- =cos
i
NASA TECHNICAL LEns
Pope e
MEMORANDUM . EEST
i} EEo S
NASA TM-X-64895 == 0
BSE
LT
~  pmom
\_’-‘l , o b Lr-g; i
\‘\-/" ) T g g
B Lo = El 2 |
PHASE A CONCEPTUAL DESIGN STUDY OF THE - oRfE
'ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS S 36 8
IN SPACE (AMPS) PAYLOAD o E|
¢
By rProgram Development gﬁ

November 1974

'NASA

George C. Marshall Space Flight Center
Mam/ogzll Space Flight Center, Alabama

MSFC = Form 3190 {Rev June 1971)



TECHNICAL REPORT STANDARD TITLE PAGE

1. REPORT NO, 2. GOVERNMENT ACCESSION NO. [3. RECIPIENT'S CATALOG NO.

NASA TM X-64895
4 TITLE AND SUBTITLE 5, REPORT DATE

November 1974

Phase A Conceptual Design Study of the Atmospheric, . PERFORMING ORGANIZATION CODE
Magnetospheric and Plasmas in Space (AMPS) Payload

7. AUTHOR(S) 8. PERFORMING ORGANIZATION REPORT #
Program Development
9. PERFORMING ORGANIZATION NAME AND AGDRESS 10. WORK UNIT, NO,

George C. Marshall Space Flight Center ST CONTRACT OR GRANT NO.

Marshall Space Flight Center, Alabama 35812

13, TYPE OF REFORY & PERIOD COVERED

12 SPONSORING AGENCY NAME AND ADDRESS )
Technical Memorandum

National Aeronautics and Space Administration -

Washington, D.C. 20546 14, SPONSORING AGENCY CODE

15, SUPPLEMENTARY NOTES

1§, ABSTRACT .
This Technical Memorandum records the 12 month Phase A Conceptual Design Study
of the Atmospheric, Magnetospheric and Plasmas in Space (AMPS) payload performed within
the Program Development Directorate of the Marshall Space Flight Center.

The AMPS payload makes use of the Spacelab pressurized module and pallet, is
launched by the Space Shuttle, and will have initial flight durations of 7 days. Scientific
instruments including particle accelerators, high power transmitters, optical instruments,
and chemical release devices are mounted externally on the Spacelab pallet and are con-
trolled by the experimenters from within the pressurized module. The capability of real~
time scientist interaction on-orbit with the experiment is a major characteristic of AMPS.

The AMPS Science Working Group, composed of 49 scientists from the United States
and other couniries, was recently established by NASA Headquarters (Office of Space
Sciences) for the purpose of developing recommended AMPS program scientific objectives,
experimental techniques and instrument requirements. The recommendations of this group
will supercede the information regarding instrumentation and experiments that served as

the basis for this study.

17. KEY WORDS . 18. DISTRIBUTION STATEMENT

Unclassified-unlimited

(K Lo i ;\/?’ D

9. SECURITY CLASSIF, (of thia reparty 20. SECURITY CLASSIF, (of this page) 21, NO. OF PAGES [ 22, PRICE

Unclassified Unclassified 448 NTIS

MSFC - Form 3392 (Rev December 1972) For gale by National Technical Information Service, Springfield, Virginia 22151




TABLE OF CONTENTS

Section Page

1.0 INTRODUCTION AND STUDY GUIDELINES .. ..00ues. . 1-1

2.0 SCIENTIFIC OBJECTIVES OF THE AMPS PAYLOAD. .... 2-1
2.1 Introduection ......:00v00.. 2-1
2.2 Scientific Instrument Description .. ....v.0vee.. 2-4
2.2.1 Remote Sensing Platform ......... N 2-4
2.2,2 Lidar System .. o i v v vt v v e roansans - 2-6
2.2.3 Transmitter/Coupler System . v . v v v v v 2-7
2.2.4 BoomSysStem . ... ivcieuesnnen 2-9
2.2.5 Gimbaled Accelerator System .......... 2-10
2.2.6  Subsatellites . . ... P e s e s et 2-12
2.2,7 Chemical Releases........ et e 2-13
2.3 References .. ....... ..ttt innnnnnas 2-15
3.0 DESIGN REFERENCE CONFIGURATION DESCRIPTION ... 3-1
3.1 Space Shuttle System Description « . v v ee v eesnn. 321
3.2 Spacelab System Description . ..... c e e ees 3T
3.3 AMPS Design Reference Configuration. .. .. e e 3-10
4.0 CONFIGURATION DESIGN . & v v v v e ottt ennn e necnns 4-1
4,1 Inifial Concepl. i v v v i v v v v v e v mecanasss 4-1
4.2 DBaseline Concept « v v v v v e v v v v v v v r s anvnonnss 4-2
4.3 Alternate Configurations . .......... Ce e e 4-5
4,3.1 Reduced Experiments ... vv s veveomenees 4-5
4.3.2 Pallet Forward ........ st e e 4-9
4,3.3 TForwardPlatform . ... ... v vvvnun 4-9
4.4 Reviged Configurations . ......... S e et e es 4-11
4.4.1 Forward Platform ,........ vee e 4.11
4.4.2 Final Baseline Configuration . .......... 4-11
4.5 AMPS Configuration with ERNO Spacelab ., ........ 4-14
5.0 AMPS WEIGHT AND CENTER OF GRAVITY STUDY ..... 5-1
: 5.1 AMPS Current Design Reference Weight and ¢, g.
Assessment . ... viuee e nnenns 56
5.2 AMPS Weight and c.g. Assessment of Three
Alternate Configurations . . . oo v v .. N 5-9
5.3 AMPS Weight and c.g. Sensitivity Analysis of
Various Spacelab and Pallet Lengths . . .. . Cae e 5-14
oT FILMED

AGE BLANK N



Section

6.

0

SUBSYSTEMS 3 4 & ® @ ¢ & & B 8 % B B s A 9 4 F & B FP LS Ao
6.

6.

6.

6.

1

2

4

6.5

6

.6

TABLE OF CONTENTS (Continued)

Strucfures « o v v s et v e s s st a s e s a0 2020
6.1.1 50 Meter BOOINS v v v v et o v s 0ot v a3
6.1.2 AMPS Long Wire Antenna . .. ..«.. a4«
Thermal Control SUbSYystems v o v v s s s o v s 0 a3 e
6.2.1 AnalysSiS. .. cccsusososanss
6.2.2 Results (v iivinasssvrssasrncsen

6.2.3 Antenna StUdies v v o ¢ o s s s v v s v 00 n e e

6.2.4 Results and Conclusions + . s s« o e o o s o
Pointing and Control Subsystems .. ..v 0000

6.3.1 Guidelines and ConstraintS v e v s o 0 5 0 ¢ » «

6.3.2 DesignReference. ..savevaseinaes
6.3.3 Trade Studies ......
6.3.4 Interfaces....vev e onvevsvvossas
6.3.5 Conclugions and Recommendations ... ..
6.3.6 References ....vivev e
Communications and Data Management ...... .
6.4.1 Communications ....¢..... s e e s
6.4,2 Data Management. ... e aen eceos oo
6.4.3 Boom Data Management Trade Analysis. .
AMPS Electrical Power System Design .. ........
6.5.1 Guidelines and Assumptions .. « « v o 4 ¢ 2 s«
6.5.2 AMPS Baseline Elecirical Power System . .
6.5.3 Analysis of AMPS Large Power Users. ..
6.5.4 Transmitter Coupler .. ..o v v v o es o
6.5.5 Power Profile .......
6.5.6 Conclusions and Recommendations « ... ...
6.5.7 Electromagnetic Control . . . .4 e v s v e
AMPS Controls and Displays « « v v s e v s co v s as e
6.6.1 Guidelines, Assumptions, and Constrainis . .
6.6.2 Design Reference ........ v e
6.6.3 TradeStudies ... s e v uwann s
6.6.4 Interfaces ..+ veen e annscenaas
6.6.5 Conclusions and Recommendations ... ..

iv



Section

7.

0

8.0

9.

0

MISSION ANALYSIS ...t s it iitinnereananns Che s

7.1

7.2 Atmospheric Source Mapping Dynamics . ... . .
7.2.1 Guidelines and Assumptions . .. ......
7.2.2 Descriptionof Problem. ..o v vt v v v v venn
7.2.3 Tasgk Status . ... .. ... C i s ke e
7.2.4 Results ........ ta et e e et
7.2.5 Observation and Issues S bt e e e e

7.3 On-Orbit Operations — Experiment/Crew
Schedules .. ..... 0 inenn

7.4 Ground Operations .. .... e v st e t e e e ar e
7.4.1 Guidelines and ASsumptions . ... v e o..
7.4.2  Block Diagram ..... e e e e e e s e
7.4.3 Activities and Timelines « v « v v v v v v 0.
Ted.4d Manpower Requirements . .. .. v+ v o« .
7.4.5 Hardware Requirements . .. ... . coeeea

7.5 Preliminary TDRSS/STDN Tracking Coverage
Assessment .« ..o a ... ettt
7.5.1 Introduction ........ M h e r e s e
7.5.2 Agssumptions .. ..... S b e e e
7.5.3 Coverage Analysis « i v v v vt v v e ensn

CREW SYSTEMS .. iv e e e s et

CONCLUSIONS AND RECOMMENDATIONS

9.1

TABLE OF CONTENTS (Continued)

Subsatellite Flight Mechanics ....... .o a
7.1.1  Near Shuttle Subhsatellite Operatxons e en

7.1.2 Non-Co-Orbiting Subsatellite Operations . . .

Conclusions +...... C et e e e e e e
9.1.1 Configuration . .. .. v v vt ennennen
9.1.2 Structures ... .ttt it re e
9.1.3  Thermal Control .....
9.1.4 Pointingand Control .. .....0 v v
9. L5 Communication and Data Management . ...
9.1.6  Electrical Power Subsystem ., ........
9.1.7 Controls and Displays .+ .4 e e v v v v ansn.
9.1.8  Subsatellite Flight Mechanics .........
9.1.9 Experiment/Crew Timelines . ... ...
9.1.10 Ground OperatioNns . ... vevenus. .
9.1,11 Tracking Analysis ... v oo v unnn. v
2,1.12 Crew Systems .. i v v e v v e venen

-----------

W W0 W o o W oW ew W
!

7-42
762
7-62
T-62
7-62
763
7-64

7-74
7-74
7-74
v-76

0
1
-t

& W
T F 11
—_

W
] |
[= =T < B s B oy T ST - N I I N N I

e
I



TABLE OF CONTENTS (Concluded)

Section Page
9-2 Recommendati()ns L I N I R T S R R Y 9"6

APPENDIX: SHUTTLE SYSTEM PAYLOAD DESCRIPTIONS, LEVEL
BDATA-..-.---noo-o-ou-c--n-ono.-ooo--- A"l

vi



LIST OF {LLUSTRATIONS

Figure Title Page

1-1, AMPS Phase A Study milestone schedule .. ... .00 00 v 1-2

2-1. Transmitter/coupler/antenna concepts . . .. e ov e oo 2-8
2-2. Atmosphere Explorer subsatellite. « o v v v v v e v v s v v n e v 2-13
3-1. Space Shuttle flight system . .« v i v et cn vt v ans cr e 3-1
3-2. MiSSIon PHASES & v 4 v ¢ o s v e s e s’ e s o s st s sanasscanaa 3-2

3-3. Launch azimuth and inclination limits from VAFE and
KSC llllllll L - [ ) - - - - » L L] -+ L. L] - & L L L L] . L) - L] - - » - & 3—4

3-4. Payload mass versus circular orbit altitude — KSC launch,
delivery, and rendeZVoUS + « s v v o v v e oo s s 08 000 3-8

3-5.  Payload mass versus circular orbit altitude — VAFB
launch, delivery, and rendezvous ... ...... e es e 3-b

3-6. Typical Spacelab configuration . . . v 4 4 v s s v v v s e v v - 3-8
3-7. Cross section of Spacelab core segment. « o v v o s v v v s . 329
3-8, AMPS Phase A design reference configuration . ceresee 3-11
4-1. AMPSconfiguration A. . ... v it vsrvonnarssessea 4-1
4-2,  AMPS baseline configuration . . ... vt et et e annnna . 4.2
4-3. AMPS deployed platform A .. .. v s s ittt s n v nennsss 4-3
4-4, AMPS boom A, stowed configuration . ...... '. esaee e 4-4
4-5. AMPS boom B, stowed.conﬁguration et e e s e 4.4

4.6, AMPS experiments reduced 50 percent . . v e o e v e v oo 4-5

vii



4-10.

4-11.

4-12.

4-13.

4-14,

4-15,

4-16.

4-17,

4-18,

5_1 "

5-3.

5-4,

5-5.

5-6.

5-7.

LIST OF ILLUSTRATIONS (Continued)

Title
AMPS configuration 2 « v oo 44 40

AMPS configuration B...... ...

AMPS configurationC ... v oo v 0 v v

AMPS configurationD. ... .. 4
AMPS reduced experiment-A . ...
AMPS reduced experiment-B . ...

AMPS pallet forward «........

AMPS tunnel through pallef impaect .

AMPS platform forward .......

AMPS revised platform forward ...

AMPS baseline configuration B, . .
AMPS with ERNO pallet .......

Orbiter payload coordinate system

AMPS design reference X-c.g. profile
AMPS design reference Y-c.g. profile
AMPS design reference Z-c.g. profile

AMPS configurations under study .. ..

AMPS X-c.,g. asgessment . . .. ..

AMPS Y-c.g. assessment . « » « » « .

viit

Page
4_6

4-6

4-10
4-11
4-12

4-14

5-8
5-8
5-10
5-11

5-12



LIST OF ILLUSTRATIONS (Continued)

Figure Title Page
5-8. AMPS Z c.g. a8seSs8ment o v v o v v s e v s vt oo aansansan 5-13
5-9. AMPS weight and c.g. sensitivity analysis, X-c.g. ... ... b-15

5-10. AMPS weight and c.g. sensitivity analysis, X-c.g. .. .. .. 5-15

5-11, AMPS weight and c.g. sensitivity analysis, X-c.g. + . .. .« 5-16
5-12, AMPS weight and ¢, g. sensitivity analys'is, XeCuife v v v v 5-16
5-13. AMPS weight and ¢.g. sensitivity analysis, X-c.g. .. .. .. 5-17
5.14. AMPS weight and c.g. sensitivity analysis .. . ... ceeu..  5-18
6-1.  Structural characteristics of an AMPS boom. .. ... ... 6-15
6-2. Orbiter with deployed AMPS booms structural model . .. .. 6-16

6-3. Torque profiles applied at boom gimbals to effect sweep

motion « v v v e v v s o s v s v r et 6-17
6-4. Pointing error of tip mass 1 (Rx) et e .. 6-18
6-5. Pointing error of tip mass 1 (Ry) ...... et ... 6-18
6-6. Pointing e;'ror'of tip mass 2 (Rx) S et e ek et 6-19
6-7. Pointing error of tip mass 2 (Ry) ......... e e es  6-19

6-8. Rigid body rotation about X-axis (node 9) .... e 6-20
6-9.  Rigid body rotation about Y-axis (node 9) .....e..ve.. 620
6-10. Rigid body rotation about X-axis (node 11) . . . . v v v v ev.. 6-21

6-11. Rigid body rotation about Y-axis {node 11) . . . . v v v v ... 6-21



LIST OF ILLUSTRATIONS (Continued)

Figure Title Page
6-12.  Elastic deflection of tip mass 1 (TX) ...... ceea s e. 622
6-13.  Elastic deflection of tip mass 1 (Ty) D - . 31
6-14.  Elastic deflection of tip mass 2 (TX) R R 6-23
6-15.  Elastic deflection of tip mass 2 (Ty) ....... C e e 6-23

6-16. Displacement of mass 1 in X-direction .. ...ueveaoun.. 6-24

6-17. Displacement of mass 1 in Y-direction . .......... P 6-24
6-18. Displacement of mass 2 in X-direction .. ...ue.vuu... 6-25
6-19, Displacement of mass 2 in Y-direction . . ... e vev ... 6-25

6-20, Thermal model used for analysis of AMPS payload ...... 6-31

6-21. AMPS configuration with proposed thermal control fluid
loop..... v en e ne Ve e 6-32

6-22.  AMPS fluid loop system schematic v .. v ev v v vwese.... 6-32
6-23. Reentry temperature history of payload bay wall . . .. .... 6-33
6-24.  Payload bay vent entry air temperature . . . v . v v v v. ... 633
6-25. Temperature history of AMPS components during reentry, . 6.-34

6-26, Orbital temperature history for the AMPS antenna with
homogeneous surface, sun-oriented, 8 = 52 deg v euenns 6-35

6-27,  Orbital temperature history for the AMPS antenna with
perforated top surface, sun-oriented, 8 = 52 degeeeenen . 6-35

6-28. Orbital temperature history for the AMPS antenna with
homogeneous surface, sun-oriented, 8 = 52 deg ........ 6-36



LIST OF ILLUSTRATIONS (Continued)

Figure Title Page

6-29.  AMPS pointing and control information flow chart . ...... 6-63

6-30. RSP gimbal command geometry v v v c v v v v oo v v nnvoeens 6-64
6-31, Lidar system gimbal control diagram .............. . 6-65
6-32. AMPS 50 m booms scanprofile . .. v v v v v v evrnens . 666
6-33.  Conceptual geometry of the RSP and star tracker ....... 6-66
6-34.. AMPS RSP block diagram ....... et s ta e e 6-67
6-35. Lidar gimbal components . ............ s e 568 |
6-36. Gimbaled accelerator system. ..o v v v v v v e v e v P 6-68

6-37. AMPS single-axis gimbal control loop for boom ........ 6-69
6-38. RSP attitude error budget . . .. ... .0t ittt it 6-70
6-39. RSP fly-by pointing command trajectory .+ . v v v e v e v oo 6-71

6-40.  AMPS boom poinfing errors during Orbiter thruster
firings + v v v v v e o e r e eas e e 6-71

6-41. AMPS communication subsystem .. .... ... ... eeees 6295
6-42, AMPS subsatellite communications system block diagram. . 6-96
6-43.  Subsatellite design/AMPS.. dedicated equipment ....... . 6-97
6-44.  Subsatellite antenna configuration......... e s e e 6-98

6-45, Subzatellite communications distance versus AMPS
) antennasize.-..--.... --------- I A I 6—99

6-46.  AMPS data management block diagram ..... .00 0. .. 6=100

xi



Figure

6-47.

6-48,

§-49.

6-50.

6-53.

6-54.

6-55.

6-56.

LIST OF ILLUSTRATIONS (Continued)

Title

Communications and data management requirements
SUMIMATY + ¢ v s 4 o #5218 ¢ 0 a0 0822 auas P e s e et e e e s

Boom communication system block diagram .. ....e ...,
AMPS boom RF antenna concept « v v v v v s s s s e s s s s s .o
AMPS boom data bus concept , ., .. .............. .-
Block diagram of AMPS baseline electrical power system. .

AMPS primary power source, Orhiter Spacelab preferred

redundant bus arrangement . ... 00 0. tee e v en s e

Typical lidar block diagram......... Ces s e ue s
Typical high voltage source block diagram .. « v v v v s v e v
Transmitter and power supply block diagram .. 4.0 v v v
AMPS electrical power profile . . o ¢ v v s v e s s s s v e v oo
Spacelab rack definition .. e v vt v vt e v e v e e vaennns
Spacelabrnodﬁka O
AMPSC&D 1ayout v v v v e v v e neuns et naa

Example of level of data needed in C&D area . ... .0 00

xii

Page

6-101
6-102
6-103
6-104

6-122

6-123
6-124
6-124
6-124
6-125
6-138
6-138
6-139

6-140



Figure
7-1.

-2,

7-3.

74,
7-5.
7-6.
T-7.
7-8.
7-9.
7-10.
7-11.
7-12.
7-13.
7-14.
7-15,
7-16,
T-17.
7-18.

7-19.

LIST OF ILLUSTRATIONS (Continued)

Title

Relative motion coordinate frames . ¢ v o o v v v v v o s

Motion of subsatellite relative to Orbiter for various

in-plane jettison directions, 6 ..... Gt e et

Motion of subsatellite relative to Orbiter for various

in-plane jettison directions, ¢ ..... e d e

-

Motion of subsatellite relative to Orbiter . + . ¢4 v v o o .

Motion of subsatellite relative to Orbiter ., .. .. ...
Motion of subsatellite relative to Qrbiter . + v o« « .

Motion of subsatellite relative to Orbiter . . . .« . ..

Motion of subsatellife relative to Orbiter . v v v 4 v ¢ v o v &

Motion of subsatellite relative to Orbiter . . ... ... .

Subsatellite orbitaltitude . . v it ittt e s vt e an e
Subsatellite orbit insertion reguirement ..........
Subsatellite propulsion capability . ... v oo v c e

Subsatellite propulsion capability . ..o es v v wennn

Range requirement for subsatellite acquisition . .. ..

Speed ratio versus altitude for circular orbit . ... .
AE drag coefficient as a function of speed ratio ...
AE orbital decay « v vvs i veinisinnrsnnansans
AE station-keeping AV requirement . ... ees o0

AE station-keeping AV requirement .. .. ..+ ¢ 0

xiii

Page

7-10
7-11
7-12
7-13
7-14
7-15
7-16
7=17
7-18
7-19
7-20
721

722

7-23

7-24

7-25

7-26



Figure
7-20.
7-21.
7-22,
7-23.
T-24,
7-25.
T-26.
7-27.
7-28.
7-29.
T=30.
7-31.
7-32.
T7-33.
T34,
7-35.
7-36.
7-37.

7-38,

LIST OF ILLUSTRATIONS (Continued)

Title
AE station-keeping propellant requirement

AFE station-keeping propellant requirement

Geometry of source mapping

Shuttle contact data .o v v v s s 0 s s 2 s

Three-dimensional geometry of coordinate system ......

