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Foreword

T he role of research at the Naval Academy is to
maintain an atmosphere of scholarly ex-
cellence in which midshipmen seck knowledge. Dis-
cipline and curiosity are both essential to a naval
officer and the balance of these traits determines
the character of our graduates.

In the two decades since the Rescarch Office was
created, progress can be measured by the growth in
research budgets, papers, books, and presentations.
Naval Academy faculty and midshipmen have seized
the opportunities to do research provided by local
and nearby facilities, research courses, sabbaticals,
and travel support.

The information presented in this report
describes the rescarch projects and productivity of
our faculty and midshipmen for the 1990-1991
academic year. Each of sixteen academic
departments in five divisions presents the details of
its efforts. The history of the budget and
productivity is presented in Figures 1 and 2, showing
the growth of rescarch by our faculty.
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Figure 1. The growth of the rescarch budget since
1970 reflects contributions from programs such as
the (dark blue) sponsored projects of individual
faculty, (bluc) rescarch chairs, and (light blue)
Academy-wide programs.
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This growth parallels the increase in civilian
faculty Ph.D’s to ninety-six percent. Five research
chairs were sponsored by various Naval Systems
Commands and Naval Operations; research funding
was distributed over basic research, exploratory and
advanced development, as well as O&M,N funds
enabling support for newer faculty, and are
administered by our Naval Academy Research
Council. Additional operating funds were devoted
to supporting twenty-two faculty members’ efforts in
instructional development largely using faculty and
midshipmen computers. Our major reimbursable
sponsor, after the Chief of Naval Research, is now
the National Security Agency whose $217,088
support for interactive video language instruction,
four visiting faculty and fifteen summer trainiag
billets for midshipmen have become a significant
part of our mission. The naval laboratories funded
thirty-four faculty members’ research this year for a
total of $547,128. On 20 September the Chief of
Naval Research signed a Memorandum of Under-
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FOREWORD

standing with the Superintendent of the Naval
Academy, Rear Admiral Thomas C. Lynch, USN, to
provide not only sced funds for technical faculty
rescarch, but also up to half salary matching that
from Navy laboratorics.  This should stimulate
increased scholarly participation in naval rescarch.

Midshipmen participation in reszarch at the Naval
Academy continucs with scventy-seven rescarch
courses and forty-cight design courses reported,
cleven Trident Scholars (with thirteen selected for
the coming year), 146 midshipmen using summer
leave time to work with twenty Navy, DoD, and
Federal Agencices, and roughly 116 travelling abroad
under the Cox forcign language program.,

In addition to the above agreement with the Chicef
of Naval Rescarch, additional instruments of
collaboration and support were added this year; the
Defense Systems Muanagement College has agreed
to support faculty rescarch,  workshops,  and
curriculum development, and the Naval Surface
Warfare Center will be funding faculty rescarch on
development of their close-in weapons  system,
Increasingly, departments are aligning themselves
with Department of Defense sponsors in their
rescarch arca. The visiting faculty program reached
this year a ncew nigh of twenty-five participants,
including research chairholders, Sccretary of the

ROBERT H. SHAPIRO
Academic Dean and Provost

Navy Fcllows, Navy laboratory staff, two Office of
Naval Technology Postdoctoral  fellows,  and
individuals choosing to join our faculty for a period
of rescarch. Their active involvement with our
faculty and midshipmen maintains a  dialogue
essential to our national participation.

Faculty rescarch continues to be recognized
nationally.  Assistant Profcssor of Naval Systems
Engincering David L. Kricbel was sclected to
rcceive  the  National  Science  Foundation’s
prestigious Presidential Young Investigator award
for five years in support of his work on coastal
engineering.  Assistant Professor Joseph F. Lomax
became the first Naval Academy faculty member in
the Chemistry Department to receive a National
Science Foundation rescarch grant.  His success
complctes our impressive four year record of eleven
grants from twenty-five proposals to the National
Science Foundation. Assistant Professor of History
Mary A. DeCredico won the Jefferson Davis Prize
given by the Confederate Memorial Library Socicty
for her book Patriotism  for Profit on the
Confederate economy in Georgia. Resecarch at the
Naval Academy has achieved increasing recognition,
and its benefits to our teaching mission  are
proportional.

Cald

CARL S. SCHNEIDER
Associate Dean for Research
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DEPARTMENT OF

Aerospace Engineering

Professor Maido Saarlas
Chair

Rcscarch conducted this year covered the full
spectrum of acrospace engincering disciplines.
The application  of increasingly  sophisticated
computer mcthods and numerical techniques
characterized most of the work performed. Sources
of funding for rescarch included the National Air
and Space Administration, thc Navy Rescarch
Laboratory, and the U.S. Coast Guard.

The satellite earth station was used extensively in
support of both faculty rescarch and midshipmen
projects.  Spacc shuttle missions and various
satellites were used in radio communications, data
link, and tclemectry download experiments.
Extensive work was done using numerical methods
and sophisticated computer graphics techniques to
solve acoustic and hull design problems of interest
to the Navy and Coast Guard. Extensive work was
done in  analyzing flow characterisues  and
performance data of ultralight wing designs.

The research cfforts of the acrospace engincering
faculty have benefitted the Academy in three
fundamental arcas: Students have had opportunities
to participate in rescarch work at the leading edge
of astronautical cnginecring technology. The
Defense Department has deen the beneficiary of the
Academy’s extensive computer resources, which
have been invaluable in addressing  problems
currently confronting defense planners.  Finally,
faculty participation in developments in the ficld of
acrospace engincering has enhanced the lcarning
process  in the  classroom, from the most
fundamental  courses o sophisticated  design
projects.
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Sponsored Research

Solution Techniques for the FEM Structural Dynamics Problem and FEM
Structural Models using Conventional and SI Units

Researcher: Professor William J. Bagaria
Sponsor: National Aeronautics and Space Administration/Goddard Space Flight Center

The first part of this research was to investigate
current and future FEM computer solution
techniques. With the advent of faster, lower cost
computers with larger real memories, many of the
limitations of past techniques are being removed.
However, each solution technique has consequences
for the engincer who is creating the FEM computer
model. As a result the modelers must change their
strategies based on which solution technique they
are using. This means that a solution technique can
not be chosen based just on speed or accuracy of
computation. This study primarily compared the
Guyan/Givens, General Dynamic Reduction (GDR)
and Lanczos ecigenvalue solution methods. The
Guyan/Givens method has been the most widely
uscd method in the past. It resulted in the lowest
run times with good accuracy. The problem with
this method , however, is that it requires a very
experienced engineer to create a model that will
give good results. The GDR method is in fairly
widcspread use, because it does not require as
cxpericnced a modeler, although this method does
recquire a knowledge of the expected answer in
order to set properly the computational parameters.
If these parameters are not properly chosen, the
answcrs can end up being a sct of random numbers.
The Lanczos algorithm was developed in the 1950°s,
but was not practical. With the advent of faster
computcrs  with larger memories and new
techniques to speed up solution convergence and
accuracies, it is now the more attractive mcthod.
The study compared these thrce methods, on
various models, using several modeling strategics.
The rescarcher was able to suggest that the Lanczos
solution mcthod, with the appropriatc modcling
techniques, was the "best” analysis method to usc.
The second part of this research was an
investigation into the problems of converting from
designing in customary units (inch, second, pound
force) to Sl units. There were two primary findings:

First, converting the FEM model from customary to
SI units by multiplying by the appropriate
conversion factors resulted in answers in SI units
which did not agree with the answers in customary
units. The problem was caused by the required
degree of accuracy of the numbers and conversion
factors. Since there are spacecraft and launch
vehicles in both scts of units, and they will be mated
to each other, the solution is to model each
component in the units it was designed and
fabricated in. Then the modal model of cach
component can be gencrated. Since the mode
shapes and natural frequencies are normalized,
these modal mode!s can then be combined, and the
desired solution achicved. Second, the rationale for
conversion to SI units was to have world-wide
uniformity. It was discovered that there are more
variant combinations of SI units than therc arc
customary units. German companics are still using
DIN metric rather than SI metric units; Japanese
companics arc using the bastard kilogram-force
unit; the Europcan Space Agency (ESA) uscs
MPa'mm'/“ for fracturc toughness whereas the
U.S. Military Design Handbook 5 and U.S.
aerospace companies usc the consistent SI unit of
MPam!/2 (To convert the ESA unit to the SI unit
rcquires a conversion factor of 31.622777660...);
some companics ar¢ using gm/cc for mass densities
rather than kg/m®  Thc conscquence of this
proliferation of using units other than the
fundamental SI units (meter, second, kilogram) is
less consistency than when using customary units.
In order to insure that different FEM modcls work
together, it must be insisted that the fundamental S1
units of meter, sccond, and kilogram be uscd.
Notice however, that whilec the FEM modcl length
unit nceds to be the mecter, the engineering and
fabrication drawings usc the millimeter as the length
unit (The mm is the SI drawing length unit.).
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Systems Engineering of the UHF Follow-On
Communications Satellite

Researcher: Assistant Professor Walter K. Danicl
Sponsor: Space and Naval Warfare Systems Command

The UHF Follow-On is a communications satellite
currently being designed and built for the Navy to
replace the FLTSATCOM system. The researcher
is investigating alternatives for the design of the
attitude control and structural subsystems, as well as
supporting the Space and Naval Warfarc Systems

Command (SPAWAR) directly. In addition to
reviewing technical documentation and participating
in the attitude control subsystem meeting of August
1991, the researcher delivered a series of lectures on
spacecraft systems engincering to SPAWAR
personnel.

Introductory Tutorials for CAD Systems
in the Aerospace Engineering Department

Researchers: Assistant Professor Michacl D.A. Mackney and
Mark Hurst (Science and Engincering Apprentice Program Student)
Sponsor: Naval Space Command

As part of the implementation of the Prime
Computervision CADDS system and the Silicon
Graphics personal workstations within the
Acrospace  Engineering curriculum, some
introductory work was commenced during the
summer of 1990. The nced to produce models from
which a variety of analyses may be undertaken is
fundamental to modern Aerospace Enginecring.
Both the Prime Computervision system and the
Silicon Graphics workstations represent significant
resources, which with their advanced applications
software, require users to have essential training. A
tutorial was prepared for the CADDS system which
provides simple sets of rules to help the new
CADDS user learn the foundations of basic 2-D
drafting.

Another tutorial was prepared for the PATRAN
solid modeler running on the department’s Silicon
Graphics personal workstations. PATRAN can be
used to prepare models for subsequent analysis by
the finite element method. An advantage of the
PATRAN processor is the retention of a session file
from which any task can be recreated; this is
particularly useful in the educational environment.
The work highlighted the need for integrated
facilities and a high level of qualified, trained
support staff to ensure the availability of high-end
engineering workstations, as well as indicating that
much remains to be done to successfully implement
advanced resources into the curriculum.

Asymptotic Theory of High Aspect Ratio,
Nonuniform Composite Swept Wing Flutter

Researcher: Assistant Professor Gabriel N. Karpouzian
Sponsor: Naval Academy Research Council (ONR)

This research project was conccrned with a
development of an asymptotic theory for the flutter
solution of a high aspect ratio, nonuniform
compositc swept wing for a prescribed spanwisc
distribution of geometric, structural, and inertia
propertics. The wing’s motion consisted of two
modes: (1) a bending mode representing the
spanwise deflection of the clastic axis in the normal
direction to the wind, and (2) a torsion mode

describing the twist distribution about the elastic
axis. The work aimed at specifically determining
the sweep cffects on the asymptotic solution for the
cigenvalues and mode shapes of the flutter problem.
The purpose of this project was to find an
asymptotic solution to the flutter speed and
frequency and the flutter mode shapes for a
nonuniform swept wing planform of high aspect
ratio in the coupled bending-torsion mode. Of
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special interest was the evaluation of the order of
the magnitude of the asymptotic corrections due to
sweep cffects in comparison 1o previous investi-
gations for the flutter problem of unswept wings.
The leading-order outer problem is found to be
independent of sweep. The corresponding system of
ordinary differential  cquations (ODE’s) itsclf-
adjoint, which means that the eigenvalues of this
problem exist all the time regardliess of sweep.
Thus, in the leading-order approximation the flutter
cigenvalues (speed and frequency) are the same as
in the case of an unswept wing (NARC 1989).
However, for the higher order outer problem, the
corresponding governing ODE’s for the cocfficients
of the expansions for the mode shapes are nonscelf-
adjoint duce to sweep cffect represented by the first-

order derivatives of the mode  shapes, which are
absent in the leading-order problem.  Thus, the
sweep effect enters as a higher order correction to
the unswept case. The cigenvalues of these higher-
order problems, if they exist, are of order of the
inverse of aspect ratio, which arc small corrections
to the leading-order cignevalues for a high aspect
wing. In the asymptotic sense, their determination
is not warranted because of their relative small
contribution. Therefore, the calculation of the
mode  shapes is based on the lcading-order
cigenvalues, which arc obtained from matching the
inner and outer solutions,

As a first cut in the design procedure, the sweep
effect on the flutter speed and frequency (design
limits) can then be neglected.

Computer-Aided Hull Design and Model System

Rescarcher: Professor David F. Rogers
Sponsor: U.S. Coast Guord

This 1s the continuation of a multi-year program to
investigate computer-aided design for ship hulls and
towing tank modcls. The prime arca of study is
improvement of ship hull fairing techniques and

6O

data manipulation techniques. The Coast Guard
will ultimately intergrate the modifications into an
overall ship design system.
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Independent Research

Design, Fabrication, and Testing of Composite
Shells for a Mars Balloon Payload

Rescarchers: Assistant Professor Walter K. Danicl
and Ensign Karl E. Jensen, USN

A Mars balloon is being built by the French space
agency CNES, with the payload provided by a
United States team. The payload is patterned after
a guiderope used by hot-air balloonists for vehicle
stability when flying ncar the surface. The Mars
balloon payload wiil be dragged across the surface
during the night and lifted off the surface when the
balloon is heated by sunlight. The actual scientific
payload is contained inside an articulated series of
shells that is the guiderope. The rescarchers are
investigating replacing the bascline titanium shells

with composite ones in order to save weight. A
finite clement analysis used to determine the best
ply oricatation was the subject of one conference
paper. A guidcrope model has been built and
tested. Composite shells have been manufactured
at the University of Maryland and tested using the
guiderope modcel. During this year, further analyses
were performed, and the final results of the project
were presented at the Amcerican  Institute  of
Acronautics and  Astronautics  Structurcs
Conference.

Hull-Superstructure Interaction

Researcher:  Assistant Professor Michael D. A Mackney

The principal aim of this study is to investigate the
fundamental behavior of the hull-superstructure
intcraction  using numcrical and  cxperimental
techniques.

The Numerical work uses the finite clement
technique and three purpose-wrilten preprocessors
to gencrate crror-freec data scts  representing
simplificd hull-superstructurs models.  These
interactive  preprocessors written in Truc  Basic

permit the generation of parametric genus models,
from which to study paramecter scnsitivity. The
experimental program of work is based on six scaled
acrylic models, which are extensively strain gauged
and statically loaded to simulate simple bending
action.

The work is ongoing, with extensive numerical
casc studics in-hand, and with the associated
experimental program being carried out.
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Research Course Project

Aerodynamics of Compound Rotor/Prop-fan _onfigurations

Researcher: Midshipman 1/C Troy A. Dinkel, USN
Adwviser: Associate Professor Gerald F. Hall

This research effort provides for the delivery of a
computer code capable of analyzing axial inflow
performance and for the evaluation of the merits of
the prop-fan/tilt rotor propulsion system. This code
will analyze the system in hover and will also
provide high speed, initially subcritical, prop-fan
cruise information.

Concurrent with the numerical effort, an
experimental investigation of the prop-fan/tilt rotor
systcm will be carried out utilizing the rotor hover

stand at the Naval Academy. The full scale hover
stand will provide thrust and powe data as a
function of vertical spacing between the rotor and
prop-fan configurations, differential rotation of the
two components, and power ratio.

Based on the results of the analytical and
experimental methods, recommendations and a plan
for the development of the prop-fan/tilt rotor
propulsion systcm will be prepared.

Navy UHF Satellite Communications

Rescarcher: Midshipman 1/C Christina B. Glaser, USN
Advisers: Professor George F. Pieper and
Commander Robert Bruninga, USN (Retired)
Sponsor: Naval Space Command

This project was a study of the advantages and
disadvantages of low power, weak signal voice
communications. The researcher accessed Navy
UHF satellitcs and demonstrated operations by
installing tcrminal equipment on a Yard Patrol
Craft (YP) and at the Naval Academy Satellite
Earth Station Facility. Navy terminal cquipment in
the fleet typically uses 25 KHz channels and power
levels between 10 to 80 watts. The normal
modulation is widcband FM or PSK to permit
securc communications. Single Sideband (SSB) is
more cfficient at weak signal levels and only
occupics € Khz of band width. Combining the
advantages of narrow bandwidth and weak signal
performance, a link improvement on the order of 10
dB over FM may be possible. Also, the lower
average power level of SSB improves channcl
sharing characteristics. Using SSB, 6 users can
share a single channel.

Terminal equipment was assembled from off-the-
shelf, non-develovment radio frequency equipment,
modified to operate in the military UHF satcom
spectrum. The basic SSB exciter operated at 28
MHz.

The researcher studied the concept of operations
of the Navy UHF SATCOM system and spacecraft.
She considered the advantages of FM, PSK and SSB
modulations, and performed link calculations to
determine system: design requirements for the YP
SATCOM System. She also participated in the
design modifications to the RF hardware, allowing
operations in the military UHF band, and assisted
in the tuning and asscmbly of the system
components. The project involved liaison with the
Navy Space Command, Fieet Satellite Operations
Center, and the Professional Development Division.
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Flow Characteristics of a Lifting
Body for Ultralight Design

Researcher: Midshipman 1/C Jeffrey G. Heiges, USN
Adviser: Professor Bernard H. Carson

Presented is a study of the flow characteristics of
delta wing design -- the X-UL-1. The X-UL-1 is an
experimental ultralight model, designed to improve
the stall characteristics currently present with ultra-
light aircraft. The results obtained indicate such an
improvement: even at high angles-of-attack (around
32 degrees), the flow remains relatively stable and
attached over the control surfaces on the trailing
edge. Also, the best lift-to-drag ratio occurs at +10

degrees angle-of-attack and is approximately equal
to 4.7. Finally, a preliminary design for a full-scale
ultra-light aircraft was made. The actual 550-pound
aircraft would require a 43-horsepower engine te
establish a 200-fpm climb at the best lift-to-drag
ratio. Data obtained compare favorably to
expected values and should provide a good basis for
future experimentation on similar designs.
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Publications

BAGARIA, William J., Professor, "Speculation on
the Avian Pecten as a Heat Exchanger,” Letter-to-
the-Editor-Scction, American Scientist, 78, 6 (1990),
488-489.

The structure in the eyes of birds, called the pecten,
continucs to mystify rescarchers. By looking at the
features of the pecten, onc can speculate on its
function. The pecten is flat, heavily pigmented, and
filled with blood vesscls.  These features would
indicaic that it is an efficicnt heat exchanger. The
reasons a heat exchanger would be needed are: the
bird feathers highly insulate the flight muscles,
which arc large producers of heat; this heat must be
dissipated to prevent overheating of the bird; the
cornca of the eye needs to be heated when flying in
cold weather; and the temperature of the brain--
which is between the eyes in birds--needs to be
regulated.

BAGARIA, William J., Professor, "Undergraduate
Astronautics at the United States Naval Academy,”
Engincering Education, 81, 3 (April 1991), 386-388.

This paper describes the "astronautical engincering
track” within the acrospace engineering curriculum,
at the U.S. Naval Academy. This track, along with
the preexisting  “acronautical track,” allows a
midshipman to cmphasize cither astronautical or
acronautical engincering,  The objective of this
program is to give the midshipmen the necessary
astronautical engincering background so that a
preliminary spacecraft design can be performed.
The spacecralt design is done in the design course
during the last semester of the degree program.
The astronautical track was developed within the
revised Accreditation Board for Engincering and
Technology (ABET) guidelines.  The  revised
curriculum was approved by the administration of
thc Academy in May 1986, and rcccived ABET
accreditation in July 1988.

CARSON, Bernard H,, Professor, "Algorithms for
Dcetermining  Planar  Arca  Propertics  from
Peripheral Points,” Division of Engincering and
Weapons Report EW 13-90, October 1990,

The determination  of  planar  propertics--cross
sectional areas, centriods, moments of incrtia, and
so forth--plays a central role in the solution of many
diverse  enginecring  problems. Despite  the
incrcasing availability of computational power to
engincers and students alike in recent years, with
the advent of small desktop  computers, the
traditionally laborious and crror-prone methods of

10

making these  determinations,  involving  arca
decomposition or strip integration, are still being
taught to the present genacration of engineering
students, mostly due to a lack of a suitable
alternative technique. These classical methods are
found 1o be particularly difficult 1o adapt to general
computational algorithms.  This work presents a
novel approach, requiring only the peripheral points
of any planar arca as inputs, and is idcally suited for
numecrical methods. It is shown that all planar
propertics of technical interest can be generated,
once and for all, with straightforward algorithms
that arc readily programmed in any scientific
computing language, or adapted to  typical
spreadsheet formats.  These algorithms are fully
general and require no decision-making on the part
of the wuser. Various worked  cexamples  are
presented.

KARPOUZIAN, Gabricl N, Assistant Professor,
co-author, "Acroclasticity of Anisotropic Composite
Wing Structures Including the Transverse Shear
Flexibility and Warping Restraint Effect,” American
Institute of Acronautics and Astronuautics paper
No. 91-0934, April 1991,

The equations governing the static and dynamic
acroclastic  cquilibrium  of  cantilevered  wing
structures  laminated of advanced  compostte
materials arce derived. These equations, based upon
the plate-bcam model, incorporate a number of
effects which are essential for the accurate
prediction of their acroclastic behavior; namely, (1)
the anisotropy of the materials of constituent layers,
(2) the warping restraint effect, (3) the transverse
shear flexibility, and (4) the rotatory inertias.

A simple case emphasizing the effect played by
transverse shear flexibility coupled with the warping
restraint on the acroclastic divergence of swept wing
structurcs is considered, and pertinent conclusions
are outlined.

KARPOQUZIAN, Gabricl N., Assistant Profcssor,
"Asymptotic Theory of Bending-Torsion Flutter of
High Aspect Ratio Wing in the Torsion Controlicd
Domain,” Amcrican Institute of Acronautics and
Astronautics Technical Note, Vol. 29, No. 5, May
1991, pp. 780-781.

An analytical study of bending-torsion flutter of high
aspeet ratio wing is presented in the framework of
an asymptotic theory. Central to the development
of the present theory are the identification of an
important  controlling  paramcter, namcly, the
bending-torsion stiffness ratio E1/GJ. and  the
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consequential identification of two distinct frequency
domains, under a fixed EI/GJ, referred to as the
torsion controlled domain and the bending
dominated domain, respectively.  The theory is
developed in the torsion controlled domain, and, to
substantiate its adcquacy, a detailed analysis based
on the method of matched asymptotic expansions is
carricd out in the case of a uniform unswept
cantilever wing in an incompressible airflow. The
results are tested against those obtained by a more
exact trcatment. Comparison of the asymptotic and
exact calculations for the flutter cigenvalues and
mode shapes lends support to the present theory.

MACKNEY, Michacl D. A., Assistant Profcssor,
and Mark HURST, Scicnce and Engineering
Apprentice Program Student, "HULGEN 3 - A
Finite Element Preprocessor  for  Hull-
Superstructure Interaction Studies-Descriptions and
Listing,” Division of Enginccring and Weapons
Report EW-14-90, November 199(,

This report gives a description and listing of the
third finite eclement  preprocessor  required 1o
generate numerous correctly formatted data sets for
analysis by the GIFTS finite clement system in hull-
superstructure interaction studies.  The  carlier
developed genus model for a two superstructure
arrangement and its associated  algorithms  for
topology and conncctivity have been coded in True
Basic to allow user sclectivity for a number of
preprocessor options.  Editing of a process-
generated file containing the essential unformatted
parameters and dimensions allows rapid production
of related data sets, where perhaps only a single
paramcter has been changed. This  final
preprocessor is constructed with some innovation,
giving it significant  uscfulness  in support of
parametric studics.

Appendices include the full True Basic program
listing, a histing of the intermediate File Maker file,
and a correetly formatted full data file  for
subsequent analysis by the GIFTS finite clement
system.

MACKNEY, Michacl D.A., Assistant Profcssor,
"Hull-Superstructure Interaction Studics, Progress

11

Report and Bibliography,” Division of Engincering
and Weapons Report EW-15-90, November 1990.

This report reflects part of a continuing rescarch
study of hull-superstructure interaction and covers
an up-dated literature review, as well as a summary
of the status of the work. The carlier literature
scarch covered the period of 1899 to 1983, and cited
sixty references of primary relevance to the study.
The updated review extends the period to 1989 and
includcs a total of nincty-seven references. Thirty-
four additional summaries are taken from the
authors’ papers, giving a total of sixty-two now
referenced.

The second part of the report gives the status of
a multifaccted study and includes a number of
topics, including structural model formulation and
algorithmic  development,  finite  clement
preprocessor development and implementation, data
generation, GIFTS  finite  clement  processing,
experimental modcel fubrication, experimental testing
rig  design,  development,  and  fabrication,
experimental model strain gauging, experimental
data acquisition, and structural behavior analysis,
Ten of the project’s phases have been initiated,
some are essentially complete, and a few are yet to
be initiated.

Major accomphshments include the literature
scarch, the formulation and development of three
different genus models  of - hull-superstructure
configuration which permit-user controlled geometry
changes, and the coding and implementation of
three preprocessors for these genus modcels. These
pre-processors generate correctly structured and
formatted data scts for the GIFTS finite clement
system, are written in True Basie, and can be run
on personal  computers  and  some  high-end
cngineering workstations.

The numerous data scts are being gencrated with
some finite clement processing. Six small scale
Lucite  case  acrylic sheet models  have  been
constructed and arce being instrumented for an
experimental validation of aspects of the numerical
work. A simple loading rig has been developed
which allows the models to be loaded in pure
bhending; and a computer-based data acquisition
system is being commissioned to aid in the
experimental program.
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Presentations

CARSON, Bernard H., Professor, "Origins of
Scaling Laws for Low Reynolds Number Flight,”
Naval Research Laboratory  Kemotely-Piloted
Vcehicle Research Conference NUC, San Dicgo,
Califormia, 19-20 September 1990.

DANIEL, Walter K., Assistant Professor, "Launch
Options for Small Mars Precursor Missions,”
AIAA/USU Fourth Annual Conference on Small
Satellites, Logan, Utah, 29 August 1990.

