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DEPARTMENT OF UEFENSE, MILITARY
RDT&E, NAVY

FY 1983 RDT&E DESCRIPTIVE SUMMARY
February 1982

PREFACE

This is an information document designed for use by Congressional Committees in conjunction with FY 1983 Budget hearings on the
Navy Research, Development, Test and Evaluation, Navy Program. This document contains a descriptive summary for each program
element within the Navy FY 1983 RDT&E Program and for each program element which was funded in FY 1982 but not funded in FY 1983
due to cancellation or deferral of the program. Also included are descriptive summaries for projects of $5 million or more with-
in an element in FY 1982 and/or FY 1983.

Where applicable, descriptive summaries may also include, in addition to RDT&E funds, related procurement costs and quantities,
and funds for the Military Construction program.

Classified pages bear the appropriate security classification. Classified data is bracketed [}hué] .
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FY 1983 RDT&E DESCRIPTIVE SUMMARY
Program Zlement: 61152N Title: In-House Independent Laboratory Research
DoD Mission Area: 510 - Defense Research Budget Activity: I-Technology Base
(U) RESOURCES (PROJECT LISTING): (Dollars i{n Thousands)
Total

Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost

TOTAL FOR PROGRAM ELEMENT 20,396 21,514 23,337 26,190 Continuing Continuing
MR0O00-01 Navy laboratories 832 839 944 1,064 Continuing Continuing
RRO00-01  Navy Laboratories 1,836 2,246 2,511 2,606 Continuing Continuing
ZR000-01 1In-~House Laboratories 17,728 18,431 19,882 22,520 Cont {nuing Continutng

(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: In-house independent laboratory research provides the principal means for in-
house laboratories to stimulate original work in science and technology related to their missions and needs of the Navy,
Objectives are to enhance the creativity and productivity of in-house laboratories, and to attract and retain talented and
creative sclentists.

(U) BASIS FOR FY 1983 RDT&E REQUEST: Work will continue in those fields of sclence most closely related to the Navy’s mission, on
investigations of environmental factors of {nterest to the Navy, and on new concepts relevant to future Navy requirements. As this
is a continuing program, the above funding profile includes outyear escalation and encompasses all work or development phases now
planned or anticipated through FY 1984 only.

(U) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY: (Dollars {n Thousands). The changes between the funding profile shown in the FY
1982 Descriptive Summary and that shown in this Descriptive Summary result from a Congressional reduction to the FY 1982 budget,
The PY 1981 and FY 1983 changes result from refined estimates.

(U) FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY:

Total
Project FY 1980 FY 1981 FY 1982 FY 1983 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
TOTAL FOR PROGRAM ELEMENT 18,941 20,397 21,657 23,257 Continuing Continuing
MR000-01  Navy lLaboratories 784 832 852 918 Continuing Continuing
RR0O00-01  Navy Laboratories 1,392 1,836 2,346 2,452 Continuing Continuing
7ZR000-01  In-House Laboratories 16,765 17,729 18,459 19,887 Continuing Continuing

(U) OTHER APPROPRIATION FUNDS: None,
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Program Element: 61152N Title: In-House Independent Laboratory Research
DoD Mission Area: 510 - Defense Research Budget Act{vity: I-Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION: In-house independent Ilaboratory research provides a principal means for in-house
laboratories and centers to initiate and conduct basic research in areas of sclence and technology related to thelr missions and
needs of the Navy. Ob jectives are to quickly exploit ideas originating in the laboratories, enhance the productivity and
expertise of {in-house laboratories, and to attract aand retaln talented and creative scientists. The laboratory environment
provides an opportunity for efficient and rapid technology evolution from concept to research to development.

(U) RELATED ACTIVITIES: This research effort 1s coordinated in a varilety of ways reflecting the anature and level of activities and
interests of different agencies. The overall independent research program is reviewed annually by Under Secretary of Defense for
Research and Engineering. Medical research i{s coordinated through Department of Defense committees and with the National Institutes
of Health and the WNational Aeronautics and Space Administration; oceanographic research with the National Oceanographic and
Atmospheric Adminiustration and the National Science Foundation. Joilnt symposia are held with other military services and goverament
agencles, Coordination 1{s also accomplished through the usual means of professional scientific communication. Relationships are
maintalned with {industr{al research and development, to tnsure transition from successful in-house research results to industrial
development, and to accommodate industrial requests for use of special in~house resecarch facilities for tests and evaluation of
components and Instruments. This is done Iin accordance with official Departmeat of Defense policy on Technology Transfer.

(U) WORK PERFORMED BY: Naval Ocean Systems Center, Saa NMego, CA; Naval Underwater Systems Center, Newport, RI; Naval Surface
Weapons Center, DNahlgren, VA; Naval Weapons Center, China Lake, CA; David W. Taylor Naval Ship Research and Develomment Center,
Bethesda, MD; Naval Civil Engineering Laboratory, Port Hueneme, CA; Naval Air Development Center, Warminster, PA; Naval Coastal
Systems Center, Panama City, FL; Naval Postgraduate School, Monterey, CA; Naval Aerospace Medical Research Laboratory, Pensacola, FL;
Naval Dental Research Institute, OGreat Lakes, IL; Naval Health Research Center, San Diego, CA; Naval Medical Research Institute,
Bethesda, MD; Naval Medical Research Unit #2, Taipei, Taiwan; Naval Medical Research Unit #3, Cairo, Egypt, Navy Personnel Research
and Development Center, San NDiego, CA; Naval Submarine Medical Research Laboratory, Groton, CT; U.S Naval Academy, Annapolis, MD,

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: A major advance was made in the prediction of armor penetration of a shaped-charge jet for
a varlety of armor systems. A submarine-adapted computerized patient monitoring system has been developed. Photodecomposed mercuric
bromide was made to lase in the blue-greean spectral reglon. Methods have been developed for rapid testing, data-recording and on-
line data analys{s of human hrafn wave responses to visual or auditory stimulation. The feasibility was demonstrated that a liquid
prepolymer can be cured reproducibly to a rubber state by x-~rays in the presence of energetic wmaterials, to form a binder matrix. A
1ight scattering technique has been successfully developed to measure microbubbles in the range of 10 to 100 microns in a water
tunnel, which s a signifficant new tool for the dynamics of the cavitation process. A new procedure was developed for the
quantification of carboxyhemoglobin and methemoglobin in blood, compounds that are indicators of fire gas intoxication. The value of
hyperbaric oxygen therapy for rvestoration of noraal functlon after gpinal cord injury was demonstrated. It has been ohserved that

A b e e T - = . !




- - —
)
B N
Program EZlement: 61152N Title: In-House Independent Laboratory Research
DoD Mission Area: 510 - Defense Research Budget Activity: 1-Technology Base

eye color can serve as a predictor of susceptibility to temporary and possible permanent hearing loss. A feedback control method was
developed to assure high—quality weld properties in metals using infra-red sensing of weld metal cooling rates. A highly accurate
finite-difference solution to the acoustic wave equation that includes variable sound velocity profiles and multiple layers
(interfaces) in the ocean has Yeen developed. A finite-element method, of extremely high accuracy, has been developed to compute the
electric fleld on an axisymmetric shape moving in a flutd (n the earth’s magnetic fleld. Vanadium silicide microbridges have been
fabricated which show Josephson Junction action at 8 degrees Kelvin. Operation at 10 degrees Kelvin is anticipated. Annealing
procedures were developed for certain magneto-strictive amorphous Ferromagnets which substantially enhance their transduction
properties. Magnetomechanical coupliag factors greater than 0,9, far surpassing that of curreatly used piezoceramics, have been
achieved. A procedure known as the method of additive properties has been developed to accurately predict polymer properties. Two
species of microorganisms have been shown to have morbidity to the economically {mportant marine borer Limnoria. Both appear to
comprise no threat to other types of marine organisms and thus have promise as a non-toxic mechanism for blological control of marine
borers on Navy wooden structures in seawater. Fundamental investigations of the role of venting in 1{nternal blast phenomena,
together with carefully controlled experimentation, have lead to significant improvements in the performance of reactive metal anti-
ship missile warheads. A method for measuring the fatigue damage in aluminum under random loading has been developed using x-ray
diffraction techniques. Investigations of the physical processes associated with damage to optical surfaces of metals and
dielectrics caused by high intensity laser radiation, together with experimentation on optical surface finishing and multilayer
dielectric €ilm deposition technology, have yielded optical components with scattering reduced by an order of magnitude and with
damage resistance Llmproved several-fold over those previously available. An enhancement mode metal-insulator-semiconductor field
effect transistor showing both good low frequency performance and microwave power gain has been fabricated. WNew algorithms and error
models have been developed for estimating inertial navigation system errors with the new Global Positioning System. The first charge
coupled device other than silicon has been built of indium phosphide which should have higher speed and hence wider applications than
silicon devices. The nature of hot spots In an explosive has been identified in terms of specific molecular bond disruptions for the
first time. Processing and filtering techniques have been devised to enhance submarine sonar signatures affected by muliple bottom
sediment layers. An experimental continuous wave doppler radar operating at 95 Ghz has demonstrated unique target identification and
electronic warfare applications, Fourifer-transform 1{infra-red investigations have fmproved understanding of surface phenonena
tmportant ro the understanding of explosives sensitivity.

2. (U) FY 1982 Program: Research durlng this period involves individual projects at many research facilities and covers areas of
science and technology of interest to the Navy. The current program represents a coming together of the ideas of in-house sclentists
and the knowledge of fleet problems as expressed by Laboratory Commanding Officers, Laboratory Technical Directors, their staffs and
other {nputs from the operating forces., Projects include work on materfals and structures; electronics; underwater acoustics
including the reduction of radlated sound from submarines; drag reduction for torpedoes and ships; environmental investigations;
command and coantrol; high density energy sources; and areas of personnel research.
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Program Element: 61152N Title: In-House Independent Laboratory Research
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3. (U) FY 1983 and FY 1984 Planned Program: Work will continue in those fields of science most closely related tn the Navy’s
mission, 1in 1investigations of environmental factors of interest to the Navy, and in new concepts relevant to future Havy
requirements. Since funds are used at the discretion of the Technical Directors to fund original work of interest to the Navy,
inftiated at times not necessarily in consonance with the budget cycle, the individual work uaits «hich will be active in the next
year cannot be predicted in advance.
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FY 1983 RDT&E DESCRIPTIVE SUMMARY

Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1-Technology Base
(U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)
Total

Subelenent FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost

TOTAL FOR PROGRAM ELEMENT 221,022 254,705 290,051 318,860 Continuing Continuing
11 General Physics 26,696 30,479 33,853 36,897 Continuing Continuing
12 Radiation Sciences 3,604 3,000 3,495 3,718 Continuing Continuing
13 Chemistry 15,118 17,073 19,486 21,907 Continuing Continuing
14 Mathematical Sclences 18,707 21,750 28,229 30,709 Continuing Continuing
21 Electronics 22,457 27,051 27,727 29,010 Continuing Continuing
22 Matertals 19,867 24,210 25,759 29,194 Continuing Continuing
23 Mechantics 14,868 18,203 20,003 22,362 Continuing Continuing
24 Energy Convevsion 9,193 9,987 12,545 14,097 Continuing Continuing
31 Oceanography 43,088 51,139 51,768 58,653 Continuing Continuing
32 Terrestrial 3ciences 12,706 14,415 17,536 19,272 Continuing Continuing
13 Atmospheric Sciences 6,221 6,446 6,805 7,469 Continuing Continuing
34 Astronomy and Astrophysics 3,907 4,013 4,295 4,700 Continuing Continuing
41 3i{ological and Medical Sciences 16,316 17,859 17,619 19,689 Continuing Continuing
42 Behavioral and Socfal Sciences 8,274 9,080 10,931 11,183 Continuing Continuing
51 University Research Instrumentation 0 ¢} 10,000 10,000 Continuing Continuing

(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: The purpose of this element is to sustain U.S. scientific and technological
superiority and to be a source of new concepts and technological options for the maintenance of naval power and national security.
The program 1includes theoretical and experimental research in selected areas of the physical, engineering, environmental,
behavioral and life sciences.

(U) BASIS FOR FY 1983 REQUEST:

Implewent a research program that has a broad programmatic approach and uses an investment strategy which:
* carrles out research in selected fields of crucial importance to the Navy/Marine Corps and national security;
* maintains awareness of emerg’ng scientific capabilities and their implications as a deterrent to technological surprise;
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Program Element: 61153N Title: Defense Research Sciences

DoD Mission Area: 510 - Defense Research

*
*

*

*
*

*

Budget Activity: 1-Technology Base

retains a vigorous scientific manpower and laboratory base;

promotes the dissemination and applications of new knowledge for timely use in naval systems, operations, and environmental
support;

balances long-term basic research with significant applied research efforts oriented to specific naval technological or
operational needs;

develops larger, more focused and more visible programs;

strengthens ties between universities, industry, and {n-house laboratory activities through well coordinated program plans

and execution; and .
allows flexibility to capitalize on new research opportunities immediately.

As this is a continuing program, funding in FY 1984 {ncludes escalation and encompasses all work or development phases planned or
anticipated through FY 1984 only.

(U) COMPARISON WITH FY 1982 PROGRAM ELEMENT DESCRIPTIVE SUMMARY: (Dollars in Thousands) The decrease of 394 in FY 1981 results

from refinement of cost estimates including escalation indices. The reduction of 9,415 in the FY 1982 is due to Navy and
Congressional reductions. As a result of these reductlons, Several major programs were either eliminated or reduced in size.

Examples of these include:

*

Alternate Weather Forecasting Techniques: (FY 1982 eliminated 600). A research program that would have examined physical
mechanics by which solar events influence weather and climate changes. This could have enhanced battle group weather
forecasting capabilities.

Robotics and Advanced Automations: (FY 1982 reduction of }1000). A program to {ntegrate the fields of robotics and
artificial intelligence to provide the Navy with highly advanced automation {n the areas of weapons systems design,
fabrication and maintenance; expert consulting systems for other decision making; and autonomous robots for hazardous or
dangerous tasks.,

Ultra Submicron Electronics: (FY 1982 reduction of 760). A research effort to examine electronic materials, fabricatfon
processes, device properties, circuit design, systems archit_ctures, etc., resulting in electronic components which are
vastly more efficient, more compact, and more computationglly powerful than currently planned electronic devices.

Other reductions impacted several other research program areas. Examples of these efforts include:

*

»

reduced support for combinatorics (mathematical investigation of arrangements, operations, and selections of elements

within large but finite systems);
reduced efforts in classical operations research topics, such as scheduling and queueing;

reduced support for research in Josephson Junction devices; and
reduced support for research into radiation hardening techniques against single event upsets in very large scale

integration circuits.
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m Element: 61153N Title: Defense Research Sciences
ssion Area: 510 ~ Defense Research Budget Activity: 1-Technology Base

‘ojected FY 1983 reducttion of 23,208 is the result of reductions throughout the five-year planning process. Slight increases
‘tain subelements reflect plans to optimize resource allocations for high priority programs in accordance with the research
.ng process. Emphasis will be given to multidisciplinary research projects which address key issues. New program starts for
33 include:

' Subelement 51 ~ "University Research Instrumentation”. (FY 1983 funding of 10000). A new subelement will be established
to address university equipment needs for major items (>100K per {tem). These equipment needs could not be satisfied under
past funding levels which focused nsn individual principal investigators vice ianstitutional needs.

' Digital Architecture for Very Latrge Scale Integrated Circuits. (FY 1983 funding of 1000). A basic research program to
create a knowledge base and a set of computer-based tools to aid the desizn of special purpose Very Large Scale Integrated
devices. This effort will provide digital architectures and algorithms for use itn the DoD Very High Speed Integrated
Circult program.

' Learning And Memory. (FY 1983 funding of 1320). A multidisciplinary program to develop experimentally verified theories
of neural network functioning that accounts for aspects of human perception, learning, and memory. This will make it
possible to traln individuals to very high skill levels in a minimum of time and to allow more of the work force to enter
highly skilled job flelds necessary to maintain and operate complex naval equipment.

f High Power Microwave Research. (FY 1983 funding of 700). A research program to develop the technical underpinning for the
development of high power microwave sources and diagnostic schemes for atmospheric and target interactions. This effort
will contribute to the accurate assessment of the potential for high power microwaves {n electronic warfare,
countermeasures, and weapon applications. Thig effort {s tied to a substantial industrial Independent Research and
Development program. . )

' Cooperative Research with CNM Laboratories. FY 1983 funding of 1250). A program to buildiag up the basic research
elements within the Naval Material Command laboratories and centers by bringing the Contract Research Program into closer
working relations with the research in these laboratories.

* Enclosed Atmosphere Control. (FY 1983 funding of 500). An investigation to reduce submarine detectability.

* Chemical Warfare/Biological Warfare Defense. (FY 1983 funding of 1250). An effort to provide the technical base for long-
range sensors/alarms necessary to detect CW/BW agents at sea and seawater compatible decontamination processes and
naterials.

* Naval Research Graduate Fellowship Program. (FY 1983 funding of 1000). A new program to provide Graduate Fellowships to
encourage U.S. citizens to seek graduate education in selected areas of sclence and engineering considered critical to the
Navy.

* Kilojoule Advanced Research Laser. (FY 1983 funding of 1500). Design and construction of a versatile high energy gas
laser capable of both e-beam and discharge excitation which will provide a pulsed laser for damage studies and controlled
energy deposition on surfaces. A varlety of experiments in areas such as beam control, spectral control, and alr coatrol
will be performed in support of strategic laser communicatfon and directed energy weapons applications.




Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1-Technology Base

* Spacecraft Survivability. (FY 1983 funding of 800). An effort that will characterize the radiation/threat environment
affecting spacecraft operation and identify mechanisns of component degradation. These efforts are required for the
development of rew techniques to enhance spacecraft survivability such as damage tolerant electronic devices and hardened
power sources.

* Shallow Water Geologic and Acoustic Research. (FY 1983 funding of 300). A program to characterize geologic parameters
such as bottom roughness, morphology, and sedimentation in shallow water environments and their effects on acoustic
propagation.

* Afrborne Acoustic ASW Processing and Tracking. (FY 1983 funding of 300). An effort to improve the performance of
afrborne, acoustic underwater surveillance by developing a systematic methodology for simultaneous optimization of
processing and tracking which will permit earlier detection and quicker destruction of quieter, faster submarines.

Programs that started in FY 1981 and 1982 and are undergoing major expansions (greater than $1 million) in FY 1983, (The amounts
shown are the increases to these programs in FY 1983):

* Science Base for Materials Processing. (FY 1983 funding expansion of 2943), Determine mechanisns affecting material
micro--+ cture and its relationship to desired properties under conditions related to new materials processing techniques
such as -apid solidtification processing, electronic materfals synthesis, and powder forming, thus taking advantage of the
lactest advancements in materials technologiles in next generation systems.

* Energetic Materials Synthesis and Behavior. (FY 1983 funding expansion of 1829). Synthesis and characterization of
.dvanced materlals (high density "diamond-like" nitramines and energetic thermoplastic elastomers) for higher performance
~iplosives and propellants; modeling of ultra-fast phenomena (inter- and intramolecular energy transfer) for predicting
controlling susceptihility of an explosive or high energy propellant to detonation by accident or enemy action.

* 50lid Dielectrics and Electrolytes. (FY 1983 funding expansion of 2074). Determine characteristics (such as conduction,
electrolyte formulation, breakdown, and resonance) of polymeric ionic conductors and high dielectric constant materials
which could allow development of solid state batteries and tncreased minfaturization in microelectronics.

* Life Assurance. (FY 1983 funding expansion of 1532). 1ldentification and characterization of factors (such as wear and
fracture wmechanisms, contact fatigue, and NDE techniques) which affect 1life prediction methodologies for high performance
materials {n such applications as turbines and batteries.

* Marginal Sea Ice Zone Experiment. (FY 1983 funding expansion of 1400). Measuremeats and model development to determine
effects of fronts, air-sea interaction, ice properties, and biologlcal characteristics on ice ocean dynamics and acoustic
propagation in the Marginal Sea Ice Zone in the eastern Arctic.

- N - ™~ -«--'--—.-..__.\,‘ e . . - - N




Program Element: 61153N
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Priority will also be given to research in areas of critical naval needs or in expanding fields of high sclentific opportunity

such as:
* marine materfals
* {nformation technology and computer science
* artificial intelligence
* reliability and maintainability of systems
*

submarine warfare

physical oceanography and its relation to anti-

* % % ¥ ¥ ¥

human factors engineering
cold weather physiology
electronic warfare
electronic devices
command and control
vehicle performance

The new thrusts or expansions will bhe supported by reallocation of resources from areas of reduced emphasis/terminated programs oc
completed/transitioned programs, including:

* low frequency magnetostrictlve transducers
(transitioned)

* linear fault analysis for digital electronics

(transitioned)

* rechargeable lithium batteries for high energy

density primary energy sources for lead
acid battery replacement (completed)
impact damage assessment methodology for

*

composite aircraft structures (transitioned)

*

*

*
x

*

* development of an Air Deployed Oceanographic Mooring
which has 200 sensors, usable for one year, having

gatellite relay data link (transitioned)

advanced survelllance techniques including new tracking algorithms
for E2C alrcraft (transtitioned)

laser assisted metal working techniques to enhance productivity in
the areas of welding, drilling, and heat treating (transitioned)

incorporation of fog models into forecasting codes (completed)

principles for designing 3-D displays for use {n vehicle control
and mcnipulator comtrol (completed)

diviag physiology research (reduced emphasis/terminated)

Lastly, reductions to the research funding have necessitated deferring the start and/or delaying completion of some programs.
Examples of these programs include:

* gurveillance and tracking, target detection,

identification and classification
* field effect transistor integrated optics
* ultra low-low glass fibers
* target strength/radiation sound
* extreme low frequency bioeffects

* propulsors and advanced solid propellant combinations
* ghi{p hull - propeller interaction
* harbor shoaling/flow
* adhesion sclence/technology
* lager bioeffects
* bubble layer silencing and ASW acoustic/non-acoustic research
9
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(']} FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY:

Defense Research Sciences

Total
Project FY 1980 FY 1981 FY 1982 FY 1983 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
TNTAL FOR PROGRAM LLEMENT 196,000 221,416 264,120 313,259 Continuing Continuing
11 General Physics 23,925 26,743 31,424 34,970 Continuing Continuing
12 Radiation Sciences 3,091 3,625 3,886 4,442 Cont{nuing Continuing
13 Chemistry 11,468 15,177 17,706 21,379 Continuing Continuing
14 fathematical Scilences 15,297 18,742 23,348 29,036 Continuing Continuing
21 Flectronics 19,378 22,471 27,960 33,618 Continuing Continuing
22 Matertals 18,214 19,954 24,315 28,126 Continuing Continuing
3 Hechanles 13,747 14,919 18,349 21,7346 Continuing Continuing
24 Fnergy Conversion 9,092 8,478 10,471 12,922 Continuing Continuing
31 Oceanography 39,322 43,310 51,718 57,862 Continuing Continuing
32 Terrestrial Sciences 11,207 12,711 15,106 19,676 Continuing Continuing
33 Atmogpheric Sciences 5,701 6,251 7,282 8,168 Continuing Continuing
34 Astronomy and Astrophysics 4,270 3,929 4,276 4,813 Continuing Continuing
41 3{nological and Medical Sciences 15,052 16,3172 18,7613 24,099 Continuing Continuing
42 Behavioral and Sncial Sciences 6,236 8,674 9,516 12,802 Continuing Continuing
10
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Program Element: 61153N Title: Defense Research Sciences
DoD Missfon Area: 510 - Defense Research Budget Activity: l-Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION: This research effort is the primary means for deriving scientific understanding and the
requivred technologies underlying improvements in Navy capabilities and operations. Increased research is required both to reach
technological parity in some areas and gain/maintain technological superlority in others. Research is directed to search out,
assess, and exploit potential scientific solutions to known near- and long-term naval problems. Corresponding to the broad
spectrum of technical content of naval operational needs, investigations are conducted in the fundamental science areas of:

* General Physics * Energy Conversion

* Radiation Sciences N * Oceanography

* Chemistry * Terrestrial Sciences

* Mathematics * Atmospheric Sciences

* Electronics * Astronomy and Astrophysics

* Materials * Biological and Medical Sciences
* Mechanics * Behavioral and Social Scilences

(U) RELATED ACTIVITIES: See individual Subelement Descriptions.

(U) WORK PERFORMED BY: Performers include various university, industry, not-for-profit institutions, and i{n~house laboratories.
About 50% of the funding goes to universities, 38% to in-house, and 12X to industry. See individual Subelement Descriptions.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

. (W) FY 1981 and Prior Accomplishments: Significant progress has been made in many areas of the research progran. The
following provides a highlighted list of these accomplishments:

* operated and applied the first submicron resolution cryogenic scanning acoustic microscope;
* produced new computer data base architecture ideas which, 1in simulations, show dramatic improvements 1in speed and
throughput over previous designs;

* demonstrated the use of surface heat pulses and active feedback control for the cancellation of naturally occurring
fastability waves 1in laminar boundary layer flows which could have an enormous impact on retarding the transition to
turbulent flow with reductions to fluid dynamic dArag and self noise of ships and submarines;

* pstablished the potential for acoustic tomography as a technique for acoustic remote sensing of internal ocean dynamics by
performing experiments which verified the stability and identification of acoustic paths and related travel times;

* dJetermined the strength of gradients of physical parameters across ocean fronts using the Ocean Froants Experiment {n the

North Central Pacific;

11
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*

*

*

synthesized new electrostrictive materials for transducer and microdisplacement applications, such as high sensitfvity
SONAT Sensors;

established a new field of research in conducting polymers with potential applications, including the development of high
energy density batteries and lightweight camouflage, shielding, and electronic matertials;

produced a primary reference catalog of astronom{cal x-ray sources which will contribute to increased navigational
rellability under adverse conditions requiring nonvisihble light navigation;

demonstrated the feasibility of new signal processing technique, 1inimum cross entropy, which will improve communications
in famming and high density slgnal envlironments;

demonstrated a technique for electronically stimulating organized regeneration of mammal hone and nerve tissue;
demonstrated the use of Solar Wind Satellite coronagraphy data to study causes of magnetospheric/geomagnetic responses, an
apprnach which will allow the ohservation of coronal plasma {rregulaviti{es and the ejection of coronal clouds from the sun
resulting in improved ability to predict communication disruptions;

identified linkages between encoding, processing, and response modalities and refined methods for predicting informattion
processing workload;

complated reseacch in rechargeahble lithium batteries for high energy density primary energy sources for lead acid battery
replacement; and

developed princinles required to desizn 3~D displays for use {n vehicle and manipulator coantrol systems.

“xamples of research projects that have been completed during FY 1981 and transit{oned into either Exploratory Development,
Advanced Development, or other activities include:

*

*

*

conpleted an assesgmaent nethodology for inmpact damaga of composite aircraft structures; transitioned to Exploratory
Development;

coapleted the open ocean version of an Afr Deployed Oceanographic ‘ooring which has 200 sensors, is usable for one year,
and has a satellite relay data line; transitioned to Advanced Development;

completed research in laser assisted metal working techniques to enhance productivity in welding, drilliing, and heat
treating; transitioned to manufacturing technology;

conpleted research in low frequency magnetostrictive transducers using single crystal and polycrystalline materlals;
rrangsitioned to Exploratory Development; and

completed research tn linear fault analssis for digital electronics; traasitioned to Exploratory Development.

Addittional FY 1981 accomplishments ire provided in individual Subelement Descriptions.

2, (D

FY 1982 Program: Sec Individual Subelement Descriptlons.

12
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for future naval requirements. The individual Subelement MNescriptions provide

1-Technology Base

the broad range of science and technology necessary

details of the planned programs.
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(U) DETAILED BACKGROUND AND DESCRIPTION: Experimental and theoretical research in physics is directed toward physical phenomena,
materials, structures, processes, and measurement techniques underlying Iimmediate and long range Navy/Marine Corps requirements
and capabilities in weapons, weapons platforms, sensors, communications, surveillance, anavigation, countermeasures, assessment of
weapons effects, and characterization of naval environments. Ma jor program thrusts are in solid state physics; atomic and
molecular physics; radiation, optics and laser physics; physical and underwater acoustics; geophysics, plasma and tonic physics;
and superconductivity.

(U) RELATED ACTIVITIES: Interservice coordination i{s provided, 1{in part, through reviews by the Office of the Under Secretary of
Defense for Research and Engineerfing and through Navy representation on: lnteragency committees on plasma physics, atomlc physics,
lasers, materials, electronics, and cryogenic refrigeration which effect coordination throughout all federal prograns in these
areas; the Solid State Sciences Committee of the National Academy of Sciences; Working Groups on Microwave Devices, Low Power
Devices, TImaging and Display Devices, and Laser Devices of the Department of Defense Advisory Group on Electron Devices. The
Laser program is closely related to and complements those of the Navy Systems Commands, Army, and Afir Force. Close coordination
is also maintained with Defense Advanced Research Projects Agency programs on free elactron lasers, gas lasers, solid state
lasers, and related sclence and technolugy. Coordination is maintained with the Defense Nuclear Agency in the areas of atomic,
molecular and plasma research as they relate to weapons effects, and with the Army Research Office (Durham), the Air Force Office
of Scientific Research, the National Science Foundation, the National Aeronautics and Space Administration, the Department of
Energy, and with Navy and other military laboratories. Information exchange with foreign nations is effected through the North
Atlantic Treaty Organization, by participation in the Tripartite Techanlcal Cooperation Program, and through various defease
exchange agreements. This participation also {nvolves interaction with the Office of the Under Secretary of Defense for Research
and Engineering and with the other services.

(U) WORK PERFORMED BY: (Representative) (1) Academic: University of California, Berkeley, CA; Massachusetts Institute of
Technology, Cambridge, MA; University of Arizona, Tucson, AZ; Unfversity of I[llinois, Chicago, IL; University of Texas, Austin,
TX; {(2) Industrial: United Technologies, East Hartford, CT; IBM Research Laboratories, Yorktown Heights, NY; Sclence
Applications, 1Inc., Palo Alto, CA; (3) Non-Profit: SRI International, Menlo Park, CA; American Institute of Physics, New York,
NY; (4) In-House: Naval Research Laboratory, Washlngton, NC; Naval Surface Weapons Center, Silver Spring, “D.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Accomplishments under this subelement include: essential contributions to infrared and
laser technology, cryogenics, superconductivity, magnetic materials and sensors, transducer technology and high temperature
acoustics, gaa discharge devices, and assessment of nuclear weapons effects; relativistic electron beam techniques for generation
of high power microwaves, millimeter and infrared waves; rare gas halide lasers with efficient Ramaa coaversion to visible
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wavelength; selective separation of rare earth elements from liquid solution via laser photoreduction; magnetic mirrors for the
ring laser gyroscope; and achievement of coherent emission from Josephson Junction arrays for frequency synthesizer applications.
Demonstration of thigh power laser heam improvement technique by Stimulated Raman; first radio frequency transversely excited
excimer laser; discovery of a new phase in n-alkane and pressure Induced changes in energetic chemical solutions; determination of
physical mechanisms responsible for decomposition of energetic materials using picosecond optical pulses; drawing of fluoride
glass fibers from materlals with potential for extremely low attenuation; demonstration of laser-induced charge-transfer
collisions; operation and application of the first submicron resolution cryogenic scanning acoustic microscope; demonstration of
very high speed switching (picoseconds) in electronic devices by modelocked lasers; {improved radiation hardness in optical fibers
by photobleaching; generation of 1 megawatt at a wavelength of 400 micrometers with a free electron laser; theory of
electromagnetic radiation at very 1low frequency and at kilometric wavelengths from the quiet and disturbed auroral arcs;
successful fabrication of a 400 Josephson .Junction series array for digital superconductive electronic studies; construction of a
unique wminiature non-magnetic 4.2 degree Kelvin cryocooler; demonstration of the role of surface roughness {n the glgaatic
enhancement of Raman Scattering from adsorbed molecules on metal surfaces; clarification of processes involved in Kapitza
resistance; determination of structure of metallic glasses; T-matrix methods for scattering from submerged objects; developed new
two-atage spatial filter; developed a unified matched filter theory; first demonstration of optical discrete Fourier transform
ptocessor; first demonstration of optical calculation of Hankel transforms; developed an acoustically modulated fiber optic
interferometer for radfatfon absorption measurements; flrst successful experiment and validated theory of photo-excited mercury
cadmium telluride mobilities; first demonstration of resonant pumped cascade solid state lasers; and first rare earth laser
transition longer than 3 micron - 3.9 micron in holmium; first dual wavelength laser (0.75 and 0.85 micron) using two rare earth
activators; demonstration of continuous wave laser action of the first special color center, (Fz) A, in lithium doped potassium
chloride; discovery and characterization of (F;) A centers in potassium brouride, potassium fodide, and rubidium Lodide (Rbl); and
achievement of broadly tunable laser action beyond 3 nmicron from (Fg) A centers in lithium doped potassium fodide.

2, (U) FY 1982 Program: Current research under this subelement maintains emphasis in areas considered to be of continued
importance to the Navy: Solid State Physics - efforts focus on basic electronic, magnetic, optical, structural, and thermal
properties of solids offering potentfal for Ilmprovements in navigation, communications, surveillance, and electronic warfare
systems; emphasis continues on the electronic structure 2f semiconductors with emphasis on surfaces, {interfaces and defects; new
emphasis on computations of thermodynamic properties from first principle models; investigation of the physics of random systems
with new thrust in macromolecular physics and picosecond laser spectroscopy of semiconductors. Atomic and Molecular Physics -
continued investigation of atomic and molecular species to understand their properties and effects on systems {n the military
environment and to facilitate their optimum utilization for design of new systems; new emphasis is on low-temperature hydrogen
masers; rveconclliation of theoretical 1limits with experimental results for laser cooling of trapped ions; measurement of
vidbrational-rotational 1linewidths o permit a test of procedures to obtain detailed state-to-state rotational relaxation rates;
determination of inelastic cross sections for collisions involving Rydberg atoms; and structural investigations of 1intercalated
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Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1 - Technology Base

compounds, of metallic glasses, of materials important to energy problems, and of substances of interest in physiological oxygen
transport. Radiation and Optics, and Laser Physics - continued emphasis on efforts to improve efficiency, stability, and lifetime
of laser sources, especially in the blue-green region; investigation of new approaches for coherent sources, filters and detectors
for the blue-green, vacuum ultraviolet, and x-ray reglons; utilization of ultra-short-pulse tunable laser sources for
investigations of transfent effects in matter and in photo-chemical reactions; Investigate optical processors for Electronic
Warfare, Radar, and Sonar applications; examination of radiation damage susceptibility of materials, which may be exposed to
severe radiat{on, and investigation of methods to reduce this susceptibility; new emphasis on evaluation of critical {ssues in
two~stage low-voltage free-electron lasers as potentlal high power tunable sources; examine color center lasers far beyond &
micron for continuous wave and flashlamp pumping nmeasurement of kinetic rates limiting new pulsed laser concepts; development of
non-silica glasses for ultra-low-loss fibers; investigation of noise sources in fioer optic systems; surface—enhanced Raman effect
studies; 1investigation of non-linear optical techniques for microscopy of biologlcal materials; evaluation of conjugate wave
processing techniques for correcting optical inhomogeneitfes in gaseous lasers and other media; and {nvestigation of laser gas
cooling techniques for study of cond ation ph na. Acougtics - continuing emphasis on fundamental acoustic phenomena,
techniques and devices; investigation of calibration methods for parametric transducers, spectral Interactioas, and elastic
constants of solids; techniques for acoustic nondestructive evaluation of materials and structures; evaluation of the i{nteraction
of acoustic waves with complex submerged objects; Investigation of anechoic and decoupling materials and mechanisms; description
of the interaction of acoustic waves with a medium having complicated sound speed structure and topographical boundaries;
investigation of optical techaiques for sound field visualization and for acoustic detection; new emphasis on determination of
internal structure and dynamics of media from analysis of propagation of acoustic signals. Plasma and Ionic Physics -~ continuing
efforts on Interactions of electrons, 1ions, molecules, atoms, and photons involved in fonospheric processes, pulsed power
techniques, gas discharge devices, and laser systems; on autoacceleration and automodulation of intense relativistic electron
beams; on collective acceleration of ions and collective wave generation via free-electron laser and maser amplifying mechanisms
for, powerful, tunable, and compact radiation sources; and on examination of propagation of electron and ion beams in air.
Superconductivit - continued effort on characterization of arrays of superconducting junctions in terms of parameters {mportant
for applications such as parametric amplification, frequency conversion, logic switching, Information storage; on sensitive,
broadband magnetic and electromagnetic sensors; on a search for higher~transit{on-temperature and higher-critical-magnetic-field
superconductors; new emphasis on the properties of sub-micron, thin-film, homogenous and inhomogenous superconductive materials
for device applications.

3. (U) FY 1983 and FY 1984 Planned Programs: The major program thrusts will be mnaintained with adjustments as follows:
Solid State Physics =~ extension of the first principles program for calculation of thermodynamic properties of crystalline
materials to Include ceramics; utilizatfon of nonlinear laser spectcroscopy as a means to obtain quantitative measurements of
elementary excitations and electronic defects in semliconductors; calculations of electronic properties of defects and defect
clusters in semiconductors as related to device performance; investigations of solid state aspects of ultra submicron electronics;
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increased effort on macromolecular physics; {investigations on random systems :directed to problems of energy transport, and to
elucidation of alloy properties; and synthesis of novel stable and metastable magnetic materials and structures {ncluding the
preparation of composite materials by molecular beam epitaxial techniques for applicatinn tn microwave and optical devices;
stulies of laser initiated chemical reactions at semiconductor surfaces, Atomic and Molecular Physics - evaluation of candidate
tons for stored ion spectroscopy applications to precision timning; investigation of the performance of a superfluid-helium-wall
hydrogen maser; an attempt to apply laser cooling techniques to a neutral atomic/molecular beam; studies of state changing
collisions for Rydberg atoms interacting with lons and electrons; application of laser techniques to the determinatinn of cross
sections and rates for atomic and molecular collisions; development of understanding of the atomic and molecular processes
involved in explosion initfation in energetlic materfals; and x-ray, electron, and neutron diffraction structural determinations of
device materials, antibiotics and energetic matertials. Radiation, Optics and Laser Physics - Investigate real-time 1image
processing techniques; development nf compact high performance optical processors; Lavestigate non-linear and magnetic effects for
optical processors; theoretfcal and experimental analysis of saturatfon and absorption in selected narrow gap materials;
calculation of optical heating 1in extrinsic silicon at 5 K; demonstration of extremely broad laser action using crystals
containing multiple lasing sgpecies; application of tunable color center lasers towards fundamental problems in spectroscopy;
investigate new 1lasers using resonant pumping; finvestigate mid-infrared laser sources using flashlamp pumped rare earth doped
solids; attempt to achleve laser gatn in the extreme ultraviolet; application of conjugate wave processing techniques in optical
and real-time holography; development nf Kilojoule excimer lasers; determination of limitations for laser chemistry imposed by
basic molecular physics considerations; development of materfals for higher speed and higher efficiency optical microcircuits;
investigate optical limiter concepts for optical countermeasure applicatfons; and investigation high speed semicoaductor devices
using picosecond optical probes; and development of new fluoride glasses for ultra-low-loss optical fibers. Acoustics - emphasis
on fundamental research in nonlinear acoustics; development of acoustic techniques for measurement of physical properties of
various liquids and solids; 1{investigations of higher resolution scanning acoustic microscope through use of lower cryogenic
temperatures; increased emphasis on 'acoustic field and tomographic visualization including techniques for 1imaging three-
dimensional fields; increased emphasis on techniques for control and analysis of acoustic scattering by complex submerged objects;
and advanced approaches to underwater acoustic transducers, anecholc coating (acoustic decoupling), materials technology, target
echo exploitation, and underwater acoustic propagation as influenced by ocean dynamics. Plasma and Ionic Physics - continue
emphas{s on electron beams; search for new sources of pulsed electromagnetic power over broad spectral regions; Investigate new
types of compact high-gradient electron and fon accelerators; examine compact energy storage concepts such as homopolar
generators; and computer wodel the dynamics ot coupled plasma systems. Superconductivity - increased emphasis on the properties
of sub-micron, thin-film, homogenous and inhomogencus superconductive materials and on new concepts for minlature cryocoolers; and
continued emphasis on digital superconductive devices and systems.
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4. (U) Resources:

Subelement 11

61153N

Title
General Physics

Title:
Title:
Budget Activity:

General Physics
Defense Research Sciences

1 - Technology Base

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate to Completion Cost
26,696 30,479 33,853 36,897 Continuing Continuing
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(¢} DETAILED BACKGROUND AND DESCRIPTION: The Navy must he capable of operating in hostile radlation environments from nuclear
weapons, nuclear power sources, directed energy weapons, and natural radiations in space. The Radtatinn Sciences Suhelement
addresses the problems associated with these radiat{on environments in the following ways: (1) our understanding of the baslc
physics of the interactions of x rays and charged particle beams with matter and the production of damage by these radiations in
materials and devices is extended by both experiments and development of the theory, (ii) the vulnerability of advanced materfals
and devices 'Is measured by actual testing with radiation sources, and (1ii{) measurements are made on the characteristics of
various radiation sources to improve cair understanding of how hostile radlation environments can be simulated in the laboratory.
The Radiation Sciences Subelement also explores ways in which radiation can be used beneficially either to analyze materials and
surfaces or to modify their properties. In addition, experimental and theoretical work is performed under this subelement on
advanced concepts for measuring the intensity and energy spectrum of radiatfons in various military applicatioas.

(U) RELATED ACTIVITIES: The research in this Subelement is coordinated by several means: through Department of Defense reviews
sponsored by the Under Secretary of Defense for Research and Engineering; through collaborative efforts between sclentists from
DOD, other government, private Industry and university laboratories; for example electron and x-ray transport calculattions with
the Air Force Weapons Laboratory and the Natfonal Bureau of Standards; analysis of amorphous surface layers on metals produced by
laser irradiations with Bell Laboratories; and hydrogen embrittlement of metals with Pennsylvania State University; through close
relationships between research projects and applied problems; for example charge recombination in {nsulators as a function of
photon energy - these results are related to work on radiation hardness sponsored by the Defense Nuclear Agency; and through
representation on technical committees and working groups such as the Defense Nuclear Agency Program Review Conmittee for
Transient Radiation Effects in Electronics, the National Aeronautics and Science Administration - Air Force Space Divisloa Space
Parts Working Group, and the DOD - National Science Foundation - Department of Enerygy Interagency Advanced Power Group,

(U) WORK PERFGRMED BY: In-House: Naval Research Laboratory, Washington, D.C.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Surface properties of metals (such as sliding wear resistance, fatigue resistance,
and corrogsion resistance) have been found to be substantially improved by the fmplantation of selected ion species to relative
atomic concentrations of about 10% to 20% in the outermost 25 nano-meters to 100 nano—meters of the material. A transftion of
some of the fon fmplantation research to 6.2 Exploratory Development was made and was followed by the installation of implanted
bearings into Navy service aircraft for fleet testing. These bearings were implanted with chromium and phosphorus ions to impede
corrosion during periods when the alrcraft are idle. It was demonstrated for the first time that single event upsets can occur in
dynamic random access memories and microprocessors when such devices are irradlated with high-energy neutrons or protons.
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NQuantitative single avent uapset susceptibility measurements werc made for Thigh-energy neutrons, »protons, and photons from
lahnratory acceleratnrs used to simulate radiations from nnclear weapons and those found in space. A 2.5 micrometer diameter beam
nf energetic 1lons was used to examine the single event upset sensitivity of individual cells {an 1AK dynamic random access
nemories, An  important new effect was observed namely that the susceptibility of a microcircuit to single event upsets is
incrzased hy the accumulation of total ionizing dose in the device. Bremsstrahlung induced energy straggling in intense electron
Yeams was shown to affect electron beam pronagation characteristics significantly., Monte Carlo calculations on radiation damage
mechanisms showed, contrary to a long accepted model, that the character of collision cascades andi damage clusters changes
entirely {f the channeling effect in crystal lattices is taken ilnto account. A new technigue was developed whereby explosives are
tnitiated hy high enerzy electron beams; this technique has made it possible to perform definitive experiments on the initiation
stages. The effects of alpha particle irradiations were observed for the first time on superconducting Josephson tunnel
junctinns. A new photoelectron technique for analyzing highly excited states of matter with syichrotron radiation was
demonstrated. This technique was successfully applied to materials irradiated with a pulsed laser. Unique wide-range x-ray
nptics were designed for synchrotron radiation beam lines to he utilized jointly by Naval Research Labonratory and National Bureau
of Standards at the National Synchrotron Light Source at Brookhaven. A multimillion degree plasma x-ray source involving
implosion of a hollow cylinder of gas was cnnscructed and tested. The photaon energy dependence of radiation effects in metal
oxide semiconductor devices was found to obey a model based on electron-hole recombination; previously these radiation effects
were thought to bhe independent of photon energy. High sensitivity direct atom counting of tritium gas was successfully
demonstrated at the Naval Research kaboratory cyclotron. Radiation damage and space performance of a number of advanced types of
salar cells, including gallium arsenide cells, were measured, for the first time in an actual space environment, on the Navy
Technology Satellite #2, A new formilation nf the theory of free electron lasers was developed. An analysis technique using
optical emissinns from sputtered inns has bheen developed and iavestigated. The electronic structure of point (vpcancy) defects in
aluminum was computed.

2. (J) FY 1982 Program: Effective October 1, 1982, several inn implantation work units were transferred from the Radiation
Sciences Suhelement to a new task area entitled: "lon Implantation for Materials Processing,” in the Materials Subelement.
Selected results of the inn implantation effort are also being transferred to a new Manufacturing Technology Effort. For these
reasons the FY 1982 Program descrihed here will be somewhat different from that cutlined 1{in the previous program element
descriptive summarles, m the occasion of this transfer it should bhe noted that {on implantation research in the MNavy was
initiated under the Radiation Sciences Subelement and developed to the point where the fmportance of {ts application to a wide
variety of materials was successfully demonstrated, The FY 1982 program will include the following areas: Techniques will be
developed ton extend the application of fon beam analysis tehniques to forelgn species and host combinations not now feasible; one
siuch new procedure will he tn detect x-rays or gamma rays in time coincidence with scattered incident {ons. The high energy
charped particle microbeam will be used to examine radiation damage, {onization effects, and single event upset mechanisms in 64K
dynamic random access memories and microprocessors and in specially desizned microstrucrires. Single particle effects and neutron
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amage investigations will be conducted on superconducting Josephson tunnel junction devices. Heavy cosmic ray fragmentation
ontributions to spacecraft radiation environments will be investigated experimentally and theoretically. The effects of intense
‘lectron beams on energetic materials, metals, composites, and ceramics will be examined. Theoretical calculations will be made
m radiation damage 1in various materials produced by nuclear weapons, space radiations, and directed energy weapons. The
ollisional and radiative decomposition of explosive molecules will be examined theoretically. Interactions of high energy
‘lectron beams with periodic magnetic structures will be investigated at the Naval Research Laboratory Linear Accelerator (Linac)
is a possible source of intense coherent radiation. Survivability of multi-kilowatt power sourcex for satellites wi{ll be analyzed
rith respect to nuclear and space radiations and lasers. Methods of improving the sensitivity of direct atom counting of tritium
m the Naval Research laboratory cyclotron will be evaluated. A new technique for detecting magnetic resonances opticaliy will be
1sed to obtain new microstructure information on radiation induced defects in various compound semiconductors. Laser induced
»lasma and annealing processes in semiconductors will be characterized by means of synchrotron radtation and the newly development
ixcited state photoelectron technique. The electronic and optical properties of semicondultor microstrutures will be assessed.
The initial phase of beam line design and coastruction for Navy use at the National Synchrotron Light Source, Brookhaven, will be
:ompleted. Investigations will be started with synchrotron radfiation on x-ray Raman scattering, production of submicron
strutures, and calibration of x-ray instrumentation. A new soft x-ray source will be used to measure spectra from materials being
Investigated theoretically by band structure techniques. The electronic and atomic structure of point imperfections, important in
radiation damage, will be completed and will include relaxation effects. Examinations of x-ray emission from mixed composition
slasmas will bhe performed with both the gas implosion source and a new high power laser source. Tmproved calculations of the
radiation of free electron lasers will be made. New theoretical approaches to the calculation electron channeling trajectories
111 he developed.

3. (J) FY 1983 and FY 1984 Planned Programs: The techniques of materials analysis by means of {fon beams will be applied to
>roblems requiring three-dimens{on non-destructive microanalysis of surface layers, such as those of advanced semiconductor
levices or ion-implanted metals. The microbeam at the Naval Research Laboratory 5 megavolt Van de Graaff will be developed into a
>ulsed bheam and will be used to study time dependence of damage and ionization effects in integrated circuits and 1in spectally
lesigned microstructures. The use of the seml-empirical reaction model will be extended to study reactlons 1in spacecraft
naterials produced by high energy protons in the trapped radiation belts. Radfation effects experiments and theoretical
Investigations will be (nftiated for varlety of new types of sensors fabricated with integrated circuit tehniques. Atomic
rollision theory will be applied to analyze the production of radiation damage, sputtering, Lon beam mixing and other effects
sroduced by energetic particle beanms, The production of tunable electromagnetic radiation from the interaction of relativistic
rlectrons and periodic magnetic structures will be studied. ®xaminations of radiation {induced defects 1in quaternary
semiconductors will be initiated. The effects of defects on compound semiconductor alloy systems will be investigated. The
relationship between radiation induced defects in semiconductor materials and the performance characteristics of devices made from
:hose materials will he studtied. Nonlinear stability investigatons will he made of electrons in undulator structures and will be
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related to free electron laser experiments. Investigations of interface states, atomic defects, submicron electronic structures,
highly excited states of matter (e.g. laser excited), and crystal structures will be initiated and carried out using the Naval
Research Laboratory facilities at the National Synchrotron Light Source. laser damage to exterior satellite components will be
analyzed and new tehniques for hardening such components will be examined. Direct atom counting will be attempted with relatively
low-voltage ion heam accelerators. ™“easurements of high speed changes in materials (e.g. shock-wave induced transformations) will
be Investigated with x-rays from plasmas. Interactions between ad jacent radiation induced point defects will be examined
theoretically, with applications to diffusion, annealing, and ion-induced materials modification. Syanchrotron radiation will be
used as a pump for parametric conversion processes in single crystals, for materials structural investigations and for calibration
of plasma instrumentation.

4, (U} Resources

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Suhelement 12 Radiation Sciences 3,604 3,000 3,495 3,718 = Continuing Continuing
1)
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(U) DETAILED BACKGROUND AND DESCRIPTION: Research in this subelement provides understanding of materials, devices and analytical
techniques needed for construction and improvement of advanced Navy/Marine Corps systems and capabilities. The program includes:
the chemical synthesis, characterization and processing of new and iwproved materials, {including polymers and solid state
materials; the physical chemistry of materials; the chemistry of electrochemical power sources; surface chemistry, {ncluding
reactions at interfaces, catalysis, and the electrochemical modification of surfaces; analytical techniques to solve material and
environmental problems; aand chemical theories related to the above.

(U) RELATED ACTIVITIES: Coordination 1is maintained through the Office of the Under Secretary of Defense for Research and
Engineering reviews and with the Army, Alr Force, National Aeronautics and Space Administration, National Science Foundation,
Department of FEnergy, and National Inst{tutes of Health by exchange of information on proposals and actions taken on them, and by
regularly scheduled meetings and reviews at which representatives of the agencies discuss {nterests and problems of their
respective programs. Coordination and jolnt planning of special areas, e.g., chemical warfare defense, are maintatned through
regular meetings of a working group of all Navy chemical research directors. Closely coupled basic research and exploratory
development projects are simultaneously maintained by Navy sclentists. Examples of such joint areas include electroactive polymers
and photochemical aspects of materials for information storage in computers. Joint projects among the services and with Defense
Advanced Research Projects Agency are frequently managed by Navy sclentific officers. Current examples include a jotnt Army-Navy
task at Colorado State University and a joint Defense Advanced Research Prolects Agency-Navy task at the University of
Pennsylvania.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Research Lahoratory, Washington, DC. (2) Industrial: IBM, Yorktown
Heights, NY; Lockheed Missi{les & Space Co. Inc., Palo Alto, CA; Union Carbide Corporatfon, Tarrytown, NY; EIC Laboratories, Inc.,
Newton, MA; (3) Academic: University of California, Los Angeles, CA; University of Texas, Austin, TX; Howard University,
Washington, DC; University of Massachusetts, Amherst, MA; University of Utah, Salt Lake City, UT; University of Illinois, Urbana,
IL;

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Past accomplishments include the following: Theoretical understanding and predictive
capability have been attained for the wettability of solids which led to numerous applications, {ncluding the invention of barrier
films for retaining oil in ball bearings. These barrier films have markedly improved the reliability and readiness of missiles and
continue to vield large savings in replacement and repair costs for navigational aids in atrcraft. A program for research in boron
chemistry led to the receipt of the Nobel Prize in Chemistry for one of the participants (W. N. Lipscomb, Harvard). This program
laid the chemical foundation for the current use of a boron compound as a propellant burning rate accelerator which significantly
improves weapon cffectiveness. Some recent accomplishments 1include the following: Clear fluoroepoxy polymers have been
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synthesized which, unlike conventional epoxies, are highly oil and water repelling. Fluoroacrylate polymers have been developed
which, after one year immersion absorb less than 0.06% water. The advantages of these highly environmentally resistant polymeric
materials include their high optical clarity and simple application (one component coating system). Initial funding of research on
polyacetylene led to the establishment of a new research fleld: conducting polymers. Some of this research has transitioned to
other government agencies and the public sector in the form of large industrial programs aimed toward the development of new, high
energy density batteries, while an ongoing naval research effort promises lightweight camouflage, shielding materials, and
electronic materials, Novel catalysts have been patented which utilize polymer support in a synergistic way for high reactivity.
These 1mproved catalysts have proved effective for the incorporation of carbon monoxide into useful organic compounds. This work
points a way to improved atmospheric control and to {mproved processes for naval materials. Microelectronic devices have been
developed as sensors to monitor polymer processing such as the cure of epoxy resins used in composites in high performance aircraft
and ships, This combination of polymer processing with microelectronic sensing offers an entirely new approach to quality coatrol
and lifetime assurance of critical structural materials. Research on chemiluminescent materials for marking and emergency light
sources has provided the highest, nonenzymatic chemiluminescent quantum yield ever reported, namely 34 percent versus the previous
record of 24 percent. Rechargeable lithium batterles with capacities up to twenty ampere-hours have been prepared on a laboratory
scale, These batterfes have cycle lives of about fifty cycles. These results suggest that rechargeable lithium batteries having
specific energles which exceed those of existing rechargeable batteries by factors of up to ten can be developed. A triple
quadrupole mass spectrometer has been {nvented and is being developed for atmospheric monitoring and analysis. This {nstrument
which 1is patented, has elicited considerable interest from commercial instrument manufacturers, Navy laboratories and National
Aeronautics and Space Administration.

