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PREFACE

This issue of MSFC'S Research and Technology Progress Reports
has been prepared in accordance with instructions for reporting Research
and Technology from the Office of Aeronautics and Space Technology. A
format is used, which provides only a narrative summary report at the
RTOP levei. Milestone Schedule Charts and Financial Status Charts are
no longer required as elements of each progress report. However, as
both charts provide useful information to individuals and groups within
NASA having a program managemént function, they are available separately,
in a supplementary volume; to those having a special need for them.
IssuesAof these reports are published twice a year, with reporting

dates conforming to the OAST requirements of April 1 and October 1.
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NOTE

The sequence of the contents of this report is indicated by the
number at the center of the top margin of each page. Entries on the

form completing the ""Page of " block should be ignored. Their

only purpose is to indicate the number of report pages {including charts)

submitted on a particular unit of work and the relative location of a parti-

cular page within that group.

To insure positive identification of text with charts, a Cross-
_ Reference Table has been provided in the supplement.

To facilitate ident ification of certain research which was reported with
codes differing from those assigned by NASA Headquarters, a Table of
Corresponding Codes has also been included. All reports in this document

are identified by Headquarters assigned codes.
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PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN 1 3
PAGE OF
1. CENTER: 2. PERIOD COVERED: 3. & CODE
- CURRENT NQ.: PRIOR NO.:

Marshall Space Flight Center 01 04 73 - 30 09 73 113-31-12 128-31-63
4. TITLE: _ .

MAIN PROPULSION FOR SPACE SHUTTLE VEHICLES ‘
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:

T. W. Winstead 453-3854 A, L, Worlund

6. ACCOMPLISHMENTS (MHestones, Problems, Near term activities):

TASK: Rapid Start of LH» Turbopumps
CONTRACT: NAS8-27608, Rockwell Intermational/Rocketdyne

OBJECTIVES: To develop data on the rapid start of LHp turbopumps under conditions
applicable to the Space Shuttle APS turbopumps, with emphasis on insulation coatings
to reduce prechill requirements, and on deadhead starts.

'APPROACH: Using data from contracts NAS8-20167 and NAS3-20324 as baseline:

{1) Perform analyses to select optimum coatings for the variocus feedline
components and evaluate turbopump starting relationships.

(2) Conduct laboratory tests to determine thermophysical properties of
candidate coating materials.

(3) Conduct tests on both uncoated and coated RL-10 turbopumps using
various applicable starting modes.

STATUS: Technical Progress: The comparative testing has been completed and
demonstrated that 30% reductions in chilldown time and mass are practically achievable,
The data indicated that 607 reductions are probable, but this was not demonstrated due
to sequencing peculiar to the test facility,

7. REPORT NO.: TITLE: AUTHOR(s): TRANSMITTED
ASR 71-311 First Quarterly Progress Report G. 8. Wong October 1971
ASR 72-6. Secoﬁd Quarterly Progress Report G, S. Wong ' January 1972
ASR 72-93 Third Quarterly Progress Report G. S. Wong. April 1972
ASR 72-146 Fourth Quarterly Progress Report G. S. Wong July 1972
ASR 72-239 Fifth Quarterly Progress Report G. S. Wong October 1972

ASR 73-5 Sixth Quarterly Progress Report G. S. Wong January 1973

FIRST BENEFITING PROJECT: SPACE SHUTTLE

MSFC - Form 850 {March 19178)
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. CURRENT NGQ./CODE: o
PROGRESS REPORT 113-31-12
RESEARCH AND TECHNOLOGY OPERATING PLAN — ]
(Continuation Sheet) PAGE 2 oF 3
—_

Post-test inspection of the feed system indicated excellent coating adhe-
sion after 12 cryogenic cycles totaling 680 seconds exposure.

The coating ont the RL-10 turbopump was Kel-F with microballoons. A
thickness of .020" was selected for the heavy housing components to retard heat flow
and ,005" for the rotating components to accelerate chilldown., Temperature and pres-
sure fluctuations were minimal during chilldown of the insulated pump, as the coating
surface rapidly cools to below the metastable boiling regime.

Management Progress: The final report draft has been submitted for
approval, and a final briefing scheduled for October 4, 1973.

Conclusions: Laboratory tests provided significant data on the use of
coatings to enhance cooldown of turbomachinery for LHy, LN;, and LOX. Limited testing
demonstrated the feasibility of deadhead starts and coated turbopumps. A 30% reduction
in chilldown requirements was demonstrated, and a 60% reduction indicated but not demond
strated due to facility-peculiar sequencing limitations.

Problems: Erosion of coating at tip of impeller blade.

Cause of Problem: Possibly due to deep cavitation during partial chill-
downs where pump performance could not be developed.

Problem Solution: Reduced flow velocity profile by considering coating
during initial design.

Forecast: Applications development testing can proceed on LHz, LNy, or
LOX coated turbomachinery with low risks, based on the data established under this
program, Preliminary data indicates significant weight and cost savings are possible
for altitude-restart applications,

MEFC = Form 350-1 (March 1973)



PROGRESS REPORT
RESEARCH AND TECHNOLOGY QOPERATING PLAN
PAGE 1 OF 3
1. CENTER: 2. PERIOD COVERED: a. CODE
CURRENT NO,: PRIOR NO.:
Marshall Space Flight Center 01 04 73 = 30 09 73 113-31-12 128-31-80
a, TITLE:
PROFELLANT PROPERTIES AND PERFORMANCE
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
T. W. Winstead 3-3854 A. L. Worlund
6. ACCOMPLISHMENTS (Milastones, Problams, Near term activities):
TASK: . Thermal Stratification and Destratification S5caling Concepts (The

Development 0Of)

CONTRACT: NAS8-24747, McDonnell Douglas/Western Division
OBJECTIVES: Develop stratification scaling procedures for fluids in normal and low
gravity to provide '"vehicle" for relating available stratification data from various
tank/propellant/environment combinations.
APPROACH: Develop scaling parameters for thermal stratification, considering

. High-G, two-phase, single component

. Low-G, two-phase, single component

. High-G, two-phase, two component

. High-G, three-phase, single component

Develop normalized differential-equation matrix

Perform selected tests for correlations

« Tank Size - 6%, 12", 18"; L/D =2
. Fluid Height - 50% and 87.5%
. Acceleration - 1 to 27 G's
7. REPORT NO.: TITLE: AUTHOR({s): DATE
TRANSMITTED
Final:
Volume I Definition of Thermal T. M, Lovrich, July 1973
Stratification Scaling S. H., Schwartz
Parameters & Experi- '
mental Investigatioens
Volume II Stratification, T. M, varich July 1973

Experimental Data S. H. Schwartz

FIRST BENEFITING PROJECTI: SPACE SHUTTLE

MSFC- Form 360 (March 1878)
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(Continuation Sheet) PAGE 2 ofF 3
. Heating Rate - 0 te 2000 Btu/hr.ft2
. Fluid - Water & Freon 113
- STATUS: The final report has been distributed and validates the scaling approach

with only minor data disagreement for some of the tests. The data is reported in
broad detail in Volume II for 37 scalable tests. These data indicate that bulk
temperature and tank pressure can be scaled with modified Grashof number, Fourier
number, and an Interface number. - Some deviation was noted and further data evaluation
is indicated.

MSFC « Form 350-1 {March 1973)
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1. CENTER: 2, PERIOD COVERED: 3 CODE
[ CURRENT MLy PRIOR NO.:
4, TITLE:

Shuttle Main Ptro'pulsion Technology

5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
S&E-ASTR-IMT .
William B. White 453-5619 O. T. Duggan

6. ACCOMPLISHMENTS (Milastones, Problems, Near term activities):
TASK: Fast Response High Temperature Sensor
NAS8-28952, Kollsman, Syosset, NY :
NAS8-28953, International Harvester, San Diego, CA
H-96516A, Barnes Engineering, Stamford, CT

OBJECTIVE(S): The control Shuttle APU and APS Turbine Temperature will require
a reliable sensor capable of continuous operation in a hot gas environment of 1000-
1400 degrees celsius at pressures up to 8000 psi while providing a time response
characteristic and reliability requirements are not compatible utilizing conventional
temperature measuring techniques such as thermacouples or resistance elements.
Therefore, technology development is needed to arrive at a satisfactory solution.

APPROACH: A literature and market survey will be conducted to determine the
most feasible approach of non-contacting, fast response temperature sensors.
Representative samples will be obtained for testing and evaluation based on pre-
liminary requirements of engine operating characteristics. The most feasible ap-_
proach will then be developed into a prototype flight sensor system.

STATUS: Technical Progress - Hardware has been received from contracts NASS-
28952 and H-96516A. Preliminary operational checks have been made on these two
systems, however, intensive performance tests have been delayed until delivery of the

7. REPORT NO.: TITLE: AUTHOR(sh: DATE
. TRANSMITTED
Final Report, System for J. Micaliand Dec. 1972

Measuring Turbine Blade M. Wengryn

‘Temperatures,
Contract NAS8-28952
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FIRST BENEFITTING PROJECT: Space Shuttle

MSFC - Form 350 (March 1978)
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third system, NAS8.28953, is complete.

Management Progress - Contracts NAS8-28952 and H-96516A are complete.
Conclusions - None

Problems - The "hold'" that was placed on NAS8-28953 during FY 73 has resulted
in longer than anticipated delivery. Hardware delivery is now expected during
October 1973,

Cause of Problems - FY 73 budget limitations

Suggested Solutions - Delay of evaluation tests

Forecast - Complete delivery under NAS8-28953 and conduct detailed evaluation
tests on the three types of temperature sensing systems,

MIFC « Forn 3501 (March 1973)
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CURRENT NOL: PRIOR NO.:
MSFC 3009 73
01 04 73 to 30 09 113.31.14
4. TITLE:
Shuttle Main Propulsion Technology
5. RESPONSIBLE DIV : H H
S& E_ALS ':'['NR;L IIR'EE‘L TELEPHONE APPROVAL: |
J. Goldstein 453-5622 Q. T. Duggan

6. ACCOMPLISHMENTS {Milestones, Problems, Near term activities):

TASK: Cryogenic Facility Mass Flowmeter .
H-87466A, NBS, Boulder, CO

OBJECTIVE(S): To develop a cryogenic mass flowmeter capable of measuring mass
flow with an accuracy of 0. 5% over the flow range of the Space Shuttle engine.
Dynamic response will also be considered for use in POGO effect testing.

APPROACH: The NBS Cryogenic Flow Facility will be modified to generate known
dynamic flow conditions of 10% modulation of steady flow rate at frequencies up to
100 Hertz, The dynamic flow is generated by means of hydraulic modulating value
for the frequency range of 0-40 Hertz and an oscillating test section for the fre-
gquency range of 25-100 Hertz.

STATUS: The NBS facility modification has been completed. Preliminary checkout
indicates that the system meets the objective. ‘
Management Progress - NBS Flow Facility modifications has been completed, Two
each 2" Ramapo Flowmeters have been calibrated and are being used for flowmeter
evaluation at the MSFC Pogo Facility, '

Problems - Some problems have been encountered in the calibration of an orifice
system, Work is presently in progress to determine the cause of the problems,
Funds of $10, 000 have been requested to complete this work.

7. REPFORT NO,: TITLE: AUTHOR(s): DATE
TRANSMITTED

Monthly and Quarterly Reports

o it o R A L E E mE E M e e e e e M M eSS S A S s s S eSS — s as =

FIRST BENEFITTING PROJECT: Space Shgttle

MSFC - Form 360 (March 1973)
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STATUS (CONCLUDED):

objectives,

Conclusions - Facility modification appears to meet

MSFC = Form 350e1 (March 1973)
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1. CENTER: 2. PERIOD COVERED: 3. CODE
CURRENT NO.: PRIOR NO .1
MSFC 01 04 73 to 3009 73 113.31-14
4, TITLE:

Shuttle Main Propulsion Technology

5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
S&E-ASTR-IMP
H. Harman 453.5620 O. T. Duggan

6. ACCOMPLISHMENTS (Mllestones, Problems, Near term activities):

TASK: 035,' Pressure Transducer for Active Pogo Control
H-92100A, NBS, Washington, D. G and Boulder, CO

OBJECTIVE(S): A very high resolution, responsive pressure transducer, is required
to measure pressure oscillations of 8 to 10 psi in an 8000 psi liquid oxygen or hydro-
gen line with an accuracy of 1% in amplitude and phase and the pressure oscillations
in the combustion chambers, The main problems requiring development are trans-
ducer stability and sensitivity in such a hostile environment.

APPROACH: A development program to test, evaluate, modify, and retest various
types of pressure transducers will be initiated to produce a pressure transducer
meeting the described objective.

STATUS: Technical Progress - NBS Boulder has stopped work due to a lack of
funds. Requested funds have not been granted to continue the cryogenic testing.
NBS, Washington, D. C. is continuing with the hot gas portion of the contract.
Sensors being evaluated are: Kaman Sciences, Sensotec, Sensometrics, PCB, Inc.
and Entran, Inc.

Management Progress - none

Forecast - Development will result in productivity of a prototype transducer for
testing and flight qualification,

7. REPORT NO.: TITLE: AUTHOR(s): DATE
: TRANSMITTED
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1. CENTER: 2. PERIOD COVERED: a, CODE
CURRENT NO.: PRIOR NO.:

MSFC 01 04 73 to 30 09 73 114-03-05 124-09-21

4. TITLE: ]
SPACE RADIATION SHIELDING AND DOSIMETRY . Yoy
5, RESPONSIBLE INDIVIDUAL: TELEPHONE: APPRO\:{T; ﬁz/y
M. 0. Burrell, S&E-SSL-NR 453-5130 RY Decher, '&Q;/SSL-N

6. ACCOMPLISHMENTS (Milestones, Problems, Mear term activities): r

TASK: Space Radiation Shielding and Dosimetry
H-3828A Atomic Energy Commission
NAS8-26753 Science Applications, Inc.

