means of arresting a dropped-weight assembly device in such 
a manner as to minimize the shock on the arresting mechanism and the assembly as a. whole. 

4. LAR 15007-1. Performed an independent review of patent application prepard by the 
law firm of Staas & Halsey of Washington, DC. When satisfied with the product, coorhreted 
activities for filing the patent application. 

5. LAR 15072- 1. Evaluated inventor's desire to include new subject matter on a patent 
aplication which had already been allowed and issued by the PTO. Interviewed the inventor md 
concluded that, because the inventor could not embody the "ultimate reed" concept \which he 
would like to protect, a continuation-in-part application would not be appropriate. 

6. LAR 1 5264- 1. Reviewed inventor's disclosure of his invention. Interviewed the 
inventor to gather additional information regarding the prior art. Performed a manual 
patentability search at the Patent and Trademark Office in Washington, D.C. Confmmed 
adequacy of manual search by performing a computer-assisted search using LEXIS. Detedned 
that the invention as claimed would be patentable over the prior art if narrowly-tailored by 
higlighting the novelty of a sealing bulkhead to prevent contamination of the bonding sudace. 
Initiated patent application preparation. 

7. LAR 15 128-1. Performed an independent review of patent application prepared by the 
law firm of Staas & Halsey of Washington, DC. Coordinated with inventor who wanted to 
include additional subject matter in the application. Modified the patent application .to include 
additional specification language and claims. When satisfied with the product, coordiinated 
activities for filing the patent application. 
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Absh.ace: 

The Purpose of this LARSS project was to draw and modify the Reverberation 

Chanabers Lab and other different schematics using AutoCad software. 



The focus of the project was to draw and modify the schematics for the 

Reverberation Chambers Lab. I also drew the neural network engineering diagram to 

understand how it runs. The control computer system is placed inside the Reverberation 

Chamber, it is then subject to electromagnetic fields during testing. 

Measurements were obtained to determine if the control computer system 

operates correctly when exposed to an adverse electromagnetic environment. Reverberation 

Chambers have a high Q factor and require less power to establish a specified field level 

than any other type of test chamber. Statistical Analysis is required to predict and 

understand field patterns in the Reverberation Chambers Lab. 

Upon my anival on June 5, 1995. My mentor, Richard Chase, showed me around 

the Reverberation Chamber Lab in Building 1220. He informed me that I will work with 

the AutoCAD release twelve software for the Reverberation Chamber Lab. 

AutoCAD is a general purpose Computer Aided Design (CAD) program for 

preparing two-dimensional drawings and three-dimensional models. It provides a full 

range of drafting tools that let you create accurate and realistic images that meet the ANSI 

standard for drafting. AutoCAD also provides programming tools that let you create your 

own add-on applications. More than a million engineers, designers, and drafters halve 

learned to use AutoCAD; hundreds of thousands of them have mastered the program with 

the help of tutorials such as Inside of AutoCAD. 

Mr. Richard Chase demonstrated me the AutoCAD program on an Apple 

Macintosh computer. I was not familiar with the Apple Macintosh's AutoCAD program. B 

knew how to use the AutoCAD program on the IBM computer from previous expe~rience in 

college. 

There are few differences between IBM's AutoCAD program and Apple 

Macintosh's AutoCAD program. I reviewed some of the Apple Macintosh AutoCAD's 

manual and tutorial books. It was simple for me to review because their commands are 



basically the same. I experimented with AutoCAD program in the Apple Macintosh 

computer and reviewed various commands such as mirror, array, circle and zoom. 

I started drawing the chambers for the Reverberation Chamber lab. When I finished 

and showed the drawing to my mentor. My mentor gave me some feedback on drawing the 

chmbers so I modified them. When the drawing and modification was done, I plotted it. I 

gave it to my mentor and an electrical technician. They checked the chamber drawing to see 

if they were correct. Sometime, they offered tips to add or erase lines. 

I drew the NASA symbol on the AutoCAD, plotted it on five feet paper to be 

put on the wall for display in the Reverberation Chamber Lab. I drew many different 

schematics for the Reverberation Chamber Lab. I also drew Neural Network diagrams for 

my mentor and other engineers to lay it out for their project. 

During my ten weeks of work I drew and modified the chambers and other 

things for the Reverberation Chambers Lab and Neural Network project. Most of the time, 

I worked with AutoCAD program to develop my skills better. AutoCAD program is 

excellent because it is so accurate and fast. It saves a lot of our time to use the AutoCAD 

instead of drawing on paper using the drafting pencils and triangles. It was a great 

experience for me to use the AutoCAD program. 
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Abstract 

During the past ten weeks I have been assigned to work in the Financial 
Management Division. While working as a Langley Aerospace Research Summer Scholar I have 
been assigned to research a study of investments for the NASA Langley Exchange. In researching 
the diEerent types of investments I am responsible with proposing a strategic investment plan that 
will be used l;o improve the NASA Langley Exchange. 



Introduction 

During the past ten weeks I have been fortunate to participate 
as a student intern of the Langley Aerospace Research Summer Scholars (LARIPS) Program. The 
LARRS program has enhanced my awareness in aerospace research and the overall objectives of the 
National Aeronautics and Space Administration (NASA). The National Aeronautics and Space 
Administration is a agency within the Federal Government that expands the frontiers of' air and space 
for the benefit of all. In addition to my increase awareness of the NASA vision I have also been able 
to expand my knowledge in the area of financial management. This summer I assisted the 
Financial Management Division extensively in researching and proposing a corporate bond investment 
portfolio of 200k for the NASA Exchange. In addition to the corporate bond investrnent porlfolis 
I also researched and analyzed data on the matching principle with regards to the value of cost in the 
service industry. 

Initially in preparing an investment plan for the NASA Exchange a research 
team was coordinated to research various investment portfolios and investment firms. The NASA 
Exchange Investment Group consisted of Susie Henriksen, NASA ExchangeTreasurer., Lisa 
Ryan, Business Manager of the NASA Exchange., and myself. Prior to visiting the va~ous  
investment firms an objective and mission was established to identifjr the needs of the NASA 
Exchange. The objective was to position the NASA Exchange to hlly maximize its investment 
securities and the mission was to offer a strategic investment plan which can be used to improve 
the NASA Langley Exchange. Presently, the NASA Exchange has approximately 2 17,3 70.00 in 
its investment portfolio. Government Bonds attribute to 130,000 of the investment piofifolio 
while Certificates of Deposits attribute 65,000. The investment firms competing for ithe NASA 
Exchange Investment Portfolio were Equitable Financial Services, Haas Management Investment 
Group, Legg Mason, and Wheat First Butcher Singer. While visiting the various investment fims 
our objective was to invest 20% (43,000) of the current investment portfolio in AAA rated non- 
call Corporate Bonds. In visiting the various investment firms each firm was evaluated on the 
following categories: 

Professionalism Depth of Investment Firm 
Investment Philosophy Complexity - 
Shareholder Services Proximity 
Capital Investments Size of firm 
Experience Background of Investment Firm 
Cost/Fees Background of Investor 

In addition to evaluating the investment firms on the preceding categories the 
I conducted my own research on the different types of bonds that could be used to benefit the 
NASA Exchange. A vast majority of the relevant information was obtained from the Langley &I- 

Force Base Library, Financial Investment textbooks, the Internet, and various publicaitions on 
investing. 



M e r  reviewing the services that each investment firm could provide the NASA 
Exchange, I proposed that the NASA Exchange Council invest up to 20% of their current 
investment portfolio in AAA rated non-call Corporate Bonds with Wheat First Butcher Singer. 
The reason I primarily chose Wheat First Butcher Singer over the competing firms was the fact 
that I felt connfortable with Wheat First Butcher Singer's response toward meeting the objectives 
of the NASA Exchange. From our initial meeting with William Saunders of Wheat First Butcher 
Singer I was impressed with his investment philosophy. Mr. Saunders always stressed the 
impedance of honesty and customer service. In my proposal I identified "What is a Corporate 
Bond?" along with the pros and cons of corporate bonds. I also identified the different rating 
categories and "Who issues Corporate Bonds?" At the conclusion of my presentation I listed 
traditionally recommended companies for investments in corporate bonds by Wheat First Butcher 
Singer M e r  the presentation members of the NASA Exchange Council were impressed with the 
proposal and eager to invest a percentage of securities with Wheat First Butcher Singer. 
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Abstract 

Two contrasting models of gas-surface interactions are studied using the Direct Simulation 
Monte Carlo (DSMC) method. The DSMC calculations examine differences in predictions of aero- 
dynamic forces and heat transfer between the Maxwell and Cercignani-Lampis-Lord (CLL) models 
for flat plate configurations a t  freestream conditions corresponding to  a 140 km orbit around Venus. 
The size of the flat plate is that of one of the solar panels on the Magellan spacecraft, and the 
freestream conditions are one of those experienced during aerobraking maneuvers. 

Results are presented for both a single flat plate and a two-plate configuration as a function of 
angle of attack and gas-surface accommodation coefficients. The two plate system is not represen- 
tative of the Magellan geometry, but is studied to  explore possible experiments that might be used 
to differentiate between the two gas surface interaction models. 

Nomencllat ure 
A 
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CD 

CH 

CL 
CLL 
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602 
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Po0 
ff 

Qi 
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0, 
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Subscripts 
1 

11 

r 
t 
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00 

area of plate 
argon 
drag coefficient, 
heat-transfer coefficient, 
lift coefficient, 
Cercignani-Lampis-Lord l nod el 
carbon monoxide 
carbon dioxide 
drag 
energy per molecule 
lift 
molecular nitrogen 
normal momentum 
heat flux 
freestream velocity 
coordinates in plane of the plane 
coordinate normal to  flat plane 
thermal energy accommodation coefficient 
fraction of diffuse scattering in Maxwell model 
freestream density 
momentum accommodation coefficient 
angle of attack 
angle of reflection 
mean angle of reflection in CLL model 
tangential momentum 

incident 
normal 
reflected 
tangential 
wall 
freest ream 



Introduction 
In hypersonic flight a t  very high altitudes, gas-surface interactions are one of the dominant 

physical processes that  govern aerodynamic forces and heat transfer. Our present understanding of 
these interactions is severely limited, especially for the highly energetic gas-surface collisions that  
occur during orbital or high-altitude aerobraking and entry conditions. Therefore, the prediction 
of aerothermodynamic performance is less accurate than desired for these conditions (Ref. 1). 

The Direct Simulation Monte Carlo (DSMC) method of Bird (Ref. 2) is comm~only used to 
simulate rarefied flow problems, and the accuracy of the method depends directly on the accuracy 
of the gas-surface interaction model. The most widely used model is the Maxwell inodel? which 
is based on classical thermodynamics, in which it is assumed that  molecules will either reflect 
diffusely with complete energy accommodation, or will reflect specularly with no change in energy. 
An accommodation coefficient, 6 ,  is defined which specifies the percentage of molecules that will be 
scattered diffusely, with 6 = O giving complete specular reflection, and 6 = 1 giving complete diffuse 
reflection. 

While the Maxwell model is useful for describing the overall thermodynamic behavior of gas- 
surface interactions, it does not accurately describe the detailed molecular behavior frequently 
observed in fundamental gas-surface scattering experiments. For  noder rate to  high energy scattering 
from engineering surfaces, the flux distribution of scattered molecules frequently has a lobular shape 
that  is centered about an angle, Or, which tends to  approach the specular angle for very high energies 
and/or low angles of attack (Ref. 1). The Cercignani-Lampis-Lord model (CLL) (Ref. 3) is one of 
several models developed to  handle such behavior. In the CLL model, the transformiations of the 
normal and tangential components of velocity are assumed to  be mutually independent. Analysis 
of the flux distribution of scattered molecules shows it to be centered around an average scattering 
angle, (0,), which is a function of normal and tangential accommodation coefficients, a,  and a,. 

(Or) = f (an 1 at) 

The mean energy of the reflected molecules is also a function of the normal and tangential accom- 
modation coefficients. 

(Er) = F(c*.n, at) 

The purpose of this paper is to examine the differences in aerothermodynamic quantities (forces 
and heat transfer) predicted with these two gas-surface interaction models. The Maxwell and CLL 
models are incorporated into a DSMC code, and calculations are performed for hypersonic rarefied 
flow about flat plates. The conditions selected are the same as those used in a study by Rarrlt 
(Ref. 4) of the Magellan spacecraft orbiting Venus. Calculations are performed for a single flat plate 
having dimensions the same as one of the solar panels of the Magellan spacecraft. Calculations are 
also performed for a two-plate configurat,ion to  explore possible experiments that  might be used to 
differentiate between the two gas-surface interaction models. 

Accommodation Coefficients and 
Gas-Surface Interact ion Models 

A variety of definitions for accommodation coefficients exists in the literature. The traditional 
definition of""ther1na1 accommodation" is usually expressed as: 

where Ei is the incident energy per molecule, Er is the reflected energy, and E, is the energy per 
molecule corresponding to  fully diffuse scattering with full accommodation to  the wall tempera- 
ture. This definition is frequently extended to  other flux quantities to  yield normal and tangential 
momentum accom~nodation, a, and at, 



(T, = Et=Er. 
P i - P w  

and a general definition of accommodation coefficient is given in Ref. 5. These various definitions 
have been deliined partly for convenience in relating experiment ally observed behavior to  various 
empirical gas-surface models. 

In the Maxwell model, the fraction of diffusely-scattered molecules, c, is equivalent to  the 
thermal accommodation coefficient defined above. Traditionally, the model is considered to  have 
only this single adjustable parameter, and the momentunl accommodation coefficients also follow 
once c is specified, i.e. a, and at are also determined by c. However, a, and a, are sometimes 
viewed as being independent of the energy accommodation. In the traditional implementation of 
the Maxwell model in DSMC calculations, it has usually assumed that the energy and rnonlentum 
accornniodati~on are not independent, and that assumption is used in the present implementation. 

The CLL model is derived assuming that there is no coupling between the normal and tangential 
momentu~n components, and treats the nor~nal component of translational energy, a,, and the 
tarigential coinponent of momentum, a t ,  as two independent, disposable parameters. However, in 
tlie implementation of the CLL model in DSMC, Bird (Ref. 2) has shown that it is equivalent to 
specify the normal and tangential components of translational energy since at can be considered 
equivalent to at(2 - at) .  In presenting the results with the CLL model, we will use the quantities 
cr, and ut as the two disposable parameters. 

In addition, the present simulations will also consider the accommodation of internal energy, a, ,  
the i~nplementation of which is described below. 

DSMC hlethod 
The DSMC method is widely used for simulating rarefied flows and is described in detail in 

Ref. 2. The method consists of tracking the motion of representative molecules as they move 
in physical space while undergoing collisions with other molecules and with physical boundaries 
within or surrounding the computational volume. The volume is discretized into cells within which 
samples of density, momentum, and energy are stored for computing macroscopic properties of the 
flow. Surfaces within the computational volume are also discretized, and samples of momentum 
and energy transfer t o  elements of the surface are stored for computing macroscopic properties of 
the Aow. Surfaces within the computational volume are also discretized, and samples of momentum 
and energy transfer to  elements of the surface are stored for computing forces and heat transfer. 
In the present study, gas collisions are treated with the variable hard sphere (VHS) model with 
internal energy exchange allowed only for rotational degrees of freedom. 

The DSMC computer code used in the present study is a three dimensional code described in 
Ref. 2 which uses uniform Cartesian cells. The code contains the Maxwell gas-surface interaction 
model and was modified to include the CLL model as an option. In the implementation of the 
Maxwell model, accommodation of internal energy is set equal to  the parameter 6 .  Those nlolecules 
which scatter diffusely have their internal energies adjusted by sampling from an equilibrium dis- 
tribution corresponding to  the surface temperature, while molecules which scatter specularly retain 
their incident internal energy. 

In the ClLL model, accommodation of the internal energy is allowed t o  be independent of the 
translational accommodation. For all calculations presented here, however, the internal energy ac- 
commodatiori is kept equal to  one or both of the translational accommodation coefficients, a, or at. 
For each rnolecule scattered by the surface in the CLL implementation, an energy state is sampled 
from an equilibrium distribution corresponding to  the surface temperature, the reflected internal 
energy is given by: 

where E~ denotes the internal energy of the molecule. 



Problem Conditions 
The hypersonic flow over a flat plate lends itself well to  experimentation because its simple 

geometry makes it an ideal situation -in which t o  compare theory and experiment (Ref. 6-7). 
Because of earlier scientific discussions (Ref. 8) to  use the Magellan spacecraft as a test for gas- 
surface interactions, a flat plate with the dimensions of a solar panel from the Magelllan spacecraft 
was used for the DSMC calculations. The panel was placed in an environment consistent with 
Venus' atmosphere a t  an altitude of 140 km. Freestream conditions and panel dimensions taken 
from Ref. 4 are: 

Density 
Temperature 
Molar Composition 
Free Stream Velocity 
Free Stream Speed Ratio (s) 
Surface Temperature 
Panel length in X direction 
Panel length in Y direction 

9.5 X 1016 molecules/m3 
22.5 K 
75.7% Con, 9.6% CO, 8.9% Ar, 5.8% Na 
8600 mls 
28.5 
300 K 
2.53 m 
2.5 m 

Results 
Single Flat Plate 

DSMC calculations were first performed with gas collisions disallowed and checked against 
free-molecule analytical predictions for both Maxwell and CLL models. Analytical solutions for 
the Maxwell model are taken from Ref. 2, while analytical solutions for the CLL model are taken 
from Ref. 5. The collisionless DSMC calculations agree with the analytical solutio~ls within the 
limits of statistical error in the DSMC sample. In addition, for 6 = 1 in the Maxwell model and 
a,  = a, = 1 in the CLL model, the two models produce precisely the same results. 

DSMC simulations were then perfor~ned with collisions allowed. Once again, for E = 1 in the 
Maxwell model and a,  = at = 1 in the CLL model, the two models produce precisely the same 
results. Including gas-gas collisions, however, decreases both the drag and heat transfer slightly 
while increasing the lift significantly. The two models were then compared a t  an angle of attack of 
45 degrees with varying accommodation coefficients (See Fig 6). For the CLL model a,  was kept 
equal to  at. The CLL and Maxwell models predict the same lift, drag and heat transfer when the 
accommodation coefficients are equal to  zero or one. For accommodation coefficients not equal to 
zero or one, the CLL model produces larger lift, drag, and heat transfer than the Maxwell model. 
The differences are greatest for lift and drag when 6 = 0.8 and a,  = at = 0.8, where the CLL model 
gives a drag coefficient of 1.58 and a lift coefficient of 0.46 compared t o  values of 1.40 and 0.35 for the 
respective coefficients with the Maxwell model. The heat transfer coefficient, on the other hand, 
has its greatest difference when 6 = 0.5 and a,  = at = 0.5. Here, simulations with the GLL model 
produce a heat transfer coefficient of 0.44 compared t o  0.35 predicted with the Maxwell model. 

The effects of changing the tangential and normal accommodation coefficients independently in 
the CLL model are shown in Fig. 7. For the solid curves, the tangential accommodation coefficient 
is held constant (along with internal energy) a t  0.5, while the normal accommodation coefficient 
is varied from 0.0 to  1.0. For the dashed curves, the normal accommodation coeficient is held 
constant(a1ong with internal energy) a t  0.5, while the tangential accommodation coefficient is varied 
from 0.0 to  1.0. Variations in a, or at seem to have approximately the same effect on both lift and 
heat transfer, i.e., as the normal and tangential coefficients vary from 0.0 to  1 .O, the heat increases 
and the lift decreases. Varying a,, however, has the opposite effect on drag than that caused by 
varying a,. When a,  is increased from 0.0 to  1.0 the drag coefficient decreased a t  approximately the 
same rate as the coefficient of lift. When at is increased from 0.0 to  1.0, however, the drag coefficient 
increases a t  approximately the same rate as the lift coefficient decreases. Therefore, changing a, 
has little effect on the lift-to-drag ratio; it remains nearly constant a t  a value of 0.6. Changing 



cr t ,  however, has a profound effect on the lift-to-drag ratio. As at increases from 0.0 t o  1.0, the 
lift-to-drag ratio decreases from 1.0 to  0.3. 

The simulations were repeated with each coefficient held constant a t  0.8 (along with internal 
energy) while the other coefficient was varied from 0.0 t o  1.0. These simulations produced results 
similar to those simulations where the constant coefficient and internal energy were held constant 
to 0.5. When at is held constant a t  0.8, and a, varies from 0.0 to 1.0, the lift-to-drag ratio remains 
constant at approximately 0.48. When at is increased from 0.0 t o  1.0, the lift-to-drag ratio decreases 
from l 0 to .18. 

One way to  visualize the manner in which the two models produce these differing behaviors 
is to examine the density contours around the plate. When 6 = 0.5, the Maxwell model predicts 
that most ~nolecules will be distributed more-or-less symmetrically along the windward side of 
the plate with only a slight bias in density toward the specular direction. When a, = at = 0.5, 
however, the CLL model predicts that the distribution of rnolecules is strongly biased towards 
the specular direction. This behavior is caused by differences in the velocity distributions of the 
scattered molecules. With the Maxwell model, scattered molecules consist of a cornbination of 
specularly reflected molecules which have a Maxwellian velocity distribution characteristic of the 
surface temperature. For a "cold" plate, the same velocity magnitude as the incoming rnolecules 
and diffusely reflected molecules which have the diffusely reflected molecules remain in the vicinity 
of the surface longer and result in a density buildup near the plate. On the other hand, the CLL 
model provides a much more complex description of the velocity distribution of scattered molecules 
in which the overall mean velocity, temperature, and mean scattering angle are complex functions 
of the incoming velocity, the surface temperature, and the normal and tangential accommodation 
coefficients. For accommodation coefficients less than one but greater than zero, the CLL model 
gives a somewhat higher average velocity of scattered molecules and a more continuous distribution 
of molecules scattered near the specular angle. The result is that  the molecules do not remain near 
the surface as long as with the Maxwell model, and lower densities occur near the plate. This 
behavior leads to  speculation about possible differences one might encounter if other surfaces were 
present near the plate and is the motivation for the two plate calculations presented in the next 
section. 

Two Plate System 
The DSMC code was altered to  incorporate a second identical flat plate. The second plate 

is displaced 2.5 meters in the x and z directions from the original plate, placing it 2.5 meters in 
front of and above the original plate. This geometry gives an angular displacement of the center of 
each plate that is 45 degrees from the normal to  the other plate and was selected because it was 
believed that it might maximize the interaction between the plates. Density contours illustrate the 
new geometry and the differences between the Maxwell and CLL model results. 

DSMC calculations were performed a t  a constant angle of attack of 45 degrees while the accom- 
modation coefficients for both the Maxwell and CLL models were once again varied from 0.0 to  1.0. 
Lift, drag, and heat transfer coefficients for the combined two-plate system are shown in Fig. 10. 
The CLL and Maxwell models again give identical results when the accommodation coefficients are 
equal to  0.0 or 1.0, just as for a single plate. Other features of the comparison are similar to  those 
with the single plate; the CLL model predicts higher values for lift, drag, and heat transfer when 
the accommodation coefficients are not equal t o  zero or one, and the maximum differences between 
the two models occur in lift and drag when the accommodation coefficients are equal to  0.8 and in 
the heat transfer when the accommodation coefficients are equal to  0.5. 

Because the coefficients are based on the reference area for a single plate one might expect all 
coefficients for the two-plate system to  be twice as large as for the single plate. The heat transfer 
coefficient is indeed approximately twice as large. The lift coefficient, however, is only slightly larger 
that the single plate results, while the drag coefficient is only slightly larger a t  6 = a, = at = 0.0, but 
increases to almost twice the single plate value a t  E = a, = at = 1.0. This behavior is caused by the 
interference between the two plates caused by molecules that are reflected from the windward side 



of the rear plate hitting the leeward side of the front plate. The forces caused by these secondary 
reflections essentially cancel out the lift of one plate. In other words, the forces in the Lift direction 
due to  these secondary reflections are negative and are only a weak function of accommodation 
coefficient. A similar phenomena occurs for the drag force except that  the cancelling force is more 
strongly dependent on the accommodation coefficients. Therefore, the drag increases significantly 
as the accommodation coefficients are increased rather than remaining relatively constant as it does 
for a single plate. 

In the Maxwell DSMC calculations, 6 was held constant a t  0.5, while in the CLL DSMC 
simulations a,  and u, were held constant to  0.5. The behavior of the drag coefficient, is sorr~ewhat 
similar to that for the single plate simulations, although the rate of increase with aingle of attack 
is lower a t  smaller angles. The lift coefficient, however, shows a maximum at  an angle of attack of 
60 degrees rather than a t  45 degrees as with the single plate, and a second local maxima occurs at 
30 degrees with the Maxwell model. The presence of the second plate also causes the heat transfer 
coefficient to reach a maximum at  an angle of attack other than 90 degrees as it does with the 
single plate. Furthermore, the CLL model and Maxwell models give different predictions for this 
angle, a fact that will be discussed in more detail. 

