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SUMMARY

The purpose of this report Is to present the Structures and
Dynamics Divislion's research plans for FY 1987 and
accompl Ishments for FY 1986. The work under each branch |Is shown
o2y RTR Objectives, FY 1987 Plans, Approach, Mllestones, and FY
1986 Accompl ishments. Loglc charts show elements of research and
rough relationship to each other. This Information Is useful In
program coordination with other government organlzatlons In areas
f mutual Interest.

ORGANIZAT ION

The Langley Research Center Is organized by directorates as shown

on figure 1. The Structures Directorate Includes Structures and
Dynamics Division, Materials Division, Loads and Aeroelasticity
Division, and Acoustics Division. The Structures and Dynamics
Division consists of four branches as shown on figure 2. There
has been one significant change In the organlzatlional structure
of the Division. Mr. Brantley R. Hanks was selected Head,
Structural Dynamics Branch. Dr. Larry D. Pinson also is

currently Acting Head, Impact Dynamics Branch.

FUNCT IONAL STATEMENT

The Division conducts analytical and experimental research to
achieve structures which meet functional requirements of advanced

atmospheric and space flight vehicles. Provides experimental
data and analytical methods for predicting stresses,
deformations, structural strength, and dynamic response.
Investigates interaction of structure with propuision and controi
systems, landing dynamics, crash dynamics, and resulting
structural response. Develops and evaluates structural

conflgurations embodying new material systems and/or advanced
design concepts for general application and for specific classes
or new aerospace vehicles. Develops advanced structural analysis




methods and computer programs. Uses a broad spectrum of test
facllitles and develops new research techniques. Test facliities

include the Structures and Materlials Laboratory, Structural
Dynamics Research Laboratory, Impact Dynamics Research Faclility
and the Alrcraft Landing Dynamics Facillty. Data are also

obtained and analiyzed from flight investigations.
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i FACILITIES

The Structures and Dynamics Dlvision has four major facilities to
support Its research (shown in figure 3).

The Structures and Materials Laboratory equlpment includes a
1,200,000 Ib capacity testing machine for tensile and
compressive specimens up to 6 feet wide and 18 feet long; lower
capacity testing machines of 300,000, 120,000, 100,000 and 10,000
b capaclty; torsion machline of approximately 60,000 in.=1b
capacity; combined load testing machine; hydraulic and pneumatic
pressurtzation equipment; and vertical abutment-type backstop for
supporting and/or anchoring large structural test specimens.

The Impact Dynamlics Research Facilitles conslist of the Alrcraft
Landing Dynamics Faclliity (ALDF) and the Impact Dynamics Research
Faclility. The ALDF conslists of a rail system 2,800 ft. long x 30
ft. wide, a 2.0 MIbs. thrust propulsion system, a test carriage
capable of approximately 220 knots, and an arrestment system. A

wide variety of runway surface conditions, ranging from dry and
flooded concrete or asphait to solid Ice, can be duplicated in
the track test sectlon. In addition, unprepared surfaces such as

clay or sod can be Installed for tests to provide data on
aircraft off-runway operations.

The Impact Dynamics Research Facility |Is capable of crash testing
full-scale ¢general aviatlion aircraft and helicopters under

controlled conditions. Simulation Is accomplished by swinging
the aircraft by cables, pendulum-style, into the ground from an
A-frame structure approximately 400 ft. long x 240 ft. high. A

Vertical Test Apparatus is attached to one leg of the A-frame for
drop-testing structural components.

The Structural Dynamics Research Laboratory is designed for
carrying out research on spacecraft and alrcraft structures,
equipment, and materials under various environmental conditions,
including vibration, shock, acceleration, thermal and vacuum.
Equipment in the laboratory Iincludes a 55-ft. (Inside diameter)
thermal vacuum chamber with a removable 5-ton crane, a flat floor
70 feet from the dome peak, and whirl tables.
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il IMPACT DYNAMICS BRANCH

RTR 505-63-11-06 Composite Crash Dynamics

OBJECTIVE:

To obtain a better understanding of response characteristics
of generlc composite components subjected to crash loading
conditions.

FY 1987 PLANS:

o0 Conduct analytical studies of varlous transport crash
impacts

o Conduct varlious static and dynamic tests of composite
frames, subfloors, and energy absorber concepts

o Inftiate tests and analysis of scale model beams under
impact loads

o Develop analysis tools for composite crash dynamics

O Support full-scale crash tests of ACAP helicopters

APPROACH:
In FY 1987 the maln focus will be developing a data base and

inslghts on behavior of composite components to crash load-
ings. Develop In-house test method, procedures, and
apparatus to conduct static and dynamic combined bending
and axlial! loading tests on representative composite struc-
tural elements. Assess Impact data to evaluate effect of
combined axial and bending loads on global response,
stiffness and reslidual strength after failure and develop
new analytical techniques to predict both global and local

responses. Instal! these new algorithms on Computational
Structural Mechanics software testbed. Supportive contrac-
tual efforts will be used mainly to fabricate composite

components requlring special tooling.

MILESTONES:
o0 Conduct metal subfioor water drop tests, November 1986
o Conduct scaling studies on various composite beams,
November 1986
o Procure generlc fuselage shelils from Beech Aircraft and

plan full-scale crash test matrix
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o Perform nonsymmetric analysis of CID using updated
Boelng model, January 1987

o Develop Analysis for predicting scale beam response to
crash l|oads, January 1987

o Develop Intersection and crush initiator concepts for
energy absorbing composite subfloors, March 1987

o Inltiate static testing and dynamic testing of inter-
sectlion and crush initiator concepts, September 1987

FY 1986 ACCOMPL |SHMENTS:
o Published 7 papers on CID experiments
o Fabricated scale beam specimens

o Deflined benchmark dynamlc problems for scaled composite
studles

o Conducted tests and analysis on initial composite frames

© Published summary paper on G/A seat research conducted
at Langley Research Center

RTR 505-63-41-02 Alrcraft Landing Dynamics

OBJECTIVE:
Advance the technology for safe, economical all-weather
aircraft ground operations including the development of
new landing gear systems.

FY 1987 PLANS:
o Continue deveiopment of tire contact algorlthms
o Develop data base on radial and blas ply aircraft tires

o Demonstrate active control landing gear technology

o Develop friction and wear models for Shuttle maln gear
tires

0 Examine tlre technology requirements for Natlional Aero-
space Plane (NASP)

12




APPROACH:

In FY 1987 the main focus wil! be developlng hligh-speed
frictiona! and mechanical property data base In support of
industry and Shuttie landing operations. Coordinate Iin-
house research, grants, and contracts with U.S. tire
industry exper imental effort to carry out National Tire
Model ing Program. Conduct detailed studies of forces and
moments In static and rolling tire footprints. Develop
algorithms for tlre contact to include friction and rolling
tire footprints. Develop algorithms for tire contact to
inciude friction and rolling effects for National Tire
Model ing Program and Install these algorithms on Computa-
tional Structural Mechanics software testbed. Develop
exper Imental methods for measuring material properties of
tire constlituents. Defline rational tlre wear crosswind
lImits for Space Shuttle Orbiter. Obtain frictional and
mechanical property data on type H and radial ply alrcraft
tires.

MILESTONES:

o

FY 1986

(o]

Present paper on water spray Ingestion at SAE AeroTech
‘86 Meeting, October 1986

Publ ish paper on Space Shuttlie Orbiter cornering and
spin-up wear characteristics, December 1986

Publiish paper on tire contact algorithms, December 1986

Conduct close range photogrammetry measurements of
Shuttie nose gear tire deformations, February 1987

Conduct track studies of F-4 raidal tires, March 1987

Publish reports on NASA/FAA tire traction program,
March 1987

Measure forces and moments in rolling tire footprints,
June 1987

ACCOMPL | SHMENTS :

Phase | Shuttle spin-up wear and cornering test completed
and crew training simulators updated

Paper on tllt steering presented at AeroTech ‘85 Meeting

NASA/FAA snow and Ice tests completed with B-727

13



o Session on Tire Modeling at Tire Society Meeting heavlily
supported by Natlional Tire Modeling Program participants

o Completed spray ingestion tests on G/A nose dgear tire

14
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v STRUCTURAL CONCEPTS BRANCH
RTR 506-43-41-02 Advanced Space Structures Concepts

OBJECTIVE:
Develop deployable and erectable structural concepts and
assoclated design technology for antenna and reflector
structures and for Space Station.
FY 1987 PLANS:
0 3rd generation joint design, fabrication and evaluation
o Concelve MBRMS for operation on curved surfaces
o Develop space station construction scenario
o Develop reflector truss construction scenario
o Continue to support Mast program
o Continue deployable refiector truss study
o Develop deployable shelter

APPROACH:

In FY 1987 a major milestone will be the completion of a
ground test Mobile Remote Manipulator System (MRMS) for
conducting 1-g construction tests. The role of automation

In the construction process will be Investigated as part
of this activity. Studies will continue on developing
deployable trusses for antenna structures and a 36-element
deployable test article wlil! be fabrlcated. Efforts will

contlinue on defining on-orbit construction scenarios and
assocliated flight exper iments.

MILESTONES:
O Procure CAD terminals, October 1986
o Complete ground test MRMS hardware, November 1986
o 1-g test of MRMS, February 1987

o Fabricate deplovable 36-element truss model, March 1887

17



FY 1986 ACCOMPL ISHMENTS:
o Conducted ACCESS flight test in November 1985
o Completed Erectable Joint Concept Study

o Designed and began fabrication of third generation
erectable joint

o Influenced Space Station declision to baseline 5-meter
erectable truss through an extensive trade study and
the ACCESS flight experiment

RTR 481-32-23-02 Space Station Erectable Structures

OBJECTIVE:

Develop technology for a 5-meter composite truss for the
Space Station. Develop and demonstrate a technique for
constructing the truss from the Space Station.

FY 1987 PLANS:

o 3rd generation jJjoilnt design, fabrication and evaluation
o Development of payload attachment fixtures

o Complete development of aluminum clad composite struts
o Fabricate and test 2 bays of composite truss hardware

o Fabricate and test 10-bay aluminum truss

o Studies to reduce EVA assembly hours

APPROACH:

In FY 1987 the main focus will be to identify suitable
composite struts for the truss and to develop an on-orbit
construction technique. Speclifically, plans are to conduct
an extensive study of various technliques for fabricating
high stlffness, tough, graphite/epoxy struts and fabricate

a 4-bay beam for testing. An ln-house and contractual study
will be conducted to develop and demonstrate an on-orbit
construction approach.

18




MILESTONES:
o beflne a structural flight experiment, December 1986
o Select composite strut design, March 1987
o Develop constructlion technique, March 1987
o Fabricate construction flixture, September 1887
o Fabricate 4-bay beam, September 1987
FY 1986 ACCOMPL I SHMENTS:

o A second generation erectable Jjoint with 3-D growth
capabll ity was designed and fabrlicated

© A full scale and 1/4-scale 7-bay beam was built for
testing

© A third generation erectable joint was designed and is
currently being fabricated

o ldentified 20~-bay beam as potentlial flight exper Iment
RTR 9068-55-62-01 Flight Experiment Definition

OBJECTIVE:

o Provide Integration support for the 5-meter erectable
flight experiment with the Space Shuttle

FY 1987 PLANS:

o Continue flight experiment study

APPROACH:
An In-house and contractual effort will be conducted to
Iintegrate the 5-meter erectable flight experiment with the
Space Shuttle system. The study will Include hardware

Integration, EVA handl ing consliderations, pallet mountings,
and Instrumentation integration. Detalled drawings of the
hardware will be made and |/8-scale and full-scale mockups
wili be bullt to verify the designs.

19



MILESTONES:

o Complete f)light experiment definition, November 1986
o Initiate integration contract, December 1986

FY 1986 ACCOMPL | SHMENTS:

o 20-bay, 5-meter strut erectable truss identified as
baseline for flight experiment

O Preliminary Iin-house studies conducted on beam construc-
tion scenarijo, dynamic behavior, and orbltal decay

20
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Vv STRUCTURAL DYNAMICS BRANCH

RTR 506-43-51-01 Vibration Reduction

OBJECTIVE:

Accompl ish validated capabillity for on-line structural
parameter identification and active and passive vibration
attenuation for large flexible space structures.

FY 1987 PLANS:
o Conduct mini-Mast dynamics tests
o Demonstrate 3-body slewing control

o Develop recursive Elgensystem Realization Algorithm
system lidentification method

APPROACH:

In FY 1987 the main focus will be the experimental verifica-
tion of control and system identlfication technliques. The
use of member actuators for reducling the response program
will be conducted at both element and system levels using a
truss beam as a focus. Physical elements such as Joints,
actuators, and electronic components will be analyzed
Iindividually and as parts of systems. Laboratory tests of
hardware will be conducted to verify and improve analyses.
Studles of advanced system identification algorithms which
incorporate latest technliques Into small-core, high-speed

applications will be Initlated. Completing tests of the
15M hoop-column antenna wlll be accomplished under this
RTR.

MILESTONES:

o Demonstrate 3-body closed-loop slewing control,
December 1986

o Compliete dynamic tests of 15M hoop-column antenna,
February 1987

o Verlilfled open-loop model of 20M truss beam Including
effects of Joints, June 1987

o Demonstrate closed-loop control of muitiple-member-
actuator truss-beam segment

23



FY 1986 ACCOMPLISHMENTS:
o Atmospheric effects In slewing experiments quantified

o Development of telescoping member truss beam segment
initiated

o Frequency domain version of Elgensystem Realization
Algorithm developed

RTR 508-43-51-02 Advanced Spacecraft Dynamics

OBJECTIVE:

Develop and validate methods for predicting and experi-
mentally verifying the coupled structural dynamics and
control of multi-body space structures with flexible
components, Interfaces, disslipative mechanisms and large
ampl ltude responses.

FY 1987 PLANS:
o Begin 3-D LATDYN

o Integrate 2-D LATDYN into Computational Structural
Mechanics

APPROACH:

In FY 1987 the main focus will be the continuation of
development of a three-dimensional computerized simulation
of controlled dynamics of multi-body flexible space struc-
tures as encountered In deployment, slewing and robotic arm
manipulation. included In this thrust is the development of
Improved modularlized transient algorithms for concurrent
computing, and realistic verlfied modeis for joint and

interface damping mechanisms. In addition, advanced sliewing
control analyses will be studied and test suspension methods
for large space structures will be anaiyzed.

MILESTONES:

o Establish computational approaches for analyzing non-
| inear contact and sliding dynamics iIn spacecraft
interfaces, December 1986

o Incorporate nonlinear truss jolnt characterization In
transient response of space station keel truss,
January 1987
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FY 1986 ACCOMPL ISHMENTS:

o Multi-body synthesis of generic space station model
completed

o Preliminary dynamic behavior of suspended space station
scale model established

o Controls and berthing capability incorporated into 2-D
LATDYN

o Nonlinear Joint characterization documented
O Substructuring capability Installed in BUNVIS

o Computerized procedure for discretely changing constraints
developed and documented

RTR 542-06-11-06 Beam Dynamics Ground Test

OBJECTIVE:

Val idate ground tests technology and conduct tests necessary
to demonstrate flight readiness for the Mast experiment.

FY 1987 PLANS:
0o Test COFS-i 20M prototype and components
APPROACH:

In FY 1987 the main focus Is the development of test methods
and suspension techniques for the Mast using a 20M truss
beam (mini-Mast). Analytical methods of inctuding Jjolint
characteristic and suspension dynamics in a global dynamics
model will be evaluated. Measured global dynamic charac-
teristics of the mini-Mast will be predicted using state-of-
the-art technlques. Evaluatlion of suspensions for the 60M
test wiill begin. Assembly and checkout of a portable data
acquisition system for the flight article ground tests wlll
be completed.

MILESTONES:

o Complete outfitting of mobile data acqulisition trailer,
December 1986

o Begin modifications to Hangar Annex for ground tests,
February 1987

25



o Initiate study of candidate suspensions for flight beam,
March 1987

o Complete modal test on 20M mini-Mast, June 1987

o Complete joint characterization tests, August 1987
FY 1986 ACCOMPL ISHMENTS:

O Mini-Mast Jjolint tests begun

o Preliminary analytical models developed

O Moblle data acquisition system definltlon completed
RTR 542-06-31-01 COFS 111 Technology

OBJECTIVE:

Develop structural dynamics technology for'COFS 111 ground
and flight experiments.

FY 1987 PLANS:

O Release RFP for Space Station scale model design and
fabrication

APPROACH:
In FY 1987 the main focus will be on Inltlating a contract
for the design and construction of the COFS 111 ground
exper iment model which will be Space Station oriented in

anticipation of on-orblit flight data. Analyslis and test
methods for the dynamics and control of multiple-component,
Joint-dominated structures will be emphasized. Desired model
characteristics as well as fabrication requirements and
capabilities will be developed. In related technology,
studies of the scaling of model components such as tubular
members and structural Jolnts will be continued and in-huse
tests and analyses of prototype space station hardware will
be conducted. A phenomena model to examine test and

analysis methods for the COFS 11l candldate configuration
structure wiil be designhed and fabricated.
MILESTONES:

0 Complete tests of 1/4-scale space station, November 1986

0 Complete design of phenomena model, January 1987
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o Complete tests of full-scale space station truss model,
June 1987

o Award contract for scale model design/construction,
August 1987

FY 1986 ACCOMPL |SHMENTS:
o Preliminary model feasliblllity study contract completed
- o Study of Joint scalling/analysis Initlated
o Ground tests of 1/4-scale erectable truss inltiated
o Model definition study contract awarded
o Phenomena model design study Initiated

o0 Statement of work for scale model design/fabricatlion
contract under development

o Prototype scale model compcsite parts and structural
Joints recelived and testing under way

RTR 482-53-53-38 Space Station Model
Definition/Design

OBJECTIVE :

Develop a sub-scale replica model technology for space
statlion applications and a methodology for Its use In
dynamic development and qualificatlion.

FY 1987 PLANS:
o Procure and test 1/10-scale generic dual keel station
O Perform pre-test analytical studles for replica model
APPROACH:

In FY 1987 the main focus willl be on defining requirements
for and desighing the model and on defining roles, pro-
cedures and test methods for use of such a model Iin space
statlon development. A replica model of the Space Statlion
of approximately one-fourth to four-tenths scale will be
deflned for use In predicting space station on-orbit
dynamics. Test suspension, excitatlion and instrumentation
methods will be studled. Initial efforts will be on
development and tests of an 10C configuration in time to
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asslst space station CDR. Scar effects on the I10C config-
uration resulting from advanced configurations also would

be determined. These funds will be combined with design/

construct contract on RTR 542-06-31-01.

MILESTONES:

o] initiate definitlion study contract for a repllca model,
January 1987

(o] Initiate study of suspension and test methods, Apri!l 1987
FY 1986 ACCOMPL | SHMENTS:
O Model feaslibillity study completed
RTR 483-32-33-03 Flexible Body Deplioyment Analyslis
Deveiopment
OBJECTIVE:
Develop, early in the space station program, verified
analytical capabillty requlired for space station construc-
tion, maneuvers, berthing and robotlic arm manipulation.
FY 1987 PLANS:
o |Initiate coding of 3-D articulatlon code

o Perform 2-D simulation studies on statlion operations
(e.g., robotic arm maneuver)

APPROACH:
In FY 1987 the mailn focus will be the continued incorpora-
tion of new technoliogy analytical methods Into usable
computer programs which can aid the space station project
In systems engineering and integration. Emphasis Is on a
convected coordinate approach for treating connected
fiexible components in problems such as automated assembly.
MILESTONES :
o0 Establish prototype 3-D LATDYN code, September 1987
FY 1986 ACCOMPL | SHMENTS:
O 2-D LATDYN theory documented

O 2-D LATDYN User Manual completed

28




o

o

2-D LATDYN enhancements for berthing and controls
comp leted

3-D LATDYN coding contract Initiated
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Vi STRUCTURAL MECHANICS BRANCH
RTR 505-63-11-03 Mechanics of Composite Structures

OBJECTIVE:

Develop mechanics technology required for verifled design of
efficlent, fault-tolerant advanced-composite airframe struc-
tural components and to formulate advanced analysis methods
to predict uitimate strength of composite structures and
static and dynamic nonllinear response to aerospace
structures.

FY 1987 PLANS:

o Complete development of noniinear modal Interaction
analyslis

o Initiate development of scaling laws for composite
structures

o Complete nonlinear analysls of fllament-wound solid
rocket booster

APPROACH:

In FY 1987 the main focus Is verifying new fallure analysis
for compression-loaded multi-directional laminates and on
implementing Into STAGS an In-house-developed nonlinear
modal interaction analysis for bullt-up components.

MILESTONES :

o Initiate development of scaling laws for composite
structures, October 1986

o Verlfy fallure analysis for compression-loaded multi-
directional laminates, February 1987

o Complete test-analysis correlation of stiffened fillament-
wound cy! inder and heavlily-loaded side-of-body wing
Joint, Aprll 1987

o Complete development of error analysis for nonilinear
plates using recontinuization method and extend method
to Include transverse shear and normal stresses, May 1987

o Conduct noniinear analyslis of fllament-wound solld rocket
booster, June 1887
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FY 1986 ACCOMPL | SHMENTS:

o Effects of cutouts on postbuckling behavior of unstiffened
graphite-epoxy shear webs lidentlfled experimentally

o Crilppling strength of compression-loaded muiti-directional
laminates determined by a nonlinear analysis

o Both thickness and stiffness discontlinulities shown to
effect compressive strength of graphlte-epoxy laminates
with dropped plies

o Tests and analyses show that increasing cutout size does
not necessarlly decrease the buckling strength of compres-
sion-loaded composite plates

©0 Non-optimum flilament-wound graphite-epoxy stiffened
cyl Inder tested. Analysis beling conducted to help
ldentlfy failure mode

o New high-order transverse-shear plate analysis shows
that plates with low width-to-thickness ratios buckle
at l|oads below those for classical transverse shear
theory

o Nonlinear modal interaction analysis for plates developed.
Analysls being implemented in a general purpose nonlinear
shell code for general shells

RTR 505-63-11-05 Advanced Composlite Structurai Concepts

OBJECTIVE:

Develop verlfled composite structural concepts and design
technology needed to reaiize the improved performance,
structural efficiency, and low-cost advantages offered by
new material systems and manufacturing methods for advanced-
composite aircraft structural components.