OBJECTIVE(S): The Space Radiation Shielding and Dosimetry Program is primarily
concerned with the generation of basic data and development of theoretical and com-
putational methods for treating the effects of high energy charged particles and

the shielding against these radiations, These particles originate from solar flares,
cosmic rays, and trapped radiation belts and pose a hazard to all space flight.

APPROACH: (1) To continue efforts by Oak Ridge National Laboratory (ORNL) to develop
basic data (cross sections) and improve methods for realistic charged particle
radiation calculations in space vehicles. (2) To continue ORNL efforts in high energy
(cosmic ray), heavy charged particle cross sections, with emphasis on secondary
cascades and residual nuclei, (3) To continue the in-house effort to apply all new
methods and data to real engineering problems for ongoing NASA programs,

STATUS: This program was transferred to MSFC from NASA Headquarters in August 1967.

At that time the theoretical aspects were separated from the experimental verifications
program, which was carried on by NASA at Langley Research Center. MSFC has been
responsible for the theoretical aspects of this program. The program has received no
funding since October 1971 (FY'72). Last December (1972) the ORNL effort was reduced

7. REFORT NO.: TITLE: AUTHOR(s): rRaRBIE -
Approximations for Neutron Emission Spectra M. 0. Burrell Aug 1973
from Proton Collisions between 20 and 500MeV
on Nuclei of A>12, NASA TN D-7386
Methods of Treating Complex Space Vehicle C. W, Hill Aug 1973
Geometry for Charged Particle Radiation
Fransport
Shielding of Manned Space Vehicles Against R, T. Sanotro Apr 1973
Galactic Cosmic-Ray Protons and Alpha K. C. Chandler
Particles R. G, Alsmille

Since 1967 - over 50 publications

MSFC - Form 360 (March 1973)
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. CURRENT NQ./CODE:
PROGRESS REPORT - 114-03-05
RESEARCH AND TECHNOLOGY OPERATING PLAN
{Continuation Sheet) PAGE 2 ofF 3

STATUS: Continued

to a minimum in order to keep the NASA FY'73 spending down. The effort has recently
been extended for an additional year to December 1974. This effort by Science
Applications, Inc. was finished in August 1973, resulting in the final phase of a
handbook titled "Methods of Treating Complex Space Vehicle Geometry for Charged
Particle Radiation Transport".

Management Progress - The work effort at ORNL has been reduced in this quarter to a
minimum in order to stretch out contract for one year. _Activity will not pick up
until third quarter of 1973.

Prbblems - No problems of any consequence except for in-house effort being curtailed
by computer restraints at MSFC,

Forecast - This research will make it possible for man to spend long periods of time
In space safely and will minimize new technology requirements for space studies.

MSFC = Form 350e1 (March 1973)
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1. CENTER: 2, PERIOD COVERED: 3, CODE S
CURRENT NOQ.: PRIOR NO,:
MSFC 01 04 73 to 30 09 73 114-03-25 129-03-25
4. T!TLE:‘ . ]

EXTRATERRESTRIAL MATERIALS

; = : - -— . ) 2 —
5. RESPONSIBLE INDIVIDUAL TELEPHONE ) APPROVAL Z/,( //%LM{ r

E. R, Miller, S&E-SSL-TE 453-3103 W. C. Snoddy, S&E-SSL~T

6., ACCOMPLISHMENTS (Mliestones, Problems, Near term actlvities}): —

TASK: Extraterrestrial Materials
NAS8~-26579 Auburn University

QBJECTIVE(8): To investigate the thermal and physical properties of simulated lumar
and planetary materials to gain basic knowledge of their behavior under their
respective envirommental conditions. Measurements will include: Spectral emission,
absorption, and reflection properties throughout the infrared and into the millimeter
region; the angular distribution of emitted radiation; and thermal conductivity of
particulate and heterogeneous mixtures in simulated vacuum conditions. The result will
be the beginning of a catalog of data, a thermophysical model of the surface and subsurf
with all parameters and quantities taken into  account, and conclusions and recom-
mendations as regarding the surface material and the utilization of the resources.

The product will be data published in technical reports in these areas.

APPROACH: (1) Thermal conductivity measurements will be made using the differentiated
line heat source method. Measurements will be made in vacuum and in simulated planetary
environments, Temperature ranges will also be simulated. The various properties will
be studied as a function of atmospheric pressure, constituency sample condition (such
as solid, particulate, or mixture) and sample mineralogical makeup. (2) Spectral
infrared measurements will be continued using several spectrophotometers which are

in use in this lab, Examples are the grating imstruments, interferometer and circular
variable filter spectrophotometers. The instruments use liquid helium cooled infrared
detectors. The angular radiation properties will be studied using a unique bidirectiona
measuring device which will allow the sample to be illuminated with a solar simulator

AC

7, REPORT NO.: TITLE: AUTHOR(s): DATE

TRANSMITTED

Density Depth Model for the Lunar Qutermost Billy P. Jones Jan 1968

Layer "Journal of Geophysical Research"

Thermal Conductivity of Particulate Basalt as a J. A, Fountain July 1970

Function of Density in Simulated Lunar & Martian E, A, West

Environments, "Journal of Gecphysical Research"

Predicting Lunar Temperatures, "Progress in Billy P, Jones Oet 1968

Astronautics and Aeronautics"

Lunar Surface Mining: A review of some Major Reynold Q. Shotts July 1970

Environment Constraints, NASA TMX-64530 Stanley A, Fields
A comparison of Two Transient Methods of

Measuring Thermal Conductivity of Particulate

‘Materials, NASA TMX-64559

etk L —— -
- - - el el R R L L R ———— )

FIRST BENEFITTING PROJECT: APOLLO

MSFC - Form 360 (March 1978}
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. CURRENT NO./CODE:
PROGRESS REPORT 114-03-25
RESEARCH AND TECHNOLOGY OPERATING PLAN :
(Continuation Sheet) : PAGE 2 OF 4

APPROACH: Continued

from any angle over almost two steradians and measurements to be made from a similar
set of angles, (3) All of the properties and measurements will be used in theoretical
models of the various extraterrestrial bodies and compared with observation data.

STATUS: Technical Progress - Conductivities have been measured of basalt powder as a
function of density. For a fixed temperature in the range between 150°K and 400°K the
thermal conductivity increases with density, except in the extreme lower range of
density. The reasons for the behavior at low densities are not known, but are related
to the relative radiative and conductive modes of heat transfer, Further refinements

in the method of measurement are continuing using glass beads as samples, An angular
radiation device is being developed to allow measurements of IR radiation intensity vs.
source angle, Experimental work has been completed for friction and adhesion studies.
Theoretical work on the thermal conductivity of heterogeneous mixtures has developed
along three principal lines of investigation. One method is based upon heat flow

lines and parallel isotherms; this method is based upon 2 proposal by Wiener and Tsad
but extended to include a more ¥epresentative geometrical arrangement of the solid
‘particles, and for the first time, a packing theory has been incorporated into the basic
geometrical model., Comparison of the calculated results with the experimental data shows)
correlations that are a significant improvement over previous formulations. A second
method utilizes a stochastic approach and is an extension of a proposal by Baxley and
Couper for suspensions and emulsions. This model is extended to include the effect of
contact areas between particles, the dependence of gas conductivity on pressure at low
pressures, and radiation heat transfer. The model is applicable to granular materials
over a wide range of pressures and temperatures, When compared with experimental

data, the model has generated low conductivity wvalues, and this is attributed to low
calculated values for the contact conductivity. Another method, based upon non-linear
heat flow, takes account of particle size, porosity, depth below the lunar surface, and
solid particle mechanical thermal properties, including radiation between particles.
This model gives effective conductivity values that compare favorably with the experi-
mental data from lunar surface samples obtained on Apollo 11 and 12 missions. This work
has culminated in papers and reports either published or in the process of being
published (see reports list),

Management Progress - Purchase orders and report editing are in process. Contract
NAS8-26579 was signed with Research Foundation, Auburn University. This contract will

expire October 23, 1973,

Conclusions - Thermal conductivity of basalt varies with density in vacuum, less so
in CO2 Martian) environment. Conclusions from the theoretical models are being
formulated (see "technical progress').

Problems - None

Forecast - The objectives for the theoretical conductivity of heterogenous mixtures
will be met. The angular radiation device has undergone extensive repair and
rewiring and will be made operational by the contract expiration,

MSFC « Form 350=1 (March 1973)
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CURRENT NG /CODE:
PROGRESS REPORT 114-03-25
RESEARCH AND TECHNOLOGY OPERATING PLAN

' (Continuation Sheet) PAGE 3 oF &
7. REPORTS: Continued
Thermal Properties of Granulated Materials, Alfred E. Wechsler Mar 1973
to be published in AIAA Progress Series Peter E. Glaser
Volume James A, Fountain
Thermal Conductivity Model for the Lunar M. S.Khader Sept 1972
Surface presented at 12th International R. I. Vachon.
Conference on Thermal Conductivity,
Birmingham, Ala, September 1972
A Theoretical Model for Lunar Surface M. S. Khader Feb 1973
Material Thermal Conductivity, ASME R. I. Vachon
Paper
Thermal Conductivity of Heterogeneous Oct 1973
Mixtures and Lunar Soils, Final Report
{Draft), Contract NAS8-26579
Thermal Conductivity of Heterogeneous Athansios George 1973
Mixtures, Ph, D, -Dissertation, 1973 Prakouras
Thermal Conductivity of Randomly Packed Roger Alan Crane 1973

Granul8r Materials, Ph, D, Dissertation,
1973

MBFC « Form 350-1 (March 1973)
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PROGRESS REPORT _
RESEARCH AND TECHNOLOGY OPERATING PLAN
PAGE 1 OF 2
1. CENTER: ‘ 2. PERIOD COVERED: 3, CODE
CURRENT NO.: PRIOR NO.:
MSFC 010473 -300973 114-03-33
4. TITLE:
Structural Composite Materials For Space Shuttle
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
F. P. Lalacona 205-453-5516 R. J. Schwinghamer

6. ACCOMPLISHMENTS (Milestones, Problams, Naar term activities):

TASK: Development of a Method for Fabricating Metallic Material Composite Shapes By A
Continuous Process, NAS8-27010 Commonwealth Scientific Corporation

OBJECTIVE: To develop a method for automatically fabricating a metallic composite
utilizing automatic mechanical winding techniques and consolidating the cladded filament by
heat and pressure into a structural shape. The materials shall be aluminum for the matrix,
boron and graphite for the reinforcement., The structural shapes to be fabricated shall be
tube, "I" beam, and hat section of "Z!" section.

APPROACH: A study shall be made of the necessary die design required to produce
structural shapes of boron-aluminum and grapmte~aluminum composites by a continuous
process, Various parameters such as difterences in thermal expansion of die material,
dwell time at temperature, reaction between filament and matrix, and matrix-filament
mechanical properties of the resultant composites shall be evaluated.

STATUS: Technical Progress: The effort to produce larger diameter .050 m (2. 00"
B/Al tubes has necessitated significant modifications from the fabrication of smaller tubes.
These modifications were; preform preparation, heating and sheath removal, acrylic binder
removal, and die convergance changes including drawing speeds. Also, another approach
is being explored using a triangular orifice which permits passage of a pyramidal array of
clad coated boron ends with a perfectly aligned bundle prior to die introduction. Resistance
heating is the prime source of heating the preform; however, induction heating is still the
most efficient. An induction heating unit is on order and should be available momentarily. -
Several problems remain to attain complete consolidation, wall thickness uniformity, and

ing taken to alleviate these problems,

7. REPORT NO.: TITLE: AUTHOR(s): DATE
TRANSMITTED

None
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FIRST BENEFITTING PROJECT: Sortie Lab
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114-03-33

PAGE 9 oF 2

Conclusions: None to report at this time.

Problem: None

Forecast: None

STATUS (CONCLUDED): Efforts in the G/Al composite program has largely concentrated
toward improving the resistance heating process. However, another approach is being
explored which consists of passing a clad G/Al bundle through an electron beam. This
approach appears to have promise, since the beam vaporizes the aluminum and forces it all
around the graphite fibers. Consideration is being given to the automation of this process.

Management Pregress: This program has been extended to March 1, 1974,

[ P

MSFC = Form 350-1 (March 1973)
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PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN
' PAGE 1 OF 2
1. CENTER: ] ) 2. PERIOD COVERED: 3. CODE
CURRENT NO.: PRIOR NO.:V

MSFC Q1 04 73 - 30 09 73 114-03-33
4, TITLE: ;

Structural Composite Materials For Space Shuttle
5, RESPONSIBLE INDIVIDUAL: TELEPHONE: i APPROVAL :

F. P. Lalacona 205-4b53-5516 R. J. Schwinghamer

6. ACCOMPLISHMENTS (Millestanes, Problems, Mear term activities):

TASK: Evaluation of Boron/Aluminum Structural Components for Space Shuttle
NASB-27738 General Dynamics/Convair

OBJECTIVE: The objective of this program is to evaluate the properties of boron-aluminum
structures and at the same time to establish and facilitate processing techniques, design
analysis, and fabrication characteristics of boron-aluminum composites,

APPROACH: Boron- Alummum pI‘OpeI‘tleS will be evaluated by testing the composite in
tension, fatigue, and shear from -320°F to +800°F. Structural assemblies will be designed
involving the following structures: (1). Compression panel, (2) Thrust structure truss beam,
and (3) Thrust structure shear web beam. In addition, 2 manufacturing process deveIOpment
task is to be conducted, which shall include studies in machining, joining, chemical treatment,
and tooling requirements. Finally, boron-aluminum components selected from the design
analysis, will be fabricated and these components subjected to structural tests.