To further examine the detailed behavior of the two-plate system, surface forces and heat 
transfer were extracted separately for each side of the plate. These sides are numbered as follows: 
Side 1 is the leeward side of the front plate, Side 2 is the windward side of the front plate, Side 3 
is the leeward side of the back plate, Side 4 is the windward side of the back plate. For the present 
DSMC simulations, there were insufficient molecules striking the leeward side of the back plate 
(Side 3) to  gather meaningful statistics on the surface forces and heat transfer. Sides 2 and 4 
dominate the contributions to  the total forces and heat transfer and show essentially the same 
qualitative behavior as that  for the complete system. Side 1 shows some interesting qualitative 
variations with angle of attack but no distinct differences between the Maxwell and CLE model 
results. 

Further calculations were then performed for other values of accommodation coefficients. An 
examination of these results showed that Side 4 was the only side which exhibited a distinct dif- 
ference in qualitative behavior between the Maxwell and CLL models. In these calculations, the 
Maxwell model predicts that the heat transfer is maximized a t  an angle of attack virhich is inde- 
pendent of the accommodation coefficient, while the CLL model predicts that the angle of attack 
a t  which the heat transfer is maximized is a strong function of the accommodation coefficients. 
D SMC simulations were run for several other accommodation coefficients, and the results show 
that the angle of attack for maximum heat transfer for Side 4 always occurs a t  about 83 degrees 
with the Maxwell model while varying from about 55 degrees for a, = at = 0.1 to about 83 degrees 
for a, = ut = 1.0 with the CLL model. The behavior with the CLL model is attributed to the 
lobular nature of the scattered molecules which are the backscattered from Side 1 (front plate) and 
return to  Side 4 (back plate). Since the densities are relatively low for the current simulations, 
gas-gas collisions are not that important. Therefore, it is likely that  a free molecular a~nalysis could 
be performed using the CLL model to  provide a full analytical description of this behavior. 

Discussion 
The relative insensitivity of the aerothermodynamic coefficients to  the gas-surface interaction 

model for a single flat plate is not too surprising. Both the Maxwell and CLL models are constructed 
to  give the same behavior in the limits where the gas and surface are in thermal equilibrium. In fact, 
under more continuum-like conditions, the two models give essential identical results (Ref. 2). For 
the Venus aerobraking conditions used here, the flow is highly rarefied, and gas-surface interactions 
dominate the aerothermodynamic behavior. Although there are many quantitative differences, 
they are generally small (order of 10-20%), and the qualitative behavior as a function of angle 
of attack and overall accommodation is essentially the same for the two models. The details of 
the flowfield, however, are quite different for the two models. The superposition of diffusely and 



specularly scattered molecules given by the Maxwell model and the more continuous molecular flux 
distribution with its lobular shape given by the CLL model result in a radically different density 
field around Ithe plate. 

The differences in flowfield structure observed for the two models were explored for a two-plate 
system in the hopes of finding qualitative differences in some aerothermodynamic quantity. It was 
hypothesized that such differences might be exploited experimentally as a means of determining 
which model gives a better representation of the gas-surface behavior for high-velocity aerobraking 
and orbital flight conditions. Intuitively it was expected that  by that by placing a second plate in the 
near vicinity of the first, there might be some sensitivity to  the lobular nature of the scattering with 
the CLL model. In effect, the second plate might act as a "detector" for molecules scattered from 
the first plate. In fact, such a sensitivity was found, although the manner in which it was manifested 
was sori~ewha~t unexpected. The results show a qualitative difference in the angle of attack a t  which 
the ~naximurn heat transfer occurs with the CLL model showing it to be strongly dependent on 
the accommodation coefficients while the Maxwell model gives results that are independent of 
accom~~lodation coefficient. The surprising feature is that the qualitative difference appears to be 
the result of secondary backscatter from the rear side of the front plate to  the front side of the rear 
plate. Thus it is a second-order effect, and even though the variations in heat transfer are quite 
large, the actual va~iations in heat transfer coefficient are quite small. This makes it more difficult 
to determine the location of the rnaxima and require very precise heat-transfer measurements in 
order to  exploit this phenomena experimentally. 

The calculations presented in this report have only covered a limited number of parametric 
variations. Further calculations in which the normal and tangential accommodation coefficients are 
varied over ab wide range of combinations or where the internal energy accommodation is varied 
independently might provide more insight into the sensitivity of the aerothermodynamic quantities 
to gas-surface model. Other multiplate configurations and/or other geometries might also be worth 
investigating in order to  identify conditions where experimental measurements might be more fea- 
sible. The significant differences observed in overall flowfield behavior between the Maxwell and 
CLL models even for these simple cases, however, suggest that  it may be important to  determine 
which gas-surface interaction model best represents the physical behavior expected for complex 
aerobraking (configurations. 

Closing Remarks 
DSMC calculations have been made to  examine differences in predictions of aerodynamic forces 

and heat transfer between the Maxwell and Cercignani-Lampis-Lord (CLL) gas-surface interaction 
models for flat plate configurations a t  freestream conditions corresponding to a 140 km orbit around 
Venus. The size of the flat plate is that of one of the solar panals on the Magellan spacecraft, and 
the freestream conditions are one of those experienced during aerobraking. 

Results were calculated for both a single flat plane and a two-plate configuration as a function 
of angle of attack and gas-surface accommodation coefficients. The two-plate system is not repre- 
sentative of the Magellan geometry, but is studied to  explore possible experiments that  might be 
used to  differentiate between the two gas-surface interaction models. 

Althougl~ the Maxwell model and CLL model have fundamental differences, they give similar 
predictions of aerothermodynamic coefficients on a single flat plate. The two models, however, 
differ in their predictions of the flowfield around the plate. These differences lead to  predictions 
for the angle of attack for maximum heat transfer in a two plate configuration that  are distinctly 
different for the two gas-surface interaction models. The angle of attack a t  which maximum heat 
transfer occurs with the CLL model is a function of accommodation coefficient, while the angle of 
attack for maximum heat transfer for the Maxwell model is constant. Further investigation into 
this behavior could provide better understanding of the accommodation coefficients of materials 
and gases foir orbital and aerobraking conditions. 
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The research performed was a small portion of the patent to be submitted by Dr. Alan 
T. Pope (entitled "A Method of Providing Veridical Non-Invasive Endoscopic Feedback 
for Learning of Voluntary Control of Physiological Functioning." The focus of this study 
is to incorporate the emerging technology of virtual reality with the forms of biofeedback 
dready in existance producing a life-like, real-time model of the body's functioning 
~ t h o u t  using invasive procedures, yet still producing the equivalent of a picture from an 
invasive endoscopic procedure in the region of interest. The portion of the project 
desigmat(ed to me was to research and report as many possible uses for such technology as 
possible. 

mmODBJCTION & BACKGROUND INFORMATION: 
The Virtual Reality Feedback System is designed to help individuals suffering from a 

~ d e  ran(ge of ailments to improve their condition with very little pharmacological 
inatemention, if any. Biofeedback represents an alternative to Western Medicine in that it 
relies on the healing power of the mind and self rather than outside intervention. 

One of the advantages of feedback training over it's pharmacological counterpart is 
ha t  the results of the biofeedback training appear to continue even once the training has 
stopped, whereas pharmacological treatments tend to work only as long as they are 
administiered. The other benefit of feedback training is that it acts externally and cannot, 
berefore, cause adverse internal effects, such as those experienced by many people using 
phmacc3logical treatment. 

As stated in the patent application, "the invention is a method of transforming and 
displayinlg physiological information obtained from skin surface sensors in such a way as 
to accuraltely represent the functioning of the underlying.physio1ogical sources in both 
action and appearance. The display of the physiological information is intended to be 
what would be seen in real-time from the vantage point of an invasive endoscope 
positioned near the physiological sources and capable of dynamically changing the 
viedng perspective. The result is an immersive (virtual reality) display environment for 
t r a i~ng  of voluntary physiological function control (biofeedback training)." 

The advantage of such a system cannot be determined until a prototype has been 
produced and subjects responses tested and analyzed; however, it is possible that by 
being able to both view and understand biofeedback through a glimpse into the body's 
achal systems, biofeedback results will be more intense and produce better results than 
biofeedback training as it exists at present. 



SUMMARY OF STUDY OR RESEARCH PROJECT 

APPROACH: 
In order to tackle the large amount of information available on the subject of 

biofeedback and to discern which physiological functions would be appropriate for use in 
a virtual reality setting, the majority of my time at NASA was spent reading and 
researching a myriad of ailments common in our culture, especially those which had been 
treated successhlly through non-Western modes of treatment. Once I had researched as 
much as my time here would permit, I began a report to Dr. Pope on which physiologi~a1 
functions and ailments could be aided by the use of virtual reality feedback. My find 
report will be turned over to Dr. Pope who will choose which portions to add to the 
original patent. 

LaRC EQUIPMENT AND FACILITIES: 
Unfortunately, due to the nature of my research, my only exposure to LaRC facilities 

consisted of the Technical Library, the Macintosh computer I used to type up my 
findings, and Netscape. The only other resource I had access to was the knowledge 0% the 
Human Engineering Methods Group with whom I worked. Their knowledge was 
indispensible during my research. 

RESULTS I CONCLUSION: 
The result of my research is that Dr. Pope will now have more examples of uses for 

the system described in his patent application. I'm afraid I cannot go in to detail 
concerning these applications since the patent has not yet been approved. After Dr. 
Pope finishes with any and all changes to the patent, it will be turned in to the patent 
office at NASA and from there will be sent tp the United States Department of 
Commerce Patent and Trademarks Office for approval. 
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Abstract 

The existing system for gathering and processing acoustical test data had several 
shorlcomings and limitations in the areas of microphone array size, sampling rate, and 
background noise. A new remote acquisition and storage systeni (RASS) is being designed for 
applications not suited for the existing acquisition system. One of the first tasks in the design of 
the RASS was to redesign the n~icroprocessor card of the existing systeni to include RS-232 
serial ports to accept communications through the radio modeni used in the RF link. Cost and 
parts availability conlparisons were made between the newly designed board and commercially 
available models, and a conimercially made model was selected. Ih is  model was tested for basic 
I10 operations. The prototype of the RF tele~iietry system was set up and tested. Plans are now 
being developed for integrating the RF  telemetry system with the other KASS subsystems. 



Introduction 

The standard configuration for acoustical testing is an array of microphones that are set up to 
capture the acoustic signature of a test aircraft. This test requires a data acquisition system that 
can retrieve the data from the micropliones, convert it to digital format. do any necessary 
processing. and store the information for post-test analysis. In the current data acquisition 
system, each microphone is wired directly to a remote digitizer box containing an analog to 
digital (AID) converter. The converter digitizes tlie microphone output, improving noise 
immunity and data processing. A microprocessor controller card keeps track of tlic run numbers 
and time codes and generally controls the execution of the test. Each remote digitizer box is 
directly wired to a base station in an acoustic van that collects. processes, monitors. arid stores 
the data. 

This systeni has several limitations that are inherent in its structure. As noted above. each 
remote box is directly wired to the base station. The connecting cable transmits the collected 
data in real time. and also sends and receives control information froni base station. It is 
desirable for the micropliones to be at least 1000 feet away from the base stations because of' 
noise reasons, and there are some acoustic arrays that require booster boxes every 1000 feet to 
retransmit the signals. Thus. for a typical test session with two basc station vans each handling 
nine microphones at 3000 feet apiece, approxiniately 54,000 feet (rnorc than 10 miles) of cable 
must be laid. This is assuming that the cable can be laid in a straight line. There are instances 
where the test terrain contains lakes or swamps that do not permit a straight-line cable fron~ the 
base to the remote sites. In this case, a new, longer route for the cable niust be chosen, extending 
the time and work required to set up the experiment. It is not enough to just lay the cable, 
however. Since some animals are prone to chew through exposed cables, each cable has to be 
suspended with special rods for protection. Thus, large arrays can require extensive setup times. 

The current setup also has a couple of other limitations. For one, the finite amount of cable 
and time to lay it means that the ultra-sensitive n~icrophones will pick up background noise fron~ 
the vans and generators. While this noise usually can be filtered out from the significant data, 
there are some cases where the background noise interferes and makes data analysis very 
difficult. 

A third limitation with the current systeni deals with the way the data is collected. 
Currently, as soon as the data is collected and digitized, it is transmitted to the vans via the 
cables. A computer at the base station then receives these different data streams simultaneously 
and must multiplex the signals to store them together on a single medium. Since the data is 
collected in real time, the processors back at the vans niust be able to work at or above the 
sample rate of the data. Because of the physical limits on tlie speed of the storage me~diurn, &ere 
is a ceiling on the sample rate and the number of channels that can be sampled with the current 
system. 

To solve these problems and to provide more flexibility when testing, the acoustics team in 
the AOCMB began developing a system that would rely on radio communications to irelay 
information between the base and the remote sites. It is called the remote acquisition and storage 
system, the RASS. This system has a similar basic structure to tlie current system, except there 
are no cables. The RASS relies on a radio link in the 403-416 MHz range to handle all of the 
control and diagnostic information from the main base. Because the radio niodenis in the RF 
transceivers are not very fast (9600 baud), it is not possible to transmit the data to the main base 



as it is collected at a sufficient saniple rate. So, each reniote unit in the RASS will contain a data 
storage device that can hold a full test day of data. The system infbrmation handling will also be 
upgraded to handle not only the run numbers and time codes, but also to monitor health data of 
the system, like temperature and battery voltage. The microprocessor controller card will act as 
the interface between the microphones, the health data sensors, the data storage device, and the 
RF transceiver at the main base station. 

These iniprovements provide several benefits that remove many of the limitations of the 
cmrrcnt system. The combination of the RF  transceiver and the reniote data storage device 
eliminate the need for cables, saving a great deal of time and work in setting up the system. The 
remote setup also eliniinates any problems caused by terrain that would not be compatible for 
direct wiring. This freedoni in systeni configuration combined with the five mile range for the 
KF transceiver gives the RASS great flexibility for acoustical testing. For example the RASS 
can be used ]in residential neighborhoods to saniple the acoustic fbotprint left by a supersonic 
aircraft without having to run a large amount of cable through the neighborhood. It also makes it 
possible to conduct tests in places where it would be difficult to run cables, like underground 
tunnels. All that is required is that the antennas he placed somewhere with RF  visibility. The 
five mile range of the RF transceivers also greatly reduce any possibility of noise interference 
from the vans or generators. The addition of the storage devices at the remote sites removes the 
need for real time transfer of the data. The large storage capacity of the devices means that 
researchers could run a full day of tests and then go out to the remote sites to pick up the data, 
which WOUICI be analyzed later. This also removes the limit on the sample rate a~ld  number of 
channels. Since the data can be stored on separate channels and then multiplexed into a single 
stream at a later time, there is no hardware speed limit to restrict the accuracy and breadth of the 
test. 



The remote acquisition and storage system consists of four main parts: the analogldigital 
converter, the data storage device, the systeni information handling board, and the RF 
transceiver. Full implementation of the system involves designing or acquiring and testing the 
required components and writing code to make the parts work together. The AID converters and 
the data storage systenis are not too difficult to iniplement since tlie AID converters are already in 
use in the current systeni and the data storage systems are SCSI tape drives. More work is 
required to have the other two coniponents working properly. The controller cards from the 
system information handling have to be niodificd to use RS-232 serial communicatio~ns so that 
they can conimunicate with the radio transceiver. Then a program has to be burned into its WOM 
chips that tells it liow to communicate and interface between the various parts of the system that 
it is attached to. The RF telemetry system is tlic only totally new link in the RASS, so it requires 
a good deal of testing to check its capabilities, its reliability, and its ability to communicate with 
its client ports. The RF systeni also has to be progranimed to set up the network configuration 
and to fill in the communications parameters like baud rate and polling rate. 

My pro-ject focused on the two latter components. Specifically, my tasks for the summer 
were to design and test RS-232 ports for the microprocessor controller board and to set up and 
test a prototype RF system. To prepare myself for these tasks, I started out by training on the 
CHAS 68000 microcomputer and by reading some background material on RS-232 
communications. The CHAS is an open-board computer that introduces the user to 
microprocessors, specifically the Motorola 68000 microprocessor. The computer can be hooked 
up to a wide range of training peripherals through its I10 lines. The user then learns liow to use 
the computer by programming it to manipulate the inputs and outputs of the peripherals. 

After training with the CHAS, I moved on to my first task for tlie summer, the i12tegration of 
RS-232 co~nniunications into the existing board. The controller board was 3.3" x 8.3" and it 
contained two CY7B144 dual port RAM chips, a MC68000 microprocessor, three MC68230 
PI10 chips, an EPM5 128JC programmable logic device (PLD) chip. two 27256 EPROM chips. 
two external ports, and miscellaneous resistors, bypass capacitors. switches, and LED'S. My iirst 
design for the addition of RS-232 communication required an additional three chips and two 
external serial ports. Two of the chips were actual RS-232 drivers that would convert 
TTLICMOS signals from tlie chips on the board to RS-232 values for transmission. Each chip 
had two transmitting and two receiving channels, one for data and the other for a handshaking 
signal, and they could each service one serial port. The third chip was a DUART (dual universal 
asynchronous receiverltransniitter), which served as an interface between the RS-232 chips and 
the rest of the board. The main function of this chip was to convert parallel signals fiorn the 
microprocessor and PI10 chips to a serial form that the RS-232 chips could use. Since the 
current board was already highly populated. it would be difficult to find room for three extra 
chips, two ports, and all of the required interconnections on the PCB. If they could not fit. we 
would have had to consider using a board with two levels or a multi-layer board that had the 
printed interconnections running through several layers in the board's thickness, which would 
give more space for actual chips on the board. I was able to simplify the design by replacing thc 
two RS-232 chips with a single chip that had four receiving and transmitting channels. 1 then 
used P-CAD, a circuit drawing and modeling program, to redraw the board schematic with my 
suggested modifications included. My next step was to order the chips so that a prototype board 



could be rnar~ufictured and tested. I discovered that many of the chips that were currently on the 
controller bo<ard were being phased out of production as they had been replaced by models with 
anore integrated functions. This gave us the option of either buying the last of the parts on the 
market or redesigning the board. Trying to use the current design would have been difficult 
because of the unavailability of the chips in a temperature-resistant ccraniic packaging, the long 
lead times to make the chips since they were rarely in stock, and the scarcity of spare parts if any 
of the chips were to fail once the system was up and running. Redesigning the board, while it 
could have saved space on the board, would have incurred serious costs and time losses for 
redesign ol'the hardware and possibly converting the software if the new processor were 
incompatible with the old one. 

The solution to the problem came unexpectedly. We discovered a conimercially available 
single-board computer that tit our needs. .Tliis board, %-World's Little Giant TM, had all of the 
features of our current board plus RS-232 ports. the ability to prograni it in assembly or C, an 
adequate operating tenlpcrature range. and an optional expansion board with 96 bits of digital 
110. Even better. buying this board was more cost-effective than modifying the existing one. 

Ii spent almost two weeks writing simple C programs to test out tlie board's 110 capabilities. 
Uraf'ortunate1.y. a large portion of this time was spent trying to find errors caused by a mislabeled 
jumper position in the documentation. After the error was corrected, the board performed 
flawlessly. 

My other main task for the summer was to set up and test the prototype RF telemetry system. 
The system that was used as a prototype was the MAVRIC 2000 TM from Metric Systems 
Corporation. This system used a STAR-RING topology, meaning that there was a primary 
station in a central hub position which could send and receive data from secondary stations 
spread out in all directions. Each of the stations was equipped with three client serial ports which 
allowed peripheral devices to hook into the system. A fourth serial port, the radio port, allowed 
each station to hook up with a PATHFTNDER 9600 TM radio modem that handled the actual RF 
transmissions. The primary station polled each of the secondary stations at a user-specified rate 
to send data and check for data that needed to be received. The stations could be configured to 
route data between each of their client ports and any of the ports on any of the other stations. 
Thus, the main purpose of the MAVRIC system was to create a virtual circuit (no wires) between 
any two peripheral devices. 

For expandability, each primary station could handle up to 100 secondary stations, 
depending on the desired polling rate and data packet size. If this was not enough, a network of 
primary stati~ons, each controlled by a centralized hub station, could be configured to give 
tnaxin-num networking capability. Also, tlie transceivers could be set to use any of 15 different 
fieqenency channels to keep signals from getting crossed in complex networks. 

The MA,VRIC system was also highly interchangeable. Each MAVRIC was identical as far 
as hardware was concerned. The only thing that made one unit differ from the other was the 
user-written configuration file. This file defined the type of node (primary or secondary), the 
data path over the RF connection for each of the client ports, and various other parameters like 
poll rate and baud rate. The only other difference was that the transceiver for the primary station 
coa~tained an optional power amplifier and would use an omnidirectional antenna, whereas the 
secondaries 1would use directional antennas. This allowed for flexibility when debugging 
because problems within the actual unit could be checked by quickly switching in a different one 
to see if the problem persisted. 



The testing of the RF system was no sniall endeavor. The test setup included two MAVRlC 
stations with radio moderns, each with a VGA monitor and a keyboard. Each station was 
connected with a null moden1 cable on its client port 1 line to an 80286 computer (another 
keyboard and monitor!) that was running the PA'THWORKS TM test software for the MAVRIIC. 
Also, each modem required its own 12V power supply. For the first test, another null modem 
cable was run between the radio ports on the two MAVRIC's, effectively taking the modems out 
of the loop. The test software sent a data packet to one of the stations, which then transmitted i t  
over the hardwired radio lines to the other station, where it was routed back to the test computer. 
This test would have been simple enough had it not been for my inexperience coupled with some 
key omissions in the documentation and some alterations that had to be made to the 
configuration files for the test to work. 

The next phase of testing was identical to the first except that the radio link between the two 
MAVRIC's was enabled. This time, I encountered problems with a contusing setting in thc test 
software and with the power supplies not delivering enough current to the niodems. in fact. wc 
are still working on supplying enough current to the modem with the power amplifier. Aftcr 
these hurdles were cleared. the system passed with flying colors. even when test data lengths 
were constantly varied in content and length and the distance between the nlodems was 
increased. 

Looking toward the future, there are several steps left to be taken before RASS is 
operational. The RF telemetry unit must be tested for speed and accuracy at distances similar to 
those that will be used in the tests. Also, the tests must be expanded to include more MAVRIC's 
with the single board computers acting as the peripheral clients. Code must be written for the 
Little Giant, so that it can handle the different devices that it will be controlling and monitoring. 
But for now, the existing parts of the RASS appear more than adequate to do their respective 
jobs. 
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Abstract 

The folilowin~g report details a project design that is to be completed by the end of the year. 
D e k d n h g  how engaged a person is at a task is rather difficult. There are many different ways 
to assess engagement. One such method is to use psychophysical measures. The current study 
fwuses on three determinants of an engagement index proposed by researchers at NASA-Langley 
@ope, A.T., Bogart, E.H., and Bartolome, D.S., 1995). The index (20 Beta/(Alpha+Theta)) uses 
EEG pwer  lbands to determine a person's level of engagement while performs a compensatory 
mcking task. The tracking task switches between manual and automatic modes. Participants 
each expe~ence both positive and negative feedback within each trial of the three trials. The 
@;ia.cEng cask is altered in terms of difficulty depending on the participants current engagement 
linmdex. The rationale of this study is to determine the optimal level of engagement to gain peak 

ce. The three determinants are based on an absolute index which differs fiom the past 
re-eseach which uses a slope index. 



Introduction 

There has been a recent surge of interest in the area of adaptive automation. Automa~on 
is the result of advancement of technology and the need for complex systems to be operakd in a 
more simplistic manner. The theory behind adaptive automation is that the system is flexible, The 
theories of adaptive automation have found their way into the field of aviation. A m j o ~ t y  of 
airline accidents are the result of human error. The logical answer to the problem would be to, 
remove the human (and the human error) from the scenario. Chambers and Nagel (1985) suggest 
this should increase safety and decrease the number of accidents due to human error. 

While automation in the cockpit has increased the level of performance, it has also 
changed the role of the pilot from that of active participant to one of controlling and monito~ng. 
The major question that needs to be addressed is the best level of automation in the system. 
Several approaches can be taken to determine allocation of function within an automated system. 
The first approach has the user in control of the decision to use automation. The second 
approach gives control of automation back to the system Adaptive automation combines b& of 
these approaches and allows the operator as well as the system to control in the level of 
automation (Scerbo, 1994). Although many believe that automation is the solution t43 burnm 
error, several authors have expressed the potential problems associated with the implemenha~on 
of adaptive automated systems (Weiner, 1988; Rouse and Morris, 1985; Paras 
Deaton, Morrison, and Barnes, 1990). They have foreseen problems related to alienation of 
aviation personnel, perceived loss of control, and erosion of skills. 

