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SUMMARY

The purpose of this report is to present the Structures and Dynamics Division’s research
plans for FY 1988 and accomplishments for FY 1987. The work under each branch is
shown by RTR Objectives, FY 1988 Plans, Approach, Milestones, and FY 1987 Ac-
complishments. Logic charts show elements of research and rough relationship to each
other. This information is useful in program coordination with other government or-
ganizations in areas of mutual interest.

ORGANIZATION

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 have been some significant
changes in the organizational structure of the Division. For FY 1988, Dr. Michael F.
Card is on TDY to NASA Marshall Space Flight Center; Mr. Charles P. Blankenship is
Acting Chief, Structures and Dynamics Division; and Dr. Clarence P. Young, Jr., was ap-
pointed Assistant Chief, Structures and Dynamics Division. Mr. John A. Tanner was
selected Head, Impact Dynamics Branch; Dr. W. Jefferson Stroud was selected Assistant
Head, Structural Mechanics Branch; and Dr. Robert J. Hayduk was selected Assistant
Head, Structural Dynamics Branch.

FUNCTIONAL 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
propulsion and control systems, landing dynamics, crash dynamics, and resulting structural
response. Develops and evaluates structural configurations embodying new material sys-
tems 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 facilities and develops new research techniques.
Test facilities include the Structures and Materials Laboratory, Structural Dynamics
Research Laboratory, Impact Dynamics Research Facility and the Aircraft Landing
Dynamics Facility. Data are also obtained and analyzed from flight investigations.
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I FACILITIES

The Structures and Dynamics Division has four major facilities to support its research
(shown in figure 3). '

The Structures and Materials Laboratory equipment includes a 1,200,000 Ib.. capacity test-
ing 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 Ib. capacity; tor-
sion machine of approximately 60,000 in.=1b. capacity; hydraulic and pneumatic pres-
surization equipment; and vertical abutment-type backstop for supporting and/or anchor-
ing large structural test specimens. N

The Impact Dynamics Research Facilities consist of the Aircraft Landing Dynamics
Facility (ALDF) and the Impact Dynamics Research Facility. The ALDF consists of a
rail system 2,800 ft. long x 30 ft. wide, a 2.0 Mlbs. 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 asphalt to solid ice, can be
duplicated in the track test section. 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 avia-
tion aircraft and helicopters under controlled conditions. Simulation is accomplished by
swinging the aircraft by cables, pendulum-style, into the ground from an A-frame struc-
ture 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 aircraft structures, equipment, and materials under various environmental
conditions, including vibration, shock, acceleration, thermal and vacuum. Equipment in
the laboratory includes a 55-ft. (inside diameter) thermal vacuum chamber with a remov-
able 5-ton crane, a flat floor 70 feet from the dome peak, and whirl tables.
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RTR 505-63-01-11 Composite Crash Dynamics
OBJECTIVE:

To obtain a better understanding of response characteristics of generic composite com-
ponents subjected to crash loading conditions and to develop analytical tools capable of
predicting responses of composite structures.

FY 1988 PLANS:

e Conduct various static and dynamic tests of composite frames, subfloors, and
energy absorber concepts

e Complete tests and analysis of scale model beams under impact loads

e Develop analysis tools in DYCAST for composite structures under crash loads
and evaluate other crash analyses on VAX

o Support various military safety related programs through tests at Impact
Dynamics Research Facility

e Develop test plans for Lear fan fuselage components
APPROACH:

In FY 1988 the main focus will be continuing the development of a data base and insights
on behavior of composite components to crash loadings as well as enhancing composite
analysis capability of finite element computer programs. Develop in-house test methods,
procedures, and apparatus to conduct static and dynamic combined bending and axial
loading tests on representative composite structural elements. Assess impact data to
evaluate effect of combined axial and bending loads on global response, stiffness, and
residual strength after failure, and develop new analytical techniques to predict both
global and local responses. Install these new algorithms on the DYCAST computer code.
Supportive contractual efforts will be used to incorporate the new analytical technique
into DYCAST and to fabricate composite test components requiring special tooling.

MILESTONES:

e Conduct impact tests of composite Z-frame subfloors, December 1987

o Initiate task assignment contract to incorporate composite elements and new
solution algorithms into DYCAST code for composite structures, December 1987

FY 1987 ACCOMPLISHMENTS:

e Conducted nine drop tests (six composite Z-frames and three metal) and one
static test

e Published TP and AIAA papers on CID experiments
11



e Published SAE and American Helicopter Society papers on composite Z-frames

e Conducted composite beam impact tests (VPI&SU Graduate Student)

e Initiated composite scale impact studies (Ph.D. Dissertation)

o Initiated new composite analysis development under GWU grant

e Developed composite scale parameters under impact loads for several classes of
structures (NRC Associate Dr. John Morton) (ASDM paper)

RTR 505-63-41-02 Aircraft Landing Dynamics
OBJECTIVE:

To advance the technology of aircraft landing systems with emphasis on tire mechanics,
runway surface conditions, and landing gear dynamics.