.
2. (U) FY 1982 Program: In Chemical Materials, continued emphasis is being given to research on new electroactive materials for
electronic and electrical applitations, acoustic and thermal sensors, and countermeasures and camouflage. This research includes:
tailoring properties of flexible conducting polymers through evaluation of new dopants, mechanical effects (e.g., stretch
orientation) new dopant processes (e.g., electrochemical methods); evaluation of plezoelectric polymers focusing on thick films .or
underwater acoustic applications and promising new materials; work on novel conducting metal complexes which have potenttal for
improving electro-optical devices and electrochemical processes, The improvement of environmentally stable polymers continues to
receive emphasis, including: improved coating systems and toughened adhesives; aging and curing work to improve service life of
composite matrix materials; improved fire-resistant organic plastics obtained by fncorporation of fire retardant pendant groups on
the polymer backbone, The conversion of polymers directly to ceramic materials (e.g., silicon carbide) continues to be pursued,
with the objective to provide an efficient new technology for the preparation and processing of high strength temperature ceramic
fibers and bodies for composite reinforcement, turhine blades and heat exchangers. Research related to infrared decoy materials
and new polymers for acoustic camouflage will be initiated. Work is being expanded on linear and crosslinked fluoroacrylates as
new environmentally resistant coatings and plastics. Research will be expanded in the polymer processing science area to include
research on ultrahigh strength polymers for composites and lightweight armor. Regsearch will be 1{inttiated toward chemical
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modification of materials by 1{ion and radical implantation to improve the service lifetime of naval equipment. In analytfcal
chemistry, advanced chemical instrumentation to investigate the composition, performance and stability characteristics of materials
will be stressed. Non destructive evaluation methods for examining the cure states of polymers by nuclear magnetic resonance
techniques w#ill be Investigated. Rapid methods for the analysis of selected trace metals, dissolved organic materials and chemical
agents In seawater will be investigated. The Surface Chemistry program will continue to emphasize the chemical, structural and
electronic properties of intecfaces by addressing research areas that Include surface corrosion, passivation, adhesion and
lubrication, catalysis and heat transfer. Optical techniques for surface analysis will be examined with emphasi{s on instrumentation
for in situ chemical characterization of solid/solid and flutd/solid interfaces. A program on electronic materials will stress the
chemical and physical mechanisms related to the fabrication and characterization of electronic microstructures. This will include
efforts on instrumentation and methodology for quantitative chemical and structural analysis of the microstructures. A new
experiment2l program on laser stimulated surface chemical processes will be initiated. The wear resistance to laser-sprayed and
other coatings will be Investigated. 1In the Electrochemical Power Sources area, research to determine the electrochemical
properties of solid dielectrics, polymer based lonic conductors and electrolytes relative to their application to power sources
will be expanded. Research will be continued on the mechanisms of lithium cell charge and discharge processes and the interactions
of Lithium cell with electrolyte solutions. Research on the electrochemical fundamentals necessary to develop a battery Llifetime
predictive capability will bhe initiated.

3. () FY 1983 and FY 1984 Planned Programs: In Chemical Materials, emphasis on environmentally stable polymers including
elastomers and thermosets will continue. This will include the synthesis and evaluation of environmentally resistant coatings,
composite materfals and adhesives. Polymer research on novel processing methods such as cryogenic processing will be initiated to
provide new optilons for dealing with polymers which are difficult to process; emphasis will also be placed on nonequilibrium
aspects of processing. A new program will be inittated on carbon dioxide chemistry as {t pertains to the control of atmospheres in
submarine vessels. Research on Electroactive Materials will continue as the development of new electronic and electrical materials
for sensors and electrochemical, camouflage and countermeasures applications {s perceived as a critical need. In
Analytical Chemistry, the development of unique laboratory fnstrumentation and chemical sensors that can be applied to Navy needs
will continue to be emphasized. In Surface Chemistry research related to the chemistry of electronic materials and microstructural
fabrication will continue to be stressed. This research will include material synthesis, cluster properties identification,
chemfcal analysis of electronic materials, and work on the fabrication and characterization of micron-sized electrodes. The new
experimental program on laser stimulated surface chemical processes will be expanded. Research on the fundamentals necessary to
provide a battery state~of-charge and lifetime predictive capability will be continued. Solid electrolytes and their applicability
to power sources and other devices will receive increased attention. The electrochemistry of semiconductor materials will continue
to be investigated as it affects semiconductor performance as photodetectors and optical frequency converters, and for photoetching
applications. Regsearch to elucidate the fundamentals of electrode processes and their influence on power source performance and
reliabiiity will continue.
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4, (U) Resources:
Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 13 Chemistry 15,118 17,073 19,486 21,907 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: This subelement comprises research directed towards solving mathematical and analytical
problems in the Ffunctional military areas of logistics, manpower, {intelligence, acquisfition and procurement, systems and
operations analysis, aund command and coatrol; and towards providing new mathematical and computational tools useful for
requirements determination, planning, design, development, maintenance, and use of operational naval vehicles and systems. The
results lead to new techniques for the acquisition and processing of data for logistics and for recruitment and allocation of
personnel; to analytical and numerical methods for engineering design, and for estimation, evaluation and comparison of weapon
system requirements and performance; aand to more effective approaches to assessing and coatrolling system reliability, costs, and
schedule 1{n project management. The research 1s also pertinent to deriving theories and techniques of information processing,
storage and retrieval, and to the design of novel architectures for computing and information processing systems devices. The
effort 1Is conducted In the arcas of numerical analysis, mathematical programming, statistical modeling and analysis, digital
computer simulation, reliability theory, applied mathematics, systems and control theory, artifictal intelligence and robotics,
computer hariware and software, logistics and operations research, declsion theory and mathematical economics.

(U) RELATED ACTIVITIES: This research relates to efforts in the Army, Air Force, Defense Advanced Research Projects Agency,
National Sclence Foundation and the National Aeronautics and Space Administration. Active liaison is maintained with these
agencles through regular professional communication, through annual formal meetings such as reviews by the Under Secretary of
Defense for Research and Engineering, and through numerous joint conferences in selected technical areas. Significant support
relations exist with the Defense Advanced Research Projects Agency information technology research program, with the Navy
exploratory development programs under the Naval Materfal Command {n ship performance evaluation, manpower, logistics and command
and control, and with the advanced development studies and analysis programs of the Chief of Naval Operations and the Planning,
Analysis and Evaluation Office of the Department of Defense.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Ocean Systems Center, San Diego, CA; Naval Surface Weapons Center,
Stlver Spring, MD; David W. Taylor Naval Ship Research and Development Center, Bethesda, MD; Naval Research Llaboratory,
Washington, DC. (2) Industrial: Systems Coatrol Inc., Palo Alto, CA; Alphatech, Inc., Cambridge, MA; Bolt, Baranek and Newman,
Cambridge, MA; Danfel Wagner Assoclates, Paoli, PA; (3) Non~Profit: SRI International, Menlo Park, CA; (4) Academic: New York
University, New York, NY; Georgia Institute of Technology, Atlanta, GA; University of Southern California, Los Angeles, CA; Yale
University, New Hzvren, CT; University of Peannsylvania, Philadelphia, PA; Purdue University, West Lafayette, IN; Carnegie-Mellon
University, Pittsburgh, PA; Massachusetts Institute of Technology, Cambridge, MA.

1. (U) FY 1981 and Prior Accomplishments: Previous research in this program has led to logistics system improvement and material
maintenance management system policies and procedures now used by the Fleet; computer components such as magnetic core memories;
and control system concepts for aircraft and missiles. Computer processing techniques have enabled the Navy to allocate manpower
resources more effectively and have led to changed Marine Corps recruitment policies. More recent accomplishments {nclude a
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method of calculating lower bounds on reliability that {s being used to investigate highly reliable systems; the development of a
theory of aggregation useful in modeling and analyzing large, complex systems, which puts many ad hoc techniques on a rigorous
foundation; an approach to distributed decision modeling which {s being applied to describe decision making under the Composite
Warfare Commander doctrine; an improved tracking algorithm which is being further developed for incorporation 1into the E2C
surveillance aircraft for surface ship tracking; new data base architecture {deas which in simulations show dramatic improvements
in speed and throughput over previous designs; and an extension of so-called adaptive schemes for the numerical solution of
hyperbolic partial differential equations, the equations used to model many time-dependent fluid flow problems of Naval interest.
Adaptive schemes contribute to the more accurate and rapid solution of such equations and are important in attempts to automate
solution computation. Non-procedural languages have been successfully developed for financial accounting and budgeting
applications. Research in natural language has led to systems currently entering the commerical market place. Methods developed
for identifying and estimating jumps in parameters are being applied to fault tolerant control and cruise missile problems.
Improved computational methods have been developed for determining flow fields around complex objects above, on or below the water
surface. New optimization methods have been developed for problems in production and distribution modeling including design and
evaluation of storage alternatives under criteria of floor space utilization and materifal handling time and new concepts in job-
shop production scheduling.

2. (u) FY 1982 Program: Research in Numerical Analysis will continue to emphasize methods applicable to problems in mechanics.
It 1is planned to initiate a center for large scale scientific aomputing to integrate the research efforts of numerical analysts,
computer sclentists, and computational mechaniclans. In-house efforts to develop numerical methods for prediction of ship
hydrodynamic performance will continue to receive emphasis. Adaptive methods for efficiently solving partial differential
equations will receive increased attention. Analysis of algorithms will be pursued for enhanced Very Large Scale Integration and
other highly parallel architecture designs for applications {n signal processing and computational mechanics. Research in
combinatorics and complexity will receive less attention. Mathematical Analysis for use in space systems applications such as
surveillance, communications, navigation and environmental monitoring will be pursued. Particular emphasis will be given to
problems associated with improved orbit determination, control of large structures in space, image analysis and enhancement, and
nonlinear waves. Basic research in Artificial Intelligence will continue to pursue advances in Navy interest areas of providing
machines with human-like capabilities of vision, written and spoken language understanding, and reasoning or analytical
capabilities. Problems to receive special attention include more efficient mechanisms for machine representation of the
priorities of real world objects and events; achievements of machine understanding of the relationship between people, objects and
events coupled with the modeling of human factors; and creation of a dynamic, data drivea concept of coatext to distinguish
individual differences and preferences. Regsearch directed at advanced automation and robotics applications will be expanded.
Basfc research in Systems Analysis will emphasize mathematical techniques for the multisensor, multitarget environment of future
naval engagements arising in submarine targeting and ocean surveillance. Expanded efforts will address fundamental principles for
modeling of command-control functions, including risk analysis, multiple goals and distributed communications and decision making.
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In Statistics research will continue {in non-Gaussian signal processing. Statistical image processing and remote sensing reseirch
will be further expanded with applications to environmental remote sensing and ocean survelllance. Research {in computitional
statistics will emphasize the use of graphics techniques for analyzing high dimensional, large volume data sets. Additional
research in reliability and maintainability will be {nitiated. In Logistics and Operations Research, a major thrust will be made
in combining operations research/management sclence with advanced computer processing capabilities toward definition and solution
of large, complex resource allocation problems. The research will address ways to provide several projected alternative
strategies and associated possible outcomes for considerations by the decision maker instead of the curreatly available single
feasible solution. Facilities management will be another focus. 1In this area, research will hegin to bring together the various
disciplines needed to solve a wlde range of problems associated with industrial type shore factlities such as supply centers,
shipyards, Naval Air Rework Facilities and ammunition depots.

3. (U) FY 1983 and FY 1984 Planned Program: Research will continue to be driven by the need for advanced mathematical and
computational techniques for more effectively handling ILncreasingly complex and critical problems involved in Navy requirements
determination, planning, systems design, engineering, production, and resource allocation and command/control/communications.
Eifort will continue on numerical methods for applicatfon to advanced vehicle design velated to predlction and control of ships,
aircraft and missiles, and to models for ocean forecasting and explosive prediction. Investigation will continue {n mathematical
optimization, decision analysis, mathematical economics, scheduling, and sequencing and network theory applications to problems in
command and control, logistics, facilities management, manpower planning and ecomomic competition and conflict. Research in
computer hardware and software will emphasize artificial intelligence and robotics as it relates to the needs of command/control,
intelligence and maintenance, the software life cycle, interactive graphics displays as a tool for management, and expanded -ffort
on advanced architectural concepts for implementing very large scale integration. Research in statistical signal processing will
continue an emphasis on non~Gaussian processes. Airborne passive survelllance i(ssues will be {nvestigated. Research i{n plcture
processing and reconstruction related to environmental remote sensing by satellite will continue to receive strong emphasis.
Control theory research will concentrate on problems in large, distributed decision systems characterized by poorly understood
models, limited communications and incomplete information for application to command and control and to control of Vertical/Short
Takeoff and Landing aircraft. Applied mathematical research efforts will focus on combined analytical and numerical approaches to
problems arising 1in a variety of physical situations such as wave propagat.:n, fluld-structure interfaces, and elasticity and
plasticity. Mathematical inverse problems will receive increased attention.

4. (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost -
Subelement 14 Mathematical Sciences 18,707 21,750 28,229 30,709 Continuing Continuing
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DoD Mission Area: 510 - Defense Research Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION: Research 1in this subelement i{s directed toward neeting long range naval operational
requirements in the areas of communications, command and control, navigation, electronic warfare, guidance and fire control,
avioales, surveillance, and anti-submarine warfare. The major areas of this research are: Electromagnetic Wave Propagation and

Radiation, involving generation, nropagation, reflectfon, absorption, refraction and scattering of electromagnetic waves, antenna
theory and rcradacr target detection and identification, and electronic warfare; Physical Electronics, involving synthesis
characterization and analysis of electronic materials and structures, 1{including semiconductor surfaces, 1interfaces and defects;
Solid State Electronics, including microwave and millimeter wave devices, ion implantation, radtation effects in solids,
integrated circuits, signal sources, and radiation detectors; and Electronic Systems and Communications Theory, including
faformation, circuit and control theory, network analysis, linear and nonlinear system theory, distributed processing, signal
cnding, signal processing and fault analysis.

(U) RELATED ACTIVITIES: Interservice coordination is accomplished through Office of Under Secretary for Defense Research and
Engineering vreviews and direct tri~service coordination; some significant efforts are supported jointly by the Army Research
nffice, Office of Naval Research, and the Air Force Office of Scientific Research. The Joint Services Electronics Program which
contracts with 14 universities i{s monitored by a Tri-Service Technical Coordination Committee to pravide a base of support for
proven sources of new electronics ideas and to ensure that work performed is of highest quality and relevant to Department of
Nefense finterests. The subelement is coordinated with Navy exploratory development programs and the Electronics and Electro-
Optics Strategy Group. Nther {mportant coordination {s provided through the National Science Foundation Interagency Group on
Materials and the Interagency Committee for Electronics Research in which representatfives of the Army, Navy, Air Force, Department
of Cnergy, Natinnal Aeronautics and Space Administration, Defense Advanced Research Projects Agency and the National Science
Foundation meet regularly to review progress and plans; to ensure adequate funding of critical areas and prevent duplication of
effort. Coordination is also provided through the Nffice of Under Secretary of Defense Research and Engineering Advisory Group on
Electron Devices.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Research Labnratory, Washington, NC; Naval Ncean Systems Center, San
Diegn, CA; Naval Weapons Center, China Lake, CA. (2) Industrial: I8M, T.J. Watson Research Center, Yorktown Heights, NY;
McDonnell-Douglas Astronautics Laboratory, Huntington Beach, CA; Hughes Research Laboratories, Malibu Beach, CA; Rockwell
International Science Center, Thousand Oaks, CA; (3) Academic: Harvard University, Cambridge, MA; Stanford University, Stanford,
CA; Ohio State University, Columbus, OH; University of Illinois, Urbana, IL; Colorado State University, Ft. Collins, CO; Texas
Tech Uaiversity, Lubbock, TX,
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(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Previous outstanding accomplishments derived from research under this program include
contributions to: atomic frequency standards and clocks; magnetron, klystron and traveling wave tube development; quantum
electronic devices such as the maser and atomic magnetometers; establishment of very low frequency propagation characteristics
underlying the LORAN-C and OMEGA navigation system; computer-aided design of integrated circuits and the development of the
gallium arsenide field-effect-transistor. At the present time, the forcing factors for this program element have been high speed
error free communications and radar, and reliable real time signal processing. In the past decade advances 1in semiconductor
components have led to an increase in the number of components per chip largely through decreased feature size, and to the
availability of microwave power concentrated Silicon and Gallium Arsenide devices. Substantial progress has been made to exploft
these advances for signal processing, communications, and radar. In the radar area, significant progress has been made {n our
capability to calculate electromagnetic scatter. This has been used as a tool to reduce the radar cross section of the Bl aand
other alrcraft. It has led to an exploratory development program in radar target classification. It is belng used to ({mprove
electromagnetic compatibility. Finally, the ability to calculate mutual antenna ifmpedance on any convex surface permits conformal
arrays to be built into the surface of any alircraft. In the signal processing area, significant progress was made in research on
a new class of semiconductor components, Gallium Arsenide, which operate with switching times in the order of ten picoseconds.
Both theoretical and experimental advances were made {n understanding the causes of defects in these devices. Defects reduce
manufacturing yield, and can lead to device failure. An improved understanding of Gallium Arsenide Shottky barrier devices
resulted from confirmation of a surface defect model for Fermi level penning. The predicted large ratio of electrons to holes {n
Gallium Aluminum Arsenide avalanche photo-dlodes was confirmed. A potential breakthrough in extremely high speed devices could
result from a demonstration that differential negative mobility in multilayer semiconductor heterojunctions is caused by the
transfer of hot electrons. The groundwork w s laid for a potentially higher speed than Gallium Arsenide technology; processing
technology was developed for metal-insulator-semiconductor devices on Indium Phosphide and devices were fabrclated. In the
communications area, the feasibility of a new signal processing technique, mnfnimum cross entropy was demonstrated. This will
improve communications {n jamming and high density signal enviromments. A much more precise forecast of communications
disruptions caused by solar flares was made possible by the discovery that the direction of the magnetic field at the flare site
determines whether or not a geomagnetic storm will follow.

2, (U) FY 1982 Program: Naval research in Electromagnetic Wave Propagation and Radiation will continue on both natural and man-
made disturbances of the electromagnetic propagation environment such as solar flares, gesomagnetic storms, and high power
electromagnetic heating. Theoretical and experimental research {s conducted on the interaction of intense electromagetic waves
with a beam driven magnetoplasma, Research on the radiation, propagation dispersion, scatter, and coupling of electromagnetic
waves will continue, with emphasis on radar target classification and developing analytical wethods for designing f(n
electromagnetic compatibility and designing out electromagnetic pulse radiation in future ships and alrcraft. Research on radar
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target identification will be expanded. The potential utilization of molecular species to produce spectra tailored to match
infrared signatures is beinp {fnvestigated. The application of artificial intelligence to fleet defense in an electronic warfare
environment is heing explored. In Physical Electronics, the structure of semiconductor surfaces, Interfaces and defects will be
continued; amphasis will he given tn problems of Jistortion and relaxation, and to total energy calculations. Nonlinear optical
spectroscopy of electronic defects will he continued, as well as research on effects of defect association. The nechanics of
defect formation, and potential methods of defect reduction will be studied for bulk compound semiconductors. Molecular Beam
Epitaxy facilities developed during FY 1931 will be used to grow novel structures and examine electronic material properties in
submicron geometries. Research on laser initiated surface chemical reactions will be started; growth of metastable electronic
materials will he 1nvestigated. In Solid State Electronics, theoretical and experimental research will be continued on ion
implantation, vradiation effects, and new materifals preparation. There will be continued research on interfaces between
senfconductors, metals, and insulators with goals for fmproving device reliability and capability; due to recent successes
{nsulators on gallium arsenide and indium phosphide will be emphasized. Investigations of multilayer and superlattice structures
will continue, with consideration given to novel device structure. The physics of weak link and silicon barrier Josephson
Junction devices will continue tn be {nvestigated for signal processing and millimeter wave detection. There will be a continued
growth in emphasis on the subamicron dimensioned physical structures and devices, and the physics and chemistry of submicron
fabrication processes. New millimeter and submtllimeter signal sources such as the solid state gyrotron and solid state magnetron
will continue to be {nvestigated both analytically and experimentally; and emphasis will be given to single chip millimeter wave
clrcuit technology. In Electronic Systems and Communications Theory, analog/hybrid fault analysis research will continue.
Analytic measures for fault testability and diagnosability will continue this will lead to more fault tolerant systems. Energy-
efficlent electronmic system Iinvestigations will he intensified to improve the efficlency of electronic power processing and
distribating ctircuitry, and to minimize the power requirements of signal/information processors. Communication theotry
investigatlon of the design and performance evaluation of communication/surveillance systems operating In or under uncertain and,
possibly, hostile conditions will be continued. Protocols, control, and routing algorithms for 1large networks will be
{nvestigated.

3. (U) FY 1983 and FY 1984 Planned Programs: In Electromagnetic Wave Propagation and Radiation research, a program on {nverse
electromagnetic scattecting and radar cross sectlon reductlon will be initiated. An experimental program to examine the robustness
of recently i{nvented extremely wide bandwidth, 1low cost, highly rellable, superresolution phased array antennas with vastly
improved antijam capahilities will commence. In Physical Electronics ongoing work on electronic structures will be extended and
the properties of a variety of insulating films on semicanductors will be investigated. Efforts in laser {nitfated surface
chemtcal reactions will be expanded, Superlattice structures Llnvolving a wide variety of semiconductor and metallic systems will
he fnvestigated. This has a high potentlal for orders of magnitude faster electronic devices than are available today. The
physics of dry processing of submicron compound semiconductors by plasma etching with electron and fon beam writing will be
exanined. In Solid State Electronics emphasis will continue on Increasing the reliability of semiconductor devices used in
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electronic clrcuits, The {nvestigation of the properties of surfaces aand interfaces of electronic materials will be maiantained.
The {avestigation of 1impurities and defects in snlids will continue in order to determine and control their effects on the
electronic and optical properties of solid state devices used in electronic clircuits and systems. The annealing process for 1ion
{mplantation doping of technologically important compound semiconductors will contlnue to be investigated to determine the
physical processes involved and to establish a sound basis for device fabrication. Single chip technologies in indium phosphide
and galllium arsenide for millimeter wave applicatlon will coatinue to be Investigated as well as analog and digital technologies
in indium phosphide. Fundamental studies of submicron structures, materials growth and device fabrication sclence will grow.
Research on mlcrowave power Interactions and amplification {n fleld emitter array structures will continue. Transitions are
expected in 6.2 support for part of this effort. In Electronic Systems and Communications Theory, research {nto fault recagnition
of large scale systems will be {ntensified. Using analytical measures for diagnosibility we will determine via system theory,
graph theory, and other techniques, system structures that are fault dlagnosable with respect to these measures. Rulas for the
design of very large scale Integrated circuits will be evaluated. The new effort on fundamental problems In electronic warfare
and electronic counter-countermeasures will be coatlnued. Theoretical work on random coding will continue toward improved choice
of signal waveforms, Efforts on robust signal processing and robust analog to digital conversion procedures be further
emphasized. The design of efficient protocols for the operation of computer/communication networks will be supported. Efficient
communication techniques for mohile-radius and mobile-vehicle systems will also be supported.

4. (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 21 Electronics 22,457 27,051 27,727 29,010 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: Research {s directed at providing: the understanding and capabilities necessary to
predict and control the properties of materials used by the Navy/Marine Corps; definition of effects of anticipated in-service
environment on performance of materials; systematic Investigation of new materials needed for future Navy/Macrine Corps
applications. Areas of emphasis include: metals and alloys; ceramics, insulators and inorganic solids; composite materials; high
temperature and special performance materials; polymers; corrosion, deterioration and protection of naval materials; rad{ation-
resistant materials; materials processing and inspection.

(U) RELATED ACTIVITIES: Coordination of materfals research is provided through the Office of the Under Secretary of Defense for
Research and Engineering by yearly reviews and periodic counferences. The Navy Council on Materials and Structures provides a
forum for Navy coordination of materials research and development. the Navy materfals program is coordinated with the National
Aeronautics and Space Administration, Department of Energy, National Sclience Foundation, Bureau of Mines, and National Bureau of
Standards through frequent Interagency Coordination Group meetings. The Technical Cooperation Program coordinates matecials
research and development thrusts and results of the member countries (Australia, United Kingdom, Canada, New Zealand, and the
United States). The NATO Advisory Group for Aerospace Research and Development involves thirteen countries that meet semiannually
to discuss topical materials issues such as corrosion research and nondestructive testing. The Tri-Service Corrosion Coordinating
Committee surveys corrosion research and development in the DOD and holds regular conferences. Other materials interactions
include the Committee on Materials: Working Group on Rapid Solidification Technology, which involves several federal ageancies and
the DOD; the DOD/Natioral Aeronautics and Space Administration Composites Working Group (airframe and missile structures); and the
00D Working Group on Directional Solidification (high temperature turbine blading). The Navy {s represented on many techafical
groups such as the American Soclety of Testing Materials’ committee which meets twice a year to discuss test standardization
methods in fracture testing, fatigue, corrosion, composites, nondestructive testing, ship building, etc., and the American
Institute of Mechanical Engineering’s committee on research and development areas of titanium, fracture, powder metallurgy, etc.
Reviews of Navy programs are held annually involving other DOD, industry and university personnel in such areas as titanium
research, dome materials, sonar ceramic transducers, rocket nozzle materials, laser metalworking, rapid solidification and
protective coatings. Navy participation in the National Materials Advisory Board veviews is extensive.

(U) WORK PERFORMED BY: (1) In-House: Naval Research Lab;}atory, Washington, D.C.; Naval Surface Weapoas Center, Silver Spring,
MD; Naval Weapons Center, China Lake, CA; David Taylor Naval Ship Research and Development Center, Annapolis, MD. (2) Industrial:
Ford Motor Company, Dearborn, MI; United Technologies, East Hartford, CN; Martin-Marietta Labs, Baltimore, MD; Rockwell
International, Thousand Oaks, CA; General Electric, Schenectady, NY. (3) Non-profit: Southwest Research Institute, San Antonio,
TX; SRI International, Menlo Park, CA; Battelle Memorial Institute, Columbus, OH. (4) Academic: Carnegie - Mellon University,
Pittsburgh, PA; University of California, Berkeley, CA; Colorado School of Mines, Boulder, CO; Pennsylvania State University,
University Park, PA; North Texas State University, Denton, TX; Ohio State University, Columbus, OH; Harvard University and
Massachugetts Institute of Technology, Cambridge, MA; Rensselaer Polytechnic Institute, Troy, NY; Lehigh University, Bethlehem,
PA; Northwestern University, Evanston, IL; State University of New York, Albany, NY.
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ROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

U) FY 1981 and Prior Accomplishments: Ma jor past accomplishments include: clarification of strengthening and toughening
aisms in steel; new and improved techniques for processing materials; establishment of fracture mechanics approaches to life
ction of metals and ceramics; microstructure - property - processing information on titanium alloys; improved understanding
ser surface processing to lncrease pitting corrosion resistance. “ore recent accomplishments include: development of phase-
ibruim data for titanium alloys; heating and cooling rate models for laser metalworking; use of rare-earth transition
nts to improve hot formability in titanium alloy was transitioned into the Naval Sea Systems Command Exploratory Development
‘am; synthesis of new, fiher-reinforced glass ceramics with toughness comparable to aluminum was transitioned into Exploratory
opment; creation of new, full scale infrared dome material from a Zinc-aluminum-germanium glass is being evaluated for
iition into manufacturing technology; improved processing methods for silicon carbide reinforced aluminum composites;
:ification of grain boundary scattering as a critical limiting factor in the development of ultra low-loss, polycrystalline
:al  fibers; the finding that absorbed hydrogen damiges metals by lowering resistance to plastic flow; synthesis of new
.rostrictive materfals for transducer and microdisplacement applications has been transitioned into Exploratory Development.
lous research on superplastic forming of titanium has transitioned to aircraft manufacturing. Research on laser welding has
sitioned to manufaturing technology.

(U) FY 1982 Program: The Metallic Materials program includes research on the basic sclence of welding. This emphasizes
inisms of heat transfer and solidification during fusion welding using arcs, electron beams and lasers; factors affecting weld
lty and weld penetration are being deteramined. Research on the metallurgy of titanium alloys of naval interest 1includes
:ts of heat treatment on microstructure, phase equilibria, fracture behavior, welding, and nondestructive evaluation.
lnum-graphite composite fabricatfon 1{s under {nvestigation to {mprove transverse strength and toughness. Rapid
jification processing is being explored to produce unusual structures and properties in steels and amorphous alloys prepared
»wders and ribbons., Basic research on powder processing/consolidation methods is being initiated. Response of materials to
re environmental factors i{s under {nvestigation. Corrosion research emphasizes: localized corrosion processes; factors
raing protective coating adhesion and coating delaminatfon in corrosive eanvironments; research on environmental-enhanced
ture processes, such as stress corrosion cracking and corrosion fatigue; mechanisms of hot corrosion; research on the
idation of protective coatings using in-situ experimental techniques; new, non-toxic compounds for use as corrosion inhibitors
steels. In Ceramics, continued emphasis is on improved acoustic transducer materials and new concepts for toughening ceramics
use as infrared and radar windows. Control of the micro-mechanics of failure and thermal mechanical fatigue in fiber-
forced ceramics will continue. Research on new dielectric materials used for microwave modulation, ultrasmall capacitors, and
lnear devices will he initiated. In Special Materials and Techniques, research is in progress on magnetic and mechanical
:rties of amorphous metals, understanding the Interactions of microwaves with solids, the science of adhesion, investigations
Imensfonal instabilities in inertial guidance materials, and structure-property relattonships in carbon-carbon materials. In
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Polymers, research 1in the subelement {s coupled with work carried out in the Chemistry Subelement. It emphasizes environmeat-
microstructure relations, fracture behavior, and effects of defects 1In these materials under  applied loading.
Materials Processing research emphasizes novel processing routes (e.g. rapidly solidification) and the effects of processing
variatles on properties of materials, Special emphasis is being given to processing as a means of lowering strategic allcy
content while maintaining good magnetic properties in hard magnets. Life Assurance will include research on the mechanisms of
wear in marine seals and new materials for that application.

3. (Y) FY 1983 and FY 1984 Planned Programs: In Metals, the program will include research on factors that {nfluence mechanical
properties, deformation, and fracture modes in structural alloys. Emphasis will be placed on improving strength and toughness of
lightweight metal alloys. Processing effects on the structure and properties of titanium alloys will be emphasized. Research on
the sclence of welding processes will continue, Work on new high metal deposition techniques will be ialtiated. In Ceramics,
toughening ceramics for 1infrared dome and radome sensor enclosures will continue. Experimental work will continue on carbon
fibers and carbon-carbon nosetip and rocket nozzle materials. Wear, fracture, and design investigations will consider the
hehavior of ceramics as advanced warine seal materials. Work will be expanded on microstructural design of composites for
combined electromagnetic functions for such uses as acoustic transducers and sensors. Research on new dielectric materials used
for microwave modulation, ultrasmall capacitors and nonlinear devices will he expanded. Synthesis and characterization of advanced
multifunctional composites for application as sensors will be initiated. Activity on multiphase composites (fiber-refnforced,
second~phase particles) for toughening will be expanded. In Corrosion, new tools such as atom probe fileld-ion microscopy will be
used to gain additional information on corrosive processes on a fine scale never before achievable. Research on methods of
improving the performance of protective coatings will continue, as will research on hydrogen-induced damage of metals. In
Special Materials and Techniques, research aimed at understanding the physical and mechanical behavior of metallic glasses will be
actively pursued. Corrosion resistance of these materials will be inttiated. Characterization of the fanteractfon of aicrowaves
with solids will be carried out. Processing research will be expanded during this period to look at new types such as high
strength steels and aluminum alloys of novel compositions of materials. Unit processing operations, new methods of producing
metallic and ceramic powder, novel solidiffication and densification techniques, and chemomechanical machining techniques will be
explored. Research will continue on low cost, cobalt-free nermanent magnet materials emphasizing rapid solidification, powder~
metallurgy techniques,

4. (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 22 Matertials 19,867 24,210 25,759 29,194 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: The objective of the research conducted in the Mechanics Subelement is to improve the
hydrodynamic and aerodynamic performance and structural design of Navy ships, submarines, aircraft, missiles, underwater weapons
and shore Installations, These improvements are needed on a continuing basis to insure the successful performance of Navy and
Marine Corps vehicles and systems. This objective is achieved through the pursuit of theoretical and experimental research
programs of very broad scope in hydrodynamics, aerodynamics, and structural mechanics.

(U) RELATED ACTIVITIES: Formal coordination of the research programs in the Mechanics Subelement 1is achieved through Office of
Under Secretary of Defense for Research and FEngineering Reviews, the Naval Sea Systems Command Hydrodynamics Advisory Committee,
the General Hydromechanics Research Council of NDavid W. Taylor Naval Research Ship and Development Center, the Navy Aeroballistics
Committee, the National Advisory Council on Materials and the Ship Structures Committee of the National Academy of Sclence, the
Flutd Mechanics Committee of National Aeronautics and Space Administration, and the National Boundary layer Transition Group.
Jeint research programs exist with: the Defense Advanced Research Projects Agency in selected hydrodynamic areas; the Air Force
and the National Aeronautics and Space Administration on a number of transonic flow problems and transonic tunnel measurement
techniques; the Defense Nuclear Agency and Naval Sea Systems Command on the shock response of submarines. Coordination with Naval
Alr Systems Command, Naval Sea Systems Command and the Air Force occurs {n the translation of research results into practical
applications, e.g., on projectile and underwater weapon design, crashworthiness tests and mechanical failure criteria.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Ocean Systems Center, San Diego, CA; Naval Research Laboratory,
Washington, DC; Mwvid W. Taylor Naval Ship Research and Development Center, Bethesda, MD; Naval Surface Weapons Center, Silver
Spring, MD; Nav. ' .nderwater Systems Center, Newport, RI; (2) Industrial: Grumman Aerospace Corp., Bethpage, NY; Aeronautical
Research Associates of Princeton, 1Inc., Princeton, NJ; Flow Research Co., Kent, WA; Boeing Commercial Afrplane Company, Seattle,
WA; Douglas Alrcraft Company, long Beach, CA; Dynamics Technology Inc., Torrance, CA; (3) Non-Profit: Franklin Institute Research
Laboratories, Philadelphia, PA; Battelle Memorial Institute, Columbus, OH; Southwest Research Institute, San Antonio, TX; (4)
Academic: Magsachusetts Institute of Technology, Cambridge, MA; California Institute of Technology, Pasadena, CA; University of
Southern California, Los Angeles, CA.; University of California, Berkeley, CA; University of Michigan, Ann Arbor, MI; Georgia
Institute of Technology, Atlanta, GA; Virginia Polytechnic Institute and State University, Blacksburg, VA; Applied Research
Laboratory, Pennsylvania State University, University Park, PA; Cornell University, Ithaca, NY; University of Arizona, Tucson,
AZ; Ohio State University, Columhbus, OH; Stanford University, Stanford, CA.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Past accomplishments have included significant contributions to hydrofoils and planing
craft, missile reentry, supercavitating marine propellers, prediction of ship motion due to wave interaction at sea, gas dynamic
lasers, fatigue and fracture mechanics of metals and composites, the reduction of frictional drag by polymer additives, numertical

37




R

Subelement: 23 Title: Mechanics
Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1 — Technology Base

procedures for calculating transonic flow fields about three-dimensional wing bodies, and concepts for controllable-wall transoaic
wind tunnels to reduce adverse wall effects in aerodynamic testing. More recent accomplishments include: demonstration of
control of free shear layer growth through low energy active control of coherent turbulent flow structures; experimental
demonstration using surface heat pulses and active feed back control of the cancellation of naturally occurring instability waves
in laminar boundary layer flows; theoretical prediction of surface waves generated by a ship transom with comparisons with
experimental flow measurements; a method for predicting the acoustic energy radiated by vibrating submarine hulls; demonstrated
feasibility of new computational methods for solving the full Euler equations for three~dimensional transonic flow problems;
feasibility shown for new low frequency ultrasonic nondestructive evaluation method for Navy vehicle structures; a computationally
efficient simplified model for surface crack analysis; established plastic energy rate criterion for slow crack growth i{n elastic-
plastic materials; new sparse matrix method permitting meaningful direct simulation of three-dimensional turbulent flows. A
planned new {nitiative {in propellers for high speed alrcraft was not started due to a large National Aeronautics and Space
Administration initiative on the topic.

2, (U) FY 1982 Program: Hydrodynamics: The numerical calculation of free surface flows, previously concentrated on the potential
problem of ship wave resistance, will be extended to include the effects of viscosity. Computational methods for the prediction
of appendage flow fields and drag will he developed. Both of these thrusts are of primary importance to insure that Navy ships
are designed for minimum fuel consumption in every phase of their missions. Research to improve the hyrodynamic and noise
performance of ship and torpedo propellers will be undertaken, Experimental investigations of late wakes in stratified fluids
will be undertaken. Knowledge of wake development with time is essential in underwater vehicle detection. A major emphasis in the
use of compliant coatings for drag reduction in the case of turbulent boundary layers will be continued. Large reductions in drag
which will coatribute to substantial speed increases for underwater vehicles and weapons are being sought. Analytical methods to
predict wave forces, drift forces and rudder forces will be developed. Aerodynamics: Research on the numerical calculation of
flow fields about aircraft and missile components and configurations in which the effects of turbulence and viscosity are included
w#ill be continued. Boundary layer calculations on bodies of revolution which have been completed for low angles of incidence will
be extended to high angles of {ncidence and compared with experimental results, Investigation of the flow fields associated with
lifting jets for vertical and short takeoff and landing aircraft in the ground effect mode will be continued and extended to
include analysis of a jet in a cross flow. Performance of powered lift systems in ground effect can determine overall engine
sizing for Vertical/Short Take-Off Landing aircraft. Projects to determine the feasibility of spectral numerical techaiques to
predict both steady and unsteady flow fields will be initiated with the goal of efficient numerical load calculations for atrcraft
and missiles. Investigations of unsteady aerodynamics including oscillating flows and flows with separations will be continued.
Research on low Reynolds number aerodynamics applicable to low-speed decoy afir vehicles will be initiated. Structural Mechanics:
Efforts continue to improve techniques for machinery mounts to reduce vibration excitation of submarine hulls and the subsequent
radfation of acoustic energy. Research to improve the response of submarine structures to underwater explosions will be
continued. Analytical and experimental investigations of the flutter of aircraft/missile control surfaces will be conducted for
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various structural nonlinearities, The investigation of nondestructive evaluation techniques for determining structural
reliability will receive increased emphasis. Compression fatigue and low velocity impact of hybrid composite laminates will be
investigated to 1identify and quantify damage mechanisms and faflure modes for new composite materials which will be introduced
into the fleet in new aircraft over the next few years. Research on crack propagation will be extended into the elastic-plastic
regime and will include the effects of dynamic loading.

3. (U) FY 1983 and FY 1984 Planned Programs: Hydrodynamics: The numerical calculations of free surface flows, in_iuding the
effects of viscosity 1in selected cases, will continue to address more realistic and more coaplex ship-like configurations.
Research to extend similar numerical techniques to the calculations of the flow fields associated with marine propellers will be
continued with the objective of developing more efficient, quieter propellers. Emphasis will be given to the prediction of full-
scale propeller inflow velocity and pressure fields and to the determination of propeller-hull hydrodynamic 1{interactions.
Research on drag reduction through the use of compliant coatings and boundary layer heating in both the active and passive modes
will be continued and extended to include the effects of the {ntroduction of microbubbles and polymer additives into the houndary
layer. Research on ship hydrodynamics including resistance and powering, motions, maneuvering, stability and control, and
propulsion will be continued for both conventional displacement ships as well as high performance ships such as hydrofoils,
planing craft, surface effects ships and ships of the small waterplane area type. Numertfcal prediction methods for separation and
for modeling three-dimensional vortex shedding on submarine-~like bodies will be initiated. These areas are {mportant to both the
hydrodynamic performance and to the control of submarines. A new taitiative ia hydroacoustics will be undertaken with emphasis on
the importance of flow structure on the generation and near-field propagation of pressure fluctions. Aerodynamics: Research on
the calculation of aerodynamic flow fields will continue, with increased emphasis on the effects of viscosity and unsteadiness.
The central problem of the prediction of flow separation, 1{its location and effect on the flow field characteristics, will receive
iacreased attention. Research to improve methods for predicting the wave drag associated with configurations in supersonic flight
will be initiated. Research on the calculation of the flow fields about missiles at high angles of attack will he continued. The
aeromechanics of stored and deployed wings for cruise missile application will be investigated from the ponint of view of
interference and aerodynamic stability. Investigations will be initiated to determine unique aerodynamic charactistics of
aircraft designed for very low radar and infrared signatures to insure that the aerodynamic performance of such concepts is
satisfactorily integrated into new concepts. Regearch on the interactions of vortices and control surfaces tn the coantext of
missile stability will be continued. Basic flow phenomena associated with improved take off and landing performance for Navy
aircraft will be studied. Efforts toward improvement of numerical techniques for the calibration of turbulent flows in the
context of fundamental governing equations of fluid flow will coantinue. Research on the direct computational simulation of large-
scale aerodynamic turbulent flow structure will be expanded using advances in large-scale scient{fic computers. This basic
information forms the foundation for experiments and predictions to {improve wmissile and alrcraft performance.
Structural Mechanics: Research efforts to improve the capability of predicting the structural response of submarines to shock
loadings associated with underwater explosions will be continued and expanded to more complex and realistic structural geometries
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and to the case of nonlinear deformations of permanent nature in the elasto-plastic regime. Efforts to improve the prediction of
the acoustic energy radiation from submarine hull vibrations will be continued, including the reduction of vibratfon excitation
through the development of improved machinery mounts. An lavestigation of anechoic coatings will be conducted in the context of
reducing the acoustic energy reflection characteristics of submarine hulls. An effort to apply similar noise reduction techniques
to torpedoes will also be undertaken. The dynamic analysis of ocean structures with appropriate soil support interactions and
wave and current loadings will be continued. Real time assessment of failure of actual operating vehicle structures via limited
number of sensors will be examined, The analysis of aircraft wing/store flutter problems will be extended to more complex cases
and compared with laboratory experiments. In the case of the delamination failure of c - iposite laminates snecial research
emphasis will be gfven to the mechanics of crack arrestment and to the iavestigation of eff.ctive arresting techniques, Impact
damage growth under combined compression/shear loading will be evaluated. Fatigue tests will be conducted to determine the effect
of cycle rate and dwell time at load on graphite/epoxy laminates. These tasks are all directed t~'ards improved durabilty,

survivability and reliability for Navy vehicles.

4, (U) Resources:
Total
Fy 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 23 Mechanics 14,868 18,203 20,003 22,362 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: This subelement undertakes research to establish scientific and engineering principles
for the advancement of: energy sources and conversion processes for power and propulsion systems for aircraft, ship, and land
vehicles; energetic materials for propellants, pyrotechnics and armaments; power sources for portable and fixed {nstallations
including buoys and deep ocean systems. The subelement is subdivided into three Projects: Electrical Power Generation |{s
concerned with the processes of coaverting chemical and thermal energy dfrectly to electrical energy;
Chemical Propulsion and Armaments emphasizes the limits of chemical energy storage and the rates and mechanisms by which chenical
energy is released in such processes as combustion, deflagration, photolysis and detonation relative to solid propellants, fuels,
pyrotechnics and explosive systems; the Energy Utilization project encompasses investigations of new and improved power and
propulsion concepts for application to naval atrcraft, missiles and ships, through interdisciplirary fundamental and applied
research on the physical and chemical phenomena assoclated with coanversion, transmissfon, and ut{lization of energy into useful
power and thrust.

(U) RELATED ACTIVITIES: Research programs within the Energy Conversion subelement are related to activities of the Army, Air
Force, Department of Energy, National Aeronautics and Space Administration, Electric Power Research Institute, National Sclence
Foundation, Department of Transportation, Maritime Administration, and Enviornmental Protectinn Agency. The production of soot
from gas turbine combustion, Ffor example, is of Iinterest to the Air Force and Navy primarily frou the concerns for propulsion
effictency and aircraft detectahility and of interest to the Environmental Protection Agency from the concern for environmental
quality. Coordination of the efforts within the Energy Conversion subelement takes place through joint participation in program
sponsorshlp and program progress reviews. For example, programs within this subelement are jointly sponsored with the Army
Research Office on the synthesis and characterizatlon of Interhalngen oxiders at Rockwell International, on the abin{tio quantum
chemical calculation of explosive density and reaction pathways at Tohn Hopkins University, and on new materials charactertization
for electric machine brushes at Ohio State University. Fnergy Conversion programs in trihbology related to advanced mechanfical
seals are cootdinated through jointly sponsored conferences, such as, the National ieronautfcs and Space Administration/Navy
Workshops on Liquid Lubhricated Seals. Fundamental investiagations In tribology are closely coordinated with other agencles
through the joint sponsorship and conferences of the *“echanical Failures Preventinn Group. Efforts In marine propulsion are
reported and discussed with the Army, Afir Force, National Aeronautics and Space aAdminlstration, and the Department of Energy
through the Interagency Advanced Power Group. Certaln aspects of our heat transfer research are coordinated through joint
Navy/National Scilence Fnundation sponsorship of conferences, including the Multi-phase Flow and Heat Transfer Research and
Applications Symposia. The Energy Conversion subelement monitnr regularly participates in Alr Force Office of Scientific Research
program reviews on combustion processes.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Research Lahocatory, Washington, NC; Naval Surface Weapons Center,
Silver Spring, MD; Naval Air Propulsion Center, Trenton, NJ; United States Naval Academy, Annapolis, MD; Lawrence Livermore
Lahoratories, Livermore, CA; Naval Weapons Center, China Lake, CA; (2) Industrial: Aernchem Research Laboratory, Inc.,
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Princeton, NJ; feneral Atomics, Inc., San Diego, CA; lUnited Technology Research Center, Rast Hartford, CT; Westinghouse Electric
Corporation, Pittsburgh, PA; Mechanfcal Technology, Inc., Latham, NY; Aeronautical Research Assoclates of Princeton, Princeton,
NJ; AlResearch Manufacturing Company, Torrance, CA; General Rlectric Company, Philadelphia, PA; General Electric Research Lab,
Schenectady, NY; Calspan Corn., Buffalo, NY; (3) Non-Profit: SRI ~ Internatlonal, Menlo Park, CA; Combustion Institute,
Pittsburgh, PA; Battelle Columbus Lahoratories, Columbus, OH; (4) Academic: Princeton Univarsity, Princeton, NJ; Yale University,
New Haven, CT; Georgia Institute of Technology, Atlanta, GA; University of California, Berkeley, CA; Massachusetts Inatitute of
Technology, Cambridge, MA; fCalifornia Institute of Technology, Pasadena, CA; University of Akron, Akron, OH; Catholic University,
Washingtnn, DC; Arizona State University, Tempe, AZ; University of New Mexlico, Albuquerque, NM; University of Minnesota,
Minneapolils, MN,

(1) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Previous accomplishments follow: Advances in understanding of thermochemistry,
ignition and combustion of boron and alumlinum compounds, and of high-energy fuels and additives, have guided designs nf ramjets,
1ir-augmented rnockets and extended burning ramjets now under develonpment. Flunrine atnm generation salts have been synthesized
which promise to bhe superior candldates for chemical laser systems and for additives to increase the detonation pressure of
explasives, An investigation of methane combustion chemistry was completed with important {mplfcations to alternate fuel
technnlogy. A theory of the effect of inlet distortion on non-steady operation of rotors has been formulated and the experimental
neasutement of the fotces acting an rotar hlades has heen achieved. Advanced non-intrusive diagnostics have been developed for
use in measaring temmerature, velocity, and specles concentrations in combustion environments., Feasibility investigations of the
closed Brayton cycle, two-phase turhine, and liquid metal magnetohydrodynamic systems have heen completed. Electric machine brush
capabtlities have been improved by a factor of ten, yielding current densities of 1000 amps/square inch with lifetimes exceeding
3000  hours. From investigatinns of advanced electric machines a new design concept evolved and is now being developed by the
Naval Sea Systems Command, utilizing the improved brush capabilities. A theory and confiraing experiment:l data were obtained
which {llustrate performance {improvement of mechanical seals utilizing a controlled surface waviness. This seal has been
incorporated into a Naval Sea Systems Command Development program.

2. (J) FY 1982 Program: In FElectrical Power Generation, efforts to determine parameters governing the magnetohydrodynamic
production of electrical power from high temperature/high pressure plasma will be emphasized. The appropriate equations of state
will be detearmined and electrical ronductivities will he calculated. A proof=~of~principle test for a pulsed magnetohydrodynanic
approach will he continued, In Chemical Propulsion and Armaments, research continues to synthesize new organic structures
containing varlous oxidizing groups, high density polycyclic hydrocarbons and new energetic polymer bhinders. Dynamic fracture
investigations of simulated composite propellant and exnlosive materials will be continued to tmprove the understanding of the
deflagrat’ n  and shock to detonatinn transitfons. Work will continue tn {nvestigate the time-resolved decomposition of solid and
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liquid energetic materials, to develop catalysts for denitrogenation of shale nil-derived jet fuel, and tn provide materials for
infrared decoys and for excitation of laser radiation. In Energy Utilization emphasis {s on utilization nf laser 4iagnostics for
measurement of realistic flows typical of air augmented missiles and turbojet engines. Research will he continued on fiundanental
turbulent mixing and combustion, with emphasis on large scale turbulent structures and the state of mix. A  joint acadealc-
industrial program to determine the flow field and heat transfer in aircraft gas turbines has been {inltiated. Research in
tribology will emphasize wear mechanisms, wear theory, and investigations of the new seal concept which utilizes a contrnlled
surface waviness. The latter will include gas sealing phonomena and submarine shaft environmental considerations. Research
efforts on electric machine brushes will be reduced. In marine propulsion investigatioas of heat transfer ia couplex flows will
continue with Increased emphasis on heat transfer augmentation techniques. Efforts in altarnate i{mproved fuel utilizatinon will
continue with emphasis on combustion/vaporization characteristics as related to fuel properties.

3. (U) FY 1983 and FY 1984 Planned Programs: In Electrical Power Generation, theoretical modeling will continue on extremely high
tempecrature and pressure plasmas at magnetic Reynolds numbers greater than unity. {igh temperature/high pressure plasma sources
will be used to characterize self-excited magnetohydrodynamic pulsed power generators for directed energy applications. In
Chemical Propulsion and Armaments, investigations will continue on the dynamics of highly energetic chemical reactions to identify
candidate visible and ultra-violet laser systems. Chemical processes responsible for toxic products and smoke in organic fuel
oxidation will continue to be investigated in order tn reduce casualties from fires aboard naval craft. New dense diamondlike
nitramines and energetic thermoplastic elastomers will be synthesi{zed to enhance the effectiveness of solii propellants and
explosives. Blotechnology will he used to study fuel degradation. In Energy Utilization, research will continue in heat transfer
relevant to obtaining higher thermodynamic efficlencies, mote reliable heat exchanger design, and the kinds of fuels used and
their effictiencles. Increased emphasis will be given to tribological research toward achieving more reliable, longer operational
1ife machinery components. Improved reactive flow measurement and visualization techniques will continue to be sought that are
applicable to 1investigations of advanced af{rcraft and missile power plant performance. Planning s uaderway to refline
phenomenological models of soot formation in flames with advanced dlagnostic techniques which will lead to better engine
performance. Fundamental research on turbulent reacting flows and combustion wi{ll be extended fronm conventional turbojet
conditions to subsonic and supersonic combustion ramjet flows for advanced tactical missiles.

4. (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Addit{onal Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 24 Energy Conversion 9,193 9,987 12,545 14,097 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: The objective of research in the 0Oceanography Subelement is to provide knowledge of the
environment for the design of future naval systems and the most effective use of present systems. Major emphasis {s to support
acoustic and non-acoustic undersea warfare, This includes research into the physical phenomena in the oceans (mesoscale eddies,
fronts, shear currents, surface mixed layer, internal waves, fine structure and turbulence), sea floor research (bathymetry,
sediment reflectivity, bottom benthic boundary layer, crustal structure, magnetics and gravity), analysis of the sound scatterers
and bioluminescene biota 1{n the ocean and their relation to the nutrients and trace elements so that the effects of these
environmental conditions and phenomena on undersea warfare may be understood and predicted. Of particular {mportance {s the
Investigation of satellite remote sensing techniques for synoptic monitoring of large ocean areas and the use of these data to
determine iInternal ocean dynamics and to provide an input for ocean numerical models. Other phenomenological and background
research areas include biochemical problems of pollution/fouling/corrosion; deflection of the vertical at sea for improved amissile
trajectories; improved sea/swell/weather forecasting and warship port design and maintenance concepts. This subelement represents
a major portion of the nation’s research effort in deep sea oceanographic disciplines which are vital to the Navy’s technological
superiority. Since this {s primarily a deep sea oceanographic program, some funds are used to develop oceanographic {nstruments,
recorders, computers and buoys; to operate, maintain and overhaul research vessels, {ncluding the purchase of winches, cranes,
generators, bow thrusters etc.; and to pay transfer expenses of ships. The pertinent research is broadly defined under seven
areas: Physical Oceanography, Chemical Oceanography, Marine Geology and Geophysics, fOceanic Biology, Ocean Science Engineering,
Ocean Acoustics and Ocean Optics.