DANIEL, Walter K., Assistant Professor, and Karl
E. JENSEN, Ensign, USN, co-authors, "Design,
Fabrication, and Testing of Composite Shells for a
Mars Balloon Payload,” AIAA/ASME/ASCE/
AHS/ASC Thirty-sccond  Structurcs, Structural
Dynamics, and Matcrials Conference, Baltimore,
Maryland, 2 April 1991,

KARPOUZIAN, Gabricl N., co-author,"Modclling
and Aecroclastic Formulation of Composite
Anisotropic  Wing  Structures Including the
Transverse Shear Flexibility and Warping Restraint
Effects,” the Socicty of Rheology and the Socicty of
Engincering Scicnce, Santa Fe, New Mexico, 21-25
October 1990.

KARPOUZIAN, Gabriel N., co-author, "Study of
Divergence and Flutter of Composite Anisotropic
Wing Structures Including the Transverse Shear
Deformation and Warping Restraint  Effects,”
Thirty-second Structures, Structural Dynamics, and
Materials Conference, Baltimore, Maryland, 8-10
April 1991,
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Satellite Earth Station Facility

Robert E. Bruninga
Director

he Satellite Earth Station consists of a 40-foot

parabolic dish antenna  with computerized
tracking capability for all orbiting satellitcs. It has
feeds for reception of C and Ku band video signals
from geostationary satellites and VHF/UHF feeds
for the reception of telemetry and communications
from a number of experimental spacccraft.

The rescarch capabilitics of the Satcllite Earth
Station were enhanced this year by the addition of
a full-time engincer to the facility. Robert E.
Bruninga, CDR, USN, Retired, came aboard on the
maintenance contract with Bendix Field Engincering
to operate the facility. He has a keen
understandine of the Academy environment, having
served in the Electrical Engineering Department at
the Academy during 1983-1985 and has a strong
background in naval communications. He provides
operation and maintenance of the Earth Station
Facility, as well as providing assistance to student
and faculty projects.

Puring this ycar a number of experiments and
special projects were performed using the facility:

OPERATION MOONBOUNCE: The dish was
used by the Academy Radio Club to participate in
the annual Earth-Moon-Earth communications
experiments sponsored by the American Radio
Relay League. During the weckend of 2 November,
twenty-four stations from around the world were
heard via reflections from the moon. Due to low
transmit power available this ycar, the Academy
only had onc successful two-way contact with a
station in New York.

SPACE SHUTTLE COMMUNICATIONS
EXPERIMENTS: The Academy was one of five
stations authorized by the National Aeronautics and
Space Administration (NASA) and the Federal
Communications Commission to attempt to transmit
live video to the space shuttle Atlantis during
mission STS-37 in April as part of the Shuttle
Amatcur Radio Experiment (SAREX). Using a
200-watt vidco transmitter and precise tracking data
from NASA, the Academy successfully uplinked
video during three orbits on 8 April 1991. The
picturcs from the Academy were the strongest of
the attempts and the only ones received in color.
Uplinking fast scan video to the shuttle was a first
for the manned space program.

During December, the SAREX mission on Space
Shuttle STS-35 was tracked for five days using the
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USNA dish antcnna. Although  two-way
communications were not successful, several pages
of radio communications and telemetry were
reccived during at least a dozen orbits visible from
Annapolis.

SOVIET SPACE STATION MIR: During
February, the Soviet Cosmonaut Musa Manarov
operatcd an amatcur radio station on board the
Sovict space station MIR. He connected his radio
to his laptop computer, allowing data conncctions
and the exchange of mcssages. For ten days the
Academy tracked MIR and experimented with this
data link, logging onto his computer on a number of
occasions.

SATELLITE TELEMETRY AND TRACKING
LAB: During the last week of April a satellitte
telemetry and tracking lab was conducted with the
students of ASTRO 11, EA-462. The objective of
the lab was to predict the orbit of the OSCAR-17
satellite, reccive downlink tclemetry, and calculate
the orientation of the spacecraft based on the value
of the six solar array currents. Two other spacecraft
were actually used due to the limitations of lab
hours and the fact that OSCAR-17 expericnced a
software crash the week before. OSCARS AO-16
and WO-18 were used.

NAVY UHF SATCOM EXPERIMENTS:
Midshipman 1/C Christina Glaser conducted
experiments through the Navy Fleet Satellite for her
EA-496 indcpendent  rescarch  project. Her
objective was to dcmonstratc weak  signal
narrowband modulation techniques to increase
channel capacity through the existing 25 KHz FM
transponders. She constructed a six-foot-long helix
antcnna and was able to obtain several hours of
cxperimental time on FLTSAT-7.

TELEMETRY BALLOON: Midshipman 1/C
David Stohs constructed a five-channel telemetry
payload in his EE-313 Digital Design Class which
measurcd altitude, inside and outside temperature,
balloon status, and ground contact. The balloon
was launched on 27 April at 10:00 a.m. and tracked
for almost three hours across the DELMARVA
Pcninsula.  The balloon rcached 70,000 fect or
about 12 miles and was rcceived as far away as
Connecticut. It landed in the bay water off Ocean
City, Maryland, and was rccovered two days later.

REMOTELY-PILOTED VEHICLE:
Midshipman 1/C  Gary Null constructed a




SATELLITE EARTH STATION FACILITY

Remotely-Piloted Vehicle for his Weapons Systems
Engincering  project,  ES-402. He  reccived
considerable assistance from the Satellite Facility on
the video link from his vehicle. The video was
transmitted from the vehicle back to the control
station  using a low power 900 MHz  video
transmitter, which is a prototype for future balloon
launches at the facility.

YARD PATROL CRAFT SATELLITE
COMMUNICATIONS: As a follow-on to
Midshipman  Christina Glaser's UHF  satellite
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cxperiments, @ project was initiated to  install
prototype Satellite Communications ¢quipment on
the YP's for the summer cruises. The design work
15 in progress for two satellite transceivers to be
constructed and installed on the lead boats of cach
major deployment. The equipment will permit two-
way message exchange between the boats and the
Academy during one hour of satellite aceess time
per day. The system will be integrated with other
YP radios (HF, VHF, and UHF) to take advantage
of other propagation systems.




DEPARTMENT OF

Electrical Engineering

Commander William E. Davidson, USN
Chair

R esearch and scholarly activity are fundamental
to the vitality and viability of a discipline. This
is particularly applicable to clectrical engincering,
which is broadly based and rapidly expanding.
Rescarch helps both faculty and midshipmen keep
abreast of advancing technology and ultimately
improves  the effectiveness  of the  academic
cnvironment by cncouraging a modern and relevant
curriculum.

Funding for our rescarch comes from the Naval
Rescarch Laboratory, the David Taylor Rescarch
Center, the National Institute of Standards and
Technology, and from within the Naval Academy.
Rescarch topics supported by the Navy Laboratories
during the past year included Interaction of
Microwave Encrgy with Inorganic and Organic
Matcerials, Target Characterization by Impulse
Radar, Prediction of Low Rate Radiation Effects,
Characterization of Ultrasonic Transducers, and
Detection and Characterization of Wear Particles in
Fluids. This faculty research contributes directly to
our operating forces and provides relevant topics
which benefit the professional as well as the
academic development of our midshipmen.
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Sponsored Research

Target Characterization by Impulse Radar

Rescarcher: Associate Professor David S. Harding
Sponsor: Naval Academy Research Council (ONR)

The rescarcher conducted an investigation of wide bandwidth. The objective of such processing
techniques for the processing of RADAR rcflections and discrimination includes targets such as hostile
from targets illuminated by pulse type aircraft and missiles.

electromagnetic fields of short duration and very

Prediction of Low Rate Radiation Effects

Researcher: Professor Richard L. Martin
Sponsor: Naval Research Laboratory

A mcthod has been devised for prediction of the anncaling for long times or clevated temperatures
performance of radiation-hardened microelectronic anncaling for short times, with actual low dose rate
devices when subjected to low dose rate nuclear irradiations is presently being conducted. Analysis
radiation over extended times. The method uses a of the anncaling results is also being performed to
scries of high dosc rate radiation pulses separated understand better the physical effects contributing
by recovery (or anncaling) times. Correlation of to the annealing characteristics of the devices.

this method, which uses cither room temperature

Characterization of Ultrasonic Transducers

Rescarchers: Professor Antal A. Sarkady and
Associate Professor (retired) Herbert Neustadt
Sponsor: Naval Rescarch Laboratory

The aim of this rescarch work is to develop clectric circuit models of ultrasonic transducers have been
circuit models and mcasurcment systems required improved to include coupled vibrational modes of
to characterize ultrasonic transducers. The precise piczoclectric crystals. During the last year, two
characterization is required to improve inspection of journal papers have been published on this work.

welds in naval shipyards. During the last year, the
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Detection and Characterization of Wear Particles in Fluids

Rescarchers: Professor Antal A. Sarkady and
Associate Professor (retired) Herbert Neustadt
Sponsor: David Taylor Rescarch Center, Annapolis Laboratory

Detection and characterization of wear particles in
lubricants is an important naval problem, because
an accurate knowlcdge of bearing wear rate is
required to perform scheduled maintenance on
naval ship machincry. In this rescarch work, a
focused, widcband (2.5MHz-12.5MH7) ultrasonic
transducer opcrating in echo modc is used Lo detect
wear debris (copper beads as small as 0.1mm in

j &
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diamcter) found in lubricant oil and to discriminate
this dcbris from entrapped air bubbles of
approximately cqual size, In this past ycar, signal
fcatures of small copper beads and air bubbles of
various sizes have been studied and defined; the
discriminating fcatures between air bubbles and
copper beads have been identified.
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Independent Research

Interaction of Microwave Energy
with Inorganic and Organic Materials

Rescarcher: Assistant Professor Ralph W. Bruce

Rescarch was conducted into the interaction of terials was also investigated. This project was
microwave cnergy with inorganic and organic sponsorcd by the National Institute of Standards
matcrials. Design of microwave cquipment as an and Technology.

energy source for acid dissolution of inorganic ma-
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Research Course Projects

Digital Modulation Delay

Rescarcher: Midshipman 1/C Robert A. Kovalchik, USN
Adviser: Professor Ralph P. Santoro

A programmable digital dclay linc that samples a
20-20KHz band-limited audio signal at 60 KHz and
delays it from 1ms to 4 scconds has becn designed
and constructed. The design is centered on a 12-bit

analog-to-digital converter and a 256-word dram
memory. The application of the device is for high
quality musical special cffects.

Signal Acquisition Through Microprocessor Control

Rescarcher: Midshipman 1/C Robert A. Kovlachik, USN
Adviscr: Professor Ralph P. Santoro

This work is an extension of the project entitled
"Digital Modulation Delay"” to include
microprocessor control of the signal acquisition
process and to provide gencral purposc digital signal
processing for the acquired signal. This extended
device can be operated in a stand-alonc modc or
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through a personal computer by mcans of an RS232
communication port. A 68000 microprocessor with
up to 512K bytes of ROM for firmwarc and up to
8 Mbytes of RAM provides for intelligent control of
the device, which is based on the Nubus structure.
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Publications

BRUCE, Ralph W, Assistant Profcssor, "Activation
Energies for the Dicleetric Loss  Factor/AC
Conductivity of Some Polycrystalline Ceramics,”
Ceramic Transactions of the American Ceramics
Society, 21 (1991), 107-116.

By analyzing the temperature dependence of the
diclectric loss factor /AC conductivity, the activation
encrgy can be determined.  Analyses will be
presented based upon material type, percent of the
major phase, density, and frequency. Trends in the
matcrial’s behavior when placed in a microwave
ficld can be determined from these analyses.
Additionally, from the dctermination of the
temperature at which a material’s AC conductivity
begins to change rapidly, the onset of a material’s
change in phase may be indicated, e.g., the onset of
sintering. In particular, it has been determined that
the diclectric loss constant of Al,O5 has two
activation energics, onc in the range of .16 to
1.15Kcal/mole for low temperatures ( <700 C) and
onc in the range of 9.22 to 69.2 Kcal/mole for high
temperatures (> 700 C) at a frequency of 3.5 GHz
and samples from 85% to 100% Al,O,.

LIM, Tian S., Associatc Professor, "A
Microcomputcer-Based Laboratory Exercisc: Analog-
to-Digital Conversion Techniques,” CoED Joumnal
(Computers in Education Division of ASEE), 1,1,
(January-March 1991), 5-9.

This paper describes a microcomputer interfacing
laboratory offered by the Department of Electrical
Enginecring at the U.S. Naval Academy. This
undergraduate laboratory demonstrates two analog-
to-digital conversion (ADC) techniques, the ramp
method and the successive approximation mcthod.
The two techniques usc the same hardwarce but
different software algorithms. In both cascs, the
ADC is accomplished by using a Microcomputer
(Apple Ilc) to control a John Bell Enginecring
(JBE) digital-to-analog conversion (DAC). The
analog input voltage and the output of the DAC arc
compared and processed. The output of the DAC
1s adjusted by the software until it matches the
analog input voltage. When they match, the binary
number at the DAC represents the  digitial
equivalent of the unknown analog signal.

RYNONE, William, Assistant Professor, and Antal
A. SARKADY, Professor, "Non-Destructive Testing
Via Standard Laboratory Test Equipment,”

Canadian Acoustics, 19, 1 (January 1991), 25-32.

Non-destructive  testing  rescarch  involving
ultrasonics is being pursucd at the U.S. Naval
Academy under the sponsorship of the David Taylor
Rescarch Center. Specifically, this paper addresses
the cfforts to improve various aspects of testing,
including the equipment, software, and problems
that were overcome in using a digitizing oscilloscope
and computer made by different manufacturers.

SARKADY, Antal A,, Professor, and Herbert M.
NEUSTADT, Associate Professor (Retired),
"Estimating Radiation Conductance of a
Thickness-Drive  Transducer  from  Electrical
Driving-Point Admittance Mcasurements, Including
Dectails on Removing Parameters,”  American
Institute of Physics Document No.
PAPS-JASMA-89-917-49, February 1991.

For many thickness-drive transducer applications, it
is desirable to have a good cstimate of the radiation
conductance (or other property based on power
output) of the transducer. Generally, however, it is
difficult to measure directly transducer power
output. It is thercfore desirable to have a
procedure for estimating radiation conductance
from casily mecasured quantitics. The measured
quantitics used in this paper are electrical
admittances at the terminals of the transducer when
it is in air, and when in water. The transducer
modcl uscd to interpret the measured admittance is
a lumped-constant cquivalent circuit; it has been
refined to represent an electrically excited thickness-
drive transducer over the frequency range 0.5-40
MHz. Two mcthods are used to estimate radiation
conductance G 4(f), and cfficicncy. One, the
genceral-case method, gives valucs of G4 over a
wide range of frequencics; the other gives the
general case where a novel procedure, similar to
itcrative optimization, is used to cstimate that is
frcquency dependent.  The validity of the two
mcthods is tested by comparing resultant G4 (1)
values with those measured by the National Institute
of Standards and Technology (formerly National
Burcau of Standards). The maximum discrepancy
at the lowest transducer resonance ts approximately
154 for the small number of transducers on which
mcasurcments have at present been made. The
transducers studicd herein have active clements with
characteristic impedance much higher than that of
watcr. Polymer-film transducers are not considered.
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SARKADY, Antal A, Profcssor, co-author,
"On-Linc Wear Particle Monitoring Based on
Ultrasonic Dectection and Discrimination,” David
Taylor Research Center Report, DTRC/PAS-89-7,
May 1989, 1-12.

The David Taylor Research Center and the Naval
Academy Electrical Engincering  Department
developed  an  ultrasonic  technique  for  the
nondcestructive evaluation of shipboard machincery
conditions. The ultrasonic wear particle sensor
(UWPS) quantitatively measures the amount and
sizc of wear-generated debris in the machinery
lubricating oil by employing wide-band, ultrasonic
pulse echo techniques. In addition to its present
capability to detect, count, and size wear debris over
a broad range of sizes, several methods of
clectronically discriminating contaminant particles
from air bubbles have been  demonstrated
experimentally.

The UWPS presently exists as a microprocessor-
controlled laboratory instrument. An carlier version
of the UWPS successfully detected and counted
wear particulate generated by oil-lubricated rolling
clement bearings in scveral bearing failure tests.
The instrument used in these tests did not
discriminate air bubbles from water debris but was
successful in detecting abnormal bearing wear.
Thrce methods have been investigated which may
ultimatcly provide the instrument with the ability to
identify scatterers as cither air bubbles, water
droplets, or debris particulate.  Onc method uses
the intensity vs. the angle of scatter of the ultrasonic
pulse to discriminate air from dcbris. Another
mcthod is based upon phase measurcments of the
reflected pulse ccho. The latest method investigated
mcasurcs the spectra of the individual pulse echocs
and corrclates the spectral features with particle
composition.

This report discusses the theory of operation of
the UWPS, mcthods used for determining the size
of individual clatters, and the various mcthods of
discriminating wear debris from entrained air. Test
data are presented, and possible applications arc
discussed. It is felt that this instrument will be a
powerful tool for nondestructively determining the
wear condition of hydraulic and lubricating oil
machinery.

SARKADY, Antal A., Professor, "Wear-Particle
Discrimination Progress Report”, ULNA Report,
25 January 1991, 1-52.

The scattering of acoustic waves by solid cylinders
and spheres is well documented with Faran,
Hickling, and Neubauer, ct al. being the carly
investigators.  Morc recently, acoustical resonance
theory was developed by Gaunaurd, Ubecrall and
Flax and was applicd to cylindrical and spherical

targets. However, most of the carly scattering
experiments were performed on large targets at low
frequency range (1KHz to 200KHz). More recently,
the availability of wide band ultrasonic transducers
prompted many investigations, including high
frequency region (0.2MHz to SOMHz). Principle
goals of the investigations are counting, sizing, and
characterization of metal wear particles found in
lubricant oil (2190TEP). Sizcs range from 3 to 2000
microns. Detection and characterization of these
small wear particles is a difficult problem because
the oil is highly attcnuating. Aucnuation increases
rapidly with increasing frequency. In addition, small
cntrapped air bubbles are often found with high
concentrations in oil. These air bubbles must be
rejected in a wear particle experiment.

Discriminating metal wear particles from air
bubbles is a non-trivial problem. Recently, J. Feld
and J. Cammarata of Monitck Technologies, Inc.
reported that good discrimination has been achicved
in the frequency domain, between particles and
bubbles in water. Their instrument uses a focused,
lightly damped, thickness mode ultrasonic
transducer with fundamental frequency of SMHz
and a third harmonic of 15MHz, transmitting
approximatcly equal power at both frequencies.
The ratio of echo amplitudes (amplitude of the
15SMHz spectral line over the amplitude of the
SMHz line) is used as discriminating parameter.
Their finding indicated that particles tend to have
an amplitude ratio of greater than 0.9 while air
bubbles have less than 0.2 (when these targets are
in the focal point).

The goals of this research study were twofold:
verify Monitek’s particle/air bubble discrimination
technique in water and try to use this technique in
lubricant oil (2190TEP). However, in order to
overcome the oil attenuation problem, the
fundamental frequency of transducer was chosen to
be 2.5MHz. This choice increased the particle
sizing threshold but offered the best chance for
success in discrimination.

WOOTEN, Curran, Instructor, co-author,
"Scmistate  Equivalency: The Lewis Realization,”
Proceedings of the Twenty-ninth IEEE Conference
on Decision and Control, December 1990.

The concept of input-output equivalency of real
lincar lumped time-invariant systems is formulated
in terms of scmistate theory; this equivalency is then
ticd to the Lewis backward-forward semistate
decomposition, which is reviewed and derived.
Finally, a system synthesis based upon this Lewis
dccomposition is given, allowing physical rcalization
of any lincar lumped time-invariant scmistate
described regular system via its Lewis cquivalent
system.,
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Presentations

ALLEY, Reuben E., Professor, "Nova Reperta:
Twenty  Scientific  Engravings  of  the  Early
Seventeenth Century,” and “The Vacuum Rotor-A
“ovel Heat Engine,” Amcrican  Association  of
Physics Teachers, San Antonio, Texas,  January
1991.

BRUCE, Ralph W, Assistant  Professor,
“Introduction to Electromagnetic Heating,” Twenty-
fifth  Annual Meceting  of the  International
Microwave Power, Denver, Colorado, 20 August
19990,

BRUCE, Ralph W., Assistant Professor, "Activation
Encrgics for the Diclectric Loss  Factor/AC
Conductivity of Some Polyerystalline Ceramics,”
Symposium  on  Microwaves: Theory  and
Application in Muterials Processing, Nincty-third
Annual Mecting of the American Ceramics Society,
Cincinnati, Ohio, 29 April - 2 May 1991,

BUTKA, Brian K., Assistant Professor, Computer
Use/Application and Professional Engincers, Sixth
Grade class in the local school district.

BUTKA, Brian K., Assistant Profcssor: "A Modecl of
Narrow-Bandgap MISFET’s,” Twenty-second
Annual Pittsburgh Conference on Modeling and
Simulation, Pittsburgh, Pennsylvania, 3 May 1991,

COLLINS, Glen, Assistant Professor, "Artificial
Intelligence and  Belief Functions,” Sigma  Xi
Rescarch Socicty, Annapolis, Maryland, 17 October
1990.

LIM, Tian S, Associate Professor, "An
Undcrgraduate Electrical Engineering Laboratory
with Microcomputer,” 1990 American Socicty for
Engincering  Education Annual  Conference,
Toronto, Canada, 25 June 1990.

WEIS, Stephen R., Assistant Professor, co-author,
"Frequency-division Bascd Polarization Diversity
Scheme for Overcoming Signal Fading in an
Interferometric Sensor,” IEEE  Lasers  and
Electro-Optics  Socicty  Mccting  in - Boston,
Massachusctts, 6 November 1990.
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Mechanical Engineering

Professor John O. Geremia
Chair

Rcscarch mm  the Mcchanical Engincering
Department cncompassed several arcas of
specialization within the broad ficld of mechanical
cngineering. These arcas included thermodynamics
of intcrnal combustion cngines, fluid dynamics,
mechanical and thermal design, and materials
scicnce. Specific objectives of the current rescarch
varied from computer modeling of thermodynamic
cycles to  advanced composites and  ceramic
materials rescarch.  Rescarch was supported by a
varicty of sponsors, including the Office of Naval
Rescarch, the Nuclear Regulatory Commission, and
the David Taylor Rescarch Center. The Academic
Dcean  funded  several  faculty members  on
instructional development projects.  In addition,
some faculty pursued independent rescarch in arcas
of personal interest.

Rescarch cfforts at the Naval Academy are driven
by the nced for faculty to stay abreast of rapidly
changing technology and to introduce subscquently
that new technology into their courses.  Some
updating of course matcerial is also facilitated by
seminar speakers and visiting professors. Under an
exchonge program with the David Taylor Rescarch
Center, two visiting  professors  taught in the
department, and onc of our professors carried out
rescarch at the Center. The cfforts of the
mechanical enginecring faculty to become more
cffective classroom teachers through their rescarch
activitics  are  reflected by their  numcrous
publications and prescntations at national and
intcrnational conferences.
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Sponsored Research

An Evaluation of the Impact of Decentralized
Cooling Systems on Future Submarines

Researcher: Associate Professor Elliott E. Dodson
Sponsor: David Taylor Research Center, Annapolis Laboratory

The future availability of CFC refrigerants for use
in Naval chilled water plants is threatened by
environmental concerns. Thermoelectric cooling as
an alternative had been evaluated previously by the
Electric Boat Division of General Dynamics
Corporation, and, at that time, found heavier and
less efficient than vapor compression cooling.

Technological advancements since the Electric
Boat Study, both in design and thermoelectric
material performance, are evaluated in this present
report, by considering modifications to the Electric
Boat Study and the impact of such modifications, as
applied to SSN21. Modifications involved the entire
HVAC system (with evaluations of several optional
configurations) and also, the waste heat rejection
system.

A decentralized HVAC system with an
environmentally acceptable cooling system, com-

bined with decentralized passive through-the-hull
cooling panels, showed potential reductions of
200,000 Ib and 2,500 ft® and no increase in power.
Changing to a decentralized system would reduce
the weight and volume associated with the large
scale headers required for distribution in the current
centralized systems. Decentralized cooling would
reduce submarine cost duc to modular construction
and because a major portion of ventilation ducting
would be climinated. The decentralized cooling
system would also provide increased survivability,
arrangement flexibility, and reduction of the
acoustic signature. Recommendations for future
work required to overcome major obstacles and to
demonstrate advantages of decentralized cooling are
presented. Thomas W. Bein of the David Taylor
Research Center also worked on this project.

Effect of Impact Loading on the Mechanism of Crack
Propagation in Ceramic Matrix Composites, and
Freeze/Thaw Cycles of Organic Composites to
Simulate Deep Seawater Submergence

Researcher: Professor Dennis F. Hasson
Sponsor: Office of Naval Research

The research on impact testing of ceramic matrix
composites (MC’s) continues. The database has
been expanded to include the comparison of
different fibers on the same matrix and vice versa.
Also, new matrices, such as M_Si,, will be obtaincd
and tested.

The study of the effect of freeze/thaw cycles on
the structured integrity of organic matrix composites
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which are subjected to high pressure seawater is
currently in progress.  Other specimens are
subjected to seawater at ambient pressure for
comparative purposes.

The results of the above studics will be submitted
for publication.
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Evaluation Effects of Cyclic Loading on the
Fracture Behavior of a Cast Stainless Steel

Researcher: Professor James A. Joyce
Sponsor: David Taylor Rescarch Center, Annapolis Laboratory

Tests conducted in Japan as part of the High Level
Vibration Test (HLVT) program for reactor piping
systems revealed greater than expected levels of
fatigue crack growth in a cast stainless steel pipe
clbow. The material tested was equivalent to
ASME SA-351 CF8M. The project was tasked to
develop the appropriate material property data to
characterize cyclic deformation, cyclic elastic-plastic
crack growth, and ductile tcaring resistance. The
computer-controlled servo-hydraulic test machines
at the U.S. Naval Academy were used to develop
the required data.

The tests conducted included monotonic and
cyclic tensile tests, monotonic J-R curve tests, and
cyclic elastic and elastic-plastic fatigue crack growth
rate tests. The cyclic elastic-plastic fracture
behavior of the stainless steel was the primary
concern and was evaluated using a cyclic J-integral
approach.

It was found that the cast stainless stcel was very
resistant to ductile crack extension. This research
was also supported by the Brookhaven National
Laboratory.

Optimizing Power for Cascaded Curzon-Ahlborn Cycles

Rescarcher: Professor Vincent J. Lopardo
Sponsor: Naval Academy Research Council (ONR)

The rescarch was divided into two phases. In Phase
I the rescarcher evaluated the conditions of
optimum specific power (power divided by the heat
exchanger arcas) for the irreversible model of the
Curzon and Ahlborn engine as a function of
temperature ratios and heat exchanger area ratios.
The C-A engine is the same as the Carnot cngine,
except that a finite temperature difference exists
between the heat exchangers and the thermal
reservoirs. The resulting optimum specific power is
equal to (1 + GL)ZU"T”/(l + ap)” where e is the

normalized temperature ratio, aj is (UL/U”)'I/:*,
and U is the overall heat transfer cocfficient.

