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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 
coefficient of Thermal Expansion 

Vapor Condensable Material 

Graphite Fiber Trademark 

xiv 



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. 
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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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Ĵ̂

--3.

U
U

1
r̂

"
•CO

1

1 —
 I

1—•=5
i —

 i
i —0
0
'

! >
i —

 ̂ —
 i

1̂ 
1

—. 
1

=
3
;

1
—

LU1 
'

rv0L
L

QL
U

1—L
U_
j

L
U

0
0

L
U

j«=c

^5^<3;



603



^f̂
l0)

§,•Hfa

L
L
J1

=
3

(=
5

OG
O

G
O

Q
±

1—L
U

1
i 

'

C
Q

C
D

1
D

_-0<c( 
)

I—
I

Q
_

•

,

6
0

4

OLJ_.
L
U

--..
C

D

<c^!—
 1

G
O

<cL
U

^
^
>
-

a
;

1 1 1
LLJ
G

O

C
D

1—QU1 —
«=c

G
£

P
Q

LJ_

G
O

<c•̂L
U

—
 1

—
 >

fZ
j

C
D

G
O

G
O

—
 i

—
 1

<
C

O
£

L
U

~
T
"

<c1L
U

1—1—L
U5^~

L
U

1
L
U1

U
D

<
C

L
lJ-• 
:

-
|

<
;

— . — ,

;

.

'• 
_

.
.

C
3
.

-

\—Q
_

U
J-'••

O^ 
.

LU, -..

c
1

Q
u

LU- r -

Q: r

:M-' :;
--

<
t-

U
J

i~•'-
1_̂<-~:

.

I—

3
r~~-

LLJ

' 
'

-:--i

•.\

•-•

•
•>—

 j
::;=

2

X
i

.
j., 
i

' c:-:_:

LO

:_

1 
-

L
i i i
-j —

 !•-.

'..
 
-

''

—~-
^:. -• •5—-i-•,--•f
~. 

•

•-- \
- .>.L
.

TnIT
J

~
"-

'•
'

-:
 '

—

.
C

/5

C 
-

h
-Jh..C:-i-- 

-
-- -

. 
1

L J

---.
L

J

Q

-
5-
tn

•

C
M

G
O

~
T
~

1
—

C
L
.

L
U

1=15

L
UmI—Q^
^

co:^~<
£
.

U
D

G
O

G
O

G
O

r
v

h
-

L
U

~
i~

1—



pS2
3T3O5</>^3£J
H

303,
>>!
os

QLUO>_i_i<HGC<Q
.

3

QLUQ
.

LUQ

n1--

\-CCLU0
0

_lO

605



o**01)-<§>ou• rl

v
^
-

1—1—
 f

OC
D

i_
i

p
~

L
i-

ce
:

L
UI—0
01

606

L
U

«-£
i ir
v

—
 >

O
O

ce:
L
U

h
-

i_
i

L
U

"T
~

I—Q«=c
L
U

t_
)

^
^

i i
DC:
^~>
O

O

L
U~
z

h
-

^=^
i—

 i
O—
 :

T
~

(__)

•—
 '

3
=

0
0

(J3

i —
 i

I—1 —
t—

 i
LJ_

cc:
L
U

1 —O
O

Z
D

1
( 

)

L
U

~
I~

1 —ce:
oL
L
.

O
O

t—L
U

-
^

O

C
O

'C
D

.U
J

•̂
~

^
~

' 
)

L
J

h
-

, —
 .

C
D

~^~

Q
.

U
J

z
c

t—c
u

OL
U

O
O

LD
i

_
J

i ' i
_
J

LD~
^1

i —
 i

0
0

—
 r~

h
-

9
^

C
/5

C
JD

-^_
> —

 
•

h
-

1 
-

i —
 t-

0L
U

(—

;

_
J

<cC
~
~
»

L
U

1 
1 1

C
tC

i 
.  

;

IS0
0

ce:
U

J

^
~

L
u

"

L
U

C
ti

L
U

•̂'C
O

a
:

: 
! 

.

C
O

L
U

^
~

cj—-
^

« —
 i

Z
U

( 
3

<ch-LU—
 r~

r
-?
-'

U
_
J

zz:

>—<
^

I
nL
U

L
U

L
U

1—Ĉ
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îQ

>

,
'

-

2
1
aP^^L
J

-'-
L
UI

:,L
J

2LU—h
-

c::-
::-
^
. -

aL
U

P
Q

UsU
 1-••

'--: IC/L
U

rc

610



ff
0
1
 Q

D
o

i

S3g"o
£

0
1

0
1

Q0
1

Xo8
0
1

3
 e°

2
 
H

I 11
77 

ill
O

^
D

z
3

o
^
^
B
 
^
 
•
 

4
M

*

C
f-Q

.C
C

\ 
£

^
 o

V
^
 W

?
K

^
o

^
 —

iir^9O Q
.x

111LU0
1

30
1
-I0
1

O
C

g

Q01611



L
U

_
J

cuh-LU1 1
 '

U
J

Q0u
 .

oo1—D
_

U
J

(__)
^
^

C
D

^
_
l

O
P

S
I

L
U

O
O

0
0

<c1 —
 )

^
^

«a;

I—i—
 i

C
D

—
}

6
1
2

/•>i*̂Q)
U300

• H

^0
0

L
U

ry
^

=
3

1—( 
)

Z
D

r
v

\ —O
O

L
U

o
:

C
U

oo

L
U

1
PQ1—c 

>
L
U

rvL
U

5L
U

—h
-

^
^

i—
 i

C
3

L
U

1 —

^ĉt:
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î
~
l

LJ_
C

D

O
O

1—O
O

•—
•

O
O

C
D

C
_>

e
rr

. —=
3
-

O
O

•z.
~
!

—
J

0C
_J

-jO
O

L
U

C
JJ

oO
"

Q
i

L
U

LLJ
S

.

L
U

Ic_>LUQ±LUI

L
U

O
O

cr:
cu

614

L
U

0
0

L
U

0
0
 
—
I

y zi
oq
 
DZ

<c 
oo

LU
 
pq

C£
 

(Z3
L
U
 
C
D
 
L
U

L
U
 

Q
_

^
 
(
J
3
 
^

2
:
 
o
 
e
?

•—' 
—
1
2
:

:̂
 
o
o
 
P

S: 
cc: <c

C
D
 
L
U
 
L
U

Z
C
 
I
—
 
Q
_

O
O
 
L
U
 
L
U

si 
cc:

L
U

cc: 
CD 

i—<
zr> 

ro 
Ĥ
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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

 r
t

—-:—•::

. 
<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

a 
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
abric should be conducted.

is£3 
^

•| 3.
rt 

^
^ 

i— i
^
 b

fl
2 

S
2 

•"
i3

 
C

O

662



LU
ir>3|CN

663



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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--—ai••'-_-•?——-.— ---î0avolume can als•rH*~•H_dju^-.g>-kh-

ing launch.--3; -h:structural supp_•di.. compons-:_^i~i~-

7
3

0



--•'.-Z1

•:
'O

ct:M01

- 1
—I5

731



1•_3•—*_B!H-x<_hHMpqB
i::,•M^Pq

BER LOADS

_^Si•ii— i•-.BiDUP--W

i-uIrH-UJ•-Iff 
1

H

0Uh•
TJIndicate

09ti'/.U.1-1characterist

>r-0A0ft

-UEO-:
pq

TJV—•-U• H-cRj
^
j---:ft.,•.J— •:4-1

TJU--, —C
L

ft-:•I:average load31
SHTJ0ftnl~jj0uTJA-:nAQH—

9J
-HU4J:--Â
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ĈO
 

>
-,

1-1
O

l 
4-1

rC
 

C•
rl

4
-1

 
U

0
 
-
r
l

4-1
C

 
4
-1

O
 

O
l

•H1 1 
£j

CO 
CO

r-l 
U

r
J

•rl 
C

O

C
O
 

X
I

4-1

.
 
r
-
l

4
J
 

O
CO 

O
01

 
4-1

4
J

0
1

T
3
 ,*~

i

CO
CO

•> 1-1
to•rl 

4
J

CO 
M

'r 
,

CO 
•

G
 

G
CO 

60
t-4

•> 
CO

G
 

0)
o -o
i-i4-> 

i-l
CO 

CU
r-) 

C
U

3
 
°

•* 
J-i

•rl 
C

U
CO

O
4
-1

 
4
J

OCO 
0)

01
 

.̂
I-lO

 
01

rl 
CO

01
x; co
4
J
 

1
-1

1
 

>
>

 
C

O
g 

M
 

4->

•
r
l 

>
 

r
-
l 

O

C
O
 

O
 

4
-1

6
0

 
4
-1

 
4
-1

C
U
 

C
 

0
1

X
: 

-rl 
C

O

4
J
 

C
O

 
C

 
4
-1

3
 

O
 
p

M
 

-1
-1
 

O

O
 

4
-1

4
-1

 
O

CO 
4-1

CU 
<rl

CO
 

M
co 

ai
o

 
£

^
 c

u
u

 x
:

01
 

4-1
x:U

 
-0cu

4-1
 

4-1
3

 
C

O
C

U
 

J-l
C

 
4
J

•rl 
C

Oa
6
0
 
0

C
 

£
•rl 

O
l

•0
 
T

J
•r-l>

 
0
1

0
 

>
S-l 

CO

>>
 

O
l

X
l 

r-l
4-1

C
 

4
J

0
 

3
1
-1

 
X

I
4
J
 

W
CO
r-l 

T
3

3
 

C
E 

ca
•rl
CO 

X
>CO

0
) 

i-l
x: 

s*.
4-1

 
.XC
O

CO
4
J
 

C
S-i 

0
0CU

 
CO

C
L 

0)
3
 

u
co 

nCU
CO 

>rl
•rl 

J
-I

CO 
CU

>
1

 C
U

r—
 1
 

^
CO 

W
C

.