(U) RELATED ACTIVITIES: The program 1is coordinated through formally established interagency groups such as the Federal
Oceanographic Fleet Coordination Council and a number of ad hoc and informal coordinating groups. Much of the research |{s
coordinated also with related efforts of individual agencies including the Natfonal Oceanic and Atmospheric Administration, the
Department of Energy, National Aeronautics and Space Administration, National Science Foundation, Environmental Protection Agency
and the Geological Suvrvey. Within the Department of Defense, research is coordinated with the Defense Mapping \gency, Defense
Advanced Projects Research Agency, Office of the Under Secretary of Defense for Research and Engineering, Naval Systems Commands
and the Office of the Chief of Naval Operations.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Naval Research Laboratory, Washington, 0C; Naval Ocean Research and
Development Activity, Bay St. Louls, MS; Naval Postgraduate School, Monterey, CA; (2) Industrial: ‘*agnavox, Fort Wayne, IN; (3)
Non-Profit: National Academy of Sclences/Engineering, Washington, 0DC; (4) Academic: Scripps Institutlon of Oceanography, La
JolTa, CA&; Woods Hole Oceanographic Institution, Woods Hole, MA; Oregon State University, Corvallis, OR; University of Washington,
Seattle, WA; University of Hawail, Honolulu, HI; University of Rhode Island, Kingston, RI; University of Miami, Mfami, FL;
Columbia University, Lamont-Doherty Geological Observatory, Palisades, NY; Texas A&M Research Foundatfon, College Station, TX.
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(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (1) FY 1981 and Prior Accomplishments: A major result of oceanographic research of the last 10 years has been an {ncreased
knowledge of the variab{lity and Aistribution of mesoscale (10 to 300 km) features including fronts, rings, eddies etc. and a
transfer of this knowledge to the Fleet and to the modeling efforts in support of the Fleet Numerical Oceanography Center
products. Oceanographic instrumentation and technlques for measuring ocean fine and microstructure, turbulence, shear curreats
and 1{internal waves have given high quality data with good reliability, and are now being used by the Navy for evaluating non-
acoustic anti-submarine warfare concepts. Facilitles to analyze satellite remote sensing data have heen established at three
academic institutinons and two Navy lahoratories. Existing and recent data sets contribute to an understanding of water masses and
circulation patterns of the Norwezian-Greenland Sea and its connection with the North Atlantic via the strategically important
Greenland~Iceland~United Kingdom straits. Current meter moorings have been installed south of the Aleutians to measure, for a
period of a year, the dynamic eastward and westward flowing boundary currents. Direct measurements of the Gulf Stream volume
transport have been underway a year. Using acoustically tracked drop sondes, these measurements are acquiring cross-current
profiles at two-month intervals. Current meter moorings were recovered after heing in place for a year In the Kuroshio extension.
These meters have been redeployed for a second year to produce a current profile data over a total time span of two years.
Results of the Ocean Fronts Experiment in the North Central Pacific are providing detatled insight into the strong gradients of
physical parameters (for example: temperature) which can exist acrass an ocean front as well as allowing description of currents
near fronts. Such knowledge is important because of the potentially significant fmpact of fronts on acoustic propagatfon and
short wavelength nceanographic phenomena such as the {aternal waves and horizontal sheer currents. Measurements of internal wave
flelds with orthogonally directed doppler sonars have been made. A direct relationship has been found between ocean depth, age of
ocean crust, acoustic layering of the ocean lithosphere, and magnetic anomaltes, which will make possible improvement of seafloor
acoustic propagation predictions. A geophysical traansect of the sea floor has been made from the mid-Atlantic ridge to the U.S.
Fast Coast. This was made using two ships, each with air gun sources and a 36 channel, 3.6 kilometer long hydrophone array. 4
Global Positlioning System satellite navigator has been acquired for use on various academic research vessels as the first step
toward 1installation of Global Positinning System equipment on all such vessels. Experiments have measured the influence of
fronts and eddles on long range acoustic propagation and shortscale oceanographic phenomena such as {internal waves, fine
structure, horlzontal shear currents and turbulence. Improvements in chemical pre-concentration schemes and analytical chemical
techniques allow measurement of true background levels of ocean trace elements., Collecting efficiencies have been experimentally
defined for sediment traps that are used in meagsurement of the vertical flux of ocean particulates, and thereby the vertical flux
of nutrients, trace elements and sediments. Such data also provides more accurate baseline information for assessment of optical
systems of non-acoustlc Ant{-Submarine Warfare. Timelapse photography combined with current meters and temperature recorders
have given the first understarding of eplsodic high current events in the ocean’s bottom benthic boundary layer. An ocean bottom,
sefsmic propagation experiment off Baja Californla, in January 1979, with unprecedented high density of {instruments, enabled
simultaneous determination for the first time of velocity anlsotropy, absorption, lateral variability and scattering for both
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compressional and shear waves. This will provide a unique contribution to understanding of sonar paths interacting with the sea
floor. New effective acoustic reflection coefficients appropriate for wave theory have been used to investigate bottom effects.
Theory for flow noise reduction in oil-filled towed arrays has been verified leading to future higher speed towed arrays of
potential use for tactical sonar purposes. Acoustic tomography experiments have verified that the acoustic times are stable and
can be {dentified so that acoustic tomography has great potential for remote sensing of internal ocean dynamics. Tomography
combined with synoptic remote sensed satellite altimetry and sea surface temperature data, offer the possibility of coatinuous
monitoring of the internal ocean density structure and therefore the sound velocity structure required for sonar predictions.
Monte Carlo computer codes have been written for quantitative definition of optics of the sea surface and the upper ocean for
various cloud covers, sea states and suspended matter in the sea water.

2. (U) FY 1982 Program: Physical Oceanography: One year curreat meter moorings installed south of the Aleutians will be
recovered. The data will allow description of the boundary currents at 4000m and 5000m depths and comparison of these currents
with presumed tranquil water mass at a depth of 3000 meters. Direct measurements of the Gulf Stream volume transport at two-month
intervals will continue. The purpose is to understand better the downstream increase in Gulf Stream transport, Current meter
moorings re—installed last year in the Kuroshiro extension will be recovered. Insight gained from results of the Jaauary 1980
Ocean Fronts Experiment in the Pacific has been used to plan additional measurements of fronts which will be conducted this year.
Special emphasis will be placed on fine scale sampling near the front. Parameters to be measured include temperature, salinity
(conductivity) and current. These significantly influence sound propagation as well as internal waves and shear currents.
Mooring technology, hardware and instruments developed over the last two years will be used to establish several moorings at 34°N
70° in a Long Term Upper Ocean Study. This planned two-year mooring will provide data to relate local meteorology with currents
and temperature structure of the upper 500 m of the water column. Chemical Oceanography: Contfnued emphasis will be placed on
the biochemical interactions between nutrients, trace elements, phytoplankton and zooplankton, so that their short wavelength
distribution may be understood and predicted. Knowledge of the short wavelength distribution, 1is a research field that oanly the
Navy supports and is essential for evaluating various aspects of non-acoustic ASW. Marine Geology and Geophysics: Data from the
Atlantic geophysical transect will be analyzed to examine sediment structure and crustal variation from the young nid-Atlantic
Ridge crest to the older seafloor along the U.S. East Coast. A Seabeam (multibeam echo sounder) has been Installed on the
academic research vessel RV Thomas Washington. Seabeams will eventually replace all the single beam echo sounders used
heretofore. These have 20 simultaneous beams and map a swath of bottom bathymetry. This technology is expected to revitalize the
exanination of seafloor morphology and will be used in an extensive experimental program. A deep towed instrument package has
been used to collect bathymetry, sub-bottom profile and side-scan sonar data for the Scotian Rise. These data will be analyzed to
select a site for a major future cxperiment to {nvestigate the high energy benthic boundary layer. Construction will continue on
a deep towed geophysical array which {s being built to provide a detailed measurement of the continuity of shallow seafloor
sedimentary reflectors. Oceanic Biology: Emphasis will continue on integrated research on all aspects of blodeterioration
{ncluding fouling, boring and related marine corrosfon studies, Emphasis will continue to be placed on bioacoustic probdlems,
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especially the distribution, composition and behavior of sound-scattering organisms (which cause volume reverberation). Research
programs on "bioturbation”™ (the distribution and ecology of bottom organisms and thelr interaction with the sediment),
microbiology, and the distribution, physiology, and interaction of biloluminescent organisms will also be emphasized. Work will
continue in the application of recombinant DNA techniques to develop an understanding of the process by which surface-attaching
mirine bacteria foul fresh surfaces in the marine environment. Ocean Science Engineering: The ocean technology project will
continue development and testing of an aircraft deployable nceanographic data gathering mooring for open ocean and Arctic
applications. Transition of the technology of the open ocean version to Exploratory Development/Advance Development will begin.
Data will be analyzed for sea tests of a high speed (10 knots) optical biological sampler. Magnetic bubble memory data recorler
design and fabrication will continue. Basic research will continue in order to develop an undetrstaading of natural processes
causing shoaling and affecting flow in Navy harbors. A completed high data rate ocean bottom seismometer recorder description
will be published. Ocean Acoustics: Analysis of data resulting from a major ocean acoustic tomography experiment will allow an
evaluation of how well the acoustic transit time data can be inverted to give the physical oceanographic structure and therefore
the sound velocity profiles of the intervening ocean. The experiment area was a 300 kilometer square between the Bahamas and
Bermuda. Four acoustic source moorings, four receiver moorings and three environmental moorings were used. The Natfonal Science
Foundation and the National Oceanographic and Atmospheric Administration are participating agencfes. A major seafloor propagation
experiment will be run along a 600 kilometer line in the Philippine Sea. This line will be orthogonal to the track of the 1981
Philippine Sea propagation experiment and will allow examination of velocity anlsotropy. The measurements will also expand the
work in lateral variability, attenuation vs depth and shear waves. Analyses of the high frequency (5 to 20 hertz) macine selsmic
earthquake phases will be continued in an attempt to determline what in the str cture of the ocean lithosphere makes these very
efficient propagation phases possible, Presumably there is a low velocity l: '‘er serving as a propagation duct similar to the
ocean’s sofar channel, Theoretical computations of propagation in a random me .a will continue. Theoretical work has improved
the performance of the parabolic equation solution to the wave equation making it possible to calculate high angle rays. Results
will transition to exploratory development. Joint programs with the Oceanic Biology program in the Office of Naval Research will
continue to investigate biological scattering in the frequency range from 40 kilohertz to 3 megahertz. Ocean Optics: A model for
simulating the ocean optical propertfes in depth and time is being developed. Theoretical examinations and planning for field
measurements will be conducted.

3. (U) FY 1983 and FY 1984 Planned Programs: Physical Oceanography: The major oceanographic mooring at 34°N 70%°% will be
serviced at three-month intervals for two years. Resulting data will be used to investigate long-term upper ocean variability
including internal waves and shear currents. Data from the long~term current meter moorings {n the Kuroshiro extens{on and south
nf the Aleutians will be analyzed. Analysis and experiments will continue to develop relatioans between synoptic satellite sensed
sea surface temperature data and the internal ocean investigation of the Antilles Current that flows to the northwest from the
Windward 1slands to the Bahamas will continue, The two long term program goals in physical oceanography are to determine the
potential of physical oceanographic phenomena {n the upper ocean for non-acoustic Anti-Submarine Warfare and to develop ocean
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prediction methods for numerically modelling the ocean primarily for sound velocity or sonar predictions. Chemical Oceanography:
New continuous flow, chemical analytical methods using flow thru ocean samplers are being developed to define the sources, sinks
and chemical gpeciation of the ocean trace elements of interest to non-acoustic Anti-Submarine Warfare. Evaluations will continue
for electrochemical sensors (anodic stripping voltametry), atomic absorption spectroscopy, and gas chromotograph-mass
spectrographs combined with trace element preconcentration schemes. These will be coupled to underway, multiport pumping systems
for obtaining continuous water samples from the upper ocean. Marine Geology and Geophysics: The experiment will take place on
the continental rise of[ Nova Scotia to study the high energy benthic boundary layer and its control of the seafloor morphology
and the physical properties of seafloor sediments. The bottom lander for the benthic boundary layer experiment, with six-month
recording capability, includes current meters to measure ocean currents from 1 centimeter to 100 meters above the seafloor,
nepholometers to measure the sediment load carried by the bottom currents, Reynolds stcess meters to measure the forces at the
seafloor and time lapse photography to record the eroslon of the seafloor as a function of curreat velocity. Oceanic Biology:
Investigation of attachment mechanisms of surface-fouling marine bacteria will coatinue by application of recombinant DNA
techniques. Analyses will determine the effect of seafloor blota on the cohesive strength of hottom sediments. Emphasis will
continue on blodeterioration which will investigate inittal zooplankton metabolic deposits that initiate the corrosion process,
and on bloacoustic problems such as false targets from whales. Ocean Science Engineering: Transition of the open ocean air
deployed oceanographic mooring system will continue. Fleld tests of the Arctic version will be conducted. Basic research on
warship ports for domestic and overseas operations will continue with emphasis on natural processes causing shoaling and on new
concepts for plers. Theoretical experimental data on the effects of deep water hreaking waves on ocean engineering design spectra
will be established, and new theoretical insights on wave and current structure interactfon will be published. Ocean Acoustics:
A scientific tomography experiment will be conducted; such as an investigation of the Norwezlan overflow, the Gulf Stream
trangport or equatorial trapped waves. This experiment will require major hardware developments {ncluding a broadband acoustic
signal source, stiff moorings and satellite links for data relay. Ocean Optics: Fleld measurements will be made of optical
propagation and scattering for the upper 100 meters of the water column. These results together with data describing solar
irradiance, meteorological and physical oceanographic properties will be used in predictive m~del assesment.

4, (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Add{tional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 31 Oceanography 43,088 51,139 51,768 58,653 Continuing Continuing
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) DETAILED BACKGROUND AND DESCRIPTION: The objective of this research is to provide improved understandiniy and predi-tion
pability of environmental and geophysical conditions which affect Naval personnel, systems and operations {n Arctie, {nlaad,
allow water, coastal, atmospheric and space environments. Research is conducted under the general headings of Coastal Sciences,

ctic Research, Farth Physics, Environmental Factors, and Surface Wave Scattering.

Afr Force, and the Office of the

) RELATED ACTIVITES: ?rograms within the subelement are formally coordinated with the Army,
af

der Secretary of Defense for Research and Engineering by means of apportinnment and technolegy base reviews held by Offlce
& Undersecretary of Defense for Reseach and Engineering each year, by formal Subelement Reviews within the Navy, by wide-spread
stribution of program reports and by discusslons with the Navy Environmental Remote Sensing Coordinatioa and Advisory Committee
id the Interagency Geophysics Discussion Group. Government-~wide coordination occurs through membership in several Interagency
id National Academy of Sciences Committees concerned with environmental problems. Interchange of informatinn on coastal
‘lences, earth physics, and Arctic sclences {s maintained with the Defense Intelligence Agency, Defense Mapping Agency, CIA,
L\VAIR, NAVSEA, National Aeronautics and Space Administration, National Oceanic and Atmospheric Administration, Havironmental
‘otection Agency, U.S. Geological Survey, National Science Foundation, U.S. Army Corps of Eagineers, and the Defense Research
roup and the Military and Science Committees of the North Atlantic Treaty Drganization. The FEnvironmental Factors Project is
»ordinated with the Navy Ionospheric/Space Research Program Steering group, Nuclear Weapons Effects Planning group, Defense
1~lear Agency, and Defense Advanced Research Projects Agency, as well as those listed above. The Surface Wave Scattering Progran
F the Naval Research Laboratory is coordinated with Exploratory and Advanced Development projects within the* Department of
pfense, and with Naval Air Systems Command, Naval Material Command, Naval Electronic Systems Command, PDefense Metenrological
itellite Program, and the Natlonal Aeronautics and Space Administratfon,.

J) WORK PERFORMED BY: (Representative) (1) In-House: Naval Ocean Systems Center, San Diego, CA; Naval Postgraduate School,
>nterey, CA; Naval Research Laboratory, Washington, DC; Naval Ocean Research and Development Activity, Bay St. lLouis, 4§; Naval
nderwater Systems Center, New London, CT; (2) Industrial: Environmental Research Institute of Michigan, Ann Arbor, 4I; Phoenix
>rp., MeLean, VA Underwater Systems, Inc., Rockville, MD; Telecommunications Enterprises, Panama City, FL; Lockheed Corporation,
mnyvale, CA; Applied Science Associates, Apen, NC; Applied Sciences Technology, Arlington, VA; 1.S. Technolngy, Fort Lauderdale,
Ly  (3) Academic: University of Alaska, Fairbanks, AK; University of Virginia, Charlottesville, VA; University of Texas, Austin,
K; Colorado School of Mines, Golden, CO; Hawall Institute of Geophysics, Honolulu, HI; iniversity of Kansas, Lawrence, XS;
>uisiana State University, Baton Rouge, LA; Oregon State University, Corvallis, OR; Pennsylvania State Unlversity, State College,
A; University of Washington, Seattle, WA; Columbia University (Lamont-Doherty Geological Observatory), Palisades, NY;
13sachusetts Institute of Technology, Cambridge, MA; Scripps Institution of Oceanography, La Jolla, CA; Stanford University, Palo

lto, CA.
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. (U) FY 1981 and Prior Accomplishments: Previous accomplishments include: A self contained LORAN C/D location capability has
been added to the 1low cost coastal-ocean data buoy. An analog model analysis capability has been added to the coastal data
referral system now operational at the Naval Oceanozraphic Office. A laser/acoustic bathymetry and mine detection system aboard
ship has bheen successfully demonstrated under field conditions. A multtivariate prediction techaique for a seasoa-in-advance
estimation of-cyclone frequency and patterns in the North Atlaatic has been developed for surface and ASW applications. A model
has heen developed that uses heat flux equations to predict water temperature in well mixed continental shelf waters, thus
enabling better predictions of sound speed profile. An Arctic ice station (FRAM [II) was established to develop an improved
understanding nf Arctic underwater acoustics and physical oceanographic dynamics; electromagnetic signature responses of sea ice
at various frequencies; and to determine Arctic geophysical fabric of the ocean floor, and the linear relationship between 1ice
stress dynamics gradients and ambient noise level under Arctic fce cap; all of which leads to an Improved ASW capability in the
Acctic, Development of accurate ocean tide prediction by means of sea floor/coastal gravity inversion, completion of low cost
buoy system for measurement and transmission or wave, tide, surface temperature, and current data via over-the-horizoa radar link
for 1improved coastal and amphih{ous operations. Published compendfum of Extremely Low Frequency electromagnetic fields produced
in afr by electric and magnetic dipoles under sea water in both vertical and horizoatal positions; and of fields produced 1in
seawater when the dipoles are in the alr for electromagnetic communications thrnugh the air/water interface. Also demonstrated
positive correlation between energetic particle precipitation and excessive attenuatfon of Extremely Low Frequency radio stgnals
of mii- and high-latitudes w#hich affect both tactical and strategic communications. Transition to Air Force/Defense Advanced
Research Projects Agency of project to examine low range (low attenuation) seismic (pressure and shear -+aves) nuclear test
detectlon; publication of key geomagnetic variational chaacteristics and {ndices for improved navigation and missile guidance.
More recent accomplishments include: Completion design of wave packet refraction model for effects of distant storms on waves
approaching coasts; and generation of new, efficlent coastal data referral system and transfer of operational aspects to Naval
Oceanographic Office for {mproved cnastal and amphibious operation. Formulated and transferred ice distribution models to Naval
Ocean Research and Development Activity to modify for operational evaluation and verification. Completed design, fabrication and
testing of the Stimulated Ealssion of Energetic Partlcles (SEEP) Satellite Experimental package for measuring the effects of very
low frequency radio waves on magnetosphere particles and the tonosphere, which may lead to better tactfcal and strategic
communications; developed 1improved signal processing algorithm for seismic location of hostile artillery/vehicles; established
characteristics of electromagnetic sea floor propagation by the lateral wave mode; and published signal-to-noise characteristics
of selsmic vs. acoustic detection as nart of study to help overcome acoustic surveillance deficiencies in continental margin
areas. Established transition project to determine mean low water reference level to meet Defense Mapping Agency requirement for
accurate, worldwide coastal navigation charts. Development and evaluation of radar scattering models and theory and experiment in
wave-wave interaction. Laboratory, tower, and aircraft radar measurements of wave spectra, currents, and winds using high
frequency, X-band doppler, pulse-limited, and Delta-K radars. Development of millimeter-wave radiometric imaging systems and
performance of first airborne measurements of sea, 1ce and coastal environments with millimeter-wave length electromagnetic
imaging system which {ncreases all weather operational capability.
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2. (U) FY 1982 Program: Arctic Program: Continue acoustic experiments to {avestigate reverberat{on, ambient noise, propagation
and sediment dynamics {n the Barents Sea and eastern Arctic, as well as effects of the environment such as thermal fronts, ice and
shallow water to {mprove Anti-Submarine Warfare operations in the Arctic. Continue buildup of gpecial focus program 1in the
Marginal TIce 7Zone to extend the horizon of knowledge of the sea-air~ice interaction and the geophysical dynamics, to Increase
capability to predict enviroamental effects on naval operations in and near {ce covered oceans. The Marginal Ice Zone is a vital
transition area from the temperate oceans to the ice-covered oceans. This new initiative is to provide hypotheses, models and
experiments to develop a reasonable and accurate predictive capability for operating forces using this transition region. These
efforts will 1include iuvestigations of an ice edge prediction model, ocean fronts and eddies, up and down welling effect on
intermediate water formation, acoustic ambient noise and propagation, effect of the ice edge on synoptic weather, and optimum
passive and active microwave remote sensing techniques and frequencies for observing synoptically key sea 1ice and ocean
parameters. Continue programs in sea ice physics, electromagnetic transmission through sea ice, energy exchange processes, ice
production, distribution and drift, geophysics, oceanography and meteorology, particularly Arctic aerosols (pollutants), all of
which relate to increased operational capability in polar regions. Coastal Sciences: Continue hasic research i{n coastal dynamic
processes and responses as they relate to regional and local forcing functions and as they impact coastal and amphibious warfare.
Emphasis will be placed on complementing research of strategic straits by developing an understanding of large epicontinental sea
dynamics, physical structure, wave aad curreat regimes, and sediment transport so that an integrated plcture of the coastal
environment can be developed. Continuing research on stralts will {nclude the hydrodynamic, acoustic, and geophysical conditions
in strategic straits areas relying ch participation in field expeditions to several key areas in cooperatfon with other Navy
groups; the coastal data referral system will continue to be expanded with input from Buropean and other {nterested NATO countries
to enhance Naval operations in coastal areas worldwide. Remote sensing research will continue to emphasize electromagnetic and
optical energy exchange with sea and land surfaces for measuring physical conditions at and beneath the surfaces which {mpact
tactical and strategic operations; a project will begin on developing a covert, long-range communication system for ship-to-ship
or =shore wusing the 1low cost disposable huoy system. Transition the television navigation/location system which improves
navigation/location accuracy to exploratory development. Earth and Physics Program: Examine spatial and temporal geomagnetic
fleld fluctuations and improve prediction methods for better missile guidance and navigation. Evaluate the potential of seismic
detection as a complement to acoustic detection in shallow water by resolving energy partitioning, propagation properties, and
signal-to-noise characteristics as a function of frequency, water depth, geologlc structure, and bottom materials; to improve
surveillance capahility. Use coastal and sea floor tidal gravity measurements and available satellite altimetry data to {improve
worldwide tidal prediction. Conduct research on modeling of lateral electromagnetic waves to evaluate propagation along and in
the sea floor for improved navigation and communication. Ionospheric Science Program: To improve tactical and strategic
communications, complete launch and on-orbit phase for Stimulated Emissfon of Energetic Particles Satellite Experiment and start
data analysis and modify Microwave Radiometer so that absorption and emission spectra of upper atmosphere water can be measured
(monitor only) also continue {onosphere modeling; generation of long wave signals in the {onosphere, worldwide radlo noise
measurements, and theoretical 1investigation of cable antennas for submarine communicatlions; continue theoretical research on
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remote detectlon and classification of low altitude nuclear bursts at sea, Continue research on naval system vulnerability to
wuclear bhurst effects. Surface-Wave-Scattering: To maxinize use of remote sens{ng tool to support Naval operations, will
accomplish: Analysis of wave, curreat and radar scattering data from Maritime Remote Sensing experiment. Analvsis of ielta-K
data wave measurement data from hellcopter measurements. Development of 220 gigahertz imaging radiometar, measurements of ice,
ncean  targets, and terrain, Nevelopment of 90 gigahertz radar for precision measurement of land, 1{ce and ocean scattering
characteristics. Shipboarl measuraments of directional wave spectra with Remote Ocean Wave Spectrometer and Delta-K radar
techaiques.

3. [@)) FY 1983 and FY 1984 Planned Programs: Arctic Research - Continue multidisciplinary rescarch projects in the fields of
fce physics, physical oceanographv, geophysics, acoustics, hlology and Arctic environmental remote sensing to enhance Naval
aperations 1n polar enviconment, Program will continue eaphasis on the Furasian Basin and East Greenland, Barents and Norwegian
Seas using satellite, afrcraft, surface and subsurface data gathering platforms, leading to improved measurement and forecasting
of sea lce, acoustic, radlatlon balance, and other environmental and geophysical conditions for Arctic submarine, ship and air
nperitions. Continue Arctic climatic research with focus on aerosols and prediction of sea ice distributioa in order to predict
affects on polar operatinons. Accelerate research In the marginal ice zone {n the Greenland/Barents/Bering seas with major field
pcozram  in  FY 1983 in cooperation with other U.S. agencles and foreign countries (i.e., Norway). Continue research using a
passive microwave imagery and radiometry radar to measure the properties and distribution of sea ice. Coastal Sciences -
Cont inue interdlsciplinary  hydrodynamic-aerodynamic-morphodynamic research on Thighly variable estuarine,  continental
shelf/epicontinental sea enviroaments to improve Navy and Marine Corps operations in coastil eavironments worldwide. Continue
multidisciplinary research of strategic sea straits in conjunctlon with U,S. Naval Oceanozraphic Office cruises, other ships of
opportunity, and foreign logistics support to Increase data base. Continue research on electromagnetic and optical remote sensing
capahilities for measuring coastal conditioas to provide an all weather, remote, data gathering capability. Upgrading of coastal
information referral system will continue along with airborne-acoustic and fluorescent remote sensing techniques to increase data
base and widen geographic coverage. Earth Physics - Continue seismic detectlon and signal processing programs, combining seisamlc
and statistical theocetical considerations both for shallow water and hostile artillery detection. Analyze theoretically the
potential of gravity gradiometry for precise navigatlon, obstacle avoidance and geold mapping. Develop modernized instrumentation
and  improved data processing for deep sea and shallow water tidal oredictions, {includiag analysis of satellite altimetey to
enhance planalng and operations in coastal environments. Improve models for marine related electromagnetic propagation, and solid
earth properties. Expand effort in geomagnetic noise pruediction in order to (improve surveillance and navigation.
Ionospheric Sciences Program -  Analyze wave-particle lnteractlon data from Stimulated Emission of Energetic Particles Satellite
Experiment to determine {mpact on communications, Add water measuring capability to microwave radiometer for upper atmosphere
water measurements which lacreases use of remote sensing to support Naval operations. Select either cable or peninsula antennas
for experimental verification and planning of communicatlon expecriment for better tactlcal and strateglc communications. Continue
investigation »f worldwide radio noise at long wavelengths; nuclear test detectinn at sea; ionosphere modeling and electromagnetic
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wave generation aad propagatlon research; and research on naval system vulnerability to nauclear burst effects. Surface-

Wave Scattering Program - To optimize use of remote sensing tool to support Naval operations: Develop methods and techniques for
determination of ocean parameters (orbital speed, wave spectra, currents, wind speed, and directional wave spectra). Complete
millimeter-wave radiometric data acquisition, analysis, and system research for 90, 140, and 220 gigahertz., Initiate measurements,
improve geasor performance model, and develop data processing system for measurement of ocean and terrestrial parameters with 94
gigahertz radar. Develop 1inversion algorithms for parameter retrieval from elactromagnetic seasors. Emphasize development of
mwethods and techniques for determination of terrestrial/coastal parameters to meet amphibious, U.S. Marine Corps, and mapping,

chacting and geodesy requirements.

4. (U) Resources

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 32 Terrestrial Sclences 12,706 14,415 17,536 19,272 Continuing Continuing
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(¢1))] DETAXLED BACKGROUND AND DESCRIPTION: Research relates to atmogpheric problems that affect naval operations and systems at
various levels in the atmosphere from the marine houndary layer to the magnetosphere. Areas of emphasis are: marine bhoundary
layer processes and aerosols, particularly as they affect atmospheric transmission and operation of electro~optic systems; cloud
physics and dynamics and lightning physics for improvement of flight safety, warning, and engineering design data for new aircraft
control techniques; climate models in support of strategic planning; developing and testing general circulation and troplcal
cyclone prediction models; solar/terrestrial relationships as possible means for extending weather forecasts; study of solar
dynamlcs by solar radiometry and imaging and high resolution spectroscopy; investigate relationships between geomagnetic response
and variability of solar plasma and electromagnetic radiations; {ionospheric plasma dynamics and solar control of the {onosphere
including modeling of neutral and lonized atmospheres for fmproved prediction of conditions affecting naval communicatioans,
navigation, and survelllance systems; explore optical environment of earth; remote sensing of lower and upper atmosphere and
interplanetary media for rapid measurement of environmental conditions and acquisition of wide-area data in support of naval
operations; probes for rocket and satellite observations for ionosphere diagnostics.

(U) RELATED ACTIVITIES: Through scientiffc meetings, workshops, reviews and government channels, coordination Ls maintalned with
those agencies or activities having a mutual intevest. {including: Federal Aviation Administration regarding improvement of alr
operations against lightning hazards; Departmeat of D:fense Explosives Review Board for improvement of handling and assembly of
munitions against hazards of atmospheric electricivr; National Aeronautics and Space Administratlon for jolat effort {in cloud
physics research aboard Space Shuttle; coordinatlcn with Alr Force Geophysics lLaboratory to monitor Space Shuttle environment;
coordination with Air Force Office of Sclentific Reseurch and Army Research Office {n developing advanced cloud physics research
chamber at University of Missouri; through New Mexico Institute of Mining and Technology and through coordinatlion with Wright
Patterson Alr Force Base and the French Atomic Energy and Aerospace Egtablishment for research on triggered lighting; coordinatfon
with Defense Nuclear Agency and Air Force Geophysfcs Laboratories In pulsed probe study of aurora and fonosphere; National Science
Foundation and National Aeronautics and Space Admin{stration for coordinatinn of cloud physics rvesearch {n the cooperative
Thunderstorm Research International Program, Coordination with programs of Army and Air Force occurs through annual reviews by
the Office of the Under Secretary of Defense for Research and Engineering. Contracts exist with some foreign investigators for
obtalning data for certain programs on a global basis, These include the Commonwealth Scientific Industrial and Research
Organization (Australia), the University of Manchester (England), the Physikalisch-Bioklimatische Forschungsstelle (Germany), and
the University of Galway (Ireland), and the Natlonal Research Council (Canada).

(U) WORK PERFORMED BY: (Represeatative) (1) In-House: Naval Regearch Labonratory, Washirgton, DC; Naval Postgraduate School,
Monterey, CA; National Aeronautics and Space Administration, Huntsville, AL; (2) Industrial: Control Data Corporation,
Minneapolis, MN; Atlantic Scientific Inc., Melbourne, F¥L; (3) Academic: New Mexlico Institute of Mining and Technology, Socorro,
NM; University of Miami, Miami, FL; University of Arizoma, Tucson, AR; Massachusetts Institute of Technology, Boston, MA;
University of Maryland, College Park, MD.
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(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

l. (U) FY 1981 and Prior Accomplishments: In Marine Boundary Layer area, tests of marine fog prediction models were prepared.
Feasgihility of multiple wavelength lldar for aernsol sensing examined. In Cloud Physics rontinue construction of advanced model
cloud physics chamber at the University of Missouri (delivery promised from contractor by end of calender 1981); four parameter
cloud rain-drop disdrometer for cloud rain-drop measurements for cloud physics and fog research programs almost completed; through
evaluation of ultra leng atmospheric waves attempted better understanding of stratospheric-tropospheric coupling (investigation
proceeding); In Climate Model Research, examined seasonal succession of atmospheric flow in differentially heated precision
rotating annulus by step changes in thermal Rosshy Number (scientiftc results published showing succession depends on nonlinear
dynamics and that analog weather situation are not applicable). In Solar-Terrestrial Research in preparation for Alternative
Weather Forecasting Program conducted workshop to plan experimental program to test proposed mechanisms of solar reaction of
atmosphere (proceedings in press). In Ionospheric and Atmospheric Modeling, expanded efforts to model neutral thermosphere
including its compositinn, dynamics and thermodynamics (to coatinue with inclusfon of magneto hydrodynamic factors) and extended
model to 1include dynamic laminar ionosphere (completed); continued computer codes for calculating lower energy interaction of
nuclei {impinging on the atmosphere ilncluding effects of geomagnetic cutoff (accomplished). Use plasma probes to investigate
equatnrial electrojet (by rocket) and global lonospheric irregularity from a satellite (continuing with 1inclusion of polar
effects); used Solar Wind Satellite coronagraphy data to study causes of magnetospheric/geomagnetic responses (In third year of
data collection and contlnues). This approach will allow observing of coronal plasma irregularities as they develop and will
allow following ejection of coronal clouds from the sun into the interplanetary medium and also toward the earth, with possible
consequence of causing magnetic stornms. It will be the only instrument of type operating during peak period of the solar cycle.
A historic first for the Solar Wind Satellite was the ohservation of a comet entering the sun 30 August 1979. This event was
unobserved from other satellites or ground observatorles and opens new possibilities in reconaissance. Prepared Space Shuttle
experiment to conduct extreme ultraviolet spectral survey of space environment. Planned for a joint program with Defense Nuclear
Agency and National Aeronautics and Space Adminlstration for observations with rocket and satellite instrumentation to be flown
under Space Test Program and also a coordinated multi-instrument Low Alt{tude Satellite Study of Ionospheric Irregularities
planned for Shuttle launch. Completed initfal stages of a highly accurate lightning location net and transitioned it to Naval Air
Systams Cowumand.

2. 1) FY 1982 Programs: In Cloud Physics: Complete cloud physics chamber for experimental test of cloud models; develop
models for genesis of severe storms at sea. In Climate Research: continue model scale experiments of global climate and seasonal
succesgsion; 1investigatinn on the formatinn and measurenment nf submicron particles and the global climatnlogy of these particles.
In Solar Terrestrial: continue effort on reflnement of measurements to be taken during early Space Shuttle missions of solar
images and spectra in the ultraviolet, to improve measurement of absolute solar output and its variability with wavelength in the
far wultraviolet; f{nvestigate near-snlar-maximum data on varlability of solar plasma emission; continue efforts to characterize
response of atmosphere to disturbances of solar wind, to map earth ultra-violet background, terrestrial helium distributfion,
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oxygen recombination at magnetic equator; nrepare solar polar coronagraph mission (delayed by National Aeronautics and Space
Administration funding); develop extreme ultraviolet monitoring techniques of state of disturbed fonosphere (going forward on the
fiscal year 1983 Space Shuttle). In Ionospheric and Atmospheric dynamics and modeling: plan field program in alternative weather
forecasting program to test theoretical concepts of solar-terrestrial reaction; extend theoretical work on modeling of artificial
modification of ionospheric-magnetospheric system and on radio wave amplitude and phase scintillation during period of solar
maximum (shifting emphasis from equatorial to high latitude effects). In the In-situ Probe area, continue investigation of Low
Altitude Satellite Study of Ionospheric Irregularities and also rocket probe experiments of equatorial electrojet (combining with
equatorial probing in calendar 1982). Prepare Space Shuttle enviroument and laboratory beam experiment (to continue for several
years depending on shuttle schedule and collaborating with Air Force Geological Laboratory). Test wide band noise radar for
ability to detect objects on oc2an surface agalnst wave clutter. Use available multiple aircraft to probe thunderstorm
environment in connection with f.eld program of induction of lightning strikes on demaund. Begin preparation of detailed
theoretical models of ice crystal for. ation and droplet nucleation and growth for test in experimental facility.

3. (u) FY 1983 and FY 1984 Planned Programs: Start planned experiments on cloud physics problems in cloud physics chamber.
Start turbulence study in marine boundary layer; man cruise of USNS HAYES to Indian Ocean and Arabian Sea to study boundary layer
processes and bioluminescence. 3tart development of single station forecasting technique. Begin program of desert meteorology to
better understand sand storm situations and thefr forecasting. Begin study of scattering on nonspherical particles ia the micron
wave region. Extend studifes to understand solar events and their interaction with the earths high atmosphere. Undertake effort
to wunderstand {onospheric irregularities, natural and disturbed and polar and equatorial, including effort toward model
development. Attempt to fully understand induced ionospheric changes by heating, deposition or injection. Begin to develop
imaging detectors with fast, full-readout capability.

4, (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 33 Atmospheric Sciences 6,221 6,446 6,805 7,469 Continuing Continuing
56
- LT
e < -
ng“ B B




e e - - —
[
. |
’ - '
Subelement: 34 Title: Astronomy and Astrophysics
Program Element: 61153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1 - Technology Base

v) DETAILED BACKGROUND AND DESCRIPTION: Scientific investigations are made of earth-space environment to determine
characteristics of natural hackgrounds, effects of energetic radiations on space systems and personnel, and characteristics of
man-made disturbances. Data and technology are provided for planning and assessment of ilmproved systems for surveillance,
communication, detection, precise time determination and transfer, missile guidance, and navigation. Research efforts can be
categorized 1into: extratercrestrial radfo backgrounds and techniques for precise 1location and time determination; radio
spectroscopic measurement of mesospheric/stratospheric constituents; infrared atmospheric and celestial background 1limits; far
ultraviolet, X-ray, and gamma-ray backgrounds; near earth energetic flux of heavy lons and their effects on humans and systems;
neutrino detection in the undersea radiation environment; characteristics of man-made disturbances; and supporting instrumentation
and vehicle technology.

(U)  RELATED ACTIVITIES: Departnent of Defense coordination is provided through Office of the Under Secretary of Defeanse for
Research and Engineering reviews. National Aeronautics and Space Administration and the U.S. Air Force have active collaborative
efforts related to the work within this subelement. Navy funding at the Exploratory Development level is provided for follow-on
investigation of unconventional surveillance techniques which employ instruments developed for astronomy, and for extensions of
microwave remote sensing techniques. Proposals for experiments to be carrfed onboard Alr Force satellites are coordinated with
and approved by the Department of Defense Space Test Programs Committee; experiments launched on National Aeronautics and Space
Administration space vehicles are coordinated by National Aeronautics and Space Adminfstration in competition with others and
reviewed by National Aeronautics and Space Administration evaluation procedures. A far-infrared sky survey is being conducted
jointly with the Air Force Geophysics Laboratory.

(U) WORK PERFORMED BY: In-House: Naval Research Laboratory, Washington, D.C.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Previous accomplishments {nclude: A capability has been demonstrated for precise
time determination and for [Increased accuracy for fundamental position reference systems by interferometer measurement of
celestial radio sources. Initiated measurements of precise positions and radio emission regions of quasars and radio stars to
determine reference sources. Collaborated with the Naval Observatory in implementation and evaluation of dedicated Navy radio
interferometer for {improvement In precise Universal Time determination for operational use. Constructed detectors used {n:
discovery and measurement of X-rays from the sun; establishing theoretical understanding of solar control of the ionosphere and
shortwave radio fading; mapping and imaging X-ray sources including supernova remnants, pulsars, and as yet unexplained bursts
which affect systems designed to detect nuclear explosions in space. Ultraviolet detection systems, culminating in the earth’s
electrographlc camera, have provided data on stellar, cometary and atmospheric ultraviolet fluxes including discovery and imagery
of the hydrogen geocorona at 1216 angstrons. Heavy Lfon studies tesulted in the first reliable comparisons of rare elements and
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isotopes notahly lithium, beryllium, boron and helfum-3 {n space and the sun, and in reconstruction of nuclear transformation in
space which revealed the source composition, and the breakup processes of heavy nuclei, thereby elucidating cosmic-ray
propagation, Recent accomplishments include: The very large array has been used to chart the radio emission from the $5433
object, which 1is like a quasar but within the galaxy; hence, 1t i{s a key to the understanding of quasars. Radio star sources
within the galaxy have been {nvestigated to establish their relation to optical star positions. Conduct of very-long-baseline
interferometry by satellite link has demonstrated the feasibility of a factor of ten increase in accuracy of time and position.
Ground-based radio observations have been used to monitor the variation of ozone, aud revealed 2 maximum of water vapor 1in the
mesosphere, X-ray high emission sources studied from space included quasars, active galaxies, black hole candidates, neutron
stars, pulsars, binary stellar systems, clusters of galaxies, and gources near the galactic center. A detafled catalog of the x-
ray sky has beea produced. A remarkable 30-second reverberating gamma-ray (x-ray) burst was observed and attributed to probable

massive disruption of a neutron star. Gamma-ray data from the National Aeronautics and Space Administration-Solar Maximum
Mission have ylelded the first observation of gamma-radiation from the sun at energy greater than 10 million ergs¢, and also the
first detection of neutrons from solar flares. New observations and interpretations have been made of ultraviolet day glow and

aurorol emissions to infer the composition of, and physical processes in, the near-space atmosphere. Analysis of previous
observations of celestial wultraviolet stellar and diffuse sources were made, and new observations conducted with {improved
i{nstrumentation. New techniques of theoretical analysis of resonant light scattering in optically very thick media were applied
to atmospheric studies. Development of cooperative balloon and cryogenic rocket experiments to observe celestial infrared sources
continued for prospactive flight in FY 1982, Flight hardwavre to detect heavy charged-particles from shuttle-launched spacecraft
has been comrleted. An acitytic model of all the sources of penetrating particle radiatfon {n the near-earth eavironment has been
developed. Cosmic ray com’ vition has been found to differ from solar system composition. The first discovery of a comet from a
spacecrafc, from the firs:. hservation of a comet’s collision with the sun, was made by a Naval Research Laboratory instrument
aboard the DOD Space Test Prggram satellite P78-1. Debris was scattered outward over an entire solar hemisphere thus changing the
coronal brightness for more han a full day.

2. ) FY 1982 Program: In Extraterrestrfal Radio Backgrounds and Techniques, precise time determination and transfer by
interferometer of celestial radio sources will continue to be investigated and evaluated 1in collaboration with the Naval
Observatory. Investigation of new time-transfer techniques will include United States~Europe aperations in spring 1982 and employ
both radio 1interferometry and satellite time traansfer. Research on structure of radio sources and stars will continue.
Investigation of celestial radio sources is to be pursued at wavelengths of 1| millimeter - 1 micrometer. Radio spectroscopy of
mesospheric ozone moleculer oxygen, and water vapor will be conducted to attempt to elucidate the mechanisms of their variable
behavior. Under Infrared Backgrounds, effort continues on joint Naval Research Laboratory/Air Force Geophysics Laboratory
celestial background measurements program being engineered for the far infrared 30-120 micron reglon. The cryogenic telescope and
a partial sensor array have been tested in this program and flight is scheduled to occur in winter of 198l. Under Gamma-
Ray Backgrounds, detailed design for a high-sensitivity gamma-ray monitor for the National Aeronautics and Space Administration’s
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Gamma-Ray Observatory will be carried forward with launch scheduled for 1988, In collaboration with University of New Hampshire,
a solar gamma-ray monitor launched on 14 February 1980 will continue for some years (probable) to study energetic flare effects on
National Aeronautics and Space Administration’s Solar Maximum Mission Satellite. Under Ultraviolet and X-ray Backgrounds, two
flights will be made with a new rocket payload with an X~-ray telescope to provide high resolution images of X-ray sources and
backgrounds. A flight is planned of a far ultraviolet stellar spectrograph and camera, with specfal emphasis on the 900-1200
angstrom wavelength region, Fundamental Investigation of cosmic radiation will provide results for use 1{n space of
microeletronics and of man in space. In Supporting Instrumentation and Technology, effort is continufng to exploit rockets ani
superpressuie ballscns {utilized {3t gamma-ray ubservatlons) as luw cust high-altitude test platforms fur [uture instrumeataties,
including telemetry/control by satellite relay. Repackaged X-ray rocket system instrumentation will also be prepared for less-
expensive adaptation to Shuttle flight under the National Aeronautics and Space Administration Experiment of Opportunity Payload
program. Electrographic cameras are also beilng prepared for Shuttle flights under the DOD Space Test Program and the National
Aeronautics and Space Administration Experiment of Opportunity Payload program.

3. (u) FY 1983 and FY 1984 Planned Programs: In Radio Backgrounds, development will continue of improved time and posttion
determinatfon, 1{ncluding satellite positions, and of improved basic astronomical position reference systems. Methods will be
explored to relate radio and optical celestial reference systems through use of stars in the galaxy and astetroids. Observation of
quasars and weaker sources will he made down to milliarcseconds resolution through participation in the full (MK IIL) very long
baseline interferometric radio network of stations. Investigations of new natural sources of celestial radio radiation will be
continued and extended to the submillimeter wavelength regilon. Mesospheric molecular constituent monitoring will continue 1in
order to understand the full range of behavior of previously observed and additional specles. Under
Infrared Atmospheric and Celestial Background limits, reflight of the improved far-infrared telescope and seasor array is planned
with Naval Research Laboratory/Alr Force Geophysical Laboratory collaboration as before. This cooperative effort will also
develop a large-angle infrared telescope systenm. Under Ultraviolet and X~ray Backgrounds, the analysis of data from ultraviolet
ingtruments oa three ultraviolet astronomy sounding rockets will be completed, to establish basis for interpreting space
emissions. Effort will continue using new imaging and spectrographic instruments to measure space emissions. Ultraviolet
instrumentation will be constructed for Shuttle/Spacelab, and charge-coupled device television readout of the Schmidt 1{mage
converter will be designed for eventual satellite application. Flights are planned with ultraviolet instruments to measure the
interstellar helium. Theoretical modeling of ultraviolet scattering in interplanetary space will be used to calculate
tropospheric dissociation rates with greatly improved reliability. Continuing effort will extend the wavelength range of the
Schmidt {mage converter from the far ultraviolet to include the middle ultraviolet and nearvisible, making it useful for ground-
based and low-altitude, as well as space-borne, surveillance applications. Plans continue for implementation of an all-sky
ultraviolet survey and ultraviolet surveillance tests, Under X-ray backgrounds, small Payload Ejection and Recovery experiments
will be designed and built, for flight aboard the Shuttle, for X-ray mapping experiments. The new X-ray map will be expanded by
special examinations of source-confused regions. A special survey will be carried out in the neighborhood surrounding the North
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ecliptic pole. Large area X-ray position-readout proportional counters will be constructed for use with the ARIES rocket system
for imaging studies of high energy sources. In Solar Phenomena, gamma radiatfon data processing and analysis will continue. A
continuing program using extended balloon flights and (in the far future) a DOD Space Test Program Shuttle flight will measure
gamma ray and hard x-ray background coatributions from solar and celestial sources. In near-earth heavy ion fluxes, a means of
estimating soft upsets to satellite-borne electronics will be developed. Algo experiments will be conducted to characterize the
near—earth and cosmic radiation effects on matter, In Supporting Technology effort will continue on a super pressure balloon
with a float time of 50 days or wore, and on the construction of instrumentation for satellite telemetry expanded for gamma ray

measurements.
4. (U) Resources
i AL LA N Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 34 Astronomy and Astrophysics 3,907 4,013 4,295 4,700 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: The Biological and Medical Sciences Subelement provides knowledge of principles and
mechanisms from which bioenvironmental and biomedical developments are derived. The research encompasses physiology, immunology
and hematology, microbiology, biachemistry, biophysics, epidemiology, clinical medical sciences and naval hiology. The work
addresses problems related to Navy/Marine Corps operations, and emphasis {s given to specific areas of: (a) Stress: such as
pressure changes, temperature extremes, electromagnetic fields, toxic atmospheres and materials, isolation and fatigue, and human
response to inertial forces; (b) Disease Prevention: related to specific diseases of potential naval importance in world wide sea
control and amphibious operations; (c) Health Care: related to trauma, shock resuscitation, fluid and blood replacement,
reconstructive surszery and wound healing in combat-wounded; (d4) Bioecology: relates to biological processes as a mneans of
controlling, preventing and understanding marine, terrestrial and atmospheric environmental effects related to naval operations.

(U) RELATED ACTIVITIES: This subelement {3 related to efforts of the Army, Air Force, Uniformed Services University of Health
Sciences, National Aeronautics and Space Administration, National Institutes of Health, Natfonal Oceanic and Atmospheric
Administration, and National Science Foundation. The naval biological and medical scientific research programs are coordinated
government-wide through groups such as the Under Secretary of Defense for Research and Engineering Joint Medical Research
Conference, the Armed Services Biomedical Research Evaluation and Management (ASBRE!M) Committee, the Armed Forces Pest Management
RBoard, the Armed Forces Epideminlogy Board, the Department of State Federal Council for Science and Technology, the Nat{onal
Institutes of Health Office of International Health; and the North Atlantic Treaty Organization Advisory Group for Aernspace
Research and Development Aerospace Medical Panel.

(U) WORK PERFORMED BY: (Reprasentative) (1) In-House: Naval Medical Research Institute, Bethesda, MD; Naval Aerospace Medical
Research Laboratory, Pensacnla, FL; Naval BT;aynamlcs Laboratory, New Orleans, LA; Naval Health Research Center, San Diego, CA;
Naval Submarine Medical Research Laboratory, Groton, CT; the overseas Naval Medical Research Units; Naval Air Development Center,
Warminster, PA; the Armed Forces Radiobiology Institute, Bethesda, MD; and the Naval Bioscfences Laboratory, Oakland, CA; (2),
Industrial: QEI, 1Inc., Burlington, MA; Desmatic, Inc., State College, PA; (3) Non-Profit: American Institute of Biological
Sciences, Arlington, VA; Undersea Medical Society, Rockwell, MD; Biomedical Research Institute, Rockwell, MD; (4) Universities:
Georgetown University, Washington, NC; Harvard University, Cambridge, MA; 'niversity of Pennsylvania, Philadelphia, PA; University
of Maryland, College Park, MD; University of Michigan, Ann Arbor, MI; University of California, Berkeley, CA; Baylor University,
Houston, TX; Boston University Medical Center, Boston, MA; Stanford University, Palo Alto, CA; Johns Hopkins University,
Baltimore, MD; University of Washington, Seattle, WA.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Past accomplishments {nclude major contributions to the area of diving physiology
{ncluding decompression effects, breathing gas mixtures and inert gas narcosis; preservation and use of frozen blood components;
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for treatment of battle casualties; pravention of loss of consciousness in aviators due to high-g accelerations and water impact;
correlation of evoked braia potentials with sensory stimulation to determine potential performance; measurement of changes in
brain magnetic fields for diagnosis of injury and tumors; wmicrohbial blodegradation of oll and pesticides in naval environments;
prolucing universally transfusable red blond cells through enzymatic modification of the red blood cell membrane; to reduce the
need for the storage of multiple blood types; development of vaccine for coccidioidomycosis; toxicity associated with shipboard
fire gases; demonstrated effect of low-level microwaves on endothelial cells in cornea of eye; test for assessing the viability of
preserved white hlood cells; endotoxin effects in traumatic shock; sleep induction and post sleep performance; measurement of
microwave induced biochemical and tamperature changes; motinn effects and impact injury prediction and modeling; post thaw
viability and function of frozen blood platelets and white blood cells; 0il pollution identification kit; vector/pest genetic
control  system. Yore recent accomplishments include demonstration of: microwave effects on cell-cell interactions and cell
morphology; mechanism of shock reaction in relapsing fever therapy; mechanism of decay of enteric marine microorganisas; new
method of polymerizing P5BX (a prostaglandin dertvative); electrically stimulated organized regeneration of mammal bone and nerve
tissue; simulated deep dive to 2132 Feet; Iimproved ultrasonic imaging of human tissue for identification/isolation of foreign
bhodies, e.g., shrapnel; improved 1laser surgery techniques; wmechanism of preconcussive state following impact acceleration
exposure.,

2. (U) FY 1982 Program: In Stress, research on conservation of body heat in divers, inert gas narcosis, high pressure deafness,
oxygen toxfcity, "igh pressure nervous syndrome and inert gas isobaric counter-diffusion syndrome and modeling of motlon effects
will he continued, The electric, magnetic and physiological correlates of behavioral changes 1in response to stressful
environments will continae to he investigated. The effects of electromagnetic fields will continue to be explored at the cellular
and  animnal level with speclal attention to multiple simultaneous frequencies, biomedical applications and simultaneous effects
with Jrugs. Studies on the physiology of sleep, the effects of sleep fragmentation, and/nr the disruption of biological rhythms
will bhe continued. lnvestigations of the chemical structure, assay methods and blochemical effects of a hormone-like chemical
called PGBX will he continued, Research will commence on adaptation to cold exposure, and effects of cold on oxygen delivery and
ntilization by tissues and organs. In Disease Prevention, the application of anti-idiotypic antibodies effort will coantinue on
immunological defense against disease. Work will be initiated utilizing recombinant DNA, monoclonal antibodies, and hybridoma
tachnology and on mechianism of pathogenesis of diarrheal disease agents. In Health Care, the program on universal red blood cell
donors will continue with emphasis on the effects of bilochemical modification of red blood cell membrane on cellular function,
specificity and feasibility of use in blood replacement therapy. Cellular interactions during wound healing will be studied.
Investigation of hiophysical aspects of regulation of cellular electrolytes and water in tissue cells will be continued in order
tn better understand the problem of resuscitation of traumatized personnel, Research will continue on {mmunology of preserved
Ylood components and tissue grafts. Work will be initiated on synthetic oxygen~carrying resuscitative fluids. Expanded effort
will relate to cold injury and rewarming. Bioecology Effq££ will continue on blological degradation of wood and metal, fouling of
surfaces, control of potlutants, and the toxicity of wood preservatives and antifoulants in the marine environment. WNew emphasis
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be given to microbioltogy of paint deterioration, the environmental impact of organotins, role of microorganisms i{n marine
osion and alternative vector/pest contr.,l strategies.

