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PREFACE 

These Proceedings include a compilation of the papers presented during the 
Seminar and a summarization of pertinent questions and answers arising during 
the presentations. The Seminar provided Government and Industry representatives 
with an opportunity to exchange information, to review the present status of 
related technology, and to plan the development of new technology for Large 
Space Systems. The Seminar began with four invited papers: three NASA papers 
to provide industry and the user community with information pertinent to NASA's 
planning and forecasting efforts, and one Industry paper to solicit for NASA, by 
way of a questionnaire to industry, information that would help NASA in planning 
the total program. 

Selected papers, solicited from Government and industry, describing items 
of technology or developmental efforts followed the invited papers. These 
papers were divided generally into two major areas of interest: the first group 
addressed subjects pertinent to large antenna systems; the second group addressed 
technology related to large space platform systems. The Seminar concluded with a 
Forum and Issues session with participants from both Industry and Government. 

This compilation provides the participants and their organizations, in a 
referenceable format, the papers presented at the Seminar. The Large Space 
Systems Technology Program Office, Langley Research Center, which sponsored the 
Seminar, will utilize this information as an aid in their planning and in the 
definition of technology goals and technology developments. 

At NASA LaRC, the work was monitored by E. C. Naumann, Task Manager and 
Seminar Coordinator. A. Guastaferro, Manager of the LSST Program Office served 
as General Chairman of the Seminar. The Task was administered by S. M. Scala, 
Senior Consulting Scientist, General Electric Company, who also served as 
Moderator of the Forum/Issues Panel. 
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ACRONYMS AND ABBREVIATIONS 

The list of acron~s and abbreviations contains both commonly used terms 
and specific items not immediately defined within a presentation. Single usage 
acronyms readily defined within the text, U.S. Government agencies, and space
craft acronyms do not appear. In addition, the technology for Large Space 
Systems has begun to generate descriptive words coined or extracted from common 
usage terms; such words with obvious meaning have not been included. 

ACS 

AMB 

AMVSB 

ATS -(6) 

AWG 

BER 

BW 

CCD 

CCIR 

Cervet 

C.G. 

CMG 

CMD 

CONUS 

CoTE 

CRT 

CW 

Altitude Control System 

Amplitude Modulated Beam 

Amplitude Modulated Vestigial Side Band 

Advanced Technology Satellites (No. ) 

American Wire Gage 

B it Error Rate 

Bandwidth or Beamwidth 

Charge Coupled Devices 

International Radio Consultative Committee 

Trade Name for a Glass Ceramic with a very low 
Coefficient of The rmal Expans ion 

Center of Gravity 

Control Moment Gyro 

Command 

Continental United States 

Coefficient of Thermal Expansion 

Cathode Ray Tube Display 

Continuous Wave 
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Cy, CY 

DCP 

DDR&E 

DOF 

DSN 

d(t 

EM 

ERP 

E 

EVA 

f, F 

FUV 

Fy, FY 

g, G 

GCP 

GEO 

GG 

GPC 

GRC 

GR(E 

(GY --) 

Calendar Year (Jan. 1 thru Dec. 31, inc.) 

Data Collection Platforms 

Department of Defense, Research and Engineering 

Degrees of Freedom 

Deep Space Network 

Ratio of Diameter to Wall Thickness for a Tube 

Electro-Magnetic 

Effective Radiated Power 

Extensional stiffness 

Extra Vehicular Activity 

Frequency 

Far Ultra Violet Light 

I 

Fiscal Year (now Oct. 1 through Sept. 30, inclusive) 

Gravity 

Geostationary Communication Platform 

Geosynchronous Earth Orbit 

Gravity Gradient 

General Purpose Computer 

General Research Corp. 

Graphite Epoxy 

(Graphite Epoxy Formulation Code) 
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GTD 

GTP 
(GR/TP) 

h 

HEO 

HMS 

Ie 

ICD 

IF 

INC 

IR 

IR&D 

IRU 

ISP 

IUS 

L 

LED 

LEO 

LEPS 

LSS 

LSST 
(LASST) 

(ATLASS) 

Geometric Theory of Diffraction 

Graphite Thermoplastic 

Film Transfer Coefficient for Thermal Conductivity 

High Earth Orbit 

Graphite Fiber Trade Mark, High Modulus Series 

Inte·grated Circuit (Microcircuit) 

Interface Control Document 

Intermediate Frequency 

International Nickel Co. 

Infra Red 

Independent Research and Development 

Inertial Reference Unit 

Specific Impulse 

Interim Upper Stage 

Altitude in Equivalent Earth Radii 

Light Emitting Diode 

Low Earth Orbit 

Laser Electric Propulsion System 

Large Space Systems 

Large (Area) Space System Technology 

(Advanced Technology for LASS) 
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LTL 

MCDS 

MCDU 

MDM 

MF 

MFG 

MHD 

MMH 

MOUSE 

NASCAP 

Nd/YAG 

NE t::.T 

NF 

NUV 

OFT 

OMS 

OOA 

OTV 

P 

Low Thrust Liquids 

Manual Control Display System 

Manual Control Interface Unit 

Multiplexer-Demultiplexer 

Mas s Fraction (Percent of total weight carried 
as fuel) 

Manufactured 

Magnet Hydro Dynamic 

Mono methyl Hydrazine 

Computer Program for Modal Optimization and 
Analytical Model Updating (Test data) 

.. 

Computer Program for Analyses of Electrical Charges 

Neodymium doped Yttrium Aluminum Garnet 

Noise Equivalent Temperature 

No Failure 

Near Ultra Violet 

Orbital Flight Test 

Orbital Maneuvering System 

On-Orbit Assembly 

Orbit Transfer Vehicle 

Protons 
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P, Pcr(exp, th) 

Paramp 

POP 

RBV 

R&D 

R&T 

RDT&E 

RCS 

rf RF 

Re 

RFP 

RMS, rms 

RMS 

RT 

RTG 

RTOP 

RTR 

RTV 

SAR 

SEPS 

SL 

Compression Load applied to a column, cr, loading 
which causes buckling (experimental, theoretical) 

Parametric Amplifier 

Program Operating Plan 

Return Beam Vidicon 

Research and Development 

Research and Technology 

Research Development Test and Engineering 

Reaction Control Sys tem 

Radio frequency 

Earth Radius 

Request for Proposal 

Root Mean Square for surface accuracy or 
statistical error 

Remote Manipulator System 

Room Temperature 

Radio isotope Thermoelectric Generator 

Research and Technology Objectives and Plans 

Research Technology Resume 

Trade name for silicone elastomeric materials 

Synthetic Aperture Radar 

Solar Electric Propulsion Stage 

Side Lobe 
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SIN 

SPAR 

SPAR 

SPS 
(SSPS) 

STS 

TASO 

TDRSS 

Tg 

TR-SW 

TV 

TVBS 

T/W 

UV 

UDT 

ULE 

VCM 

VSB 

Signal to Noise Ratio 

SPAR Aerospace Products Ltd. 

Compder Program for General Purpose Structural 
Analys is 

Solar Power Satellite 
(Space SP~) 

Space Transportation System 

Television Allocation Study Organization 

Tracking and Data Relay Satellite System 

Glass Transition Temperature 

Transmit-Receive Switch 

Television 

Television Broadcast Satellite 

Thrust to Weight Ratio 

([ltra Violet 

Electronic Part Numbers for United Technology Devices 

Trade name for a Glass Ceramic with a very low 
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Vapor Condensable Material 
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ABBREVIA TIONS FOR UNITS AND MEASUREMENTS 

The following symbols and abbreviations have been used within this 

compilation. 

o 
A 

A, amp 

AU 

arc min 

arc sec 

b/sec, B/SEC 

BTU 

cm, CM 

db, dB, DB 

dbw, DBW 

eV, EV 

ft., FT, I 

G-

GHz 
GW 
GWe 

-10 
Angstrom units, 10 meter 

amperes 

A stronomica1 Unit 

angular measurement in minute s of a degree 

angular measurement in seconds of a degree 

bits per second 

British thermal unit 

Celsius degrees 

centimeters 

decibels 

decibels relative to one watt 

electron volts 

Fahrenheit degrees 

feet 

giga ( X 10
9

) multiplier 
gigahertz 
gigawatt 
gigawatt electrical 
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gm, Gm 

Hz 

in, IN, 1\ 

k-K 

KA 

Kb/ s, KB/S 
KBPS 

kev, KEV 

kg, KG 

km, KM 

KMC 

kv, KV 

kw, KW 

kw-hr 

Kwe, KWE 

lbs, LBS 

lb-ft 

m, M 

grams 

area density, grams per square centimeter 

hertz 

inche s 

degrees Kelvin 

kilo ( 3 
X 10 ) multiplier 

kiloampere 

kilobits per second 

kilo electron volts 

kilogram 

kilometer 

kilomegacydes (same as GHz) 

kilovolt 

kilowatt 

kilowatt hours 

kilowatt electrical 

pounds 

pound feet (torque) .. 

meters 
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M-

M bits/sec 
MHz 
MW 
MWe 

meV, MEV 

Micron 

MI 

Mil 

m-- M--

mm,MM 

ms 

nm, NM 

N-m, N-M 

n-m-s, N-M-S 

psi, PSI 

rad, RAD 

RAD/SEC 

ST MI 

TORR 

V 

W 

mega, million (106 ) multiplier 

megabits per second 
megahertz 
megawatt 
megawatt electrical 

million electron volts 

-6 10 meter 

mile 

10- 3 inch 

Milli -- (10- 3) multiplier 

Millimeter 10- 3 meters 

milliseconds 

nautical miles 

Newton meters (torque) 

angular momentum, Newton-meters - seconds 

pounds per square inch 

radian 

radians of angle per second 

Statute mile 

pressure, equivalent to millimeters Qf mercury 

Volts 

watts 
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~m 

# 

wavelength 

micro (10- 6 ) multiplier 

-6 10 meter 

perform the operation in two oppo sing orientations 
relative to the force of gravity 

Number of 

• 
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CONVERsrON FACTORS F.OR UNITS . 