Gimbal platform pointing and control angles

Gimbal clock angle («) time history
Gimbal clock angle rate (@) time history
Gimbal cone angle (8) time history
Gimbal cone angle rate (3) time history .
Source range (p) time history ..

Source range rate (p ) time history . ....

Timeline for 28. 5-deg mission

Timeline for polar mission . ...
Crew schedules for 28,5 deg mission and 90 deg migsion . .
Wave characteristics .....

Wave particle interactions ......

Wake and sheath experiment

Propulsion and devices . ..« ...

* a4 1 & & =

xiv

.

-----

e F & & B 8 & & a4 & w

------------ -« » u =

a0 & ¥ 8 & & v e F o8 b s ko N

Page
7-27
T-28
7-32
7-33
7-34
7-35
7-36
7-37
7-38
7-39
7-40 -
7-41
7-44
7-50
7-56
7-57
7-57
7-58

7-58



LIST OF ILLUSTRATIONS {Concluded)

Figure

7-39. Global emission survey

Title

7-40.  Energetic particle stability ......

7-41. Magnetospheric topology

T-42. Artificial aurora . . ..o ...

7-43, AMPS ground operations flow

744, First dedicated AMPS equipment timelines

745, TDRSS tracking of Shuttle Orbiter and AMPS subsatellite
NO- 2, fiI‘St OI‘bit N EEEEE ..

7-46, STDN tracking of Shuttle Orbiter and AMPS subsatellite

No. 1, first orbit ....

« %8 e

L

LI I I I T T I I T I )

7-47. TDRSS/STDN tracking of AMPS subsatellite No, 2, first

orhit . & v v v v o e o v n .

- 7-48, TBRSS/STDN coverage statistics, Shuttle AMPS mission . .

7-49. Sun illumination history for Shuttle AMPS mission

8-1, Sémple of command function list . .

8-2, Instrument/eXperiment MatriX « « o oo v s e s e o
8-3. Inboard Iayout of Spacelab . v v v v v v v 4 v o v a s
B-4. Support Module C&D . ... v iiiincnennns
8.-5. Atmosphere Explorer satellite configuration

« 4 e 4

XV

LU I

LI I I I I I S A

-----

Page
7-569
7-59
7-60
7-61
7-72

-3

7-83

7-84

735
7-86
7-87

8-4



Table

3-1.

6-3.

6-4.

6 -5.

6-6.

6-10.

6-11.

LIST OF TABLES

Title

AMPS Pallet Mounted Scientific Instruments

LI L I

Viewing Angle Requirements and Capabilities, Baseline

Configuration ... .....c 0 svvoacans

AMPS Design Reference Weight Summary

AMPS Mission-Dependent Equipment List .. ..

LI R TR T T R ]

Coordinates and Inertial Properties for Dynamic Model of

AMPS BOOIML « v v o s s 20 o5 s 0

Structural Properties for Dynamic Model of AMPS Boom . .

A List of Natural Frequencies, Generalized Masses, and

Ceneralized Stiffnesses .. v o v e v v v o s Ca s s et e e
Thermal Distortions . ...« oo o oo es o e v e e .
Thermal Distortions .+ ¢ c s v s s s s oo s r v v e asr o .

Allowable Harmonic Orbiter Motion that Precludes 330 m

Antenna Failure . . v oo v o v oo v a s o rea v o aas

AMPS Heat Distribution for Pallet-Mounted Equipment

(Orbit Beta Angle= 0deg) . ..v00veenn

AMPS Heat Distribution for Pallet-Mounted Equipment

(Orbit Beta Angle=52deg) .o oo v vnnnennn

AMPS Pointing Requirements (SSPD Level B)

AMPS Magnetic Field Vector With Respect to Local

Vertical . . o v v e 0 s 0 an s

AMPS RSP Preliminary Hardware Definition . .

Xvi

PR LT T R I ]

Pape

3-13

4-13

h-2

6-11

6-12

6-14

6-29

6-30

6-99

6-60

6-61



Table

6-12,

6-13.

6-.14,

615,

6-16.
6-17.
6-18,
6-19.
6-20.
6-21.
6-22.

6-23.
6-24.
6-25.
6-26.

6-27.

6-28.

6-29.

LIST OF TABLES (Continued)

Title
Pointing Error, QERROR’ Resulting from Inaceuracies in
Orbiter and Target Position Vectors .. .. ... .
RSP System Error SUMmAary « ... e.e..... .

Communication Requirements Summary, Data Rate

Matrix ......... C ot e r e

AMPS Communication Reguirements With Respect to
Orbiter/Spacelab Capabilities ......

" e B o oa o

AMPS Communications Dedicated Equipment

AMPS Subsatellite Equipment Summary .
Data Management Digital Data Rate Matrix

Data Storage Requiréments_ ......... e

Estimate of AMPS Computer Requirements

AMPS/Spacelab Computer Comparison . . .

RF Link Calculation ......... .

RF System Weight Summary .......

Data Bus System Weight Summary . .

Spacelab Subsystem Power Requirements ...

Experiment Instrumentation Power Requirements .....

Selected AMPS Baseline Electrical Power System

CharacteristiCsS « v v vt v e e neeans
AMPS Laser System Characteristica

MPD Arc Accelerator Characteristics

xvii

Page

6-62

6-62

6-85
6-87
6-87
6-88
6-89
6-90
6-91
6-93
6-94
6-94
6-115

6-116

6-117
6-118

6-118



Table

6-50.

6-31.

6-32.

6-33.

6 =34,

6-35.

T-2.

7-3.

T—4.

V-0,

7-6.

77,

7—8.

7-10.

7-11.

L1ST OF TABLES {(Continued)

Title

Transmitter Characteristics .. .4 v v s e na

Arbitrary Division of the Electromagnetic Spectrum ..

Space Shuttle Antenna Types Used in this Analysis

Summary Requirements ... .. cc0 00t et cso s

AMPS Controls and Displays .« v e v v e v o s 0 s 00

Additional C&D Required to Support Current Baseline

Atmospheric Explorer System Performance Summary ...

Scout Third Stage Characteristics ...........

AE Drag and Ballistic Coefficient Range ... ....

MSFC Preflight AMPS Activity ..... sr e e a s

MSFC Postflight AMPS Activity . v v e o v v v v v v s

MSFC Preflight AMPS Activity Timelines . .....

MSFC Postflight AMPS Activity Timelines ......

MSFC Preflight AMPS Activity Required Resource

Levels .0 ieveann

MSFC Postflight AMPS Activity Required Resource
e

Shuttle Orbiter Contact and Gap Statistics, Six-Station

STDN Configuration ....... M e e e n e aa e

LI

AMPS Subsatellite No. 2 Contact and Gap Statistics, Six-

Station STDN Configuration ... ...

LI K 2 I T I T

xviit

* m

Page

6-119
6-120
6-121
6-130
6-131

6-137

-7

7-66
767
7-68

7-69

T-70

7-71

7-79

7-80



LIST OF TABLES (Conciuded)

Table Title | Page

7-12, AMPS Subsatellite No. 2 Contact and Gap Statistics, Six-
Station STDN Configuration .+ «v e e v e oo Ve e men e 7-81

7-13. TDRSS/Spacecraft Contact Statistics, Shuttle AMPS
MiSSion.'.‘...-.llnl!!‘I'l..‘.1..... IIIII 7—82'

8-1. AMPS C&D Panel Space Reguirements ... ouveonanaes 8-3

xix



A/D
AE

AMPS

ASF
ATM
c&D
CDMS
C. 8.
CMG
CPSE
CR'T
D/A
EAO
ECLS
ECS
EMC
EMI
EPDS
EPS
ESRO

EVA

ACRONYMS

analog to digital
Atmosphere Explorer

Atmospheric, Magnetospheric and Plasmas in Space
(payload)

Atmospheric Science Facility

Apollo Telescope Mount

control and display

command and data management subsystem
center of gravity

control moment gyro

common payload support equipment
cathode ray tube

digital to analog

equivalent add operation

environmental control/life support
environmental control subsystem
electromagnetic control

electromagnetic interference

electrical power and distribution subsystem
electrical power system

European Space Research Organization

extravehicular activity



FMEA
FOV
GN&C
GPME
GST
IMP

IR
KAPS
KSC
Lidar
LOHARP
LOS
MFDS
MPD
MSFC
NIR
OGO
OMS
PM
PPEPL

PRN

ACRONYMS (Continued)

failure mode effects analysis

field of view

guidance, navigation, and control
general purpose mission equipment
gimbaled star tracker

Interplanetary Monitoring Flatform
infrared

kiloadds per second

Kennedy Space Center

light detection and ranging system
Lockheed Orbital Heat Rate Program
line of sight

multifunction display system
magnetoplasmadynamic

Marshall Space Flight Center
near-infrared

Orbiting Geophysical Observatory
orbit maneuvering system [subsystem)
permanent magnet

Plasma Physics and Environmental Perturbation Laboratory

pseudo random noise {generator)

xxi



PSA

PSS

RAE

RAU

RCS

RSP

SINDA

SRB

SSPD

STDN

TDRSS

TEE

VATB

ACRONYMS (Concluded)

pressurized suit assembly

payload specialist station

Radio Astronomy Explorer (satellite)
remote acquisition unit

reaction control system (subsystem)
remote sensing platform

Systems Improved Numerical Differencing Analyzer
solid rocket booster

Shuttle System Payload Deseriptions
Spaceflight Tracking and Data Network
Tracking and Data Relay SBatellite System
tubular extendible element

ultraviolet

Vandenberg Air Force Base

xxii



SECTION 1.0 INTRODUCTION AND STUDY GUIDELINES



1.0 INTRODUCTION AND STUDY GUIDELINES

This Technical Memorandum records the Phase A Study of the Atmos-
pheric, Magnetospheric and Plasmas in Space (AMPS) payload performed
within the Program Development Directorate of the Marshall Space Flight
Center.

The AMPS Scientific Working Group, composed of 49 scientists from
the United States and other countries, was recently established by NASA Head-
quarters for the purpose of developing recommended AMPS program scientific
objectives, experimental approaches, and instrumentation requirements. The
recommendations of this group will supersede the information regarding
instrumentation and experiments that served as the basis for this study.

The AMPS Phase A Study milestone schedule is shown in Figure 1-1,
The study was initiated in November 1973, with the first 5 months' activities
oriented toward the first meeting of the AMPS Working Group which was
originally scheduled for the latter part of April 1974. It was anticipated that
much of the remainder of the 12 month study would be devoted to technical
support to the Working Group members and the incorporation of their recom-
mendations into the study. The postponement of that first Working Group
meeting to early August 1974 made it necessary to maintain through the
remainder of the study the initial assumptions regarding scientific instrumenta-
tion and experiments,

It is anticipated that the Working Group will have specified their
recommendations to sufficient detail by early CY75 to allow a reiteration of
these payload conceptual design and accommodations analyses. An update
(revision or addendum) of the Phase A Study Report, reflecting that reiteration,
is planned for that time,

Over the past 16 years or so, both passive and active investigations
have been pursued in the areas of atmospheric and magnetospheric physics.
Passive observations since 1958 include (1) Explorer series spacecraft —
including Orbiting Geophysical Observatory (OGO), Interplanetary Monitoring
Platform (IMP}, Atmosphere Explorer (AE), and Injun Series, (2) sounding
rockets, and {3) ground-based networks {e.g., aurora and magnetic storm
observations). In recent years, there has been an increasing emphasis on the
implementation of experiment programs to actively perturb the environment
using ground-based transmitters and payloads aboard sounding rockets (e.g.,
electron accelerators to create artificial auroras, and barium releases to

\
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Figure 1-1. AMPS Phase A Study milestone schedule,

study ionospheric winds and electric and magnetic fields). In addition, some
""unplanned experiments,' such as the Johnson Island high altitude nuclear
explosion, provided some interesting results on magnetospheric phenomena.
The data obtained from these and other studies have led to a vast improvement
in our knowledge of the basic processes that control Earth's atmosphere,
magnetosphere, and plasmasphere.

Manned orbital vehicles such as Space Shuttle and Spacelab offer
excellent platforms for studies in these regimes in the 1980's. However, it is
felt that the idea of experimenters orbiting their individual instruments must
give way to the facility concept in which general purpose instruments are housed
in a single orbital facility. This concept could open up space science to those
scientists whose institutions or countries do not have the resources to mount a
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full scale rocket probe or satellite program. The European Space Research
Organization (ESRO) recently agreed to design and construct standard payload
carriers, called Spacelab, consisting of both pressurized modules, capable of
holding one to four men, and external platforms (pallets). The plan is to fly
Spacelab on the Space Shuttle in Earth orbit, with initial flight times on the
order of 7 days and an increase later to 30 days. A payload weight on the order
of 5500 kg will be available, the precise amount depending on orbit and other
options,

The main objective of the AMPS Spacelab payvload is to provide the
scientific community with a versgatile experiment facility composed of multi-
functional scientific and support equipment which will permit extensive scientific
advances in the areas of atmospheriec and magnetospheric science, and plasma
physics. The primary scientific objectives are to carry out controlled active
experiments in the areas of space and plasma physics, and observational
studies of the coupling between the Farth's atmosphere and the magnetosphere.
In the 1980's magnetospheric observational studies will shift from an explora-
tory and observatory phase to a program involving controlled geophysical
experiments designed to perturb the strong, dynamic cause-and—-effect relation-
ships in the magnetosphere-ionosphere system to better understand its
principles,

Previous studies directly applicable to AMPS and which formed the bulk
of the foundation on which this Phase A Study was performed include:

1. Plasma Physics and Environmental Perturbation Laboratory
(PPEPL), MSFC/TRW Contract NA58-28047, completed November 9, 1973.

2. Preliminary Design Study for an Atmospheric Science Facility
(ASF), JSC/Martin Contract NA59-12255, completed December 1972.

3. Report of Discipline Working Group, Atmospheric and Space
Physics, National Academy of Science Conference, Woodshole, July 1973.

The PPEPL and ASF studies were the main inputs to the Shuttle System
Payload Descriptions (SSPD) Activity, a General Dynamics/Convair study
managed by Marshall Space Flight Center (MSFC), contract number NASS-
20462. The AMPS payload requirements as specified within SSPD as Level B
data AP-06-S were utilized in this study and are included here as an appendix.

The Space Shuttle and Spacelab accommodations assumed in this study
are specified in (1) JSC 07700, Volume XIV, Revision C, Space Shuttle System
Payload Accommodationg and {2) Preliminary Draft, Spacelab Accommodations
Handbook, June 1974,
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Resulting from the early interaction of the AMPS Working Group with
the Phase A Study team at MSFC, a number of trade studies have been initiated
and will probably be recorded in the revision to this document. These studies

include:

1. Teasibility assessment of the use of tethers for probing Earth's
atmosphere in the 100 to 120 km altitude level.

2. Evaluation of current and planned spacecraft which might be useable
with minor modification as an AMPS subsatellite.

3. Survey of existing ejection mechanism designs and capabilities for
releasing, for example, subsatellites or chemical release canisters, in a
specified direction with a certain AV.

4, Dynamics analyses of dipole antennas and evaluation of steerability.

5. More detailed evaluation of experiment command, control, and
data processing and display within the Spacelab pressurized module.

The guidelines against which this Phase A Study was performed include
the following:

1. General

a. Launch Date: For schedule and costing purposes, the first
launch of the AMPS laboratory will be late CY80.

b. Mission Objectives: To provide scientists an experiment
facility from which controlled active experiments in the field of magnetospheric,
plasma, and atmospheric physics may be performed.

¢. Mission Duration: 7 days, with nominally 6.5 working days
per mission, Assume 8 hours from lift-off {o experiment{ operation initiation.

d. Baseline 2 Missions: (1) Low altitude (235 n.mi.), low
inclination (28.5 deg); (2) Low altitude {185 n.mi.), high inclination (polar)
(90 deg). No orbit maneuvering system (OMS) kit. Shuttle/subsatellite
delivery and rendezvous retrieval capability. Altitude: Maximum Shuttle
capability.

e. Launch Site: Shall be determined to be the optimum location
to carry out the experiment program objectives for each mission.



f.  Crew Size: Will be established based on the experiments to be
accomplished per mission for a 12 hour shift, two-shift per day operation.
Initially, assume a payload crew of four (three physicists and one electrical-
mechanical technician). ’

g. Deployable Hardware: All items which deploy shall be equipped
with release/jettison mechanisms to ensure that the cargo bay doors can be
closed.

h. Maintenance: The AMPS payload shall be designed so that
planned or contingency maintenance can be performed by either one or two
crewmen performing extravehicular activity (EVA) for safing operations.
Flight-line and depot-type maintenance will be performed on Earth.

I. Subsatellites: Two subsatellites will initially be assumed.
However, requirements for the number and type of subsatellites will he
reevaluated in a trade study.

J» Subsatellite Retrieval: It shall be g study goal to determine
how the AMPS subsatellites can be retrieved at the end of the 7 day mission.
Variations on a case-by-case basis will be considered where the probability of
misgsion success is endangered,

k. Payload Weight: The target landed payload weight for the
AMPS payload is 32 000 Ib {14 500 kg).

L. Center of Gravity (c.g.): The centroid of the AMPS payload
must fall within the Orbiter payload c.g. envelope, A goal for this study will
be for the ¢.g. to fall within an image outline of the forward c. g. envelope
located in the X-Z plane translated 1.5 feet aft. '

m. Consumables: Shall be sized for a scientific erew of four on
4 7 day mission,

n. Launch Mode: The launch mode for the AMPS payload is by
Shuttle, with the primary mode being all experiment hardware to be carried in
the Shuttle cargo bay. The experiment instruments will be pallet-mounted with
the control, display, and data management functions within the Bpacelab
pressurized module.

0. EVA: Baseline AMPS operation primary mode will be from

inside the Spacelab pressurized module; however, contingency EVA capability
will be provided,
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p. Design Concepts: Maximum utilization of proven design con-
cepts from previous programs shall be used to enhance reliability of critical
systems and to maintain lower overall costs,

q. Reliability: The design shall be such that mission-critical
systems involving loss of life shall not have single failure points.

r. Docking: There are no known docking requirements for A MPS
operations,

8. Systems Test: The AMPS shall have been tested in a systems
mode prior to launch. Orbital operation verification capability shall be
incorporated in the hardware design.

t. Coordinate System: The coordinate system for defining mass
locations will be the same as used on the Orbiter.

U. Units of Measure: The system of units to be used in this study
will be the international system of units ( SI) with customary units in paren-
theses, except for those measurements related to the Orbiter systems, where
English units are used primarily.

v. Protection Devices: These will be incorporated where needed
to avoid all credible hazards in order to assure safe termination of the mission.

w. [Electrical/Electronics Components: The AMPS electrical/
clectronics components shall meet the design intent of MIL-STD-461 and
MIL-STD-462 and applicable portions of MIL-E_§051D.

2. Scientific Equipment

a. Subsatellite Design: For the purposes of this study, the AMPS
subsatellite design model will be the Atmospheric Explorer unless otherwise
specified for a particular mission.

b. Science Payload: The science payload is as described in SSPD
level B (AP-06 -8). The descriptions and requirements of the scientific instru-
ments in AP-06-S are assumed to be accurate for initial studies and will be
refined/ updated as the study progresses,



3. Electrical Power System
a. Circuit Protection: Shall be provided on electrical circuits.

b. Primary Power: Primary electrical power shall be provided
by the Space Shuttle Orbiter fuel cell power plant. '

¢. Secondary Power: The Spacelab shall provide peaking batteries
and associated charge controls to meet transient or supplemental load require-
ments that exceed primary power source capabilities.

d. Emergency Power: Sufficient emergency electrical capacity
shall be provided to assure safe shutdown of equipment and egress of personnel
in the event of primary power failure. Emergency systems shall be protected
from reverse current by the primary power source.

e. Power Conditioning; The Spacelab shall provide the necessary
power conditioning and distribution equipment to satisfy the requirements for
regulated dc power, single- and three-phase ac power.

f. Distribution: The Spacelab shall furnish the necessary connec-
tors, cable distribution, and control equipment required for the mission equip-
ment that may be located within external pressure modules or on pallets,

g. Grounding: The structure shall not be used as a dc¢ return for
power systems. A single point grounding scheme shall be used for distribution
independent of the Orbiter electrical power system.

4. Sensing and Control System

a. Tull control of all AMPS systems and instruments will be
accomplished from within the pressurized Spacelab module unless there are
significant and specific advantages in performing functions at other locations.

h. Attitude stabilization of Orbiter in general shall be sufficient
for operation of the AMPS experiments, Additional pointing and stabilization
requirements will be met with experiment and support system hardware as
required. '

5, Communication and Data Management

a. The Tracking and Data Relay Satellite System ( TDRSS) is to
he utilized in this study but is not mandatory for AMPS experimental operations.



b, Communication between ground and orbit will be via the Shuttle
communications system.

¢. Any computer operation will be performed by the Spacelab
computer facilities or payload facility if Spacelab capabilities are inadequate,

d. AMPS shall be capable of receiving data from both subsatellites
and both booms simulfaneously.

€. Subsatellites will be designed to communicate directly with the
AMPS payload or to ground stations. Subsatellite control will be primarily
from the Spacelab with ground stations serving as backup and/or optional mode.

6. Structures

a. A pafety factor of 1.4 will be applied to limit loads to obtain
ultimate loads. A safety factor of 2.0 will be applied to the pressure in
pressurized volumes.,

b. Acceleration forces and crash landing load factors shall be in
accordance with Johnson Space Center document JSC 07700, Vol. XIV, Rev. C.

7. Thermal/Environmental Control
Thermal control will be accomplished by insulation, reflective/
absorbtive coatings, and appropriate cold/heat plates. Coolant shall be

obtained from the Orbiter. Cryogenic coolant for scientific instruments shail
be furnished by the AMPS payload.

8. Controls and Displays

a. Mission critical and safety critical payload parameters will be
monitored on caution and warning displays in Orbiter and in Spacelab.

b. Controls and displays for AMPS will be located in the Spacelab
pressurized module.