In Phase II, two C-A engines arc used in scries
between two thermal reservoirs. The power was
optimized with respect to the four unknown
operating system temperatures. The two thermal
rescrvoir tcmperatures are assumed known.
Although the resulting equations could not be
explicitly solved, the temperatures arc casily
dctermined by numerical solution.

Three-Dimensional Potential Flow Analysis
of a Centrifugal Pump

Rescarcher: Assistant Professor Steven M. Miner
Sponsor: Naval Academy Research Council (ONR)

Potential flow analysis and the finite clement
mcthod are proposed for calculating the flow ficld
in a centrifugal pump. The impeller and volute will
be modeled together to gain insight into the
interaction that takes place between  these
componcuts. In addition, the velocity and pressure
ficlds can be used to calculate unbalanced forces
acting on the impeller. These forces can cause
premature bearing failure, elevated operating costs,
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or catastrophic failure with extended down time.
Finally, the contribution that the flow field makes to
the acoustic signature of the machine can be
considered.

The results of this investigation include: (a) three-
dimensional analysis of the impeller and volute
together; (b) comparison of results to available
mcasured data for the same impeller; and (c)
calculation of the impeller unbalance forcc.
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Crevice Corrosion of Alloy 625 in Seawater

Rescarcher: Associate Professor Patrick J. Moran
Sponsor: Naval Academy Research Council (ONR)

Alloy 625 is a NiCrMoFe alloy and is the main
piping material in the new SSN21’s. It has excellent
mechanical and welding properties and, with the
exception of crevice corrosion, excellent corrosion
properties. It has been found to be susceptible to
crevice corrosion in seawater service.  The
researcher worked on this problem during the
summer of 1990 as an ASEE-ONR (American
Society for Engineering Education - Office of Naval
Rescarch) Senior Faculty Fellow at the David
Taylor Research Center. Work is continuing on this

problem. The rescarcher is particularly interested
in determining the alloying elements which are
attacked by the crevice corrosion. Scanning electron
microscopy and x-ray microanalysis are being
utilized to detect the regions of crevice corrosion
attack and to analyze the chemical composition for
the material in these regions. This information is
critical in determining alternative materials to alloy
625 and in designing mitigation strategies for alloy
625.

Improved Characterization of Crash Severity

Researcher: Professor Russell A. Smith
Sponsor: University of North Carolina

The purpose of this project is to determine whether
it is possible to create an improved means of
characterizing crash severity by utilizing additional
data variables already present in the North Carolina
statewide crash data files. Here crash severity
refers to a variable that describes the "potential” for
injury to a crash-involved occupant of a motor
vehicle as a consequence of those factors that
influence vehicle acceleration. Also, the term
"improved characterization” designates a new scale
that will account for more injury variance than the
present deformation rating scale (TAD). The
desirability of this goal lies in the usc of crash

severity as a control variable in research aimed at
evaluating designs. One almost always wishes, in
such analyses, to control for crash severity, and the
better the control variable, the more discerning can
be the analyses. At present, crash severity in the
North Carolina data is best characterized through
the use of a seven-point deformation rating scale.
The improved characterization would include a
single variable that is sensitive to damage, object
struck, and mass.

Work was initiated in 1990, and an algorithm was
developed. Test and evaluation of this algorithm
will occur in 1991.
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Independent Research

Control Hinge Moment Coefficients

Rescarchers: Professor Joseph D. Gillerlain, Jr.

This investigation involves an experimental
measurement of the hinge moment coefficient for
an NACAO0012 airfoil in windtunnel tests. The
results are compared with predictions of lincar
thcory and corroborated with other available data.

Also investigated were applications to canard
control surfaces and swath stabilizer surfaces.
Commander Vernon Gordon, USN, formerly with
Acrospace Engincering, also collaborated on this
project.

Experimental Constraint Effects
Study: Elastic Plastic Fracture

Researcher: Professor James A. Joyce

The objective of this project is to develop test
methodology for fracture testing tensile loaded
single and double edge cracked specimens. These
tests should allow evaluation of constraint effects
when the measured J-R curves are compared to
standard bend loaded specimens. Testing in
progress at both the Naval Academy and the David
Taylor Research Center, Annapolis Laboratory will

be completed by May 1991, Analytic work is being
conducted at the University of Illinois, Champaign,
to utilize the experimental results and make
adjustments based on constraint factors and
metallurgical failure mechanisms. This project was
supported by the U.S. Nuclear Regulatory
Commission.

Nonlinear Structural Dynamics

Rescarcher: Assistant Professor Raouf A. Raouf

This is part of a continuous effort to understand the
nonlinear dynamics of structures in general and
composite structures in particular. The interest in
this topic is two-fold:

(1) Interest in nonlinecar dynamics: Nonlincar
dynamics is far from being understood. There is
mounting evidence in engineering application that
nonlincarities can no longer be ignored. Engineer-
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ing rescarch is starting to address this problem, and
rescarch activities are being focused on it.

(2) Intecrest in composite structures: The
increasing interest in the use of composites in
engincering applications makes it important to
understand their bchavior, especially in their
nonlinear regimes.
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Research Course Projects

An Experimental Investigation of Flow-Induced
Vibrations of Thin Leading Edges in Water

Researcher: Midshipman 1/C Preston W. Jones, USN
Adviser: Professor Robert A. Granger

A wedge with various adapted lcading edges was
inserted on a string and immersed in water in the
Naval Academy recirculating water tunnel. Lift and
drag were measured for a range of parameters.
Velocity, angle-of-attack, leading edge chord, and

cient were calculated from measured data and
plotted for a class of leading edge geometries and
materials over a small range of Reynolds numbers.

The results are new, in that no data on C; and

exist in the literature for very thin leading

on that vibrate in a liquid flow.
set of values.

C
material elasticity were varied over a predetermined cchcs
The lift coefficient and drag coeffi-
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Publications

HAMM, Michael K., Lieutenant, USN, co-author,
"Phenomenological and Experimental Study of the
Thermal Response of Low Density Silica Ablators
to High Enthalpy Plasma Flows,” Proceedings of the
American Institute of Acronautics and Astronautics
Thermophysics Conference, , Honolulu, Hawaii, 24-
26 June 1991, AIAA No. 91-1324.

This paper presents a phenomenological analysis
and the results of an experimental study of the
competing physicochemical phenomena present
during the process of melting and vaporization of
silica fiber-based low density ccramic matcrials.
Interest is focused on the thermal response of such
materials to high enthalpy, stagnation arc-jet flow
environments. Based on dimcnsional analysis and
thc methodology of Bethe and Adams, a simplified
phenomenological model is developed to represent
the thermal response of the liquid "melt” layer
which develops on the surface of these glass-like
systems. Modifications are made to approximate
the behavior of low density porous glassy ablators
(NASA Reusable Surface Insulation or RSI) in high
enthalpy environments.

Arc-jct flow cxperiments were performed on a
varicty of RSI materials of different densities and
over a range of stagnation pressures and heat fluxes.
The data obtained indicate the correct trends
predicted by the approximate theory. A
dimensionless correlation is derived for melt run-off
in terms of material and flow parameters; however,
the accuracy of the current data is insufficicnt to
conclude compliance with the modcl.

JOYCE, James A., Professor, co-author, "Effects of
Cyclic Loading on the Deformation and Elastic-
Plastic Fracture Bchavior of a Cast Stainless Steel,”
David Taylor Research Center Report,
DTRC/SME-91-11, Fcbruary 1991

Tests conducted in Japan as part of the High Level
Vibration Test (HLVT) program for reactor piping
systems revealed greater than expected levels of
fatigue crack growth in a cast stainless steel pipe
clbow. The test was cquivalent to ASME SA-
351CF8M.

The test conducted included monotonic and cyclic
tensile tests, monotonic J-R curve tests, and cyclic
elastic and elastic-plastic fatigue crack growth rate
tests. The cyclic elastic-plastic fracture behavior of
the stainless steel was of primary concern and was
evaluated using a cyclic J-integral approach.

It was found that the cast stainlcss steel was very
resistant to ductile crack extension.

JOYCE, James A., Professor, co-author, "Extension
and Extrapolation of J-R Curves and Their
Application to the Low Upper Shelf Toughness
Issue,” U.S. Nuclear Regulatory Commission
Report, NUREG/CR-577, January 1991.

This document develops methods of measuring
experimentally the limits of valid fracture mechanics
data that can be obtained from small fracture
mechanics specimens. The proposed technique
gencrally shows that present ASTM limits are overly
conservative, and the new technique would allow
almost a three-fold increase in the amount of crack
extension allowed in the testing of a surveillance
specimen.

Analytic relationships are then developed to allow
use of the new experimentally measured limit to J-
controlled crack growth for design or failure
analysis applications to corrclate best with the
omega criterion which defines limits on both the
maximum J-level and the maximum crack extension
allowable for a particular specimen size and
material toughness combination.

The final section looks at the problem of
cxtrapolation of J-R curve data when needed for a
structure fracturc analysis.  Scveral forms of
extrapolation relationships are compared from the
point of view of accurate and conscrvative
extrapolation, and particularly from the standpoint
of tearing instability analysis of a growing, ductile
crack on the material upper shelf.

JOYCE, James A., Professor, "Characterization of
the Effects of Large Unloading Cycle on the Ductile
Tearing Toughness of HSLA Steel,” Jounal of
Testing and Evaluation, 18, 6 (November 1990), 373-
384.

This paper describes part of an ongoing project to
study the cffects of interaction between intense
fatigue cycling and ductile tearing and the fatigue
crack growth rate demonstrated by structural stecls.
Earlicr work has utilized a cyclic J-integral approach
to characterize the cyclic crack growth rate and a
relatively standard J-resistance curve approach to
characterize the material ductile tearing toughness.
This work has shown that a rclatively simple
superposition can be used to predict specimen life
when a combination of tensile fatigue cycling and
ductile tearing 1s applicd. The results are far from
perfect but scem to offer a scheme which is
conservative and hence much more desirable than
an LEFM approach which iavariably gives
nonconscrvative life estimates.
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This new work looks at the effect of complete
unloadings and of complete crack  opening
displacement reversals on the subscquent ductile
tearing toughness and fatigue crack growth
resistance.  Initial data show that the effect of a
complete unloading cycle can be predicted using the
baseline cycle J-crack growth rate data of the test
matcrial. A complete COD reversal, however,
produces a much greater crack growth step than
would be predicted using an extrapolation of the
standard cyclic J-mcthod. To account for this
effect, a cyclic J-resistance curve is developed and
compared with the measured data. Fractographic
SEM work is also used to support the unloading
compliance measurcments and the use of a ductile
tearing procedure to predict the crack growth
during these intense compression cycles.

JOYCE, James A., Professor, co-author,
“Application of J-Integral and Modificd J-Integral to
Casces of Large Crack Extension,” Proceedings of the
Twenty-first Fracture Mechanics Symposium, ed., J.
P. Gudas, J. A. Joyce, and E. M. Hackett
Philadelphia: American Socicty for Testing and
Matcrials, 1990, pp. 85-105.

The J-integral is widely accepted as a mcasure of
clastic-plastic fracture toughness of cngincering
alloys.  Specimen size and geometry dependence
were first noted in fracture toughness measurements
using thc ASTM ES813 calculation of the
dcformation J-integral (J4) by McCabe and Landes
in 1983.  The modificd J-integral (J;) was
introduccd by Ernst to attempt to minimize or
climinate size and geometry dependence. Since J
was introduced, questions have arisen regarding the
proper parameter 1o describe the response of a
flawed body to loading.  The objective of this
rescarch task is to investigate the crack growth and
specimen J-capacity limitations of J; and to verify
the accuracy and specimen independence of the
current J o formulation.  This rescarch is expected
to affect decisions concerning the use of small
laboratory specimens to predict clastic-plastic crack
growth resistance in engineering structures.

The J-R curve tests have been conducted on
1/2T, 1T, and 2T compact specimens of materials
having critical fracturc toughness values ranging
from Ji. = 140 to 455 kJ/m>.  These materials
include HSLA-80 steel, A106 steel, 3-Ni steel, and
two A533B steels. These tests were conducted in
accordance with ASTM ETIS2, except that specimen
toading was continued until large crack extensions
were present, in many cases exceeding 5077 of the
mitial uncrack ligament (b). Al specimen data
were then analyzed using the equations of ASTM
E1152 for the standard deformation J-integral (Jy)
resistance curve. Additional analysis was conducted
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as well in terms of the modified J-integral (J)
using cquations proposed by Ernst and Landes.
This latter quantity was possibly uscful for larger
crack extensions. The test procedure was directed
towards finding the uscful limits of the two J-
quantities for the materials listed above or for
malcrials of equivalent strength and toughness.

JOYCE, James A, Professor, co-author, "Adhesive
Fracture Testing," Proceedings of the Twenty-First
Fracture Mcchanics Symposium, ed., J. P. Gudas, J.
A. Joyce, and E. M. Hackett. Philadelphia:
Amecrican Society for Testing and Materials, 1990,
pp- 307-321.

The nced for lightweight materials for a varicty of
applications has resulted in the use of structural
adhesives to bond prototype structures. Adhesives
developed to accommodate the stringent require-
ments of these high-technology applications are
usually dceficient in one or two of three very crucial
propertics:  strength, moisture  resistance, and
toughness. So far, advances in adhesive formulation
that have amcliorated onc of these deficiencies have
gencerally adversely affected the others. Hence a
considerable amount of effort is being expended in
the scarch for strong, moisture resistant, and tough
adhesives.

As adhesives become tougher and less brittle,
cvaluating their performance in terms of fracture
parameters becomes more complicated.  Lincar
clastic fracturc mechanics (LEFM), which is widcly
uscd to characterize these materials, does not fully
describe adhesive performance as more and more
ductility or plastic dcformation is introduced. In
this study the rescarchers introduce the cnergy
separation method for characterizing the fracture
resistance of  adhesives  and  compare it with
currently used clastic and plastic fracture and
parameters such as G and the J-ntegral. Both neat
and bonded 1/2 CT plan specimens were tested and
compared in this work.

MINER, Steven M, Assistant Professor, co-author,
“Turbulence Mceasurements in a Centrifugal Pump
with a Synchronously Orbiting Impeller,” American
Society  for Mechanical  Engineers  Joumal of
Turbomachinery, Paper No. 91-GT-70.

Turbulence profiles were measured in a centrifugal
pump with an impeller with backswept blades using
a two dircctional laser velocimeter. Data presented
include  radial, tangential, and  cross  product
Reynolds stresses. Blade-to-blade profiles were
mcasured ai four circumfcrential positions and four
radii within and onc radius outside in a four-bladed
impeller. The pump was tested in two configu-
rations; with the impeller running centered within
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the volute, and with the impeller orbiting with a
synchronous motion (e/r, = 0.016). Flow rates
ranged from 40% to 106% of the design flow rate.
Variation in profiles among the individual passages
in the oribiting impeller were found.  For several
rcgions the turbulence was isotropic, so that the
cross product Reynolds stress was low. At low flow
rates the highest cross product Reynolds stress was
ncar the exit. At ncar design conditions the lowest
cross product stress was ncar the exit, where
uniform flow was also observed. Also, near the exit
of the impeller the highest turbulence levels were
scen near the tongue.  For the design flow rate,
inlet turbulence intensitics were typically 9%, and
exit turbulence intensitics were 6%.  For 409 flow
capacity the values increased to 18% and 19%,
respectively.  Large local turbulence intensitics
correlated with separated regions. The synchronous
orbit did not increase the random turbulence, but
did affect the turbulence in the individual channels
in a systemalic pattern.

MINER, Steven M., Assistant Professor, "Program
POT2D: A Two-Dimensional Potential Flow Code
for Turbomachinery,” University of Virginia Report
UVA/643092/MAE%0/315, June 1990.

POT2D is a two-dimensional potential flow analysis
code. It was developed for use in determining the
velocity and pressure ficlds within the impeller and
volute of the Plexiglas pump rig in the Rotating
Machinery and Control Laboratory (ROMACQ)
However, the derivation of the goveraing cquations
and their implementation in the code was general
cnough that a wide range of potential type problems
can be handled.

The discretization of the problem domain is
carricd out using the finite clement technique. This
method was  selected because of its inherent
flexibility in handling the irregular geometries that
are encountered in turbomachines. Both the bald
passages and the volute have highly curved surfaces,
and the finite clement mesh can casily conform to
these surfacces.

MORAN, Patrick J., Associate Professor. co-author,
"The Influence of P2VP Incorporation into Lil on
the Rate Capabilitics of Lithium Todine (P2VP)
Batteries,” Jounal of Electrochemical Society, 137, 8
(1990, 2379-2385.

An dlectron microphobe has been utilized to
examine the Lil clectrolyte layer that forms in Lil,
(P2VP) batterics with pelletized cathodes. Carbon
x-ray maps were generated to determine  the
distribution of rcacted P2VP that becomes incor-
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porated into the Lil layer as it grows into the
cathode. It was found that a carbon-containing
derivative of P2VP was uniformly incorporated into
the Lil formed during low rate discharges (cells
discharged across constant 20 and 40 kQ loads,
dpproxnmdldy 20-40 uA/em?). The conductivity of
these layers is similar to those reported for Lil
containing dispersed particles Al,O5 and Si0,. On
the other hand, Lil layers formed at high rates (cells
discharged across constant 1 and 2 ka loads,
approximately 200-300 uA/cm?) contained large
chunks (greater than 10um) of reacted P2VP. The
resistivity of clectrolyte layers formed at high rates
is consequently ncarly an order of magnitude
greater than those formed at low rates. Evidence is
presented suggesting that the cathode material is
inhomogencous, and that at high rates regions that
are iodine rich discharge preferentially, lcaving
chunks of reacted P2VP trapped in the layer.

MORAN, Patrick J., Associate Professor, co-author,
"Effects of Acid Deposition on Malerials,” Statz of
Science and Technology Report Number 19,
National Acid Percipitation Assessment Program,
Washington, DC:  Government Printing Office,
1990.

All materials that are exposed to the outdoor
cnvironment are subjected to degradation caused by
natural weathering processes.  Since the mid-
nincteenth century, air pollution has been suspected
of accelerating the degradation of natural and man-
madce materials.  Wet and dry acidic deposition,
alone or combincd with other air pollutants,
probably contributes to this increased rate of
damage. The goal of rescarch concerning the
cffects of acidic deposition on material surfaces is to
quantify any incremental effects due to wet and dry
deposition of hydrogen ion, sulfur dioxide, and
nitrogen oxides on mass loss and other forms of
alteration.  This goal has been pursued by the
National Acid Percipitation Assessment Program
(NAPAP) both in the ficld and in laboratory test
chamber experiments.

It is the purpose of this report to review the
literature on the impact of acidic deposition on the
malcrials sclected by the NAPAP for study, and to
report the results of the NAPAP cxperimental
rescarch program on the chemical and physical
processes that relate to the impact of pollutants on
matcrial surfaces. The materials selected for the
study under the NAPAP program included 7inc/
galvanized steel and other metals, carbonate stone
(as monuments and building facings), and surface
coatings (paints).
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MORAN, Patrick J., Associate Professor, co-author,
“Electrochemical  Impedance Measurements  for
Evaluating and Predicting the Performance of
Organic  Coatings for Atmospheric  Exposure,”
ASTM 1000 Corrosion Testing and Evaluation: Silver
Anniversary Volume.  Philadclphia:  American
Socicty for Testing and Materials, 1990, pp. 397-412.

This paper focuses on the use of clectrochemical
impedance spectroscopy (EIS) as a predictive tool
in assessing organic coating deterioration.  EIS has
been used by a number of investigators in recent
years to assess coating deterioration.  Good
corrclations between EIS data in immersion
cnvironments and other deteriorating paramcters
exist (primarily evaluated visually). The potential
usc of EIS for scnsing coating degradation in
atmospheric exposure has not been fully evaluated.
The authors have recently developed an atmospheric
clectrochemical monitor (ATMEIS) designed to
asscss degradation of painted metal substrates
during atmospheric cxposurc using EIS.  The
monitor consists of a painted steel coupon which a
gold electrode was electron-beam deposited to serve
as a reference/counter electrode. EIS
mcasurements are made between the underlying
stcel substrate and the gold reference/counter
electrode residing on the coating surface. The
ATMEIS has been tested both in immersion
exposurc and in an atmospheric cxposure chamber
and has been found to generate EIS data consistent
with those predicted for a painted metal coupon in
an agressive environment.  This paper reports the
details of recent studics by other investigators in
immersion environments using EIS to sense coating
deterioration and discusses the design and testing of
the ATMEIS monitor for atmospheric EIS.

RAQUF, Raouf A., Assistant Professor, co-author,
"One-To-One  Autoparametric  Resonances  in
Infinitely Long Cylindricai Shells,” Joumal of
Computers and Structures, 35, 2 (1990), 163-173.

The nonlincar response of infinitely long circular
cylinders (rings) to a primary excitation of one of
the flexural modes was analyzed, taking into account
its interaction with its companion mode. Duc to the
complete circular symmetry of the cylindrical shell,
each natural frequency corresponds to two
orthogonal mode shapes. The mode with the same
spatial variation as the external excitation is called
the driven mode, while the other orthogonal mode
is called the companion mode. A combination of
symbolic manipulator and the method of multiple
time scales is used to derive four first-order
ordinary differential equations for the modulation of
the amplitudes and phases of the interacting modes.
The fixed points of the modulation ecquations
provide the frequency-response curves. There are
two possible fixed point solutions: a single-mode

32

solution consisting of the driven mode only and a
two-mode solution consisting of the driven and
companion modes. The latter solution corresponds
to travelling waves. As the cxcitation frequency
varics, the fixed-points of the single-mode solution
suffer saddle-mode collisions, resulting in jumps.
On the other hand, the fixed-points of the two-mode
solution can undergo Hopf bifuractions. Between
the Hopf bifvrcation frequencies, a numerical
solution of the modulation equations shows that
they possess limit-cycle or chaotic solutions. For a
range of excitation frequencices, the periodic single-
mode solution coexists with cither a periodic or a
periodically modulated two-mode solution.

WU, Chih, Professor, "Power and Efficiency Limits
of Recal Solar Pond Heat Engines,” International
Joumnal of Energy Systems, 11, 1 (1990), 35-38.

Maximum power and efficicncy at the maximum
power of an irreversible solar pond heat engine are
treated. When time is explicitly considered in the
cnergy exchanges between the heat engine and its
surroundings, it is found that there are limits on the
cfficiency of the rcal solar pond heat engine at
maximum power condition. These fimits can guide
the evaluation of existing solar pond systems or
influcnce design of future solar pond heat cngines.

WU, Chih, Professor, "Power Performance of a
Cascade Endorcversible Cycle,” Journal of Energy
Conversion and Management, 30, 3 (1990), 261-266.

A cascade endoreversible cycle is defined as a cycle
made by several endoreversible cycles. It utilizes
different working fluids to obtain more ncarly
optimum conditions than could be attained by using
a single working fluid endoreversible cycle in a large
available temperature range. The performance of
the cycle at its maximum output power condition is
analyzed.

WU, Chih, Professor, "Specific Power Optimization
of Closed-Cycle OTEC Plants,” Journal of Ocean
Engineering, 17, 3 (1990), 307-314.

The specific power of a simple irreversible closed-
cycle Ocean Thermal Encrgy Conversion (OTEC)
power plant is analyzed and optimized. The plant
uses a working fluid such as ammonia to produce
power. Specific power is the net output per unit
total heat exchanger surface area. Net output
generated by working fluid is obtained in terms of
the ratc of heat added to the working fluid from the
warm surfacc occan water, less the rate of heat
added to the working fluid from the deep occan
water. A time factor is added to simulate *hc heat
cxchanges between the OTEC plant and its
surroundings. A mathematical expression is derived
for the specific power output of the irreversible
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OTEC heat engine. It is found that there is a
bound on the specific power output. This bound
provides the basis for a practical engineering cffort
towards maximizing the per unit time and per unit
total heat exchanger arca production of work in
power plants whose heat transfer arca is constrained
by economic consideration.

WU, Chih, Professor, "Specific Power Bound of a
Finite-Time Closed Brayton Cycle,” Intemational
Joumnal of Ambient Energy, 11, 2 (1990), 77-82.

The purpose of this paper is to define a finite-time
closed Brayton cycle and apply it to an indirect gas-
cooled nuclear reactor plant for its optimization.
Practical enginecring hcat engine power
optimization usually takes the form of determining
minimum hcat exchanger arca per unit net power
output or minimum cost per unit power output,
rather than determining the maximum cycle
cfficicney. The objective function of the
optimization described in this paper is specific
power, power output per total heat exchanger
surface arca. The specific power output of a real
indirect gas-cooled nuclear reactor plant, coupled
with its heat source and sink, is analyzed. 1t is
found that there is an upper bound on the specific
power output of the nuclear power plant.  This
bound can guide the evaluation of existing real
plants or influcnce design of future power plants.

WU, Chih, Professor, "Power Optimization of an
Endorcversible Brayton Gas Heat Engine,” Jounal
of Energy Conversion and Management, 31, 6 (1991),
561-565.

The power output of a simple endoreversible
Brayton gas hecat engine is analyzed and optimized.
The endoreversible engine is defined as a power
cycle in which the two processes of heat transfer
from and to the surrounding heat reservoirs arce the
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only irreversible processes in the Brayton cycle. A
mathematical expression is derived for the power
output of the irreversible heat engine. The power
optimization provides the basis for designing a real
heat engine and for a performance comparison with
existing Brayton power plants.

WU, Chih, Professor, "Work and Power
Optimization of a Finite-Time Brayton Cycle,”
International Joumal of Ambient Energy, 11, 3
(1990), 129-136.

This paper extends the author’s previous work on
the formulation of criteria for comparing the
performance of real and ideal processes through the
use of finite-time processes. The efficiency for the
finite-time¢ Carnot cycle at maximum power is
derived. This is followed by an expression for the
power output of the finite-time Brayton cycle.
However, this is considered to be too complex to
yicld simple analytical solutions, and a numerical
solution is given. Finally, the efficiency of a Carnot
Brayton cycle, a finite-time Carnot cycle, and a
finite-time Brayton cycle are compared, showing
that the latter cycle can provide a more suitable
basis for real engine and design.

WU, Chih, Professor, "Specific Output Power of a
Dry Geothermal Plant,” The Jounal of Energy, 16,
4 (1991), 757-761.

The specific output of a simple, irreverislbe, dry
geothermal ficld power plant is analyzed. The plant
has a sccondary vapor Rankinc cycle, which is
coupled to the dry geothermal field heating fluid
(hcat source) and a cooling fluid (heat sink) by heat
transfer.  An expression is derived for the specific
power output of the irreversible geothermal heat
engine. The maximum specific power output is
found by using computer graphics.
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Presentations

ADAMS, J. Alan, Professor, "Confronting Advanced
Surfaces with  Nurbs,” American Society for
Engincering Education, Design Graphics Division,
Arizona State University, Tempe, Arizona,
18 November 1990,

ADAMS, J. Alan, Professor, "Computer Graphics in
Mcchanical Engineering,” Computers In
Engincering Conference of American Socicty for
Mecchanical Engincers, Boston, Massachusetts,
6 August 1990.