One method to demonstrate the usefulness of adaptive automation is using bio-eykmefie 
measures to determine when changes in automation should occur (task allocation). This has h e n  
proposed by Morrison and Gluckman (1994) and researchers at NASA-Langley (Pope, Bogm, 
and Bartolome, 1995) are currently collecting empirical evidence to support the use of bio- 
cybernetic measures (EEG). 

Pope et al. (1995) have formed a closed-loop, bio-cybernetic system which a d j u s ~  the 
mode of operation (manuaVautomatic) based on EEG power band ratios (Betd(Alpha+neu)) 
under different feedback contingencies. In the current system, the slope of an engagement hdex 
determines the task allocation. 

The task functions in one of two modes, manual or automatic. The level of au tom~on  in 
the bio-cybernetic system is based on the level of the engagement index (EEG power bmd ra~os). 
Under the negative feedback condition, the tracking task was switched to (or maintain4 in) 
manual mode when the engagement index was decreasing (negative slope) over a movling fom 
second window. This moving window is updated every epoch (2 sec). Under positive fedback, 
the level of automation was switched to (or maintained in) automatic mode when the index was 
decreasing (negative slope). 

Therefore, under negative feedback, the changes in the level of automation are designd to 
induce a steady, stable environment (illustrated by many small oscillations). The index em nei&er 
be too high or too low without the task changing mode. In comparison, during a positllve 
feedback condition, the level of engagement will be retained and amplified. Smith and S ~ h  
(1987) showed that positive feedback, if left uninterrupted, will lead to an environment that is 
unstable (illustrated by large oscillations). 

A study based on the original Pope et al. (1995) findings was conducted by RrinzeP, 
Scerbo, Freeman, & Mikulka (1995). They attempted to examine how increases in task load 



f i e c r d  the closed-loop system Using the Multi-Attribute Task (MAT) Battery (Arnegard and 
Comstoek, 1991), these researchers varied the task load by having the participants perform a 
wmber of tasks simultaneously. Prinzel et al. (1995) found that more task allocations were made 
in the mul~-task conditions in comparison to the single task condition. These results are in 
p a d e l  Gth the findings of Arnegard (1991). She found that performing multiple tasks did, in 
fact, increase task load. Prinzel et al. (1995) also found that tracking performance was increased 
in the negarive feedback condition. 

The c:urrent study will examine another determinant for task allocation. The previously 
mndonaed studies (Prinzel et al., 1995, Prinzel et al., 1995)) have all used the slope of the 
engagement index as the measure to determine task allocation. The limitation of this method lies 
in &at a floor andor ceiling effect may be encountered. This study will test three different 

etas (2, .5, and .8 standard deviation) using an absolute index. A median level of 
engagement will be determined fiom a five xninute baseline of performance fiom the tracking task 
Six levels of engagement exist and the absolute distance between each level (measured in standard 
BJPevia~ons frcom the median) will be manipulated to determine the most sensitive parameters. The 
six Bevels of the tracking task differ in difficulty. The first level being the most difficult and the 
six& level being the easiest (automatic mode). 

The present study will gather performance, physiological, and subjective measures of 
worfioad. Biased on the Prinzel et al. (1995) study, it is predicted that better performance, 
hmased number of task allocations, and increased levels of subjective workload will be seen in 
the negaejive feedback condition. 
Also based on the data from the Prinzel et al. (1995) study it is hypothesized that the parameter 
es~mate of .5 will result in increased tracking performance, increased number of task allocations, 
and increasa3 subjective workload. 

Method 

Participants were xx graduate and undergraduate students (both males and females) taking 
psychology courses at Old Dominion University. They either received $10 for their participation 
or class credit. 

Tasks 
The 1Vlulti-Attribute Task (MAT) Battery was used for the experiment (Arnegard & 

glomsawk, 1991). Of the five tasks in the battery, only the compensatory tracking task was 
u e a d .  

Electrocortical activity was recorded with an Electro-cap sensor EEG cap. The cap 
consists of 22 recessed AgIAgC1 electrodes arranged according to the International 10-20 system 
( J a s ~ r ,  1958). All EEG signals were amplified by BioPac differential amplifiers with high and 
low pass settings of 1.6 Hz and 55 Hz, respectively. The analog signal was routed to an EEG 
intedace with a LabVIEW Virtual Instrument (VI) on a Macintosh computer. The VI calculates 
the tobl EEG power in three bands: Alpha (8-13 Hz), Beta (13-22 Hz), and Theta (4-8 Hz) for 
each eleeede site. The VI performs the engagement index calculations and commands the MAT 
bsk m d e  clnanges. A WIN 386 SX computer with a NEC MultiSync 2A color monitor was used 



to run the MAT. An Analog Edge joystick was used for the compensatory tracking task d r h  a 
gain setting of 60% of its maximum. 

EEG En~agement Index 
EEG was recorded from four sites (Cz, Pz, P3, P4) as defined by the 10-20 systern. A site 

between Fpz and Fz was used as the ground site and a reference electrode was placed on h e  lefi 
mastoid. 

Before beginning the task, EEG was recorded for five minutes at difficulty level 3 of h e  
tracking task. This was done to establish a baseline (median and standard deviation). Once the 
mal begins, the participants EEG index is derived every two seconds (one epoch) based on a 
window of the last 40 seconds. Every two seconds the window is moved forward and a new 
absolute index is derived. An EEG index above the baseline measure indicates that a pdcipmrsi9 
arousal is above normal and an index below baseline indicates that a participants' is below norarnd. 

Feedback Conditions 
Under the negative feedback condition, if a participants' EEG index is above baselbe h e  

task difficulty is lower& If the index is below baseline then the task difficulty is i n m a d .  "Z"B.lis 
condition never allows the participant to deviate too far in either direction. This corn&don should 
induce a steady and stable state with no large oscillations being observed. 

Under the positive feedback condition, if the EEG index is above baseline @ren h e  mk 
difficulty is increased. If the EEG index is below baseline, then the task difficulty is demasec8, 
This condition demands continuous increases in arousal for the manual mode and th~e autorna~c 
mode requires further decreases in arousal. 

Experimental Design and De~endent Measures 
A 2 task mode (automatic or manual) X 2 feedback condition (positive or negahive) X 3 

parameter estimate (-2, .5, or .8 SD) within subjects design was used. 
The dependent measures included number of task allocation between positive and negilkfive 

feedback and the EEG engagement index. To measure the performance of the tracking msk, the 
RMSE was analyzed. A subjective workload measure was taken using the NASA-TLX para. & 
Staveland, 1988). 

Procedure 
The electrode cap was fitted to the participant's head and the reference e l e c ~ d e  was 

attached behind the left ear. Impedance levels for all electrodes were brought below 5 kohms. 
The participants were then seated in front of the MAT computer and the head cap was pluggd 
into the BioPac amplifiers. They were allowed to practice the task for 5 minutes. After the 
practice session, EEG was recorded for a 5 minute period to establish a baseline me:aswe 
including the median and standard deviation. Half of the participants started in the inega~ve 
feedback condition while the other half began in the negative feedback condition. 

Each subject was exposed to 3 sixteen minute trials. Each mal consisted of 2 blwks (8 
minutes in length) of alternating positive and negative feedback conditions. The order of the k e  
trials (parameter estimates) was counterbalanced. Following each block, the participant was 
asked to rate subjective workload on the NASA-TLX. 



me data will be analyzed using several techniques. These will include multivariate 
mdysis of variance, regression analysis, and factor analysis. The results and conclusions from this 
pmjwt d be discussed in an upcoming contractor's report. 
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A s w e y  to determine the characteristics of a boundary layer that forms on the wall of the 
Subsonic Basic Research Tunnel has been performed. Early results showed significant differences 
in the veloeity profiles as measured spanwise across the wall. An investigation of the flow in the 
u p s e e m  eorrb.action revealed the presence of a separation bubble at the beginning of the con- 
@action which caused much of the observed unsteadiness. Vortex generators were successfully 
applied to the contraction inlet to alleviate the separation. A final survey of the wall boundary 
layer revealed variations in the displacement and momentum thicknesses to be less than 25% for 
all but the most upper portion of the wall. The flow quality was deemed adequate to continue the 
plmned fo'ollow-on tests to help develop the semi-span test technique. 

6 = boundary layer height, in. 

6*= boun- layer displacement thickness, in. 

8 = boundary layer momentum thickness, in 

EW, = Reynolds' number 

Q = mnnel dynamic pressure, psf 

U, = local velocity, ft/s 

Ui = freestream velocity, ft/s 

U, /Ui = velocity ratio 

For subsonic wind tunnel testing, it is desirable to test at as high a Reynolds' number (&) as 
possible in order to make the results closely simulate that which would be obtained at full scale . 
Right conditions. All current tunnels are limited to a maximum R, as defined by the test condi- 
fions md tunnel size. One conceptually simple idea by which to increase the maximum achiev- 
able R, s f  a facility is to wall mount half of a symmetric configuration allowing it to be made 
twice as large, thus doubling the test R,. The problem with such a technique stems from the pres- 
ence of the wall boundary layer which would submit the submerged portion of the model to veloc- 
ity ghadiients not present in real world conditions. Standard practice is to use a platform (or 
standom, shaped to match the fuselage at the symmetry plane, to raise the model up out of the 
w d l  boundary layer. Unfortunately, most simple standoff shapes generate an adverse pressure 
gradient sf  sufficient strength to cause the boundary layer to separate which rolls up to form a 
horseshoe vortex. It is hoped that certain variations in the standoff geometry might reduce the 
starength of tlhe horseshoe vortex or eliminate it completely. 



In order to investigate this phenomenon, a series of tests are to be performed in the Subsonic 
Basic Research Tunnel (SBRT) to determine the most effective methods of alleviating the horse- 
shoe vortex. To that end, information is needed concerning tunnel flow characteristics near h e  
wall; specifically the characteristics of the wall boundary layer and the uniformity of &at layer 
across the wall. 

To ascertain the relevant information about the boundary layer in SBRT, pressure rakes were 
used to determine the total pressure profiles in the boundary layer of one of the tunnel wdls. From 
this data, velocity profiles were calculated and integrated to determine values of 6, &*and 8 at 
each rake location. By varying the rake location vertically along the wall, spanwise changes to 
these parameters could be discerned. The goal was that these parameters deviate only +5% across 
the wall surface. It was decided that profiles were to be taken every 1 in. spanwise across the w d %  
to generate a complete picture of the variation of the boundary layer. The original p1,acement of 
the rakes had one located along the centerline of the wall with another two rakes pla.ced 8 in. 
above and below the center rake. Each of these were mounted 1.5 in. downstream of the begin- 
ning of the test section (station 1). This arrangement was varied until all 17 spanwise locations 
had been surveyed. The process was then repeated for the case where the rakes were l ocad  27.5 
in downstream from the beginning of the test section (station 2) to determine the stremwise v ~ -  
ation of the wall boundary layer. For both longitudinal stations, repeat runs were made for each 
rake location and the results averaged after the data reduction. 

Facility and Test Eaui~rnenf 

SBRT is an open circuit, atmospheric wind tunnel having a rectangular test section 22.5 in, 
wide,32.25 in. high, and 73 in. in length with other pertinent dimensions as shown in Figwe 1, 
The tunnel can be operated up to a maximum Q of 50 psf corresponding to a Re of 1.31~10~fit 

(Ui=205 fds). For this investigation, Q was limited to 20 psf giving a R, of 8.4x105/ft (Ui=132 ft/ 
s). As can be seen from the tunnel diagram, the contraction of this facility is unusuallly long md 
gradual with an overall contraction ratio of 6. Its design represents the thinking of early tunnel 
designers who thought it best to do most of the contracting early followed by a long run of contin- 
ually lessening curvature. 

Prior to testing, some necessary maintenance was performed on the tunnel. The thulence 
screens located between the inlet and the contraction entrance were cleaned in order to remove 
any particulates that could affect the flow. A traversing rig attached to the inlet was ]removed to 
reduce the chance of flow separation around its comers and eliminate the unsteadiness that such a 
separation would cause. Because the tunnel test section operates at subatmospheric pressuhe, the 
sidewall had to be stiffened to minimize aeroelastic flexure into the test section which would have 
caused a discontinuity in the interface between the sidewall and the contraction exit. :Furlhemsre, 
the contraction exit itself was modified to eliminate any wall waviness and construcltion sems 
present. 



The two side walls of the tunnel are replaceable to allow rapid changes of model and tunnel 
csn6gwation. For this test, one side wall was instrumented with three total pressure rakes 
mounted to the wall surface. Two of the rakes have dimensions as shown in Figure 2 with the 
&a having the same port spacing but one fewer port than the other two rakes for a total of 50 
pohcs. &anally, the pressure instrumentation consisted of two Datametrics 0-100 torr barocells 
conneced b!y a 48 port Scanivalve to the rakes (the top two ports on the lower rake were not 
insmmentecl). One barocell was connected to a pitot-static probe to determine tunnel Q while the 
sher  read the rake total pressures. Since the barocells are differential rather than absolute, each 
was heferenced to tunnel static pressure as measured by the pitot-static probe. A Fluke Wireless 
Hydra Dara ]Logger converted the voltages from the barocells into engineering units (psi) and 
@msmited the results to a personal computer for storage. The data was then downloaded to a 
worksta~on for processing by a FORTRAN data reduction code written by the author to calculate 
U, /$Ji as a function of distance from the wall. A general uncertainty analysis determined that each 
pressu~ measurement gave a calculated velocity that was accurate to within + 0.2% of reading 
using this in:strumentation. 

Because of the fully turbulent nature of the boundary layer in the test section, multiple read- 
ings of a rake port at a given test condition would produce differing results. Therefore a number of 
mns weire used to determine a time averaged reading of the rake pressures. Making such measure- 
ments with the Scanivalve-barocell system proved to be extremely time consuming. Thus, an 
Elecaonically Scanned Pressure (ESP) system was set up to take data for the final boundary layer 
surrvey. The system consisted of a 780B pressure calibration unit (PCU) with a 0-6 psi digiquartz 
as uZae calibration reference, two 32 port ESP pressure transducer modules of the +1 psid range, 
md the eonbroller/computer interface. Data from the interface was logged into a Hewlett-Packard 
ApoHo 98001 series workstation running an ESP program sourced from the Basic Aerodynamics 
Reseaseh Tunnel. The general uncertainty analysis for the setup revealed a tenfold decrease in 
accumey (&2% of velocity reading) as compared to the barocell system but gives the ability to 
t&e many more, in this case 2000, samples per data point in seconds rather than 10 per hour. This 
cade-off was deemed acceptable, but accuracy could be improved with the substitution of 10 
1 i d 2 0  colurnn modules since ESP accuracy is measured as a percentage of range and the nar- 
rower range of these devices would yield greater accuracy. 

Results 

A baseline survey of the boundary layer was performed with the rakes located at station 1 with a 
rake configuration of one on the wall centerline and the other two located 8 in. above and below 
the centerline (designate this placement as wide-rake configuration). The velocity profiles gener- 
ated are shown in Figure 3 and are the result of 10 runs averaged at each data point (as will all 
subsequent velocity profiles). From this graph, three general observations can be made. The first 
is hat the profile measured is consistent with that of a turbulent boundary layer since the local 
velocity is a'bout 65% of freestream very near the wall surface. Calculations comparing the results 
to the "Law of the Wall" for the logarithmic region of the boundary layer support this conclusion. 
Also, from the top and bottom rake profiles, it can be seen that 6 is about 1.1 in. Most signifi- 
cantly, the profile from the middle rake is showing great irregularity in shape compared to the 



other two rakes. A look at the results from each individual run (Figure 4) show signijficant 
amounts of scatter in the mid rake data that was not observed for the other two rakes, It was r h e  
rized that the scatter must be caused by some unsteadiness in the flow field, but the m~echmisrn at 
the heart of the unsteadiness was not yet known. In an attempt to isolate the affected regon, the 
two outer rakes were brought to within 3 in. of the centerline. Another ten run average was raken 
giving the profiles seen in Figure 5 which shows good agreement between the three rakes near the 
wall (as did the wide-rake placement), but with a characteristic 'blip' in the curve around I in. 
above the wall indicative of a low momentum region. It was deduced that the problem most 
affects the upper region of the boundary layer and is influencing at least a 6 in. path dong the ten- 

ter of the sidewall. 

After discussion with members of the Subsonic Aerodynamics and Flow Modeling and Con- 
trol branches, it was thought that the flow problems could be due to the tunnel design. Invesfiga- 
tion revealed the presence of a three inch straight wall section between the last turbulience smeen 
and the start of the contraction creating a comer that could possibly cause the flow to detach from 
the wall and form a separation bubble in that region. Previous work has shown that volzex gener- 
ators (VG's) can be effective in keeping flow attached in wind tunnel diffusers, but the application 
of them in a wind tunnel contraction is much less common. To test this flow control me thd ,  
counterrotating vortex generators having a plow-shaped planform were applied to the sr+&gbt sec- 
tion just upstream of the tunnel contraction along the wall of the tunnel the rakes were mountd, 
Two sizes were tested with the smaller having a length of 1 in. and a height of 0.5 in. and h e  
larger being 3 in. long by 1 in.in height These generators are commercially available and were 
originally intended as a drag reduction device for large commercial transport trucks. The genera- 
tors were spaced such that the smaller had 2 in. between devices with the large VG's were s p a c d  
at 3.5 in. intervals. 

Figure 7 shows the boundary layer velocity profiles with the small VG's applied. Significant 
improvement can be seen in the bottom rake profile as evidenced by the lack of the 'bbumpYn the 
profile between 0.8 in. and 1.0 in from the wall. The upper and middle rake profiles show slight 
changes toward a more continuous profile, but significant irregularities still exist. One ohea point 
of difference is the height of the boundary layer for the three profiles with the middle and upper 
being 0.2 in. and 0.5 in. thicker respectively than the lower. Given the positive, albeit small, effect 
of the small VG's it was thought that the larger version may be more effective in con-ec~ng the 
problem. 

Once the large VG's were applied and data was taken, it became obvious that a solution was at 
hand. From Figure 7, one can see that the data points from each rake are much more coherent far 
a given height above the wall and that the boundary layer heights are within 0.1 in of' each oriher. 
The small variations that remain between profiles were thought to be due to the smaUl number of 
samples taken for each data point and not due to actual flow physics. Thus, confidence was high 
that the contraction problem had been solved. 

One concern that arose about the application of VG's to the tunnel contraction was the effect 
of the added vorticity on models in the test section created by the VG. Past literature has shown 
that the vorticity created damps out fairly quickly and can be considered negligible at &stances 
100 device heights downstream or greater. Since the contraction is over 100 in. in length, it was 
assumed that the problem would be nonexistent. In order to verify the assumption, as well as to 



try and document the existence of the separation bubble in the contraction, flow visualization tufts 
were placed con the contraction wall and imaged with a video camera to record their movement. 
WB& the VG's removed, the tufting was able to reveal the existence of the separation bubble as 
postulated. Tufts placed in the corner region exhibited a reversal in direction that can be associ- 
ated with the backflow of the fluid in the comer region. Replacing the VG's eliminated the back- 
flow ccsn&tion and promoted attached flow throughout the contraction. Also evident was the rapid 
&minishrneat of the induced vorticity as one moved downstream of the generators with no visible 
tuft deflection due to the VG's approximately 2 ft downstream of the devices. 

Aa this point, the full survey began using the ESP system to determine the pressure data. 
Because the ESP modules are sensitive to temperature variation, care was take to keep room tem- 
perature v&ation during a run to within 2 degrees of room temperature at calibration. A mini- 
mum of two :runs were made at each of the 17 rake locations at each longitudinal station with each 
run being the: average of 10 data sets of 200 samples per set. Next, the data was reduced to deter- 
mine the veltxity profiles as well as values of 6,6*, and 8 for each run. These values for each run 
were averaged to give one set of parameters at a given rake location. Figure 9 shows the result of 
&is suney at both longitudinal stations. From the lowermost rake position until 4 in above the 
centerline, v;ariations in the momentum and displacement thicknesses fall within 5% of the 
average value of these parameters. The upper portion of the wall experienced an increase in both 
parrameters beyond the range deemed acceptable. A possible explanation for this phenomenon is 
the absence of an entrance lip to the top of the tunnel inlet (due to physical limitations of the 
room) causbig some type of unsteadiness; however, more investigation will be needed to isolate 
the cause. Fortunately, for the model mounting and angle of attack range planned in the facility, 
the vahjiatjlon of the boundary layer near the top of the wall will not effect the results. 

From this investigation some conclusions may be drawn: 

1. Properly sized vortex generators are effective in eliminating some separation 
problems caused by poor contraction designs. 

2. From the standpoint of boundary layer uniformity, SBRT is adequate to test wall 
mounted models as long as the angle of attack range is such that the model is not 

placed on the upper part of the wall. 

Further work could be done to optimize the spacing and size of the vortex generators to minimize 
the added vorticity while maintaining attached flow. Also, application of the generators could be 
extended to the other three sides of the tunnel possibly improving the results along the upper por- 
don of the ~rall. 





Figure 3. Baseline Boundary Layer Survey. 
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Figure 4. Scatter of Data Between Runs. 



Boundary Layer Velocity Profile 

Figure 5. Narrow Rake Placement Baseline Survey. 

Boundary Layer Velocity Profile 

Figure 6. Narrow Rake Placement, Small VG's Applied. 



Boundary Layer Velocity Profile 

Figure 7. Narrow Rake Placement, Large VG's Applied. 
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Figure 8. Variation of Boundary Layer Parameters. 
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ABSTRACT 

Thne drical strain energy release rates associated with debonding of the adhesive bondlines in 
uaphire/ego,xy IM6/3501-6 interlaminar fracture specimens were investigated. Two panels were 
manufactured for this investigation; however, panel two was layed-up incorrectly. As a result, 
daca collected from Panel Two serves no real purpose in this investigation. Double Cantilever 
Beam DCIB;) specimens were used to determine the opening Mode I interlaminar fracture 
toughness, Cilc, of uni-directional fiber re-inforced composites. The five specimens tested from 
Panel One had an average value of 946.42Jlm2 for Glc with an acceptable coefficient of 
vharion. T'he critical strain energy release rate, G I I ~ ,  for initiation of delamination under in- 
plane shear loading was investigated using the End-Notched Flexure (ENF) Test. Four 
specimens were tested from Panel One and an average value of 584.98Jlm2 for GIIC was 
cdculated. Calculations from the DCB and ENF test results for Panel One represent typical 
vdues of G I ~  and ('311~ for the adhesive debonding in the material studied in this investigation. 

INTRODUCTION 

L ~ n a t d  composite structures exhibit a number of different failure modes. These include fiber 
fracture, matrix failure, fiber-matrix debonding within individual layers, delamination or 
sepwaGon of adjacent layers, buckling, and transverse cracking through one or more layers. 
However, the various modes interact and can occur concurrently and also sequentially. Regions 
prone to interlaminar delamination include free edges, joints, cutouts, voids, inadvertently 
dmaged areas, and defects resulting from fabrication. Because composite materials can be 
joined with some sort of adhesive, debonding is a potential failure mode in composite materials. 
Qowledge of the interlaminar fracture toughness and strain energy release rates is of critical 
iworaance in composite design. 

A major weakness of laminated composite structures is the composite's susceptibility to 
d e l ~ n a ~ o n .  The resistance to delamination can be characterized by the delamination fracture 
roughness, measured as energy dissipated per unit area of crack growth. Delamination in 
composites can occur due to tensile stresses (Mode I), in-plane shear stresses (Mode 11) and out- 
of-plane tearing stresses (Mode 111). In this study, Mode I and Mode I1 deformations were 
investigated and are illustrated below in Figure 1. Mode I loading deformation is the classic 
opening mode while Mode I1 is the type of deformation that involves shearing. 

Mode I - Opening Load Mode I1 - Shear Load 
Figure 1. Two Basic Modes of Delamination 



An essential part in establishing design guidelines for preventing debonding is the abiliq to 
predict the load level at which delamination occurs. In fracture mechanics, there are sever$ 
criteria used to predict the onset of crack growth. These include the critical sitress intensiq 
factor, the critical crack opening displacement and the critical strain energy release rate. The 
stress intensity factor is a measure of the rate at which the crack tip stresses appi:oach infinity, 
The crack opening displacement is a measure of the opening between the crack faces. "ripe 
energy release rate is defined as the change in energy of a structure containing a crack per unit 
increase of crack area. 

At the onset of crack growth, the fracture mechanics parameter reaches a critica.1 value. This 
critical value is a material property, implying that it is independent of geometric and loading 
characteristics such as crack length and type of loading. The criterion for debonding e x m i n d  in 
this study is the critical strain energy release rate. Applying energy conservation, as a crack 
grows, a certain amount of energy is released from the cracked specimen per unit area of the 
newly generated crack surface. The rate of change of this strain energy per unit area is cdl& the 
energy release rate and is denoted by G. The critical value of the energy release rate at which the 
crack extends is denoted by Gc. Mode I energy release rate is produced by the opening mode 
deformation and is denoted by GI. The Mode I1 component of energy release rate associatd 
with the shearing mode deformation is denoted by GII. 

