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Foreword

The attached material represents the working papers from the
OAST Space Theme Workshop held at the Langley Research Center,
April 26-30, 1976, and contains a quic t-look analysis of the
proceedings. The material is unedited and intended for further

use by the participants of the workshop and the planning elements of
NASA concerned with space mission research and technology. It
should be understood that the data do not represent official plans
or positions but are part of the process of evolving such plans and
positions,

Nearly 100 of the Agency's top technologists and scientists joined
with another 35 theme specialists to produce this working document -
a document that provides a technical foundation, including research
and technology base candidates, for each of the six space themes,

The material in this report is considered essential to the development
of Center initiatives in support of these themes. Copies of .he report
will be made available to the Center Management Board and the
individuals at the Centers responsible for the FY'78 program planning
cycle. The timing of this planning activity has caused us to distribute
this document in this unedited form. Thus, it possibly contains errors,
hopefully, more of a typographical rather than a technological nature.
Nonetheless, the information contained is of a high professional level,
reflecting the efforts of the workshcp participants and will be invaluable
to the planning and successful execution of the Agency's near- and far-
term advanced technology program.

Stanley R. Sadin
OAST Space Theme Workshop
Chairman
NASA Headquarters
Study, Analysis, & Planning Office
Office of Aeronautics 2nd
Space Technology



OAST SPACE THEME WORKSHOP
M-2 STRUCTURES AND DYNAMICS WORKING GROUP

SUMMARY COMMENTS ON THEME IMPACT

Two major thrust were identified for structures technclogy:
1) Large Space Stru:tures
2) Advanced Transportatior structures

A technology program on large space structures was defined to respond to
common need perceived for five of the six themes. Greatly expanded power,
facilities, and conmunications/sensing requirements appear to demand a new
structures technology for construction in space. Requirements to construct
huge structural arrays with precision surfaces in space will need creative
research efforts to identify a practical structural elements and construction
techniques.

A technology program on advanced transportation structures was defined to
respond to the space transportation theme in a timely fashion. Because

of the criticality of thermal structures to achieve lower cost transportation
systems, renewed emphasis on technology in this area is recommended. The
working group was concerned that critical skills and facilities of the Agency
in this area have decreased to a critical point. A second technology needing
renewed emphasis is the area of recovery and landing technology structures

to permit fuil reuse of launch vehicle propulsion elements.

ITI-VIIT A-1
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SUMMARY COMMENTS ON THEME NEEDS_AND
T PRECOMMENDED PROGRAMS

Large space structures can be generally grouped into three categories, which
define approximately the size, fabrication, and assembly techniques. The
first category is structures which are fabricated, assembled, and packaged
on earth and automatically deployed in space. Structural technology for
this categorgy is the most mature, the maximum size of the deployed
structure is dependent on the launch vehicle, The second catogory is structures
which are fabricate!' and partially assembled on earth with firal assembly of
the modules/components in space with semi-automated mechanisms. Technology
for this category is new with several major areas of unknowns. The third
category of structures includes ultra large structures for which economics
may dictate that space procassin? and/or fabrication of major structural
components is necessary. Technology for this category is the least advanced
andiafditionally requires interaction on a large scale with astronaut
activities.

Mission requirements on structural surface tolerances, structure pointing, etc.
will also be a factor in determining which category of structure is used.

These accuracy requirements vary from low for solar arrays to very high for
earth sensor antennas to ultra high for radio telescopes and SETI antennas.

Modules of manned space stations and orbital transfer propulsion stages of
size compatible with launch vehicle cargo bays will be fabricated on the
ground and transported to orbit for assembly. Rapid and cost-effective
methods of Tink-up require development of a new generation of docking
technique, mechanisms, and structures.

Manned Space Stations require the development of 10-20 year 1ift hibitats for
which new technology is required.

The search for Extraterrestrial Intelligence (SETI) brings the most stringent
requirement of all the Large Space Structures. The potential requirement

for 3 kilometer size antenna of millimeter surface accuracy and RFI shield

of similar size present a real challenge for the structure discipline and
place the SETI structure into a class of its own.

The use of solar pressure option as a mean of propulsion for the. Exploration
of the Solar System Spacecraft would necessitate the development of technology
for extremely light weight large film structures having requirements different
from those of other large space structures, The key parameter for the solar
sail is extremely light for kilometer size rather than surface accuracy.

[TI-VIIT A-2
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Since the solar sail is only a secondary option as a propulsion system,
a low priority was assigned to this type of structures,

To meet the projected needs of the Advanced Space Transportation Theme, the
most critica? technology area identified related to high temperature stiuctures
for earth to orbit reusable launch vehicles. The combined tu-naround, and
reuse for many hundreds of missions reﬂuires specific advancements in
structural design concepts to withstand entry heating with substantial

weight re?uctlons over the types of structural approaches being used in

the shuttle.

Another important area, particularly for Heavy Lift Lanuch Vehicles, is

that of landing and recovery. The vertical water or land landing approaches
proposed for the very large cargo-type vehicles will require substantial
improvements for parachute systems, landing impac* loads, and protection

of engines from sea water.

In service nondestructive evaluation techniques should provide significant
improvements in operatinnal schedules by extending inspection periods for
critically loaded structural elements. By developing effective sensing and
recording equipment combined with appropriate data veadout and processing
equipment and software, highly loaded structural elements can be rapidly
evaluated after each mission (or series of missions). Teardown for inspection
and replacement after an arbitrary fraction of design 1ift of a pressure
vessel or other critical component can be replaced by a retirement for cause
criteria based on the permanent NDE system measurement,

Increased support of technology for payload dynamics and acoustics was
recommended. The needs identified were to expand efforts to develop methods
of reducing severe noise and vibration environments in current vehicles.
Additional tasks required are high quaiity dynamic and acoustic loads data
obtained from early shuttle flights and the demonstration of methods to
predict the coupled acoustic vibration response of payloads and launch
vehicles from a knowledge of each element. ODrivers for this technology

are cost constraints requiring the elimination of expensive system ground
tests and emerging concepts for heavy 1ift vehicles with large payload masses.

Complex structure configurations combined with varied and rigorous mission
profiles result in time-consuming load analysis requirements. The develop-
meint of advanced computation and data synthesization techniques coupled
with appropriate loads analysis computer programs are necessary to realize
efficient application of wind tunnel data and information from structural
model tests to the determination of design loading conditions. Current
space shuttle analysis techniques will be analyzed to identify inefficient
steps and the theory and implementing software required to expedite the
accurate determination design loads will be integrated into improved
computational programs.

ITI-VIIT A-3
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The development of damage tolerant design methodology is essential to
accommodation of the conflictine demands for minimum structural weight

and for high reliability, low maintenance operations. Selection of an
adequate degree of damage tolerance in the structural materials can provide
significant improvement in the effectiveness of NDE equipment by relaxation
of the minimum flow size detection requirements. Development of proof
testing criteria and the quantification of the significance of a successful
roof test in terms of subsequent assured service l1ife further enhances

DE verified structural reliability, Development of design method which
provide a rational means for selection of safety factors and residual
strength mergins which recognize the damage tolerance capacity of the
structure can aid elimination of design overconservation and corresponding
improvements in structural efficiency.