FY 1988 PLANS:

e Continue development of tire modeling strategies

e Develop data base on radial and H-type aircraft tires

e Demonstrate active control landing gear technology

e Evaluate modified tires for Shuttle use

e Conduct skid and roll-on-rim tests to support Orbiter
APROACH:
In FY 1988 the main focus will be developing high-speed friction and mechanical property
data base to support landing gear industry and tire analysis tools to advance tire technol-
ogy. Coordinate in-house research, grants, and contracts with U.S. tire industry ex-
perimental effort to carry out National Tire Modeling Program (NTMP). Conduct
detailed studies of forces and moments in static and rolling tire footprints. Develop algo-
rithms for tire contact to include friction and rolling tire footprints. Develop algorithms
for tire contact to include friction and rolling effects for NTMP and install these algo-
rithms on Computational Structural Mechanics software testbed. Develop experimental
methods for measuring material properties of tire constituents. Define wear and friction
characteristics of modified Shuttle tires. Obtain frictional and mechanical property data
on type H and radial ply aircraft tires.
MILESTONES:

e Present paper on mechanical properties of bias-ply and radial-ply aircraft tires at
SAE AeroTech 87 meeting, October 1987

o Present paper on friction and wear characteristics of Shuttle main gear tires at
SAE AeroTech 87 meeting, October 1987

e Publish paper on semianalytic finite element tire model, January 1988
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o Complete Phase 1 drop tests of F106 active control landing gear and prepare for
- flight test, March 1988

e Publish paper on tire material property measurement techniques, June 1988
o Conduct track tests of radial-ply aircraft tires, July 1988

FY 1987 ACCOMPLISHMENTS:
o Paper on water spray patterns presented at SAE AeroTech 86 meeting

o Shuttle cornering and wear models developed and installed on Vertical Motion
Simulator at ARC

o Track testing identified improved wearing compount for Orbiter tire tread
o Static tests of F-4 radial tire completed and NASA TP in editorial cycle
o Published paper on exploiting symmetries in the modeling and analysis of tires

o Published papers on B-737 and B-727 flight test programs

RTR 763-01-41-09 NASP Landing Dynamics
OBJECTIVE:

To develop the technology necessary for safe ground operations of the National
AeroSpace Plane (NASP).
FY 1988 PLANS:

e Examine tire technology requirements for NASP
APPROACH:
In FY 1988 the main focus wil be initiating a program to establish landing gear technology
for NASP. Conduct friction and wear studies on modified Shuttle tires to define optimum
tread configuration to avoid excessive tire wear during high-speed ground operation.
MILESTONES:

e Procure modified tires for testing, January 1988

o Initiate friction and wear studies, August 1988
FY 1987 ACCOMPLISHMENTS:

o FY 1988 new start
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RTR 506-43-41-02 Advanced Space Structural Concepts
OBJECTIVE:

To develop deployable and erectable structural concepts and associated design technology
for antenna and reflector structures and for Space Station.

FY 1988 PLANS:

o Deliver and install WETF (Weightless Environmental Training Facility) MRMS
(Mobile Remote Manipulator System) assembly simulator at NASA JSC

o Complete 1-g and neutral buoyancy tests of MRMS/truss assembly experiment

e Complete component testing of Al-clad graphite/epoxy tubes
APPROACH:
In FY 1988 the main focus will be completion of a ground test MRMS for conducting 1-g
construction tests, as well as completing Space Station construction tests in the WETF at
NASA JSC. Continued emphasis will be placed on developing computer aided structures

and construction design aids. A 1-inch diameter composite strut will be developed and a
deployment analysis will be developed for Pactruss.

MILESTONES:
o Complete ground test MRMS hardware, November 1987
o 1-g test of MRMS, February 1988
e Complete computer simulation of Space Station construction scenario, June 1988
e Fabricate 1-inch diameter composite strut, August 1988
FY 1987 ACCOMPLISHMENTS:
e Ground test MRMS 90 percent complete
e Space Station joint developed and tested
e CAD system installed and operational
e Solar concentrator concept report completed
o SRB field joint paper written
e ETA ring study conducted
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RTR 488-50-03-03 Robotic Assembly of Large Space Structures
OBJECTIVE:

e To develop technology and demonstrate potential for robotic assembly of large
space structures.

FY 1988 PLANS:
o Perform a one-robot assembly of two rings of a tetrahedral truss
APPROACH:
In FY 1988 the main focus is to complete facility and begin automated assembly test.
Design and develop a construction facility and associated hardware to demonstrate

robotic assembly of a tetrahedral truss and use this facility as a testbed to evaluate more
complex robotic assembly tasks.

MILESTONES:
e Complete system design, February 1988
e Fabricate transporter, May 1988
e Design and fabricate assembly hardware, June 1988
FY 1987 ACCOMPLISHMENTS:
e Completed conceptual design studies (RTR 506-43-41-06)

RTR 585-02-31-01 Precision Reflector Structures
OBJECTIVE:

To develop deployable and erectable structural concepts for precision reflectors.