To determine opening Mode I interlaminar fracture toughness, G I ~ ,  the double cantilever hem 
specimen, using piano hinges, was utilized, as shown in Figure 2. The DCB test is used with 
unidirectional laminated composites that are manufactured with a thin insert at one end imMd& 
at the mid-plane to imitate a crack, or to serve as a delamination initiator. One end of the DCB 
specimen is opened by applying a force on the hinges which are bonded to the spe~cimen while a 
plot of load versus displacement is recorded. 

Figure 2. Double cantilever ~ e a h  Specimen 

In the calculation of GIG, linear elastic behavior is assumed because the zone of nonlinex 
deformation at the delamination front is small relative to the specimen thickness. ]In DCB 
testing, as the delamination grows from the insert, the calculated values of G I ~  first inerease 
monotonically and then stabilize upon further growth. In this test method, a resistance e w e  (R- 
curve) depicting Glc as a function of delamination length, is generated. A sample R-eusve is 
shown in Figure 3. This curve illustrates the initiation and propagation of a delamination in a 
unidirectional specimen. 

Two initiation values of Glc are obtained from the load-displacement plots. These values, along 
with subsequent propagation values, are used to generate an R-curve. First, the onset value of 
Glc is calculated from the load and displacement at the point of deviation from linearity, csr at the 



onset of non-linearity (NL). At this point, it is assumed that delamination begins to grow from 
the inserr in thie interior of the specimen. The NL value represents a lower bound value for Glc 
and is used iin determining failure criteria for laminated composite structures. For brittle 
miaahces, the INL value is typically the same point at which delamination is observed to grow 
&om the insert at the specimen edges; however, for tough matrix composites, a region of non- 
l i n e ~ t y  may precede the visual delamination at the edges. Second, a visual initiation value for 
Gnc is recardas corresponding to the first time delamination was visually observed to grow from 
the hserb on the specimen edges. 

Visual Onset 

Crack Length, a, mm 
Figure 3. Sample R-Curve 

To deternine the critical strain energy release rate, G I I ~ ,  for initiation of delamination under 
M d e  BI (in-plane shear) loading, tests were performed using the End-Notched Flexure (ENF) 
specimen loaded in three-point bending as shown in Figure 4. In general, the configuration, i.e. 
specimen thilckness and distance between supports, is chosen such that large displacements 
would be avoided and transverse shear effects minimized. 

. . -  

Figure 4. End-Notched Flexure Specimen 

The E W  rest consists of loading a split laminate beam specimen in a three-point bend fixture. 
Analytical methods derive a relationship between compliance and crack length using a least 
squaes linear regression. Here, elastic material behavior was assumed. 



Panel One 
Figure 5. Panel Configurarions 

Two different graphite/epoxy IM613501-6 panels were manufactured at Boeing for this 
investigation as shown in Figure 5. Panel One contained a teflon insert embedde:d bemeen mo 
sheets of adhesive and the adhesive bondline thickness was nominally 5mil or 0.005"". The 
adhesive ran the entire length of the specimen. The insert thickness was nomin~ally 0.024 
Panel Two also had a teflon insert with an average thickness of 0.0506mm; hiowever, it was 
butted up against one layer of adhesive. Again, the adhesive bondline thickness was n o ~ n d l y  
5mil. It should be noted that there was a gap, approximately 4mm long, between the insefl m d  
adhesive in this panel. This gap was filled by the 3501-6 resin mamx of the composite d ~ m g  
the cure cycle. The adhesive used for both panels was a grade 8, 350°F cure film adhesive, 
American Cyanamid 1515. The average thickness and width measurements for Pmel One; 
specimens were 0.2805" and 1.005 1 ", respectively, and 0.2797" and 1.0034", respectively, for 
Panel Two specimens. 

PROCEDURE: 

DCB Testing 

Exverimental Investi~ation 
Thi width and thicknGss measurements, for each specimen, taken at the midpoin~t and at 25 
from each end, were made to the nearest 0.05mm. Average values were calculated and recorded, 
Both edges of the specimen were coated with a thin layer of water-based typewriter coreec~on 
fluid to assist in the visual detection of the onset of delamination. The first 5mm f?om the ksen 
were marked in lmm increments while the remaining 20mm were marked in 5mm inaements. 

Piano hinges were then attached to the specimens using Hysol 3904, a high-strengh, high- 
temperature glue. The specimen was continuously loaded in displacement control at a rate of 
O.Smm/min and a plot of load versus displacement was created by an X-Y chart recorder. A 
monocular with a magnification of seven was used to aid in observing delaminatiion g o d  as it 
extended along one edge. 

When delamination extended beyond the end of the insert, a hash mark was ma.de on the load 
versus displacement plot and was labeled a,. As the delamination grew, the front con~nued to be 
observed, and, as it passed each pencil mark, a hash mark was made on the plot and lakled 
appropriately. For example, point a1 represents the delamination growth lmrn Aead of the 
insert. After delamination exceeded 25mm, the X-Y plotter was turned off and the: speeimn was 
loaded in the machine until it broke open. 

Analytical Investigation 
Three data reduction methods for calculating values were followed as per ASTM Standad 
D5528-94a. These are: a modified beam theory (MBT), a compliance calibration merfiod (CC), 
and a mmed compliance calibration method (MCC). 



Theory N B T )  Method - The beam .theory expression for the strain energy 
release rate of an ideal double cantilever beam is: 

GI= rn 
2ba 

where: P = load, 
6 = load-point displacement, 
b = specimen width, 
a = delamination length. 

However, sinice the beam is not perfectly built-in, some rotation may occur at the delamination 
front and the value of GI will be overestimated. In order to compensate for this, the DCB 
specimen is treated as if it contains a slightly longer delamination, a + IAI, where A is determined 
experimentally by a least squares plot of the cube root of the compliance, ClD, as a function of 
delmination length, a. Compliance, C, is defined as the ratio of load-point displacement to - 

appliid Isad, 6/P. The Mode I interlaminar fracture toughness is then calculated as: 

In d & ~ o n ,  the modulus, Elf, can be determined by 

 calibration iCCI Method - A plot of log (mi) versus log (ai) is generated using the 
visually observed delamination onset values and propagation values. With a calculated slope, n, 
the fracture toughness can be found as follows: 

Mdified Go~m~liance Calibration WCC) Method - Using the delamination length normalized by 
the ~ickness ,  a/h, and the cube root of the compliance, Cln, a least squares plot is generated. 
The slope of this line is called A1. Here, the fracture toughness can be calculated from: 

GMCC = GI = 3 ~ 2 ~ 2 1 3  
2Albh 

(5 )  

Experr"rnen&czk Investigation 
The following method is based on A Protocol for Interlaminar Fracture Testing currently being 
used in an ASTM Round Robin Test program. In order to initiate delamination, a film was 
placed at the laminate mid-plane during molding, as seen in Figure 4. This film should be as thin 
as possible to minimize the disturbance to the composite. Furthermore, the specimen edges were 
coated wiah a thin layer of water-soluble typewriter correction fluid from the insert tip and 
exten&ng toward the center of the specimen. This allowed the initiation of delamination to be 
seen more easily. 



The specimen was loaded in a three point bending fixture. Before loading the s p e c i ~ n ,  a small1 
load was applied to the specimen to hold it in position in the fixture, and the loca~on of the 
supports were marked on the specimen. A displacement gauge, mounted upside down under the 
specimen, was used to measure the load-point displacement. 

pimensions and Load Rate - The width and thickness of each specimen was mrzasmed to the 
nearest 0.025mm at the midpoint and at lOmm from each end. Here, three thickness 
measurements were made: one measurement close to each edge and one at the center. Average 
values of width and thickness measurements were then recorded. 

The specimen was loaded in displacement control at a rate of 0.5Wrnin. Load vs. load-point 
displacement was recorded during loading using an X-Y plotter. 

Com~liance Calibration - For each specimen, an experimental compliance calibration is requird. 
The specimen was initially positioned in the ENF apparatus so that the delamination length, a, 
equaled zero, meaning that the insert is outside the outer load point of the apparatus. A pencil 
mark was made on the specimen directly above the center of the outer loading pin. Next, the 
specimen was loaded and unloaded in the elastic range while the load-displacement behavior was 
recorded. This procedure was repeated with delamination lengths of a = 15, 20, :25, 30, 35 m d  
4 b .  

Testing From thc Insert - The specimen was positioned in the test fixture so that a/lL = 0.5, 
Again, a mark was made on the specimen surface to indicate the outer load point. The specimen 
was then loaded at the stated load rate until delamination began and the load dropped, The 
specimen edge was also visually monitored for the initiation of delamination growth. 

Analytical Investigation 
After testing, the specimen was broken open by hand and the distance from the outer load point 
mark to the inside tip of the delamination starter film was measured. This initial dela~nafion 
length was measured at the edges and center of the specimen and a mean value was obtdnd.  
The mean lengths from the marks made during the compliance calibration were also aaaeaswd 
and recorded. 

From the compliance calibration curves, compliance values were calculated for each 
corresponding delamination length. Compliance is defined as the ratio of displacement to load. 

Using the values of mean crack length, a, and the comsponding values of compliance, @, a least 
squares linear regression of the form C = & + ma3 was performed and the values of Co and rn 
were recorded. Therefore, the expression for GII becomes: 

where a = 2 5 m ,  
P = load, 
m = slope of line from least squares linear regression, 
b = specimen width. 

A line tangent to the initial linear portion of the loading curve was drawn; any initial deviation 
from linearity due to seating of the load fixture was ignored. The point at which the load 
displacement curve deviated from the tangent line was determined. The load and &splacement 
corresponding to this point was used to obtain GII~NL. In addition, the maxinnurn load and 
corresponding displacement was used to calculate GII~MAX. 





Table B. GraphitelEpoxy G ~ ~ ~ - '  ~ a t a  Summary 
Panel One Panel Two 

CONCLUSIONS 

The DCB and EM; data collected from Panel One is consistent with similar adhesives. Even 
though a high CV was calculated for Panel One specimens, one must realize that a smdl number 
of specimens were tested. If a larger pool of specimens were tested, more reliable and more 
accurate results could be found. Due to a gap between the insert and adhesive, results fPom Pmel 
Two serve no real purpose in this investigation. In regards to Panel One, the average value for 
GI, is 946.42Jlm2 while the average GII, value is 584.98Jlm2. These results illustrate that a 
crack in the adhesive requires more energy to grow in the opening mode than the shehng m d e .  
This is just the opposite of what is typically observed for delamination within the connposite. 

REFERENCES 

ASTM D5528-94a, "Standard Test Method for Mode I Interlaminar Fracture Toughness of 
Unidirectional Fiber-Reinforced Polymer Matrix Composites." 

Corleto, C. R. and Bradley, W. L., "Mode II Delamination Fracture Toughness of Unidkeefiond 
GraphiteEpoxy Composites," Composite Materials: Fatigue and Fracture, Second Volme,  
ASTM STP 1012, Paul A. Lagace, Ed., American Society for Testing and Materials, Philadelphia, 
1989, pp. 201-221. 

"A Protocol for Interlaminar Fracture Testing -- End-Notched Flexure (Em)." AASTM 
Subcommittee D30.06. October, 1994. 

Rybicki, Edmund F., et al., "Mode I and Mixed Mode Energy Release Rare Values for 
Delamination of GraphiteIEpoxy Test Specimens," Delamination in Advanced Composibes, 
Golam M. Newaz, Ed., Technornic Publishing Co., Inc., Lapcaster, 1991, pp. 215-233. 

Tsai, Stephen W. and Hahn, H. Thomas. Introduction to Composite Materials. Wesport: 
Technomic, 1980. 

Valisetty, R. R. and Chamis, C. C., "Sublaminate- or Ply-Level Analysis of Composites and 
Strain Energy Release Rates of End-Notch and Mixed-Mode Fracture Specimens," Corngosire 
Materials: Testing and Design (Eighth Conference), ASTM STP 972, J .  D. Whitcomb, Ed,, 
American Society for Testing and Materials, Philadelphia, 1988, pp. 41-56. 





AN EXAMINATION OF NASA LaRC 
" 

TRAVE:L REIMBURSEMENT PROCEDURES 

Esta M. Jarrett 
James Ogiia, Mentor 

Financial Management Division 
Personal Services Accounting Branch 

Travel Section 



ABSTRACT 

My god a l e  working in the Travel Section is to become as proficient as possible in the procedures 
for paocess3ng travel vouchers. There are many different definitions of NASA travel by its employees, 
md each we: is governed by a different set of regulations. The process of learning these regulations 
is coqficated by several elements: first, the basic procedures for working with the computer 
eq~pmeIlt and program is not clearly stated, and second, the definitions of each aspect of the 
mquter prabgram are leamed only by vocal instructions &om co-workers, each of whom may have 
c o ~ h g  ideas ofhow to operate inside the program. My objective in this project report is to clarifL 
some of the more basic elements of travel voucher examination. This is not a reiteration of the 
re@tions by any means, but merely a statement of what every voucher examiner needs to know in 
order to properly utilize the voucher examination program. 



@ BACKGROUND INFORMATION 

I arrived at Langley Research Center (LaRC), Financial Management b d h g ,  &er 
my orientation into the Langley Aerospace Research Summer Scholars (LAMS) prolgrana Monday 
morning, June 5, 1995. M e r  some consideration my Mentor, James Ogiia, placed me j a o  h e  Travel 
Section as opposed to Cost Accounting because as an English and Anthropology mjor  I am more 
experienced m organhtional and qualitative data than m finances and quantitative data. Shce I have 
served as the business manager for two student-run organizations at the University of Vkfia (a 
literary magazine and a women's chorus) I possess the basic accounting skills necessaqq to hmde the 
reimbursement and voucher-completion procedure. 

Upon my arrival in the Travel division I was placed in my own cubicle S& a 
computer, a printer, a telephone, an adding machine, and a typewriter. On the first day my co-worker 
Tracy showed me around the office and introduced me to all the other employees. I was & o m  
where all my supplies were stored and allowed to arrange my cubicle as I pleased. My fist 
assignment was to complete forms granting American Express cards (which are necessany for the 
reimbursement of govement travel ) to NASA employees, following a sample fona g the 
course ofthe summer I was also trained to schedule vouchers and travel advances for papernt. By 
the last few weeks in the office I was trained to do the exact same work that the rest of the W - t h e  
voucher examiners were doing. 

The travel section apparently was undergoing a period of great chang,e aad ares;$ at 
the time of my arrival They had lost a signiscant number of their personnel during the buy-out md 
were renovating many of the procedures to increase efficiency and reduce the time ehpsed mtd the 
travelers got their reimbursements. The procedures were changed or amended daily and evearyone, 
travelers and travel clerks, was confused. I believe that I had a slight advantage in le 
as a new experience instead of having codcting orders in my head. 

1. Objective 

Eventually the main focus of my work revealed itselfto be the completion and pplln&g 
of travel vouchers for LaRC employees' reimbursements, which proved to be the most coqgcated 
and involved part of my job. The process can be extremely fixstrating because of the condmtly 
variable rules governing allotments. The major problem I encountered in completing ~ e s e  voucbesi 
was that there was no standard procedure for determining the definition for each fiiseal categoq, 
beyond word-of-mouth fiom my fellow employees. Often the information I received firom mereamt 
co-workers was either conflicting or directly contradictory. At this point I experienced some concern 
that work in this office may not qualifl as actual research as stipulated by the LAWS g r o g m  
requirements. True, I was very quickly learning a great deal about LaRC's financial irnvokement md 
relationship with its employees, but the learning process did not necessaiily ~canastimte 
experimentation (although learning to deal with the printer perhaps qualified). I soon reahed &at 
a viable occupation wjfh which to absorb myself during the summer weeks that I spent ia the Travel 
department would be to write a manual describing the exact procedure for conqletkuag travel 



vouchers. IS the procedure remained consistent for any period of time (which threatens to be 
moss~bIe), then the manual could be useful for fbture employees who sought to learn the procedure. 
m a t  EoEow is a sumraary of the directions for examining and completing a travel voucher according 
to the &edons I was given during the summer of 1995. 

@ AL FOR COMPLETION OF TRAVEL VOUCEERS 

2, Materials 

At present the materials that are needed for completion of the vouchers are as follows: 
a w q u t e r  innstallled with the LaRCtrip program (run fiom either IBM or Macintosh computers), a 
pktea, a staple remover, a stapler and staples, paper-clips, a manilla envelope marked specifically 
for the Travel department, one red pen, one blue pen, and three copies of the NASA N-482 form 
(WO w ~ t e  and one yellow). Some of these descriptions and numbers are variable; for instance, it 
doem? re@y matter what color pen you write m on the documents (the distinction is usefid for 

 on and clear comprehension), and formerly some of my co-workers had used two yellow 
fomns md one white instead of the other way around. Apparently the yellow forms have a tendency 
to sl-iieai in the computer and cause it to jam frequently, to which I can personally attest. During my 
=cod week it was determined that everyone should use two white sheets (one for an original copy 
of the voucher and one for the traveleis personal copy) and one yellow, for the ofice's records. 

A. Load the Printer 

First, place the paper into the printer tray. Instruction for placement is based on the 
~ o d ~ r a t i a n  of the Hewlett Packard Laser Jet 4L, which is the standard printer supplied to the 
Travel oEce. Place the paper fkce-down with the top of the sheets facing you into the tray, making 
m e  dl comas are secure. For my printer, when the yellow sheet is on top with the two white sheets 
m d a e a a  the jamming is rn i thhd. Push the tray into the body of the printer. The red paper light 
m y  r e m b  on until you complete the vouchers and tell the computer to print them 

B. Prepare the Voucher- 

Next, pick up the travel voucher. There should be at least three sheets: two pages 
voucher, and one order form. There may be several receipts stapled to the back of the 

order fm Use the staple remover to take out the one staple connecting all these forms. During the 
muse of coqleting the voucher you wiU. be searching for information among these forms and later 
re-shapbg additional sheets among them 

C. Follow the Computer Program 

Opening the Program and Personal Information. Enter the LaRCtrip program 



through the "Accessories" window m Word Perfect for Windows, and select the option for "Voucher 
Preparation." Once inside LaRCtrip it is no longer possible to use the mouse to select an op~iioq so 
use the arrow keys. A screen will come up where the first instruction asks for the travel auficoriq 
number (T-number) ofthe traveler. The T-number can be found, typewritten, in the upper Gat-hmd 
comer ofthe order form. After typing this into the computer the cursor will automatically move to 
the next line where you enter the name of the traveler, last name first. The computer ]puts the l e~e r s  
m all capitals without instruction, which is the proper format. Skip the next item, which asks if you 
want to make any comments. The next item requests the social security number of the traveler, 
his or her phone extension and mail stop (MIS). A difEerent procedure is followed here 8 & e  traveler 
has Invitational status. Type the character "I" instead of a mail stop, and when the screen comes up 
type m the traveleis temporary home address (ifthat is where he or she wishes the check to be smt) 

Times of Travel. The program will then ask for the times of travel starhlalig at the 
date and time when the traveler left his or her residence (or LaRC, depending on t h e  dapsed at each 
point) and ending when the traveler returned to his or her residence. In order for the evenses to be 
reimbursable, the period of travel must exceed ten hours and the final time entered must be mo horns 
or more after the end of the work period. All of these times are written on the first page of f i e  
voucher fonns that the traveler has completed. 

Travel Advance. After recording these times, the program requests &e m o w t  of 
the travel advance allocated to the traveler. Ifa travel advance was given, it will be 
first page of the order form, and a card will be stapled to the back with the amount of &e advmce 
and the advance number (AD number) written on it. Ifno advance was given, hit r e f m  fom t h e s  
until the cursor moves to the next segment of the program. However, a special procedure ma be 
followed ifthe traveler was given an American Express Cash Advance (or ATM Advance) md took 
money out of it. All of the rules and regulations for this procedure are delineated m the NASA A T '  
Cash Aa'vance Policies, Procehres, and Enrollment Guide. The basic instruction is elhat if cad  was 
taken out of the account, then the traveler will be granted 2.75% of the withdrawal (the dmd;iird fee 
for cash withdrawals) under " h l l a n e o u s  expenses." A receipt of this transaction must be aaa~lhed 
to the order form m order for the expense to be reimbursed. No advance will be antered bts the 
computer at that point, where normally there would be an AD number along with the annomt. 

Duty Station and Meals. The next item that appears on the screen requesks the 
number of travel stations, which is written m two places: the traveler's orders, which corn to the 
voucher exambers attached to his voucher, and item 25 of the voucher itself. It will &en ask if m y  
meals were provided in the course ofthe traveL Whatever program the traveler attends m y  include 
certain meals as a part of the overall cost. Ifthe traveler is attending a seminar, the info 
should say whether meals (perhaps a banquet, or continental breakf8st) are included. E&e  ~aveler  
is attending a training course at Hagerstown, MD, or Wallops Island, VA, and is on a $2/day per 
diem, then all of his or her meals at the duty station are provided. 

Transportation. The section that comes up next verifies the traveler's soda: of 
transportation. The first question asks if the traveler used a private vehicle (POV) iuB Eeu of 



hransportation or commercial air. This means that the traveler drove his or her own car 
ation instead of taking a NASA car or bus or getting a plane. If this was the case, it will 

a& for ahe deage  of the trip, which is given on the voucher under the odometer readings, recorded 
by. the eaveler. Mileage is taken &om the average of the two differences between the departure and 

r w h g s  (the computer will automatically double this number). One posslile complication at 
poht is whether the traveler was authorized to use a government vehicle but chose not to in favor 

of his or her own vehicle. In this case (it will be mentioned on the orders) the POV mileage must be 
chmged to $0.235/mile instead of $0.3. This can be done under "Maintenance" on the main menu 
oEL&Gt*. 

The transportation section win continue, if the answer to the above question was "no," 
a quedon as to whether commercial air was used. Ifthe answer is "yes," the program will ask 

whether POV was used for transportation to and from the terminal. On the voucher the traveler 
&odd have indicated the mileage for this transportation. Ifthe car was left at the terminal, indicate 
on the g r o g m  that the transportation was round-trip and type the mileage (the computer will again 
automdcdy double it unless you designate it as one-way). However, if the car was not left at the 
t double the one-way mileage and record it as round-trip, indicating that the car was driven 
to md fiom the terminal twice. This procedure of recording mileage to and from the terminal is used 
evera lijf.&lne traveler did not use commercial air, but used a NASA vehicle and picked it up at LaRC 
on mme ohm pod.  LaRC is then considered to be the terminal and the same principles apply. The 
M quedonl for the transportation section asks ifa rental car was used in the course of traveL Even 
if a rmtd car was paid for, the only times "yes" is marked for the answer here is ifthe orders were 
approved before May 1,1995, or ifthe traveler a d t e d  personal d e s  on this rental. If not, then 
the  co& of&e rental car is included in the miscellaneous expenses (shown later in the program). 

Actual Subsistence. In certain circumstances the per diem is not adequate to cover 
the bwg or meals and incidental expenses due to a change of plans or special lodging requirements, 
SGB a requed for actual subsistence reimbursement is submitted by the traveler. The actuals letter must 
be dged  by. an authorizing official and approved by the head of Financial Management before the 
a can be processed. If such a letter is included with the receipts and orders, answer Y when the 
program asks to process actual expenses. Later in the program it will ask for the specifics of the 
l o d a g .  

Parking Fee. Entering the parking fee can be a very straightforward procedure. The 
p m h g  at &e airport tenninal (ifapplicable) will be written on the original form under item 30. Any 
p a r b g  fees that were acquired at the duty station should be included here as well (they would be 

en unda miscellaneous expenses, item 35). However, ifthe parking fee is inordinately high, it 
m y  be neciessary to adjust it. If reimbursement for mileage and parking are too expensive, the 
~ a v e k s  are encouraged to take a taxi to and fiom the airport. To determine this, calculate the total 
cost d & e  mileage (number of miles multiplied by $0.30) added to the parking fees. Ifthis exceeds 
the cost of a taxi to and fiom the airport, then the cost of the taxi is used for the voucher and the 
m e r a c e  is taken off of the parking fee, which is then entered into the computer. 



Telephone Calls. The program next requests a total cost for telephone c o ~ s   at 
were made during the travel duty. This is broken down into two categories: personal and o f i d .  
Of6cial phone caIls are to be fUIty reimbursed with no stipulations, including calls to the L W  osee, 
phone mail, and to the duty station. Personal calls are restricted by several regulations. The baveler 
is allowed to make personal calls with each call not exceeding $4.00, and the total ]€or a severn-day 
period not exceeding $12.00. One further stipulation is that the average number of c a b  canznksr be 
more than the number of days that the traveler was in travel status, starting when he o.r she left LaRC 
and ending when he or she returned. 