¢. The carrier mode will be assumed to be the Spacelab
pressurized module plus pallet.
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2.0 BSCIENTIFIC OBJECTIVES OF THE AMPS PAYLOAD

2.1 INTRODUCTION

Three fields of research are covered by the Atmospheric, Magneto-
spheric and Plasmas in Space (AMPS) payload ~ the atmosphere and magneto-
sphere of Earth, and plasma physics in space. Man will have an opportunity
to be intimately involved by being a major element in the experiment operation.
The initial interest from the scientific community in an AMPS type program
was determined from data collected by a questionnaire which had been
distributed to 280 scientists in the United States and 15 foreign countries in
1971. This solicitation yielded a large number of valuable responses.

A large number of scientists are now considering ways to carry out
controlled, active experiments in the space plasma environment of Earth. The
ideas for these studies first arose naturally when some early active experiments
provided unplanned but invaluable information on cause-and-effect relations in
the magnetosphere and ionosphere. For instance, the high altitude nuclear
explosions of the early 1960's yielded new information on particle injection,
wave generation, and wave-particle pitch-angle scattering, and large-8 experi-
ments opened new fields involving wave resonances, wave-particie heating,
wave-wave interactions, and parametric instabilities. Similarly, the triggering
of magnefospheric emissions by ground-based VLF transmitters suggests an
obvious generalization to a controlied, satellite-borne, wave-particle inter-
action study. In recent years, there has also been an increasing emphasgis on
the implementation of carefully designed active experiment programs using
ground-based transmitters, sounding rockets, and unmanned spacecraft. For
example, electron accelerators were flown to produce artificial auroras, to
study beam-plasma instabilities, and to analyse trapped particle orbits. In
addition, radio waves were used to modify the ionospheric characteristics,
and artificial tracers were used to study field line topology and particle drifts.

It is expected that in the Shuttle era (1980's) the most important
regions of the atmosphere for exploration and understanding will be the
stratosphere, mesosphere, and the lower thermosphere, below 120 km. The
Spacelab will offer an ideal opportunity to orbit a full complement of instru-
ments for remote sensing using both active and passive systems with large.
apertures, high spectral resolution, and vastly improved signal-to-noise ratios.

The most significant magnetospheric physics experiment concepts
involve natural follow-ons to the present phase of magnetospheric-ionospheric
exploration which are based on use of unmanned spacecraft. It seems to be
widely recognized that after completion of the International Magnetosphere
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Study (1976-1978), the major dynamic phenomena that occur in nature will have
been classified, and there will be general knowledge of where and when impor-
tant events take place. For the decade of the eighties, many scientists now
appear to feel that the field will be ripe for a new stage of research in which
the primary objective will be to understand the detailed mechanisms and the
physical interactions which bring about the observed dynamic phenomena. ‘
This understanding can best be gained through active, probing experiments
which perturb the magnetosphere and atmosphere in a controlled way and cause
the induced changes. This new approach makes maximum use of manned
space flight by allowing the scientist himself to conduct the experiments and to
react in real time to unexpected results. The AMPS laboratory will make
possible an intimate involvement between the space experimenter and his
experiment in a way never before attainable.

Controlled experiments in the energetic particles and tracers area have
bheen suggested for providing unambiguous answers about magnetospheric con-
figuration, particle entry, energization and loss processes, distributions of
electric field, and magnetospheric convection. A number of experiments in
the beam-plasma and wave-particle interaction areas will be designed to
study basic magnetospheric plasma instabilities that can limit the stably-
trapped flux, will provide the wave-particle scattering that leads to anomalous
resistance (and hence parallel electric fields), modulated auroral phenomena,
and will introduce ccherence effects intc magnetospheric radiation processes.
Other experiments in these areas, and in the magnetospheric modification area,
will be aimed at studying the mechanisms that drive large scale dynamic
processes (coherence effects in auroras, triggering of substorms, energy
transfer in red ares, magnetosphere-ionosphere coupling) by introducing
major controlled perturbations that can generate the phenomena in a known
way (e.g., the artificial aurora) or can vary the natural process {e.g., by
modifying ionospheric conductivity, injecting waves to scatter particles,
injecting cold plasma to modify instability growth rates).

The Shuttle transportation system and Spacelab sortie missions will
provide a unigue opportunity to investigate fundamental and applied plasma
physics phenomena that are not necessarily or specifically related to geo-
physical problems. All the Shuttle orbits will be immersed within a natural,
magnetically-confined plasma in a high vacuum, with scale lengths that can be
enormous in comparison with those available in ground-based plasma
laboratories. It is possible to investigate important phenomena free of the
sometimes dominant influence of walls. The weightless orbital conditions can
be extremely important to the potential experimenter who may wish to study
such diverse phenomena as long-term plasma confinement in a field produced
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by a levitated magnet, the interaction of a spinning conducting fluid with the
ambient geomagnetic field and plasma, or the behavior of convection-free
plasma arcs; in the ground-based laboratory all of these studies would be
strongly affected by gravity.

The National Academy of Science through the 1973 Woods Hole Summer
Study has recommended a single laboratory system to be carried into orbit by,
and remain with, the Space Shuttle to carry out experiments and observations
in the fields of atmospheric and space physies [2-1]. Sortie mission durations
for this laboratory would range from 7 to 30 days and would require close
manned involvement. The approach defined in this study is for the conceptual
design of a facility, the major elements of which are common to the tacility
and are provided to the users (scientists) as versatile and powerful devices
with which to carry out a wide variety of controlled, active experiments and
ohservations.



2.2 SCIENTIFIC INSTRUMENT DESCRIPTION

During this study it was assumed that the following AMPS scientific
instruments were located on the external unpressurized pallet:

1. Remote sensing platform with optical sensors.

2. Lidar (light detection and ranging) system.

3. High power transmitters and antenna system.

4, Maneuverable booms.

5. Accelerator systems.

6. Subsatellites.

7. Chemical release devices.

The primary source of instrument requirements was the Shuttle System
Payload Data [2-21, AP_06-5, which is included in the appendix. In addition,
previous studies (see References 2-3 through 2-6) were used extensively. The

following is a brief summary of some qualitative information ahout the
instruments.,

2.2.1 Remote Sensing Platform

The remote sensing platform is primarily a cluster of optical instru-
ments (e.g., spectrometers, interferometers, and photometers) boresighted
and mounted on a three-axis, gyro-stabilized mount. These instruments will
be used primarily in the performance of atmospheric science investigations
either as active experiments or in conjunction with, for example, the lidar
system, subsatellites, and chemical releases or alone as a passive remote
sensing platform. Typical experiments performed may include:

1. Horizon scanning of selected airglow features by high spectral and
high spatial resolution photometers and interferometers.

2. Vertical passive probing by infrared (IR} interferometry to deter-
mine the vertical distribution of constituents such as CO, and CO;. Cooled
optics and detectors may be features of these instruments.



3. Lidar probing of the lower atmosphere by monitoring signal
hackseatter.

4. Absorption measurements using the lidar system. DMeasurements
will be made in selected spectral regions hetween the Spacelab and a maneuver-
able subsatellite located from 1 to 2000 km from the Orbiter. Absorption in
the ultraviolet {UV) region would yield the concentrations of O, H, and N, while
the concentrations of O;, H,0, NO, and O, could be obtained from IR absorption.

5. Release of chemicals such as barium in the thermosphere above
100 km to observe the light scattered from the cloud. High spectral resolution
is required to obtain the wind velocity from the Doppler shift of the spectral
line and component of the electric field from the velocity of the ionized portions.

It is currently assumed that the remote sensing platform will house the
following instruments (note that only a few of the pertinent details are given
here for each instrument; additional information is contained in the appendix):

1. XUV Normal Incidence Spectrometer .
Wavelength Range 300_to 1300 A
Resolution 10 A
Field of View 10 deg

2. UV-Visible-Near-IR Scanning Spectrometer
Wavelength Range 1150 A to 1.0 gm
Field of View 13.5 deg (without collection optics)
16 arc sec to 38 arc min (depending
on slit width)
Resolution 0.1to 15 A
Slit Width 0.044 fo 6.5 mm

3. High Resolution Fourier SWIR Spectrometer
Wavelength Range 1to5pum
Resolution 0.05 cm™!

Ttield of View etc. 3 arc min to 5 deg

4. Cryogenic IR Fourier Spectrometer
Wavelength Range 5 to 150 pm
Resolution 0.1em™!

Field of View 3 arc min to 5 deg

5. IR Radiometer
Wavelength Range 3.5to4.2 pm



6. TFilter Photometer {4) .
Wavelength Range 1050 to 3500 A
1150 to 6500 A
1600 to 6500 A
2700 to 8000 A
Resolution 10 to 20 A
Field of View 1, 5, 15 min 1 deg

7. UV-VIS Documentation Camera (2) .
Wavelength Range 2400 to 7000 A
3500 to 7000 A
Resgolution Variable with filters
Field of View 30 deg

2.2.2 Lidar System

The operation of a laser ranging system in low Earth orbit has frequently
been recommended for use in the Shuttle era to enhance the capability for
understanding the atmosphere by providing precise observational data. Many
areas of investigation remain to be explored, however, hefore the AMPS lidar
is defined. There is the question of single frequency versus frequency doubling
versus tuning. Single frequency lasers, both gas (He-Ne, Ar, N) and solid
state (ruby, Nd-YAG), are generally speaking space qualified, whereas
tunable dye laser technology requires much advancement. Operation in the
pulsed mode appears to be the most desirable. The following are estimates of
the characteristics of the lidar system:

1. Pulsed dye laser.

2. Laser pumped.

3. Cassegrain optics for receiving and possibly transmitting.
4. Tuning range — 300 n.mi. to 1.5 pm {all dyes).

5. Energy per pulse — up to several joules.

6. Pulse duration — 5 to 30 nsec.
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2.2.3 Transmitter/Coupler System

The AMPS pallet-mounted transmitter/coupler system is currently
conceived as including three high power transmitter/frequency coupler systems
and a long dipole antenna with elements 330 m in length. System concepts are
shown in Figure 2-1. The general characteristics of this system are as follows:

Drive System Voltage Up to 20 kV (10 to 20 kW)
Radiated Power 500 watts
The three general areas of experimental interest are described below:

1. Wave Propagation: The basis for any propagation experiment is
that a wave traveling between two points will be affected in some measurable
and interpretable manner by the plasma. In cases where the wave behavior is
well-understood, the measurement may be interpreted as a plasma diagnostic;
while, if the plasma properties are otherwise known, the measurement may
indicate the properties ofthe wave. Experiments typical of this area are:

a. Transmission experiments, either from antenna to antenna on
the AMPS, to a subsatellite or to the ground, and vice versa,

b, Reflection experiments, with both transmitter and receiver on
the AMPS and specular reflection in the media acting as a second point.

c. DBackscatter experiments, with both transmitter and receiver
on the AMPS and scattering from various particles in the plasma.

2. Non-linear Interaction: There are two basic types of nonlinear
effects, wave-wave interactions and wave-particle interactions. In each case
it is necessary to make measurements of several parameters simultaneously
concerning the ambient plasma, the wave, and disturbed plasma features,

a. Wave-Wave Interaction: Most of the interest shown in previous
studies in this area is in the basic processes involved in wave-wave interaction
with application to the ionospheric/magnetospheric plasma either to understand
natural processes or to use as a diagnostic tool [2-5].

b. Wave-Particle Interaction: The wave-particle interaction
experiments, stated simply, consist of either modifying the ambient plasma by
the introduction of particles in order to stimulate a growing wave or to input a
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wave which interacts to alter the plasma (usually the electron or velocity dis-
tribution) in a semipermanent (nonoscillatory) maneuver. The basic ways for
altering the plasma to produce waves are by beams and injections (recleases).
High power transmitters on both the AMPS and the ground have been suggested
as sources for waves which could alter the plasma. In some cases the purpose
is to study the basic processes of nonlinear wave-particle interactions and, in
others, it is to study the ionosphere-magnetosphere with the interactions as a
diagnostic tool. I

3. Wave Sources: Except for thosc cases where either natural waves
are to be observed or waves arc to be excited by sources on the ground or on
other vehicles, it will be necessary to stimulate the desired waves by some
mechanism on AMPS. Two possibilities are field sources (antennas) and
particle sources (beams and releases) [2-5]. The determination of which
type of source to use may arise out of practical considerations or may come
from an intrinsic interest in a particular system, In this latter instance the
system is predetermined. In many cascs, however, it has yet to be established
as to which, if any, type of source can produce 2 desired wave with sufficient
amplitudes to be used in experiments.

2.2.4 Boom System

It seems that having long extendible and retractable booms in the AMPS
payload is highly desirable for use in the performance of experiments involving
wake and sheath studies, and wave-wave and wave-particle interactions, and
in monitoring the characteristics of the ambient plasma and other measure-
ments that must be made nearby but away from the disturbing influence of the
Orbiter.

The passive or diagnostic boom contains a full array of equipment to
measure the plasma characteristics (density, temperature, composition,
suprathermal particle population) as well as the ambient de magnetic field
vector, one axis of the dc electric field, and the electric and magnetic com-
ponents of local plasma waves. The following instruments are currently
assumed to be located at the end of the passive boom:

1. 5-m subboom with 1-m loop antenna.

2. 5-m subboom with magnetometer.

3. 1l-m electric dipole.

4, 33-m electric dipole,
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10.
11.
12.
13.
14.
15.
17.
17.
18.
19.

20.

The second 50 m boom is the active or perturbing boom and might con-
tain an electrostatic plasma wave generator for boom-to-boom transmission
experiments and various targets for wake and sheath studies.
might be balloons with various shapes and surface materials, capable of being
biased electrically with respect to the ambient plasma.

Triaxial search coil.
Triaxtal fluxgate.
Alignment TV.

Ton mass spectrometer,.
Spherical ion probe.
Cylindrical ion probe.
Planar segmented probe.
Neutral mass spectrometer.
Triaxial hemispherical analyzer.
Planar electron trap.
Electrostatic analyzer.
Magnetic analyzer.
Particle detector.

Energy detector.

Power system.

Data system.

2.2.5 Gimbaled Accelerator System

In the current conceptual design the accelerator system consists of
electron and ion accelerators and a magnetoplasmadynamic {(MPD) arc, all
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mounted on the same gimbal platform. A capacitor bank is provided for elec-
tron and ion accelerator operation and a separate bank is provided for the
MPD arc. These three particle accelerators constitute one of the primary
sources of plasma perturbation on the AMPS facility. They would be used in
conjunction with, for example, subsatellites, the remote sensing platiorm,
and chemical releases in the performance of experiments in such areas as
artificial aurora generation and electric and magnetic field topology experi-
ments, The following are some of the possibly desirable features of the
particle accelerators:

1. Electron Accelerator

Accelerating Voltage 5 to 50 kV
Output Current 0.5 to 1.0 amp
Beam Power 500 kW /burst
Beam Energy 100 000 joules

Some areas of concern are:

. a., Current neutralization of the AMPS Laboratory. The emission
of charged particles from the AMPS will create a potential difference between
the AMPS and the ambient plasma. The beam will thus be unable to escape if
a sufficient return current is not collected to neutralize the system. The
question of whether the natural collection of a return current collected by the
Orbiter/Spacelab surface from the ambient plasma is sufficient has not been .
fully answered at this time.

b. Contamination of the electron gun filaments resulting in failure
or degraded performance must he assessed.

2. lon Accelerator

Typical Gases Cesium, Argon, Hydrogen
Accelerating Voltage 5 to 50 kV

Output Current 0.5 to 10 amps

Beam Power 500 KW /burst

Can use same capacitor bank as electron accelerator
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3. DMagnetoplasmadynamic Arc

Voltage 300V
Current 20 000 amps
Burst Length 50 msec (1/10 mole)

A separate capacitor bank is required

2.2,.6 Subsatellites

The requirements placed on a subsatellite by the AMPS payload appear
to vary considerably. Some experimenters suggest a relatively small unso-
phisticated unit which would remain near the AMPS (e.g., 5 km), while
other experiments may require a subsatellite with substantial propulsion and
control capability [2-3]. There is also an apparent desire for a geosyn-
chronous orbiting satellite which would be used in correlative type experi-
ments; however, such a satellite would probably not be part of the AMPS
payload.

The analyses and trade studies performed to date have been baged on
only one type of subsatellite — the Atmosphere Explorer (AE) (Fig. 2-2) [2-7].
In addition to the experiment payload [approximately 95 kg (210 1b)] and
structural and thermal components, the AE subsatellite includes attitude
control, propulsion, power, communications, data handling, and solar pointing
subsystems. The attitude control system stabilizes the subsatellite in pitch by
means of momentum interchange between the spacecraft and the internally
mounted momentum wheel. The system permits selection of spin rates in a
range of from 1 revolution per orbit to 10 revolutions per minute. The hydra-
zine orbit adjust propulsion system is the blowdown type, providing 75 000
Ib-sec total impulse equivalent to a velocity capability of 2000 ft/sec {610
m/sec). Three thrusters are provided, each of 17.8 N (4 Ib) initial thrust.
The subsatellite power system is of the conventional type, consisting of an
array of solar cells, three nickel-cadmium batteries, and unregulated -26 v
to -39 V supplies. Array output is a function of sun angle with a maximum of
approximately 150 watts at 45 deg. The communications equipment is com-
patible with the Spaceflight Tracking and Data Network (STDN) and comprises
a VHF transmitter, redundant S-band transponders, and premodulation equip-
ment. A simultaneous command, ranging, range rate, real-time, and play-
back telemetry S_band capability is provided. The data handling system
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Figure 2-2. Atmosphere Explorer subsatellite.

provides a real-time and remote command capability, and converts analog,
discrete and digital science data into a single digital, scrial bit stream for
storage on board or transmission to AMPS or ground. Telemetry data storage
is furnished by two tape recorders, each having a storage capability of 120
min of data. The current design is structured as a 128 eight-bit word main
frame, with several words subcommutated. The solar pointing system con-
sists of a two axis gimbaled platform housed within the spacecraft adapter.

The use of tethered platforms or small "throw-away-detectors' to

perform measurements away from the Spacelab has not been fully assessed at
this time,

2.2.7 Chemical Releases

Experiments that were identified in previous studies [2-3, 2-5]
required chemical releases in the magnetosphere and upper atmosphere.
These involved a number of chemicals such as barium, lithium, sodium, sulfur
hexafluoride, and trimethyl aluminum. Several release techniques could be
utilized depending upon the specific experiment; examples are:
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1. Barium relcasc by a thermite reaction some distance from the
Orbiter, The barium metal ig vaporized by the thermite reaction and sub-
sequently partially ionized by solar UV radiation.

2. Barium release by a shaped charge injection. In this case, barium
jets are directed along field lines by detonating a hollow charge of high explo-
sive covered with a conical layer of barium metal. Ionization is again
provided by the solar UV radiation.

The dispersion of the barium neutral and ionized clouds are observed
and measured from the AMPS laboratory and at ground-bhased chservatories.
Requirements such as canister injection, the minimum distance canisters
must be from the Orbiter before reaction is initiated, safety requirements,
and contamination problems have not been fully assessed at this time. It has
been assumed, however, that spring ejection mechanisms and/or propuisive
units will be required, depending on the distance and rate requirements
imposed.
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3.0 DESIGN REFERENCE CONFIGURATION DESCRIPTION

3.1 SPACE SHUTTLE SYSTEM DESCRIPTION

The Space Shuttle system is composed of the Orbiter, the external tank
containing the ascent propellants to be used by the Orbiter main engines, and
two solid rocket boosters (SRBs). The Shuttle flight system is shown in
Figure 3-1.

(2) SOLID ROCKET
BOOSTERS (SRB)

EXTERNAL
TANK

Figure 3-1. Space Shuttle flight system,

The SRBs and the Orbiter main engines fire in parallel, providing thrust
for 1lift-off. The Orbiter main engines continue firing until the vehicle reaches
the desired suborbital flight condition, The external tank is jettisoned at that
time. The orbital maneuvering subsystem (OMS) is immediately fired to place
the Orbiter in the desired final orbit.

The Orbiter shown in Figure 3-1 is a reuseable vehicle designed to
operate in orbit for missions up to 7 days duration. However, the Orbiter is
being designed so as not to preclude missions of longer duration — up to 30
days.

The mission phases representing a typical operational sequence are
illustrated in Figure 3-2.
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Figure 3-2. Mission phases,

The crew and other personnel will be accommodated in a shirt-sleeve
environment in a two-level pressurized cabin. The cabin is being designed for
a basic crew of four with expendables provisioning planned for 28 man-days.
Provisioning storage capacity is provided for a total provisioning capability of
42 man-days.

The Orbiter crew consists of the commander and pilot. Additional
crewmen which are required to conduect Orbiter/Spacelab operations are a
mission specialist and payload specialists. The duties of these crew members
are defined as follows:

1. Commander: The commander will be in command of the flight and
will be responsible for the overall space vehicle operations, personnel, pay-
load flight operations, and vehicle safety.

2. Pilot: The pilot will be second in command and will be equivalent
to the commander in proficiency and vehicle knowledge. He will be the hackup
crewman for EVA gperations,

3. Mission Specialist: The mission specialist is operationally oriented
and his background/training will be commensurate with Spacelab-type missions.
He will work with and assist the payload specialist(s) during Spacelab opera-
tions. He is responsible for interfacing and management of Spacelab/Orbiter
subsystem operations. He will be knowledgeable about vehicle and Spacelab
subsystems and flight operations and will be the prime crewman for EVA
operations.
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4, Payload Specialist: The payload specialist{s) is the onboard
scienfist/ experimenter and will be responsiblé for AMPS experiment operations
for that flight. He will have a detailed knowledge of the scientific instrumenta-
tion and supporting equipment including the Spacelab multifunction display sys-
tem (MFDS) and the AMPS payload dedicated experiment controls and displays.
Up to four payload specialists may be accommodated.