FY 1987 PLANS:

o Complete initial anisotropic tailoring studies of high-
aspect-ratio laminar-flow wings

O Continue development and evaluation of new structurally-
efficient composite panel concepts

o Conduct damage-tolerance tests of new graphlte-epoxy
panel concepts
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o Continue studles of structural tailloring and Interleaving
for stiffened panels

APPROACH:

In FY 1987 the main focus is developing new structurally-
talilored wing component designh concepts and evaluating the
per formance of low-cost fllament-wound structural concepts.
Innovative structural configurations for advanced aircraft
appllcations willl be developed and evaluated for Improved
per formance, structural efficliency, and damage tolerance.
The effects of constraints, such as those imposed by aero-
elastic talloring, laminar flow, acoustics and control, will
be Included In the design of new structural concepts for
alrcraft components. Mechanical and pressure loads repre-
sentative of wing and fuselage structural components will
be considered. Associated structural mechanics Issues
pecul lar to these new design concepts will be studied and
selected concepts wil! be evaluated experimentally.

MILESTONES:

o Experimentally evaluate preliminary deslign of geodesic
stiffened compression panel, October 1986

o Conduct damage tolerance tests of graphite-epoxy
filament-wound and sandwich panelis, February 1987

o Initlate fabrication of transport wing box beam concept,
April 1987

o Experimentally evaluate two addlitional new advanced
compress ion panel concepts, April 1987

o Compliete initial anisotroplic talloring study of high-
aspect-ratio laminar-flow wing, June 1987

o Complete design study of optimum tapered wing-box with
new panel concepts and damage tolerance considerations,
June 1987

o Conduct design and analysis studies of advanced concept
tapered spars and cover panels and fabricate sub-
components, September 1987

FY 1986 ACCOMPLISHMENTS:

©0 Open-hole compressive strength of thermoplastic laminates
shown to be slightly lower than for epoxy l|aminates
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Flberglass edge reinforcements and in-plane tapered insert
reinforcements shown to increase compressive and tensile
strength of graphite-epoxy plates with holes

Prel iminary design of high-aspect-ratio swept-forward
wing with laminar flow airfoll shows that structural
talloring with graphlte-epoxy materials can provide
minimum welght wings with no twist at ultimate load
Welight/cost analysis identifies new composite panel
concepts that are both lighter in weight and lower in
cost than conventional aluminum stiffened fuselage paneis

Desligned and fabricated advanced high-aspect-ratio cover
panel concept usling damage-tolerant interlieaved materlals.
Testing to evaluate concept Is under way

Basel ine and alternate wing panel and spar concepts
evaluated for transport wing box beam
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RTR 505-63-11-07 Computational Structural Mechanics

OBJECTIVE:
Develop advanced structural analysis and computation methods
that explolt advanced computer hardware and develop standard
gener ic software system for structural analyslis.

FY 1987 PLAS:

o Award task assignment contracts for testbed, methods
research, and applications studies

o Demonstrate capablility for routine nonlinear global/local
analysis of composite structures

o Demonstrate UNIX version of CSM testbed on NAS for large
finite element problem

o Integrate parallel equation solvers into CSM testbed and
demonstrate on FLEX or NAS

o Demonstrate parallel dynamic analysis

APPROACH:
In FY 1987 the main focus will be upgrading initial testbed
(NICE/SPAR) and developing analysis capabllity for multi-
processor computers. Methods research will emphasize

procedures that exploit computers having multiple processors
and a concurrent processing capabllity. To ald In the
methods development research, a testbed system will be
created. It will consist Initlally of software for Langley's
VAX and Cyber computers and a combination of software and
hardware for concurrent processing. A standard generic soft-
ware system that can accept applications modules will be
developed. This software system will be aimed at the
computers and aerospace structural analyslis problems of the
late 1980's and beyond.

MILESTONES:

0 Award task assignment contracts for analysis testbed,
methods research, and applications studles, October 1986

o Demonstrate parallel equation solver and paraliel elgen-
value solver In NICE/SPAR, December 1986

o Demonstrate geometric nonlinear finite element capablility
of NICE/SPAR on multiprocessor computer, March 1987
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FY 1986

o

Demonstrate UNIX version of NICE/SPAR on NAS for large
filnite element probiem, March 1887

Demonstrate capability for routine gliobal/local analysis
of composite structures, July 1987

Demonstrate error analysis capabllity on composite sub-
scale problem, September 1987

Develop transient algorithms for multiprocessor super-
computers, September 1987

ACCOMPL | SHMENTS :

Converted NICE/SPAR testbed to UNIX; Installed on single
and multiple processors of FLEX

Instatlled shear flexible elements, geometric nonlinearity,
and laminate utility In NICE/SPAR

Documented study of error analyslis techniques

Documented study of global/local stress analysis for
composite panel with discontinuous stiffener

Paraliel Lanczos elgensolver demonstrated to be efflcient
on FLEX
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RTR 506-43-41-04 SRB Jolnt Concept Study

OBJECTIVE:

This RTR Is to conduct an Independent assessment of design
procedures for development of a SRB (Solid Rocket Booster) joint
fix; and to evaluate alternate design fixes. To set up analyses
of SRB deformations using advanced analyslis tools; and to investi-
gate alternate concepts using experience In gas leak problems

in wind tunnels and flight vehicles. The effort reported herein
are the results of a team effort by personnel of the Structures
and Dynamics Dlvision, Materials Division, and Systems Engineer-
ing Divislion.

MILESTONES:

o Initial request to investigate fleld Jjolint concepts,
February 1986

o Complete assessment of MSFC (Marshall Space Fllight
Center) concepts, May 1986 '

o Complete development of LaRC (Langley Research Center)
alternate concept, August 1986

o Participate Iin SRM Preliminary Design Review, September
1986

FY 1986 ACCOMPL | SHMENTS:

Structural Concepts

o Developed and analyzed alternate bolted deslign concept
for SRB Jjolnts

SRM Analyslis

0 Developed 3-D models of 51-L Joint and correifated wlith
reference test

o Identifled pin hole clearances as key parameters In
clevis-tang joint analyses

o Performed lnelastic 3-D analyses of 51-L jolints showing
resldual plastic deformations under proof I|oad

o Developed 3-D analysis of Interference fit capture tang
design

o Developed SRM shell model
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O-RIng Studies

o

Developed resiliency data for varlious temperature levels
on candidate seal materlals

Develioped test fixtures and provided dynamic seallng and
failure data to MSFC on candidate materials

Thermal Deslign

o

Developed concepts for sealed thermal Iinsulation of field
Joints

Per formed thermal analyses of sealed and vented cavities
to determine effects of cavity configuration

42




Vil ACCOMPL I SHMENT HIGHL IGHTS

43




IMPACT DYNAMICS BRANCH

o - - > = pry
PEECED 7 PRt T ST ROT FRATD
gty - ’

45




*eTh108H ‘ejueTIV UT 986T

‘6-L TTady uo 33jeaoxojoy jo ubisag Ayzromyserd uo Burlasl ,s3isTreroads TeUOTIeN SHV 2yl e pajuassad
3q TTTM ,.soweld Axodz-o3Tydeas Isjswelqg 3003-XTS JO sTsATeuy pue burisag doxaq, pa13at3us zeded

V¥ 'sburpeol yseao zepun sjusuodwmod tean3zoniys TeoTdL3 a9sayl jo aanyrej pue asuodsal ay3 Hurssssse
103 Tepouw ISYDAd 943 O3 Spew SIUSWOUTISI pue po3lsal aq [TIM sswerj-z aberesny a3Tsodwod T[eUOTITPPY
sue[d oin3ngd

*saan3onI3ys Ioorqns 23r1sodwod se Yons saanioniis
xaTdwoo aI0w Jo IoTAeyaq/s9suocdsea (eqorh ay3z o3zur 3YBTsUT @praoad pInoys s3s93 swelJ wolj eileq
aduest3ytubts

‘uoT3zeTaaI00 3y3z aaoadut Aew HurrINOOO BIE sjuatpeab ureias

abiel oIsym uoThax joedut oy3z UT SwelJ Y3l Jo HurTepow ISUTI ¥ °3IS93 8yl pue sTsATeue a3yl yjoq

ur jutod joedur ay3z woaJ sesa1bep I INOJe e PAIINOOO BwWelI aY3} JO aanTrey 3yl °sutexls reoTlzAreue
ueyy Jomol aae a3eTd 2o11ds ay3 Iesu surells Tejusutiadxe ‘IdAsmOY fUOTINGTIISTP urTeals ay3 jo adeys
TeIsush ay3 Ul uswesibe 83eOTPUT suosTiedwod °SIUSWSTS wWedq 3yl ur (Ut/uTtoroTW 00¥9-/+ ) utreaas
aanyte3 A3roeds 03 pesn sem BTISITIO 2INTTeJ-03-UTRIFS WNUXew Y ‘swexJ a3rsodwod ayz jo sarixadoad
93eUTWRT Y3TM sjuswad uweaq padeys-z Hursn apoo ia3zndwoo sTsATeur [eanjoniis LSYOXA 9U3I YT paTspou
sem swely 9yl °owexJ 9yz 3Jo aanTres o3 Jorad 3sn{ joedwy I93J0 O°SW g°y e SWeIF-7 33T7sodwod

ay3 Jo obueT3 SPTSINO 9Y3 UO SUOTINGTIISTIP uTteIls pejndwoo pue painsesm saiedwod ainbrj payoejzje ayr
. . ToT3dTa0sad 3uauysT [duoooy

*saanjotd uorjow peads ybIy pue ‘sobeb ureals ‘sisjsworsradoe

Y3TM poplooax axom joedut sy3 buranp sweay a3rsodwoo 9y3 JO IotAeyeq pue sasuodsay ‘ssberasng
31JeI0ITe UT S399YS I3A0D I0TI93UT JI0/pue SIabHUTIIsS JO SIUTRIISUOD 8yl 03 Je(Turs 3oedur jusnbss

-qns pue [lej-9913 buranp asuerd TeOT3IISA © UT swexJ sy3 paurejuteuw snjexedde ayl °snjexedde Ismo3l
doap e ut K31o0T3A TeoTr3xaA sdy ¢z Ar9jeurxoadde 3@ 33aIdouocd O3uUO0 pajoedut 2I19M sswely 93Tsodwod ayg
‘sjuednooo/3ess 3o speor Terided jussaidal 03 SUOTIOSSISIUT WeS/3IN3ONIIS 3Y3 03 Dappe sem jsefreq
pesl pue weaq ® Y3TA I9Yy3laboj parl aI9m swelrl a3yl JO s9IpIs 93T1soddo °tTetraejew otaqed arqedeap Axods
a3Tydeah woxy pojzeoTaqe 3I9M saweIJ IeINOATO UOTIOIS-SS0ID-Z J9j8WRIP J003-9 ‘susutoads 3s93 I04
goeoxddy

‘sbutpeoyl Yyseao

Iapun souwexy oberosny 93ysodwoo jo asuodsex oTweudp oYz jo bujpueisaspun ue dorsasp o3 ST Apnas
quasaad ay3z Jo aAT3oe(qo 3yl *sburtpeol ysero t(eotdLiy o3 aanjonazs yons jJo Iotaeysq pue asuodsaa
Teqo1h ay3z burssaappe yoiessax jo 3ied aie sjusuodwoo [eInoNIs 93Fsodwoo otasusbh jo sisey joedu]

SAT309[q0 yoivessy

T-6Z S€M TI¥-€9-60S dOI¥
986T AeW G6LE UOTSUa3XT
youeag otweulq joedwr

uapae)d -d Aeny pue 3jouzrog °I paeyory

QIINdWOD ANV dIYASYIW NOILNLIALSIA
NIVILS JOVAHI IWVId IOVIISNd TLISOdWOD OIVIANID

46




R e

sealbaq ‘NOILvD01

TVI1IN3Y3IWNIY 1D

081
|

Gel 06 S 0 Sp- 06- Gel- cmwosﬁ
| | I | | i -
Juwi| ainjiey l/ uo1ed0|
uledjs-0JolW 00V9-"\ aje)d 821)dg 7
\._ =1 0006-
! .
. ,&, i
/
——= / / \o - = 0
4
/! ,/.Q\\ Juiod yoedw| JONY4 3015100
Jusw adx3 |\ 0 1 NIVYLSON¥IIW
1SYIAQ —{ 0005
06 ]
- 00001
olied)-
, P2 8T TaL-

1OVdWI ¥31dv J3SW 87 = JWIL

NOILNGIH1SIA NIVHLS IWVHS JLISOdWNOD

47




s J@Ty 1euotrisiado A1m2u ayj 103 Ppalaplsuod Sutaq 91v 83823 uolIsadur Lwads 2anIny
AT SANINY

*dl VSVM ¢ ul pajiodai
9q 111a puv pa3a1duod udIaq 3aey 83833 uvo13sa8ur Lvads jo sa133s juasaad ayy °*$9113 TeIpea Bursn JjeadaTE 31odsueil

1®1222mmOd *S° JO UWOIIIIITIIIANI £13805 103 padu 3Y3) IIVCTWI[3 LW BOIIN]IVOD STYL *uoT3oNIISWOD 113 [EIpE
pus £1d-s®Iq YITA PO3IONPuod 83833 3113 Isou §-DQ AW u1 juesaid a1am suxsjjwd Kvads UT IDUIIIFFTp I[QEINSEIT ON
spu18u? ay3 o3ul
Kem 831 puirj A{1eniusa’ Lvs pue pooeydsip 81 ‘Iuore 3uradiooy 31131 IYI Kq paoeidstp eyl ueyl 133918 sowiy Q1-¢
sz yonm s® sdeyiad ‘i1938a jo emnjoa 293127 gonm ® 3¥Y3 O ‘II® 943 0JUT I3ITA MOIY3 O3 £219us y3nouwa ewy ‘3113 3yl
9Tl ‘ayeA sIYL *3%0Q ¥ WOIJ ST JWES 9Y) YONW 3IJIT ST IyEA ¥ *feauni papoolJ ® Y3noays sassed 21131 8yl €Y *aut Jus
uw ojul peaseBur 9q PINOd IBYI I93®A BY3 03 ITIIT] £19A $23nqriuod pue A1yoInb L19a sazImO3¥ 3Ing 1I3YA 873 3O
awy3 ueyy 19431y peads punoid pivazoy ¥ sa21nboe 2173 Y3 JO 3JUOIJ UT 2APA A0q 3L *poe3dadxe ueys esay L13ued1IIU
-81s 3nq poads panox8 paealoy ® dn sxo1d keads ayy °(ydeiBojoyd pasoyoua aq3 ul I38) 39 » o3 pesoddo se 333ys
» ur 3uradio0j 91T Y1 SIALI] 133I¥A By  °IRJ OF yoawasez ay3 Surinp IpEE UIIQ IAPY SUOTITAIIEQO O Idqual Y
. . © +UOT3IONIISUOD [BIPEL JO WO SNSIIA 3113
ssou g-p@ £1d-seIq [PUOIIUBAUOD B £q peavieua8 suiajawd Lwids ay3 ur 2oUd1P3JIP ® §1 319WI J1 QUIMIPIIP 03 pIINP
-U0> 919A 83891 ‘uOTIITPPe ul °*L10359(way Aeads uo 31nIonIe sueydiIe 993 JO 8399332 dSrmeuipoiraw Iyl 93231382AUT
03 #8e1119d 9yl 1IpUN PEIUNOR IIIA Suia pus aBerasny 3vIdITE surSus-uial ‘UOIIPIAF [P13UI3 y ‘uol3omW jO uot13Idd11p
ay3 032 1wIndjpuadiad ssuvid snoja®A 3I¥® PAIONPUOD UIIQ 3AEY sfaains pus 1va3 asou 3yl jo 13°® sa9gakue pauoritsod
#q UED 103091102 YL °PIPIOVI pUP peINSEIW S¥A aqn3 Yo®a UT 193BA 3Y) ‘unl 3831 ¥ I3y °BIEP Sutui®iqQo jo suedw
233noo¢ 319 a1dwys v aq 01 usA0ad sey tfezzw 9qn3 ygy ® *‘wa31sks uOIIOATT0D I93®A YL °ql 0052 03 00§ ®moa3 3Burluea
speol [¥O71312A YITA pus ‘°uy g/g 03 y/1 wo13 sq3dap 333wa 3¥ *sdy og 031 dn jo speads 38 Pa3IINpuOd UIIQ 2AFY 83891

*feauna papooyj ® p23ew3us a1y3 3IsoU IY] USYA paonpoad

feads aq3 399110> 03 98¥I1ied 93 UO PEYIEISUY WA soqn) jo Lsixe uw puv ‘9IPIIIED USATIP A119o13139913 3yl 031 paYdE}
-3¢ sea 1928 asou ® QOIyA UT £31119%3 qaaweedy soyweukpolpAH 943 UT PIIMNPUOD I3A 8IEIY *gge 1 padojaalp sea
anbruy 9] judEIINSEIW Lwads ® *2113 ®sou v Kq pedeydsyp Suisq 3239A JO UOTINQIIISTP puUP IWNToA 943 aUIIIp 19333q O]

ITSTATY

: *SUOTITPUOD SNOTITA IIPUn 1] I$OU IJEITE
ue wo1j Lwids jo 93®: AOI3J Yl 9insPIm puv £i103d5e(w13 9y3 suTIIp 03 €1 Y3Ivasaa uot3sa8ur Leids Loy%ue] YySYN @43 3O
aa13oafqo ayy °3joayel Suranp 1nd%0 swayqoad eyl I snozaBuwp A{(¥1o9dsd 2q uUEd sTY] °sisauni popooyy uo Sur3eaado

waga po3saBur %uraq ($)129QA ds0U Y3 WOl fe1ds 03 enp s3inosme(j 0/pue swayqoid surdus 9ouarIadEe 3IJBIDITE BWOS

TAYISIIYH YoIvsssy
T~¢T sin i ®*po)
Iy-€9-50S doxd
€861 2990320 96LZ *Ix3

yousag sorueulq 3oedwy
sqqnis Apuwg pur L3xaylneq 319qod

%8 ALITIOVA 1S31 3ODINA

NI TIV1Sd NI GRASVER STWIL FSON LAVIOUIV A€ @IVEINTD XVidS ¥dlVA

LHOITHOIH TVOINHOZAL

48




OF POOR QUALITY

ORIGINAL FAGE 1S

ALTTIOV4 1S3L 3N0ING NI 11VA30 NI 03¥nSy3w
SIWIL ISON LVHIYIY AS (3LYHINID AVHdS MILVH




* J0TABYD]
8uri9931s 3ITTI SIT1 3IJBIDITE JUTIAP 131399 03 uotieBriseautr juasaid ayjl uT pasn UeYl SIITI 198187 35N pInom

31593 @9say] ‘A3T1TIoB4 soTweuk Burpue] 1FeIDITY MaU 3Y3 Sutsn spaads y8ty e palonpuod 3q 03 paINpayds aie SISI]
BTUETd 94nangd

. femunl ay3 uo PIITTI §3W0J3Q IIITQI0 3yl puE TIATAS 03 9013 ST 138 asou
3yl JT $95103J SuUTIBUIOD PIPUBWLOIUN JYIBWEIP aJomw 9sayl 9onpoad ued YOIy wWIISAS ITI-UTAI gur3e3010d> B ST JIBAE
asou 127TqJo 3733nys 2oed$ 3yl eyl pajou aq pInoYs 3] ‘wa3sAs 21T71-2T8UTS © SEB SIUITOTFFIOO JuWes 3Y3i padsnpoad

wo1sAs airi-uiml Surielol A7auspuadaput ue 3IBYl pamoys 631533 IITTIEY *2113 oT8uTs B sE 3Aey3q 03 wa3isds 3u11eI010D
ay3 Sursned ‘punol8 ayjy jo 113 k19397dwo> sem 3173 duo ‘s33I183p Jy81a Inogqe 3y °punoid ay3l Sutaea] utrdaq 03

§9173 ay3 JO 9uo IsNEd 03 Y3nous 313436 SEBA ar8ue 27T1 3yl ‘saa18ap aaT3 Inoqe 1y *£A13uapuadaput 331E301 UEBD S3IT3
asoym Wa3SAS IITI-UTA] ® UBY] S3UaTOTJJ200 I1981e] Yonu soonpold walsLs IITI-UIMI 8uti1e30100 B 1BYI SMOUS 21n813 3yl
*2J71 9yl uo peo] TESTII3A 3] Aq papIATp 92103 Burdaulod 3yl se PaUTIaP ST IUITITIII0D 32103 8utasuio) ‘o78ue
3TI1 JO UOTIDURJ € €B JUITITIFI02 32103 8uTIauI0D 8yl JO AITATITSUSS 3yl U0 UOTIBI0IO0D JO 379333 ayl smoys aind1yg
ay] °931E30100 IO ‘£3TI0T3A leTn8ue ames 9yl I UIN ISNT Kkaya os 13y31a8o3 pa}d0] S3ITI OM3 JO pastadmod ST 1eaf
asou e JT SInD20 §3233J9 dFjemwelp 3Iow 3yl 3O auo ‘airy a18urs ® £q padoraAap 8q UED S3210% jues1yTudts ydnoyay
*I9ATMS 03 231F ST 1298 asou ayy 31 A1renorized ‘adiog SutI993]s papuewmodUn UE aonpoid 031 11 §3sned puB 3AIT]