FY 1988 PLANS:

e Develop one-inch diameter tube/joint node components for precision segmented .
reflector erectable assembly study

e Develop Pactruss concept for precision segmented reflector deployable assembly
study

APPROACH:
In FY 1988 the main focus will be to design a Pactruss and fabricate a 7-bay test article.

Deployment techniques will be studied and one concept will be fabricated for testing. A
one-inch erectable joint will be designed and fabricated for testing.
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MILESTONES:
o Develop 20-meter reflector truss geometry design, November 1987
e Develop 20-meter reflector Pactruss design, January 1988
o Develop 20-meter reflector erectable truss design, January 1988
o Fabricate 7 bays of Pactruss, September 1988
o Fabricate 7 bays of erectable truss, September 1988
FY 1987 ACCOMPLISHMENTS:
o FY 1988 new start

RTR 906-55-62-01 Flight Experiment Definition
OBJECTIVE:

To provide integration support for the 5-meter erectable flight experiment with the Space
Shuttle.
'FY 1988 PLANS:
o Support formulation of station assembly verification flight test
APPROACH:
In FY 1988 the main focus is to perform a ground test assembly demonstration of a full-
scale Space Station truss. An in-house effort will be conducted to integrate the S-meter
erectable flight experiment the the Space Shuttle system. The study will include hardware
integration, EVA handling considerations, pallet mountings, and instrumentation integra-
tion. Detailed drawings of the hardware will be made and 1/8-scale and full-scale mock-
ups will be built to verify the designs.
MILESTONES:
o Complete design of assembly fixture, June 1988
e Complete assembly definition, September 1988
FY 1987 ACCOMPLISHMENTS:
o Completed SAVE II concept study

o Presented SAVE II at NASA JSC
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RTR 585-01-21-01 Optimum Dynamic Performance
OBJECTIVE.:

To accomplish validated capability for design/analysis of reliable multi-component
maneuvering for large flexible space structures with optimal dynamic performance.
FY 1988 PLANS:

e Design 5-body articulated structure slewing control experiment

o Continue integrated design of controlled structures:

- Eigen system placement
- COFS I control algorithms (with IMAT)
- Simultaneous structure-control design

APPROACH:

In FY 1988 the main focus will be theoretical development and experimental verification
of robust vibration suppression designs for large angle maneuvers of a multi-body
dynamic system. An articulated flexible arm will be designed, built, analyzed and tested
for verification of previously developed techniques. The actuators currently used will be
replaced by new actuators with minimum backlash to quantify the effect of actuator
dynamics to maneuver dynamics designs. Studies of optimal projection filters for
parameter and state estimates will be continued. Developments of reliable (robust)
designs for eigenvalue and eigenvector placements will be continued to include the effect
of actuator and sensor locations. Study of extendable structural links for vibration sup-
pression will be continued.

MILESTONES:

o Initiate hardware designs for the articulated flexible arm experiment, November
1987

e Initiate basic concepts of system identification algorithms for nonlinear systems,
December 1987

o Initiate basic concepts in frequency domain for robust vibration suppressor
design, March 1988
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FY 1987 ACCOMPLISHMENTS:

e Three-flexible-body multi-axis maneuvering demonstrated

e Single-mode projection filter for modal parameter identification and state es-
timation developed

o Frequency-domain eigensystem realization algorithm developed
e Technique for eigenvalue and eigenvector placements with robustness developed

e Maneuver dynamics design which can learn from past performance developed
and ready for experimental verification

RTR 585-01-21-02 Advanced Spacecraft Dynamics -
OBJECTIVE:

To develop and validate methods for predicting and experimentally verifying the coupled

structural dynamics and control of multi-body space structures with flexible components,

interfaces, dissipative mechanisms, and large amplitude responses.

FY 1988 PLANS: z
e Initiate COFS III test methods development on phase-zero model
e Demonstrate initial 3-D LATDYN capability on sample problems

APPROACH:

In FY 1988 the main focus will be coding, checkout, and application of three-dimensional
computerized simulation of controlled dynamics of multi-body flexible space structures as
encountered in deployment, slewing, and robotic arm manipulation. Included in this
thrust is the development of improved modularized transient algorithms for concurrent
computing, and realistic verified models for joint and interface damping mechanisms.
Test suspension methods for large space structures will be studied analytically and ex-
perimentally.

MILESTONES:

e 3-D LATDYN multi-body simulation research code initial operational capability,
March 1988

e Validation and application of PANTA (Parallel Algorithm for Nonlinear Tran-
sient Analysis), March 1988

o Establish suspension and test techniques for space station subscale testing using
COFS III Phase-Zero model, April 1988
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FY 1987 ACCOMPLISHMENTS:

o COFS I baseline configuration deployment successfully predicted and compared
with contractor results

e 3-D LATDYN formulation complete and 3-D contract initiated for computer im-
plementation

e Preliminary dynamic behavior of suspended dual keel space station subscale
mode] established

RTR 585-01-11-06 Beam Dynamics Ground Tests
OBJECTIVE:

To validate ground test technology, conduct tests necessary to demonstrate flight readi-
ness, and validate analytical models of the Mast flight system.