ADAMS, J. Alan, Professor, "Computer Litcracy
Using Equation Solvers,” University Programs in
Computer-Aided  Engineering Design  and
Manufacturing  Conference, Brigham  Young
University, Provo, Utah, 15-17 May 1991.

JOYCE, James A., Professor, “J-Resistance Curve
Testing of Short Crack Bend Specimens Using an
Unloading Compliance Technique,” Twenty-Second
National Symposium on Fracture, American Socicty
for Testing and Materials, Atlanta, Georgia, 20-22
June 1990.

JOYCE, James A., Professor, "Shifting J-R Curve
Data to Define i," American Society for Testing
and Materials Committee Week, San Antonio,
Texas, 12-14 November 1990.

JOYCE, James A., Professor, "Shifting CTOD-R
Curve Data to Define & i," Amcrican Socicty for
Testing and Materials  Committee  Week,
Indianapolis, Indiana, 7 May 1991.

JOYCE, James A, Profcssor, "Evaluation of
Constraint Effects on Short Cracked Bend and
Short Cracked Tensile Specimens,” Constraint
Symposium, Amecrican Socicty for Testing and
Materials Committee E24, Indianapolis, Indiana,
8-9 May 1991.

MINER, Steven M., Assistant Professor, "Current
Utilization of CFD in U.S. Industry,” Fujitsu
Computers Computer-Aided Engineering Seminar,
Cincinnati, Ohio, 3 August 1990,

WU, Chih, Professor, "Update on the Development
of Occan Thermal Encrgy of Conversion and its
Potential in the Republic of China,” Chinese
Amecrican Academic and Professional Convention,
New York, New York, 4-6 July 1990.

WU, Chih, Professor, "Power Optimization of zn
Endoreversible Closed-Cycle OTEC Plant,” World
Renewable Energy Congress, Reading, United
Kingdom, 23-28 September 1990.

WU, Chih, Professor, "Power & Economical
Optimization of an OTEC Power Plant,” World
Rencwable Energy Congress, Reading, United
Kingdom, 23-28 September 1990.

WU, Chih, Professor, "Specific Power Bound of a
Nuclear Power Plant," Power High Techology '91
Conference, Tainan, Taiwan, Republic of China, 4-7
March 1991.

WU, Chih, Profcssor, "Power Optimization of a
Finite-Time Brayton Hecat Engine," International
Symposium on Computer Applications in Design,
Simulation and Analysis, Las Vegas, Nevada, 19-21
March 1991,

WU, Chih, Professor, "Multi-Purposc  OTEC,"
International Conference of Ocecan Thermal Encrgy
Conversion, Taipei, Taiwan, Republic of China,
30 April - 5 May 1991.
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T he Naval Systems Engincering Department
conducted scholarly research and professional
development vigorously in all three disciplines of
naval architecture, marine engincering, and occan
engincering during the academic year 1990-1991.
Faculty members and midshipmen took part in
numerous sponsored rescarch activities, including
the Trident Scholar Program. A numbcr of faculty
members participated in non-funded rescarch and
dirccted senior midshipmen in their rescarch
activities, utilizing the exccllent laboratory and
computer facilitics available to this department.

The department recognizes with pride  the
selection of Assistant Professor David L. Kriebel as
a Presidential Young Investigator by the National
Science Foundation.  Dr. Kricbel is an Occan
Engincer whose primary research interests include
coastal engineering, breakwaters, and deep water
mooring. The award brings with it a large rescarch
grant which will be uscd under the direction of Dr.
Kricbel o upgrade and increase utilization of the
department research facilities.

The department continued to participate actively
in professional socicty mectings and conferences,
both nationally and internationally. Rescarch results
have been published in journals and other technical
publications, or presented at  national and
international seminars.  The outcome of the
department’s deep involvement in rescarch by the
civilian and military faculty members is reflected in
the academic cnvironment in the classroom for
professional and major courses.

Rescarch themes of the department faculty were
varicd. They include tests of the floatation system
for the US. Army’s Bradley fighting vchicle,
brecakwatcr modcl tests, wave group analysis,
prediction of beach profile response, computer-
aided design, dosimeter analysis, decision-making
methodology, ice breaker design studics, reliability
centered maintenance, thermodynamics of heat
cngines, the effccts of corrosion on  marine
structurcs, and the effects of shallow water on ship
mooring and sonar dome resistance.
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Rescarch funding was made available from many
sources including department operating funds and

contracts and grants from various rescarch
organizations such as the Naval Academy Rescarch
Council, Office of Naval Rescarch, U.S. Army, U.S.
Army Corps of Engincers, Naval Facilitics
Engincering Command, Naval Medical Center,
Unitcd States Coast Guard, Naval Coastal Systems
Center, Naval Sca Systcms Command, the Trident
Scholar Program, and IBM.
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Sponsored Research

Comparative Testing of Pontoon-Based Flotation Systems for the
U.S. Army’s Bradley Fighting Vehicle

Rescarchers: Licutenant John L. Braun, USN,
Midshipmen 1/C William C. Duerden,
Jonathan W. Lebaron, and Hyon S. Lim, USN
Sponsor: Bradley Fighting Vchicles, United States Army

The objective of this project was to test variations of
the pontoon-based flotation devices for the U.S.
Army’s Bradley Fighting Vehicle. These particular
pontoons were variations of those developed as a
result of research done here at the Naval Academy
in the fall of 1990. The tests made use of an
cxisting 1/5 scale model of the Bradley Fighting
Vehicle. Tests evaluated the performance of these
pontoons in the following arcas: frecboard in both

the static and dynamic ballast conditions; water
entry and exit on varying slopes at creep speed;
calm water resistance; and a qualitative assessment
of the dynamic water flow around the rear hatch.
Particular emphasis was placed on the impact of
these particular pontoon variations on the vehicle’s
ability to make a water entry, crossing, and exit with
both the driver’s hatch and the rear hatch fully
open.

Comparative Testing of Pontoon-Based Flotation Systems
for the U.S. Army’s Bradley Fighting Vehicle

Rescarcher: Midshipman 1/C Anthony A. Casc, USN
Advisers: Licutenant Commander James W. Cowell and
Licutenant D. Wayne Nobles, USN
Sponsor:  Bradley Fighting Vcehicle Systems.

US. A

The Bradley Fighting Vehicle is an armored vehicle
designed (o provide protected cross-country mobility
and vchicular mounted firecpower to infantry/cavalry
units. The Bradley was initially designed to float,
which would allow it to traverse rivers.  Design
maodifications added significant weight to the vehicle,
however, and the Bradley currently in service
requires an cxternal flotation system.

In the spring of 1990, the U.S. Naval Academy
completed a comparative evaluation of the presently
deployed swim  curtain and the new  pontoon
alternative. The results of that study and full scale
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1y Tank-Automotive Commaiid

testing during the summer of 1990 indicated that
some design modifications were required. Inflation
Systems, Inc. developed two new alternatives
(Alicrnatives 11 and TI1), and the Naval Academy
was asked to perform an cvaluation of these
systems, and to compare the results with the results
previously obtained.  Alternatives 1T and 11T were
tested i the following areas: (1) static frecboard,
(2) ingress/egress, (3) resistance, and (4) sca-
keeping. The test results show that both alterna-
tives performed satisfactorily.
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Pressure Loading of Planing Hull Bottoms

Rescarcher: Professor Roger H. Compton
Sponsor: U.S. Coast Guard

The major structural loading on planing hulls in
calm water and scaways is duc to extremely high--
sometimes localized, ofter impulsively applicd--
pressures acting on the bottom of the boat.
Structural design methods require knowledge of the
magnitudcs of the pressures to be encountered
during the boat’s lifc. Many diverse current
estimation methods exist, mostly empirical, which
arc based on very little hard data--model or full
scale. This project involves a review of the current

prediction methods, an evaluation of cxperimental
mecans of mecasuring impact pressures, and an
extensive test program involving the side-by-side
testing of a hard chine and a round bilge hull having
identical length-to-bcam ratios, displacement-to-
length ratios, and pitch gyradius-to-length ratios.
Tesling at various speeds is being conducted in calm
water, regular waves, and irregular waves. An
attempt to corrclate impact pressures to vertical
acceleration magntitudes in waves is being made.

SWATH Ruddelizer Loading Due to Waves

Researcher: Professor Roger H. Compton
Sponsor: Naval Sca Systems Command

A novel aspect of a novel new ship type, the Small
Waterplane Area Twin Hull (SWATH) ship, is the
inclined after control surface used for both steering
and veritical motion control called the "ruddelizer.”
Its novel configuration raises questions about the
magnitudes of secaway-induced structural loadings
which the ruddelizer is likely to experience.
Conventional design practices for rudders and
horizontal control surfaces (sail planes, bow plancs,
and stern planes) for submarines are related, but

not similar enough to use with confidence for
SWATH ruddelizer design. A large model of T-
AGOS 19 was prepared cooperatively by the Naval
Academy Hydromechanics Laboratory (NAHL) and
the David Taylor Rescarch Center, Carderock, for
testing in irregular waves at NAHL. An extensive
test series involving three scastates, eight ship-to-
wave hecadings, and four ruddelizer deflection angles
was undertaken. For all tests, the model was at
zero speed and free in all six degrees of freedom.

Wave Groups and Breaking Waves in Random Seas

Rescarchers: Professor Thomas II. Dawson, Assistant Professor
David L. Kricbel, and Louise A. Wallendorf, Ocean Engincer
Sponsor: Office of Naval Rescarch

Wave groups and wave breaking in deep-water
random seas have been studied experimentally using
the U.S. Naval Academy 380-foot wave tank.
Experimental results for the probability of breaking
have been compared with predictions that account
approximately for non-linear effects of increased
wave crest amplitudes.  In this case, the peaked
naturc of high wave crests is accounted for
theorctically, and when a suitable breaking thres-
hold condition is applied, the probability of wave
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breaking at a point can be predicted with reasonable
accuracy. In addition, the probability of wave
breaking within a finite region, over the width of an
offshore platform, for example, has been investi-
galed analytically and experimentally.  Related
theoretical work cnables  predictions  of the
probability density distribution of wave crest
amplitudes in random seas with significant breaking.
This thcory has also been verificd through the
experimental study.
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Engineering Methods for Predicting Beach Profile Response

Rescarcher: Assistant Professor David L. Kricbel
Sponsor: U.S. Army Corps of Engincers

The goal of this project is to summarize the state-
of-the-art in predicting beach profile response to
variations in water level and wave climate. This
information is being compiled in the format of an
engincering design manual that would eventually be
published by the Army Corps of Engineers for use
by their design engincers on shorcline erosion and
beach nourishment projects. The methods outlined
in this report are generally based on the concept of
an equilibrium beach profile, which is defined as a
beach cross-section that is in dynamic equilibrium

with the water level and incident wave conditions.
Any variation in these conditions, such as sea level
rise due to global warming or the storm surge due
to hurricane landfall, will necessitate a redistribution
of sand with erosion of the beach face and
deposition of sand offshore. Methods presented in
this report allow predictions of the extent of this
shoreline erosion and address, for example, the
landward limit of erosior, the general shape of the
beach profile, and the fl<kore limit of sand
deposition in decper water.

Computational Methods for Computer-Aided Design

Rescarcher: Associate Professor Thomas J. Langan
Sponsor: Naval Academy Research Council (OMN)

The objectives of the research project are to
develop a table calculus and computer programs
bascd on this calculus that will permit bottom-up
programming in engincering design.  The table
calculus was developed from experience in
constructing engineering calculations  with
spreadsheets. A proof that the calculus is robust
has established that it is complete; in principle it can
be used to make any calculation that can be made

with a serial computer. The programs for
implementing the table calculus have been written
to run on computers operating under UNIX; they
are writtcn in UNIX to make them open to the
system. Work has shown that it is; definitcly
possible to develop computer software based on the
table calculus and to program engincering
calculations in an organized bottom-up fashion with
these programs.

Compensating for the Temperature Dependence of Bubble Dosimeters

Researcher: Associate Professor Keith W. Lindler
Sponsor: U.S. Naval Mcdical Center

The U.S. Navy is currently secking an accurate and
convenicnt method of measuring neutron radiation.
One such method currently being investigated at the
U.S. Naval Academy is the bubble dosimeter. In a
bubble dosimeter, radiation induces small droplets
of a super-heated liquid to grow into a visible
bubble. Radiation dose is then determined by
counting the number of bubbles formed. Unfortu-

natcly, the sensitivity of the bubble dosimeter
increascs with temperature.  Four methods of
compensating for the temperature dependence of
the bubble dosimeter were investigated. Three of
the mcthods show promise and warrant further
study. The most accurate method employs the use
of a thermoelectric heat pump to maintain the
dosimeter at a constant temperature.
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Santee Basin Pier Rehabilitation Project

Researchers: Associate Professor Robert H. Mayer and
Professor A. Mohsen Alwan (Mcchanical Engineering Department)
Sponsor: David Taylor Rescarch Center, Annapolis Laboratory

In compliance with recent environmental legis-
lation, naval ships arc being outfitted to stow plastic
wastes for disposal in port. Such plastic wastes are
recyclable and have been converted into structural
members similar to lumber.  Picnic tables, park
benches, and car stops arc examples of p.oducts
currently being fabricated of recycled plastic. The
Robert Crown Sailing Center has programmed the
replacement of its floating timber picrs at Santee
Basin this summer. In an cffort to extend the

application of recycled shipboard plastic to the
marine environment, the Naval Systems Engincering
Department has been asked to design a floating pier
of this new "structural” matecrial which meets the
requircments of the Sailing Center. If successful,
the project sponsor will fund construction of at lcast
one replacement pier of recycled plastic.  The
remaining piers would be of conventional timber
design and construction to facilitate an economic
comparison.

Decision-Making Methodology

Researchers: Professor Michael E. McCormick and
Associate Professor Robert H. Mayer
Sponsor: Naval Facilities Engincering Command,
Naval Civil Enginccring Laboratory

Among the decisions facing the designer of subsca
cable systems are the cable route, cable size and
type, method of protection, and the installation plan.
Each of these decisions can significantly affect both
system cost and reliability. Decision theory is a
powerful tool for optimizing the design of systems
dealing with uncertainties. Proposed is a decision

analysis framework which considers all the
interdependent cable system design variables and
uncertaintics "simultaneously." Combined with
estimates of the costs, bencfits, and potential
consequences of the various design alternatives, the
methodology facilitates selection of the most
acceptable cable system design.

Open-Water Powering and Seakeeping Experiments on a
Conventional 140-Foot Icebreaker

Rescarcher: Professor Bruce C. Nchrling
Sponsor: U.S. Coast Guard

The purposc of this cxperimental work was to
ascertain the open water resistance and seakeeping
characteristics of the KATMAI BAY, an existing
USCG conventional 140-foot (LOA) WYTM icc
breaker. A 1:927 scale model of the KATMALI
BAY was towed in order to accomplish the
following tasks: first, to determine the cffective
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horsepower requirements for calm watcr operations;
second, to measure the modcel’s pitch and hcave
motions, as well as its vertical accelerations, in long
crest, regular, head scas; and third, to determine
these same quantitics when the model was heading
into an irregular sea. All of the acquired data were
analyzed and cxpanded to full scale values.
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A Comparative Analysis of the Open-Water Powering
and Seakeeping Characteristics of Two Very Different Ice Breaker
Hullforms

Rescarcher: Professor Bruce C. Nehrling
Sponsor: U.S. Coast Guard

The purpose of this cxperimental work was to
comparc the open watcr resistance and seakeeping
characteristics of an existing USCG conventional
140-foot (LOA) WYTM ice breaker with those of a
prototype ice breaking hullform of similar length.
Two 1:9.27 scale models were towed in order to
accomplish the following tasks: first, to dctermine
cach huli’s effective horsepower requirements for

calm open water operations; sccond, to mcasure
cach modcl's pitch and hcave motions, as well as its
vertical accelerations, in long crested, regular, head
seas; and third, to determine these same quantitics
when the models were heading into an irregular sca.
All of the acquired data were analyzed and
expanded to full scale values.

The Effect of 14 MeV Neutrons on Diodes

Researcher:

Professor Martin E. Nelson

Sponsor: U.S. Army Electronic Proving Ground

Neutron scnsitive diodes were irradiated in the U S.
Naval Academy ncutron generator to determine
their scnsitivity to 14 McV ncutrons. The results
arc being evaluated as part of the TECOM project

at the U.S. Army Electronic Proving Ground at Fort
Huachuca, Arizona. Neutron doses on the order of
200 rem were supplicd. The data developed from
the tests are still under evaluation.

Room Characterization of 14 MeV Neutron Generator
Facility at the U.S. Naval Academy

Rescarchers:

Professor Martin E. Nelson and

Ensign Robert A. Schoenwiesner, USN
Sponsor: Naval Medical Command and Naval Surface Weapons Center

The U.S. Navy is evaluating new types of ncutron
dosimeters such as the bubble dosimeter. These
devices need to be evaluated with different neutron
spectra in order to understand their energy response
and to gather data on the operating limits of the
devices.

The U.S. Naval Academy has a neutron gencrator
which puts out a ncarly monocnergetic becam of 14
MeV ncutrons. By irradiating any ncutron dosim-
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eter with the generator, that dosimeter’s response to
high cnergy (14 McV) neutrons can be determined.
The room containing the generator has therefore
been characterized to determine the dose equivalent
at spccific points, and to determine any dosimeter’s
response to 14 Mev neutrons.  In this study, the
room characterization was completed using an
assortment of computer codes, detectors, and foil
activation techniques.
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Study of Neutron-Induced Upset Events in Computers

Researcher: Professor Martin E. Nelson
Sponsor: International Business Machines

Recently, International Business Machines (IBM) ory byte. In studying this problem some of the
has become concerned that ncutrons can induce technical questions that arise include: (1) the
upsct cvents within the memory of a computer. device’s critical charge for upset; (2) the device’s
Computer memory devices work on the basis of cross scction (i.c., upscts per neutron scen by the
being able to process small electrical signals. device); and (3) cnergy deposition by the ncutron
Neutrons, when they interact with the materials within the device. The problem is more pronounced
within a computer (most likely silicon), undergo in laige scale integration devices (LSI) or very large
nuclear reactions which create ionizing particles. scale intcgration (VLSI) such as employed in
These particles can produce a current within the aircraft or missile systems. The source of these
computer, and if the current is above a threshold ncutrons could be either those found in the natural
value, an upset event can occur. These upset events background or in a weapon ¢nvironment.

result in changing the stored information on a mem-

Photo-Neutron Production Studies at High Energy

Researcher: Professor Martin E. Nelson
Sponsor: Naval Surface Warfare Center and Naval Medical Center.

This study has been initiated to investigate the and other ncutron sensitive devices were tested at
ncutron dose reccived from  photo  neutrons the Centennial Medical Center in  Nashville,
produced from medical x-rays. Bubble dosimeters Tennessee.

Reliability-Centered Maintenance

Rescarcher:  Associate Professor Kenncth L. Tuttle
Sponsor: Naval Sca Systems Command
Maintcnance Office (NAVSEA 915/935)

The purpose of this rescarch was to develop faculty curriculum. The Diescl Engine Room Laboratory
expertise and upgrade the Marine Propulsion was upgraded to allow operation of the GM 3-71
Laboratorics at the U.S. Naval Academy for dicsel engine at four different loads rather than one.
instruction of midshipmen in modern maintenance Several start-up problems have been solved, and
cngincering concepts.  The objectives are as progress is being made toward the addition of
follows: (1) to develop instructional capabilitics in significant ncw engine monitoring capabilities. The
maintenance  engincering;  (2) to introduce Naval Academy has joined the local developer of
Reliability-Centered Maintenance (RCM) to naval the system, Dicscl Engine Monitoring and Analysis
officers; and (3) to develop long range planning for (DEMA), in further development of this technology
introduction of maintenance engineering info the for the U.S. Navy.
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Model Testing of Low Crested Breakwaters

Rescarcher: Midshipman 1/C Brian L. Davics, USN
Adviser: Assistant Professor David L. Kriebel
Sponsor: Trident Scholar Program

Small-scale model tests were conducted in the
Coastal Engincering Wave Basin to asscss the wave
transmission characteristics of low-crested or "reef”
breakwaters. The goals of the study were to
quantify the amount of wave transmission permitted
by these structures for various structure heights,
watcr depths, and incident wave conditions. Tests
were conducted on cross-sections of both solid and
rubble breakwater models using both regular and
random waves. Results indicate that for deeply
submerged breakwaters, wave transmission is very
high and, in some cases, the breakwater may have

little effect at all on attenuating wave encrgy. For
higher breakwaters, wave transmission is governed
by two processes:  over-topping duc to wave runup
and flow through the permeable rubble structure
itself. For these conditions, a new parameter based
on the brecakwater freeboard, wave runup, and
incident wave height has been found that describes
most of the observed variation in wave transmission.
This parameter is capable of describing wave
transmission in both regular and irregular waves, if
the irregular waves are characterized by their
significant wave height and peak spectral period.

Open-Water Resistance and Seakeeping Characteristics
of Ships with Icebreaking Bows

Rescarcher: Midshipmen 1/C Casey V. Moton, USN
Advisers:  Professors Roger H. Compton and Bruce C. Nehrling
Sponsor: Trident Scholar Program

Most rescarch conducted on icebreaking ships has
concentrated on their performance in ice fields.
One arca of their operations which has been
neglected is the performance of such ships during
their transit from their homeport to the ice ficld.
Powering requirements are dominated by resistance
in ice, and, of course, scakecping is of little
importance in ice-covered waters.  The recent
interest in “ice-capable” ships, with both a light
iccbreaking mission requircment and cither a cargo-
carrying or a research mission requirement, dictates
that ships designed to mcet such requirements have
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greater emphasis placed on their open-water transit
characteristics.

The experimental rescarch undertaken as the core
of this Trident Scholar project shows how variation
of iccbreaking hull shape paramecters will affect
open-water powering and seakeeping performance.
Based on a current U.S. Navy ice-capable ship
hullform, a parent hull and four systcmatically
varicd hullforms were designed, fabricated, and
tested in calm water and regular waves in the US.
Naval Academy’s Hydromechanics Laboratory 380-
foot towing tank.
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Independent Research

Convolution Method for Predicting Beach Profile Response

Rescarcher: Assistant Professor David L. Kriebel

The goal of this project is to develop analytical
mecthods for predicting the beach profile response to
elevated water levels that might result from sca level
rise or storm surge conditions. In the first part of
this project, simple geometrical arguments are used
to derive the maximum potential crosion that can
result from a given near-shore watcer level. These
solutions assume that the water level is maintained
steady until the profile reaches a new equilibrium

form and position. In the sccond part of this
project, Laplace Transform methods are used to
derive the time-dependent beach profile response
toward equilibrium for various water level time-
histories. The result is a simple convolution intcgral
from which analytical solutions for erosion can be
obtained. This project was funded by the University
of Delaware Center for Applied Coastal Rescarch.

Linear Wave Theory Correction

Rescarcher:

The theory of Airy was reexamined to determine
the naturc of the inconsistent wave pressure
prediction.  Starting from Euler’s equation applied
to irrotational flow, the cquation was integrated in

Professor Michacel E. McCormick

space from a finite free-surface deflection to a
depth. This method produces a pressure expression
that is consistent with that physically observed on
the {ree-surface.

Fifteenth Personal Dose Intercomparison Study

Rescarcher:

Dosimeters entered in the Fifteenth Personal Dose
Intercomparison study were irradiated with fourteen
McV ncutrons by the U.S. Naval Academy ncutron
generator. The devices irradiated include the DT-

Profcessor Martin E. Nclson

648 dosimeter used by the U.S. Navy, The results
arc  being  analyzed and  cvaluated by the
participants.

Reactants for Engines to Run Submerged

Rescarcher:

The purpose of this rescarch is o compare
rcactants designed for enginces to be used in small,
manncd submarincs which opcrate on the occan
floor at depths down to 20,000 fect. Once objective
is to indicate problems and advantages associated
with cach heat cnginc. Another objective is to show
calculated results for combinations of potential reac-
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Associate Professor Kenneth L. Tuttle

tants. Assuming a thermodynamic cfficicncy of 26.5
pereent and an average power of about 20 kilowatts
for 48 hours on station, the amount of cach reactant
and siz¢ of tank have been determined. The chemi-
cal assumptions and constants used for the calcu-
lations arc being provided to permit verification of
the results.
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Reducing Gas Turbine Duct Size at Main Deck Penetration

Researcher: Associate Professor Kenneth L. Tuttle

The concept being presented is a proposed design
for gas turbine intake and exhaust ducts that will
permit smaller cuts in the main deck. Higher gas
velocities and smaller ducts are possible without
incurring unacceptable pressure losses. The size of
the openings required for the intake and cexhaust
ducts to penctrate the main deck on U.S. Navy ships
has always been a cause of concern because of the
degradation of this important strength member.
The proposed design is superimposed on the
drawings of the DD963 forward engine room. A

well-rounded inlet in the transition scction of the
duct replaces the tapered transition. The size of
duct is reduced prior to penetrating the main deck.
The size is limited in the intake duct to the size
needed for engine removal. The intake duct can
retain its reduced size for the short run to the
module. Pressure loss calculations have been made
to compare cxisting ducts with the proposcd design.

Thermodynamics of Heat Engines

Rescarcher: Associate Professor Kenneth L. Tuttle

The purpose of studying thermodynamics is to
identify and correct those theories which are not
correct. Thermodynamics is an old science, and
many of the theories developed by leading scholars
over the centuries result in confusion in the study of
thermodynamics. Although no theory can be proven
correct, it is possible to disprove theories which are
incorrect. It is customary to disprove a
thermodynamic theory by proving that it violates
cither the first or second law of thermodynamics.
The theory which this rescarch is  currently
attempting to disprove is that the ¢nergy involved in

any non-flow process is equal to the change in
inicrnal encrgy. The change in cnergy in any non-
flow process is cqual to the change in enthalpy.
Heat added or rejected is equal to the change in
enthalpy of the working fluid plus the displacement
work. The displacement work is equal in magnitude
but not in kind to the difference between internal
encrgy and cnthalpy. This thecory violates the first
law of thcrmodynamics. It leaves the pressure-
volume energy unaccounted for. The first law states
that ¢nergy can neither be created nor destroyed.