(U) FY 1983 and FY 1984 Planned Prograas: In Stress, research related to underwater physiology will continue to explore the
owlng: limitations imposed by pressure conditlons approaching 3,500 feet of sea water; conservation of body heat, inert gas
osts, high pressure deafness, oxygen toxicity, and inert gas isobaric counter-diffusion syndrome f{- divers. The work on
lictive nodeling for effects of ship’s motion on crew performance will be continued with expanded effort on the effects of
itation on crews. The investigation of electric, magnetic, and physiological correlates of behavioral change in response to
188ful environments will be continued. Basic biomedical, biochemical, biophysical, and/or behavioral effects of different
juencies of electromagnetic fields at the cellular level will continue to recelve attention. Emphasis will continue to be
m to the physiology of sleep, the effects of sleep fragmentation, and/or the disruption of biological rhythms. Research
iclated with field operational medicine {n extremely cold naval environments will be accelerated, with emphasis on techninques
enhance cold adaptation and biochemical effects of cold during shock. Efforts are planned to access the effects of mnultiple
issors (e.g., fatigue, heat, nolse, and g-forces) on the performance of Naval Aviators in high-speed aircraft. A program to
ristigate chemical-blological-radiation defense m=chanisms of naval {mportance {s in the early planning stage. Investigation of

hiochemistry of the hormone-like chemical PGEX will continue with expanded effort given to the physiological actions and
1ical applications. In research on Disease Prevention work on new or fmproved mechanisms of Immunization against diseases of
1l importance will emphasize the {nvestigation of anti-idotypic antibodies, monoclonal antibodies, hybridomas and the virulence
fiarrheal agents. In Health Care the program on development of universal red “lood cell donors will continue to be expedited.
utility of monoclonal antibodies for diagnosis and treatment of infection will be emphasized, as well as research on preserved
»>d components and tissue grafts. Studlies related to the medical uses of non-linear microscopy, and the electrical mediation of
I growth will be initiated. New efforts are planned in the following areas: r.iturally occurring pain killers, biophysical
‘rumentation, the toxic effects of chemicals, blood plasma proteins, and immunology. Increased emphasis will be placed on the
sstigation of wound healing by elecrtomagnetic filelds and chemicals, non-toxic (mmunosuppression, and the eff:cts of
servatinn on peripheral blood and bone marrow cells. The potential of fibronectin, a naturally occurring blood protein, in the
itment of wounds, burns and infections will be {nvestigated. In Bicecology, increased emphasis will continue on mechanisa of
:rolling or preventing marine, terrestrial, and atmospheric environmental effects on naval uperations. Work {n biodegration
L bhe shifted toward corrosion of surfaces in seavater. Research will continue an vector/pest control with emphasis on
»board problems. Bfforts will be expanded in bioluminescence, plants that produce oil and chemosensing. New efforts are
med in bioengineering for the production of biological materials and engineering of microorganisms and, nr enzymes.

(U) Resources:

Total
FY 1980 FY 1981 FY 1982 FY 1983 Additional Estimated
Title Actual Estimate Estimate Estimate to Completicn Cost
rlement 41 Binlogfcal and Medical Sciences 16,316 17,859 17,619 13,689 Continuing Continuing
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(0) DETAILED BACKGROUND AND DESCRIPTION: The objective of research in the Behavioral and Social Sciences suhelement is to
establish basic theories and techalques for assuring adequate quantity and quallty of Navy/Marine Corps personnel, enhancing their
performance, and improving the human factors aspects of equipment design and effectiveness. Ma jor areas are:
Organizational Effectiveness, focused on personnel characteristics, leadership and management technliques, and other factors that

determine the productivity, morale, and retention of personnel; Personnel and Training, research on psychological wmeasurement for
selection and classification, human information~processing, tralning systenms, learning and cogaitive processes; and
Engineering Psychology, the investigatfion of human performance variables and the formulation of principles, procedures and
equipment design techniques for improving human performance in high technology systems to meet Navy and Marine Corps operatfional
requirements.

) RELATED ACTIVITIES: The Office of Naval Research has efforts funded by Exploratory Development (Program Elenent 62763N,
Personnel and Training Technology, and Program Element 627574, Human Factors and Sinmulation Technology) which are closely
coordinated with the Research-funded programs. Interdisciplinary research efforts are Jointly funded with ONR's Information
Systems, Operations Research and Physiology Programs. Army, Navy and Air Force research activities in these areas are coordinated
by reviews for the Offlce of the Under Seccetary of Defense for Research and Engineering through Technical Advisory Groups in
Manpower and Personnel, Educati'n and Training, Human Factors Engineering, and Simulation and Training Devices. Interservice and
international coordinatior s etfected through special North Atlantic Treaty Organization Panels, through The Technical
Cooperation Program, Subgroup U, and through the Annual Iaterrational Symposium on Applied Milftary Psychology. Close
relationship is maintained with efforts of the Defense Advanced Rescarch Projects Agency. Conferences and symposia in significant
research areas, such as adaptive testing by computer, are cosponsored with appropriate Navy and Department of Defense activities.

(U) WORK PERFORMED BY: (Representative) (1) In-House: Navv Personnel Research and Development Center, San Diego, CA; (2)
Industrial: Bolt, Beranek, Newman, Inc., Cambridge, MA; General Flectric Co., Arlington, VA; Performance Measurement Associates,
Inc., Vienna, VA; (3) Non-Profit: National Academy of Scliences, Washington, NC; (4) Academic: University of Illinois, Urbana,
IL; University of Southern California, Los Angeles, CA; Yale University, New Haven, CT; Rice University, Houston, TX.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: Pravious accomplishments include: A comprehensive plan for research in support of
Navy family programs; integrative review of maintenance training practices leading to specific recommendations for improved Navy
training; application of {intelligent computer—-based iInstruction to tactics and electronlc warfare training; research on
computerized adaptive testing, leading to a joint-service program to test its feasibility for military selection. New diagnostic
meagsures of exposure to stressors, now being used in research aimed at reducing Marine attrition. Verifying the power of that
have formed the basis for specification of display requirements for instrumentation on underwater equipment and submersibles; a

64




i

R .

———— R -
‘ |
! —_— |
|
f
I
Subelement: 42 Title: Behavioral and Social Sciences
Program Element: H1153N Title: Defense Research Sciences
DoD Mission Area: 510 - Defense Research Budget Activity: 1 - Technology Base

theoretical model and experimental data on hypothesis generation, that provide an explanatory framework for the widespread trait
of stubborn adherence to early hypotheses even Iln the face of contradictory data; theories and models of supervisory control,
being applled to the design of underwater teleoperator systems. More rvecent accomplishmeats include: refinzments in methods for
predicting information processing workload and the identification of linkages between encoding, proc2ssing and response
modalities; human performance models on which to base algorithms for use {n sonar pre-processors and display: to enhance acoustic
signal classification; conceptual models and advances in decision theory that contribute to understanding why human decision
behavior so frequently deviates from logical and statistical norms; research on cognitive effects of aging with recommendations
for Navy policy on retirement, medical standards, etc.; a method for detecting deliberate failure on military selection tests;
determination of strategies underlying expert Marine land navigation practices; research on personnel turnover which culminated in
a theory of the causes and consequences of turnover; creation and testing of a model of individual and job context variables, that
provides for prediction of leaders’ effectiveness under various circumstances; 1identification of factors accounting for the
success (or failure) of job relevant communications between supervisors and subordinates. Regearch in neural science has shown
that neuron selectivity for visual patterns does not develop in a pure noise environment, but requires repeated presentation of a
patterned input.

2. (J) FY 1982 Program: Research in Organizational Effectiveness will complete survey research on sailors’ decisions to stay
in, or leave, the Navy after 20 years service. (This was delayed from FY 1981 due to difficulty in obtaining adequate numbers of
respondents.) Research will be completed on new techniques to reduce Submarine School attrition. Research will be initiated to
produce a theoretical model of factors influencing the acceptability and utilization of Navy training equipment. A field study
will be conducted on factors that affect the success of personnel who change billets or jobs. Research in Personnel and Training

seeks to extend model-based psychological testing procedures which simultaneously tap several abilfties and to develop better
methods for capitalizing on computerized test administration and scoring. Related research {s concerned with the {information-
processing and cognitive demands of real-world tasks, particularly those that require spatial abilities and close coordination of
concurrent mental processes, This work will produce selection guidelines and training methods for jobs in surface operations,
alrcraft plloting, etc. Other work seeks to discover the nature of advanced problem-solving skills such as those found in
experienced boiler technicians and electronic technicians. Investigations of the organization and structure of instructions will
seek to lmprove the efficacy of Navy training materials. Research in Engineering Psychology will investigate visual performance
with advanced electronic display techniques including three-dimensional displays, to determine the unusual demands imposed on
visual perception, and to explore new opportunities for information integration. Auditory reseach will focus on human capability
to understand causal relatlonships among transient acoustlc signals to determine the utility of these important cues for sonar
target classification. Research on decision behavior will continue with increased atteation to the process of problem formulation
and the effects of various ways of organizing information on human judgment in various types of human tasks. An interdisciplinary
ptogram on user—-computer Iinteraction will investigate a dialogue management system, the effectiveness of data entry and retrieval
techniques 1including graphics aad interactive volce systems, human engineering aspects of software design and principles for
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interactive computer displays. Neural science research will continue theoretical and experimental work on neuron selectivity in
vision and other behavior.

3. (U) FY 1983 and FY 1984 Planned Programs: Expanded research in neural science will explore the internal and external factors
which influence the organization of neural units involved in processing and storing information, In Organizational Effectiveness,
leadership factors accounting for success of high-technology organizations will be investigated, research on new observational
techniques for assessing leadership performance will be completed, and a new motivation and incentive model designed to improve
prediction of worker productivity and morale will be tested. Pergonnel and Training research will include examination of little-
explored opportunities for formatting and scoring test responses at a computer terminal, in richer, more sensitive ways, e.g. the
use of response time and the scoring of solution paths in problem-solving exercises; research on technical training materials will
explore multimedia, computerized systems for delivery of instructions; work on computer-based training will be oriented more
towards microcomputers for distributed job-site training; research will be initiated on how to better motivate trainees,
particularly as the recruit population and the set of possible tralning methods become more diverse. In the area of
Engineering Psychology, models will be {investigated to describe the performance effects of varicus work station designs and to
predict task loadings on multiple operators; research on design for maintainability will verify performance models of fault
isolation and 1investigate the potential of these models for predicting maintainability of alternate equipment configurations
during the design process; during this period, research on supervisory control will explore human monitoring and fault detection
functions in the control of dynamic plant processes representative of shipboard engineering systems; a new {nitfative will be
pursued to Integrate concepts and methods derived from human factors and artifici{al intelligence research, and to measure and
quantify thelr potential for the enhancement of personnel performance and the reduc”‘on of skill demands {a the operatfon and
maintenance of Naval systems.

4, (U) Resources:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 42 Behavioral and Social Sciences 8,274 9,080 10,931 11,183 Continuing Continuing
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(U) DETAILED BACKGROUND AND DESCRIPTION: This subelement is heing established to refurbish and upgrade research equipment 1in
university laboratories that carry out Navy supported research programs. These university research programs are responsible for
the flow of new ideas and tesults which provide much of the basis for the Navy’s technology and development prograns. In recent
vears these key university facilities have eroded to the point of alarm. An Interagency Working Group on University Research
Instrusentation, of which the Under Secretary of Defense for Research and Englneering is a member, and with participation of
Office of Management and Budget and the President’s Sclentific Adviscr, has concluded that the deterioration of research
factlities at wuniversities in this country has reached a crisis stage. The 1981 Defense Science Board Summer Study reached a
similar conclusion. Some of the consequences of these conditions are: diminigshed research productivity and a slowing of
development in the disciplines, reduced production of trafined sclentists, and decline in international competitive status. This
subelement (s part of the Navy’s and Department of Defense’s response to equipment crisis in universities, These special funds
will be used to purchase needed equipment for university laboratories engaged in research for the Navy.

(U) RELATED ACTIVITIES: A similar program is being established in the Army and the Air Force. These Department of Defense
programs will be coordinated through the Office of the Under Secretary of Defense for Research and Engineering. It is not clear
at this time how other Federal agencies will be responding to the special equipment needs of the research universities. As other
programs are developed, coordinat{on with these programs will take place.

(U) WORK PERFORMED BY: This is a university program. All universities dolng research for the Navy will be eligible to compete
for support of their equipment needs.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: New Project N/A

2. (Y) FY 1982 Program: New Project N/A

3. () FY 1983 and 1984 Planned Programs: The emphasis of this program wiil be on the purchase of research equipment costing
over $100,000 per ftem. These large purchases are poorly accommodated by limited resources in projects. University researchers
supported by the Navy will he notified of this new program and given an opportunity to submit proposals for equipment purchases.
These proposals will be rated based on the Navy’s need for the research, the potential for fncreased research productivity, and
the potential to attract graduate students and thereby inciease the pool of trained manpower. This equipment will be wused to
extend research capahilities in such areas as ship and weapons hydrodynamics, submicron electronic circuits and devices, materials
synthesis performance and reltability, signal processiug, laser applications in surface chemistry and wetal working, oceanographic
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research, and artificial {intelligence and robotics. It has been estimated that it would cost about $50,000,000 to

bring the

university laboratories doing Navy research up to industrial standards. Since this cannot be done in one year, this will be an

ongoing prozram.

4, (U) RESOURCES:

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Subelement 51 University Research Instrumentation 0 0 10,000 10,000 Continuing Contfinuing
e A
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FY 1983 RDT&E DESCRIPTIVE SUMMARY
Program Element: 62241IN Title: Aircraft Technolo
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - |ecEnology Base
(U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)
Total
Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
TOTAL FOR PROGRAM ELEMENT , , , 31,865 Contiruting Continuing
F41-411 Concept Assessment of Platforms and Systems 7,100 3,924 3,715 4,184 Continuing Continuing
F41-421 Fluid Dynamics 1,772 1,879 2,016 1,937 Continuing Continuing
F41-422 Vehicle Structures 4,626 3,690 3,905 4,969 Continuing Continuing
F41-423 Vehicle Control 3,733 3,944 5,378 6,884 Continuing Continuing
F41-431 Electrical Machinery and Power Distribution 936 1,085 1,095 1,186 Continuing Continuing
F41-432 Air-Breathing Propulsion System Technology 4,558 3,899 4,516 5,741 Continuing Continuing
F41-433 Auxiliary Machinery/Equipment 1,392 1,248 1,393 1,314 Continuing Continuing
F41-451 Habitability and Personnel Protection 1,512 1,401 1,614 1,678 Continuing Continuing
F41-454 Electromagnetic Compatibility - 420 498 514 Continuing Continuing
F41-461 Maintenance Engineering 1,932 1,845 2,189 2,272 Continuing Continuing
F41-462 Sea Based Aircraft Support Systems 1,096 962 1,095 1,186 Continuing Continuing
(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED
° Applies current technology advances, as listed in the projects above, to the changing performance reguirements and
environments of Navy aircraft operating from ships and of long endurance land based patrol aircraft
(U) BASIS FOR FY 1983 RDT&E REQUEST
@ Develops technology to support Naval Aviation requirements in operating at sea where space is a premium, where toughness is
a must, and where improved readiness is an absolute necessity. Specific technology areas include:
- Enhance aerodynamic performance of low aspect ratio winged, high speed aircraft configurations to minimize aircraft
space requirements aboard ship
- Integrate flight sensor systems for improved durability
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- Develop low cost structurally efficient airframes that are salt water corrosion resistant, reliable, repairable, and
maintainable

- Improve flight control and display systems for all weather shipboard operations and weapon delivery

- Improve the life of aircraft engines to minimize at sea replacement and spares inventory

Provides the only source of funds for technology development of laurch/recovery control systems, visual landing aids, and
aircraft/ship platform interface

Develops technology to support the Navy's mission to perform antisubmarine warfare with long endurance, land based patrol
aircraft

Provides the only source of funds for the development of Marine Corps Aviation technology for V/STOL exhaust plume thermal
signature reduction, night angle rate bombing system, and USMC systems/concepts definition

FY 1983 increase over FY 1982 funding results from initiating two major programs and focusing support on one major FY 1982
program; namely,

- Improved durability and damage tolerance of aircraft structures
- Development of components for 5,000 HP turboshaft engine for V/STOL and helicopter applications
Continuation of a maneuvering flight path display guidance system

As this 1is a continuing program, the abave funding profile includes outyear escalation and encompasses all work on
development phases now planned or anticipated through 1984 only

(u) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY: (Dollars in Thousands)

]

The subprojects within the element have been regrouped for better definition and reporting of the work. Project WF41-400
has been eliminated, with the work appearing in Projects WF41-422, WF41-423, WF41-431, WF41-433, and WF41-451. Project
WF41-461 has been divided into two Projects, WF41-461 and WF41-462. Project WF41-454, Electromagnetic Compatibility, was
added in late FY 1981. Large changes in funding level among the projects between FY 1982 and FY 1983 are from regrouping
of projects and not from changes in technical thrust, i.e., WF41-423. The decreases in P.E. funding for FY 1982 (-$6,361)
and FY 1983 (-$6,208) are due to a change of Navy priorities for FY 1983 and Congressional action for FY 1982. The
increase of $323K in FY 1981 is the result of extra support for the tilt-naceile V/STOL program.
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Program Element: 62241N
DoD Mission Area: 523 - Engineering Technology

(U) FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY

Project

No.

F41-400
F41-401
F41-411
F41-421
F41-422
F41-423
F41-451
F41-461

Title

TOTAC FOR PROGRAM ELEMENT

Naval Aircraft Technology

Ajr-Breathing Propulsion System Technology
Systems Investigations

Fluid Dynamics

Structural Design and Test

Vehicle Control

Habitability/Personnel Protection/Damage Control
Vehicle Handling/Servicing

(U) OTHER APPROPRIATIONS FUNDS: None

Title:

Aircraft Technology

Budget Activity:

FY 1980
Actual

8,268
5,404
9,070
3,884
965
242
384
2,522
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FY 1981
Estimate

9,647
4,602
5,199
3,580
1,466

275

565
3,000

FY 1982
Estimate

L]
10,582
4,990
6,177
3,890
1,595
0
624
2,800

FY 1983

Estimate
11,599
5,499
6,760
4,263
1,748
0

684
3,069

- —
Total
Additional Estimated
to Completion Cost
Conf%nuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing
Coatinuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing

{
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1. *Program Element: A2241N Title: Aircraft Technology
DoD Mission Area: 523 ~ Engineering Technoloqy Budget Activity: 1 - Technology Base

(') DETAILED BACKGROUND AND NDESCRIPTION

o

°

Aircraft are defined as those self-propelled, hoosted, or towed airborne vehicles used for the strategic and tactical
deployment of forces, weapons, materials, and suppiies in suupori of naval warfare

Projects within this program element are those whose principal objective is to provide the necessary understanding and
application of current advances in technology to future aircraft of the U,S. Navy and Marine Corps

(V) RELATED ACTIVITIES

o

(U) WORK

Related to and coordinated with the advanced aircraft developments of the Army, Air Force, the National Aeronautics and
Space Admintistration and the Defense Advanced Research Project Agency:

- Navy/Army joint participation on upgrading 15 year old flying quality specification for helicopters (MIL-8501A)

- Navy/NASA joint development and evaluation of liquid crystal multifunction control panel

- Air Force/NASA/Navy will evaluate Navy developed 1ight emitting diode multifunction control panel

- Navy/Air Force joint participation on upgrading flying quality specification for conventional aircraft (MIL-8785C)

- Navy/Army/Air Force/NASA joint development of an advanced composites design quide for aircraft and the follow-on
. repair gquide

- Navy/NASA development nf a F404 engine composite outer duct panel

- Navy/Army development of components for advanced technology 5000 HP turboprop engine

- Navy developed transoiration cooled combustor to be incorporated in next TF-41 engine buy

PERFORMED BY

* Roman

In-House - David W. Taylor Naval Ship Research and Development Center, Bethesda, MD; Naval Air Development Center,
Warminster, PA; Naval Air Engineering Center, Lakehurst, NJ; Naval Air Propulsion Center, Trenton, NJ; Naval Weapons
Center, China Lake, CA

numeral I, 1identifies the numbered items in paragraphs 1., 2., and 3, helow as belonging to the Program Element PEDS e.g.,

1.1.1 refers to the first item in paragraph 1. of the Program Element PEDS, Similarly, a Roman numeral II, III, etc. will be used
in front of the word "Project" on the first page of each Project PEDS e.g., II.1.1 refers to the first item ir paragraph 1 of the
first Project PEDS for this Progran Element,
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I. *Program Element: 52241IN Title: Aircraft Technology
NoD Mission Area: 523 - Enqineering Technology Budget Activity: 1 - Technology Base

o

Industrial - CALSPAN, BRuffalo, NY; Detroit Diesel Allison Division, Indianapolis, IN; General Electric, Binghamton, NY;
fleneral Electric, Lynn, MA; Grumman Aerospace Corporation, Bethpage, NY; Hughes, Culver City, CA; Lockheed California
Company, Burbank, CA; McDonnell-Douglas Corporation, St. Louis, MO; Pratt-Whitney Engines, East Hartford, CT; Rockwell
International, Columbus, OH; Vought Corporation, Nallas, TX; General Dynamics, Fort Worth, TX

Academic - Lehigh University, Bethlehem, PA; Purdue Yniversity, Lafayette, IN; University of Dayton Research Institute,
Dayton, OH; Stanford Research Institute, Stanford, CA

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1.

2,

V)

(v)

FY 1981 and Prior Accomplishments

1.1 DNefined flow field for reduction of exhaust plume thermal signature on Marine Corps V/STOL aircraft
1.2 Conducted a joined wing subsonic wind tunnel evaluation to verify reductions in drag levels
1.3 Completed technology applications associated with the Navy's trainer program, (VTXTS), the Marine Corps medium

assault helo (V/HXM) and the Navy's electronics communications program (ECX) which have transitioned to the
Acquisition Phase of procurement

1.4 Completed static, full scale testing of the circulation control wing with upper surface blowing using the NASA Quiet
STOL Research Aircraft (QSRA) to demonstrate 1ift augmentation under real gas temperature conditions and verify
small scale results

1.5 Completed design development of a composite structure wing capable of high strain levels with a potential 25 percent
structural weight savings

1.6 Nemonstrated a multifunction programmable keyboard utilizing light emitting diodes to provide a substantial equipment
cost savings in the cockpit with improved reliability

1.7 Developed a 270 volt NC, 400 AMP line and hus contactor and a three phase inverter (270V NC to 115V, 400 cycle) as an
interim step to the all 270v DC aircraft

1.8 Completed development of an advanced engine compressor with 50 percent fewer stages than current compressors at
comparable pressure ratios

1.9 Completed shipboard trials of a display system for transmitting information to the pilot during carrier approach
thereby improving recovery operations

FY 1982 Program
2.1 Quantify potential reduction 1levels of a V/STOL exhaust plume thermal signature through analytical flow mixing

techniques
2.2 Design and initiate fabrication of a joined wing transonic wind tunnel! model to identify performance gains
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1. *Program Element: 62241N Title: Aircraft Technology
Noh Mission Area: 523 - Engineering Technology Budget Activity: 1 - lec%no]ogy Base
2.3 ldentify technology applications and designs for future attack/strike aircraft
2.4 Conduct a subsonic wind tunnel test of a full span circulation control wing with upper surface blowing to establish
total aircraft high 1ift potential
2.5 Extend high strain wing composite technology to inciude high load transfer joints and verification testing
2.6 Demonstrate the multifunction keyboard with a 1iquid crystal flat panel advisory display to provide total cockpit
integration
2.7 Demonstrate a 270V DC, 45 Kilowatt samarium cobalt generator with an expected efficiency of 90 percent
2.8 Complete the determination of the effects alternative/broad specification fuels have on the performance and operation
of engines and their components
2.9 Select dry lubricants for replacing greased catapult systems to eliminate flight deck slipperiness and reduce loss of
aircraft sliding overhoard
2,10 Design a detailed Remotely Piloted Vehicle (RPV) airframe for a long endurance, at high altitudes to provide ocean
surveillance
3. (¥) FY 1983 and FY 1984 Planned Programs

Complete exhaust plume program through wind tunnel verification and transition to the AV-8B Program Office

Complete transonic wind tunnel testing and performance validation of the joined wing concept

Fabricate and flight test a Remotely Piloted Vehicle aircraft to verify aerodynamic design control capability and

propulsion performance

Complete the technical assessment of circulation control wing with upper surface blowing for transition opportunity
to advanced development

Initiate a major thrust to demonstrate improvements in structural durability and damage tolerance leading to
improvements in aircraft survivability

Flight demonstrate a computer graphics generated maneuvering flight path guidance system on a head-up display

Apply a 270V DC power system to an all electric environmental control system

Initiate a new technology thrust to develop critical components for turboshaft engines with a goal of 30 to 50
percent fuel improvement for V/STOL and helo applications

Complete dry lubricants capapult program for transition to advanced or engineering development

Changes from FY 1982 to FY 1983

3.10

The increase in P.E. funding from FY 1982 to FY 1983 is due to a Congressional $5.2 million reduction in FY 1982,
and the initfating of two major programs in FY 1983 and focusing support on one major FY 1982 program; namely:

- Improved durability and damage tolerance of aircraft structures
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1. *Program Element: 52241N Title: Aircraft Technolog
Nof Mission Area: 523 = Engineering Technology Budget Activity: 1 - lechnology Base

Nevelopment of components for 5000 HP turboshaft engine for V/STOL and helicopter applications
Continuation of a maneuvering flight path display guidance system

4. (Y) Program to Completion: This is a continuing program

N 5. (U) Milestones: MNot applicable
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I11. Project: F41-423 Title: Vehicle Control
Program Element: 6224IN Title: Aircraft Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUNDX AND DESCRIPTION

o

o

Supports the development of vehicle control technology for advanced missions and improved sea based operations
applicable to naval aircraft, including Vertical/Short Take-off and Landing (V/STOL) aircraft
Major objectives are to develop:

as

- Functionally integrated control systems using advanced digital data processing technology for safe shioboard

landing under adverse conditions with improved mission capability

- Distributed sensor and system architectures adaptable to fiber-optic data 1links for improved survivability

considering the severe deck environment and the enemy electromagnetic and ballistics weapons threat

- Advanced flying qualities and stability and control design criteria for Navy unique improved sea based aircraft

controllability

- Head-up, helmet and wmultifunction displays and controls for reduced pilot workload and improved information
transfer for controlling aircraft operating from sea based platforms and, as required, for advanced missions while

realizing a reduction in training time and cost

- Hardware technology including flat panel displays, modular sensors, and direct drive and electrically powered

actuators to reduce complexity and deck support and maintenance problems

(U) RELATED ACTIVITIES

Coordinated with other Navy Centers as well as the industrial technology base
Uses ongoing developments by other military services and the National Aeronautics and Space Administration
Participation in Tri-service working groups for coordinated developments:

- Navy/NASA joint development and evaluation of liquid crystal multifunction control panel
- Navy/NASA/Army ioint development and evaluation of a direct view multifunction electroluminescent display panel

- Navy/Army/Air Force jointly developed a high resolution (300 lines per inch) liquid crystal projection display

panel
- Air Force/NASA will procure and 2valuate Navy developed Light Emitting Diode Multifunction control panel
- Navy/Army joint participation on upgrading 15 year old flying quality specification for nelicopters (MIL-8501A)
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IlI. Project: F41-423 Title: Vehicle Control
Program Element: 62241IN Title: Kircraft Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
(U) WORK PERFORMED BY -
In-House - Naval Air Development Center, Warminster, PA; Navy Ocean System Center, San Diego, CA; Naval Air Test

Center, Patuxent River, MU; Naval Weapons Center, China Lake, CA

Industrial - Hughes Aircraft Company, E1 3equndo, CA; Rockwell International, Thousand Oaks, CA; Hycom Inc., Irvine, CA;
Honeywell Inc., Minneapolis, MN; General Electric, Utica, NY; Intermetrics Inc., Cambridge, MA; Bell Helicopter Textron,
Fort Worth, TX; Grumman Aerospace, Bethpage, NY; Rockwell International, Columbus, OH; Systems Technology Inc.,
Hawthorne, CA; Sperry Flignt Systems, Phoenix, AZ

Academic - None '

-

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PRUGRAMS i

1

..

FY 1981 and Prior Accomplishments

Display Systems ' -

1.1 Deveioped a multifunction programmable keyboard utilizing light emitting diede display technology
1.2 Demonstrated a 'iquid crystal display with 3:1 resolution improvement

Flight Control

Successful ly demonstrated the feasibility of skewing sensors thus requiring fewer components

Demonstrated a parallel fly-by-wire flight control actuator system for automatic landing of helicopters aboard
ships at sea

1.5 Completed design for an electromechanical rudder actuator for demonstratiomTh an F-14 testbed -

Flight Dynamics

1.3
1.4

1.6 Published a comprehensive design handbook for estimating V/STOL aerodynamics/stability and control

1.7 Completed a flight research program on the X-22A aircraft designed to validate V/STOL translational rate control
flying qualities criteria and published design guides suitable for future navy aircraft development

1.8 Completed a preliminary, but crucial, assessment of the helicopter flying qualities specification for Navy unique

missions
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I1I. Project: FA1-423 Title: Vehicle Control
Program Element: 62241N Title: Aircraft lechnology
JoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base
1.9  Accomplished flight investigations of Conventional Takeoff and Landing (CTOL) aircraft equivalent systems flight
qualities criteria
2. (V) FY 1982 Program
Uisplay Systems
2.1 Laboratory demonstration of beam-index color cathode ray tube breadboard
2.2 Laboratory demonstration of flat panel advisory display and mulitifunction programmable keyboard using light
emitting diode and liquid crystal technology integrated with voice interaction technology
Flight Control
2.3 Investigate the application of advanced data processing technology to reduce the cost and weight of the flignt
control system
2.4 Study integrated propulsion and flight control system to enhance carrier approach characteristics
2.5 Develop control electronics for an electrically powered flight control actuator
2.6 lLaboratory evaluate direct drive flight control actuator rotary valve
Flight Dynamics
2.7 Develop flying qualities design criteria for helicopters and advanced Short Takeoff and La.ding (STOL) aircraft in
shipboard recovery environment
2.8 Continue development of advanced fighter/attack and V/S°2L flying qualities design criteria
Maneuvering Flight Path Guidance
2.9 Development of flight information required for optimum mission performance as well as shipboard landing
3. (U) FY 1983 and FY 1984 Planned Programs

Display Systems

3.1 Laboratory demonstration of a binocular-visor helmet mounted display breadboard
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I1. Project: F41-423 Title: Vehicle Control
Program Element: 622481N Title: Afrcraft lechnology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

3.2 Feasibility assessment/demonstration of multicolor thin film electroluminescent display technology
3.3 Laboratory demonstration of a video bus concept

Flight Control Systems

3.4 Provide feasibility demonstration of a flight control system using distributed microprocessing, and integrated
avionics

3.5 Iron bird demonstration of an all-electric Rudder Actuator for an F-14 testbed

3.6 Flight demonstrate Modular Integrated Actuator using direct drive valve

3.7 Integrate inertial component sensor assembly with radio navigation aids

Flight Dynamics

3.8 Apply new technology base in flying qualities to ensure safer shipboard aircraft recovery and extend combat
maneuverability through control-departure-resistant design guidelines

Maneuvering Flight Path Guidance

3.9 Flight demonstration and evaluation of simple path guidance concept

Comparison with FY 1982 Program:

3.10 The increase in FY 1983 funding over that for FY 1982 is due to additional support for the waneuvering flight path
guidance system program

4. (V) Program to Completion: This is a continuing program

5. (U) Milestones: MNot applicable

6. (U) Resources {Dollars in Thousands)

Total
Project FY 1981 FY 1982  FY 1983  FY 1984  Additional Esti-.aved
No. Title Actual Estimate Estimate Estimate to Completion .
FA1-373 VeRicle Control 3,733 3,98 5,378 6,88% ntinuing K]
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FY 1983 RDT&E DESCRIPTIVE SUMMARY
Program Element: 62331IN Title: Missile Propulsion Technolo
NoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Yechnology Base
(U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)
Total
Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
. Title Actual Estimate Estimate Estimate to Completion Cost
TOTAL FOR PROGRAM ELEMENT 9,349 9,287 9,616 9,864  Continuing Continuing
F31-330 Air-Launched Guided Missile Propulsion 5,183 5,045 5,410 5,490 Continuing Continuing
F31-332 Surface/Submarine-Launched Solid Missile Propulsion 1,906 2,040 2,040 2,080 Continuing Continuing
F31-334  Surface/Submarine-Launched Airbreathing Missile
Propulsion 2,260 2,162 2,166 2,294 Continuing Continuing

(V) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED

o

Develop advanced technology for solid and liquid-fuel, air-breathing and rocket propulsion systems for air, surface, and
subsurface-launched guided and unguided missiles, and gun systems.

(V) BASIS FOR FY 1983 RDTAE REQUEST

o

Continue development of néw propulsion system technology to increase performance, decrease volume/weight, increase safety,
decrc.se response time, reduce plume effects, increase survivability, increase reliability and reduce costs

Improve gquided and unguided missiles with improved targeting flexibility to counter or survive increasingly hostile
environments featuring high concentrations of a wide variety of sophisticated weapons and countermeasures

Increase missile propulsion performance to successfully intercept higher performance airborne weapons platforms and to
penetrate defenses to ki1l surface targets at greater ranges

As this 1s a continuing program, the above funding profile includes outyear escalation and encompasses all work or
development phases now planned or anticipated through FY 1984 only
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Program Element: 62331N Title: Missile Propulsion Technolo
DoD Mission Area: 523 - Engineering Technology Sudget Activity: I - Technology Base

(U) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY (Dollars in Thousands)

° The changes between the funding profile shown in the FY 1982 Descriptive Summary and that shown in this Descriptive
Summary (-$132 in FY 1981, -$945 in FY 1982, and -$1,356 in FY 1983) are the result of budgetary readjustments and
reductions as well as refined estimates of cost including escalation which are characteristic of research and exploratory
development efforts

(V) FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY

N Total
Project FY 1980 FY 1981 FY 1982 FY 1983 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost

YOTAC FOR PROGRAM ELEMENT . 9,481 10,192 R Continuing CTontinuing

F31-300 Air-lLaunched Guided Missile Propulsion 5,479 5,264 5,606 6,034 Continuing Continuing
£31-332 Surface/Submarine-Launched Solid Missile Propulsion 1,845 2,055 2,242 2,414 Continuing Continuing
F31-334  Surface/Submarine-Launched Airbreathing Missile

4 Propulsion 2,309 2,162 2,344 2,524 Continuing Continuing
(U) OTHER APPROPRIATIONS FUNDS: None

|
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[. *Program Flement: 6/2331IN Title: Missile Propulsion Technology
NoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(J) DETAILED BACKGROUND AND DESCRIPTION

° Air-Launched Guided Missile Propulsion

- Develops the necessary opropulsion technology to solve present day deficiencies in current air-to-air and air-to-
surface missilas and develops the technology for future long range missiies

° Surface/Submarine-Launched Solid Missile Propulsion Technology

- Develops new high-enerqy propellants and evaluates their mechanical properties with a long term goal of increasing
nerformance and safety for missile and gun systems

- Develops and evaluates a restartable solid rocket motor for advanced area defense

- Develops and evaluates the propulsion control for the vertical-launch booster concept

- Identifies propulsion ingredients that are or may be in a short or unavailable supply condition

° Surface/Submarine-Launched Airbreathing Missile Propulsion Technology

- Develops the technology for and evaluates components for missfle propulsion systems including inlets, combustors,
nozzles, fuel, and fuel control for high sustain speed, long range tactical missiles for the Advanced Area and Wide
Area Defense missions

- Integrates propulsion system components and demonstrates propulsion performance in appropriate ground test
facilities

(U) RELATED ACTIVITIES

° Research efforts (P.E. 61153N) ongoing in high energy/low sensitivity synthesis work for propellant formulation and
characterization

* Roman numeral 1. identifies the numbered items in paragrachs 1., 2., and 3. helow as belonging to the Program Element PEDS e.g.,
1.1.1 refers to the first item in paragraph 1, of the Program Element PEDS, Similarly, a Roman numeral 11, [Il, etc. will be used
in front of the word “Project” on the first page of each Project PEDS e.g., 1I.1.1 refers to the first item in paragraph 1 of the
first Project PENS for this Program Element.
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I. *Program Element: 6233IN Title: Missile Propulsion Technology
NoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

o

Related work in Strike Warfare (P.E. $2332N) in wide area defense, self-defense, and standoff jammer application as well as
‘n the utilization of low vulnerability propellants (LOVA) for the 5"/54 ammunition improvement program (LOVA propellant
development is done in this program element)

Related work in Aircraft (P,E. £224IN) in materials and structures data for engine components and airframe designs

° National coordination of missile propulsion programs is accomplished via the Joint Army, Navy, NASA, and Air Force
Interagency Propulsion Committee (JANNAF) consisting of technical program managers from Naval Air Systems Command, Naval
Sea Systems Command, Army, Air Force, and NASA with the Under Secretary of Defense for Research and Engineering as an ex-
officio member; the efforts of these agencies are coordinated through technical symposia, exchange of program plans,
research and technology reviews, and contracting information exchange

International coordination of programs with Canada, the United Kingdom, Australia, and New Zealand is accomplished through
The Technical Cooperation Program (TTCP) panel W-4 for Propulsion Technology

International coordination is also accomplished through Nata Exchange Agreements on Rocket and Ramjet technologies with
France and Germany

° Propulsion technology for the Advanced Common Intercept Missile Demonstration (ACIM-D) is coordinated with P,E. 63308N,
Air-to-Air Missile Technology Nemonstration

(U) WORK PERFORMED BY

° In-House - Naval Ordnance Station, Indian Head, MD; Naval Surface Weapons Center, Dahlgren, VA and White Oak Laboratory,
White Oak, MD; and Naval Weapons Center, China Lake, CA

° Industrial - Applied Physics Laboratory, Johns Mopkins University, Silver Spring, MD; Atlantic Research Corporation,
ATexandria, VA; Convair Dynamics, San Diego, CA; Hercules/ABL, Cumberland, MD; Marquardt Company, Van Nuys, CA; Martin
Marietta, Orlando, FL; and ¥cDonnell-Douglas Corporation, St. Louis, MO

° Academic - None

(U) PROSRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (U) FY 1981 and Prior Accomplishments

Air-Launched Guided Missile Propulsion

1.1  Successfully tested liquid fuel/solid fuel ramjet engines and their components
1.2 Technology developed for certain components of the Advanced Common Intercept Missile for fleet air defense
1.3 Successful completion of the joint Navy/USAF side dump Solid Fuel Ramjet Technology Demonstration Program
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1. *Program Element: 62331IN Title: Missile Propulsion Technology
DoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base

Surface/Submarine-Launched Solid Missile Propulsion

1.4
1.5

1.6
1.7

A jet vane thrust vector control system with a cross-linked double-based propellant motor incorporating a low-cost
strip laminate case and pneumatic actuator was successfully static fired

Analysis of Infrared and ultraviolet exhaust plume measurements of several tactical missiles indicates that static
firings provide adequate information

Initial safety and fragment vulnerability testing has verified several low vulnerability (LOVA)} gun propellants
Neveloped and demonstrated modular booster concept that allows, for example, vertical 1launch without major
modifications to the basic missile system

Surface/Submarine-Launched Airbreathing Missile Propulsion

1.8
1.9
1.10
1.1

Proof-of-concept for Hypersonic Dual Combustion Ramjet combustion process has been demonstrated over a wide range of
simulated flight conditions

Composite design of a tactical Hypersonic Air-breathing vehicle completed which demonstrates compatability with the
weight and volume constraints of the Vertical Launcher

Wind tunnel testing of chin inlets for candidate multiple launch platform/anti-ship missile (MLP/ASM) configurations
successfully completed and data incorporated in engine simulations

Successfully demonstrated rocket to ramjet transition with a flight-weight combustor and a high energy solid baooster
propellant for an integral-rocket-ramjet missile

2. (U) FY 1982 Program

Air-Launched Guided Missile Propulsion

2.1
2.2

Complete the additional component technology development for the Advanced Common Intercept Missile (ACIM)
Nemonstrate a more reproducible, lower cost, castable gas generator propellant for air-launched weapons

Surface/Submarine-Launched Solid Missile Propulsion

2.3
2.4
2.5

2.6

Evaluate candidate compounds for propellant ingredients for Low-Hazard High Performance propellants

Initiate design trade-off studies of an anti-air warfare area defense restartable rocket propulsion system

Complete analysis of plume signature interference with ship's search and detection, and fire control system, and its
effect on defensive capability

Initiate design and demonstration of an integral booster for the rocket Dual Combustion Hypersonic Ramjet concept
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I. *Program Element: 6233IN Title: Missile Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
2.7 Continue evaluation of the effects of non-obtainable propellant ingredients
2.8  Select initial Low Vulnerability (LOVA) gun propellant candidates for Navy application

Surface/Submarine-Launched Airbreathing Missile Propulsion

2.9
2.10
2.11

2.12

Complete evaluation of the utility of hypersonic ramjets and rockets for the Wide Area Defense mission

Test the Hypersonic Nual Combustion Ramjet combustor at low Mach n.nbers

Apply an inlet flow analysis to the design of an inlet model for the Wide Area Nefense missile and evaluate a nose
entry inlet for the Area Defense missile

Modify combustor hardware to simulate the multiple launch platform,
shorter length and different exit nozzle size and initiate testing

anti-ship missile (MLP/ASM) configuration with a

3. {¥) Fy 1983 and FY 1984 Planned Programs

Air-Launched Guided Missile Propulsion

3.1
3.2

3.3

Perform semi-free jet ground testing of the inlet/combustor/fuel control, in flight weight hardware, for the Advanced

Common Intercept Missile (ACIM-D)
Nemonstrate an advanced technology, fire-safe rocket motor case which would be lighter and less

existing cases
Nemonstrate a more reproducible, lower cost propellant for unguided rockets and JATO's

voluminous than

Surface/Submarine-Launched Solid Missile Propulsion

3.4

Select most promising high energy compounds for propellant ingredients

Complete component testing for the restartable rocket motor and initiate test of all-up system

Complete development of motor/signature design requirements to surface-launched motors based upon results
signature analysis

Complete baseline design of hooster and development of critical components for the Hypersonic Dual Combustion Ramjet
Complete evaluation of the effect on changing manufacturing technology upon propellant ingredient availability
Complete safety and mechanical property characterization of gun propeliant for selected Navy gun systems

of plume

Surface/Submarine-Launched Airbreathing Missile Propulsion

3.10 DNesign and fabricate high Mach numher combustor for the Hypersonic Dual Combustion Ramjet
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1. *Program Element: 62331N Title: Missile Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

3.11 Initiate high Mach number tests for the Wide Area Defense Missile inlet

3.12 Complete tests of combustor for multiple launch piatform, anti-ship missile (MLP/ASM) and conduct analyses to

optimize engine performance capabilities

Changes from FY 1982 to FY 1983

3.13 No significant changes in major thrusts

4., (U) Program to Completion: This is a continuing program

5. (U) Milestones: Not applicable
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1. Project: F31-330 Title: Air-launched Guided Missile Propulsion
Program ElementT 62331IN Title: Missile PropuTsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION

o

Pursues increased range, increasad average velocity, and reduced plume signature in propulsion capabilities and improves
reliability, storability, service life, operationat safety, and decreased costs for Air-Launched missiles

Develops the necessary propulsion technology to solve present day deficiencies in current Air-to-Air and Air-to-Surface
missiles and develops the technology for future long range missiles

Defines future propulsion requirements and develops the predictive tools needed in the analysis, design, and assessment of
propulsion concepts

Incorporates advances in thermal and structural materials, solid propellant density-impulse, and ramjet combustion
efficiency into integral rocket/ramjet engine concepts for air launched appliication

{U) RELATED ACTIVITIES

o

In PLE. 61153N, Principles of Chemical Propulsion and Armaments, evaluate new high energy/low sensitivity compounds being
synthesized by the Office of Naval Research (ONR) as potential ingredients for an insensitive mini~um smoke rocket
propellant

In P.E. 52302F, Rocket Propulsion, the Navy and the Air Force are jointly funding development of a methodology designed to
provide a realistic assessment of the explosive hazards associated with the use of more energetic propellants in air-
launched tactical missiles

Propulsion technology for the Advanced Common Intercept Missile Demonstation {ACIM-D) is coordinated with P.E. 63308N,
Air-to-Air Missile Technology Demonstration

National coordination of missile propulsion programs of the Navy, Air Force, Army, and NASA is through the JANNAF
Interagency Propulsion Committee with OUSDREE as an ex-officio member, Information is disseminated through the Chemical
Propulsion Information Agency (CPIA)

International coordination o -ograms is accomplished through The Technical Cooperation Program (TTCP, W-4) and through
Nata Exchange Agreements

(U) WORK PERFORMED BY

o

In-House - Naval Air Propulsion Center, Trenton, NJ; Naval Ordnance Station, Indian Head, MD; Naval Surface Weapons
Tenter, White Oak Laboratory, White Dak, MD; and Naval Weapons Center, China Lake, CA

Industrial - Atlantic Research Corporation, Gainesville, VA; Brunswick Corporation, Lincoln, NB; Chemical Systems
Di;?sion oEAUnited Technologies, Sunnyvale, CA; Ford Aerospace, Newport Beach, CA; Futurecraft Corporation, City of
Industry, H

87

L2 b ap e oo AT e




. . ——
[}

1

1. Project: F31-330 Title: Air-Launched Guided Missile Propulsion

Program Slement: 62331N Title: Wissile Propulsion Technology

Doh Mission Area: ~523 - Engineering Technology Buaget Activity: 1 - Technology Base

Hercules/ARL, Cumberland, “0; Hercules, Magna, UT; The Marquardt Company, Van Nuys, CA; Thiokol Chemical Corporation,
Huntsville, Al; and United Technology Research Center, Hartfaord, CT
e Academic - None

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (U) FY 1981 and Prior Accomplishments 7

1.1 Successfully tested Liguid fuel/Solid fuel ramjet engines and their components in a free jet demonstration in the
NASA-Lewis Tunne! ‘
1.2 Technology developed for certain components of the Advanced Common Intercept Missile for fleet air defense including
an advanced liquid ramjet and an integrated electronic fuel controller
.3 Initial demonstration of the technology for a pulsad thrust rocket motor with a 20 to 1 thrust magnitude control
.4 Completion of the joint Navy/USAF side dump, soiid fuel ramjet technology demonstration program which verified angle-
of-attack performance and excellent fuel utilization for small diameter air to surface motors
1.5 Nemonstration of the technology necessary for development of high pressure (25,000 psi) stored gas systems for air-
launched weapons and completed testing of a family of low cost castable gas generator propellants

1
1

1.6 Ceramic rolle: bearing technology completed for low cost turbojet engines

1.7  Formulations for high volumetric performance propellants were developed and tested, and shown to provide 7 to 10
percent increase in density-impulse over state-of-the-art propellants

1.8 Small scale tests of newly formulated metallized fuels for solid fuel ramjets resulted in performance gains of up to
57 percent over haseline fuels

1.9 Amorphous metals evaluated to reduce weight and increase strength in strip laminate motor cases

2. (U) FY 1982 Program

2.1 Complete development of a high performance, stably burning combustor, and the design of a stable high angle-of-attack
inlet for the Advanced Common Intercept Missile

2.2  DNemonstrate a more reproducible, lower cost, castable gas generator propellant for Air-launched weapons

2.3 Demonstrate near term rocket case technology which will provide increased carrier operational safety under shipboard
damage control environments

2.4 Nemonstrate side dump solid fuel ramjet technology suitable for mid-sized {10 inch diameter) air-to-surface missiles
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yject: F31-330 Title: Air-Launched Guided Missile Propulsion
Element: 62331N Title: Missile Propulsion Technology
sion Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

FY 1983 and FY 1984 Planned Programs

3.1 Perform semi-freejet ground testing of the inlet/combustor/fuel control in flight weight hardware for the Advanced
Common Intercept Missile demonstration (ACIM-D)

2 Demonstrate booster energy/safety/ballistic reliability for ACIM-D

.3 Perform final flight-weight hardware demonstration for ACIM with booster to ramjet transition in FY 1984

4 Demonstrate an advanced technology rocket motor case which would be lighter and less voluminous than existing ones
and would yield in a fire to prevent pressure build up leading to explosions

5 Exploit the technology developed for pulsed thrust rockets in the design of a mid-range air-to-air missile

.6 Demonstrate the side-dump solid fuel ramjet technology with full-scale 15 inch diameter hardware

7 Develop an advanced rocket booster for the integral rocket-ramjet with increased specific impulse/density and perform
static testing

Comparison with FY 1982 Program:

3.8 No significant changes in major thrusts

Program to Completion: This is a continuing program

Milestones: Not applicable

Resources (Dollars in Thousands)

. Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated

Title Actual Estimate Estimate Estimate to Completion Cost
ATr-Taunched Guided Missile Propulsion 5,133 5,045 5,410 5,490 Continuing Continuing
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FY 1983 RDT&E DESCRIPTIVE SUMMARY
Program Element: 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base
{U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)
Total

Project FY 1981 FY 1482 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost

TOTAL FOR PROGRAM ELEMENT 31,130 20,300 29,808 31,381 Continuing Continuing
F32-300 Marine Corps Weaponry Technology * * * * Continuing Continuing
F32-375 Automatic Infrared Target Classification 0 130 100 0 Continuing Continuing
F32-389 Pulse Power Technology 2,870 hid b bl
F32-390 Advanced Weapons Concepts 0 0 0 400 Continuing Continuing
F32-391 Ship-lLaunched Anti-Surface Warfare Technology 2,318 2,081 3,466 3,189 Continuing Continuing
F32-392 Medium/Long Range Surface-to-Air Technology *xk *kk halabd bl
F32-393 Marine Corps Weaponry Technology 6,425 3,170 4,324 5,195
F32-394 Air-to-Air Warfare Technology 6,195 6,040 8,663 9,053 Continuing Continuing
F32-395 Air-to-Surface Warfare Technology 4,953 3,171 5,332 5,325 Continuing Continuing
F32-396 Theater Nuclear warfare 0 80 1,000 1,200 Continuing Continuing
F32-399 Surface-to-Air Warfare Technology *** 8,369 5,728 6,923 7,119 Continuing Continuing

I
-

* Marine Corps Weaponry project number changes from £32-300 te F32-393 in FY 1981
** Transferred to Directed Energy Technology (P.E. 62768N) in FY 1982 and subsequent years
**x+  Medjum/Long Range Surface-to-Air Technology, Project F32-392 ($5,916M), was combined into Surface-to-Air Warfare Technology,
Project F32-399, in FY 1981 ($2,453M)

(u) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED

o

© 0o 0 o

Addresses weaponry technology needs in Air-to-Air, Surface-to-Air, Air-to-Surface, Surface-to-Surface, Unique Marine Corps,

and Theater Nuclear Weapon Warfare Areas

Identifies weaponry technology needs and transition opportunities in each warfare area cited above
Develops system design concepts for near and far-term needs

Assesses state-of-the-art and risk of critical technologies associated with each system design concept
Directs resources to critical technologies with good payoff potential versus investment
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Program Element: 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base

(V) BASIS FOR FY 1983 RDT&E REQUEST

o

o

o
°
N
°
°
o
P °
o
°
°
°
°
°
°
°
J

Investigate critical issues related to targeting/weapon control, medium/long range intercepts, and short-range weapon
technology for air-to-air warfare

Exploit emerging technology in radar dome materials, automatic target classification, and IR focal plane arrays for use in
the design of electro-optical weaponry under adverse environments

Develop advanced radar guidance/targeting components and concepts

Collect and analyze data for design and evaluation of advanced electro-
optical/electromagnetic frequency targeting and guidance sensor concepts

Investigate missile guidance and control techniques. airframe configurations, and ordnance technologies to address

Develop and evaluate missile concepts and hardware suitable for surface launched point defense and Marine Corps air defense
needs :
Develop vulnerability data, fuzing, and warhead concepts to counter air defense threat targets at very hkigh

closing velocities
Develop techniques to increase and assure effective standoff air-to-surface capability for attacking and destroying sea and
land targets
Develop techniques for transfer into standoff tactical missile
programs such as HARPOON/Medium Range Air-to-Surface Missile [MRASM) product improvements and advanced anti-shipping
missile developments
Increase safety/reliability and reduce cost for guns, ammunition, bombs, projectile/bomb fuzing, and low vulnerability
gun propelling charges
Complete guided and unquided weapon effectiveness assessments against threat class CGN and AOR ships
Maintain data bases and modeling techniques for target vulnerability, aerodynamic prediction, low vulnerability
propellants, and target IR and RF signatures
Develop Marine Corps unique weaponry improvements in helicopter transportable artillery, advanced vehicle armament,
infantry weapons, and air defense
Investigate weapon concepts for use in urban terrain environments and security/riot control assignments
Support the development of a new generation of more effective and safe theater nuclear weapons for Navy and Marine Corps
needs
Increased funding for FY 1983 ($9,408K) allows reinitiation of planned essential technological efforts in air-to-air
targeting, standoff tactical air-to-surface missiles, conventional air delivered ordnance, surface-to-surface missiles,
naval gunnery, and theater nuclear weapons projects that were either eliminated or reduced to sub-critical levels by the
Congressional budget cut in FY 1982, Examples of reinitiated efforts include:

91




Program Element: 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: ~ 523 - Engineering Technology Budget Activity: 1 - Technology Base

Initiate contract for Air-to-Air Fighter/Attack Avionics Targeting Demonstration hardware

Rebuild technical expertise in fuel air explosive ordnance, binary chemical weapons, and aircraft guns

Reinitiate projects in advanced Forward Looking Infrared (FLIR), and low cost
guidance components

Initiate efforts in surface-to-surface missile seekers

Restore efforts to investigate submunition payloads, ship plate breeching mechanisms, aerodynamic shape improvements,
and penetration performance of Naval projectiles

Complete testing and evaluation of laser radar hardware for multi-target fire control

Restore investigations to address

Evaluate the Improved HAWK missile air defense system concept for Marine Corps application

° The funding increase will restore inhouse expertise in Navy/Marine Corps unique technology to efficacious program levels in
the following areas:

L2 T A T T N B R N 1

Low altitude over the water fuzing

Directional ordnance systems

Air and ship target vulnerability

Lightweight infantry weapons and mobile air defense systems

Target and aimpoint selective guidance

Countermeasure resistant guidance and radar

Aerodynamic prediction codes

Low vulnerability propelling charges for Naval gunnery
.data bases for ships and aircraft

IR focal plane array devices

° Funding profile for this continuing program includes outyear escalation and encompasses all work or development phases
now planned or anticipated through FY 1984 only

(U) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY (Dollars in Thousands)

° The changes between the funding profile shown in the FY 1982 Descriptive Summary and that shown in this Descriptive Sumary

are:

The major change (-$548 in FY 1981, -$11,358 in FY 1982, and -$3,975 in fY 1983) results from reductions by
Congressional action in FY 1982 and realignment to higher priority programs
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Program Element: 62332N

DoD Mission Area: 523 - Engineering Technology

Additional restructuring resulted from initiating projects F32-375,

Title:

Strike Warfare Weaponry Technology

Budget Activity: 1 - Technology Base

{U) FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY

Project

No.