FY 1988 PLANS:

e Complete Mini-Mast tests and analyses
APPROACH:
In FY 1988 the main focus is conceptual design of a suspension system for ground testing
the Mast flight system and the validation of the Mini-Mast analytical model. Analytical
methods for including joint characteristics and suspension dynamics in a global dynamic
model will be evaluated. Data acquisition techniques will be incorporated with modal
analysis software to facilitate identification of structural parameters from ground tests.
Procurement of two scale models of the flight Mast will be initiated in a joint
NASA/USAF program.
MILESTONES:

e Complete analysis of Mini-Mast joints, December 1987

o Release RFP for scale models, February 1988

e Define candidate suspension for flight beam, April 1988

o Complete model validation of Mini-Mast, June 1988
FY 1987 ACCOMPLISHMENTS:

e Mini-Mast deployed in Bldg. 1293B tower

e Completed Mini-Mast static tests

e Completed Mini-Mast dynamic tests



RTR 585-01-31-02 COFS llI Technology - Test Methods
OBJECTIVE:

To develop mathematical models and a ground test approach for testing COFS III scale
models.
FY 1988 PLANS:

o Initiate COFS III Test methods development on phase-zero model
APPROACH: |
In FY 1988 the main focus is development of mathematical models and test concepts for
the COFS III Phase-Zero model. Mathematical models of the COFS III Phase-Zero
model will be developed. These models will be used to define suspension motion and

force requirements using methods developing in the base program. Building 1293A high-
bay area will be prepared for testing a geometric model of the Space Station.

MILESTONES:

e Complete assembly of initial geometric model, March 1988

o Initiate tests with simple suspension and instrumentation, June 1988
FY 1987 ACCOMPLISHMENTS:

o Initial tests of 1/4-scale prototype truss completed

e Tests of preliminary joints and tubes

e Completed model definition study

¢ Initiated procurement of geometric (Mero-Form) model

e Initiated test issues study contract

¢ Released Phase A conceptual design SOW (Statement of Work)

e Contracted scale model joint fabrication
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RTR 505-63-01-08 Mechanics of Composite Structures
OBJECTIVE.

To develop mechanics technology required for verified design of structurally-efficient,
damage-tolerant advanced-composite airframe structural components and to formulate ad-
vanced analysis methods to predict static and dynamic nonlinear response and ultimate
strength of composite structures.

FY 1988 PLANS:

e Continue studies of local gradients, local damage, discontinuities and ec-
centricities on new composite structural subcomponents

e Conduct analytical studies of cross-sectional warping and nonlinear modal inter-
action for stiffened composite plates

o Complete filament-wound case and ETA ring analyses for SRB
APPROACH:

In FY 1988 the main focus is on anisotropic plate and shell analyses and error analysis for
nonlinear structural analysis. Structural mechanics issues of advanced concepts for com-
posite structural components will be studied analytically and experimentally. Mechanical
and pressure loads representative of wing and fuselage components will be considered.
Methods will be developed for predicting strength, stiffness, buckling and postbuckling be-
havior of composite components including those with local gradients, discontinuities, ec-
centricities and damage. Procedures will be developed that predict large deformations
and 3-D stresses in flat and curved composite panels. Failure mechanisms wil be iden-
tified and analytical models for predicting failure will be developed and compared with
failure criteria.

MILESTONES:

o Initiate study of cross-sectional warping for stiffened composite compression
panels with nonlinear behavior, October 1987

o Initiate studies of anisotropic plate and shell behavior, November 1987

e Complete analyses of filament-wound SRB shell and effect of ET attachment
rings on SRB behavior, December 1987

e Complete development of error analysis for nonlinear plates using recontinuiza-
tion method and extend method to include effects of geometric imperfections,
March 1988

e Complete test-analysis correlation of stiffened filament-wound cylinder and
heavily-loaded side-of-body wing joint, April 1988
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e Complete development of equivalence transformation with multiple modes and
make operational in STAGS, September 1988

e Develop analysis capability for curved composite panels with transverse stif-
feners for VICON and initiate implementation into PASCO, September 1988

FY 1987 ACCOMPLISHMENTS:

e Failure analysis of compression-loaded multi-directional laminates verified and
additional analytical refinements formulated

e Conducted detailed shell-of-revolution analyses of SRB clevis-tang field joint
with and without capture tang and identified effects of tolerances on joint perfor-
mance

e Conducted shell-of-revolution analysis of filament-wound SRB transition section
and determined interlaminar stress trends

e Developed structural analysis model of filament-wound SRB ST-2A test and in-
itiated nonlinear analysis

e Studied effects of transverse-shear deformations on composite shear webs with
postbuckling behavior and determined that transverse-shear effects are more im-
portant for compression panels than for shear webs

e Multimode solution procedure developed for STAGS equivalence transforma-
tion and being verified with simple examles.

e Failure analysis of strength-critical compression-loaded laminates with dropped
plies shown to be conservative and need for improved failure analysis identified.

e Effects of stacking sequence on postbuckling behavior of compression-loaded
curved composite panels identified. Stiffer laminates have less postbuckling
strength reduction than softer laminates

RTR 505-63-01-09 Advanced Composite Structural Concepts
OBJECTIVE:

To develop verified composite structural concepts and design technology needed to real-
ize the improved performance, structural efficiency, and cost-effective advantages offered
by new material systems and fabrication procedures for advanced-composite airframe
primary structural components.