A Probabilistic Approach for Determining the Effect of Corrosion
on the Life Expectancy of Marine Structures

Rescarcher: Associate Professor Gregory J. White

Onc of the problems in the analysis of marine
structures is the cffect of exposure to a corrosive
environment on strength and survivability.  This
problem takes two forms: loss of strength due to
wastage of the material, and loss of function due to
localized pitting penctrating the material.  The
rescarch underway in this cffort attempts to
cstablish a means of quantifying both gencral wast-

age and localized pitting of steel plating in a
probabilistic format. Wastage rate and pitting rate
arc trcated as random variables in a stochastic
process.  Initial cstimates of both cffects are
included in the design of a structure, then updated
through Bayesian mcthods during the lifetime
monitoring of the structure.
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Research Course Projects

Transverse Stability of Planing Boats at Planing Speeds

Researcher: Midshipman 1/C William S, Abrams, USN
Adviser: Professor Roger H. Compton

The overall transverse stability of planing boats at
post-hump speeds was investigated using a 1:8
modcl of a current US. Coast Guard hull. The
results of a series of tests in which static heeling
moments were applicd to the moving model which
was frece to heel, irim, and risc (or sink) were
presented and discussed.  Experimental techniques

arc described and data compared to available
related results.

The results of this experiment show that the
dynamic stability changes in incrcmental amounts as
variables of ship speed, heeling (righting) moment,
and the longitudinal centered gravity.

Passive Neutron Signatures

Researcher: Midshipman 1/C John H. Bruggeman, USN
Adviser: Professor Martin E. Nelson

The goal of this project was to study the feasibility
of using bubble dosimetry as an alternative to
current methods for arms treaty verification. The
concentration was on cvaluating the ability of the
BD-100R  bubble dosimcters to  discriminate
between two different matcrials.

The testing began with  experimentation o
determine if the dosimeters met the manufacturer’s
published sensitivities.  The  dosimeters  were
irradiated with a source of known activity, and the
results were compared with the expected, caleulated
results, as well as the results from a Helium-3
detector.

Next, testing was conducted to determine the
cffects of varying temperature on the bubble
dosimcters. A tank was constructed in which water
could be heated to a desired temperature. Again
the results were compared with what was expected
as calculated from the manufacturer’s literature.

Experiments were then conducted in order to
calculate an cfficicncy between the bubble
dosimcters and the Helium-3 detector.  This
efficicncy was used to compute the time of testing
and volume of bubble material needed to produce
results of the desired accuracy. Finally, tests were
conducted with the bubble dosimeters surrounded
by lead and then paraffin in order to determine if
the dosimeters could discriminate between these
two matcrials.

The experimentation and calculations indicate
that it would be feasible to construct a bubble
detector of sufficient volume to distinguish between
different materials. The results of the initial tests
show that more advanced temperature control
would be nceded in order to make the bubble
dosimeter uscful in a typical "ficld” environment.

Efficiency of the Human Engine Underwater

Rescarcher: Midshipman 1/C Scott A, Chandler, USN
Adviser: Licutenant Commander Patrick K. Poole, USN

The operating paramcters of The Human Engine
were determined by experimental measurement of
a diver in a test bed at various positions and work

ratcs. These paramcters were used to develop an
analytic model  of  power  gencration,  air
consumption, and optimum performance conditions.
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Nuclear Power Plant Simulator Evaluation

Rescarcher: Midshipman 1/C John C. De¢Vine, USN

Adwviser:

The objective of this rescarch project was primarily
to bccome familiar with the PWR.EXE nuclear
power plant reactor simulator program, and to
evaluate its usefulness in a laboratory format as an
instructional tool for students in the Reactor Physics
II class.

A study was first performed of the Rcactor
Physics II syllabus and the topics that the simulator
would be used to illustrate. This program of study
consumed the first six weeks of the rescarch
semester.

The remainder of the semester was used to
experiment with the simulator and the various

Professor Martin E. Nelson

experimental  procedures  proposed by  the
PWR.EXE simulator manual. For each of the
experiments, the procedure was followed as
documcnted in the instruction manual. The
procedure was then evaluated, and adjusted as
nccessary to make the experiment uscful within the
Reactor Physics 1I syllabus.

It was concluded that the program has limited
potential as an educational tool. A few
characteristics of the program, including its time-
consuming nature and difficulty in achieving
repeatable results, make extensive use of the
program unrcalistic.

Breakwater Effectiveness

Researcher: Midshipman 1/C Richard W. Gordon, USN

Adviser:

An experimental study was performed to determine
the cffects of a rubble-mound breakwater on both
salicnt formation and long-shorc transport. The
study was performed on a steep beach with
refracting waves. The breakwater model was ori-

Professor Michael E. McCormick

ented at three diffcrent angles with the shoreline,
including 0° and one positive and one negative
angle. Becausc of beach steepness, the Hau-
Sylvester gcometric analysis of equilibrium salients
was shown not to apply.

Carbon Dioxide Absorption into Seawater as a Scrubbing Method

Rescarcher: Midshipman 1/C Robert W. Keefe, USN
Adviser: Associate Profcssor Marshall L. Nuckols

This projcct investigated the feasibility of a carbon
dioxide scrubber system for an undcrwater habitat
utilizing the natural absorption characteristics of
scawatcr.  Tests were conducted in the Ocean
Engincering  Laboratory using equipment
constructed for a previous related rescarch project

to develop a sct of curves describing the absorptive
propertics of thc scrubber under varying
environmental conditions. Concept feasibility was
proven and scrubber sizing was made to support life
in a fixed underwater platform.
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Analysis of Viscous Drag Forces on Moored Ships
in Shallow Water

Rescarchers: Midshipmen 1/C Dave L. Kennedy
and Juan J. Orozco, USN
Advisers: Assistant Professor David L. Kriebel
and John J. Zsclecsky, Naval Architect

Laboratory experiments were performed on two
ship hullforms to investigate the variation of steady-
current forces in shallow water. The first phase of
this study involved physical model tests with small
models (1-on-80 scale ratio) in the Naval Academy
120-foot towing tank. These modcls were towed at
various stcady speeds with angles of attack ranging
from 0° to 180° in order to mcasure the surge
forces, sway forces, and yaw moments. Results
were then compared with earlier tests performed
with larger models (1-on-25 scale ratio) in the 380-

foot towing tank in order to document scale effects
associated with use of the smaller facility. These
scale-cffects tests were then followed by a
systematic study of the effects of reduced water
depth. The surge and sway forces, along with yaw
moments, were measured at various water depth-
to-ship draft ratios. Results indicate that viscous
forces on ships in shallow water stecady-currents may
be two to three times larger than forces at the same
current-specds in deep water conditions.

Study of Radon Measurement Techniques

Rescarcher: Midshipman 1/C Christopher D. Lopes, USN
Adviser: Professor Martin E. Nelson

The objective of this project was to study the
currcnt mcthods of radon detection and
concentration measurcment, with the goals of
observing time variation of radon concentration in
houses and testing the accuracy of detection
mcthods.  The study involved using different
mcthods of radon detection and comparing the
rcsults over time, as well as researching results from
other studics. The project involved taking data from
three different houses in the Annapolis area for a
period of about three months. Data were taken
once per week at two sites in cach house. Raw data
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from the liquid scintillation counter and sodium
iodide detector systems were then analyzed to
identify the level of radon in pico-curies per liter-
standard unit of concentration measurement. It was
determined from the project data that there is not
significant variation or any identifiable trend over
time in concentration. It was observed that liquid
scintillation counting is more sensitive over a wider
range than traditional sodium iodide detection
methods. In two of the three houses tested in the
Annapolis area, a level above the current EPA
action level of four pci/l was detected consistently.
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Side-By-Side Effective Horsepower (EHP) and Seakeeping
Testing in the U.S. Naval Academy 380-Foot Towing Tank

Researchers: Midshipmen 1/C Douglas R. Mewhirter
and Mark H. Oecsterreich, USN
Adviscr: Professor Roger H. Compton

The purpose of this project was to examine the
feasibility of side-by-side testing of ship modcls in
the 380-foot tow tank in the Hydromechanics
Laboratory. Effective horsepower testing was donce
first. The models were installed so that they were
scparated by 33% of the width of the tank. The
models were then run at varying speeds in order to
obtain EHP curves for comparison with curves
calculated from tests done with the models run
individually. The side-by-side and the single curves
did not correspond well, so the models were
mounted and tested with 50% of the tank width

between them.  This action did not significantly
reduce the interference effects between the models.
The rescarchers concluded that side-by-side EHP
testing is not feasible.

Next, the seakceping test was done. This test
included a pitch and heave comparison. With 50%
of the tank width between them, the models were
run at two different speeds into a range of wave
frequencics. The side-by-side transfer functions did
not correspond well. The results were not so far
off, however, as to precude a qualitative
comparison between hulls.

Hullform Generation

Rescarcher: Midshipman 1/C Fiore L. Nardo, USN
Adviscr: Professor Rameswar Bhattacharyya

The objective of this project was to create a
hullform generation  algorithm  which could be
written and used on a personal computer. Several
diffcrent methods of generating offsets for a
hullform with specific characteristics were tested.
The final program consists of a cubic splinc fairing
of cxisting parent hullform offsets. The new offscts
arc then drawn on the computer screen, again using
cubic spline interpolation. The program is also

capable of allowing the user to modify the offsets
interpolated in order to deviate as much as desired
from the parent hullform. Finally, the program
incorporates several procedures which calculate the
ship’s characteristics, as well as predict its
performance and stability. Scries 60 ship data were
uscd duc to rcady availability and the many
regression cquations available in series 60.

Effect of Exhaust Headers on a 289-Cubic Inch
Ford V-8 Engine

Rescarcher: Midshipman 1/C Eric E. Otten, USN
Adviscr: Associate Professor Kenneth L. Tuttle

The purpose of this rescarch was to dctermine
whether header systems designed for a 289-cubic
inch displaccment Ford V-8 engine arc able to
improve the performance over that of the stock
cxhaust manifold system.  The rescarch was
conducted in the Marine Propulsion Laboratory

engine test cell. This research showed not only that
the commercial headers tested improve volumetric
efficicncy and therefore engine torque and power,
but also that the stock cxhaust pipe, muffler, and
tail pipc assecmbly improved the performance of the
stock exhaust manifold.
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Bi-Directional Wave Energy Turbine Study

Researcher: Midshipman 1/C Joseph G. Rehak, USN

Adviser:

A bi-directional, radial turbine was designed,
constructed, and tested in both a wind tunncl and
the 385-foot wave and towing tank. The results
were compared with those of the bi-directional
counter-rotating turbine, developed at the Naval

Professor Michacl E. McCormick

Academy, and found to be superior. The radial
turbinc was found to have higher torque at
operational speeds, and was far easicr to construct.
Hence, the radial turbine was judged to be more
cost effective than the counter-rotating turbine.

Hydrodynamic Loading of Sailing Yacht Keels

Researcher: Midshipman 1/C David S. Stecl, USN
Adviscr: Professor Roger H. Compton

The structural failure of the keel-hull attachment on
a modern open-ocean racing yacht prompted the
laboratory investigation of keel loading--side force,
bending moment, and torsion--as functions of hull
speed, heel angle, and leeway angle. The design
and fabrication of an apparatus (o support a model

keel, to provide reasonably realistic flow around the
root of the keel, and to allow the measurement of
the desired loads were accomplished. Initial bench
calibration of the apparatus showed minimal cross-
talk among measurcd signals and reasonable
lincarity.

The Effects of Shallow Water on a Destroyer-Type Hull Both with
and without a Large Bow-Mounted Sonar Dome

Researcher: Midshipman 1/C Peter A. Young, USN
Adpviser; Licutenant Commander David D. N. Vann, USN

The objective of this project was to study the effects
of shallow water on a destroyer-type hull both with
and without a large bow-mounted sonar dome.
These effccts were studied at speeds typical of
shallow water opcration.  This was accomplished
using two models, one without a dome (FF-A) and
onc with a dome (FF-B). Resistance and trim were
recorded for both models at various depths
(including deep water) and speeds. Wave profiles
and wake patterns were also observed.  All experi-
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ments were conducted in the 120-foot towing tank
at the US. Naval Academy Hydromechanics
Laboratory. The results obtained show that there
was a significant diffcrence in resistance between
the two models, with FF-B having the consistently
higher resistance.  FF-B expericnced only slightly
greater responses in trim, and in all cases paralleled
the responses observed for FF-A. In all cases, it
was noted that the maximum sinkage occurred at
roughly 81 to 83 pereent of critical speed.
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Publications

BRAUN, John L., Licutenant, USN, and William C.
DUERDEN, Jonathan W. LEBARON, and Hyon
S. LIM, Midshipmen 1/C, USN,  "Comparative
Testing of Pontoon-Based Flotation Systems for the
U.S. Army’s Bradley Fighting Vchicle," Division of
Engineering and Weapons Report EW-11-91, May
1991,

This report describes tests of the pontoon-based
flotation devices for the US. Army’s Bradley
Fighting Vehicle. The pontoons were variations of
those developed as a result of rescarch done here at
the Naval Academy in the fall of 1990. The tests
made use of an existing 1/5 scale model of the
Bradley Fighting Vchicle. Testing evaluated the
performance of these pontoons in the following
arcas:  freeboard; water entry and exit on varying
slopes at creep speed; calm water resistance; and a
qualitative assessment of the dynamic water flow
around the rear hatch. Particular emphasis was
placcd on the impact of these pontoons on the
vehiele’s ability to make a water entry, crossing, and
exit with both the driver’s hatch and the rear hatch
fully open.

BHATTACHARYYA, Rameswar, Profcssor, co-
author, "Powering Performance Committee Report,
Proceedings of the Nincteenth International Towing
Tank Conference, Madrid, Spain, Scptember 1990,
pp. 236-289.

The ITTC Powering Performance Committee has
traditionally been dealing with the problem of the
relationship between a certain hullform and the
power to be installed. Modcl experiments to predict
this relationship are still believed to be the most
accurate means, particularly if the form at hand is
not sufficiently related to experience with simifar
cascs tested carlier.

COMPTON, Roger H., Professor, "Resistance and
Scakeeping Database for USCG 157-foot WAGL,”
Division of Enginecring and Weapons Report EW-
8-9, Junc 190,

EHP, sinkage, and trim in calm water as functions
of speed for the USCG 157-foot WAGL buoy ten-

S0

der are derived from the results of 1/32 model tests
in deep and shallow water. Long crested, head seas
testing of the same model at three discrete speeds
resulted in normalized response curves for pitch,
heave, reletive motion at station 1 (of 10), and
added resistance due o encountered waves.

DAWSON, Thomas H., Professor, Engineering
Design of the Cordiovascular System of Mammals.
Englcwood Cliffs: Prentice Hall, 1991.

This book applies relatively simple engincering
concepts to the study of the cardiovascular system of
mammals. Theoretical scaling laws are derived
rclating similarity in physiological parameters of the
systems to mammal size. Detailed predictions of
cardiac performance during rest and during extreme
excreise are included, and compared with existing
measurcments.

JOHNSON, Bruce, Profcssor, co-author, "Database
Systems for Hullform Design,” Transactions of the
Societrr of Naval Architects and Marinc Engineers,
Volume 98, 1990.

The conceptual design of optimal ship hullforms
involves investigating the cffects of hull geometry
variations on hydrodynamic performance character-
istics. An casily accessed hullform design database
containing performance data on a wide range of
previous designs can shorten the time required
during carly stage design to achicve the
hydrodynamic performance goals of a given design.
Such a databasc would also be extremely valuable in
validating Hydro-Numeric design codces.

A survey of existing and proposed hullform design
systems worldwide suggests that the development of
standardized ncutral formats for digital data
exchange would greatly improve the ship designer’s
access to a wide range of existing  hull
geometry/ship performance data. It is proposcd
that the International Towing Tank Conference
(ITTC) cooperate with other international standards
organizations in developing standardized ncutral
formats for the cfficient exchange of digital hullform
performance data.
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JOHNSON, Bruce, Professor, "On the Integration
of CFD and CAD in Ship Design,” Proceedings of
the International Symposium on CFD and CAD in
Ship Design, Wageningen, The Nctherlands,
September 1990, pp. 3-22.

The paper touched upon many aspects of CFD and
CAD codes used for hullform design and the
devclopments needed to integrate these tools into a
cost cffective ship design system. The conclusions
were summarized as follows:

Previous attempts, such as the IPAD cffort, to
develop fully-integrated vehicle design systems built
around the efficient use of a central database
exceeded the capabilitics of the hardware and
softwarc commercially available at that time. The
Workstation/Mainframe /RDBMS/UNIX environ-
ment is now sufficicntly developed to accomplish
this task at a rcasonablc cost.

The work on international CAD/CAM /CIM data
exchange standards by projects such as the
ISO/STEP, NIDDESC, and CALS should be
extended to include other CAE/CFD and model
test data frequently used during the concept design
phase. The ITTC community should join this effort
to cncourage international cooperation in ship
design and to provide even more cost saving during
ship and marine vehicle design.

A ship design cquivalent to AGARD, possibly an
international consortium, is needed to bridge the
gap between basic CRD rescarch cfforts and the
present design process. There is a great need to
make thosc who are¢ in a position to fund
integration work awarc of the long term cost
benefits  which could result by reducing the
bottlenecks in the concept design process discussed
in scction 5. Cost sharing between the parties
involved in "open system” code and code interface
development ts a  viable alternative to  the
development of proprictary CAE/CAD  systems
which may or may not find a niche in the ship
design market.

JOHNSON;, Brucc, Professor, co-author, "Towards
a Standard Relational Databasc for an Intcgrated
Ship Hullform Decsign, Analysis, and Evaluation
System,”  Proceedings of the Intcrnational Socicty
for Mini- and Microcomputers, International Sym-
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posium on Computer Applications in Design,
Simulation, and Analysis, Las Vegas, Nevada, March
1991, pp. 170-173.

The design of ship hullforms is a complicated and
time-consuming process involving (1) an accurate
description of the hullform geometry and (2) a
prediction of the performance characteristics of the
ship.  Until recently, the latter generally involved
conducting physical model experiments in the form
of towing tank t¢sts which greatly increase the time
nceded for a design to be completed. Advances in
computer technology and the use of regression
analysis and numecrical fluid dynamics codes have
made the process faster, but the process of
designing a ship is still accomplished through a
scries of scquential phases which have to be
performed independently and frequently on different
hardwarc. Results of one phase have to be
translated to formats accepted by the next and
succeeding phascs and this data exchange
discontinuity makes the turn around time greater.
The lack of an onlinc databasc containing
performance data on a wide range of previous
designs makes the conceptual design of new
innovative (non-standard) ships quite tedious. The
application of artificial intclligence techniques and
idcas has so far been inhibited even though marine
design would be a very good test bed for such
methods.  Computer-aided design and analysis
systems have been developed for the automobile
and aircraft industry, but they are frequently of a
proprictary nature, since the aircraft or automobile
design tcam is employed by the manufacturing
company which builds the vehicles. Since ship
design firms and  shipbuilding companies are
gencrally independent of cach other, except in some
countries such as Japan and Korea, the problem of
design data exchange is receiving considerable
attention on an international scale. Somc attempts
to develop integrated CAD systems for ship design
and construction arc undcrway.  This paper
addresses the problem of designing a database for
storing and cxchanging information about marine
hullforms, to be used as the central module for an
intcgrated ship design, analysis, and cvaluation
system.
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KRIEBEL, Dawvid L. Assistant Professor,
"Nonlincar Wave Interaction with a  Vertical
Circular Cylinder, Part It  Diffraction Thcory,”
Occean Engineering, 17, 4 (1990), 345-377.

A closcd-form solution is developed for the velocity
potential resulting from the interaction of second-
order Stokes waves with a large vertical circular
cylinder. At first-order, the solution is the usual
lincar diffraction theory. At sccond-order, the
solution consists of forced wave motions, due to
nonlincar wave-wave interactions in the free surface
boundary condition, plus scattered free wave
motions, duc to the interaction of the forced waves
with the fixed cylinder. The velocity potentials are
then used to determine the theoretical free surface
clevations around the cylinder consistent with
sccond-order.  Second-order terms are found to
significantly alter wave envelopes  around  the
cylinder as a result of nonlincar diffraction.  For
example, the maximum wave crest run-up on the
cylinder from the nonlinear theory is found to
cxceed that predicted by the linear diffraction theory
by up to 50%. A bricf comparison of the nonlincar
thcory with the mecasured run-up data is found
essentially to confirm the theoretical solution.

KRIEBEL, David L., Assistant Professor, "Advances
in  Numecrical Modelling of Dunc  Erosion,”
Proceedings of the Twenty-second International
Conference on Coastal Engineering, Delft, The
Netherlands, Vol. 3, July 1990, pp. 2304-2317.

Estimating dunc crosion during scvere storms
continues to be a major coastal engincering problem
and, as a result, predictive methods must continue
to cvolve and improve. While most dunc crosion
models in the 1970’s and carly 198(’s were based on
geometrical arguments, the more recent methods of
Vellinga, based on extensive large wave tank
experiments, and of Kricbel and Dean, based on a
finite-difference  numerical model, have been
adopted recently. It has been found, however, that
ncither of these methods is sufficiently general for
universal application, since both contain scveral
limiting fcaturcs. The goals of this paper are to
review problems in the existing mcthods  of
predicting dune crosion and then to describe recent
revisions to the Kricbel and Dean model.  These
modifications, mainly in the onshore boundary
conditions, climinate scveral dcficiencies in the
originai model and enable simulation of a wider
range of beach and storm conditions.

KRIEBEL, David L., Assistant Profcssor, co-author,
“Evaluation of Viscous Damping Models for Single-
Point Mooring Simulation,” Division of Enginecring
and Weapons Report EW-9-90), july 1990.

Planar motion mechanism (PMM) experiments were
carricd out on two hullforms in order to evaluate
viscous damping expressions for incorporation into
a single point mooring simulation model. The
existing numerical model, used by the Naval
Facilitics Engincering Command, docs not account
for viscous forces and moments arising from vessel
yaw motions as a ship "kites" or "fishtails” on a
single point mooring. Results of this study indicate
that these forces can be casily modelled by including
simple strip-thcory expressions for viscous yaw
damping. With the addition of these terms in the
cquations of motion, predictions of surge forees,
sway forces, and yaw moments were much more
accurate over a wide range of flow conditions.

LANGAN, Thomas J., Associate Professor, "A
Computer-Aided Programming Tool for Engi-
ncering Design,” Proceedings of the Eighth Annual
Conference on University Programs in Computcer-
Aided Enginceering, Design, and Manufacturing, The
University of Michigan, College of Enginecring,
Ann Arbor, Michigan, 1990, pp. 190-195.

In the conceptual and preliminary stages of
enginecring design the engincer cannot always lay
out his or her computations in a planned format.
Often the engincer makes a scrics of computations
and then makes decisiuns as to the direction his or
her computations will procced based on the results
of these previous calculations. It is at these decisive
points in the calculations that the engincer’s
intuition and knowledge play their key roll; these
are some of the key decision junctures, which one
trics to model in expert systems. In a truly
interactive environment the engincer should be free
to build his computational program in a bottom up
fashion without getting bogged down in pro-
gramming dctails; this is an approach contrary to
modern day computer practice which emphasizes
top down programming. Sprcadsheets provide a
structured environment for bottom up programming
and have proved uscful in design computations;
however, they are often restrictive both in size and
flexibility. It is not difficult to saturate a
spreadsheet  with  engineering  calculations; onc
arrives at thirty minute calculations per single point
too often. There is presently no automatic way o
convert a spreadsheet into a FORTRAN or other
similar computer program for computation and
increasced speed. These problems with spreadsheets
are duc to their nature. They are a "monolithic”
softwarc which present the user with a “closed”
cnvironment; however, the way they allow one to
compute is extremely important.  The purpose of
the software discussed in this paper is to provide an
open environment with bottom up programming for
design computations.
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MAYER, Robert H., Associate Professor, and
Michacl E. MCCORMICK, Professor, "Decision-
Making Mcthodology for Subsca Cable System
Decsign,”  Division of Engineering and Weapons
Report EW-5-91, April 1991,

Deccision theory is a powerful tool for optimizing the
design of systems dealing with unccertaintics.
Proposed herein is a decision analysis framcework
which considers all the interdependent cable system
design  variables and inhercnt  uncertaintics
“simultancously.” Combined with estimates of the
costs, benefits, and potential consequences of the
various design  alternatives, the methodology
facilitates sclection of the most acceptable cable
system design. If appropriaie, this techno-cconomic
approach may be developed into a detailed model
with accompanying software which can aid <csigners
in sclecting cconomic subsca cable system designs
while achicving acceptable reliability levels.

MILLET, Marshall, Ensign, USN, and Martin E.
NELSON, Profcssor, co-authors, "An Evaluation of
the BD-100R Rechargeable Neutron Dosimeter,”
Health Physics, 60 (1991), 325-329.

The purpose of this paper is to present data
gathered in the evaluation of the BD-100R ncutron
bubble dosimeter done at the University of
Maryland and the Naval Rescarch Laboratory. The
performance of 12 dosimeters has been followed
over 15 exposure-recharge cycles under a wide
rangc of cxposure conditions. Included in this paper
are the results from tests on dose rate dependence,
ncutron energy dependence, 8 and  exposure, and
recharge cycle performance. A statistical analysis of
the rcusability performance of the dosimeter as a
function of dose equivalent is also presented.

NEHRLING, Bruce C., Professor, "Open Watcer
Powcring and Scakecping Experiments on a
Conventional  140-foot  WYTM  lce  Breaker,”
Division of Engineering and Weapons Report EW-
6-90, July 1990).

The purposc of this experimental work was to
ascertain the open water resistance and scakeeping
characteristics of the KATMAI BAY, an existing
USCG conventional 140-foot (LOA) WYTM lce
breaker. A 1:9.27 scale model of the KATMALI
BAY was towed in order to accomplish the
following tasks: first, to determine the cffective
horsepower requirements for calm water operations;
sccond, to mecasure the model’s pitch and hcave
motions, as well as its vertical aceclerations, in long
crested, regular, head seas; and third, 1o determine
these same quantitics when the modcel was heading
into an irrcgular sca. All of the acquired data were
analyzed and expanded to full scale values. These
results are presented in tabular and graphical form.
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Along with acquiring and analyzing the above data,
the gencral behavior of the model was observed and
recorded on video tape.

NEHRLING, Bruce C., Professor, "A Comparative
Analysis of the¢ Open Water Powering and
Scakeeping Characteristics of Two Very Dilferent
Ice Breaking Hullforms," Division of Engineering
and Weapcns Report EW-7-9, July 1990.

The purpose of this experimental work was to
compare and contrast the open water resistance and
scakeeping characteristics of an existing USCG
conventional 140-foot (LOA) WYTM ice breaker
with those of a prototype ice breaking hullform of
similar length. Two 1:9.27 scale modcls were towed
in order to accomplish the following tasks: first, to
determine  each hull’'s  effective  horsepower
requircments for calm open water operations;
sccond, to measure cach model’s pitch and heave
motions, as well as its vertical accelerations, in long
crested, regular, head seas; and third, to determine
these same quantitics when the models were
heading into an irregular sca. All of the acquired
data were analyzed and expanded to full scale
values. These results arc presented in tabular and
graphical form. When comparing these results, it
should be noted that while cach modcl had the
same LPP, their displacements were quite different.