Registration Fee. A registration fee is frequently requested when a lsavelemr acrtmds 
a seminar or conference, which is paid to the organization. Usually the registration fee Is paid by 
NASA in advance, which would be indicated on the travel orders by saying that it was p ~ d  ei&er 
"Government P/R" or by Government Visa. At times, however, the traveler pays the fee upon 
arrival and for this to be reimbursed, proof of payment in the form of a receipt with the rszehnllod o f  
payment recorded must be included. This must also be authorized on the travel orders, whe&er or 
not it was prepaid. In this case the amount of the fee will be entered at the computeis paoq tbg .  

Miscellaneous Expenses. The category of ~lliscellaneous expenses has beeom more 
complicated since most expenses began to be covered by American Express. This blcludes *lme 
tickets and cash advances, which are the two items that cause the most confbsion. If * h e  ti&ets 
have been paid by American Express, the last total on the last page of the airline itinerary be zero, 
and the credit card line will begin with "AX." Another item m miscellaneous expenses ]is the 
American Express Cash Advance Service Charge, which is explained under the seaion for travel 
advances m this report. Another item included here is the total cost of the rental car (if appGcable). 
The rental car must be authorized on the orders and the spedications must match fiose au~o&ed 
by Omega World Travel or by the travel orders. Other expenses shown m this catego~y are gas for 
the rental car, parking fees at the duty station, and tips for handling of government.eqtipmmt. m e r  
smaller expenses are not listed here for the sake of brevity. All of these expenses are stdded toge&er~ 
(This method is currently being renovated so the break-down will be clearer, but thii is ~e c w m t  
procedure.) 

Duty Station. The program next requests the state m which the travel duw took 
place. Once this is entered, a screen comes up with a listing of cities and counties : h m  &at &ate. 
One ofthese should be chosen, and "F9" hit to close the screen. The city or county rime &odd be 
taken fiom the orders instead of the traveler's voucher, because of the difference in per &em rates 
between duty stations and the actual location of the hotels. 

Lodging. The next section of the program requests a lodging rate, v ~ ~ c h  &odd be 
taken fiom a hotel receipt included with the travel orders. This rate is a nightly rate blus tax if 
applicable) for government employees, which usually involves a discount. Make sure to cheek here 
that the number of nights spent at the hotel matches that stated on the travel itinerary md d a f i  my 
discrepancies. For instance, a traveler may have returned home at some hour shortly ajRer ~ ~ @ t :  
and the program would include lodging for that night unless otherwise instructed. Onle way to do so 



is to arnsvver "no" when the program asks if lodging costs remained the same during travel. If an 
lmer was included with the voucba and the answer to the request to include actual expenses 

was "yes," thea at Phis pomt the computer will ask iflodging only should be changed, which is usually 
&e case on dc~mestic travel The next screen will show the per diem and M&IE rates, and ask if you 

to rewrii actual lodging. The last screen in this section is a list of the dates of travel followed 
'by Taws to enter the amounts of nightly lodging costs. (This same screen comes up if nightly rates 
do not stay the same during travel duty.) 

Breakdown of Meals. If meals were included in the overall cost of the program 
bekg aamde:d (for example, ifthe registration fee included certain or all meals) the computer will 
ask if all meals were provided. The only case where that answer is "yes" is ifthe duty station was 
Wdops  Island, VB, and the per diem is $2.00/day. Ifthe per diem is $2.00 anywhere else, meals 
&odd be hc;luded beginning when the traveler arrived at the station and ending when the traveler 
BeB. Ira my other case the meals that were provided must be shown on background information for 
the codermc;e or seminar. 

Rental Car. The last possible specification that the computer program might request 
hvohes rental cars. Ifthe traveler had personal miles on the rental car, then the program will ask 

s were rented, and then the total cost. Since the total cost must be included under 
enses, the total cost remains $0.00 at this pomt. The next screen that comes up 
escriptions, including the total mileage, which will be shown on the rental car 

rrecat, &e prxsod ~llileage, which will be inchded on the voucher, and the gas costs, including both 
*t is on rhe rental car receipt and what is written on the voucher (any separate purchases for the 
r m d  car). The gas costs must be included under both miscellaneous expenses and this description 
of &e re;na car in order to determine the personal cost ofthe rental car. The gas will not be credited 
~ c e  d&ou& it is written twice. All other parts of this section remain zero, such as mileage rate. 

D. Preparation for Printing 

Abler finkhiug all the instructions that the computer gives you, if you are satisiied that 
d the S o m t i o n  is correct, begin the process for printing. The computer will ask ifthe answers you 
gave are correct; press Y for yes. It will ask if you want to write a memo. There are several 
h m e e s  vvh~xe you would wish. to enter a note of explanation to the traveler or the accountants; if 
so, press Y to write a memo and when the small screen appears, type your message. Press F9 to go 
back to the amin screen. Next, press Y that the voucher is completed and Y again that you want to 
p ~ t  a copy, and press any key to continue. Smce you can't specify the number of copies that you 
wmt to print, it will ask again if you want to print a copy of the voucher, and press any key to 
eontbue again. You must do this a total of three times, so that there will be three copies of the 
voucher vvitb the worksheet printed on the back. The reason for printing this many copies is as 
follows: there must be one copy of the voucher for the accounting, one copy for the traveler's 
records, and one copy for the travel division's records. ARer the the computer asks if a voucher 
&odd be plninted for the third time, press N, and the computer will next ask if you want to print a 
w s r u e d .  :Press Y and go through the command two more times. The final prompt that comes onto 



the screen says to press X if you want to get out of LaRCtrip or return to move to zmolher voucher 
form. The worksheet will be printed upside down on the back of all three copies so &at whm the 
sheets are stapled together the worksheet can be read simply by liRing the bottom o~f lhe &eel. 

E. Printing the Forms 

When the copies are printing, they will come out onto the top of the g k t e r  ia the 
same direction that they were placed in the tray: face down with the top of the sheets closes to the 
fiont. After the second sheet comes out of the printer, take the one underneath it ('the one to 
come out) and, holding it the same way it came out of the printer, insert it into the hokontal slot in 
the fiont of the printer. This is necessary because it bypasses the necessity of opening the ph te r  tray, 
which would stop the printer fiom operating. If the edge of the sheet is held it securely isl the slot 
as fir as it will enter while the third sheet is beginning to print, after a moment the r~ollers d seke 
it and it will be pulled into the printer. Great care must be taken at this point that the paper behg 
inserted is set absolutely straight, or else it will get folded up inside the printer and jam E this 
happens, open the relevant part ofthe printer (the tray, the top or the back) and gently p d  hhe paper 
out. Avoid excessive force if it gets stuck, because if it rips a letter opener must be used to scoop 
the pieces out. For the Hewlett Packard 4L, the paper must be guided as it enters the gh te r  or else 
it will twist itself; but that may not always happen. After the printer takes the first sheet to p h t  the 
worksheet, pick up the second sheet and, after the fiont roller stops moving and clicks, hsea the 
sheet into the slot m the printer. Again, the rollers will seize it and pull it into the printer. FoUow the 
same procedure with the third sheet. 

F. Arranging the Forms 

Once the printing is complete, remove the three printed sheets from fir:: phter.  NeM 
to Item E on one of the white sheets, write Your COW To Keep (or some equivalent eqres~onn, such 
as Traveler's File Copy) in red pen. This is to let the traveler know that this form is for fi or her 
own personal files. The traveler should have signed item 13 on the form he or she 
beforehand. Double-check that this line really is signed; then write See Item 13 A t t d e d  in blue or 
black pen in item 13 of one white sheet (not the copy). Next look at the type-written travd (or ""T"") 
number on the original form. The ditliculty in distinguishing between the typewritten zero md the 
letter "0" has caused the travel department to devise a method to tell them apart. If ithe character is 
the letter in the alphabet, then a line will be added to the top of the letter, such as the Greek charactei 
"o." Another way to help the accountants who process these forms is to maintain the d o ~ ~  of 
the T-numbers. Although the character "-" is not registered by the accounting system it still m y  be 
included m our system when the T-numbers are printed out on the forms under item :L 8. Ealnere are 
any dashes, be sure to white them out before turning in the forms. One other item that m y  need to 
be erased also falls under item 18. Ifthe first columuts number is 6C and the mount under the laa 
c o h  is zero, white out the entire row. While checking the T-number, check also if tbe leaers after 
the T5 are "X" or 'Y." Ifthey are, the traveler may be an Army employee. The NASA phone book 
will verifjr this (if the traveler's name is starred). Ifit is, then the traveler should have fiam a e d  mder 
"non-NASA employees" in the file folder. Ifthe form is there, Xerox it and put the copy ~& the 



$n:aveB vou~ha. Ifthe fonn is not there, the traveler needs to be called and asked how he or she wants 
trmsfer to be handled. Smce Anny employees are not under the NASA EFT system, their money 
c m o t  be ed electronically m the usual manner. As a temporary solution, the travel division 
allowed to use checks, but some other solution is currently bemg devised. Smce the Army has its 
o m  set of regulations for completing its members' travel vouchers, generally a more experienced 
voucher exaaziner should handle these vouchers. 

Once the travel voucher is complete and accurate, staple the printed white sheet (not 
the copy) on top of the white vouchers. Then staple the yellow form on top of the order form and 
reeeiprs. Stack the vouchers on top, with the order form, receipts, and copy underneath (in that 
order). Papelt-clip the stack of papers onto the upper left-hand comer of the manilla envelope, and 

and d stop of the traveler in the upper right-hand comer of the envelope. The h a 1  
aq is to p d  the payroll information out of the computer, to which information summer students do 
not have access. Give the completed vouchers to another permanent employee and ask him or her 
to puU tbe ~ 3 m t i o n .  Ifno payroll information is not m the computer, call the traveler and ask first 
for a g address to which the check may be sent,and second for the traveler to complete a Payroll 
Worntion sheet to be kept m the office. The payroll sheet is stapled behind the last page of the 
wMe &eels and the original voucher. The envelope with its attachments should then be delivered 
to &e desk of the office head. 

@ CONCLUSIONS 

Over the course of the summer, the process of examining and coqletmg travel 
vouchas has become much more accesslible, and some sequences have become second nature. The 
warn and so~Rware have changed drastically in the past few months and promise to change M e r  
md in more extreme ways - for instance, a nunor is circulating that the travelers will be required to 
mqme && own reimbursements m the next few years, which would render the system that I have 
descn%ed completely obselete. HopefiiJly the travelers wiU. be as amenable to the change as the 

ers have been required to be. The process, once approached and considered 
a p m m ,  is a useM and approachable system for both sides of the travel, traveler and accountant. 



THE VALUE OF NASA F'ORM 533 
THERELATEDA 

T AID IN OBTAININ 
NASA CONTRACTORS 

Angela N. Jenkins 

Mr. James Ogiba 
Chief, Financial Management Division 

Financial Management Division 
Cost and Commercial 
Accounting Branch 



Abstract 

I have spent ten weeks of my summer working in the Financial Management 
Division (FMD) of the NASA Langley Research Center (LaRC). Although the work 
done in this division does not directly influence the science and engineering involved in 
m&ng aircraft, if it were not for the work done here, there would be no research 
pe&omed at NASA. Behind every scientific invention, there are finances to be 
considere:d. Finances are sometimes overlooked and underrated, yet they are essential in 
my decis,ion in which money is involved. This includes nearly everything that is done at 
NASA. 

NIy time was spent in the Cost Accounting area in the Cost and Commercial 
Accounting Branch in the FMD. Although I did not have one specific research project, I 
dedt mainly with the Contractor Financial Management Reports, commonly known as 
NASA Fcmn 533's (NF 533's). These are forms required by nearly all of the contractors 
that deal with NASA. Along with aiding in the updating of cost accrual worksheets for all 
sbaight-line contracts, I used an equation of absolute variances to analyze the accuracy of 
the es~mates required on the NF 533's. I spent most of my time, though, analyzing the 
dmeliness of the NF 533's. 

V?ith the time I spent working with the NF 533's, I wanted to define what a 
rdiable contractor would be. Through my study of timeliness and accuracy, as well as 
my growing familiarity with contractors and their submittal of NF 533's, I hope to learn 
about one important aspect of the financial system at NASA. 



Introduction/Background Information 

During my ten weeks in the Financial Management Division at NASA, Lac, I 
have spent much of my time working closely with Gail Temple, Team Coordinator in the 
Cost and Commercial Accounting Branch. She gave me a chance to learn a subsitanfial 
amount about NASA Contractors. 

LaRC uses both on-site and off-sight contractors to perform work that is unlike 
the NASA employees. Although the Acquisitions Division handles the actual 
contracting, the Financial Management Division handles the "financial" part of the deal. 
One of the very important aspects of the work that is done by this division is the 
obtaining and recording of the NASA Form 533. This form gives monthly costs as wela 
as estimates of the contractors' work. The monthly submission of this form is required 
from most contractors, although there are a few exceptions. 

From the monthly NF 533, one can calculate absolute variances, as well as 
determine the timeliness of their receipt. Throughout the summer, I worked with one of 
the accountants in recording the receipt of the NF 533 for contracts costed by the 
straight-line method. The worksheets needed to be updated using information fiom 
October of 1994 until present. 

I also spent time calculating and recording variances from the NF 533's. This 
calculation would show if there were large discrepancies between estimated and ama8 
monthly costs. I looked through records dating back to August of 1993 through Apfll of 
1995, in order to recover figures to make the calculations. 

Along with updating the cost accrual worksheets and calculating absolute 
variances, I spent most of my time performing an analysis of the timeliness of the receipt 
of NF 533's. This analysis allowed the Financial Management Oficer to identify those 
contractors that are timely or delinquent in the submittal of the NF 533's. I loolced 
through records dating back to September of 1993 through April of 1995, ugrooieing dates. 
I recorded the accounting period ending and date received, and then calculated the date due 
for all on-sighthear-sight contractors as well as off-sight contractors. With this 
information, the timeliness of the NASA Contractors over the past one year and eight 
months was determined. 

Towards the end of my ten weeks, I was delighted to find out that I would be 
helping to plan a workshop for NASA on-sitelnear-site contractors. This class involved 
the timeliness of the NF 533's and the problem of high variances on NF 533's. 'This was 
interesting to me because I could finally see what my work and research had to clo with 
the Financial Management Division in correspondence with the contractors. 



Procedures 

Updatinlg Worksheets Costed By The Straight-Line Method 

Urpon amval in early June, I was instructed on how to fill out cost accrual 
worksheets using monthly NF 533's. At first certain dollar amounts were hard to detect 
on the forms, but after a few days it became routine. First, I assigned a worksheet for 
every contract, including information such as contract number, contract type, contract 
admidsluator, contractor name and contract value. After all straight-line contracts were 
assiped a worksheet I began pulling their folders. I concentrated on finding the NF 533's 
for the approximate months of October of 1994 through May of 1995. Using these 
foms, the obligations, monthly estimates, monthly accruals, cumulative accruals, 
cumulative actual costs, dates received, and variances were recorded. The dates received 
and the variances were used in later studies involving timelines and estimates. An 
example of a cost accrual worksheet is attached. 

Calculalting Cost Variances 

A cost variance is a percent that allows you to determine how accurate an estimate 
of the month's cost was. In order to calculate the variance you need the current months 
cumulative actual cost and cumulative accrual, as well as the previous months cumulative 
aa;mal cost. The cumulative accrual minus the cumulative actual cost divided by the actual 
incremental cost for the month equals to the percentage we consider the cost variance. (In 
order to ,get the actual incremental cost for the month you subtract the previous month's 
cumulative actual cost from the current month's actual cost.) This variance was not only 
recorded on the cost accrual worksheet but on a separate spreadsheet that I helped to 
create in order to compare contractors and come up with averages and adjusted averages. 
Since there had already been a beginning of a spreadsheet developed, I modified it to fit 
my purposes. A copy of the spreadsheet and the cost accrual worksheet is attached. 

Determining Timeliness 

In order to determine the timeliness of the submittal of the NF 533's, I first 
recorded all of the dates received by looking back through each contract folder. While 
exminillg the receipt dates from NF 533's dating back to September of 1993, I also 
recorded the accounting period ending date. This date was different for all contracts. The 
date due was then calculated by counting ten working days from the accounting period 
ending date, not including weekends or holidays. If the date received was within two 
extra days (given because of cutbacks in mail delivery) after the date due, the NF 533 was 
timely. If it was received anytime after that calculated date, plus two days, it was not 
timely. The results of this analysis of timeliness is recorded on spreadsheets. There is an 
example of one of the contracts attached. 



Updating Worksheets Costed By The Straight-Line Method 

While recording the receipt of NF 533's for all contracts costed by the s t r~ght -  
line method, I observed that there were many missing. I made a list of those NF 533's 
that were missing, and requested that the Acquisitions File Room help me find as many as 
possible. When checking their records, I discovered that about half of those that were 
missing in my records were found in theirs. This was a valuable finding, but there are still 
many missing. It is most likely that the contractors have not submitted the fonns to 
NASA. With the list of NF 533's that are still missing, notices are being mailed to tllose 
contractors that are lacking the forms. This is very important, because the in fo~ma~on 
that is contained in these forms is essential in the financial management of NASA. It is 
essential that NASA and its contractors keep in contact in hope to keep the costs and 
finances running smoothly. 

Calculating Cost Variances 

After calculating all of the cost variances, I computed the average variances, and 
then the adjusted average variances. By studying the variances, I determined that, on the 
average, most contractors are not making accurate estimates. After doing an adjusted 
average by deducting any unusually high variances based on the history of their esfimates, 
many of the averages fell within the acceptable range. According to NASA, LaRC 
metrics, a consistent variance of higher than 15 percent should be investigated. There are 
some contractors being investigated at this time. 

Near the end of my ten weeks in the Financial Management Division, I lwas able to 
help organize a class for all NASA contractors. I was able to attend and listen als NASA 
employees explained the importance of keeping variances low. It was rewarding to hear 
that the work I had been doing was actually a study of something that is very impo~lant 
to the financial system at NASA. It would be interesting to be able to contact c:on@actors 
directly about their variances, and do an analysis of any changes in the accuracy of their 
estimates. 

Determining Timeliness 

When determining timeliness, I discovered that the majority of NF 533's were 
submitted late. Although most were consistent with the amount of time they took to 
submit them, they were still not timely. 

In the same class with the contractors, timeliness of the NF 533's was 
emphasized. NASA explained that the deadlines were set because we too had financial 
deadlines to meet. Timely reports also ensure more accurate cost in the financial 



naanage~~ent system. Many contractors showed their discontent with a ten working day 
deadline, but NASA employees explained the purpose well. 

One thing I realized when doing an analysis of timeliness is that when people miss 
heir  deadlines, it makes the work of everyone else more difficult. The fewer that are 
mdy,  the smoother everyone's job flows. 

I :feel that in order to be considered a reliable contractor for NASA'LaRC, the 
coneactor must do good work, as well as have good financial information. This would 
include being timely with the return of the NF 533's and making more realistic monthly 
estima~tes. The Financial Management Division is still working hard with contractors in 
order to rnake the financial processes more efficient. 
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Abstract 

1'7-4 PH and 15-5 PH are extremely useful and versatile precipitation-hardening 
stainless steels. Armco 17-4 PH is well suited for the magnetic particle inspection 
requiremlents of Aerospace Material Specification. Armco 15-5 PH and 17-4 PH are 
produced in billet, plate, bar, and wire. Also, 15-5 PH is able to meet the stringent 
9nechanic:al properties required in the aerospace and nuclear industries. Both products are 
easy to heat treat and machine, making them very useful in many applications. 

Introduction 

HEAT TREATMENT 

Heat treatment is procedure of heating and cooling a material without melting. It 
may involve temperatures above, below, and at the ambient. Typical objectives of heat 
treatmenlt are hardening, strengthening, softening, and stress relief. Heat treatment will 
improve formability, machinability, and dimensional stability. 

My mentor Larry Cooper and I discussed my research project. He wanted me to 
shdy  2 stainless steels. The two stainless steels are 17-4 PH and 15-5 PH. Larry 
developed some questions that he wanted me to find answers. I went to the library to 
collect some information about 15-5 PH and 17-4 PH, and studied the differences 
bemeen them, and their condition of heat treatment. 

Furnaces are used to heat treat stainless steels. Here is the list of Furnaces: 

1. West ]Pit Furnace 
2. kinderg # 1 
3. Linderg # 2 
4. Einderg # 3 
5. HeviDuty Pit 
6. Harrop 

Temperature 
0 -  1150F 
0 -  1150F 
0 -  1150F 
0 - 2300 F 
0 - 2000 F 
0 - 2100 F 

Pdso, there are other materials: 

1. Water - 4 feet in diameter by 8 feet deep. 
2.  oil - 4 feet in diameter by 8 feet deep. 

Water arid oil are used for cooling the material if necessary. 

Conclusion 
What are their conditions of heat treatment? 



Heat treatment for 17-4 PH 

H 1150 1150 F 4 hours Air 

H 1 150-M 1400 F 7 hoi~rs Air  

.17-4 PH - Solution treated at 1900 F (30 minutes). Quenched in oil, causing the: steels to 
flare up. 

Heat treatment for 15-5 PH 

Condition I Hardening temperature l~ardenin~ temperature \Type of cooling 
I I I 

H 900 900 F 1 hour Air 

H 925 925 F 4 hours Air 

H 1025 1025 F 4 hours Air 

H 1075 1075 F 4 hours Air 

H 1100 1100 F 4 hours Air 
I 

1150 F 4 m s  Air 

3 1 150-M 1400 F 7 hours Air 

15-5 PH - Solution treated at 1900 F (30 minutes). Quenched in oil, causi 
flare up. 

~g the steels to 

What is different between 17-4 PH and 15-5 PH? What is their composition? 

17-4 PH and 15-5 PH are different in the percentage of Nickel, Copper, and 

Chromium. Here is a chart of their composition: 



Composition 

Yo 
Carbon 0.07 max. 

Manganese 1 .OO max. 
Phosphorus 0.04 max. 
Sulfur 0.03 max. 
Chromium 15.00-17.50 
Nickel 3.00-5.00 
Copper 3.00-5.00 
Columbium plus Tantalum 0.15-0.45 

The benefit combination: 

17-4 PH 

* High strength 
* High hardness 
* Excellent corrosion resistance 
* Easy heat treatment 

% 
Carbon 0.07 max. 
Manganese 1 .OO max. 
Phosphorus 0.04 max. 
Sulfur 0.03 max. 
Chromium 14.00-15.50 
Nickel 3.50-5.50 
Copper 2.50-4.50 
Columbium plus Tantalum 0.15-0.45 

* High strength 
* High hardness 
* Excellent transverse resistance 
* Good forgeabilitiy 
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Abstract 

The objective of the first project involving the HYDRA laser system was to determine 
what effects, if any, could been seen in the system's measurements when testing was done with 
objects com.posed of different materials. ldeally we would like to have seen that the range of 
measurements were all within the accepted 0.4 millimeter accuracy of the system. Unfortunately 
our results were not as we had hoped, and there did appear to be some significant difference in 
the measwements made on objects composed of different materials. 

The second project is a continuing project at Old Dominion University. The ultimate goal 
is to develop a medical database that allows a doctor or hospital to keep medical records on line. 
The curnent data of the system consisted of one patient whose medical data had been hard coded 
to allow for a demonstration of the potentials of the system. The short term goal for this summer 
was to add a~dditional patients to the system for testing, and to eliminate the hard coding of data 
by creating a database where data could be stored and queried to produce the results seen in the 
cunent state. 



Project A 

I. Introduction/l3ackground Mormation 

The Hydra Optical - Fiber - Coupled Coherent RangeBressure Measurement System was 
developed by the Coleman Research Corporation. (Hereafter referred to as HYDRA laser 
system) The Hydra laser system is able to measure both range and force. We were only 
concerned with range measurements. According to the operations handbook, this infomation is 
derived from a "coherent laser radar (CLR) utilizing linear frequency modulation of a laser diode 
source." The laser is constantly emitting a beam which is reflected back from the surface of the 
object being measured. When the laser picks up the frequency of the signal which has boernced 
back, the distance can be determined. 

The Hydra Laser System has three (3) local oscillators each of which is used for a different 
range. The system will first focus on the object that is to be measured. This initial focus is a 
"guess" by the system of the distance of the object. When this is done, the initial dislance is used 
to determine which local oscillator is appropriate, and the appropriate mixing frequency of the 
signal. The first local oscillator is used for short range distances from 1.8 meters to 5 meters. 
The second local oscillator is used for medium range distances from 5 meters to 10 meters. The 
third local oscillator is used for long range distances fiom 10 meters to 15 meters. It is harder for 
the system to focus at shorter distances, but there is also a smaller potential area for the target to 
be in. Although it is easiest to focus at long range distances, there is a greater potenitial for emor 
since it is harder to find the exact target. 

This Laser system was originally designed to be used in the robotics program. Poterltiitlally, a 
system of this type could be used in a robotic arm to assist in locating a specific target for the 
arm. It would be ideal for the system to target objects of different materials, and still mainbin 
accurate range measurements. This was the motivation behind this particular expe.nment. 