U. S. Customary Units SI Units Multiply by 

ampere (International) ampere 0.9998 

BTU joule 1055 

electron volt joule 1.6XIO- 19 

Fahrenheit (temperature) Kelvin 5/9 (tF + 459.67) 

Fahrenheit (temperature) Celsius 5/9 (Tf - 32) 

foot meter 0.3048 

inch t'neter 0.0254 

pound force newton 4.448 

pound mass kilogram 0.4536 

mile meter 1.609 X 103 

nautical mile meter 1. 852 X 103 

slug kilogram 14.594 

psi pascals 6.895 X 103 

xix 
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INTRODUCTION 

The availability of the Space Shuttle transportation system will make it 
possible to deploy, erect and/or eventually fabricate on orbit large space sys
tems (LSS) beginning in the decade of the 1980's. Preliminary studies conducted 
by NASA, DOD, and the Aerospace Industry indicate that in order to meet future 
user needs, large antennas and platforms will be required either in low Earth 
orbit or in geo-synchronous orbit. Specific applications have been identified 
in a series of recent studies which have examined and evaluated future civilian 
and military space possibilities with relevance to human and/or defense needs as 
the basic measures. 

One of the most comprehensive recent studies resulted in two NASA reports, 
issued in January 1976: "Outlook for Space" (NASA SP-386), which identified 
potential future space activities, and "A Forecast of Space Technology" (NASA 
SP-387) which provided a comprehensive forecast of technology which migh~ rea
sonably be expected to be available for the management of information, energy, 
and matter in space during the last two decades of the 20th century. 

A three-day Industry Workshop on Large Space Structures was held at the 
NASA Langley Research Center in February 1976, to help NASA identify the tech
nology developments required for these proposed mis~ions. At this workshop, 
representatives of several Aerospace Companies were asked to respond to a Key 
Issue Questionnaire. These responses were published in two NASA reports: A 
Compilation of Company Presentations (NASA CR-144997); and An Executive Summary 
(NASA CR-2709). 

In March 1977, the Langley Research Center was named lead Center of a multi
center, multidisciplined planning activity with the mission of defining and 
developing critical technology for use in large space systems in the years 1985 
to 2000. The Large Space Systems Technology (LSST) Program Office evolved from 
these planning and program definition activities. This seminar was sponsored by 
the LSST Program Office to provide a forum for the more effective interchange of 
ideas, plans, and program information needed to develop the required large space 
system technology. The format of the Seminar is closely aligned to that of the 
1976 workshop because of the effective interchange obtained during the workshop. 

The seminar organizing committee utilized invited papers, contributed 
papers, and panel discussions to maximize potential benefits for each of the 
participating organizations. The invited papers were used to provide industry 
an insight on the views of NASA Headquarters, the LSST Program Office, and back
ground information on Shuttle astronaut interfaces, and to provide NASA informa
tion on Industry views by means of a questionnaire. The contributed presenta
tions were essentially equally divided between industry and Government. These 
papers emphasized on-going or planned in-house technology development in support 
of large antenna systems or large platform systems. Typical subject matter 
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addressed at least one of the following: mission requirements, structural con
cepts, materials, controls, structural alignment, thermal control, metrology, 
and packaging/shuttle interface considerations. Finally, the last session of 
the Seminar was devoted to a Forum, the purpose of which was to provide industry 
and government representatives with the opportunity to present their views on 
significant and/or controversial issues, to answer questions from the attendees, 
and to focus attention on critical LSST needs and approaches. 

The proceedings of the Seminar are presented in this report and in an 
Executive Summary (NASA CR-2964). This report contains all the invited and 
contributed formal presentations given during the Seminar and also includes 
those contributed papers which were considered to be informative and useful but 
which could not be delivered during the program due to time constraints. The 
Executive Summary condenses and records the findings and conclusions of all the 
presentations and, in addition, highlights the comments and recommendations of 
the members of the Forum Panel. 

xxii 



EQUIPMENT INSTALLATION 

ON 

LARGE AREA SPACE SYSTEMS 

E. KATZ 

CHART 1 - EQUIPMENT INSTALLATION ON LARGE AREA SPACE SYSTEMS 

This paper is concerned with the requirements and con
cepts for the installation of various types of mission and 
subsystem equipment on large area space systems. The paper 
is a synthesis of work performed under company discretionary 
programs, contractual studies with the Langley Research 
Center, and current year IR&D plans. 



CHART 2 - TYPES OF STRUCTURAL PLATFORMS 

Equipment installations will be required on various types 
of large structural platforms. The major exception to this 
requirement is the case of fully deployable systems or sub
assemblies, where the equipment is preinstalled within the 
packaged syst~. In most other cases, the equipment will be 
installed in a series of module placement and interconnect 
operations. This is because the large area of the platforms 
will dictate that some, if not most, of the modules and their 
functions be located at points distant from one another. 



DEPLOYABLE PLATFORM ERECTABLE PLATFORM 

FAB-IN-SPACE PlATFORM 

Chart 2 '1' Rockwell International 
Space Division 



CHART 3 ~ SCOPE 

In the material which follows, two conditions are assumed 
which scope the applicability of the present conclusions. 

First, the concepts are limited to the earliest presumed 
space constructions; i.e., the mid-80's time period. In this 
context, it is assumed that the system sizes, designs, con
struction techniques and equipment, and operations will be 
somewhat less advanced (although efficient for the jobs at 
hand) than would be expected for a later time period. 

Second, it is assumed that all construction operations 
in the earliest time period would be performed by the Shuttle 
system. Previous studies have attested to the validity of 
this assumption. 
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^ĉt:
1—0
0

_ 
ji

>—
 i

^~rvC
D

L
U

1—<
C

1
D

_

r
v

L
U

i—
 i

1—1
0^g

"
1 —L
U

zcI—rv
C

D
L
U

C
D

i—
 i

r
V

<z.
^
^

L
U

( 
)

O
O

>
—

1
rY

~|
^
~

L
U

0
0

O
O

«=c
L
U

Z
C

h
-

u
-

r?
r

—u
r

C_3-

u
^

_-~^
• 

r-
1 —Z

I
-i J
;>
1;LU^

1 —pqSD

••-

i.
C• —~

7
'•}

_::1•- 
.

~-~

. 
-

L
U

rcT_

h• —
 

<
^
~

- 
-

>- 
^

1—Qt
 r

~
T

-

L
J

5L
U

C - '
1.h
-

— -.
- -h
-

(

P
Q

r -::c. -
\ •-
0• 

c-:11:
;
 "

•_ - -
h
-

• 
-

:•-:.
acjL
U

i 
i

: u11

-
• 

J

- —
; "-

( -"
i 

33
Qh~
^-

.u
:

• 
C

t 
-

« ^3U
J-

U
J

i! !
U

^ 
-:-—L

U-
, - ,
L
UJJ

-
•\

~'• 
-•-- J

Lh-( 31--:
(LU1

LU. -
- —

 iJ
- 

:
; •- 

J
, 

1
:•L
U

C 
•

• c
• —i
h
--

; .• ;
Orf

J
Q

.

C
Z
;

."
 
*

•

.

-
-

•
 
I

_uQ
.

—<-T;
:L

i ,
•; ••.-

-

r-h
~

1

7
""

_
J1

UU
J

f—L
l ;

; •i
i- 

-

LU::;• 
—

LU
_ !
; - 1
:; 

i
C

/3
C 

3
« CC-,
C/3
L
U
.̂H —

 .
MD<C

• 
-:

u
.
_

i

: 
i

".-
•.

.

/ 
\

LU1 —• 
C

L
J

- -^
u
:

P
QC

i 
:-

• 
C•

:•

.

• 
i

• 
3-h
-

>:C
.i,. i

LU; •i
C! •'"-.

-
H

L
U

^^r~
l_".-
h
-

. —
 .

^>• — i
r—f 

)

<
t

<c: -

(=
5

—> 
j

—^
~
i
 ~

-
- 

•
-_

ar
 
JO

_O
 :

—e:C
1- 1
—
i

a
;

;;h
-

-
.

Q'-•

Ch-C
tf

L
U

::r

L
U

• '
Oh
-

a13i
P

Q
:•L
U' 
):

L
U

C 
•

; -gZ
D

1

L
J

P
3

L
U

L
U

j
Qs
:

oL
J
U

—
 T

~

h
-

-
.