• 
T

3
T3 

C
01 

01
S-i 

I-l
•rl 

4
J

301 
C

J-i 
ca

co 
C

CU 
O

T
) 

i-l
CO 

4J
i-i 

co
4-1

 
r-l

4J
 

C
U

CO 
CU

r
-
l 

3
3

 C
O

£3
•rl 

C
U

to 
X4-1

X0) 
C

r-l 
(U

C
U

 
0
)

E
 

2
O

 
4
-1

a
 

oir\
CU
x: 

ca
4J 

S
-I

cu
60

 
C

u
C

 
E

•H
 

C
O

CO 
"O

3
T

3
"
 C

CO 
CO

~oC
 

co
cu 

60
M

 
C

4-1
 

*rl
rJ

£
 

C
U

O
 

co

CO 
4-1o

*"0C
 

C
co 

O•r-l

ca 
4-1

rJ 
C

O
0
) 

M
4
J 

O
CU 

CL
? 1

CO 
O

M
 

U
CO 

C
C

u -H

4-1 
C

U

3
i5

0aM
 

•
X

i 
C60

0
 
-
r
l

4-1 
C

O0)
CO 

TD
•rl
CO 

T3
>
. 

C
r-l 

C
O

CO£ 
co

CO 
CU

T
J

*O
 

co
Q

) 
I-l

4-1
i-l 

i-l
r-l 

-rl
C

U
 

C
O

E
 

4
J

i-l 
0
)

CO 
TJ

eraction
onment was

4
-1

 
I-l

C
 

i-l
•
rl 

>C
0

 
W

•
rl

CO 
•

C
 
,*

>
>
 

0
•O

 
co
4
3

CO
T

T
01 

C
X

) 
co

4-1
 

'U
CO

 
r-l

3
 
Q£.4

4
J
 

0
ll 

1
 1

 
1

oCU
 T3

CU
 

O
l

3
 

0
1

to
 

4-1

co 
C

•
r
l 

O

x: 1-1
4-1

 
4-1
m

4-1
 

£
CO 

P
X

! 
0

4-1
 

4-1a
CU 

T
-l

4
JCO 

CO
r-l 

C
U

4
J
 

-rl
CO 

r-l

|
|

CU
T5 

C
O
i-
l

S
iS-4-1 

•
CO 

CO
V-l 

C
J

CU 
-rl

X
I 

4
J

•rl 
C

O
r-l 

i-
l

O
l 

I-l
T
3

 
O

l
U

CO 
CJ

CO 
to

5
 

r
-
l

fir§

O
 

C
J

•H4J -a
CO 

CU

1
 B

1
E

 
co

•rl 
T
3

CO
(~?

•a w
C

 
-
r
l

CO 
S

C
U

 
4-1

x: ca
H

 C
UH

O
 

•
?
 

C
4-1 

60
•H

01 
CO

x: cu
4J 

T
3

C
 

O
l

0) 
>

0
1
 

-rl

?
 
4
J

4-1 
CO

01
 

p>
X

l 
i-icu

to 
to

4
J
 

C
•rl 

O
1
-4

 
O

o* c
to 

3

4J
 

I-l
•rl 

O4
-1

(".
60

 
>
,

3
 

r
J

O
 

O
x; 4-i
4-1 

CO
T

J
C

 
C

cu 
ra

>
 

ECO
«

 T
-
l

CO
•rl 

C
O

CO 
4-1

CO 
C

X
I 

O
l

cu E
E

 
5

OJ 
OM

M
 

'H
o 

>
4-1 

C
!

01
CO
•rJ

 
r-l

CO 
CO

>
-. 

0
r-l 

1
-1

CO 
4-1

(3
 

1
-1

CO 
i-l
C

J

T
)C* 

4-4
CO 

O

4J 
C

CO 
O

Q) 
i-l

4
-) 

| '
U

E
 
-
r
l

5
 T

D
M

 
O

l
4
-1

 
r-l

C
U

T
301

 
O

l
4-J 

4-1
CO 

to
rJ

 
rJ

C
O
 

3
C

U
 

C
J

cu 
o

CO 
CO

is shown
re existsO

l
C

 
X

i
O

 
4
J

•I-l
4
J
 

"
U

 
C

O
CO 

01
I-l 

I-l
CU 

3
4
J
 

4
-1

C
 

0
•
r
l 

3

O
 

4
J

C
 

C
O

x; cu
6
0
 

0
3
 

co
O

 
C

U
X

I C
O

4-1
r-l 

O
l

<
 
6
0M

•
 

r
J

C0
 
X

I
•rl 

4
-1

4-1 
-H

CO 
12

U--
;

4-1
 
.

•1-4 
01

I-i 
C

01 
O

•
CO

13 
i-l

CCO 
01r
l

CO 
CU

4
J
 

X
I

CO 
4-1

T
D

*̂>
4
J
 

r-4
3
 

co
cu

 
3

C
i 

0
•rl 

1
-1^

4-1
 

X
l

0
 

O

CO 
•>

B
4
JCO

CU 
01

4-1
 

4-1

C
 

*O
•
r
l 

CCO
4-1C! 

co
CO 

-rl
4J 

C
O

I-l 
*̂»

O
 

r-l
Cu 

CO
E

 
C

•rl 
C

O

>. a
i-l 

0
1

O
l 

01
> ?4J
CO 

CU
•n

 x
i

racteriza-•g--u--.--jCO-J'.

:U-<U- -D
..E.i•-—;Co1a(Unrl,01J:M- '--,-

U:-OJr-
1
-13C701:. ,

R11
U•ac-ca•
rl
CO:-.caiicc-•-J

in develop-.•-i:1---.•i-:-.•--14-1-a-_j i-:--cu-tu::_-.•0i--

,„h„<

H-C-u1u----•1-„4Ji!_
.'

01--w-X-CD.UM.-•:cu 
•

C
 

toCO
01 

01

e
s-

• 
C

O
£
 

o)
CO 

X
I

r
l 

4
J

6
0

0
 

C

C
u

CO
CO

 
T3

CO 
CU

rJ
 

0
)

C
Q

)
X

I 
>
,

4-1 
60
O

4
-1

 
r-l

O
 

OC
4-J 

X
!

C
 

cj
O

l 
O

l
E

 
4
J

756



l/l
Q

£
OOLLJ

O

z0Dingh<N5uf-o<K<rIUWo

zShuu.ELJ>QZ<Ifl
UG<aH

<
 

«
z 

55
>• 

LJ
Q

 
Q

111tn

zgH^
5

Q

111a
(0

z
y

2
2

S
 >

<
 
K

 5
0

$
 
<

 
_
l L

J
 L

J
 C

z
 K

 o
 i a

: u
O

 o
in

 i- u
 <

zLJ

ro0)M(h

ft-
O

 o
UJ 

p

5
y

z P

_
^
 

»
^
 

u
^

J
 

O
 O

 I
-
 i

<
 
• 

• 
»

O
 2

 tf>
 H

z

7
5

7



-rC~.r

_gg-

1

-:
•^go>

,
^™

N
 

t—
 4

s
0> 

C
O

t-l
rJ 

^j
M

 
O

ft, 
C

O

^
^
 

C
OV

§1 —
 1

: —
 .

.<
-

L—
 ;

u- .'

5HP4iWS7r-7UE
-H

0HCO

rnCD01f^4-1C•I-l60Oi-lOcJ5uH
I

4-1

4
JCOQ
J

4̂J114-1010C
3

UCOCDfj
UC•HDOC0-Jen
-U•H§•Ht 3

•H—U§0XDOM—
 •

DO0•H4-1og4-1
•HEr
-
l

000i-•_0r;Cfl
H'-3oo—
ia•MJ
j03a^
.p3QC1-4

r-i0(ULJEDS0•HC
Tj

r—
 1

37'
•H'-•

~--c•--jG0C—OJ
1-114-1
•Hr-la11-1DOp

. .
MO

i
;>ĵ
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Ŝ-j
0r-- ;

fl—0r
l

d-Ji_<0'» ,u-^J3a09

90I
XU--aaK11••rl
—

Jg
jLOJ09B0B314-1)-U•rJ:_-uur

34Jj-

CI!
•rl•J-JMUCso~000—'-_

_
!