ITI-VIIT A-4



7/M2/1.

8/M2/1
8/M2/2
8/M2/3
8/M2/4
8/M2/5
9/M2/1
9/M2/2
10/M2/1
12/M2/1
12/mM2/2
12/M2/3
12/M2/4
12/M2/5
12/M2/6

NEW INITIATIVES SUMMARY

TECHNOLOGY NEED

Deployable Laser Mirror
Space-Deployed Large Structures
Space-Assembled Large Structures
Space-Manufactured Large Structures
Orbital Assembly of Modules
Long-Life Habitable Structures
Extremely Accurate Large Antenna
Shield Structure

Solar Sail Structure
Recovery/Landing Tech. for LVs.
Advanced Vehicle Structures
In-Series NDE Techniques

LV Loads Analysis Optimization
Payload Dynamics and Acoustics
Damage Tolerance

Indicates no new initiative submitted to

NEW INITIATIVES*

104, 105, 114, 130

=111

116

Expand RAT Base
Expand RAT Base
Expand R&T Base

address this need. Additional new initiative
would be required to cover the task described

on Form 1,



ENVIRONMENT IN THE LABORATORY

& WODEL TESTED N AIRCRAFT ENVIRONBENT
7 WODEL TESTED iN SPACE ENVIRONMENT

S COMPONENT OA BREADBOARD TESTED !N RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEOQRY FORMULATED TO DESCRIBE PHENOMENA

1 THEORY TESTED BY PHYSICAL EXPERIMEKT OR

I BASIC PHENOMENA DBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

rsnc: TECHNOLOGY NEED FORM NO. | W
PAGEV1OF_2

1.TITLE _Deployable Laser Mirror NO.___ 7/ M2/ 1
THEME /WG, { TASK
-  Other THEMES 8,

—— pare 4_ /28, 16

2. OBJECTIVE Develop structures technology for deployable mirrors.

for high power laser transmission,

3. NEED ANALYSIS
a) LEVEL NOow [2], wiLL 8e LEVEL [3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [pAT

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH [X] meoium ] Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [(] OR
ENHANCING: HIGH[Y] ™meoium (]  wow [

el TASKS NEEDED: STUDY [] ANALYSIS [X] RESEARCH [X]
GRDTEST [{] AIRCRAFTTEST []  SPACE FLIGHT TEST [x]

OTHER (Specity) [ (Check one or more)

f) R&T BASE CANDIDATE RR RTOP ? FY78 Yogk

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY _Laser mirror surface materials develcpment.

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
~a. Stiff deployable support structure and integration of

mirror surface with structure for 30-meter laser mirror.

”b;_ Techniques for_au'ﬂa_ﬁat_ic"aljgrqrinenfi_cv);_mi__r_rgﬁt;s_urfaces.

c. Define suitability for extrapolating concept to
larger sizes.
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SPACE TECHNOLOGY NEED FORM NO. |
L PAGE 20F _ 2
TITLE Deployable Laser Mirror A NO.___ 1/ M2/

THEME /W.G. / TASK

- DATE 4 /2B/76

6. RECOMMENDI:D APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Preliminary design studies, laboratory tests of scaled

models, and shuttle flight experiment of model of complete
system,

7. ALTERNATIVE APPROACHES/OPTIONS

Microwave transmission antenna.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
RR RTOP ? Preliminary study of system concepts.

9. TECHNOLOGY SCHEDULES

FY

scHEDULE ITEM | 76[77]78]79]80] 81] 82| 83| 84|85 | 8|87 | 8a]sa]s0] 91]92] 93] aa]os
TASK ITEM

5a v - d

5b - ~ —3+— —-— -

sc e e &4 . i - 4

Frignt exp ) L L L L L B L L AR L L PO P L]

MANPOWER (M-Y)
INHOUSE ___ —
CONTRACT

FUNDING (108 §) '
INHOUSE | | i
\_ CONTRACT _ lostasl.2].5].el. 717512 42.0] 7-0]




ENVIRONBENT IN THE LABORATORY
& WODEL TESTED !N MRCRAFT INVIRONMENT

7 WODEL TESTED !N SPACE ENVIRONSENT

5 COMPONENT OR BREADSOARD TESTED W RELEvAnT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEQRY FOPMULATED TO DESCRIBE PHENOMENA
1 THEORY TESTED BY PHYSICAL EXPERIMENT OR

1 BASIC PHENOMENA OBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

~
SPACE TECHNOLOGY NEED FORM NO. |
PAGEVOF _&______

1. TITLE Space-Deployed Large Structures NO. __ 08/ M-2/ 0]

THEME / W.G. ITASK
i ——— OTHER THEMES 7,9,10,11

i o i paTe 4 /_?_3.- 75

2. OBJECTIVE
Jesign and develop structural concepts for booms, arrays.

reflectors, antannas and platforms using space-deployment of _
ground assembled components.

3. NEED ANALYSIS
a) LEVEL NOW [2], witL B LEVEL (5] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL (7] FOR OPERATIONAL SYSTEM USE BY [paTe. 1983-87
¢) RISK IN ACHIEVING ADVANCEMENT:
HIcH ] Mepium (] Low [xX]
d) CRITICALITY TC THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH ] meoium (0 tow (J
e) TASKS NEEDED: STUDY [X) ANALYSIS [X] ResearcH [X]
GRDTEST ] AIRCRAFTTEST (]  SPACE FLIGHT TEST (X
OTHER (Specify) [] (Check one or more)

f) R&T BASE CANDIDATE

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Material development (composites).

Active surface precision control

Sensing/measuring techniques for"accurate aiignment

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A) Develop computer-aided concept design technicques,

B) Develop thermal stabilized structures.

4] identify design r requirements for all structure types.
D) Develop packaging and deployment mechanisms

E) Demonstrate technology through Ground/Space testing. sub-
scale models, full-scale segments. etc.