F32-300
F32-389
F32-391
F32-392
F32-393
F32-394
F32-395
F32-399

FY 1980
Title Actual
TOTAC FOR PROGRAM ELEMENT s
Marine Corps Weaponry Technology 4,495
Pulse Power Technology 0
Ship-Launched Anti-Surface Warfare Technology 2,568
Medium/Long Range Surface-to-Air Technology 7,586
High-Powered Radiation Technology 3,917
Air-to-Air Warfare Technology 4,872
Air-to-Surface Warfare Technology 4,775
Point Defense Against Air Targets Technology 2,807

FY 1981
Estimate

1,

4,010
2,900
2,608
7,421
2,485
4,225
5,211
2,818

F32-390 and F32-396, combining project F32-392
into F32-399, and placing increased emphasis on Air-to-Air Warfare Technology

FY 1982
Estimate
4,780

*
3,188
9,190

*

5,000
6,500
3,100

* Transferred to Directed Energy Technology (P.E. 62768N) in FY 1982 and subsequent years

{U) OTHER APPROPRIATIONS FUNDS: None
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FY 1983
Estimate
4.900

*
3,375
9,800

*

5,308
7,100
3,300

Total
Additional Estimated
to Completion Cost
Continuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing
Coatinuing Continuing
Continuirg Continuing
Continuing Continuing
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[. *Program tlement: 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(V) DETAILED BACKGROUND AND DESCRIPTION

~

° Responsible for addressing weaponry technology needs in Air-to-Rir, Air-to-Surface, Surface-ta-Air, Surface-to-Surface,

unigue Marine Corps, ani Theater Nuclear Warfare areas
° Identifies technology needs and transition opportunities and addresses critical tachnologies for both near- and far-term

weaponry applications
° Develops advanced air and surface weaponry system concepts and technolagy for missiles, rockets, guns, launchers, free-fall

weapons, and components
° Includes the technology areas of aerodynamics and structures, guidance and control, warheads and fuzes, missile launchers,
gun mounts and propulsion, and electro-optics

Aerodynamics and structures technology interface the airframe or vehicle flight dynamics to internal subsystems

launchers
- Guidance, control, and weapon-related targeting technology

frequency, signal and data processors, dnd autopilots
Fuzing technology is related to guidance technology in the development of sensors and signal and data processors

Warhead technology includes target damage mechanics, warhead mechanization, and weapon dynamics
Missile launcher and gun mount work includes application and integration of thermodynamic, kinematic, and structural

technologies

- and

includes sensors, both electro-optical and radio

{U) RELATED ACTIVITIES

° Many elements of weaponry are common to the other services; therefore, close coordination with the Army, Air Force,
National Aeronautics and Space Administration, Defense Advanced Research Projects Agency, and Defense Nuclear Agency is

maintained to avoid duplication or overlap and exchange information
° Coordination of work in this program element is maintained in the following areas:

Army, P.E. 62303A and U.S. Air Force, P.E, 62602fF)

- Weaponry exploratory development technology (U.S.

identifies the numbered items in paragraphs 1., 2., and 3. below as belonging to the Program Element PEDS e.q.,
of the Program Element PEDS. Similarly, a Roman numeral II, III, etc. will be used
11.1.1 refers to the first item in paragraph 1 of the

*  Roman numeral I.
I.1.1 refers %0 the first item in paragraph 1.
in front of the word "Project" on the first page of each Project PEDS e.g.,

first Project PEDS for this Program Element.
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I. *Program Element: 62332N Title: Strike Warfare Weaponry Technology
NoD Mission Area: 523 - Engineering Technology Rudget Activity: 1 - Technology Base

- Missile radome matarials technology (Defense Advanced Research Projects Agency)

- Propulsion {Joint Army, Navy, NASA, and Air Force Committee on Propulsion; Low Vulnerability (LOVA) propellant work
is coordinated with PE 6233IN, Missile Propulsion Technology; and Air-to-Air Missile Concepts are cnordinated with
PEs 62331N, Missile Propulsion Technology and 63308N, Air-to-Air Missile Technology Demonstration)

- Infantry Weapons Technoloqgy (Army Infantry Man-Portahle Anti-Armor Assault Weapons Program and Joint Services Small
Arms Program)

- Fuzing (Joint Loqistics Commander Fuze Management 7rqganization)

- Missiles and Rockets, Fire Control, and Warheads (Working Panels of the Joint Logistics Commanders' Technical
Coordinating firoup for Munitions Development)

- Air/Surface Target Vulnerability and Weapon Effectiveness (Working Panels of the Joint Logistics Commanders'
Technical Coordinating Group for Munitions Effectiveness)

- Reradynamics and Structures (Navy Aeroballistics Committee and National Aeronautics and Space Administration)

- Tacti;a] Nuclear Warfare Technology (Nepartment of Energy, Army Ballistic Missile Defense Command, SANDIA, and Air
Force

- Target infrared and radio frequency signatures ('.S. Army, 1,S, Air Force, and NATO Countries)

Efforts in this Program Element are closely coordinated with ongoing technology efforts under PE 6233IN, Missile

Propulsion Technology; PE /2712N, Surface and Aernspace Target Surveillance; PE 62633N, !Indersea Warfare Weaponry

Technology {explosives development, effects, and safety) and PE £2761IN, Materials Technology (tactical portions)

Efforts in this program are also coordinated with technology demonstration efforts under PE  63303N, Electromagnetic

Radiation Source Elimination System Technology; PE 63306N, Advanced Air-Launched Air-to-Surface Missile Systems; and PE

63308N, Air-to-Air Missile Technology Demonstration

Efforts re also coordinated through the Tripartite Technical Coordination Program (TTCP)

(U) WORK PERFORMED BY

T

]

In-House - Naval Air Development Center, Warminster, PA; Naval Ocean Systems Center, San Diegn, CA; Naval Research
Laboratory, Washington, DC; Naval Surface Weapons Center, Nahlgren, VA and White Oak Laboratory, Silver Spring, MD; Naval
Weapons Center, China Lake, CA; Pacific Missile Test fenter, Pt. Muqu, CA

Industrial - Aerojet Corporation, Azuza, CA; Ball Brothers Research Corporation, Boulder, C0; Honeywell, Inc.,
Minneapolis, MN; Hughes Aircraft Corporation, Culver City, CA; Martin-Marietta, Orlando, FL; McDonnell-Douglas
Corporation, St. Louis, MO; Motorola, Scottsdale, AZ; North American Rockwell, Inc., Columbus, OH; Sylvania, Mt. View,
CA; Texas Instruments Corporation, NDallas, TX

Academic - California Institute of Technoloqy, Pasadena, ~A; Johns Hopkins University, Applied Physics Laboratory,
SiTver Spring, MD; Nava! Postgraduate Schonl, Monterey, CA; Georgia Institute of Technology, Atlanta, GA
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1. *Program Element: 62332N Title: Strike Warfare Weaponry Technology

DoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base

(V) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (V) FY 1981 and Prior Accomplishments

Marine Corps Weaponry Technology

1.1  Successful out-of-battery firing of 8" lightweight gun/howitzer carriaje assembly allowed continuation of lightweight
howitzer development

1.2  Successfully mounted and instrumented a large caliber gun on a lightweight, ammored, full tracked vehicle

1.3 Model to predict vehicular dynamic response when subjected to large caliber gun recoil forces was developed and
validated

1.4 A simple, low cost range control device was successfully tested for the Field Artillery Rocket System which will
transition to Advanced Development under P.E. 63635M in FY 1982

1.5 The High Explosive (HE) equivalence of Fuel Air Explosive (FAE) has been established through testing against frame
and concrete structures to provide a baseline for optimizing a man-portable system

1.6 Performance of Vibrating Beam Gyro (VYRO) increased by a factor of four offering potential breakthrough of low cost,
no maintenance/calibration device for a variety of weapon applications

1.7 A concept for the application of technology for the evolutionary improvement of the Improved HAWK (IHAWK) missile
system was formulated and anechaic chamber testing began

1.8 Brassboard Seeker Design for a Fire and Forget Anti-Tank Weapon was completed and fabrication of a feasibility
demonstration model was initiated

1.9 Technology Assessment on chemical, electromagnetic, acoustic and mechanical systems as riot control devices was
nearly completed

1.10 Feasibility of several concepts for breaching interior walls of buildings in urban environments was established

1.11 Use of aqueous foam as a sound pressure level reduction (blast hazard) technique was unsatisfactory and the work unit
was terminated

Automatic Infrared Target Classification

1.12 New start in FY 1982.

Pulse Power Technology

1.13 Transferred to Directed Energy Technology (P.E. 62768N) in FY 1982 and reported therein
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1. *Program E£lement: 62332N Title: Strike Warfare Weaponry Technology
NoD Mission Area: 523 = Engineering Technology Budget Activity: T - Technology Base

Advanced Weapon Concepts

1.14 New start planned for FY 1984

Ship Launched Anti-Surface Warfare Technology -

1.15 Preliminary experiments identified practical techniques of ostaining starting material powders for fabricating
infrared domes for use in high Mach number, high temperature environments

1.16 Tomahawk weaponeering estimates were completed ayainst. _combatant

ship classes
1.17 Meaponeering for surface platform weapons, 5" guns and Standard Missile (SM-1), was completed versus

1.18 BRallistic tests of a vconcept in 5"/54 gun showed equal muzzle velocity performance to that

provided by M26 propeTlant with exceptionally smooth pressure time curves and much lower flame temperature

1.19 Phase 1 safety and vulnerability testing of the inftfal Low Vulnerability (LOVA) propellant charge candidates was

completed (supporting work in qun propellants was provided by PE 62331N, Missile Propulsion Technology)

1.20 Specification for the programmable multi-option fuze target detecting device was completed and offers {improved

performance and reduced logistic cost
1.21 Lethality tests of oprojectile delivered M46 Suhmunitions against simulated missiles in topside launchers
completed

1.22 Three system concepts oriented toward upgrading in-searvice gun systems and one system concept for a long range
surface-to-surface missile were defined and the assocfated critical technologies were identified to allow sharper

focus of program efforts
1.23 Analytical model for predicting rocket motor exhaust blast effects on surrounding structures was completed
experimental results were documented

Medium/Long Range Surface-to-Air Technology

1.24 Combined with Point Nefense Against Air Targets Technology into a project entitled Surface-to-Air Warfare Technology

in FY 1982 and reported therein

High Powered Radiation Technology

1.25 Transferred to Directed Energy Technology (P.E. 62768N) in FY 1982 and reported therein
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{. *Proqram Element: A2332N
Noh Mission Area: 523 - Enqgineering Technology

Title: Strike Warfare Weaponry Technology
Budget Activity: 1 - Technology Base

Air-to-Air Warfare Technoloqy

1.26 Jammer permitting quick detarmination

1.27 DNemonstrated the concept of a modular digital quidance and control system suitable for application to a
missions and chanqging threat situations

1.28 __conceot was demonstrated by
modifications of an 8-inch diameter, 65 pound design

1.29 Simulated aerodynamic heating tests have shown superior performance of hot-pressed Spindel
domes

1.30 Catalog of representative scenes of several terrain and sky cloud backgrounds has been assembled from measurement
data to provide standardized data for defining sensor sensitivity goals

1.31 Triservice standard plume modeling effort has heen established which will reduce proliferation of models

r~ange of

arena firings of several performance parameter

Sidewinder infrared

Air-to-Surface Warfare Technology

1.32 Nevelopment and verification of __ " data base was completed and classification
using Fourier coefficients and moment features has been demonstrated (coordination is maintained wifh PE 62712N,
Surface and Aerospace Target Surveillance)
1.33 Advanced anti-surface seeker competitive study efforts resulted in selection of a radar, using a _
-echnique to achieve required range and azimuth resolution for technology
feasibility demonstration
1.34 Testing was initiated 'to measure the internal blast performance of
comparison with other _ _materials
1.35 Logic requirements have been determined and algorithms have been identified.
1.36 A demonstration model hybrid target acquisition system has been built which combines a 'radar and
transceiver for detecting moving targets and flight test measurememts have been made on target
‘background and signatures
1.37 The Advanced Tactical Inertial Guidance System (ATIGS) and a Synthetic Aperture Radar have been
integration and feasibility demonstration of improved navigation and weapon delivery capapility in
Advanced Air-lLaunched Air-to-Surface Missile Systems
1.38 Small.scale
critical to fuel air explosive distribution without preburn

__material in

selected for
PE  63306N,

tests have indicated that burster tube material is
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1. *Program Element: 6K2332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

Theater Nuclear Warfare

1.39

New start planned for F¥ 1982

Surface-to-Air Warfare Technology

1.40

1.41

1.42
1.43
1.44
1.45
1.6
1.47
1.48

Evaluation of countermeasures and sea state effects on correlation home-on-jam concept shows potential for

Completed evaluation of coherent on Treceive transmitter concept and concluded that with wide area defense missile

trajectory constraints it is not competitive in performance with coherent sources for power levels greater than
hecause of clutter cancellation problems

DeveToped and validated a very high velocity fragment plate penetration model accounting for the fragment shatter

effect which occurs at very high impact velocity

Completed evaluation of alternative gquidance modes for an advanced point defense missile showing command or command

inertial to active terminal as the most viable quidance alternative for self defense needs

_Integrated signal generator and receiver components into Radio Frequency (RF) subsystem breadhoard of active seeker

Tompleted definition of solid rocket alternative for advanced point defense systanz'

Tested and established characterization of an SM.2. Aith safe and arm and warhead
initiation system

Completed laser radar flow system, signal processing electronics design, and tracker mount mechanical fabrication
and initiated component installation in a trailer

A first model of the driye mechanism for a mirror track antenna system was demonstrated and preliminary design of

the mirror, _ and twist reflector antenna was completed {coordination was maintained with PE 62712\,
Surface and Aerospace Target Surveillance)
Completed failure mode effects analysis. for incorporation in air target vulnerability data base

Extended axisymmetric non-airbreathing configuration code to MACH 8 and completed users guide
Published the FY 1982 Surface-Launched Weaponry Task Area Objectives Nocument to summarize the results of the Naval
Sea Systems Command's top down approach in technology planning for surface-to-air and surface-to-surface systems
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1. *Program Element: /2332N Title: Strike Warfare Weaponry Technology
NoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technclogy Base
2. (V) FY 1982 Program

Marine Corps Weaponry Technology

NN NIV 0N
B
N EW N

~N
.
0

2.9

Estahlish effect of muzzle brake on accuracy of vehicle mounted gun weapons

Netermine_practicality of imoroved flame weapon

Evaluate nrasshoard for a man-portable Fire and Forget Anti-Tank Weapon

Conduct missile on tauncher evaluation of the Improved HAWK {IHAWK) missile using a multi-function/fire control radar
Establish feasibility of a small (hand grenade size) fuel-air explosive weapon for urban warfare

Expand the Vehicle Dynamic Response Model to include LVTP-7 and LVT(X) class vehicles

Initiate a feasibility investigation for employing DARPA developed, advanced shaped charge technology into the
existing DRAGON Anti-Tank Missile

Examine the feasibility of employing 'to defeat
enemy armor and material

Initiate family of weapon stations investigation for integration into advanced light armored/amphibian vehicles

Automatic Infrared Target Classification

2.10

Format ﬁiata for computer input and examine the data for feature extractior

Advanced Weapon Concepts

2.11

Project F32-390 is a new start planned for FY 1984

Ship Launched Anti-Surface Warfare Technology

2.12 _]nvestiqate processing techniques for producing high fracture strength, tough' .and optical quality
materials for thorough mechanical and optical testing (transitioned from Category 6.1 Research
'material;_progfams) .

2.13 Complete! physical and functional description.

2.14 Initiate" physical and functional description and develop _damage criteria and
vulnerability data

2.15 Computerize _Nescriptive Nata and initiate weaponeering efforts

2.16 Complete performance evaluation of stick propellent charges in 5"/54 guns

2.17 Complete trade-offs of most promising technology improvements to Close-In Weapon System concept and establish
technology requirements and goals
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I. *Program Element; 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

2.18 Complete obturator band design handhook for ballistic projectiles

2,19 nNemonstrate selected multi-option fuze target detecting device candidate

2.20 Estahblish baseline design and fabricate haseline model of surface-to-surface

2.21 Perform experimental rocket motor firings with Navy missiles to validate analytical models and evaluate thermal
protection materials for surrounding shipboard structures and launchers

2.22 Initiate seeker concepts capable of providinqr- _]for surface-to-surface missiles

Air-to-Air Warfare Technology

2.23 Conduct rooftop tests of targetinqk‘

2.24 Complete signature measurement of special airborne target

2.25 Complete testing of low cost accelerometers and gyros for midcourse guidance

2.26 Develop Infrared Focal Plane Array (IRFPA) Camera for a mosaic seeker

2.27 Complete air-to-air system configuration definition for fighter/attack avionics targeting demonstration

2.28 Coordinate the following Advanced Common Interceptor Missile (ACIM) concept demonstration efforts with the Naval
Sea Svstems Command and MARCORPS:

- issemble breadboard seeker and test

- Procure breadboard Inertial Measurement Unit (IMU) for initial evaluation

- Complete initial assessment of surface launch capability

- Continue vehicle and ordnance system design

- Propulsion efforts to be coordinated with PE 6233IN, Missile Propulsion Technology and PE 63308N, Air-to-Air
Missile Technology Demonstration ’

Evaluate aerodynamic prediction codes for airbreathing missiles and document efforts on axisymmetric body code

2
2 Continue development and evaluation of high speed, high temperature airframe and materials including radomes

.29
.30

Air-to-Surface Warfare Technology

Complete design of ‘fuze concepts
Fabricate and test Brassboard active optical standoff {proximity) fuze concept
Fabricate and perform preliminary roof-top tests of brasshoard NDual Mode
Seeker —
CompTete upgraded design of “ybrid. Target Acquisition
System (HYTAS) Concept

NN N
.

w W

W N -

~N
.

w
F—

101

- B T D



N o

1. *Program Element: 62332N
NoD Mission Area: 523 = Engineering Technology

. (0)

2,35 Demonstrate the feasibility of an inertial navigation aided high resolution synthetic aperture

Title: Strike Warfare Weaponry Technology

Budget Activity: 1 - Technology Base

improved land weapon delivery by light attack aircraft

2.36 DNesign _

warhead for fabrication and testing

2.37 Initiate chamber/projectile design definition for a high performance gun concept
2.38 Complete design of low observable airbreathing propulsion airframe

Theater Nuclear Warfare

radar (SAR) for

2.39 Fstablish project support team; initiate liaison with related qrouos in Navy systems offices as well as those in

NDepartment of Enerqy, SANDIA, Army, ard Air Force; and prepare program plan

2.40 Initiate a Phase I study
permissive action 1inks

Surface-to-Air Warfare Technology

and investigate power sources for

2.41 Complete evaluation of contractor efforts in rocket/ramjet comparison for wide area defense missiles

2.42 Complete integration tests and a comparative analysis quantifying the advantages of
ordnance for Standard Missile, and document results

2.43 “Tnitiate captive flight test efforts to demonstrate correlation home-on-jam guidance and contro) for wide area

defense

2.44 Develop improved Lift/Drag ratio airframe design concept for a hypersonic wide area defense missile
2.45 Continue fabrication of antenna/gimbal/control and development of high power transmitter

for active seeker

2.46 Complete evaluation of super federated modular digita) missile concepts and initiate a point design for the RIM-7/

AIM-7 system

2.47 Complete and test second generation mirror track antenna drive mechanism
2.48 Complete integration and laboratory tests of laser r dar system and initiate limited tracking tests
2.49 DNevelop a hbaseline very high velocity staged warhead concept
2.50 Continue to maintain and update air target vulnerability data base by performing kill criteria analysis

and preparing a wulnerability assessment

FY 1983 and FY 1984 Planned Programs

R P
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*Program Element: 62332N Title: Strike Warfare Weaponry Technology

Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

Marine Corps Weaponry Technoiogy

3.1 Complete feasibility demonstration of enhancing mobility and firepower of the Improved HAWK (IHAWK) missile system
for transition to PE $3318N -
3.2 Complete feasibility investigation of
concept for defeating enemy armor and material
3.3 Demonstrate the feasibility of a DARPA developed, advanced technology shaped charge warhead on existing DRAGON
Anti-Tank Missile
Cnaracterizg and demonstrate advanced rate sensor {Vibrating Beam Gyro) weapon application
Transition’ man-portable fire and forget anti-tank weapon to Advanced Development
Demonstraté Lightweight 155 mm Howitzer
Demonstrate Wall Breacning Kit for military operations in urban terrain
Demonstrate LVTP vehicle anmnament enhancement
Design and evaluate a family of stabilized weapon stations capable of accepting a wide range of future weapons on
light armored/amphibian vehicles

s 8
OWR~NOU &

Automatic Infrared Target Classification

3.10 Complete development of signal processing concepts and algorithms for TElassification of ship
targets

Advanced Weapon Concepts

3.11 Initiate development of advanced electro-optical (E0) technology for follow-on electro-optical weapons, sensors,
and countermeasures

Ship Launched Anti-Surface Warfare Technology

3.12 Identify practical fabrication routes for manufacturing des1red missile domes and
transfer to manufacturing technology project in FY 1984 - -

3.13 Develop physical and functional descriptions -

3.14 Complete weaponeering efforts against ship classes -

3.15 Complete Phase 1l safety, vulnerability, and performance testing of low “vulnerability propeiling charge
configurations

3.16 Complete evaluation of multi-option fuze target detection device
3.17 Complete laboratory and functional evaluation of baseline surface-to-surface adaptive contact fuze model
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1. *Program Element: 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
3.18 Complete revised missile exhaust handbook to include guidelines and criteria for protecting shipboard structures

and missile launchers

Air-to-Air Warfare Technology

3.19
3.20

3.21
3.22
3.23
3.24
3.25
3.26
3.27

Complete feasibility demonstration of _ Conherent Frequency Multi-
plexed Radars (CFMR) for targeting ’

Evaluate differential canard controlled low-drag airframe modifications to improve maneuverability and reduce roll
torques as an AIM-9M product improvement

Assemble Infrared Mosaic brassboard seeker and develop signal processing techniques

Conduct laboratory demonstration of improved angular resolution home-on-jam seeker

Begin testing of midcourse and terminal guidance hardware for the Advanced Common Interceptor Missile concept
Conduct roof-top tests of air-to-air targeting system for Fighter/Attack Avionics Targeting Demonstration

Complete air-to-surface system configuration definition for Fighter/Attack Avigpics Targeting Demonstration
Characterize target signatures __ for target/background discrimination
Perform captive flight tests of advanced Radio Frequency (RF) Solid State Semi-active/Active Mid Course and Termina
auidance components

Air-to-Surface Warfare Technology

3.28
3.29
3.30

3.31
3.32

3.33
3.34
3.3%

Develop _ from a missile platform
for transfer to HARPOON/Medium Range Air to Surface Missile (MRASM) product improvements
Fabricate brassboard and test Hybrid_ , Target Acquisition
System (HYTAS) concept - R
Develop and test advanced bomb fuzing components such as terrain sensors, _‘and electric

bomb fuze aircraft system improvements
Initiate integration and demonstration of high performance gun concept
Perform captive flight_tests of

Fabricate and test™ warhead

Integrate circuit components and test ] )

Fabricate and test models of Active OpEical Standoff (Proximity) and Passive Radio Frequency Anti-Radiation Missile
(RF ARM) (Proximity) Fuze Concepts with potential transfer to PE 63303N, Electromagnetic Radiation Source
Elimination System Technology
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[. *Program Element: £/2332N Title: Strike Warfare Weaponry Technology
NoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base

Theater Nuclear Warfare

3.35
3.37

Complete Phase | Study
Perform a 155 mm projectile study

Surface-to-Air Warfare Technology

3.38

Modify a Unified Radome Limits {UJRLIM) Computer Code to include rain damage and infrared domes, define Infrared
(IR) material and rain damage Vimits, and complete radome configuration design requirements for a hypersonic
missile

[dentify wmost promising candidates to orovide improved maneuverablity, reduced time constant missile concept and
verify performance with six degree-of-freedom model to assess impact on miss distance performance

Nevelop computer codes for nredicting aerodynamic coefficients for non-axisymmetric airbreathing missiles

Fabricate and test a bheam-steerable antenna subsystem on a full scale 360 degree roll missile mock-up for
application to very high velocity intercept air defense encounters

Nesign, fabricate, test, and evaluate a full.scale very high velocity staged warhead

Complete home-on-jam midcourse quidance efforts and captive flight tests of a correlation home-on-jam guidance
concept.

Integrate low power components into seeker ‘and complete tests

Complete evaluation of modular digital guidance for RIM-7/AIM-7 application

Inteqgrate low power mirror track radar components into a test hed, complete development of

active components, and perform field tests

Complete Laser Radar field testing to demonstrate

NDevelopment and maintenance of approximate a.y numerical aeroprediction codes and air target vulnerability data
hases will continue

Changes from FY 1982 to FY 1983

3.49

Increasea in funding for FY 1983 (+$9,408 thousand) allows reinitiation of planned essential technological efforts
in air-to-air targeting, standoff tactical air-to-surface missiles, conventional air delivered ordnance, surface-
to-surface missiles, naval qunnery, theater nuclear weapons, and mohbile air defense projects that were either
eliminated or reduced to sub-critical levels as a result of the Congressional budget cut in FY 1982, Examples of
reinitiated efforts include:

Initiate contract for Air-to-Air Fighter/Attack Avionics Targeting Demonstration hardware
Rehuild technical expertise in fuel air explosive ordnance, binary chemical weapons, and aircraft guns
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*Program Element: £2332N Title: Strike Warfare Weaponry Technology

(1)
(u)

Do Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base

- Reinitiate projects in ___warheads, advanced forward Looking Infrared, and low cost guidance
components -

- Initiate efforts in surface-to-surface seekers _

- Restore efforts to investigate submunition™ payloads, ship plate breeching mechanisms, aerodynamic shape
improvements, and penetration performance of Naval projectiles

- Complete testing and evaluation of_laser radar hardware for multi-target fire control

- Restore investigations to address

- Evaluate the missile HAWK air defeénse system for Marine Corps application -

The fundina increase will restore Navy/Marine Corps unique technology to efficacious program levels in the following

areas:

- Low altitude over the water fuzing

- Directional ordnance systems

- Air and ship target vulnerability

- Lightweight infantry weapons

- Target and aimpoint selective guidance

- Countermeasure resistant guidance and radar

- Aerodynamic prediction codes

- Low vulnerability propelling charges for Naval qunnery

- data bases for ships and aircraft
- “tnfrared focal plane array devices

Program to Completion: This is a continuing program

Milestones: Not applicable
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Il. Project: F32-394 Title: Air-to-Air Warfare Technology
Program Element™ b62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGRUUND AND DESCRIPTIUN

o

Supports the development and maintenance of technology for air-launched air-to-air warfare systems in the areas ot
guidance and control, weapon-relataed targeting, aerodynamics, structures, launchers, warheads, and fuzes

Investigates critical issues related to targeting/weapon control, medium/long range intercepts, and short-range weapon
technology for air-to-air warfare

Develops and maintains techniques/data bases necessary for the development of future weapon systems

Technology improvements supporting maneuvering air combat are directed at improved heads-up targeting dand high lethality
short time-to-target missiles with an increased off-axis, all-quadrant engagement capability

Uriving threat parameters include _aircraft and missiles with operational flight
capabilities, -

Specific thrusts being addressed include:

- Demonstration of technology applicable to an advanced air-to-air interceptor missile concept

- Levelopment of mosaic Infrared (IR) Focal plane arrays for advanced seekers

- Development of Coherent Frequency Multiplex Radar (CFMR) to imprgve weapon targeting in jamming environments
- tvaluation of radar technology

- Measurement of Infrared/Radio Frequency (IR/RF) signatures of airborne targets and backgrounds
- Evaluation of advanced aerodynamic configurations and control concepts for missiles

- Development and evaluation of high speed, high temperature airframe materials including radomes
- Demonstration of technology applicable to fighter/attack avionics for targeting

- _Development of semi-active/active midcourse and terminal guidance components

- fuzes for improved burst point control

- Evaluation of low-cost accelerometers and gyros

(U) RELATED ACTIVITIES

©

Work is coordinated through the Joint Llogistics Comnanders Joint Technical Coordinating uroups for Munitions
Effectiveness; the joint Army, Navy, and Air Force Propulsion Committee; the Joint Logistics Commanders Fuze Management
Jrganization; the Joint Services Guidance and Control Committee; and Navy Aeroballistics Committee

Further coordination is effected through the Weapon Technology Coordinating Paper, exchanges of planning documents and
interservice meetings, and the Tripartite Technical Coordination Program (TTCP)
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11. Project: F32-394

Program Element: 62332N
Dob Mission Area: 523 - Engineering Technology Budget Activity:

©

(U) WORK

Title: Air-to-Air Warfare Technology
Title: Strike Warfare Weaponry fechnology
1 - Technology Base

tEftorts in this program are closely coordinated with ongoing technology efforts under PE 62331N, Missile Propulsion
Technology; PE 62633N, Undersea Warfare Weaponry Technology (explosives development, effects, and safety); and PE 6276IN,

Materials Technology
Efforts are also coordinated with technology demonstration efforts under P.E. 63308N, Air-to-Air Missile Technology

Vemonstration

PERFORMED BY

o

In-House - Naval Weapons Center, China Lake, CA; Naval Urdnance Station, Indian Head, MU; Naval Research Laboratory,
Washington, DC; Naval Surface wWeapons Center, Dahlgren, VA and White Uak Laboratory, Silver Spring, MU; David W. Taylor

Naval Ship Research and Development Center, Bethesda, MU
Industrial - Uenver Research Institute, Denver, CU; Grumman, Bethpage, lLong Island, NY; Hughes Aircraft, Culver City, CA;

McDonnelT-Douglas Astronautics, St. Louis, MU; Texas Instruments, Dallas, TX
Academic - Applied Physics Laboratory, Johns Hopkins University, Laurel, MD; Georgia Institute of Technology, Atlanta,

(V) PRUOGRAM ACCOMPLISHMENTS AND FUTURE PRUGRAMS

1. (W)

FY 1981 and Prior Accomplishments

1.1 Developed a jammerV -_‘permitting quick determination

2 Demonstrated a modular digital guidance and control system suitable for application to a range of missions
3 Arena tested concepts to evaluate design parameter modifications in 8-inch diameter,
65-pound size design ‘ - -

1.4 Performed simulated aerodynamic heating tests of materials
offering superior performance = -

1.5 Assembled a catalog of representative scenes of several terrain and sky cloud backgrounds from infrared and radio
frequency measurement data

1.6 A paseline missile concept, the Advanced Common Interceptor Missile (ACIM), was proposed for a joint technology

demonstration to demonstrate utility in both the air and surface launched roles

Transitioned Charge Coupled Device (CCD) Seeker for Air-to-Air missiles to P.E. 63308N

1.7

1.8 Developed signal processing techniques for F-14/ANG-9

1.9  Developed fechniques used in AIM-7M SPARRUW and AIM-54C PHOENIX missiles
- -
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IlI. Project: F32-394 Title: Air-to-Air Warfare Technology
Program Element: 62332N Title: 3Strike Warfare Weaponry Technology
Dol Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
1.10 Demonstrated Controlled Pattern Warhead Tused in AIM-TM SPARRUW and AIM-9M
SIDEWINDER missiles respectively -
1.11 Demonstrated Active Optical fuzing, high response signal processor, and gimbal control tracking loop used in
SIDEWINDER missile -
1.12 Uemonstrated _.for AIM-9M SIDEWINDER missile

2.

V)

FY 1982 Program

Technology for Short Range Air-to-Air Missiles

2.1

NN

w N\

~ NN
.
o U &

Initiate evaluation of differential canard control configurations as a means of improving missile maneuverability
and reducing roll torques and drag

Develop/evaluate Infrared Mosaic Seeker Technology

Initiate evaluation of Infrared Charge Coupled Uevice and advanced hybrid arrays matched to nonuniformity
correction electronics

Design and begin fabrication of Active Optical (CO, Laser) Heterodyne Detection Seekers

Design transceiver brassboard for Scanning Cohereng Optical Fuze

Perform high angle of attack aerodynamics measurements for air breathing missile configurations

Technology for Medium to Long Range Air-to-Air Missiles

.
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Evaluate a solid state transmitter to provide a multi-target capability

Develop a Cassegrain radio frequency antenna for small diameter missiles

Investigate super federated modular digital missile technology for reduced cost and manufacturing complexity
Pursue multi-jammer counter countermeasures

Perform evaluation and end-game analysis of aimable ordnance for providing improved lethality

Design __ __Juzes for improved burst point contro)

Evaluate thermal structural materials for long range high speed missiies

Evaluate advanced aerodynamic configurations and control concepts for airbreathing missiles

Develop lightweight materials and structures for long range, high speed airbreathing intercept missile
Continue efforts for the Advanced Common Interceptor Missile (ACIM) concept demonstration

- Assemble and test breadboard seeker
- Procure breadboard Inertial Measurement Unit (iMU) for initial evaluation
- Continue vehicle and ordnance system design
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1l. Project:

Program ElementT 6233¢2N

F32-394

Title: Air-to-Air Warfare Technoloyy
Title: Strike Warfare Weaponry Technology

DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

- Coordinate proupulsion efforts being conducted under PE 62331N, Missile Propulsion Technology and Pt 63308N,
Air-to-Air Missile Technology Demonstration

Long Range and Countermeasure Resistant Targeting Radar Technology

2.17 Perform rouftop testing of __transmitter/receiver

2.18 Initiate brassboard fabrication of coherent frequency modulated radar

2.19 Design Transmit/Receive modules

2.20 Develop multi-sensor ™ __techniques

2.21 Complete air-to-air system configuration definition for Fighter/Attack Avionics Targeting demonstration

3. (U) FY 1983 and FY

1984 Planned Programs

Technology for

Short Range Air-to-Air Missiles

Complete
Complete
Continue

feasibility demonstration of the differential canard configuration and control concept
and document the high angle of attack aerodynamics measurement program
effort on IR Focal Plane Array seeker technology development

gffort will continue on Scanning Coherent Uptical Fuze technology development including counter countermeasures
techniques

Technology for Medium to Long Range Air-to-Air Missiles

. .
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Complete
Complete

super federated modular digital missile efforts and transition technology
Cassegrain antenna feasibility demonstration and transition technology

Thermal structural evaluation will be completed
Milti-jammer counter countermeasure technology efforts will be completed

Complete
Complete
Complete
Initiate
Initiate
Initiate
Conduct

hardware

fuze technology efforts
evaluation of metal matrix tail structural properties
ind document advanced aerodynamics configuration control concept evaluation for future applications
efforts on technology development_for advanced RF guidance
efforts to develop transmitter technology for air-to-air seekers

efforts on advanced multi-mode dome technology
midcourse and terminal guidance testing of Advanced Common Interceptor Missile (ACIM) demonstration
110
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1. Project: F32-394 Title: Air-to-Air Warfare Technology
Program ElementT 62332N Title: Strike Wartare Weaponry Technology
DoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base
Long Range Countermeasure Resistant Targeting Radar Technology
3.16 Technology development for } T will be completed and ready to transition
to the F-14/AWG-9 Radar Improvement Program
3.17 Effort ont _Conerent Frequency Multiplex Radar /CFMR)} transmit/receive modules will be complete

a. (v)
5. (V)
6. (v)

Project
No.

3.18

3.19
3.20

Compar

and technoTogy will be ready for transition

Modify test-bed aircraft for installation of Fighter/Attack Avionics Targeting demonstration air-to-air system
hardware

Conduct roof-top tests of Fighter/Attack Avionics Targeting air-to-air system

Complete air-to-surface system configuration definition for Fighter/Attack Avionics Targeting demonstration

ison with FY 1982 Program:

3.21

Tne funding increase for FY 1983 over FY 1982 (+$2,623 thousand) allows reinitiation of planned essential
technology efforts in air-to-air targeting, guidance, IR focal plane array, missile airframe aerodynamics
evaluation, and fuzing projects that were eliminated or reduced to sub-critical levels as a result of the
Congressional budget cut of FY 1982. Examples of reinitiated efforts include:

- Initiate contract for air-to-air Fighter/Attack Avionics Targeting Demonstration hardware

- Reinitiate projects in low cost guidance components

- Reinitiate multi-sensor targeting investigations and counter countermesure guidance technigue
- Initiate aerodynamic codes development and evaluation of airbreathing missile configurations
- Pursue optical scanning fuze technology for air-to-air applications

Program to Completion: This is a continuing program
Milestones: Not applicable
Resources (Uollars in Thousands)
Total
FY 1981  FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Kir-to-Air Warfare Technology 8,195 6,040 8,663 9,053 Continuing Continuing
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[[l. Project: F32-395 Title: Air-to-Surface Warfare Technolo
Program Element: 62332N Title: SErike Warfare Weaponry Technology

DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(V) DETAILED BACKGROUND AND DESCRIPTION

]

Supports the development and maintenance of technology for air-launched anti-surface weapons in the areas of guidance,
control, weapon-related targeting, aerodynamics, structures, launchers, warheads, and fuzes

Addresses improvement of conventional free-fall munitions as well as precision guided direct and standoff weapons that can
be delivered with a high probability of aircraft survival

Pursues technologies to provide high utility, cost effective conventional munitions which can be delivered more accurately
and with positive forward air control for close air support

Lethality against large or hardened targets is addressed through improvements in ordnance and through investigations of
more accurate guidance systems with both target and aimpoint selectivity

Stresses all-weather attack technology with major emphasis on higher utility weapon system concepts which can attack both
sea and land targets, including air defense sites

Addresses weapon associated targeting/weapon control avionics which can effectively support tactical standoff missiles or
conventional ordnance —

Driving threat parameters inciude Tand and sea targets that are intensely protectedt’

Specific thrusts being addressed include: -

- Demonstrate feasibility of an inertial laser navigation aided high resolution synthetic aperture radar for improved
land and sea weapon delivery by light attack aircraft

- Investigation of a Hybrid Target Acquisition System (HYTAS) Concept
- Evaluation of survivable concepts

- Design and evaluation of Ship Target Recognition RF and IR Guidance Seekers -

- Development of Dual Mode Seekers

- Design, fabrication, and“testing of Active Optical and Passive RF Anti-Radiation MTf3sile Proximity Fuze Concepts
- Design, fabricate, and test IR Focal Plane Array for Targeting

- Design, fabricate, and test _warhead

- Investigate high perforinancé gun and advanced free fall ordnance fuze concepts

(V) RELATED ACTIVITIES

°

Work is coordinated through the Joint Logistics Commanders Joint Technical Coordinating Groups for Munitions Development;
the Joint Service Fuze Management Committee; and the Navy Aeroballistics Committee
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I11. Project: F32-395 Title: Air-to-Surface Warfare Technology
Program Element:™ 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 ~ Technology Base

° Further coordination is effected through the UOD HMission Area Sumnary Technical Coordinating Papers on weapon technology,
exchange of planning documents, informal interface meetings with other service commands and laboratories, and the
Tripartite Technical Coordination Program (TTCP)

° Efforts in this program are closely coordinated with ongoing technology efforts under PE 62712N, Surface and Aerospace
Target Surveillance; PE 62633N, Undersea Warfare Weaponry Technology (explosives development, safety, and effects); and PE
62761N, Materials Technology (tactical portions)

° Efforts in the program are also coordinated with technology demonstration efforts under PE 63303N, Electromagnetic
Radiation Source Elimination System Technology; and PE 63306N, Advanced Air-Launched Air-to-Surface Missile Systems

(U) WORK PERFORMED BY

° In-House - Naval Weapons Center, China Lake, CA; Naval Avionics Center, Indianapolis, [N; Pacific Missile Test Center,
Pt. Mugu, CA; Naval Surface Weapons Center, Dahlgren, Va and White Oak Laboratory, Silver Spring, MD
° Industrial - Bendix, Phoenix, Al; Emerson Electric, St. Louis, MO; Nielson Engineering and Research, Palo Alto, CA

° Kcademic - None

{V) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (C) FY 1981 and Prior Accomplishments

1.1 Classification _has been demonstrated using Fourier coefficients and
moment features™

.2 Internal blast model was expanded to include metals as fuels

.3 Combined _, targeting
sensors Wdmonstrated that ground targets could beTacquired in both Radio Frequency (RF) and Infrared (IR) at ranges

1.4 TSurvivable fuze modules perfo;rmd successfully in four moderate hard target penetration tests

1.5 technology transitioned to Medium Range Air-to-Surface Missile (MRASM)/TOMAHAWK

1.6 transitioned to TUMAHAWK

1.7 TAdvanced Tac;;cal Inertial Guidance System (ATIGS) ring laser gyro technology transitioned to MRASM

1.8 warhead design was transferred to TOMAHAWK as a backup warhead

1.9  Air burst fuze technology was demonstrated for the Fuel Air Explosive (FAE-II) ordnance System

1.10) warhead and fuze technology transferred to CBU-59 (Anti-Personnel Anti-
Paterial) ordnance
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I[1I. Project: F32-395 Title: Air-to-Surface Warfare Technolo
Program Element:” G2332N Title: Strike Warfare Weaponry lechnology

DoD Mission Area: 573 - Engineering Technology Budget Activity: 1 - Technology Base
.11 ﬂtransitioned to the A-6E Target Recognition
Attack Multisensor (TRAM) Forward Looking Infrared (FLIR)
1.12 __Ecgnsitioned into the guidance seeker for AGM-650 (MAVERICK)
1.13 transferred to the A-6E Conversion in lieu of procurement (CILOP) All-

“Weather Standoff Attack Control System (AWS'S)
1.14 Micrad all weather land and sea seeker technology transitioned to P.E. 63306N
1.15 Ship and land target warhead for standoff Air-to-Surface missiles transitioned to P.E. 63306N

2. (V) FY 1982 Program

Technology for Standoff Air-to-Surface Missiles

2.1 Investigate infrared (IR) and_radio frequency (RF) missile seekers capable of
2.2 Establish _warhead design =
2.3  Design high“shock-survivable modules

2.4 Fabricate and test a Land/Sea Optical Standoff Fuze brassboard model

2.5 Fabricate and test low observable airframe models

2.6 Investigate Passive RF Anti-Radiation Missile fuze concepts

2.7 Develop improved midcourse guidance components

Technology for Freefall Ordnance

8 Investigate Bi-Modal Fuel Air Explosive Weapon Concepts for high utility ordnance

Vefine improved bomb fuzing concepts for improved reliability, safety, and utility

Upgrade aircraft/weapon interface launch dynamic codes to predict separation trajectories and captive air loads
Investigate improved safe and arm device concepts

Initiate chamber/projectile design definition for a high performance gun concept

AN NN
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Air-to-Surface Targeting Technology

2.13 Investigate advanced Focal Plane Array Forward Looking Infrared (FLIR) technology for targeting
2.14 Continue to pursuer— targeting technology and cnancepts

2.15 Initiate development efforts’

2.16 Complete Synthetic Aperture Radar (SAR) updated inertial guidance feasibility demonstration
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11, Project: F32-395 Title: Air-to-Surface Warfare Technology
Program Element: 6233oN Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
3. (U} FY 1983 and FY 1984 Planned Programs
Technology for Standoff Air-to-Surface Missiles
3.1 Complete efforts "for
transition to Medium Range Anti-Snip Missile (MRASM) and HARPOON respectively
{ 3.2 Complete the fabrication and testing of warneads
. 3.3 Fabricate and perform component testing of modules . -
3.4 Design, fabricate, and test a feasibility model of an active optical standoff (PROXIMITY) fuze concept
3.5 Design, fabricate and test breadboard models of a passive RF anti-radidation fuze concept
3.6 Perform captive flight tests of advanced guidance system components
3.7 Initiate a new effort to measure and define Airbreathing Missile Aerodynamics for non-circular cross section
airframes
3.8 Initiate technology development for an advanced high utility warhead

Technology for Freefall Ordnance

3.9
3.10

3.11
3.12
3.13
3.14

Complete design, fahrication, and testing of bimodal fuel air explosive concepts far transition to engineering
development

Complete the design, fabrication, and evaluation of improved bomb fuzing components and ready for transition to
engineering development

Vevelop aircraft stores launch dynamics codes for the transoniz speed regime

Incorporate improved safe and anmn components and technology into bomb, projectile, and missile fuzes

[nitiate integration and demonstration of a high performance qun concept

Fabricate and test warhead

! Air-to-Surface Targeting Technology

L =

Design, fabricate, and initiate testing of Focal Plane Array Forward Looking Infrared (FLIR)

Complete the technology development dand ready for transition
Fabricate and perform initial testing of a Hybrid Target
Acquisition System (HYTAS) Concept —
Initiate efforts to develop Synthetic Aperture Radar (SAR) ‘techniques
Initiate development of; _algorithms
115
-
{




111, Project: F32-395
Progran Element: 62332N
D00 Mission Area: 523 - Engineering Technology

Comparison with FY 1932 Program:

Title: Air-to-Surface Warfare Technology
Title: Strike Warfare Weaponry Technology
Budget Activity: 1 - Technology Base

I

3.20 The funding increase for FY 1983 over FY 1982 (+$2,161 thousand) allows reinitiation of planned essential

technology efforts in Standoff Tactical Air-to-Surface Missiles and air delivered conventional ordnance. Examples
of prujects to be reinitiated include:
- Rebuild technical expertise in fuel air 2xplosive ordnance, binary chemical weapons, and aircraft guns
- Reinitiate projects in_ . 'warheads and advanced Forward Looking Infrared (FLIR)
- Evaluate low cost improvements to bomb fuzing
4, (U) Program to Completion: This is a continuing program
5. (U) Milestones: Not applicable
6. (U) Resources (Jollars in Thousands)
Total
Project Fvy 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
F32-395 Air-to-Surface Warfare Technology 7,953 7,171 5,337 5,325 Continuing Continuing
’
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Project: F32-399 Title: Surface-to-Air Warfare Technology
jran Element: 62332N Title: Strike Warfare Weaponry Technology

Mission Area: 523 - Engineering Technology Budget Activity: I - Technology Base

DETAILED BACKGROUND AND DESCRIPTION

° Supports the development and maintenance of technology for surface-launched Anti-Air Warfare (AAl)} systems in the areas
of Guidance and Control, Missile Fire Control, Aerodynamics and Structures, Fuzes, Warheads, and Target Vulnerability

° Investigates critical technologv issues related to specific generic System design concepts for new and improved surface-
launched Anti-Air Warfare (AAW) systems
° Develops and maintains techniques/data bases necessary for the development of future weapon systems

° Driving threat parameters include the multiplicity of launch platforms,

Self Defense

- An assessment of the cost, risk, and performance compronises of employing the Advanced Common Intercept Missile
(ACIM) concept versus a surface Navy unique solid rocket concept in a surface launched point defense role

- Demonstration of technology for a mirror track radar multiple target fire control conceptr _

- Demonstration of technoloyy for an active seeker which would be immune tao
standof f countermeasures

Area Defense

- Development of multi-mode guidance options for a STANDARD Missile in conjunction with the Multimode Guidance
Program, P.E. 63318N

- Investigation and demonstration of concepts to reduce STANDARD Missile time constant and increase maneuverability
at altitude

- Demonstration of a a candidate for the next STANDARD Missile (SM-2) upgrade

Wide Area Defense

- Development of midcourse and terminal guidance for a far tern hypersonic missile
- Development of high 1ift to drag ratio airframe concepts for hypersonic missile
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Project: F32-399 Title: Surface-to-Air Warfare Technology
Program Elenent™ 62332N Title: Strike Warfare Weaponry TechnoTogy
Dod Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

- Development of fuze, warhead, and target vulnerability concepts to address problems associated with very high
velocity intercepts

Generic Efforts

- Development of a Surface-Launched Weaponry Task Area Objectives dccument which provides a top down approach in
technology planning

- Demonstrate a Laser Radar fire control system capable of very accurate target tracking

- Development and maintenance of aerodynamics prediction codes and Air Target Vulnerability data

RELATED ACTIVITIES

WORK

Related work is carried out by the U.S. Army and Air Force under P.E. 62303A and 62602F

Work is coordinated through the Joint Logistics Commanders Joint Technical Coordinating Groups for Munitions Development
and Munitions Effectiveness; the Joint Army, Navy, NASA and Air Force Committee on Propulsion; the Joint Logistics
Commanders Fuze Management Organization; and the Joint Services Guidance and Control Committee

Further Coordination is effected through the Weapon Technology Coordinating Paper, exchanges of planning documents,
interservice meetings, and the Tripartite Technical Coordination Program (TTCP)

Efforts in this project are also closely coordinated with other projects within P,E. 62332N, Strike Warfare ‘“eaponry
Technology and with ongoing technology efforts under P.E. 6233IN, Missile Propulsion Technology; P.E. 62712N, Surface and
Aerospace Target Surveillance; P.E. 62633N, Undersea Warfare Weaponry Technology (explosives development, effects and
safety), and P.f. 62761N, Materials Technology (tactical portions) as well as with those programs currently in’ advanced
and engineering development in the surface-launched anti-air warfare weapons areas

PERFORMED BY

In-House - Naval Surface Weapons Center, Danlgren, VA and White Oak Laboratory, Silver Spring, MD; Naval Weapons
Center, China Lake, CA; and Pacific Missile Test Center, Point Mugu, CA

Industrial - None

Academic - Johns Hopkins University/Applied Physics Laboratory, Llaurel, MD; New Mexico Institute of Mining and
TéchnoTogy, Socorra, NM
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i¥. Project: F32-399 Title: Surface-to-Air Warfare Technology
Program Element” 623328 Title: 3trike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (V) FY 1981 and Prior Accomplishments

Self Defense

1.1

1.2

Developed and documented a generic self defense missile system design concept with command or command inertial
midcourse and active terminal homing and defined the trajectories which such a missile would have to fly to avoid
mainbeam jamming

A ba<eline missile concept for the generic surface launched self defense role was identified as the Advanced Common
Interceptor Missile (ACIM), and has resulted in a proposal for a joint technology demonstration of the Advanced
Common Interceptor Missile concept in air and surface launched roles

Developed a generic system design concept for a system capable of defending the Fleet from the high angle threat
The first model of the drive system for a mirror track radar was tested and found to have less rigidity than
required; a redesign was performed to provide greater structural rigidity

Tested an experimental _)for an active seeker'’

Fabricated memory and input/output modules and conducted a hardware in the loop simulation of a federated moduler
digital missile guidance concept

Assessed the required airframe characteristics for an advanced surface launched self defense missile and defined a
solid rocket alternative to the Advanced Common Interceptor Missile concept

Area Defense

1.8
1.9

Performed system level tradeoffs and identified dual mode _:guidance, pulsed rocket motors and
discarding radomes as areas holding promise for improved hi¥h altitude performance _
Performed tests and characterized a baseline design in a STANDARD Missile size and

completed models necessary for conducting sensitivity and comparative tradeoff studi@s

Wide Area Defense

1.10 Performed mission evaluation showing need for hypersonic missile interceptor velocities to counter threats in the

year 2000 and beyond

—
1.11 Performed and documented multimode compatibility measurements of aL_ _/jmultimode seeker
119
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IV, Project: F32-399 Title: Surface-to-Air Warfare Technology
Program Element 62342N Title: 3Strike Warfare Weaponry Technology
VoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base

2. (V)

i >

1.12 Oeveloped a closed loop simulation and defined performance limits of home-on-jam midcourse and defined the
performance requirements

1.13 Evaluated countermegsures and sea state effects on Correlation Home-on-Jam concept showing that the system has the
potential to provide’

1.14 Completed wind tunnel tests and analyzed and published results of integral rocket supersonic ramjet investigations

1.15 Tested staged velocity enhancement warhead concepts showing a potential 20-25% fragment velocity enhancement

1.16 UDesigned and tested an analog phase shifter for a beam steering antenna and identified candidate fuze waveforms
capable of performing over a broad range of target-interceptor closing velocities —

1.17 Developed and validated a very high velocwty __‘plate penetration mode)
which accounts for fragment shatter -

1.18 Conducted full-scale tests of annular warheads which would be compatlble A

Generic Program

1.19 Ueveloped and published an FY 1982 Surface-Launched Weaponry Technology Task Area (bjectives document summarizing
the Naval Sea Systems Command's top down approach in technology planning for surface-launched weapons systems

1.20 Completed laser radar flow system, signal processing electronics design and tracker mount mechanical fabrication

1.21 Extended axisymmetric non-airbreathing configuration approximate aerodynamics code to Mach 8 and completed users
quide.