U::LU—c

;
Q

_

orL
U

• —
 i

I —I
O'"
;

'—

i
<c. 

.

u..

L
Urch
--

-h-—
 •

^~-C
/3

C
/3
;Q—;--
----
cc
aoLUC

/3

U
J

U
T
.

C-C
/3

h
-

^_-
i —

 .
O:~

,

L
J
U

|«c~
:"

nOcucu•a:
U

J
z
c

i—

- 
r

:
 :

11 —>—Q
-:--'

.----.
-
^:i 
)

U
J

co

L
U; z~

i —•;"•
» —

 ,
H

-
c 

>
L
U

m^ 'T
.

L
J

c/:
L
^
^

L
J

. —
 i

U
J

i_ 3

•U
7

1

Z7Z
i 

.
^_

• 
)'.

ruL
U

—
 "

1—. 
: 

i

•-'.'

•• 
D

2
:̂

: 
U•:

' 
!

-U"
"

( 
0

. —
 .

^ -~

Oh
-

<CC
U

L
U

D
_

C>—_
J

P
Qi

L_LJ

0
0

C
/3

•a:

ooL
U

1
—

 i
QC

D

L
U

C
£

—
 >

F
-

—
 i

rvh
-

0
0

O
O

0
0

zz>
ry
1—>—rv<
C

( —
 >

^=^
f —

 ̂
< 

>
L
U

O
O

L
U

~
T
~

h
-

L
U

C
D

1—ZL
U
s
;

h
-ooZ

Z
)

—
 3

(~~l
<cC

D
:?*•
»—

 i11
L
U

;>L
U

1

r
v

C
D

L
U

O
O

ISC
D

_
J1

<
^

O
O

1—
 —

 1
zc1—

*

oo\—
~

1—
 1

:?̂~
D



1M3X

613



CXI 
LU

u1

.&p*^O
O

Z
Z

S
I

Z
D
I

^^u
C

D
C

_i

C
D
i

î
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Ĉ
O

 
S

-
X

-
 N

 
O

l

S
 

c
rs 

01 
o>

_J 
S

- 
•—

O
 

3
 

1
0

o
 

o
>•r- 

o>
L
U

 
U

- 
C

_
J

 
« —

 
O

co 
i—

<co 
o

U
J

z: 
s-0

a: 
T
-

LU
 

>
1
- 

(0
LU

 
-C

S
 

0
)

1 
-Q

IT
)

V4
-5

>
-

•-.._

•r-L
.

:1"'
•>0ps.01
T

3I.0t —
 ^

.—

•1
"EJ
Zl/l

l/l
re>
-
,

1,

flUPI —
^_

-
(_Q

J>"OO
l

+J3O• -

I/I
CcuEu0a.
C

/l

X̂0C
L

O
J1jj

4J
•r-
JTC

L
C

D
'*_D

l

C
D

Cc1 —1;_C+JO
l

EiC
M

•

L
_
O_Z3

,, —2TD01
-PU3•IDc0ui_cuX•pI/IOJ
•t- 5

•D
l

*J

< , —
n-—E01C

L3U1
—::re
, —, —re-^4
-cCUl/l30Jd4

—
 s

"~>~

O

~
! 

i

Q
J>O
J

•f™^
LUre01s.O
l

JI/Ic0•( —
•4

-'
•; —

•aEo0cOJ

+Jao.•7O
l

i;••—u
,•

g •.

s.3O
)

**•"_• —
+J

7rrep.+Jl/lO
l

—•4
—a>
^

4
J

,' —

-
I,

•r*r̂~'
OJexCUr^

t
''.

Cc1
1

V.'
^ 

-"

s.0• i —>re'~0_
Q

,re
-i —i.0+

Jre£CreL
.

*JI/I[3O(U
1

iT
-,

Sl/l
4
_
)

l/l
Q

J
-i—

 '

CLi —Pr^
., —4

J1/1UL
.

a;
-i-jEr-

•4-
o

.

•am0[ —:̂^u
•Qc34—

 "
JJ

•
r
-

Q•F
~
3

I.CU
PC01jjO

l
f^

•1 —L
.

D
.

COi
^4—reO

l
,a-,
-U0_cu4-1C•
r
-

01
-̂

'.

>^cL0•1 —-x
:01

632



633



:

•

.

--1

1-

r!OJ•1-1' •

-----,cr
 
-

..• -•..i i1-flicu-•:

-.-••:
=-.-,1'

-.'.
—

-

P..--

•
:

.-•U•.-:.araC-C•-l/l

--c

•-.1

..-,.---o:HI-•-OJ-' 'r 
-

buckled repeatedly•r 
-

•1

-

-

••-,

•r—

-n•i.-

l.i-•l.'•E--
3

1.-1

-

some test articles-.•.•-• •:•.1r:nlj1/1..:r 
-

:
 

-13

•-••_•ito-

1C

'1--"

.---1-.'•uuc:4--• '•,cC
T

)

CI/I-roU:,OJp—-

i:.
'i, 

•.U•o-! 
•

--:j1i0)i

-0:B--

4CU--'1..J----__—4-(J:--ou•.-_:-,-a•—cc33C-.1'C! +•r4-1l/l

c-l/l
Ca4-J-.:

.- -
.•nCE0c

and theoretica
rexp

o
Q

.

C

--'
-

•EU•----.-,:i.iu.-i•c1uu-1,cu1u-u. 
-u1 1

.

>-c-c4c-
, —a-.cti.:C-..',',S'\to-

£4-
'_O

Q
-

1/1

ra1

634



0
0

g
?

O
o

o
-

o„ ;

l/ioLU

OOC

0
0

L
U

C
£

EoC
0

L
U

S
oc

L<IXOr
-
i

OOr\2
 

"
""

 
V

^
L

U
 

3

< £

C
O

O
.

=
)

5
^
 -

C
O

 
—

cxj
;_

635



0
0

1-_Joi—
 i 

tn
_
i

î
 

01
0
 

S
-

ZO
 

3
CD

 
cn

Q
 

L
u

OQ
.

,- •
a
:

h-

c3C£in•10

•ao/.-4-110O4-1C•
I —

-r.:
O

l
• —aE01/1.r,
10O

l_

O
lsinO
l

-Q34
-:

O
l

C4
-'

>
4
-

C
l

0Q
J

L.c:
4-J«->

l/l
4-1
ina;

4
3CE3- --0Uaic4-1O4JCO4->

• i —•a•atoc

_1/1-_
-01

£—:4-1

i-01(0•-(0•J.r(0
-- -...-

C•i ——oa.
•r-:-+

jO
l

c4-1

'40XcuQ
.

(O01r
-^4
-5

o4~'

-a01
•i -

"o.
Q

.
itu:-•0)
3inT
DroO_
l•

.Ca
.

ra1—D
1

04
J0cQ
.

O
l

~1 
i

T -'

C•i—

.,-•
O

l
Q

.
It- :,
OQ

.
i —_^Jaic4
J

~104
.J-

•1
 —O-.

5.O
l

4Jl/l3i —UE3E-i —E3i —1001
JTtJ4

-O_0-f—>10
£anO

l
~4->l/lto3in4
-'
l/l

01
4
-i

<i>
inai.L
 .

4-1

•' —4 '
inO

l
5-OJ
—

 '
E'4
-

o

636



inuh3,

637



i•_J—o
-

U
l

ah-</) 
'—

 •
LLJ 

«3
h
-

<u
C

D
 

S-
Z

 
3

t—
 i 

O
l

_
l 

-r-
^
 U

_
o

 
^
^

rDa i

a-a.- —a-

•.cr --'

ac-f.•T3
>-u:-C4 

<

-C•U-
ro>r-4

>C-aL•r•3U-4
-—:

</)
a-ac•i —r --i3•

nite element--—3IacQJ-1ico-1acj-rac3:.-3c-s_ro>:-•!_<Pto—3)
i —3UCc•I —
' —^u3-QJi—-:

1UJ--1.=-.•.•--I/-;.
'

—

1

1—:
-C3I

J-01/1I-J
r —-01Lai

MJ

:-OJ•a-••i-
-
 --

t;•uju

y supported.-•top0c-
1

.',.1-12O.—>-<_1ac-T-r-fO-0-/Pl/l
dJ1ac.:i—-.0-.

Ccr
 
-

4
J—a_u••_-ac3

:•-.u---•aac•-iini--- --.;
1•

t —P:.-C-roa.4 1a0)
4J•u•.'-1S.01£! 

1

•aro-- 
-01r.:

•i—i.•J-jT

l/
l

C3r 
-

O

reasonable--V-c*JH
I

•I/I—..*J«

0(.roU-i —-3cO
l

r—Qro
iH

I
CIJ: 

;'

.