0090S-J
00U4Jc?H

.U•rlM0r
^

I-
l

0MC0u

if
terials,
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iuâ2
-

1 disturbances00-Jc1c0h•rlgS434
J

•r-l~
j

OJ4-1
tor
-
l

01h00COOJ•r-l

r
-
l

|H
i

94
^0£>-,

4-1
-r-'

M0•' —
 :

H

•

,̂
^

0H•r-ln>_j
0CO30rl

^£3C
J

dCO0OJM

fferentially

•rl
T

3

43o•r-i

—5COC0M4-1U'U
r
-
l

0>,00r-l

OJca-c543COr-l

O
J

4-1

C§uCa4-1
14-1

CDrl0C0coaCOOJt~!
4-1C0\GOP1-04

Jgo3COU•r-l
•UOJ500Rx-"

iaces

'-Hr-,

DCO

TDQJgo0aXH
i

0)60hfCrC0

u:-:-4-1
1-40>~
r

•rl
r
C

r

00G09Qr
-
l

a>>DCHOJCOJir-l>
,

r-lG0MrJOJ4
JCP0ucOJ

f
-

 
N

0as
-/

4-1

•H^2MCf.4-1

rlC
j
i5G4-1

0)1-1'0OJuCDd
.

gg00

•a30.n4
-1

iHrf

possibly moreOJMC
j

eg-o-ocegS 3
1-100rlR

]
43uOJUS3
14-1hPCOC—

I2•r-l
4-1
i—

 1

3COOJr-l•"

MOJ
r-l0•H4-1hCTJ
C

L

nRCO00
r
-
l

C
b

4
JooUr
-
l

OJuu—
 :

r
-
l

•H^COPOJ
4-1>CO

09OJgo0r-iOJa43'-
—,13Q-^OJJJ3—

 '

UC0u0go
i—

 i0]

—1-4P00c^•r-l

4
J

.-j
0013•aar-l0•r-l

4J'Hraa'~^  :~i
•H

^

43CU

F

•

oucf
j

24-1OJOJQJDQ

•ggCOJ
4
JCOgo4-1

00•r-l

1
 J

1
-1i-
l

r
-
l

JJr"

MO—

le is known, however

*j_•rl
J

•

09

0ar-i.-,
— _•-VQ

J
~4-1OJuc1-1DOOJ

4-1UX
)0ucOJOJQJ•—
-

43aOJ
•~-a30050S•rl
00s43U..j

14-1ahuOJu10

?_,• ]

'•j_g--:kiu-434J
•-

X
)U4J~•rlU0'..'jQgn4JOJ

:—14-1OJu—~u'-r,

-acn.-,
09C01-14
-•JroOJ

-U.5.a1-1{- ,«nr:0913a;OJ;.OJMMIH1-•aj-•HUOJa09

4J1«J

cting materials3—p0jic6:•~0-09-OJ:•HDOCU4
-
:

XOJ

1n
.r

rlOJ
4
JU03'-Jn_j:-4-1H09::OJ

T
)gi-lf|

nOJMnOJ;

rlnr-lOJ~ J«

4
J1HUOJ-.na09

/-ww--'—enpu-03: ,
COJu03aOJ:H
:I-Cg--3^ ,

U•1
r
-
l

••-

43i-.-BP00

-aC03OJUc; '

rl0'--OJc
,

OJ
4:4JCC4JUg1—0.
r
-
 ,

;nOJ03
43-. 

j

3CJ

8
3

4



LLJ

OCCCLU
J

(0Ii

JCE HIGH DIFFERENTIAL
LTING IN:

^^ 
^^™

O
 D

URBED" GEO ENVIRONMENT MAY PRO
GING & ELECTRICAL DISCHARGES RES

J- C
C

5
 i

:
 0
•

-7MATERIAL/COMPONENT DEGRADATIOIi

EQUIPMENT MALFUNCTION/DAMAGE

. •

>20...VOLTAGE {MULTIKILOVOLT) SYSTEMS

1.-~*

/ELECTRICAL DISCHARGES,

U• iINDUCE HIGH DIFFERENTIAL CHARGE
SPUTTERING & RADIATION DAMAGE

PLASMA
•3EXPERIENCE LARGE POWER LOSSTHRI

MPOUND CHARGING/PLASMA

3

ECIAL LSS CHARACTERISTICS COULD C

5I

TERACTION PROBLEMS

Z

! EMPHASIZE CONVENTIONAL

^~i—

ACECRAFT CHARGING STUDIES TO DA'

-•*

[SIGNS- LITTLE EFFORT ON LSS

._

.;"-h,

8
3

5



•"
^

c ;("3i
• >~ ir

T
M

M
^dMry

!

iKwOC
—

 i !

w51

the region of the earth's space in which the geomagnetic field exerts aDO
1-111IH'i:
rcaDO04

J<UbO01f!
£-H

motion of low-energy plasma and fast-charged particles. The solar wind,QĈL^
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3ĈOg03f309
i-
lBco

43Ue01D
O

4
3U09
i-
l

•a01M
l

CO
43U1-4CO\tv1

(

O
i

DCgCD"Or
-
l

CO
•
r
l

r4011

—0^-u.-DO3• --Joo3-—DQ
•-JLBegua0nDOu-j09

•or
-
l

U•
r
J

U
-lu•-i-l44U01

r-l0)UWCU
r
^

—Ceg01\.̂!_•

egi—
 i0ar

-
l

•H'fU•
r
J

p4yUur
-
l

U1-1T)'TJ01DCMcc4^U^

.-._DO91-:--
r
^3-01-^43•:35i-i44>-3Jc.0i-l

—
 .

i-l301:
i-ego00

1-1~

•
•Q•-u01uXu00
-r-l

, —
 ;

eg1-14-1C01
4-1
0D

,

jjg~au43a4344

14-1•

cu
•r-lM014Jg

—_

--0-4J3s—rT— •ECUDO
1-14J11UC3
<4_IJ3DO01
3
14JrJ—T
3-§;:01r-11-C44

r
3bCQi-leg•rHMU44g05DO

r-l301
43440w0)DCog—01
r
-
l

4
31-1DOnaa

---•.1-10a3:.•c1r-luB-•O—-u.3su(.•og4JB-Uu4
-.~

--.:Q|

ai 
'

r
-
l

egu91iDO

—01eg_g0911c0•-MDO01U03rJr
)

J
.

4M-Bg4-<^DO0a01•iM

.
r-!
n34
J

lity where ungrounded metallized

•--:1-1•DO0au4Jgeg1)L-.

~nu31-fUDO

-T
-.u—eg4JP04--'

—
 J

eg4-10)ru01£gu43:-
i-l
.. ;>

i

0)
' •

lized layers of thermal blankets

r
-99
Unic4
J

^

.

OJM3U-3ki—DO

—OJ3§5MDC0J:4-1
•r-'

•—
 '

X0MC
-.

U.-0— •'_
:

Bi-l11--DQ01U03
14-1M3DO

high current discharges couldT

-JBDO;-r
H4JUU•„LH•r-

•c0:Tui-H-J

-
i•-••

0100
I-l

434Jr

\egr
-
l

0
-' i ,

r-l
r-lJ
T
-l
^j
44U01
1-10)015-'
cc

.M-.u2̂DO

|UU3•gB0u.—-_j0̂1,..,eg
r
-
!

* "

c'eg5M14-1M0I-J: - .
ogU1)3441,--'H3UU0

Malter discharge. Bilayer03egMU>n'H4=o•O3HUC•rl

-3QJ
4401
r
-
l

34JI0Q- 
-'

3U--•a01>4
1

.- .U•
r
J

•
§[

•
-
'

3ogu.-M01
4344
O

dielectric and arises from electronseg.0~>egH-UIT!

143DO:-QJ
-33OJ
4344B—f.4

-'
•
-3;- ,

014Jeg•-T3|i-l•wCU0;_•
P01MMr̂
CU00
•pi
'O

g-.DO
H3T:CH0-DODO
•-:CO
"-C0-11DOI-l
14.* C
.-J4J
I-l30911MUDCMB_->OJ*M00u., .44HDO0a0144

•qBT3

-',
HX

I01
• ••-
4401j ;•M44OJBU-44eg4-1

--T—---.-'CIJo1-1•s0•
r
J

44JC-•--M0-J_'3T3§U•-uDO•-•.
DODO0l-lDOF.I-lJCoguoueg-M3DO

—og44g3B0T
)li

•r-'09011T
!

a1̂4-1

01-„-I-l.09

i-lOJ
-J8*4JII-M0aCOBegu009JDlMCO
43DOi-lT)

^
s-i'
•'j
i-l
,-4

7
"—10001:DO

4
J

r-H0:LM0M11U
l

g14-1eg-.
r
j
'

C0M
-l
0OQ
r
-
l

CS
1
-1

4-1C01
440a

partly responsible for spacecrafti^! ,
-L-J

1
1

00
43UDO
• -'
—M11

r-l

3-aEeg01eg;
r
-
l

PQUJeg-kjgmDOB,.j4-1

I-
l3DOB•-•114411DO•g0]

-o

n!04-1

DO
,1-:3DOi-0"
•—IIH0QJUc01DO^09g
j

,3B•C01
•a0u01!-BOJ01
.•rgj

CO
43Ui-l
433090>
•
r
l

r-l
03PQ'3

~
--'-Meg

~:-.
r-i01egDC3j—r
,

00101
1-1T

!egCDO5Uu001DOC3
^
-U00

•
r
l

r
-
l

ogu-Hi-l

01
1-401COl34

-1

434
-1

if.001)>5
X

;

1
1

—
1

•o3M

rs above the surface. This actsOJ

—a•5^
jB11o'T!