1.22 Maintained and updated air target vulnerabifity data base by perfoming a flight simulation and kill critegia
definitionL nd a detailed failure mode effectiveness ana1y515L_ )

FY 1982 Prograw

Self-Defense

2.1 Validate the need for advanced self defense system and quantify the cost/performance tradeoffs of commonal.ty for
Advanced Common Intercept Missile (ACIM) concept and a solid rocket alternative (efforts are coordinated with PE
62331N, Missile Propulsian Technology and PE 63308N, Air-to-Air Missile Technology Demonstration)

2.2 ,Lontinue fabrication of antenna/gimbgl/control and development of high power transmitter for active seeker

2.3 "Tomplete evaluation of super federated modular digital missile concept and initiate a point design for the RIM-7/
AIM-7 system
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V. Project: F32-399 Title: Surface-to-Air Warfare Technolo
Program Element: 62332N Title: Strike Warfare Weaponry technology

DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

2.4 Complete and test second generation mirror track antenna drive mechanism and initiate counter-countermeasures (CCM)
analysis of the mirror track system
2.5 Collect target signatures at the encounter simulation laboratory and verify fuze air target analogs

Area Defense

2.6 Update area defense system design concepts and coordinate efforts addressing discarding radomes and pulsed motors
to quantify the overall system impact of these concepts

2.7 Coordinate with multimode guidance program and initiate effort looking at long term options to rntegrate

Ifor advanced area defense missiles

2.8 Initiate effort to identify and explore alternative concepts to provide improved maneuverability and reduced
missile time constant at altitude foC_advanced area defense missiles

2.9 Complete! . integration tests and a comparative analysis quantifying the advantages of the

for STANDARD Missile

—

Wide Area Defense

2.10 Initiate investigation of infrared (IR) seeker feasibility for a hypersonic wide area defense missile

2.11 Initiate definition of home on jam midcourse algor1thms “for a hypersonic wide
area defense missile concept

2.12 Initiate captive flight test effort to demonstrate correlation home on jam concept

2.13 Develop improved Length/Diameter (L/D) airframe design concept for a hypersonic Wide Area Defense Missile

2.14 Complete baseline very high velocity (VHV) vulnerability assessment model

2.15 Complete component development for a beam steerable fuze antenna

Generic Program

2.16 Complete integration and laboratory tests of laser radar system and perform limited tracking tests to conclude the

program
2.17 Continue development of nonaxisymmetric airbreathing approximate aerodynamics prediction code —
2.18 Prepare a vulnerability assessment; _:}nd perform a kill criteria analyslﬁ
I [
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IV. Project: F52-399 Title: Surface-to-Air Warfare Technology
Program Element: 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
3. (V) FY 1983 and FY 1984 Planned Programs
Self Defense
3.1 Integrate _low power components into seeker’ “and complete development and
testing of ! b
3.2 Complete evaluation of modular digital missile guidance for RIM-7/AIM-7 application
3.3 Integrate low power mirror track radar components into a test bed and complete development and testing,
3.4 Complete development of kill assessment algorithms
3.5 Pursue technology demonstration of Advanced Common Interceptor Missile addressing a surface-launched version in
conjunction with the Naval Air Systems Command
3.6 Perform at-sea tests to verify fuze target clutter prediction models

Area Defense

3.7 Continue investigation of critical technology issues for an advanced dual mode guidance area defense seeker )
3.8 ldentify most promising candidates to provide improved maneuveradility, reduced time constant concept and verify
performance with 6 degree of freedom model to assess impact on miss distance performance

Wide Area Defense

3.9 Complete infrared feasibility performance analysis and evaluate cooling techniques for an infrared seeker for a
hypersonic Wide Area Defense Missile —
3.10 Complete Home-on-Jam (HOJ) midcourse efforts and
hypersonic missile =
3.11 Complete captive flight tests of correlation Home-on-Jam concept
3,12 Complete radome rain damage code and preliminary configuration design for a hypersonic Wide Area Defense Missile
3.13 Conduct 1large scale tests of baseline Staged Very High Velocity warhead and conduct warhead tests at elevated
temperatures

—]definition for a

Generic Program

3.14 Update and publish Surface-Launched Weaponry Technology Task Area Objectives document as guidance for planning FY
1984 programs




IV. Project: F32-399 Title; Surface-to-Air Warfare Technology
Program ElementT 62332N Title: Strike Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budyet Activity: 1 - Technology Base

4. (V)
5. (V)
6. (U)
Project

No.
F32-399

3.15 Development and maintenance of the approximate and numerical aeroprediction codes and air target vulnerabilty data
base will continue

Comparison with FY 1982 Program:

3.16 Increase in funding for FY 1983 ($+1,195 thousand) allows reinitiation of planned essential technology efforts in
wide-area defense, area defense, and point defense projects that were either eliminated or reduced to sub-critical
levels by the Congressional budget cut in FY 1982, Examples of projects to be reinitiated or restored to
efficacious program levels include:

- Complete the evaluation of laser radar and mirror track radar multi-target fire control hardware

- Initiate counter countermeasure investigations of wide area defense terminal seekers and long range data links
Initiate investigation of ordnance systems compatible with airbreathing ordnance

- Initiate waveform optimization for very high velocity intercept fuzing

Program to Completion: This is a continuing program

Milestones: Not applicable

Resources (Dollars in Thousands)

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
Surface-to-Air Warfare Technology 8,369% 5,728 5,923 7,113 Continuing Continuing

*  Includes $5,916 in Project F32-392, Medium/Long Range Surface-to-Air Technology, that was combined with this project in FY

1981.
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FY 1983 RDT&E DESCRIPTIVE SUMMARY
Program Element: 62542N Title: Nuclear Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
(U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)
Total

Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost

TOTAL FOR PROGRAM ELEMENT 44,639 » s 58,735 Continuing Continuing
F42-441 Submarine Nuclear Propulsion 14,400 15,183 19,000 19,000 Continuing Continuing
F42-442 Surface Ship Nuclear Propulsion 10,000 8,190 9,000 9,000 Continuing Continuing
F42-443 Myltipurpose Nuclear Propulsion 20,239 24,203 25,624 30,735 Continuing Continuing

(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED

° Element funds a comprehensive research and development program directed toward the development

advanced technologies for potential use in naval nuclear propulsion plants.

and application of

° Program's objectives include applying advanced technology to improve performance of the propulsion plant and its
components; while also providing greater plant simplicity, standardization and operating life.
while developing reactor plant

equipment which is easy to maintain with reduced operating noise, space and weight requirements.

° Other objectives include increasing the reliability of the plant and its components

(V) BASIS FOR FY 1983 RDT&E REQUEST

° Research and development efforts will include work in reactor plant material development and

testing, reactor plant

refueling and servicing technology, radiation control, shielding design and fabrication, steam generator technology and

development of advanced design reactor instrumentation and control systems.

° Reactor plant mechanical components will be designed and tested in order to achieve better

service life, and reduce detectable radiated noises.
° Work on improved steam plant water chemistry control methods

while work on advanced design instrumentation and control equlpment with improved accuracy,

weight requirements and incredsed resistance to naise will continue.

performance, extend the

."vill be conducted
reliability, reduced space,

° The increase in funds in FY 1983 over FY 1982 is required as result of inflation and increased efforts in equipment

development and component testing

° As this is a continuing program, the above funding profile includes outyear escalation and encompasses all work or

development phases now planned or anticipated through FY 1984 only.
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Program Element: 62542N Title: Nuclear Propulsion Technology
DoD Mission Area: 523 - Engineering Technolagy Budget Activity: 1 - Technology Base

(/) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY (bollars in Thousands)

°© The changes in funding as shoan in the FY 1983 Descriptive Sumnary from the funding shown in tne FY 1982 Descriptive

Summary (-57 in FY 1982 and -1,968 in FY 1983) are the result of escalation changes and refinement of cost estimates

(U) FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY

Total
Project FY 1980 FY 1981 FY 1982 FY 1983 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion  Cost
TOTAL FOR PROGRAM ELEMENT 31,976 43,639 47,633 R Continuing Tontinuing
F42-441 Submarine Nuclear Propulsion 12,400 14,400 15,200 19,000 Continuing Continuing
F42-442 Surface Ship Nuclear Propulsion 11,900 10,000 8,200 9,000 Continuing Continuing
F42-443 Multipurpose Nuclear Propulsion 17,676 20,239 24,233 27,592 Continuing Continuing

(U) OTHER APPROPRIATIONS FUNDS: None.
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1. *Program Element: 62542N

Title: Nuclear Propulsion Technology
DoD Mission Area: 523 - Engineering Technology

Budget Activity: 1 - Technology Base

(V) DETAILED BACKGROUND AND DESCRIPTION

° Element funds a comprehensive research and development program directed toward the development and application of
advanced technologies to naval nuclear propulsion plants,

° Investigates problems 1in specific technical areas including:
greater plant simplicity and standardization, Tlonger ship life, __

reducing operating noise to preclude detectability from component generated

radiated noise sources while decreasing space and weight requirements and increasing reliability and maintainability.

° Operational data from existing naval nuclear powered vesseis ana iand based prototypes is continuousiy evaiuated and

factored into the program,

Research and development efforts cover the entire spectrum of technologies involved in naval nuclear propulsion.

improved propulsion plant and component performance,

a

(U) RELATED ACTIVITIES

° Work conducted under this program is closely coordinated with the Department of Energy's Office of the Deputy Assistant

Secretary for Naval Reactors' research and development work on nuclear reactor plants and cores,

The Naval Nuclear Propulsion Program is an integrated research and development program which encompasses both Navy

Department of Energy (DOE) research and development funds, with the bulk of the funds provided by the DOE.

Navy research and development portion includes exploratary development, advanced development, and operational development

funds.

° Overall research and development program is dedicated to the continued development of
nuclear propulsion plants and related components.

and

safe, reliable, and advanced

() WORK PERFORMED BY
° In-House - None
° Industrial - Westinghouse Electric Corporation, Bettis Atomic Power Laboratory and Plant Apparatus Division, Pittsburgh,

s and,
° Academic

neral Electric Company, Knolls Atomic Power Laboratory and Machinery Apparatus Operation, Schenectady, NY
- None

* Roman numeral I, identifies th2 numbered items in paragraphs 1., 2., and 3. below as belonging to the Program Element PEDS
e.g., l.1.1 refers to the first item in paragraph 1. of the Program Element PEDS. Similarly, a Roman numeral 1I[, I[I[I, etc. will
be used in front of the word “Project” on the first page of each Project PEDS e.g., [I.1.1 refers to the first item in paragraph 1
of the first Project PEDS for this Program Element.
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1. *Program Element: 62542N Title: Nuclear Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

{U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (C) FY 1981 and Prior Accomplishments

1.1
1.2

1.3

1.4
1.5

1.6

1.10
1.11
1.12
1.13
1.14
1.15

Efforts under this program have provided for the continuous upgrading and improvement of naval nuclear propulsion
plants of various power ratings and designs

Materials development and analysis has continued to be an area of extensive effort to ensure that reactor materials
will withstand the harsh reactor environment over long periods

Continyed materials development and analysis in order to qualify alternate materials having improved corrosion of
mechanical properties for reactor plant applications in addition to testing of current reactor plant materials

The' Jtest program was continued:;

Continued investigations into the cause and prevention of

Completed development of manufacturing techniques which can produce pipings and fittings ”

The need to ensure safe and reliable reactivity control has mandated continued :hevelopment
The functional evaluation of thel ‘has resulted in development
and installation of improved beafings ~ — .
Continued life testing of rand testing of ¢ this
testing provides valuable TAformation on 7 the
mechanism

Testing was continued on the effects of _ _'mechanism performance

Continued development of advanced design reactor instrumentation and control equipment for sybmarine and surface
ship applications

Advanced designs for instrumentation and control! equipment will utilize wicroprocessors, miniature integrated
circuits and digital techniques to replace existing magnetic amplifier and discrete transistorized equipment

New equipment being designed will provide improved accuracy, stability and reliability,
and simplified operation and maintenance

Initiated development of advanced design reactor monitoring and protection equipment

-—
— —
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I. *Program Element: 62542\ V Title: Nuclear Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
1.16 The chemical treatment of reactor plant coolant can greatly affect the life and performance of reactor plant
_components and systems
1.17
1.18
1.19 Evaluated non-destructive test methods for improved detection'
1.20 Updated technology and fleet requirements have necessitated constant review and development of reactor servicing
equipment and procedures
1.21 Vata obtained from a review of submarine and surface ship refueling equipment and procedures have been factored
into the effort to reduce cost and time required for fuelings/refuelings
1.22 Continued research and development efforts to improve valve performance ang reliability
1.23 Initiated preliminary testing to better define the operating environment
1.24
L}
1.25 I'nitiated testing to redesign flow regulating check valves to improve their performance and stability
1.26 VDeveloped design improvements to reduce the amount of radiated noise emanating from
them - -
127 1
1.28 Continued work on shield design concepts and shield design analysis
2. (V) Fy_ 1982 Program

2.1
2.2
2.3

The general development of both submarine and surface ship nuclear propulsion plant systems and components will
continue

Continuing engineering effort and Tong term testing will explore the feasibility of extending the operating life of
major reactor plant components

Data will be obtained from operating nuclear submarines and surface ships on reactor plant performance; data is
evaluated and provides important information regarding plant performance over a number of years of operation; this
information is applied to improve the design of reactor plant systems and components

128

- B




[. *Program Element: 62542N Title: Nuclear Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

2.4 Continue development efforts to apply advanced technology to naval nuclear instrumentation and control eqguipment
and systems; effort is needed to produce equipment and systems having the greater accuracy, reliability, safety and
maintainability that is required for compatibility with future generations of nuclear propulsion plants

2.5 Continue work on advanced design reactor instrumentation and control equipment for submarine and surface ship
applications using microprocessors, miniature integrated circuits and digital techniques

2.6 Conduct technical evaluations as needed for nuclear surface ship and submarine instrumentation and control systems
in the areas of system design, system performance, reliability and safety features, compatibility and installation
suitability _

2.7 Continue work to develop designs and methods which will improve performance and reliability
in consonance with the design and operation of longer life cores -

2.8 Conduct %estlnq to obtain needed operational data —-

2.9 Continue life testing of _land complete testing !
testing is necessary to determine whether _Jas they are presently designed and manufactured
are capable of performing well in future Tonger life reactors™

2.10 Continue development of improved materials and material heat Treatments for reactor plant application and testing
of current materials to determine the1r long term corrosion resistance

2.11 Continue the effort to improve the _]performance of key reactor plant metals under long
term conditions

2.12 Initiate testing on the use oft_

—
2.13 Determine methods for arresting or preventing
performance and reliability

2.14 Initiate development of ultrasonic equipment to nondestructively exam1ne

2.15 Continue tests and inspections to prgvide information to improve steam generator designs

2.16 Begin a program to qualify tubing for steam generator fabrication

2.17 Analyze and test alternate‘Water chemistries to determine their usefulnesss

2.18

2.19

2.20 Operate land based prototype nuclear propuTsion plants in order to provide information on advanced concepts dnd
improved designs for potential shipboard application

2.21 Continue efforts to develop and improve reactor servicing in order to support surface ship and submarine refuelings
on a regular or emergency basis

2.22 Continue work to improve valve performance and reliability
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1. *Program Element: 62542N Title: Nuclear Propulsion Technology
DoD Mission Area: 523 = Engineering Technology Budget Activity: I - Technology Base
2.23 Design and test advanced main coolant pumps for surface ship and submarine applications
Z2.24 Improve noise saurce localvzatlon_gapabllvtxes in order to prevent excessive noise and vibration in reactor systems
and develop technology
3. (V) FY 1983 and FY 1984 Planned Programs

3.1
3.2
3.3
3.4

3.5

Continue development of improved materials for reactor plant applications and testing of current materials to
improve their corrosion resistance ,—
Initiate wear testing of materialsh_

Continue the effort to develop advanced design r-actor instrumentation and control equipment for nuclear powered
surface ships and submarines using microprocessors, miniature integrated circuits and digital techniques

Undertake development of new design reactor plant instrument system detector and signal transmission and power
distribution techniques to provide components having longer life, improved accuracy, stability and reduced
susceptibility to noise

Continue technical evaluations as needed of instrumentation and control systems in the areas of system design,
system performance, reliability and safety features, compat1b\11ty and installation suitability

Continue development of designs and methods which w1ll 1mprove “performance and reliability
in support of longer life_reactors
Continue life testing of

Develop an improved i individual rod position indicator to achieve improved core performance

Perforn analysis for possible use with mechanisms which exhibit high
rotational friction during operation ’

Qualify computer programs to be used in the analysis of steam generators —

Continue tests and inspections to improve steam generator designs and to improve;

Continue evaluation of new methods for water chemistry control i. steam generators and steam plant components
Complete development and qualification of non-destructive inspection methods and equ1pmentt-

|
Qualify and_implement methods ~ _

- -~
Continue tests to identify noise reduction methods -1wh11e evaluating methods to reduce noise

and improve performance, reliability and integrity of other components
Design and modification of reactor servicing equipment wil) continue
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. *Program Element: 62542\ Title: Nuclear Propulsion Technology
oD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

3.17 Continue to perform design and shipping safety analyses of shipping containers
3.18 Develop valve inspection and diagnostic methods in addition to new valve design and analysis methods

Changes from FY 1982 to FY 1983

3.19 The increase in funds in FY 1983 over FY 1982 is required as a result of inflation and increased efforts i
equipment development and component testing

. (V) Program to Completion: This is a continuing program.

« (U) Milestones: Not applicable.




11. Project: F42-441 Title: Submarine Nuclear Propulsion
Program Element: 62542N Title: Nuclear Propulsion Technology
Dol Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(\) DETAILED BACKGRUUND AND DESCRIPTIUN

Q

Submarine Nuclear Propulsion research and development work supports the continued development of advanced technology to
improve nuclear propulsion plants for submarines

Tne objectives of the program include improving propulsion plant and component performance in the areas of greater plant
simplicity and standardization, longer life, reduced operating noise, reduced space dand weight requirements and better
reliability, safety assurance and maintainability

Work under this project has provided the technical base required for the initiation of advanced submarine projects

The effort of long-term operations is thoroughly evaluated as experience is gained from the increasing number of operating
submarine plants

Advances in materials development, component design, reactor control and instrumentation equipment design, and plant
technology developed under this project have been incorporated in submarine propulsion plant systems to provide simple,
more reliable high performance plants

(U} RELATED ACTIVITIES

©

(U) WORK

Work conducted wunder this program is closely coordinated with the Department of Energy's Uffice of the Deputy Assistant
Secretary for Naval Reactors' research and development work on nuclear plants and cores

Tne Naval Nuclear Propulsion Program is an integrated research and development program which encompasses both Navy and
Departmwent of Energy (DOE) research and development funds, with the bulk of the funds provided by the DOE

Tne Navy research and development portion includes exploratory development, advanced development, and operational systems
development funds

This overall research and development program is dedicated to the continued devclopment of safe, reliable, and advanced
nuclear propulsion plants and related components

PERFURMED BY

°

<

In-House - None

Industrial - westinghouse Electric Corporation, Bettis Atomic Power Laboratory and Plant Apparatus Uivision, Pittsburgh,
PR, and, General Electric Company, knolls Atomic Power Laboratory and Machinery Apparatus Uperation, Schenectady, NY
Academic - None
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Il. Project: F42-441 Title: Submarine Nuclear Propulsion
Program Element: 62542N Title: RucTear Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) PROGRAM ACCUMPLISHMENTS AND FUTURE PRUGRAMS

1. (V) FY 1981 and Prior Accomplishments

1.1
1.2

Initiated development of advanced design reactor monitoring and protection equipment which will use microprocessor
based circuitry to improve accuracy, simplify maintenance and increase reliability
Continue to develop other advanced design reactor instrumentation and control equipmen}_for submarine applications
which will utilize microprocessors, miniature integrated circuits and digital techniques/_

- -- —
The new design equipment will provide improved accuracy, stability, and reliability,. _:)and
simplified operation and maintenance , . —
The need to ensure safe and reliable

The functional evaluation of the' _ jhas resulted in development
and installaticn of improved bearings .~
Continued life testing of and testing of this

testing provides the Navy valuable information on

Testing was continued on the effects of defectivé conditions on mechanism performance
The chemical treatment of reactor plant coolant can greatly affect the life and performance of reactor plant

_components and systems

Developed design improvements /| _'to reduce the amount of radiated noise emdnating from
them

Updated tachnology and fleet requirements have necessitated constant review and development of reactor servicing
equipment and procedures

Data obtained from a review of submarine refueling equipment and procedures have been factored into the effort to
reduce the cost and time required for fuelings/refuelings

Continued research and development efforts to improve valve performance and reliability
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Il. Project: F42-441 Title: Submarine Nuclear Propulsion

Program Element: 62542N Title: NucTear Propulsion Technology

DoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base

1.16 Initiated testing to redesign flow regulating check valves to improve theii performance and stability

2. (V) FY 1982 Program

2.1 The general development of submarine nuclear propulsion plant systems and components will continue

2.2 Continuing engineering effort and long term testing will explore the feasibility of extending the operating life of
major reactor plant components

2.3 Obtain data from operating nuclear submarines on reactor plant performance; when evaluated, this data provides

important information regarding plant performance over a number of years of operation and is applied to improve the
design of reactor plant systems and components

2.4 Development efforts will continue to apply advanced technology to naval nuclear instrumentation and control equipment
and systems; this effort is needed to produce equipment and systems having the greater accuracy, reliability, safety
and maintainability required for compatibility with future generations of nuclear propulsion plants

2.5 Continue work on advanced design microprocessor based reactor protection and monitoring equipment as well as advanced
design reactor instrumentation and control equipment for submarine applications using microprocessors, miniature
integrated circuits and digital techniques

2.6 Technical evaluation will be conducted as needed for nuclear submarine instrumentation and control systems in the
areas of system design, system performance, reliability and safety features, compatibility and installation

suitability e

2.7 MWork will continue to develop designs and methods which will 1mproveL_ performance and
reliability in consonance with the design and operation of longer life cores -

2.8 Conduct stesting to obtain_needed operational dat

2.9 Continue life testing of and complete testing

testing is necessary to determine whether.
are capable of performing well in future longer life reactors:
2.10 Continue valve research and development efforts in order to improve valve performance and reliability
2.11 Proceed with testing to develop new designs for flow regulating check valves to improve their durability
perform valve failure analyses as required
2.12 Effort will be expended to determine methods for arresting or preventing
and to improve steam generator performance and re‘1ability

_.as they are presently designed and manufacturea

2.13 Continue testing of new design features _ ___in order to identify additional methods to
reduce ngise
2.14 Develop technology and continue to improve noise source localization capabilities in order to

prevent excessive noise and vibration in reactor systems
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Program Element™ 62542N Title: NucTear Propulsion Technology
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2.15

2.16 Efforts to develop and improve reactor servicing equipment and techniques will continue in order to support submarine
refuelings on a regular or emergency basis

2.17 Continue design and shipping safety analyses of shipping containers

3. (V) FY 1983 and FY 1984 Planned Programs

3.1 Continue effort to develop advanced design reactor instrumentation and control equipment for nuclear powered
submarines using miniature integrated circuits and digital techniques

3.2 Continue technical evaluation as needed for nuclear powered submarine instrumentation and control systems in the
areas of system design, system performance, reliability and safety features, compatibility, and installation
suitability

3.3 Undertake development of new design reactor plant instrument system detectors and signal transmissign and power
distribution techniques to provide components having longer life, improved accuracy, stability .

—

3.4 Continue development of designs and methods which will improveL_ .'7performance and reliability in

support of longer life reactors

L)

3.5 Continue life testing of ~ —J
3.6 Develop an improved jndividual rod position indicator to achieve improved core performaanC:
r- ——
3.7 Evaluate alternate imp;gved Jesigns and hardware development to improve mechanism performance margins
3.8 Perform analysis for __]possible use with mechanisms which exhibit high
rc.ational friction during operation -
3.9 Continue development of {technology while impraving noise source localization methods in order

to prevent excessive noise and vibration in reactor systems
3,10 Qualify and_implement methods ofL_

3.11 ODevelop computer programs to aid in the analysis of steam generator design and conduct testing[:;
- ~—
3.12 Continue tests to identify noise reduction methods T wnile evaluating methods to reduce noise
and improve performance, reliability and integrity of other components

3.13 Design modification of reactor servicing equipment will continue
3.14 Design and shipping safety analysis of shipping containers will continue to be performed
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Program Elements 62542N Titte: Nuclear Propulsion Technology
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3.15 Pursue investigations of improved valve related materials and materials processing
3.16 Develop valve inspection and diagnostic methods in addition to new valve uesign and analysis methods

Comparison with FY 1982 Program:

3,17 Tne increase in funds in FY 1983 over FY 1982 is required as a result of inflation and increased efforts in
equipment development and component testing

4, (U) Program to Completion: This is a continuing program.

5. (U) Milestones: Not applicable.

6. (U) Resources (Dollars in Thousands)
—_— . Total

Project FY 1981 FY 1982 FY 1983 FYy 1984 Addigional Estimated

No. Title Actual Estimate Estimate Estimate to Completion Cost

F42-441 Submarine Nuclear Propulsion 14,300 15,183 19,000 19,000 Continuing Continuing
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I11. Project: F42-442 Title: Surface Ship Nuclear Propulision

Program Element: 62542N Title: Nuclear Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION

°

This project is directed toward the application of advanced technology needed to support the design and improvement of
nuclear propulsion plants for surface warships over a wide range of power ratings

The objectives of this project include the continued development of advanced nucliear propulsion plant and system concepts
and designs, and improving propulsion plant and component performance in the areas of greater oplant simplicity and
standardization, longer life, and better reliability, safety assurance and maintainability

Special areas of interest encompass the design and development of systems, equipment and procedures necessary for the
installation and servicing of advanced reactor cores in surface ship nuclear propulsion plants, and the analysis of plant
performance data from nuclear powered surface ships and land based prototypes

(1)) RELATED ACTIVITIES

]

(1) WORK

Work conducted under this program is closely coordinated with the Department of Energy's Office of the Deputy Assistant
Secretary for Naval Reactors' research and development work on nuclear plants and cores

The Naval Nuclear Propulsion Program is an integrated research and development program which encompasses both Navy and
Nepartment of Energy (DOE) research and development funds, with the bulk of the funds provided by the DOE

The Navy research and development portion includes explaratory development, advanced development, and operational systems
development funds

This overall research and development program is dedicated to the continued development of safe, reliable, and advanced
nuclear propulsion plants and related components

PERFORMEN BY

In-House - None

Tndustrial - Westinghouse Electric Corporation, Bettis Atomic Power Labhoratory and Plant Apparatus Division, Pittsburgh,
PK; and, General Electric Company, Knolls Atomic Power Laboratory and Machinery Apparatus Operation, Schenectady, NY
Academic - None
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ITl. Project: F42-442 Title: Surface Ship Nuclear Propulsion
Program Element:  B2542N Title: NucTear Propulsion Technology
DoN Mission Area: /23 - Engineering Technology Budget Activity: 1 - Technology Base

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (V) Fy 1981 and Prior Accomplishments

1.8

1.9

Continued development of advanced design reactor instrumentation and control equipment for surface ship_application
Advanced designs will utilize microprocessors, miniature integrated circuits and digital techniques /__

New design equipment will provide improved accuracy, stability and reliability, r— g and
simplified operation and maintenance -

Updated technology and fleet requirements have necessitated constant review and development of reactor servicing
equipment and procedures

Nata obtained from a review of surface ship refueling equipment and procedures have been factored into the effort to
reduce the cost and time required for fuelings/refuelings

Continued research and development efforts to improve valve performance and reliability

Initiated preliminary testing to better define the operating environment

.
Evaluated non-destructive test methods for improved detqctionL__

—3

2. (V) FY 1982 Program

2.1

2.2
2.3
2.4

2.5

Continue development efforts to apply advanced technology to naval nuclear instrumentation and control equipment and
systems having greater accuracy, reliability, safety and maintainability that is required for compatibility with
future generations of nuclear propulsion plants

Continue work on advanced design reactor instrumentation and control equipment for surface ship applications using
microprocessors, miniature integrated circuits and digital techniques

Conduct technical evaluations as needed for nuclear surface ship instrumentation and control systems in the areas of
system design, system performance, reliability and safety features, compatibility, and installation suitability
Continue efforts to develop and improve reactor servicing in order to support surface ship refuelings on a regular or
emergency basis

Continue work to improve valve performance and relfability
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i

Budget Activity: 1 - Technology Base

2.6
2.7 .
2.8 Continue analysis, design, and test programs to improve steam generator performance and reliability
2.9 Design and test advanced main coolant pumps with surface ship applications —
2.10 Initiate development of ultrasonic equipment to non-destructively examinel__
211 ”
(V) FY 1983 and FY 1984 Planned Programs
3.1 Continue the effort to develop advanced design reactor instrumentation and control equipment for nuclear powered
surface ships using microprocessors, miniature integrated circuits and digital techniques
3.2 Continue technical evaluations as needed for nuclear powered surface ship instrumentation and control systems in the
areas of system design, system performance, reliability and safety features, compatibility, and installation
suitability; further develop advanced safety assurance systems for surface ships to enhance reliability
3.3 Undertake development of new design reactor plant instrument system detectors, signal transmission and power
distribution techniques to provide components having longer useful lives, improved accuracy, stability,_
3.4 Pursue investigations of improved valve related materials and materials processing while continuing to develop valve
inspection and valve diagnostic methods
3.5 Develop new valve design and analysis methods
3.6 Continue analysis, design and test programs to improve steam generator and other components performance and
reliability
3.7 Continue testing of advanced main coolant pumps which have surface ship applications o
3.8 Complete development and qualification of non-destructive inspection methods and equipment to examine -
3.9 Design and modification of reactor servicing equipment will continue, including design and shipping safety analyses
of shipping containers
Comparison with FY 1982 Program:
3.10 The FY 1983 program increase over FY 1982 reflects refinement of costs including inflation
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ITI, Project: F42-442 Title: Surface Ship Nuclear Propulsion
Program Element:” 62542N Title: NucTear Propulsion Technology
VoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base
4, (V) Program to Completion: This is a continuing program.
5. (Y) Milestones: Not applicable.
6. {Uu) Resources (Dollars in Thousands)
Total
Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion  Cost
F42-442 Surface Ship Nuclear Propulsion 10,000 3,190 9,000 9,000 Continuing Continuing
140
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IV. Project: F42-443 Title: Multipurpose Nuclear Propulsion

Program Element: 62542N Title: WNucTear Propulsion Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTINN

o

The Multipurpose Nuclear Propulsion Technology Program provides for the development of technology to continuously upgrade
and improve a broad ranqge of propulsion plant systems and component designs

This program incorporates areas of nuclear propulsion technology that are not primarily directed toward either submarine or
surface ship propulsion plants

Of primary concern is the advancement of nuclear technology and the application of this technology to the naval nuclear
npropulsion program; areas of effort include: primary and secondary plant chemistry, steam generator chemical cleaning,
improved steam generator thermal and hydraulic tests and refineme .t of analytical techniques and corrections, materials
application and analysis, radiation control, shielding design, advanced design reactor plant chemical components, reactor
plant and nuclear instrument detectors, advanced instrument and control system concepts, and refined analytical methods to
evaluate operational data from ships and land prototypes

(U) RELATED ACTIVITIES

o

(U) WORK

Work conducted under this program is closely coordinated with the Department of Energy's Office of the Depuiy Assistant
Secretary for Naval Reactors' research and development work on nuclear plants and cores

The Naval Nuclear Propulsion Program is an integrated research and development program which encompasses both Navy and
Department of Energy (DOE) research and development funds, with the bulk of the funds provided by the DOE

The Navy research and development portion includes exploratory development, advanced development, and operational systems
development funds

This overall research and development program is dedicated to the continued development of safe, reliable, and advanced
nuclear propulsion plants and related components

PERFORMED BY

In-House - None

Industrial - Westinghouse Electric Corporation, Bettis Atomic Power Lahoratory and Plant Apparatus Division, Pittsburgh,
PA; and, fieneral Electric Company, Knolls Atomic Power Laboratory and Machinery Apparatus Operation, Schenectady, NY
Academic - None
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IV. Project: F42-443 Title: Multipurpose Nuclear Propulsion
Program ElementT 62542\ Title: WucTear Propulsion Technology
700 Mission Area: 523 - Enqineering Technology Budget A&ctivity: 1 - Technology Base

(V) PROGRAM ACCOMPLISHMENTS AND FUTHRE PROGRAMS

1. (Y) FY 1981 and Prior Accomplishments

1.1 Efforts in this program have included work on concepts and techniques in the areas of pressurized water reactor
technology, materials development and application as well as shielding design and fabrication

1.2 Continued materials development and analysis in order to qualify alternate materials having improved corrosion or
mechanical properties for reactor plant applications; this was in addition to other testing of current reactor plant
_materials /

1.3

1.4 The "test program was continued

—
1.5 Continued investigations 1into the cause and prevention of
1.6 Completed development of manufacturing techniques which can produce pipings and fittings —

1.7 Continued qualification_and implementation of an improved steam generator chemical cleaning process designed to
maximize sludge removal r 9

1.8 Implemented methods to improve steam generator chemistry control with the purpose of reducing !
sludge buildup

1.9 _Continued studies nn the corrosive effects of primary coolant on reactor plant components

1.10

1.11 Continued work on sh.21d design concepts and shield design analysis

| -
—_—
2. (U) FY 1982 Program ‘

2.1 Continue development of improved materials and material heat treatments for reactor plant application and testing
of current materials to determine their long time corrosion resistance

2.2 Continue the affort to improve the ~ performance of key reactor plant metals under long term
conditions ; -
2.3 Initiate testing on the use of:
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IV. Project: F42-443 Title: Mulitipurpose Nuclear Propulsion
Program Slement: §?512N Title: TNucTear Propulsion Technology
D00 Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
2.4 Initiate development and qualification of computer programs to analyze steam generators
2.5 Continue tests and inspectigns to provide information to improve steam generator designs
2.6 Start a program to qualify _ tubing for steam generator fabrication
7.7 Analyze and test alternate water chemistries to determine their usefulness in steam generator applications _
2.8
2.9 Continue work on shielding design and analysis as well as engineering analyses and evaluations for naval ships in the
areas of environmental monitoring and radiocactive waste processing
2.10 Operation of the land bhased prototype nuclear propulsion plants, including extensive testing programs, will provide
information nn advanced concepts and improved desiaqns for potential shipboard application
3. (V) FY 1983 and FY 1984 Planned Programs
3.1 Continue development of improved materials for reactor plant applications and testing of current materials to improve
their corrosion resistance —
3.2 Initiate extensive testing to determine the’
3.3 Initiate wear testing of materials!
3.4 Continue qualification of computer programs to be used in the analfsis of steam generators
3.6 Continue _tests and inspections to improve steam generator designs
3.6 Evaluation of new methods for water chemistry control in steam generators and steam plant components will continue
3.7 Continue to analyze the chemical and radiochemical behavior of the reactor plant primary coolant
3.8 Continue efforts to reduce _ __sludge buildup which can alter normal plant conditions and operations
3.9 Continue shielding design and analysis for all types of nuclear powered vessels; work in this area includes
conducting shield surveys, design of new refueling equipment to minimize radiation exposure, while providing
support for the decommissioning of reactor plants which have ended their commissioned service; disposal work
consists of choosing a method and location for disposal of the radioactive decommissioned nuclear propulsion plants
3.10 Experience gained in the operation of land-based prototype nuclear propulsion piants will provide information useful
in nuclear powered naval ships and submarines
3.11 Continue test programs performed in the land hased prototype reactor plants to provide information useful in plant

system design, component design and plant operation of commissioned naval ships and submarines
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IV. Project: F42-443 Title: Multipurpose Nuclear Propulision
Program Element: 62542N Title: NucTear Propulsion TechnoTogy
DoD Mission Area: ~523 < Engineering Technology Budget Activity: 1 - Technology Base

4. (v)
5. (V)
6. (v)

Project
No.

Comparison with FY 1982 Program:

3.12 The FY 1983 program increase over FY 1982 reflects refinement of costs including inflation

Program io Completion: This is a continuing program.

Milestones: Not applicable.

Resources (Dollars in Thousands)

Total
FY 1981 Fy 1982 FY 1983 FY 1984 Additional Estimated
Title Actual Estimate Estimate Estimate to Completion Cost
MuTtipurpose Nuclear Propulsion 20,239 24,203 25,624 30,735 Continuing Continuing
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FY 1983 RDT&E DESCRIPTIVE SUMMARY

Program Element: 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
(U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)
Total

Project Fy 1981 FY 1982 FY 1983 Fy 1934 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost

TOTAL FOR PROGRAM ELEMENT 35,016 38,251 44,156 4< 501 Continuing Continuing
F43-411 Concept Assessment of Platforms and Systems 2,464 3,734 5,476 5,270 Continuing Continuing
F43-421 Fluid Dynamics 3,488 3,100 3,496 3,340 Continuing Continuing
F43-422 Vehicle Structures 5,002 4,450 6,335 9,248 Continuing Continuing
F43-431 Electrical Energy Conversion and Distribution 4,619 6,861 3,828 4,248 Coatinuing Continuing
F43-432 Propulsion/Engines/Turbines/Related Technology 3,168 3,000 3,402 4,190 Continuing Continuing
F43-433  Auxiliary Machinery/Equipment 3,059 1,800 2,208 3,140 Continuing Continuing
F43-451  Survivability/Habitability/Damage Control 3,937 3,000 3,212 4,300 Continuing Continuing
F43-452 Acoustic Silencing 5,282 6,660 9,700 8,100 Continuing Continuing
F43-453  Surface Ship Magnetic Silencing 500 880 1,100 0 Continuing Continuing
FA3-454  Ship Electromagnetic Compatibility 1,000 1,258 1,275 1,365 Continuing Continuing
F43-455 Marine Corps Surface Mobility 2,497 3,508 4,124 4,760 Continuing Continuing

(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED

o

Develops the basic technology necessary to achieve significant advances in the military performance of naval ships,
submarines, and boats, and in reducing their acquisition and support costs

Seeks performance improvements through better combat capability, reduced vulnerability, enhanced survivability, and greater
enddrance

Aims for cost reductions in ship design, construction, operation, and logistic support

The basic technology includes advanced vehicle concepts, hydrodynamics, and ship structures; propulsion, electrical, and
auxiliary machinery systems; ship survivability and acoustic silencing; electromagnetic compatibility and magnetic
silencing; and Marine Corps amphibious vehicles
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Dol Mission Area: ~523 ~ Engineering Technology Budget Activity: 1 - Technology Base

(V) BASIS FOR FY 1983 RDT&E REQUEST

° Reduce surface ship size and acquisition cost by developing highly integrated, compact electrical propulsion systems;
advanced structural designs, materials, and fabrication processes; innovative electrical generation and distribution
systems; and new concepts for efficient, 11ghtwe1ght auxiliary machinery

° Develop analytical models to identify major cost areas and assess the potential impact of emerging technologies on reducing
acquisition and life cycle costs

° Establish basis for reduced manning in surface ships through improved design and application of emerging technologies

° Continue development and assessment of advanced vehicle concepts for cost reduction and performance improvement

° Reduce life cycle maintenance and personnel costs through advancing the technology of highly reliable, automated propulsion
and auxiliary machinery, and reduce fuel costs through more efficient heat engines, waste heat recovery systems, and
improved propulsors and hull forms

° Reduce design and experimental costs by developing improved analytical tools to predict hydrodynamic and structural
performance

° Enhance surface ship surv1vab111ty by reducing detectability by external sensors, improving armor and other measures to
resist explosive effects, improving shock resistance, and developing new methods of fire detection, prevention, and control

° Ennance surface ship performance by improving capabilities for analysis of combat system performance versus multiple
threats, and improving the compatibility of electronic systems

° Increase of $5,905K in FY 1983 over FY 1982 supports new ship/systems initiatiyes development under F43-411, Titanium and

composite structures development under F43-422, Compound Air Masker ' 1evelopMent under F43-452, and increased
emphasis on Marine Corps surface mobility under F43-455

° Advance submarine performance by the use of high strength hull materials and components for greater depth capability, with
new life support systems, reduced hydrodynamic resistance for greater speed, reduced radiated noise and detectability by
sonar, and improved shock resistance

° Develop basic technology for Marine Corps next generation amphibious assault vehicles and increase the reliability of
present and future vehicle systems

° As this is a continuing program, the above funding includes outyear escalation and encompasses all work on development
phases now planned or anticipated through FY 1984 only

(UJ) COMPARISON WITH FY 1982 UESCRIPTIVE SUMMARY (Dollars in Thousands)

° The changes between the funding profile shown in the FY 1982 Descriptive Summary and that shown in this Descriptive Sumnary
(-$418 in FY 1981, -$3,372 in FY 1982 and -$5,887 in FY 1983) are the result of overall budget reductions in FY 1982
resulting in cancellations and reprogramming of outyear efforts and cost refinements in Fy 1981
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Program Element: 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

~-

°

Projects which support the principal thrust relating to the integrated machinery system design, F43-431 and F43-432, were
allowed to retain their budget with the other projects in the program showing a substantial reduction in their budgets

In FY 1982, the principal change between projects involves a substantially increased contribution to project F43-452 to
support the Compound Air Masker (CAMS) feasibility evaluation for major combatant applications; other projects have been
adjusted accordingly to fund this effort

The Marine Corps has made the effort in Project F43-455 (formerly Project F43-401) one of their highest priorities, and has
accelerated the development of amphibious vehicle related items; this acceleration of development has been funded
accordingly with increases in FY 1982 and FY 1983 (+508 and +424 respectively)

Project F43-422 funding increase in FY 1981 (+370) is for the development of new structural design capabilities required
for titanium and composite materials

New project F43-454, Ship Electromagnetic Compatibility, initiated in FY 1983; previously supported under F33-453, Surface
Ship Magnetic Silencing

Other minor changes are the result of refined estimates of costs, including inflation
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Program Element: 62543N
JoD Mission Area: 523 - Engineering Technology

(J) FUNDING AS REFLECTED IN THE FY 1982 UESCRIPTIVE SUMMARY

Project

No.

F43-401
F43-411
F43-419
F43-421
F43-422
F43-431
F43-432

F43-433
F33-451

F43-452
F43-453

Title

TOTAL FOR PROGRAM ELEMENT

Marine Corps Surface Mobility

Systems Investigations

Navy Science Assistance Program

Fluid Dynamics

Structural Design and Test

Electrical Energy Conversion and Distribution

Main Propulsion Engines/Turbines/Related
Technology

Auxiliary Machinery/Equipment

Survivability/Habitability/Personnel Protection/
Damage Control

Acoustic Silencing

Magnetic and Electromagnetic Silencing

* Transferred to Progran Element 62711N.

(U) UTHER APPROPRIATIONS FUNDS: None

litle:

Ships, Submarines, and Boats Technology

Budget Activity:

FY 1980
Actual

’
3,425
4,350

500
3,552
4,880
2,022

2,349
2,423

2,680

5,000
1,060
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FY 1981
Estimate

2,500
3.780
*

3,531
4,632
5,883

3,118
2,025

4,110
4,955
900

FY 1982
Estimate

3:000
3,800
*

3,700
5,100
7,223

4,200
3,200

4,500
5,500
1,400

FY 1983
Estimate

3,700
6,300
*

4,643
6,500
5,000

5,000
5,000

6,000
6,500
1,400

—
Total

Additional Estimated
to Completion Cost
Continuing Continuing
Continuing Continuing
Continuing Continuing

* *
Continuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing
Continuing Continuing
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*Program Element: 62543N Title: Ships, Submarines, and Boats Technology
Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

DETAILED BACKGROUND AND DESCRIPTION

°

The basic technology effort has been assigned as an integrated program to the David W. Taylor Naval Ship Research and
Development Center; other efforts, including special interest projects, are direct managed by the Naval Sea Systems Command
(NAVSEA)

This arrangement provides stronger management and increased flexibility to ensure meeting the program goals and technical
objectives approved by the program sponsor, the Naval Sea Systems Command (NAVSEA)

Provides the basic technology for specific improvements in vehicle design, systems, and components which will provide
impreved performance at a reasonable cost

Assesses the potential cost and performance impact of emerging technology on conventignal ships

Establishes the feasibility and potential payoff of advanced vehicles

Evaluates combat sSystem capabilities in 1light of emerging threats, system architecture options and operational
complexities

Improves vehicie hydrodynamic performance and design methods in the areas of resistance, propulsors, stability, control,
hull form, seakeeping, and maneuverability

Develops basic technology and design concepts for more compact, efficient, and less costly structure and structural design
methods for the basic hull, appendages, and superstructures

Develops basic technology and design concepts for more compact, efficient, and less costly machinery systems and components
for propulsion, electric power and auxiliary functions

Develops basic concepts and techniques to protect vehicles from nonacoustic detection, hostile action, and the effects of
damage

Provides means to reduce self-noise and avoid detection by both active and passive acoustic devices

Provides the technology to ensure maximum effectiveness of electronic sensors and communications equipment by reducing
interference between them, and technology for cost reduction and performance improvement of Marine Corps amphibious
vehicles

* Roman numera) I, identiftes the numbered items in paragraphs 1., 2., and 3. below as belonging to the Program Element PELS e.g.,
I.1.1 refers to the first item in paragraph 1, of the Program Element PEDS. Similarly, a Roman numeral [I, III, etc. will be used
front of the word "Project" on the first page of each Project PEDS e.g., 1I.l1.1 refers to the first item in paragraph 1 of the
first Project PEDS for this Program Element.

in
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1. *Program Clement: 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base

(J) RELATED ACTIVITIES

o

(U) WORK

Related work is being sponsored by the Maritime Adiministration, Argonne National Laboratory, U.S. Coast Guard, U.S. Army
Tank and Automotive Comanand, United Kingdom, Canada, and selected North Atlantic Treaty Organization (NATO) countries
through International Exchange Agreements

Work in this element has provided the technical foundation for many advanced and engineering development program
elements/ projects such as:

63508N - Ship Propulsion Systems (Advanced)
63514N - Shipboard Damage Control
63531IN - HY-130 Steel

N I T B R Y}

63553N - SU229 - Surface Ship Silencing

53561N - 50207 - Advanced Submarine Control Program (ASCOP)
63562N - Submarine Tactical Warfare Systems {Advanced)
53564N - Ship Concept Formulation

PERFORMED BY

°

In-House - David W. Taylor Naval Ship Research and Development Center, Carderock and Annapolis, MD; Naval Civil
Enginearing Laboratory, Port Hueneme, CA; Naval Ocean Systems Center, San Diego, CA; Naval Research Laborat.ry,
Washington, DC; Naval Sea Systems Command Detachment, Norfolk, VA; Naval Ship Systems Engineering Station, Philadelphia,
PA; Naval Surface Weapons Center, white Oak Lésovatory, White Oak, MD; Naval Underwater Systems Center, Newport, RI;
Haval Weapons Center, China Lake, CA
Industrial - Bath Iron Works, Bath, ME; Battel:e Memorial Institute, Columbus, OH; Boeing Aircraft Corporation, Seattle,
. Bolt, Beranek, and Newman, Cambridge, M&; Chandler Evans, Chicago, IL; Chicago Pneumatics, Chicago, IL; Desmatics,
State College, PA; Electric Boat, Groton, CT; General Electric Company, Schenectady, NY; Gould, Inc., St. Paul, MN; Grumman
Aircraft, Bethpage, NY; Ingalls Shipbuilding, Pascagoula, MS; Johns Hopkins University/Applied Physics Laboratory,
Baltimore, MD, M. Rosenblatt and Sons, New York, NY and Arlington, VA; McDonnell-Douglas, Huntington Beach, CA; Mechanical
Technology, Inc., Schenectady, NY; ORI, Inc., Silver Spring, MD; Southwest Research Instituyte, San Antonio, TX
Academic - Arizona State University, Tucson, AZ; ODuke Univarsity, Durham, NC; MIT, Cambridge, MA; Pennsylvania State
University, State College, PA; Stevens Institute of Technology, Hoboken, NJ; Syracuse University, Syracuse, NY; University
of Illinots, Urhana, IL; U.S. Naval Academy, Annapolis, MD; U.S. Naval Postgraduate School, Monterey, CA; Webb Institute,
Glen Cnve, NY
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1. *Program Element: 62543N Title: Ships, Submarines, and Boats Technology
0o0 Mission Area: 523 < Engineering Technology Budget Activity: T - Technology Base

(V) PROGRAM ACCOMPL ISHMENTS AND FUTURE PROGRAMS

1.

(V) FY 1981 and Prior Accomplishments

1.1

Established feasibility of basic extended performance hydrofoil, high length to beam surface effect ships and Small
Waterplane Area Twin Hull (SWATH) ships, air cushion assault craft, and other high performance vehicles

Developed Combat Capability Assessment (CCA) models for single and multiple threats versus single and multiple
weapons systems, including phased array radars

Assessed multiple propulsion alternatives leading to the integrated machinery concept

Established fundamental hydrodynamic characteristics and design methods for advanced vehicles

Provided analysis techniques for superior seakeeping and maneuvering performance with resultant improved ship and
weapon effectiveness

Provided design methods for advanced propulsors and improved designs for submarine control and powering

NDaveloped basic technology and design methods for ultrahigh strength steel and titanium structures for deep
submergence vessels .