11. Project Summary 

A. Approach 

We chose five (5) different materials to test. These were : Aluminum, Paper, Plastic:, Scotch-Late 
( the reflective material used for hlghway signs), and Shuttle Tile. Each of the materials were 
tested at six (6) hscrete points withln the range of each of the three (3) local oscillaltors. A range 
was chosen well within the boundaries of each of the three local oscillators, i.e. the system did 
not have to attempt to change oscillators for a measurement on the boundary such a.s 5 meters. 
For each of the five materials at each of the six measurement points a total of 30 measurements 
were taken, and the average of these 30 measurements was used for comparison. This allowed us 
to compensate for the fact that one of the measurements may be poor due to poor focusing or 
some other problem. The range of measurements also allowed us to compare the standard 
deviation for each material within each range. The large amount of data would allow us to 
search for some patterns across materials and across local oscillators. 



B, Equipment and Facilities 

The testing !was done with the HYDRA Optical - Fiber - Coupled Coherent Rangelpressure 
Measmremei~t System located in building 1220. This system allows the user to save the data 
generated by the laser onto disk. This data was then analyzed using Microsoft Excel and NCSS. 

6. Results and Conclusions 

The data analysis showed that there were differences in the range measurements for different 
rnateraals at the same point. Although these differences were generally less than one millimeter, 
they were considered to be significantly different. Our preliminary conclusion is that the type of 
matehaal does have some effect on the accuracy of the range measurement. At this point, my 
mentor left  for a four week vacation, and work on the project stopped. I had reached the limit of 
my usefulness for this project, and the final results and conclusions will be developed by Sixto 
Vmquez upon his return. 



Project B 

I. Introduction1 Background Information 

This project is an ongoing research area at Old Dominion University. The current protolype was 
developed by Carl Jolly as a master's project. The ultimate goal is to provide a datalbase system 
with a user friendly interface that will allow physicians to maintain medical files for patients on 
line. There are different levels of access into the system, doctor, nurse, receptionist, and patient. 
Patients would be able to view their own medical records. Scheduling would be done through 
this system. The nurse would record initial patient information such as temperature, height, 
weight, etc. on line. The doctor would be able to record progress note information for each visit 
on line as well by pulling up the appropriate window for data entry. The system would keep 
track of information such as patient allergies and medications. The goal is to allow medical 
personal more effective and efficient access to pertinent medical information about a specific 
patient. 

The prototype was designed to show what could be expected from a system of this type. 
Carl Jolly designed windows and screens for data entry and data presentation. The ]medical 
records for one patient were hard coded into the system. The current goal is to remove the need 
for hard links, and to design a database to hold the information for many patients. 

Currently three (3) students at Old Dominion University are working on creating anid 
implementing a database for this purpose. There was a need for more medical files. My p~amaary 
purpose this summer was to transcribe six patient files obtained from Academic Physicians & 
Surgeons at EVMS in such a way as to facilitate the transfer of this information into the 
database. 

11. Project Summary 

A. Approach 

Since the database had not yet been completely created, and implementation had not yet b e w ,  
it was not possible to directly enter the information into the database. It was necessary for me to 
enter the data into files that could easily be converted later with a simple C progranl. Some 
information required scanning, and these are files that can be directly used by the daubase at a 
later point. 



B. Equipment and Facilities 

The me&cal files were transcribed at Old Dominion University and scanned at NASA Langley 
using the Hewlett Packard scanned at the Systems Integration Branch. 

At this point, all of the data has been entered into files which are ready for conversion. The 
d a ~ b a s e  development is in progress and implementation has not yet been completed. The goal is 
to have the (database fully implemented by the end of the summer, and then to determine what 
changes, if any, need to be made. 
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ABSTRACT 

A review of the evolution of the International Space Station (ISS) was performed for the 
puPpose of understanding the pro-ject objectives. It was requested than an analysis of the 
current Office of Space Access and Technology (OSAT) Pastnership Utilization Plan (PUP) 
ahaffic model be completed to monitor the process through which the scientific experiments 
cdalled payloads are manifested for flight to the ISS. A viewing analysis of the ISS was 
also proposed to identify the capability to observe the United States Laboratory (US LAB) 
dufing the assembly sequence. Observations of the Drop-Tower experiment and non- 
desmctive testing procedures were also performed to maximize the intern's technical 
experience. Contributions were made to the meeting in which the 1996 OSAT or Code X 
PUP traffic model was generated using the software tool, Filemaker Pro. The cursent 
OSAT tsaffic model satisfies the I-equir-ement for manifesting and delivering the proposed 
payloads to station. The cur-sent viewing capability of station provides the ability to view 
the US liAB during station assembly sequence. The Drop Tower experiment successfully 
simulates the effect of microgravity and conveniently documents the results for later use. 
The non-destructive test proved effective in detennining stress in various components 
tested. 

The International Space Station is proposed to be a world-class orbiting laboratory used for 
conducting high-value scientific research. One of the objectives of this plqect is to develop 
h e  ability for humans to live and work in space taking advantage of the microgravity 
envkonment. Microgravity is one-one millionth of one unit force of gravity on Earth. The 
Drop Tower experiment that was observed demonstsated the effects of microgravity on 
several forces and fluids. It is important that each scientific experiment or payload 
developer be aware of these effects as they plan for their payload to be integrated with 
S t a ~ o n .  It is also impesative that the process for manifesting these payloads to Station be 
completed carefully. The traffic model has been acranged so that researchers can benefit 
from early access to the microgravity environment. This will enable results to be obtained 
from research on station before it is completely assembled. Non-destsuctive testing used 
for monitoring some structural components was observed. This analysis contributed to 
understanding the importance of monitoring the structure of ISS during the build-up 
sequence. Also during this sequence, the capability to perform viewing analysis of the U S  
LPaB was verified. 

1.2. PROJECT DESCRIPTION 

The first task was to explore the definition of the ISS, its components and the objectives of 
the pro-ject. The ISS will further develop and use leading-edge technology to reach its goal 
of providing a top quality laboratory for scientific research in space. Its structure and 
design mandate that Station be sent up in stages called assembly flights. Integrated into 
each assembly flight will be payloads. The ability to send the components to orbit will be 
furnished by a space transportation system (STS). The ISS will orbit easth's surface 190- 
220 nautical miles. The decay fsom 220 nm to 190 nm is attributed to atmospheric drag 
forces. 

The International Space Station gets its title fmm the fact that inter-national partners ae 
involved in its development. The United States, Russia, Canada, Japan, and Europe rn 
collaborating to complete this project. 



Figure 1 illustrates the modules contributed by each country. It shows the ISS equipped 
with photovoltaic arrays that are used to absorb energy from the sun, thermal control 
radiators that radiate excess heat, a centrifuge facility, and a pre-integrated truss s ~ u c t u ~  to 
which many of the modules are attached. The truss also houses the control moment gyros 
and other devices necessary for station operation. It also provides the structure to which 
the external payloads will be attached including cameras used for monito~ing various ISS 
components. 

The ISS7s mission objectives were as follows: 
Provide a world-class orbiting laboratory for conducting high value scientific research 

0 Implement early, on-going access to microgravity resources 
Develop ability to live and work in space for extended periods 
Achieve program that meets technical, schedule and cost targets 
Introduce "new ways of doing business" 
Develop effective international cooperation 

The ISS will affect three major areas of science. One is life science in which the research 
will aid in the study of biological space effects, space environment effects, ecologicd life 
support, and life system biology engineering. Secondly, euth science in which he 
research will aid in the study of atmosphere protection, climate prediction, land mapping, 
ocean monitoring, and weather now casting. Finally, space science in which the reseach 
will aid in the study of solar physics, cosmic physics, astronomy, and astrophysics. 

Along with learning about ISS itself, it was requested that an updated database of the 
payloads be generated. Filemaker Pro is the computer software through which this task 
was completed. The infoimation for each payload was transfei~ed from the old d a ~ b a s e  to 
the new database. The database consisted of the payloads projected for flight during h e  
build-up sequence. An example of this database is shown in Figure 2. In addition to 
understanding the payload planning process, it was imperative that the microgravity 
conditions under which these experiments will operate be understood. Microgravity is 9.8 * or one millionth as strong as it is on Earth. 

The Utilization Analysis Branch secured a Drop Tower facility from NASA Lewis Space 
Center to demonstrate the effects of microgravity. Learning this facility then became one of 
the tasks outlined for this position. The facility consisted of an eight foot tower apparatus, 
a small camera, a monitor, a video camem recorder (VCR), a trvnk and six splecimens as 
shown in Figure 3. The specimens used were a scale with a mass, oil in a rube, two 
magnets, a pendulum, oil mixed with water and a lit candle. The mini drop tower or free- 
fall tower was assembled such that a pulley could hoist the box containing a camera and the 
specimen to the top of the tower. The pulley was then released, thus allowing box to drop 
to the bottom of the trunk. During the fall the camera recorded the specimen's aclivity. 
Through this demonstsation, the use of six objects was obsei-ved. A scale with a mass on it 
was used to show the effects of microgravity on weight or mass of an object. Clil in a tube 
was used to show the effects of microgravity on pipe flow, two magnets were used to 
show how magnetic force was effected, a pendulum was used to show how momentum 
was effected, oil mixed with water was used to show how two different emulsible fluids 
mix, and a lit candle was used to show the effects of microgravity on convection. 

It was requested that a viewing analysis be perlormed to identify the capability to monitor 
the US LAB during the build-up sequence. Using the Netscape interactive software tool, 
results of a viewing study where cameras were used to monitor different parts of the ISS 



were located. Netscape, first, provided a list of viewing equipment settings. From these 
findings, the pictures highlighting the US LAB were identified. The picture that provided 
the best viewing of the US LAB was called lower port camera looking starboard shown in 
Figure 4.. This data was downloaded and included in a report to document that the 
requested capability existed. 

a f k r  coinpleting most of the tasks that were required, questions arose about fatigue that 
may k experienced by the ISS components. Thus, observations of the non-destructive 
t e s ~ n g  of cracks were ail-anged. The first step in this procedure was polishing small pieces 
of duminum with paste and sandpaper. These specimens were then placed in an Instron 
85W with a capacity of 22.48 Kips where they underwent extensive testing. 

Each of these tasks, demonstrations, and expeliments contributed to payload planning. 
The updated OSAT traftic model helped to organize Code X payloads for the current PUP. 
The database generated as a part of this summer program was instrumental in the 
developnnent of a spseadsheet outlining tile percentage of resources allocated to the 
payloads proposed for Station. 

The results of the Drop Tower experiment were as follows. The gravitational forces were 
reduced ;as these objects were permitted to fall. The mass briefly became weightless, the oil 
flowed up the sides of the tube, magnetic force was reduced, momentum was either 
keduced lor increased depending upon the position of the pendulum when it was dropped, 
beads of oil remained still in the water, and the shape of the flame on the lit candle took on 
a spherical shape versus an elongated one. These results were all documented on the VCR 
tape. The demonstration was pelfilmed as an exhibit at the Virginia Air and Space 
Museum. 

The viewing analysis task was required to dete~mine if more money needed to be allocated 
to provide the means to monitor the Lab. The results conii~med that the ability to monitor 
the US LAB during the assembly sequence all-eady existed. Thus, only modifications to 
the film format need to be made. 

The pro-ject involving the non-destriictive testing of cracks had not been completed by tlle 
rime of this repost. However, scientists will be to analyze the data collected from the non- 
destmcti.ve testing procedures and predict any fatigue that may be caused on the ISS. 
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Abstract 

Forebody blowing is a concept developed to provide yaw control for aircraft flying 
at high angles of attack where a conventional rudder becomes ineffective. The basic 
cmeepr is fairly simple. A small jet of air is forced out of the nose of the aircraft. This jet 
causes a repositioning of the forebody vortices in an asymmetrical fashion. The 

earic forebody vortex flows develop a side force on the forebody which results in 
subschfial yawing moments at high angles of attack. 

Tlhe purpose of this project was to demonstrate the use of forebody blowing as a 
con001 device through free-flight evaluation. This unique type of testing was perfomxd at 
&e NASAQ-Langley 30- by 60- Ft Tunnel. From these tests, it could then be shown that 
forebdy blowing is an effective method of maintaining yaw control at high angles of 
a w k .  



Prior Efforts 

Before joining this project, much work had already been completed towards h e  
same end. Primarily, the model configuration had been decided upon and eansr+~leted. 
Furthermore, static tests were performed to determined the aerodynamic characte~s~es of 
the model. 

The configuration chosen for the model was one of a 'generic' fighter allirmaft. In 
particular, the configuration is very similar to an old NASA design which was used to 
evaluate configuration effects on stability characteristics. The design features a rudder, 
differentially moving horizontal tails, and ailerons in addition to the blowing ports dong h e  
forebody. The model was constructed by the Eidetics Corporation and then brought to 
NASA-Langley's 30- by 60- Ft Tunnel for static testing. 

A static test is one in which the aircraft is mounted rigidly inside a wind rtumel. By 
placing each of the control surfaces at different positions under various conclitions, the 
aerodynamic qualities of the model can be determined. This is particularly i m p m t  for 
developing a control system for an aircraft. One must know what effect each surface vain1 
have on the aircraft in order to control the W a f t .  

Development of Control System 

In order to actually fly the model, a suitable control system had to be develop&. In 
particular, a control system which incorporates the effects of forebody blowing. Tbe fwst 
step to this process is determining the stability of the aircraft. At all angles of artaek, &e 
aircraft must remain stable in both roll and yaw. Generally, the basic aircraft ~ t h  no 
control surfaces remains stable. However this is not always the case at high angles of 
attack. If it is not stable, proper inputs to the control surfaces may be needed to obt&n 
stability. 

Once stability is obtained, the maximum expected roll rates can be deternlind. One 
major limiting factor to roll performance is the requirement of roll coordinaticon. For m 
aircraft at a high angle of attack, it is necessary to couple yaw commands wi& roll 
commands so as to avoid undesirable sideslip. However, yaw control induced by rlme 
rudder is greatly decreased at these angles of attack. It is at this point that forebody 
blowing becomes necessary. However, there is generally still not enough yaw 
performance to match the roll capabilities and roll rate limits must be set. Using the 
controlts available to meet the conditions of stability and roll coordination gives s o m  idea 
as to the theoretical capabilities of the model and a starting point for refining the eonbsol 
system. 

Finally, the control system was developed as a block diagram. Tulo separate 
control systems were developed. One for the lateral control system and the either for as= 
longitudinal control system. The longitudinal control system is a fairly basic sjrstern. The 
only control surfaces are the horizontal tails and thrust vectoring. Thrust vecto~ng was 
being added to the original model to give added control at high angles of attack if 
necessary. Similarly, this system only contained three inputs. One each for the pilot's 
stick and trim knob and then a feedback input of pitch rate. The pitch rate feedback was 
used as a dampening mechanism to prevent the model from oscillating. An angle of a m k  
feedback was originally included to limit the angle of attack but it was never employ& 
during free-flight. 



However, the lateral control system is much more complicated. This control 
sysrem used the rudder, ailerons, differential tails, thrust vectoring, and forebody blowing 
an; conml surfaces. Furthermore, the pilot's stick and trim knobs were accompanied by 
roll m e  ;and yaw rate dampers, sideslip feedback, and roll coordination inputs. Also, 
switches were required to bypass almost every feedback loop and control surface if 
desk& 'fie following page illustrates this control system. 

One major difficulty in developing this control system was the nature of forebody 
b l o ~ n g .  The blowing is effectively on or off which is unlike the other surfaces which can 
mvel bough a range of motion. Therefore, it is only possible to get the entire effect of 
blodng or no effect at all. This phenomena is produced for two reasons. First of all, the 
valve controlling the blowing can only be open or closed. And secondly, static data 
showed that the yawing moment caused by the forebody blowing was very nonlinear with 
resgect to the air pressure. 

Finally, a combiner was developed to coordinate the horizontal tail motion 
ded by the longitudinal system with the differential tail motion commanded by the 

lateral control system. Once this was finished, the system was ready to be tested through 
simula~on. 

Simulation 

I r k  order to refine the control system, the SIMULINK toolbox for the computer 
program MATLAB was used. In SIMULINK it is possible to model the entire control 
system. Furthermore, the aircraft itself can be modeled through a series of state-space 
equa6ons. These state-space equations employ the control surface deflections as inputs and 
o u ~ u t  h e  various states of the model. In particular, the state-space equations output the 
roll a d  yaw rates, the sideslip angle and roll angle for the lateral control system. These 
csanpurs are then sent back into the control system to determine the deflection of the control 
sdaees. 

men, various gains can be placed into the control system for a given angle of attack 
md the resulting aircraft response can be determined for a given stick input. By changing 
the v ~ o u s  gains in the control system, an optimal setup could be found for each angle of 
8 ~ k .  

A similar process was repeated for the longitudinal system. Again, this was much 
simpler rhan the lateral system. Once the gain schedules were completed, the control 
system was turned over to the programmer who wrote the actual code to be used during 
free-fight. 

Model Preparation 

Once the control system was finished, the next stage was to finish preparing the 
mdel fo r  free-flight. The same model that was used during the static tests was converted 
for he-Righr. This process consisted of adding an actuator to power each control surface, 
insding the thrust components including thrust vectoring, and adding the data acquisition 
equipment. Most of this work was completed by technicians while the control system was 
being deweloped. After these components were added, the model was weighed and 



balanced. The additional weight of the actuators caused the aircraft's center of gaviry to 
shift rearward. Therefore, it was necessary to add a relatively large mass to tlne nose. 
Once this was done, the true moments of inertia along all three body axis could be 
determined by swinging the model and measuring the natural frequencies. me aclud 
moments of inertia were then used to update the predicted response characterisfics of the 
model. 

The next stage was to lift the model into the tunnel and prepare it for h - f l  igbt. & 
hoses and electrical wires were attached to the model at the center of gravity. Finally, each 
control surface was calibrated and the model was ready for free-flight. 

Free-Fiigh t 

Free-flight wind tunnel testing is unique to NASA Langley's 30- by 60- Ft Tunnel. 
The tunnel is designed with an open test section which allows enough room and Ehe popes 
facilities to actually fly a model within the tunnel. Compressed air is used to pmvide h s t  
and to power the actuators which move the control surfaces. Electrical wires are also 
attached to the plane to relay data between the plane and the control computers. These 
wires are attached to the aimraft at it's center of gravity to avoid affecting the aerodparnjies 
as much as possible. 

The plane is flown by three separate pilots. One pilot is located below alnd behind 
the model. This pilot is responsible for the yaw and roll control of the plane. me oher 
two pilots sit above and beside the model. One is the pitch pilot and the other cc~neols h e  
thrust. This setup allows the plane to be actually flown under controlled conditions wi& no 
risk to human life at a relatively cheap cost. Furthermore, the control system can be 
quickly and easily altered from the control room in case of any unexpected problems. 

Fur this test, the free-flight program was to consist of several aspects. The p~marry 
objective was to show that the model could be flown at high angles of attack with the use of 
forebody blowing. To show this, the model was to be flown at a certain angle of arack 
with the use of thrust vectoring. Then, forebody blowing would be engaged and the lmrust 
vectoring turned off. Finally, the blowing would be disengaged. At this point, rhe mdel 
would probably become unflyable. This would then show that the blowing provides 
enough control to fly at that angle of attack which was not possible without blowing. Tl"lis 
was to be performed throughout a wide range of angles of attack to fully evaluate its flight 
envelope with and without forebody blowing. 

A second object of the experiment was to determine the reaction time of the 
blowing. If the vortices caused by the forebody blowing took too long to fom, the 
blowing would become impractical. To determine this, the aircraft was to be flown ste&ly 
without blowing. The blowing would then be manually engaged for a second or so m d  the 
corresponding response could be recorded. 

Unfortunately, the free-flight program met with many problems. The most 
common problem was one where the rudder became uncontrollable. The nature of the 
problem was never discovered, but it caused a stop for repairs several times. Each dme, 
the rudder resumed working properly after a short period of time for no appwnr reason. 
Another problem was a large amount of noise in the electrical system. Again, the cause of 
the noise was never discovered but it was enough to cause a great deal of tail flutter md it 
made the data less accurate. 



However, we were able to make several runs where sufficient data was obtained on 
~e revmse time for the blowing. Finally, the rudder and horizontal tails were completely 
&seonnec=ted. This solved the noise and rudder problems. However, the plane was now 
flfing with only thrust vectoring and ailerons. This configuration proved to be adequate 
since the model was still flyable. Testing was done from thirty to fifty degrees angle of 
amck. It was clearly shown that the plane could fly with only forebody blowing up to fifty 
degrees. Static data estimated the maximum angle of attack without blowing to be around 
35-40 degrees. Therefore, an increase of a minimum of ten degrees was obtained with 
only Lke forebody blowing. However, expected results with the use of the conventional 
rudder arid tails would have been around sixty degrees angle of attack, an increase of 
wenry-eve degrees. 

Data Analysis 

Upon completing the free-flight testing, the next step was to analyze the flight data. 
n e r e  were two main objectives to be gained from the flight data. The first was a 
q u m ~ b z d  value for the response time. These were obtained by looking at the instances 
where th4:: blowing was turned on and then off manually. The second objective was to 
e n s w  thiat the forebody blowing had the same characteristics during flight as it did for the 
static tests. This was done by examining the periods of flight where only forebody 
bIodng was being used. To do this, yaw velocities were differentiated to find yaw 
aceeleratiions. These accelerations were then used to find the yawing moments and non- 
&mnsionalized to find the blowing derivatives. Finally these derivatives were compared 
m h e  stalic derivatives found earlier. 

Conclusions 

Although the free-flight program experienced many problems and an inadvertent 
msh halM the program early, most of the original objectives were satisfied. It was clearly 
shcrvvn that forebody blowing is an effective control mechanism at high angles of attack. 
Tlhe mod(e8 was able to fly at high angles of attack while using only the forebody blowing 
fsr yaw control. Unfortunately, a complete envelope expansion with and without forebody 
blowing .was not possible. This fact makes it more difficult to analyze how great of an 
hmase in angle of attack that forebody blowing provides over the conventional rudder and 
tail setup., 

The experiment allowed for an accurate repres&tation of the response time. The 
riime fronl the start of blowing to the maximum acceleration due to blowing is between .1 
a d  .25 sleconds. This is an excellent result because it shows that it is quick enough to be 
eEwtitve. 

The free flight program met with many challenges and difficulties. But, the 
iraa~raant result of demonstrating the effectiveness of forebody blowing was successfully 
accomplished. The possibilities of forebody blowing are clearly evident and should be 

I in greater detail. 
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Abstract 

The conversion of the Aerodynamic Preliminary Analysis System (APAS) 
software from a Silicon Graphics UNIX-based platform to a DOS-based IBM PC- 
compatible is discussed. Relevant background information is given, followed by a 
discussion of the steps taken to accomplish the conversion and a discussion of the type of 
problems encountered during the conversion. A brief comparison of aerodynamic data 
obtained using APAS with data from another source is also made. 

Introduction 

The Aerodynamic Preliminary Analysis System (APAS) is a software package 
that can be used to perform a wide range of aerodynamic analyses. APAS is a family of 
FORTRW programs, and is used by the Vehicle Analysis Branch of NASA Langley, 
among others. It allows the user to input a wide range of aerospace vehicle geometries, 
and can then analyze those geometries in the subsonic, supersonic, and hypersonic flight 
regimes. Given a set of test conditions (such as Mach number, altitude, center of gravity 
Iocation,, surface roughness, rotation rates, and angle of attack or sideslip sweeps), the 
APAS system can provide the user with all six aerodynamic force and moment 
coefficie:nts, as well as estimates for a number of their derivatives. In addition, APAS also 
allows the user to define control surfaces and estimate their effectiveness. 

The M A S  system consists of three separate programs. The first program is APAS 
itself, which is used to create and edit geometries to be analyzed, to set up analysis runs, 
and to plot the results from analyzed runs. The second program is the Unified Distributed 
Panel ('IJDP) program, which is used to perform subsonic and supersonic analysis of 
geometries. For subsonic Mach numbers, UDP uses a combination of slender-body 
theory, linear source and vortex paneling methods, and empirical base drag analysis. For 
supersonic Mach numbers, UDP adds in the effects from an empirical wave drag analysis. 
The third program is the Hypersonic Arbitrary Body Program (HABP), and is used to 
perfom analysis of the hypersonic aerodynamic characteristics of geometries. HABP uses 
hypersolnic impact methods for its analysis. Both HABP and UDP use empirical skin 
fricfon methods to calculate skin friction forces. HABP is a modified version of the 
Gentry code developed in the 1960's by McDonnell Douglas, and UDP and HABP were 
developed in the 1970's and 1 9809s, respectively, by Rockwell ~nternational.' 