U1)Ni04
J

T)

——a)CLQJMB

—
 :

^ —09P4-1

03Uu0]
14-13m

.,

DOcO4-1UOJ
1— 101

—
I

S3
-HU44

.£i• •£g.r

*-nEJ-Car
-

•r-
T

3,

01-JMnj
, —

 (

S.-i0P1MG
.

scOJ
4
JcajOJ

—
ioa.

5T
303U)03

8
4

2



COzLULULULU>COCOCOU
J

occOCO53occooCOoaU
J

. y**.
^ £

*

*\s\NS\Ss\\s\\\/•/x/yi
QZO0

ccU
J

<r

\r-.3

8
4

3



01s1Mr
SMy-powered systems may produce hi

r
-
l

HCOC
J

•r-l

M4
-1

U0)
r
-
l

O
J

C•Hen
4-1001
U

JOJ

•er
-
l

O
J

•r-l

IHu•H4JUQJ
r
-
l

OJ

-DCggu•r44-1CUS,

01
4
-1

£
>
1

enQJ

•Henencx^_iCO
r
-
l

•H^enC•ri

4-1en
•HX01

•ur
-
l

S3CCO

4
-1

gg
r-iCO
•rl
4-1CCDMCD
14-1
IH•H•U

UnisCQJU0ggSencoror
^
l-
l

O
i

Url

•0enCO01y^CO

0)60r
-
l

C
D

1
—

 1

C•HT3CD
4-1COr
J

0&0C
J

C•HOJJ_l
cogg&0r-l

4-1COJM3C1

•eCCOhCDaons at various points throughoutM4
JuCD

r-l
V4
-1
0CD
l-
l

4-101
•0r

J

0en30IHT
3

T—
 (

0en
•aO

i
•i-l
Irla•rl
4
-1

01C60Sr
?

•l-l

4
J

r-l
3O

i
l-l

4-1DCM2"oend accelerate electrons from a dj

r
-
l

§0enC0•rl
4
-1
C

J

0
"

cn0)6
0

CO4J
r—

 1
0fM

)
nlj

TDCD
4-13•r-l

4
-1

rlQgg010CO3J
j

CD§r
-
l

-
QJCCO

—
<CO>COCDM
)

M2uen
•H•C04-1

•oCOQJ

CCO^en

•r-l

rl
CO
ID§CJCD0

!

U
-l

0enMQJ

1I6
0

•
r
4

yiCOOJCJC•r-l

C•H03Srla
f-

C•H0cx90

:t electronsM4
J

1
-1

•r-l

O
J

4
-1

gg0)hQJai-ir
-
l

C5C
J

h4-1
0CD

r—
 1

CD£•HcnCO
r
-
l

cxQJuCOcxinCD
P£J
4J04-1

•oQJdcxXQJM04
JC
J

310C
J

014
^

—4-1
U

i

§Ur
-
l

I
 .
 |

—
 —0r
-
l

U•rl
4JMCOCXn•H1ggCO
r
-
l

C
X

CD04J4-1UQJCXenCDM4J
•I-i3CDM

l
CO
4
J

r-l0>04
-1

0*"U£O08)
,_c•U§c°
•r-l

TJ0)C
XOJen0•r-lrJ0

:trical configurais current is a function of ele<

rS4
-1

m0O
i34

-1

•rlauliC
*

P

•

CDOcat-^aOJ
r
C4J

f04
Jgoen04-1CQJ^43UCO

characteristics.CDtoCOC
X

•aCOr
C3QJnr
J

04
-1

U3-oG0C
J

r
QQJcnca01»•

r
-
l

QJ

HQJM
)

CO4
J

r
-
l

0>

•V

C0•r-l

4-1

:ors, therebythe surface of insulated conduct04
-1

cnQJ
i—

 iC
J

•r4

4
-1

^a—0)M
)

Mna4JC
J

CO4
-1

4
J

CO

r
-
l

r
-
l

•H»gg•Or
-
l

QJ
•rl
IM0•Hrl
4
-1
ejCD
r-l
W

;lectrons mayIf insulator breakdown occurs, <(M04
-1

CO
r
-
l

3gop^
•HCD

4
Jgocn0MC
J

ra^jCQJ
•-J
•uC

u

MM
l

0M
l

co-j
r-4004

-1

C
*

C•rincoO
/

MC
J

C•H

i and increasedt—0•rl
DO0M0—CS

•r-l
5-JCD
J->iMCD

4JM•rJa 1•H4
J

r
-
l

3COCDrJCDi-l

4JC
XSCU"

4-1J> ,

•°-uQJ
4
JCOQJi-l

C
J

OJ
r
-
l

0r^
:G•r-l

C
X

QJ

4Jj.6
0

0M4
JEcoCD

4
-J

cn

.COcn0i-iUOJr
*

M30

gg•rl

—-
j• 
*

Crl01U(30U. —
 1

gge0.̂-J•rl
T

3
T

j

ggcCDgg,__'QJM
l

r
J

5TJgg-o^0|
 1

aC3cx
•H4

J
r
-
l

E
r-ennas

j
.c*OJ

•r-l

M
l

QJ1IC~] iKr
j

ns014
-1

t
'

gor
l0

U-cOJ
•rlk

l
QJC

_
XOJ

— •
—

 *
—901
"3N011ir
C4-JC•J-4J

•
H3go04-1OJ

2

•

•QJ
-cgQJ'i01
—4-J

01pwgo0^4-1
C

J

QJ
l-lQJ

;—[̂3UC
J

0csc0cca-cx

Cni4-JggV-u—Cggog0-^juu— 1CD>MCO
-ouw

^JM=OJMr-i 1

-r-^3_cU•ri3>,OC3cj-
0r-J

5engg
•rigoG09U0)
—4JccC0.-IuCO^

r
-
i

01uuCO

j3•r-lDM*§0JCG•ri
~4

JJJ§ogqr
-
l

C
L

04JU•uT
—
 I

CJ

8
4

4



uuQCcccco

01Ma

_
J

845



01u--—H300

H'-ucagu•~'

4-1U01
r
-
lU0aoOJ

uha0Mar
-
l

rrj

U4
-1
n0OJ

"OCQ

^ 
I-I

« 
s?

3
 

-0
t>0 

.-I
.
 
.
 

\-
t

&
 

3
wHOWfeW-^1wMn! 

- 1

f5iuhJ<
^
uHCJH

Huj_]
H

(0cu00

auwfiT
3

r
-
l

COU•H^1
4JUVr-l0)

T
3(U4JCO(Ua,(Up^

s, lenses/sensors, etc. These surfaces willr-l
0)g0r
-
l

I-
I0)u~r
-
l

0inDOU04
-1

uOJ
r
-
l

14-i

01^

~
r
-
l

04
JC0u—
1101

lU4
-1

r-l

0'-MT3OJDO3

U5c14
JC0u01Mr-l

UDO
•r-l

ID'4
JOC0•r-l

4-1
•r-lDO0OJ
T

3J_j
14-1MOJ

«Jr-*

3

M
-i

0)
73£HQJ
13

—og4-1DOn-;OJ
4
-1

C!

'-H00•r-lDO'-OJ01-JÔJ
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Ĥ4
Jh
i

toC
J

V
—
 '

§MHICr__~rr—
 1

C4
JIISOJ

rHrH5Uhi0—
 1

igj4-!
CQJCOIIMCL

10X81
.aT

3cco0)
T

JCOCJ01
T

34-JXOJC01

iJl-lc14-1

-oS
J

CO
1— 1CLiOi
4
JCOXCOO
JCJ

toC
L

CO01%CD
r-l

i

CO
4-1
C16n•-jeruM1XIMog

—
i

4-1coM04-1

-a<uhi
•r-lcrOJMO

J

,£r-l
r-i
•r-l

3CO
4
JC0)§0CCD

•5CObsbC0r-l
0c£00)
4-1

•—
 1

0M4
J§0XCco

£

•
UJhi1)0)CT
-l

I
f

0
)

r-l
01-1
4-1C0u

~-l
I—

I01

-?0£4
-1

CO

T
3II4-1h
i

~4-1COOJ01
-aCOCO
JS>

,

8?•-iiu01u1-10hi4
J00-oO
J

hi
•r-l3erO

i
hiO

J

434
JCL01-1II6•a04-1EconM0hia01>•r-l

C
O

CQJ
430)Mu<

T
TCCOM

01rJ3M•r-
1

IM

•s

0•eJj•r-l
4
J

4
J

tohi014-1§•r-l

4-1COh
i

0)
-a•r<•C0CJhi01
-oc3DO
4-1aOJ0O0cu434
J

IM03O
i

14H

<

•

C0T
-l

go
•
r-l

>•r-l

PO
i

0coCL
COCO

—r
-
l

T
-l

4-1

SUOJ
4-1CM

£

•

§v
l

4
JCO

ScutoO
J

r^CLto•H434
Js=•rW

14
J

§•p
j

^H

r
£bO

•rJ

,n0)
f>1-1r
-
l

•
H3'101
4
JCO>
.