F) Define structure/contr01 system interaction.
G) Deveiop structural accuracy assessment/correction technique

H) Deveiop/verify algorithm for complete structure/dyﬂamics/

environment/life representation. etc,

- ks y
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2
e e e ——————————— e e
TITLE X.
Space-Deployed Large Structures NO.__08/ 2/ 01

THEME /W.G. / TASK

e —— ~  DATE_4 /28,76
6. RECOMMEM)ED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Identify/evaluate/select prime concepts including trade-off
studies involving considerations such as packageability,

deployment mechanisms/loads, weight, volume, 1ife, configuratiog
precision, etc, Develop analytical representation of selected
con'cepts. design. bul]d models and verify with qround test and
flight experiments as requlred SR

7. ALTERNATIVE APPROACHES/OPTIONS

e —

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
506-17-11 Large errectable space structures

506-17-26 Composite Space Structures

750-01-20 Definition of flight experiments

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 76(77]78]79|80|81|B82]B3|B4|85|66|67|B88]89]90]91]92]93]94]95
TASK ITEM R
Booms A 1 01 | - I
A'_rﬂy - A-‘ + —4é<» = ~o{ + - ¥ - -+ - 4+ — - R —
Antenna/reflecf | | A—t—t— —+ | B O B O - . 1
Platforms I o
- - - - — - p—— ———— 3mSR - it —— »—ﬂ-——-}-—p —V-v—q
_— - - - — BE TR — 4 = = + 1
— = 1 1 e s » S - -— e — =
MANPOWER (M-Y)
INHOUSE _ |22 |/el/7)72)r2)-2]/1)/e)/0 -
CONTRACT
FUNDING (108 §)
INHOUSE __ Jolol.t 21.2).2).2). 2.7/ L]
\___CONTRACT gL sl lrel 9171




ENVIRDNBENT I TeE LABDELTORY
& WODEL TESTED 'S A/RCRAFT ENVIRONRENT

| WODEL TESTED v SPALE ENVIRDONSENT

5 COMPONENT OR BREADBO.RD TESTED W RELEVANT

MATHEMZTICAL MODEL

S PERATINENT FUNCTION DR CHARACTE RISTIC DEMONSTRATED

7 Wi IRV FJRMULATED TO DESCRIBE P 4ENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

1 BASIC PHENOVENA OBSEAVED LND REPORTED

OF ART

LEVEL
OF STATE

Fm\cl TECHNOLOGY NEED FORM NO. |
PAGE 1 OF

1. TITLE Space-Assembled Large Structures NO. 8/ ME, 2
THEME /W.G./ TASK

e ——————— —— e e e -t s—

~ e DATE 4 RE 16

ECTIVE
oglgn and develop structural concepts for booms., arrays.

rofltctors antenna, and space platforms using space assembly
ound 4!EFTE—T=3-C omponents . %Eompononts can include
able structures. ? e - g

3. NEED ANALYSIS

at LEVEL NOw [2), wiLL B LEVEL [3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY nenov
AT LEVEL (7] FOR OPERATIONAL SYSTEM USE BY [pare 1003

¢) RISK IN ACHIEVING ADVANCEMENT .
MiGH ] meoium [ Low 7]

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [x] OR
ENHANCING:  HIGH[]  ™meoium [ tow [

e) TASKS NEEDED: STUDY [X]  ANALYSIS () RESEARCH (Y]
GROTEST (Y] AIRCRAFTTEST (]  SPACE FLIGHT TEST [
OTHER (Specity) ] (Check one or more)

f) R&T BASE CANDIDATE '

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY A. Materials development, B, /ctiye

Surface Precision Control, C. Manipulators, )
D. Sensing/Measuring Techniques for acc. ‘!ESPFE“EL,

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. Develop computer-aided concept design techniques.
B. Develop thermal stabilized structures. T
c. Identify design requirements for all structure types.
D. Develop Joining, rediqization. packaging, and deployment

techniques.

E. Démonstrate technoTogy thr0uqh grnund/space testing. sub-_

__scale models, full scale segments, etc. -

F. Define structure/contro! system interaction.
G. Develop structural accuracy assessment/correction techniques.

H. Develop/verify algorithm for complete structure/dynamics/

L environment/life representation, etc. _J




SPACE TECHNOLOGY NEED FOH? NO. | \,
.

PAGE 2 OF

TITLE Space. Assembled Larg_e Structures NO. 08/ M-2/ 02

hd Al Auladt T THEME /W.G. / TASK

——  DATE_ 4 /28,76

6. RECOMMFNDED APPROACH/PRCGRAM PLAN TO ACCOMPLISH NEED
Identify/evaluate/select prime concepts including trade-off gtudi
involving considerations such as packageability, deployment
mechanisms, loads, weight, volume, 1ife, configuration precision
etc. Develon analyucal representation of selected concepts,
dosign. uild models and vertfy with qround test a and quht

experi-nents as requirc Ly 1nclt_:_<_iin_g__assembly manipulator-

s

7. ALTERNATIVE APPROACHES/OPTIONS Many mission raquirements can be

met with one2 or more types of structures (shaped antennas vs.

phased array). §eTecteJ approacﬁ w—f'IT depend on cost. techno‘og
readiness, etc. — . = e

8. CURRENTIPLANNED RELATED ACTIVITIES (RTOP, OTHE R)
506-17-11 - Large Erectable Space Structures

506-17-26 - Composite 'S;iace Structurys

760-01-20 -~ Definition of anm hxperiments

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM 76|77178]|79|80]| 81| 682]83|B4|85|e6|B7|Ba)BI)90]91]92]93]94]95
TASK ITEM R
Booms a1t 1tvlL L 1] | _Lr___ L 1
Array Ap:.:;a S EANN..
Antenna/refl__eci__ A 4 G
Platforms Py Y o1 1
e ————— e ———————————— y }.,
— _-,Lg_-___._..jp—— r— s ol —
MANPOWER (M-Y)
INHOUSE ____ /0]25] 25] 30 ”’L” 25116 H
CONTRACT
FUNDING (10°s) |.2].3].3] 2} 2]
\___CONTRACT 21 2] o303l R V.8 L




ENVIRONMENT N THE LABORATORY
€ WMODEL TESTED !N AIRCRAFT ENVIRONMENT

7 MODEL TESTED 1% SPACE ENVIAONMENT

S COMPONENT OR BREADBOARD TESTED IN RELEVANT

ERISTIC DEMONSTRATED

2 THEOKY FORMULATED TO DESCRIBE PHENOMENA

3 THEORY TESTED BY PHYSICAL EXPER'SCYT OR

1 BASIC PHENOMENA OBSERVED AND RESORTED
MATHEMATICAL MODEL

4 PERTINENT FUNCTION DR CHARAC™

LEVEL
OF STATE
OF ART

o )
SPACE TECHNOLOGY NEED FORM NO. |

PAGEV1OF _2
M

1.TITLE Space-Manufactured/Assembled NO. 08/ M-2/ 03
Large Structures ‘ THEME /W.G. / TASK

OTHER THEMES: 7,11
- : paTe_3_ /28,76

20!?"5 gn and develop structural concepts for booms, arrays.,

space fa aricated/manufactured components.

3. NEED ANALYSIS

a) LEVEL NOW [, wiLL BE LEVEL [3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT -~ SHOULD BE TECHNOLOGY READY
AT LEVEL [7) FOR OPERATIONAL SYSTEM USE BY [paTe. 198790

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [  Mmeowwum []  wow []

¢ CRITICALITY TO THE £ CCOMPLISHMENTS:  ENABLING [Y] OR
ENHANCING: HIcH (]  Meoium [ ow (J

e) TASKS NEEDED: STuny ]  ANALYSIS [X] RESEARCH [X]
GRDTEST [ AIRCRAFTTEST [[]  SPACE FLIGHT TEST [X]
OTHER (Specify) [ ] (Check one or more)

f) R&T BASE CANDIDATE
4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Materials development (composites).
Active surface precision control. Manipulators.
s Autor.ated Fabrication/manuf. devices. Semiaufognafe’a
GW__MQMMSMWMA_&L“W" i
a r

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

A) Develop computer-aided concept -esign techniaues.
B) Deve]op thermal stabilized structures.