The Orbiter-provided services available for use by the AMPS payload
include the following: '

1. Structural Attachment: Thirteen payload structural attach points,
nine of which are evenly spaced 1.5 m (59 in. } apart, are provided along the
payload bay for structural attachment of the payload to the Orbiter.

2. Crew Accommodations: The Orbiter provides 28 man-days of
expendables and crew equipment for four people. Stowage is provided for 42
man-days of provisioning. ‘

3. Remote Manipulator System: The Orbiter is provided with a manipu-
lator arm mounted on the left longeron and capable of reaching 50 feet from the
pivot point. A second manipulator arm, mounted on the right longeron, is
available as a payload-chargeable option.

4. Electrical Power: The Orbiter payload-dedicated 7 kW fuel cell
supplies 50 kW-h of nominal 28 Vde electrical power to Spacelab and AMPS,

5. Environmental Control and Life Support: The Orbiter provides con-
trol of the environment within the Spacelab pressurized module, in addition to
controlling the environment within the crew cabin. The Orbiter active thermal
control system collects excess heat from both the Orbiter and the Spacelab
(via the payload heat exchanger) and rejects it to space from the Orbiter
radiator. . ‘

6. Avionics: Avionics provides to payloads the data necessary to
initialize the payload, onboard digital computation, voice communication,
reception of uplink commands and data, transmission of digital and wide band
data, TV, digital data reception from detached payloads, and tracking capability.

7. EVA: The Orbiter provides the equipment and expendables to support
extravehicular activity (EVA) for planned or contingency operations.

The Space Shuttle system provides a general capability for the transpor-
tation of a wide variety of payloads to and from low Earth orbit altitudes at
various inclinations and it utilizes two launch sites, Kennedy Space Center
(KSC) and Vandenberg Air Force Base (VAFB).
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On-orhit translational delta-V is provided by the ORMS and the reaction
control subsystem (RCS)., The OMS provides the propulsive thrust to perform
orhit insertion, orbit circularization, orbit transfer, rendezvous, and deorbit
maneuvers. The RCS provides the propulsive thrust for three-axis angular
control and three-axis translation of the Orbiter.

The Orbiter integral OMS tanks are sized to provide a 1000 fps delta-V
with a 65K b cargo. Thesc tanks provide a useable propellant capacity of
23 876 b (10 840 kg). Up to three extra OMS kits which are payvload chargeable
items ean be installed in the payload bay for increased operational flexibility.
Each kit containg one-half as much useable propellant as the integral OMS tank-
age, resulting in a total kit propellant capacity 1.5 times that of the integral
tankage. Independent of whether one or three OMS kits are flown, approxi-
mately the aft 3 m of the payload bay are occupied by the kit(s}.

The Shutfle can deliver payloads to and retrieve them from the orbital
inclinations shown in Figure 3-3. The suborbital disposal of the external tank
does, however, present limitations on some discrete inclinations between 56
and 70 deg from VAFB. Inclinations greater than 104 deg are under study.
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Figure 3-3. Launch azimuth and inclination limits
from VAFB and KSC.

Figures 3-4 and 3-5 show the maximum cargo weight that can be placed
into a circular orbit as a function of placement orbit altitude and inclination,
Figure 3~4 is for missions launched from KSC and Figure 3-5 is for those
launched from VAFB. The dashed lines on these figures indicate the orbits
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chosen for the two AMPS missions addressed in this Phase A Study. For a
due~east launch (28.5 deg inclination), the Space Shuttle can place a 14 528
kg (32 000 1b) AMPS payload in a 435 km (235 n.mi. ) cireular orbit. The
same payload mass can be placed in a polar (90 deg inclination) orbit of 340
km (185 n. mi. ) altitude,

The Orbiter can deorbit and land with a 32 000 1b (14 528 kg) maximum
payload mass. Payloads which are to be returned from orbit should not exceed
this value. Under abort or emergency conditions, the Orbiter can return and
land with payloads between 32 000 1b (14 528 kg) and 65 000 1b (29 482 kg) but
must be operationally constrained to the load limits associated with a 32 000
Ib (14 528 kg) payload.
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3.2 SPACELAB SYSTEM DESCRIPTION

The Spacelab concept is a fully modularized design with sufficient capa-
bility and flexibility to accommodate a wide range of AMPS requirements. The
Spacelab design and operational concepts greatly enhance the idea of AMPS ag
a facility where relatively standard equipment contained within the pressurized
module will permit the scientist/experimenter to interact with the experiments
performed by the multifunctional and multipurpose instruments mounted on the
pallet.

With this design, the size of the module, which provides the pressurized
(1 atmosphere) habitable volume, can be varied by utilizing a single module or
by comnecting two cylindrical segments. Each segment is 4. 06 m in diameter
and 2.689 m in cylindrical length. The pallet segments are 2. 895 m in length,
are mounted independent from the module, and are suspended in the payload
bay using their own attach fittings. The pallet segments may be structurally
linked (maximum of three segments in any one pallet frain) or may be individ-
ually attached to the Orbiter,

Figure 3-6 shows a typical Spacelab configuration composed of a two-
segment pressurized module and one 3~m pallet segment. The forward-located
"core'' segment contains subsystem equipment and crew work space, but it
also provides 60 percent of the rack area for experiment installation. The core
segment is currently viewed as being sufficient for AMPS controls and displays
and is shown in a cross-sectional view in Figure 3-7. The aft experiment seg-
ment is dedicated entirely to experiment installation and operations. Crew
ingress into and egress from the module is provided by the tunnel at the for-
ward end which connects with the Orbiter erew compartment. This funnel also
provides for EVA by use of a hatch. The module is structurally attached to the
Orbiter payload by a series of fittings (two of the four are shown) located on
the main ring frames of the module cylindrical segments.,

The Spacelab-provided resources that are available for use by the
AMPS payload include the following:

1, Structural Support: Spacelab provides structural attach fittings for
bhoth pallet-mounted equipment and internal experiment or support hardware.
Within the core segment, 60 percent of the total volume is available to AMPS,
corresponding to approximately 8 m? (85 ft%) of additional control and display
(C&D) panel area.

2. Command and Data Management: Available to the Spacelab payload

is scientific and housekeeping data acquisition and distribution, experiment
command and control, and onboard data processing, display and recording.
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Figure 3-6. Typical Spacelab configuration.

3. Electrical Power Distribution: The Spacelab payload may utilize the
unregulated 28 Vdec power from the Orbiter or can make use of Spacelab to
regulate that power or convert it to ac at a variety of frequencies.

4. Environmental Control: The Spacelab environmental control subsys-
tem interfaces with the Orbiter active thermal control subsystem in the collec~
tion and rejection of heat energy dissipated by both the Spacelab and the Space-
lab payload. In the module the primary method of cooling is by convection with
an option for cold plate interface, whereas high heat dissipators on the pallet
may interface with the cold plates on each pallet segment.

9. Common Payload Support Equipment: Options available to the pay-

load as part of Spacelab include provisions for airlocks, optical windows, view-
ports, film vaults, and a pressurized igloo for pallet-only missions.
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Figure 3-7. Cross section of Spacelab core segment.



3.3 AMPS DESIGN REFERENCE CONTIGURATION

Many AMPS payload configurations were conccived during the Phasc A
Study. This section is a brief description of the fuily complemented, flight-
dedicated payload which served as the design reference for the study, The
reader is referred to Sections 4 and 5 for additional discussions of the design
reference and alternate configurations.

It must be reemphasized at this point that the configuration design and
other analyses documented herein are the result of early AMPS-related studies
and MSFC in-house engineering. The recommendations of the AMPS Science
Working Group regarding instrumentation and experiment operations are not
reflected in this report.

The Phase A Study AMPS Design Reference Configuration is shown in
Figure 3-8, All of the scientific instrumentation is externally mounied on
three 3-m Spacelab pallet segments. To assist in the maintenance of instru-
ment co-alignment, the three pallet segments are structurally linked and
attached to the Orbiter with one set of attach fittings.

The 2. 689 m cylindrical length Spacelab pressurized module (core seg-
ment only) houses the Spacelah MFDS and the AMPS dedicated C&D for experi-
ment control and monitoring. While attempting to maximize both the role of the
onboard experimenter and the use of the Spacelab MFDS, it was determined that
the panel area available for AMPS-dedicated controls and displays (approximately
8 mz) is marginally sufficient. The addition of the 2. 689 m experiment module
for additional C& D space is highly undesirable due to the attendant decrease in

area available for pallet-mounted instruments.

The instruments which are shown in Figure 3-8 are listed in Table 3-1.
The instruments interface with the pallet for structural support, active thermal
control, and electrical power and to receive commands and transmit scientific
or housekeeping data. Fach pallet segment is currently envisioned as contain-
ing eight cold plates for reception of excessive instrument heat energy. The
details of this thermal interface are currently under study. Structurally the
instruments can be mounted on both the inner floor panels and the side wall
skin panels. To increase operational flexibility and pallet instrument packaging
efficiency, additional instrument support platforms are proposed as in Figure
3-8, where it can be seen that three platforms at two different levels have been
included. struments receive ac and/or de electrical power from the Spacelah
core segment through the distribution box and interface connections on each
pallet section. Commands and data are normally transmitted between the
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Figure 3-8. AMPS Phase A design reference configuration.



external instruments and the pressurized module via the 1 MBPs data bus with
higher rate data hardwired to the Spacelab computer memory or to the Orbiter
communications system.

Scientific instrument support equipment on the pallet includes two 50-m
booms and their associated extension/retraction mechanisms; eleetrical energy
storage systems {capacitor banks) for pulsed instruments, such as the particle
accelerators and the lidar; a three-axis, gyro-stabilized remote sensing plat-
form (RSP) for the optical instruments; and a number of gimbal systems for
the RSP, the booms and boom-mounted platform, and the electron and ion
accelerators. In addition, it may be necessary to locate special communications
equipment on the pallet for commanding and receiving data from subsatellites.
The need for and details of such a system are currently under study (see
Section 6.4).
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TABLE 3-i. AMPS PALLET MOUNTED SCIENTIFIC INSTRUMENTS

Remote Sensing Platform Boom System.
AP102 XUV Normal Incidence AP501 50 m Boom A
Spectrometer AP502 Gimbaled Platform
AP103 UV-Visible-NIR Scanning AP503 5 m Boom K
Spectrometer AP504 1 m Loop
AP104 High-Resolution Fourier AP505 Short Electric Dipole
SWIR Spectrometer AP506 Triaxial Search Coil
AP105 Cryogenic IR Fourier AP507 5 m Boom L
Spectrometer AP508 Rubidium Magnetometer
AP106 TR Radiometer AP509 Triaxial Fluxgate
AP107 Fabry-Perot Interferom- AP510 33 m Electric Dipole,
eter Extendible
AP108 Filter Photometer AP511 Power Supply
AP109 UV-Visible Documentation { AP512 Data System
Camera AP513 Alignment TV
AP514 Ion Mass Spectrometer
I.aser Radar Sysiem AP515 BSpherical Ion Probe

AP516 Cylindrical Ion Probe
AP517 Planar Segmented Probe
AP518 Neuirzl Mass Specirometer
AP519 Triaxial Hemispherical

AP201 Lidar Transmitter/
Receiver

Gimbaled Accelerator System

Analyzer
AP301 Ton Accelerator AP520 Planar Electron Trap
AP302 Storage Banks 2 to 5 kJ Hv | AP521 50 m Boom B
AP303 Gimbaled Electron AP522 Wave Generator
Accelerator AP523 Target
AP304 MPD ARC, with Condenser
Bank Deployable Units

AP601 Barium Canister, 100 gm
APg02 Barium Canister, 1 kg
AP401 Transmitter/Coupler (10 APs03 Barium Canister, 10 kg

Transmitter/Coupler System

kW 0.2 to 2.0 MHz) AP510 Shaped Charge, 1 kg

AP402 Transmitter/Coupler (10 | AP611 Shaped Charge, 5 kg
kW 2,0 to 20,0 MHz) APg12 Shaped Charge, 20 kg

AP403 Transmitter/Coupler (1 AP620 Balloon, Spherical Insulated
kW 0.3 to 200 kHz) APg21 Balloon, Spherical Conducting

AP404 Dipole Element -~ 330 m
Deployable Subsatellites

AP700 Deployable Satellite System

(2)
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4.0 CONFIGURATION DESIGN

4.1 INITIAL CONCEPT

The initial AMPS concept (Fig. 4-1) included all the experiments as
defined in Shuttle System Payload Description (SSPD)} document, AP -06-S.
This configuration required a pressurized module with three 1.5 m sections
and a pallet consisting of five 1.5 m sections with an extension platform
attached to each end. One cylindrical section of the pressurized module con-
tains the Spacelab subsystems, and the experiments consoles are contained in
two other sections. The experiments were taken as defined and mounted on the
pallet, yielding a configuration that has the center of gravity (c.g.) completely
out of the allowable range.
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OO0 KIMG MODULE,

Figure'd-1. AMPS configuration A.



4.2 BASELINE CONCEPT

The first attempt to revise the initial configuration into an acceptable
concept involved the reduction of the pressurized module from three sections
to two sections. The mount for the remote sensing platform was changed to a
more compact design, the deployable satellites were stacked, and the deployable
units were mounted on a common frame. All the heavier experiments were
located as far aft on the pallet as possible, resulting in the baseline configura—
tion shown in Figure 4-2. This is a very compact configuration but the
pressurized module is too small to accommodate the experiment consoles as
defined by the SSPD and very little space is available on the pallet for additional
equipment or experiment growth. '

TRANSMITTER / COUPLER
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h I % SATELLITE

- - T [~ SYSTEM (2)
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H — =il
N s —

5TA  STA STA STA  §TA STA  STA

Tpe B33 833 951 ISOIO 1245 1302

- Py LOAD
ENEVELOPE

LTUNNEL L \-EXF.' UNIT \-FALLET
SUBSYSTEM OMIT

Figure 4-2., AMPS baseline configuration.

The Shuttle manipulator, as defined, cannot deploy and retrieve the
satellites located in the aft pogition of the pallet. In addition, the location of
the heavier experiments on the rear of the pallet concentrate a very large load
that could be more than a standard type pallet can support. Also, the weight
and c.g. of this configuration is out of the acceptable range,

All the experiment view angles required by the SSPD cannot be accom-

modated by the configuration because they are large and interfere with other
experiments or structures. In particular, the smaller view angle requirements
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of the remote sensing platform and the lidar system cannot be accommodated
because of the interference with the Shuttle aft fin, the extended booms, and
the other experiments. The gimbaled accelerators, consisting of three
accelerators and a storage bank, were mounted on a gimbaled platform. TFull
rotation of the platform can be accommodated but the instruments can only
swing about 30 deg without contacting the pallet floor.

Some of the experiments are located on platforms that are deployed up
to 50 m from the Shuttle payload bay by two booms. The experiments mounted
on boom A are shown in Figure 4-3, Experiments are mounted on both sides
of the platform which can be tilted up to 60 deg. Three of the experiments are
deployed from the platform after it is deployed by the boom. A typical platform
configuration for mounting experiments on both sides is shown in detail M of
Figure 4-3.

- SRETER BOOM K KUBIDIUM MAGNETQMETER

THARTER BOOM 1

TRIAKAL Fi UXGATE -~

h S
N £ DN FRSUNK BALT
WASHE 1
0,25 HOLE. - = NUT
{IPICALY = 1L (e ALy

-\: ALILRHERT T _’rf\}
A4 i
&— - - - - > \:xﬁ;p
e~ TIIAKIAT HLMISPRE KK AL Ak Y7FE L ' . \/,ﬁ i
E ppa— - s by o
‘é\\o — IATA SYSTEM — .., o g - MEUTRAL WAS% SPECTROMETER
"

] T
FAWER SUPRLY : 53 METER ELECTRIC DPOLE EXTENMILE
TYF 2 PLACES)

.
By =8 }
$
"ZMIERICAL 10N FROBE )
DETAIL ‘@
B LD ASE UL A5 LET
TR AT D A LLTT 0N MAsS SPEC) KOMETE K N LD AL 10 PR0BE

APTRGE FULL S0 ALE

AMTENNA, EXPERIMLNT HLATFRRM SEE DETAIL 1
] - -
o

——t ] e
| ;
-~ -

[
“\“_‘_‘:::;: '&} l»—an INCHES % 3""'\(3 ! MLTEK LOSP——

h

g A
b _ b

~—FLANAR FLECTRON TRAR

RS =) \
[N HES —— LXPERIMENT PLATFORM
IR \
’- ~| — TILT MECHANISM

-,
'S goom A £AT MRED

VIEW A-A

Figure 4-3. AMPS deployed platform A.

The launched configuration of boom A is shown in Figure 4-4. During
launch the boom is supported on a cradle that is attached to the pallet. This
support has a lock mechanism for releasing and securing the boom. A
canister extension on the end of the boom cylinder provides a lock for the
experiment platform during launch. Two-axis gimbal mounts are provided at
the base of the boom for maneuvering in orbit.

Boom B, Figure 4-5, is similar to boom A except for the experiments
and the experiment platform.
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4.3 ALTERNATE CONFIGURATIONS

Since the baseline configuration ¢.g. location was not acceptable, an
effort was made to establish an acceptable configuration,

4.3.1 Reduced Experiments

One method of shifting the c.g. aft is by reducing the size or number of
experiments. In Figure 4-6, the volume of each experiment was reduced by
50 percent, thus reducing the required length of the pallet by one section. This
allowed the pressurized module to be moved aft 1.5 m and shifted the c.g.
within acceptable range.
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Figure 4-6. AMPS experiments reduced 50 percent.

Another method of shifting the c.g. is to reduce the number of experi-
ments on each mission. Figures 4-7 through 4-10 show some possible con-
figurations with reduced experiments. Figures 4-11 and 4-12 show the experi-
ments divided into two missions with the experiments grouped for compatibility.
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4.3.2 Pallet Forward

The c.g. is improved by shifting the pallet to the front of the pressurized

module as shown in Figure 4-13.

The major problem with this configuration is

the connection of the tunnel from the Shuttle cabin to the pressurized module.

If the tunnel is routed over the top of the pallet floor, the number of experiments
that can be mounted on the pallet is reduced considerably. If the tunnel is
routed beneath-the-pallet floor, as shown in Figure 4-14, the floor of the pallet
must be raised, which results in some of the larger experiments being outside

the 4.3 m payload envelope.

4.3.3 Forward Platform

A combination of an aft pallet and a forward platform is shown in

Fipure 4-15,

The larger expériments are placed on the pallet and the smaller

ones are placed on the forward platform. The forward platform, being located
away from the Shuttle vertical stabilizer, gives the experiments a less
restricted view angle. This configuration did not improve the c.g., however.
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Figure 4-14. AMPS tunnel through pallet impact.
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4.4 REVISED CONFIGURATIONS

The forward platform configuration and the baseline configuration were
revised to reflect experiment configuration updating, the revised tunnel and
pallet configuration, and the rearrangement of experiments for better access
and view angle accommodations.

4.4.1 Forward Platform

The tunnel configuration was revised and the platform support and
tunnel support were combined as shown in Figure 4-16, thus simplifying the
installation of the platform. This configuration has a favorable c. z. location.
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|
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L..}..J 832 I

TRANSMITTER/COUPLER

) ] :&i b
§ =o=]

/P\_AYFDRM AtD \TUNNE,L_ \PALLET

TUNNEL  SUPPORT

Figure 4-16. AMPS revised platform forward.

4.4.2 Final Baseline Configuration

In Figure 4-17, the tunnel and pallet were revised to reflect the latest
configuration changes., The satellites were relocated so they can be reached
by the Shuttle manipulator for deployment and retrieval. The confipuration of
the booms was updated and the accelerator mount was modified for greater
maneuverability by removing the storage bank and placing it on the pallet. The
cryogenic tank was added to the remote sensing platform. The length of the
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Figure 4-17. AMPS baseline configuration B,

pressurized module cylinder was maintained at two 1.5 m sections although it
has already been determined that an additional section is required for the
experiment consoles defined by the SSPD,

The view angles required by the SSPD and those provided by the haseline
configuration are compared in Table 4-1, These view angles assume that the
booms are rotated forward during the operation of the other experiments.
There is alsc some viewing and operation restrictions on the remote sensing
platform, the gimbaled accelerator, and the lidar since these experiments can
partially block the view of each other and could physically contact each other.
There is also some restriction on the boom orientation caused by the remote
sensing platform.
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TABLE 4.1. VIEWING ANGLE REQUIREMENTS AND CAPABILITIES,

BASELINE CONFIGURATION

FOV Capability
FOV Required
Experiment % Solid Angle Forward. Aft Sides
Remote Sensing Platform AP110 55 75 45 73
AP111 a0
AP112 55
AP113 5a
AP114 55
AP115 60
APl16 45
AP117 45 Y Y Y
AP119 180G (L5 45 73
Lidar a0 80 33 90
Gimbaled Accelerators AP301 45 80 22 850
AP303 45 80 22 90
AP304 10 80 22 90
Transmitter/Coupler 27 gterad Will vary from 7 sterad near
Shuftie to near 27 sterad at
end




4.5 AMPS CONFIGURATION WITH ERNO SPACELAB

The configuration was adapted to the ERNO pressurized module and
pallet with some minor changes in the experiments as shown in Figure 4-18,
The MPD accelerator was separated from the ion and electron accelerators
and was hard-mounted to the platform. The deployable satellites were stacked
in cradles instead of being mounted together,

In adapting the experiments to the ERNO pallet, all experiments are
mounted on three platforms which are connected to the pallet cargo attach
points,
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Figure 4-18. AMPS with ERNO pallet,
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5.0 AMPS WEIGHT AND CENTER OF GRAVITY STUDY

The current Atmospheric, Magnetospheric and Plasmas in Space (AMPS)
payload consists of a 2.7-m (cylindrical length) Spacelab and a 9-m pallet which
when combined with the complete AMPS experiment complement results in an
acceptable weight and c.g. profile. The 9-m pallet is the minimum size on
which the complete scientific instrument complement can be packaged. The
current design Reference Configuration Layout (dated July 19, 1974) (Fig.