@yl smef YoTys aqupadjooy 8113 8yl ut anbioy e sajesid Burddi(s TeTIUSIAIITP STY]L *dr1s SutatIp saonpoad AyTeni
Jh=pe 3pTS JI3YI0 Y3 ISTTYA dy1s Suryeaq saonpoid qut1d1003 31731 3yl Jo IPTs duo ‘STT01 AITI aya uaym ‘A13auanbasuo)
. *@pTs Jayio ayl ueyl sNipel Sur[T01 JATTeWS B dABY 03 3ITI 8Yl jO 3PIS auo sasne> afBue 3ITTI © IBYI PUNOJ Sem 3]
+*173 PaITII © Aq 92103 Sur1eul10d JO uoyIeILdUad Iyl 103 UOSEIX I auTm1939p 03 PIIINPUOD dIdM §3§3] JO I3quUnu ¥
3] 3UoWUs1[quoddY

e

Tikie

apem a1em suOFIEAN8IJUOD Jo £33TIBA B UT 3ITI 0mo=onu»nvou:vounmouu0umcﬂum:uou
. ayl JO SIUSWAINSE3l °IPNITIIE P3ITTI 8 UT STTUM pamoy pue Jead Burpuey a[I4OTI3 B YITA paddinba sem a7dTyaA

g ayl °yoieasai 1ead Buypuey uoTysnd Iye 10] posn Asnoraaid 3eoqiTE p3TITPOW B SuTSn paIdoNpPuUOd dI19M §IS3T MOJ
: yoeolddy

9171 3JRIdITR PAITTI £q paieraual sadl03y 8utIau10d

ay3 uo siajawered sNOTIBA JO 329332 Byl UTI3p 03 pue uouswouayd BurIeals ITTI 8Y3 JO ISNED Y3 AUTWIAISP O]
ATI99l Q0 yo1easady

(AR AR, W 8po)
1v-€9-605 dOJd
9861 Aawnuer 96LT °3IXd

youeag sdTweukq Idedu]
sqqnig ‘W Apues
K31ayBneq °H 3113q0¥

ONI¥E4LS LTLL NO
103414 NOILVION0D MOHS SATANLS LVOSIIV

IHOITHOIH TYOINHIAL ’

50




SGHYAIONY LTHL

POOR QUALITY

ORIGINAL PAGE ©

o J

JOIHIA 1S3

NOILY10¥0D 40 13443

INIY331S 1711 NO 193443 NOILYL0HOD MOHS SAIONLS L1vOGHIY

$T6'TI-$81



v

~

*paads uotadsout

SutuetdoipAy uo uOTIONIISUOD 3113 pue ainssaid Butiesq 3au se yons siajawesed 19yilo JOo Judwssasse JTmIad
pue a8uel ofiel 3dadse juridjooj papuedxa ue ajenyead [[IM §1S93 asay] -oriel 3dadse jutidiooy uo aduapuadap
paads SutuerdoapAy @113 STYl 3IBIIURISQNS pue JUTIa1 031 pauueTd 3ie SIS93 AITI ITOTy3A Aemydty TEUOTITPPY

STRTT SININS

*popeo] ATIYBIT 218 S3TOTYSA ITAYI UaYm S3I93J3 of3el 3dadse JuTidl00J 21TI JO IJUSNTIUT 8yl 03 Inp spaads
SutuerdoapAy 19mol A1qrssod ay3j 03 3I1aTe aq 03 pauofined are siojesado aTdTyaA AemySty ‘Iayjesm 1am Butang
*fTuo ainssaid UOTIBTJUT JO UOTIDOUNF © ST ‘BABP SITI 3IJBIDITE YSYN WOIJ ISTTIBD PIATISP sem ydTym ‘uorienbs
poads BujuerdoapAy 21131 TRIITUT 9yl SBAIAYm (Y¥VJ4) OT3IEX 3Id3dse Juradlooy BurseaIdUT YITm SISEI1I3p paads
8utuerdoapAy 3eyy siorpaid uopienba sty °paads BuruetdoapAy 31Tl aT2TysA Aemydty 301paad o3 pajeTnumIo} uIIq
sey uotienba TedTardwe ue ‘@3n3Tisu] uofielzodsuei] Sexa] 9yl Aq PaIdONPuOd S3S33 31T YOI pue A3TBueT YSYN
£q pa3onpuod §31893 IITI SATIOWOINB KISV YIoq UO paseg ‘sonyea oriel 3dadse jo aBuer [rews A[sATIEIAI E UT
Sutarnsai Suppeol yiym L1ea suoyrsuawyp urTid3l00y Yjoq °SSITI 3IJBIDITE JOJ SEIIIYM SUOTITPUOd Burpeol JUSIIIITP

103 jue3suod £]Ieau SUTBWSI UOTSUSWIP YIPTAM 3yl Ieyl UT s3uradlooy 31Tl 3FeIdaTe woly IazyTp sutidioog

91T 3ToTYeA Lemysyty .ou:wﬂw Y} UT UMOYS Sy °9TOTYdA 3833 SI]3 paluawnIIsuT 9yl Bursn PaIdNPUOI UIIQ 3ABY
SpEOT TedT1I2a pue ‘sainssaxd uoyleTjul ‘spaads jo aBues e yBnolyy sIdeJINS PIPOOTJ UO SISIY 1T JO AIITIEA ¥
.awoam uotadeout 8upuerdoapAy oTweukp ay3 uo aduanyjur JuedTyTudys ® sey oraex 3dadse juridiooy air3 ‘aanssaad
UOTIBTJUT O3 UOTFITPPE UT 18yl [EaAal JoTaeyaq ButuerdoipAy 2113 STOTYsa LemyBTy Jo suoTIELBTISIAUT JuUaIIY

U0T13d1I089( 3IUSWYST{dWOIDY

*uouamouayd Butueydoaply axT3

30 juswdoyaaap LJFIUSPT 031 @DBJINS 3893 PIPOOTJ Y3 uo paJolfuom dram (ydw g9) y/my GOT 03 dn SUNI STOTY3A
Suranp padoraasp 832103 pue spaads 2113 1S3 °SUOTITPUOD 3593 BuT[yoI pamef pue 3313 IIPUN UOTIBNTBA 103
sorjea 3dadse juridiooy a1y3 Jo a8uea a81ey e paonpoiad SpeOT TEITIISA pue sainssaid uUOTIBTIUT 31T Jo L3arIEA
v £3171087 IyB¥1d sdoTTeM YSYN 1B S@0BJINS Papoo[J UO S3ITI ATIOWOINE yjoows yzG-F Pue paacoxd [0G-T WISY
yata paddinba ainB13 3yl uyl umoys ISYOFYSA 189) ouﬂu pajuammiisuT 3yl Buysn pajonpuod a1am §3s33 psads juelsuo)

yoeoiddy

*paads uotidadsur Buyuerdorpdy

aya uo (yaBuay »n POPTATP YIPTA Jutadiool) oriex 3dadse Juridlooy 31Tl STITY3A AemyBry jo 309333 aurzap O]

(A YAR", Wi 3po)
20-19-€9-60< 4013
9861 L3wnaqay 9647 33

youeig sopweuig deduy
198ey °r sswoyl

@4ddS ONINVIdOYUAH Z¥IL NO LOdddd OILWY
JLOddSV INI¥dIO0d MOHS SAIANLS ITOIHAA ISIAL

LHOITHOIH TVOINHOIL

2AT103L Q0 ydIw®asdY

52




»

LU 0% BN 200 TMASSINA HOLIYTNL A4S 381 &8%
SININAIO0S ML YONHL

OF POOR QUALITY

ORIGINAL PAGE IS




*s3ouy 071 03 dn spoads e pajsal Alsnotaaad
2I9M UYOTYM S9IT3 Jeab asou a13nUs ay3z Ioj pauueld osTe aIe S3S33 TRUOTITPPY "JQTIV I0J arqerreae
soumooaq sberaxes 3s93 doap 3ybtem Aaeay mou ' usym sorjel peol Iaybiy 3e pauueld aae sS3Isay TeUOTITPPY

aaningd

‘aueTd 9oedsoaay TRUOTIEN

ay3 103 yoaessax Iesb burpuel azoddns o3 pesn aq ATTenjusA® [TITAM pue @seq e3jep UOT3IOTIJ TeuoTleu e 103
SsTSeq 9y3 WIOJ e3ep @S98yl °SIOUY OTT O3 Pa3TWIT 9I9M ©IeP SNOTAdId ‘'sS3ouy 0ZZ Jo spaads 3e paxrnboe
aq 03 3SITJ 9yl oIe UOTILHTISSAUT STY3 UT pauTelzqo aIT3 Jesb utew I837qI0 aYy3 I03 e3ep uolldTIy ayl

: 35UeoT3ITubls

*SUOTSSTW aT33NYS I0J S3neuollse utely o3l
pesn butaq ST pue SIojelnuUTS 3INOTIOI BTIINYS UO PITTeISUT usadq sey sSOT3ISTIajORIRYD UOTIDTIJ 2IT3 Ie3b
uUTeW I93TQI0 3Y3 JO Topow STYL ‘S3jouy 0zZ o3 dn suorjeraea paads o3 dAT3ITSuasur alxam sarlxadoad uoll
-0Ta3 8113 oy3 @oejans Aemuniz AIp e uo ‘Tapow salenbs 3seal ® sjussazdax yoTym uotlenba oTqnOTq e Aq

pejelauab azam 3anbTI 3Y3 UT SIAIND |YL Sy JUSTOTIIS0D UOTIOTII 90303 SPTS UO 0TI peOT pue a1bue
mek Jo @ouanyzur @Yyl so3ea3snTIT Yorym 3o1d 3adieo e sT aanbr3y ayy -s3jouy 0zZ o3 dn spaads punoab pue
‘peoT peijex 31Tl 3Jo (g T=y) 3usdaad 0ST anoqe o3 dn burbuex speol [ed13IaA ‘saazbsp 01 O3 dn Hutbuex

! ‘\WWam:o butasazs 10 mek jo sbuea e ISA0 PIa3ONPUOD BIIM SISIL *aanbrzy ay3z ur pejusssaad axe weaboad
STY3 3O s3INsSal pue SaaT3 Iesh utem I937qI0 BY3 FO SOTISTIIDRILYD UOTIOTIJ putasurod ayyz sansesuw

o3 paubrssp sem JQIV pa3jepdn ATmau ay3z uo pajzonpuod weaboxd 3se3 3ISATI BYL °SOTISTILORIRYD UOTY
-o1d3 81713 IeeH asou pue UTeW IIITQIO JO STIpoUW d3INDOR uodn juspuadep ATYBTIY ST szojelnUTS JNOTTOI
Butpuel asay3z jo A3T1opTd °IUPTII I93TqIO0 UR JO sseyd TeOoT3TIO STyl Hutranp astae ubtu eyl satousb
-1sus arqrssod ay3 TTe I03 Hurureay saojeInWIS o[0T putpuer ur sanoy Auew puads sjneuoalse a13IINYS
: JUSWYS T TdWo50¥

*SI03eINWUTS INOTIOA @T33NYS UT PapnIouyl aq 03 soT3sTIeloRIeYd HuTI3UIOD 81Tl I0J uoTienbs ue urelqo

03 pasn sem sTsATeue uolssazbex aesur( ardrTnm ¥ °S9ITI Iesb uTew I33TCIO JO JOTARUIQ JUSTOTIIL0O0
UOT3OTI3 90103 opTIS uo paads pue ‘peol [eoTIXdA 8173 ‘srbue burasais Jo med jo s309jja autw

-1939p 03 (J4Q1v¥) L3TTToRd sotmeulig Hburpue] 37exdaTV pejepdn 8ay3 UO pPIIONPUOD 8IdM S3SI] HUTIBUIOD 2aT]
, goeociddy

. *speoT yb1y
pue speeds YBTY I03J @seq ©3ep UOTIOTII 9113 [PUOTIRU ® ©3RTITUT O3 pue INOTTOX Hurpue] 103 S3IneUOIISE

uTeI3 O3 POSNn sI0jRTNUTIS 3TIINYS UT PepnIoUT 29 03 Tepow I9jndwoo ® I03 S8IT3 Iedd utew I331qI0
a733nys sords a8yl 3JO SOTISTASIORIRYD UOTIOTIJ 90I0F OPTS SUTJOP 03 ST YoIvasax sTy3 JO @AT3IDalqo ayl

2-G2 SM W 300D 1¥-€9-606 dOId
9861 1Tadv 96.L2 *3IX3
youeag sotweulq joedumy
K3jzeybneg °‘H 3xI2qOy pue sqqnis °N Apues

a3do13A3IA TIAOK NOILOIYA JFOYOod IAIS TAIL YVID ODONIUNYI NIVH JILIGHO TTLLNHS IJOVdS

54




ol)ey peo] pue 3jbuy MeA

0
lﬁ.
=M 42°
/ ¢

05T =4~ 2 =p
TAER IR

= 620 =

0 =4
Juawisadxy © ) I
|apoW =4

L0 =19 -9

AVMNNY JSH

~IN319144300 NOILI 144 30404 301S Y11 ¥V NIVW
4311840 F1LLNKHS 3IvdS |

55




-aeam dnutds 8173 UO 938X HUTS TEOTIIBA JO 3ID3II8 ay3 At1asoro

saow Apn3ys o3 pue Kemuna a133NYS IS @Yl I03J SITUTT PUTMSSOID Ieam dnutds axT13 9ay3y A1InJ aiou
JUaWNOOpP 03 JAV I03 pauuerd osTe aie s3sal ‘spunodwod I3qqni 3USIBIITP YITA Spealdl aaTy pue spesasy
9113 SS8UXOTY3 paseaioul YaTm paddinbe usaq sAey YOTYM S3IT3 3TIINYS UO S3ISI] 30NPUOD 03 axe sueld
aangng

‘Ieom dnutds 8173 HhuTonpal 3 pawre YoIRISSI I9YlaInj 103 paduU ayj s3ealsnily Atteotrydexp si3insaz
ssayl ‘speads bulpuel ybty 3¢ @3exado o3 paaynbax ‘sueld @oedsolay TRUOTIEN 3Y3l Se yons ‘3jeadate
aan3nJ 103 warqoad e aq osTe [TTM SaIT3 9T33INYS @doeds 8yl I03J PIAIISQO Iedm dIT3 IATSS80X3 3yl
soueoS1jiubrs

_ ‘PUTMSSOID Jouy 0T ® uy suotiexado
PuTpuel 03 Pa3TWIT ST aT3IINYS ay3 Arjusnbassuo)y ‘*ssedIed 8AT3 8Y3 joO sa11d pI0d 91 3Jo 3Ino TT ybnoayl
9I0M 3S93 DUIMSSOID STYL ‘PUTMSSOID 30U 0Z PI3IRTNWIS © UT 3NOTT0X Jjusnbssqns pue umopyonoj butanp
yadep Ieam ay3 ST aanb1j ay3z Uy pejou osTV -Terausizod buyuerdoapAy aizaass ayj jJO asnedaq am Uayum
suotjezado 9133NUS 103 9jesun age sAemunt Isay3l Ing ‘IeaM BITI PIONPaI UT ITNSaI Op €4V sSpaempl 3e
se yons siemuny paaocolbun Yjoows UO SUMOPUINOL °IvdIM 3IT3 SATSS8OX8 STY3 3donpai Atueot3zTubts 3j0u
ptp Hutizsm pue buraserqpues ‘burjured Aq adoejans ay3 A3jTpow 03 S3I0373 °SSEOIVD 3T BY3I UT saade]
picd z 10 T sasodxe eyl Jeam dn-utds 3113 sesned ‘paanixely Atybty pue psaocoab sT yYoTym ‘(JQIV e
pejeTnuIs) AeMunl DSY @Yl UO SUMOPYONOJL ‘S3VeJINS AeAUNI JO Isqunu ® UO SIITI BTIINYS Aq peouataad
-Xa zeam syl 3oTdep 2InbTJ ay3 UT S3Ieyd Ieq 8yl ‘aamodssaoy 000 01 K1ejeurxocadde jo ajex e 3v¢
Abasua qiosqe 03 8173 Ieab uTew I93T4IO YOoed S9DI03] 098/33 £ JO 93X YUTS ® puev sjouy 0zZ 3o peaads

e a0 Aemuny a3133NYS OSM ou3z uo umopyonol ‘HutdAry ATusaand 8aTI 3IFeIdaATe Aue Kq psoez wstueyosuw
aeom dnutds sI12A3s 3sow ay3l 03 SIITI Iead urewm IVITQIC YUY s30a{qns Buypuel 8r3anys aoeds y

N
JUSNUSTTAEe55Y
*SUQTITPUOD
pUTMSSOID Ispun apem ST BUTpuURT Y. UIYA Ivem a3 uo 9THue Iaqued Io 3113 pue arbue mel 3o
S70933® 8yl aUTJOP O3 PIIONPUOD OSTR 8ISM SIS PIITUTT “SeITI Iesd uTem IIQATQI0 3Y3 JO SOTISTIS
-oRIRYD IveMm a3yl UO SSaUybnol 9owjins Aemun pur ‘e3el Yuys [eoT3IIeAn ‘peeds burTpuey Jo sjoejzje syl
BUTWISI9D 03 2I8M 3593 9Y3 Jo esodind ‘AemunI OSY PEIVTNETS JO UCTIONE ¥ SVPNTOUT ATIUSIIND YSTUM
(1a7¢) A3tiToRd sotweuikq HUTpueT 3JeldITV peaepdn ATaeu eyl uc PFONPUOD B8I3m 83893 dnurds Bary
goecIady

*Keauna a133nYs (osy) I193us) soeds Apeuusy oyx uo suorieiado Hurtpumy

putanp I93TqI0 ay3 I0j ITUTT PUTASSOID Ivem 3ITF [PUOTINI ¥ YSTIqelse O3 puwe saxT3 Iedb urew 183714910
a133nys @oeds 9yl JO SOT3ISTIORIRYD Jesm dnurds ayly YSTIYPISS O3 ST YOIWesSax STYI JO 8aT3doelqo ayl
PATIOSLQD yoavessy

Z-ST SsaM 1y=-€9-606 dOLY

9861 ANAL 96L2 *IxI

youeag sorweuiq jovdmr
Kazeybneg °“H II9QON puw sSaaqnls ‘KW Apues

FYIL YVIO ONIANVT NIVH TILIAHS 30VdS YOI GANTIFA SIILSIHILOVHVHO WVAM dNNIdS

-_




¥-£€9-609

H1d3d
av3yl

3s0dX3
409 st

Hid31d
dvIM
ANIMSSOYI
IX 02

SSINMNIIHL
Y11 101

e
i

a4V
je—— —> - —_—
U 53
(v < NV, -
o 52 Z
s = :
q 2 5 T 2 =
RE :
SSINNDIHL ATd TIONIS
26 /1 X -

SLONY 022
AVIM dNNIAS JYIL ¥Y3ID NIVW TILLOHS

01

6l

0¢

T4

0¢

Ul
"Hid3d
dvim

57



. ‘39913 I93TGI0 2Y3 103 suorjexado HurTpuey punorb agjes ainsut

03 §3593 UOTILOTJITIASO SIT3 TeUOTITPPe SUTISpP 03 posn aq T[TM e3lep 9S8yl °Iesm SIT3 UO sbutpueT
PUTMSSOIO JO S30933F® oYl YSTIQe3s? 03 sa2IT3 9133NUS UO S3sa] TeuoTiTppe 3ONpuUod o3 ale Sueld

. aInjing

: *s21T3 3Jexoate oouemxogasd ybry Jo suoTjexauab sanang

Jo ubTsep ®Y3l 03 TeOTITIO aq TITA Ieam sTYl burjzorpead 103 sTapow 33eINDOY *spaads butpuet

pue jjoeyea ybTy 3e °93exado o3 paarnbax sxe yoTym ‘sueld 9oedsoaay TeUOTIeN @Yl Se yomns q3exoate
aanjng Io3 warqoad ® 8q osTe T[ITAM S31]3 ©133NYs 9oeds ay3 I0J PIAISSUO IeIM BIT] SATSSIOX3 IYL

. soueoijJrubts

_ ‘Ie9M I9pTnoys 9113 I03 I03oTpead ue se [nyesn aq ybrw evaxe 3TT3

eyl 93eoTput ‘stoquis 8yl Aq pejousp ‘g-1§ UOTSSTW WOIJ POAISSQO IedM dY3 pue sulT plos 8yl Kq
pejousp s3593 JQIV 943 U9MIaq Juamoabe uafreoxs 9yl 1 @anbly ur pe33joTd osTe aaam Z ®anbi3
UT 9173 YOS JI0J-IvoM PIAIISQO pue eage 3TI3 oYL °Iedm I8pINOYS PaAISSqO @Yl JO UOTIOTPUT

ue aq PINOYS PAIND YOee I9pun eaze aYL °umolo Aemuna pue ‘peol 9pTs 8aT3 ‘peol TeDSTIISBA INIAJS JO
uof3aouUNy © ©I9M ©IT3 Yoeve I03 soThue 3ITTI @Yl °°9AT3 Yoea I03J so91I03sTY oTbue 3TTI 8Y3 MOys s3o01d
ay3 pue DS uUo Burpuel g-IS UOTSSTW 9Y3II3Je S9IT} Ieeb utew ¥ syl moys g aanbrt3 utr sydexbojouyd
oyl ‘'pesodxa SPIOO £ pue Z USVM3IQ ST I9pTnOYs IYSTI 3Y3z uo Iesm STATISTA BYL °3ITTI 2

3@ TTOX 33 SZTL © I93J ©IT3 I937qI0 9Y3 JO Ieem I9pInoys 9yl smoys aanbiy ay3 uy ydeabozoyd syl
‘waxe 3TJ3 3O 33~BOp 000 0Z 03 pesodxe oq TTTA 3ITTI T ® I® 3F 000 OT STTOX UOTYA ®IT3 ¥V ‘Ieom