FY 1988 PLANS:

e Continue development and evaluation of new structurally-efficient composite
structures concepts

e Continue studies of structural tailoring and interleaving for stiffened panels and
high-aspect-ratio wing box concepts
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e Continue studies of the effects of filament winding and anisotropic effects on
composite shell structures

APPROACH:

In FY 1988 the main focus is on evaluating structurally-tailored wing-box subcomponent
design concepts and thermoplastic panel concepts. Advanced structural concepts for
primary structures applications will be developed and evaluated for structural efficiency,
damage tolerance and improved performance. The effects of design constraints, such as
those imposed by aeroelastic tailoring and laminar flow requirements, will be included in
the design of new structural concepts for aircraft components. Mechanical and pressure
loads representative of wing and fuselage structural components will be considered. Struc-
tural mechanics issues peculiar to these new design concepts will be studied and selected
concepts evaluated experimentally.

MILESTONES:

e Fabricate two hat-stiffened panels from comingled graphite-PEEK thermoplas-
tic, October 1987

e Initiate optimum design studies of geodesic compression panels with damage-
tolerance constratins, November 1987

e Document SRB ET attachment ring joint analyses, December 1987

e Complete design and evaluation of advanced concepts for high-aspect-ratio
aeroelastically-tailored transport wings and define test specimens, February 1988

e Evaluate effects of cross-over patterns on filament-wound laminate strength for
panels with cutouts and impact damage, June 1988

e Complete experimental study of effects of cutouts and impact damage on
postbuckling strength of composite shear webs, July 1988

e Conduct design and analysis studies of advanced-concept tapered spars and in-
itiate specimen fabrication, July 1988

e Conduct analytical and experimental correlation of structurally-tailored op-
timized stiffened panel and develop optimum design of stiffened panels with
holes, August 1988

e Complete experimental evaluation of filament-wound and pultruded multiwall
panels, August 1988

e Evaluate effects of stiffener run-out on compression strength of composite
panels, August 1988

e Evaluate new thermoplastic material forms for application to advanced struc-
tural concepts, September 1988

e Fabricate C-130 center wing box technology integration box beam, September
1988
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FY 1987 ACCOMPLISHMENTS:

e Preliminary design of geodesic stiffened compression panel evaluated experimen-
tally and shown to be damage tolerant

o Multi-circuit filament-wound plates with holes determined to have lower com-
pressive strength than single-circuit filament-wound plates

o Fluted-core panels with twc layers shown to be less structurally efficient than
panels with one fluded core layer

o Geodesic stiffened wing spar fabricated for C-130 center wing box and specimen
to be tested to evaluate performance

o Simultaneous analysis and design methodology developed for buckling problems
and demonstrated for large-scale nonlinear problems

e Preliminary design procedure for structurally-tailored high-aspect-ratio forward-
swept wing developed and baseline design obtained

o Protection and detection system for low-speed impact damage developed and
being evaluated by testing

o Multi-wall panel subcomponents manufactured by filament winding and
pultrusion; specimens being prepared for testing

e Impact-damage tests on foam-core sandwich components for C-130 wing box in-
dicate significant core damage due to impact damage and reduced strength

e Graphite-epoxy 3-stiffener wing plank for C-130 center wing box pultruded and
being prepared for testing; wing spar concepts fabricated and being evaluated by
tests. Blade-stiffened IM7/8851-7 graphite-epoxy cover panel being evaluated for
wing box design

e High-aspect-ratio wing graphite-epoxy stiffened panels with interleaving fabri-
cated and being prepared for damage-tolerance testing at LaRC

o Structural-efficiency study of composite wing rib concepts initiated
RTR 505-63-01-13 Structural Composites Augmentation (NRA)
OBJECTIVE.:

To exploit the benefits of advanced composites for transcentury aircraft primary structural
applications by providing the enabling structures technology and the necessary scientific -
basis for verified innovative structurally-efficient, cost-effective structural concepts.