4-18) shows how the scientific instruments may be packaged on the ERNO
pallet. The current AMPS design Reference Weight Summary (dated September
23, 1974) (Tables 5-1 and 5-2) indicates the full complement of scientific
instruments, the mission-dependent equipment list, Spacelab, and Spacelab-
chargeable items for the AMPS payload, C

The subsections listed below contain the results of studies that were
conducted to assess the weight and c.g. problems and to attempt to identify and
define a configuration that would meet the Orbiter c.g. envelope and weight
constraints:

5.1 AMPS Current Design Reference Weight and c.g. Assessment

5.2 AMPS Weight and ¢.g. Assessment of Three Alternate
Configurations

5.3 AMPS Weight and e.g. Sensitivity Analysis of Various Spacelab
and Pallet Lengths



TABLE 5-1. AMPS DESIGN REFERENCE WEIGHT SUMMARY

Spacelaha

Module (2.7 m)

Pallet (9 m)

Payload Specialist Station (PSS)
Utility Bridge (Pallet/Module)
Utility Bridge (Spacelab/Orbiter)
Mission-Dependent Equipment

Spacelab Chargeablesa

Orbiter Retention Fittings
Power Kit

Heat Rejection Kit
Tunnel/Egress Hatch

Spacelab Payload

Total
Located on Pallet at Launch
Located on Pallet at Landing

Crew

Rescue Equipment

Reaction Control System (RCS) Propellant
Instrument/Pallet Attachments

Remote Sensing Platform {RSP)

Star Tracker

b
Lidar Gimbal Platform

Capacitor Bank (MPD° Arc)

Accelerator Gimbal Platform

Capacitor Bank (Ion and Electron Accelerators)
Transmitter/Coupler Mount

Deployable Boom A

Deployable Boom B

Weight

kg b
6 267 13 816
3175 7 000
1873 4 130
56 123
56 123
146 322
961 2 118
1 836 4 046
125 275
717 1 580
142 312
852 1 879
7 767 17 123
6 010 13 250
4 960 10 935
651 1435
35 78
227 500
454 1 000
408 900
33 72
187 412
544 1200
396 872
136 300
20 43
250 531
250 551




TABLE 5-1. (Concluded)

Communication/Data System (Booms)
Power Supply (Booms)

Deployable Units Release Mechanisms
Subsatellite Supports (2)

Subsatellite Communication/Data System
Controls and Displays

RSP Instruments

Lidar

MPD Arc

Ion Accelerator

Electron Accelerator
Transmitter/Coupler

Boom A Instruments

Boom B Instruments

Deployable Unifs

Subsatellites (2)

Total Launch Weight
Expended on Orbit

Power Kit Reactants

RCS Propellant

N, /0, Losses

Deployable Units
Subsatellite Propellant

RSP Instruments Cryogenics

Total Landed Weight

Weight

kg J1s]
24 52
14 30
73 160
136 300
115 254
844 1 861
393 866
100 220
10 22
150 331
15 33
190 419
57 126
6 12
695 1532
1 356 2 990
15 870 34 985
1737 3 828
422 930
227 500
38 83
695 1532
333 734
22 49
14 133 31 157

£

a. Current Spacelab Program Office level II weights which contain growth

margins,
b. Light Detection and Ranging System
c. Magnetoplasmadynamic
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TABLE 5-2. AMPS MISSIONJ)EPENDENT EQUIPMENT LIST

Structure

Rack for Experiments
Pickup Lugs (28 Hard Points)

Electrical Power and Distribution Subsystem (EPDS)

Inverter; 400 Hz, 2,25 kV-A
Experiment Switch Panel
Converter (500 watts)

Peak Power Battery

Charge and Protection Unit
Discharge Regulator

Command and Data Management Subsystem (CDMS)

Experiment Computer

Experiment Input/Output Unit

Experiment Remote Acquisition Unit {RAU) (one RAU
included with each pallet section)

Keyboard

Cathode Ray Tube (CRT) Display

High Bit Rate Tape Recorder

Analog/Video Recorder

Weight
Number of Each kg Ib

272.2 600.1

6 189.4 417.6
83 82.8 182.5
250.1 551.6

4 110,23 243.2
3 18.0 39.7
3 6.2 35.7
1 78.0 172.0
2 8.4 18.6
2 19.2 42,4
188.4 415.)

1 18.60 30.7
1 153.0 39,9
1 2.4 5.0
1 4,8 10.6
1 24.0 52.9
1 51.6 113.8
1 43,2 9H. 2




g

TABLE 5-2. (Concluded)

;

TV Maonitor ‘
Recorder and Communication Control Unit
Time Display

Habitability

Rails Consele Horizontal
Stowage Container/Packaging
Pallet-Pressurized Suit Assembly (PSA} Foot Restraint

Environmental Control Subsystem (ECS)

External Contaminant Monitor
Freon Lines and Disconnect
Freon Charge

Pallet Thermal Cover

Freon Flex Lines

Cold Plate

Payload Dedicated Heat Exchanger
Water for Payload Heat Exchanger

-

Common Payload Support Equipment (CPSE)

Viewport
Experiment Data Storage

Total

Weight
Number of Each kg Ib

1 19.2 42.3
i 3.6 7.9
1 3.6 7.9
25.6 h6.4

G 2.9 6.4
4 7.7 17.0
3 15,0 3.0
179, 8 396.4

4 7.2 15.9
15.0 Ja.1

50,8 112,0

3 33.5 73.9
8.4 18.5

7 32.5 71.6
2 31.2 6R.8
2 1.2 2.6
44,4 97. 9

2 34.8 7G6.6
1 9.6 21.2
960.5 2117.7




5.1 AMPS CURRENT DESIGN REFERENCE WEIGHT AND c.g. ASSESSMENT

The current design reference configuration has been assessed as an
acceptable configuration. The Orbiter payload coordinate system (TFig, 5-1)
was used for generating each of the ¢.g. profiles. The overall launch and
landing weight and c.g. profile are within the required Orbiter envelope as
shown in Figures 5-2, 5-3, and 5-4.

ORIGIN: PAYLOAD CENTERLINE AT THE FRONT OF THE PAYLOAD BAY

Figure 5-1. Orbiter payload coordinate system.
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5.2 AMPS WEIGHT AND c.g. ASSESSMENT OF THREE ALTERNATE
CONFIGURATIONS

An AMPS c.g. impact assessment was made on three alternate con-
figurations: special platform forward, pallet forward, and reduced scientific
instruments. These configurations were investigated in an attempt to move the
payload c.g. to the rear such that it would meet the Orbiter c.g. envelope
consiraints.

In the special platform forward concept, low density instruments are
mounted on the forward platform so that the pallet length may be reduced,
hence allowing the heavy pressurized module to be moved rearward.

Reversing the pallet and Spacelab (second configuration) shows the c.g.
impact of moving the pressurized module to the very rear end of the cargo bay.

The last case investigates the impact on the c.g. of arbitrarily reducing
instrument size. The instruments were reduced by 50 percent in size and 20
percent in weight, This resulted in a 25-ft pallet length, thus allowing the
pressurized module to be moved rearward 5 fit.

The configuration layouts used and the c.g. graphs generated by this
study are shown in Figures 5-5 through 5-8. The April 1974 design reference
data point is included for comparison purposes.

The following is a summary of results:

1. Landing weight exceeds the 32 000-1b limit for all except the
reduced instrument configuration.

2. The X-c.g. is unacceptable for the special platform forward
configuration,

3. The X-c.g. is acceptable for the pallet forward and the reduced
instrument configurations.

4, The Y-c.g. and Z-c.g, are considered adequate at this time. The
Y -¢.g. should be monitored to insure that the envelope of approximately £3 in.
is met.
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5.3 AMPS WEIGHT AND c.g. SENSITIVITY ANALYSIS OF VARIOUS
SPACELAB AND PALLET LENGTHS

A study has been completed to determine the sensitivity on AMPS weight
and longitudinal c.g. envelope of different combinations of pallet and Spacelab
lengths of 10, 15, 20, 25, and 30 ft. Lengths greater than 30 ft and combina-
tions greater than 40 [t were not considered because of the overweight and
longitudinal ¢.g. problems.

The design reference scientific instrument layout, which is very tightly
packaged, requires a 30-ft pallet and results in an average pallet packaging
density of 4.4 b/ft? (504 lb/linear {t). This was assumed to represent the
maximum average pallet packaging density for determining the payload loading
for pallets shorter than 30 ft as shown in Figures 5-9 through 5-14.

The scientific instrument weights located on the pallet were reduced at
10- and 20-percent intervals to determine the longitudinal (X) c.g. trend. This
X-c.g. trend is forward and down which requires a minimum instrument weight
in a few cases to maintain an acceptable X_c.g. envelope.

The AMPS weight, longitudinal {X) e.g., and payload capability impact
may be determined from Figures 5-9 through 5-14 for any combination Spacelab/
pallet lengths considered in this study. The X-c.g. would be acceptable for
the April, 1974 design reference and most of the configurations considered if
the overall weight could be reduced uniformly from the Spacelab, integration
and support equipment, and the scientific instruments.
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6.0 SUBSYSTEMS

6.1 STRUCTURES

6.1,1 50 Meter Booms

6.1,1.1 TIntroduction

This section documents the considerations and analysis performed on the
Atmospheric, Magnetospheric and Plasma in Space (AMDPS) facility booms
which are to be used for the wake and sheath experiments, The experiments.
require two hooms, of which one is the exciter and the other is the measure-
ment boom. To place the exciter and measurement package out of the Orbiter
wake, the booms extend the instruments 51 m (167.8 ft) above the pallet floor.
The base of both hooms are gimbaled so that the boom can be moved in a motion
pattern that will determine the detail characteristics of the wake structure.

It is required that the booms' instruments be separated by 85 m and then
moved laterally. When the instruments reach the wake boundary, the booms
are moved again bringing the instruments closer together, at which time another
lateral motion in the opposite direction is started. The entire sweep pattern is
discussed in Section 6. 3.

While the instruments are making measurements, the relative rate
between the exciter and measurement instruments is limited to 0. 5 m/sec and
at the wake boundary where the instruments are moved closer together, a rate
of 2.0 m/sec is allowed. Relative position of the instruments at the ends of
the booms is important since relative pointing errors are limited to 0, 5 deg.
This zig-zag motion associated with the rates, length of boom and experiment
instrument mass poses a severe dynamic problem.

6.1.1.2 Boom Typé

There are two basic types of deployable booms that could be used for
these types of application: (1) a furlable tube [ {STEM) or tubular extendible
glement (TEE) being two specific types] and (2) a lattice structure that is
stowed in a canister by coiling or articulating its members. Both of these
types of booms can be made in various lengths and cross sections and can be
constructed of many different materials. However, due to the extreme length
of the boom and strength requirements that will obviously exist, a single furlable
tube design would not be satisfactory and a design utilizing multiple tubes would
become too complex and unreliable. Therefore, only lattice structure booms
have been considered for the AMPS,



The articulated type of lattice boom was selected first primarily
because of the practically unlimited boom size capability. The member sizes
could also vary over a wide range and they could be constructed from a large
variety of materials. This was an important aspect since the overall charac-
teristic requirements of the boom were not known and the dynamic analysis
‘would probably require boom characteristic iterations. It was believed that
the size and materials could be selected to yield the final requirements without
much difficulty.

In the articulated lattice design, the longeron and batten, or frame,
members are attached at rotating joints. This proved to be undersirable since
these joints necessarily require clearance in their components to allow trouble-
free motion during stowing. The clearance allows a large free motion or slack
in the boom. Calculations show that the tip rotations were excessive and, for
this reason, the articulated design was dropped.

The coilable lattice boom is similar to the articulated boom but the
movable joints are eliminated. Its longeron-to-batten joints are located so
that, when the boom is forcibly twisted to buckle the battens, it then has the
mobility necessary to coil into the stowed configuration. Its longerons and
batten members are usually made of fiberglass and the diagonal members are
typically steel cables.

The coilable boom is deployed and stowed by a motor-driven canister
whose upper portion is a rotating three-lead screw nut. Lugs, which are
attached to the boom at the longeron and batten joint, are engaged by the rotating
nut threads, Thus, the boom is simply serewed into and out of the canister.

The physical characteristics of the AMPS boom are shown in Figure
6-1. These initial characteristics were established from a cursory analysis
done on a simple cantilever beam model.

6.1,1.3 Dynamic Analysis

A transient response analysis of the booms was performed while they
were being moved by forques applied to the gimbals. This analysis also includes
the rigid body motions relative to the Orbiter. The configuration used for
modeling is shown in Figure 6-1.

6.1.1.4 Model Description

 An idealized discrete mathematical model of both booms attachad to
the Orbiter was constructed as shown in Figure 6-2. The motion of the struc-
tural system which includes the Orbiter was represented by 19 grid points con~
nected by elastic members which have different mass densities. Concentrated
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masses were also included. A large mass of 9.5 % 10? kg located at node 10
represents the Orbiter. The Orbiter irertia properties are also lumped at
this node, Masses were also located at nodes 1 and 19 which represent the
measuring instrumentation and at nodes 9 and 11 which represent the movable
portion of the boom gimbal equipment. The 171. 36 kg boom structural mass
is located at discrete points along the boom length,

The geometrical locations of all node points and the lumped inertia
properties at the nodes are summarized in Table 6-1 and the structural stiffness
properties of the members are shown in Table 6-2, FElastic members 8, 19,
and 10 simulate the Orbiter body and the stiffness of these members were made
severai orders of magnitude larger than those of the booms to represent the
relatively high Orbiter hody stiffness.

As shown in Figure 6-2, the measuring boom and exciter boom are
hinged to the Orbiter at nodes 9 and 11, respectively, and are allowed to
rotate about the X and Y axes.

6.1.1.5 Actuator Torques

Since the booms are hinged to the Orbiter at nodes 9 and 11, two deg
of freedom of rigid body motion is permitted at each of these nodes. Actuator
torques applied at these nodes are assumed to be equal and opposite. The
torques about the X axis were applied at time t= 0 in the analysis and torques
about the Y axis were applied 40 sec later. Figure 6-3 shows the details of
the torque profiles used in this analysis, These torgques are the forces required
to drive the booms over their sweep pattern. The pattern is described and dis-
cussed in Section 6. 3.

6.1.1.6 Inertia Coupling Between Booms and Orbiter

The joints at nodes 9 and 11 are structurally medeled as hinges which
do not transmit torque. However, the motions of the booms are in reality
controlled by actuators which do provide some constraint and will transmit
torque all of the time, Without loss of generality, these constraints can be
written in terms of the following kinetic 1 deg of freedom relationships between
the boom and Orbiter:

16 =T |, (1)



Ibe=T-FRb : (3)

where
IO = mass moment of ihertia of the Orbiter about the hinge point,
Im = mass moment of inertia of actuator,
Ib = mass moment of inertia of the boom about the hinge point,
‘80 = acceleration of Ol;biter about the hinge point,
gm = acceleration of Orbiter about the actuator,
b‘b = acceleration of boom about the hinge point,
T = torque at the hinge point,
Tr = reaction forqgue of the Orbiter,
F = interface force in gear frain,
Rm = radius of driver gear, \

Rb = radius of boom gear.

The gear ratio N is defined as

N=R/R_ . (4)

Since the gears must rotate together, a kinematic relationship can be
established:

Rm E’m B "Rb' Bb
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or

Bm = Rb ﬁb/Rm .
Thus,

e - _.N [ . 5
2 b, (5)

By eliminating the Tr and F from equations (1) through (3) and substituting

equations (4) and (5) into equations (1) through (3), the following inertia
coupling relationship is derived:

2 s _ !t= ‘
L+ N1 6 -NI§ =T . (6)

A Laplace transform of equation {6) was input in the transient analysis as a
transfer function. This will allow the effects of elastic deflections of the boom
to be fed back to the Orhiter.

6.1.1.7 Results of the Analysis

Output of the NASTRAN analysis consists of a list of system natural
frequencies, displacements, velocities, and accelerations at nodes 1, 9, 10,
11, and 19. The pointing errors and elastic deflections of nodes 1 and 19 are
also computed through use of multipoint constraint relationships., Table 6-3
gives the list of natural frequencies, generalized masses, and generalized
stiffnesses of the first 40 vibration nodes of the system.’ '

Figures 6~4 and 6-5 show the pointing errors of the measuring boom
tip in the X and Y directions, respectively. Figures 6-6 and §-7 are the point~
ing errors of the exciter boom tip in the X and Y directions, respectively.

The rigid-body rotations about the X and Y axes of the measuring boom
are shown in Tigures 6-8 and 6-9. Figures 6-10 and §-11 show the rigid body
rotation, as a function of time, about the X and Y axes of the exciter boom.
Elastic deflections in X and Y directions of the measuring boom are shown in
Figures 6-12 and 6-13. Figures 6-14 and 6-15 show the elastic deflections in



the X and Y directions of the exciter boom. Figures 6-16 through 6-19 show
the tip mass displacements in the X and Y directions. These displacements
include rigid body motions and the elastic deflection.

The final position of the Orbiter center of mass changed slightly: -0.12
mm (-4,79x 1073 in, ) and -0.13 mm (-5.11 % 10™% in, ) in the X and Y direc-
tions, respectively, and 1.02 X 107° radians and -1. 5 X 10~% radians about the
X and Z axes, respectively.

6.1.1.8 Conclusions

The boom system, as presently configured in the analysis, appears to
provide only marginally acceptable performance since the pointing error
exceeds the 0,5 deg limit for many seconds after the gimbals are torqued. It
should be understood, however, that this limit is preliminary and can probably
be increased, making the performance much more acceptable.

The overall size of the boom and the size of the structural members
have been increased to what is believed to be the maximum for present day
manufacturing capability. Any additional requirement for stiffness to reduce
the deflection will result in extensive changes in the configuration and materials
used,

The deflection can be reduced by decreasing the boom length and tip
masses. Considerable reduction in deflection will result if the length is
reduced; however, a smaller decrease will result if the tip masses are reduced,

The sweep pattern and, thus, the gimbal torque are considered very
extreme, Sweep patterns that will minimize the acceleration forces on the
booms should be devised, If this is accomplished, the boom configuration
should provide adequate performance with deflections less than 0, 5 deg.

6.1.2 AMPS Long Wire Antenna
6.1, 2.1 Introduction .

A 305 m (1000 ft) long wire antenna is proposed for use on the AMPS
payload. It will be used primarily for ionospheric sounding and magnetospheric
particle precipitation experiments. Other uses will be for electric field dis-
tributions and studies related to the long antenna itself. The experiments cur-
rently identified do not require steering of the antenna to obtain a specific
orientation; however, this may become a requirement later.
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Exact operating frequency requirements for the experiments are not
defined yet but ranges are 100 kHz to 20 MHz with radiated power levels up to
1 kW. The lower frequency operation will provide the worst case conditions

for design.

Two TEE type booms forming a dipole antenna have been proposed for
use on AMPS, By varying the element length, a wide range of frequencies can
be accommodated. The boom is a thin metal strip that is spool-wound as a
ribbon during storage buf upon controlled release it forms into a tubular shape,
A typical motorized TEE type boom mechanism consists of an element storage
reel, a motor with gear or belt drive, element guide supports, and the asso-
ciated control electronics. The entire mechanism is housed in a relatively
small, lightweight support structure.

Several boom configurations are available for use. One of these has
tabs along its longitudinal edges that engage when the boom deploys, This
results in a "zippered'’ seam which provides the boom with a degree of torsional
rigidity and mechanical properties that apprc;ach those of a closed tube. This
type of boom was chosen for the AMPS use hecause the extreme length will
cause torsional motions to be introduced even though the system may not be
directly excited in that direction. Material thickness of the nominal boom is
0.05 mm (0, 002 in, } and the diameter when the hoom is extended is 14,7 mm
(0.58 in.). These dimensions and the choice of material were varied as
applicable during the analysis and these changes will be discussed in the other
sections of this report.

Several payloads have employed various lengths and configurations of
TEE type booms. The Radio Astronomy Explorer (RAE) satellite, for instance,
used a dipole antenna that had an element length of 750 ft. This satellite' s
antenna had several design problems and annoying deflection and dynamic
problems that had to be overcome, Since the AMPS will use a similar but
longer antenna, many of the same problems will obviously exist.

6.1.2.2 Thermal Bending

The boom element can be made of several materials but steel and
beryllium copper are the most common materials, particularly for very long
booms.

A thermal analysis was performed to determine the temperature differ-
ence between the surface exposed to the sun and the surface in the shade. The
results of this analysis are given in the thermal analysis section of this report.



The antenna deflection caused by the temperature gradient was computed
by the equation:

Deflection - E%éz s
where
L = length,
A = thermal coefficient of expansion,
d = diameter of boom,
AT = temperature gradient.

The results are shown in Table 6-4. As can be seen in the table, the large
temperature gradients cause unacceptable deflections; therefore, methods of
reducing the gradient were investigated.

The first method employed was to perforate the boom material with
small randomly placed holes. This will allow some of the solar energy to
pass through the holes and be absorbed by the opposite side of the tube, thus
reducing the thermal gradient. The deflections resulting from these tempera-
ture differences are shown in Table 6-5.

The deflections shown in Table 6-5 are also large but several other
techniques can be used to reduce the gradients. The outside of the element can
be coated with highly polished silver or aluminum, thus reflecting some of the
solar energy. In conjunction with a perforated tube, the inside surface of the
tube can be coated black so that energy would be absorbed by the far side of
the tube. Theoretically, the temperature gradient would approach zero but
will probably be about 0,014°C (0.25°F). The deflection with a 0,014°C
temperature difference will still be in excess of 15 m (49 ft).