DO01CJCBCL
CO0
)

r
-
l

£•rJX0>
r-l
14-1

<
v

CU&
0

hiCO
r
^

14-10H0h
i

4-1C00§•r-l

4
JCOhi

JJ.•pi>

JS4
J

;—0§•r-l

4
JU(UrJ

•
H

•0ctiT
JII
UC01CO<uL

j
C

L

OJ
43r
-
l

I—
I

1
-1

3|cct̂o0hiC
L

5fy
j

M00
M§•r-l

co
•r-l

>

•r-l

0OJ0COC
L

CO0
)

JS4
J

14-J08•H>cOJcCOn

§T
-l

4
J

T
-l

•a-oCD

CH43CO
*J00rJQ

J

01
l-l4-1
4-1

1

r

CO

4-100XCO

r-l
CDC

J
•r-l
4Ja010hi4
JuCU

1—
 1

0)

hi0l+
HCO

4
Jc0)
i5hi
•r-l

3cr0)r-.

>
,

43T
30)C
JCO)3r
-
l

^C•1-1c010)
J
3COCO

43iM*?

cl
Q3p2M

•

^
^COLCOs^CO

•rJ
4
JCO

4-1
COhi018&O

i
4
J

•H•-I
p-lV4

JtoC
O

T
JZ.CC(00
)uau0ahi4-1CO

936



t—ee.
<I0

0
0

sU
J

1 —0
0

>
-

ooU
J

o<
;

Q
_

O
O

U
J

oC
£

<•
v
J

C
C
ou
.

O
O

1—Q
_

U
J

C
_>

00_
J

OC
£

j—-^f_
•^

 —

Oo

C
O

¥0
0

>
-

0
0

U
J

0iC
O

U
J
0Q

£

5
 

H__i
• 1 1

L^_ 
fc*^

o
 

5^
o
 

*
e 

g
^—

 
^—

0
 

^2
Q

i 
Z

O
 

u
j

"
-
 

S
G

> 
0-

u
j 

o

"
 
-
 

^

a 
§

a: 
Q

:

^
 

0
L
U
 

^

U
J" 

tO

^
 

C
L
.

Z
 

L
U

<
 

0

§ 
g

<
 

0

•
 

•

_, 
g
 

^
o
 

^
 

z
ct: 

pJ 
CD

>— 
^
 

>
2
 

£
 

S
 

—
o
 

t: 
o
:

0
 

g
 

Z
 

Q

L±J 
o
 

2
 

z
g
 

U
J
 

H
;
 

a

^
 

g
 

£
 

C
Q

(-
 

o
 

£
 

J
g

<
 

u
. 

>
 

S

1 
' 

' 
1CXL
OQ0£Q

-

a:

•

t/icc:
;_

j

5-_i
C

3
L
P

l

U
^

0
0
21 
. J

h
-

oo>-0
0

—
 1

•<C
JELECTROHDPTIl

0
0

cc:

tgg°
.

» 
<

8r—
 *

0
0

U
J

Q
£

Z
3

H
-

0—
 —
 i

~
>

cc;
i —0
0

L
J

11

C
Q

<

SHUTTLE EREC-i

0
0

cc;
U

J

tO—
 

J

SS t
"
 1

i —
 i

0
0
g£0
0

>
-

o
occ:

LJ.J

6Q
_

U
J

0<cQ
.

0
01

937



OJ

4J•-BO

•-H(Jr
-
l

J
j

DO0MgoabOcQJr-JT
O

-UIc>>01
^c4-1|0

14-1LO001UggDO4
JC01§udT
O

13T
Og01

4-109>
,

09

T
-
l

0r-l

Uc0Orl014-1

13'U01c01

£—
 j

cu434J-—T
O

~0§QUu~cJ
Jh013^_j

CCH§a4-1DO0̂901Oena0901MT
O

1-4rJ014-1094-1C111^1
•r-l

3cror-l

Q
J

UCHM014-1'HQJaûd13CT
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-
j043i094Jgg•Hâ+4gg•r-l
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-0434
J

4
J

Cfl

—a4
-i
0cgg0rJfl

4JCOOJ->-i
DC'-OJ

434
JMC•-'•̂r-l-̂,•ti

•HE04-1
gg>

:

J
;

Cfl

'-J0>
,

•a4
JCOucM

.~OJ
4J
,r:M•
r
t

T
—

 1

>
.

—̂
JCCfl
U•r-:-•HcK•
rJ

gg11
r
Q04J

•oc§U
-l-.0CO4
JaOJ05u>.

•g043i03u

952



oo
;

oOC
QI

O

zo2cr:

QQ
-

a
:

OzO
i

U
J

H<

o!

0
0

a
:Q
^

X I82

I/)zo-o
J

<
l

U
J

5o0
0

C
.̂

oU
-

0
0

U
J

oQO(S86

zo2OZu.O0
0

L
UU
J

mOL
U

Q<

o
 

± >0
0

zXOzHz2I

xU
J

L
U

13

dLU>u
-

OzgOc
t

<—1Q2QU
J

I—Z2i

zzU
J

5oL
U

Q
C

Q<x<ocI

953



coc_>—gcr
J

<
£

pQ5e-—
 I

0

«-

,_
}

QQ
^

t—
i

goII

nto two general categories

•~"O01
T

3
—

I

~Q
)

4
31r̂
l

01.̂

4
-i

•OcCD.
 
r
-

CU
r- 1
4
3CDr
-
l

•r-l

~C
U

01r-l

COw01c1-15-oiHC3
pCE•HM'-M0£>-,

4-1
01
•HUCO

<£

c•H01UQHa0•r-l

4-1CD4J0T
3CCD5•r-l

4
-1

CO
r
-
l

09pCO

4-1

4
=4
J0P
HC
J

•r-l
'r-i

4-1P0)0001

TD0H^ —
 t

^ •H

Hi0r
^

•
^

r
C

_

V^OJ
4
Jc01uC36i*• — .

0r
-
l

4
J

I

the mechanism. Selection

IH0T
3M~B014-1

TD0)
4-100o

1

a4-1

0•r-l

0a^_j
o•Ha*_)cV}-JC^j
aaCDCCO0•r-l

p
>

Or-l

a04-1tor-4C
D
np•MM

l
C

J
—

I^4
-1eccen

pivot location, drive torqueM

QJâ ,
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ie figure on the opposite page shows the basic elemenl
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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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>^^*
>
•

^ —
 -
s
»

<•*<

-~-i

t~

—
 J

1 
.

. —
 - —

 '

<c"̂•• —

/<.—
•

cs.--

'̂
~
~

>>731
 

A

>k—
 ^

^-
^'-

:

>

•

-
<

•
•
i

—
 i

•
«

<c<<

-—
 J

^^-—
 :

__— -

-—^- —

3^^>5-..-̂

-••^^
3
-

-

>^**-

i

n 
o

 
in

 
o

 
i

n
f

x
«

o
u

>
*

w
f

M
p

i
n

q
i

n
q

i
f

-
'
«

-
'
i

a
 

'" 
M

 
•+ 

n 
m

 
t4 

<
* T

-
fa-B

 
o

-o
 

"fa
,

*•§
 

"
 ?

 
£

*
X

" 
X

*
 

*
U

/*M
J
L
J
3

 
U

/"\tJ
V

J
?

3
 

L
J
/"\V

J
U

^
C

JV
i/C

 
€

3
v

x
C

J
C

j3
 

v
jv

J
Q

C
J
3

-|1O
d
 

H
O

lId
 

M
V

A

-in0-a0-•q'•:

a•-q...idc:

U
J

31007



o—11•rl
PL.

•a:
on•SC

B

LUj'
U"I

• -13Z. •
co!3aL
U

LUr.-:
LU>CO<3:h
--L
L

1

0T0u:•:LU^co>•toLUc1-LUO\^_Oorra._j<z-—j_

<
<tau.v—13LUZO0C

O

<XLU'!-

<~
<

aa<xcoi — •
DC

h
-•

OS
0h
-
<-J3£' —

 •013:-^ -*_•-
<L
L
]

DQ-•.:

<_1
LUa0£

aLUa:- -33LU-

a•
i

^bh-r^0.̂L!_

zouLL0LULL.

>f
-1

h
-L:.-.

^^_
l

LU•:-
- 

i

auEZ3.0XCO

LU~
:. j

i;-;:0c
j

0;L
UQ
i

fh-L
L

ococoZ0H'Ia:
U

)

a.0LUa
.