FY 1988 PLANS:

o Evaluate proposals and award contracts/grants for NRA-87-LaRC-2 for advanced
composite structural concepts
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APPROACH:

In FY 1988 the main focus is on development of innovative wing and fuselage subcom-
ponent concepts. Innovative structural concepts will be solicited by an NRA (NASA
Research Announcement). Concepts that exploit the benefits of advanced composites
and lend themselves to cost-effective fabrication procedures will be developed for future
primary structures application and verified experimentally. Structural mechanics tech-
nologies will be developed including analysis, design and test methodologies for structural-
ly-tailored and structurally-efficient wing and fuselage components and subcomponents
with local gradients, discontinuities and complex mechanical and aerodynamic loadings.
Subcomponent interaction, failure mechanisms and analyses, damage tolerance and con-
tainment, buckling, postbuckling, and other nonlinear effects for these new structural con-
cepts will be studied analytically and experimentally. Scaling laws for composites will be
developed to enable research subscale laboratory models of wing boxes and fuselage
shells to be extrapolated to full-scale designs.

MILESTONES:
e Evaluate proposals for NRA-87-LaRC-2, January 1988
o Award contracts and grants for NRA-87-LaRC-2, March 1988
o Initiate design of advanced rib, spar, and cover panel concepts, April 1988

o Initiate design of structurally-tailored subscale advanced wing-box concepts, July
1988

o Initiate fabrication of subscale advanced rib, and cover panel concept specimens,
September 1988

o Initiate design of advanced fuselage frame and shell-wall concepts, September
1988

FY 1987 ACCOMPLISHMENTS:
o FY 1988 new start
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COMPUTATIONAL STRUCTURAL MECHANICS

FIVE YEAR PLAN

MAJOR FY 87 FY 88 FY 89 FY 90 FY 91 EXPECTED RESULTS
THRUSTS
INEAR GLOBAULOCAL, TRANSIENT DYNAMICS
METHODS FOR { NONLINEAR GLOBAULOC SIE © 3 ADVANCED ANALYSIS
[ FAILURE ANALYSIS, THERMAL STRESSES g FORMULATIONS AND
MODERN
= COMPUTATIONAL
COMPUTERS [ TIRE/CONTACT ANALYSIS 3
TECHNIQUES
;—PARALLEL PROCESSING g '
{ TESTBED ON MINI-SUPERCOMPUTER, SUPERCOMPUTER ¢ EVALUATE AND
TRANSFER NEW METHODS
IMPROVE COMMAND LANGUAGE, DATA MANAGER, ‘
TESTBED

MODULE INTERFACES

{METHODS DEVELOPMENT AND APPLICATIONS STUDIES g

REQUIREMENTS FOR
ADVANCED SOFTWARE

APPLICATIONS
STUDIES

F)OMPOSITE PANELS §

STRENGTH OF AEROSPACE STRUCTURES UNDER
STATIC AND_DYNAMIC LOADS

{ SPACE MAST, COFS ;

SPACE STATION DYNAMICS 2

{ SRM ANALYSIS

CONFIRMS ANALYSIS
STRENGTHS AND
" DEFICIENCIES

SOLUTIONS TO DIFFICULT
STRUCT. ANAL. PROBLEMS




RTR 505-63-01-10 Computational Structural Mechanics
OBJECTIVE:

To develop advanced structural analysis and computation methods that exploit advanced
computer hardware and develop common generic software system for structural analysis.
FY 1988 PLANS:

o Demonstrate capability for global/local analysis

e Select new, challenging focus problem(s)

o Demonstrate parallel methods on NAS Cray 2

o Demonstrate portability of testbed processors across several MIMD computers

¢ Install SPARSPAK algorithms in testbed and apply to focus problems

e Assist in SRB (Solid Rocket Booster) analysis, as necessay
APPROACH:

In FY 1988 the main focus will be on upgrading initial testbed (NICE/SPAR) and on
developing analysis capability for multiprocessor computers. Methods research will em-
phasize procedures that exploit multiple processor computers. To aid in the methods
development research a testbed system will be created. It will consist initially of software
for Langley’s VAX, Cyber, and FLEX computers and will be installed on NAS and other
powerful multiple processor computers for evaluating methods on large, complex
problems. This software system will be aimed at the computers and aerospace structural
analysis problems of the 1990’s and beyond.

MILESTONES:

e Assist NASA MSFC in structural analysis of SRB aft skirt, December 1987

e Couple graphics application package (e.g, PATRAN) with testbed.
Demonstrate using color to clarify results of SRB analysis, February 1988

o Demonstrate capability for routine global/local analysis of composite structures,
March 1988

e Demonstrate and evaluate parallel equation solvers and eigensolvers using
testbed on NAS computers, April 1988

e Demonstrate parallel substructuring capability using testbed, May 1988

o Use PISCES parallel environment to demonstrate portability of testbed proces-
sors across several MIMD computers having different architectures. As part of
this demonstration, evaluate parallel equation solvers and eigensolvers for struc-
tures problems having at least 4000 DOF
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FY 1987 ACCOMPLISHMENTS:

e Task assignment contract for methods development, research testbed, and ap-
plications studies awarded March 1987

e Demonstrated parallel equation solver and Lanczos eigensolver using testbed-
generated system matrices for CSM focus problems. Documented results in
SDM presentation and NASA publication

e Installation of UNIX version of testbed on NAS under way, and expect to solve
large finite element problem

e Documented SRB field joint analysis; aft skirt analysis under way
e Preliminary 2-D global/local analysis technique developed for testbed

e Developed promising parallel transient response algorithm based on new sub-
structuring techniques. Method is unconditionally stable and shows improve-
ments in computational speed even for single processor computers

e Developed a high-level, portable, and efficient parallel FORTRAN language
(FORCE) that is running on the FLEX 20-processor computer and is being used
for parallel algorithm research
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EFFICIENT TIRE MODELING STRATEGY DEMONSTRATED