NEHRLING, Bruce C. Professor, "An Expcri-
mental Investigation Into the Stability and Motions
of a Damaged SWATH Modecl,” Proceedings of the
Fourth Intcrnational Conference on Stability of
Ships and Ocean Vehicles, Scptember 1990, pp. 433-
440.

The objective of this experimental work was to
observe and partially quantify the stability and
scakceping characteristics of a dead-in-the-water
scalc modcl of a Small Waterplane Twin Hull
(SWATH) both before and after simulated flooding
had occurred.  First, a conventional inclining
experiment was conducted in order to establish the
modecl’s intact displacement and center of gravity.
In addition, the modcl was suspended in air and
swung as a compound pendulum in order to
determinge its mass pitch and roll gyradii. Next, one
intact and two damaged conditions were modceled.
In each condition, the untcthcred model was
repeatedly subjected to both moderate and severe,
irrcgular, long crested scas. In each sca state the
modcl was pitch positioned to experience head scas,
following scas, and bcam scas. Roll and pitch
motions were measured with a gyroscope.  This
SWATH, cven though dead-in-the-water, had
sufficient stability 1o survive the specific intact and
damaged conditions and sca states which were
modcled.
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NUCKOLS, Marshall, L., Associate Professor,
"Midshipman Elective Laboratory Training Program
-- 1990: Naval Coastal Systems Center,” Division of
Engineering and Weapons Report EW-11-90,
September 1990.

During the 1990 summer intersessional period, six
midshipmen 1/C spent a 4-6 week period at the
Naval Coastal Systems Center in Panama City,
Florida, to participate in ongoing rescarch and
development projects.  The objective of the
Laboratory Training Program is to allow mid-
shipmen to apply their academic training and to
enhance their awareness of the development and
applications of new technology for defense support.
This  report  consolidates the  individual
midshipmen research reports submitted following
their TDY at the Naval Coastal Systems Center.

NUCKOLS, Marshall L., Associate Professor, "The
Liquid-Filled Suit-Intersuit Concept: Passive Ther-
mal Protection for Divers,” Undersea Biomedical
Research, 18, 3 (1991), 168-172.

The liquid-filled suit-intersuit coneept is intended to
provide passive thermal proi ~ction for cold undcr-
water missions of long duration. Conventional
passive approaches use microfibrous batts beneath
lightweight dry suits. The insulation thickness to
maintain thermal comfort during long missions at
low metabolic levels would be excessively bulky and
overly buoyant for subsequent swimming scenarios.

The liquid-filled suit-intersuit can provide the
resting diver with a liquid layer having a density
approximately that of watcr, and low thermal con-
ductivity. This results in added insulation without
the additional buoyancy and bubble migration to
shoulders and ncck region that occurs when inflating
dry suits with a gas. When the diver is required to
swim from a free-flooding submersible, the liquid
can be drained from the interlayer to reduce the
insulation, so that the diver is csseatially swimming
in a conventional dry suit with a Thinsulate
undergarment (Thinsulate is a registered trade
name used by 3M Corporation for its microfibrous
polypropylene material). This concept can also be
beneficial during extended in-water decompressions
for deep salvage missions; as the diver rests during
a decompression stage, the suit-intersuit can be
infiated with insulating fluid.

The primary advantage of the liquid-filled suit is
that thce diver can be protected from the cold
without an active heating source. A bencficial side
cffect is that the insulating liquid is unaffected by
suit squecze, giving the feet and legs further
protection. By selecting an insulating liquid that has

54

a specific weight approximately that of water,
minimal buoyancy variations will occur as the fluid
level in the suit is varied.

POOLE, Patrick K., Licutenant Commandecr, USN,
"An Analytical Model of the Floating Dry Dock
ARDM-3," Naval Engineers Journal, 103, 2 (March
1991), 50-54.

The characteristics of a floating dry dock and the
ship to be docked can be programmed into an
analytical model developed on a personal computer
to generate accurate predictions of all parameters of
interest to the docking officer. The dry dock model
aliows for the rapid generation of the ballast tank
levels required to raise the ship and dock while
providing the expected dock draft, basin height,
stability paramcters, and longitudinal deflection
predictions at all critical times during the docking
evolution for any realistic ship load and desired
position. Such a modecl is developed herein for the
floating dry dock ARDM-3, located at the Charles-
ton Naval Shipyard.

POOLE, Patrick K., Licutenant Commander, USN,
"A Propcller Design Process for Human-Powered
Submersibles,”  Proceedings, Marine Technology
Saciety, Vol. 2, September 1990, pp. 501-506.

A propeller design process for human-powered
submersibles is presented. The process described is
based on simple momentum theory with modifi-
cations to account for the energy lost in rotational
motion which is prevalent in low speed propellers
typical of those in human-powered propulsion. The
process gives designers a complete mechanism to
gencrate  relatively  high  cfficiency  propellers
specifically suited for their submersible while
allowing for a varicty of design options.

POOLE, Patrick K., Licutenant Commander, USN,
"A Step-by-Step-Propeller Design Process,” Jounal
of Intemational Human-Pos.ered Vehicle Association,
(1991), 2-5.

A propeller blade design process for human-
powered marine v hicles is presented. The process
described is based on simple momentum theory
modificd to account for the cnergy lost in the
rotational motion prevalent in low-speed propellers
and typical of those in human-powcered propulsion.
The process gives the designer a complete
mcchanism to generate relatively high-cfficiency
blades specifically suited  for  their  individual
application while allowing for a varicty of design
options,




NAVAL SYSTEMS ENGINEERING

TUTTLE, Kenncth L. Associate Professor, "A
Maintenance Engineering Laboratory,” Proceedings
of the American Society of Engincering Education
Annual Conference, Toronto, Canada, June 194%),
pp- 1004-1007.

Maintenance Engineering is not new, but it is
changing. In two decades new concepts such as
Reliability Centered Maintenance (RCM) have been
introduced and begun to replace more expensive,
less effective maintenance practices. The U.S. Navy
maintains more equipment than most organizations,
and the importance of maintecnance cannot be
exaggerated. The U.S. Naval Academy graduates
many of the Plant Engincers scrving on ships and
other duty stations. In order to usec RCM concepts
effectively, the Navy nceds its officers to be
instructed in the modern maintenance concepts the
Navy uses.

The Naval Sca Systems Command, NAVSEA, has
supported a program to introduce instruction in
Maintcnance Enginecring at the U.S. Naval
Academy. The Diesel Engine room in the Marine
Propulsion Laboratories was uscd as the first
laboratory to instruct the midshipmen in
Maintcnance Engincering. A Dicsel Engine
Monitoring and Analysis (DEMA) systcm was
added to the laboratory on a GM 3-71 Diescl
Enginc. The DEMA system is used to introduce
concepts of maintenance, to demonstrate modern
maintenance practices, and to involve the student in
Maintenance Engincering.

TUTTLE, Kenneth L., and Keith W. LINDLER,
Associate  Professors, "Thermodynamic  Power
Cycles Using Personal Computers,” Computers in
Education Journal, 10, 4 (October-December 1990),
62-64.

There is no better way to study thermodynamic
power cycles than to use a computer. The
computer can make the laborious calculations
around the cycle and answer questions such as:
"What effect docs ambient air temperature have on
the Idcal Brayton Cycle thermal efficiency?” Intu-
itively, all good engineers know that reducing the
temperature of the air that an cngine breathes will
improve the ideal cycle cfficiency. Intuition is not a
reliable indicator.  Work the cycle and lcarn that
ncither  compressor inlet  nor  turbine inlet
temperature  affect  the  Idcal Brayton Cycle
cefficiency. The reason most good engineers do not
know this is because working the cycles is too
laborious.  If cxisting engincers had computer
programs to help with cycle analysis, more of what
they know would be correct.

TUTTLE, Kenneth L., Associate Professor, "Making
Room for More Math,” Proceedings of the Amcrican
Socicty of Engincering Education (ASEE) Annual
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Conference, Toronto, Canada, June 1990, pp. 1452-
1454,

Most engincering faculty probably feel that more
higher level mathematices courses would improve the
quality of the engincers graduating today. The
failure 10 increase the course work is not owing to
disagreement over which courses to add. More
likcly the barricr to progress is deciding which
courses to remove from the curriculum. At the
college level there are too many courses that need
to be taken and too little time to take them. In
these rapidly changing times, some interesting
courses have begun to be offered at the seccondary
and clementary, kindergarten, and even pre-school
levels.  With leadership and coordination, these
schools will become responsible for making room
for more math at the college level. We must take
the lead. We must do the leading. We must
provide the leadership. It is the colleges that drive
the cducation process. We must lcad the way.
Instcad of accepting less and less from schools
unable to provide the requisite background, we can
choose to accept more and more from those schools
able to provide what we tell them we need.

TUTTLE, Kenncth, L., Assoc..te Professor, co-
author, "Final Report Assessment of Chemical Fuel
Requirements  for  Submersible  Propulsion
Applications,” David Taylor Research Center
Report DTRC-PASD-CR-5-91.

The purpose of this research is to compare
reactants that have been identified for use in closed-
loop, submerged heat engines. One objective is to
indicate problems and advantages associated with
cach available hcat cngine; however, the main
objective is to show calculated results for thirteen
combinations of potential reactants.  Eleven
diffcrent fuels and two different oxidizers were
included. Using an overall thermodynamic
efficiency of 26.5 percent, and engine on cach fuel
produces an average power of about 20 kilowatts for
48 hours on station plus six hours to descend 6000
mcters and six hours to ascend.  The tabulated
results show the amount of cach reactant and size of
tank required.  The chemical assumptions and
constants used for the calculations have been
provided to permit verification of the results.

WHITE, Gregory )., Associale Professor, co-author,
“Lifc Expcectancy Assessment of Marine Structures,”
Joumal of Marine Structures, 3 (1990), 301-317.

In this paper, a methodology for structural life
assessment is suggested. The methodology is based
on probabilistic analysis, using reliability concepts
and the statistics of extremes. The methodology
results in the probability of failure of a structural
system according to the identified failure modes as
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a function of time, i.e., structural lifc. The results
can be interpreted as the cumulative probability
distribution function (CDF) of structural life. Due
to the unknown level of statistical corrclation
between the safety margins of components of the
system, limits or bounds on the CDF of structural
life can be established.

WHITE, Gregory J., Associate Professor, co-author,
"Semivariogram and Kriging Analysis in Developing
Sampling Strategics,” Proceedings of the First
International Symposium on Uncertainty Modeling
and Analysis (ISUMA), University of Maryland,
College Park, Maryland, 3-5 December 199, pp.
421-427.

The study in this paper looks at using the concepts
of semivariogram analysis and Kriging estimation to
develop strategies for corrosion rate estimation in
steel plating. This involves determining the number
and location of thickness measurements to be taken,
so that a desired level of confidence is achicved in
the estimation of the corrosion rate.,

WHITE, Gregory J., Associate Professor, co-author,
"Parametric Evaluation of Marine Structural Life
Expcctancy Using Reliability-Based Methodology,”
SSC/SNAME Marine Structural Inspection, Main-
tenance, and Monitoring Symposium, Arlington,
Virginia, March 1991, B-1-B-7.

The estimation of an absolute life expectancy is a
complex process, and the results are expected to
have relatively large fevels of uncertainty.  In this
study, a paramctric sensitivity analysis of structural
life expectancy duc to the variation in several
variables was performed.  The sensitivity of the
structural life expectancy of the forward bottom
plating of three patrol boat designs was cvaluated
with respect to variations in plating thickness, pancl
size, operational profile, and loading condition.

WHITE., Gregory ), Associate Professor, co-author,
"A Probabilistic Approach for Determining the Ef-

S0

feet of Corrosion on the Life Expectancy of Marine
Structures,” SSC/SNAME  Marine  Structural
Inspection,  Maintenance, and  Monitoring
Symposium, Arlington, Virginia, March 1991, J-1-
J-8.

The problem of the loss of structural material to
corrosion has been a thorn in the side of marine
designers since metals first went to sca. In recent
years tremendous amounts of money and effort have
gone into the development of coating and protection
systems to mitigate this loss of structural material.
Even with these systems there are still some
problems both with the pitting and general wastage
of the structural material. In some recent work
conducted for the U.S. Coast Guard (4SNE Joumnal,
May 1989, and May 1990) the authors conducted
service-life estimation of several classes of patrol
boats. Part of that analysis involved considering the
cffects of corrosion rates on the estimated service
life. This involved treating the corrosion rate as a
random variable and including it in the extreme-
value probabilistic analysis.

WIGGINS, Peter F.,  Professor, co-author,
“University Papers in American Nuclear Society
Transactions with Enrollment and Degrees - IV,"
Transactions of the Amcrican Nuclear Socicety, Vol.
62, 1990, p. 23.

Tabulations of nuclear engincering (NE) course
offerings, enrollments, degrees, and papers in the
American Nuclear Society’s (ANS) Transactions
were presented in 1966 (University of West
Virginia) and in subscquent publications. The US.
Department of Encrgy and its predecessors have
compiled cnrollment and degree data since 1970.
Prior to this, such information was available from
several  sources,  c¢.g., American  Society  of
Engincering Education and Enginecring Manpower
Commission.  Data vary somcewhat with source,
often because NE has not been well identified from
parent departments.  Cur latest statistics  are
presented an this paper.
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Presentations

BRAUN, John, L., Licutenant, USN, and William
C. DUERDEN, Jonathan W. LEBARON, and
Hyon S. LIM, Midshipmen 1/C, USN, "Comparative
Testing of Pontoon-based Flotation Systems [or the
U.S. Army’s Bradley Fighting Vehicle,” Phase 1H in
Process Review Mecting, Denver, Colorado, 8
March 1991,

CERZA, Martin R., Assistant Professor, "Pscudo-
Steady Diffusional Growth or Collapse of Bubbles
Rising in  Timc-Dependent  Pressure  Ficlds,”
International Symposium on Gas-Liquid Two-Phase
Flows, Dallas, Texas, 25-30 November 1990,

COWELL, James W, Jr., Licutenant Commander,
CEC, USN, "Cost Plus Award Fce Construction
Contracting; Lessons Learned from Diego Garaa,”
Facilitics Mobilization Contracting Course, Reserve
Division, Naval Facilitics Enginecring Command,
Port Hueneme, California, 19 July 1990.

COWELL, James, W., Jr., Licutenant Commander,
CEC, USN, "Comparative Testing of Alternative
Flotation Devices for the US. Army’s Bradley
Fighting Vchicle,” The Chesapeake Scction, Society
of Naval Architects and Marine Engincers, Scction
Mceting, US. Naval Academy, Annapolis,
Maryland, 9 October 1990.

HARPER, Mark 1., Instructor, "Thcoretical Model
of Neutron Bubble Dosimeter,” Colloguium on
Ncutron Dosimetry, Naval Surface Warfare Center,
White Qak, Maryland, 18 December 1990.

HARPER, Mark J., Instructor, and Martin E.
NELSON, Profcssor, co-authors, "Superheated
Drop, 'Bubble’, Dosimcters,” Eleventh Department
of Encrgy Workshop on Personnel  Neutron
Dosimetry, Las Vegas, Nevada, 4-7 June 1991.

HARPER, Mark J, Instructor, and Martin E.
NELSON, Professor, "Theorctical Model of a
Superheated Liquid Drop Detector,” Health Physics
Sacicty Annual Mceting, Washington, DC, 21-26
July 1991.

JOHNSON, Bruce, Professor, “On The Integration
of CFD and CAD in Ship Design,” International
Symposium on CFD and CAD in Ship Design,
Wageningen, The Netherlands, 25 September 1990.
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JOHNSON, Bruce, Profcessor, Presentation of the
Report of the Symbols and Terminology Group, the
Nincteenth International Towing Tank Conference,
Madrid, Spain, September 1990.

JOHNSON, Bruce, Professor, Nikolaos GLINOS,
/.ssistant Professor (Computer Science), Nancy
ANDERSON, Naval Architect, co-authors,
“Database Systems for Hullform Design,” Annual
Mceting of the Socicty of Naval Architects and
Marine Engincers, San Francisco, California, 2
November 1990.

KRIEBEL, David L., Assistant Professor, "Advances
in Numerical Modclling of Dunc Erosion,” Twenty-
sccond International  Conference on  Coastal
Engincering, Delft, The Netherlands, 3 July 1990.

KRIEBEL, David L., Assistant Professor,
"Convolution Mcthod for Predicting Beach Profile
Response,” Advances in Coastal  Engineering
Conference, University of Delaware, Newark,
Dclaware, 6 November 199,

KRIEBEL, David L. Assistant Professor,
"Hydrodynamic Forces:  Viscous Damping and
Excitation Forces on Moored Ships,” Workshop on
Mooring Dynamics, Naval Civil Engincering
Laboratory, Port Huencme, California, 8 April 1991,

KRIEBEL, David L., Assistant Professor,
“Similitude Issues in Ship Moorings,” Workshop on
Mooring Dynamics, Naval Civil Engincering
Laboratory, Port Hucneme, California, 8 April 1991.

LANGAN, Thomas J., Associate Professor, "A
Computcr-Aided  Programming Tool for
Engincering Design,” Eighth Annual Conference on
University  Programs in Computer-Aided
Engincering, Design, and Manufacturing, University
of Michigan, Ann Arbor, Michigan, 14 August 1990.

LINDLER, Kcith W.  Associate Professor,
"Compensating for the Temperature Dependence of
Bubble Dosimceters,” Fourth Annual Neutron
Bubble Technology Rescarch Colloquium, Naval
Surface Warfare Center, White Qak, Maryland, 18
December 1990.
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MCCORMICK, Michael E., Professor, "The
Positive Drift of the Backward-Bent Duct Burge,”
University of Dclaware, Newark, Delaware, 13
November 1990.

MCCORMICK, Michacl E., Professor, "An Analysis
of the Performance of the Backward-Bent Duct
Barge,” Mathematics  Colloquium, U.S. Naval
Academy, Annapolis, Maryland, 20 March 1991,

MCCORMICK, Michael E., Professor, "Wave
Energy Conversion,” MENSA Mceting, Annapolis,
Maryland, 11 December 1991,

NELSON, Martin E., Professor, "Superheated Drop,
'Bubble’, Neutron Dosimeter Performance in a
Work Environment,” The 199 IEEE  Nuclear
Science  Symposium,  Arlington, Virginia, 22-2
October 1990,

NELSON, Martin E., Professor, and Michacl J.
WILSON, Ensign, USN, “"Analytical and
Experimental Comparison of Personnel Neutron
Dose Mcasurement Techniques with the Bubble
Dosimeter,” Health Physics Socicty Mecting, Las
Vegas, Nevada, 28 June i990).

NEHRLING, Bruce C., Professor, "An Experi-
mental Investigation Into the Stability and Motions
of a Damaged SWATH Modcel,” Fourth Inter-
national Confcrence on Stability of Ships and Ocean
Vcehicles, Naples, Ttaly, 24-28 Sceptember 1990.

NUCKOLS, Marshall L., Associate Professor, "Life
Support Maintenance in the Decp Sca Environ-
ment,” 1990 Annual Mceeting of the Socicty for Risk
Analysis, New Orleans, Louisiana, 9 October 1990,

NUCKOLS, Marshall L., Associate Professor, “Life
Support Systems Design Seminar,” Naval Coastal

Systems Center, Panama City, Florida, 15-20 July
19X).

POOLE, Patrick K., Licutenant Commandcr, USN,
"A Propeller Design Process for Human-Powered
Submecrsibles,” Marine  Technology Socicty 90,
Washington, DC, September 1990.

TUTTLE, Kcenneth L., Associate Professor, "A
Maintenance Engincering Laboratory,” American
Socicty  for  Engineering  Education  Annual
Conference, Toronto, Canada, 25 June 1990,

TUTTLE, Kennceth L., Associate Professor, "Making
Room for More Math,” American Socicty for

Engincering  Education  Annual  Conference,
Toronto, Canada, 26 Junc 1990.
WHITE, Gregory J.,  Associate  Professor,

"Semivariogram and Kriging Analysis in Developing
Sampling Strategics,” First International Symposium
on Uncertainty Modcling and Analysis (ISUMA),
University of Maryland, College Park, Maryland, 3-
5 December 1990.

WHITE, Gregory J., Associate Professor, "A
Probabilistic Approach for Determining the Effect
of Corrosion on the Life Expectancy of Marine
Structures,” Ship Structures Committee of the
Socicty of Naval Architects and Marine Engincers
(SSC/SNAME) Marine  Structural  Inspection,
Maintenance, and Monitoring  Symposium,
Arlington, Virginia, 18-19 March 1991.

WHITE, Gregory, J., Associate Professor,
"Paramectric Evaluation of Marine Stractural Life
Expectancy Using Rcliability-Based Methodology,”
SSC/SNAME  Marine  Structural  Inspection,
Maintenance, and Monitoring  Symposium,
Arlington, Virginia, 158-19 March 1991.
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Hydromechanics Laboratory

Professor Roger H. Compton
Director

T he primary functions of the Naval Academy
Hydromechanics Laboratory (NAHL) arc to
support  c¢ducation and rescarch  in ship
hydromechanics  and  occan  engincering.  The
facilitics which constitute the NAHL are as follows:
(1) 380-foot Towing Tank (380'x26'x16*) -
This premier facility features two towing carriages
and & servo-controlled,  clectro-hydraulically
activated, dual flap wavemaker. Both towed and
sclf-powered ship models can be tested in calm
water, regular waves, and irregular waves. Al
waves generated are long-crested. Open water
propelier  characteristics can be  determined by
means  of a propeller boat. Mancuvering
characteristics can be evaluated by means of a large
amplitude, horizontal planar motions mechanism.
Most testing 1s done at model speeds up to 25 fps,
but special tests have been run at speeds as high as
48 fps. Surface ship and submarine models can be
tested. A drydock and finger pier located at the
north end of the basin can be isolated from the
main tank by means of closcable drydock doors.
(2y 120-foot Towing Tank (120°x8'x5.5') - Ship
madels up to about 6 foot in Iength can be towed in
calm water, regular waves, and irregular waves.
Only long-crested waves can be generated by a
wavemaker, which is effectivelv a 1/3 scale model of
the wavemaker in the 380-foot towing tank. Both
deep and shallow water experiments are run in this
facility.  The tank can be configured with a false
bottom  to  simulate  various  shoaling  water
conditions. The powered carriage can attain speeds
as high as 13 tps. The tank is also cquipped to
perform gravity tow (constant force) model testing,
(3} Coastal Engincering Tank (52 x48'x2") -
This L-shaped tank is cquipped with a piston-type
winemaker and a moveable bridge for positioning
wave probes. Small scale breakwaters, groins,
jetties, and harbor arrangements can be studied with
respect to wave reflection, refraction, transmission,
and absorption propertics. Wave guides allow the
basin to be subdimided for multipie experimental
selups.
(3)  CGirculating Water Channel (Test Scction
S xl.3'x1.3) This small, free-surface water
channcl with a top speed of 12 fps is used primarily
for Now visualization around control surface models
and cavitating propeller models. Quantitative
measurements of hvdrodvnamic forces on rudders
and hvdrofoils have also been made. The channel

can be pressurized from +6 psig to -12 psig to
adjust model cavitation numbers.

(5) Computer Workstations - A number of
Hewlett-Packard workstations are  available for
midshipmen, staff, and facully usc to acquirc and
analyz¢ mcasured data and to define hull shapes
using thc FASTSHIP program. The capability exists
10 use the FASTSHIP offset files to cut hull models
on a numerically controlled milling machinc located
adjacent to the NAHL. Additionally, several Zenith
PC’s arc ava'lable for data analysis as testing
progresscs.

(6) Stability/Ballast Tank (24'x12'x3.5") - This
tank is used Lo investigate the hydrostatic stability
characteristics of ship modcls--inclining experiments
and righting arm experiments--as well as being used
to ballast modcls in preparation for testing in the
380-foot or the 120-foot towing tanks.

All of the operating facilitics arc clectronically
linked via remote terminals to a host computer
located in the control room for the 380-foot tank.
The host computer not only permits speed and
consistency in data acquisition and analysis from all
facilitics, but is integral to the control and
scquencing of experimental  hardware used in
testing.

The NAHL staff is a small, multi-talented group
which plans, scts up, performs, and interprets the
mcasured data from c¢xperimental  programs
undcrtaken for midshipmen, faculty, and certain
outside  governmental agencies. The staff of 10
consists of six graduate engineers/naval architects,
thrce  cngincering  technicians, and  an  office
manager/secretary. Liaison with the Naval Academy
faculty is maintained by an appointed Laboratory
Dircctor who is also a member of the teaching
faculty.

Notable facihitics  improvement  begun  or
completed duning the current reporting  period
includes: (1) delivery, installation, and training of
the laboratory staff by MTS of a digital controller
for the 380-foot tank wavemaker; (2) performance
specification released  for a replacement  host
computer  to  upgrade  the  Hydromechanics
Laboratory Data Acquisition and Analysis System;
(3) removal of the original operator /electronies
module from the low-speed carriage in the 380-loot
tank. providing a much wider open bay for test
cquipment; (4) wave guides installed in the Coastal
Engincering Tank; (5) acquisition of a model five-
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blauded FFG-7  Controlluble  Reversible  Pitch
propelicr:y (6) upgraded video monitoring  and
recording of model performance; and (7) delivery of
a4 non-intrusive,  two-dimensional  motion
measurement and analysis system.

Academic programs continue to reflect  the
benefits  of the  Laboratory’s  participation  in
significant rescarch cfforts for the Navy and the
Coast Guard. Programs have included: (1) Non-
hincar Scakeeping Rescarch for David Taylor
Rescarch Center (DTRC), (2) Nonlincar Wave
Phenomena  for  the  Office  of  Naval
Rescarch(ONR),  (3)  Occan Wave  Group
Characteristies Studies for the Naval Facilities
Command (NAVFAC), (4) SWATH T-AGOS-19
Control Surface Loads for the Naval Sea Systems
Command (NAVSEA), (5) Planing Hull Pressure
Mcasurements for the Coast Guard (USCG), (6)
Cruiser Radius of Gyration Study for NAVSEA, (7)
Swimmecr Propulsion Vehicle Evaluation for Naval
Coastal Systems Center (NCSC), (8) Dynamic
Modcling of Damage Condition Performance of
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Combatants for NAVSEA, (9) New Concept Hull
Form--Comparative  Scakeeping  and  Powcring
Studics for Ice Breakers--for USCG, (10) Buoy
Motion Study for the Naval Civil Engincering
Laboratory (NCEL), (11) Mooring Studics for
NAVFAC, and (12) New 47-foot Motor Lifeboat
Seakceeping Performance Evaluation for USCG.