Developed improved designs of TRIDENT missile compartment and hatches, surface ship midsection structures, and
helicopter landing platforms; developed computer-aided structural design capability and acoustic techniques for
submarine hull integrity monituring

Determined feasibility and ship impact of advanced propulsion system concepts and components; provided supporting
technology for 1longer Ilife gas turbines, lightweight condensers, superconducting and contrargtating machinery,
improved waste heat recovery systems, lightweight shafting, bi-phase engines, and compact gears

Construction and initial testing of components for 3,000 HP advanced electrical plant

Established basic concept and feasibility of compact propulsion derived ship's electric power, standard controller
for machinery, high energy density submarine batteries, and improved roll stabilization

Veveloped technology for improved submarine life support systems, components for increased submarine depth, advanced
air compressors, oil pumps, water pumps, distilling plants, bearing monitors, and shaft seals

Developed basic technology for new firefighting agents and techniques, improved submarine shock and damage
resistance, improved ship armor and topside protection, and improved models for damage prediction and ship detection
by various sensors

Provided technology for quiet pumps, valves and fans, multivane impellers, spund isolation devices, _
quiet propulsors, and noise masking methdds

Developed analytical technigues for improved ship antenna arrangements now Eéing adopted by NATO navies and for
establishing electromagnetic interference wargins for sonar systems; developed electromagnetic sensors for surface
ship signature measurements

15t




- - - a—
| -

1
1. *Program Element: 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base

1.16 Established technology of improved track/suspension systems, hydraulic drives, hatches, bow flaps, exhaust eductors,

clear armor inserts, and articulated vehicles for amphibious vehicle development

2. (V) FY 1982 Progran

Reduced Costs of Ship Acquisition

2.1

To reduce ship size, cost, and fuel consumption, develop an integrated machinery concept for surface ships embodying
contrarotating and superconducting electric propulsion and propulsion derived ship service power with improved
electrical auxiliaries, distribution, and control

Conplete initial performance evaluations of 3,000 HP candidate advanced electric propulsion systems and components;
transition to Advanced Development in FY 1983

Continue development of alternate motor seal and collector concepts for advanced electric propulsion components
Assess potential of advanced vehicle and propulsion system options to reduce acquisitior costs

vevelop critical components for high performance compressors, pumps, and evaporators with extended life and reduced
weight and space

Extend combat capab.lity assessment methods for optimum design of hull and electronics in multi-threat and total
combat system modes

Simplify structural des’gn, fabrication, and inspection methods

Develop cost models to identify cost drivers and cost reduction potential of robotics and other emerging
technologies

Jevelop concepts for support of propulsion components by marine hull members and for major improvements in surface
ship topside structure

Complete conceptual design assessments of alternative electrical power generation and distribution systems

Life Cycle Support and Design

Vevelop advanced pumps, compressors, and other auxiliary machinery

Improve reliability and reduce maintenance manpower for frequency converters, hull and deck machinery, hydraulic
systems, and gas turbine blading

Develop methods to identify problem areas in ship manning and potential reductions through emerging technologies
Reduce fuel costs through the integrated machinery effort, feasibility demonstration of better waste heat use from
gas turbines, and evaluation of two-phase heat engines

Reduce design costs through the development and application of improved predictive methods for structural and
hydrodynmanic performnance
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DoD Mission Area:

*Program Element: 62543N

Title: Ships, Submarines, and Boats Technology
523 - Engineering Technology

Budget Activity: 1 - Technology Base

Surface Ship Performance and Mission Effectiveness

2.16
2.17

Extend technology of advanced catamaran hulls and Small Waterplane Area Twin Hull {SWATH) ships
Improve methods of predicting seakeeping and resistance performance, designing lower resistance,
propellers, hulls, and appendages, and designing hulls for optimum seakeeping

Develop improved roll stabilization concepts and supporting technology

Improve antenna arrangements for electromagnetic compatibility and optimum performance

Improve maneuvering performance of surface ships

2.18
2.19
2.20

Submarine Performance and Mission Effectiveness

Develop new design procedures for highly efficient, quiet propulsars,
component and hull designs for deep diving, using high strength materials
Develop technology to support secondary machinery concepts for reduced weight, greater reliability,
Davelop higher energy density batteries

Develop new concepts and technology for improved 1ife support systems

Expand the speed and depth operating envelope for submarines

—

reduced hull and appendage

Surface Ship Survivability

2.26
2.27
2.28
2.29
2.30
2.31
2.32

Uevelop technology to reduce radar and infrared signatures

Develop lightweight armor systems and materials

VDevelop tradeoff theory and defensive concepts for air blast and fragment resistant structures
Develop new agents and techniques for fire detection, extinguishing, and fire damage recovery
Develop concepts for resistance to underbottom explosive attack

Complete concept formulation and develop technology of

Complete measurements of ships' electromagnetic signatires and analyze data

Submarine Survivability

2.33
2.34
2,35
2.36
2.37

Improve life support, gas management, and emergency ballast tank blow sSystems
Improve shock effects analysis and hardening techniques
Improve hull strength and failure mode calculation methods
Evaluate

Develop technology for quiet propulsor concepts
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I. *Program Element: 62543N Title: Ships, Submarines, and Boats Tecnnulogy
DoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base
2.38 Evaluate/
2.39 Develop!
2.40 Develdp new techniques to measure energy transmission paths on hull structures
Marine Corps Vehicle Capabilities
2.41 ODevelop, construct, and test improved waterjets for propulsion
2.42 Construct and test breadboard of an advanced hydraulic drive train to reduce system weight
2.43 Construct and test the feasibility of composite components for lightweight cargo doors, stern ramp, and hull
structure
2.44 Construct and test components for a reliable, lightweight retractable suspension
2.45 Construct and test metal matrix and laser glazed track blocks for a lightweight track
3. (V) FY 1983 and FY 1984 Planned Programs

Reduced Costs of Ship Acquisition and Life Cycle Support

3.1

3.2
3.3
3.4

3.5
3.6

Apply cost and technology impact models developed in 1983 to the identification and quantification of principal ship
cost drivers and evaluation of the potential payoff of evolving technologies toward reducing ship acquisition and
life cycle costs and enhancing military performance

Develop analytical tools to assess the potential for ship manning reductions through the application of emerging
technology and changes in ship arrangements and operational doctrine

Assess combat capability and technology shortfalls of surface action groups based on updated threats, operational
situat:ons, and technology projections

Evaluat. integrated machinery, advanced propulsors and contrarotation, and alternative structural designs and
materiai. for potential cost reductions

Revise gws turbine blade specification for longer 1ife

Complete test and evaluation of advanced auxiliary machinery concepts, lubricants, and hydraulic fluids

Surface Ship Performance and Mission Effectiveness

3.7
3.8

Complete all testing and evaluation of presently contracted 3,000 HP Segmented Magnet and superconducting machinery
to support Advanced Development program starting in FY 1983
Complete design and transition the development of an advanced propulsion-derived ship service power system
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1. *Program Element: 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 = Engineering Technology Budget Activity: T - TechnoTogy Base
3.9 Complete development of design methods for contrarotation propellors
3.10 Demonstrate a gas turbine recuperator and other waste recovery methods
3.11 Complete and transition the development of machinery control and monitoring systems
3.12 Establish the feasibility of a two-phase propulsion engine
3.13 Develop technology for improved prediction of resistance and vibrations, and improved seakeeping and maneuvering
3.14 Develop concepts for modular construction techniques and alternative structural arrangements and deckhouse concepts
to reduce construction costs
3.15 Complete design methods for control, seakeeping, and resistance of Small Waterplane Area Twin Hull (SWATH) ships
3.16 Verify the design theory of contrarotating propellers
3.17 Perform rudder roll stabilization trials and report on potential for Navy application

Submarine Performance and Mission Effectiveness

3.18
3.19
3.20
3.21
3.22
3.23
3.24

Improve design criteria for submarine hulls and develop in-service monitoring techniques for hull integrity
Evaluate concepts and materials for higher energy density batteries

Test titanium structural models

Evaluate titanium pipe fittings and condensers for deep diving application

Develop improved shaft seals and improved life support systems

Develop technology for improved stability, control, wake prediction and resistance calculations

Complete evaluation of alternate submarine oxygen system concept

Surface Ship Survivability

3.25

3.27
3.28
3.29
3.30

Vevelop and test new armor for shaped charges and armor piercing projectiles

Improve protection of fire vulnerable systems, extinguishing agents for multi-class fires, and infrared signature
reduction methods

Assess vulnerability to magnetic detection, define countermeasures, and identify advanced development requirements
Develop and evaluate new quiet propulsor concepts _
Complete design, installation, test, and evaluation
Develop improved electromagnetic compatibility (EMC) measurement techniques and design capabilities

Submarine Survivability

3.31

Improve design methods for shock resistance, vulnerability assessment, and explosive effects prediction

155




-
| ]
i
i
I. *Program Element: 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 =~ Engineering Technology Budget Act{vity: 1 - Technology Base
3.32 Develop acoustic silencing techno]ogy'_
3.33 Determine effects ofi : —
L —
Marine Corps Vehicle Capabilties
3.34 Develop and test critical technology and components for an Advanced Light Armored/Amphibian Vehicle System (ALAAVS)
3.35 Construct and test components for high performance vehicles including a low silhouette retractable track Suspension,
a complete metal matrix track assembly, a composite high strength track pin, and a hydraulic drive train for improved
vehicle layout
Changes from FY 1982 to FY 1983
3.36 Significantly increased .emphasis in Titanium Submarine Structures (F43-422)
3.37 Completion of laboratory evaluation of 3000 HP advanced electric motors in FY 1982 accounts for significant decrease
in FY 1983 funds for Electrical Energy Conversion and Distribution (F43-431)
4. (U) Program to Completion: This is a continuing program
5. (U} Milestones: Not applicable
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1I. Project: F43-411 Title: Concept Assessment of Platforms and Systems

Proygram Elewent: 62543N Title: Ships, Submarines, and Boats Technology

DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGRUUND AND DESCRIPTION

° Addresses problems of identifying technology needs for future ship concepts; the impact of emerging technologies on
existing ships and near term designs; the reduction of costs and manning for future ships; the integration of combat
systems with the ship platforn; and the evaluation of aew ship/vehicle concepts for their potential contribution to the
fleet

2 The above descriptions include developments of supporting technology for ships and concepts as contributors to fleet
battle groups, amphibious assault groups, surface action groups, and sea lanes of communication

(U) RELATED ACTIVITIES

° Technology developed under this project supports other advanced developments in the following:

- P.E..63564N, Project 010, New Concepts
- P.E. 63%64N, Project 06Y, Surface Ship Concept Formulation

(U) WORK PERFORMED BY

° In-House - David W. Taylor Naval Ship Research and Development Center, Bethesda, MD; Naval Ocean Systems Center, San
Diego, CA; Naval Surface Weapons Center, white Oak Laboratory, Silver Spring, MD; Naval Air Development Center,

Warminster, PA
Industrial - Boeing Computer Systems, Inc., McLean, VA; American Computer and Electronics Inc., Gaithersvurg, MD

° Academic - Davidson Laboratories, Stevens Institute of Technology, Hoboken, WJ; Navy Postgraduate School, Monterey, CA

(U} PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (U) FY 1981 and Prior Accomplishments

1.1  Completed initial version and installed in-house capability to use an advanced surface ship evaluation model
(ASSET) -~ currently being used to assess impact of emerging technologies on total ship concepts relative to
size, cost, and perfonnance

1.2 Developed means to integrate effects of ship motions on missile and gun fire control systems, and measured relative
effectiveness -- Integrated results with Combatant Capability Assessment Project, which is an integrated special
focus effort under this project
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1i. Project: F43-411
Proyran £lementT 62543N
boD Mission Area: 523 -

Title: Concept Assessment of Plat’orms and Systems
Title: Ships, Submarines, and Boats Technology
Engineering Technology Budget Activity: 1 - Technology Base

1.3 Completed

endurance
1.4 Completed
1.5 Completed

.
.

feasibility dand design requirements for an Extended Performance Hydrofoii {EPH} to permit extended
and enhanced mine neutralization capability
preliminary evaluation of a new catamaran surface effect ship (SECAT) concept
feasibility analysis of tactical data correlation for a battle group; multi-threat anti-air warfare (AAW)

engagement model; detection/tracking model, and ship motion wodel for combatant capability assessment (CCA) special
focus effort (SFP 3107)

2. (u) Fy 1382 Program

Ship/Systems Initiative Development (SIDS)

2.1 NDevelop

conceptual alternatives {performance, size, cost) for next gyeneration CV by assessing projected

ship/vehicle capabilities against the future threat, identifying shortfalls, and prioritizing exploratory
development needs to fulfill those shortfalis

Reduce Naval Ship Operational and Acquisition Costs

2.2 Assess the impact of emerging technology on the cost and performance of future ships by use of newly developed
Advanced Surface Ship Evaluation Technology Model (ASSET)

2.3 Develop

alternative pricing methods, and analyze current cost drivers to permit the possible application of

emeryging technology to those high cost areas
2.4 Investigate shipboard operational and maintenance manning alternatives to curreant (high skill rate and numbers)

requirements, by applying new technology to these areas

Combatant Capability Assessment (CCA)

2.5 Develop
modeling

system saturation conditions for anti-air-warfare (AAW) point defense, through feasible designs for

2.6 Develop dynamic error budget re-optimization of existing class designs versus battle group track file synthesis

criteria

New Vehicle Concepts

2.7 Uevelop model, conduct dynamic tests, and evaluate new catamaran surface effect ship (SECAT) concept

T &
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Project: F43-411 Title: Concept Assessment of Platforms and Systems
am Element: 62543N Titte: Ships, Submarines, and Boats Technology
lission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

U) FY 1983 and FY 1984 Planned Programs

Ship/Systems Initiatives Development (SIDS)

3.1 Develop conceptual alternatives (performance, size and costs) for next generation ships of an amphibious assault
group (AAG) assessing projected ship/vehicle capabilities against the future threat, identifying shortfalls, and
prioritizing exploratory development needs to fulfill those shortfalls

3.2 Start similar development as above on surface action group

Reduce Naval Ship Operational and Acquisition Costs

3.3 Update the Advanced Surface Ship Evaluation Techrology model (ASSET) to include improved structures, cost modules
and include a vulnerability analysis model -- Extend use of Advanced Surface Ship Evaluation Technology to all
Ships, Submarines, and Boats technology program managers

3.4 Summarize technology assessment results and incorporate in Ships, Submarines, and Boats Proyran Element Strategic
Plan

3.5 Develop next generation cost evaluatioi: model (using results of previous accomplishments) to permit cost/warfare
capability relationships

3.6 Develop analytical tools and data base to assess technology impact on reduced manning

Combatant Capapility Assessment (CCA)

3.7 Develop system saturation conditions for anti-air-warfare (AAW) area defense through feasible design for modeling
3.8 Develop svstem availability model for each shipboard primary warfare area with use of, or revision to, currently
available models .

New Vehicle Concepts

3.9 Transition catamaran surface effect ship (SECAT) to separate programs -- No new concept developments planned

Comparison with FY 1982 Program:

3.10 Increase in FY 1983 over FY 1982 is to support an anticipated increase in the Ship's Initiative Development {SIDS)
and an expansion of the Advanced Surface Ship Evaluation Technology (ASSET) development efforts
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11. Project: F43-411 Title: Concept Assessment of Platforms and Systems
Progran ElementT 62043N Title: TShips, Submarines, and Boats Technology
UoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

4, (U) Program to Completion: This is a continuing program.

5. (Y) Milestones: HNot applicable.

6. (U) Resources (Dollars in Thousands)

Total
Project Fy 1981 FY 19482 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
T43-411 Concept Assessment of Platforms and Systems Z,464 3,734 5,476 5,270 Continuing Continuing
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111, Project: F43-422 Title: Vehicle Structures
Progran Element:  62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION

o

o

Develops technology aimed at achieving improvements in structural subsystems of combatant submarines and surface ships
Addresses areas such as the hull, foundations, superstructures, and appendages

Develops and demonstrates structural concepts, new structural materials applications and analytical procedures which will
reduce design, construction, and maintenance costs, assure safety and reliability of future ships, improve ship
performance, and/or permit the timely evolution of new ship types into the Fleet

Uevelop analytical methods to address realistic and complex structures allowing better weight and volume utilization
Reduce the construction/maintenance costs of submarines and surface ships through the development of improved structural
arrangements and details and structural integrity based weld strength and repair/surveillance requirements

Develop quantitative methods to determine submarine hull toughness requirements which will facilitate the introduction of
new hull materials and balanced designs

Demonstrate titanium pressure hull concepts and design procedures for application to future deeper diving submarines
Demonstrate feasibility and develop confidence in the application of fibrous composites to a variety of Naval ship hulls
and component structures

Evaluate structural concepts to accommodate advanced propulsion systems to reduce the size and cost of surface combatants

(U) RELATED ACTIVITIES

o

Related programs include other projects under this program element, particularly F43-451, Survivability, Habitability,
and Damage Control and F43-421, Fluid Dynamics

Exchange of technical information exists with the Materials Exploratory Development Program (P.E. 62761N)

There also exist very strong relationships with several advanced development programs which pick up technology from this
project for further deva2lopment and validation. These include Program Elements:

- 63514N, Shipboard Damage Control

- 63531N, HY-130 Steel

- 63588N, SSBN Subsystem Technology

- 63561N, Submarines (Advanced)

- 63566N, Amphibious Assault Craft

- 653569N, Attack Submarine Development
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I11. Project: F43-422 . Title: Vehicle Structures
Program Element:™ 62543N Title: 3hips, Submarines, and Boats Technology
UoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) WORK PERFORMED BY

e In-House - David W. Taylor Naval Ship Research and Development Center, Bethesda, MD
° Tndustrial - Bath Iron Works, Bath, ME; Ingalls Shipbuilding, Litto Industries,

Space Company, Sunnyvale, CA General Dynamics, Electric Boat Division, Groton, CT
° Academic - University of Illinois. Chicago, IL; University of Arizona, Tempe, AZ; Oklahoma State University, Uklahoma

ity,
(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

Pascagoula, MS; Lockheed Missile and

1. (V) Fy 1981 and Prior Accomplishments

hatch, and sandwich bulkhead resulted in reduced

1.1  TRIDENT missile compartment design procedure, logistics
time-on~station, improved

development costs, anticipated improved logistics with accompanying increased
arrangements, and reduction in the length of the Trident design

1.2 Basis for the certification of HY-130 steel and titanium submersible structures leading to the construction of the
Deep Submergence Rescue Vehicle (DSRV), and the ALVIN and SEACLIFF, respectively

1.3 State~of-the-art summary document containing the latest design analysis methods for high strength steel

structures, including HY-130 steel
1.4 Computerized midship section design capability for conventional and advanced surface ships which permits rapid,

more cost efficient design iterations and tradeoffs
1.5 Demonstrated approaches to reduce the size and increase the spacing of deep frames in submarines to improve

submarine

arrangements and/or reduce weight

1.6 Demonstrated the feasibility of lower yield stress, fracture resistant welds which of fer an opportunity for major
cost savings in submarine construction

1.7 An improved procedure to design helicopter 1and1ng decks which will result in reduced topside weight for surface

combatants
1.8 Demonstrated the feasibility for relaxing current weld accept/reject standards for submarine hul) construction,

thus offering an opportunity for reduced construction costs

1.9 Demonstrated the feasibility for monitoring real-time submarine structural perfornance using acoustic emission
techniques which could permit the safe extension of hull inspection intervals, and reduce repair/overhay!
inspection time

1.10 Demonstrated that significanl weight and cost savings are achievable in non-parallel hull configurations for
submarine engine room compartments through the validation of new design analysis methods
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111. Project: F43-422 . Title: Vehicle Structures
Program Element:™ 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: ~ 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) WORK PERFORMED BY

° In-House - David W. Taylor Naval Ship Research and Development Center, Bethesda, MD

° Tndustrial - Bath Iron Works, Bath, ME; Ingalls Shipbuilding, Litto Industries, Pascagoula, MS; Lockheed Missile and
Space Company, Sunnyvale, CA; General Dynamics, Electric Boat Division, Groton, CT

° Academic - University of Illinois, Chicago, IL; University of Arizona, Tempe, AZ; Oklahoma State University, Oklahoma
City, K

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (UY) FY 1981 and Prior Accomplishments

1.1 TRIDENT missile compartment design procedure, 1logistics hatch, and sandwich bulkhead resulted in reduced
development costs, anticipated improved logistics with accompanying increased time-on-station, improved
arrangements, and reduction in the length of the Trident design

1.2 Basis for the certification of HY-130 steel and titanium submersible structures leading to the construction of the
Deep Submergence Rescue Vehicle (DSRV), and the ALVIN and SEACLIFF, respectively

1.3 State-of-the-art summnary document containing the latest design analysis methods for high strength steel submarine
structures, including HY-130 steel

1.4 Computerized midship section design capability for conventional and advanced surface ships which permits rapid,
more cost efficiant design iterations dnd tradeoffs

1.5 Demonstrated approaches to reduce the size and increase the spacing of deep frames 1in submarines to improve
arrangements and/or reduce weight

1.6 Demonstrated the feasibility of lower yield stress, fracture resistant welds which offer an opportunity for wmajor
cost savings in submarine construction

1.7 An improved procedure to design helicopter land1ng decks which will result in reduced topside weight for surface
combatants

1.8 Demonstrated the feasibility for relaxing current weld accept/reject standards for submarine hull construction,
thus offering an opportunity for reduced construction costs

1.9 Demonstrated the feasibility for monitoring real-time submarine structural perfomnance wusing acoustic emission
techniques which could permit the safe extension of hull inspection intervals, and reduce repair/overhaul
inspection time

1.10 Demonstrated that significant weight and cost savings are achievable in non-parallel hull configurations for
submarine engine room compartments through the validation of new design analysis methods
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[I1. Project: F43-422 Title: Venicle Structures
Program Element:  62543N Title: 3Ships, Submarines, and Boats Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

2. (U) FY 1982 Program

2.1 Continue to emphasize the development of analytical methods to predict the collapse strength of complex submarine
hulls
2.2 Assess current Navy requirements for submarine weld strength, weld acceptance and repair/surveillance, and practical
; application of the acoustic emission method for monitoring structural defects during construction and at sea
! 2.3 Transition design approaches for reduced local reinforcement of submarine structures to advanced development for
validation
2.4 lImprove design procedures for submarine ice breakthrough, permitting safe expansion of submarine operational
capability
.5 Structural options to reduce installation cost of non-structural distributive systems
.6 Complete automated design tool for surface ship structures cost analysis permitting rapid cost comparisons of
structural concepts and details
2.7 A new start, directed at developing and demonstrating the feasibility of a surface ship superstructure concept
which effectively integrates most topside requirements (e.g., warhead fragment resistance, reduced weight, fire
resistance, reduced radar cross section)

3. (U) FY 1983 and FY 1984 Planned Programs

3.1 New design analysis capability for complex, asymmetric submarine structures offering major opportunities for
reduced weight, improved arrangements and/or reduced cost
3.2 Conduct explosion tests of fracture specimens having controlled cracks and propose preliminary criteria for ductile
fracture initiation in submarine hulls
3.3 Recommend hull structure options (fibrous composites) for mine warfare vessels
3.4 Complete evaluation of procedures for establishing the structural integrity of new surface ship stem forms to
( , accommodate innovative advanced propulsion systems
3.5 Initiate fab-ication of titanium models and tests to determine the effect of creep on the inelastic general
insiability failure mode
3.6 Evaluate performance of straight-through welds which have potential for reducing the cost of titanium hull
fabrication
3.7 Methods to accurately predict the response of complex grillage structure including effects of initial distortion,
post-buckling, VSTOL thermal loads
4 3.8 Recommendations for modifying current submarine hull toughness specifications based on structural criteria rather
than workmanship/weldability basis
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111. Project: F43-422 Title: Vehicle Structures

Program Element:  62543N Title: Ships, Submarines, and Boats Technology
JoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

4. (Y)
5. (V)
6. (u)
Project

No.

3.9 Complete draft comprehensive design guidelines for twin-hull ship structure
3.10 validate procedure for establishing out-of-roundness tolerances for submarine pressure hulls which adequately
considers the random nature of actual imperfections

Comparison with FY 1982 Program:

3.11 Ongoing efforts will continue to emphasize tasks directed towards controlling construction and maintenance costs
and improving performance of combatant submarines and surface ships

3.12 The major increase in funding is to accelerate the titanium submarine structures effort including fabrication of
titanium structural elements and creep collapse models and to initiate a new thrust in composites for naval
applications

3.13 The titanium submarine structures program is planned to increase to $2,200 thousand in FY 1983 and $4,200 thousand
in FY 1984, This program addresses technology developments in the areas of creep collapse, fatigue and stress
corrosion cracking, and hull toughness; concepts for cost reduction and facility requirements will also be
addressed

3.14 Anew program initiative in composite structures has been approved for a FY 1984 start. Planned funding for FY
1984 is $430 thousand. This program will address applications of composites for both surface ships and submarines.
Some near term thrusts incliude composites for mine sweeper hulls and composites for non-pressure hull submarine
structures such as sail, control surfaces and foundations

Program to Completion: This is a continuing program

Milestones: Not applicable

Resources (Dollars in Thousands)

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Title Actua) Estimate Estimate Estimate to Completion Cost
StructuralDesign andTest 5,002 4,350 6,335 9,288 Continuing  Continuing
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IV. Project: F43-431 litle: Electrical Energy Conversion and Distribution
Program ElementT 62543N Title: Ships, Submarines, and Boats Technology
Do0 Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTIUN

Develops advanced electrical motors and generators, including the superconducting (Super C) and segmented magnet types

° Manufactures 3,000 HP laboratory-test electrical machinery which will enable the development of 40,000 HP per shaft
systems needed for medium combatant applications

° Supports the integrated machinery thrust which coordinated the design of supportive equipment and hull forms optimizing
electric propulsion for naval vehicles

° Develops the most attractive electric machinery design options for installed power, electric drive, machinery monitoring
and control, and electric energy storage to provide options for reduced ship size and reduced fuel consumption, and to
minimize incompatibilities and vulnerabilities of shipboard machinery elements

(U) RELATED ACTIVITIES

° Program Element 63513N, Shipboard System Component Development; Program Element 63573N, Electric Drive; Program Element
63561N, Submarines (Advanced); Program Element 63508N, Ship Propulsion Systems (Advanced); Program Element 63724N,
Shipboard Energy Conservation

(U) WURK PERFORMED BY

° In-House - Argonne National Laboratory, Argonne, IL; David W. Taylor Naval Ship Research and Development Center,
Carderock and Annapolis, MD; National Bureau of Standards, Boulder, CO; Naval Ship Systems Engineering Station,
Philadelphia, PA

° Industrial - AiResearch Manufacturing Company of Calfornia, Torrance, CA; CTI-Cryogenics, Waltham, MA; General Electric
Company, Schenectady, NY; Westinghouse Electric Company, Pittsburgh, PA; Mechanical Technology Inc., Latham, NY

° Academic - None
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IV. Project: F43-431 Title: Electrical Energy Conversion and Distribution
Program Element: 6Z2543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (U) FY 1981 and Prior Accomplishments

Advanced Electrical Propulsion Machinery

1.1
1.2
1.3
1.4

Completed conceptual design studies on nominal 40,000 HP per shaft systems to define requirements for 3,000 HP
feasibility model systems

Completed laboratory tests of a 400 HP superconductive propulsion system and evaluated shipboard operations on a
specially-configured test craft in the Chesapeake Bay area

Completed construction and factory tests of major components for two 3,000 HP advanced electrical machinery
feasibility model systems

Conducted supporting technology demonstrations in cryogenic refrigeration equipment, superconductive magnets,
liquid metal current collectors, high performance brushes, and lightweight switchgear

Ship Service Electrical Power Conversion and Distribution Equipment

1.5
1.

(-]

——

.7
.8
1.9

Constructed a breadboard-model variable speed constant frequency generator system and initiated ship impact
analyses of four candidate concepts for derivation of ship service electrical power from propulsion prime movers
Completed analyses of alternative electric distribution system concepts to optimize power availability efficiency
and load/system/source compatability and started feasibility study of DC distribution system

Completed initial tests on breadboard impedance measurements system for shipboard electric power systems

Completed development of high power semiconductor device test equipment and started test operations to develop
semiconductor device requirements for shipboard solid state equipment

Demonstrated improved :’ectrolyte/separator materials and improved interrupted-current charge methods in small five
to sixty ampere-hour nickel-zinc battery celils

Machinery and Ship Monitoring and Control

1.10

1.11

Completed construction of general-purpose, programmable, digital controller employing standard electronic modules
and started integration into a :ab demonstration of a standardized propulsion and auxiliary machinery control and
monitoring system which is based on distributed architecture, microprocessor-based, standardized hardware with a
miltiplex data link

Completed assessment of several ship roll reduction system concepts as alternatives to hydraulically-activated fins
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IV. Project: F43-431 Title: Electrical Energy Conversion and Distribution
Program Element> 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

2.

1.12 Completed lab feasibility test on time-domain-reflectometer tank level indicator
1.13 Completed experimental-prototype shaft thrust measurement device

(U) FY 1982 Program

Advanced Electrical Propulsion Machinery

2.1 Completed construction and factory tests ¢f initial-design, feasibility-model, 3,000 HP superconducting and
Segmented Magnet machines

2.2 Continue supporting component technology developments in current collectors, magnets, cryogenic equipment,
switchgear and transmission lines

2.3 Identify advanced electric propulsion system component and system design concepts which are considered suitable for
transition to full-scale system construction in FY 1983

Ship Service Electrical Power Conversion and Distribution

2.4 Complete assessment of advanced technology component development options for solid state 60 Hz inverters and
initiate experimental development in high payoff areas

2.5 Complete analytical assessment of alternate concepts for propulsion derived ship service power and start design of
400 KW lab system

2.6 Complete system continuity, source and load characterization studies for alternative electric plant and
distribution system concepts to optimize power availability, efficiency, and load/system/source compatibility and
synthesize optimum DC distribution system

2.7 Start evaluation of improved electrolyte/separator materials and charge control methods in 250 ampere-hour nickel-
zinc battery cells

Machinery and Ship Monitoring and Control

2.8 Complete assessment of sensor/transducer needs for machinery test and monitoring instrumentation

2.9 Complete tests with experimental clamp-on model of an acoustic wear particle sensor for hydraulic oil systems

10 Complete Exploratory Development effort on universal tank level indicator feasibility model

11 Complete the programning microprocessor-based general purpose propulsion controllers and incorporate analytical
models of electric drive machinery and gas turbine prime movers in laboratory simulation of standardized propulsion
and auxiliary machinery control system

2.
2.
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1y. Project: F43-431 Title: Electrical Energy Conversion and Distribution
Program Element: 62543N Title: Ships, Submarines, and Boats Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

2.12

Complete Exploratory Development investigation of acoustic flame detector

3. (U} FY 1983 and FY 1984 Planned Programs

Advanced Electrical Propulsion Machinery

Complete lab and test craft operations with 3,000 HP feasibility-model machinery developed under segmented magnet
and superconducting program contracts to support the Advanced Development program beginning in FY 1983
Develop alternatives for sodium-potassium liquid metal current collectors and monolithic solid brushes and evaluate

Evaluate components and materials to improve shipboard environmental compatibility of cryogenic helium

Start design and construction of new 3,000 HP feasibility model machinery incorporating advanced-concept components

Compiete construction of 400 KW 1ab model of propulsion-prime-mover derived ship service system

Complete lab hardware for simulating DC distribution system for vital electronic loads

Complete specification for advanced-design solid-state 60 Hz converter for submarine service

Develop generalized guidelines for power semiconductor applications in Navy shipboard equipment

Complete exploratory development of interrupted-current charge control equipment and transition to flezet service

3.1
3.2
in 400 HP and 3,000 HP machines
3.3
refrigeration equipment
3.4 Investigate improved superconductive magnet designs for electric drive systems
3.5 Continue investigation of advanced-design switchgear and transmission lines
3.6
Ship Service Electric Power Conversion and Distribution
3.7
3.8
3.9
3.10
3.11
with sitver-zinc batteries
3.12 Start development of rechargeable lithium batteries

Macninery and Ship Monitoring and Control

3.13

3.14
3.15
3.16

Complete lab demonstration of microprocessor-based, distributed architecture, multiplex-data-linked, standardized
propulsion and auxiliary machinery control system

Complete exploratory development of ultrasonic wear particle sensor

Complete exploratory development of improved non-intensive acoustic flowmeter

Transition pilot-model auxiliary machinery companent condition monitoring system to Advanced Development
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IV. Project: F43-431
Program Element: 62543N
DoD Mission Area: 523 - Engineering Technology

4. (V)

Title:
Title:

Budget Activity:

Electrical Energy Conversion and Distribution

Ships, Submarines, and Boats Technology

1 - Technology Base-

3.17 Decrease in funding for FY 1983 over FY 1982 is the result of the planned complation of the 3,000 HP machinery
evaluation and development work and transition to Advanced Development

Program to Completion: This iS a continuing program

5. (U) Milestones: Not applicable

6. (U) Resources {(Dollars in Thousands)

Project

No.
F33-431

Title

Total

FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estinate Estimate Estimate to Completion  Cost
ETectrical Energy Conversion and Distribution R R 7,828 g, ¢ Continuing Continuing
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V. Project: F43-452 Title: Acoustic Silencing

Progran Element: 62543N Title: Ships, Submarines, and Boats Technology

DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(v) DETAILED BACKGROUND AND DESCRIPTION

°

Vevelops technology and hardware to reduce noise aboard ships and =ubmarines to a level undetectable by enemy acoustical
sensors, both active and passive, and to a level at which ones own ship acoustic sensurs are unaffected by platform
related noise through the operational speed range

Existing acoustic deficiencies in ships and submarines are identified through full scale measurements conducted under
other programs, and this project addresses identified deficiencies

(U) RELATED ACTIVITIES

°

The technology developed under this project supports engineering developments in the following Program Elements:

- 25634N, Project 50218 - Submarine Silencing
- 63553N, Project S0229 - Surface Ship Silencing
- 63562N, Project 50221 - Target Strength Reduction

(U) WORK PERFORMED BY

° In-House - David W. Taylor Naval Ship Research and Development Center, Bethesda, MD; Naval Ocean Systems Center, San
Diego, CA; Naval Research Laboratory, Washington, DC; Naval Surface Weapons Center, Dahlgren, VA; Naval Underwater
Systems Center, Newport, RI

Industrial - Acoustical Associates, Inc., Cambridge, MA; Bolt, Beranek, and Newman, Inc., Cambridge, MA; Rockwell
International Corporation (Autonetics Division), Anaheim, CA

Academic - Applied Research Laboratory/Pennsylvania State University, State College, PA; Cfatholic University,
Washington, UC; Florida State University, Tallahassee, FL

3

(V) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (V) FY 1981 and Prior Accomplishments

1.1 Developed an”

e LA




V. Project: F43-452
Program Element: 62543N
DoD Mission Area: ~ 523 - Engineering Technology Budget Activity: 1 - Technology Base

2. (V)

Title: Acoustic Silencing
Title: Ships, Submarines, and Boats Technology

1.2 Develop advanced propulsor designs__

1.3 Applied

1.4 Developed and tested
1.5

FY 1982 Program

Machinery Quieting

2.1 Develop

—

_ysonar domes with additional improvementL__

Developed small scale model relationships, acoustical-optical testing techniques,

!

Ll

2.2 Evaluate in-situ damping measurement

Target Strength Reduction

2.3 Design -
2.4  Report on
2.5 Determine effects of

.

Propulsion Quieting

2.6 Determine
2.7 Design
2.8 DevelopL

Hydro-Acoustical (uieting
.9 Determine_sona r{:
.10 Evaluatel_

2
2

bna develop design guides
__-elationships

- : :
design parameters

“designs and ““test methods

-
. _.sources
designs and scale model sonar arrays
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V. Project: F43-452
Program Element: 62543N
DoD Mission Area: 523 - Engineering Technology

Noise Masking

2.11 Test and evaluate Compound Air Masker‘

3. (V) FY 1983 and FY 1984 Planned Programs

Machinery Quieting

-1

3. Evaluate: pumnp
3

Target Strength Reduction

-
3.3 Report on
3.4 Report on design parameters
3.5 Report on

Propulsor Quieting

3.6 Conduct model studies of propeller cavitation'

3.7 Develop concepts '
3.8 Develop advanced’_

Hydro-Acoustical Quieting

”Ttechnology - -

Title: Acoustic Silencing
Title: Ships, Submarines, and Boats Technology
Budget Activity: 1 - Technology Base

options for selection of concept for shipboard testing

1
.2 Assess analytical methods developed for design tradeoffs

v -
,and an optimization of s properties
" M “

—

__concepts

- -1
3.9 Report on design parameters
3.10 Study nonconventional bow dbite designs -
Noise Masking
. '_- -
3.11 Design and fabricate and install Compound Air Masker:
3.12 Conduct performance evaluation of Compound Air Maskei™ . .
172
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V. Project: F43-452
Program Element: 62543N

DoD Mission Area: 523 - Engineering Technology

Comparison with FY 1982 Program:

3.13 The funding increase from FY 1982 to

development

Title: Acoustic Silencing

, Title: Ships, Submarines, and Boats Technology

Budget Activity:

1 - Technology Base

FY 1983 (+$3,040 thousand) represents specific funding requirements in
Compound Air Masker (CAMS) development and refinement of costs including escalation characteristic of exploratory

4. (U) Program to Completion: This is a continuing program

5. (U) Milestones: Not applicable
6. (U) Resources (Dollars in Thousands)
Project

No. Title
FA3245Z Acoustic Silencing

Fy 1981 FY 1982
Actual Estimate
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Total
FY 1984 Additional Estimated
Estimate to Completion Cost
8,100 Continuing Continuing
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FY 1983 ROT&E DESCRIPTIVE SUMMARY
Pragram Element: 62633N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: ~523 - Engineering Technology Budget Activity: 1 - Technology Base
(U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)
Total
Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
i TOTAL FOR PROGRAM ELEMENT 21,526 25,022 725,088 31,079 ton"t'?nu"i"—ng Continuing
F33-311 Concept Assessment for Weaponry 881 750 600 800 Continuing Continuing
F33-321 Torpedo Components and Subsystems 10,658 11,288 11,269 14,979 Continuing Continuing
F33-322 Mine Warfare Technology 2,72% 2,720 2,589 3,300 Continuing Cont inuing
F33-323 Undersea Weapons Combat Control 800 2,575 2,324 3,380 Continuing Continuing
F33-324 Advanced Underwater Weaponry 770 495 495 500 Continuing Continuing
F33-326 Underwater Weapon Simulation and Target Devices 1,050 1,050 1,050 1,050 Continuing Continuing
F33-327 Marheads and Fuses 2,198 3,700 4,080 4,380 Continuing Continuing
F33-337 Explosive Devices £ffects Safety 2,444 2,444 2,661 2,690 Continuing Continuing

(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED

° The primary missions are Anti-Submarine, Anti-Ship, and Mine Warfare. Thus torpedoes, mines, warheads, explosives, and
combat control are amorig the principal product lines., This is one of a few Category 6.2 Progran Elements that address
only Navy unique needs

° Improves undersea warfare weapons and weapon systems, and develops techology related to these weapons and their systems
such as guidance and control, propulsion, hydrodynamics, countermeasure protection, target acquisition, mine sensors, fire
control, batteries, warheads, fuzes, propellants, explosives, and related chemistry

(V) BASIS FOR Fy 1983 RDTAE REQUEST

Basis:
° The funding for FY 1983 is requested to address the following rapidly emerging Soviet Threat advances:

- The appearance of higher speed. deeper diving,:j :-Eubmarine targets such as Alfa, Oscar, and Tyshoon
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Program Element: 62633N Title: Undersea Warfare Weaponry Technolo

Do0 Mission Area: ~523 - Engineering Technology Budget Activity: [ - Tecﬁnoiagx Base

—- -

®  Jnese factors require the acceleration of certain current tasks and the initiation of new efforts

° TIncreased attention is planned for technologies such as guidance and control, terminal homing, propulsion, warheads, and
combat control

° Advances 1in these technologies will transition into improvements of current weapons or be used to establish the basis of
future weapons

Tasks:
— -r
° Complete small scale test! torpedo warhead
° Procure 1/5 scale model to_initiate - .tests for damage assessment to submarine
° Demonstrate statistically advanced warhead concept on small scale target sections
° Develop insensitive high performance explosives for undersea, surface launched, and air launched weapon systems
° Develop high energy density closed cycle thermal propulsion and lithium battery technology __
.capability! i -~
° Based e test results, design al wehicle resulting in reduced torpedo

lengths —
Develop terminal homing concepts for torpedoes, conduct in.water runs to develop target signature data base, and define
models and simulations for providing accurate target hit placement to maximize warhead effectiveness

©

° Develop and test; techniques capable of achieving__ ~ -

° Improvel guidance and control techniques through evaluation of an ~ guidance system
° Evaluate counter-countermeasure techniques! 'to“Tmprove torpedo hit probability

° Define ‘techniques for Tmproved performance against _ . targets .

° Extend Mminefield theory and planning methodology and develop mine delivery concepts _

° Develop! _ _system for surface ship combat control

° Evaluate ‘component$to assess torpedo self-noise reduction techniques

° Integrate™Submarine | _Jtechnologies

The slight increase in funding from FY 1982 to FY 1983 (342 thousand) represents a refinement of cost estimates. As this
is a continuing program, the above funding profile includes outyear escalation and encompasses ail work or development phases
now planned or anticipated through FY 1984 only
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Program Element: 62633N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(V) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY (Dollars in Thousands)

° Changes in total program element funding for FY 1981, FY 1982, and FY 1983 are +$162, +$1,312, and -$2,640 respectively --
the subprojects within the element have been redefined and somewhat regrouped for better structure/organization
° The increase 1fn FY 1982 in this descriptive summary primarily reflects a $1,775 increase in the Undersea Combat Control
effort to address an urgent need by U.S. submarines and surface ships for improve
. The FY 1983 decrease in this progran element results from overall Navy budget reductions
° Changes between the funding profiles for the projects shown in the FY 1982 Descriptive Summary and those shown in this
Descriptive Summary are primarily the result of redefinition and regrouping of project efforts and contents. Specifically,
all major torpedo related efforts are now included in F33-321; Undersea Weapons Combat Control (F33-323), previously
) included under F33-341, was identified as a separate project to provide high visibility for the increased effort; efforts
, involving artificial target development and threat target data base development and simulation were combined (F33-326); all
mine related tasks were included in F33-322; former Projects F33-361, Submarine Weapon Launching/Handling/Servicing
Technology, and F33-571, Energy Technology were terminated; and former Projects F33-351 and F33-354 have been renumbered
F33-327 and F33-337 respectively
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NOTE: Project numbers reflect FY 1983 structure.
(U) OTHER APPROPRIATIONS FUNDS: None

- b

Project numbers used in FY 1982 are in parens next to project titles
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Program Element: 62633N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
(U) FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY Total
ota
Project FY 1980 Fy 1931 FY 1982 Fy 1983 Additional Estimated
No. Title Actual Estimate Estimate Estimate to Completion Cost
TOTAL FOR PROGRAM ELEMENT » s 23,710 . Continuing Continuing
F33-322 Undersea Mines (Formerly F33-300) 1,573 2,100 2,350 2,700 Continuing Continuing
F33-321 Iinproved Performance Undersea Vehicle
(Formerly F33-301) 2,825 2,893 3,250 3,950 Continuing Continuing
Navy Science Assistance Programn (Formerly F33-311) 500 0 0 1] Transferred Transferred
F33-311 Systems Investigations for Undersea Warfare
Weaponry (F33-313) 1,020 750 810 900 Continuing Continuing
F33-322 Minefield Planning {Formerly (F33-314) 350 0 0 0 Continuing Continuing
F33-321 Undersea Weapons Structures and Fluid Dynamics
(Formerly F33-321) 1,866 1,400 1,525 1,800 Continuing Continuing
F33-321 Undersea Weapons Propulsion (Formerly F33-331) 2,335 2,100 2,325 2,750 Continuing Continuing
F33.321 Undersea Weapons Guidance and Control
(Formerly F33-341) 8,314 7,500 8,200 4,600 Continuing Continuing
£33-327 Undersea Weapons Warhead and Fuzes
(Formerly F33-351) 1,459 2,200 2,450 2,800 Continuing Continuing
F33-337 Explosive Research and Safety (Formerly F33-354) 3,706 2,421 2,600 2,900 Coatinuing Continuing
- Submarine Weapon Launching/Handling/Servicing
Technology (Formerly F33-361) 200 0 200 304 Continuing Continuing
- Energy Technology (Forwerly F33-571) 250 0 0 0 Continuing Continuing
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1. *Program Element: 62633N Title: Undersea Warfare Weaponry Technology
0oD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base

(V) DETAILED BACKGROUND AND DESCRIPTION

° Improves undersea warfare weapons and weapon systems and develops technology relatad to torpedoes, mines,
fuzes, explosives, propellants, sonar target acquisition, torpedo guidance, submarine and
surface ship combat control,  and torpedo countermeasure protection to counter higher speed, deeper diving,
.;threat submarines and surface ships -
° Required capabilities include:

- Torpedoes:

- Mines: Improved ability to provide minefield effectiveness, rapid delivery of large numbers of mines, improved
detection, classification, localization of targets, high kil) against high speed threats,

Combat Control: Rapid and accurate localization, tracking, and targeting for _ threat targets.

- vanc leaponry: Jdetection and homing capabilities for torpedoes

- Simulated Yargets: ~ Broader acoustic data bases, accurate target wodels and simulations, and fleet target training
devices —

- Warheads/Fuzes: Warhead designs for lightweight and heavyweight torpedoesi

- Exploratory Research?” Insensitive high performance explosives

(U) RELATED ACTIVITIES

° Undersea Target Surveillance (P.E. 62711N); Ocean and Atmospheric Support (P.E. 62759N); Energy and Environmental
Protection (P.E. 62765N); and, Defense Advanced Research Project Agency (DARPA)

* Roman numeral I. fdentifies the numbered items in paragraphs 1., 2., and 3. below as belonging to the Program Element PEDS e.g.,
1.1.1 refers to the first item in paragraph 1. of the Program Element PEDS. Similarly, a Roman numeral II, III, etc. wil! be used
in front of the word "Project" on the first page of each Project PEDS e.g., Il.1.1 refers to the first item in paragraph 1 of the
first Project PEDS for this Program Element.

178

- - . — —— e - —— Y —— . .. .

_a




R

I. *Program Element: 62633N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: 523 < Engineering Technology Budget Activity: 1 - Technology Base

(U) WORK PERFORMED BY

In-House - Naval Surface Weapons Center, White Oak Laboratory, Silver Spring, MD; Waval Ocean Systems Center, San Diego,
TA; Naval Underwater Systems Center, Newport, RI; Naval Coasta) Systems Center, Panama City, FL; Naval Undersea Warfare
Engineering Station, Keyport, WA; Naval Ordnance Station, Indian Head, MD; Oavid W. Taylor Naval Ship Research and
Development Center, Carderock, MD

Industrial - Bolt, Beranek, & Newman, Cambridge, MA; Raytheon, Bedford, MA; McDonnell Douglas, Huntington Beach, CA;
Westinghouse, Annapolis, MD; Horrigan Analytics, Chicago, IL; Texas Instruments, Dallas, TX; Singer Ca,, Librascope
Division, Glendale, CA; Systems Consultants, Middletown, RI; General Electric Co., Syracuse, NY; Pacific-Sierra, Palo Alto,
CA; Sundstrand, Rolling Meadows, IL; Operations Research, Inc., State College, PA; Tracor, Inc., Rockville, MD; Honeywell,
Minneapolis, MN; Lockheed Aerospace Corp., Palo Alto, CA

Academic - Applied Physics Laboratory, University of Washington, Seattle, WA; Applied Research Lahoratory, Pennsylvania
State University, State College, PA; Applied Research Laboratory, University of Texas, Austin, TX

(~/) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1.

(v) FY 1981 and Prior Accomplishments

F33-311 - Concept Assessment for Weaponry

1 Commenced generation of point designs for the Advanced Submarine-Launched Torpedo (ASLT)
2 Completed initial analysis and definition of requirements for an Advanced Submarine-Launched Torpedo (ASLT) to defeat
the improved submarine threat - ,
1.3  Completed evaluation of Torpedo Mk 48 Advanced Capability {ADCAP) torpedo and defined
characteristics’ — -
4 Determined impact of weapon} .

5 Developed point designs forj open-cycle thermal, closed-cycle
thermal, and electric propulsion systems for conventional and low drag torpedo hulls

F33-321 - Torpedo Components and Subsystems

1.6 Designed concept usingf— 'koﬁbedoes and analyzed
using simulation techniques — - .
1.7 Obtained at-sea measurements and initiated evaluation of an! B technique
179
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[. *Program Ejement: 62633N Title: lUndersea Warfare Weaponry Technology
00D Mission Area: 523 T Engineering Technology Budget Activity: 1 - Technology Base
1.8 Completed initial feasibility studies for torpedo:' h:sonar along with preliminary ranging and homing
algorithms for the concept -
1.9 Conducted at-sea test with _ hardware to obtain torpedo sonar self-noise
1.10 Demonstrated capability to ruggedize’ “into torpedo size cann!sters B

—_—

1.11 Designed and constructed two 250 HP prototype rotary piston engines
1.12 Successfully demonstrated a ten-cell lithium/silver oxide propulsion source
1.13 Develuped a low rate 150 ampere hour lithium/thionyl chloride reserve battery prototype

1.14 Obtained a significant reduction in torpedo radiated noisa through the use of j#hull
sections . . .-
1.15 Completed analyses or volume limited vehicle using OTTO

fuel and Hydroxyl Ammonium Perchlorate (HAPY

1.16 Demonstrated electric propulsion motor ggchno]ogy

1.17 DJemonstrated 1ischargé power levels of lithium/silver oxide batteries

1.18 Tested lithium/thionyl chlorlde battery cells for thermal effect and electrical properties

1.19 Completed fabrication of a Tow n01$eqspeed reducer gear train assembly and commenced laboratory testing

1.20 Uemonstrated with in-water tests of the pressure gradient laminar flow vehicle

1.21 Completed cénstruction of the free-running heated laminar flow vehicle, designated Low Orag Vehicle-2 (LDV-2), and
commenced range testing’

1.22 Conducted fn-water tests proving self-noise of the Mk 48 transducer is caused by water flow over the transducer and
is independent of the vehicle

1.23 Demonstrated __ ‘an improved transducer

1.24 Achieved,

F33-322 - Mine Warfare Technology

1.25 Completed initial ,tests of an experimental optically pumped magnetometer which indicated detection at ranges -
is feasible =
1.26 Hade advances in thie development of small cryogenic refrigerators with low power consumption for the Superconducting
Quantum Interference Device (SQUID) magnetometer
7 _Deve!oped and documented new analytical methods and measures of minefield effectiveness

1.2

1.23 .

1.29 “Evaluatlon procedures and algorithms have heen develaped which ranks competing cand\date
systems

)
—
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[. *Program Element: 62633N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
1.30 Performance predictions for™ ’;mine processing system have
been calculated - — —
1.31 Completed procurement of hardware and fabrication
of mines _ . -
1.32 Initiated planning for a joint U.S./NATO field program to obtain at-sea datat_h
1.33 Conducted field tests at Fort Lauderd«ﬂe,1 FL and Fort Monroe, VAC
1.34 Comparative analysis_ Jindicated that a i
__"is valid for mine application -
1.35 Ueveloped a computer-assisted methodology to optimize minefield site selection

1.36
1.37

Constructed and laboratory tested a second optically pumped magnetometer and established practical limits of
sensitivity, power consumption, and signal-to-noise ratios for mine application
Completed laburatory tests,

Y

et

F33-323 - Undersea Weapons Combat Control

1.38
1.39
1.40
1.41
1.42

VDeveloped and tested a new target motion analysis technique for submarines which improves accuracy and reduces fire
control solution time

VDeveloped Target Motion Analysis (TMA) techniques which improve the solution quality against maneuvering targets.
Technology transitioned to advanced development program

Developed advanced operator display and torpedo guidance concepts for the Mk 48 Advanced Capability. Technology
transitioned to advanced development -

Determined characteristics of promising sensor systems__

Completed study on Target Motion Analysis (TMA)
developient i

F33-324 - Advanced Underwater Weaponry

1.43
1.44
1.45

. R — A e s

Developed and implemented . :mdel including realistic environmental effects
Utilized simulation model To evaluate caididates Jalgorithms
Developed and evaluated a successful'___ “algorithm
181
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I. *Program Element: 62633N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base
1.46 Completed field experlment ;demonstrating its utility for /'demonstration purposes
when techniques are developed -

F33-326 - Underwater Weapon Simulation and Target Devices

1.47

1.48

1.49
1.50

‘measured for active target strength Ievels; R
Extracted data from at-sea field data
Exchanged computer submarine target models and experimental data;—

angineers and scientists undar The Technical Cooperation Program (TTCP) .
Developed a acoustic model _for use on the
Naval Ocean Systems Center hybrid simulator and Advanced Lightweight Torpedo {ALWT) and Advanced Capability (ADCAP)
program utilization
Developed a dynamic stability computer model A “for use in parametric studies
A theoretical technique has been developed for calculat1ng _Jtarget strength
measurements

F33-327 - Warheads and Fuzes

1.53
1.54

1.55

1.56
1.57

‘developed for the' Tof the Mk 48 Torpedo
. Demonstrated _proper functioning’ 7
Showed that combined the’ iproperties of»‘
_ in torpedo warheads B
Finite element’ developed to predict target response _

F33-337 - Explosive Devices Effects Safety

1.58

1.59

Completed development and interim qualification testing of cast-cured plastic-bonded explosives (PBX) compositions
including two fire and impact resistant main charge explosives, two mechanically strong booster explosives, and an
underwater explosive with improved safety -

Synthesis efforts produced new high density explosives'
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l. *Program Element: 62633N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base
1.60 Uemonstrated conditions to achieve over "arrangement s
1.61 Formulated explosive compositions which demonstrate excellent defurmability and processability along with resistance

(V)

to settling and to hardening during long term storage

FY 1982 Progran

F33-311 - Concept Assessment for Weaponry

~nNN
o .
~N) —

~nNonNS
.
W

Complete noise goal studies for the Advanced Submarine-lLaunched Torpedo

Continue mission Tevel and requirement sensitivity studies for Advanced Submarine-Launched Torpedo to determine
effect’ on propulsion and guidance requirements

Develop requirements analyses K

Identify and assess technological approach to countering potential improvementsk

F33~-321 -~ Torpedo Components and Subsystems

2.5
2.6
2.7
2.8
2.9

2.10

2.11
2.12

2.13

Award contracts for initiation of efforts and completion of planning documentation;
Conduct_in-water tests and analyses to enable completion of system capability documentation!r
Conduct in-water tests’

Continue data reduction and algorithm develapment’

Complete planning of an integrated torpedo towed array sonar effort with the Defense Advanced Research Project Agency
(DARPA), an¢ haseline system specifications; initiate system demonstration hardware fabrication specification
Complete analysis of at-sea data, wupdate signal processing algorithns
and procure and initiate hardware fabrication in preparation for’ total in-water system demonstration .

Document a first-iteration of torpedo tactics for improving torpedo performance

Conduct in-water™ tests to obtain a data base for developing torpedqvtactics ar. | algorithms
3

Begin breadboard design of ‘propulsion system for stand-off weapon
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am Element: 62633N Title: Undersea Warfare Weaponry Technology

n Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

.14 Complete 2l-inch breadboard component fests for an advanced stored chemical energy propulsion system (ADSCEPS)

.15 Complete breadboard design of ;engine for a 2l-inch Stored Chemical Enerygy Propulsion System (SCEPS)

.16 Complete’ "ithium silver oxide battery . . .

.17 Test’ propulsion motor

.18 Begid? development of a lithium thionyl chloride high rate battery -

.19 Refurbish lmproved Performance Undersea Vehicle (IPUV) and retest in fresh

water towing tank - -

.20 Conduct tests on Improved Performance Undersea Vehicle (IPUV) vehicle in water tank at NASA, Langley Facility

.21 Conduct” cvehicle tests on Improved Performance Undersea Vehicle {IPUV) in at-sea field runs

.22 %omp]ité" self-noise range program onL_ Weapon Silencing Research Vehicle

WSRV . > -
.23 Fabricate and conduct at-sea tests and evaluate: 1Propulsor system

33-322 - Mine Warfare Technology

'.24 Determine errors introduced in processing techniquet

'.25 Quantify impact of sea state and sound velocity profile on processing techniques
2.26 Complete analysis of current manual methods for selection of mining sites and adequacy of hardware to meet needs of
advanced computer assisted design technology
2,27 Complete analysis of methodologies suitable for elimination of the current deficiencies in evaluation models
2,28 Interface a new test unit! _and complete data acquisition and analysis for_
mine applications o : .
.29 Complete laboratory tests

2,30 Complete laboratory tests " and conduct an at-sea:' “feasibility
demonstration! . ) .
2,31 Continue environmental data recording and analysis

*33~323 - Undersea Weapons Combat Control

- )

232 Define a,_ Target Motion Analysis (TMA) model _

2,33 Define combat contrbl system data_flow; .