I9pTNOYS POAISSAO JO UOT3OUN3 v se pe3jord eade 3TT3 smoys T oaanbry ur 301d SUTT 8YlL ‘~sIojernuls
pujutell OY3 IOJ POpoSU °Iv Ieem ®IT3 JO STPPOW 83RANOOR pue SINBUOIIS® BTIINYS SY3 03 UIIDUOD
® ST OSM 3¢ sbutpuel HUTMOTTOJ S°IT3 Jeeb utem I93TGIO Y3 UO PIAISSJO IvdM SIT3 OATSSSOXd BUL

S JUswWys T 1duoooY

‘osy 3° HuTpueT d-IG UOTSSTW ©T33INUS BUTMOTTOJ POAI2SJO Iedm 8IT3 UITA peIedwod axsm suot3oTpaad
[epow °y3 pue ®If3 JIeeb ujew eT33NYS 8Y3 IO [OPOW Iedm 8IT3 © 93eI9USb 03 pasn uay3 axem

pqep ®soyl ‘JIeaM IIpTnOYs ©If3 Uo oThue T3 FO SdouUSNTIUT oYl suTFep o3 (J4QTV) L3Ifryoed soTweuiq
putpue] 3JexoaTV peperbdn oy3 3e eoejans Aemunx DS PI3RTNUTS © UO PI3ONPUOD 8ISA S3S9] IBSM SITL
oo , goeoxddy

‘3nOTTO01 BUTpURT STpPURY O3 S3NBUOIISE BY} UTeI} O3 SIOJRTNWIS STIINYS uy
pepnIouy oq 03 so0j3}siaAejoeIRYO ©S9Y3 JO TOpow aAT301pead e dolsasp 03 pue sS9IT} aesbh utew I93T7qI0
eT3anys eowvds 8Y3 JO SOTISTASIORIVYD Ivem 9Y3 SUTIFOP 03 ST ydIeesax sTU3l JO saAT30a(qo eyl

Z-GZ SsdM W 9pod
Tv-€9-60S dold
986T ATnr 96LZ 3IXI

youeag sotweuiq joedur
sqqnas Apues pue XLixaybneqg xeqoy

gIdOTIATA TAAOW ¥YVAM YIATNOHS FWIL YVAD NIVW YILIGIO TTILLAHS FOVAS

58




OF POOR QUALITY

ORIGINAL PAGE

me U GehL
o s} Yoel]

£

yidep Jeam Ispjnoys
P = Ol S 0

Ul

cE/ L X @N 5

l H

i o

siohe| plo s 2
o veztdoris

gose payoipaid .
-19INdWoD ypIm /8 O}
eam am wby4 o y-Bap

1s8} yoeuj——  / 4G1L ‘esse Yy

Eoal
L

134d HV3aM H3IATNOHS 3HIL LHOINd

LUy TIE ]

VS¥N







STRUCTURAL CONCEPTS BRANCH

61 &ﬂ_g___.iMENHONALU BLANN




3

AGE

*3A0OQE PAUOLIUBW SUOLILPUOd Buirpeo| ayl Buisn passasse ag [{IM uoL1eJNHL4U0D SLUF 4O 3duewIOyJad
3yl ‘uoLjeJdnbijuod woLlels adeds 33y [Bnp Mau 3yl JOJ pado|aAap 8Q || iM S|9DOW JudwWI|@ B3LuLy pajielag

SUB|d @Jnafn4

*3sew Aedde 3yl 10 yihuauis Bulpuaqg Gl-ut 000‘et dus MC|aQ
||9m aJe sjuswow Buipudq wnwixew asay] “A|dA1309dsaJd ql-uL 0012 pue ql-ut O00vZ Buraq sanjer syl yiim ‘fedue
(33eu1ps00d 4 3sa3eaJh) pueoqino ayil e paJdndd0 Judwow Huipuag 3IN|OSQe wnwixew Yyl ‘suctieanbijuod uimoud
3yl pue 301 3yl yioq 4oy °uoiLiels J0I 3yl Joj 3Je A3yl ueyy uollels yImoJdb aul Joy ufituaq aJow A|(eJsauab
aJe Buiydop 3|33nys. 03 anp sjuawow Buppuaq 3004 3Y] JBY] MOYS SI|NS3J 3Y] °“UOLILIS Byl JC 3sSeC Bul 1E
pai|dde uoLjeJnp puodas [ 40 as|nd deinbueldas punod 0pg © SL peo| Buixdop 3y3 3J43um ‘peoy fuLud0p 2fl1inus
pat|dde ue jO 3sPD Y3 JOJ PAUWIIIBP BJIM SIUAWOW BY] °“IJeYd Byl u} pajuasaud siL pue Apris ayl ui «peu
SUOLJR|[NJ|eD 3yl 40 Ju0 JO 3|dwexd ue SL SARJJR JR|OS 3yl JO 3004 3yl e Judwow Hulpudq 8IN|OSQE wNuiXRw du)

. -uo13diydsaq juawus L | duwoddy

*pOyI3W UOLIRJB|3IJR dpow 3yl SuLsn pale|nI{ed 3uaM SISSAUIS pue poylaw jJuawadejdsip apow aul

fulSn Paje|nd|ed 3J4am SUOLILJS|3dJR pue SJudwade|dsip uorlels 3dedS “PIe|RD|ED BJAM UOLlR|SURIY (Swik )
wa1sAs Joje|ndiuey 3j0WaY 2| LQOW PUR ‘J3AN3uRW 3S00Q3J4 31qJO ‘peo| Buixdop a(3inys paiidde ue 03 Sasu0dsaJ
Jiweudp JudLSURJ] puP SUO|LIRIS YI0Q JOJ Pa3IR|NO|eD 3JdM S3POW [BUWJON °JOPP g602 ButAey [3pow yamodb au3 pue
(Jopp) wopasJy jo sadubap swweukp 6/8 Buiaey |apow )01 3yl yiim ‘uoilednfiijuod ymodb mx Q0L © pue uoLiels
aoeds (J01) A3iliqede) Huijesadg jeL3pul MY G/ 343 y0q J40j4 pajeJaudf 3uam S|Ipow JUBWA|I 3JLuly Pa|lelag

o : . yde0Jddy

*Su0L3LPUOd BuLpeO| SNOLJRA J3pun ddUBWIOJAd uOL3eIS 3yl $S3$SP 07 PUR JOLARU3Q D LWRUAD 3yl
PURISJIPUN 03 UOLIRJNGLIUCD BIUBJSJaJ JIMOY Jamod uoiIels 2deds 3yl uo sash|eue Jtweudp |PINIINJIS WJ0JJ3d

as132alqp ydJeasay

R 2

¢-9G SHm [ N
Te-€9~909 d01¥

G861 Jaquanyq 2682 "3X3

youedqg s3dadun)d |eJdRIINIIS
£asJog *1 uyep

S
Ly

b

NOILVYNOIINOD J0I ¥04 NWHL HIMONS ¥04 NIIN3S I¥OW ATTWVYINID
33Y ONTNJ0Q JILLANS 01 300 SLINIWOW. INION3IS AVYYY ¥VTOS NOILVLIS 3IVdS

ORIGINAL P
OF POOR QUA

1H91THIIH WIINHI3L

62




avo1 ONID0a B1LANNS
aNiL

TR
AMA\I\\IA 14 ‘AVMNYV 4O NOILVDOT A
. 008 00y OO¢ 00% 0O °
25u04 LI : ) _ #..
L @1 008 . |
' NOILVLS HLMOUD M) 00¢ o ;ooo
NOILViS D01 MN 8L ®
NOILVOO1 000}
DNIN20A HAIMOUD o o 87-Ni ‘L00U AVUNY
LV ANSNOW ONIGNSS
NOILYD01 DNINJ0QA 201 \. . , LY N RANIXVA
: . oot
* L, o _
b i 0008
pod \r\.u#n.u.cn\.& ™
&Nn.nw = SR L
B NOILViS 201 — n
L00¥ NOILVLS HLMOWD - 0088

AVYUUY ¥VI0S

NOILVHNDIANOD 901 HOd NVHL HLMOHY HOd
NDINIE JHOW ATIVHIN3O 34V DNINOO0QG 311LNHS
ol 3Na SLNIWOW ONIaN3d AVHHY HVIOS NOILVLS 3ovdS

63



*pajuaWNI0P 3Q |[LM *SINRUOJISE AUl 4O Butjaidqap ybL()-3s0d 8ul wWGu4 UOLIRPWIOHUI
futprioul ‘ejep ay] °pazhieue Hulaq aJe sydesbooyd [|13IS wwp); Pue ‘SILAOL wwgl ‘sadel 03pLA wWoJ) e3R(
aJ4niny

*9J4NJINJ3S SSNJJ 9|Qe3I3JR JIJBW-G B Se uolIels ddeds BLL{aseq 03 UGLSLISP 3uj
Buiduan|jut uL 3|0oJd © pake|d sey JuawiJadxd 3yi jJO SS3IINS BYJ pup ‘paL LJIA UBIQ JABY SUOLIB{NULS fouelong
|eJ3NBL ‘PuIPJISUOWIP UBDQ SPY YAJ UL BulyJom sIneuodise Aq uoi3dnaisuod adeds jo Aoudidijyye pue A31aLyduts

. a5uEoL4LubLS

*3JN30NJ]S 1004-Gy PO|QWBSSe 3yl 40 uorjendiuew 3yl Buipn|dul *SAeYSLW OU YILM BJBMpJRY P3JBUI3JUN 4O SUOLIR|
-ndiuew QG 3Jam 243yl SYA3J OM3 ay3 bBuiang °$3533 Aduekong [eJ3INBU BY3 Y3ILM UOLIR{3JJ0D poOfi Auimoys Spuodds
Gy PUP S2INULW 92 UL F|LNQ SPM 3JNIINJIS SSNJJ J004-Gp 3Y] °UOL3IONJISUOD 3JedS JOC4 SPOYIBW 3ALIIB443 B8Q 03
paAOJd puR 11GJO-UO PaINIIX3 A|[NJsSadIns aJam $3s33 Aouedonq [euinau ui pado|aaap sanbiuysal pue $3d3Du0d Byl
uo13diaasaQ uawys L {dwoddy

*poy3aw aul|dseq 3y3 Aq ssnJu3 ayz jo skeq Q1 buimols pue Buyjquassesip (9 ‘pue

*3Jnix1y ALqwasse ayj 03 ssnJ3 3yl Buryoeijeads pue Huiyoeiap Hulpnidur YJW Y3l UL INeUOJISE BYI Kg ssnJu3 ay3
burzejndiuew (g tuledad SSNJ] 33RJISUOWDP 03 3pOU B pue INJ3IS © buioeidad (p ‘@|qed> {e21J12813 Auwwnp bui||eIsul
(€ ‘wJ® 30Q0J SWY 343 4O pud 3yl e (Y34W) IVLEJIS3Y 3004 Joje|ndiuey 3Yj ulL 3Jneuodise ue £q Aeg yicT °8ul

bur |quasse (g ‘poyjaw autlaseq ay3 Aq ssna3 ayl jo skeq ¢ buiping (1 :papnidul cAep yA3 puodas ay3l butunp
pawJojJad ‘juawiJadxa papuedxd ayl “aJnixiy Ajquasse 3yl Huimolsas (p *pue 3Jn3donJls ssnul 3yl buLmolsad pue
fuyquassesip (€ Sjulol [epou €€ pue SInJ3s 3004 $°9 Pue G°p €6 WOJJ WedQ SSNJI Aeq o] 31004 Gy © BuLp|Lng

(2 feJanixiy A|lqudsse 3yl dn bui3las pue buimojsun (1 :papniouL ‘Aep yA3 3s4ty 3yl buiunp pewJsojuad *jud
-1Jadxe aupjaseq ayl °JSP pue J4SW 3e Buiuresy Adouekonq {esandu JybLijadd up padiLioedd Se SYSPY UOLIINJISUOD
quauiJadxa papuedxa pue aul|3seq ayj pawsojJad buiads poomsays pue ssoy KaJap *s3sL|ei28ds uolSSLw INRUOJISY
*@-19 UOLSSLW “S13ue|Iy 213Inys @dedS ayz uo umoyy sem *(yA3) A3LALIOR JRINDOLY3ARJIXD UL SINBUDJISE £q

Aiquasse |enuew Apn3s 03 judwlJdadxa ue °(84n3donuig ddeds 3|qe3dad3 JO UOLIDINJISUO) JOJ 1daduo) A|quessy) SS3JIY
yoeouddy

-quawdo|3Aap uoLjels adeds jo juoddns ui sanbiuydal pue s3dadu0d BdueudIULRW pue Alquasse pasodosd ajeniead (¢
‘pue 37ud1J4adx3d UOLIINJISUOD YA 31QJ0-u0 uieb (Z fsuoije|nuis Aouedonq |PJInN3u woJj pauLeIQO sanbLuysay pue
$ajeJ A|Quasse JO UOL3IR|AJJOD JOJ BIRP 31GJO-uo 3pLaodd (T :03 ade wesboad youeasads Syl Jo $aAt3dalgo ayj
aA1123lqp yo4easay

1-6G S8M WY 9poJ
1¥-€¥-90S d0LY
9861 Auenaqad tv1ve pue 8092 °3IxX3
youedg $3dadu0) |eJIN3IINIIS
UOSIEM °[ YILPN( Pue *J ‘PJE3N ° J3I|EN

iH9174 31LLNHS SS3DIV HLIM O3LVHISNOW3Q SIUNLINYLS 3T18vLIIFY3 ¥04 SGOHLIW NOILINYLSNOD 3IVdS
LHDITHIIH IVIINHI3L

64




SONYNILNIVN/HIVAIY TYHALONMLE ~

NOLLYTIVLIENI 378VD ~
ATONISEVYEIQ/AT1BNISSY S8NHL -

$SNUL LOOJ-5¥ "WAI 061 40 LNIWHOVLLVIH
ONY 'NOLLYINGINYA ‘NOILYH3JEE -

AGE ©
ALITY

Q

AL P

ORIGIN

OF.




*uoiLe3s ymmodb ay3 jo aJuewJ0jJ4ad 3y3 03 paJedwod pue paULWIIIAP 3Q ||iM

uo13e3s 301 ayl J0 dduewsoydad ayl *pado|aA3p aq ||LM SAedue ote3(0a030yd Buisn samod jo my G/ sajedauab
Yoty uorjels adeds (33 [enp (J01) A3riiqede) Buijesadp |eLILU] Byl JO |SpOW JUBWI|S 33LUL pajie3ap y
sue|d aJnanyg

*34N3oNJ3S SSNJ3 uoljels adeds ays

404 az1s Aeq (WG) J433313S Byl 399195 03 UOLSLOBP dY3 UL P3PLe SI|NS3J 3sAYL °"SSAUJSLIS SSNJ3 pue uOL3RI0J
J0399( 107 9|qLX3|4 wnuixew udaM3aq diysuoLie|dJs 3yl palLjiiuenb saiLpn3s asuodsaJl Juaisuedd 3yl wWoJy S3I|NS3Y
: aoueottubis

*sAeq WG Y3LlM UOLILIS 3yl URY] SSAUJILIS

SSnJ3 jO uoijepedbap 03 2ALILSUIS aJow yonuw si sAeq 3 6 YILM UOLIRIS BUL[3SEQ BY3 UO UOLIRI0J JOJRJIUID

-u0d2 JRY3 SI3IEILPUL AAJND dy3 0 3do|s Byl ‘yoLtppe u] °3juawdsinbas buijurod 3yy a3e|OLA 03 sAeq 1) 6 UM
UOi3B3S By} BSNeD || IM SSBUYSLIS UL UOLIDINpaJ Aue ‘juawdJinpbad ay3 03 A3pwixosd sIL JO 3SNEIAQ ‘JIA3MOY ‘juauw
-3JinbaJ Burjuiod waysAs Jamod ay3 323w pLNOM suoLlIels dUL|3Seq 4y20q eyl MOYS S3I|NSaJ 3yl °“%0S Aq padnpaJ
SL Sn{npow Jaquaw 3yl dJ3aym sAeq 34 6 YILm uollels 3yl Joj pue ‘sJaquaw SSNJ3 3yl JOj HuL/ql g0T X °0F 340
sninpow s,6unoy auL|3seq B 3asn yiog ydLym sAeq 34 6 YIlm uoLiels ayj pue sAeq wg yiilm uoijels adeds ayy 4oy
UMOYS dJe S3I|NS3Y “ol°0 ueyl sSSa| g JOIeJJUIJUDD 3yl 3e uo13e30J |B303 3yl eyl saJinbad uoi3eaauaddb Jamod
WALO1449 ‘walshs JLweukp Je|0s 3y3 Joj °paJnseaw st (v juL0d) JO3RJIUIILOD JB|O0S PJROGINO ue 3B UOLILIOJ
3y} pue suoL3eI0| JAISNJY3 SJY JNOJ 3BY3 3B (uo1323J41Lp X+ 3Y3 ui) yzed ybL14 ayz buole paijdde ase sadJ0y

JQ1* G, ‘JaAnauew S1Y3 403 °3Jeyd 3yl ul pajudsasd si pue Apn3s ayjy BurJnp apew sSuoLIB|NI|BD 3Y3 jJO dU0 4O
w—asmbu ue SL JaAnauew BurJLy 3500QaJ 31QUO 3yl Buiunp JOIRJIIUBIUOI JB|OS pJe0Q3IN0 UR 3P UOLIRIOJ WNWLIXeWw 3yl
e uo13d1aosag 3uawyst|dwoddy

"
Ay

. cpaje|nd|ed 39J3M JBANJURW 3500Q3J 31QJO paIje|npow-440 ue 03 sasuodsaJs JLweudp JudilsueJdy pue suollels
430q JOJ P3UlWJIIBp dJaM SIPOW |BUUON °JOPP OTSE PRY ‘34 6 Sem 3z}s Aeq SSNJ3 3yl dJaym °|3pow puod3s a3
pue ‘(jopp) wopaaJsy 3O saaJbap diweudkp 822 Pey ‘wG Sem IZlLS Aeq SSNJ3 3yl 3J3ym °|apow 3sJly 3yl *3dadu0d
uoje3s adeds |33y |enp JLweudp Jejos sseLd My 00t ® JOj pajeJaudb a4om S|3pow Judwad|d 3LuLy Ppa|LeIap OM}
yoeoaddy

. *u01303S |33) [enp B JOj 3S00QdJ 3ILQJO pue |043u0d 3pniille
BuLJnp A3111Qe||0JIU0D UO}IRIS U0 (S3ZLS ARQ SSNJ] JUdJBJILP 03 anp) SSaUSJLIS SSNUI JO_331J3 3yl SSassy
v aaL329qQ yoJeasay

2-55 SoM Wy 2p0)
1v-€4-905 dOLY
9861 YdJeW 2682 *3X3

- youedg $3dasuo) |eJ4n3IdNJIS
: KesdJog °] uyop

371S AV WS 30 NOILD313S NI Q3QIV AGNLS STOYUINOD/SIUNLINYLS NOILVIS 3IvdS 133X TWAG MY 00E
LHOTTHOIH TVYIINHI3L

66




1300W IN3W313 3LINI4

- SSINJILLS ONIQNIT SSNYL SNSY3A 1S00EIM NOILVLS 3D¥dS JIWYNAQ YV10S MY 09¢
ONINNG 3SNOJS3Y- 381XV ¥OLVYINIIND)

JIWYNAQ ¥Y170S (v hz_om. QUYOLNO WNMIXYW

” P WOO33Y¥4 40 $33¥93T IIWYNAC 8£2Z O
3] N ._ | . s
J%v SSINAJILS ONIONIE Q3ZITVWON SAVE SSMYL WS 0
ot so0 - o SNOILVI07 ¥3ISTYNL SOy @

.An_.m,. ............ ., At,m

thsemocrcocomonrcoen

INIW3YINO3Y 9NILNIOd
‘JIWYNAG ¥VI0§

-..-l

3218 AVE NS 40 NOILOI13S NI a3aIV AGNLS
STOHLNOD/S3IUNLONYLS NOILVLS IOVAS 133N TVNA MX 00€

67




*pasinbay se papuedxa Jo/pue pai3a|dwod 3q || LM (PaIJeIS UG SBY ydiym) Hutisal 3oedw] “3duewdojuad
InJ3s 40 Hulpueissapun 333 0wod 3pLAOId 03 pawuojJdd 3Q | [I1M SIS UOLIBZLIBIDEJRYD [BJUNIDONJIS pul [PLJIBIRK
3aninyg

*pa3sal K| |n}ssadrons udaqg 0s|e Sey uawydelre butiajly pus J0; Juiof

{BJN3IONJIS P3JULIS ‘pApuUOQ Y °pajRutwl|d sem Bul 24> |ewsdul 433 e BuL¥OPUD0JI LW JBY] pue pIULRIIR 3J3M
(Ax0d3/G14 Buisn) 31) § SNNpow 3INJIS JO San|eA ubLS3ap JBYI PAWJLjUOD BARY S3|NS3J 1533 etitu] ~buijool
[RUOLIUBAUOD SAJBULWLS PuR ‘(SIAR|{D03NR JO SUAAO -*3°L) dzLS AJL|L1do0y JO Judpuddapul SL ‘dALSUdILL JOGR|-UOU S|
€ qUBWBIJO0JULAJ AJRIUBWR| LS PUR ULSAJ XLJIBW JO WJOS dALSuadxa 3Sea| 3yl Sasn S$$8204d uvoLIBILJGey Byl ‘A |RUOL]
-1ppy  “Burxdedd04d W padnpas A juedLyiubLs (g pue ‘|o4juod Buissebino paseasdul (g A3LALIINPUOD |PwddYS
[BLIUBUSWNDJ LD PASAJOUL (/ “3JuelSiSaJ abueyd D138IS0J433{d (9 ‘IULISLSAJ uOLIeLpeJ AN (G ‘3Iuedsisas udbhxo
JwWwoe (p ‘IUPISISAJ aJun3siow (£ ‘31D MO| ‘aqeuny uoiedtsqey 3sod (2 ‘snynpow ybiy (1 :safiejuespe Huimo| oy
3yl 9ABY YJLYm SINJIS UL SI|NSIJ PajeJSuoWadp ulaq Sey Ydilym ss3%04d uoljedisqey pue 3daduod HBulgni adyy