; 
.

u,,_:-roCC:--0OJ
+
JS-oQ31>L
_

E• ;.3ui
•; —l/

l

>
•

roCro

, —QJ-:

it-4-J-3l/l
O

l

—I/14
-
'

--1!0crd

Omu-!4l/
l

O
l

4
J-;
gr -

PL
''

V

638



C
O

L
U

: s0 <

L
U

 
C

O

OL
U

O
 
<

j

Q
_
 

O

IDL
L
J 

£
j

C
O
 
O

 
^

U
J

C
O

O
 

f*^

Q
- 

Z
r3 <c

LU
 
U

J

Q
_ 

C
O

C
O
 
0

O

ir\
8So•

00o

1—
 1

si —
 i

SRooC
\J

0C
O

8s1—
 1

1—
 1

C
3

<.•• 
J

-QcLJ1L
U

Q
.

to

a:
t>

s
-C

O
 

O
L
U
 

O

Q
. 

•
^

 C
D

X
 
<

O
 
^

O
 
-J

<
 o

u_
 
o

IIQ_  
L
L~

<s> y
 

^^
^
 

, >
 C

<
 

C
O

co
£
 a

L
U

 
ry

i-.-:
.̂PI639



C
/l

h
-

—HI/I
L

iJ

o
: 

-̂̂r̂
.

I—00
 

<1>
U

J
 

5
-

1—
 

3cn
z
: 

-r-
O

 
u
-

i —
 i 

•• —
 '

1—s—• 
-

>

1/1-oQ
.

., —i.—•a•-•

.:-—1/1rO(U£4-1OCoI/IcJ3, —
 -

OU01c4
J

H
-Cs_01 —>re£O
l

.0ca-, —4
-J

^-
-0>O

l
.:r4-1

4
-O::

T
-rc=01L.O
l

3C
O^01>5-31/1

~U4J
•r-E

i

-G;.-0— •
-BI/I
rc3..-1/1-EQ

.
•r--a_^nC 

J

«*.'_Q-M01ECk.II
:

1
1

UUra(U—.a-•0'--4-C01
• 

r-

C
!:

4->
-~--•
-
r

,aUcroS_a_^ro
£
.I/I01•,..

C--3O( —rcOc• —l/l3

.• 
-•1Uc13a_5---i.QJ-EV=T3a3_4

J

—o3T3
• r-:•
-, —•QE• < —C0U3^•i 1

ait4-1rac•1 —r•I —i.UI/I
•1 —

•aQi —ai^o4-1

—C•t —•-•
•'-:.-O

l
4JI/I3:U•aoQi —i.—

 '

O
l

C4-»O4
J

.nc:—4-1U1 —-rI_Q
.

r -raJ-. —4
J11_sJ--4-1c4-1

-, —:--.

--DO
l

s_raQ'.-J-(.1CI/I-'
•f —0ceu3C

T
O

l
S

.
14-Ve-i —OCU1,--Uaci —01/:
-M4OI/I-1-••'
QJ

j —ra10c4->

-cr_3c_:---o01
4J_-C_UracUc-:

U- 1—/i-ac'Cc3•r-3_>01i
14-Oi
r- 

-

i

.

C

•"
1

L
:

4
J

•i —:

act.aQ
."•-015-•1.)3i/j

+
 :

i —IinLi4
J••J

4
J:_E3CC.

c.-ULC1C~J1-c. —
.__— •
—

:_(.1)•:

l/l
+
j

, —31/1OJ'-

i —D
4-1C:'-1JQ

.•'
: 

:.

1/101C-^oc--::l/lUOcracU4-1a3uCrO•acreI/I--c•1—J- :

-•( —
VT3-'O

l

1c4-0c—1/13-

a:'-:
—1/1i/ico—U•r-
—01S-

-t^ctucO
l

"oJ101
4->, —C'-:4-1—3T
301S-flBQ
.

•
U115.O

l
31/1

4->
, —3wUS-

4->ir,•:•4-1

T3CQ
.

•i —'-1—

.
I/IC0•i ——0-1 —
~
r01Q

•

a.1' —1/10•acro/i
4
J_O.-.
Q

.
-I/I.1/1-_•aO

l
—!_0:—_

^--:

>
^

C
L

. i'I/I

T
3O
l'•0a.E0i —
 .

O
l

ac01
_

•.

.
C71
C;

^

015
^J(.ol|_OO

l•3ra,'•U
•acE0:-U

1

_C"I 1-—5-—enf.ol -3. JZ--ro-
£a:4-1ra>O

l
7 'I/I
+J3I/'., —ra4Jcii•i —5.1JQ'-•
U

J.
I/Ia)ED

.

-î-
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43i-lOJû99-uaaB'.ur
-
i

ogE0—
IucU

-JOJ

4JM
l

'Z•
H-
JogaOJuT
JhRJ

4J

eed to establish baseline datac01
4344CCca\0-M

l
H01'ggogi-lo01

43B0•-iung-01ogi-l
43—

 '

1
 : 

j
—

 1

0i-iL-̂na

.egBC• A4Jog-0)ac: .
r
-
l

[-egegogTJ-•i-c(4_j
Mcc^

^-^
1 ,

r - -

Qu0•-•i-l-H0

656



s. 0
2

j W
S

* 
0
*

§
D

^
 
H

H
 tf

$
H

3
gCATION &

COMPOSn

3
 w

K
 
U

i

PQ a
**< w
<
J
 

H
H

fe 
PU

§1^0fe
 fe

GO 
O

c
 
>

0
 
?

D. J. Powell

Presented at
ment/lndustry Seminar
pace Systems Technolc

£
 w

O
 

0
)

>
 
0
)

a
5

—DLangley Research Centi
7-19 January 1978

<
'

V
)

<Z

I/Iu<iIT 
§

U
l U

ZUlID

6
5

7



-

:•Mu
.—---:_-7-.-w:/.

S

COS s
£ -S
5

 
o

2, fabrication/assembly si
:al mile (556 Km) circular

OS 
!S

W
rf 

-4_»

T
—

 1 
"1

1 
-
J

i 
rt

T
"i 

C
l

•2
 

G

C
 

0
O
 

o
c w
5
 0

!

the facing illustration,
delivered by Shuttle to

oncept is shown in
raw materials are

0
 T

3
r/i 

fl)
M

 
bD

i 
^

M
 _

y
®
 

"
d 

S
•3 

a,
,_<s 2
3 a

pQ
 

T3
, 

fl

--.
to 

«
1 s

oving to successive positio
iangular beams, each 200
g.

a a ->>
•
 

r
H

 r
-
?

rH
 

3
 

4
2

(
D

O
C

•O
 

tH
 

M
S

 
_
 q

>
.P

H
 

G
O

 
(Q

3
 

0
) 

m
•9 « a

towed position, a beam-
g, automatically fabric
iams is provided by the

loyment from the s
ttached assembly ji
of the completed be

a 
« _,

Q) 
1 

g
T

3 
O

 
.2

S S "S
0) 

S
 

<
U

rH
 

o_)
•g ?5 15
co 

en 
>i

>*» 
j 

PH
5
? 

^
c
 

b
e
 .

§
 

C
 b

O
o, o

 
a

»tr i— i 
o

i—
 H

JD

first of nine shorter, but
partially completed asserr
next cross-beam location,
epeats until the "ladder"
represents an opportunity
.ques as shown.

0 
2 

<u 
' 

co S
JH

 
-g 

X
! 

W
 

C
Q

 -G
+3 

*-• 
M

 
<D

 
O

rn 
- 

0
 

<
U

 O
 

®
S

 
ti 

-M
 O

 
0

Q) 
C

 
; 

rn
-S 

g
 .S

>
 §

 
a 

^
o 

S
 •--. a 

- *J
•C 

-5 
>

>
 n 

o 
§

position shown and fab:
After cross-beam attac
the face of the assembl
ated and installed. Thi
e cross-beam installati
assisted/partially autor

r then moves to the
;al, cross-beams,
transported across
oss-beam is fabric
ly is complete. Th
evaluation of EVA-

®
 

2
 

*
 4

3
 \

•o 
+3 

>> o 
"c 

-e
^
 

C
 

^
H

 
L

, 
~

 
0
)

3
 

<
U

 
rt 

5
 

Q
) S

3 -o o 
S 

S 
«

' 
" 

5
3
 5

 
g

 a
g 

<u s 
o

 
w 

o
§
 .2

 £
 1

 S
 »

0
) 

S
 

O
 

r-l 
>

o 
' 

-S
 

a) r, a)
s
i 

^
 S

i
1?

rf3
 £

 
«
, -C

 
«

 
iJ

—•--u P-,
I-H

 
C

lj

T
) 

S
 
23

nse tests are conducted an
leting the seven-day missi<
Astern equipment for an inii

8. §• ff
W

 
B

 
rO

S 8 S
1
 S

I
Q

 
rt 

M
o 5 o

*
^
 

.p
H-p
J

, both structural and the
jhniques are developed,
s experimental and func

sembly completion,
lease/recapture te<
isit mission install
rther testing.

W
 

0
) 

>
 

-5
at 

rn 
a> 

^
rn 

_
, 

^
 

T
J

6
 

S
 

d
 

S
JH 

fH 
™

0
 

0
 

«
 
c

+
3
 

S
3
 

r
H

 
§

^ 13 » 5
3< "E *5 "«

~vT 
o

g 
en cs ^

a§ 
g &

-s .2 
-a

658



wGO<pa

C
D

C
DIu

B

659



csuI-DOhfeu:SHC
r

wwDCwXuctfGO----EH

16

<D 
O

 
h

 
3

111!
2
 
J
H

3
 

0
O

 
T

3

O
T

 3

1
^
 
'I

 2

1
 
d

 
S

|
5 

•&
fl 

O
 

<
M

 
W

660



1I£i

lATERIALS

^

& ASSEMBLABLE ON

LUFORMABL

•

ORBIT

ICIENT OF THERMAL

L
L

U
_

U
J

0CJ0•

2

EXPANSIO

ST FOR EVENTUAL

0

LOWEST C

•

O
J

COLU-
I
<

LARGE SC

ROCESSES

0
.