Ahmed K. Noor, Carl M. Andersen, and John A. Tanner
Impact Dynamics Branch
Ext. 2796 December 1986
RTOP 505-63-41 WBS 25-2 Code RM

Research Objective
The objective of this research is to develop the computational structural mechanics technology necessary
to analyze alrcraft tire response to taxi, take-off, and landing operations.

Y

Approach ’
This tire modeling strategy has three key elements: a) three-field mixed models having independent

shape functions for stress resultants, strain components, and generalized displacements; b) operator -
splitting of some of the matrices or vectors used in the finite element model to delineate the symmetric
and antisymmetric contributions to the response; and c¢) application of a reduction method through
successive use of the finite element method and the classical Rayleigh-Ritz technique.

Accompl ishment Description

one of the most challenging applications of computational structural mechanics is the modeling of
aircraft tire response to ground operations. 1In addition to the harsh environment to which a tire is
subjected, the tire itself is a composite structure composed of rubber and textile constituents which
exhibits anisotroplic nonhomogenous material properties as shown in the figure. These characteristics
can make the cost of tire modeling prohibitive; hence, there is a need to develop modeling strategies
and analysis methods to reduce this expense. The modeling strategy was used to analyze the response of
an anisotropic.tire subjected to uniform inflation pressure and localized loading. Operator splitting
was used to genperate approximation vectors for the orthotropic response, and these vectors were then
used to generate the ‘anisotropic response of the tire. The accuracy and convergence of the solutions
obtained by the new strategy and the Taylor series expansion are shown in the plot. The radial
displacement of the center of the tire footprint W, predicted by the new strategy, denoted as the

reduction method, and the Taylor series method are compared with the direct nonlinear finite element
solution wc Dir for the same problem. The figure clearly indicates the greater accuracy and convergence

rate for the new strategy.

Significance

Increased accuracy and rate of convergence of this modeling strategy coupled with the ability to develop
anisotropic solutions from approximation vectors generated from an equivalent orthotropic problem will
greatly improve the cost effectiveness of tire analyses. This strategy could be the foundation for a
family of tire analysis tools being developed as part of the National Tire Modeling Program (NTMP).

Future Plans

This modeling strategy is being incorporated into the contact solution algorithms under development
within the NTMP. Eventually, this strategy will be installed on the multiprocessor computer system
which supports the ongoing Computational Structural Mechanics (CSM) activity at Langley.




iP

EFFICIENT TIRE MODELING STRATEGY DEMONSTF

Aircraft tire | wc: Dir 06



(47

HEATING IN YAWED ROLLING AIRCRAFT TIRES MODELED

Richard N. Dodge and Samuel K. Clark
University of Michigan

William E. Howell
Impact Dynamics Branch

Ext 2796 HMay 1987
RTOP 505-63-41
Code RM WBS 25-2

Research Objective:
The objectives of this research were to determine experimentally the heat generated in a yawed rolling

aircraft tire and to develop analysis tools that predict temperature distributions within the tire
carcass and tread.

Approach:
A 40 x 14, 22 ply rating aircraft tire, instrumented with thermocouples in various carcass and tread

locations, has been tested under low-speed, yawed rolling conditions on a 120-inch diameter dynamometer
at WPAFB. Tests were conducted over a range of inflation pressures, tire loads, and yaw angles that the
tire might encounter during normal aircraft ground operations. The tire heating analytical model
accounts for the damping characteristics of tire constituents and considers the nonhomogeneous
characteristics of tire construction. The heat generation mechanism in the model includes the effects o
cyclic stress changes in the carcass during rolling, cyclic shear stresses in the tread due to the
steering effort, and frictional heating due to sliding in the tire-pavement interface.

Accompl ishment Description:

Excessive heating 1s a major cause of aircraft tire failures, and tire designers are often hampered by
the lack of information that details the effects of operational conditions on tire temperature profiles.
The figure shows typical measured and predicted temperature rise time histories for an aircraft tire
subjected to a low-speed, yawed-rolling test condition. The data indicate that after taxiing for 150
seconds, temperatures along the tire centerline are about 20 degrees Fahrenheit warmer near the outer
surface of the tread than along the inner surface of the carcass. The more rapid temperature rise in th
tire tread is attributed to the frictional heating associated with the steering effort. The figure alsc
shows good agreement between the measured and predicted temperature rises. This correlation suggests
that the model can provide tire designers with meaningful insight into the various heat generation
mechanisms that affect ailrcraft tire temperatures.