STATUS: Technical Progress: Four phases initially planned for this program, Material
Evaluation, Design and Analysis of Thrust Structure Components, Process Development,

and Shear Beam Fabrication have been completed. The structural test for the shear beam
component was completed with the structure sustaining 102% of design ultimate load before
failing. The test, therefore, was considered a success. Work on the design and fabrication
of a 0.74 by 2. 03 m (29 x 80 in) B/Al compression panel has been completed and the component
has been delivered to this Center for test to a temperature of 589°K (600°F). In addition, the
contract has been extended for another eight months to include methods of repairing B/Al
structures experimentally and in the field,

7. REPORT NOC.: TITLE: AUTHOR(s): OATE
TRAMSMITTED
GDCA-OBGT73-006 Design, Mfg. Dev. Test, M. F. Miller August 1973
' and Evaluation of Boron/ J. L, Christian
Aluminum Structural W, F. Wenmbhold

Components for Space Shuttle
Vol 1: Design and Analysis
Vol 11; Materials & Processing

FIRST BENEFITTING PROJECT: Space Shuttle

MSFC - Form 350 (March 1873}
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] CURRENT NO./CODE: T —
PROGRESS REPORT 114-03-33
RESEARCH AND TECHNOLOGY OPERATING PLAN —— ]
{Continuation Sheet) . PAGE 2 oF 9

——

STATUS (CONCLUDED):

Management Progress: The contract has been extended for an additional 8 months
to May 31, 1974.

Conclusions: It has been established that B/Al composites can be successfully
fabricated into useful structural components, such as, a shear beam with properties
exceeding that of aluminum at both room temperature and at 600°F., Also, resistance
welding and mechanical joining methods were found to be well within the state-of-the-art.

Problem: None

Forecast: None

M8FC = Form 350-1 (March 1973)
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1. CENTER; . 2. PERIOD COVERED: 3. CODE
CURRENT NO.: PRIOR NO.:_
MSFC 0l 04 73 - 30.09 73 114-03-34
4, TITLE:
Design Properties of Materials (Evaluation of Softgoods)
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
ASTN
T. E. Wood 3-1231 R. J. Schwinghamer

6. ACCOMPLISHMENTS (Milastonas, Probisms, Near term activitles):

TASK: Evaluation of Rubber Soft Goods, NAS8-29060, General Dynamics/Convair,
San Diego, CA.

OBJECTIVE(S): This program is to study the performance of rubber soft goods which
will be used for seals, bladders, O-rings, diaphragms, gaskets, and related
applications as affected by extreme cyclic variations in the Shuttle vehicle

flight environment, coupled with the reusability, reliability and quick turn-around
requirements.

APPROACH: Candidate rubber materials in both typical and use configuration and

standard test configurations will be exposed to cyclic thermal and pressure environ-
ments comparable to anticipated Shuttle environments. Various parameters will be
monitored. These parameters will include tensile strength, elongation compression

set, stress relaxation, aging behavior, hardening, embrittlement, reversion and

other attributes which dictated the suitability and selection of the materials for

the given application, Current state-of-the-art rubbers and seal materials will

be used in the program. These materials shall be fully identified and the formulations
and cure schédules shall be documented.

STATUS: Technical Progress--Cyclic load deflection measurements have been completed
on all Phase T {(Hydraulic) seal candidates (Vitons) at room temperature and 300°F.
No viton has shown any compression set under any condition employed to date, The
white viton stock was found superior to either of the black viton stocks .

7, REPORT MNO.: TITLE: . AUTHOR(s): OATE
TRANSMITTED

Ten Progress reports have been issued.
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MSFC - Form 360 (March 1§73)



20

CURRENT NO./CODE: S
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RESEARCH AND TECHNOLOGY OPERATING PLAN
(Continuation Sheet) PAGE 2 or 2

STATUS (CONCLUDED): Only two of the six potential seal candidates for the Main
Propulsion System, cross linked Halar and AF-E-124, meet the impact requirements
for service in liquid oxygen.

Only one of the four Orbital Maneuvering System seal candidates, the phosphazine
fTuoroelastomer, shows signs of degradation after six months immersion in monomethyl
hydrazine.

Conclusions--Results to date indicate that there are two or more compounds
suitable for use in each of the following Space Shuttle vehicle systems: {1)
hydraulic, (2) main propellants and (3) auxiliary.

Problem=-~-None

Causes of Problem--N/A

Suggested Solution--N/A

Forecast--N/A

MSFC = Form 350e1 (March 1973)
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. PROGRESS REPORT
RESEARCH AND TECHNQLOGY OPERATING PLAN
PAGE 1 OF 2
1. CENTER: ‘ 2, PERIOD COVERED: 3. CODE
MS _ ’ CURRENT NO,: PRIOR NO.t_
FC 010473 -3009 73 114-03-35
4. TITLE:
Materials Compatibility Evaluation
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
W. B. McPherson 205-453-5509 R. J. Schwinghamer

6. ACCOMPLISHMENTS {Mbestones, Problems, Near term activities):

TASK: Influence of Gaseous Hydrogen on Metals - NASB 25579 Rocketdyne Canoga Park, CA,

OBJECTIVE: To determine the effects of gaseous hydrogen on the engineering properties

of various metal alloys that have potential use in pressure vessels, pressurization components,
engine components, and fuel cells necessary to re-usable space shuttle propulsion and life
support systems. Design data and safe operating parameters will be established based on
results of this investigation.

‘APPROACH: Tests will be made to determine the fracture toughness, Ky, threshold stress
intensity, K and cyclic flaw growth rates, da/dN vs Kjq, for A302-B Mod. steel in

103.4 MN/ mEH(15000 psi) hydrogen at room temperature, The variation of fracture mechanics
behavior for Inconel 718 in GHg will be determined as a function of pressure to measure the
equilibrium crack extension.

STATUS: Technical Progress: Tensile, fracture toughness (KIC) threshold stress intensity
for sustained-load crack growth (Kyy), and cyclic and sustained load crack growth rate
measurements were performed on a number of alloys in high- pI‘eSSU.Ié hydrogen and helium
environments. The results of tensile tests performed in 34.5 MN/m?® (5000 psi) hydrogen
indicated that Inconel 625 was. considerably embrittled at ambient temperature but was not
embrittlied at 144 K (-200F), The tensile properties of AISI 321 stainless steel were slightly
reduced at ambient temperature and 144 K (-200 F), The tensile properties of Ti-5A1-2.5

Sn ELI were essentially unaffected by hydrogen at 144 K (-200 F). OFHC copper was not
embrittled by hydrogen at ambient temperature or at 144 K (-200 F),

7. REPORT NO.: TITLE: AUTHOR($): DATE
TRANSMITTED
R-8719 Influence of Gaseous R. J. Walter May 24, 1971
- Hydrogen on Metals H. G. Hayes
: W. T. Chandler
Influence of Gaseous R. J. Walter ' June 28, 1972
Hydrogen on Metals A. J. Jacobs
W. T. Chandler
Influence of Gaseous R. J. Walter October 1973
Hydrogen on Metals W, T. Chandler
Final Report '

FIRST BENEFITTING PROJECT: Space Shuttle Main Engine

g
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- ] CURRENT NO./CODE: R
PROGRESS REPORT 114-03-35
RESEARCH AND TECHNOLOGY OPERATING PLAN .
(Continuation Sheet) g PAGE 2 or 2

STATUS (CONCLUDED):

Threshold stress intensity (Kyy) measurements were performed on Inconel 718
(in two heat treatment conditions), Inconel 625, AISI 321 stainless steel, A-286 stainless steel,
Ti-5A1-2.5 Sn ELI, 2219-T87 Al alloy, and OFHC copper. The tests were performed at
ambient temperature and 144 K (-200 F) in 34,5 MN/m# (5000 psi) hydrogen and helium
environments and were monitored by acoustic emission. Sustained load, hydrogen-induced
crack growth occurred in Inconel 718, Ti-5Al1-2.5 Sn ELI and in A-286 stainless steel. No
influence of hydrogen was noted on crack propagation in 2219-T87 aluminum and in OFHC
copper,

Embrittlement of notched Inconel 718 tensile specimens by 34,5 MN/ m2 {5000 psi)
hydrogen at ambient temperature was found to vary considerably with condition. Reduction
of notch tensile properties was least for Inconel 718 with a very fine grain size, moderate
for a coarse-grained material after a 1325, 1033-922 K (1925, 1400-1200 F) heat treatment
and most severe for a coarse-grained material after a 1214, 991-894 K (1725, 1325-1150 F)
heat treatment. Embrittlement appeared to correlate with grain size and the presence of a
nearly continuous precipitate identified as NigCb. The cyclic crack growth rate in Inconel 718
increased with increasing hydrogen pressure, and was a complex function of cyclic rate.
The influence of hydrogen on the cyclic crack growth rate of Inconel 718 decreased appreciably
from ambient to 200 K (-100 F). The ambient temperature cyclic crack growth rates of HY100
and ASTM A-533-B steels were approximately 20 times greater in hydrogen than in helium
over a wide range of stress intensities at pressures of 51. 7 MN/m? {7500 psi) for HY100 and
103.4 MN/m? (15, 000 psi) for ASTM A-533-B.

KTH was measured as a function of hydrogen pressure for AISI 4340 steel and
Inconel 718 to determine whether hydrogen-environment embrittlement is caused by adsorbed
or absorbed hydrogen. The small effect of hydrogen pressure on Ky of both alloys indicates
that Lydrogen-environment embrittlement results from a hydrogen adsorption dependency
mechanism.

Management Progress: This program has been completed.

Conclusion: See Technical Progress
Problem: None

Forecast: None

MSFC = Form 3501 (March 1973)
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. TITLE: )

Materials Compatibility Evaluation
- RESPONSIALE INDIVIDUAL: TELEPHONE: APPROVAL:.

J. G. Williamson - 205-453-4355 R. J. Schwinghamer

. ACCOMPLISHMENTS (Milastones, Probiems, Near term actlvitlas):

TASK: The Corrosion and Stress Corrosion of Several High Temperature Alloys,
NAS8-27270 McDonnell Douglas Astronautics Company-East, St. Louis, Mo,

OBJECTIVE: To determine the corrosion resistance and the stress corrosion susceptibility
of several high temperature alloys.

APPROACH: Two alloys that are candidates for the Shuttle Solid Booster case were tested
under simulated service conditions to define subcritical flaw growth behavior under both
sustained and cyclic loading conditions, The materials evaluated were D6AC and 18 Ni
maraging steel, both heat treated to a nominal yield strength of 1380 MN/m? (200 ksi).

STATUS: Technical Progress: The experimental portion of this program has been completed
and a draft of the finzal report prepared.

Management Progress: This program has been completed.

Conclusions: The sustained load tests were conducted by exposing
stressed specimens of both alloys to alternate immersion in synthetic sea water. It was found
that the corrosion and stress corrosion resistance of the 18 Ni maraging steel was superior
to that of the DBAC steel. It was also found that austenitizing temperature had little influence
on the threshold stress intensity of the latter alloy. The cyclic tests were conducted by
subjecting surface-flawed specimens of both alloys to load/temperature cycles that simulated
expected mission conditions. The crack propagation rate of 18 Ni maraging steel was
unaffected by these simulated mission cycles relative to the baseline (load cycling only)
condition, A slight acceleration in erack growth rate was observed for this alloy when cycled

in the presence of synihetic sea water. The crack propagation rate for D6AC steel, however,
was found fo be affected by mission c_vcling relative to the baseline condition.

. REPORT NO.: TITLE: AUTHOR(s): DATE
TRANSMITTED

MDC E0609 "Corrosion and Stress J. W. Davis Aug, 31, 1972
Corrosion Susceptibility of L. J. Pionke
Several High Temperature
Materials"
"Evaluation of Shuttle L. J. Pionke Oct. 31, 1973
Solid Rocket Booster K. C. Garland

Case Materials

MSFC - Form 360 (March 1973)
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6. Accomplishments (Continued)
Problems: None

Forecast: None

MSFC = Form 350=1 (March 1873)
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MSFC 01 04 73 -300973 114-03-35
4, TITLE:

Materials Compatibility Evaluation
5. RESPONSIBLE INDIVIDUAL; TELEPHONE: AP?ROVAL:

W. B. McPherson 205-453-5509 R. J. Schwinghamer

6. ACCOMPLISHMENTS (Milestones, Problems, Near term activities):

TASK: Influence of Elevated Temperature on Meta_ls in Gaseous Hydrogen NAS8-26191
Pratt & Whitney, West Palm Beach, Florida

OBJECTIVE: To determine the effects of gaseous hydrogen on the engineering properties of
various metal alloys that have potential use in pressure vessels, pressurization components,
engine components, and fuel cells necessary to re-usable space shuttle propulsion and life
support systems, Design data and safe operating parameters will be established based on
results of this investigation.

APPROACH: Tensile, low and high cycle fatigue, and creep tests will be made on MAR-
M200DS and Astrology nickel alloys, A-286 stainless steel and Haynes 188 cobalt alloy. To
simulate flight hardware environments, tests will be made in hydrogen hydrogen-water and
ammonia at 3, 45 MN/m?2 (500 psi) (ammonla) and 34,5 MN/m? (5000 psi) and temperatures
of 288K (77F), 951K (1250F), and 144K (1600F).

STATUS: Technical Progress: The nickel-base alloys as a class were the most susceptible to
hydrogen environment degradation. With two exceptions, the low-cycle and high-cycle fatigue
life, both strain-controlled and tension-tension load-controlled, was degraded for all nickel-
base alloys tested in 34, 5-MN/m? (5000-psig) hydrogen. The fracture toughness, Kig or Ky
was degraded for only one material, WASPALOY. The rupture life, on a stress for specific
life basis, was degraded only by the pure hydrogen environment, with Inconel 718 (both heat
treatments) and Inconel 625 being severely degraded, and WASPALOY, IN-100 and MAR M-200
DS slightly degraded (less than 25%). Materials tested in the hydrogen and water vapor and
dlssomated hydrazme envuonments were not degraded by those environments. Tensile

most affected.