1\11 three of these programs have been periodically updated to enhance their 
capabil?ties and enable them to be run on different computer systems. At one time or 
another, each has been run on an JBM mainframe, and Sun and VAX workstations. 
Cumently, the Vehicle Analysis Branch runs APAS on Silicon Graphics (SGI) machines. 
All of the computers running APAS have had a UNIX-based operating system, and all of 
them ha.ve supported the Tektronics PlotlO graphics library. The PlotlO library was used 
by the creators of APAS to support the graphical requirements of APAS itself. Primarily, 
these requirements were to be able to draw and interactively edit the geometry 
components to be analyzed, and to display data from the analysis performed by UDP and 
HAIBP. (UDP and HABP themselves do not require any graphical support, and hence do 
not make use of the PlotlO library.) 



Over the last few years, it has been increasingly difficult to find emulation 
programs that can support the interactive use of the Tektronics PlotlO library. A,s a result, 
there is a movement underway to replace the PlotlO references in APAS with a more 
modem standard X-based UNIX graphics package. 

In addition to the increasing difficulty of finding proper emulation, the last decade 
has seen an explosion in the use of personal computers (PC's). There are now orders of 
magnitude more people who have access to PC's than to large, expensive 
mainframes and workstations. Accordingly, there has been an increasing call for a version 
of APAS that will run on a PC. This project was undertaken to fulfill that call. It was the 
aim of this research project to create a version of APAS system to run on a late-model 
IBM PC compatible, to validate the solutions given by this new version against the 
existing (UNIX) version, and to package this version in a form that allows the easy 
distribution of both the executable files and the source codes. 

Approach Taken 

The approach taken to this project involved a number of steps. First, the source 
files for APAS, UDP, and HABP were gathered and transferred over to an IBM PC 
compatible computer. Then, time was spent with each of the codes getting them to 
compile properly. At this stage it was necessary to change some calls to nonstandard 
FORTRAN-77 routines. Once each program was compiled and linked, APAS itself was 
debugged to a rough but usable level; bugs which would crash the program during nomal 
execution were fixed, but less serious problems were left alone. It should be noted at this 
point that a contractor had previously written a set of routines to mimic the PlotlO libraby 
on a PC using the Watcom FORTRAN 77 compiler's graphics library. Howe:ver, these 
routines had never been fully integrated into APAS or tested with it. It was at this point 
that the testing and debugging of these new PlotlO-substitute routines occurred. 

Once APAS had reached a level where geometries could be created and set up ifor 
analysis, the process of testing and debugging HABP and UDP began. At first, very 
simple geometries were created and analyzed to catch any immediate run-time emrs that 
occurred. Then, more complex configurations such as a model of the Space Shuttle 
Orbiter were used for direct comparison with results obtained from the SGI versions of 
HABP and UDP. During this process a number a bugs were discovered, some of which 
were the result of errors in the original source code. These errors may need to be 
corrected in the current versions of the codes. This process continued until the PC m d  
SGI versions of HABP and UDP showed identical results on multiple configurations. 

Once HABP and UDP were deemed to be operating properly, work on APAS 
itself was finished. A number of minor, mostly cosmetic bugs were corrected. In addition, 
new code was written to allow the use of a mouse when using the PlotlO-substimte 
routines. (The original APAS allows the use of the mouse.) Then, once APAS was 
finished, a few external utilities that typically accompany the APAS system were 
compiled and tested. A listing of all of the changes made to each of the APAS programs, 
and the reasons why the changes were made was then documented. 

The final step in this project was to create a set of compressed files for easy 
distribution of APAS. One compressed file contains the executable files and other files 



wecessmy to run MAS. This file also contains a README text file to explain how to run 
each pro,gram, as well as and other information about the PC variations from the UNIX 
N A S .  The other compressed file contains the source codes and information about what 
was changed in the source files. 

LaRC Equipment Used 

Only a small amount of equipment was needed for this project. The primary piece 
of equip~ment used was a Dell 66 MHz Pentium computer with the Watcom FORTRAN 
77 32 bit Compiler (version 9 .5~)  in the Vehicle Analysis Branch. The Silicon Graphics 
computers in the branch were used to provide the benchmark platform against which the 
PC version of APAS was compared. The Langley Technical Library was also used for 
references about programming for the mouse on a PC. 

Results 

Two different topics will be addressed in this section. The first will be a 
descrlgti~on of the types of corrections which needed to be made to the original APAS 
source codes, and what action was taken to correct them. The second will be a brief 
comparison of the data obtained from APAS with data from the Aerodynamic Design 
Data Book for the Space Shuttle Orbiter. 

Psoblemls encountered in conversion 

A detailed discussion of every change made to the APAS source files is beyond 
the scope of this report. Instead, a general discussion of the types of problems 
encountered and what was done to resolve them will be included here. 

The first major type of problem encountered in converting APAS was the 
occurrence of compiler- or platform-specific references in the original source codes. A 
number of these problems were quite simple, such as the use of double quotes in the 
BNCLmE statements in UDP, which had to be replaced by single quotes for the Watcom 
system. Some of these problems were caused by calls to non-standard FORTRAN 77 
functions that perform system-specific tasks such as accessing the current system time or 
date, reading additional words used on the command line when the executable file was 
invoked, and exiting the program with a return code. They were fixed by replacing the 
SGH compiler function calls with their appropriate Watcom compiler equivalents. In 
addition, a number of calls to functions which did not have Watcom equivalents were 
encountered. These were primarily trigonometric functions using degrees instead of 
radians. 'The prevalence of these functions in the source codes made it simpler to create a 
few additional functions with a radians to degrees conversion than it would have been to 
replace all of the calls to them in the source files. A final change in this category in the 
handling of files. On previous systems where APAS was used, the limits on the number 
of files open and the numbers of characters in a filename were much larger than on the 
PC. It was necessary to add a statement to HABP and UDP which increased the number 



of files that could be opened by the programs, and to truncate any filenames that were too 
long. 

For the most part, these types of problems were relatively quick and easy to solve 
(although INCLUDE statements with double quotes appeared in about three fourths of the 
UDP subroutines, and were time-consuming to replace). Once aware of them, they did not 
present much difficulty to correct. However, the use of compiler-specific routines in the 
source codes will continue to present a barrier when taking the software from one 
platform or compiler to another. 

The second major class of problems encountered was errors in the origiinal source 
codes. A few of these errors, such as incorrect FORMAT statements, were easy to spot 
and relatively harmless, but most caused substantial problems and were hard to find. 
Most of the errors centered around the definition, typing, and initialization of variables. lin 
a few cases, it was obvious that an INCLUDE file containing a needed cornrnon block 
was missing. In these cases, the required INCLUDE statements were added. In a larger 
number of cases, an apparent typographical error led to using a variable that was never 
defined or initialized in a particular routine. Most of these cases were rennedled by 
replacing the variable with another variable in the routine which seemed Bike the one that 
original programmers must have intended. A number of errors were also caused by 
differences in the arguments of COMMON blocks in different routines, or by assigning 
variables different data types as they are passed from one routine to the next. These enors 
were corrected when they seemed to cause a problem. Lastly, a couple of coding errors 
were discovered that resulted when the code was prepared for use with the SGI compiler. 
Apparently, the SGI compiler cannot handle using nested exponents on a single line. Bw a 
couple of instances in HABP, the lines replacing the original nested exponentiation were 
mathematically different from the originals, and hence generated incorrect results. These 
lines were changed to restore the original mathematical expressions. 

This class of problems was far more insidious than the first class and occupied a 
large portion of the time spent testing and debugging the APAS programs. The instances 
of errors that seemed to be causing problems appear to have been fixed. But there is no 
guarantee that errors of this type will not resurface. There are still quite a number of 
common blocks that have multiple type definitions, and quite a number of variables with 
multiple types, that were left in place. The potential exists for many more errors of this 
type to surface in the future if the eode is moved to other systems or if more thorough 
testing is done. 

The last major type of problem encountered when converting APAS to sun on a 
PC was the difference in graphical formats used in the PC and Plot10 systeims. These 
problems were only encountered in APAS, since HABP and UDP do not have my 
graphics. A number of problems were caused by what appeared to be errors in tlhe Plotlo- 
substitute library code. They were most likely the result of not fully integrating and 
testing the new library with APAS, and all of them that were found were fixed. In a few 
cases, minor errors in text or symbol positions had to be corrected. They were probably 
caused by the differences in a PC screen resolution, which is 1024x768 pixels and the 
Tektronics terminal, which was 4096x3180 pixels. A final problem of this type was the 
difference in the use of graphical and text-based text between the two systems. On a 
Tektronics terminal, both graphically drawn text and regular text could be positioned in 



the same fashion. The PC uses a different means to position each kind of text. In cases 
where the text position was considered critical, graphical text reads and writes were 
substitutc~d for text-based ones in the PC version. 

Most of these types of issues were not absolutely critical to the functioning of 
APAS, but correcting them made APAS a much nicer program to use. The most serious 
problems of this type were actually errors in the original source code (such as multiply- 
typed variables) which did not cause problems for PlotlO graphics, but could cause the 
Watcom PC graphics to crash the program. 

One additional issue that needed to be addressed in this area was the use of a 
mouse to move the cursor when viewing or editing the geometry components of a vehicle. 
The original PlotlO library supported the use of the mouse, since it was directly supported 
by the keyboard interface. (Originally, before the use of the mouse became prevalent, 
keyboarcl thumbwheels were used.) The PlotlO replacement routines for the PC did not 
include mouse support, instead relying on the keyboard cursor keys to move the cursor 
around the screen. While this performs adequately, it was desirable to have mouse 
supporl on the PC as well in order to more closely copy the "feel" of the original APAS. 
To do this on a PC, a few additional lines of code had to be written to issue calls to DOS 
assembly language interrupts to position and reposition the mouse cursor. Unfortunately, 
the resulting mouse movement seemed jerky and was hard to position precisely. As a 
result, a dual-movement method was used. The user can move the cursor with the mouse 
and then press the mouse button, which will allow the user to either reposition the cursor 
with the cursor keys or to enter a desired keyboard command. 

APAS comparison for Space Shuttle Orbiter configuration 

Comparisons of the results obtained from APAS analysis of the longitudinal 
aerodynacmic characteristics of the Space Shuttle Orbiter with the values contained in the 
Shuttle's Aerodynamic Design Data Book (ADDB) will now be discussed. The 
comparisons have been made for varying angles of attack at two Mach numbers, one 
subsonic (Mach = 0.6) and one hypersonic (Mach = 15). It should be noted that many 
more comparisons and validations of the code than those discussed here were made. 
However, in the interest of space, only these two cases will be discussed. 

The APAS model of the Shuttle Orbiter used for this comparison is shown in 
Figure 1. The data for the subsonic comparison is shown in Figure 2. The values of the 
lift, drag, and pitching moment coefficients (Cl, CD, and Cm) are shown as functions of 
angle of attack (alpha).The results obtained from the APAS (UDP) analysis are shown as 
straight Ilines, and values from the Aerodynamic Design Data Book are shown as "+" 
characters. From Figure 2 it can be seen that the lift and drag curves are generally in fairly 
good agreement with the values from the ADDB. UDP slightly overpredicted the slope of 
the lift curve and slightly underpredicted the drag, but these differences are small. The 
pitching moment curve, however is significantly different from the values in the ADDB. 
This is probably due to the fact that only linear terms were used in this particular analysis. 
Other studies done with APAS have shown considerably better agreement. 

The data for the hypersonic comparison is shown in Figure 3. As in Figure 2, the 
values of the lift, drag, and pitching moment coefficients (Cl, CD, and Cm) are shown as 



functions of angle of attack (alpha), and the results obtained from APAS (WAIBP) are 
shown as straight lines. The lift and drag curves show even better agreemenit with the 
ADDB data for this case than they did for the subsonic case. The pitching moment curve 
shows somewhat better agreement in this case than in the subsonic case, although it is 
largely in error in some places. This is most likely due to an error in the prediction in the 
center of pressure in HABP. For the shuttle, this error has been shown to be about two 
percent of the body length. If the center of gravity in APAS were to be moved forvvad by 
two percent, it is likely that the discrepancy between the APAS data and the data from the 
ADDB would be substantially 

Conclusions 

The Aerodynamic Preliminary Analysis System (APAS) software has k e n  
converted from a Silicon Graphics UNIX-based platform to run on a DOS-based BM 
PC-compatible. The APAS software has been tested, debugged and validated for a 
number of representative cases. APAS has now been packaged in a way that it: is easy to 
distribute both the executable files and the source files, and in such a way that it easy for 
whoever receives the distribution files to install and run them. A discussjion of the 
relevant background information, the steps taken to accomplish the conversion and the 
types of problems encountered during the conversion has been made. A brief comparison 
of data obtained using APAS with data from another source has also been ]made. The 
following conclusions are drawn: 

1) The types of problems encountered in converting M A S  to a run on a PC 
included those caused by compiler-specific references, those cause by emors in the 
original source codes, and those due to differences between the PC and Tektronics Plot 10 
graphics formats. 

2) A number of errors in the original source codes still exist. Care must be taken 
to insure that these errors do not cause problems in the future. 
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Figure 1. APAS model of Space Shuttle Orbiter, top view (top) and side view (bottom). 
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Abstract 

A computer program that models the Lidar return signal for Wake Vortex experiments 
conducted by the Aerosol Research Branch was written. The specifications of the program and 
basic theory ;behind the calculations are briefly discussed. Results of the research and possible 
future improvements on it are also discussed. 

Recently, the Aerosol Research Branch of the Atmospheric Sciences Division at Langley 
Research Center began undertaking Lidar based measurements of the Wake Vortex regime of an 
alplane. This research is of significant interest for many reasons. First, the entrainment of the 
exhaust plumes by the wingtip vortices of the airplane effects the dilution of the exhaust gases into 
the atmosphere. It can also result in chemical reactions that can lead to the formation of highly 
reacdve spelcles such as sulhr oxides and nitrogen oxides. These can in turn effect the 
Fltmosphere. Increased knowledge of wake vortex phenomena is also of interest for airplane 
safety since aircraft vortices have been linked to several airplane crashes. Much of the work done 
on voflex phenomena has been in the area of numerical modeling, such as Continuum Dynamics' 

program. There has been very little experimental verification of these models. The 
Llidar based investigations hope to provide such verification, as well as other information such as 
the types and sizes of exhaust particles. In conducting these experiments it is obviously usefbl to 
know how high the quality of the data can be expected to be for different experimental setups. 
For this reason it is usehl to have a working model that can provide such information and which 
agree well with experimental data. 

Summary of Research 

The goal of this research has been to create a computer program that would produce a 
theoretical Lidar return signal that is as realistic as possible. It is hoped that this can provide 
infomation about the experimental setups that will yield the best data, and what kind of data 
quality can ble expected from them. The program models the scattering of a laser pulse off 
atmospheric molecules and the exhaust particles of the aircraft plume, which has been entrained 
into the wingtip vortices. The program is written in the Interactive Data Language (IDL) version 
3.6. % for use on a PC. 

The problem is approached primarily from a theoretical standpoint. Given a laser with a 
ceflain wavelength and power, the power elastically backscattered off the atmospheric molecules 
into a parllci~lar light detector is calculated using the formulae for Rayleigh backscattering 
coeffncients as provided in Raymond Measure's, Laser Remote Sensing: Fundamentals and 



Applications. The amount of backscattered light is sampled every 1.5m, which is the same 
sampling interval the detectors in the actual experiments use. The molecular density of 
atmospheric molecules is also required for this calculation. This is calculated for the different 
altitudes using the methods described in U.S Standard Atmosphere. 1976. The program also 
calculates the amount of Mie backscattered power scattered off the particles in the exhaust plume 
of an aircraft. The plume is assumed to have a gaussian vertical distribution with a full width half 
maximum given by the program user and centered about an altitude also given by the user. The 
particle size distributions are taken from previous work done by June E. Rickey, but the prograln 
allows for other size distributions to be used. The amount of Mie backscattered power is 
calculated using a Mie scattering program from C.F. Bohreu and D.R. Huffinan's Albsorption and 
Scattering of Light by Small Particles. To determine how much of the backscattered radiation is 
detected the radius of the telescope is required, as well as the reflectances and transmissions of 
the various mirrors and beam splitters in the detector system. These can all be entered and altered 
by the user. 

Once the amount of backscattered power is known, this can be converted to the number- of 
photons per second detected by dividing by the individual photon energy. Also, the total number 
of photons detected in each 1.5m range bin can be calculated. Multiplying this nurnlber by the 
efficiency of the Photomultuplier tubes in the detector assembly yields the number of 
photoelectrons detected in each range interval. At this point, synthetic noise is added to make the 
model more realistic. This is done using the random number generator provided by IDL. The 
resulting model return signal looks qualitatively like an actual return signal. 

This signal is then compared with an actual return signal to determine how realistic the model 
is. The model is found to give a significantly higher signal to noise ratio than the experimental 
signal. Thus an additional factor must be added to the model to downgrade the performance of 
its detector assembly. This is still in the process of being done. 

In conclusion, this program produces model Lidar return signals that qualitatively resemble 
experimental Lidar return signals. With further work the programs output will more closely 
resemble an experimental signal and hence will be Inore useful. There are many improvements 
that can still be made to it. For example, a more user-friendly interface is being added making the 
program easier, as well as simplifLing the process of changing the different input values. Also, 
better results might be obtained by changing the vertical plume distribution from a gaussisbn to one 
predicted by the UNIWAKE model or some similar one. Unfortunately, time has run out ho 
incorporate this into the program. 
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Abstract: 
B desimed a sign language home page for Langley that is easy to navigate through. The 
home gage is made by using the World Wide Web, for those who are interested in learning 
sim iiang~age. In the home page, I linked the pictures to the clickable words so that when 
the words are clicked with a mouse, there is a picture of the proper sign for each word. 
W e n  rh.t picture is clicked again, a written description of how to sign that word would 
appear. I used the language, Hypertext Markup Language (HTML), for the home page. It 
will be available soon for Langley access. 

Tlhe Internet plays a significant role in shaping the Information Age that we live in 
today. Thiere is a wealth of information available today that are being used and exchanged 
evevday, thanks to the Internet. Today people can write to other people quickly 
mywhere around the world, people can get the specific information they want with the 
click of a mouse, or people can simply explore the world sitting down, all of it through 
the htern~et. The Internet is a "global network of networks," connecting to thousands of 
computers and more than 35 million users around the world. Electronic mail is the most 
Findeny used in the Internet. Sending a fax is cheaper and quicker through the use of the 
Internet. The cost is the same, whether you are communicating &om Boston to New 
Vork, or Boston to Singapore. So with access to thousands of networked computers 
world~de,  possibilities for the mutual exchange of ideas and collaborative cooperation are 
limitless. 

Tlhe Internet is well-known for its user-fiiendly information portion, the World 
Wide Web. In WWW, it's easy to access and retrieve information instantly wherever the 
Internet location. The WWW is based on a clientlserver architecture, as are all other 
Iaernet aipplications. It is accessed from the client, called a browser, which can be a PC, 
Macintosh, or UNIX platform, but you don't have to connect directly to the server to 
6nd what you need. From a user's perspective, the connection is completely transparent. 

uses interactive, graphical links that form a web of connections acorss a 
computer network. Called the "Killer Application," the WWW supports 

hyperhea and hypermedia documents, including graphics, audio, and video. Each WWW 
page is linked to other WWW pages with hyperlinks-words, phrases, andfor graphics. 
Each Ihyperlik is l i e d  to the WWW address of a page containing additional information 
on the particular subject.The first document that generally appears upon accessing a 

server is the "home page." A typical home page contains current information 
about a company, organization, or individual. It provides instant access, 24 hours a day to 
company background infromation, press releases, and data sheets, all presented in easy- 
to -read graphics format. Anyone can create a home page complete with text, graphics, 
sound md scamed photographs. Home pages of universities, government agencies, 



museums, libraries, public officials, and even private individuals can be found on the 
Internet. 

I designed the sign language home page using Netscape 1.1N. First, I hiad to tbwk 
of what signs to put in my home page. After thinking a list of commonly used words, II 
used a sign language book called "The Joy of Signing" to scan the pictures of the sigras 
using a scanner, SHARP Scanner V3.01, in the Data Visualization and Animation Lab, and 
converted it into a gif format so that the computer can read the text and chatnge it to a 
picture of the sign. Using the software GIF Coverter in my Power PC, I resized the sips 
to make the squares of the signs all even. Using SimpleText and Microsoft Word from the 
computer, I wrote the language for the home page, Hypertext Markup L a n ~ a g e  
(HTML), to embed the images and put in text in the document. HTML does not speciQ 
how the final document should look, it just specifies the document's structure. I input the 
text so that there was a list of common words, and linked them to the right signs using the 
link tag <A HREF>. That way when someone clicks a word, it links to a pimre of the 
sign for the word and that person would see the sign. I again linked those piaures to 
written descriptions for more information, in which I also wrote the text, in case someone 
is not sure if helshe is following the signs right Next, I added some graphics to make the 
front page stand out with a big picture of a finger pointing out, along with the words, 
"You too can learn sign language" and colorfbl dots, taken from another home page in the 
MWW. The sign language home page will be put in a server soon, and eveqrbody &om 
Langley can access it. 
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Abstract 

Development of design tools to furnish optimal acoustic environments for lightweight 
aircraft demands the ability to simulate the acoustic system on a workstation. In order to 
form an effective mathematical model of the phenomena at hand, we have begun by study- 
ing the propagation of acoustic waves inside closed spherical shells. Using a fully-coupled 
auld-structure interaction model based upon variational principles, we have writ ten a finite 
element an,alysis program and are in the process of examining several test cases. Future 
investigations are planned to increase model accuracy by incorporating non-linear and 
viscous effects. 



Introduction 

An important problem in the design of commercial aircraft is noise reduction in both 
the cabin and the outside environment. The need for a low level of noise both inside and 
outside the airplane must be balanced with the need to maintain a light structure. We 
have undertaken a program of computational modeling of this system in order to develop 
the modeling tools necessary for design optimization of future aircraft. 

A favorite computational scheme for studying problems of this type is the finite element 
method. The finite element method was first used for multi-disciplinary applications in 
the 1960's, when it was found to be appropriate for issues including heat conduction, 
hydrodynamic lubrication, and eigenvalue solutions of the Helmholtz equation for fluids 
vibrating in closed spaces [I], p. 274. One of the earliest instances of the employment of 
finite elements in structural-acoustic problems was by the automotive industry. In 1982, 
Nefske et al. [2] performed this kind of analysis for passenger car and truck cabins. In. this 
work they present representations of the acoustic modes within the compartments as well 
as frequency response computations using modal synthesis. 

Much other research has been done to establish a method of coupling the behavior of 
an enclosed fluid to the dynamics of the surrounding structure. Usually this is simply done 
by requiring that no fluid enters the solid surface. This implies that the surface normal 
component of the relative velocity between the fluid and the structure must equal zero. 
The equations of the solid and the fluid are thus solved seperately, and the matching of Cbe 
normal velocities at the surface forms the coupling. It is done this way because do start 
with the equations of motion for the whole system and simply try to apply a finite element 
method (such as a Galerkin method) results in difficult, asymmetric matrices. However, 
the problem with separate solution of the equations is that certain terms drop out which 
in fact would not drop out if a more complicated model of the interaction between fluid 
and structure was used. These terms are the mass terms, and their inclusion w u l d  make 
for more precise mathematical predictions. 

Instead of starting from the equations of motion, we have started from a variational 
formulation of Hamilton's principle, and included the fluid-structure interac:tion as a con- 
straint on the system. This formulation is based upon the work of Kock and Olson 131. 
In our first case we have ignored gravitational and viscous effects. Though this is not an 
improvement upon previous methods, we wanted to use this simplest case as a method of 
comparison. It should produce exactly the same result as solving the equations separately 
and matching velocities. If it does so, the stage is set for the inclusion of additional terms 
into the statement of Hamilton's principle which will improve the accuracy of the model. 

Variational Formulation 

Hamilton's principle is a general statement about the conservation of energy of a system 
of particles (see, e.g. Bedford [4]). It states that the value of the integral over time of the 
kinetic minus potential energy of the system takes a minimum value. Using the common 
notation of variational calculus (see e.g. Courant and Hilbert [5]), this can lse written as 



in the case of a conservative system, where T is the kinetic energy and U is the internal 
energy. By using the principle of virtual work, Hamilton's principle is easily extended to 
apply to nonconservative systems (in which some force adds energy to the system), and 
also to sysitems where the generalized coordinates are not independent. Physically, this 
corresponds to the case where the quantities in question are related by some equations, 
and those equations are known as constraints. With the addition of constraints C and 
virtual work terms W, Hamilton's principle becomes 

For the problem at hand, we will use equation 1, with a virtual work term supplied by a 
surface brce on the sphere, a constraint that enforces velocity matching on the boundary, 
and constr;.lints that enforce local and global conservation of mass. 

The solid shell contributes kinetic energy, potential energy and a surface force term. 

Here R, is the solid volume, F,, the solid boundary, v, the displacement vector, Z, the 
strain vector, C ,  the material stiffness tensor, and 7, is the surface force acting on the 
solid. 