C) Identify design requirenents for- all structures.

D) Develop fabricat1on/,nlangch_:_tgrjngmggp_c_e_p_ts. o -
E) Demonstrate technology through Ground/Space fabrication
and testiry of full scale segments and subscale models, etc

F) Define structure/control system interaction.

G) Develop structural accuracy a,ssessmg_qg_/correcf.j_on__t_e__c_hg_!_@e'[

H) Develop/verify algorithm for complete structureAynamics/
enviromment/1ife representation, etc,

L | -
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SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF ‘
— ———————
TITLE  space-Manufactured/Assembled NO. 08/ M-2/ 03

Large Structures THEME /W.G./ TASK

—————————— DATE 4 /28/76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Identify/evaluate/select prime concepts including trade-off
studies involving considerations such as fabrication/manufac-

turing methods, equipment packaging, assembly mechanisms, weiﬁghi
volume, life, configuration precision, etc. Develop aralytical

representation, desfgn, fabrication module. Use module,

fabricate, assemble and verify with ground test and flight
experinent,
7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENTIPLAN?ED RELATED ACTIVITIES (RTOP, OTHER)
506-17-11 - Large Erectable Spice Structures; 506-17-26 - Composite Space
Structures; 750-01-20 - Definition of Flight Experiments; 910-31-07 -
Large Space Structures/Space Fabrication & Assembly

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM T6 (77|78 79|80 81| B2|B3|B4|85)|B6)67|BB)BI|00]91|92]93]94]95
TASK ITEM 2 o
Booms [AN v .
Array Al é} . 0 . -
Antenna/reflect O —g 0
~, . )
Platform PN — \ T S S S B S
| 4 | — b—— b - —
o (I o ) e
- - - —
MANPOWER (M-Y) i d l
INHOUSE __ |/ | 24 S]sels )5l )rola]s N 8 | .
CONTRACT
FUNDING (108 §)
INKOUSE o lel. /]1]. 2] 3.7 4] 1] /
L coNTRACT o Lo L3l d sl o] 51 N




ENVIRONMENT IN THE LABORATORY
& MODEL TESTED N AIRCRAFT ENVIRONMENT

7 MODEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADEOARD TESTED IN RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONS) SATED

2 THEORY FORMULATED TO DESCRIBE PHENDMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

1 BASIC PHENOMENA OBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

rsuce TECHNOLOGY NEED FORM NO. | 1
PAGE1OF __2
—08/ _M-2/ 04

1.TITLE Orbital Assembly of Modules ND.
THEME /W.G. / TASK
OTHER THEMES: 9,12
DATE_4_R8 /76

2. OBJECTIVE
S Develop and Verify Techniques for Maanned Space S&A&ioq

and Orbital Transfer Propulsion Stages

3. NEED ANALYSIS
a) LEVEL NOw (2], wiLL BE LEVEL (4] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [[7) FOR OPERATIONAL SYSTEM USE BY [DATE 1985-90

c) RISK IN ACHIEVING ADVANCEMENT:

HIGH [[]  Mmepium [ Low [X]

d) CRITICALITY TO T'IE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING:  HIGH[]  meowum (] cow [J

e) TASKS NEEDED: STUDY [] ANALYSIS [} RESEARCH [X]
GRDTEST [{] AIRCRAFT TEST (]  SPACE FLIGHT TEST [

OTHER (Specify) D (Check one or more)
f) R&T BASE CANDIDATE

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A) Development of Module Positioning and Orientation
Manipulation Mechanisms.
B) Development of Automatic Locking and Sea11ng Module

Interfaces (manned & modu]es) i -
C) Development of Autom. Locking Interfaces Incorporating
Propellent Pressurent and Vent Lines; and Electrical

Interfaces (orbital Propulsion Stages). —
D) Development of Alignment Provisions for Above Interfaces

(Accurate Sensing and P°§1Fi9“i"9): a




~ N
SPACE TECHNOLOGY NEED FORM NO. |

L PAGE 20F _ ¢

TITLE

Orbital Assembly of Modules NO. 04 |

THEME /W.G. / TASK
DATE 4 /28 /76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Perform concept studies to select assembly method and design

of necessary mechanisms. Develop and test models of critical compon
Evaluate performance, life, reliability. Flight tests require

early use of Space Shuttle orbiter.

Ints.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
None

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM |76 ]77]78}79]80] 81|82} 63)es]as!ee]er]ee|sa] o] a1] 02l a2l aa]os
TASK ITEM K
A MHv 0 F AREEN
B 5 »\& 4 - . i
C A" —+—1 \R Y J
A Al T B o e B
D AN v 0.4__
! , B - - =
. - - - W Na—
MANPOWER (M-Y)
INHOUSE __ alal6 |66 Jaja]ala
CONTRACT
FUNDING (106 §)
INHOUSE
\__ CONTRACT 2lal g raals




ENVIRONMENT IN THE LABOR ATORY
o MODEL TESTED IN AIRCRAFT ENVIRONMENT

7 WMODEL TESTED IN SPACE ENVIRUNMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT

& PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEONRY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL £ XPERIMENT OR

1 BASIC PHENOMENA CBSERVED AND REPORTED
MATHEMATICAL MODEL

LEVEL
OF STATE
OF ART

GACE TECHNOLOGY NEED FORM NO. | W
PAGEVOF __2

1.TITLE Long-Life Habitable Structures NO. 8/ i+ . .
THEME /W.G. / TASK

— paTed__ /28,76

2. OBJECTIV
E\Jevewg Modular Structures for Manned Space
Operations with 10-20 Year Life

3. NEED ANALYSIS
a) LEVEL Now (1], wiLL BE LEVEL [ UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [DATE:

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [[]  meoium [  ow ]

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [[] OR
ENHANCING: HIGH [}  meoium [(J wow [

e) TASKS NEEDED: STUDY [N ANALYSIS [X] RESEARCH [X]
GRD TEST [{] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [

OTHER (Specify) D (Chec - Ine or more)

f) R&T BASE CANDIDATE

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY  Develop large space structures

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. Identify long term degradation hazards and requirements
for monitoring and repair.

_B. Develop concepts for long term meteroid protection,
sealing and leakage control, and thermal fatique problems

C. Define methods of accelerated testing. -

D. Demonstrate sensing and maintenance techniques by long

term/ground tests; perform thermal cycling tests as

required.




r—
SPACE TECHNOLOGY NEED FORM NO. | w
PAGE 2 OF ‘ .