. REPORT NB.: TITLE! AUTHon(s) T

TRAI\?SAJFI‘TED
PWA-FR-4566 Properties of Materials J. A, Harris, Jr. June 30, 1971
~ in High Pressure Hydrogen M. C. Van Wanderham
at Cryogenic, Room and
Elevated Temperatures -
PWA-FR-5129 Properties of Materials in J.A. Harris, Jr. dJune 30, 1972

High Pressure Hydrogen at
Room and Elevated Temperatures

PWA-FR-5768 Properties of Materials in J. A, Harris, Jr. July 31, 1973
High Pressure Hydrogen at
Cryogenic, Room and Elevated
Temperatures '

FIRST BENEFITTING PROJECT: Space Shuttle Main Engine

MEFC - Form 860 (March 1973)
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STATUS (CONCLUDED): Elongation and reduction of area were quite degraded, with IN~-100
the most degraded, followed by MAR M-200 DS, Inconel 718 (1227°K solution), Inconel 625,
Inconel 718 welded (1313°K solution), and Inconel 718 (1313°K solution) in that order.

Two iron-base alloys were tested, A-286 and AISI347, These alloys
as a class exhibited the least severe degradation of all materials tested. In fact, AISI 347 had
negligible property degradation for all tests and conditions investigated during this program,
A-286 exhibited negligible property degradation at 300°K (BOOF). The elevated temperature
(951°K [125Q°F]) creep-rupture and smooth tensile properties only were degraded at
34.5 MN/m“ (5000-psig) pressure.

The two titanium alloys tested, 6A1-4V and A-110, did not exhibit
significant degradation in any property at room temperature except tensile properties. The
smooth tensile ductilities and notch tensile strength were degraded to severely degraded. At
a temperature of 366°K (ZOOOF) the low-cycle fatigue life and tensile properties of both alloys
were degraded, with A-110 more severely affected. There was also evidence of the formation
of surface hydrides on specimens tested at 366°K 200°F).

Haynes 188 was tested in three hydrogen containing environments.
The only property evaluated that was degraded was low-cycle fatigue life at 951°K and 34.5
MN/m2 (1250°F and 5000-psig) pressure, which was severely degraded.

Management Progress: This program has been completed.

Conclusions: This program was established to determine specific material
properties and to enable general chservations in regard to the susceptibility of a particular
material to hydrogen degradation, The experience of this program has been that creep-rupture
and low-cycle fatigue, both of which involve relatively long exposures to the environment at
high strain/stress levels, are the most severe tests ot a material for hydrogen degradation,
followed by high-cycle fatigue, tensile, and fracture toughness tests, in that order.

Problem: None

Forecast: None

MSFC » Form 3501 (March 1973)
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1. CENTER: 2. PERIOD COVERED: 3, CODE
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MSFC 01 04 73 - 30 09 73 114-08-04
4. TITLE:
Space Shuttle Composites for Primary Structure
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
E. E. Engler 453-4050 G. A. Kroll

6. ACCOMPLISHMENTS {Milestones, Problems, Near term activities):
TASK: Boron/Epoxy Truss Beam

OBJECTIVE(S): To indicate areas of growth potential for the Space Shuttle vehicle
through the use of advanced filamentary composite materials which would provide maximum
strength to weight capabilities and result in increased payload; and to develop thrust
structure concepts, including major structural components, applicable for various engine
arrangements by number and size. Existing technology composite systems will be utilized
to obtain minimum weight structure.

APPROACH: Technology investigations in the areas of structural design and analysis,
materials evaluation, fabrication, quality assurance, and testing will be conducted.
Representative requirements for Space Shuttle thrust structure beams will be utilized
for the design, fabrication, and test of a truss type beam assembly utilizing boron/
epoxy. The potential for weight savings with this type structure will be evaluated.

STATUS: The contractor (Grumman Aerospace Corp.) successfully tested individual

elements of the beam assembly which utilized boron/epoxy tubes with titanium end fittings
The nine tube beam assembly was subsequently fabricated and delivered to MSFC for testing
per the cantractual . requirement. The test fixture was fabricated by MSFC, but testing
has not been accomplished due to program priorities.

| Management Progress: None
Problems: Inability to test beam at MSFC. _
Reports: Monthly progress reports issued under contract NAS8-26675

7. REPORT NO.: TITLE: AUTHOR(S): DATE
TRANSMITTED

Monthly Progress
Report :

xMSFC-Fonn 550 (March 1978}
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MSFC 01 04 73 - 30 09 73 114-08-04
4. TITLE:
Space Shuttle Composites for Primary Structure
5. RESPONSIBLE INDIVIDUAL: TELEPHOMNE: APPROVAL:
E. E. Engler, S&E-ASTN-ES 453-4050 G. A, Kroll

6. ACCOMPLISHMENTS (Milestonas, Problems, Near term activitles):

TASK: Boron/Epoxy Shear Web Beam and Components

OBJECTIVE(S): To evaluate the potential for reduced structural weight of shear web
beams utilizing boron/epoxy. The considerations will include representative production
joining methods,

APPROACH: Representative requirements for Space Shuttle thrust structure beams will
be used for the design, fabrication, and test of structural components and assemblies,
The program will be phased such that testing of subelements will precede fabrication of
related assemblies. The weight saving potential with this type structure will be
evaluated. The program is in-house at MSFC.

STATUS: Subelement beam caps and bolted joint specimens were fabricated and tested.
Revised specimens were designed and fabricated based on test results, A beam assembly
(simple shear beam) representing a portion of the beam was fabricated in conjunction
with bonded web closeout specimens. The specimens have not been tested due to program
priorities. PFlans tc fabricate the complete beam assembly were cancelled due to the
expense invelved and the lack of priority.

MANAGEMENT PROGRESS - None
Problems - Testing at MSFC

7. REPORT NO.: TITLE: AUTHOR(s): DATE
TRANSMITTED

None

MSFC - Form 350 (March 19783



29

PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN
. page 1 or 1
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MSFC 01 04 73 - 30 09 73 114-08-04
A, TITLE: :
Space Shuttle Composites for Primary Structure
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL
E. E. Engler, S&E-ASTN-ES 453-4050 G. A. Kroll

6, ACCOMPLISHMENTS (Milestonas, Problems, Near term activitles):

TASK: Graphite/Epoxy Compression Panel

OBJECTIVE(S): To evaluate the potential for reduced structural weight by the use of
graphite/epoxy in primary structure compression pamnels.

APPROACH: A representative structural loading intensity for the Space Shuttle was
chosen, and test panels designed, fabricated, and tested. This fabrication was pre-
ceded by materials processing, analysis, and test of subelements of the panel. Load
introduction fittings were incorporated for evaluation.

STATUS: Two banels (29" x 80") were successfully tested at MSFC., Both panels exceeded
requirements. Program is complete. The program was conducted by Martin Marietta under
contract NAS8-26242.

7. REPORT NQ.: TITLE: : AUTHOR(s5): DATE
TRANSMITTED
MCR-73=40 Graphite/Epoxy Compression Panels . John R. Lager Feb. 1973

MSFC - Form 360 (March 1978)
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MSFC 0L 04 73 - 30 09 73 114~08-04
4, TITLE:

Space Shuttle Composites for Primary Structure
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:

E. E. Engler, S&E-ASTN-ES 453-4050 G. A. Kroll

6. ACCOMPLISHMENTS (Milestones, Problems, Near term activities):
TASK: Boron/Epoxy Compression Panel and Stringers

OBJECTIVE(S): To evaluate the potential for reduced structural weight by the use of
boron/epoxy in primary structure compression panels.

APPROACH: A representative structural loading intemsity for the Space Shuttle was
chosen, and a test panel and related stringer subelements designed and fabricated.

The stringers were tested prior to panel fabrication for verification of load
capability. Load introduction fittings were incorporated for evaluation. The program
was conducted in-house at MSFC,

STATUS: Stringer elements were successfully tested, and a 29" x 80" panel was
fabricated. The panel has not been tested due to program priorities.

Management Progress - None
Problems « Testing of panel

7. REPORT NO.: TITLE: AUTHOR(S): DATE
TRANSMITTED

None

MSFC - Form 350 (March 1878)



3l

PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN PAGE 1 oF 3
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4. TITLE: .

Shuttle Guidance

5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
S&E-AERO=-GG
R. R. Burrows 205=-453-0445 Clyde D, Baker

6. ACCOMPLISHMENTS (Milastonas, Problems, Near term activitles):
TASK: Uniform Shuttle Guidance
NAS8-28425, International Business Machines
18100 Frederick Pike
Gaithersburg, MD 20760

OBJECTIVE(S): Due to a current decline in interest as regards a unified shuttle guid-. .
ance system and an increase in interest in guidance for the.space tug and because of the
relative ease with which the algorithms of this and associated contractual efforts can
be revised for tug application, the scope of this contract has been expanded to include
tug related activities. Thus, the objectives of this effort are now two-fold.

(1) An algorithm for real-time reentry guidance of shuttle vehicles to meet terminal
and inflight constraints and to maximize some measure of performance will be developed,
The trajectories generated will be feasible but not necessarily optimal. The algorithm
will be compatible with and similar in structure te the ascent and orbital maneuver
programs (specifically, GUIDE 71/6) already developed under separate contracts,

{2) The space tug is to be a versatile tool for exoatmospheric transportation, able to
complete complieated orbital maneuvers without either on-board or ground based human
intervention, As a result, the requirement for reliable automatic guidance and control.
is especially stringent., This effort will be directed towards the adaptation of the
GUIDE algorithm (developed under NAS8-24018 for optimal space shuttle ascent and orbital
guidance studies) for real-time optimal guidance of the space tug in applications such
as transfer from low earth orbit to rendezvous with a synchroncus equatorial satellite,

APPROACH: In order to develop a method of controlling a re-entering shuttle vehicle
meeting specific landing location, peak-heating and g-loading constraints, a
7. REPORT NO.: TITLE: AUTHOR(s):

DATE
TRANSMITTED

FIRST BENEFITTING PROJECT: Space Shuttle

PO Torm 560 (March 1878)
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APPROACH (CONCLUDED): quantitatively measured performance index will be developed.
This reduces the problem, therefore, to one of maximizing this index. Objective (2)
above will be met by adapting currently existing algorithms to tug real-time optimal
guidance applications. A Bolza formulation with terminal constraints will be used
with tuning of the matrix to achieve a suitable compromise between the constraints and
fuel cost for a variety of missions. Complete simulation of missions using two or
three burns separated by coast arcs will be conducted. The developed algorithm will be
checked for efficiency in a real-time feedback guidance mode and in an on-board
targeting mode. Finally, the algorithm will be documented and a FORTRAN implementation
delivered to MSFC,

STATUS: Technical Progress: Work on objective (1) has been completed and a report
issued to cognizant MSFC personnel as part of the regular progress report for June
1973. The problem of maximizing the performance index as outlined in the approach
section was met in the unconstrained case with a straightforward application of a
routine developed by M. J. D, Powell., The trajectories thus generated proved to be
only slightly less than optimal. As it turned out, these unconstrained solutions
also satisfied the maximum g-force constraint. Further work in this area was there-
fore unnecessary. After various other methods were studied, a nonlinear programming
approach to temperature control was finally implemented and proved satisfactory. The
airport flyover constraint was atleast partially solved by use of a quadratic search
procedure. Although many refinements could be made in the final algorithm here
outlined, no further work is now planned. Instead, future efforts will be directed
towards meeting objective (2).

Management Progress: A formal agreement between IBM and MSFC on the expansion of
the objectives of this contractual effort is due to be completed in a short time.
The contractor is, however, proceding on the expanded work without formal agreement.

Conclusions: A suitable reentry algorithm for shuttle onboard guidance has been
developed.

Problems: None

Causes of Problems: None

Suggested Solutions: None

Forecast: A space tug real-time optimal guidance algorithm will be developed on
schedule.

MSFC = Form 350«1 (March 1973)
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Marshall Space Flight Center 01 04 73 - 30 09 73 124-08-16 124-08-08
a. TITLE:
CRYOGENIC STORAGE
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
Eric H. Hyde 453-3852 A. L. Worlund
6. ACCOMPLISHMENTS (Milestones, Problems, Mear term activitles):
TASK: Investigation of High Performance Insulation Problems

CONTRACT: NAS8-21400, McDonnell Douglas/Western Division

OBJECTIVES: To develop technology for the design and fabrication of thermal protection
systems with a "o k" product less than 5%10- Btu-1b/hr-ft%-°F for long term space stor-
age of cryo-propellants (primarily LH») in large propulsion stages for mission duration
from 30 te 300 days under earth orbital, lunar, and interplanetary environments.

APPROACH: Work will be performed through evaluation of material composites, calorim-
eter tests of selected composites, evaluation and selection of attachment and design
concepts, thermal analyses, thermal and structural component tests, and application of
the selected concepts to a typical flight-type tank., The test tank will then be tested
in the MSFC 15-foot diameter vacuum chamber.

STATUS: Technical Progress: The technical and contractual efforts related to this
program are complete, A materials screening program was initiated that provided for
selection of a MLI composite made of double aluminized Mylar and B4A Dacron net spacer
material. An electrical screening technique was developed that quickly and inexpen-
sively screened out candidate spacer materials. A systematic method of defining the
minimum practical layer density of any MLI composite was defined and developed.