Significance: )
This computer model provides the tire designer with an analysis tool to help develop cooler running
aircraft tires. The code will be incorporated into the tire modeling algorithms under development for

the National Tire Modeling Program.

Future Plans: .
This heat generation model will be refined by incorporating more accurate material property data for tir

constituents into the code and by using detailed information on tire footprint forces to describe the
tread heating mechanism more accurately. ‘
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HEATING IN YAWED ROLLING AIRCRAFT TIRES MODELED

40 X 14 22 Ply Rating; Inflation Pressure, 140 psi;
Vertical Deflection, 2.66 in.; Yaw Angle, 3°; Speed, 17 kis
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SPACE STATION PAYLOAD SINGLE POINT TRUSS ATTACHMENT SCHEME
ANALYZED TO DETERMINE ALLOWABLE PAYLOAD MASS

Mark Lake and Jon Ward
Structural Concepts Branch

Extension 2414 October 1986
RTOP 506-43-41 WBS 55-2
Code RH

. Research Objective: To determine the allowable mass for a payload attached to the Space

Station truss at a single truss node for a range of attachment support distances.

Approach: A detailed finite element model of a section of the truss was developed with a rigid
member added to connect one node to a point mass representing the payload. Both the length of
the member (support distance of the payload) and the mass of the payload were varied. By
imposing a constraint on the value of the fundamental frequency of the payload, allowable mass
vs. payload attachment height is determined.

Accomplishment: On the Space Station small payloads, utility lines, and other small system
items may be attached to a single structural node. Thus it is desirable to determine ranges of
payload mass and single point attachment eccentricity subject to a constraint on the
fundamental frequency of the payload. Based on initial axial and bending tests performed on
current erectable hardware, the finite element model of the truss includes elements

-representing the truss joints with 30% of the stiffness of the truss struts. The attached

figure shows a diagram of the proposed Space Station 5-meter truss with three payload
attachment distances (1, 3, and 5-meters) and the correspondlng allowable payload masses.
These allowable masses were derived from the accompanying plot of fundamental frequency vs.
payload mass subject to the constraint that payload vibration frequencies be greater than

2.0 Hz. The fundamental structural frequencies for Space Station are well below 2.0 Hz.
Keeping payload frequencies above this somewhat arbitrary value will tend to avoid structural
dynamic interactions between the structure and payload. A Key result is that fairly large
masses (350 1bs./160 Kg.) can be attached into a single node if they are located within one

meter of the structure.

Significance: Attachment of payloads to one node only requires that motion of the payload be
resisted by bending of structural truss members attached to the node. 'Since-a truss does not
carry local bending loads primarily, a requirement for single node attachment could lead to a

significant structural design impact.

Future Plans: Further analyses will be conducted on this concept as information on truss joint
characteristics and payload designs mature. In addition, tests on payload attachment hardware
will be performed, as hardware becomes available, to verify analyses.
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FIRST GENERATION ERECTABLE JOINT BENDING STIFFNESS QUANTIFIED

Mark Lake
Structural Concepts Branch
Extension 2414 November 1986
RTOP 481-32-23 WBS 55-2
Code RHM

Research _Objective: To determine experimentally the static bending characteristics and
equivalent bending stiffness of an erectable joint subassembly.

Approach: An aluminum joint subassembly consisting of a spherical node with two erectable
joints was tested to determine its bending characteristics. Sections of aluminum tubing were
attached to the two strut end fittings to allow effects of threaded interfaces between the
struts and the fittings to be included. As a control specimen, a section of aluminum tubing
without the joint was tested also.

Accomplishment: In truss structures of the type being considered for Space Station, local
vibration and buckllng in the members and eccentric application of loads to joints give rise tc
bending loads in truss members. Therefore understanding of the bending characteristics of trus
joints is mandatory for realistic design. As shown in the attached figure, the erectable join
considered herein was cantilevered at one end and statically loaded at the other end to produce
bending deformations. The load-deflection curve in the accompanying plot shows non-linear
stiffness behavior and a maximum hysteresis width of about 0.2 inch. It is believed that the
threaded interfaces between the joint fittings and the struts are responsible for most of the
hysteretic behavior shown. This behavior might be improved through revision of the thread
design. Using a linear regression of the dgta an Equlvalent bending stiffness (EI) for the
joint section was calculated to be 0.86 x 10 (lb-in“). This is approximately 25 percent of ti
bending stiffness of the aluminum tube used as a control specimen (2.0 in - 0.D., 0.125 in
thickness), and about 12 percent of the predicted bending stiffness of Space Station truss

members.

Significance; Accurate prediction of local behavior in the Space Station truss structure
depends on understanding of bending characteristics of truss joints. Further, in an effort tc
simplify analysis, performing tests on early qeneratlon hardware can aid in the evolution of a
joint design which behaves linearly.

Future Plans: Similar tests will be conduct<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>