*1e3aw JO JaKe| dILULJ B YILM 3JBJUNS J3INO PUB JAUUL SIL U0 PaI3I0J4d SL YdLym 3gn3 83150du0d SSAUYJLIS
ybiy e uyr BuL|NSau *SSAUNILYY PaJLSAP 3yl 03 (bul||tw wayd-"68) parocuds A|(ed1wdyd SL {[elaw 8yl *flleutL4
*3J4N) ULS3J 339343 03 QN3 [B3IAW JIUUL 3yl OJUL PacnpoJIUL SI WeAIS JO Jajem 0y ‘sburijry dlviudosdde

UltM  caJnssasd ybiy J4apun A31Aed 3yl ojul pajdalfuy uayl st uisad ‘buiiendead pue sagnl [BIaw Ayl uUIIMIBU
snnuue 3yl jo0 spud ayl Suibbn|d Jalyy -aqn3 a|qe|LeAe A||eLdJBuwwOd J3jdwelp J3BJR| B SL Ydlum - |ned,
J23Nn0 ue 0juL pai|nd uayjl 3Je SJUBWR|LJ Pue |BJpubw I|BW JY] °JIJDWELP JIINO 3yl punoJe pa3jewl|0d Jue

sm03 juawe|1y (Aue 4o) ajtydesb Aup ,|3Jpuew, (ew e se (|y-"6°d) Buigny |ejaw 3|qe|leAR A||ELdJ3WWOD BulLsr
*aJnb1; paydejie ayl ul paidtdap St yodlym pado|3A3p Sem SINJIS 33LSOdWOD pe{d |BI3W JOJ POYIBW udiIeILJGR] Y

uo13dyosag Juawys|jdwoddy

(*3oe43u0d Japun pawsojlad buiaq uorlediuqey pue JUawd0 | 3A3P SS3J04d) °SuoLIdLpaJsd (edLif|eue
Y3im uosisedwod 4oy Buiqny ajedstuqes °ss3d0ud voLedisqey 3yl ojut buippe|d 3yl furiesodsodui J40OJ SPOYIBL
pue [ejaw Y3Lm A||euJaxa pue A|{eusdjut peid Buiqny a3isodwod J0 SOLISLIBIDRJRYD [RJNIONJIS 2Yyd BuLwJIIIC

yoeouddy

. *uoL3edLdde
ajeds 404 3dadu0D INJIS SSNJJ 3ALIDAS43 3S0D pul 3(qels A||LIUBWUOJILAUS “JudLIL})d A11ed4nydndiys © doj3A3]
’ 3A11230q0 ydueasay

2-66 Sam W¥ 3p0)
-€2-906 d0ld
9861 Ltady g6re "Ix3

youedsg sideduen [runiangis
YShg °9 PLOJRH

03d013A3Q NOILVLS 30VdS ¥C4 LNYLS 311SOdW0I OVID TWI3IW
LHYITHYIH TYIINHIIL

68




TYAOWIY TYLIW TWIIWIH) ®  (Y3LVM LOH/WYILS) M ®

\ 137NI
,1\ | -
KR
n\.v

;
P

301X040AH WN1G0S

N

3~

13710

NOILJ3FNI NISTY ® © INIWIVId ¥3EH ©

-
v ' .,
;. A
’ ’ ’ v
.. ..
v A
R .

TIYANVW/IIVIUNS YINNI N .,
N
/.;,ﬂfw..._,..

NYI/3IVNS ¥3LNO g

et
oV :
|

31V1d 3ININYIANOD . ..\n%h
495
$27

133¥) ¥3sld | %

ad3d013A3a S$S300Hdd

NOIlvOld8Vvd 38Nl 3LISOdWNOD avilO VL3N

|

69






STRUCTURAL DYNAMICS BRANCH

oRECEDING PAGE BLANK NOT FRLMED

71

aae&__ﬂ_q _MSEIT IUNALLY BLANK



*Apoq pI81d4 ® 09 psyoeqqle staued Jetos a1djzInm Jo TOJQuUOD BUIMOTS
ayq Apnis 07 paTJIpoW 5q TTIM 8JeMpJey 8yl °DPaIpnis aq [TIM sjuswiuadxs Touquod BuimaTs uo Sedp JTe JO 308J]J8 3yl
suetd aJning

*sJdoAnauew SUTMOTS q6eJ JOJ TerorJouaq poasodd Suideys styl °qndut enbuoj ToJ3uo0d 8yl adeys 09 pesh sem Jo231T1J
ssed-MOT ® ‘Sopow 9TQIXOTJ JO UOJIBITOX® 8Yl 9ZTWIUuTm ol °*AJ0sy] [OJqU0O Jeaull Buisn paudTsap 9Jam UDTIUM ‘sSmMeT]
1043U00 8ya Jo souemdouad ul saBueydo qUEOTJTUBTE 8sned q0U PIP JSANBUERW Y3 Butdnp SUOTId8TJOp Buipusq 8Buet
03 anp §309JJ9 JBOUITUON °suoj3oTpaud TedT139409YU3 pue sjudwe.nseaw Tejuswigadxs uaamlaq PaAdTYOER EBM quamas JBe
£J030BJET3BS °UOT30W TENPISSJ OU ATTENIJIA U3TM JoAnauew aues ay3 s9onpodd J9TTOJIUOD 3yl Sesudym ‘qued1Jiudis
§7 UOTJ0W TENpIsad ‘pasn €] [OJJUOD OU USYM °ESPUODIE G°§ UT MITS 8oJ483p-0f ® JOJ €31TnsaJd Jo sTdwexa ue smoys
aJn814 8yl °JoAndURE 3yl JO pud 8yl Aq sspow a1qTXxaTJ Ino padwep pue sJasnauew 918ue-sfue] pewuojuad A1Tnjesaoons
JOTTOJIUOD 8yl ‘pajeulrsuomsap ATTequsmiJadxd uUs8aq €eY €34n3doNuls aTqrXa1J JoJ yoeouddde Touluo0d BUIMSTS ¥

uotqdt1J4osaqg qusuwysiTdwoooy

*oWT] 93TUTJ Ul SJUTEBJREUOD TRUTWJS] UJTM wWyjTJoSTe ToJjuod Temijdo JeauyT e uO paseq Jojomwuedd syj Joj Teudls
a8eq170A B Bujqedausd ‘dooT TOJqUOD 8y3 S8s0TO Joindwoo SoTeue uy ‘welsAs uoyjTsinboe ejep Boreue ue Aq paJojrTuouwl
usyy pue payJiidwe sJe sJosuds JnoJ TTe wWodJ sTeudys ‘ueds-piw ay3 3e pue ‘yj8uay taued syl Jo quaduad om3]
-AqUoM] 1B ‘7004 8Y3] q® Po3EOOT 9Je so8e8 UTeJls Byl °3004 8Y3 e UOTIEl0J4 JO aTBue ayj aunsesw 03 Sus3aWOTIUS0d
Jein8ue omq pue sjusmom Bujpuaq asunseaw 03 €38e8 utedls 9BPTJQ-TINJ @2JYy3l JO S3STSUOD UOTIRJUSWNJIISUT *JojomJeas
01490919 ue £q sueTd TeqUOZTJOY 3Yyj UT pajeqod pue sueld TeOTJJ8A B UT POJSASTTIUERD €1 T8pow 3683 Y] "UOTIEpPTTEA
TequsmtJadxe JOJ pasnh €7 ‘Ul €1° X 3J L°2 JO UOT3098 €6040 ® BuytAaey [apouw chma JETOS 9TqQIX91J Buor-q00J-¢l V

yoeouddy

-

*§9JUNqONU3E
9TQTX8TJ JO TOJqUOD 9Yyj3 O3 SpPOYlaw T[OJ3UOD uJdepom Jo uorjeojrdde syl BuTuua0ouUOd sesATeue TeOT32408Yl LJTJdA
01 pauldtsap €7 quswiJadxa €TYl *JOANSURE 3yl JO uolyaTdwod ay3 38 UOTIoW TRUOTIRJQTA Buissauddns A1snosue]jTnWIS
STTUM SIXe OTBUTS ® UT 8Jn3donuls ATQIXITJ B JO BuTmMOTS 93eJISUOWSD 09 nq quouwtJadxa ucommga aya Jo aA140afqo syl

aATq08[qp youeassay

l-ch SaM WY 3poDd
16-E4-905 dOLH
G861 JIQWIAON 198¢ *3IxXd
youeuqg €01WRUAg TeJN3ONJ3S
B41JOH *DH seonT pue 8uenp ueN-Jaf

TANVd ¥YT0S FT9IXJTd ¥OJ GILVHISNOWIA XTINASSIDONS TOULNOD DNIMITS

LHDITHDOIH TVOINHOAL

72




ENS

POOR QUALITY

ORIGINAL PAG
Qe

INIWIHEIXT

JWLL

golind ureays

00

/

J98 ¢'¢ .
NIVHLS 8ap 0g mors 7 .
LO0Y ﬁ

. »

Jajamolyuajod re

[pued quodfsuoy/umuimnie Fuo| j00j- gy

NIVYlS
L00oY

dN-14s ISAL

966'11-¢8-1
VSYN




,“v,‘w
Aarw &

LY

‘pawJoJuad aq Aew s1s8ATeue S169UJUAS

Tepou TeUOT3TPPY ‘Pawuojudd Buiaq €7 SUOTIEUQTA AeaJe JeToS JO uoTssauddns UOTIBJUQTA BATIDY TSNV1d 3¥nlnd

*gaJnqoNJls aoeds
AousnbauJ mo1 ‘aBJel Jo sisdTeue £J1J9A 031 DOEN 8Qq ued elep 3623 uo13eJqQlA punoJdd ‘snyl “sTspou 1eo11ATEUE Bu1
uy papniout Atusadoud aq 03 €3033J° uoc1suadsns a1qQeo aTqeus fpnas s€1ya ul padoTaAep SPOUILBL 1633 pue s1SL{EUE
8yl ‘£3537 UOTIRJQTA punoJ$ uy pa23ed1Tdnp aQq 3jouued SUOTITPUOD fJepunoq @84j-9a84J uyEnoulry umuz<uHmmmuum

ca8eJaae uo juaodad |°§ £q satousnbasj TSpoW PaEEIJOID pue quaouad 6z Ac Butdwep Tepou peseaJout J1e
quatquy ‘oJnesaad d1Jdydsowie pue WNNoeA UY g1697 ButJedwoo £q §309jJe Jle Jualque JO qUAWEESESE UE PpUB J3XYBUS
jeuBewoJq0a1e Burjoejuoduou e JO quawdoToA8p @pnToul Apnis SIY3l UT PauTeIQo g1TNSs4 JBYIC °"BIep 1687 UCTIEJQIA
punoJs yaTM 83eT2JJOD 03 3JuUaWYdEII® {epow-03-31qed ayi Jo SuiTepouw 831eUNOOE Sutainbau £31AeJE JO Jd3URD
Tepow 8ya 01 juamydelle 3Tqed syl wou] 8oue3sIp 8yl AQ PaIddJJE A18uouis €1 Buridnod Jo TaAaT dul * 19pok 88Ul
Jo apow Buipueq 18J1J 8YI UITM sa1dnoo epow uotsuadens umTnpuad aIqnop ® ‘3J4eyd 8ul jo uofaJod U8ty Ja@mMOT BUJ
uT umoys sy -uotisusdens a1qed 3y3 £q padusniJul ATIUEDTJTUBIS 3JOM € pue Z S3pOk °€308J)38 wnTnpuad uotsuadsns
ButpnIoul INOY3ITM paaoipeJdd £1271e4ndOE 30U §1 Aouanbauj peaJuncesaw €131 ySnoyate uoiiouw £poq p1814 ATJe8TO
€1 | apouw pue A1eqenbape G pue § €apouw pa1o1poud sisdTeue aauj-984d *g16ATRUE DUE 1631 U3BMIBQ quswaaJfe pocs
ul peaInsaJ sa1qed ayi Jo €308J4J3 £69UJJT16 aya epnidoul 03 s1sATeue UOTIBJQTA passauisadud BuiL1ddy suctsuadsns
atqeo aya £q paJayTe ATquedo1JTuB1s aJe sapow dWOS eyl 87e0TpPUT ‘3IJBYD PayOE3IIE 3U3 UO UMOYS EF ‘aged papuadens
-37Qed 8yl JoJ setousnbauy peandmod pue paJnseay °ddJJ-884J] pUE pepuadsns @2T7Qqed €E sghem OM7 UT 84n3ONJ1E
aJ1que® aya azATeue 07 POTQUASEE dJ4dm ETapow g1sATeue a4nadnJIsqne Byl ‘sTapol g15£TEUE 8Jn3ONJ3ISQNS U7
aulJou 01 POSN Sem BlEp ay3 pue palse] sem JJeYd payoelle a3yl uo umoys Tepou oT1J49u8f 2yl JO 8Jn3ONJIEQNS UDEZ
*gopow UOTIBJQTA TRJNIONJIE UYITIM 81dnod yoTUM €£31633 JOJ swaqsAs uotsuadens adinbad ued t JOABMOY ‘€3Jn10Nu3ls
eoeds a8Jei Jo saijouanbauj uolleJQIA puU® €S8UJJ12€ MOT ®Yl -elep 1681 uo11eJQIA punoJdd Buisn pawdJo Juad
A11e0o1dLa 871 sTspouw ojweukp JO JuawauUljdJ pue uo11e0TJTJOA sgouemJo Juad joedwl A796JdApE 30U Op SUOTARJQTA
TeJn3onJls eyl aJneut 03 seeATeue o1weukp ajeJndoe aJainbau sweisfs soeds afaen TNOTLdTHOSIA INIWHSITAWOIOV

-swocAs uoisuadsne 81qed JO €309]J9 2yl apnTouUT YoTUM gsenbruyoay cysATeue £JiJ4dA 01 pue €poyl8uWw 1§37 UOTIEJQTA
punoJu8 dolaAsep 04 peziTeue pue ps3€s3 €em Tapow o1J40U88 Syl ‘"uOIIEIE soede aya Se yONE €8JN3OdNJIE aoeds
aB8JeT JO aJnjeu Adouanbaaj moT ‘fpoq-12Tnu 3yl 33LTNWIS 03 PIIONJIBUCD gem Tapouw €O TwWeuip oT49Ud8 V¥ tHOVOUddY

*SUOTIRJQIA TSPOW UD JTE 3JUSTQWE pue gweqsAs uolsuadsne @T1qeD JO §109JJ° 3Ul SEISEE
07 pue sTapow uojjels ededs Joj SpoylIaw quswiJedxa pue sisATeue dtweudp doTaAdp Ol TSIATINAr80 HOMYIAS3M

1-2h SaM WY ©epoDd

: 16-En-905 dOlH
9861 sunp gihe UO1SU8IXT
*ouj ‘*JejJoudip3 youedg sotweulq [eJnidnJdls
JaJJouB1pd °H PTOJEH pue UTATEE UITON M

WI1SXS NOTSNIJSNS 1531 ¥04 SINNOJOV XTINdSSIDONS SISXTVYNY OTWVNXA

74




NAL PAGE IS

ORIGH

my

POOR QUAL

or




*patpnis aq [TTm JOoTaBYEQ quiol JeautTuou Jo
sTapoWw JRaUIY ajewtxoddde utelqo 03 gaunpaooud uoyqezZiJedulIT JO quoudoTaAaap ‘uoiaippe ul +padoT3Aap Suteq ade
s1sATeue Jeaulluou suj Jo gquamadJInbaJd Teuoizeqndwod ayj 3dnpad 03 sanbiuyocel aJnionJ1sqsng tSNY1d 3unlnd

*s1siTeue
JESUTTUOU TINJ Ueyd 140JJs TeuoTjeindwod SE3T £T7ued01JTUSTS U3IM peleInmls aq O3 SUOTIBJQIA aqe1s Apesas 2tuwdad
ITTM JOTABYSQ §SNJ] JedujTuou Jo s1sA{eue DPOZTJERAUTT °SUOTIBJQTA TeqoT18 uo Butdwep pue ssd8UJJTIS qutol Jo
1093J3 aya 10T1paud 01 9sATeue B8yl SMOTTE Apnas s1yl ul padoTaiap sunpaooud sysATeue Byl °SUOTIERJQIA 3J4N3ONJIE
ssnaq JO uot13doipoaud ajeundoe aJ1nbaJ saJnqonuis aoeds s8Jel JaYI0 pue uOTIBIE soeds ayl TINYITIINDIS

*paqeInwIsS 2q 01 SUOTIBJQTA SSNUY TeqoT8 uo £303jj@ juyol Jesuyluou pue Jedull gmoTte BurTepow quiofl
Jo pouydem ayl ‘4Apnis sIyl urt padoTaaap usaq sey sisdTeue TeqoT8 0jul uoIsnIoUl juanbasqns pue quamdo T2A8D
1apouw qutof TeotJidwe JoJ poyidsw y °s3ITnsad JeaulTuou ay3 Jo apnirrdwe uorjedqia 8yl 3ou iInq uotrleJqlA
Jo Aousnbauy au3l s101paJd uJotAeYyaq juUTOl 3yl Jo uoTjemixoddde pazTJesull B ‘SUOTIRJIQTA apnai1dme 3ueqSUOD
J0oJ 18yl sMoys y8TJ JamoT 8Y3 uo aJand1J oyl °sTsATeUe JEBUTT 3Yl €90D UBY] Kousnbau] JoamoT pue apnitidue
UoT3eJqTA JBBJeT ATauedrjiuldis e g101padJd sTsATeue JeauiTuou ‘ydedd 1J3T JOMOT 3Yyjl UT UMOUS SY *gqutofl 8yl
ut quasaud €71 ded Jo pueqpesp e uaym uoTeJqQTIA JO spna11duwe Jo Kdouanbauj aul 107psJd q0u €20p SISATeRUE JBBUTT
-q4eyo aya Jo uorjuod quyBru-Jaddn sy ul pajedjpuil se JOTARYSQ UOT3109TJop-peol 3jujof pazrJeauyl e pue Jeaujiuou
tJeaU]T JOJ UMOYS 8Jr §1TNS3Y °Wedq 3yl JO pud yodes uo auo ‘squtol om] sey JaquWam €€nJ3 Yyded ~SuUOTIBJQTIA
ssnJq JeauTTuou 201paud 01 weddoud JuUSWATd dITUTJ B UITA pazATeue us3q SeY YOTUM SsnJl Aeq-y Teuolsusawip-oml
e GMOYS 7JBYD paydelje ayl ‘sisdTeue senJl TeqoT8 u1l pasn aq Aew yoTum Tapouw Teotajduwe ue jquasaudas wyljuodTe
ayq 4| paindwod SqUdTOTJJ0D Sutdmep pue SS9UJJT31E6 JEAUTTUOU DUER JBAUTT °S3AJIND uo11081J9P-prROT Daunseauw pue
pa101¥oud usamilaq JOJJd 33Ul SZIWIUTW O s1sATeue Jouda SaJenbs-3sea] Jesuyjuou e gosn wyq1Jo8Te ayl -padoT3Aap
uaasq mm.w_ plED UOT303TJap-peol Tequauwtuadxs Buisn gquiofl J4oJ sjuajorjJood Buildwep pue €63UJJTIE Sutindwod
JoJ wyjjuo8Te uorieziwiido uy ‘gouemao JJad ssnuq uo sauiof jJo sdusnyjuy aul Apnas 01 paJisap aue sjutol
JO §128J)J@ apniTouyl ydTym spoylam g1sATeue TeJn3idonJas ‘snyl °SUOTIBJQIA SENJY Teqo1d uo §109JJd Jued1JTUBTS
9ABY ‘JIAIMOY ‘UBD €J9QUAW SENJ] JOdUU0D 01 PaIsn squiof Jo Suidwep pue ssaujj13§ ayl ‘orleJ €SEW O3

ssauJJT11S Y81y J1aya Jo asnedaq doeds uy asn JoJ pasodoud aJe §2Jn30NJIE SSNJL INOTLdTUDSEA ININHSITIHOIIV

saweyos uorjeJddaqui 110771dxd
ue Suisn uotjeTnwis asuodsad oTweuip JeauiTuou sjrTmJ4ad yoTUM s1eATeue JUBWATd 93ITUTJ 1eqoT8 e ojul pajedoduodourt
usya st Tepow qutol paseq-ATTeolJd1dwe €Tyl °SIUBTOTJJI0D Suidwep pue €63UJJTIS 3TQEBIEN (pe yaiIm sweTURYOIW
JeaulTuou Jo 133s e 4q pajemixoudde aJe sjujol Tedniondis wodJ eIEp UOT109TJOD-PROT POJNSEIN THOYOMddY

-gasuodsad OTWRUAp 2J4N3ONJLE SENJ] JO uoIjeTNWIE JOJ cosiTeue qQUaWST3 31JUTJ OAUT STapow deadYl aqedodaodurt
01 pue eqep Teotuaidud uo paseq gqutol senay Ted1d4q JoJ sTapow Teo134TeUR dOT9ASD O] TIATLIOAr90 HOMVISIY

1-2h .SaM WY 8po)