TITLE | ong-Life Habitable Structures NO.____ B/ M2/ §
THEME / W.G. / TASK

e S e st DAY TEW)- 1§

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Complete Systems Studies to Define Hazards (1978)

_Conduct Concept Studies to Minimize/Repair Hazards (1979 80)
Complete Accelerated Long Term Degradation Tests (1982) . 15,
Complete Long Term Tests (1988)

7. ALTERNATIVE APPROACHES/OPTIONS
_Accept costs of short- Hned structures

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
None

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM |76 |77]|78|79|80|81|B82|B3|84|85|86]|87|88]89)90]91]|92|93]94]95
TASK ITEM
Define Hazard= - i
Develop_ Concepgs | 4 r 5 Oq_ 11 -
Accelerated 1 - { 1

Long Term

ests | | | o o 1 0
/ISR T I [ B .._f.h___. f

—_——— SEmey eamme — 4— 44— -4 4+ 4 4+ 4+— 4 —— —

— — - S— . 4+ - 44— 1 — 4

MANPOWER (M-Y
iNHOUSE{_‘_{ Ty3j3j22ppr i)
CONTRACT

FUNDING (106 §)
INHOUSE

\__CONTRACT FEIESIEHAMULL




ENVIRDNMENT i7, THE LABGRATORY

& WODEL TESTED IN AIRCRAFT ENVIRONMENT

7 400EL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED /W RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BAS!C PHENOMENA OBSERVED AND REPORTED
2 THEORY FORMULATED TO DESCRIBE PHENOMENA
1 THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

1
rsuce TECHNOLOGY NEED FORM NO. |
PAGEVOF _2

1.TITLE Extremely Accurate Large Receiying wo._09/ M2/ 01

THEME /W.G./ TASK
e OTHER THEMS: 7,8,1)

DATE_4_ /28,76

Antenna Structures

Z.ONSCTIVFOP techrology of spherica’l reflector for receiving .

space borne antenna of up to 3000 meter in diameter
operating at up to 25 GHZ RF.

3. NEED ANALYSIS

o) LEVEL NOW [2], wiLL BE LEVEL [(3 UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [7) FOR OPERATIONAL SYSTEM USE BY [pare. 1990

c) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  Mepium [ wow []

) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH ]  Meoium (] cow [

e) TASKS NEEDED: STUDY [ ] ANALYSIS ] RESEARCH [X]
GRDOTEST ] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [X]
OTHER (Specify) [ ] (Check one or more)

fi R&T BASE CANDIDATE
4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY A. Long Life Composites. ==
B. Low Cost, Long Life Mesh Technology,
C. Distributed Control Techno]ogy

5 SPECIFY TECHYNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. Concepts of Antenna Configuration.

B. Structure/Continuous Control lnteraction Technolugy to

Produce 1 MM RMS Surface Accuracy
Packaging of Antenna and/or Components

C
D. Reliable Deg]_g_\[ment, ~and/or Assembly Technology.
E
F

. Advanced Surface Eval_uation Technique in Space.
Dynamics of Lightanight. Large Structures.




SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2

TITLE Extremely Accurate Large Receiving NO._09/ M2/ 1
. s WL o - THEME /W.G. / TASK

Antenna Structures

TR DATE 4 /287 76
6. RECOMMENDFED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
A, Identify goncepts for large reflectors,
B. Perform trade-off and select concept. =
C. Demonstrate feasibility on a %€31e model in earth
orpit.
D. Develop surface evaluation technique.

7. ALTERNATIVE APPROACHES/OPTIONS Use arrays of smaller, slaved

reflectors. I L L T TY

B. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
One conceptual study at Lockheed Co.

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM |76 (77]78|79|80|81|82]|83]|84|85]|86]|87|88]89]90]|91]92]93]94]095
TASK ITEM
A 4 -15_4 | 1’» %—r ) Ly
B zf-)r— — -:— 5 HE W T — - ———
C ,P\ -—\R— . En — 1 9~ — -
D — ——F— .‘!15.. y — = }f.— = 0
MANPOWER (M.Y)
INHOUSE __ 2141414141417 17
CONTRACT JA P2 WA P2 A PA VA Vi
FUNDING (108 §)
INHOUSE ,[,2_.2 -2 -2 2] 3 -3
\__CONTRACT ] sS2141.51.5




” R
SPACE TECHNOLOGY NEED FORM NO. |
PAGE1OF _2

— o NO._09/ M2/ 02

1. TITLE Shield Structure :
THEME /W.G. / TASK

———— —— DATE A /. 2§_76

2. OBJECTIVE
evelop technology for a space borne RF1 =zhield, 5000 meter

in diameter to be used with extremely accurite large
receiving antenna,

COMPONENT OR BREADBOARD TESTED W RELEVANT

ENVIRONMENT IS THE LABOR ATORY
& WODEL TESTED '™ AIRCRACT : NVIRONSENT

7 WODE! TESTED /N SPACE ENVIRONMENT

5

3. NEED ANALYSIS

a LEVEL Now [T), wite BE LEVEL [T] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMTNT - SHOULD BE TECHNOLOGY READY
AT LEVEL [7]] FOR OPERATIONAL SYSTEM USE BY [pATE 1990 )

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH (]  ™mepium [X]  Low []

¢ CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING: HIGH[]  meoium [ row [

¢) TASKS NEEDED:  STUDY (y] ANALYSIS [{] RESEARCH [
GRDTEST ] AIRCRAFTTEST []  SPACE FLIGHT TEST [
OTHER (Specifty) [ ] {Check one or more)

f) R&T BASE CAND!DATE

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY B L - S S

A. Long Life Film and/or Mesh Material,

_B. Metallic Deposition on Large Film.

MATHEMATICAL MODEL
¢ PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 THEORY FORMULATED TO DESCRIBE PHENDMENA
3 THEQRY TESTED BY PHYSICAL EXPERIMENT DR

1 BASIC PHENOMENA DBSERVED AND REPORTED

LEVEL
OF STATE

OF ART

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NFED
A. Deployment of extremely large film/mesh structures of
low accuracy geometry. . i
B. Film/mesh structure attitude location with respect to

_to main structure.




~ :

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 0F _2
e e
TITLE Shield Structure NO. 09/ M2/ 02

A4 — e —— THEME /W.G. / TASK

e DATE 4/ 28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
A. ldentify Concepts for shield configuration and deployment.

8., -select concept after trade-off, B
C. Design, fabricate, place in orbit and deploy shield model.

7. ALTERNATIVE APPROACHES/OPTIONS RF band source isolation.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Solar Safl RTOP (RX----)

FY76 .02
FY77

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76 [77]78]73|80| 81| 82| B3]|84|85)86|87]|688)89]90]91]92]93]94]95

TASK ITEM
; 414

: iy ; HH

MANPOWER (M-Y)
INHOUSE __
CONTRACT 11111

FUNDING (108 §)
INHOUSE SR T
\_ CONTRACT

L/ L/Ly

~ |




5 COMPONENT OR PREADSBOARD TESTED s RELEVANT

ENVIRONMENT % THE LABORATORY
& WODEL TESTED /™ AURCRAFT c NVIRONSENT

7 WODEL TESTED IN SPACE ENVIRONWENT

MATHEMATICAL MODEL
& PERATINENT FUNCTION OR CHARACTE RISTIC DEMONSTRATED

2 Tr ORY FORMULATED TO DESCR/BE PHENOMENA
1 THEORY TESTED BY PHYSICAL EXPERIMENT DR

1 BASIC PHENDMENA DBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

EACE TECHNOLOGY N 9 FORM NO. |
PAGEI1OF .2 e

#h e et
1. TITLE 3 NO _10 Me2 01

__Solnr' Sall Structures

THEME / W.G. / TASK
o OTHER THEME: 9
e e DATE Q4 /26 /76

2. OBJECTIV
”“\L&_UR_EC‘.-‘DDPNEI for deployable sall to be used as propulslon

system for the exploratlion of the solar system.