>•h
-1h
-

T
J

0_
l

LULUO.-0h-:Y:
LUZU

J

13

.
Uh--
^ -~.-:
.11
h
-U•
i

o
i

<:r0LU;r
h
-•

h-rrLUr:. T

O0>r^LULU£• •
(-- J
•t'.jI;uXj•. —--.
LUHU

'J

>-

a.z<iDQOLU.T
,

aj20.;

XuX3
:

h
-

<X•O1-a
:

•:J£COLU:•

"1
.

_ 
JJ

<LU>O

LL!
re•r2o.'1-
T

-

LUQ
.

>_| —h
-r'Dj

L
L_
J

•
t

X
I

u::H' 
'

2

1008



E20
03UHCO

LUDC<£oGC<111SOFTWAR

u•—DU*

U
J
'

aQCo

cGIMBALi>cL

io
cI<•1-<c<u0c1 JJi•:j>9

c/2<
U

J
2

S
i

tr c
j5:£5

<
J -i
E?̂^^s•JLJ[

CO >Jp••»)1-I L
L

1U
J

_
l

CO
 CO

x
S

38u
.2

_r(OIII
_l
m

GIMBAL AN(_p\«
V

i5
 

-J
<

3

J
"K

.uc.2U

o
S

ecu
>

 II
o
 a

iATTITUDE

i

IJj>
>

! -1
JGO
iS • 

^
j

• c^5
J C

O

OH

DETERMINA
IM-r-

1009



...--

—:--•--~••:•

> 
-

--1•.-

--•,•:

1-

|..-'-
;

1010



co00

a

1011



C 
J

---..-s•--
__•sC

rr.

eC

:z--.•tK
^c-—
 1<(LUU
J-h-1

LUQ3• :

UJ-jX.--•"u---1:
O::
if.yQ' )

' 
1•

DL•-,
— >-
—

J.--'U:1
—-:
U

J
5
;3iU|_C:

• 
-.LU:u.D

.
-••••-
O• 

j

-~
»- -•r3t. J--•
:--' —

:.:U• 
•a-t

; -• .,-•<
:5--•>"•C•
!

UX' 
'I

•--U•3

U1~»:
-J-<U
J

_ 
1

Uu:---U'•-.
• -' i-3a!

'.:•
•C-:

-

^
3

.L
J

^UI0- 
-C-zOu:JC-L- J

<•1--JJU-,-
• —•:i_i
h-0-UJh-.:Q<---J

••-.
:uu••U:

!

;1-'

a-c:

--••-

-:3)

s1012



1013



ga.aXa1014

C
O

 
LU

rj—
•

rEPO-U
J

Q
 

L
U

O
 

—
y
 

(
j-i3O

LU
 

LU
_
l 

a
e

CQ
 

LU
—

.
x
 

_
i

a
 

i-

•» 
i

C
O

 
I—

U
J
 

U
J

-J 
h-

o
 

<

ooU
J

-31/5:
::-a3Ir
-

LUOSoX

O
 

O
 

-
i

2
 

H
-
i
 
I

-

I/J

-•x.oXoT
" 

Q

C
O

 
U

J
Q

.
O

U
J
 

-J
cc 

u
j

co 
LU

u
.

CO 
Z

_
 

U
J

X
 

U
J

t—
 

C
O

_l 
13

r> 
co

•£.

CO 
<Z

O
 

O

LUa:o

Qn

LUI
00 

LO
C

J 
*

—
 

O

C
O

 
C

O
1—

4 
S

^

DCI-
 

Z
O

 
O

Z
 

C
O

a
 

<

UaoU
Ju_JEo

C
/J

C
O

a
 

s
z
 

o
.—

 
o:

OS 
u.

U
J0)ae

C
O

OIU
Jul

Zo

O
J

ea30C/J

aLUuzuurs

«-• 
Z

h- 
—

oE

Oa:UJ
09

-U-- -.j
h
-OUUJU
J

Q
-

oCQaei—•
c/jU

J
pU

J

rtojjuOQ

tuMX.uU
.

U
JzU
J
uU
JoT
uCEaa.uu31•rUJ

C
O

I—
 

>-
a

 C
Q

-<3yj_
j

h-.0ao-jjr

uuE—LUCQZ3•JJZ3oISZ0
./J_l 

=>
Q- 

s:
s: 

—
-H

 
C

O

U
J

aeou
flC
/J

3CQaLU

L
UrQZLU<

C
O

 
—

i
3

 
C

OLU

LU^~'

<-aEyj_yj

L
U

10I-uUJzpU
J

•JL
U

:i-:
a.

LL
 

LU

3
 

Z
o

 
—

D
9etU
J

OT:
aCO

 
O

—
 

i-
X<

 
I-

I 
—

1
o

-:Pato•ca'U
J

U
U

oeoa.3yj

oe3E•—
i-•LLJ

oeU
J

'ZzoQa:OOuC/5
'—

•

XLUJJae-r



0
0

fia3a0)
"Oos0)Xo

V

CO
 

<

3 i
fc>

-8
^§s
111 -I <
00

&
55

LU
 tU

 <

S
h
o

i
 i

0)I•H[*.

1015



<f—u"=
3:LU: 
'

Jrzuu:--..--.-3CD
.

; ~

3
1-'-•

-
T'-

3r.•-ic•-J3

LUU-.
«a:-:-:
h
-

•rUZuc
1 —•f.LUnJ'3._-..

Q{•:JSLU--U::11Z
3

h-•r:-
>U—n--,3J
O

-
: :— 1
-..•--LJ:i-::o~j- -a- ^.it-j3ai- -iuOaru-2Q1•:

• --
U:-•:Ju::3r 

.
. 

-

L
i!

:• 
-Tz- -j-•uuchh-3•T^--J1-LU'

J-1
_ J3--J:3DQ
L3-J'

-.1!,h-.h
-:'TU.1r;

S
7

!

~,j:>
a-.i

E--U'i]

..J--3---i:
- 

-•rU•So.-:U-1::
h-r------',•1JLU-.

•cc—

.1J.---.h-*----
r3-
LU- 

H-'-J

--;-:).JJ:-j:3-1

•--JrJ-.1
! --.•  

jJt\TJ3•'-

1016

J



1017



m-3,

-3C'-1-

- <ai-h-'I.:-•-
i

.i-
- -

:.-i-LU:i:

N'

---*•\
-

_
l•

U1U

-1
, -
•1_l:- -i

-:•

1

>-i

:

•.1-i1

•1-»

i:
H---Q

.
•

3C

1u•jz01 -J1 1-1-h-:
O^

J11:::3

i 
11

0•:

1'C•'•*1-u:
•:
-

:aLU:•1T

1-

,

-:'••.•1C. 
!

>

•

•

•

'1eQ!I1.
>-

L
U

1018



1019



S£

COH
I

-IOU
J 

U

> I
U

J 
U

J
-
I
 >

00
 

U
.

X
 O

UJ co
-J

 
U

J

COCO

CD 
O

Z
 
-I

P
 <

Z
 
*

5
 "J

£
 >

Q
. 

U
J

Q
 C

O
Z

 D
C

<
 O

CC 
"-

U
J 

Q

QLUOLUa.XLUCO<CO* DCO

LU_
l

DOU
J

DC<COOOCOCO

U
J

-JCO

LULULUCQOLUhaOOh-LUCC 
h-

CO
•*• 

iii

Q y
8<e?

LU-
I

00OCCO
-

XLU2COU
J

DCDODCteoLUaLUDCLLs<

tn

in
 in

 ;

r«

1
0
2
0



(0(/>C
L,

LUCCPOcc0
)

ozccLULU5Li.

LU(0OrAV)
OLUOCQ

.
LUX

U
J
I1-

oc 
5

LJJ 
Z

C3

«* 
I

O
CO

>
 

L
J
J

*• 
ocQ

.
CCoLL

s.

2
0

0
0
i

IIS 0
LU

 U
J

JDUSTRY SI
SYSTEMST

^
U

J
°
2

§
§

<
 U

J
co e>
< oc
z

<—
 ,

cc 
«-»

U
J 

—

U
J

O
 

O
) 

*^
r-

 
U

J

1 
? 

«
<
J
 

||5
b

C
O
 

W
l?

LU
 

cc
t
t 

<
 

<

UJ 
Z

 
C

C

o
 

1
 

2
7
 

Z

<_
l 

C
D

I
I
I

S J 9

•̂ 55^

t&Emironi
ferns Divisi
HPHIA. PCNNSYL\

1
*
|

V

1021



tters

—£•enCCDM4
JU018a01•oCOa00

•uC

•
en01a0cjen01
HOi
4_1

CD0s,co*00O
i

COCOO
i

0CDaen00aJ30W1GJ
•uen£>i
en0)J
J

CDa-en0)en
•rl0O

i
pa

«i

O
i

MM3

01r~

4-1
en14
J

1
-1

T
301£
>

r—
 J

0CO

•uCO

*4IMOJMCD10gOJ
r
-
l

o0ar—
*

ccC
J

•r-l

vr
-
l

04-1

r
-
l

CD
4-1CQsc^

"cpU
-l

C•r-l
CD4-1MO

J
0

f—
 1

T
-
l

4-1
Cp•oOJN•i-l
r-l

01V-i

01

*0sCD0

014
JenCD0p01Wc•r-l

p01
j34_1

014
J

r—01
•H4_)

0)cCD0DQ4-1
CIr-
l

0
1

'-f-i

0BO
i

^
Jy^Ĉ
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and electrical parameters that were varied are
a exposure, and background pressure.
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:

33c01

•PB•'-ol/l
•I —.
 