16-E4-905 dOLH
9g61 ATng 9np2 uoTsualIXd

youedd SOTWRUA(] TeJNIONJIS
UTATSE YIT3Y "M

SIRTIOf MVANIINON HLIM SSNUL J0 XON3INDIUJ NOILVHEIA S1OTAIUd SISXTYNY QIZTHYINT

76




J9s ‘awlil

J9s ‘awij

02°91° 21" 8 0" O 02°91° 21" 80" W0~ O
PeTAT A Y
o ! \ .
Nc , .r__ "/ /. NO .C_
p0° ‘Juawadejdsip p0° ‘awaoe|dsip
elaje eJaje
90" jetaje] %" jeJaje]
— wo. _ wo.
pazileaul] - - - -- Jeaul] - --—-
JeauljuoN 1eau|juonN
fauanbaJy Jeaujjuou syoipaad Jusidnsul

sisAjeue pazideaul]

paziJesul] xVRN
d

JeauljuoN xV..uN
d

Jeaul X

d

J01ABY3q

U0139]Jap - eo)
)

siskjeue Jeaull

(47

a
7
1
3

*
peo Qsm_ 3

SLNIOF ¢<mz_._zcz HLIM SSNYl 40
AON3IND3H4 NOILVHEIA S101d3dd SISATVNV A3ZIHVANIT

77




cggauBoud u1l st £3171qeded TeuolsuswIp 894yl JoJ MOTTE 03 NAQLVT JO quamdoTaaag :SNY1d Junlind

*SUOT3EBOOT UCTIB]S UTEJUdd 1I®e asuodsad £AJ01rUQTA
9TQeJapIsuod ul 3InsaJ Ued uoTlelS BdoedE BYJ UO suoTqeJodo MOTS PaTT0J3UOD UdA® JBUI €33ED1pUl
weusSoud aya Jo uotaeoirdde €Tyl °P3ATOAUT 8Je SUOTIOW JeTn3ue s8uel aJsum suoljedado uoilels aoeds
fuileTNWTS JOJ 007 Injosn e €1 ‘wao] (g-Z €317 UT U3AS ‘meal8odud Jsqndwodo NXQlVT 8ul :IIONVOTJINOIS

*UOCTIBJQTA 373317 SUTEJUOD WOOQ dSJaASUBJ] BUY JO asuodsadJ ayq ‘puey Jayio syl ug "uoTledol
§1Yya 13e asuodsad TTeJOAO BY] JO qaed quedi1JTudis © €1 ‘paiedol 8aq kew juswdinbs Butze? Jeas
suaym ‘wooq Jaddn s,uot1ieis ayj uo ssuodsad 8yl Jo quauodwodo KJo3eJqlA ayj ‘sTdwexs Joj °SJSANSUEL
yons 03 snp SlUSTSURJ] TEBUOTIBJQIA aouaTJadxe SUOT3ROOT UOTJEIS UTIE3U8D ‘SNYLl °UOTIEIS syl Jjo
suoT1RJQIA ssauddns 03 paudissp 3jou €1 WoQEAS TOJAUOD SWH 8ua ‘OsTY -waisés uoi1ssauddns uo1leJQIA
8AT30® UOT3BIS OU €T aJdayj Jeyj ‘sulTaseq uorjels soeds gjussaud 8yl U3 TM SOUEBPJODDE UT DPBUNESE
§1 1] ‘osuodsau uoT3els AJOJRJUQTA a1qissod pue uolieqs aul Jo sguodsad Jen8ue TTRJBAO Ue 9dnpoud
ATTeJdnieu TTIM JSANBUERW 3Y3 ‘JIASMOH 'SWH dU3 JO UOTIEJQIA OU 40 2T3311 UITIM ‘ATyloows pausyTdwoddE
€1 uoljow dJeln3due paIroJsjucd a8yl eyl sj01paJd s1sdA1eue uoljeTnuIs aul ‘t5an81) ButAuedwodde aul ul
UMOUS Sy °JoANaueW 8Yy3 J93Je pue BuTdnp SWH 8ul JO SUOTIBJQIA 9yl ssaJddns 01 pasn osTe €71 JOJENIDE
ay3 ‘1043UO0D ADOEQPIIJ sqeu-JeTns8ue Buisn ‘anbuojy Lfuessadau a8yl soonpoJd SWY 8u3 JO 1004 3dU1l
e JOj0W Y °93BJ TEqTQJO 83 30Tm3l ueyl €891 djed JeTn8ue ue 01 BuTpuodsaudod ‘JsANSUBW MOTSE JE-Y
B §1 €TYl °‘€puodas Qg ul soaJBap usq Jo aT8ue ue ysnoJy3l peoTAed 000‘2f ® M9TE 07 DUBWWOD B usA1d
§1 SWY 9yl ‘3Jeud ButAuedwodode 8yl Ul -gpeoTAed Jo BUTMSTS 4O UOTIRINOTIJE dY] SATOAUT TITTM UOTUM

JO 2Wos ‘suorredsado 37QuO-U0 BUTINOJ JOJ JOquUa3d e €1 uoTjels aoeds ayl :NOILdI¥OS3A INTWHS I TdWOOOV

*gT99) 9y JO 8suo JO JTey JamMOT 8yl SuoTe Aem-pTW pP8qEOOT
(SWY) Wailsfs Jojeindtuem ajowad ® Jo d13 ays 3e peoTAed punod 000‘2f ® JO uoTjeTNOIlJe PaTTOJIUOD
aya wouj BuyljInEaJd SUOT3ED0T UOTIBIE PBIVTIs 3® guoTjedaTeoor sesuodsad 301paud o1 pasn ST
UOTSJdA (-2 8yl °AJldwoed TeuoTsuswIp-Z ul Teuoiqjedado €1 weaBoud a8yl ATuesadd -suojlow Jen3ue
aATqeTed 88JeT Bujoluapun sjusuodwod 2Td12INW Y3 Im €3un3jdonuls STQqIXa[J JO UOTIETNUWIS Tedo13ATeue
JoJ padoTaAaap u2eq S€eY (SOTWENXQ JUBISUBRI] aT8uy a8u4eq) weuBoud Jaandwod NXQLYT Ul HOVOUddV

-swaqsAsqne BulleTNOTIJE 0] 3Np uoljels soveds
UO ©1USWUOJTAUD @suodssd BuTusiTqelIse JOJ £3171qedeo TeoiaATeue ue dofaad( TIATLIOAr80 HOUVASIM

i-2h Sam WY 3p0o)
£6-£6-28h dOlH
9861 13queydag GGoE " 3x3

youedg SOTWRUAQ TeJnlondis
JOUSNOH "W pTOoJJd[

NOTLVLS 30VdS NO HIANANVA WUV OSW

78




woog 8sseAsuel] o di| e esuodsey :bomaaaapgé

06 09°% WL 4e 0

FyYy Yy YT YT Y v v v ¥ vt

0Si-

00€

(=
s,6 oW ‘uonepeddY

wiy Jo dij e ssuodsay

‘086 ‘BWi]
06 09 0t 0

vz0uh fasn oumy puu mun RL Aual DENL NN DRRMANND B

| e DD SR |

.

= o.ﬂ.ﬁ)b.ﬂc l,l.i dlhll.l

..!av\avlvl( as v - o8 B
=

XA, ‘

,«,‘ A p....w,w

'..".."" ——

sueipey 'di) 18 WiV JO UOEIY

NOLLVLS 30VdS NO H3IANINVIN WHY OSW

0S

ool

:
o
wn
-—

s,6 001w ‘uone|s|eody

l!lt 9% RS \-
Z‘ :« ,,\ :
' . \ Woog BSJOASURI)

79




. *§TOA3T 9%0J3S DUE ‘80J0J
«Jomod JOJ €juswWeJInbaJ BUTWJILSP 03 €9TPN3IS JJO-8pEJ] pUE g011771qedED pUBQ-pEOJQ JO S3TPNIS TSNV1d Junind

cmeJd80J4d aya ul ATJEd pPUNOJ SEM
u8tsep I-SJ40D @ya ul SuTmod3JoUs aaTsusadxa ATTeT3us30d B pUB DOIRUISUOWSD €1 1047qU0D pue UOTIE}IOX3 UOTIERJQTA
J0J] sssooud udisep 8yj ul uotjouw Jo suotqenba Jojenjoe 9387dwod Suipnioul Jo A3188808U 8yl tYONYOTJIINDIS

_ *aJemMpJey T SJ0D 9ul 03 peppe Juleq sl doo1 Touauod uorqisod
Jojenaoe ue ‘Apnas sTyl Jo 31Tnsed B SY *§9T104A0 M@J B Ul S3TUWIT Teo1sAuyd €31y pue ‘auan81J 8ya Jo 1ydud
MOT 9yl uo umoys se ‘ATprded s9sE8JOUT (9%0438) quaweoeTdsIp Ssew JO3enlde dyjl ¢£TTeoT28403Yyl paIoNpuod aq uewd
1897 ay3 ysnoyiTe 3eyl 93IBOTPUT UOTIEITOXd 8utdnp (0=)) dooTt uora1sod ou JO ased ayj JoJ €3 INS8Y s AJessadau
g1 (Butuds BuruaquUad ® K19AT3083J9) dooT TO43uOD jyoeqpeaJ-uoilrsod Jojenjdoe ue eyl 97e0TpUT SUOTZEBTNUISE
J¥e7  °* T0J3uoD BUuTJd3UID BPNJD B UM scew uo0T1oBaJ JOjEnjoe BuTleolJ-39JJ £ pasn sugissp JO30BJIUOD TEIJTU]
*gapom JdU3TYy 8yl Jo Sutdwep pue uoi1lelToXs guidnp sJojenqoe aTd1ITNW guisn JoJ yoeoudde ue sdoTaadp pue
JOJ poau ayj sTeaArdd Apnas ayl *(1e0137140 JO %9) Sutdwep pue ‘Buillemp ‘uo13081JoP d1q wo | e 03 apouw FuIpusq
puooas 8yj JO UOTIBITOX® €3pnToul 1699 oyl ‘auswiuadxs 3udTiJ pasodoud auy3 JO souanbas 1691 8191dwod B SMOUsS
aJn81J 2J31 JOMOT 3yl uo q01d 8yl °(SMOJJE 33E) PIEN dJE 0§ Aeq pue di3 ayj e SJOIENIDV *apol TeJdnqonJdis
puodas 8yl J0J sousanbas qs07 ® 3urleinuis JO aTdwexa Ue SMOUS aJnd1) psayoeiie 3yl tINTRHSTTdWOOOV

-£1100T8A Weaq Tedo01 8yl 03 Teuo1qdodoud 80J0J PIPUBWWOD EB YJTIM uot3oL
wesq sasoddo uojenide ayjl ‘guidwep Butung ‘papuUBWWOD €1 8040J OU ‘SUTTTOMD USUM °WEaQq-S8NJ] 8yl 03 €38040
Teptosnuis 3jJeduwl sJ0jenide a3yl ‘uo1qeq10Xa Butdng °(TOJIUOD) Sutduep pue °‘(uOT3eJQTA 334J) TTaMp ‘uo013B3110X3
tgafeq6 994yl O0IUT PABPTATID S1 souanbas 1681 ¥ X ‘€63UJJI36 DpUE ‘5 ¢‘Buidwep snodsTIA ‘(3°A‘nN)J ‘8040]
To4quod  ‘susrewrdJed 33JU) £q ATTeotafTeue payapow €T JOIENIOE yoeg ‘(eJnBd1J 8es) di3 ayj pue ‘v ‘0€ ‘2l
cAeq 3e payoejle SJOIENIDE YIIM weaq-s€NJ] T-S400 8yl Jo Tepow Tepou pajeoundl e €9sn Apnis 8yl tHOVOHddY

80

*§J03EN308R S6eW-JooJud Buisn STBAd]
1049U0D puUE UOT3B3TOXd aTqeunseaw BuTlAadTyoe U0 €ITWIT ugisep Jo s3093)J8 £Apnig -gayoeoudde 3§83 pue ud1sap
Jo KATT11QqeTA 8ay3 £AJ1J8A 03 qJedoaoeds 1-S300/4231QJ0 3yl JoO JOTARYSQ 3JUBTTJ-ul 9jeTnuis tIATLIOIrd0 HO¥VASAY

|-2h SHM WY 9p0oD
1G-En-90S dOLY
9861 Iacue3des geELe “3x3

youedg s€OTweufq TeJnionudisg

Ka11ed °d SoWE[L pue
JOUJOH D 338udJen °‘B3JOH °D sedNn’]

1430N0D T-S40D STAOYJWI ANV SITJITYIA NOTLVINWIS d00T-QISOTD

e




ov

(038) INL (03S) INL
¢t v'e 9’ g 0 114 9 43 8 14 0

c2-

pi-
W) 'dsia
© GSWW
. HOLVNLOV
¢ — anval—T1amaLoxs
0=) ‘LS3L J0ON-ONODIS 1S31 300N-ONOD3S
ot X ot LX 02
epow pug
JO} Pasn SI01eNOY
3.0.9*@0
w
. T300N HOLVNLOV I-S400

LdAINOD 1I-S40D |
SHAOYdINI ANV STIARIA NOLLVINAIS dOOT-A4SO1I

81




STRUCTURAL MECHANICS BRANCH

' i1 AN FHMED
PRECIDING PAGE sLavK NOY

2AGS, ,_22 _ INTENTIONALLY BLANK
83



*SUOTIBAJSSQO TRjuawlJodxs ayj 301poud 03 padoTeAsp aq ITIm sTapow (eol3Areuy ‘uotjeSedoud pue uoi3ejljul
s8ewep uo A1d 3nO ® B YONE S9TIJNUIIUOCISIP TEOOT JO $309JJ8 ayl Apnis 03 pajonpuod Buiaq aJe £3697 TRUOTITPPY
sueTd aJdning

*sa11d usamiaq uoljeulweETap passauddns

SUTABATJU2]UT SATEAUDE 8Y] 3INQ ‘SUOTIBWJIOJAp 98JeT LJDA JOJ POAJIEQO €Bm dJ4NTJeRJ JEAys Jeujwerediul ‘*yiBuadise
Sutpuaq weaq ay3 saAoJdwy pue IpoW IJNTIEJ JeaYUS JRUTHBTRJIU] 3yl SAEBTSp ‘I1[NEaJd e s ‘pue Uuollewdojap
SutJeays aJaaas wou] s317d UTE3JU~-3T33TJ4qQ 3Y3 33BTOST 03 SPUB] SJSABTJSJUT SA]EdYPE 3Y3 JO UOTIBWJOJIP

ButTdeays Byl °*oJn37J JUFTJ JOMOT Y] UT UMOUS SEB SJ9ABTJUSIUT SATSSYpPE ayj U] SUOTIEWJOJIP Jedsys aBuer

sArYy $911d USBMI8Q SJUBABTJDIUT 2ATEBYDPE SNINPOW~JRIYS~MOT Y3 M SUJEaJ 2[3374q JO apew sweag °s3]1d uasmiaq
uotieuTweTap Aq ajefedoud jou pip e8ewep syl 1Nq ‘swesaq UsaJ~yBnoq Jjo s€a711d STBUR 8Y3 UT PIAJISQO dJ3M
saJnTTR) Jeays JeujweTedjul °*qoedml Jo Burpuaq TEOOT Y3 TM DPOIBRIOOSSE 3JNTIe] 0} 90UBISTISAJ JU93318Q 3ABY SWEIQ
9s9Y] ‘1INSaJd B €Y *2J4nITJ JI3U3D JIMOT Y] UT UMOYS SB SUTSaJ 37331T7JQ JO SpeEm 960Yy] UeY] SUOJIemJdoJap Jeaus
J481€9J48 pueqSY3IM UBD SUTSaJ pauaysnoq Jo spem sweag "saj1d usamiaq uorjefedoud uorjeutwetep AQ PamoOTTOJ
SSWT39WO0S S] DUB 9poW aJNTTR] JaY3zo Aue 340Jaq SJNOOO sJnTieJ JeaYys Jeujwelediu] €7yl 3eyl STesAad uojjeutiuwexs
07dOOSOJOTH °XTJ]BWU POpROT~JEaYS dY3 UT UOTIO8JIP S€8J)6~UOTSU33~TEAIOUTJd HEedaM 8Yyj YjIm €3pJouT0d pue

SIXe Weaq ay3 01 oGh AT3jemixoudde qe pajuatuo ST ATd o06 92Ul UT OBJD Byl “°aundiJ 3JaT JamOT 38Y3l uy A1d 006
ay3 UT ¥oeud TeuoSelp ayj Aq paleOIPU] Se SWesq UTSAJ 3TIITJQ 3yl Jo (sa7T1d oGh PUB o06) so17d a18ue ayy uy
SuisOoRJD XTJieW KQ P3IBTATUT €] oJ4NTIEd °S9NTeA 3jeIpamJaju] aaey §91Td oG 2y pue ‘er3ue Jeays 3sa3Buel ayj
pU®R SE3UJJT1S 169MOT oyl aaey so1Td .06 2yl {oTBue Jeays 3S3[TeUS dY3 pue S63UJJTIS 183YBTy ayy aaey &317d o0
Syl °*SoJnB1J JOMOT 9U3 Ul umoys sayBue uOTIEWJOJIP JeAYS dY3 §309JJe J9AET Yoed JO SS3UJJTIE JEIYS 36JaASUBRL)
UL °*s8Jn3TJ JSMOT 9U3 UT UMOYS 3Je SJ9ARTJIJUT SATSAYPE U3ITM UTSdJ ST33TJQ © pue ‘uTssd pauaysdnoj e ‘ulsad
377174q B JO spew sweaq [06/0/ShF] J0J uoT8ad TeJjusd SIY} UJ SUOTIBWJOJAD Jeadys dyl °Buipusq 3urod-3ATJ uly
papeol weaq e JO (a4n81J Jaddn ayj uy aJenbs paysep) UOTSaJ TEJJUID Y] UT SISTXd JBIUS 3sudasued) aJnd ArJeaN
uot1qdiJosaq juamysiTdwodooy

*poJedWod 949M €2DPOW BJNITRJ TRPUOTIOIE=-EE0JD pue s3suodsed UOTIEWUOJOP-PEOT pue

swalshs TeTJa1eW 97]s0dwoDd pajdalas UO PolIonNpuod asJam s388] *joedwy psads-mol Jo Buypuaq [eOOT 03 pajdafgns
sjeutwel a237s0dwoo B Jo asuodsad UOTIEMJOJIP [EOOT 8yl Apnis 03 padolaasp Sem poylsm 3593 weaq jujod-aaly vy
yoeouddy

*8utAeatuaiul

SATSAYDE pUB SUTSSJ UBno3 WOJJ PIATJIP 9oUeJaTO} a8ewep paroudmy ay3 pueisuspun o3 pue joeduy pue Bujpuaq
12007 07 anp sajeujwe] 337sodwod uy aSewep Jo uojieSedoud pue uoilellTuUT Byl Jo Tapow Teoisdud e dorsasp ol
AAT108[q0 youeasay

1=9G SEM WY @pO)
| 1~£9~G0G pue £2-90~#E£S dOLY
G861 48Q0100 260n *Ix3
youedg €0jueyosp Tedniondls
SWeITTIM D Adddp

SYAXVTYILNI JAISIHAY ANV SNISIH HONOL
ONISN 30 SITJANIE IONVYITOL IDVWVA SNIVIdXT TIAOW JUNTIVA HVIHS HVNIWVIVHINI

LHOI'THOTIH TVIOINHOIL

84




SHIAVTIHILNI AIS3HAY NIS34 HONOL NIS34 3ULLIHE

L S

L =N

5

!
4
X

¢

J
4

RICICHC I IC K I OC I X OO OY
SA A= A A A A A A A A
OO
BCOOOCOOCOOOOCOCOOOO)
?1.4...«.«.4..- OOOOO
SCIC IO IO

reoo’eoeo oot o 6 e 6 o<

SHIAVIHALNI AIS3IHAV ANV SNIS3H HONOL ONISN 40 S1I4IN3E
3JONVH3T10L IDVIWVA SNIVIdX3 13AOW 38NV HVIHS HVNINVIVHLINI

85



*(Gh6G1L~1SYN) Auedwo) ©784080~paaY00T U3l YITM 30RJIUOD J3pun pojedrisaauy
Suraq ATIURJJND ST UOTJSITJO dJ4nTie] e doTeaap 03 pue A3TJernduis adps~adJj au3l Tepom 07 340}J@ 1eEOT3IATRUE UY

sueld aJ4ningd

*stoued Axoda-a3tuydedd pausjzjiis Jo souewaoJuad SurTionqisod syl sITWIT
qey3 aJ4n81J WO330Q dYy3 U] UMOYS se pow dJniTe uoyieJedas~JausjJIIS~UTHS dY3 JO asNed 3y3 3q 03 paadTTeq
aJe gjuaIpeJd S69J315 3J9AdE Isayl ‘dBuely juswyoelje aul Jo 98pa ayy qe £361Xa JUITPeJB SS9J1E 28pa-aaJd]

9J49A3€ © qBY} €21EOTPU] 2JnB7J STPPIW 9Y3 UT UMOUS uOTINQTJISTP ZX, geauqs JeAUs asJaAsued3 oyl ‘adueyy

juSmYOB}IE JBUSJJTAS dY3 JO 38pe 994) 3U3 pJeMO] PUIIXI SITGEMOTTE uSTcop TERUTWOU 3yl PIsOX3 1BU3 SISEIUIE
ay3 ‘paeseaJoul S] ulxe ay3 uy Surpeor auerduy IeUTPNITBUOT Y3 €V °PaJapIsucd sBuTpeoT UTAE JO €InTEA ayy JoJ

[eTJ93BW 208JJ93U] aY3 JOJ SITqemoTTe UBISap TBUWOU 3yl paddXd pue QO JOURJJT1S BU3 JEIU JNODO0 EIEEIUIE K,
pue 20 oyj 4O SONTEA WNWIXEW YL °"PAJJndd0 SeY BUTTHONQ JBIJE uoT8aJd 908JJIIUT~JIUBIITIS-UTIHS
ay3 Ul 361X8 ueO sjuULTpEJS SSAJYS JUBDTJTUBTS JBYl BIEITPUT a2un81J) uyflu Jaddn Byz U] UMOUS UOTINGTJISTP 2k,