Expcrimental rescarch studies with intense student
involvement  have included the following: (1)
Icebreaking Bow Form Variations--Open Water
Resistance and Scakeceping, (2) Effectivencess of
Low, Rubble Breakwaters. (3) Open  water
performance, ingress/egress of the US. Army’s
Bradley Fighting Vcehicle flotation system variants,
(4) Side-by-Side Testing of Scale Ship Models, (5)
Submarine Stability Studics, (6) Transverse Stability
of Planing Craft at High Speeds, (7) Loading of
Sailing Yacht Kecels, (8) Fleet Mooring Rescarch,
(9) Effects of Large Bow Domes on Shallow Water
Performance, and (10) Support for the Naval
Academy cntry in the Sccond Annual Human
Powcered Submarine Race.
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Weapons and Systems Engineering

Professor E. Eugene Mitchell

Chair

Rescarch within the Wecapons and Systems
Engincering Department continued to provide
the faculty with an environment for professional
growth and the opportunity to remain abreast of
today’s rapidly advancing systems technology.
Additionally, every graduating Systems Engincering
major participated in independent research, design,
and development projects which reinforced the
essential interface between academics and practical
application.

Every faculty member, both civilian and military,
participated in independent rescarch  directed
toward arcas of interest to the U.S. Navy, or
supported midshipmen rescarch programs in an
advisory capacity. Faculty rescarch areas included
robotics and machine vision for robots, compensator
design, chaos in simulations, machinery health
monitoring-fault diagnosis, and several investigations
involving computer control, as well as software and
hardware application to specific systems problems.

Strong cmphasis continues on the faculty-
midshipman rclationship  during the  student
independent research course.  Each midshipman
was assigned both an administrative and a technical
adviser. These advisers not only provide support of
a technical nature, but also emphasize planning,
schedule development, and effective oral and written
presentations. Thus, the student is introduced to all
aspects of the rescarch process. Typical examples
of the forty-cight midshipmen rescarch topics
include a threc-dimensional vision system for
remote vehicle guidance, voice control of a CD
player, light-guided carts, machinc vision targeting
for the pistol range, and a three-dimensional "virtual
reality” system, in which the observer's head motion
controlled computer images and sound.
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Funding for rescarch activitics has been available

from multiple sources, including grants and
contracts from various fedcral agencies and naval
laboratories, as well as funding from within the
Naval Academy. This year’s sponsors include the
Naval Academy Research Council, the David Taylor
Research Center, and the Naval Surface Warfare
Centcr.
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Sponsored Research

Stereo Machine Vision System

Researcher: Assistant Professor William 1. Clement
Sponsor: Naval Academy Research Council (ONR)

This is the second year of a study on machine
vision. In particular, a stereo machine vision system
was investigated for its usefulness as a passive, long-
range sensor. The passive nature of the sensor is
an advantage when data must be collccted at great
distances or when emissions control (EMCON)
conditions prevail. The sterco aspect allows once to
gather both range and bearing information with a
single measurement.  Both of these attributes
suggest its use on board ship (e.g., in station-
keeping and precision maneuvering dutics).

This study was carried out using departmental

computer and machine vision hardware and
personally-developed  software.  The completed
sctup was capable of automatically focusing the
cameras on the object of interest and then using
sterco vision correspondence to determine range.
The automatic focus information was important for
the resolution of range ambiguity as well as for
scene clarity.

Results of this study were published and
presented at the Ninth Ship Control Systems
Symposium.

Neural Network Applications

Researcher: Assistant Professor William 1. Clement
Sponsor: Naval Academy Research Council (ONR)

An investigation of neural network applications to
pattern recognition was begun. The goal was to
compare the effectiveness of neural networks, with
their highly rich and nonlincar transformation
capabilities, against the lincar discriminant function
of the Bayes classification technique. While ncural
networks have their strengths, they also suffer from
excessive training times and the possibility of
overtraining. The goal was to learn from the neural
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nctwork how to choosc better pattern descriptors,
so that the Bayes classifier’s performance could be
improved.

The foundations of this research are underway;
the bulk of the work will be conducted during the
summer of 1991. Departmental computer facilities
will be used, along with a professional neural
network software package.
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Development of Interdisciplinary Robotic
Systems Laboratory Software

Researcher:

Profcssor Kenneth A. Knowles

Sponsor: Naval Academy Instructional Development Advisory Committee

The Weapons and Systems Engincering Department
Robotics Teaching Laboratory facility was
redesigned and updated over the summer of 1990.
The cameras at each station were mounted on the
forcarm links of the table top instructional robots to
provide integrated vision systems for motion control.
In addition, speech synthesis systems were added to
each station to permit audio responscs by the
robots.  Routines utilizing the communications
package in True BASIC have been developed to

permit direct control (two-way communications with
all of the necessary handshaking) of the robots from
within student-prepared True BASIC programs.
The inclusion of complete handshaking with the
robot permitted real-time control for the first time
in our laboratorics. Complete robot control and
digital vision library modules containing all of the
necessary preprocessing and subroutine modules
were developed to perform most of the fundamental
robot control and vision processing tasks.

Optical Fiber Strain Gages

Researcher:  Associate Professor Olaf N. Rask
Sponsor: David Taylor Rescarch Center, Annapolis Laboratory

The goal of the work was the confirmation of the
usc in principle of the optical strain gage. The
problems confronted and solved were the reduction
of the vibrational sensitivity of the gage system and
the reduction of polarization fading. A gage was

constructed in a test specimen which performed
according to the theorctical expectations. Practical
problems of gage construction were confronted and
solved.

Statespace Control of an ICR Gas Turbine Engine

Researchers: Associate Professors Jerry W. Watts and
Terrence E. Dwan
Sponsor: David Taylor Research Center, Annapolis Laboratory

The power plant for the electric drive Naval ships of
the future will be a recuperated, intercooled,
variable-arca-turbine-nozzle gas turbinc engine.
The controller for this engine will be a computer
using statespace methods with several modes. This
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will be developed by the contractor (yet to be
determined), but DTRC nceds expertise in this
areca. A modular simulation model of the ICR
engine will be developed in ACSL and a statespace
controller developed using the softwarc MATLAB.
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Optical Strain Monitoring in Composite Material

Rescarcher: Midshipman 1/C Daniel B. Robinson, USN
Adviser: Associate Professor Olaf N. Rask
Sponsor: Trident Scholar Program

The project was designed to study the practical
problems of using optical fibers as strain gages in
composite materials. Optical fibers were embedded
in composite specimens where their intrinsic
sensitivity was measured under controlled
conditions. This turned out to be 336 x 10° radians
per unit strain, The conditions under which the
optical strain gage was calibrated diffcred markedly
from those under which it might be used on
practical structures. The actual mathematical

cxpression for the strain in the structure was
required in order to interpret the optical strain gage
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reading. Since in a vibrating structure driven by
random forces, this could not be available, the first
conciusion is that optical strain gages are useful for
quantitative strain measurcments only under special
conditions or needs. However, it was found that if
the optical strain gage output was converted into an
audio signal, the ear/brain combination of human
processing capability permitted subtle changes in the
mecchanical structure to be detected. It is in the
direction of qualitative structural monitoring that
future work in the optical strain gage should be
directed.
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Independent Research

Deadbeat Response in Discrete-time Control Systems

Rescarcher: Associate Professor Thomas E. Bechert

Discrete-time  control systems have  capabilitics
which arc¢ not available in the continuous-time
domain. Onc such capability is deadbcat response.
The system error signal is assumed to be sampled
with a sampling period of T scconds, with cach
sample processed by a digital controller.  The
controller output signal passcs through a zero order
hold and is applicd to the controlled plant as the
control force. The control force is thercfore at a
constant level during cach sample period.  With
deadbeat response the system reaches steady state,
with zero error, while minimizing N, defined as the
number of sample periods to reach steady state.
With dcadbeat response the steady state error
between input and output remains at zero, even
between sampling instants.  This description of
deadbeat response is equivalent to the behavior of
a finite-impulse-response filter.  Thus, the closed-
loop pulse transfer function of the deadbeat system
is simply F(z), a finitc polynomial in 1/z of order N.
With the input signal assumed to be a unit step, the
minimum value of N is found to depend only on the

dynamic characteristics (the pulse transfer function)
of the controlled plant, provided no constraints are
placed on the magnitude of the control force. If the
control force is found to exceed a specified upper
limit, thecn more time must be allowed to reach
steady state; that is, the minimum value of N must
increase. Computation of the control force during
cach of the N sample periods involves a tedious
long division process.

This rescarch project concentrates on  this
computation of the control force. It has been
shown that the long division can be replaced by a
scquence of matrix multiplications, where the matrix
entrics are simply the given coefficients in the pulse
transfer function of the controlled plant, and the
coefficients in F(z). With this simplification the
design cquations for the digital controller are easily
programmed, and the dcsign engineer has a
convenient too! for selecting a digital controller to
provide dcadbcat responsec  without violating
specified constraints on the control force magnitude.

Automated Extraction of Morphological, Topographical, and
Time-Related Parameters from Human
Bulbar Conjunctiva Images

Researcher: Assistant Professor Carl E. Wick

Mcdical researchers have found convincing evidence
that the topography of the body’s smallest blood
vessels changes in the presence of certain discases.
These same rescarchers believe that detecting these
gradual changes may give evidence of these discases
before other more classical symptoms are apparent.
This research secks to use image processing
techniques to characterize awtomatically these blood
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vessels as they are observed through photographic
or video images of the conjunctiva, or "white” arca
of the eye. Preliminary work has been directed
toward understanding and modciling the physical
processes involved in acquiring a photographic or
video image of the conjunctival blood vessels.
Futurc work will use these models to develop
advanced vessel detection and tracking algorithms.
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Research Course Projects

Configuration Specific 1-G Remote Manipulator
Simulator System Simulation

Rescarcher: Midshipman 1/C Robert M. Gaucher, USN
Adviser: Professor Kenneth A. Knowles

The qualitative simulation of the Remote
Manipulator Simulator System (RMSS) developed
previously was experimentally verified utilizing the
large flexible-arm hydraulic manipulator ia the
Systems Engineering Department. This verification
required modifications to the manipulator arm to
permit the gravity-induced deflections with the
manipulator elbow in a yaw configuration. The
simulation-predicted deflection values corresponded

closely with the experimentally-obtained deflections
for various configurations. The researcher believes
the determination of critical configuration regions
will permit the simulation to be back fitted to the
large 1-G RMSS located at the NASA Goddard
Space Flight Center, Greenbelt, Maryland. Such a
simulation model will permit  the enhanced
operation of the RMSS as a useful training
simulator.

Remote Manipulator Simulator System Simulation

Rescarcher: Midshipman 1/C Robert M. Gaucher, USN
Adviscr: Professor Kenneth A. Knowles

A wcll-documented and fully-debugged dynamic
simulation was developed for the National
Acronautics and Space Administration (NASA)
Space Shuttle Remote Manipulator  System
Simulator (RMSS) arm, which is being assembled at
the Goddard Space Flight Center, Greenbelt,
Maryland. Joint motions for the six degree-of-
freccdom hydraulic manipulator arm are expected to
be very slow, but the massive size required to
handle 1000-pound objects in a 1-G environment at
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a 60-fool moment arm results in non-trivial static
deflections, and potentially harmful dynamic
osciilations. This simulation ultimately will permit
the arm control program to predict necessary joint
command offsets to compensate for arm droop and
load deflections in any arbitrary arm configuration.
It will also permit the prediction of shuttle bay
boundary proximity and other safety boundary
considcrations.
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Design Course Projects

Each Systems Engincering major enrolls in ES402:
Systems Engincering Design, during his or her
senior year. This course is the capstone of the
Systems Engincering curriculum. The studeat is
required to propose, design, construct, test,
demonstrate, and evaluate a systcm of particular
interest to himsclf and to other student rescarchers.

The ES402 design course requires the combined
cffort of the total Systems Engincering Department
faculty. Military instructors normally function as
projcct monitors and help with organization,
administration, and scheduling of individual projects.
Civilian faculty function as technical advisors, and

military and civilian technicians supply the hands-on
technical help.

Associate Professors Robert S. Reed, Olaf N.
Rask, and Profcssor Kenneth A. Knowles provided
the course coordination and administrative effort,
and were assisted by Associate Professors Thomas
E. Bechert, C. George Brockus, Terrence E. Dwan,
and Jerry W. Watts, and by Professors Robert
Dc¢Moyer, and E. Eugene Mitchell, who provided
technical and systems design assistance and
expertise for the listed design course projects:

The results of academic year 1990-1991:

Voice Command Remote Vehicle

Midshipman David S. Allen, USN
Adviser: Commander William F. Ferris, USN

Mobile Surveillance Security Vehicle with 3-D Vision

Midshipman 1/C Mark D. Brazelton, USN
Adviser: Licutenant William B. Taylor, USN

Infrared Navigation System

Midshipman 1/C Joseph R. Britton, USN
Adviscer: Licutenant Commander William D. Randall, USN

Analog Telerobotic Controller

Midshipman 1/C Scott A. Bunnay, USN
Adviser: Licutenant William B. Taylor, USN

Plutonium Criticality Simulation
Midshipman 1/C Michacl J. Carcy, USN
Adviser: Licutenant Commandcer David B. Barrett, USN

Voice-Activated Shower

Midshipman 1/C David L. Christel, USN
Adviser: Licutenant Commander William R. Cox, USN

Collision Warning System

Midshipman 1/C Ahmed A. Dawood, USN
Adviser: Licutenant Commander Jerry M. Jones, USN

Robotic Simulation Package
Midshipman 1/C William J. Devries, USN
Adviser: Captain Brent A. Douglas, USMC
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A Magnetic Levitation System

Midshipman 1/C William S. Dillon, USN
Adviser: Commander Emory L. Chenoweth, USN

Morse Code Receiver

Midshipman 1/C Conrado G. Dungca, Jr.
Adviser; Licutenant William G. A. Sympson III, USN

Vision-Controlled Robotic Workcell

Midshipman 1/C Daniel J. Durn, USN
Adviser: Lieutenant Commander Charles R. Hendrickson, USN

Vision Acquisition Tracking
Midshipman 1/C Jeffrey E. Everage, USN
Adviser: Lieutenant Colonel James F. Kendrick, USAF

Keyless Security System

Midshipman 1/C Damon S. Fetters, USN
Adviser: Captain Thomas H. Rich, USMC

Radio-Controlled Dreadnought

Midshipman 1/C James R. Fisher, USN
Adviser: Lieutenant Joseph G. Schoppy, USN

Target Compensation

Midshipman 1/C Elizabeth A. Fitzpatrick, USN
Adviser: Captain Thomas H. Rich, USMC

Voice-Activated Telephone

Midshipman 1/C Kathryn A. Fitzpatrick, USN
Adviser: Lieutenant Commander Charles R. Hendrickson, USN

Remote-Controlled Walker

Midshipman 1/C Michael C. Gerry, USN
Adviser: Commander William F. Ferris, USN

Rotating Acoustic Tracker (RAT)

Midshipman 1/C John R. Hindinger, USN
Adviser: Licutenant Commander Jerry M. Jones, USN

Virtual Reality

Midshipman 1/C Christopher J. Jacobsen, USN
Adviscr: Commander Emory L. Chenoweth, USN

Automated Control of the USNA Steam Plant

Midshipman 2/C Matthew P. Jensen, USN
Adviser: Lieutenant Commander David B. Barrett, USN

Mobile Surveillance Security Vehicle with 3-D Vision

Midshipman 1/C Charles A. Joplin 111, USN
Adviser: Licutenant Joseph G. Schoppy, USN
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Star Tracker

Midshipman 1/C Heath C. Kolman, USN
Adviser: Lieutenant Commander William R. Cox, USN

Collision Avoidance Sub

Midshipman 1/C Matthew J. Lattig, USN
Adviser: Lieutenant Commander Jeffrey M. Conley, USN

Temperature Data Acquisition System: Biofeedback Applications

Midshipman 1/C Lawrence F. Legree, Jr., USN
Adviser: Lieutenant William G. A. Sympson III, USN

Visual Representation of Speech

Midshipman 1/C Mark J. Lenart, USN
Adviser: Captain Thomas H. Rich, USMC

Sound Canceller

Midshipman 1/C Sean R. Liedman, USN
Adviser: Lieutenant Commander Emory L. Chenoweth, USN

Cruise Controller

Midshipman 1/C Samantha Maez, USN
Adviser: Lieutenant Commander Jerry M. Jones, USN

Underwater Object Recognition and Categorization System

Midshipman 1/C Stephen D. Martin, USN
Adviser: Lieutenant William B. Taylor, USN

Vision-Guided Robotic Control Program

Midshipman 1/C Brian McCormick, USN
Adviser: Licutenant Commander William R. Cox, USN

Airplane Control System Using Inertial Navigation

Midshipman 1/C Charles H. McGuire IV, USN
Adviser: Captain Thomas H. Rich, USMC

Voice-Controlled Stereo

Midshipman 1/C James D. Minyard, USN
Adwviser: Lieutenant Commander William R. Cox, USN

Automated Vehicle Docking

Midshipman 1/C Travis W. Nisbett, USN
Adviser: Licutenant Commander William D. Randall, USN

Remote 4-Wheel Vehicle

Midshipman 1/C Gary L. Null, USN
Adviser: Captain Brent A. Douglas, USMC

Voice-Activated Talking Car Alarm

Midshipman 1/C Jason R. Pace, USN
Adviser: Licutenant Commander Jeffrey M. Conley, USN
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Simulated Robotic Welder

Midshipman 1/C Dcnnis F. Pencpacker 111, USN
Adviser: Captain Brent A. Douglas, USMC

Pulsed Light Tracker

Midshipman 1/C Manuel A. Picon, USN
Adpviser: Licutcnant Commander Jeffrey M. Conley, USN

A Voice Recognition Switch
Midshipman 1/C David S. Rinker, USN
Adviser: Licutcnant William G. A. Sympson III, USN

Sound Cancellation

Midshipman 1/C Dean E. Robison, USN
Adviser: Captain Thomas H. Rich, USMC

Collision Avoidance Sub

Midshipman 1/C Cesar M. Rojas, USN
Adviser: Licutenant Commander Jeffrey M. Conley, USN

Wheeled Stair Climber

Midshipman 1/C Rodncy J. Ruff, USN
Adviser: Licutcnant William B. Taylor, USN

Light-Guided Tank

Midshipman 1/C Roger A. Sanchez, USN
Adviser: Captain Scott J. Fuller, USMC

Simart Vision Payload Handler
Midshipman 1/C Nelson R. Santini, USN

Adviser: Licutenant Commander William D. Randall, Jr., USN

Visual Acquisitional Tracking

Midshipman 1/C Michael D. Schultz, USN
Adviser: Licutenant Colonel James F. Kendrick, USAF

Sound-Seeking Cart

Midshipman 1/C John D. Spencer, USN
Adviser: Li. itenant Stephen C. Lanicr, USN

Robot Sniper

Midshipman 1/C Anthony B. Spinler, USN
Adviser: Captain Scott J. Fuller, USMC

Light Sensing and Homing

Midshipman 1/C Robert S. Steiner, USN
Adviser: Captain Scott J. Fuller, USMC

Vision Tracking System

Midshipman 1/C Christopher C. Tragna, USN
Adviser: Commander William F. Ferris, USN
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Ship Control System

Midshipman 1/C Charles S. Willmore, USN
Adviscr: Licutenant Stephen C. Lanier, USN

A Secture Voice System: Encoding and Decoding

Midshipman 1/C Brian T. Woodard, USN
Adviser: Licutenant Commandcr Charles R. Hendrickson, USN
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Publications

BECHERT, Thomas E. Associate Professor,
"Partial Fraction Expansion with Repeated Roots,”
Weapons & Systems Enginecring Department
Technical Bulletin, Series 900, No. 1, 6 July 1990.

If a function F(s) is a ratio of polynomials whose
denominator contains a factor (s + a) of multiplicity
n, then the partial fraction cxpansion of F(s) will
have n terms corresponding to the repeated root at
s = -a in addition to the terms corresponding to the
other roots. Associatcd with each term in the
partial fraction expansion is a constant multiplicr.
Finding the n unknown constant multipliers
associated with the repeated root is reduced to
solving a sct of n algebraic simultaneous cquations
represented by Ax = b. The coefficients in the A
matrix arc simply the remainders which result from
n repeated divisions of the numerator polynomial by
(s + a). Actual solution of the equations for the n
unknown constant multipliers, x, is a trivial task
because the A matrix is a lower triangular Toeplitz
matrix. A detailed numerical example illustrates the
procedure, and a MATLAB computer imple-
mentation is included. An appendix provides a
detailed derivation of the procedure.

BECHERT, Thomas E., Associate Professor, "The
Inverse Polar Plot in Cascade Compensator Design,”
Proceedings of the Twenty-first Annual Pittsburgh
Confercnce on Modcling and Simulation, May 1990,
pp. 2425-2429.

In the design of automatic control systems, simple
fecedback is sometimes not sufficient to satisfy
performance specifications. The control device
must cause the system output to track an input
reference signal with good accuracy and fast
response, but without excessive overshoot. These
desirable characteristics are sometimes generated by
including cascade compensation in the controller.
A suitable transfer function is chosen, through
which the output error signal is processed before it
operates on the controlled system to influence the
output.

The Bode diagram has long been the preferred
vehicle for the design of cascade compensators.
This paper investigates use of the inverse polar plot
for this purpose. For a phase lead or phase lag
compensator, the inverse polar plot frequency
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respons¢  has a semicircular shape. This
geometrically simple form is rotated about the
origin to the specified phase margin angle. Its
points of intersection with the Nyquist contour of
the system plant then represent solutions of the
system compensation design problem. The ecase
with which this simple form may be manipulated
graphically or mecntally provides the user with
insights into design solutions and design tradeoffs
with far greater clarity than are available with Bode
design techniques. The paper includes examples of
design tradeoffs among phasc margin, bandwidth,
and compensator high frequency gain.

CLEMENT, William 1., Assistant Professor, co-
author, "Design of a Snake-Like Manipulator,”
Robotics and Autonomous Systems, 6 (1990), 265-
282.

Over the past decade, investigations have been
made into issues which are specific to the design
and control of highly-flexible manipulators--arms
which are composed of a large number of small,
rigid links. Of particular importance to these
researchers is the mcans of joint actuation, since
most manipulators in this category are too small to
have drive motors placed directly at the joints. This
paper also deals with joint actuation, but addresses
the problem in a unique fashion. The result is a
manipulator in which all of the joints arc driven by
a single prime mover and whose snake-like motion
ensures obstacle avoidance.

CLEMENT, William 1., Assistant Professor,
"Incorporating Auto-Focus into a Machine Vision
Laboratory,” CoED, 10, 4 (October-December
1990), 38-41.

With the current availability of iow-priced hardware
for the personal computer, it becomes increasingly
easy to provide students with hands-on expericnce
in the a=za of machine vision. Classical spatial-
masking and frequency-domain techniques are
quickly mastered, leaving time to experiment with
applications of this theory. In this paper, one such
application, an automatic focusing mechanism is a
building block upon which sophisticated, autono-
mous vision systems can be built,
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CLEMENT, William 1., Assistant Profcssor and
Kcnneth A. KNOWLES, Professor, "Application of
Rapid Automatic Passive Optical Ranging
(RAPOR) to Ship Control,” Proceedings of the
Ninth Ship Control Systems Symposium, 10-14
September 1990, pp. 4.426-4.437.

Computer processed stercoscopic vision techniques
can be used to provide totally passive automatic
range and bearing information for a number of ship
control applications. These applications include
undcrway replenishment station keeping, restricted
passage piloting fixes, buoy location and tracking,
and anchor bearing fixes. This paper describes an
automated system utilizing a microcomputer and an
inexpensive commercial vision system. The image
correspondence  (range triangulation) problem--
necessary for stercoscopic imaging--is discussed,
along with a technique for simplifying and
accelerating the range information processing by
using preliminary automatic focus  information.
Scveral ship control applications are proposed and
discussed.

DEMOYER, Robert Jr, and E. Eugene
MITCHELL, Professors, "Applications of MATLAB
in  Undergraduate Automatic Control Systems
Courses,” Transactions of the Computers in
Education Division of ASEE, 10, 4 (October 1990),
2-4,

MATLAB, which stands for matrix laboratory, is an
inte~ctive program for scientific and engincering
numcric calculation. It incorporates high quality
matrix-oricnted algorithms into a user friendly
context, and presents results with high quality
graphics. [t can be used in an interactive mode, or
i scquences of tunctions along with control
structurcs, stored in files, which constitute a high
level programming language.

Included with MATLAB is a control systcms
toolbox, which includes analysis and design tools in
both Laplace and state spacc formulations. The
authors have added to this toolbox by creating
additional analysis and design tools. Because of the

73

matrix oricntation of the language, the looping
required in morc conventional languages is not
present. The result is code which is easier to create
and in appearance closer to textbook presentations.
The resulting clarity, speed of programming, and
casc of use has had a major impact on the control
system courses. Students can concentrate more on
the control theory and less on computational detail
than has been previously possible.

KNOWLES, Kenneth A, Professor, and William 1.
CLEMENT, Assistant Professor, "An Instructional
Robotics and Machine Vision Laboratory Station,”
Proceedings of the 1991 IFAC Conference on
Advances in Control Education, 24-25 June 1991,
pp- 202-207.

In support of scveral robotics and machine vision
courses, the U.S. Naval Academy has asscmbled a
laboratory consisting of 13 idcntical stations. Each
station has a PC AT compatible computer, a five
degree-of-freedom robot arm, a video-rate vision
system, and a spcech synthesis system. The robot
arms are capable of teach pendant operation, or
control via the attached computer. Programs
wrilten in the robot control language (a variant of
BASIC) can be downloaded into, stored in, and run
from robot RAM. For greater flexibility, move
instructions can be generated by the controlling
computer (in any desired language) and transmitted
to the arm for exccution via an RS-232 link. Each
joint of the robot (plus the gripper) has a dedicated
microprocessor for closed-loop servo operation
utilizing incremental drive-motor shaft encoders and
dedicatecd micro-switches for "home” locations.
Each vision system includes an arm-mounted,
RS$170-compatible video camera connected to a
dedicated frame-grabber and video memory board
in the computer and a video monitor. This
configuration permits utilizing vision feedback in the
robot control process. Additionally, machine vision
is addressed independent of robot operations, with
most of the standard image processing techniques
discussed.
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MITCHELL, E. Eugene, and Robert DEMOYER,
Jr., Professors, "Applications of MATLAB in an
Undergraduate Systems Engineering Curriculum,”
Proceedings Internationales Symposium
Ingenicurpadagogik 90, Frontiers in Education "90,
(Junc 1990), pp. 209-211.

MATLAB, which stands for matrix laboratory, is
high level interactive software for scicntific and
cngincering calculations. Its high level instructions
are casy to program, and computer results are
presented with high quality graphics. In addition to
thc basic matrix manipulation functions are
toolboxes of functions in the arcas of control
systems, system identification, and signal analysis.
This variety of capability has made the software
applicable to most of the Systems Engincering
courses.

All of the control systems courses usc MATLAB,
for analysis and design in both Laplace and state
space formulations. In a controls laboratory coursc,
data taken by computer controlled oscilloscopes are
imported into MATLAB and processed to create
component parameter estimates.  The ultimate
result is a graphical comparison of predicted to
actual closed loop response.  Another major usc is
in communication courses, where both system
identification and signal analysis toolboxes are used
in  conjunction  with computer-controlled
instrumentation.