Trade analyses to determine the material thickness, rize and number

of holes, and hole spacing will have to be performed in order to obtain an
optimum configuration. '
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6.1.2.3 Antenna Strength Analysis

The weight, bending stiffness, and local buckling stress for the element
are expressed by:

W=87DRTL |,

El = 4.92ER T

_ 0.2ET
er R i
where
D = density,

R = element radius,
T = thickness,
L = length,

E = modulus of elasticity.

The strength of the antenna does not appear to be a problem with static
conditions; however, the stiffness and the critical buckling strength are the
more important parameters when dynamic motions are considered, The critical
buckling strength ( fcr) will be used in the dynamic analysis to determine the

allowable base excitation.
6.1.2,4 Antenna Dynamics

The antenna elements are long and very flexible and will have very low
natural frequencies. An eigenvalue analysis was performed to obtain the mode
shapes and natural frequencies. The resulting bending frequencies are shown
in Table 6-6. Associated with these frequencies is the allowable harmonic base
rotation motion that, if imposed for a sufficient length of time, will cause a
buckling failure at the boom base.
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As can be seen in the table, the allowable base excitation is very
frequency-dependent and the range of frequencies is wide. From this, it ig
expected that thermal bending, gravity gradients, and many mechanical vibra-
tions will have effects on the antenna elements and will result in very large
deflections, if not failure, if they are allowed to excite the boom for a long
enough period of time. If the orbital period coincides with the period of the
first few modes, motions large enough to cause failure will result. Loads
resulting from solar pressure and aerodynamic loadings can also be significant
even at the higher altitudes,

No attempt to identify all of the possible excitations has been made but
it is imperative that the more prevalent ones be identified and studied.

6.1.2.5 Conclusions

" Dynamic and thermal deflection of the boom will obviously be a problem.
The thermal deflections can probably be brought within the acceptable range
with design changes; however, the dynamic problems cannot be alleviated as
easily, Boom stiffness cannot be increased effectively with material thickness
or boom diameter changes. Therefore, the obvious solution to this problem is
to choose an adequate timeline that will allow the antenna to be used under
optimum loading conditions and to retract the elements when the experimentation
is complete. Another solution is to reduce the length of the boom elements,

Booms that are adequate for the AMPS' s nominal operating conditions
can be supplied with the current technology and manufacturing capahility.
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TABLE 6-1. COORDINATES AND INERTIAL PROPERTIES FOR DYNAMIC
MODEL OF AMPS BOOM
. a I b 1 b I b
Grid Mass X y Z X y Z
Point (kg) (m) (m) (m) (kg-m® * (kg-m?) (kg-m?)
1 59.72 -6.85 1.53 -50. 00 61,9 61.9 8. 83
2 13.44 -6.85 1.53 -43.17 115. 0 115.0 _
3 13.44 -6.85 1.53 -36.34 115.0 115.0 _
4 13.44 -6.85 1.53 -29.51 115, 0 115. 0 _
5 13,44 -6. 85 1.53 -22.68 115. 0 115, 0 _
6 13,44 -6. 85 1.53 -15.85 115.0 115, 0 _
7 13.44 -6.85 1,53 - 9,02 115.0 115.0 _
8 12. 59 -6. 85 1,53 - 2,18 72.9 72.9 _
9 5. 86 -6.85 1.53 0 15.4 15.4 _
10 95 000 0 0 0 1 100 000 8 100 000 8 400 000
11 5.86 -6.85 -1.53 0 15.4 15.4 _
12 12,59 -6.85 -1.53 - 2.18 72.9 72,9 _
13 13,44 -6.85 -1.53 - 9.02 115.0 115.0 _
14 13.44 -6.85 -1.53 -15,85 115.0 115.0 _
15 13. 44 -6.85 -1.53 ~22.68 115.0 115.0 _
16 13, 44 -6.85 -1:53 -29;51 115.0 115. 0 _
17 13. 44 -6.85 -1.53' -36.34 115.0 115.0 _
18 13.44 -6.85 -1.53 -43,17 115.0 115.0 _
19 64. 22 -6. 85 -1.53 -50.00 57.5 57.5 _
20 _ -6.85 0 0 _ _ _

a. Total mass = 95 322,1 kg (210 185 Ib)

b.

Iy and I are the mass moments of inertia about the X-, Y-, and Z—ams, respectively,
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TABLE 6-2, STRUCTURAL PROPERTIES FOR DYNAMIC MODEL OF AMPS BOOM

b

Member Area E G

From | To | cm?® (in.?) |10° em? {in. %) 108 em* | (in.9) 10® kg/em? | (10° psi) 108 kg/em | (10° psi)
1 2

2 3

3 4

4 5 3.08 | (0.477) 1.96 (0.047) 1.95 | {0,047) 0. 5284 {7.5) 0.02554 (0.363)
5 6 :

6 7

7 8

8 g | 96.68 | (14.985)| 79.8 (1.917) 159. 6 (3.834) 0. 74 (10.5) 0.285 (4.05)
20 9 | 100 {15.5) 5000 (120) 5000 {120) 0.5284 (7.5) 0. 02554 (0. 363)
10 20 | 100 (15.5) 5000 (120) 200 (4.8) 0. 5284 (7.5) 0. 02554 (0.363)
20 11 | 100 (15.5) 5000 (120) 5000 {120) 0. 5284 {7.5) 0. 02554 (0.363)
11 12 | 98.68 | (14.985){ 79.8 (1.,917) 159.6 {3.824) 0.74 {10.5) 0. 285 (4. 05)
12 13

13 14

14 15

15 16 3.08 | 10.477) 1,96 (0.047) 1,95 | {0.047) 0.5284 (7.5) 0.02554 (0. 383)
16 17

1% 18

18 19

a. Ix and [ are area moments of inertia about member longitudinal- and lateral-axis, respectively.

b, E is the modulus of clasticity.

c¢. G is the shear modulus,




g1-9

TABLE 6-3. A LIST OF NATURAL FREQUENCIES, GENERALIZED
MASSES, AND GENERALIZED STIFFNESSES

HOpE EXTRACTION EIGENVALUE RablANS CYCLES GENERALIZED GENERALJZED
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TABLE 6-4, THERMAL TABLE 6-5. THERMAL

DISTORTIONS DISTORTIONS
Deflection AT Deflection AT
(m) Material | {° C) (m) Material| (°C)
85 Be-Cu 1.4 39 Be-Cu | 0.85
475 Steel 12,0 277 Steel 7.0

TABLE 6-6. ALLOWABLE HARMONIC ORBITER MOTION
THAT PRECLUDES 330 m ANTENNA FAILURE

Natural Base
Frequency Period Excitation
Mode (Hz) (hr} (degrees allowable)

1 0.35% 1074 7.94 239.0

2 0, 246 x 107 1.13 34,0

3 0.69 x 1078 0. 40 12.0

4 0,13 % 10-2 0,21 6.4

5 0.208% 1072 0. 14 4.0

6 0.29 x 10~? 0. 096 2.9

70 1.0 3.0x 1074 0. 008
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Figure 6-1. Structural characteristics of an AMPS boom.
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Figure 6-2. Orbiter with deployed AM PS8 booms structural model.



LT-9

100 N-m
P
TIME IN SECONDS
jl—— 30 — 10 pt— 30 —P»
I
|
i
!
T"r |
00NN dem o = e = = = =
——— 40 ——P» -
.

Figure 6-3.

TIME IN SECONDS

a— 30 — 10 |utf— 30 —I

Torque profiles applied at boom gimbals to effect sweep motion.



BI-9

T T T
14
EQ I
07
¥
x
=
Q
= D -+
g
Q
x
07 u
-14 H
“ L [ | | 1
0. 0.2 04 26 08 10

TIME {voc)

Figure 6-4. Pointing error of tip mass 1 (RX).

ROTATION (deg!

141
ED

TUAE fsec)

Figure 6-5. Pointing error of tip mass 1 {R ).
y



o
B |

—

w0

i

o N

ROTATION idag)
e
f

'} " 1

L L
o 0.2 04 0.8 oa 1.0
TIME (s}

Figure 6-6. Pointing error of tip mass 2 (R_).
x

ROTATION {deg)

T4
EQ

VGJF

e

|

L L .
0. 0z 04 08 o8 10
TIME lec)

Figure 6-7. Pointing error of tip mass 2 (R ).
¥



0g-9

ROTATION {rad}

.8
TIME {sec]
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6.2 THERMAL CONTROL SUBSYSTEMS

6.2.1 Analysis

The AMPS payload was thermally modeled and analyzed by using the
Lockheed Orbital Heat Rate Program (LOHARP) and the Systems Improved
Numerical Differencing Analyzer ( SINDA). The configuration used was per
MSFC drawing number 08-187.

The model utilized to study this payload is shown in Figure 6-20. It
was analyzed in a 465 km circular orbit with beta angles of 0 and 52 deg. The
vehicle was Earth oriented with the payload always pointing to the Earth. An
analysis was also performed with the Shuttle bay doors closed and conditions
simulated to represent reentry. A special study was done on the 330 m trans-
mitter coupler antenna to determine the lateral temperature gradient throughout
an orbit.

6.2.2 Results
6.2.2.1 Orbital

Tables 6-7 and 6-8 depict the pallet-mounted components and associated
data needed to determine the heat removal requirement for the orbit beta angles
of 0 and 52 deg, respectively. These results were based on a component fem-
perature of 21°C. The component surface absorptance and emittance values
were optimized to reduce the required fluid heat removal and to prevent com-
ponents from dropping below minimum temperature limits. In both cases it
was assumed that all the components were energized at the same time. Based
on the study, the fluid loop system is required for the gimbaled accelerator,
lidar system, and transmitter coupler. A liquid helium dewar is required to
cool a cryogenic Fourier IRR spectrometer and a high resolution Fourier
spectrometer located inside the remote sensing platform to 4£°K and 7T7° K,
respectively, Figure 6-21 presents a possible plumbing layout for the fluid
loop system; Figure 6-22 presents the schematic. '

6.2,2,2 Launch

For launch analysis the component temperature was set at 21°C. The
maximum temperature rise was only 3°C for any one component for launch.

6.2.2.3 Reentry

For the reentry analysis the component temperature was set at 21°C
at beginning of descent. Wall temperature and the incoming vent air tempera-
ture profiles from the Space Shuttle Program Thermodynamic Design Data Book
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(shown in Figures 6-23 and 6-24) were applied to the model. Convection heat
transfer between the vent air and components was included in the analysis.
Encompassed time was 2 hours, which included descent, touchdown, and ground
cooling for approximately 0.5 hour. \

Resulting temperature histories for the components are presented in
Figure 6-25. The transmitter coupler reached a temperature of 42°C which
was the high for the payload. This is well within the noncperating temperature
maximum limit of 60°C,

6.2.3 Antenna Studies

The thermal investigation of the transmitter coupler 330 m antenna was
conducted to determine the temperature gradient which could develop across
the thin-skinned cylindrical surface as a result of the orbital environment.
Consideration was given to two configurations: (1) a homogeneous surface and
(2) a 20 percent perforated surface. Materials considered were stainless steel
and beryllium copper. The thermal analysis was conducted with the antenna
sun-oriented and in a 8 = 52 deg orbit, which results in a worst-case condition.

The results of this analysis are presented in Figures 6-26 through 6-28,
Average temperature gradients for the 0. 051 mm stainless steel wall of 25°C
and 14° C were observed for the homogeneous and perforated antenna elements,
respectively. The wall thickness of the beryllium copper element was increased
to 0,076 mm to obtain the same structural stiffness as that of the 0. 051 mm
stainless element. This, in combination with material thermal properties,
resulted in temperature gradients of only 3°C and 1. 8°C for the homogeneous
and 20 percent perforated elements, respectively.

6. 2.4 Results and Conclusions

The conclusions drawn from this study are as follows:

1. No thermal difficulties were identified during any mission phase of
AMPS. :

2. All experiments can be controlled passively while in orbit except
the gimbaled accelerator, lidar system, and transmitter coupler which will
use the freon cooling loop supplied by the Spacelab,

3. There is insignificant difference in required heat removal between
orbit angles of 0 and 52 deg.



4, A maximum rise of 3° C occurs in the transmitter coupler during
launch. For all other components the change was insignificant.

5. During reentry the lidar system and transmitter coupler (the two
hottest components) rise to 34°C and 42° C, respectively. This is well below
the nonoperating maximum temperature limit of 60° C.

6. The analysis of the 330 m antenna indicates that, to obtain a minimum

delta temperature of 1. 8°C across the antenna, a 0.076 mm wall of beryHium
copper with 20 percent performation is required.
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TABLE 6-7. AMPS HEAT DISTRIBUTION FOR PALLET-MOUNTED
EQUIPMENT (Orbit Beta Angle = ( deg)

) Net Heat to
Oper. . Radiated be Removed
Temp, Gen. Enviro. Total Component Heat by Fluid Loop
Node Limits Heat Heat Abs. Heat Surface at 21°C System
D Component (°C) (watts) {watts) {watts) ale (watts) (watts)
100 Gimbaled Accelerator 0-30 2000 387 2387 0.185/0,92 1195 1192
101 | Deployable Unit 0 40 40 10,2/0.25 66 -26
102 Remote Sensing Platform 462 717 1179 0.2/0.4 1204 -25
103 | Lidar System 2000 290 2290 | 0, 185/0,92 500 1790
104 Transmitter Coupler 2500 593 3093 0. 185/0, 92 1041 2052
105 Boom 136 173 309 | 0,23/0.37 311 ~2
106 | Deployable Satellite '
System 0 - 30 0 606 606 0.2/0.3 603




0g-9

TABLE 6~8. AMPS HEAT DISTRIBUTION FOR PALLET-MOUNTED
EQUIPMENT (Orbit Beta Angle = 52 deg)

Net Heat to
Oper. Radiated be Removed
Temp. Gen. Enviro. Total Component Heat by Fluid Loop
Node Limits Heat Heat Ahs, ileat Surface at 21°C System
ID Component (°C) (watts) {watts) {watts) c/e (watts) (watts)
100 Gimbaled Accelerator 0 - 30 2000 395 2395 0. 185/0.92 1195 1200
101 Deployable Unit a 49 49 0. 2/0. 25 66 -17
102 Remote Sensing Platform 462 540 1002 0.2/0.4 1204 ~202
103 Lidar System 2000 287 2287 0.185/0.92 500 1787
104 Transmitter Coupler 2500 574 3074 0.185/0.92 1041 2033
105 Boom 136 182 318 0. 23/0, 37 311 7
106 Deployable Satellite *
System 0-30 0 526 526 0. 2/0.3 603 ~118
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Figure 6-20. Thermal model used for analysis of AMPS payload,



Figure 6-21. AMPS configuration with proposed thermal

control fluid loop.
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AMPS fluid loop system schematic,
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Figure 6~26. Orbital temperature history for the AMPS antenna with
homogeneous surface, sun-oriented, 3 = 52 deg.
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Figure 6-27, Orbital temperature history for the AMPS antenna with
perforated top surface, sun-oriented, 8= 52 deg.
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6.3 POINTING AND CONTROL SUBSYSTEMS

6.3.1 QGuidelines and Constraints

The Shuttle System Payload Descriptions (SSPD) document, level B data,
was the principal source for pointing accuracy, pointing stability, and rate
stability requirements for the AMPS payload. A summary of these require-
ments is tabulated in Table 6-9, along with expanded orientation and target
definitions. '

The data supplied in the SSPD document are inconsistent in many
respects, The time durations in particular are critical items since in some
cases the defined targets are not available because of occultation for the time
durations specified. TFull advantage of the expected Orbiter pointing accuracy
of 0.16 deg using vernier thrusters and a 0,1 deg deadband has not been
ufilized. In some instances, the Orbiter requirements specified place a hard-
- ship on the designs of the individual gimhaled systems. Comments about the
most critical experimental systems are contained in the following paragraphs.

6.3.1.1 Remote Sensing Platform (RSP)

. 6.3.1.1.1 Stability

The 2 arc sec and 0. 2 arc sec/sec numbers are very stringent when
applied across the board to experiments using the RSP, When viewing Earth-
located targets or atmospheric phenomena in the regions of 50 to 80 n, mi.
above the Earth's surface; these requirements suggest a precision gyro-
stabilized platform mount for the instruments. I this precision platform is
available, the problem becomes one of open-loop tracking of a target that, in
general, provides no energy source for use in obtaining error signals suitable

- for maintaining closed-loop acquisition. A preliminary investigation has indi-
cated that this open-loop tracking must take place over angles of as much as
140 deg at maximum rates of 1.5 deg/sec. A review of the SSPD referenced
documents has disclosed only one experiment requiring this precise stability.
This experiment involves measurements of the energy of a star as filtered by
the atmosphere during the star's transition from visibility to occultation.
Early in the AMPS program, the experiments designated for the RSP must be
classified, the instruments defined, and the pointing and stability requirements
determined for each classification.

6.3.1.1.2 Pointing Accuracy
The 180 arc sec absolute pointing 'specification can be readily achieved
with the precision gimbaled mount and an auxiliary payload sensor such as a

gimbaled star tracker. However, the 20 arc sec required for relative pointing
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accuracy requires further justification in terms of experiment timelines and
operational procedures. For example, it has been determined that the 20 arc
sec are required for mapping radiation and absorption profiles of atmospheric
regions, but it must be determined whether a scan mode, either hy the gimbal
mount or individual instruments, is satisfactory or whether pointing at dlserete
points while taking data is desirable.

6,3.1.1.3 Time Duration

It has been ascertained that the 1800 sec specified is not realistic.
Studies made of target viewing times for the baseline orbital altitudes and
inclinations indicate that a selected target will be available for viewing from
approximately 600 to 900 sec before occultation. To obtain 1800 sec integrated
viewing time would necessitate reacquiring a selected target at least once at
probably a 20 arc sec accuracy. The case necessitating reacquisition does not
appear to be a real requirement.

6.3.1.2 Lidar System
6.3.1.2,1 Stability

Stability was not specified as a requirement; however, if experiments
materialize requiring the transfer of data between the lidar system and a sub-
satellite, stabilities in the subarc sec range may be desirable. For normal
transmission and receiving of the laser energy, the 3 arc min pointing accuracy
may be sufficient.

6.3.1.2.2 Pointing Accuracy

The 3 arc min accuracy requires a moderate precision computer con-
trolled mount for the telescope and a payload attitude reference system consist-
ing of a star tracker and gyros. Conceptual designs have been defined that
readily satisfy this requirement,
6.3.1.3 Boom Systems
6.3.1.3.1 Stability

The specification of 360 arc sec appears to be borderline in view of the
fact that a2 50 m flexible member with a relatively large tip mass is being con-

trolled by gimbals. Orbiter vernier thruster firings with minimum impulse bit
durations of 40 msec do not appear to be a problem, Preliminary analysis
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indicates a resulting error angle of approximately 7 arc sec. Flexing of the
boom during gimbal torque motor excitation may give transient errors greater
than 1 deg. For further discussion of boom dynamics see Section 6.1. A
realistic requirement must be obtained from the scientific investigators
because it is reasonably certain that the specified stability is not required for
all experiments that use the boom system. In particular, the wake and sheath
experiments require the most severe exercising of the booms and the stability
requirements for this experiment may be 1 deg or more. '

6.3.1.3.2 Pointing Accuracy

The measuring boom poses most of the problems because of the presence
of a set of gimbals at the boom tip. Here again, a reassessment of the individ-
ual experiments operations will probably ease the requirements for certain types
of experiments, such as wake and sheath. However, the specified accuracy is
attainable under most circumstances.

6.3.1.3.3 Time Duration

The 1800 sec may be required primarily for wave transmission experi-~
ments and should not result in problems because no large excursions are
required of the booms. During wake and sheath experiments large scans are
required but in general the scan profile must be completed-in about 300 sec.

6.3.1.4 Gimbaled Accelerator, Transmitter/Coupler, Deployable Units
and Satellite Systems

No particular problems are expected with these systems since all
requirements are within the projected capabilities of the Orbiter. It is assumed
that subsatellites will have the necessary attitude control capability incorpo-
rated. However, a payload attitude reference system may be required because
of misalignments befween the Orbiter navigation base and the payload mounts.

6.3.2 Design Reference

6.3.2.1 Concept

The AMPS payload pointing and control discipline involves the manage-
ment of several multigimbaled systems that have varying degrees of accuracy
and stability requirements. - Figure 6-29 provides a conceptual information flow
chart. The digital computer, interface unit, displays, and controls are pro-
vided by the Spacelab. The interface unit provides the functions for switching,
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multiplexing, analog to digital (A/D) and digital to analog (D/A) conversions,
etc., that link the various instrument assemhlies. Interfaces with the Orbiter
to obtain outputs from the Orbiter guidance, navigation, and control (GN&C)
system and to transfer commands and data via the ground link are provided by
the interface unit, Although the provision of payload sensor signals to the
Orbiter GN&C system is not a part of the preliminary concept, eventually it
may be required and the signals would be routed through the interface unit.

Configuration control and initial gimbal position commands are provided
by the Spacelab controls array. Final positioning of the gimbals and subsequent
gimbal tracking commands will be under the control of the Spacelab computer
in order to utilize guidance and navigation data from the Orbiter GN& C system.
Manual override of automatic gimbal control is available through the Spacelab
controls. TV outputs from the remote sensing platform and booms will be
displayed in the Spacelab and will provide information for monitoring, initial
pointing, and pointing corrections.

The Spacelab computer provides the computational support functions for
all systems. These support functions will include error signal processing,
coordinate transformations, gimbal command generation in response to error
signals, the processing of ground and control conscle commands, and the final
processing of housekeeping data as required.

The gimbaled star tracker (GST) serves as a payload attitude sensor and
provides information to update the remote sensing platform gyros. This star
tracker and the RSP gyros are to be used as a payload attitude reference unit
that serves all the payload gimbaled systems. This scheme introduces error
because of the required transfer of the RSP gyro unit error signals through
the RSP gimbals, However, initial analysis indicates that this error magnitude
is not large enocugh to preclude the use of this concept in lieu of providing a
separate gyro/star tracker attitude reference unit to serve all gimbaled sys-
temgs that require high accuracy.