3. NEED ANALYSIS
a) LEVEL NOow [2), wiLL BE LEVEL [3) UNDER FXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL D FOR OPERATIONAL SYSTEM USE 8Y |EME‘ l
c) RISK IN ACHIEVING ADVANCEMENT:

AIGH mepium (] Low [

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [] OR
ENHANCING: HIGH ]  Mmepium (] wow [

e) TASKS NEEDED: STUDY [X] ANALYSIS [X] RESEARCH [X]
GRD TEST ] AIRCRAFTTEST (]  SPACE FLIGHT TEST [X]

OTHER (Specify) D (Check one or mare)
f) R&T BASE CANDIDATE FY 77 (.05M) FY 78 (.05 M)

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY _ lLong 1ife, extremely light,

metallized film material

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. Sall witih a specific weight of the order of 4 gr'ums"M3

B, Sall size of 500 to 1 000 meters diameter but low surface

accuracy
C. ldentification of‘ new concepts

D, Mechanisms for deplcyment of 115!1_& ]n'pre f1lm structures
E. Packaging of light films
F. Dynamics of film structures and 1!1Lel‘-‘1ut10n with control

\. .




(» ki
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF
TITLE Solar Saill Structurea 1= _n NO. L M- 0l
THEME /W.G. / TASK

DATE ." /-I./‘»

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

l A. Evaluate proposed concepts of solar salls and identify new
cept
B, Select one concept from trade off

7. ALTERNATIVE APPROACHES/OPTIONS  SEP, NEP

8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, CTHER)
.« + o RTOP FY 76 .1

FY 77 . 1

R X

FY 78 .1

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76 |77]|78| 79|80 | B1|B2] 83| 8485|8667 |88]89]90]91]92] 93] 94]95

TASK ITEM
_f\. B
B. ? —1 -
1 | - —-4— L -4
- 3 - | —
. - e = 4—1
MANPOWER (M-Y)
RAT INHOUSE __ 1 il ed
BASE CONTRACT
FUNDING (106 §)
IMLOUSE

\_ CONTRACT




— :
SPACE TECHNOLOGY NEED FORM NO. | W
PAGE 1 OF

1. TITLE _Recovery and Landing Techuology NO. )2 M-2 Y
for Launch Vehicles THEME /W.G / TASK

Ir

[+]

- - - — DATE L 1oz /16

2. OBJECTIVE
Deyelop rellable design approaches and analytical methods

for water and land recovery, utilizing parachutes, impact

attenuation devices, or landing gears.

ENVIRGNWENT & TwE LABORATORY
& WODEL TESTED % ARCRAFT  WIRONBENT
! WODEL TESTED ' SPACE EW\ 1mONSENT

5 COMPONENT OR BREADBOARD TESTED W RELE“ANT

3. NEED ANALYSIS
a) LEVEL Now (3], witL BE LEVEL [2] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHUULD BE TECHNOLOGY READY
AT LEVEL [g] FOR OPERATIONAL SYSTEM USE BY [parg 1905-2

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  wmeowm [ wow 1]

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [] 02
ENHANCING: HIGH (]  meowum [ wow [

e) TASKS NEEDED:  STUDY [[] ANALvSIS [[] ResearcH [T]
GRD TEST ] AIRCRAFT TEST [X]  SPACE FLIGHT TEST []
OTHER (Specify) [:] (Check one or more)

f) R&T BASE _ANDIDATE

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY lNone

JAY TESTED BY PHYSICAL EXPERMENT OR

Ma (HEMATIC AL MODEL
& PERTINENT FL ZTION DR CHARACTERISTIC DEMONSTRATED

1 THEORY FORMULATED TD DESCRIBE PHENDMENA

1 75

| BASIC PHENOMENA DBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. __Analytical theory for water impact loads on complex
___structural configurations, verified by testing.
B. Manufacture and flight test of large clustered
parachutes.

C. Concepts for rcusqg_tg_lg! or low-cost expendable, landing

shock attenuatlion devices for land and water recovery.
D. Very light weight high strength land}ng gears {or__

single-stage~to=-orbit vehlcle_a_._

i ——— s S——

/




1 .

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _ ¢
_ﬂ
TITLE Recovery and Landing Technology NO. _Ls

VA’:R’,', Launch_ VE'L&EJ_E__. s pulfioutly Wl e THEME /W.G./ TASK

— DATE a I" 8/ m
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
A. Analytical theory will be extended and verified by test for

___water lmpact of structural configurations _ _

B. Large, clustered parachutes will be manufactured and flight
tested - -

CV.A Laﬁdinq shock attenuation devl.ces.will be dcsién'ed

' "'Emﬁéd' “dand testeéda In lavoyactory ...
D. %&{féd‘“‘-mf- landing gears will be designed, analyzed, and

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
_Aircraft and Shuttle Landing Gear Development

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM |76 |77]78|79|80 | 81]|82]83|84|85]|86]|67|88]89]90]91)92] 939495
TASK ITEM R
A | | | L.R-} - .E ! | 1 -
B — e A—_< T»—Y—»~ E «Q 3 — 1
C 41 v 0 |
- p— jreem— — — - R = i ——
D a 0
- —_—— —l»- — — 4 — -+ 4+ 4 v——n— - — -—‘—- ———ﬁ
— —— + -4 ¢ + 4 ﬁL—-—‘ —y ——— }—— 4 + - 4 —J
¢4 3  — 44—+ i1 T— -+t + 4
TR— i . - " - - —-—
MANPOWER (M-Y)
INHOUSE ___ . -
CONTRACT
FUNDING (108 §)
INHOUSE
\__CONTRACT S51.a1.d4.9 .20, 41,604




ENVIRONMENT IN THE LABOR ATDRY
6 MODEL TESTED IN AISCRAFT ENVIRONMENT
7. MODEL TESTED IN SPACE ENVIRONMENT

S COMPONENT OR BREADBOARD TESTED i RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

! BASIC PHENOMENA OBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

GACE TECHNLOGY NEED FORMNO. | w

PAGE1OF _2
1. TITLE Advanced Vehicle Structures NO. 12/ M2/ 2
THEME /W.G. / TASK

paTe_ 4 /28, 76

2. OBYET T Foment of structures which satisfy the weight, life,

and temqeraturo requiremgnts of advanced launch and orbital

_transfer vehicles.