By taking into account the assumption that the shell is thin, we can change the volume 
integrals to surface integrals. This is due to the fact that we assume the displacements are 
linearly distributed throughout the thickness of the shell, so that the normal to the element 
is preserved - it remains normal and does not change in length under the deformation. 
Then the displacement compoments v = (Ul, U2, W) can be written as 

where a l ,  a2,5 are general curvilinear coordinates, u1, u2, w are the components of the 
displacement of a point on the reference surface and PI, P2 are rotations. The thin shell 
assumptions also allow us to write the rotations in terms of ul, u2, and w. We can write the 
strain vector Y in terms of the displacements Zi by using the strain-displacement relations 
in general curvilinear coordinates. These relations will not be reproduced here as they are 
lengthy and can be found in many references, see e.g. Iiraus [6], p. 31. We will write them 
as 'i? = Au,, where A is a matrix operator. 

We now substitute all of these relations into equations 2 and integrate over the normal 
component C. Then the contributions of the solid become 



Q is the matrix C after the integration - it is mul-tipied by some combinatj.ons of powers 
of h. This h is the thickness of the sphere, and W,, of course, is unchanged. The solid 
functional, then, is 

Taking the first variational, and integrating by parts in the Ts term gives 

The fluid contributes the following terms: 

where Rf is the volume of the fluid, and e is the specific internal energy of the fluid. 
The constraints of local and global conservation of mass, as well as the fiuid-structure 
interaction , are part of the fluid functional. Hence, this functional is of the form 

where XI,  X2, XJ are Lagrange multipliers, un is the normal displacement of the Auld bound- 
ary, v n  is the normal velocity of the fluid boundary, and Mf is the mass of the Auid. 

Taking the first variation with respect to F and setting each integral to zero gives a 
series of equations. These equations reveal the true meanings of the Lagrange multipliers. 
This has been done in detail by Kock and Olson 131, p. 467. We will reprodluce only their 
results. The Lagrange multiplier XI = p ,  where p is the scalar potential (that is, T = '$79 ). 
In addition, Xg = pf p ,  and X2 is still unknown, so it shall be renamed A. After integration 
by parts, the fluid functional becomes 

In the linearized case it is assumed that the change in fluid density is only a small 
pertubation from the inital density po. By taking pf = po + p and linearizing about 
the initial domain, that is, R + fo andr  + r f0 , the functional simplifies further. 
Following Kock and Olson ([3], p. 485), the expression becomes 

1 Po 
.f = i' [ { -  ( - ) + P O }  d0fO 

+ i,, Po (2 - *) un drh 



where co is .the speed of sound. In this case taking the first variation and setting each part 
to zero gives 

Finite Element Analysis 

We implement the finite element approximation using standard isoparametric elements 
(see, e.g., Huebner et al. [I], Ch. 5)  to discretize the domain. Since the boundaries of each 
element will, of necessity, be curved, the boundary itself must be approximated. For each 
coordinate we will write an expression of the form 

Here q ,  [, < are the natural coordinates of the element. Ni are the interpolation functions, 
in natural coordinates, and m is the number of nodes per element. We approximate 
a18 of the coordinates in this way. In addition, we use the same interpolation functions 
N; to apprloximate the variables in the problem, that is, u, v, w, q, and A. Displacement 
coordinates are now (u, v, w) instead of (ul, u2, w)  to prevent confusion. 

We will use two-dimensional elements to model the sphere, and three-dimensional 
elements for the fluid. The approximations are of the form 

where ,AJij is the 3 x 3m matrix of interpolation functions 

and u is th'e vector 
- 
u = [ul ~1 WI . . .  um w m ] .  



The choice of Lagrange polynomials as interpolation functions allows the nodal values 
u;, vi, w;, qi, X i  to have the physical meaning of being the value of the function at that 
node. In our problem the nodal values are functions of time. Since we will be forcing 
the sphere sinusoidally, we will use Fourier transforms to transform out time and solve 
the probelm in the frequency domain. This will, of course, have no effect on the spatial 
integrals. 

To substitute the approximations into the variational principles derived, it is necessary 
to address the issue of differing coordinate frames. Ths interpolation functions are in local 
coordinates q ,  [, ( , whereas the variational form is in global coordinates - cartesian x, y, z 
in the case of the fluid, and a generalized curvilinear al, a2 for the solid. To compound 
the problem, in our case all of the nodal coordinates and element informatison is obtained 
from the neutral file output of the commercial finite element code PATRAN. The PATRAN 
output has the coordinates of all nodes listed in a global cartesian system. So it is necessay 
to undertake various coordinate transformations before the integrals in the variational 
expressions can be evaluated. 

The fluid expressions give no difficulty in this area. Equation 5 gives the form of 
the tranformation from cartesian to natural coordinates. It is known from calculus that 
dx dy dz = I JI dq d[ d( , where I JI is the determinant of the Jacobian ma~trix of partial 
derivatives. Thus the integrals will transform in the following manner: 

where the primes denotate the trasformed function and volume. Substituting equations 6 
into the fluid equations 4 yields the following expressions. 



Note that this integration is over the area or volume of the element in natural coordinates, 
so that the range of each variable is (-1,l). Following Kock and Olson [3], we will write 
these integrals in shorthand, where subscripts denote vector and matrix components: 

The solid elements demand an additional coordinate transformation. This will not 
be written out in detail here. The strain-displacement relations written in generalized 
curvilinear coordinates are first transformed to a local arc length coordinate system. Then 
they are fairly simple to transform into natural coordinates using a Jacobian matrix. The 
final result is that equation 3 written with indicia1 notation in terms of a finite element 
approximation becomes 

where A is the matrix of strain-displacement relations in natural coordinates. We can 
write this as 

Then, putting all of these equations together and taking the Fourier transform of both 
sides, the linear system to solve becomes 

where the vector [Z  y A ]  is the vector of nodal values. The next step is to use a complex 
solver suitable to this system of equations to solve for the nodal variables. We will use a 
linear system solver taken from the fortran subroutine library LAPACK. 



Summary and Conclusions 

We have formuated and begun to implement a finite element analysis ]program based 
on variational principles for the problem of sound wave propagation in a :spherical shell. 
At the time of the writing of this report results were not yet available. The program 
has yet to be completely debugged, and several more weeks of work are necessary before 
accurate, complete solutions can be obtained. This work will continue over the course of 
the next year as we incorporate additional effects into our model in our effort to develop 
an improved computational method for structural acoustics problems. 
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Several poly(ary1ene ether benzimidazole) oligomers were prepared by the nucleophilic 
ari-omatic substitution reaction of a bisphenol benzimidazole and various alkyl-substituted aromatic 
bisphenols with an activated aromatic dihalide in N,N-dimethylacetamide. Moderate to high 
molecular weight terpolymers were obtained in all cases, as shown by their inherent viscosities, 
which ranged from 0.50 to 0.87 dL g'l. Glass transition temperatures (Tgs) of polymer powders 
rmged firom 267-280°C. Air-dried unoriented thin film Tgs were markedly lower than those of 
the powders, whereas Tgs of films dried in a nitrogen atmosphere were identical to those of the 
conesponding powders. In addition, air-dried films were dark amber and brittle, whereas 
aBI&ogen-dned films were yellow and creasable. Nitrogen-dried films showed slightly higher thin- 
film tensile properties than the air-dried films, as well. 

Introduction 

Polyb:nzimidazoles (PBIs) are heterocyclic polymers which exhibit high chemical, 
physicd, and mechanical properties. They are generally prepared via the two-phase melt 
condensation reaction of a tetrafunctional bis(o-diarnine) with a dicarboxylic acid, or derivatives 
thereof, at temperatures around 2600~' .  This reaction can also be carried out in polyphosphoric 
acid2. The polymers are well known for their thermal stability, which is derived from the high 
resonance energy of the aromatic and heterocyclic groups incorporated into the chain', as well as 
from ilrntemolecular hydrogen bonding effects. Also characteristic of PBIs are their excellent 
solvent resist,ance, resistance to acidhase hydrolysis, and hydrophilicity. However, despite their 
advmtages, PBIs are notoriously difficult and expensive to process, requiring extremely high 
mol&ng teweratures and pressures. As a result, these materials are not extensively used. Some 
PBI appllicati(ons include: nose cones for airborne projectiles, heat-resistant o-rings and gaskets, 
m d  vshnanshes3. PBI is commercially sold under the name of ~elazole@~. 

Poly(ary1ene ether)s (PAEs) are a class of engineering thermoplastics which show great 
potential for use in high-performance applications. They are generally synthesized by the 
nucleop~fic aromatic substitution reaction of an activated aromatic dihalide and the alkali metal 
salt of an aromatic bisphenol in polar, aprotic solvents4. Other methods of PAE preparation 
include electrophilic Friedel-Crafts processes5, macrocyclic ring cleavage6, and oxidative coupling 
reactions7. Since PAEs are thermoplastic materials, they .are much easier to process than the 
themoset-l&e polybenzimidazoles, and their low flammability/low gas emission during thermal 
s&esses make them well-suited for high-performance aerospace applications. These materials 
generdly show excellent solvent resistance, with the exception of their characteristic swelling in 
cMorjnated solvents. This susceptibility to chlorinated substances, which are commonly used in 
the aerospace industry, have prevented the widespread use of PAEs in this area. However, PAEs 
;Ire quire cornmon commercially, with applications that include artificial heart casings, pin grid 
m a y  sockets, molded circuit boards, fiber optic connectors, and cable insulation8. 

By incorporating heterocyclic units into PAEs, it is possible to obtain a combination of the 
high clherrlucd and thermal resistance of heterocyclic polymers with the ease of processability of 
PMs.  Two routes have been established to these materials. The first route involves the 
nucleopGGc aromatic displacement reaction of a heterocyclic-containing, activated aromatic 
dhalide with the alkali metal salt of an aromatic bisphenol in polar, aprotic  solvent^^.^^. The 



second method involves the reaction of the alkali metal salt of a heterocyclic-containing aromatic 
bisphenol with an activated aromatic dihalide under similar  condition^""^. Exanmgles of 
heterocyclic units which have previously been incorporated into PAEs include: qerirnoxa4ines9, 
imidazoles12, 1,3,4-oxadia~oles'~, and 1 ,2,4-triazoles13. 

The objective of this study is to prepare high-temperature, chemically resistmt, and 
potentially photopatternable poly(ary1ene ether benzimidazole)~ for potential aierospaee and 
microelectronics applications. 

Approach 

Synthesize controlled molecular weight poly(ary1ene ether benzimidaziole) (PBEBI) 
random terpolymers via the nucleophilic aromatic displacement of 5,5'-bis[2-(4-hydroxyphenyl) 
benzimidazole] and various alkyl-substituted aromatic bisphenols with 4,4'-difluorobenzophe~one~ 
using 4-fluorobenzophenone as the endcapping agent. 

Experimental 

Starting materials 
4,4'-Difluorobenzophenone (m.p. 103-106"C, Lancaster Synthesis) was recrqrstiallized from 

absolute ethanol. 4-Fluorobenzophenone (m.p. 46-48"C, Lancaster Synthesis) and 5,5'-bis[2-(4- 
hydroxyphenyl) benzimidazole] (m.p. 38g°C, Technically) were used as received. Tetraethyl 
bisphenol A (TM-BPA, m.p. 163- 166"C), dimethyl bisphenol A (DM-BPA, m.p. 137- 139"C), 
bisphenol E (BPE, m.p. 122-126"C), tetramethyl bisphenol F (TM-BPF, m.p. 174-17S°C), 
bisxylenol P (m.p. 159- 16 1 "C), hexamethyl biphenol (HM-BPL, m.p. 225-228"C), and 
tetramethyl biphenol (TM-BPL, m.p. 219-224°C) were obtained from Ken Seika Cop., m d  were 
used as received. Other reagents were obtained from commercial sources and used as received. 

Polymer Synthesis 
Poly(ary1ene ether benzimidazole)~ (PAEBIs) were prepared by reacting a 6% excess of a 

3: 1 molar ratio of 5,5'-bis[2-(4-hydroxyphenyl) benzimidazole] (75 mol %) and akyl-substituted 
bisphenol (25 mol %) with 4,4'-difluorobenzophenone (94 mol %) in the presence of pulverized 
potassium carbonate in anhydrous N,N-dimethylacetamide (DMAc) at 15% solids (wlljwt). 4- 
Fluorobenzophenone (12 mol %) was used as the endcappr. The water generated dusing the 
alkali metal formation of the bisphenate was removed as an azeotrope with toluene. The reaction 
mixture was stirred at 155-160°C under a nitrogen atmosphere for 12- 16 hours to afford dark 
brown, viscous solutions. The reaction mixtures were precipitated into a wat.er/acetic acid 
mixture (-loll), washed successively in hot water and methanol to remove trapped sdts, m d  
dried at -90°C for - 12 hours to afford the off-white polymers in nearly quantitative yields 

Films 
DMAc solutions (10-25% solids wt/vol) of the polymers were cenlnfuged for 

approximately 1 hour, and the decantate was doctored onto clean, dry plate glass. The filnns were 
dried to a tack-free form in a low-humidity chamber, and subsequently dried at 100, 200, m d  



300°C in both air and nitrogen for 1 hour at each temperature. Unoriented thin-fh mechanical 
tests were performed according to ASTM D882 at 23"C, using four specimens per test. 

Other Chracterization 
Glass %transition temperatures (T,s) were determined from a Shimadzu DSC-50 differential 

s c w k g  calorimeter (DSC). T, values were taken as the inflection point of the AT vs. 
temperature curve at a heating rate of 20°C rnin". Inherent viscosities (qinh)  were determined on 
0.5% polymer sollutions (wtlvol) in DMAc at 25"C, using a Cannon Instruments single-bulb 
viseometer. 

Results and Discussion 

Modeirate to high-molecular weight polymers were prepared as depicted in Scheme 1 by 
the nuelieophilic dispIacement reaction of 5,5'-bis[2-(4-hydroxyphenyl) benzimidazole] and alkyl- 
substituted aromatic bisphenols with 4,4'-difluorobenzophenone in DMAc at 155-160°C in the 
presence of ]potassium carbonate under nitrogen. The ratio of 5,5'-bis[2-(4-hydroxyphenyl) 
bemi~dazole] and alkyl-substituted aromatic bisphenols employed was 3: 1 so as to obtain 
polymers wih T,s > 250°C. 

N m ' m m  + HO-&-OH + B& + BzFendcap 

N N 
I 75 mol % I 25 mol % 94 mol % 12 mol % 

H H (6% offset) 

155-160°C I DMAc (15% solids content) 

16-24 hrs. K2C03 (10% excess) I 
4 atmospheret Toluene 

Where Ar = alkyl constituent of bisphenol 

BzF = (-&:+Q~F 

Scheme 1 



The molecular weights of the polymers were controlled by offsetting the stoie~omerPy in 
favor of the bisphenols and endcapping with 4-fluorobenzophenone. The allkyl-subsfihted 
aromatic bisphenols (Ar) used in the preparation of the terpolymers are shown in Figure 1. 

~et-eth~l  bisphenol A (TM-GA) 

- -  - 

D i t h y l  bispheno<A (DM-BPA) 
Bisphenol E (BPE) 

H3C CH3 Bisxylenol P Tetramethyl bisphenol F (TM-BPF) 

H3C H3C CH3 
Hexamethyl biphenol (Hh4-BPL) 

H3C CH3 
Tetramethyl biphenol (TM-BPL) 

Figure 1 

Generally, polymerizations required the full 16-24 hours to reach com~lleti~n, as the 
reaction mixtures did not become si@~cantly viscous before this time. Nearly quantitative yields 
were obtained for all the polymers, except for the TM-BPF-containing terpolym~er, whch was 
obtained in 63% yield. The low yield of this material was due to the formation of insolesb1e 
material (gel) in the extremely viscous reaction mixture, presumably due to hot spots k the 
reaction medium which form as a result of inefficient heat transfer in viscous s~lutiions"". 
Employing a higher degree of stoichiometric offset or a lower solids content of the reaction 
mixture would probably solve this problem. Subsequent preparation of the TM-B'PF-conlining 
PAEBI at an 8% stoichiometric offset afforded the same results with an overall yield of 46%. 
Polymer characterization is presented in Table 1. 



Glass transition temperatures ranged from 261-280°C, and inherent viscosities ranged 
from 0.47 to 0.87 dL g'', which indicates that moderate to high-molecular weights were obtained. 
These values compare well with results obtained from similar PAEBIs previously prepared'4. 

Trends in PAEBI T,s can be based on three characteristics of the alkyl-substituted 
somatic bisplienols: (1) the presence and substitution of the linkage unit joining the two phenyl 
ings, (29 the methyl substitution on the phenyl rings of DM-BPA and TM-BPA, and (3) the 
mehyl substitution on the phenyl rings of the biphenol structures, TM-BPL and HM-BPL. In the 
first case, the observed T, trend with respect to the linkage unit is nil > CH2 > CH-CH3 > C(CH3)2 
> 1,4-disopropylidylphenylene (TM-BPL > TM-BPF > BPE > TM-BPA > Bisxylenol P) Since 
the inherent  viscosities of the materials being compared are dissimilar, and consequently the 
molecula weights of the polymers, the trends observed here could be due in part to molecular 
weight effects. 

Regarding the second category, the tetramethyl substitution on TM-BPA as opposed to 
the &me&yl substitution on DM-BPA may affect the T, in terms of steric effects between 
polymr chains. The more sterically hindered TM-BPA may show a higher T, due to a lesser 
degree of chin mobility versus DM-BPA. Thirdly, the hexamethyl substituted HM-BPL m y  
give a hgher T, than the less hindered TM-BPL for similar steric reasons. However, for both 
cases, no T, was detected for either the TM-BPA or HM-BPL-containing PAEBIs by DSC. 

Table 1 Polymer Characterization 
r 

ThI-BPF 0.82 27 1 
BPE 0.47 267 

DM-BPA 0.50 26 1 
m - B P L  0.73 Not Detectable by DSC 
TRd-BPA 0.64 Not Detectable by DSC 

Bisx.yleno1 P 0.6 1 T B D ~  
a Inherent viscosity measured in DMAc on 0.5% (wtlvol) solutions at 25°C 

Glass transition temperature determined by DSC at heating rate of 20°C min" 
" Polyme~zation carried out at 8% stoichiometric offset 

TBD = to be dietermined 



Table 2 Unoriented Thin-Film Characterization: Air-Dried 
r 

Ar T, (OC)" Color, textureb 
TM-BPL 234 Amber, not ereasable 
TM-BPF 239 Amber, not ereasable 

BPE 230 Amber, not ereasable 
DM-BPA T B D ~  Amber, not ereasable 
HM-BPL Not Detectable by DSC Amber, not ereasable 
TM-BPA TBD TBD 

Bisxylenol P TBD TBD 
a Glass transition temperature determined by DSC at heating rate of 20°C min-' 
~ l l  films dried at 100,200, and 300°C for lh at each temperature 
Polymerization carried out at 8% stoichiometric offset 
TBD = to be determined 

Table 3 Unoriented Thin-Film Characterization: Nitrogen-Dried 
r 

Ar T, (OC)" Color, terrtureb 
TM-BPL 28 1 Light yellow, ereasable 
TM-BPF . 277 Light yellow, ereasable 

BPE 270 Light yellow, ereasable 
DM-BPA 27 1 Light yellow, ereasable 
HM-BPL 280 Light yellow, creasable 
TM-BPA T B D ~  TBD 

Bisxylenol P TBD TBD 
a Glass transition temperature determined by DSC at heating rate of 20°C mid1 
All films dried at 100,200, and 300°C for lh at each temperature 
Polymerization carried out at 8% stoichiometric offset 
TBD = to be determined 

Unoriented thin-film properties are presented in Tables 2-5. Polymer films ~ e d  in air 
afforded amber, brittle films. However, drying films cast from the same polymer solutions in a 
nitrogen atmosphere, under the same temperature profile, yielded light yellow, creasable films. h 
addition, the T,s of the air-dried films were considerably lower (-31-47OC ) than, those of the 
respective as-isolated powders, whereas the nitrogen-dried f h  T,s correlated well with the as- 
isolated powder T,s. This decrease in the thermal stability of the air-dried films was swsising, 



md m y  be due to some oxidative degradation; since the films dried in an inert atmosphere 
showed no T, decrease. 

Table 4 Unoiriented Thin-Film Propertiesa: Air-Dried 
#.. 

Tensile Tensile Elongation 
Ar Strength (ksi) Modulus (ksi) at Break (%) 

TM-BPL 17.7 484 7 
TM-BPF~ 

BPE 
DM-BPA 
MEUH-B1'L 
TM-BPA 

TBDC 
14.5 
TBD 
TBD 
TBD 

TBD 
467 
TBD 
TBD 
TBD 

TBD 
4 

TBD 
TBD 
TBD 

Blsxylenol P TBD TBD TBD 
"Films tested according to ASTM D882 at 23°C using four specimens per test 
' Polyrme~zatio~~ carried out at 8% stoichiometric offset 
" TBD = to be determined 

Table 5 Unoriented Thin-Film Propertiesa: Nitrogen-Dried - 

Tensile Tensile Elongation 
Ar at Break (%) 

TM-BIPL 18.9 494 10 
TM-SPF~ TBDC TBD TBD 

BPE 17.7 475 10 
DM-BIPA TBD TBD TBD 
m - B P L  TBD TBD TBD 
TM-BIPA TBD TBD TBD 

Bisxylenol P TBD TBD TBD 
"Films tested according to ASTM D882 at 23OC using four specimens per test 
Polymerization carried out at 8% stoichiometric offset 

" TBD = to be determined 



This degradation could be due to the presence of abstractable primary benzilic hydrogens, wKeh 
could be induced to fonn free radicals upon heating in the presence of oxygen. If this is the case, 
events such as a-chain scission adjacent to carbonyl groups or radical recombination to f o m  
lower molecular weight polymer chains could occur. Further investigation will be relquired before 
a more definitive conclusion can be drawn. 

Unoriented thin-film properties of the nitrogen-dried films were slightly greater than those 
for films dried in air under similar conditions. As previously mentioned, films dried in air were 
darker in color and not creasable , whereas nitrogen-dried films were light yellow ancl creasable. 

Conclusions 

Moderate to high molecular weight poly(ary1ene ether benzimidazole) terpolyrners were 
synthesized via the nucleophilic aromatic displacement reaction of 5,5'-bis[2-(4-hydroxypheny1) 
benzimidazole] and various alkyl-substituted aromatic bisphenols with 4,rE7- 
difluorobenzophenone. Air-dried polymer films exhibited more color, lower T,s, and slighdy 
lower unoriented thin-film tensile properties as compared to nitrogen-dried f h .  
Characterization studies are still in progress, the results of which will be reported in fuhre work. 

The use of tradenames of manufacturers does not constitute an ofifieid 
endorsement of such products or manufacturers, either expressed or implied, by the N a ~ o n d  
Aeronautics and Space Administration. 
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During my time in the office of Inspector General my task was to assist the 

imvestigators in the office with investigations concerning operations on the center. I 

helped with gathering and organization of information relevant to specific cases. However, 

due to thle sensitive nature of the cases I am not at liberty to discuss their topics. 

The office of Inspector General (IG) investigates possible crimes against the 

cent. The IG at LaRC handles cases such as possible fiaud that might cause 

umecessary monetary losses to the center. For example, if an employee were stealing 

computer components from the work place and the IG were to receive a tip about these 

illegal aations, they would run and investigation on the matter and decide what steps 

were necessary to remedy the situation. 

They BG usually receives information about possible infractions &om other NASA 

employees. If an employee believes that possible intiactions are being committed then 

they can go to the IG and discuss the situation. Many times the investigations turn up no 

Golation, however, when there is a crime being committed the IG takes the necessary 

actions. 

My job was to assist those conducting the investigations wherever they deemed 

necessmj. My responsibilities ranged from gathering information about past cases to 

creating charts and graphs that could be used to the case, in a simplified and 

eti manner, to other supervisors. 

VMe I was there, I became familiar with software applications that could be used 

to hcrease the efficiency of an office. I was given the task of learning Microsoft Project in 

m aMem;pt to apply its specialized features to the IG. The primary goal was to organize 

cases in a manner that would show the possible length of a case, so that gaps in 



productivity could be identified. This would allow the investigator to use their time more 

effectively. 

One of the most important things that I learned while at the IG was the iinpoaance 

of good management. Their are certain skills and abilities that a manager must dlevelop 

and being around a person with those skills allowed me see which areas I needed to 

develop. The ability to communicate information in a simple yet effective manner is 

necessary. Also the capability to organize operations in a fashion that will most effectively 

run the organization is vital. 

During my tenure in the Office of Inspector General I became familiar with m 

organization that is vital to NASA. Without the IG the widespread abuse of LaRC 

moines and materials would become a serious problem. The importance of a policing 

system in any large organization essential. 