'6.3.2,2 Operation

Pointing and control operations for the AMPS payload involve six gimbaled
experiment mounts plus the double gimbaled star tracker. I general, the
simultaneous operation of all gimbaled systems is not required; however, there
will be occasions where more than one system must be operational, Typical
examples are the simultaneous use of the RSP and lidar, or the RSP operation
while boom experiments are being performed. Final experiment determination
will govern whether there are other occasions requiring the use of multiple
operations,
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6.3,2,2.1 Attitude Reference

The management of the numerous gimbaled systems requires a common
attitude reference, In the present concept, the three sources of attitude infor-
mation are the RSP, star tracker, and the Orbiter GN&C system. Future con-
cepts may require a separate payload attitude reference system with optical
alignment links between various systems. The Orbiter GN&C computer sup-
plies to the Spacelab computer the Orbiter state (position, velocity, angle,
time), target coordinates, the states of co-orbiting vehicles, and other basic
references as required. The RSP, including the payload star tracker, provides
to the Spacelab computer a continuously updated inertial reference frame for
instrument pointing subsystems,

6.3.2.2.2 HRemote Sensing Platform

The primary function of the RSP is to control the orientation of the
common line-of-sight of a group of scientific instruments. An additional func-
tion is to provide an attitude reference for all of the AMPS gimbaled instrument
mount agssemblies., To accomplish these functions the RSP operational modes
have been given a preliminary classification as follows:

1. Target Pointing and Tracking Mode.
2. Attitude Determination Mode.
3. Initial Alipnment and Update Mode.

A key factor in how the RSP operates is the method of interfacing with the
Orbiter. The following mode descriptions provide a preliminary concept.

1. Target Pointing and Tracking Mode: This mode provides the capa-
bility to point to a target, track the target in the presence of Orbiter motion,
and to align an instrument pointing subsystem with respect to a specified frame,
such as the geomagnetic. Figure 6-30 shows the geometry and transformations
used in generating commands for the RSP gimbals. The target is initially
specified in the Earth-fixed coordinates of longitude, latitude, and altitude (L).
The Orbiter position may be expressed in local vertical coordinates (P) or
inertial coordinates (G) obtained from the Orbiter GN& C system computer.
This initial concept assumes that the Orbiter position is expressed in P coor-
dinates and the target expressed in L coordinates.

The Orbiter pogition and the target position are transformed into inertial
coordinates and differenced to obtain a command vector in inertial coordinates.
The command vector is then transformed into RSP line-of-sight {LOS) coor-
dinates in terms of the middle and outer gimbal angles. The gimbal errors
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represent the rotation required of the middle and outer gimbals to align the
RSP LOS to the desired pointing direction. In general the pointing problem is
two-axis and the inner gimbal rofation has been ignored.

For tracking purposes the calculations must be performed repeatedly to
maintain the pointing direction while both the target and Orbiter are moving.

2. Attitude Determination: Outputs from the three gyros mounted on
the RSP instrument package, operating strap-down, are used to maintain an

updated attitude for the RSP LOS. The coordinate transformation | A G RSPI

between the RSP LOS and the inertial reference frame (G) is repetitively cal-
culated using the gyro outputs, This transformation is initialized by outputs
from the gimbaled star tracker. The transformation to be calculated,

1A G, RSPI , may be described by the following equation:
0 -W3 Wz
. ’ ~
lAG,RSPI = ‘AG,RSP, Wy 0 -wy | = AG,RSP’ |wl
‘Wz Wy 0

where wy , ; are the gyro measured angular rates. The discrete equation
developed from the above equation is:

lAG RSP! = IAG BSP‘ (I + |A8] |2§29|2) ,
’ K+1 ' K
where
0 -A 6, Aa,
{A6l = |WIAT =} A6, 0 -Ab,

-Ag, A6y 0

and I is the identity matrix. Using this discrete equation, successive updated
values of the matrix are computed. The updatéd A matrix is in turn used to
generate RSP gimbal commands.
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3. Iitial Alignment and Updating: The initial value of th;a matrix

JAG RSPI is determined by successive star sightings with the AMPS star

tracker. Fixes on at least two noncolinear stars are required. In order to
establish the successive star sightings in a common reference frame, the RSP
will be operated in an inertial hold mode during this phase. By immediately
transforming the star tracker outputs into the arbitrary reference frame, the
two successive readings will be located in a fixed frame for subsequent align-
ment calculations. An outline of the procedure follows:

a. Slew the middle and outer gimbals to zero.

b. Set fAG,RSP' to {II.

c. Set {R MD}

d. Close the gimbal loops and the RSP will remain inertially fixed.
e Acquire and track the first preselected guide star.

f. Transform first guide star orientation into RSP coordinates.
(Current RSP and star tracker gimbal angles are continuously supplied to the
computer to form the transformation matrices.)

g. Repeat the last two steps for the second guide star.

h. Confirm star identities by comparison with computer stored
star catalog. (If incorrect stars can be identified by computer search, they
can be used.)

i. Solve for the [A I matrix, (See Reference 6-1 for one
G, RSP
method. )

j. Repeat the procedure as required to update attitude error com-
putations and gyro drift compensations (once per orbit is ample — 2 partial
procedure can be used during experimentation).

6.3.2.2.3 Lidar System
The two operational modes conceived for the pointing and control func-
tions of the lidar system are (1) pointing and (2) tracking. The pointing mode

will be initiated in the same manner as that described for the RSP. Target
location will be specified in a convenient coordinate frame and transformed into
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inertial coordinates. By a comparison of the Orbiter radius vector in inertial
coordinates and the target coordinates, commands will be generated for the
azimuth and elevation gimbals. These commands are transformed into the lidar
telescope coordinates, using the RSP as a reference, to generate the number of
step motor steps required. It is expected that the telescope will be positioned
in azimuth first and then elevated to point at the target. The gimbal commands
must be computed on a continuing basis in order to account for Orbiter and
target motions.

Figure 6-31 is a simplified block diagram of the lidar gimbal control
system. The computer generated commands enter through a mode switch to
provide gimbal control from the Spacelab console or automatic tracking via an
auxiliary sensor. Resolvers provide gimbal position readouts for use by the
computer in generating both the initial and updated pointing commands.

The tracking mode provides the capability of maintaining a lock on the
target in the presence of Orbiter and target motions. Where no auxiliary sensor
is involved, it differs very liftle from the pointing mode. The updated Orbiter
states are used to generate open-loop lidar gimbal commands to continuously
reposition the gimbals. The RSP and gimbaled star tracker provide the com-
putational reference base. Automatic tracking has been incorporated to main-
tain a precise lock on a transponder carried by a subsatellite. This would per-
mit transmitting and receiving laser energy over long distances {5000 km has
been proposed) for atmospheric absorption experiments. Automatic tracking
requires a lidar telescope-mounted sensor to generate error signals for gimbal
positioning in a closed loop manner similar to the procedure used hy a two-
gimbaled star tracker to maintain star acquisition. This has not been discussed
in the SSPD data or in reports leading to the SSPD data. Techniques do exist
for sensing LOS deviations, one in particular being the use of interferometric
techniques.

6.3.2.2.4 Boom Sysitems

Boom A, designated as the measuring boom, requires the management of two
sets of gimbals. One set is at the Orbiter end, and the other serves as an
instrument platform mount at the extreme end of the boom. Boom B, designated -
as the exciter boom, has one set of gimbals at the Orhiter end to control the
positioning of a tip mass having the desired geometrical shape for wake and
sheath measurements. The boom B tip mass also contains a wave generator
for wave transmission experiments, whose pointing reguirements may lead to
the requirement for gimbals at the tip mass end of boom B.
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For wake and sheath experiments, boom A must be effectively reposi-
tioned with respect to boom B in order to map the plasma energy function.
During this repositioning scan, the platform at the tip of hoom A must be
reoriented to maintain the measuring axis parallel to the exciter boom velocity
vector. Figure 6-32 shows one candidate scan profile designed to minimize
disturbances to the Orbiter. Assuming that the booms are fully extended and
initially at point O, boom A progresses to point A at a constant rate and, con-
currently, boom B progresses to point A" at an equivalent rate. The other legs
of the profile (i.e., A to B and A" to B') are also performed concurrently until
the final positions J and J' have been reached. The total scan time must not
exceed 15 min and the included angle with apex at the origin of the Orbiter
gimbal mount and with the boom tip locations at points J and J' (or A and A'")
is approximately 120 deg (60 deg per boom). During this scan, the boom A
instrument platform gimbals are continuously torqued to negate the effects of
the scan gimbals and to maintain the measuring axis parallel to the exciter
boom velocity vector. The objections to this scan profile are the sharp corners
that the booms must tum and the resultant accelerations of the booms.

For wave transmission experiments, the two booms will be separated at
discrete intervals with measurements being made at each discrete position.
During these measurements the gimbals will have been commanded to coalign
the boom A measuring axis and the wave generator line of action.

Additional orientations of the boom A instruments can be accommodated
by appropriately commanding the gimbals. One candidate orientation is the
orientation of the 33 m antennas with respect to the geomagnetic field lines.
Data sources for command generation are magnetometers located on the
measuring platform and computed magnetic field orientations hased on a
magnetic field model.

A summary of the sources of attitude information follows:

1. Gimbal angle resolver readouts.

2. TV gystem (camera on boom A).

3. Orbiter GN& C system.

4. RSP,

b, Boom-mounted magnetometers.
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The information will be made available to the computer and display consoles as
required, Command sources are:

1. Preprogrammed scan profiles with manual override,
2. Manual from control console.
6.3.2.2.5 Gimbaled Accelerator

The basic operational mode is pointing with respect to the geomagnetic
field lines. Thus, a knowledge of the geomagnetic field vector is required. The
two gsources of the field vector definition are ground calculation and a continuous
onhoard calculation by the Spacelab computer. Both sources will be made
available. '

The actual pointing maneuver will be in most cases a combination of
Orbiter maneuver and accelerator azimuth and elevation gimbal rotations.
Table 6-10 provides information for the AMPS reference orbits on the magnetic
field vector orientation with respect to local vertical for various orbital posi~
tions. The vector varies sinusoidally and has minimum and maximum angular
deviations from the local vertical as shown. The table also provides the maxi-
mum rates of change. Thus, there are orbital times, when the Orbiter is
flying a local vertical attitude, that the accelerator can be fired along the
Orbiter +Z axis with only small angle adjustments required of the gimbals.
However, if subsatellites or ground stations are involved in the experiments,

a combination of Orbiter and gimbal pointings may be required due to the Iimited
gimbal freedoms and the possibility of obstruction by the Orbiter and other pay-
load equipment. Generally, the operation of the accelerator consists of the
following steps:

1. Compute the magnefic vector orientation for the predicted time of
operation start.

2. Position accelerator to align the line of action with the Orbiter +Z
axis.

3. Maneuver Orbiter to align +Z axig with the predicted magnetic field
orientation.

4, Maintain updated field vector calculation.

5. Compare in the reference frame the field vector and accelerator
orientation.

6-46



6. Generate gimbal commands to maintain orientation of the accelerator
with respect to the magnetic field,

Each of the above steps includes several intermediate operations such as coor-
dinate transformations, the updating of orbit ephemeris, the updating of the
payload reference frame, and control and monitoring from the Spacelab console.
The possibility exists to do the complete line of action orientation by maneuver-
ing the Orbiter, provided that other concurrent experiments are not impacted.

6.3.2.3 Implementation
6.3.2.3.1 Remote Sensing Platform
The design reference RSP consists of:

1. A three-axis gimbal set; the inner gimbal provides the instrument
assembly mount,

2. A three-axis gyro reference unit, mounted on the inner gimbal as a
part of the instrument assembly,

3. Interface electronies signal processor.

Included as a functional part of the RSP system, but not physically a part of the
RSP, are:

1. A two-axis gimbaled star tracker.
2. Digital computer (Spacelab-furnished).
3. Command/control and display consoles (Spacelab equipmént) .

Figure 6-33 is a sketch of the conceptual geometry of the RSP and star tracker.
The star tracker wiil be mounted near the RSP and reference aligned to the RSP
mounting base. The selected RSP gimbal freedoms are +45 deg for the outer
and middle gimbals and +180 deg for the inner gimbal, This gimbal arrange-
ment is not optimum from a size standpoint and other possible configurations
will be addressed during trade studies. Each of the gimbal systems has two
torque motors (one on each end), a tachometer, and an inductosyn angular read-
out. Gimbal alignment and inductosyn readouts are adequate to provide 5 arc
sec resolution, :
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The gyro package consists of three orthogonally mounted gyros, power
supplies, and rebalance electronics. The Nortronics GI-KT7G gyro was selected
as a typical one. Characteristics of the gyro package are:

Quantization 0.5 arc sec/pulse
Bias Stability (6 hr) 0.015 arc sec/see
Bias Stability (200 hr) 0.10 arc sec/sec
Noise 1,5 arc sec
Power per Channel 12,5 watts

Figure 6-34 is a simplified block diagram of the RSP, The electronic signal
processors contain preamps, servo power amplifiers, A/D and D/A converters,
multiplexing equipment, inductosyn processing electronics, and gyro rebalance
pulse counting electronics. The digital computer is assumed to be furnished by
the Spacelab and will perform attitude update and target pointing and tracking
computations,

The preliminary gimhbaled star tracker selected is similar to the Apollo
Telescope Mount {ATM) star tracker and has the following characteristics:

Acquisition Field of View 1 deg X 1 deg

Gimbal Freedom {two axes) Outer +87 deg

Inner +40 deg

Noise Equivalent Angle b arc sec
Operational Accuracy 22 arc sec
Star Magnitude Sensitivity +2 or brighter
Weight 20 kg
Power 15 watts
Dimensions (cm)

Electronics 40 % 28 % 10

Optics 45X 28 X 40
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Table 6-11 contains a hardware summary of the pointing and control portions
of the RSP,

6.3.2.3,2 Lidar System

An elevation over azimuth two-gimbal arrangement has been selected.
The computer controlled mount of the SSPD level B data has been retained,
including dimensions, weight, gimbal arrangements, ete, Figure 6-35 shows
the mount with the lidar telescope., Also itemized are the characteristics of a
typical stepper motor suitable for torquing the gimbals and the definition of a
two speed resolver to measure gimbal angles. The gear train between the
stepper motor and load has been selected to give a 1 arc min load step for each
1. 8 deg increment of the step motor. Upon further definition of the lidar instru-
ment agsembly, the gear train and stepper motor will be resized to better
optimize the response and power characteristics.

6.3.2.3.3 Gimbaled Accelerator

The gimbal arrangement, sizes, and weights have been retained from
the SSPD level B data. The azimuth and elevation two-gimbal system is shown
in Figure 6-36. The permanent magnet (PM) step motor selected to torque the
gimbals has a dynamie torque of about 0.05 N-m and applies about 22 N-m of
torque to the load through the gear train. The gear train also provides a 0.1
deg incremental load step for each basic 45 deg motor step. A single speed
resolver with an accuracy of 0.1 deg measures the gimbal angles.

6.3.2.3.4 Boom Systems

The passive boom has three gimbals at its base for orientation control
and fwo or three gimbals to serve as an attitude mount for the instrument
assembly located on the tip of the boom. The active boom requires three
gimbals at the base for orientation control. A complete design of the gimbal
systems has not been accomplished. However, a single gimbal design for the
base has been constructed with suitable torque motors to control the booms.
Figure 6-37 is a simplified block diagram of a single-axis boom gimbal control
loop. Three similar loops are required for each of the two booms.

4
The torque motor characteristics and gain constants selected for the

control loop are listed below, The system bandwidth is approximately 0,63 Hz
with a relative damping of 0. 5.
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DC Torque Motor, Aeroflex TFR 90-1

Peak Torque 21.7 N-m {16 ft~1b) -
Power Peak Torque 180 watts
Resistance per Winding 0. 26 ohm
Inductance per Winding 0,001 H
No Load Speed 75 rpm (7. 85 rad/sec)
Weight 6.1%kg (13.5 )
Rotor Inertia 9,5% 107% kg-m?’
Outside Diameter 23 cm
Thickness 6.35 cm

" Torque Sensitivity (K,) 0.83 N-m/A
Back EMT Constant (KV) 0.83 V/rad/sec

Gimbal Loop Constants

R 0. 26 ohm
N 60

2
Ja Jb-f- N Jm
I 0.3 % 108 kg-m?
I 9.5% 1073 kg-m?
Kt 0.83 N-m/A
Kv 0. 83 V/rad/sec
Kr 81.4 V/rad/sec

Provisions for gimbal caging must be added to the overall gimbal control
system. This will provide the capability to maintain the boom in a fixed orienta-
tion when desired for experimentation, retraction and extension of the booms,
and Orbiter maneuvers,

6-50



6.3.2.,4 Performance Analysis

Essentially all of the performance analysis was concentrated on the
RSP and boom systems. The RSP has the most stringent accuracy require-
ments, and the multiple gimbal systems of the boom systems together with
boom flexibility required considerable study.

6.3.2.4.1 Remote Sensing Platform
The RSP was analyzed from the following standpoints:

1. Absolute pointing accuracy — based on attitude determination, com-
putation, gimhbsl servo, and Orbiter ephemeris errors.

2. Open-loop tracking of fly-by target.

Figure 6-38 gives the estimated attitude error budget based on realistic
estimates of the individual component errors and resolutions. The estimated
effects of inaccuracies in the Orbiter and target radius vectors on the pointing
accuracy are summarized in Table 6~12 for four cases of inaccuracies and two
distances of the target from the Orbiter. Table 6-13 provides a summary of
the system errors.

The estimated errors in open-~loop tracking of a fly-by target were
determined with a single-axis digital simulation of the RSP gimbal servo.
Figure 6-39 describes the trajectory of the target for an orbit altitude of 235
n.mi. and an Earth-fixed target altitude of 81 n.mi. In this trajectory, rates as
high as 1.3 deg/sec are encountered and the total angle to be tracked through is
ahout 140 deg. The tracking time is the estimated time that the target is in
view, The nonlinear effects of 10 Hz digital sampling, gimbal friction, and
torquer limiting were included in the simulation.

The results indicated that with a lead-lag compensator, a 13 arc sec
offset error is present. The addition of integral control reduced the offset
error to about 1 are sec.
6.3.2.4.2 Boom Systems

The hoom systems were studied to determine the following [ 6~2]:

1. Boom pointing errors due to Orbiter thruster firings,

2, Boom pointing errors due to boom gimbal servo torquers,
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In addition, an assessment was made to determine the uncontrolled Orbiter
attitude errors due to boom motions. Figure §-40 summarizes the results for
the case of Orbiter thruster firings.

For the 3 cases of vernier thruster fi?ings (T0 = 254 N-m}, the pointing
error ranged from 0.002 to 0, 17 deg. The lagge thruster firings (TO= i1 200

N-m) gave permissible pointing errors only fcl)r the minimum impulse bit of
40 msec. From an Orbiter maneuver standpoiit, it appears to be permissible
to maneuver the Orbiter while the booms are extended.

For the case where the gimbal torque motor is applying a 100 N-m peak
rectangular torque waveform between the base and the boom in order to scan the
boom, transient errors on the order of 1.5 deg occur. The applied torque
required and the resulting transient error are functions of the speed with which
a scan profile must be performed and the shape of the profile with respect to
accelerations and decelerations. A more detailed discussion of the boom
dynamics is contained in Section 6.1. In general, it appears desirable to torque
both booms simultaneously in order to minimize the disturbances transmitted
to the Orbiter. For a 10 percent mismatch in the torques applied to the booms,
it has been estimated that a 2 deg attitude disturbance is incurred by an uncon-
trolled Orbiter.

6.3.3 Trade Studies

6. 3.3.1 Mounting Pallet

From a pointing and control viewpoint the following options were
considered:

1. Fixed pallet.

2. Fixed pallet with control moment gyros (CMGs) to control the Orbiter
during pointing,

3. Suspended pallet with CMG pallet pointing and control.

The fixed pallet with individual instrument assembly gimbal sets is preferred
for the following reasons:

1. I relieves the Orbiter from frequent maneuvers and complicated
target-tracking slew maneuvers,

2. RSP is the only system requiring the capabilities of the CMG con-
trolled suspended pallet. '
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3. Gimbal freedoms can be selected and controlled more readily.
4. It appears to be cost, power, and weight effective.
6.3.3.2 Computer

The options appear to be the use of a Spacelab, subsystem dedicated, or
Orbiter computer. The Spacelab computer was preferred for pointing and con-
trol because of its availability, simplification of interfaces between control con-
soles and instrument assemblies, ground checkout of Spacelab and instrument
assemblies as a package, and software change impacts. The lone possible
requirement for a dedicated computer occurs in connection with the RSP. Under
some conditions, such as open-loop target tracking, the computation rate
required may be too high to be compatible with the Spacelab computer., n this
instance a small, high speed computer can be dedicated to the RSP with data
heing dumped to the Spacelab computer as required for the less frequently
required computations, such as those required for interfacing with the Orbiter
and Spacelab consoles.

6.3.3.3 Attitude Reference Sensors
6.3.3.3.1 Star Trackers Versus Horizon Sensors

A two-gimbaled star tracker is preferred as an attitude reference
because:

1. Potential accuracy is better than horizon sensors,

2. Probably four horizon sensors would be required, leading to
increased cost and field of view problems,

6.3.3.3.2 Orbiter GN&C Sensors Versus AMPS-Dedicated Sensors

The misalignments between the Orhiter and instrument mounts are at
present undefined. Therefore, the pointing requirements of the individual
assemblies dictates a payload-referenced sensor system to eliminate inaccu-
racies. Also, the RSP has a set of gyros for stabilization purposes and, by
the addition of a star tracker, an attitude reference system can be implemented,
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6.3.3.4 Gimbal Systems

Because numerous gimbaled assemblies are required for AMPS, the
individual gimbal sets must be as simple as possible. The RSP and hoom sys-
tem gimbals appear to be the ones requiring the most study. For this phase of
the study, the analyses were done mostly on the basis of SSPD-supplied con-
figurations. Future studies must be concerned with detailed gimbal designs
to reduce complexity, to provide minimize size and weight, and to simplify
operational procedures.
6.3.3.5 Continuous Alignment to the Earth's Magnetic Field

The results of a study made to determine the impact of maintaining one
axis of the Orbiter aligned continuously to the Earth's magnetic field vector are
given below.