£69J96 JESUS 96JOASURJ] Y3 pue aun81j 3jel Jaddn 3yj3 Ul umoys uoTINQTJISTP 2y ggouls TewJou syl °sIsATeue

ayq wWoJJ 2TNSaJ Aem WO3SAS TeTJIIEM 9IRJJBIUT AU JoJ sessadJls aBueyr Arensnun f§UO0T7BJJUIOUOD §63JILS

Te00T 8JaAds Aue oAdTTo4 03 A31T7qeded sysATeue aJntie] aalssoufoud e Jo sysdeue Ay1JenBuls $6341E 9BpI~dAU]
® aARy ATIU9JJND 30U €30P dOLSQd dOUTS ° 186X 6 ST S9669J]E JEBIYS IEJBASUBJ] Y} JOJ INTEA ay3 pue uojssaudmod
uy 18X 0 pue UOTSUS3 UT IS} g 9JB SSIJIS TEWJOU Yy JOJ sonTeA aTqemoTTe uBysap Teujwou 3yl *TerJaj W
aATSaype 20BJJIUT dY3 JOJ SdTqemoTle uBysep Teujwou judsaudad IJeyd Yy Uuj suo18eJ popeys aul “sueTdpiw Qdm

JBUDJJTIE @Yl WOJJ pauncesw A 8oueISIP Yl JO UOTIDUNJ B SB IJEUD ayl UT UMOUE ade 49 eBuery jusmyoelze
JOUSJJT1S B JO UIPTA 9U3 SSOJOE SUOTINQTJISTP §69J3S “PEOT SuTXONq ay3 oAoqe BUTPEOT UTXES JO §anTeA d3Jul
JOj POUTWJ333p 9Je Jakel 90eJJdju] SATSAYPE 3Y3l UT SUOTINQTJISIP §88436 8y3 ‘apoo Jaindwod d0lsod dul Buisn

uotadiJaosaq juswysyTduwoddy

— e _*6n6G L~ LSYN 308J3U0D VSYN Jopun Auedwo) E73.089padyxo0T
oyy Aq (sToued unwyidd JoudjJTlS~uedQ PaTAONQISOd) PO J93ndwod dolSOd U3 UT PapnToul pue padoTaAsp sem
stoued Axode-a3jydeds pauajjiis JoJ SUOTINQTJISIP SEAJIE 208 JJ2jUT~JOUSJJTIS-UTNS BU3 JO Taepom Tedoyjfreue uy

20.00me<

*s1aued paueJJTis Axode-~2q1ydedsd pepeol uotrssaadwod JoJ dBuer] JuswydeIE JOoU8JJT738 ay3 pue ufrxs
Teued syj usamjaq Jokel aAalsaype oyl uf SUOTINQTJISTP S69J3§ 90BJJUIJUT BU3 JO T3pow TeotydATeue ue do1aAap ol
8AT103(qQ0 udJeasau

1~9G SHM WY apo)d
1£~£9-505 dOLY
Gg6t JOQWAAON  2662/268h °IxI
ags ‘uoueug SOTUBRYOIN Tednjonaas
*J4p ‘sauJgelS °H cawep pue °‘Jf fqudtuy °J uewWJON

HIONFHIS ONITHONEL1SOd HLIM STANVd XX0d3-3LIHdV¥D HOd QINIWNIL3Q
SNOILNGIYISIA SSIUIS FOVAHILNI-HINIIIILS~-NINS

LHOITHOIH TYOINHOZL

86




GE &
my

ORIGINAL PA
OF POOR QUAL

aur 8poN

spong
W

16601-58~1
VSVN




*SUCT3ED1TddE

§94n30N438 3JeJodle JoJ 9daOuod 8yj JO 1TJaW 8Y3 93BNTEBAS 073 puUe 30UBJSTO3 aFewep fuiaoudwy JOJ BuTABBTJIIUT
SATSAYDE 31ENTEBAS JOYIJNJ 03 Pajonpuod aq [TIM $2IpN3s Aduaidljje TeJn3jONJ}s pue ‘sashATeue ‘€3593 TBUOTZTPDPY
SUBTd &dnang

*£Jd3sSnputr 3JjeJodlE

syl Aq pawoOTaM JUBWIOUBAPE JUBOIJTUBTS B aq pInom AJoropoyjzsw uBisep UT aduByd STYL *yoeoudde afeuep
-9TQISTA~JI0J~UBTSap © 03 (suojjediidwy uojloadsul pue soUBUBJUTEL BUTPuOdEdJJOD BUT UITM) yoeoudde asBeuwer
~USPPIY-JOJ-UBISOp & WOJJ 9BUBYD PTNOD E€34n3jondis ajrsodwoo JoJ ABoTopoylzaw udissp ayl ‘Teludalew JO adfs e1iun
Sursfi °YaBusJls UT UOTIONPoJ B ISNBD UYOTUM 960U3 MOTaq TTaM ST2A9] ABusus 1B PI30838p 3q UeO aBewep Tell]
‘OSTY *9JniieJ JRUTWETBJIU] JO UOT3BUTWETSp JuedTJTUdTs 3JnOY3Tm J0BdW] BuTunp SUOTIBWUOJSP ISUBASURU, SZUE]
aouajdedxs 07 91BUTWE] dY3 S9TQPUS YOTYM UOJSUS] pue Je3aYs Yloq Ul asuodeas UTBJIS-S63J4JS JESUJTUOU §,8A1E5UDE
2yl 07 pajeTaJ 8Qq 03 PIAST(eq S1 SuTARaTJd3UT AQ paplaoud souedatol afewep 30edw] UT JUSWIAOJAWT OTIBWEJL &4l

*quaouad QGz AT1eaewIxcudde

£q y3Buauis joedut-uaqje~-UoTssaudwod 9yj SISEAJOUT 3NQ ‘TRJJSJEUW PBABITJUSIUT-UOU B 03 paJedwods 8LEUTWET

syl 01 Jud1em juaouad | Areqeuixoddde sppe UOTYM °UT G000°0 ST I-80GL/9SV J0J €83UADTYZ BATSIYDE YL 1M
49 JO €S343S aunTiel e 03 spuodsaduod yotym ABusue Jo qT-3J3 22 Aq 3oedwt BUTMOTTIOJ L10°0 JO UTeJUlS BJNTTES

e sey uswjoads paABaTJIdIUT I-GOGL/9SY dUL °600°0 JO UTeJIE @unTjej e pue adel 20GE/HSY JO Jafer yoea usamisg
SATSSUPE 000LWJ JO JaAel %OJu3-°UT~£00°0 B sey usmioads 000LWd/Z0GE/RSY dUL °BuTABaTJ93IUT dATSBYPE UM
STE8a7eW OM3 8Y3 JOJ PapJoDaJ SeM ‘JSA3MOY ‘UTeJ3S aJunTiej 30edwi-Jdlje~uojssaudwod uj juawdcudui Jd3esuf
YsAg  ‘UOTITPUOD STU3 JOJ (600°0 AT23ewIxoudde) uiedls aunyrey uorssaudwod Jay3Ty e sey TetJajew (2odv;
xmmm\:m< ayl -swaqsAs Axode 9T3174q JO yjBuauis joedwy-~dajje-uoyssoudwod ayj Jo aAlqejuUasaddad §1 *S€Ql-3J ¢
Jo £8Jaud joeduwy ue JoJ £00°0 A19qewixoudde Jo Teldajew 2OGE/HSY U3 JOJ UTEJIS aun(iey oyl ‘*aJayds wnuiunTe
Jajaweip-*ul-2/| © Aq afewep j0eduj 03 Bujpuodssuuod ABusus Joeduy ayjz Jo uojjouny e e aJnsd1] payoelle ayji
uo paj1101d aJe swalchs TejJajew Tedaras Jo apew s33e1d 01doujosy-isendb XOTY3j-‘Uj-y/i JOJ SUTBJIYS AJINTIEJ Byl

uojadiJosag quawysyrdwoody

*3qBUTWET IY3 JO JIABRT Yoea usamiaq poOYdTMpues €1 JOART SATSAYPE U®P UOTYM Ul Telusileuw

u:meHOuamwmemv B JOJ 30d20U0D MAU B pue ()3dd) TejJoijew oyjserdowdayi e Buipniou] SWOIEAS TeTJUIIBU [BJUDASS

S0 YilBuauls Tenpisad ayj IienTead O] Pasn sem 3837 oocmngOuuowmemv pomaeﬁagmuumacoﬂmmonasoo padoT1aAap VYSYN VY
Goroaddy

*sWo3164S 969Y3 WOJ] 9pEW £3.Nn30nJ3s 23jsodwod Jo €d0JueyosSw aJnije] au3j pueIsJapun 03 pue €3JNIONUIE
1JeJOuTEe PIPROT-ATIABAY JOJ SWI3SAS T[ETJa3BW PIDJUBAPE JO Ioduewdoguad qovduwy~J93 Je-~uo1esaudwrod aYyj] 31ENTEAd ol
9AT309[q0 UoJeessy

1=9S SaM WY 8po)
£E€~EE~G0G PUB £2-90-7ES dOLY
9861 AJenuep 2s0h "3Ixd
youedg sOjuBRYIIN TEBJLNIONJIS
A Ko18ap °H umeq pue sweITTIM D AJdJdp

HIONJHLS LOVJIWI~Y31JV-NOISSIUNOD SIAOUAWI XTLNVOIJINDIS ONIAVITYILNI JAISIHAY

88

ORIGINAL PAGE 5

OF POOR QUALITY

%




'87-°14 "ADY3INI LOVdNI

or o€ oz oL 0

f T T T
(ONIAVITHILNI 3AISIHAVY

HLIM AXOd3 G3N3IHONOL) I-8081/9SVE

(ONIAVITHILNI JAISTHAY HLIM
AXOd3 3111148) 000LW4/20SE/¥SV Y
(OILSVIdOWYH3HL) (20dV)N33d/rysv D
(AXOd3 37L11H8) cosSe/ysvQ l|||u P——

NIVHLS JLVNILIN ONIM LHOJSNVYHL TVOIdAL

® v
o

c00°

¥00°

900°

800°

0L0°

cLo

¥10°

HLON3HYLS LOVdWI-HILiV-NOISSIHINOD
S3A0HdWI ATLNVOIHINDIS DNIAVITHILNI IAISIHAY

NIVHLS
34Nnvd

89



*fJoayq 23eJndOE 33l

Bujsn aJnqnj ayjl uy PajoNpuod aq TTIM €3Jn3dNJLE a11s0odwod paAand pue ey Jo €31pnig *3utq99oWw WAS YVIV
ayl e 9gel AeW ug pequasaJud 8q TT¥m yoeoudde s1y3 Buisn s3InsdJ Suiynonqisod °986!1 114dy uy Buyrjodu
4SS 8ua ul pejussadd aq TTImM sojerd ojdoulosy JO Jeays uj pue uoissauadwoo uy BuyTyong *TeUJNOL VVIV

ay3 uj uoos paysiTqnd eq TTIm PUE DOMBTAdJ U23Q SBY ‘SITNSdJ 383aY3 £apNTOUT YOTUM 4 ‘BuTuedays asJdAsued]

JO §109JJ3 @yl BuIpnIoul STTaYS pue §93BTd XOTUl PUBR p3jeutuwe] JoJ KJosyl JeaujTuoN, ‘paTatiud Jaded y
sueld aJ4nind

. *u0I7onJ3sU0D aoeds pue €0]3NEBUOJSBE Yj0Qq UT pasn ATopTM aJe etaued pauajJIie

-qey yong ‘*Suirnonqisod Jo 3JJels ayl pue uoyssaJadwod Jo Sufpuaq ul Toued pausJJIiE € Ul J3U3JJ116 ey

e JO umoJd ayj Jo peol Buiryonq ay3 Bujujwualap uy quejuaodwy 8q PINOM €53J43€ BUTTHONQ JOMOT STUL °€€8JIE
Suirnong oAfssoudwod ayj BuTuUTWUI3Sp UT PApNTOUT 3Q pINOYs SuTJeays asJaAsSUBIY JO €303]J9 38Ul ‘ajerd

oy3 JO YIPTA 8U3 Jo queodad Q| UBY] JojeaJd SEOUNOTYS UITM sejeTd wnuwRTe JOJ ‘3BYI MOUS SITNE3J 9EUL
. : o 0UEOTJTUDTS

.

*gaqe1d pajeujwe] U] €9663416 ssaWO TYI-aY3-y3nouys uipniouy

§a68aJ49€ 3Yj JO TIe Bujuiwuaalap Jo watqodd ay3 Jo aouassa oyl dunided [{Im STTAUS pue goqe1d JoJ 8aJay
paATJap suofienba ayy eyl 83eDTPUl SJIYJ0 pue sisAteue syl *Auoayy ajeld uryl TeOISEETD JO S3TNEdJ
2yl 96n 03 3TQqe 3aq 03 JapJO U] 3q Isnu ajerd 8y UTY3 Moy Jo uojisanb syl Jamsue pue E82J3E suiTNong

UO E83UNOTY1 JO §108]J3 aBuel 8Yi moys S3TNEdJ TROTJ3WNU 3ISIYL *g€°0 = " uoyied s,uossyod pue 18d 01

X L°0l = 3 sninpow §,3unox yoTymM JoJ uoyssaadwod uy s9iefd (wnutunte) OJdoJlOST JOJ pajuasadd ade s31nsad
pue soje1d ojdoujoyizJo Jelndueldad pajuoddns £1dwys Jo BulTNONQ S62J3E J03JTP JOJ PAATOS aJe suollelad

asoyl pue sajeld 07doulosT ATasJdAsURIY JOJ dn j9s aJe suoyjelad A37T1QeI6 S3[NSdJ juasauad ayl Jog
- uoT3diJocaq 3uswys]ydwoddy

20

*Wwe.J0aYy3 [BUOTIBTJEA TEBUOTSUSWIP-83JU3 B JO Sueam £q suojjenba 113ys pue a3eld TeuUOTSUAWIP
-OM7 9ATJOP 03 PISN aJe E5aUNOTYI-2Y3-UBnoJdyy swua3 57479WOUOBTU] pue £3TJ3E uamod B JO SWID] MIJ
1841 2y3 Yaoq Buisn sjuawdoeTdSIP 89Ul JOJ €ITJOE B UITAM Joy32807 SUOj3RIAJ JuswWadETdSTP-uUTeJIS Jeau]TUON

COGOLNN<

*§9E869416 ButJedays oSJdASURU] Ulm S£9J16 703JIp 96JUBASURBJ] BB [[9M €€ £9683J]E suetdur 8yl 101p8ud

ueo yYoIym STI3US PUE s23eld NOTy3 pue pajeujwel JoJ AJO3Y] TBUOTSUSWIP-OMI Jeaujruou ajeunddoe ue doraiag
2AT13091 Q0 YoJeasoy

2-95 SaM Ry 8po)
LE~-£9-50S dOLY
9861 UdJEW gige °3Ixd

youedg SOTURYOSW TEJNIONJIS
uie3s Tenuel

SILV1d WANTWATTY ¥04 INIIDIJ300 SSIULS ONITHONG FHL NO SSINNOIHL d0 123443

JHOI'THOIH TVOINHOIL

]




q/D0 ‘01LvY HIQIM HION3T
¢ ¢ 1

] | I
ALITIGIX3d
TJYNOISNIWIQ F3YHL ===--

dV3HS
ISYIASNYYL TYNOILNIANOD —-—

YIISSY1) —

101 LYWIX0YddV

'S31V1d ANNIANTY HO4d

._.Zm_o_m._mOO mwwm._.w ONITTMONE JHL ZO SSIANMOIHL 40 ._.Om...Ew

h

A(
¢

49X

AA1N
‘ IN31I14430
SS3YLS
INITHING

al



*g1IN6aJ 369y3 KJTJ8A 03 €1637 TEUOTIIppe WJojuad pue ‘Apnjs ay3 JO S3[NSaJ dyj pue [9pow 8jBUTWET 3Y3 JUWNOOQ
sueld oJ4niIng

*gajeujwel a31s0dwod Jo aunyrel aarssaadwod 307padd ued syshreue €7yl

SouRdTJTUBTS

*1opow jJuasaud ayj3 Ul paJaplsuod 30U €1 ousﬁﬁmu Jo ad43 s1yy pue .x«gume,w:» Jo auniiel

m>annwnasoo Aq uo»aauﬁca aq 07 sueadde oGL ¢ 0 UITM SajeuTwel ho«u Jo wgzaumu 8yl ‘sIsATeue ay3 yiim dasuBe

ejep mmaﬂu ay3 pue ‘SutJeays xJJiew auelduy 03 anp €1 (oGL $ 8 S o6i) nwumc“emﬁ ﬁouu jsow JO adnyreJ aalsssaduo)
*6'0 = 3/°n pue |* 0 =Y °m Joj s3nsd ﬁmo«uaﬁmcm ayy £q papunoq aJe ejep mOu 2yl °*1°0 2 3/°n udym BuyuJeaus

JEUTWBTJ3{U] 03 anp €] oGl > 0 S o0 UITM SojeUTWET mcﬂu uo aJunitey m>~nmm;asoo 1ey3 315988ns aun81y 3yl uy S3[nsad
Tedo13f1eue ayl .w;:w«u ayy uo sauenbs ee pajuasaudau ade apIny uSysaq sajysodwo) paoueApY Y3 WoJJ EJRUTWE]

nﬁmzﬂu JOJ pue mou J0J s3Insed TejuawiJadxy -aulr pITos e Buisn aund1J 8y3 ut pajjold s Butdesys x1Jlew
03 enp auniiej ajeujWe] *sajeujue] d31sodwod [edTdA3 ul punoJ ISOY3 puncq Suordsjuadul asayl *ATaAa1303dsau

'§70p OM7] UY3IM POusSep ® pue 30p 9UO Y3Tm 3ul[ paysep e Buisn au4ndTJ 8yj ur pa3jold ade ‘GQ = 3/ u pue |*gc = 9/°m
*go718d §§3UNOTYY-A1d-01-apn3]Tdwe-uoT10aJasdw] Y3im sajeutwel Joj BuTJedys JeUTWETJUdUT 07 onp auniley 21euTWE"

*auan81] paycelle ayl Ul sajeujwe] m [98%] JoJ uoljejuatJuo ATd JO UOTIOUNJ B SB UMOUS ST U3 Buadi3s aa1sS54Cu0d ajrulue]
8yl - (Burueays xTJjew suelduf) 80BJJIJUT XTJJBUW-UIQTJ BY3 guore A1d e uTy3zTm Butueays Jo (Buldroye JeLIWeTLd3UT)
sat1d 709Juadwt ATTEJITUT Ud3AMIIQ BulJesys :auniiej djeujwe] sjeljjuyl ued eyl swsjueyoaw Sutuesys Om3j SUTWEXd

03 pasn sJ avuoe.ucwnmnn ay] ‘swsjueyosw o1Jjoads AQq pajeilTul S| 3jeurwer 831s0dwco © Jo auniiej uoissaudwo)d

92

uo11dTU0saQ qJuawys]1dwoddy

*sa11d q09Juadu] ATTRIITUT YITM Sajeutwe] asayl Apnic O3 pasn adJe suollerad quawade1desIp-uredls

JESUTTUON °*JOTARYSQ [BTJSjeW JeaUJT YIJM €33BUJWE] [BUOTIOSJTP-T3TNE OTJjawwhs 03 sairdde [apow 8yl ‘uoljepunoy
o13seT2 ue £Q pajuoddne ajerd e se A1d yoes €8z7[EEDPT BY] SU0T303JJadwy Y3IM sajeujwel JoJ padolaAsp usaq

Sey Topow y °*(SS3UTABM) SUOTID3Juddw] OTJI0WOSB TETITUT YITA SITTA JOTJIJUT dABY UBD S30BJUNS JBTJ YIIM €93EBUTWET]
: yoeouddy

*uo1es94dwWOO UT PIPEOT €97BUTWET TBUOTIOAJIP-TITNW JOJ SISATEUBR dJniiej Jeaujluou e doteaap o]
aA110a{ Q0 youeasay

1-9G SgM WM 3pOD
. €2-90-n€S dOl¥
9861 AeW £192 *ax3
ags ‘youedg €OTUBUOOW TeJnionJls
jJenys °r %JeW

s
SILVNIWVT [6¥] aIAVOT-NOISSIUIWOD HOJ 03J0TIAIA SISATYNV FHUNTIVA HVINIINON

-




~

PAGE: 25

OF POOR QuaLrTy

ORIGINAL

Bop '@ ‘uouyeusuo Ald

06 08 O 08 06 O O Oc¢ Ol 0
i i i { i 1 i I i
;\\\.\\\.\...\ U]
. 404
-001

4061

\ .\..
ainpe; Buuesys /

/

xujew aueidy) - iy ‘wibuags

0199¢ snssaidwon
50 = 1/ %wainie; alpuILE

Buurays ieunuepau] -

wswuadxy 0 -0S¢

00E
0=}/ M ainme;

_ vccmmcm ac.Emﬁmwcw 0se

.wo m.w.r.ﬁqqu mm:.:<m HVINITNON

93



*x1J uBisep utof WUS pesodoud aya jJo A37J482qul TeJNIONJIS dUY) €63EEE O3 pue wea] uB1S9PaY WHS JIIUID qu8114 2oeds
TreuUsJeR 8yl JO 3de0U0D 11J IOUBJIJJAIUT BWY 93e871162AUT 02 pasn 8q [TTA 31ep O3 padoraaap eTapow TeoTiATeuP 3ul
SUBTd aJnanyg