Thermal performance repeatability depends on repeatable fabrication between two differ-
ent fabricators., A fabrication method with required tooling to achieve this goal of

7. AEPORT NO.: TITLE: AUTHOR({s): DATE
TRANSMITTED
DAC-63250 First Quarterlg Report G. 0. Fredrickson
Jan 20 - Apr 20, 1969
MDC-G1152 Second Quarterly Report G. 0. Fredrickson
Apr 20 - July 20, 1969
MDC-G1238 Third Quarterly Reporxt G. 0, Fredrickson
July 20 - Qct 20, 1969
DAC-63264 Special Report No, 1 G. 0. Fredrickson
MDC-G0O275 Fourth Quarterly Progress G. 0. Fredrickson

Report, Oct 20 - Jan 1970

MDC-G2135 Interim Progress Report G. 0. Fredrickson
February 1971

Combined Insulation Report G. 0, Fredrick
Feb 20 - Sep 1, 1 P redrickson

MDC-GAT22 Final Report G. 0. Fredrickson
August 1973

FIRST BENEFITING PROJECT: SPACE TUG
MSFC - Form 850 (March 1978)
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repeatable and predictable thermal performance was defined and demonstrated., Fabrica-
tion and application of MLI panels to vessels 10 meters in diameter, 20 meters long
was demonstrated. Component thermal performance tests were performed to define the
basic composite heat flux, thermal effects of seams and perforations. Component

(face sheet, fasteners) structural tests were performed for design sizing. Mylar and
face sheet expansion coefficients were experimentally measured. These tests showed
that the panel load-carrying members will remain loaded after tank-propellant-loading
induced chilling. Panel structural integrity in a Saturn acoustic environment was
demonstrated down to -2859F. The panels fluffed up after acoustic tests suggesting
that improved thermal performance cam be expected after an MLI system is launched.

The results of all component tests were combined into a flightworthy MLI system design
which was fabricated and installed on a 2,67-meter diameter MSFC furnished tank. A
purge gas system was defined and purge gas requirements for pre-launch, groundhold,
and ascent were calculated., A purge jacket was defined, designed, and fabricated by
Goodyear Aerospace Corporation and applied to the 2.67-meter tank, The MLI system was
installed and tested in the MSFC 4.56-meter vacuum chamber., The B4A Dacron net compos-
ite test yielded the lowest applied heat flux of 4.16 w/mZ (0.13 Btu/hr-ft2) to date.
If a 3.05-meter tank containing 1050 Kg of LH, were insulated with the B4A, the
resulting boiloff would be about 0.22%/day or it would take 455 days for all of the
LH; to evaporate.

Management Progress: The program was completed within budget with no
cost overrun.

Conclusions: Fabricating and installing purge type high performance MLI
system for one-shot large vehicle stages is now possible with minimal applied thermal
degradation.

Problems: There were several problems during the program. The most
gignificant was the sealing of the purge jacket around penetrations and the shift in
thermal performance between tests where the MLI was initially evacuated and purged
with gaseous helium.

Cause of Problem: The leaking purge jacket was a result of sharp edges
and poor sealing near the penetration, The shift in MLI thermal performance was
theorized to be residual gas conduction.

Problem Solution: Eliminate sharp sealing edges around penetration by
using fairing near the purge jacket termination. A positive method of eliminating gas
conduction is unknown. Preconditioning the MLI composite may be one solution.

Forecast: The final report was prepared and distributed August 1973,
A certificate of performance has been issued to the contractor, MDAC/WD.

MBPC = Form 3501 (March 1973)
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4, TITLE:
Space Shuttle Advanced Composites for Primary Structures
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
ASTN
L. M. Thompson 3-1223 R. J. Schwinghamer

6. ACCOMPL|SHMENTS (Milestones, Problems, Near term activitles):

TASK: '"Development of Design Data for Graphite and Boron Reinforced Epoxy and
Polyimide Composites"" NAS8-26198, General Dynamics/Convair Division

OBJECTIVE(S): To develop reliable design data for graphite fiber reinforced epoxy
and polyimide composites for structural application on advanced space vehicles.
Strength data shall be developed over the maximum useful temperature range for each
composite. Data will also be developed on thicker sections of these composites than
are normally tested. The results shall be incorporated into material and process
specifications for both composites types. Hat sections graphite/polyimide stringers
shall be designed, fabricated, and tested to specified criteria. Boron and high
modulus graphite fiber/polyimide laminates shall be studied, and design data
developed for high modulus graphite/polyimide laminates.

APPROACH: From the survey-available materials and test data, four candidate prepregs
for both the epoxy and polyimide systems shall be selected for further study. Of the
four candidate prepregs, at least one shall be made of high modulus graphite fibers
and another of high strength graphite fibers. Based on test data from laminates

made from the prepregs, one candidate representing each resin system shall be selected
to develop design data. Tests shall be run to optimize cures for each system using
vacuum bag, press, and autoclave cures. Other tests as needed will be obtained on

the laminates over a temperature range of -423°F to +350°F for the epoxy laminate

and -423 to 600°F for the polyimide material to develop design allowables. Based

upon the data developed, 15-inch and 40-inch long hat section stringer assemblies

wmmm high strength cr:l:e'llphlte fihers and polyimide

7. REPORT NO.: TITLE: AUTHOR(s): TRAP?SAI\IE'TED
REPORT NO.
Sampe Paper Development on Graphite/ Dr. J. M.Stuckey Oct. 1971
) Polyimide Composites W. G. Scheck
Sampe Paper Development and Evaluation Dr. J. M. Stuckey Oct. 1972
of Graphite and Boron W. G. Scheck

Polyimide Composites

-t R g B TR e v b R e RS NS R A R L A e e e e e R A et e S e AN o b e S e A e

FIRST BENEFIL'TING PROJECT: Space Shuttle

MSFC - Form 860 (March 147%)
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APPROACH{CONCLUDED): resin, and will be tested to specified criteria. Laminates

of various high modulus graphite fiber/polyimide resin combinations will be studied,
and one laminate will be seiected to develop design data., Boron fiber/polyimide resin
laminates will also be evaluated.

STATUS: Technical Progress--All program objectives have been achieved. All design
data has been reduced and drafts of final reports have been received and are under
evaluation,

Management Progress--None

Conclusions--This program is complete with all objectives met. No further reports
will be issued.

Problems--None
Causes of Problems--None
Suggested Solutions--None

Forecast-~This program was sucessfully completed.

MBFC » Form 350-1 (March 1973)
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4. TITLE:

Space Shuttle Advanced Composites for Primary Structures

5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL
ASTN ‘
J. M, Stuckey 3~1222 R. J. Schwinghamer

6. ACCOMPLISHMENTS (Milestones, Problems, Near term activities):

TASK: 1In House Effort on Evaluation of Graphite Composites

OBJECTIVE(S): To evaluate and optimize curing and processing conditions for
graphite prepreg materials through fabrication of test specimens and to develop
realistic design information for composite materials., Recently to qualify graphite/
epoxy laminates as the material for the optical bench of the Large Space Telescope
(LST).

APPROACH: Initial efforts are concentrated upon available high modulus and high
tensile graphite-epoxy prepreg materials. Test pieces are being fabricated, and

the physical and mechanical properties obtained for finished products over a wide
temperature range are correlated with processing and curing history. Optimization
of cure procedures using a dielectric monitor will be studied. 1In additionm,
polyimide specimens provided under Contract NAS8-26198 will be tested at -423°F,

and cure procedures developed under that program will be checked for reproducibility.
Based on available data four commercially available high modulus graphite/epoxy
prepreg were selected for qualification to the unique requirements of the LST.

STATUS: Technical Progress--Efforts on the report on the evaluation of 0/90 bidirect-
ional graphite/epoxy-phenolic laminates obtained from General Electric have been delaye
Emphasis is being placed on high modulus graphite/epoxy laminates for LST. Laminates
are being fabricated from three candidate epoxy prepregs and test specimens are

ironmental

{7. REPORT NO.: TITLE: AUTHOR (5): DATE
TRANSMITTED
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FIRST BEMETITTING PROJECT: LST
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STATUS (CONCLUDED): exposure, moisture sorption, and mechanical property tests.
Data on mechanical properties as fabricated are being obtained at 75°F and -100°F.
Moisture sorption tests have been initiated,

Management Progress--Emphasis shifted to qualifying high modulus graphite/epoxy
laminates for LST.

Conclusions--Data shows a problem with graphite and boron/epoxy laminates from
moisture sorption; polyimide laminates are not encountering the same difficulty.
Tests on the pyrone resin/graphite laminate show that more development effort is
required before commercial application. '

Problem--Tensile testing at -423°F (temporarily postponed) has resulted in specimen
failures in the reinforced area rather than the test area. One prepreg eliminated
from program due to inability of the prepreg suppliers to obtain the basic epoxy
resin which was discontinved by the manufacturer. Another prepreg has been ordered
as a replacement.

Cause of Problems--Differences in thermal expansion of adhesive and reinforcement
add to the thermal stresses introduced by the test temperature.

Suggested Solutions--Reduce mismatch in thermal expansion by using a filled adhesive
to bond reinforcement and use reinforcements of glass or graphite laminates,.

Forecast--The program in progress should establish that graphite/epoxy can be used
for LST. Thermal expansion, cutgassing, and moisture sorption-disorption data should
indicate the more desirable laminates for LST application.

MSFC = Form 350e1 {March 1973)
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6. ACCOMPLISHMENTS {Milestones, Problams, Near term activities):

N [
TASK: Development of LOX-Compatible Structural Adhesive, NAS8-27087, Whittaker
Corp., Narmco R&D Division, San Diego, CA

OBJECTIVE(S): To develop a LOX compatible structural adhesive for use in
fabrication of the Shuttle External Tank by the weld bond process.

APPROACH: To continue development and synthesis of a LOX compatible structural
adhesive based on the modified poly(perfluoropropylene oxide) urethane system and
optimize this established base polymer for the weld bond application. To continue
LOX compatibility testing of the polymer, and of aluminum panels bonded together
with the adhesive, and evaluate the effects of metal surface preparations and
various primers on adhesive performance. '

STATUS: Technical Progress--Weld bond studies have been conducted utilizing both
weld-through of uncured adhesive and capillary f£ill-in techniques of previously
spotwelded adherends. Both techniques provided acceptable results. Superior
adhesive performance was demonstrated when a primer system was employed, demonstrating
that high quality welds and adhesive values are readily attained by both fabrication
methods. Material has shown improvement in LOX compatibility as shown by the most
recent LOX impact test results as per MSFC-SPEC-106B. Impact testing has been
conducted on the material's usage configuration - that is as a cured adhesive
bonding together two aluminum plates. Two batches of the uncured resin have been
received from the contractor for in-house fabrication and testing. Several primers
were evaluated as to their effect on bond strengths.

7. REPORT NO.: TITLE: AUTHOR(s): OATE
TRANSMITTED

PUBLICATIONS~-During the two-year life of this contract 1 Annual, 6 Quarterly,
and 23 Monthly progress reports were published. The final 2-year Summary Report is

presently being prepared.

e = U A i R T s G L e o

FIRST BEMEFITTING PROJECT: Shuttle External Tank

MSFC - Form 360 (March 1978)
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STATUS (CONCLUDED): Management Progress--A no-cost extension was granted the
contractor, extending contract activities until 23 August 73. The contract has now
expired and the draft copy of the final summary report is presently being reviewed.

Conclusions--On the basis of the LOX impact test results, the material could be
considered batch-qualified as per MSFC-SPEC-106B., The feasibility of using the
PFPO resin system in the weld-bond configuration has been proven.

Problems--A few LOX impact detonations or flashes continue to be noted, generally
on rebound impacts. It is believed these reactions in LOX can be attributed to
chance contamination of the samples during synthesis, lay-up, or cure, rather than
an intrinsic non-compatibility of the polymer itself. The polymer still remains
marginal in tensile strength above room temperature.

Forecast--The contract has expired and no further work by the contractor is planned.
However, a low level in-house effort will continue, based on availability of
personnel, utilizing the two batches of PFPO adhesive supplied by the contractor in an
attempt to resolve the continuing compatibility problem.

MSFC = Form 350=1 (March 1973)
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PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN
PAGE 1 OF 2
1. CENTER, 2. PERIOD COVERED: 3. CODE
, CURRENT NO.: PRIOR NO.:

MSFC 01 04 73 - 30 09 73 134-03-22

4. TITLE: ’

Polymers

5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL.:

ASTN

W. J. Patterson 3-1224 R. J. Schwinghamer

6. ACCOMPLISHMENTS (Milastones, Problems, Near term actlvities):

TASK: "Development of Thermally Stable Phosphonitrilic Elastomers for Advanced
Aerospace Structures,'" NAS8-25184, Horizons, Incorporated, Cleveland, Ohio

OBJECTIVE: Development of thermally stable polymers based on phosphonitrilic
chloride precursors which shall be processed into elastomers, coatings, adhesives,
or sealants characterized by high thermal stability and resistance to hydrocarbon
fuels for use on future aerospace vehicles.

APPROACH: Preparation of linear phosphonitrilic chloride polymers and subsequent
incorporation of fluoroalkoxy substituents as pendant groups along the polymer chain,
The polymers are to be formulated both as high molecular weight millable gums and
lower molecular weight liquid prepolymers which can be cured in place. The efforts
of the current phase of the program are directed toward the liquid prepolymer
formulation and subsequent development of effective crosslinking systems to yield a
thermoset sealant composition.