'

cI 1

•-S-"

^>c0'̂-UQ
J 

.

t—
 

>>
Q

J 
035

Q
J 

03
-E-P

 
coat

4
- 

+
J

>—
 i m-• i —
• i —

03. 
JD

£
 
3

to 
to

0
3

i—
 

E
Q

. 0

Q
J 

-P
-E

 
0
3

•P
 
i—3

4
- 

to
O

 
E•r—

Q
J

£
 C

7
>

3
 
E

r
~

 *
r
~

o
 -a

>
 
E3

C
D
 

O
cn s-
S

- 
S

-
03 

3
1 

C
O

03
 

C
D

.E
E

 -P
OS

- 
tO

4
- 

0
3

CD 
CD

r—
 

C
7
)

0
 S

-
-E

 
0
3

E
 i—

•r- 
E

Q
. Q

)

.--

—:.:•l/l—-l/l10
, —0)•-cocUXCU1QJ' 

T
.

-Q<J01
C---c:D-0:-1O

!
C0

cO03 
03

OS- 
E

Q
- O

a
.

03 
-OQJ

CO
 

4->
•
r-

 
O

.E
 

Q
J

-P
 
r
-

tO
 

O
Q

J 
O

toCO
 

Q
J

•
r
-
 
O

EC
O
 

C
•i- 

0
3

-0
 

(J

E
 C

O
03 

E
E

 
0

4
- 

S
-

3
 -
P

03 
O

**S
 

Q
J

r—OJ
-

>
5

 
O

J
0
3
 

-E
S- 

-P
S

-
03 

4
-O

S
-

03 
-P

i —
 C

O
0
 
0

to
 

E

Q
J 

•*
-E

 
S

-
-P

 
Q

J
>

O
 

Q
J

•P
 

2
E

 
O

•i- 
IE

c
n
-p

4
-'
C0)(.S-3UCUD10^raQJD
1

C.- 
-

1 —PEOUo•a:£P-a•-•< —c4ec

Q
J 

•
ai s-Q

J
E

 
2

03 
O

O
 
Q

.

>
>
-c:

Q
J 

O
^
.
 
3

-P
 
E

Q
J 

O
S

- 
0

O
 -P

4
-Q
J 

tO
_
Q

 
Q

J
g

QJ 
3

T
3
 

to
0

 
E

E
 
O

03 
O

E
 -P

0
3
 

T
-

-E
 -P

-P
 

03
•
r
-
 
^

2
 -P

to 
a>

E
 P

O
 
O

S
- 

E
•P0

 Q
J

QJ 
J=

i—
 

+->
Q

J
:̂

Q
J 

+
->

r" «
r—

P
 
2

•\_^_-•
**O 

•
un 

tos_
4
- 

Q
J

0
 -PCO

•P
 
3

E
 
S

-
QJ 

-C
S- 

-P
S

-3
 O

0
 00

0
03

Q
J

tO
 
-E

Q
J 

-P
>••- 

>
>

C
3
5
J
2

0
3
 

"O
E

 Q
J

to
 
E

0
3
 

3
i —

 co
a
. Eo

Q
J 

(J
C

D
E
 
3

03
 

S
I

f~U
 C

M
X

 
L
O

Q
J1 

C
D

Q
J 

-E
O

1
-P

S
-

03 
4
-

-E
 
O

O
-4_J

4
- 

E
O

 
Q

JO
QJ 

S-
•P

 
Q

J
03 

C
I-

S
-

CM
E

 
•

O
 C

M
•r—•P

 
S

-
03 

O
S

-
QJ 

3
E

 s:
Q

J
a><r>f^

m

to 
•

—
 

r
^

Eo3 
co

E
 -P

4
-
 
E

3
 Q

J
O3 

CO
X

X
 

Q
J

s-
C

T
) Q

.
E

 Q
J

•i- 
S

-
to^3

 
to4
J

, —

• 
0

QJ 
>

"Oo
 o

E
 C

M
03

-4_>

P
 
0
3

r"~o
 ^

>
 
0

1 
*r—

O
 -
E

C
M
 

2

01C--ni•0ii —:
!

-/IEO+JH
j

cc' "
'-03

i —10S-
i 

'

301^'*•.-3l/l

QJ
-c:
-»— '•

•;-

-^~11
P•^ —E• i ——i ••-.>
•r";̂O•r-
4
->-S.QJCA--,
rl/
l

ra
i —auC

T
l

^-T
)

£U-CU1UD
l

L.T
!

£UQJcr4-

l»-
t—

 l

C14
_
)

S
- 

0
O

 
Q

JE
3
 
E

^
 
0U

L
O

 
i—

i—
 

03
-P

tO
 

Q
J

i %
 
c

EQ
J 

4
-

tO
 

O
Q

J
S

- +->
Q

. Q
J

CD 
CD

S
- 

J
ECO

co
•P

 
E

r-~
 
fr—

O
 
-E

>
 -
P

O
 
0
3

C
M

CD

03
T

3
JC

 i—
0

 
3

•i- 
O

-E
 

(J
2

Q
J

«
T

3
<

 
0

-iii 
E

0
3

L
O

1 —
 

Q
J

.
 

c
—

r̂
 I—

>>E
 C

O
0
 S

-Q
)

>
>

-P
s- 

to
S

- 
3

03 
S

-
O

 J=
.

-P
f-~
r—

 
Q

J
•i- 

:̂
2

 -P
Q

J 
O

-P
 
-P

03
i—

 
"O

Q
. Q

J
• r—

C
31.—

E
 
Q

.
•r-

 
Q

.
•P

 
3

O
 

tO
Q

J
•—

 
S

-
i—

 
Q

J
0

 
2

0
 
O0

-
Q

J
-E

 
Q

J
-P

 
J
C•P

ECD 
4-

-c
 
o

-p
•P

«
 
E

C
O

 
Q

J
S

- 
0

QJ 
S-

-P
 

Q
J

to
 

Q
.

3S- C
O

J
E

 
•

-P
 
0

..
, —Q

.
Q3-'-I-':
O-

4
_

-:->iOC
M10

-c:-33S
.

-CP:S.3^^U3S.
4
-'
l/l!_CU>l/l3i.C4
-'

01
JCpQ

.--L(0.-:Ol/l

UcpECS-.o•-taCUL(0D:Q—

~3Ul/l
S-Q

J
pl/l3L.l ~'

COD•PCDC+
J^l/l^S-o•:

QJina!—cco14-I-H

1068



I8

/!

c-2a_oc"Z<u

o 
S.

-8.i- 1'

i--«_c-rU•Do

aih

C
 

O
 

-H
-
 
i
 
(
b

U
 

»
3

 
O•

•^
 

0
o 

c
- ^
x
 "

o
^
 

x

1

1069



USIONS:
„C

, is advantageous on a solar power satellite. For

>.̂0T
JC3OL—iUD10•,t'•

.-
!'•

-U.---••'-,---u• >
i-*

reS
 0

r
e
 o

E
^

V
 T

J

0
 
3

i—
 

O

to 
03

res-2
4
^
 
r
-

C
O
 

T
-

re
 3

co 
re

i—
 

C

'oj 
Q

J

s- 
re

re
•—

 
T

J
O

 
C

to re

E
 
^

o
 re

i. s_
4
- 

i.03
COO

l 
O

l
CO

 
JZ

3
 4

->
-Q>> 5
X

) 
Q

J3
T

J
 4

->
O

l 
O

l

siS
- 

-U
re

 c
U

 •
!
-o

Q
J
 

-i-̂

jo
>*

T
J
 

i-

^
 4

->
O

 
O

3
 S

-

to 
ai

i- -C
OJ 

+->
•r-
4
- 

4
J

••- re
'o

.4
->

E
 c

re 
01

4—
 

S_
S

- 
3CJ

ai
.c: Q

J
•t-> -C•»->
S

-
o
 =

>
4
- -^

S
- 

O
Q

J 
*3

-
3O

 •»->
Q

. re
« c

oi ai
i—

 
>

a. o>
Ere TJ
X

 
C

QJ 
re

, generating power at 40 kV, a good input voltage
ds the need for heavy power conversion equipment.