WATTS, Jerry W., Associate Professor, "Chaos in
Simulations," Proceedings of the Twenty-first Annual
Pittsburgh Conference on Modeling and Simulation,
2-4 May 1990, pp. 2415-2418.

The modelling of real systems requires introduction
of chaos to give them a sense of naturalness. A
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simple second order system which conventionally is
simulated as a smooth damped oscillatory curve in
onc dimension is made chaotic by increasing the
spring constant parametrically beyond the ability of
the integration step size to handle the increased
frequenty. At some degree of chaos, the response
has a more natural look.

WATTS, Jerry W, Terrence. E. DWAN, and C.
George BROCKUS,, Associate Professors, Optimal
State Space Control of a Gas Turbine Engine, ASME
paper 91-GT-219, June 1991.

An analog fucl control for a gas turbine engine was
compared with scveral state space derived fuel
controls. A singlc spool, simple cycle gas turbine
enginc was modcled using ACSL  (high level
simulation language bascd on FORTRAN). The
modelincluded an analog fucl control representative
of existing commercial fuel controls. The ACSL
model was stripped of non-cssential states to pro-
duce an 8-state lincar state space model of the
engine. The A, B, and C matrices, derived from
rated operating conditions, were used to obtain
feedback control gains by the following methods:
(1) state feedback; (2) LQR theory; (3) Bellman
mcthod; and (4) polygonal scarch. An off-load
transicnt followed by an on-load transicnt was run
for each of these fuel controls. The transicnt curves
obtained were used to compare the state space fucl
controls with the analog fucl control. The state
space fuel controls did better than the analog
control.
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Presentations

BECHERT, Thomas E., Associate Professor, "A
New Compensation Design Technique,” Weapons
and Systems Engincering Department Seminar
Scries, Annapolis, Maryland, 25 October 1990.

BECHERT, Thomas E. Associatc Professor,
“Control Constraints in Dcadbecat Response,”
Twenty-second Annual Pittsburgh Conference on
Modcling and Simulation, Pittsburgh, Pennsylvania,
2 May 1991.

CLEMENT, William 1., Associate Professor, and
Kenneth A. KNOWLES, Professor, "Application of
Rapid Automatic Passive  Optical Ranging
(RAPOR) to Ship Control,” Ninth Ship Control
Systcms  Symposium, Bcthesda, Maryland, 13
September 1990.

CLEMENT, William 1., Associate Professor, "Exact
Damping Ratio Specification on the Root Locus
Plot,” Twenty-second Annual Pittsburgh Confer-
cnce on Modcling and Simulation, Pittsburgh,
Pennsylvania, 1-3 May 1991,

DEMOYER, Robert Jr, and E. Eugene
MITCHELL, Professors, "Applications of MATLAB
in Undcrgraduate Automatic Control System
Courses, Computers  in Education  Division,
Amcrican  Society for Engincering Education,
Lincoln, Nebraska, 26 Junc 1989.

DWAN, Terrence E., Associate Professor, “Optimal
State Space Control of a Gas Turbine Engine,"

International Gas Turbine Institute, Orlando,
Florida, 5 June 1991,
DWAN, Terrence E.,  Associate  Professor,

"Simulations in Signal Processing,” Twenty-sccond
Annual Pittsburgh Confcrence on Modcling and
Simulation, Pittsburgh, Pennsylvania, 2-3 May, 1991,

DWAN, Tecrrence E.,  Associate  Professor,
"Encouraging Mathematics Departments’
Participation in Engincering Curricula,” Annual
American  Society for Enginecring  Education,
Toronto, Canada, 26-29 Junc 1991,
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KNOWLES, Kenneth A, Professor, "Rapid
Numerical Computation of Functions of Central
Moments in Binary Digitized Images,” Twenty-
second Annual Pittsburgh Conference on Modcling
and Simulation, Pittsburgh, Pennsylvania, 2-3 May
1991.

MITCHELL, E. Eugene, and Robert DEMOYER,
Jr., Professors, "Applications of MATLAB in an
Undergraduate Systems Engincering Curriculum,”
Proceedings Internationales Symposium
Ingenicurpadagogk 90, Frontiers in Education "90,
Vienna, Austria, 27 June 1990.

RASK, Olaf N. Associate Professor, "Strain
Mcasurements in Composite Structures Using Fiber
Optics”, Twenty-sccond Pittsburgh Modeling and
Simulation Confcrence, Pittsburgh, Pennsylvania,
2-3 May 1991.

RASK, Olaf N., Associate Professor, "Theory of
Composite Structures,” ASEE Mid-Atiantic Section
Mecting, Brooklyn, New York, 17 April 1991.

SMALL, Robert H., Visiting Professor, "Simulation
of Naval Combat Systems,” Twenty-second Annual
Modcling and Simulation Conference, Pittsburgh,
Pcnnsylvania, 2 May 1991.

WATTS, Jerry W., Associate Professor, "A First
Order Lag Hcat Exchanger Model with Varying
Time Constants,” Twenty-sccond Annual Pittsburgh
Confcrence on Modeling and Simulation, Pittsburgh,
Pennsylvania, 3-4 May 1991.

WATTS, Jerry W., Associate Professor, "Optimal
State Space Control of a Gas Turbine Engine,”"
International Gas Turbinc and Aeroengine Congress
and Exposition, Orlando, Florida, 3-6 Junc 1991.

WICK, Carl E., Assistant Professor, "Use of an
Hlumination Model in the Recovery of Blood Vessel
Topography from Human Bulbar Conjunctiva
Images,” Twenty-sccond  Annual  Pittsburgh
Modcling and Simulation Conference, Pittsburgh,
Pennsylvania, 3 May 1991,
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DEPARTMENT OF

Computer-Aided Design/Interactive Graphics

Donald W. Garner
Branch Head

he  Computer-Aided  Design/Interactive

Graphics  (CADIG) Branch supported a
numbcer of rescarch cfforts within the Division of
Engincering and Weapons during the 1990-1991
academic year.  The efforts supported included
Professor Chih (Bob) Wu's research into the
thermodynamics of encrgy conversion, Dr. David A.
Blank's rescarch into heat transfer characteristics,
and Associate Professor Gerald F. Hall’s research
into the acrodynamics of rotor blades.

The support provided by CADIG included
computer  facilitics,  system  installation  and
configuration, programming, publication graphics,
and ncetworking.  Aside from various computer
systems and their utihtices, applications, and periph-
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al equipment for rescarchers to use, CADIG
maintaincd a connection to the Defense Data
Network, which allowed researchers remotely to
access computer systems or to communicate with
other persons involved in their research. Also,
CADIG maintained a connection to an international

news network which allowed researchers to
exchange ideas and materials, as well as questions
and answers with  other researchers and

professionals on particular topics on a daily basis.
The members of CADIG’s staff involved in
supporting research efforts during the year were:
Linda A. Adlum, Robert A. Disque, Jean Y. Edgar,
Carolyn A. Mayr, and J. Douglas Richardson.







Division of
English and History







DEPARTMENT OF

English

Professor Charles J. Nolan, Jr.
Chair

he  English  Department  faculty  was

extraordinarily productive this academic year,
publishing a range of books and journal articles and
giving a number of conference papers. Nine Naval
Academy Rescarch Council-sponsored projects are
documented here, nine new NARC grants were
awarded, and over a dozen independent projects
were in progress during 1990-1991.  Assisted by
institutional support, department scholars published
a total of cight bocks: these include two edited
collections  of critical cssays, a comprchensive
reference text, and two groundbreaking studies in
critical theory and practice.  Two other faculty
mcmibers published original fiction--two novels and
a collection of dramatic readings. The pocts on our
faculty continued to write and publish their works as
well as read their poetry in public forums.

More than a dozen scholarly articles were printed
in literary journals; the diverse topics of these essays
indicate the faculty's versatility.  Representative
subjects include Old English narrative poctry,
Chauccerian satire, the carly British novel, Mark
Twain, sports literature, dance criticism, and the art
of tcaching. A similarly extensive range of interests
1s reflected in the papers that department faculty
rcad at national and international conferences.
From Switzerland to Sencgal, from San Antonio to
Salisbury, English faculty members read almost
thirty papers to their colleagues from other schools,
states, and countrics. In these and other less easily
documented activitics, the English Department
extends and enhances the Academy’s reputation in
the scholarly world.
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ENGLISH

Sponsored Research

Kosinski’s Games of Justice and Private Revenge

Rescarcher: Professor Neil Berman
Sponsor: Naval Academy Rescarch Council (OMN)

Although Jerzy Kosinski’s fiction has generally been
ignored by critics of sport literature, the overt
cmphasis on  polo and other varictics of
horsemanship in Passion Play marks a logical
extension of Kosinski’s preoccupation with game
and play forms throughout his fiction, especially in
the middle novels. While the most specific
foreshadowing of Kosinski’s usc of polo comes in
Steps, his second novel, with its title of Passion Play,
announces the penchant for gamesmanship that is
central to both Cockpit and Blind Date.

The Kosinski hero, like the author himself, is best
understood as a gamesman, a consummatce player,
albeit one who thrives on games of mastery, games
which involve great danger and physical skill. From
the tense and dangerous scenario Kosinski enacted
10 escape from Poland, chronicled most specifically

in Cockpit, to the emphasis on disguisc (sham
military uniforms and medals, escape routes in
apartments, latc-night jaunts in New York carrying
subtle, hidden wecapons), the public persona
Kosinski projccted is mirrored in his fiction by
protagonists whose will to survive, whose penchant
for an idiosyncratic "justice,” is largely determined
by their essential gamesmanship. However, the
most essential clements of the play-attitude--joy,
freedom, and creativity--are, at best, only partially
recovered in the carlicr novels, and the interest in
gaming is largely portrayed as dis-play. However, in
Passion Play, with the creation of Fabian, Kosinski
finally presents a protagonist whosc gamesmanship
is manifcsted as sport and whose varictics of
horscmanship fully recover the essential joy,
frecdom, and creativity of maturc human play.

Staged Versions of the First World War

Rescarcher: Assistant Professor Allyson Booth
Sponsor: Naval Academy Rescarch Council (OMN)

Soldicrs home on leave from the trenches of World
War I went to the theatre for escape--an entirely
understandable motivation in men, who, on a
regular basis, inhabited a grisly landscape consisting
mainly of rats, guns, and mud. During thc war
years, musical comedics, burlesques, and jingoistic
pageants were the staples of London’s West End
theatre district, not plots detailing morale in the
trenches or dilemmas on the home front. The few
cxceptions--John Galsworthy's The Mob (1914),
Alan Monkhousc's Shamed Life (1916), and J. M.
Barric’s A Kiss for Cinderella (1916)--prove the rule,
for these plays only managed to stay alive for short
ruas.

In the decade after the Armistice, however, a few
plays did achicve modcerate commercial success:
Monkhouse’s The Conquering Hero (1923) made a
profit, and Somersct Maugham's For Services
Rendered (1932) stirred up considerable contro-

82

versy, cven though it lasted for only 78
performances.  The most decided success story,
though, was R. C. Sherriff's Journey’s End (1928)--a
trench drama that ran for 594  consccutive
performances at the Savoy.

The commercial success of plays whose message
was an (arguably) cynical onc suggests that the
public had got beyond some of the mindless
"patriotism” that characterized much of the initial
response to war. But what insights preciscly were
playwrights offering in these productions?  Were
they just parroting the blase dismissiveness of a jazz
generation  anxious  to  forget  Flanders  and
Passchendacle? Or did these plays of the twentices
and carly thirtics represent a healthy recomplication
of 1ssucs that had been dangerously simplified in the
course of war? Such questions and their answers
arc the focus of this rescarch.




ENGLISH

The Beautiful Reclaimed:
Sublime Suppressions of the Artfulness of Art

Resecarcher: Associate Professor Laura Claridge
Sponsor: Naval Academy Research Council (OMN)

The rescarcher secks to discover why Romanticism
as a literary phenomenon exacts as part of its credo
a transcendence that sublimates the artifact until its
object status is effaced. This problem funds at a
foundational level the period under study, so that its
reconceptualization will enable scholars to explore

ancw the relationship of the Romantic ideological
definitions of the beautiful and the sublime to the
now familiar notion that Romanticism romanced
itself with the Cartesian antimony of subject/object
organizations of the world.

Dancing in Very Narrow Spaces

Rescarcher: Assistant Professor Anne Marie Drew
Sponsor: Naval Academy Research Council (OMN)

This project begins as a comparative analysis of (wo
modern dramas; the work could lead 1o significant
insights into the influence of one dramatist upon
another. The rescarcher is writing an article which
comparcs George Bernard Shaw’s play, Too True to
Be Good, with Harold Pinter’s 4 Kind of Alaska.
Both arc plays about discased women who come to
life after decades of illness.  The article uses a
paradigm developed by Dr. Oliver Sacks in his book

Awakenings. In that work, Dr. Sacks chronicled his
work with victims of the sleeping sickness epidenie
which ravaged five million lives between 1916 and
1927. In 1969 several such patients  were
"awakened" with the drug LDOPA, after having
been asleep for decades. The emotional sequence
of their awakening provides a structurc which
illuminates the conncctions between Shaw’s play and
Pinter’s later treatment of similar subject matter.

Dominance and Dissolution: A Family History

Rescarcher: Assistant Professor Bruce E. Fleming
Sponsor: Naval Academy Rescarch Council (OMN)

A numbcr of works in world literature attempt to
portray the development of familics over several
generations. At one extreme, such family epics
conceive of the role of the individual as being
mercely part of a collective. At the opposite extreme
to these are works such as those of the Modernist
movement which mirror the contents of the minds
of single individuals. Bcetween these extremes lic
novels dealing primarily with a single gencration of
a larger family.  Yet most such works insist that
cach generation is only onc link in a larger chain,
thereby failing to capture the sense which most
individuals invoived in the family relationship have
of their particularity.

The pur;-se of this project was Lo study somce of
the principal works of fiction which fall in this mid-
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dle arca, and to begin preliminary sketches for a
work of original fiction that would avoid both
extremes sketched above. This work would be sct
in the United States in the 1970%s, and be concerned
fargely with relationships between a single couple in
a single gencration of their marriage.

Work on this project consisted of basic rescarch
and analysis of novels and work dealing with the
family by such authors as Thomas Mann, Suc
Miller, Samucl Butler, Ehlizabeth Bowen, Andrc
Dubus, John Updike, and Raymond Carver. Tt also
included the preparation of sketches toward an
original work of fiction with two main characters, to
take place in Virginia during the carly 1970’s.




ENGLISH

Interactive Computer Editing Program

Rescarcher: Professor Allan B. Lefcowitz
Sponsor: Naval Academy Instructional Development
Advisory Committee

The purpose of this project was to develop a stand-
alone, interactive computer program to instruct
students in editing techniques. Using a program-
writing program, the rescarcher developed a series
of databases that intcract through hypertext.
Students can read entire paragraphs, sclect sen-

tences in need of cditing, cdit those sentences, and
receive an immediate comparison sentence against
which to jadge their performance in the cditing
process.  The program is finished, and the
rescarcher is currently expanding the databasce, as
well as refining the case of using the program.

Westerly in the Rebellion: Local History and
Literature in the War Between the States

Rescarcher: Associate Professor Robert D. Madison
Sponsor: Naval Academy Rescarch Council (OMN)

It has been commonplace to say that the horror of
the Civil War radically changed the American mind
and changed the course of American culture, but no
onc has been able to point to just where and how
the change came about. For historians, of course,
the Civil War years form some of the richest ground
for scholarly inquiry--ground which has certainly
today, a hundred and twenty-five years after the
war, not yet been exhausted. The same thrust in
social and economic historical inquiry that focuses
on local history to solve national problems could be
followed by a cultural or literary historian in order
to learn more about national trends.

The  investigator  studied  the  cultural
manifestations of the war in southern Rhode Island,
particularly the town of Westerly. The ultimate goal
was to produce a long article or short monograph
on Westerly's reaction to the greatest event in
American history.

The rescarcher indexed the Narragansett Weekly
for the war years for letters and original articles
pertaining especially to Westerly soldiers and the
impact of the war on Westerly. The revised 1865
Rhode Island Adjutant General’s Report and scveral
Rhodc Island regimental historics--especially thosce
by Westerly resident Frederick  Denison--were
consulted to glean anccdotal and biographical
material on Westerly companies and individuals,
and descendants  of Westerly  velerans  were
contacted. TIsaac Smith, an cxpert on the history of
Rhodc Island granite, was consulted in regard to the
hundreds of Civil War monuments produced in
Waverly following the war. With Charles Hathaway,
a Gettysburg National Battleficld guide who
specializes in Rhode Island history, a canvass of
existing Westerly monuments was made, and a
detailed photographic record was made of the major
sculptures.

Word Keys to Chaucer’s Narratives

Rescarcher: Associate Professor Timothy D. OO’Bricn
Sponsor: Naval Academy Research Council (OMN)

This study analyzes the significance of patterns of
verbal  play in  Chaucer’s  narrative  pocms.
Spccifically, the project examines this narrative trait
in the tales of five of the Canterbury pilgrims: the
Millcr, the Merchant, the Shipman, the Friar, and
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the Clerk.  The study also has the morc
comprchensive aim of trying to define the place of
this narrative trait in a thcory of Chaucerian
narrative and of identifving the intellectual and
popular traditions out of which it emerges.




ENGLISH

The Twentieth-Century Novel and Rereading

Rescarcher: Instructor Gregary J. Racz
Sponsor: Naval Academy Rescarch Council (OMN)

This doctoral thesis uses the Reader-Response
theories of the late 1960's to carly 1980’s to survey
clusters of critical commentary about the sccond-
time act of reading.  Beginning with Iser and Fish,
this work discloses the conflation of reader and text
underlying  the attempt to pinpoint when  the
rereading moment  occurs as opposed to  the
subsequent secondary stage of interpretation. It
procceds to examine the later post-structuralist
phase in this ficld of inquiry, questioning the
postponement in critical practice of the “litcrary”
actualization of a text until the second reading by
such theorists as Riffaterre and Stierle, who also
maintain in contradictory fashion that this same
determination precedes even the first reading,

Y 7 L L
(PR 2 7% DL ol

[
[ S
x
+
.
»
:
3
*

L]

et

¢ . S

e ST R T .1 A

. e e 4

L

v -

85

The sccond half of the thesis applies  this
theoretical foundation to modern narrative fiction,
taking as its point of dcparture the critical
commonplace that Modernist novels were written to
be rercad and need subscquent stages of reading in
order to be properly "understood.”  Using Frank’s
theory of spatial form, this project relates patterns
of repetition in modcern fiction to the well-wrought,
architectonic quality of these texts, arguing for the
Modcrnist paradox of apparently self-contained,
textuially-based meaning that clashes with gestures
toward a more contextualized significance. Finally,
the study ends with a consideration of novels that
may be read in various orders, thus problematizing
the very concept of rereading.
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ENGLISH

Independent Research

Catching a Market: The Publishing History of
Joseph Heller’s Catch-22

Rescarcher: Major Jonathan R. Eller, USAF

Hecller’s pionecring view of postwar America and his
cxperiments with form and humor arce perennial
sources  of litcrary criticism, but an cqually
fascinating story has never been told--the rise of
Catch-22 to market prominence in a culture where
the novel of literary merit rarely survives a first
printing.  Undcrstanding what makes this book an
enduring part of our culture will remain incomplete
until the publishing record becomes a part of the
critical canon.

Catch-22 initially gencrated mixed reviews, and
never achieved bestseller status in America. That
Heller’'s views survived and, in time, came to
¢pILOMIZE @ NCW AWArCNCss among a new gencration
of readers can be traced in large part to
fundamental changes in the way litcrature is
published and marketed in this country. Changes in
advertising strategy, in particular, helped Heller's
controversial first novel stay alive in the cast coast
book market until word-of-mouth praise (an ™ wer-

night bestseller status in Great Britain) took it to
national  promincnce. Within a year, the
unprecedented  publicity  generated  for  the
hardbound cdition of Catch-22 propelled Heller into
the middle of a revolution in paperback publishing,
alrcady underway, which served to introduce him--
along with other, postwar fiction writers--to the
mass reading public. Dell’s editors added wholesale
availability and low paperback prices to the
marketing scheme, and quickly turned the "Catch
Cult” into the "Catch Craze.” By the mid-sixtics, the
combination of new marketing methods and the
commitment of a number of agents, cditors, and
reviewers  transformed  momentary  national
prominence into enduring international popularity.

This paper has been accepted for publication in
the 1992 volume of Prospects, a journal of American
Studics edited at Columbia University and published
by Oxford University Press.

The Body Eclectic: Sources of Ray Bradbury’s
Martian Chronicles

Rescarcher: Major Jonathan R. Eller, USAF

Between 1941 and 1949, Ray Bradbury wrote at
least 40 science fiction storics about Mars, focusing
on traditional American themes of exploration and
the pioncer spirit extended to the new frontiers of
space. In 1949, Doubleday publishers contracted for
a noved based on these stories, and Bradbury heavily
revised a select group of them, added new onges, and
wrote cleven bridging chapters for the new book.
The  Chronicles  continued  to  evolve  after
publication, resulting in five variant forms of the
text which remain in print today.

The complex textual history of The Martian
Chronicles remains the great untapped source of
information about Bradbury’s process in writing his
first novel. Vicwed as process, the transformation
of these tales helps to define the structural unitics
of the book, and to determine just what kind of
book it is.

This study also includes annotated checklists of
the individual Chronicles chapters, the variant
Chronicles cditions, and Bradbury’s unchronicled
Martian storics.




ENGLISH

Robert Penn Warren:
A Descriptive Bibliography 1922-1991

Rescarcher: Major Jonathan R. Eller, USAF

This revised edition of the standard Warren
bibliography updates the record of his work from
1922 until his death in 1989, and includes
posthumous editions published through 1991,
Books bv Warren, as well as those edited or
compiled by him, arc fully described in this volume,
which includes first edition title page facsimile, state

and printing variations, subsequent editions, and
holdings for cach book.

Warren's shorter work in periodicals, newspapers,
anthologics, and other publications is listed and
annotated in subsequent sections.  Significant
sccondary work also appears in this fully indexed
and illustrated guide to textual sources.

The Stories of Ray Bradbury: An Annotated Finding List

Rescarcher: Major Jonathan R. Eller, USAF

This finding list is designed to checklist and
annolate Bradbury's Amcerican, Canadian, British,
and Australian story publications through the first
fifty vears of his carcer, and beyond (1938-1991). It
includes  the  first  complete  listing  of  story
appearances in magazines, magazine reprints, and
Bradbury's own collections, and identifics which
storics cvolve into (or from) other genres. These
texts often show significant authorial revision, and
represent the versions of his story texts over which

he excereised authorial control.  The rescarcher’s
purpose in presenting the listing is two-fold: first, to
provide a quick reference for readers who need a
particular Bradbury story in any or all of its revised
forms; and sccond, to offer other rescarchers a
focused record of the way Bradbury has, over half
a century, revised his storics into novels, plays,
screenplays, teleplays, and even musical theater.

The Ray Bradbury Pocket Companion

Rescarcher: Major Jonathan R. Eller, USAF

The project aims at completion of a concise, yet
complete, true companion to Bradbury's fiction,
covering his most significant work n all its forms
and genres--storics,  story  collections,  novels,
radio/screen/teleplays, and drama. Each entry is
comprchensive, including cross-references to later
publication in periodicals, in Bradbury’s own story
or drama collections, novels, or other generic forms.
The fiction titles appear individually, arranged by
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date of first publication. Each entry includes a plot
summary, with subscquent coverage of revisions and
character development. Thus the fiction companion
allows readers to trace the evolution of one of the
most textually complex and prolific talents in
contemporary lterature, a master of fantasy, science
fiction, mystery, detective, and horror genres, an
artist who has been both commercially popular and
critically acclaimed.




ENGLISH

"Time out ’a Mind" : Charles Johnson’s
Use of Anachronism in Middle Passage

Rescarcher: Professor Fred M. Fetrow

Charles Johnson’s first-person narrative about the
experiences of a newly-freed slave as a cook’s
assistant on a slave ship abounds in lorc and
fanguage concomitant with the history and cultures
depicted. Such narrative voice provides a ring of
authenticity that helps lend credibility to the tall-tale
naturce of the narrative. In the midst and in spite of
this apparent concern for plausibility, a scrupulous
rcader  notes  many  troubling  instances  of
anachronistic fact and phrasing, cxamples which
seem to jar against not just the facts of history, but
against the reader’s credulity with regard to the
entire narrative.

Upon close consideration of the nature, number,
and textual location of these examples of anachro-

nisms, however, the reader can discern a pattern
and a purposc. Johnson punctuates the early
section of the novel (approximately the first
hundred pages) with several “out-of-sync” references
to alert the reader to the timeless applicability of
the book’s important thematic concerns. By shifting
our focus cver so shghtly, ever so temporally,
Johnson reminds his readers of the unchanging
attitudes and  cultural malignities which extend
beyond his narrative and its time-frame. Those
apparcnt flaws in the textual narrative mode can
finally be recognized as minor but important
elements of wechnique--a method perfectly suited to
the depiction of moral madness which transcends its
historical antecedents.

A Study of English Performance by NAPS Students at USNA

Rescarcher: Visiting Instructor Richard Flinn

As part of the rescarcher’s eaching sabbatical for
TON)-191, he 1s suneving the performance of
students of the Naval Academy Preparatory School
(NAPS) in Enghish during their academic work in
that discipline at the UL S, Naval Academy. By
using the shared computer neiwork o collect and
correlate statistics on grades i English at both
institutions, the placement of those students in
varving versions of English coursework, and their
respective SAT verbal scores, the rescarcher secks

patterns of significance. He hopes to measure or al
least clarify the sequences of student performance
beginning with. NAPS and cnding with. USNA
graduation, with a particular interest in Plebe vear.
This information, coupled with the rescarcher’s
interviews of several USNA - English Department
fuculty members, should assist in the cffort to
muodify the NAPS English curriculum to keep that
nrogram responsive o the needs of o changing
Naval Academy and its English Department.

The Vietnam War in Literature:
An Annotated Bibliography of Secondary Sources

Rescarcher: Professor Philip Ko Juson

This reference volume  will make available 1o
students a reliable description and appraisal of the
commentary on imaginative literary responses to the
Victnam War.  After a scection of background
sources (in history, political science, and  other
disciplines), the bibliography will classify the hiterary
works by genre: literary nonfiction, fiction, pociry,
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and drama. Under cach broad heading, authors will
be Tisted alphabetically followed by their individual
works.  The commentary sclected for annotation
will be available in most college ibraries and
accessible to the non-specialist. Annotations will
average 75 words. Approximately 60X entrics are
planncd. The preliminary draft is 5097 completed.




ENGLISH

Henry Fielding’s Novels and the Classical Tradition

Rescarcher: Assistant Professor Nancy A, Mace

Althou