STATUS: Technical Progress--The effort toward development of pourable formulations

of fluorcalkoxy-substituted phosponitrilic polymers has resulted in thermoset
elastomers of low tensile strength. Films or coatings of high molecular polymers

of this type cast from solution have demonstrated high tensile strength and elongation
as well as ocutstanding fuel resistance. The solvent-based coating formulations are
being supplied in 1 quart quantities for internal evaluation by MSFC as printed

wiring board conformal coating. The final report for this program is being written
and constitutes the fipal effort by the contractor. This RTOP report constitutes

7. REPORT NOu TITLE: AUTHOR (s}: DATE
TRANSMITTED
PUBLICATIONS: During the course of this program, the contractor has generated

22 Monthly reports, & Quarterly reports, and 2 Annual reports., The final Summary
report is now being prepared.

FIRST BENEFITTING. PROJECT: Sortie Lab

I——
MBFC - Form 860 (March1978)
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CURRENT NO./CODE:
PROGRESS REPORT 134m03-29
RESEARCH AND TECHNOLOGY OPERATING PLAN
(Continuation Sheet) . PAGE 2 oF 2

STATUS (CONCLUDED): the final submission on contract NAS8-25184.

Management Progress--None

Conclusions--The fluoroalkoxy-substituted phosphonitrilic polymer system is
characterized by outstanding hydrocarbon fuel resistance and remains a good
candidate for an integral fuel tank sealant if additional R&D work can be carried
out to provide high strength thermoset materials from an easily applied liquid
precursor. The solvent-based, high molecular weight polymer formulations result
in improved mechanical properties and offer attractive applications as conformal
coatings.

Problems--The thermal stability of the phosphonitrilic polymer system appears to
restrict its use to the 300-400°F region and its usefulness as a fuel tank sealant
in flight regimes of high aerodynamic heating is thus doubtful,

Suggested Solutions--The basic polymer modifications required to overcome the
thermal instability in the polymer are beyond the scope of this program, as this
is the close-out report on the contract.

Forecast--The final report will be distributed as soon as it is published by the
contractor, and modest internal effort will be sustained at MSFC to evaluate the
solvent-based phosphonitrilic coating for printed wiring board applications.

MEFC - Form 350-1 (March 1973)
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: PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN

pace 1 or 23
1. CENTER: 2. PERIOD COVERED: 3. CODE

CURRENT NO.: PRIOR MNO.:
MSFC 01 04 73 to 30 09 73 501-08-10 133-61-10
4, THYLE:
Atmospheric Parameters -
5. RESPONSIBLE MNDIVIDUAL!

N A TELEPHONE:
14

George Fichtl, S&E-AERO-YA 205-453-3109

APPROVAL:
P

u"é&:l fs

William W. Vayghan

6. ACCOMPLISHMENTS (Mlluston_es, Problems, Near term actlvities):

L

TASK (1) Definition of and Effect of Wind Shear on the Operation of Aeronautical Systems
TASK (2) Fog Microphysical Research and Numerical Modeling of Fog

TASK (3) Wind Profiles Over Non~Uniform Surfaces Relative to Design of Aircraft and
Space Vehicles

TASK (4) Atmospheric Parameters for the Definition of Clear Air Turbulence Statistics

TASK (5) Wake Structure Model Development for Aeronautics

TASK (6) Definition of the Horizontal and Vertical Structure of Turbulence for Aero-
nautical System Design and Operation

TASK (7). Structure of Turbulence in Severe Atmospheric Conditions

7. REPORT HO.:

(5ee Attached)

TITLE:

AUTHOR(s):

DATE
TRANSMITTED

FIRST BENEFITTING PROJECT: (See Attached)

———— . e I, . T . o . B e

MSFC - Form 8560 (March 1878)
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PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN )
PAGE oF 23
L. CENTER: 2. PERIOD COVERED: 3. CODE
CURREMT NO,: PRIOR NO.:
MSFC 01 04 73 to 30 09 73 | 54y pg_10 133-61-10
4, TITLE: -

Atmospheric Parameters

APPROVAL: y
HHF Ll W
George Fichtl, S&E-AERO-YA 205/453-3109 William W. V an

6. ACCOMPLISHMENTS (Milestones, Problems, Naar tarm activities): 194

TASK(l)Definition of and Effect of Wind Shear on the Operation of Aeronautical Systems
In-House Effort

NAS8-26600, University of Dayton Research Institute, Dayton, Ohio

5. RESPONSIBLE INDIVIDUAL: TELEPHONE:

NASB8-28136, Aeronautical Research Associates of Princeton, Princeton, N. J.

 OBJECTIVES: To develop environmental wind models of low-level atmospheric shear flows
for the safe design and operation of aeronautical systems. The models shall define
the steady-state and turbulent spatial variations of wind along the flight path of
aeronautical systems during the take-off and landing flight phases,

APPROACH: Develop models of wind shear which define the average, as well as extreme,
vind shears that could occur over and around airports. The analysis will primarily be
concerned with wind shear in stable air (nighttime flows) although some consideration
will be given to unstable daytime and neutral boundary layer flows, These studies
will be based on analyses of atmospheric boundary layer wind profile data from the
150-meter ground wind facility at KSC and the MSFC eight-tower ground wind facility.
In addition, aircraft response studies will be conducted to determine those magnitudes
of wind shear which adversely affect the landing and take-off of aeronautical systems.
STATUS: Technical Progress: Work has continued on statistical models of shear, The
main technical progress concerms results relative to the definition of low

level wind shear environments for automatic landing system design,
distribution of low-level wind shear has been determined whereby design values
of wind shear can be determindd given the accepted risk of exceeding the design

A world-widd

7. REPORT NO.:

NASA CR-2288

NASA CR-2287

- o W

: TITLE:
A Model of Wind Shear and

Turbulence in the Surface
‘Boundary Layer

Effect of Shear on Aircraft
Landing

O A WD S kb e o A e A e ek Sk A b R AR R ek AR AR b e S AR et WS AR RN A Em A A A A R A W e A AR e e S TS

FIRST BENEFITTING PROJECT: Aeronautical (Vehicle Take-off and Landing) & Space Shuttle

AUTHOR(s):
James K, Luers

James K. Luers &
Jerry B, Reeves

DATE
TRANSMITTED

July 1573

July 1973

MSFC-Form 340 (March 1878)
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, CURRENT NO./CODE:
PROGRESS REPORT 501-08-10
RESEARCH AND TECHNOLOGY OPERATING PLAN
‘ (Continuation Sheer) : PAGE 3 OF 23

STATUS: (continued) shear environment at least once during the operational Tifetime
of the aircraft.

Conclusions: The main conclusion is that the Federal lew-level wind shear
compliance criteria for the installation of category II automatic landing systems are
too mild, Thus, if automatic landing systems are designed to just satisfy the Federal
compliance criteria, the risk of exceeding the design shear environment of these
automatic landing systems during their operational lifetime will be relatively large.

Problems: The work concerning the development of low-level wind shear reporting
requirements, eriteria and procedures to pilots prior to take-off or landing has been
delayed, i.e., critical wind shear definition. Causes: This delay has been caused
by the delay in FY74 funds,

Forecast: It is anticipated that FY 74 funds will arrive in late November or
early December., Scopes of work are being prepared so that the work relative to the
definition of low=level critical wind shear can be continued. In the meantime, in-house
effort is continuing.

MSFC = Form 350+1 (March 1973)
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PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN pacE 5 or 23
1. CENTER: 2. PERIOD COVERED: 3. CODE
CURRENT NOQ.: PRIOR NO,:
MSFC 01 04 73 to 30 09 737 501-08-10 133-61-10
4, TITLE:
Atmospheric Parameters /7
5, RESPONSIBLE INDIVIDUAL: TELLEPHONE: APPROVAL:,
S &E-AERO-YE /2 Lo Moy
Otha H. Vaughan g 205-453~3272 William W./¥aughan
6. ACCOMPLISHMENTS {Milestonas, Problems, Near term activitles): {V -
TASK (2)Fog Microphysical Research and Numerical Modeling of Fog
Contract No. NAS8-29583 Colorado State University

Ft. Collins, Colorado 80521

OBJECTIVE(S): To study the life cycle and microphysical properties of both field and
laboratory simulated warm fogs, perform studies leading to the development of techniques
for field fog modification programs, and develop numerical models of fog formation and
dissipation techniques for use in predicting success criteria for field testing in

the future.

APPROACH: To develop techniques for use in field fog modification operations requires

a thorough understanding of a fog's microphysical characteristics under natural condi-
tions of formation and dissipation, as well as how the fog will react to the modification
or dissipation techniques. This research program will use previous reports from other
researchers, contracted theoretical and laboratory studies, in-house laboratory studies,
as well data generated from field test programs from all available sources. These

data will be used in providing the knowledge required to develop the most reliable,
ecologically safe, and economic solution to the fog problem.

STATUS: Due to reduction of programmed funds from NASA Headquarters and contract
negotiation problems with Calspan Corporation the proposed work effort as reported in
the previous RTOP could not be started. Since most of the NASA contracted fog research
over the past years had been performed by Calspan the NASA RTOP Manager decided to
contract this FY-73's effort to another contractor to get a fresh view of the problem,
and to reduce time lost in a procurement cycle. This task was added to an existing MSFC

. P = TITLE: AUTHOR(s): DATE
7. REPORTNO ) TRANSMITTED

FIRST BENEFITTING PROJECT: Aeronautics

MSFC- Form 360 (March 1978)
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‘ T CURRENT NO./CODE;
PROGRESS REPORT 501~08-10
RESEARCH AND TECHNOLOGY OPERATING PLAN
(Continuation Sheet) pace 6 oF 23

STATUS {(concluded):

contract NAS8-29583 with Colorado State University and contract start was August 31, 1973.

This task is now underway to perform a state-of-the-art survey which identifies the

basic research tasks needed to help resolve the unknowns in warm fog modification

and control, based on previous research programs. In addition, CSU {is assessing the

influence of specific pollutants on warm fog behavior and seedability and is identifying
nuclei which are most effective in producing the fog, Dr. M. Corrin is

the Principal Investigator on this study. Dr. Corrin visited the COR at MSFC in

September to discuss the research program and obtain specific program approach guide-

lines.

M3FC = Form 350-1 (March 1973)
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PROGRESS REPORT
RESEARCH AND TECHNOLOGY QPERATING PLAN Pace 8 oF 23
T CEnTER, 2, PERIOD COVERED: 3. CODE
CURRENT NG.: PRIOR NO.:
MSFC 01 04 73 to 30 09 73 501-08-10 133-61-~10

4, TITLE:

Atmospheric Parameters

a
5. RESPONSIBLE INDIVIDUAL: TELEPHONE; RPPROVAL:
Qs O
n

G. H. Fichtl, S&E—AERO—YA%H 205/453-3168 W. W. Vau , S&E-AERO-Y

6. ACCOMPLISHMENTS (Milestones, Froblems, Near term activitles): v
TASK (3)Wind Profiles Over Non-Uniform Surfaces Relative to Design of Aircraft and
Space Vehicles

NAS8-29584, University of Tennessee Space Institute, Tullahoma, Tennessee

OBJECTIVES: To develop a mathematical model of the flow of air over low-level natural
and man-made obstructions. The model will be used to calculate the flow over the
typical types of ground obstructions found at and in the vicinity of airports,
heliports, etc. The results will be analyzed to determine if hazards exist in the flows
relative to the safe operation of aerconautical systems. The results will be generalized

50 as to provide guidelines relative to the operation of aeronautical systems over
low~level obstacles.

APPROACH: The approach will consist of a mathematical model based on the boundary
layer equations for atmospheric flows. The dissipation terms resulting from atmospheric
turbulence will be expressed in terms of mean flow parameters. The resulting equations
and associated boundary conditions will be solved with nunerical finite difference
techniques to produce the flow field of air over obstacles for various geometries.

The sensitivity of the model relative to the closure hypothesis to represent the dissi-
pation terms will be determined. Variocus geometries for the low-level surface obstruc-
tions (buildings, small hills, etc.) will be selected and an assessment will be made

of the character of the flows relative to the sife operation of aeronautical systems.
The results of the study will be verified at MSFC with field experiments.

7. REPORT NO.: TITLE: AUTHOR(3): TRA&QL%TED
NASA CR-2182 A Boundary Layer Approach to Walter Frost, January 1973
the Analysis of Atmospheric J. R. Maus

Motion Over a Surface Obstruc~ W. R. Sinclair
tion

- ._._—-.__._____—-___—_.___.......__—_-._.____.-_.-._._—_._—-...—.-...__—._.___-.__.——._—__...___—-___...___________.-—-———

FIRST BENEFITTING PROJECT: Aeronautical (Aireraft Control Systems) & Space Shuttle

MSFC - Form 360 (March 1978)



RATIONAL . TICS AND SPACE ADMINISTRATION
RESEARCH AND TE! %9  5Y OPERATING PLAN{CONTINUATION)

t. DATE PREPARED 4. CURRENT NUMBER/CODE 23

30 09 73 , . 501-08-10 onoE D oF

JUSTIFICATION, QOPERATING PLAN, REVIEW AND REPORTING (ftems 14, 15 and 16)

STATUS: Technical Progress--The contractor has completed the two-dimensional
model of flow up and over to the separation point on low level obstructions in the
vicinity of aercdromes. This work is being documented in a report which will be
transmitted to the NASA in approximately 6-8 weeks.

. Management Progress—-The contractor has traveled to MSFC on numerous occasions:to
confer with the NASA COR on technical points in the contract. A paper is now in
preparation for publication which gives the essential results of the contract to date.
Conclusions-~The main conclusion to date is that the air flow over buildings is
significantly modified so as to pose a potential threat to low flying aircraft in
the ijmmediate vicinity of aerodromes. The above mentioned report (see technical progress)
will give numerical examples of the types of wind shears and magnitudes that can be
induced by buildings and natural obstacles.

Problems—~None,

Cause of Problems—-None.

Forecast--This contract is being performed on schedule. The next reporting period
will be extending the flow field analysis past the separation point and to model the
separation bubble over and behind buildings. This will be a two-dimensional analysis
and will be extremely useful for determining flows at heliports on tops of buildings.
In addition to this, a three-dimensional flow analysis will be Iinitiated of the flow
up to the separation point.