NERGYNEED

LUMINIMUM

•

O MATERIAL

H5cc<Xc2•

TWIST-FREE BEAM•.STRAIGHT

•

661



j.

XSH
 

c 
C

O
 
3

rt -T
1 

c
 

"*

LAMINATE CROSS SECTION (Figure 3)

-.is of laminate design are under consideration for large space structure::IH1Ies"

.3 have the promise of doing the job efficiently. Each has pros and cons

Sandwiched 0° Tape.
1
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—-:—•::

. 
<D

This concept uses several plies 0° pitch graphite sandwiched between
single plies of 104 or 120 glass cloth. The number of 0° plies and th
thickness of cloth are determined by structural requirements (loads
and stiffness).

Woven Fabric- •

«
•H

This concept uses a single ply of a fabric woven such that 0° 90,° and
fibers are present; the amounts of each are dependent on the
structural requirements. The fabric would necessarily be thicker tl

2 S

that presently used in aerospace applications and would have to be sp
ically designed to meet space platform or other specific load require

Multi-ply Laminates

--.

aMulti-ply laminates are the traditional form of laminate used in com]

ca 
.a

•+•> 
*->

structures. They consist of several layers of 0° graphite plies orien
in the directions best suited to meet the requirements of a particular
structural element. As such, they can be optimized for each applica
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2

rm development, the most flexible, least cost, and least risk approach
hed 0° tape. A typical generic laminate which is weight effective is (12
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32T graphite/glass in a polysulfone (P-1700) matrix. HMS fiber could
pitch fiber in polysulfone is not available for early development. The
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-«35 construction. For longer term development, more investigation of a
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ON ROLLTRUSION HEAD (Figure 4)
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The machine element for forming
1 and the drive for pulling the laminate through the
reel (Section A-A opposite) has an adjustable drag
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§for the laminate strip mounted at i
machine mounted at the other end.

i the "clockspring" tendency of the laminate in the
)f rollers that maintains a minimum bend radius
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8 <brake on one hub and is hooded to
event of drag brake malfunction. 1
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parabolic reflectors.

each heater block carries away the small amount

.anbJOCoolant flowing through four passs

~Cnof heat absorbed in the reflector (

3 opposite side of the laminate to provide feedback

5a0T
1Temperature sensors are installe<

ant flowing through two passages provides thermal
ized temperature reference.
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eating module. The components in this module are
veloped to coincide with the natural flow of the
void any wrinkling/malformation in the plastic bend
the laminate. The laminate is first formed to a Ve<
d temperature sensors are interspersed between ea
rming sections are controlled to provide a bend zon<
I section. The plastic bend zones are protected fro
3 and teflon coating on the idler rollers.
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î1)î0£•j
5

*
M

lcknesj

•
r
H

5
)

3hU3£C
Jj

.5DO-•JnuS• 
rH

>
-

,£i,

^ .-H—
1

•rH

X
>nlait-uit0rH

7
3

4



5O
)

•""
z—

)

m<0

0̂
 S

:
U

- 
L
U

h
- 

i—
<

 0
0

—
1 

>-

>- -J
o
: <

<
 o

n
"2

* 
-L

>

O
 
£

K
—

 
—

 J

O
 
^

U
J

0

CM<VOa.

\—0
0

—
 ̂

o
;

i—f\*
iii
,̂

_
1 1on 

,_

i
 
<

1
 

1

\—t_Q
Q

1—Q
.
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ĉuo<cch—C
J

Z
J

h
-

1/1

oo

r««^
Hu

7
4
1



742



0
06
0

7
4

3



-yH•---—— •

*J--

.
•

•

asse

size--

•

•-

.'

..: 
:

:-•--

--••••ft....1•

-- •

-1•1.' 
!

-

•

'[fl

•1-

..

--

••1'--

•

•'--

:-•-•-•

-

7
4

4



::---.-.•-
Dt

.[::•:.•--.-:-l

M
l

7
4

5



nf
•,'cu.•,4—
1 

^^
o
 SC

N
!

s 
9>

0
 

V
J

•H
 

3
-P

 
M

03 
-H

H
 f
a

P
 

--^
E -H
•H

 
es

CO
0)

^
 
S

q
 

3
.

>o 
.??

EH
 

rH
M

>
^
 
0

0
 
S

q
 
N

ro 
Q

)
>
, 

S
O

 
9

3
 

0
0

CQ
 

V
H

fa
H

 
^

p1•

-•••1'• i-,tu.

:

•H;:i

; !."Cro>73-

. 
1:.i;*jrj[ ;

e01tnC )
; ui

questions

f

•:;1

~:

pI ;;..-Ptn•j: I

•'

rc.

-,ii1•

.

:

1 ':1

•i•i i:

•.: .
tn;••fiPP:PiOH'...'-

,
: '

- 
;

i-i

•;-,

-

1

•..tnC••--:--

beamsPCii- ':• itn,,;, 13•n: 
-

:•l 1:

i 
i

J-t

3•,
:

P

->:n.

:-! 1

tnP•C•;ro::! 
-

1 '

:

1
P-! 

.

; >• i
•. •>; 

i•:

.

!-••rjj;

i

;

ndamentalP:P
ieo11 1) 'MI
)

,TD'.-

•

•">.,; 
.:

1 '
tn•:

; '-6'tn-:p••! 1
0D

.

'"--•^.,
•i i:

Hi•1S

.03:: '

•:
 :

s:i ic03tnrc

ai•1.c•1 !•

•>'H•:•i 
'

rc1
4: 1.
Prc1Cu4 

'

(U! 1
ar :

i 1tn:

:-

,":--•..-0)--n1rc'CiN
 ;

:-04Jrc• 
!

:
-

-:Cro1: •0)iPP1Ci iP4-'P

11C*

QJ
;  :i•H'-,

•:I'.1-)

F:1 i'_!OJ

J 1-c

<•.

L>11 1.4J;

: IC•i i
ptnOJPPC•1 i• 

1pf '

y transport

r

:11•;rjj-- 
1. 1-ro•, iP•Hi\-:;
:

-;;•-,

m0)ro: ,
Q)

: spring--a•;1C,, .
• i:

:•-,•.«

:-QJ!1|,• :-f[r">n<J! 
'a-I•

• 
;

'.-'

'

-

->

) 1I :'.  :

1•n•, 
.•Drcir 
:

746



7
4

7



748



749



7
5

0



0
0
0
0

OO<0
0

Q0
0
O<>•

OI—OO<D_000
0o;

00>•ex.
<

oo>•00

751



-——.gr-£-j--43
^
 

0

^
 

C•r4
3

 
C

O
hfl 

C
Q•H

f
a

 
^

CO.-••--zHHt- 
H

;_
_

"
 

''

iKUHj- '
~, '
" . -
;-*1w••'O

T

0MIK60C•i-lCO
•I-l^1(0COe(LI
r-l
nO14acu3a"
•i-lC3*̂>
COJ<̂oX

-iM3-jJ34JY1)Upi'.nvghJ

^:Sitn-—a3Q•-•C--—j•/•-'BG:u,-M3

—I-3U-34JDC---:
-J11B•H—a:----43U

i

-DO
6
0
 .-1

i-l
14-1B:.L10.
--uE•
-_B0101cH

.§•Hu-7-3

-J
•
-UHC
O

_--—U:-
H

I

—B-n/.u3

i3-.IU
A

J 
C

T
4

=

•
-.n-: j

-3.
 J

::5•-̂jpr—3101..-.•HU•-.
0
,1

3

H

.001

.-I-l

.^-i•X
;

.0.-1
• -DO

Q
4-O

•r-lJ•-:
1
-1

T3•-B1
--• .01

6
0

-0
i-l^::U1B-^j
H3a01M

.434J

14-0i-l—M010,•

,U.,.-H0M4J:J-----B7gj• -i-1T3

• -,-4
---_
jUU•0_JrBQ•HUn—|,_
 iBp

•r-lg:•—--:•:UU-3CJ_-
•--•nBU•-J0•-IM.-01û-1
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 'a-û-7-ei •

--.~—-97--Xa:BO-^a-9:-u7h9••-J.-C:-Brl--:9nu-_.nBO-f•rl_U.-:aa-4J
• HC•--01
-95•-gg0^1V431