2,34 Assess the potential contribution__ _ to fire control improvement
184
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1. *Program Element: 62633N Title: Undersea Warfare Heagonrz Technology
DoD Mission Area: 523 = Engineering Technology Budget Activity: - lechnology Base

F33-324 - Advanced Underwater Weaponry

2.35 Complete ’ -
2.36 Analyze “dnd mod1fy design requirements within the projected
performance envelope

2.37 Quantify overall military usefulness i]
F33-326 - Underwater Weapon Simulation and Tanggt Devices
2.38 ‘ o
2.39 "Analyze data obtained” 7
2.40 Conduct at-sea tests _
2.41 Design and fabricate mobile target application "
2.42 Develop and test
F33 327 - Warheads and Fuzes
2.43 Complete full scale tests of breadboardr_ A ”
2.44 Establish damage performance of | . -
2.45 Obtain data
2.46 Modify and upgrade |analytic codes
2.47 Complete small scale tests!
2.48 Initiate effort on; warhead concepts 5
2.49 Initiate analysis and small scale testing ‘warhead concepts
2.50 Vefine “fuze performance requirements -
2.51 Establish “configuration for:_ " fuze .
2.52 Complete evaluation of senior technical advisory group (STAG) _analytic model ; warheads
2.53 Initiate target def!n1t1ong_
F33-337 - Explosive Devices Effects Safety
2.54 Continue development of insensitive high performance explosives based oni ” new
explosive compounds — - - —
2.55 Complete development of data base and prediction method for effects, on underwater performance on non-
ideal explosives (. A
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1. *Program Element: 62633N Title: Undersea MWarfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base
2.56 Complete interim qualification testing i -
2.57 Complete’ fTharacterization and identification oﬁL_ /:7 mechanisms
for new pTastic bonded explosives (PBX) compositions
2.58 Complete evaluation of high temperature resistance plastic bonded explosives (PBX) candidates
3. (V) Fy 1983 and FY 1984 Planned Programs
F33-311 - Concept Assessment for Weaponry
3.1 Finalize Advanced Submarine-lLaunched Torpedo (ASLT) performance requirements/design studies; begin follow-on
generation weapon configuration analysis; expand subsystem data base
3.2 Investigate the effects of and technological counters: capabilities
3.3 Investigate the impact Jon propulsion system size and weight for Advanced
Submarine-Launched TorquB (ASLT) missions; compiete notional systems requirements studies
3.4 Complete operational performance requirements for MUST subgroups; update ASW/Standoff Weapon configuration studies
F33-321 - Torpedo Components and Subsystems
3.5 Oevelop and evaluate _ . leoncepts: 7
3.6 Complete’ _ algorithm development
3.7 Demonstrate system feasibility and performance capabilities!
3.8 Demonstrate __capabilities in in-water tests, i
3.9 Complete brassboard design of . ;fpropulsion for 21" torpedo
3.10 Complete electric wotor ‘developwent
3.11 Complete physical chemical properties study for lithium thionyl chloride battery
3.12 Complete: Jdithium silver oxide battery
3.13 Complete construction of . _test venicle
3.14 Complete_range tests with Weapon Silencing Research Vehicle (WSRY) I
3.15 -Evaluate M 48 torpedo .
3.16 Design and test/ i
3.17 Design, fabricate, and initiate tests of Quiet Transducer &4
F33-322 - Mine Warfare Technology
3.18 Complete methodology dealing with assets allocatiod::
186
! s e
.’
- '_,' f
£ —- e et ¢ S - '
o _ - \
X
bm‘w - ~ - ‘_\"'-"’"_‘T N . -




I
I. *Program Element: 62633N Title: Undersea Warfare Weaponry Technotogy
DoD Mission Area: 523 = Engineering Technology Budget Activity: 1 - Technology Base

3.19 Complete quantifications of background noise-:;

3.20 Complete = _ 'jtests and environmental impact assessment, and complete configuration desigr

for FY 1984 focused program start . o

3.21 Verify capability

3.22 Establish system parameters for mine .

3.23 Complete transition documentation . and transfer to Advanced Development

3.24 Fabricate brassboard mine: ‘field test, document, and transition to Advanced Development

F33-323 - Undersea Weapons Combat Control

3.25 Uevelop a methodology [

3.26 Develop a’ "capability which accounts for environmental factors

3.27 Develop Target Motion Analysis (TMA) algorithms, tactics, and
(requirements . b

3.28 Complete fire contgol concept design -

3.29 Develop, nti-Submarine Warfare (ASW) targeting concepts/techniques

3.30 Complete automated techniques -

F33-324 - Advanced Underwater Weaponry

3.31 Design and fabricate‘" ftor at-sea concept demonstration .

3.32 Complete sensitivity  analysis of candidate algorithms on simulator and implement selected ones

3.33 Complete initial at-sea torpedo engineering tests

3.34 Complete at-sea

concept demonstration

F33-326 - Underwater Weapon Simulation and Target Devices

3,35
3.36
3.37
3‘38
3.39

Continue acquisition of acoustic signatures’

Obtain data base on submarines )
Develop 'wodels for weapon frequencies
Develop nodels
Develop) ;concepts for incorporation into experimental array
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*Program Element: 62633N Title: Undersea Warfare Weaponry Technolo
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Tecﬁnoiogy Base
3.40 Design an experimental Jarray utilizing i ""transducer modules
3.41 Build an experimental signal processor to demonstrate and evaluate new algorithms
F33 327 - Warheads and Fuzes
3.42 Initiate _full scale brasshoard tgstsf ;ﬂ
3.43 Procure ) .target model and initiate testing
3.44 Complete small scale tests’ C .
3.45 Demonstrate ;on small scale warheads positioned against targets
3.46 Conduct small scale ftests against simple targets
3,48 Select most promising lconcepts
3.49 Initiate sensor fabrication and testing
3.50 Complete design and initiate construction -
3.51 Initiate calculations of target response
3.52 Define “lrespofise and initiate calculations
F33-337 - Explosive Devices Effects Safety
3.53 Continue development of insensitive high performance explosives based on new explosive
compounds
3.54 Continue development of prediction techniques;\
i
3.5% UDevelop data for incorporation
3.56 Complete development of ;]devices

3.57 Evaluate effects of controlled damage on sensitivity of explosives

Changes from FY 1982 to FY 1983

3.58 The slight increase in funding from FY 1982 to FY 1983 (+$42 thousand) represents a refinement of cost estimates

Program to Completion: This is a continuing program

Milestones: Not applicable
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Il. Project: F33-321 (Formerly F33-301, -321, -331, -341) Title: Torpedo Components and Subsystems
Program Element: 3N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

(U) DETAILED BACKGROUND AND DESCRIPTION

° Develops technology for torpedo weapon systems in the areas of detection, classification, localization, tracking, attack,
countermeasures, propulsion, hydrodynamics, and structures and silencing to iwprove the operational techniques of
underwater warfare weaponry technology

° Technical areas investigated include:

electric motors

batteries

testing techniques and devices
combustion engines

propulsor design

composite materials

metal matrix composites
vibration isolation materials
structural mechanics

turbulent boundaries

signal processing

sensors (transducers)

guidance techniques

weapon technology

“drag reduction

° Resulting technology is applied to:

torpedo guidance and control

torpedo propulsion

notfonal torpedo system identification
shells

weapon system performance prediction
propulsors
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11, Project: F33-321 (Formerly F33-301, -321, -331, -341) Title: Torpedo Components and Subsystems
Program Element 62633N Title: Undersea Warfare Weaponry Technology
DoD Mission Area: 523 - Engineering Technology Budget Activity: - Jechnology Base

° The following Advanced Development (6.3) and Engineering Development (6.4) programs may benefit from progress in this program element:

63610N Advanced Lightweight Torpedo (ALWT)

63367N Stand-off Weapon

63691N/64675N Advanced Capability Mk 48 (ADCAP)

Mk 46 Torpedo existing weapon update by product improvement programs

(U) RELATED ACTIVITIES
° The major portion of this effort is Navy-oriented, with no special interest or activity in other agencies
(U) WORK PERFORMED BY

° In-House - David W. Taylor Naval Ship Research and Development Center, Carderock, MD; Naval Coastal Systems Center,
anama City, FL; Naval Ocean Systems Center, San Diego, CA; Naval Surface Weapons Center, White Oak Laboratory, Silver

Spring, MD; Naval Underwater Weapons Engineering Station, Keyport, WA; Naval Underwater Systems Center, Newport, RI

° Industrial - Bolt, Beranek, & Newman, Cambridge, MA; Raytheon, Bedford, MA; McDonnell Douglas, Huntington 8each, CA;
Westinghouse, Annapolis, MD; Operations Research Inc., State College, PA; Tracor Inc., Rockville, MD; Honeywell,
Minneapolis, MN; Lockheed Aerospace Corp., Palo Alto, CA; Sundstrand, Rolling Meadows, IL

° Academic - Applied Physics Laboratory of the University of Washington, Seattle, WA; Applied Research Laboratory of the
PennsyTvania State University, State College, PA; Applied Research Laboratory of the University of Texas, Austin, TX

(V) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS

1. (V) FY 1981 and Prior Accomplishments

1.1 Recent homing system, propulsion, and weapon silencing accomplishments in this project have transitioned into the
Advanced Lightweight Torpedo (ALWT) and Torpedo Mk 48 Advanced Capability (ADCAP) advanced development programs

1.2 Recent hydrodynamic and drag reduction technologies have transitioned into the Advanced Development (6.3) Advanced
Expendable Training Target *

190




1I. Project: F33-321 (Formerly F33-301, -321, -331, -341) Title: Torpedo Components and Subsystems
Program ElementT 62633N Title: Undersea Warfare Weaponry Technology
JoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base

Weapon Guidance and Control

1.3 Based on the test results of a laboratory prototype element, a subcontract for design and fabr1cation )
:was awarded_

1.4 Designed concept using a _‘sonar Jand
analyzed using simulation techniques - —

1.5 Completed development of signal processing schemes based on ) _.and their application
to detect in high reverheration; inftiated’ _processing technique as a
consequence ofl program results i

1.6 Completed initial feasibility studies along with preliminary homing algorithms for the
concept - _

1.7 Conducted at-sea test wrth hardware to obtain torpedo self-noise

by torpedoes. Demonstrated capability to_

Mine Control
1.8 Incorporated into F33-322
Fire Control
1.9 Incorporated into F33-323

Acoustic Environment and Target Characteristics

1.10 Incorporated into F33-326

Propulsion

1.11 Designed and constructed two 250 HP prototype rotary piston engines
1.12 Successfully demonstrated a ten-cell lithium/silver oxide propulsion source
.13 Developed a low rate 150 ampere hour ltthium/thionyl chloride reserve battery prototype

.15 Compieted fabrication of a low noise speed reducer gear train assembly and commenced laboratory testing
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1. Project: F33-321 (Formerly F33-301, -321, -331, -341) Title: Torpedo Components and Subsystems
Program Element: 620633N Title: Undersea Warfare Weaponry lechnology
DoD Mission Area: ~523 - Engineering Technology Budget Activity: T - Technology Base
1.16 Demonstrated successfully closed cycle thermal propulsion technology in a free-swimming vehicle -
1.17 Completed torpedo Mk 48/Advanced Capability (ADCAP) analyses ,using
OTTO fuel/Hydroxyl Ammonium Perchlorate (HAP) _ _
1.18 Uemonstrated electric propuﬁsion motor technology
1.19 Demonstrated discharge power levels of lithium/silver oxide batteries )
1.20 Tested lithium/thionyl chloride battery cells for thermal effects and electrolytic properties
Hydrodynamics/Weapon Silencing
1.21 Conducted in-water tests proving the self-noise of the Mk 48 transducers is caused by water flou over the transducer
and is independent of the vehicle
1,22 Demonstrated “in an improved transducer
1.23 Achieved,
1.24 Developed technology for Torpedo Mk 48 Advanced Capabil?ty (ADCAP) transducers for self-noise evaluation
Improved Performance Undersea Vehicle (IPUV)
1.25 Demons*rated a' _1with in-water tests of the pressure gradient laminar flow vehicle
1.26 Completed construction of the free-running heated laminar flow vehicle, designated Low Drag Vehicle-2, and commenced
range testtng
Special Focus Program (SF33-321-3401)
1.27 Tnis is a new start in FY 1982 to develop guidance and control, propulsion, and drag reduction technologies
applicable to the long range STAND OFF WEAPON (SOW) Mission., Guidance and control efforts will emphasize
technology -
2. (V) FY 1982 Program

Weapon Guidance and Control

2.1 Fabricate, test, and document.— 1transducer for torpedo application
2.2 Conduct at-sea tests to validate simulation results of Jsonar
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11. Project:

Program Element:

F33-321 (Formerly F33-.301, ~321, -331, -341) Title: Torpedo Components and Subsystems
N Title: Undersea Warfare Weaponry Technology

DoD Mission Area: “523 - Engineering Technology Budget Activity: 1 - Technology Base
2.3 CompleteF 1 analytic model and investigate tecnniques;
2.4 Complete planning of an integrated ,_}onar effort with the Defense Advanced Research Project Agency

(DARPA); and complete baseline system specifications, procure hardware and initiate system demonstration hardware
fabrication

2.5 Complete analysis of', . .ﬂat-sea data, update signal processing algorithms,
and procure and initiate h?rduare fabrication in preparation 57 total in-water system demonstration
2.6 Document a first._jteration'lof torpedo tactics for improving torpedo perfomancel,:_
2.7 Conduct in-watef tests to obtain a data base for developing torpedo’tactics and algorithms :
Propulsion
Lt T
2.8 Complete(nreadboard design of - . njpropulsion engine for 21 inch diameter torpedo applications
2.9 Complete jlithium sTlver oxide hattery
2.10 Test, electric propulsion motor
2.11 Begin technology development of a lithium thionyl chloride high rate battery

Hydrodynamic/Weapons Silencing

2,12 Complete Quiet Torpedo Mk 48 self-noise range program
2.13 Evaluate pump-jets on Weapon Silencing Research Vehicle #1
2.14 Fabricate jtransducers
2.15 Conduct Jflou noise test
2.16 Fapricaté and conduct at-sea tests for evatudtion of a propulsor system
Improved Performance Undersea Vehicle (IPUV)
2.17 Refurbish Improved Performance Undersea Vehicle (lPUV)r Jand retest in fresh water tow tanks
2.18 Conduct Imppoved Performance Undersea Vehicle (IPUV) tests in salt water tow tank using NASA facility
2.19 Investigate in towing tanks
2.20 Complete final report of. __ Jommittee
193
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Project: F33-321 (Formerly F33-301, -321, -331, -341) Title: Torpedo Components and Subsystems
Program Element: 3N Title: Undersea Warfare Weaponry Technology .
DoD Mission Area: 523 - Engineering Technology Budget Activity: 1 - Technology Base N
Special Focus Program
2.21 Award contracts for initiation of efforts for developing
sonars == -
2.22 Conduct in-water tests and analysis to complete current system capability documentation
concept g .
2.23 Conduct tests to obtain a data base for developing and evaluating concepts
2.24 Evaluate use . B
2.25 Begin breadboard design of propulsion system for standoff weapon
(V) Fy 1983 and FY 1984 Planned Pragrams
Weapons Guidance and Control
3.1 Develop and evaluate;i
3.2 Complete -algorithm development for improved {homing
3.3 Demonstrate system feasibility and performance capability for ,homing system _
3.4 Dewonstrate capabilities in in-water tests,
Propulsion
3.5 Complete brassboard design of :;,4 'propulsion system for 21-inch torpedo
3.6 Complete electric motor jevelopment .
3.7 Complete physical chemical properties study for lithium thionyl chloride battery
3.8 Complete lithium silver oxide battery
Hydrodynamic/Weapons Silencing
3.9 Complete range tests with Weapon Silencing Research Vehicle (WSRV) 1
3.10 Design and test )
3.11 Design, fabricate, and inftiate tests of Quiet Transducers #4
194
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Il. Project:

Program Element:

DoD Mission Area: 523 - Engineering Technology

4, (u)
5. (V)
6. (V)
Project

No.
FI3-321

F33-321

(Formerly F33-301, -321, -331, -341)
3N

Improved Performance Undersea Vehicle (I1PUV)
—
3.12 Complete construction of

Special Focus Program

3.13 Complete documentatioq,of;__
3.14 Define and document af

3.15 Develop a_
3.16 Complete

3.17 Conduct d@monstration ot

Comparison with FY 1982 Program:

— ——— ___.'

Title: Torpedo Components and Subsystems
Title: Undersea Warfare Weaponry Technology

Budget Activity: 1 - Technology Base

- .
test vehicle

ﬁcapabilities

“on advanced lightweight torpedoes
propulsion system

3.18 The slight decréase in funding from FY 1982 to FY 1983 (-$19 thousand) represents a refinement of cost estimates

Pragram te Completion:

This is a continuing prcram

Milestones:

Resources (Dollars in Thousands)

Title

Torpedo Components and Subsystems

Not applicable

RE——

-

Total
FY 1981 FY 1982 FYy 1983 FY 1984 Additional Estimated

Actual Estimate Estimate Estimate to nggletion Cost
10,658 11,288 11,269 14,975 ontinuing Cont?nuing
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FY 1983 RDT&E DESCRIPTIVE SUMMARY

Program Element: 62711IN Title:

DoD Mission Area: ~521 - Electronic and Physical Sciences

Undersea Target Surveillance

(U) RESOURCES (PROJECT LISTING): (Dollars in Thousands)

Project

No.

F1l-111
F11-119
F11-121
F11-122
F11-123
F11-124
F11-125
F11-131
F11-132
F11-133

FY 1981

Title Actual
TOTAL FOR PROGRAM ELEMENT 36,806
Concept Assessment for Undersea Surveillance 4,625
Navy Science Assistance Program (NSAP) 3,000
Acoustic Arrays for Undersea Surveillance 8,113
Acoustic Transduction Technology 3,330
Acoustic Processing Technology 10,306
Nonacoustic Antisubmarine Warfare (ASW) 4,406
Target Signal Characteristics 1,300
Radio Frequency Surveillance 350
Optical/Infrared/Ultraviolet Surveillance 976
Sensor Integration 400

* Transferred to P.E.'s 62766N and 25653N

(U) BRIEF DESCRIPTION OF &/ EMENT AND MISSION NEED

Budget Activity:

1 - Technology Base

FY 1982
Estimate

6,105
*

9,088
2,827
11,644
3,931
860

FY 1983
Estimate

'
5,671
*

10,399
2,230
13,466
4,230
815

FY 1984
Estinate
2)
6,070

*

11,464
2,367
16,285
4,429
387

Total
Additional Estimgted
to Completion Cost
Continuing Continuing

Continuing
*

Continuing
Continuing
Continuing
Continuing
Continuing
Continuing
Continuing

Continuing
*

Continuing
Continuing
Continuing
Continuing
Continuing
Continuing
Continuing

Investigates the relevance and technical feasibiiity of potential solutions to Navy operational needs in Undersea Target

Surveillance.

Addresses the application of acoustic, optic, electromagnetic, magnetic, and other sensor technologies as well as signal
and data processing techniques to the detection, localization, classification, and tracking of underwater targets.
Concentrates on acoustic efforts, which comprise four-fifths of the program,

Places increased emphasis on new and improved methods to detect targetsy

(U) BASIS FOR FY 1983 RDT&E REQUEST

]

The 1increase in FY 1983 funding over that for FY 1982 is due to inflation and change in the scope of F11-121

Arrays for Undersea Surveillance and F11-123 - Acoustic Processing Technology.

As this is a

- Acoustic
continuing program, the

above funding includes outyear escalation and encompasses all work or development phases now planned or anticipated

through FY 1984 only.
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Program Element: 62711IN Title: uUndersea Target Surveiliance
VoD Mission Area: 521 - Electronic and Physical Sciences Budget Activity: 1 - Technology Base
Fixed Sensor Systems
° Demonstrate lnterdctlve displays and process1ng resources to improve man-machine interface.
° Improve and test detect1on, localization, and tracking techniques for fixed, towed, and deployed
systems, 7 -
° Test at sea i
° perform major real-time Jexperiments at the Acoustic Research™Center (ARC).
¢ Demonstrate and evaluate real-time operation’ ~ -
° Complete ! surveillance
sensors, ~ . -

° Develop for
[ — /

Mobile (Airborne and Shipborne) Sensor Systems

-—

°  tvaluate the utility of ' 14 —
° Perform experiments on RAMLOOPS (quarter scale submarine) relating to-the feasibility of a
L
° Provide optimized
° Fabricate &nd complete in-water static testing.
° vevelop miTtibeam Torocessor. —~
° Develop localization/targeting measurbment process models and initiate deveiopment of technique models.
° Initiate development of a knowledge-based artifical intelligence system for automated processing.
° Develop exper1mental :
)
Towed Array Sensor Systems
° Sea test a tactical towed array with ;:]
° Sea test a towed array with new reliable telemetry.
° Uemonstrat® performance advantages “towed array over current towed array designs.
° Vevelop. — -~
° Develop and test !
o et
uff-Boara Sensor Systeins
P
Demonstrate at-sea tenswunlng _?to the Advanced Auton0ﬁ;us Array (A3).
° Conduct a total system demonstFation of a for air ASW.

|
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3
m Element: 62711N Title: Undersea Target Surveillance
ssion Area: 521 - Electronic and Physical Sciences Budget Activity: 1 - Technology Base

VDemonstrate improved performance of active and passive sensor systems.
nacoustic
Test and validate an Advanced Solid State Array Sensorf_’
Perform operational analysis
Conduct test and evaluation
Evaluate the localization capabilities
w

tive Adjunct to Undersea Surveillance (AAUS)

I
Perforg1 at-sea Active Adjunct to Undersea Surveillance measurementi‘—

ot
neric Efforts
Complete target strength measurements -
Continue sonar calibration standards and measurements work.
Demonstrate at-sea
Identify, J

MPARISON WITH FY 1982 DESCRIPTIVE SUMMARY (Dollars in Thousands)

The changes between the total for the Prougram Element shown in the FY 1982 Descriptive Summary and that shown
Descriptive Summary (-450 in FY 1981, -3376 in FY 1982, and -5458 in FY 1983) are the result of overall budget reductions
to the technology base in FY 1981 , FY 1982, and FY 1983 and of removing the Navy Science Assistance Program from the

Program Element in FY 1982 and FY 1983.

The titles and work within the subprojects were realigned in this Descriptive Summary from
Descriptive Summary. The new alignment, which represents subproject organization by technology area , is more functional
and improves the description of the work in the Program Element. The following table shows the relationship between the

project numbers in this Descriptive Summary and the FY 1982 Descriptive Summary:
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Program Element: 62711N
UoD Mission Area: ~521 - Electrunic and Physical Sciences

Project Number In The FY 1982 Descriptive Summary (D.S.)

Title: Undersea Target Surveillance
Budget Activity: 1 - Technology Base

In FY 1982 D.S. Was:

F1l-101

F11-111

F11-11Y

Fl1-121

F11-122
F11-123

F11-124

Long Range Acoustic Undersea Surveillance

Systems Investigations

Navy Science Assistance Program

Acoustic Undersea Surveillance

Radio Frequency Undersea Surveillance

Optical/Infrared/Ultraviolet Undersea
Surveillance

Magnetic Undersea Surveillance

- an

A Block Program at the Naval Ucean
System Center (NOSC)

Feasibility investigations of new
notional concepts (mostly analytical
work.)

Same as title

Acoustic Arrays for Undersea Surv.,
Acoustic Transduction Technology,
Acoustic Processing Technology,

and Target Signal Characteristics
Saine as title

Same as title

Same as title

199

In FY 1983 D.S. Is:

Distributed in Projects
F11-111, F11-121, and
F11-123 depending on the
nature of the work; work
remains at NOSC.

Project F11-111 plus fea-
sibility demonstrations of
new systems (analytical

and at-sea demonstrations)

Distributed in P.E.
62766N Independent
txploratory Development
and P.E. 25658N Lab
Fleet Support

Distributed in F11-121,
F11-122, F11-123 and
F11-125 as appropriate

F11-131 and is terminated

F11-132 and is the
same work

F11-124 and includes

magnetics, optics and
hydrodynainic-induced

magnetic anomalies
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Program Element: 62711N Title: Undersea Target Surveillance
DoD Mission Area: 521 - Electronic_and Physical Sciences Budget Activity: 1 - Technology Base
F11-125 Special Uncoventional Undersea Surveillance 1Nonacoustic ASW F11-132, F11-124, and
Techniques - — is the same work
(U) FUNDING AS REFLECTED IN THE FY 1982 DESCRIPTIVE SUMMARY
Total
Project FY 1980 FY 1981 FY 1982 FY 1983 Additional Estimated
No. Title Actual tstimate Estimate Estimate to Completion  Cost
TOTAC FUR PROGRAM ELEMENT 34,998 37,256 39,186 , Continuing Continuing
F11-1U1  Long Range Acoustic Undersea Surveillance 2,740 2,800 2,322 2,948 Continuing Continuing
F11-111  Systems Investigations 3,320 1,672 894 1,019 Continuing Continuing
F11-119  Navy Science Assistance Program * 3,000 3,000 3,000 Continuing Continuing
F11-121 Acoustic Undersea Surveillance 22,994 22,697 25,082 27,820 Continuing Continuing
F11-122 Radio Frequency Undersea Surveillance 515 350 568 649 Continuing Continuing
F11-123  Optical/Infrared/Ultraviolet Undersea Surveillance 737 976 1,000 1,140 Continuing Continuing
F11-124 Magnetic Undersea Surveillance 2,846 2,900 3,173 3,544 Continuing Continuing
F11-125 Special Unconventional Undersea Surveillance 1,842 2,861 3,147 3,304 Continuing Continuing

Techniques
* Funded in P.E. 62%43N and Project F1ll-111 in this program element,

(U) OTHER APPRUPHIATIONS FUNDS: None.
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1. *Program Element: 6271IN Title: Undersea Target Surveillance

UoD Mission Area: 521 - ETectronic and Physical Sciences Budget Activity: 1 - Technology Base

(V) DETAILED BACKGROUND AND DESCRIPTION

° The work in this program element supports the full spectrum of undersea target surveillance from close-in tactical
operations to long-range undersea surveillance.

° Because _:]the effort is neavily
oriented toward acoustics program. . -

° Increased emphasis is being placed on new and improved acoustic and nonacoustic methodsL_ )in an
acoustically noisier environment, - .

° The most critical problem being addressed is the detection, classification, and localization of thé
submarine / -

° The effort~Ts grouped into the lowing seven areas: -
(a) Fixed Sensor System-- medium- to long-range surveillance land Bottom Uistributed Systems;
(b) Mobile Shipborne and Airborne Sensor Systems--passiveiaﬁd active acousticss

-

L
(c) Towed Array Sensor Systems --for both tactical and long-range surveillance;
(d) 0f f-Board (Qgeloyed/free floating) Sensor Systems-2~
(e) Nonacoustic--;df ] -t
(f) Active Adjunct to Undersea Surveillance--

s

(g) Generic Effbrts--broad-based technology that is applicable to more than one type of surveillance systenm.

(U) RELATED ACTIVITIES

° Close 1liaison 1is imaintained with the Ocean Monitoring and Control Oivision of the befense Advanced Research Projects
Agency in areas such as surveillance arrays and sophisticated signal-processing techniques through joint pragran reviews,
workshops, symposia, and informal discussions,

° Related program elements are:
62543N, Ships, Submarines, and Boats Technology 62734N, Countermeasures Technology

* Roman numeral 1. identifies the numbered items in paragraphs l., 2. and 3. below as belonging to the Program Element PEDS e.y.,
1.1.1 refers to the lst item in paragraph 1. of the Program Element PEDS. Similarly a Roman numeral II, Ill, ... etc, will used
in front of the word "Project" on the first page of each Project PEDS e.g., IIl.1.1 refers to the lst item in parayraph 1. of the
Ist Project PED for this P.E.
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I. *Program Element: 62711N
Uol Missian Area: 521 - Electronic and Physical Sciences

62633N, Undersea Warfare Weaponry Technology
62721N, Commnand and Control Technology

Title: undersea Target Surveillance
Budget Activity: 1 - Technology Base

62759N, Ocean and Atmospheric Support.Tecnnology

62761N, Materials Technology

52762N, Electronic Device Technology

(U) WURK PERFURMED BY

° Industrial - Applied Rasearch Laboratory, University of Texas, Austin, TX; 3ell Telephone Laboratory, Whippany, NJ;
Bolt, “Beranek and Hewman, Cambridge, MA; General Electric Company, Syracuse, NY; Honeywell Marine Systems, Seattle, WA;
Hughes Aircraft, Fullerton, CA; Sanders Associates, Nashua, NH; Hydrudcoustics, Inc., Rochester, NY; Polar Researcn lLab,
Santa Barbara, CA; Texas Instruments, Dallas, TX; plus 15 additional companies.

° In-House - Uavid W. Taylor Naval Ship Research and Development Center, Bethesda and Annapolis, MD; Naval Air Development
Tenter, Warminster, PA; Naval Coastal Systems Center, Panama City, FL; Naval Ocean Systems Center, San Diego, CA; Naval
Research Lahboratory, Washingten, UC and Orlando, FL; Naval Surface Weapons Center, wWhite Oak, MD; Naval Underwater
Systems Center, New London, CT, and Newport, RI; Naval Civil Engineering Laboratory, Port Hueneme, CA.

t. (V) FY_1981 and Prior Accomplisnments

r14ed_Sensor Systems
[l —_

Conpleted the investigation of;

Tested adaptive beawnforning algorithna, ~

Implemented large-scale, broadband processing algorithms,

Seveloped @ yrocessor and delivared it to the Acoustic Kesearch Center (ARC).
Uetected, ?Bcalized, and tracked targets o

——
.
[S RN

Developed improved man-machine interface formats for a surveillance training/calibration system.

1.
1. Davised a new “"systolic" processing architecture that significantly increases processor efficiency.

~ o

1.3 Fabricated’ \ij
1.9 Aporoved . o maiﬁr focussed program,

to develop criticaf’components for . 4udmarine arrays/
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I. *Program Element: 62711N Title: Undersea Target Surveillance
DoD Mission Area: 521 - Electronic and Physical Sciences Budget Activity: 1 - TgéﬁnofBQy‘EE?é
s ~—
1.10 Uevelopedh’ o external hull-mounted arrays.
1.11 Constructéd nall-mounted arrays.
1.12 Veveloped afd tested an Tprotdtype.
1.13 Developed broadband algdérithms ’
1.14 Developed technique{i
1.15 Initiated determinat1onL’
—
Towed Array Sensor Systems
1.16 Developed adaptive signal-processing technigues fo{j tactical
towed arrays. — —
1.17 Initiated fabrication of a :]towed array and procured highly reliable telemetry for
the array. el
1.18 Refined a turbulent boundary layer (TBL) noise model for high-speed towed arrays.
1.19 Demonstrated successfully a . to be implemented in a tactical
towed array. : —_ .
1.20 Towed a tactical array " _whose perforance was[t’ N
1.21 Initiated developnent of — hydrophones.
1.22 Initiated development of’ . using nonaco ic reference sensors,
1.23 Completed analysis of ranging in multipath environments using towed arrayL, __/

Off-Board Sensor Systems

Redirected the random sonobuoy array program to address a volumetric off-board array for diesel submarine
detection.

Conducted a sea test of the Advanced Autonomous Array (A3) that demonstrated

- remote unmanned acoustic processing,

“Selected array sensors for areds of high tactical and strategic importance. ::]
Improved the’ “Hirectional passive sensors.
Implemented adaptive, passive, signal-enfidncement system for evaluation in real-world scenarios.
Tested the life expectancy Jin a hostile marine environment.
tvaluated new and evolving Hﬁr-depYoyed sensors C

Completed deep w;ter acoustic testsir— ”;:]

203




$
1. *Program Element: 6271IN Title: Undersea Target Surveillance
Do Mission Area: 521 - Eléctronic and Physical Sciences Budget Activity: 1 - Technology Base
1.32 Completed test and evaluation ™ /
[

Nonacoustic

1.33 Initiated ttie fabricdation of a\breadboard Advanced Solid Statz Array Sensor (ASAS) fornerly called the Solid State
Array
1.34 Terninated work on the

1
1.35 Tested at sea the ability - jan SSBN at the Atiantic Undersea Test and tvaluation
Center (AUTEC). -
1.36 Flight tested 7and evaluated the results.
1.37 Began fabricatfon 7
1.38 Conducted a laboratory test
A>3
1.39 pPerformed flight test
A
1.4V Conducted in-water experiment j
1.41 Completed evaluation _ _ . '
t.42 Completed single-sensor detection characterization 1, -
[&4

Active Adjunct to Undersea Surveillance (AAUS)

> e

1.43 Tested the Active Adjunct to Undersea Surveillance (AAUS)‘ j
succesfully in a lake, ' -

1.44 Designed the Active Adjundt to Undersea Surveillance (AAUS) array structure, handling system, and power system and
assembled the processing system.

Generic Efforts

1.45 Solved the reverse voltage problem of the lithium thionyl chloride High Energy Uensity Battery (HEDB) but
recognized that dynamic distribution inhomogeneities mitigate against continuing this program.

1.46 Validated 1/300-scale target-strength measurements to describe full-scale target echo effects and determined target
strength estimates’ Tor U.S. and Soviet models,

1.47 Designed and partidTly comnpleted construction ’
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I. *Program Element: 62711N

Uob Mission Area: 521 - Electronic and Physical Sciences

Title: Undersea Target Surveillance
Budget Activity: - Technology Base

2. (V) FY 1982 Program

Fixed Sensor System

1 -
2.1 Develop and evaluate man-machine interface (MMI) technology to support an expanded role forL__
2.2 Develop improved data-base management technigues for Integrated Undersea Surveillance System (IUSS). i
2.3 /]information from acoustic displays

applications.

. Yevelop

jtools to automatq

:/

—_
2.4 Levelop and evaluate™fixed, wobile, and off-board sensor system technigues =7
for improved detection and/or holding and rgacguisition.
2.5 “Evaluate&f ] _ 'false threat dismissal.
2.6 Implement and evaluate improved target tracking algoritmms at the Acoustic Kesearch Center (ARC).
2.7  Evaluate the gpplication of “systolic" processor arrays to surveillance-processing problems.
2.8 Demonstrate experiment at the Acoustic Research Center (ARC).
2.9 Perform_the Tollowing Jat the Acoustic Research (ARC).
2.9.1 1 -
2.9.2 -
2.9.3 ‘toherent spectrum sigﬁfa_t‘ure,
2.9.4
2.9.5 “multiarray technology démonstration,
2.9.6 Broad Ared Search Experiments. -
2.10 Initiate laboratory_testing for Sound Surveillance System (SUSUS) application.
2.11 Collect and review "data from various data Dbases.
2.12 Complete studies .
L
Mobile (Airborne and Shipborne) Sensor Systems
e —_
2.13 Analyze the utility of
2.14  Conduct _ /study to relate engineering traliéoffs to operational performance.
2.1% Complete fabrication gf- additional apgl_'ications.
2.16 Initiaste development _ i
2.17 Demonstrate and evaluate
2.18 Evaluate detection/classtfication potentjal B
2.19 Completel _ _processing evaluation. :
2.20 Initiate™The design of test ved forL Trocessor,
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I. *Program Element: 62711N Title: Undersea Taryet Surveillance
DoD Mission Area: 521 - Electronic and Physical Sciences sudget Activity: 1 - Technulogy Base
.2 1 hni .
2.21 Ueve opf jtec nigues
Towed Array Sensor Systems
2.22 Evaluate the self-noise improvemnent potential ' 7for both surveillancz2 and tactical
towed arrays., = — -
2.23 Uvetermine detection improvements for tactical towed arrays {
2.23 Uetermjne towed array high-ref0lution estimation. g
2.25 Testi tactigal towed array moduh?‘.l .
2.26 Imprdve the analytical’model _]
2.27 Complete fabrication’ ]
2.28 Complete sur“ejllancé’towed array gaterials investigation. -
2.29 Complete the! hydrophone and begin design for incorporating it into 4 towed array module.
2.30 Uefine optimal, long-length, flexible,
2.31 Uvemonstrate J
Uff-Board Sensor Systems
2.32 Complete the analysis and the report on the at-sea test of the Advanced Autonomous Array with other surveillance
assets.
2.33 Develop an enhanced low-power processor design for Advanced Autonomous Array application.
2.34 Initiate the system design concept Ifor off-board sensor arrays.
2.3% Uetermine the circumstances under which off-board sensors should be deployed and“the means by whicn they can be
most effectively deployed.
2.36 Conduct at-sea tests with new and evolving sonobuoy systems.
2.37 ldentify critical components for the next generation of off-board sensor in accordance with the recomnendations of
the September 1981 off-board sensor workshop at the N_Qilﬂl Air Development Center, Warminster, Pennsylvania.
2.38 Develop a !
2.39 Evaluate the sensors utilized. .
2.40 Complete fabrication of _ __ . test units,
2.4]1 Evaluate active sensor units for, tests.
bt —
Nonacoustic
2.42 Flight tesgt_the new Advanced Solid State Array Sensor,
2.43 Conduct a__
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I. *Program Element: 62711N
rob Mission Area: 521 < Electronic and Physical Sciences

)

2.44
2.45

2.4
2.47
2.43
2.49
2.50

.‘,/
Measure

Initiate fabrication’

-~
Conduct an a&ditional test
Complete the analysis
Complete the analysis

Title: Undersea Target Surveillance

Budget Activity:

Complete the evaluation of several classes of nonacoustic
Complete the analysis of improved submarine nonacoustic

Active Adjunct to Undersea Surveillance

2.51

Complete the design plans, a shipboard installation plan,

Generic Efforts

2.52
2.53

2.54 Continue sensor standard and measurements work.

2.55
2.56

Demonstratei’
Measure the target strength

Develop low-frequency calibration sources.
Vevelop near-field calibration techniques.

FY 1983 and FY 1984 Planned Programs

Fixed Sensor Systems

[ - TechnoTagy Base

-

T alyorithms. —~

—

the transducer handling system, and most of the
transducer testing for the Active Adjunct to uUndersea Surveillance demonstration experiment.

~—
—d

re— 3
3.1 Continue the demonstration _
3.2 Continue Broad Area Seargh Experiments at the Acoustic QeSE;lch Center,
3.3 Demonstrate and refineL, achniques for fixed, wmaobile and off-board sensor
systems, —— -
3.4 Demonstrate and evaluate real-time operation| at the Acoustic Research Center.
3.5 Procure 1nq sea test. Ifor Sound Surv@¥llance System (SUSUS) application.
3.6 Complete . .
3.7 Initiate preparations for a major prototype;_ Pemonstration. —
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[. *Program Element: 62711N Title: Undersea Target Surveillance
JoD Mission Area: 521 - Electronic and Physical Sciences Budget Activity: 1 - Technology Base
Mobile (Airborne and Shipborne) Sensor Systems
—
3.8 Vvalidate the use of the KAMLUOPS quarter-scale submarine model _
.9 Select the best baffle approach tuv meet! ",obje jves.,
3.16 Transfer the standard : to industry for
product engineering.
3.11 Develop signal processor requirements and the configuration of the doppler sonar adjunct system,
3.12 Complete: —_ __Jdetector.
3.13 Develop experimental, _sonar,
3.14 Initiate development of a knowledge-based artificial intelligence system for automated shipboard sonar processing.
3.15 Implement multibea test bed.
3.16 Complete analysrsﬂ| test results.
3.17 Initiate . | breadboard development.
Towed Array Sensor Systems
3.18 Complete sea test of tactical towed test bed ,@rray.h _
3.19 Complete development of reference sensors/ _ for tactical towed
arrays.
3.20 Sea test a " towed array with new highly reliable telemetry.
3.21 Perform dynamic laboratory tests on new survaillance towed array materials and plan for sea tests.
3.22 Uemonstrate the performance advantages of the _7 towed array design over current
towed array designs. . -/ -
3.23 Determine and quantify! J
3.24 Uvevelop optimized array/processor configuration

Uff-Board Sensor Systems

3.25 Demonstrate improved at-sea tansioning and in-buoy processing gf the Advanced Autonomous Array.
3.26 Use sea-test data to validate an improved low-power processor for application to Advanced Autonomous Array in-buoy
processing, —
3.27 Deploy from a helicopter or an airplane a prototyper for off-board sensor arrays.
3.28 Complete the identification of missions and scenarios for off-board sensors and determine the implications for
their further development.
3.29 Develop candidates for. sonobuoy System.
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{. *Program Element: 6271IN Title: Undersea Target Surveillance
DoD Mission Area: 521 - Electronic_and Physical Sciences Budget Activity: T - Technology Base

3.30

3.31
3.32
3.33

Develop critical components for the next generation of off-board sensors in accordance with off-poard sensor
workshop recominendations. - 2

Conduct a total systes lemons;rationl

Complete at-sea demonstration,
Uevelop candidate’

Nonacoustic

3.34
3.35

3.36
3.37
3.38

3.39
3.40

Test and validate an Advanced_Solid State Array Sensor
Perform operation analysis
-3 - —
Conduct test and evaluztion of second-generation: sensor system,
Fabricate _ ,demonstration unit and complete in-water stdatic testing. i
Implement results of’ 1
target detection. ‘= -
Develop concepts for ;nonacoustic sensors. 0

Complete simulations” J
~ ) -

Active Adjunct to Undersea Surveillance

3.41

Perform at-sea Active Adjunct to Undersea Surveillance measurenents to resolve reverberation and signal-processing
issues.

Generic Efforts

3.42
3.43

Uemonstrate at seaf: —7against a submarine target.
Complete - jand appraise analytical methods.

Changes from FY 1982 to FY 1983

3.44

The increase in FY 1983 funding over that for FY 1982 is due to inflation and change in the scope of F11-121 and
F11-123.

4. (U) Program to Completion: This is a continuing program.

5. (V) Milestones: Not applicable.

A I, At s R Y e e o O
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Il. Project: Fli-111 Titie: Concept Assessment for Undersea Surveillance
Program Element® 6271IN Title: Undersea larget surveilTance =
Jo) Missiun Area: 521 - Electronic and Physical Sciences Budget Activity: 1 - Technology Base
(U) DETAILED BACKGRUUND AN DESCRIPTION
Q This project assesses the technical viability of systen concepts that have significant promise for improving undersea
target surv2illance, -
¢ The system concepts include Bottom Distributed Systems,

_y ddvanced tactical sonar systems for use with shiys and
aircrdft, the Advanced Autonromous Array, al %h2 Active Adjunlt to Jadarsea Surveillance.

° Close liaison 1is maintained with the efease Advanced Research Projects Agency, Tactical Techaology OUffice, w10
Monitoring and Control Division, through joint program reviews, workshops, symposia, and informal discussions
particularly in its Advanced Autononous Array, active sonar, and fiber optics programs.

° Related prograw elenents are:
62543N, Ships, Submarines and Boats Technology 62759N, Ocean and Atmospheric Support Technology
62633N, Jadersea Warfare Weaponry Tachanlogy 62761N, Materials Technology
62721N, Command and Contryl Techanlogy 62762K, Etiectronic Device Technology

627348, Tl sru2asures Technology
(V) AJRK PERFURMED BY

° Industrial - Defense Systems, Inc., Mclean, VA; Hydroacyistic, inc,, Rchaster, NY; Ketron, Inc., Arlington, VA; Polar

Research Laboratory, Santa Barbara, CA; RCA, Burlington, MA, and Somerville, NJ; Sanders Associates, Inc., Hashau, NH;
and others to be selected,

° In-House - Naval Air Davelopwant Center, Waminster, PA; Naval Civil Enjineering Laboratory, Port Hueneme, CA; Naval
Nicean Research and Development Activity, Bay St. Louis, MS; Naval Ocean Systems Center, San iego, CA; Naval Research
Lihoratory, Washington, DC; Naval Underwater Systaus Zeater, Nea Loadiwm, (7,

() PRUGRAM ACCUMPLISHMENTS AND FUTURE PRUGRAMS
1. (V) FY 1981 and Prior Accomplishments
Fixed Sensor Systems
1.1 Initiated planning DFOCESiL j
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Il. Project: Fll-111 Title: Concept Assessmant for Undersea Surveillance
Program Element B2/1IN Title: Umdérsea Target Sufveillance
Dol Mission Area: 521 - Electronic and Physical Sciences Budget Activity: 1 - Technology Base

r- v
1.2 Cowpiled relevant environmental acoystic data’ j
1.3 Initiated work on__ 1ranging techniques. ’

Mobile (’irborne and Shipborne) Sensar Systems ‘

1.4 Fabricated and successfully flight tested a 40 perceny scale model _

1.5 Uesigned and fabricated a _prototype full-scale model

1.6 Completed an analysis of .delivery tacticy and a system simulation by conputer,
1.7 Initiated a preliminary design study to develop mechanisms’

1.8 Modeled' _

1.9 Modified battle group ASW simulation to consider fa diract-sipport role.
1,10 Conducted preliminary design studies( B )

1.11 Completed study of nonobtrusive labeling systems, ’ __)

1.12 Completed first major validation sea test of the Advanced Autonomous Array ia tiz Pacific Ucean in Jctober 1980,
1.13 Completed analysis;_ !

—

Active Adjunct to Undersea Surveillance

1.14 Tested . ;]in December 1980 and * ‘]in August  1wil;
when combined with modeling results, these tests indicated a practical array to be feasibla, ~
1,15 wssembled a signal-processing system.

FY_1982 Program

Fixed Sensor Systems

2.1 Review the available and developmental sensor designs for application[_ 1

sensor configurations for acoustic optimization.

and evaluate various receivin

2,2 Measure the relative current differantial,

2,3 Evaluate the Office of Naval Research Air Teploved Oceanoaraphic Mooring concept:

2.4 Obtain the statistics and description -
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Il. Project: Fll-111 Title: Concept Assessment for Underses Surveillance
Program Element 6Z27T1N ’ ® Title: Undersea Target Surveillance
voU Missinon Area: 521 - Electrenic and Physical >éiences Budget Activity: 1 - Technology Base
. Lo ]
2.5 tvaluata ti: satellite as a potential data linx ' -
2.6 Parforn. _ ,
¢.]  londuct ~a requirements analysis j’ inCTuding microprocessor and ddta sturag:
reqqiregents. . -
2.4 Conduct _ surveillance requirements dand operationdl analysis study.
209 afine an _ Jeoncept.,
.19 laitiate Bottom Distributed Systems program, |
2.11 Complete a preliminary Jdesign of{ _ _lIthe Bottom Distriouted Syst-1s pragraa.
72,12 Analyze and avaliuate processing algorithms for Bottom Distributéd Systems.
Hobile (Airborne and Shipborne) Sensor Systems
; -
2.13 Design and fahricate on-board avionics!__ . »_
2.14 Comuletz wind-tunnel testing { .
2.15 Complete prr_eliminary desiqn study, "FJ
2,15 Complete . I'study and ¥ possible, make recommendations to
countar the submariae. o )
2.17 Evaluate: _J and develop recommendations for
inproving their capabilities, R
2.14 Etvaluate _the interrelationships (__ -
2.14 lnicidte'a"s:ud_y to develop and analyze basic search an! pr.»m:;::ion tactics for~ various nissions using nonacoustic
techniques —
2.20 Complete a’summaryz__ , and the required data bases for evaluating sonar
perforaance. h
Z2.21 Initiate a study to de%ermine tactical sonar ,zrficaance shortfalls and technology gaps,—;
Uff-Board Sensor Systems .
2.22 Investigate improved Advanced Autonomouds Array sudsp2ansion systems,
2.23 lavestigatz2 navigation ani corinvization alternatives for Advanced Autonomous Array.
2.24 Analyze Vertical Line Arrays as> 4n Jption to the horizontal line arrays currently being used with Advanced
Autonoinous Arriy. .
2,2% lnitiate the development of an advanced, low-pas2r Sijral processor,
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Il. Project: Fli-111 Title: Conce t Assessment for Undersea Surveillance
Program Element= 62711N Title: Tndersea Target SurveilTance

DoD Mission Area: 521 - Electronic and Physical Sciences Budget Activity: 1 - T_ep‘n.nologz B.a.s_e_
Active Adjunct to Undersea Surveillance
2.26 Complete testing of the hydroacoustic sources and procure a spare source.
2.27 Procure all hardware for array, handling systen, and instrumentation.
2.728 Finalize an dt-s24 test plan.

3. (Yy Fy 1983 and FY 1984 Planned Prograws

Fixed Sensor Systems

3.1 Febricate and test a feasibility demounstration nodel(_ D

3.2 Perform a d2tailed analysis and concept validation for Bottom Distrihuted SyStem sensor configurations.,
3.3 Implement and test algorithms for use with Bottom Distributed Systems.

3.4 Perform a Botton Distriduted System processing validation with real data.

Mobile (Airborne and Shipborne) Sensor Systems

3.5 Conduct a full-scale demonstrat!on( Tin FY 1983,

3.6 Compiete the study to develop and_analyze hasig search il prosecution tactics.

3.7 Complete the identification of jnissions and scenarios and determine the implications for son:
technology. - -

3.8 Complete th2 tactical sonar performance assessment L v }

Off-Board Sensor Systems

3.9 Test the improved Advanced Autononous Array buoy systen at-sea.
3.10 Demonstrate an advanced, low-power signal processor,

Active Adjunct to Undersea Surveillance
3.11 Conduct ai-se2a Last ufr J
—
Comparison with FY 1482 Program:
3.12 The decrease in FY 1983 funding under that for FY 1982 is as a result of overall budget reductions,
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11. project: Fll-111

Proyram Element: ©02711N

Do) Mission Arza: 571 - Electronic_and Physical Sciences
S )

4. () milestones:

Program to Coapletion:

Not applicaole.

Title: Concept Assessment for Underses Surveillance
Title: Undarséd Target SurveilTance

Budget Activity: 1 - Technolugy dase

This i~ 4 ooatiauing arogram,

6. {3} Ressarces (F91lars in Thousands)

\ — Total
Project FY Olydl  FY 1932 Y1983 FY 1984 Additional Estimated
No.  Title Actyal ~ Estimate Estimate Estimate to Cowpletion Cost
FI1-11T  Concept Assessnent for undarsea Surveillance 4,625 6,105 5,671 6,070 Continuing Cuntinuing

3
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11, Project: F11-121 Title: Acoustic Arrays for Undersea Surveillance
Program tlement:  62/1IN Title: Undersea Target Surveiilance
VoD Mission Area: 521 - Electronic and Physical Sciences Budget Activity: 1 - Technology Base

(U) UETAILED BACKGRUUNU ANU DESCRIPTIUN

This project addresses the detection of acoustic enerygy by various configurations ot receiving sensors.
° The work includes, but is not necessarily limited to, sensor configurations for fixed, mobile, towed,
(deployable) applications and addresses both active and passive acoustic sensor systems.
° The work is grouped into the toliowiny four generic dreas:
(a) Fixed Sensor Systems-- for medium- to long-range surveillance,
(b) Mobile (platform-borne) Sensor Systems-- for short- to nedium-rdange tactical surveillance,
(c) Towed Array Sensor Systems-- for tactical and long-range surveillance, and
(d) Uff-Board (deployed/free-floating) Sensor Systems-- primarily air-launched sensors for tactical
surveillance,

(U) RELATED ACTIVITIES

and otf-boa

and/or barri

° Close liaison is maintained with the Ocean Monitoring and Control Division of the Defense Advanced Research Projects Agen
in areas such as surveilldnce arrays through joint program reviews, workshops, symposia, and informal discussions.

° Related program elements are:
62543N, Ships, Submarines, and Boats Technology 62759N, Ocean and Atmospheric Support Technology
62633N, Undersea Warfare Weapunry Technology 62761N, Materials Technology

(U) WORK PERFORMED BY

° Industrial - Bendix Corporation, Los Angeles, CA; Gould, Inc,, Baltimore, MD; Pianning Systems, Inc., Fairfax, VA; Raythe

Co., Newport, RI; Sanders Associates, Nashua, NH.

° In-House - David W. Taylor Naval Ship Research and Development Center, Bethesda and Annapolis, MD; Naval

Air

Uevelopment Center, Warminster, PA; Naval Ucean Systems Center, San Diego, CA; Naval Research Laooratory, Washington, U

and Orlando, FL; Naval Underwater Systems Center, New London, CT, and Newport, RI.

(V) PRUGRAM ACCUMPLISHMENTS AND FUTURE PRUGRAMS

1. (M) FY 1981 and Prior Accomplishments
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111, Project: F1l-121 » Title: Acoustic Arrays for Undersea Surveillance
Program Element: 6271IN Title: Undersea Target Surveillance

DoD Mission Area: ~521 - Electronic and Physical Sciences Budget Activity: 1 - Technology Base

Fixed Sensor Systems

ompleted the design of ) —]arrays (SUSUS) and initiated procurement'
r ~ [
1.2 Terminated investigation of directional hydrophones for bottom surveillance arrays because of the data link channel
requirements.

Mobile (Airborne and Shipborne) Sensor Systems
1.3 Received approval to develop’

1.4 Transitioned

Towed Array Sensor Systems

1.5 Initiated fabrication of a prototypﬁr

1.6 Procured highly reliable telemetry,

1.7 Developed a laboratory impulse-testing technique '

1.8 Modified analytical models to achieve improved self-poise predtctions: ]for tactical towed arrays.
1.9 Tested a tactical towed-array
1.10 Completed the fabrication s
1.11 Investigated / : J
tactical towed arrays. -
i 1.12 Demonstrated successfully L /that will be implemented in a
tactical towed array.

4

Uff-Board Sensor Systems

1.13 Sea tested an Advanced Rapi Deployable Survexnance System buoy, ODirectional Composite Sensor, that can be used to
better discriminate against

1.14 Redirected the Random Sonobuoy Array program to address a volumetric off~poard array.

1.15 Tested the life expectancy' in a hostile marme environment .

1.16 Completed test and evaluation of Directional Frequency Analysis Recording sonobuoys | L

1.17 Sea tested modifiedL "Thardware; results showed !
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IIl. Project: F11-121 Title: Acoustic Arrays for Undersea Surveillance
Program tlement:  6271IN Title: Undersea Target Surveillance
DoV Mission Area: 521 - Electronic and Physical Sciences Budget Activity: I - Technology Base
Generic Efforts - -
T.18 Tonstructed and sea tested _J
—
2. (V) FY_1942 Program
Fixed Sensor Systems - r
2.1 Initrate Taboratory testing for Sound Surveillance System applicationm
| —
]
Mobile (Airborne and Shipborne) Sensor Systems -
2.2 Develop data required for design of __ -
2.2,.1 measure wmachinery-induced noise at potentially
2.2.2 update theoretical models of acoustic isolatio