31-
' 

'

I•f --•I/I
'-1110-c11u-HI[-+•,

:t3

r—0>0

'
1
/1

',01

'»-—1-2Q.IC• 
'•,---:0c< •i---•

re 
• 

co
S

- 
C

O
 

C
D

 
Q

J
S

- 
Q

J
 C

 
C

O
 
>
,

re 
co •>—

 co 
re

CO
 

>
, 

O
 

S
-

S
- 

0
 

r-?,- 
S

-
re •—

 
CL 

re
r—

 
C

L
O

:
O

 
«

 
3
C

M
 S

-
co 

E
 

to 
i—

 > 
re

co 
r—

oj re +-> Q
J o

C
D

r—
 

re
 

-C
 

C
O

re C
LJZ +J

+
-

>
•

(
-

>
 

O
l

i—
 

Q
J 

O
) 

•(->
O

 
-C

 
T

J
 

C
D

-r-
>

 4-> c re
 i—

i 
re 

+-> i—
-C

 
T

3
 

r^
 

Q
J

C
D

 
Q

J
 

" 
O

 
•*->

•i—
 

Q
J to

 
>

 
re

-C
 4- 

O
l 

co
-(->

 
C

O
re 

o 
-r—

 ••—
 Q

J
^
~

 
1

 %
 

) *

O
 

S
- 

O
l

i_
 

Q
J
 +

J
 
+
J
 

4
-

4
- 

3
 re

 re
 o

O
 

C
O

co 
C

L
 

C
 

-C
to 

S
- 

O
I •(->

O
 -C

 
O

J
 >

 
S

-
i —

 
C

D
 3

 
U

J
 3

3
 

O
 

O
S

- 
O

 
C

L
 

4
-

01
 C

 
• 

1
3

 
O

l 
S

- 
Q

J 
Q

J
o

 
re

 
•»-> c

Q
. Q

J i —
 

re
 

o
-t-> 

O
 

-
r
-

4->
 

re 
C

O
 S

- 
4->

C
 

S
- 

C
L
 3

re
 01 o

) o
 

o
O

 
C

 -C
 

S
- J3

•i- 
Q

J
 +

J
 

C
L
 re

4
-C

D
 

C
L

•r- 
CD

 re >>
C

 
>
,
 C

 
r
-

O
)i —

 
-I- 

C
O

 C
•i- 

Q
J
 
i—

 -r- 
O

CO
 

S
- 

-O
re E

 
s- T

J
re -Q

 
01 oi Q

J
to

O
) 

C
 

tO
-t-> 

re 
re

3
 
0

+->
 

S
-

•r- 
>
,
 
0

-i-> re 4-
CO 

S-
C

 
S

- Q
J

o
 re

 T
J

O
 

3
5»

 -(-)
C

 
J
^

 
•
!
-

re 
+->

O
 

C
V

J
 

•—
re

fQ
 

<O
E

 
T

J
tO

 
Q

J
 

O
re

 TJ 
o

r—
 

3
 

O
l

C
L
+

J
•i- re

-C
 

-!->

C
D

c —
 

to
3

 re
 -i-

oS
- 

E
 
E

+J
^D

 r̂
.

•t-> o
 
r^

C
 
C

O
 •*

01S- +J -(->
s- 

re 
re

3
 

_
C

O
 

"
 

•!->
01

4- 
f—

 Q
J

0
 
Q

. 
>

E
 Q

J
Q

J 
re

 
-r-

0
) 

X
 i—

re 
QJ 

QJ
-^

 
-Q

re 
s-

O
l 

O
 

O
l

-1
 U

-
 3

4
- 

Q
J

to 
c

cre 
01

s. 3
+
j

4_3
•(-> 

3
•r—

 
JD

f"»
S

- 
-

O
 

•!->C
s- 

re
o
 o

4
-
 
•
!
-

4
-

tO
 

•
!-

s- 
c

O
l 

C
D

4
->

 
•
!-

C
O

 
C

O
3S- 

Q
J

-C
 
J
O

•!->
^
_

Q
J t—

J
Z

 
•
!-

•!-> 
S

O
 

C
O

-M
 

O
l

CO
>

 
3

^
 -
Q

0
0

 
S

-
• 

Q
J

i —
 

3O
-»-> 

CL
re

V
S

- 
JZ

O
l -(->

2o
 c

C
L
-I-

•
l/ll_U4-1I/I-S

-
c101c•c,—S-ri•--.•

•* -

c0

QJ>
 4

-
re

 •!-
0

 i—
s- 

re
O

 -r-

'i -^
re 

+->
J=

 
O

l

S-
re 

•(->
U

J 
C01

0
 S

-
•»-> 

s-
•(-> 

o0
1

to
 

C
D

s- 
re

OJ 
.*

>
 re

•r- 
Q

J

'QJ *~

TJ 
C

O
c
 re

re i—C
L

Q
J 

«
300
o
 E

C
L
 
0

C
O

 
S

-
Q

J 
Q

J
4-> 

C
L

reS
- 

0
Q

J 
0

C
 r—

O
l

C
D

T
JC

01
 
3

•*-> 
O

•r- 
i.

• 
' 

(T3

'oi >>
re

 "c
to 

o
Q

J 
tO

J
Z

 
T

-
4
J

>
^

O
l 

-P
S- 

••-
Q

J 
tO

J
Z

 
C

3
 0

)
-IJ•r- 

C
-C

t 
O

S- 
S

.
0

 •(->o
C

O
 

Q
J

3
 i—

O
 

Q
)

CO
 

0
)

S
- 

.C
-C

 4
->

OC
 T

J
>> c
to re
oQ

J 
.

o> ere
C

 
Q

J

•-i:'-4
-J-:r-0)aa*oc01s.IQI/IVIII4- '

I/I-s.JZ+- ;'

hich is generated whenever ion engines are operated3P—>"I/)T3Q0)C
T

cIBCOXuasD
l

L.10£U-CD
l

r,OL.
JT4

-

4
JC01L.L3U01^10-<I>^J

--C
T

a^reOJ 
3

- . 
-

TJ re
0o
 c

•t-> 
o

C
O

 
-e

-
S

- 
-!->

Q
J 

0
TJ 

Q
J

C
 i—'o

>
>
 
0

r
-
 
C

3
 
0

4
-
 
•
!
-

4->
 

S
-

O
) 

O

M

-P
 

C
D

O
 

C
C

 
•
!
-

+
J 

re
3
 C

L
-Q

 
C

O

re 
co 

at
O

l T
J
 

S
-

1
-1

—
3

O
) 

C
O

C
O

 
•!-

•r- 
J
Z

 
Q

J
CO

 
-Q

re
 >

) c
+•> 

u
T

J
C

 
O

) Q
J

0
0

3
C

 
3

QJ "O
 

O
l

E
 

O
) S

-
0
 

S
- 0

C
 

4
-

QJ 
O

l 
01

-c
 .a

 _
a

C
L

-P
 

O
l

ro
 -C

 
C

C
D

 O
to

 -i- T
J

•r- 
E

O
l

C
D
 
E

C
 

to
 
O

•r- re •»->
a.!—
O

l 
C

L co
Q

J 
T

J
-*

 
Q

J
 

Q
J

O
) 

O
J

C
 

C
 
C

o
 re

4-> 
U

 
S

-
re

 x
 o

•!-> 
Q

J
 3

CO
 

1O
l 

O
l

S
- 

C
D

 S
-

O
 

S
- 

O
re

 E
S

- 
JC

Q
J 

O
 

-C
4
-
 

0
CO

 -C
 

3
C

 
C

D
 
E

re
 3

S
- 

O
 
4
J

4
J
 
S

-
 
3

f~
 

fi
-t-> 

+->
•
r-

 
"

-Q
 

+
J
 

0
)

S
- 

C
 

C
D

o
 
o
i re

S- 
+J

S
- 

S
- i—

O
 
3

 
O

4
- 

O
 
>

1070
i,V

.S
. G

O
V

E
R

K
M

E
N

T PR
IN

T
IN

G
 O

F
F

IC
E

: 
1

9
7

8
-7

3
5

-0
7

8
/4



1. Report No.
NASA CP-203r~Toi*T-L-and II

4. Title and Subtitle

LARGE SPACE SYSTEM TECHNOLOGY

2. Government Accession No.

7. Author(s)

Eugene C. Naumann and A. Butterfield, Compilers

9. Performing Organization Name and Address

NASA Langley Research Center
Hampton, VA 23665

12. Sponsoring Agency Name and Address

National Aeronautics and Space Administration
Washington, DC 20546

3. Recipient's Catalog No.

5. Report Date
May 1978

6. Performing Organization Code

8. Performing Organization Report No.

L-12068

10. Work Unit No.

11. Contract or Grant No.

13. Type of Report and Period Covered

Conference Publication

14. Sponsoring Agency Code

15. Supplementary Notes

Government/Industry Seminar held ab Langley Research Center, January 17-18, 1978.
An executive summary is available as NASA CR-2964.

16. Abstract

These proceedings include a compilation of the papers presented during a seminar
which provided Government and Industry representatives 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. These papers were divided gen-
erally into two major areas of interest: the first grwi£ addressed subjects pertinent
to large antenna systems; the second group addressed technology related to large space
platform systems.

1

17. Key Words (Suggested by Author ($))

Large space systems
Space platform systems

18. Distribution Statement

Unclassified - Unlimited

Subject Category 15

19. Security Oastif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price*
Unclassified Unclassified 1092 $29.00

* Fof sale by the National Technical Information Service, Springfield, Virginia 22161