-HM--—900Eu--!-01cuac7-BOMUaB--4
J-L•aM:[3'- !-u•rl

'73U93-a-'.-u4
JU9907QL
J-'U01u0M0r~01

7
"U

*
ooeu•i

oi 
B

0) 
4-1

•i-l C
O

X
i 

>
>

U
 

C
O

eg
-

0 
O

4J 
M4J

•0
 

B
CU 

O
M

 
y

1-13
 

"
cr co
cu 

B
1M

 
O•H

CO 
4-1

•i-l 
C

U0
C0
 

C
•i-l 

O
4J 

>H
eg 

4-1
t-i 

eg

•p4 
00

<4-l 
i-l

C
 

<4-l
0

 
C

y 
o0

01C
 

14-1
O

 
O

fi 
01

eg 
T
D

4-1 
£3

01 
01

oS
 
4
JCO—

,
B60

 
01

i-l C
O

co 
3

0)
T
3
 

i-l
eg

•o 
y

B
 1-1

eg 
4-1
i-l

B
 

^
4

o
 

y
1-14J 

01
eg 

u
M

 
B

3
 
i-l

60 
C

O

uO
 

C
O

X
i 

01B
fi 

i-l
1-1

 
i-HCu

O
 
i-l

oo yCO
CO 

1-1

§
•0

M
 

C
U

M
 

h
eg 

OE
i-i
i-i M
<

 
0o

CO 
4-1

01
X

i 
0
0

y 
fi

§
 
i

)-i 
eg

C
u

C
u 

01
eg 

Meg

•-i x:
•9 

°
0) 

X
i

co 
2

COeg 
co

•o 
y

fi 
eg

eg 
x>
-O

60 
CU

B
 

0
)

•H
 

<4-l

g
 
-0

4
J
 

B
y 

eg
eg

M
-l 

C
O

3 
0)

B
 i-l
i

 
"
3

4-1
T3 

C
O

Ceg 
01

T
>

•> 
eg

CO 
I-l

i-l 4
J

eg

-gggogo-uV--,
•-go-goi —

 '-90E-uCOm" 
E'eg

*
 
M

l̂
1* 

bO
iM

 
O

1
 a

(S3
 1

-1
ca 

3U
-l

B
 

co
H

 C
O0)0

• 
y

co 
3

ca 
ca

01u eg
y3
 

0
1

ca 
i-i

ai 
ca

M
 

B
3
 i-l

caB
 

0
1
-1

 
4
J

O
 

01
4-1 

CO
- 

«
8

E
 
X

!
01 

C
u

4-1CO 
^

>
. 0

0
CO 

O
i-l

i-l 
i-l 

0
0
 i-l 

O
<4-l 

B
B

 
00

0
 -^

y 
cacu

9E
 -o

i-l C
U

4-1 
N

C
U

l-4
o 

Ei-i
0) 

4-1
X

i 
C

U
4-1 

O

4-1 
B

eg 
eg

I-i B
01 

i-l
4-1 

4->

§
u•rjC

u
«

 
0)

CO 
-O

cu•r( 
C

O
4
-1

 
B

1
-1

 
O

•-I 
1
-1

1
-1

 
4
J

r\ 
y

eg 
01

a
 ^

eg 
i-l

y T3

eg 
B

4J 
X

i
o
 

y
4-1

 
01
4-1

01
X

i 
01

4-1 
X

i
4J

Bi-l h
X

i 
0

4-1
 

14-1
1
-13
 
C

O3
T3 

y
B

 
0

eg 
14-1

754



-.1-

QU
J

iltnUQU
J

in1/1

7
5

5



- 
.

--JJ• ".

h
j

resses--giu^sj•:--r-ieg'::egCO£
r*H_

.

'
.

'
,

OH•i•-̂i
','.

s1r—
 '

5P

gj-jCOto'Ocu
r
-
l

•rl
CO
4-J01
•or-l
O•oCUcucCU1•au0909---
•a— ^.:-u:•egj090•H01MC

i,

l)t5

previously,
er-discipline

T
3
 

4
J

01 
C

CO
 

-i-l
CO3 

01
<-> 

x:
CO 

4-1
•
rl

•o x;CO
CO 

i-l
CO 

r-l
C

U

E" o
CU 

U
4-1

 
0

CO 
CO

ĈO
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ĈO0OJ00

_3
ss than 10 ev with densities from 10 to 1000 cm . During disturbed periods01

rH0*i
r-l
r-lCOIH.'̂icCD00pcoenQJ
i-l00IHOJOJ

01
peiCMHC4J

'-5—iDCaIHOJ
XI4Jd•r-i

r^
i

T
J

•r-l

aCO09a00tiCO
X

IC
J

4JOJa)XICOCO09•COa4JOIHau2COoHI

4-Jr-

^
,

DOSP04-1COQ300u1-14J01P00

a is replaced by an energetic plasma with electron energies up to 20 kev.ET
O

CO
r-lp

 ,

4-1C01CJCO0)3crCO)
X

I01IH<u

836



orgz
LU

ooHiocLUQ
.

0
)

OLUZo

1)M•rl
fc.

8
3

7



t•
-aDOrnp•—Mauu0>§>.0* uM0
1

wM§J3M0M>09
~901
'-H>'H01>U004-1aOJ>II—OJ
(Jnr
-
'

000
•H0009M30U~00~i4JDO
^33090•~4

J01PMqr:

and development of the substorm.§•H4
J09h0)c01-JOJ
--J•=1-109
i—

 i
aXOJ0i-l>.M0-~UOJ>•-093r
-
l

0a0.0c4
Ji 1>.09

•rJOJ^OJ

F^i-u3013—0100

tic field, convected by theOJC:-s1?re4J01C09
r
-ah01_ja•H01

* 4
JcC
!

£/;M3Uu0M04J00
-a309U09
,--4-1^

hOJbjgC
t-

09M09Uaa094-1
M

-—11
• -
!-u•H4

JOJcv'̂
r

~II09DOOJklau09
•rJ0

)

M01

"cL0904J<DC
'

--

•

4-1C0P0fu'O014
Ju'•JM•r-i

-a—r^09i£4J§--.

09OBa0r
-
i

Q
J

5—
r-.

B•r-l

3i-i09
r
-
i

0DO

II* u—h09-JH—10909
r
-
l

a>,MrJOJr01

•a•Hft-a•-DOp—
 '

^r
-
l

P09OJM•COJ0009OJ
—

 iUMJ30£0DO00
1-1>

,
bOhopOJ

—-M04
JDO

~Pn

rv

1)

KMB00OJc•H
r
-
i

stronger fields and changing•̂a4-1puau>»0)
_
:^
j090909JKCI3a0̂P•-409OJ

r-lU•r-l

4
-1

M09a0909
r
-
l

aOJ
A4-1

4-10>ffauOJ

e
»

£4
-1
henOJ

ffects cause electrons and01uHa4JpElpu•op09(JP01
•r-:
T

3T
O

(-1M
)

U•H^JJCbO09
:.094

JPOJ
•r-l

~09MDC

•aa.1309OJU
l

P4
J09dgUpi-l

—
i

-
j

r
-
l
i1-1

14-1

gh energy electrons in the

—
i

~:-i04
J

IH•Hi-i
T

3

r
-
l

09•H4JPOJi-ia!—
 i01MaOJ

P

•

09OJMOJ
-aC/3
• —

!
gi)
X4JC0rJaj~j
'_j•r-l
•a04JP•r-l

UIM•Hkl
T30•U0930•H

ferential spacecraft charging

4
-i

•-J
—P
:bOi-l

X4-J
09^M0'-j0)
r
-
l

P
2

•r-l
cnex00OJ^-o01ss•H

1-1OJ
JODO
•r-l

p0•HbOOJi-'Ha•a04J

UM—
i

G•C—
Iei— iT
OC

J
0r
-
l

00014
-1

•Hi—
 1

r
-
l

O
J

4->09CODOp6p0M0̂>̂.M0OJbOc5T3OJ>Ua00
-c00001
•-Jr
-
l

1Qp09OJupri0UMOJex
~
3s

is characterized by very

09
•Q
J

r
-
l

,£3CD4-1

OJ
-r-4-1P•H130)
mCDQUOJM~09U•r-'

4-1W•r-l

M1)
4-10T

Or4

5u0909
r-<acaT

3CC3

oHo

cecraft charging is not a~aOBr>

09§4J09Xoo0)Mcc4
J

rH0>,cM•HM014-1

4
JaCJuX0

f>

OJi-lH
i

ft3DOC5u4-1U0r-l
01$>HO

i
30)8r
-
lft

0)McOJ
T3

t GEO are replaced by a tenuouscc00§V-l
4-1UCJ
r
-
l

OJ>,
4-1
•r-l
10cVT
3

">
>

bOi-iOJcOJ

r
-
l

01
f4

JnM1C04J0)
,fi300u•H4-1

01gMPT
-l

k
l

S

•gr
-
l
f0M£X

.

s0h4
J0H
i

r
-
l

0>1bOk0a01i-CM•i-l
,CB

8

—
iC.

•~ 1T
O

4
J5000CO

r
-
l

E
X

838



I
cc1

oT—,

U
JU
J

O

8r

^a•
r
-
.

h839



polarity to which a surface

T
JCO01

•oLMcbeQJ
£4

-i

•̂•r-l

1U
"7

 
4
J

•* 
cu•o

£a
 

»
.5

 
"

&
 

«
^
 

c
uO

.
O

T
u:MW^5r
X

£
-
i

C9g»u^|PQLJHD
b

<-̂5~<IS01%2u

Sa•§0)CO01COCO0)uokl(L

«M0r>
,

4
J

0
1-̂1

MCO><

ute to negative charging,

^•r-l
(-1
4
J50COCz•*•a01MQJ4-1

4J3a09

—COJDOctronQJ
r
-
l

QJ>
,

kl1•9r-l

P
b
l.