NASA FORM 1471A Jan 71 REPLACES NHQ FORM B0A WHICH IS OBSOLETE, (SHEET 2)
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PROGRESS REPORT ]
RESEARCH AND TECHNOLOGY OPERATING PLAN
PaGE 11 ofF 23
1. CENTER: 2, PERICD COVERED: 1. o CODE
MSFC 0L 04 73 to 30 09 73 CURRENT NO.» PRIOR NO.: "]
501-08-10 131-61-10
q, TITLE: ——
Atmospheric Parameters
5
5. RESPONSIBLE lNDMDU}LV? TELEPHONE: APPROVAL ; A a —
f “ C/(" dM..,,
George H. Fichtl, S&E-AERO-YA 205/453-3168 William W, Va n

6. ACCOMPLISHMENTS {Mitastones, Problems, Near term actlvities): IV
TASK (4)Atmospheric Parameters for the Definition of Clear Air Turbulence Statistics

In-House Effort
OBJECTIVE(S): To develop models of clear air turbulence (CAT) with detailed wind and

temperature profile data between 1 to 18 km altitude,

APPROACH: The plan is to relate nondimensional numbers which define the flow over
relatively small vertical scales (100«300 m) to corresponding numbers defined over
relatively larger vertical scales (1000-5000 m). This will result in conditional dis~
tribution functions of small scale parameters given certain values for the large scale
defining flow parameters., This data amalysis will establish the statistical relation-
ships between the various scales of motion in the context of the selected nondimensional
numbers. One obvious nondimensional number that will be used in the analysis will be
the Richardson number; however, it is possible to define others. Once these statistical
relationships are determined then the probability of the occurrence of CAT tan be
determined given the large scale nondimensional numbers, provided that critical non-
dimensional numbers on the small scale can be defined relative to the generation of CAT.
Assuming that this can be accomplished, CAT occurrence climatology can be derived for
various locations omce the climatology of the large scale nondimensional numbers is
known, using relatively available rawinsonde data. The development of the statistical
relationships between the large and small scale flows will be first determined for

Cape Kennedy, Florida because of the large data base that now exists.

STATUS: Te¢hnical Progress: Analyses relative to the spectral structure of detailed
wind profiles has been completed and have been documented in the paper cited
in the reports section of this progress report,

7. REPORT NO.: TITLE:

AUTHOR(3): NDATE
TRANSMITTED
Fichtl, G, H. and Dennis Camp, 1973: Spectral Structure of Tropospheric Vertical
Temperature Profiles over Cape Kennedy, Florida, Journal of Geophysical Research, 78,
6218-6223,
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FIRST BENEFITTING PROJECT: poronautical (Aircraft Structures) & Space Shuttle

MSFC - Form 360 (March 1973) J
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. CURRENT NO./CODE:
PROGRESS REPORT ' 501-08-10

RESEARCH AND TECHNOLOGY OPERATING PLAN
(Continuation Sheet) : paGE 12 oF23

STATUS: ¢€Gontinued)

Conclusions: The main conclusion concerning the structure of detailed wind
profiles is that these profiles contain considerable detail from scales
approximately a few meters in length to scales tens of kilometers in length.
All of these scales must be considered when discussing the generation of
clear air turbulence. '

Problems: None

Forecast: Work will continue on studies relative to the development of the
Richardson number probability model for clear air turbulence probability
determination,

-

MSE+ = Form 350-1 (March 1973)



52

PROGRESS REPORT |
RESEARCH AND TECHNOLOGY OPERATING PLAN
pacE 14 OF 23
1. CENTER: 2. PERIOD COVERED: a. CODE
[COFAERT NG,T PRIOR NO.:
MSFC 01 04 73 to 30 09 73 501-08-10 133-61-10
a. TITLE: —
Atmospheric Parameters
5. RESPONSIBLE INDIVIDUAL: TELEPHONE: AFPROVAL: : ——
)ﬁ/ Ce. i
G. H. Fichtl, S&E-AERO-YA 205/453-3168 William W./Vaughan
6. ACCOMPLISHMEMTS (Milestones, Probiams, Near term activitles): v —

TASK (5)Wake Structure Model Development for Aeronautics

NAS8-29583, '"Wind Tunnel Investigation of Wakes Downwind of Buildings and Natural
Obstacles" Colorado State University, Ft, Collins, Colorado 80521,

NAS8-29582, "Feasibility of Aircraft Platforms to Measure Building Wakes for Aerconautical
Safety Applications," Texas A&M University, College Station, Texas 77843,

OBJECTIVES: To determine the structure of wakes downstream of low-level obstacles for
application to the safe operation of aeronautical systems.

APPROACH: 1. Data Acquisition

a. Determine the feasibility of probing these wakes with instrumented
aircraft to determine if useful data for the development of wake models can be obtained
with aircraft platforms.

b. Determine the feasibility of obtaining realistic useful information
about low-level obstacle wakes with wind tunnels. Realistic data will be judged on the
basis of similarity comnsiderationms.

¢. Determine the feasibility of obtaining useful information about low-
level obstacle wakes with meteorological towers with the MSFC eight-tower array.

2. Select optimum data acquisition approach and collect data., It may turn
7. REPORT NO.: TITLE:

AUTHOR(s): DATE
Monthly Progress Reports TRANSMITTED
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FIRST BENEFITTING PROJECT: Aeronautical (Aircraft Take-off and Landing) & Space Shuttle
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‘ CURRENT NO./CODE:
PROGRESS REPORT 501-08-10
RESEARCH AND TECHNOLOGY OPERATING PLAN
{Continuation Sheet) . PAGE ]_5 OF 23

APPROACH: (continued) out that we need to use each approach outlined above. -

3. Develop models of low-level obstacle wakes (buildings, hills, trees, etc.)
with data using theory and dimensional analysis to guide the model development.

STATUS: Technical Progress: The contractors have completed the literature surveys for

these respective programs. The Texas A&M people have laid out a test area within which

anemometers will be located and through which the test aircraft will fly. The test area
consists of the downwind region behind an aircraft hangar. The instruments for the groung
measurements of the building wake have been delivered to A&M and have been installed.

The Colorado State group has prepared its wind tunnels and building models and tests
are now underway, '

Management Progress: A contract has been signed with Colorado State University
NAS8-29583, ‘dated 31 08 74,

Problems: None

Causes of Problems: None

Forecast: The Texas A&M group will begin tests in late October to acquire data
on wakes, The data will consist of ground wind speed and direction data and aircraft
response data, The Colorado State group.will continue wind tunmel tests for a variety
of shapes and determine the statistical properties of wakes via correlation techniques.

MSFC » Form 350-1 (March 1973)
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PROGRESS REPORT ]
RESEARCH AND TECHNOLOGY OPERATING PLAN PAGE 17 oF 23
1. CENTER: 2, PERIOD COVERED: a. CODE R
CURRENT NO,: PRIOR NO.:
MSFC 0L 04 73 to 30 09 73 501-08-10 133-61-10
4, TITLE: N

Atmospheric Parameters

5. RESPONSIBLE INDIVIDUAL: TELEPHONE: APPROVAL:
Crin O
George H, Fichtl, S&E-AERO-YA 205/453-3168 William W, Vaughan

6, ACCOMPLISHMENTS (Milestones, Problems, Near term activitles):

TASK(6)Definition of the Horizontal and Vertical Structure of Turbulence for Aeromautical
System Design and Operation '
Contract No. NAS8-28659, University of Oklahoma, Norman, Oklahoma

OBJECTIVE(S); To define the horizontal and vertical structure of atmospheric turbu-

lence in the atmospheric boundary layer for application to the safe operation aml design

of aeronautical systems.

APPROACH: Develop models of turbulence with empirical/theoretical techniques. The
approach involves the acquisition of atmospheric turbulence data from the KSC 150 -meter
tower and the NASA/MSFC four and eight-tower arrays. These data will be used to develop
statistical and spectral models of turbulence, The models will describe the statistical
relationship between turbulence velocity fluctuations at different points in space and
time,

STATUS: Technical Progress: During this reporting period the data acquired during the
1972-1973 field program were processed with statistical/Fourier transform pro=-
grams to obtain a preliminary look at the data,

Management Progress: None

Conclusions: Our studies relative to the simulation of turbulence show that it
is possible to develop turbulence simulation procedures which result in turbu-

lence processes with variable integral scales and standard deviation along the

flight path of an aircraft as found during take-off and landing,

7. REPORT NO.: TITLE: AUTHOR(S): OATE
TRANSMITTED
Fichtl, G, H., 1972: Probability Distribution of Vertical Longitudinal Shear
Fluctuations., Journal Applied Meteorology, 6, 918-925,

Fiehtl, G. H,, 1972: Wind Shear Near the Ground and Aircraft Operations. Journal of
Aircraft, 9, 765-770.

FIRST BENEFITTING PROJECT: Aeronautical (Flying Qualities) & Space Shuttle

MSFC - Form 350 (March 1978)
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] - ) CURRENT NO_/CODE:
PROGRESS REPORT 501-08-10
RESEARCH AND TECHNOLOGY OPERATING PLAN
(Continuation Sheer) ‘ PAGE 1§ oF 213

STATUS: (continued)

Problems: No funds to continue work on full scale project, can continue with
appropriate FY 74 obligation and costing authority.

Forecast: In-house data reduction and syﬁthesis of results to determine a two~
dimensional spectral model of turbulence shall continue. However, due to funding
delays the pace of the total program will be slower than normal,

MSFC = Form 350-1 (March 1973)
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PROGRESS REPORT
RESEARCH AND TECHNOLOGY OPERATING PLAN paGE 20 oF 23

WPTTETTE 2. PERIOD COVERED: 3. ‘ CODE

CURRENT NG.: PRIOR NO.: —
MSFC 01 04 73 to 30 09 73 501-08-10 133-61-10
3. TITLE: .
Atmospheric Parameters
5. RESPONSIBLE INDIVIDUAL: TELEPHONME: APPROVAL: - £}
S&E-AERO-YA ’lé/ (e L,
George H. Fichtl ﬂl 205-453-3168 William W. ughan
6. ACCOMPLISHMENTS (MHestones, Problems, Near tarm activities): v

TASK(7)Structure of Turbulence in Severe Atmospheric Conditions
Contract No. NAS8-27334 Pennsylvania State University
State College, PA

OBJECTIVE (S): Develop models of the horizontal and vertical structure of turbulence
in severe atmospheric conditions as found in thunderstorms, etec. for application to
the safe operation of aeronautical systems.

APPROACH: Perform scale and dimensional analyses to determine the scaling parameters

of the problem and synthesize hypotheses which can be used to model statistical turbu-
lence parameters that are relevant to the design and operation of space vehicles
operating in severe weather in the atmospheric boundary layer. The resulting hypotheses
will be formulated in such a way that they can be verified by experiment. The verified
hypotheses will then be used to develop the models of the turbulence parameters. In
addition, the relationships between the scaling parameters and the meso-scale and
synoptic scale flow field (using Cape Kennedy, Florida, for example), will be establish-
ed, if such relationships do in fact exist. These relationships and the turbulence
models will be used to develop the climatology of the turbulence parameters.

STATUS: Technical Progress—-The contractor has analyzed the hulk of the thunderstorm
data which was supplied by the NASA. The report indicated in item 7 above documents
much of this analysis. A theory has been developed during the reporting peried which
will be used to explain the experimental results. The model has been run on the com-
puters at the National Center for Atmospheric Research in Boulder, Colorado, and the
results will be documented during the next reporting period.

7. REPORT NO.: TITLE: AUTHOR(s): woaBATE
NASA CR-2289 Variation of the Low Level R. W. Sinclair, July 1973
Winds During the Passare of 7 R. A. Anthes, &

Thunderstoerm Gust Front H. A. Panofsky
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FIRST BENEFITTING PROJECT: Aeronautical (Vehicle Take-off and Landing) & Space Shuttle
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RESEARCH AND TEChrwuiwY OPERATING PLAN (CONTINUATION)

1. DATE pREPARED 4. CURRENT NUMBER/CODE 21 23

30 09 73 501-08-10 PAGE"_____ OF

JUSTIFICATION, OPERATING PLAN, REVIEW AND REPORTING (ftems 14, 15 and 15)

STATUS (concluded):

Management Progress——The report indicated in item 7 above has been transmitted to all
private and government agencies of concern to the problem.

Conclusions--The main conclusion is that no predictor with skill can be found for predict
ingthe time of onset of the longest gust (peak wind) in a thunderstorm at the ground
with larger scale rawinsonde and radar parameters. The result is not conclusive,
nevertheless it suggests that the search for predictors of the time of onset of the
peak gust in a thunderstorm will be more difficult in the future. The second main
conclusion is that the logarithmic wind profile can perhaps be used for altitudes

below the 100-meter level for predicting the vertical variation of wind near the ground
in a thunderstorm,

Problems~--None.

Causes of Problems--None,

Forecast--During the next reporting pericd the contractor will summarize the results
obtained from numerical experiments conducted at the National Center for Atmospheric
Research. It is hoped that this analysis will point the way for determining low level
thunderstorm gust predictors for aeronautical operations.

NASA FORM 1471A Jan 71 REPLACES NHQ FORM 80A WHICH |5 OBSOLETE. [SHEET 2)
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TASK: MNASA Support to FAA on Aircraft Wake Turbulence Problems

OBJECT S): Develop a system capable of tracking wing tip vortices in an airport
environment. Measure flow details in the cores of wing tip vortices of low flying
alrcraft. Establish a rudimentary vortex tracking system at Kennedy International
Airport by 1974,

APPROACH: Develop a laser Doppler system to detect and measure wake vortices. This
will require system engineering studies of the vortex problem and the interaction
with the laser system. The development of a signal processor and display for
observing and tracking ; preparing test plans and data reduction procedures; and
evaluation methods for the operational modes will be carried out. Three units will
be fabricated, assembled and checked out with verification fly-by testing in the
line scan and tracking modes.