3. NEED ANALYSIS
a) LEVEL NOW B, wiLL BE LEVEL ™3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY

AT LEVEL [g] FOR OPERATIONAL SYSTEM USE BY [pate. 1965-9%
¢) RISK IN ACHIEVING ADVANCEMENT:

HIGH []  meowum [  tow [
@ CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING (] OR

ENHANCING: HIGH[]  mepium (] row [
o) TASKS NEEDED: STUDY [5] ANALYSIS [f] RESEARCH [X]

GRD TEST [(X] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [

OTHER (Specify) D (Chack one or more)

f) R&T BASE CANDIDATE 506-17-22 FY78 1000k

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY A. Composite Materials,

B. NDE Techniques.

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. Light Weight Long Life Composite Struct. Assembly
~ Development. L L N o -
B. High Temperature Reusable Metallic Struct. Assembly

Development. R

C. Integrated Structdr-:/T.ankage/__-T_PS_Deswi—g_q Devel-op;ent
(Reusable)




~
SPACE TECHNOLOGY NEED

TITLE Advanced Vehicle Structures

NO.

FORM NO. | W
PAGE 20F _2

12/ M2/ 2

THEME /W.G. / TASK

DATE

and ending with large assemblies.

models and full-scale components,

4

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Develop, analyze and test, starting with small-elements

(23] 76

Continue development and test of structural component-
Perform design studies, fabricate and test sub-scale

7. ALTERNATIVE APPROACHES/CPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
__506-17-22 The=mal Structures Concepts for STS

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 76(77)7879|80|81|82]83|84|85]|86]|87|BB)BI|90(91)92]93]94]95
TASK ITEM
5A JA'
TT %] fet1 %
58 - v 0
1T ] Lotk
5C i A% - - o A O )
|' . I S *{ 1 } - #HJ
— BN S e s e » - l + + - — ——
- — - - - - o
— — )- - — } — -
|
MANPOWER (M-Y)
INHOUSE |
CONTRACT
FUNDING (108§
INHOUSE ) 212124212, 2].4.2).2].2]. 2] .21.2].2]- X
\__ CONTRACT PE] R1 W 17 T PG P £7) T 1 1 V22 V) WP P




S COMPONENT OR BREADBOARD TESTED IN RELEVANT
ENVINONMENT 'N THE LABORATORY

& MOCEL TESTED !N AIRCRAFT ENVIRONMENT

7 MUDEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL

2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENCMENA DBSERVED AND RCPORTED

LEVEL
OF STATE
OF ART

SPACE TECHNOLOGY NEED FORM NO. | W
PAGE1OF __2

NO. 12/M-2/3
THEME /W.G. / TASK

paTe_4 /28,76

1. TITLE  IN-SERVICE NDE TECHNIQUES

» o&'vse%}:vsutomgted. ‘"'S_'}E durable, NDE instrumentation and recording

techniques for SSTO and orbital transfer vehicle structures.

3. NEED ANALYSIS
a) LEVEL NOW [3), wiLL BE LEVEL [3) UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY

AT LEVEL [B] FOR OPERATIONAL SYSTEM USE BY
¢) RISK IN ACHIEVING ADVANCEMENT:

HIGH [[]  ™meoium [x]  row []
d)CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [(] OR

ENHANCING: HIGH[X]  meowum [ row [
e) TASKS NEEDED: STUDY (Y] ANALYSIS [] RESEARCH []

GRD TEST [(X] AIRCRAFTTEST [  SPACE FLIGHT TEST [

OTHER (Specify) [ (Chack one or more)

f) R&T BASE CANDIDATE

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY  Sensors, automated data recording and

processing equipment.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. NDE systems for permanent installation on critical structural elements

which are capable of repeated, prolonged service.

B. Acoustic holography, and acoustic emission techniques for application
to space structures in space environments.

C. NDE data recording and between-flight automatic data analysis.




) )

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF _2
TITLE
ITL In Service NDE Techniques NO.__ 12/ M2/ 3

THEME /W.G. / TASK

— DATE 4 /28, 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
A. Devglgp and test acoustic sensors and ultrasonic transmission instrumen
_E: Develop automatic sfgnal processing and recording equipment.
C. Develop data readout and data processing method.

D. Establish acoustic characterization of typical structural

elements.

7. ALTERNATIVE APPROACHES/OPTIONS Extended groUnd turn around time
for disassembly and inspection of critical structures.

In place proof testing. e

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHCR)
Space flight demonstration proposed on Shuttle Orbiter

102 durinq development flights,

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77]|78|79|80|81|82|B3|84|85|86]|87|88]89)90]91|92]93]94]95

TASK ITEM
6ns " & Sensor

S'I n Proq ss.lﬂ
aa 5 5‘““

emo ) i R
Readiness

MANPOWER (M-Y) I
INHOUSE ___ (
CONTRACT

FUNDING (106 §)
INHOUSE

lation.

\ CONTRACT BRI IG R IG T




ENVIRONMENT IN THE LABORATORY
& MODEL TESTED !N AIRCRAFT ENVIRONMENT

7 WMODEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED w RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTE RISTIC DEMONSTRATED

1. BASIC PHENOMENA DBSERVED AND REPORTED
2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT DR

LEVEL
OF STATE
OF ART

FSPACE TECHNOLOGY NEED FO?M NO. | W

PAGEIOF

“
1. TITLE LAUNCH VEHICLE STRUCTURAL LOADS ANALYSIS no. 12/M-2/4 o
OPTIMIZATION THEME /W.G. / TASK

paTe_ 4 /28,76

2. OBJECTIV
ﬁnmaju_mjmmmmmmm“uwa-lm_ gt

analysis methods for large structural systems under launch and flight

conditions.

3. NEED ANALYSIS
a) LEVEL NOW (2], wiLL BE LEVEL [2] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [4) FOR OPERATIONAL SYSTEM USE BY [paTe. 1985 |
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH (]  ™meowm []  Low [X]
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR
ENHANCING: HIGH[]  ™eowm ]  tow [
e) TASKS NEEDED: STUDY [Xx] ANALYSIS [X] RESEARCH []
GRD TEST ] AIRCRAFTTEST [[]  SPACE FLIGHT TEST []
OTHER (Specify) [ {Check one or more)
FY 78 - $100K

{) R&T BASE CANDIDATE NEW

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY None

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. Development of advanced automated computational and data synthesization

techniques for the method__s_ a_nd tools of loads analysis of large

flexible bodies such as SSTO and HLLV.

B. Development of loads analysis computer programs nhjs:h autumai.& tha_.._
processes of wind tunnel data application, structural model development],
and selection of s_ignif1qant load conditions for design purposes.




(_

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Analyze techniques presently being utilized by space shuttle. Identify

fnefficient and time consuming tasks. Develop theory and/or software
required to reduce the time required to perform these tasks.