0003
—

iaOJc—
iajHrJ0

30—
1

1-1
M3

1>,
r
-QJ

54-1
•rJ00oa-.54

J
r
-
l

3CO0
)

kl01a•uto01

XU—
i

J3300c0r-l

•Uu•0)
r
-
l

0T
3O
J

kl•04
-i

4
J03U3u03

£103>
-,

M03
•oU0ui09•-

DO30i-l
4-)UQJ
r
-
l

004
-i

0a01
r
-
l

•HJ3

of opposite polarity and000r
-
l

0•H4JrJ09a4Ju03k
l

4
J

4
JogF
H

r
-
i

id34-1
>rVr.

T
3OJM

l
kl

au00•HOJu03
IU1-13000X4JIWH

•

4JU~IWrJ

300

•aOJbOki03U

i'.-4_i
0OJ
r
J01»

0•1-14-1
•r-

1

T
J

•a09H0a030in0)0)00•
rJ

B0£U04
J
f
iM•r-l

Bxu*4X309QJ
r
-
l

0

«44-1k
l

03aOJCO0X4-1

U
-l

0gT
4

4
Jk
l

0C
L

Ug00QJkl

4
J0
.

3<ukl

—09
•Hkl04-J
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CATIONS

i —
 

i

J~-C/3_=-

)PERTIES FORAND CONTROLLING PRC

/—X---DC-

^TENDED

—-ZZC/]
' — .
-

THIS CHART.DEFINED AS SHOWN IN --_

TRATIVE
f:' 

,1
^— _-—-,H<=-3'1C_>

CHART BE ALL INCLUS: - ___4J-Z-C
-

J^-i_PQ<h<QM205_BREADTH OF THE MAT
SUPPORT THE LSS.

8
7

4



*z
ill^o

en.
O1 11 1:E

 
5
2

L
U

 
L
U

*
 

^
~

 
l—

£
 

O
l £

Z
 

0
 
>

-
5
 

i o
o

0
 

L
U>
 L

U
C

 
LU

 C
_>

5
 

^
 o

f

5 
>- °°

"i 
o

 L
U

W
 

| 
C

J
3

£
 

o
 c

e
ft 

2=
 
<r

c_>
<

 
L
U

 L
U

I
 

1
—

 
L
U

K
 

0
0
 H

H
<

 
_
J

X
 

^
Z

. t£
3

*~~* 
^^*

C
£
 

O
U

J
 
-J

H
-

s
:

z-<—0oc

o

0
0

0
0

«=c
t—

O
O

l 
:Z

3
U

J
 

O

X
 

X
X

 
X

 
X

1 —o
- 

L
U

l
L

U
 
M

 
X

 
X

 
X

X

O
 

<
->

Q
_

C
I3

 
C

J
Z

 
L
U

l 
X

 
X

i 
n~i

0I—
 

<C
t
 _

-3
 

^
^

(_> 
1—Q

_
X

X
 

X

^
^
H

O
X

X
X

X
 

X
 

X
 

X
LU

l
S

j

f*1
2
:

OP<cC 
3

|«
H

1

D
-

Q
_

<
C

0
0

oo—
 1

. 
1

<cQ
_

^
^

1—

01

^H
 

»f>
2
;

O
O

 
O

O
 

O
rv

 
rv

 
rv

 
O

O
L
U

 
L
U

 
I —

 
O

O
 

O
i

P
Q

 
g
Q

 
( 

) 
1

 
1

 i 1

s
r S

 
L
U

 
o

 
L
U

i i I 1
 1

 I 
| 

rv
 

\x
 

c
~

i
LU

 
1 —

 
-> 

C
_J

-•s. 
^
 

e
a
: 

o
o

 
o
o

_
l_

l 
_

J
 

O
O

O
-

J
 

l
_

)
_

_
l
_

l

=
D

:^>
 

>—
 • 

oo 
—

 it —
 

—
 loo 

«=c 
C

D
<

-J 
<_>

1 —
 

1
^ 

O
O

 
0
£

 
5
2

 
<

C
<

_
> 

^
c

e
^

 
:^ 

C
E

:
<

_
)<

_
) 

1 —
 

1 —
 

L
U

 
S

I 
L
U

 
S

fO
 

^
 

1 —
 

Q
±
 

Q
i

C
E

:Q
: 

i —
 i 

LU
O

O
 

L
U

L
U

 
L

U
C

 
i —

 
L

U
 

I 
—

 I
I—

 i—
 

o
 

_
i>

-
 

r
c
'-

u
 

3
:—

 
2
: 

_
io

 
o

O
O

O
O

 
—

3
 

L
U

O
O

 
1 —

 
C

£
 

\ —
 

5
2
 

<
C

 
L

U
O

O
 

O
O

O
O

h—
 

00
U

J

^
^
-

1——
 1

^
^

H
-̂

rv^
L
U

1—

LU
 

C
Z
.

"S
2
 

0
O

O
 

O
O

 
1 —

O
O

 
LU

 
t_J 

O
O

 
LU

 
C

_i
LU

 ti3 
oo 

•—
 < 

52 
rn 

:=>
1 —

 
^

)
L

U
Q

i 
O

O
 

—
 1 

O
O

C
3

O
O
 
(J

3
 

—
 • 

(_
>

 
L
U

 
^
 

O
C

3 
O

O
 

LU
 

«—
 • 

<_> 
C

O
D

_
^

L
U

 
1

 
1 —

 
^. 

L
U

 
i—

i 
O

O
^ 

i—
 « 

"T
~

 
i t i 

^3
^ 

i—
i 

rv^ 
^ 

^3
^

O
^

:
c

3
^

-
. 

o
 

n
r 

_
L

U
 

_
_

i
t 

3 t—
 

e-r 
/ —

 > 
t 

t 
i—

 
~^ 

fyi 
to

8
7

5



I

H
 

Z
>—i 

•>.
OQ 

!>
O

S 
O

o
 z x

co O
D

 
os 52

O
H

Z
 U

 ̂
O

W
§

OS J
 
^

n
C

 
W

g^8
co oS P-J
o

 o
 w

W
 
W

 
-
7

O
 H

 S

O
S

§
2

O
r
n

S

-
-

f
c
 ̂

W
 
>
H

zw

I
 

^
-
 
_

 
V

^

^
 
Z

 p
^

tJ
 W

 £

y w
 z

£ E w
"

H
o

o

>o
 u

pq w co
>
 J

 z

w
2

P
^

5
^

W

Q
Z

w
 o

co •-'

- -ZO
 

"^ "^
O

S
 
J
 
«

^
_
J
 

^
^
 

^
^

>
 

W
 c

o
Z
 ^

w o H
z 

vo Q
o
 ̂

OS 
m

^
w

£ J w

d
1"^

^

o

co 
I

W
 H

O<u
Z
 <

W
 O

S
>

 HU

OS 10
H

 
•

U
 N

*4 w
o

S
«

g
9

2

H
 ̂

 °

l
<

0

U
 U

P
H
 
Z

[-H
 

C
O

C
O

uDO

-o

Q

-

S—.a---:.___'-----::H

Q

W
as

04L
.

H

!

876



hmKOf0I/)oLJ13cef-oU
J

C
L

tn8OLU_J111

cr0U
i

z

I)

• • 
0
0
 

- 
U

J
UJ 

I
O

 
' 

I-Z
Z

 
Q

. IE
 O

ui in
 <

 r
£ <

U
J<

LL 
CO

 UJ D
U

l 
<

 
X

 <
ft 

Z
 

f- Q
C

8
7

7



III-

8
7

8



D_a.a,f P
<

0
 
' 

J

u
I

z 
a.

UJ 
<
/) 

<
K

 
U

J
LJ 

<
lJ- 

(/) 
I

U
 

<
*
 

Z
 H

Z0-

_<
II.:-

s

S
io

i x

879



i.---i

8
8

0



(O
 

<

hia:Ow3OKZ>•f;OUJIDDJyX:.n2DZ2D_j<DZIUDQLJ

Ĵ<
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shown in the illustration for the cap control
re provided to process flat graphite thermo-
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(Figure 10)

Typical beam builder automatic process control operations ar
subsystem. In this subsystem, control and monitor functions

embers of the desired length. Upon entering
2tion and maintained at that temperature in

a splastic material from the storage reel into formed structural
this subsystem the material is heated to 425°F in the heating s

jf helically wound elements connected to
sensors will be monitored for this purpose.CD

m
 

LJ

the forming sections. Heating is accomplished using four set:
individual control unit under ECU control. IR-type temperatu:

here platens will be commanded closed for--From the heaters the material passes into the cooling section
38 seconds during the assembly portion of the cycle.