G

OF POOR QUALITY

ORIGINAL PAGE

«Apnie €11 G DISCIJPPE ULAQ J0U SABY IEN3J S6BX WHS PUu® Ka1o1acerd ‘Arquasse 01 DaIBTDJ SANEET ‘UT OWC”

ueYy] S631 €1 9OURJERTO TEIITUT 2ul JT §BuUTU-0 W3 JO fuyjeasun quaaaud €Nyl pue paITWIT 3Q prnoM fuea 8yl pue wue
STAOTO JOUUT 8yl uo SBUTJILQ BUI UIIMIDQ Aempiw paunsesm se Bujuedo ded auy3 ‘ag0jauoyl °Buel a9yl puE WJP STAITO JAUUT
9yl USAMIBQ JNODO UBD 1BUI UOTIRIOJ SATIeTaJ Byl 331BIT TTIA qutof PTa1J WYS 9U3 U0 aunied] aunided © JO UOTENTOUY

. mo:mowuacwum

. . . ~u81sap Jutol Teul81Jo aul J3aAO

quoemaaoJduy ou eapiaoJd quiof patlipow U3l feul OHO® SD220Xd 3Jnjeady aJnided 3yl PUB WJPR STAITD JBUUT U] U33MIaQ
ooURJEOTO TRIATUT OUl JT 18Ul 91BOTPUT OFTE SUOIIETNOTED *3anjeaj aunidedo aul puP mJBR STAITO JIUUT BUY U3dMIAC
(2009U0O TPI8W.07-TRI0E) SOUBJEITO TEIITUT OJBZ € UITA qutof Payjipom ayy JoJ ‘uf #00° 03 paonpaJ €1 utol Teut?ruo
oyq JoJ °uy 2£0° Jo Butuado de® ayr ‘ardwexs J4og ‘TIEWS spew aq UED S3JUBJEITO Te111U7 aya paptaoad--qurof Teut?1Jo
a3yl J40J €311NSedJ 8yl 03 paJedmoo aJnies] sunided 8yl UITA PIONDaJ AtaueotJiudte aq ued Sutuado de? a3yl 1eUY 3ILDTPUT
seun81J OUl JO J9JUBD U UT UMOUE ‘SITNEdJ 363YL *mJe STAOTO J3UUT Ul pue 3aunied] aJnided ayl UA3aIMI3G BDUBUPATD
TeT1TUT ay] JOJ §ONnTeA SNOTJRA UITA powdojJad aaem Jurof parjrpom 3yl Jo gacATeue TeddAag °peol [eIXe BuriTnsad

. pue peor eunsseud y8d 000l ® 03 pejoalfqne jutol tTeurBjuo ayl J4oJ ‘Ul 2€0° sem Butuado ded aya ‘Buel syl pue mJE
BTA9TO J@INO Y] UPINMISQ BOURJEITO °UT 010° Tefatul ue Bujmnssy °sadueJeaTd TeIITUl aya jo uotaounj e se Butuado def
qurof W¥S our petJrauend aary gq1daouod quiof prat1) payjipow pue Teur8tJo aul JOo saskTeur JuamWATa 9ITUY) TeuotISUSWTD
_soJdya °‘O7aser3d °Hueq oyl pue BJe §1ASTO JaUUT AU U2SM1q JNDD0 UeDd 1BY3 UOT3BI0J dATIETAJ BUl I1DTT OF (a4nf1y

8yl JO 8pIS 1JAT 9UI UO pad UT umous) aJdniedj sunadeo e sasn Buey patjrpow sul ‘Burs.n 3ul e dotarap 01 Burtuado

de8 ® Buisnes juede arom Buey Byl pue EJE STASTD JBUUT 8yl 1By} UYOnE €1 (Jayjoue auo 21150ddo aJe suolareaod) Buel pue
STAOTO ®U3 JO UOTILIOJ @ATIeTaJ UL *£q10126eTd pue ‘€311T0TUUBDDI peor-tetXEe ‘UOIINQTJISTD aungsaud ‘eadueuead
Jenus ‘yo110T4] ugd ‘suoiBaJ 30BIUOD BUI 8PNTOUT €9111AT1TSUSS BUTTSpPOm UTOL °S2TITAIITEUIS asuodgad TeJNIONUIE
poTJIaUePT WOTUYA SIIPNIE osr4qoweJded ySnoduyz padorarsp cenm qutof PT3TJ WHS ¥ul Jo so1sdud aya Jo BuypueisJapun uy
UOTadTJ0s8Qq 2UaWUST 1dWOODY

.

94

*gaOURJEOTO TRTITUT JO UOTIOUN] ® €® Sutuado de? awl KJyjuend 0 pawaojJuad aJ3m €3TPNIS OTJdWERJRd VI UT pajeuod
_Joout pue.dnoun WSy aua £q padotersp sem sjutol esayl Jo watqouad 10B3UCD JEUTTUOU AUl azhteue 071 arnpowm Teuollel

-ndmod y *epod quaWeTe #ITUTI VI AW Buisn pazAreue auem STapow 8€aYL *a4n81J 8yl JO #DIS 1J3T 8YUl UO URMOUS 3Je

stepom juomeTd 83TUTY 1eo1dAL *gVINA4NS PU® QOWOID swajshs auemqjos Bujrepom pITOs BUI futsn padotaaap auam sautol
pI®1J Pel1Jipow pue TeutdiJo ayy Jo juawdas apJuBap-ouo ® JO ST3DOW JUdWITD 9ITULJ P110S-~-TBUOTSUBWTP-23J4Y3 PaTTe13g

i yoroaddy

*spouRJRATO ATqWasse TEIITUT 3yl Jo uojjduny e €€ DJe STASTO JauUul
8yy pue Bueq ayl useemleq Bujuedo ded aun fuikgyquend £q qutof PTITJ WHS dul JO asuodgad TeJn1dNJIE AUl DURIEJApUN Ol
aA110alq0 YdoJeasay

£-95 sam WY 8p0D
Lh-=EN-90S JOLY
9g61 asn3ny

£16n *1x3 268 *31x3 268h *31x3
uoJqusy J4d/IWWI g95/7dnoun WSI aws/dnodn WSO
TTemM®003S *3 Uely aueaJn ‘H WeITTIM *ap ‘quBruy *J uewmJoN

SIONVYVETD WILINT 30 NOILONNA V SV ONIN3dO dVD INTOP WHS SITJTINVAD WY3L 1AIS X3TONV]

e




ORIGINAL PAGE 15
OF POOR QUALITY

(‘ui) @duesed]d jemiul (J1/1D) wae siA8|o Jauul/buel ainyde)

101181X3

90° vo:- 20 0
F I |
\ b
Buiuado
aljipo :
PelipON {200  des
ity w .w
euibu ol
|[euibuQ e ,,.
3 mm ‘ A
aoueIBa|D SIAD]O o T
leiul 11/19 AL Ay °1mesy
i fi eanyden -
uonesoj 1 4
juswainseaw : Bl
, jeuibuQ
louau| I
u\lx.f.(
Bue}
PalIPOW

SIONVHVY3ITD TVILINI 4O NOILONNd SV ONIN3dO
dvV9 LNIOr 84S S3IHILNVND V3L L1d4IS ATTONVT

95




\ANN PUBL ICATIONS AND PRESENTATIONS

PR sk w % GACL)
‘::,_"':J(g :}gﬁ;;} ?‘r‘.&M‘

A O
o '\ﬁ\""ﬁ' _:P’t"q—a
Wl AT

e ﬂ ..(o.,mmmmmm RIANK

97




vVitli PUBL ICATIONS AND PRESENTATIONS

The FY 1986 accomplishments resulted Iin a number of publications
and presentations. They are listed below as Formal Reports;
Quick—-Release Technical Memorandums; Contractor Reports; Journat
Articles and Other Publications; Meeting Presentations; Technical
Talks; Computer Programs; Tech Briefs; and Patents.

Formal Reports

1. Daugherty, R. H.; and Stubbs, S. M.: A Study of the
Cornering Forces Generated by Alrcraft Tires on a Tllted,
Free-Swiveling Nose Gear. NASA TP-2481, Octqber 1985

2. Dorsey, J. T.: Dynamic Characteristics of Power-Tower
Space Statlions With 15-Foot Truss Bays. NASA TM-87684,
July 1986

3. Fasanella, E. L.; Alfaro-Bou, E.; and Hayduk, R. J.:
impact Data From a Transport Alrcraft During a Con-

trolled Impact Demonstration. NASA TP-2588, September
1986

4. Fichter, W. B.: A Simpie Nonlinear Joint Model. NASA
TM-87749, August 1986

5. Hayduk, R. J. (Compiler): Full-Scale Transport Control led
impact Demonstration. NASA CP-2395, January 1986

6. Jackson, K. E.: Abrasion Behavior of Aluminum and
Composite Skin Coupons, Stiffened Skins, and Stiffened
Panels Representative of Transport Airpiane Structures.
NASA TP-2520, AVSCOM TR 85-B-7, November 1985

7. Nemeth, M. P.,; Steln, M.; and Johnson, E. R.: An Approxi-
mate Buckiing Analysis for Rectangular Orthotropic
Plates With Centrally Located Cutouts. NASA TP-2528,
February 1986

8. Stubbs, S. M.; and Tanner, J. A.: Technique for Measuring
Side Forces on a Banked Aircraft With a Free-Swiveling
Nose Gear. NASA TM-87719, August 1986

S. Thurston, G. A.; and Balins, N. J. C.: Solution of the

Symmetric Eligenproblem AX = ABX by Delayed Division.
NASA TP-2514, March 1986
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10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Quick-Release Technical Memorandums

Bales, K. S. Structures and Dynamics Division Research
and Technology Plans for FY 1986 and Accompllshments for
FY 1985. NASA TM~-87742, July 1986

Belvin, W. K.; and Edighoffer, H. H.: Experimental and
Analytical Generic Space Statlion Dynamic Models. NASA
TM-87696, March 1986

Card, M. F.; Heard, W. L., Jr.; and Akin, D. L.: Con-
struction and Control of Large Space Structures. NASA
TM-87689, February 1986

Dorsey, J. T.: Structural Performance of Space Station
Trusses With Missing Members. NASA TM-87715, May 1986

Dorsey, J. T.; Sutter, T. R.; Lake, M. S.; and Cooper,
P. A.: Dynamic Characteristics of Two 300 KW Class
Dual Keel Space Statlion Concepts. NASA TM-87680,
February 1986 :

Fasanella, E. L.; and Alfaro-Bou, E.: Vertical Drop Test
of a Transport Fuselage Section Located Aft of the Wing.
NASA TM-89025, September 1986

Greene; W. H.; Knight, N. F., Jr.; and Stockwell, A. E.:
Structural! Behavior of the Space Shuttle SRM Tang-Clevis
Joint. NASA TM-89018, September 1986

Housner, J. M.; McGowan, P. E.; Abrahamson, A. L.; and
Powell, M. G.: The LATDYN User's Manual. NASA
TM~-87635, January 1986

Jegley, D. C.: Effects of Thickness and Ply Orientation
on Buckling of Laminated Plates. NASA TM-87691,
February 1986

Juang, J-N.: Mathematical Correlation of Modal Parameter
Identiflcation Methods Via System Reallzation Theory.
NASA TM-87720, April 1986

Lake, M. S.; and Bush, H. G.: An Analytical Investigation
of a Conceptual Design for the Space Station Transverse
Boom Rotary Joint Structure. NASA TM-87665,

January 1986

Lotts, C. G.; and Greene, W. H.: Experiences With a

Preliminary NICE/SPAR Structural Analysis System. NASA
TM-87586, October 1985
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22.

23.

24.

25.

26.

27.

28.

29.

30.

Shuart, M. J.: Short-Wavelength Buckling and Shear
Fallures for Compression-Loaded Composite Laminates.
NASA TM-87640, November 1985

~Sohl, M. M.; Hahn, H. T.; and Williams, J. G.: The Effect

of Resin Roughness and Modulus on Compressive Fallure
Modes of Quasli-Isotropic Graphilte/Epoxy Laminates. NASA
TM-87604, March 1986

Wu, K. C.; and Lake, M. S.: Analysis of a Single-Fold
Deployable Truss Beam Preloaded by Extension of Selected
Face Diagonal Members. NASA TM-87673, April 1986

contractor Reports

Adams, L. R.; and Hedgepeth, J. M.: Batten Augmented
Triangular Beam. NASA CR-172461, February 1986
(NAS1-17536, Astro Research Corp.)

Derian, E. J.; and Hyer, M. W.: Large Deformation Dynamic
Bending of Composite Beams. NASA CR-4006, August 1986
(NAG1-343, Virginlia Polytechnic Institute and State
University)

Duke, J. C., Jr.; Post, D.; Czarnek, R.; and Asundi, A.
Measurement of Displacement Around Holes In Composite
Plates Subjected to Quasi-Static Compression. NASA
CR-3989, June 1986 (NAG1-193, Virginia Polytechnic
Institute and State University)

Hahn, H. T.; Sohi, M.; and Moon, S.: Compression Fallure
Mechanisms of Composlite Structures. NASA CR-3988,
June 1986 (NAG1-295, Washington University)

Reddy, J. N.: A Refined Shear Deformation Theory for the
Analysls of Laminated Plates. NASA CR-3955, January 1986
(NAG1-459, Virginla Polytechnic Institute and State
University)

Stehlin, P.; and Brogan, F. A.: Computational Reduced
Basls Techniques in Nonlinear Structural Analysis. NASA
CR-178096, September 1986 (NAS1-16723, Lockheed Missiles
& Space Company, Inc.)
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31.

- 32.

33.

34.

35.

36.

37.

38.

39.

40.

Journal Articlies and Other Publlicatlions

Anderson, M. S.; and Nimmo, N. A.: Dynamic Characteristics
of Statically Determinate Space-Truss Platforms. Journal
of Spacecraft and Rockets, Volume 23, No. 3, May-June
1986, p. 303-307

Anderson, M. S.; and Willliams, F. W.: Natural Vibration
and Buckling of General Periodic Lattlice Structures.
AlAA Journal, Volume 24, No. 1, January 1986, p. 163-169

Greene, W. H.: MIinimum Welght Sizing of Guyed Antenna
Towers. Journal of Structural Engineering, Volume 111,
No. 10, October 1985, p. 2121-2137

Horne, W. B.; Yager, T. J.; and Ivey, D. L.: Recent
Studies to Investigate Effects of Tire Footprint Aspect
Ratlio on Dynamic Hydroplaning Speed. The Tire Pavement
Inter face, ASTM STP 929, 1986, p. 26-46

Horta, L. G.; and Juang, J-N.: Ildentifying Approximate
Linear Models for Simple Nonlinear Systems. Journal of
Gulidance, Control, and Dynamics, Volume 9, No. 4, July-
August 1986, p. 385-390

Housner, J. M.; and Beivin, W. K.: Dynamic Response and
Col lapse of Slender Guyed Booms for Space Appllication.
Journal! of Spacecraft and Rockets, Volume 23, No. 1,
January-February 1986, p. 88-95

Howell, W. E.; Perez, S. E.; and Vogler, W. A.: Aircraft
Tire Footprint Forces. The Tire Pavement Interface,
ASTM STP 929, 1986, p. 110-124

Juang, J-N.; Horta, L. G.; and Robertshaw, H. H.: A
Slewing Control Experiment for FlexlIble Structures.
Journal of Guidance, Control, and Dynamics, Volume 9,
No. 5, September-October 1986, p. 599-607

Juang, J-N.; and Pappa, R. S.: Effects of Noise Modal
Parameters ldentified by the Eigensystem Reallzatlon
Algorithm. Journal of Guidance, Control, and Dynamics,
Volume 9, No. 3, May-June 1986, p. 294-303

Juang, J-N.; Turner, J. D.; and Chun, H. M.: Closed-Form
Solutions for Feedback Control With Terminal Constraints.
Aeronautics/Space Technology In the Soviet Union,

Volume 3, No. 12, December 1985, p. 86-82
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41.

42.

43.

44,

45.

46.

47.

48.

49.

Juang, J-N.; Turner, J. D.; and Chun, H. M.: Closed-Form
Solutions for a Class of Optimal Quadratic Regulator
Problems With Terminal Constraints. Journal of Dynamic
Systems, Measurements and Control, Volume 108, No. 1,
March 1986, p. 44-48

Knight, N. F., Jr.: Nonllnear Structural Dynamic Analysis
Using a Modlfled Modal Method. AlAA Journal, Volume 23,
No. 10, October 1985, p. 1584-1601

Knight, N. F., Jr.; and Starnes, J. H., Jr.: Postbuckling
Behavior of Axlally Compressed Graphite-Epoxy Cylindrical
Panels With Clrcuiar Holes. Journal of Pressure Vessel

Technology, Volume 107, November 1985, p. 394-402
Sawyer, J. W.: Effect of Stitching on the Strength of

Bonded Composlite Single Lap Joints. AIlAA Journal,
Volume 23, No. 11, November 1985, p. 1744-1748

Shuart, M. J.; and Wiiliams, J. G.: Compression Behavior
of t45-Degree-Dominated Laminates With a Circular Hole
or Impact Damage. AIlAA Journal, Volume 24, No. 1,
January 1986, p. 115-122

Stein, M.: Nonlinear Theory for Plates and Shellis Includ-
ing the Effects of Transverse Shearing. AIlAA Journal,
Volume 24, No. 9, September 1986, p. 1537-1544

Sun, C. T.; and Juang, J-N.: Modeling Global Structurai
Dampling in Trusses Using Simple Continuum Models.
AIAA Journal, Voiume 24, No. 1, January 1986,
p. 144-150

Thurston, G. A.; Brogan, F. A.; and Stehlin, P.: Post-
buckling Analysis Using a General-Purpose Code. AIlAA
Journal, Volume 24, No. 6, June 1986, p. 1013-1020

Turner, J. D.; Chun, H. M.; and Juang, J-N.: Closed-Form
Solutions for a Class of Optimal Quadratic Tracking
Problem. Journa| of Optimization Theory and Application,
Volume 47, No. 4, December 1985, p. 465-481
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50.

51.

52.

563.

54.

65.

56.

Meeting Presentatlions

Anderson, M. S.; and Williams, F. W.: BUNVIS-RG: An Exact
Buckling and Vibration Program for Lattice Structures,
With Repetitive Geometry and Substructuring Options.
Presented at the AIAA/ASME, et al., 27th Structures,
Structural Dynamics and Materials Conference, May 19-21,
1986, San Antonio, Texas. AIlAA Paper No. 86-0863.-CP

Belvin, W. K.; and Edighoffer, H. H.: Dynamic Analysis
and Exper iment Methods for a Generlic Space Statlon Model.
Presented at the AIAA/ASME, et al., 27th Structures,

Structural Dynamics and Materials Conference, May 19-21,
1986, San Antonlo, Texas. AIAA Paper No. 86-0838-CP

Boltnott, R. L.; and Carden, H. D.: Drop Testing and
Analysis of Six-Foot-Dliameter Graphite-Epoxy Frames.
Presented at the American Hel lcopter Society national
Speclalists’ Meeting on Crashworthy Design of Rotorcraft,
Aprit 7-9, 1986, Atlanta, Georgla. In Proceedings

Bostic, S. W.; and Fulton, R. E.: implementation of the
Lanczos Method for Structural Vibration Analysis on a
Parallel Computer. Presented at the AIAA/ASME, et al.,
27th Structures, Structural Dynamics and materials
Conference, May 19-21, 1986, San Antonlo, Texas. AIlAA
Paper No. 86-0930-CP

Carden, H. D.: A Review of Crash-Related Analyses Con-
ducted at NASA's Langley Research Center. Presented at
the SAE 6th International Conference on Vehlicle Struc-
tural Mechanlcs, April 22-25, 1986, Detroit, Michigan.
SAE Paper No. 86-0819. In proceedings, p. 178-192

Carden, H. D.; Boitnott, R. L.; and Jackson, K. E.:
Composite Crash Dynamics. Presented at the AFSC/WPAFB
Eleventh Annual! Mechanlcs of Composites Review,
October 22-24, 1985, Dayton, Ohio. Abstract in
Proceedings, p. 26

Cooper, P. A.; Sutter, T. R.; Lake, M. S.; and Young,

J. W.: Multidisciplinary Capability for Analysis of the
Dynamics and Control! of Flexible Space Structures.
Presented at the AIAA/ASME, et al., 27th Structures,

Structural Dynamics and Materlals Conference, May 19-21,
1986, San Antonlo, Texas. Al|AA Paper No. 86-0S561-CP
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57.

568.

59.

60.

61.

62.

63.

64.

Daugherty, R. H.; and Stubbs, S. M.: The Generation of
Tire Cornering Forces In Aircraft With a Free-Swiveling
Nose Gear. Presented at the SAE Aerospace Technology
Conference & Exposition, October 14-17, 1985, Long
Beach, California. SAE Paper No. 851939

Davis, P. A.; Stubbs, S. M.; and Tanner, J. A.: Alrcraft
Landing Dynamics Facllity, A Unique Facillty With New
Capabilities. Presented at the SAE Aerospace Technology
Conference & Exposlition, October 14-17, 1985, Long
Beach, California. SAE Paper No. 851838

Fasanella, E. L.; Widmayer, E.; and Robinson, M. P.:
Structural Analysis of the Controlled Impact Demonstra-
tion of a Jet Transport Alrplane. Presented at the
AlAA/ASME, et al., 27th Structures, Structural Dynamlics
and Materlals Conference, May 19-21, 1986, San Antonio,
Texas. AIAA Paper No. 86-0939-CP

Hanks, B. R.; Allen, J. L., Jr.; and Fontana, A.: Status
of the Mast Experiment. Presented at the NASA Marshall
Workshop on Structural Dynamics and Control of Large
Flexlble Structures, April 22-24, 1986, Huntsville,
Alabama. Proceedings pending

Hayduk, R. J.; Fasanelia, E. L.; and Alfaro-Bou, E.: NASA
Exper iments Onboard the Controlled Impact Demonstration.
Presented at the SAE 1985 Aerospace Congress and Exposli-
tlon, October 14-17, 1985, Long Beach, California. SAE
Paper No. 851885
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