—— DATE 4 /28/ 76

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2
| —
TITLE LAUNCH VEHICLE STRUCTURAL LOADS ANALYSIS N, 12/M-2/4
OPTIMIZATION ' A THEME / W.G. / TASK

7. ALTERNATIVE APPROACHES/OPTIONS Continue to schedule one-year load

cycles.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

__Aircraft Loads Automated Design Technology Ly gt

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM |76 (77]78]|79|80]81|82|83]84|85|86)87|88]89)90]91]92]93{94

95

TASK ITEM

A. a v
v
X

MANPOWER (M-Y)

INHOUSE __ AN AN AN L

CONTRACT 31313131l3
FUNDING (106 $)

INHOUSE

\___CONTRACT A1.3].99.7].5




ENVIRONMENT N THE LABORATORY

4% @ODEL TESTED !N MRCAAFT ENVIRONMENT
7 WODEL TESTED !N SPACE ENV IRONMENT

S COMPONENT OR BREADBOARD TESTED N RELEVANT

MATHEMATICAL MODEL
4 PERATINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEORY FORMULATED TO DESCRIBE PHENDMENA
1 THEORY TESTED BY PHYSICAL EXPERIMENT DR

1 SASIC PHENOMENA DBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

rﬂAC! TECHNCIL.OGY NEED FORM NO. | W
PAGE 1 OF

1. TITLE Payload Dynamics and Acoustics NO. _J2 / M2/ 5

THEME / W.G. / TASK

DATE _4__ /.28, 76

2, OBJECT'\VE
LMO_X!_E_!‘_O_!"MJM_Q_MUM response-of LV payloads,

3. NEED ANALYSIS

a) LEVEL NOw (1], witL BE LEVEL [ UNDER EXISTING PLANS

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL (7] FOR OPERATIONAL SYSTEM USE BY [pat

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  meoium [X]  wow [

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [(] OR
ENHANCING: HIGH 3]  meoium [ wow [

e) TASKS NEEDED: STUDY [X] ANALYSIS [X] RESEARCH [X]
GROTEST [X] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [
OTHER (Specity) [J {Check one or more)

f) R&T BASE CANDIDATE 506-17-31 FY 78:1M

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY  Dynamic/acoustic data acquisition systems

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
A. Develop methods to predict acoustic/dynamic response of coupled
__LV/payload from knowledge of each element
B. Obtain dynamic/acoustic flight data on representative Shuttle

payloads K ) - 2y
C. Investigate methods of reducing dynamic/acoustic loads €.9. isolation

D. Demonstrate advanced payload response prediction/isolation techniques
by flight test




r N\

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF
TITLE puy10ad Dynamics and Acoustics _ NO._12 / M-2/5

THEME /W.G. / TASK

e —————————————————————————————————— DATE 4 28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TU ACCOMPLISH NEED
A, __Support OAST effort to collect payload dynamics/acoustic flight
loads data on early Shuttle flights (Fy 81) iinin e
_B, Expand base R§T program to develop payload acoustical/mechanical
vibration isolation concepts (demonstrate concept on 1985 mlnm.u_
_C. Apply advanced prediction techniques for coupled response to new
ﬁg'ml;. advanced Shuttle configs/heavy lift vehicles (Tech. ready-

7. ALTERNATIVE APFILOACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTiVITIES (RTOP, OTHER)
506-17-31

_H“LOJ;gu_stgsMA L oS e SRy (O oRge S N A N

9 TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77|78|79|80|81]|82]83|84)|85]86|87]|88]89]90]91]92]93]94]95

TASK ITEM

Reictperorge L 1L 1 EEEEEEEEEEN
_Payload acoustic L ,
_Shuttle flightflogds 11111 | | s
_Shuttle Flight|De

™
-
[

-

12

MANPOWER (M-Y)

INHOUSE __ olll ol ol Ll o o
CONTRACT slals s s 1513 |3
FUNDING (108 §)
INHOUSE
\__CONTRACT SIS 212151713
RGD BASE (Net) 1.0M )
MNPWR (in-house) 40 >



S5 COMPONENT OR BREADBOARD TESTED !N RELEVANT

ENVIRONMENT N THE LARORATORY

6 MODEL TESTED N AIRCRAFT ENVIRONRENT

7 WODEL TESTED !N SPACE ENVIRONWENT

MATHEMATICAL MODEL

2 THEORY FORMULATED TO DESCRIBE PHENOMENA
& PERTINEMT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 THEQRY TESTED BY PHYSICAL EXPFERINMENT OR

1 RASIC PHENOMENA GBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

GACE TECHNOLOGY NEED FORMNO. |
PAGE 1 OF

1. TITLE _DAMAGE TOLERANCE FOR LONG LIFE, REUSABLE -
THEME / W.G. / TASK

STRUCTURES
i — OTHER THEMES: 8,9
" - DATE 4 /.28, 16

rov‘i:Je tFosign methodology and material flaw initiation and growth data
required for design of highly loaded elements requiring minimal service _
insper.tion and meintenance

3. NEED ANALYSIS
a) LEVEL NOW [, wiLL 8E LEVEL (4] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5) FOK OPERATIONAL SYSTEM USE BY

¢) RISK IN ACHIEVING AJVANCEMENT:
HiGH (] wmeoium [ wow [X]

4 CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [[] OR
ENHANCING: HIGH[Y] meoium (] tow [

e) TASKS NEEDED: STUDY (] ANALYSIS £] RESEARCH [X]
GRD TEST (] AIRCRAFT TEST ]  SPACE FLIGHT TEST []

OTHER (Specify! [] _ (Check one or more)

f) R&T BASE CANDIDATE $600K FY 78 New

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY I e ————

Definition of candidaie ma materials for criticai structurai ‘elements of
launch and 0T vehicles.

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

A. Develop material toughness, cyclic crack propagation data and failure mode
definition for candidate metallic and composite materials.

B. Develop an2lysis methods required *o characterize and quantify mechanical
driving forces for flaw eninrgenent in finite metal'lic and composite s

structural elements i T

C. Establish a design methodology for optimum incorporation of damarge'
tolerance data and requirements with conventional design criteria

D. Demonstrate validity of optimized design methods by test of subscale
structural components. — - —




g )

SPACE TECHNOLOGY NEED FORM NO. |
L PAGE 2 OF .

TITLE  nAMAGE TOLERANCE FOR LONG LIFE, REUSABLE NO.___12__/M2/6
STRUCTURES THEME / W.G. / TASK

DATE 4 , 29 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

0o Obtain flaw initiation, flaw growth, and fracture characterization of
candidate materials

o Develop inelastic analysis methods for flawed composite and metallic
materials

0 Revise conventional design criteria to eliminate over-conservative
requirements for tough materfals

7. ALTERNATIVE APPROACHES/CPTIONS

Flaw sensitive, fracture prone structures providing high risk operations
and/or extensive and prolonged maintenance requirements,

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Fracture Control Technology

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 16 (77]78]79|80| 81| 82| B83|B4]85]|86|67|B8]8I|50]|91]92] 93] 94]95

TASK ITEM

Stress Aralysis fof

ot fompenis
aue B Mﬁier ia

F law Extﬂniion Nat

E?GWCEN?Z§5 on Dat
gghgﬁgiogy for Opt.

Besgﬂﬁiggg Service
[fFe

L e

MANPOWER (M-Y)

INHOUSE ___ 142 11 -
CONTRACT

FUNDING (106 §)
INHOUSE Jdl.2l.110

\__CONTRACT 61.21.21.61.61.6
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