STATUS: Technical Progress ~ The system engineering/simulation effort is progressing
on schedule. Data processing programs for system verification and checkout are
being developed and should be ready for use in data processing the results of the
systems first fly-by test. A real-time total system simulation employing the system
display and hardcopy unit is complete and available for operator usage at the

MSFC Computer Laboratory.

Two new Raytheon 20 watt CO, lasers are mow available for use in these systems.
An older laser is being rec6nditioned and will be available by mid~December. A

7. REPORT NOQ.: TITLE: AUTHOR(s): DATE
TRANSMITTED

FIRST BENEFITTING PROJECT: FAA Airport Vortex Detection Project
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backup Honeywell laser will be used as a standby.

The Bragg cell has been chosen as the desired method for translatiom of the Doppler
frequency., Design of the system is complete and fabrication of the system has been
started. Completion is expected by the end of November.

Design of a scan system has been completed and fabrication of a breadboard system
is 90% complete. Delivery of the first field unit is scheduled for October 15, 1973.

The processor for the system makes use of a surface acoustic wave delay line spectrum
analyzer approach. The overall design is complete and the delay lines have been
delivered. Fabrication of the circuitry for the spectrum integrator, velocity
discriminator, the formatter, and the display interface is complete and testing

is underway. The work is on schedule except for an added display scaling feature
modification which was not originally planned.

A field test site has been established for the complete component systems checkout,
integration and operatiomal type fly-by tests. This test site is now 90% established
with the location of instrument trailers, power distribution boxes and cables and
instrumentation lines. The basic features of the site should be completed by

October 15, 1973, and be ready to receive and make field installation of the sub-
sygtems.

Management Progress - The following contracts cover the work under this effort and
are reported separately under the RTOP: (1) "Design,Fabrication and Development of
Signal Processing Units for Use With Atmospheric Laser Doppler Systems,' Raytheon
Company, NAS8-29822. (2) "Development of a Frequency Tramslator for Use With
Atmospheric Laser Doppler Systems," Raytheon Company, NAS8-29706. (3) "Development
and Testing of a Laser Doppler System for Detecting and Monitoring Aircraft Trailing
Vortices," Lockheed Missiles and Space Company, NAS8-29824. (4) "Test Planning

and Modeling of Laser Doppler Systems,' Physical Dynamics, NAS8-28984. MSFC
personnel from major design disciplines of the systems have been assigned to the
project.

Conclusions =~ None

Problems - Some difficulty with laser reliability has been encountered as the result
of defects in the laser tube design and fabrication. Fixes for these problems are

currently underway.

The backscatter from the secondary mirror of the telescope in the present configuration
is of such magnitude as to saturate the detector being used. Initial tests have

shown that this backscatter can be reduced to a satisfactory level by placing a .4 mm
diameter wire directly in front of the secondary mirror. The theoretical implications
‘of this method are presently being investigated. The Laser Safety Eegulations for the
gtate of New York limit the maximum permissible exposure to 1 x 107 joules/em”. This
necessitates the incorporation of a shutter in the system. Some difficulty has been
experienced in obtaining a shutter with the required speed to insure safe exposure
level at the elevation scan turnaround Points and in the event of a scanning system

failure.

MSFC = Form 350-1 (March 1973)
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TASK: Development and Testing of a Laser Doppler System for Detecting and
Monitoring Aircraft Trailing Vortices

NASB8~29824

Lockheed Missiles & Space Company

Huntsville, Alabama 35805

OBJECTIVE(S): Laser Doppler systems at MSFC have been employed for monitoring
ground winds, clear air turbulence and aircraft trailing vortices. As a result of
a NASA-FAA agreement the design and development of a laser Doppler system for the
primary purpose of detecting and monitoring aircraft trailing vortices in an
airport environment will be undertaken.

APPROACH: An automatic scan system will be developed to allow the laser Doppler
system to operate in a three-dimensional line scan mode and a two-dimensional
plane scan mode. This system will also operate in a search mode or a detail scan
mode. In addition to this development, the system will be upgraded to accept
components being developed under other contracts, and field test support will be
provided for verification af system parameters.

STATUS: Technical Progress - Design of the scan system has been completed and
fabrication of a breadboard system is approximately 907% completed. All vendor
components have been received and assembly of the first unit is in progress.
Delivery of the first unit is expected October 15, 1973. Delivery of the second
and third units are expected November 1, 1973, System upgrade is progressing on

schedule and is expected to be completed in time for the delivery of the first
7. REPORT NO.: TITLE: AUTHOR(s):

DATE
TRANSMITTED
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scanner unit. The system engineering/simulation effort is progressing on schedule.
Data processing programs for system verification and checkout are being developed
and should be ready for use in data processing the results of the systems first
fly-by test. A real-time total system simulation employing the system display and
hardcopy unit is complete and available{for operator usage at the MSFC Computer

Laboratory.

Management Progress - Contract for this effort was let April 30, 1973, A
modification to the contract to extend the level of effort in field testing and
documentation is being drawn up and is expected to be in effect by mid-November.

MSFC = Form 3501 {March 1973)
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6. ACCOMPLISHMENTS (Milestones, Froblems, Near term actlvitles):

TASK: Design,Fabrication and Development of Signal Processing Units for Use
With Atmospheric Laser Doppler Systems

NASB-29822

Raytheon Company

Sudbury, Massachusetts 01776

OBJECTIVE(S): The laser Doppler system yields atmospheric velocity information in
the form of a shift in frequency of the signal. This shift is directly related

to the wind velocity at the point of interest. To process the signal into meaningful
velocity information spectrum analyzers and filter banks have been used with limited
success. This task will develop a "state-of-the-art" signal processing system for
laser Doppler systems.

APPROACH: Conventional processing systems had limitations in band width, frequency
discrimination, were difficult to align, and bulky. This effort will develop and
design a system using the surface wave delay line principle which will provide a
satisfactory answer to the problem of real time velocity information retrival and
display.

STATUS: Technical Progress - Contract NAS8-29822 was let to Raytheon April 26, 1973,
The overall design plan was completed and submitted by Raytheon on June 25, 1973, and
COR approval was given on July 6, 1973. The SAW delay lines were delivered to the
Raytheon Advanced Development Laboratory by the Raytheon Research Division on

August 16, 1973. The delay lines met all required specifications. Fabrication of
circuitry is presently completed for the specrum integrator, the velocity diseriminator,

7. REPORT NO.: TITLE: AUTHOR(s): DATE
TRANSMITTED
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the formatter, and the display interface. Tests on these units are presently underway.
The front panel layout was submitted to MSFC on August 25, 1973. The overall

progress is on schedule as originally contracted for. However, due to a contract
modification to include a display scaling feature, an additional two weeks before

delivery of the units is anticipated.

Management Progress - A no-cost contract modification was submitted in July to
change the integration time range from 1,0 millisecond -~ 128 milliseconds to

0.5 millisecond - 64 milliseconds. A contract modification to include a display
scaling feature and to provide additional contractor manpower for integration and
system testing was submitted.. ‘

Conclusions - The contract is progressing very well at this time.

Problems - None

MSFC = Form 3501 (March 1973)
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6, ACCOMPLISHMENTS {(Milestones, Froblems, Near term activities):

TASK: Study on Application of Laser Doppler Velocimeter System
NAS8-25921, Lockheed Missiles & Space Company

P. C. Box 1103 West Station

Huntsville, Alabama 35807

OBJECTIVE(S): Determine and optimize MSFC's existing laser Doppler systems
performance under varying climatological conditions. Evaluate previously obtained
clear air turbulence data for determination of feasibility.

APPROACH: Obtain atmospheric particulate distributions, calibrate LDV system using
a target of known reflectance and optimize overall LDV system performance in varying
atmospheric weather conditions. Evaluate and optimize individual components. Use
independent means to determine conventional atmospheric statistics.

STATUS: Technical Progress - This task has been completed and is closed out.
Final report 'Development of Theory and Experiments to Improve Understanding of
Laser Doppler Systems' dated June 1973 has been received.

Management Progress - Existing contract was modified with a $58K increase on
January 2, 1973,

Conclusions - Preliminary data indicate that the presence of mild fog enhances the
ability of a CO2 LDV system

7. REPORT NO.; TITLE: AUTHOR(s): DATE
- TRANSMITTED
LMSC/HREC TR D306632 Development of Theory and M. C. Krause N/A
Experiments to Improve L. K. Morrison
Understanding of Laser Doppler . E. Craven
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TASK: Development of a Frequency Translator for use with Atmospheric Laser
Doppler Systems

NAS8-29706

Raytheon Company

Sudbury, Massachusetts 01776

OBJECTIVE(S): To develop a frequency translator for use with the atmospheric laser
Doppler system. This translator is necessary to remove the ambiguity in determining
velocity direction, thus optimizing system performance of atmospheric measurements.

APPROACH: Two methods for frequency translation will be investigated, the Bragg

¢ell and the offset laser. In the Bragg cell method, a portion of the outgoing

lagser beam is split off and translated to a particular frequency through the use

of acousto -optic techmiques. The translated portion is used as the local oscillator
for heterodyne detection. In the offset laser method, a separate laser is used to
provide the local oscillator signal.

STATUS: Technical Progress - The Bragg cell has been chosen as the desired method
for translation. The fabrication of the Bragg cell has been subcontracted by the
Raytheon Company to Isomet. Delivery 6f three Bragg cells to the Raytheon Company
is expected by the end of November. Design of the optical mounts for the Bragg

cell and interferometer has been completed and fabrication is in process. The first
interferometer unit is expected to be delivered to MSFC without the Bragg cell on
October 15, 1973,

1 TITLE: AUTHOR(s): DATE
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Management Progress =~ The contract for the investigation of translation methods and
fabrication of three translators was let April 11, 1973, A change order was
initiated May 10, 1973, to delete the investigation of the offset laser method and
to substitute the design of an interferometer optics package. One complete optics
package was to be assembled and the material for two additional packages was to be
provided by the Raytheon Company. A modification to the contract is presently being
negotiated which will include the assembly of the other two optics packages, the
evaluation of three GFE detectors to be used with the optics package, the design
and fabrication of bias networks to be used with the detectors and a complete ray
trace of the optics package and telescope of the LDV system. This modification is
expected to be in effect by November 1, 1973.

Conclusions: All items covered in the contract and its modifications are expected
to be delivered to MSFC by December 15, 1973.

Problems: Late delivery of some optics material by vendors has created some
slippage in the original delivery schedule, however, this will cause no major
problems.

MSFC = Form 330-1 (March 1973)
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6. ACCOMPLISHMENTS (Milestones, Problems, Naar term activities):

TASK: Test Planning and Modeling of Laser Doppler Systems
NAS8-28984, Physical Dynamics

P. 0. Box 1069

Berkeley, California 94701

OBJECTIVE(S): To develop theoretical models of laser Doppler systems. To outline
test programs for understanding and improving laser Doppler systems performance.
Generate mathematical models of atmospheric targets (CAT, vortices stable-unstable

atmospheres),

APPROACH: Using theoretical models developed under previous contracts determine the
feasibility of performing ground based CAT measurements. Determine the approach

and outline of mathematical realizatioms of CAT, mountain wave turbulence, stable
and unstable atmospheres.

STATUS: Technical Progress - (1) A study to determine the range of condition for
which a one-dimensional laser-Doppler scanning system can determine three-
dimensional atmospheric wind velocity data has been completed and documented.

(2) A study to determine the feasibility of measuring CAT and high altitude winds
from a ground based platform using the CAT detection system has been completed.
(3) An analysis of the secondary backscatter problem on the FAA optical system
has been performed and documented. (4) Studies are continuing to determine the
optimum operating mode for the FAA vortex system.

7. REPORT NO.: TITLE: ' AUTHOR(5): DATE
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Management Progress - Work is om Schedule.

Conclusions - Study (1) has been implemented in the field test program at MSFC.
Study (2) will be used in evaluating the CAT detection system. Study (3)
is being considered as a possible solution to this design problem.

Problems - None

MBFC « Form 350-1 (March 1973)
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TASK: Development of a Laser Doppler Clear Air Turbulence Detection System

NAS8-28424, Raytheon Company
Sudbury, Massachusetts 01776

OBJECTIVE(S): To determine the feasibility of developing a laser Doppler system for
the measurement and detection of elear air turbulence for onboard airliner
application.

APPROACH: (1) Evaluate data from flight test. (2) System ground test to precisely
determine the as—flown condition. (3) Make system modification based on data
evaluation. (4) Perform ground test on modified system. (5) Flight test.

STATUS: The CAT transmitter has been returned to Raytheon and has been prepared for
ground test. A 13-mile=-long ground test site has been located and is being prepared.
The CAT signal processor is in good operating condition and has been returned to

MSFC for use in data reduction. Data reduction and analysis are continuing at this
time and will continue in conjunction with the ground test for the next several months.

Technical Progress = The sealed laser used for the local oscillator in the CAT
transmitter has been modified to make the laser refillable in the field. The CAT
transmitter has been reassembled and checked out at Raytheon and is now operating
at the output level obtained during the flight test.

7. REPORT NQ.: TITLE: : AUTHOR(5): DATE
TRANSMITTED
ER70-4203 Development of a CO_, Laser Doppler C. Sommenschein 6-5-70
Instrumentation Detection of Clear A. Jelalian
Air Turbulence. Final Report. W. Keene
MNAS8-24742
ER72-4243 Development of (€O, Laser Doppler C. Sonnenschein May 72
Instrumentation for Detection A, Jelalian
of Clear Air Turbulence. Final W. Keene

Report, Modification of NAS8-24742
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