2 baseline configuration. As such, each
drive motor units. In operation a travel
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Cap length control is the basis of beam alignment control for 1
cap subsection will contain dual redundant variable speed bear

igth data for each cap to the ECU processor.
lired total beam section length has been
ichanisms will be activated.
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0
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sensor system with a resolution of 0. 25 mm will provide cap ]
The final step of the cap fabrication system occurs when the d
produced. On ECU command the three cap subsystem shear r

pport this and similar efforts are as follows:ZAreas recommended for continued technology development to i

• Specific Recommendations
- Heater elements and temperature control
- Beam alignment control subsystem
- Ultrasonic weld process control

XO£- Platform instrumentation/experiment accom

• General Recommendations
I ' : -

;velopment
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- Design/selection of space qualified limit sen
- Design/selection of mechanism drive motors
- Detailed automation timing/control software
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oI

981



-V
'- „—

 -Q)-5,
•H:-.

•g1

acecraft systema,sniffcd, —cdgMe9)tnSa0h-0tnoa0)oI4_*

S—
 >

• — <

1aflj

1

CQ

1

itructure applica9)U-ftXbo-cdm:i'130¥1M<2T3UtHM-i-^tu

<•z.st processor moni5i —P -sc•-PN- —§0•aad:/
SS

•0;::N-d;:3

-
'

hS

pointing control,

. —
 .

uic:~-FH~Jgo~:r attitude irocessoP-~b£1-1

1CO3se functions are

_".i•>0̂'••-I-i0t -•

1•fj1manage.-•----••'—£-

«I-•—i

.<U

s control,
requirem

recessing,

•iH
 

] ' 
O

.
W

 
o

£> 1-3
0
 

3
 c

d
£

 
£

 T
3

o 
a3 ^

^ 1 «a
<u 

S
. a 2

'-* 
0) 

cd
2 ^ 

£J%
•4-> 

m
 

^"v
g J5 o
O

 
m

° a
^ ?io. 23

i 
c 

*
« .2 S
\ 

•£
 
c

CD 
o 

q
I
I

5
3

T
O

 -PJ
K

 
«fH

 
Q

)

5 
®

 2
« 8
 |

^ -^ s*
1

 H
 £

s^
1:

l^S
S

 
C

 cd

|8
J

IH:i »
g «T5

cessor control functii
ntrol, and propellant
command and monito

2 8
 |

a
 

r
•S o £
l
l 

«
"3 43 ^
a 

a) "3
8 &i
P* s s

11

-2 
• 

w
0
 

^
 
™

|^
3

^
S

 
;3

 
^
2
 

0
"
 
S

 |S
 S

aj 
o 

to «2
H

 
C

O
 >L

rt 
JH 

f_? 
Q

J

^2 
«
||

§
 
S

 
1
*

a >> 8 g>
0
 

c
d

 
(jjj 

i
^ 

^ 
c 

R

P
!|

8
S

||
o 

S
 ?

 
a^

1-8 
2 -a

8
 5

 
S

 n
"o 

o 
^

0) 
c
 

>
 

°
7
3

 
ii 

N
 C

O
•3 

m
 ̂

 
g

2 
S §

 w
OS 

X
) 

g 
T3

•flp-o 3
S
 

w
 § 

o
bo e

 
.0

C
 

§
 

^C
 

C
Q

 
*
?

•43 .g 
?H co 

G
1
 

o
 -2

 rt 8
^ 

c 
o -o S

&£ 
81 § &r-H

, 
0

 
^
 

C
O

 
0
)

-P
 

S
 

cd 
fl 

>
5
-4

 
±

j 
•—

 I 
R

 
J)

38JU
CQ 

-a
 

w 
O

fl 
^ 

•*->
 r^

h
n
 

«
 

C
d
 
C

 
2

cessor stationkeepinj
g operational phases
pointing (perpendlcu]

>1 and data rnanageme
ireas for future techi

O
 

C
 

r
-
«

 
«

S.3 S^S
1

 
g

 £
8

2
a

^
 
9

^
1

8
,^

1
1

 8
2

u
 

73
 

B
 

Q
)

o 
C

d *» 
JH

PH 
^
 

S
 
<

 
S

9
8

2



HfcH§WJW§wHCO05Otf

CD5U

c2a.ZC--

C35Z-(Au

gZ-uE<5

0cr

M
V

) 
C

C

<
 
(J

 
(A

;
g

 o
 s

t_
 

O
C

 u
j

o
 ^

 »
-

<
 z w

u
i O

 >
ee o

 w
I
 
O

 >
I- O

 W

ocr--0U30UOM

U5ao

S
S

CD 
U

. 
Q

o
^
j

o
 -j

<
 o

Q
 
±

<
 
S
5

o
 o

 o
W

 
Q

. U
a. (0 Q

uI•H

983



•̂H
fl

'' 
'

91'•--M•Hto—

gy is the development of very

J9c;ructures techn

wo§aXi)be1-•/,0i0--re exciting ap]c5ajg~'. _
,

z53

C

tenna concept based on an active5&ed- — (8jCDO

1

3 illustration sIM

g
«

DQSsn>iased antenna s

.if,0U-S,DCnr'--
' —

 '

ipplications include:- 
-

CO• fau'/,

101GO

it!ig052c. —
 '

a1uS?VX

•rray technique—~0Kia0g- — <

ina deployment or assembly-âws510)
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MĜ

_

^JX

111B
.1025



sJl-i434JC—01a>,

uE4
J0011 —
 i

l-l•01
-C4J

t^_j

00E09

14-1QJU(009S3C•
r-i

•aQJ

N•H^_
 J

enpOJ
r
QC03UC0• -J4-1
T

O
r
J

to0)C£>,,
i-i§ii-<010£W

iT
 

1

ag,fl01<ai0109090u-
g•UCM•
r
4CO09T
O

r
CUqOJ00̂]CQ5•H4-1Uc3r—

 4
0h4—

 '
c0u03C009(3

1•a•a•MC.̂00OJ

T
'

•a00a^̂r;
4-1,

B.uL
O

p
>
.

B

>434J^

U
j

—43

r.

01UaG
-

09OJ£0309Q
J

43^
 
j

Cu3ua004-J

T
)GJ.- 
S

':

£
*

09pV409pja4
J01Ma09Oi_j34JUB4
J0904
J0)to01

rC4
-J

.,.

OJg00
_VJOJ000a094-1

a4
-i

09

—090._
,

^HOS=1• -'
Q

,

(UV-I

-Cu34JOQ0X04
J-U09

r—
 ;

1 —
 t.

09
43•t
A"̂, —

 |
i-l0r
CDO

4
3T30)

, 
j

•cp
j

oox09
•-JBOC•H,̂CO01

TT
J

3.T
-
i

•03
•
r-l

XB90001
•a101j_iCT3

.

013uupfj090•a01«U"-*J_i

iJ1~tr;
__ir-i•acT

O
r
C09
•r-l

1-404-1
c0u

1026



Q
.

LUozoozo<cc(DLUODCLUO<C
L

C/D

1/5
*

DC£
Q

.
LUO8

g !
u- 

^
0 

<2
5
 

°
1
 
o

CC 
2

LU
 

~

CO
 

CJ
5

 
u
j

CC 
Z

o
 

z

s
8

5 
8

S; 
2

z 
cc

111 
^

Q
 

1

c/3^ZOin5

ML
J

iQLL-

2<5cc8oDLUccen

0
- 

S

?
 

9

LUCJ1
s 

I >
s 

o 
a

CC 
U

 
Z

U
J 

tO
 

O
l~

 
X

 
<

s s o
i!
i

i I
Z
 

-I
I- 

Z
z
 

o
O

 
cc.

cct5B111gu

_l 
M

2 
£

z
 

?
o
 
„

I
OszLUsLU_
J

Q
-

0
 

C
C

 
<

SS 
^
 

Z
2 

2 
o

Q
 

C
O

 
C

O

2
 

Q
 

5
CO 

<
 

S
<
 

O
 

-
ffl 

-J 
O1027



<rVI-laO
b

, 
,

2" —
 '

~-_p5£— •
WCX-Uapjjr.'i

pfli
0

.--_•rjj;'

09L•g•-.f..-•a0
__r-l
5—r-l
0--oBC0I-lIDi" i501001
_

;
--01,~-, 

{

^J
.

&01U
-'
34JU34
JDO0:.
-

01

K-"_-U--C3
i-l'
(J3,

•

-, 
'

-
-
.
"j•j.-..a01•."wc'•rl
UID—CD--t>0
.-,•j_-~r-l
CDUi-lcCDa'.'•>,C-; '-a01

TJ'pj-•4
JW

J

5

u.r-—
111

—.: j-.1)
-Ua-•-01
-0r-l
UG•-.
.:T_r-l-0X

!01H4
JED01

•-M•~igOJCfl

T 
1

ED

—
 !

rl01rvM;"a-

,•r-l-Cfl
01i—
•toc

4JU•L
'

iu-rl
-JCO§

---JMUH.-

c:0J01i-.01tCD
14-1

1028



LLJ

LJLJ

ccDoCOoXLULUC
D

Q

M

1029



»-»IT--a•Hpb•~*rH£—
 .

^p3PH- —C/3

§«.''-
_

 .

-ea;S

01
-^01

1-1_u•GDO
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red the current flowing from plasma through
of electrode and surrounding insulation, shape

and electrical parameters that were varied are
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