1. If is feasible to maintain an Orbiter axis aligned to the Earth's
magnetie field for 7 days.

2, The impact on the overall experiment timeline must be considered.

3. Two-axis attitude control of the Orbiter is required with the third
axis arbitrarily constrained.

4. Pointing along a major axis of inertia should be selected to con-
serve RCS propellant,

5. RCS propellant estimate (nonoptimal control law):.
a, 10 kg per orbit for pointing along minimum inertia axis,
b. 4 kg per orbit for pointing along major inertia axis,

6. Propellant usage [6-3]:

2. 100 n.mi. orbit — Z-POP inertial, 6.2 kg/orbit; Z-LV, 0.3
kg/orbit.

b. 200 n.mi. orbit — Z-POP inertial, 2.5 ke /orhit; Z-1V, 0.3
ke/orbit,

7. It may be advantageous to point antennas (or accelerators) using
Orbiter attitude control only,
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It was found that pointing a major axis of inertia along the vector requires about
40 percent of the RCS propellant required for pointing the minimum axis of
inertia. Therefore, the antennas, accelerator line-of-action, 'or other devices
requiring alignment should be physically oriented to require pointing of a major
axis of inertia. The total fuel requirements do not appear to be excessive when
compared to the propellant usage for standard reference Orbiter attitudes.

Polar orbits create some problems due to the fast rate of change of the
magnetic vector direction in the polar regions. This may require special con-
trol logic during polar crossings to conserve fuel.

The impact on the overall experiment timeline must be assessed when
considering alignment to the magnetic field for the full mission time. Since
primarily only two-axis control is required, some freedom can possibly be
obtained for experimentation by applying arbitrary constraints to the third
Orbiter control axis.

6.3.4 Interfaces
6.3.4.1 Spacelah

The AMPS pointing and control concept requires the following Spacelab
furnished support equipment:

1. Digital Computer — Coordinate transformations, RSP gyro outputs
processing, gimbal commands, star catalog and star identification processing,
Orbiter GN& C-furnished ephemeris processing, magnetic field computations.

2. Interface Unit — Multiplexing, switching logic, A/D and D/A con-
versions, input and output signals routing, and telemetiry interface.

3. Controls — Manual and automatic gimbal controls, control of
checkout and calibration procedures, subsystem configuration control, boom
controls (deployment, scan).

4. Displays — Monitoring of pointing orientations by TV camera output
and gimbal readout displays, housekeeping status data.

“Additional study is required to obtain better definition of the Spacelab
interfaces in the areas of the number of electrical connections, switching cir-
cuit design, computer software, display coordinate systems, and Orbiter
GN&C interface concept. Also, there is a possibility that the Spacelab program
will furnish standardized gimbal mounts which should be utilized to the fullest
extent.
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6.3.4.2 Orbiter

The general pointing and control concept is to relieve the Orbiter of
excessive maneuver requirements and to have the Orbiter fly standard reference
attitudes wherever possible., Typically these attitudes would be inertial, and
local vertical with X-IOP or X~-POP. There are cases where minor variations
are desirable, but in general some fixed attitude appears best. The individual
instrument pointing assemblies are to be implemented to obtain the final pointing
orientation and to provide the required stability.

The Spacelab computer receives the following information via the Orbiter
GN&C computer for use in computations:

1. Orbiter position, cresstrack, downtrack, altitude.

2. Orbiter velocity.

3. Orbiter attitude, three axes.

4. Target coordinates as required.

5. Time reference.

6. Star ephemeris ( alternately., star catalog in Spacelab computer).
In turn, the AMPS payload reference attitude sensors supply attitude information
to the Orbiter GN& C computer to provide the capability for maintaining Orbiter

attitude with respect to the payload attitude reference system.

6.3.4.3 Subgystems

The number of gimbaled instrument pointing control subsystems in the
AMPS payload makes it necessary to have a common payload attitude reference
system. The RSP has a gyro reference unit on the instrument mount gimbal
and a gimbaled star tracker has been added to the payloaa base for attitude
determination purposes. The RSP gyros and the star tracker will be used to
maintain an updated payload attitude reference system in the Spacelab computer
for use in computing pointing commands.
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The major sources of error that result from using the star tracker and
RSP are: - '

1. Misalignment between star tracker and RSP gyros.
2. Transformation error from gyros through RSP gimbals.

3. Misalignment between subsystems due to initial errors and pallet
flexure.

The first two error sources are manageable by désign and calibration
techniques. However, the misalignment between subsystems can have a sig-
nificant impact and for correction would require the addition of optical links
for alignment control. The accuracies, in general, do not appear to require
these optical links and they have not been included in the preliminary design.
Further detailed AMPS studies should investigate the misalignment errors
between subsystems and the use of a common reference frame,

6.3.5 Conclusions and Recommendations

6.3.5.1 Conclusions

1. SSPD level B — The pointing and control requiren'rlents can be met
with designs that require no new technology. However, the RSP stability
requirements are very difficult to satisfy for all experiments and it is thought
that, upon better experiment definition, these requirements will become less
stringent,

2. Boom bending dynamics become a problem only when fast scan
profiles, such as those required for wake and sheath studies, are required.

3. Gimbal geometry for the booms can have a significant effect on
operational simplicity and procedures,

4, Standardized, computer-controlled gimbal mounts can be used for
the AMPS instrument pointing and control subsystems.

5. A small, dedicated computer for the RSP and star tracker combina-
tion to do high speed computations is advantageous.

6. The RSP and star tracker can provide a common atfitude reference
frame for all pointing subsystems if mounting of the individual units does not
cause large misalignment errors. Optical links may be fequired if large
misalignments occur. '
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7. Orbiter vernier thruster firings for durations of less than about 6
sec do not cause boom pointing errors to exceed specifications. Minimum
impulse bit thruster firings result in insignificant errors.

8. Boom scan profiles can result in Orbiter disturbances of up to 2 deg
when the Orbiter is uncontrolled, The Orbiter control system can handle this
disturbance, but during boom sweeps the number of thruster firings should
increase.

6.3.5.2 Recommendations

1. A realistic set of pointing requirements, complete with experiment
timelines, must be generated before any more detailed pointing and control
design studies can be made.

2. The boom gimhal systems should be designed in some detail in order
to determine the full capabilities and to permit generation of detailed operational
procedures.

3. Consideration should be given to a common attitude reference
system.

4. The RSP gimbal design should be updated and performance simula-
tions should be carried out,

5. All instrument pointing control system designs should be reviewed
and redesigned as required in the context of a revised set of timelines and
specifications,

6. All interfaces, and in particular the Orbiter GN&C to Spacelab
pointing subsystems, should be studied in detail.
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TABLE 6-9. AMPS POINTING REQUIREMENTS (SSPD LEVEL B)

Orbiter Pointing Req.

Final Instrument Req.

Rate Rate Orientation
Accutacy Tline Stability Stability Accuracy Time Stability Stehil ity or
Tiem - (are sec) {sec) {arc sec) (arc sec/sec) {arc sec) (sec) {are sec) {arc sec/asec) Targets
RSP 3600 1860 3600 360 180 1800 2 0.2 (1) Horizon
Absolute {2) Earth
20 (3) Clouds
Relative {4) Orbiter Aligned
Lidar System 3600 1860 J600 360 180 1800 Not Not (1) Earth Point
Absclute Specified Specified (2) Subsatellite
Transpotders
Gimbaled 3600 a0 380 360 3600 360 380 360 Geomagnetic Field
Acceleretor Lines
Transmitter/ 10 360 3600 360 10 360 3600 360 Geomagnetic Field
Coupler deg deg Lines
Boom Bystems 1800 1800 360 360 1800 1800 360 360 (1) Geomagnetic Field
{Measuring and (2) Velocity Vector
Exciter)- (3) Wave Generator
Alignment
Deployable 1300 380 360 360 1800 380 360 360 Experiment
Satellites Dependent
Dﬂ}:pll:ny:;lble{l 3600 380 360 360 3600 360 360 360 Experf{ment
Units Dependent

a, Orbiter hold following release of units.
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TABLE 6-10. AMPS MAGNETIC FIELD VECTOR WITH RESPECT TO LOCAL VERTICAL?

Magnetic Vector with Respect to Local

Vertical (deg)

b o Max
Altitude Inclination QF Q0 Mid End Rate
(n. mi.) (deg) (deg} (deg) Initial | Max Orbit Min Orbit (deg/sec)
235 28.5 345 0 79 132 30 46 96 0.06
235 28,5 M5 180 80 151 94 32 66 0.10
235 515) 345 0 79 160 80 20 983 0.12
235 55 345 180 80 166 90 13 73 ¢.12
185 90 345 180 80 178 80 2 68 0.11
185 90 345 0 76 180 74 3 86 0.15

a. Sun position at winter solstice (all cases).

b. Q E is the initial position of Greenwich with respect to Aries.
¢. £ 0 is the ascending line of nodes with respect to Aries,
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TABLE 6-11. AMPS RSP PRELIMINARY HARDWARE DEFINITION

7 : Unit Size Unit Weight | Unit Power | Total Weight | Total Power

Component No. Required {cm) (ke) (watts) (kg) (watts)
Inductosyn Resolver 3 20% 2.5 1 5 3 15
Tachometer (dc) 3 18x 5 2,1 1 6.3 3
Dc Torgue Motor 6 15x 2.5 0. 54 70 3.2 420
Gyros Package 1 25X 20X 18H 8.2 38 8.2 38
Electronic Signal
Processor 1 13 x 21 x 15H 4.5 10 4.5 10
Mechanical Gimbals 1 set 363 363 0
Mounting Base 201 201 0
Totals 589, 2 486




TABLE 6-12. POINTING ERROR, BEBROR’ RESULTING FROM
INACCURACIES IN ORBITER AND TARGET POSITION VECTORS
BERROB
(arc sec)
Orbiter Errdr, | Target Error, 1 150 500
2 + 2 5 L 3
Case Rpp (M) L. (m) (RTE RRE) n, mi, | n. mi,
1 130 + j 130 0 184 137 41
2 230 + 3§ 230 100 +j 100 364 263 79
-3 150 +j 130 0 199 147 44
4 | 250+ 73230 100 + § 100 368 27.3 82
TABLE 6-13. RSP SYSTEM ERROR SUMMARY

Error Source

Error (arc sec)

Pointing Vector Determination 82
Altitude Determination 26
Computation 3
Gimbal Servos (Star Tracker and RSP) 4
Gyro Drift 10
Total Estimated Error (RSS) 817
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STEPPER MOTQR TYPICAL

COMPUTER DEVICES CORP,
RAPID-$YN MODEL 34H-901
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- WEIGHT - 4.25 kg

STEP SIZE - 1.8 deg*
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Figure 6-36. Gimbaled accelerator system,
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Figure 6-37. AMPS single-axis gimbal control loop for boom,




ELECTRO-OPTICS
BIAS 4 arc sec

T

i
}
i

GIMBALS (2)
15 arc sec/GIMBAL

BASE
ALIGNMENT

5 arc sec

STAR
TRACKER
(STA)

DIGITAL - LSB = 0.5 arc sec
AP = 0.5 arc sec

NEA
5 ar¢ sec A/D
12 bit GYRO
LSB 1
arc sec )
0.5 arc sec 0.25 arc sac 1
1
]
15 arc sec DIGITAL i
18 hit :
LLSB 2 ar¢ sec |
]
1 arc sec :
5 arc sec L
a
‘?;CL'.IAL | GIMBALS
LSB 2 arc sec 5 arc/sec GIMBAL
i
1 arc sec :
i
PALLET BASE
— =< FLEXURE === 1 ALIGNMENT
(TBD) 10 arc sec
REMOTE
SENSING
PLATFORM

(a) Attitude determination accuracy.

ABSOLUTE f{arc sec}

2

0.5

4

21

)

5

10

7

0.5

025
55.25 TOTAL

(25.8 RSS)

STA OUTPUT NEA

3TA A/D QUANTIZATION
STA BIAS ERROR

STA GIMBAL ACCURACY
STA GIMBAL QUANTIZATION
STA BASE ALIGNMERTY

RSP BASE MISALIGNMENT
RSP GIMBAL ACCURACY

RSP GYHO Af

RSP GYRO OUTPUT QUANT.

RELATIVE

0.50
0.25
0.75
0.56

TOTAL
RSS

(b) Attitude error budget neglecting pallet flexure.

Figure 6-38. RSP attitude error budget.

6-70



200 000 |
o
3
=)
<
£
E 100000
™
>
3
-l
=]
-
z o
%
(™)
o=
4
s
H
w ORBITER ALTITUDE = 236 n. ml.
E L TARGET ALTITUDE = 81 n. mi.
: 100 000
5 TOTAL ANGLE = 144 dog
g
-

200 000 |-

1 i 1 1
0 100 00 300 400 500 600 700

TIME (sec]

Figure 6-39. RSP fly-by pointing command trajectory.

LOS
1.0
, TP A::fn = - At
- MASS
At To Max TORQUE
{sec) - {N-m) . _Error (deg) / PROFILE
004 - 254, 0.002 i
265 - 254 0,100 /
760 - 254 0.17 h
0.04 - 11 200 0.09 ’
265 - a.41 BOOM
ATTACH
»6.0 ¥ 7.50 . POINT
TORQUE

Figure 6-40. AMPS boom pointing errors during Orbiter
thruster firings.

6-71



6.4 COMMUNICATIONS AND DATA MANAGEMENT

The following general guidelines and assumptions were used in this
study:

1. Reguirements derived from SSPD data (dated July 1974) and S& E
scientific support,

2. Both subsatellites transmit to the Orbiter at the same time.

3. Spacelab definition derived from Spacelab document "Interim Spacelab
Reference Document, "' MSFC Spacelab Program Office memorandum 74-456,
and verbal contacts with the Spacelab Office.

4. Seven day mission duration.

6.4.1 Communications

6.4.1.1 Guidelines and Assumptions

1. Tracking and Data Relay Satellite System ( TDRSS) baselined for
communications,

2. Shuitle and Spacelab capabilities used where possible.

3. Subsatellite physical design based on Atmosphere Explorer spacecraft,
4. Shuttle and subsatellite assumed to be in antenna beamwidth,

3. Subsatellite communications distance to the Orbiter up to 22 540 km.

6. Subsatellite power system capable of providing approximately 100
watts of power for the communications system,

7. Subsatellite will transmit data to the Spaceflight Tracking and Data
Network (STDN) when the Shuttle is not on orbit.

6.4.1.2 Requirements
The communications data rate requirements are summarized in Table

6-14. The total data rate varies from 440 kbs to 1. 531 MBPS, depending on the
experiment. Subsatellite data of 400 khs and 2 MHz were not included in the total
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data rate under the assumption that the 400 kbs and 2 MHz data received from
the subsatellite would he used by the anhoard scientist. Two subsatellites will
transmit the above data to the Orhiter at the same time. H the subsatellite data
were formatted into the telemetry downlink the highest data rate would then
become 2.331 MBPS. The requirements summarized in Table 6-14 are the
requirements used to size the onboard data processing, storage, acquisition,
distribution, and RF links, Real-time downlink data rates specified in SSPD
were interpreted as percent of time at the rate specified, Table 6-14 is hased
on the Phase A Study timeline,

6.4.1,3 Design Reference

An overall block diagram of the communications system is shown in
Figure 6-41. TDRSS is baselined by Spacelab and is utilized on the AMPS
misgion, The STDN links are depicted to illustrate the existing Orbiter down-
links., Assuming that the Orbiter implements a 50 MBPS digital and a 4 MHz
analog fransmission capability, the AMPS requirements can be provided via
TDRSS. If not, the present AMPS data requirements will be severely restricted
by the Orbiter Interface. Present Orbiter baseline provisions include up to 64
MBPS of payload data and a 3 MHz shared downlink direct to STDN ground stations
in addition to the Orbiter/TDRSS communication links, However, TDRSS will be
_the primary link if the Orbiter implements the wideband Orbiter/TDRSS links,

AMPS, Spacelab, and Orbiter blocks are drawn to illustrate the multiple
physical interface situation of the AMPS communications subsystem. Both 50
m booms have an RF system including an uplink and a downlink. More details
about the subsatellite and booms are contained in another section. Two sub-
satellites require communications with the Orbiter at the same time during
various experiments, The RF links from the subsatellites to STDN are provided
when the Orbiter has returned to Earth and the subsatellites remain on orbit.

A command uplink at a basic command rate of 2.4 kbs is provided by
the Orbiter communications system. Preliminary investigations indicate that
the AMPS requirements are within this capability. The capability to command
gubsatellites from the Spacelab module using the Orbiter 2.4 kbs link does not
presently exist, A software change in the Orbiter computer is necessary to
allow this capability. This study will assume that this capability will exist. Tn
addition to these real-time commands, onboard commands will be stored in the
computer for execution by the AMPS flight crew. More information is required
before these stored commands can be adequately sized.
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Table 6-15 summarizes AMPS requirements with respect to the Orbiter/
Spacelab capabilities. Two areas of concern are transmission through TDRSS
to ground and detached payload transmission to Orbiter. Proposed Orbiter
changes are shown in parentheses. The AMPS requirements for transmission
of data to ground is 1.531 MBPS digital, 2 MHz analog, and a voice link. The
existing Orbiter capability is up to 64 kbs for payloads and two-voice channels
either direct to STON ground stations or via TDRSS, 1024 kbs and 3 MHz direct
to STDN ground stations and 50 MBPS and 4 MHz via TDRSS if this capability
is implemented. AMPS requirements can be met by the Orbiter. AMPS
requirements for detached payload transmission to the Orbiter consist of two
subsatellites transmitting 400 kbs digital and 2 MHz analog data from each sub-
satellite to the Orbiter simultaneously. The Orbiter provides for only one
detached payload transmitting 16 kbs and voice back to the Orbiter. These
two subsatellites and high data rates result in payload-dedicated equipment, a
list of which is furnished in Tahle 6-16. A subsatellite communications trade
analysis was performed and is available upon request.

6.4.1.3.1 Subsatellite to Orbiter Reference Design

A subsatellite communications block diagram is given in Figure 6-42,
The necessary equipment to complete the RF link with the Orbiter is shown in
Figure 6-43. Subsatellite reguirements specified in SSPD are 400 kbs digital
data and 2 MHz analog. Other major considerations in this concept were com-
mand system, range, and range rate requirements.

Using the Amtosphere Explorer as a subsatellite reference, a complete
data management and communications system redesign is required to accom-
modate the high data rates. The reference design depicts a data bus system
to acquire and distribute the experiment data for the 400 kbs link., The data
bus controller formats the composite digital wavetrain for modulation onto the
subcarrier. The subcarrier and pseudo random noise generator ( PRN) ranging
codes both modulate the S-band transponder. Then the S-band carrier is com-
bined with the 2 MHz RF carrier to be commonly amplified and radiated from
one of the selected horn antennas, An E field meter outputs a 2 MHz analog
signal. This link uses amplitude modulation/single sideband techniques to
modulate an S-band transmitter, then it combines with the S-band transponder
signal for amplification and transmission. The filter in Figure 6-42 i3 required
to reduce the unwanted RF signals applied to the input of the receiver. Typical
hardware characteristics for the Figure 6-42 block diagram is tabulated in
Table 6-17, System total weight is 65 Ib and it consumes 81. 5 watts.

Communications-dedicated equipment is indicated in Figure 6-43 as a
block diagram. A dotted line indicates the interface between Spacelab- and
AMDPS-dedicated hardware. An S-band transponder is recommended for trans-
mitting commands and ranging. Reception of the 400 kbs signal and ranging is
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also performed by the transponder. A ranging signal is supplied by the PRN
generator. Rendezvous and communication by a single Ku-band system is being
evaluated for use on the Orbiter. If this system is implemented on the Orbiter,
it could possibly be a source for ranging with payloads. This subject has not
been adequately evaluated; therefore, more detailed analysis is recommended
as a follow-on effort. The power amplifier and high gain parabolic antenna are
required for long range transmission at these data rates. RF carrier Separa-
tion is provided by the multicoupler and is transferred to the appropriate
receiver. The composite telemetry signals interface with the Spacelab data
management system. The command system was evaluated using 1 kbs as the
subsatellite command rate. This is the command rate employed on the Atmos-
phere Explorer (AE); therefore, it appears reasonable to utilize it as a guide-
line for the subsatellites until more detail requirements are available.

Typical component weight and power requirements are shown in Table
6-17 for the subsatellite communication-dedicated equipment, This equipment
will physically be located on the pallet. Dual components are required since
dual systems will be needed to accommodate two subsatellites communicating
simultaneocusly. Dedicated system weight is 252 Ib and total power require-
ments are 116 watis at 28 volts,

Antenna sizing and transmission distance was performed on a parametric
basis, The variables are the pallet-mounted parabolic antenna diameter and the
transmission distance. Subsatellite antenna configuration and characteristics
are illustrated in Figure 6-44. Eight horn type antennas were selected for the
8 dB gain and physical size compatability with AE, Multiple antennas were
required to obtain omnidirectional coverage since AE is spin stabilized. If a
stable platform is available on the AE, only one antenna would be required,
still giving an 8 dB gain. Only one antenna is active at a time with the antenna
selection being done by using receiver signal strength. Antenna selection is
updated approximately four times per second. Relative position of the sub-
satellites to the Orbiter cargo bay necessitates a steerable deployable antenna
to stay within antenna beamwidth. The characteristics of the deployable boom
and the gimbal angle of the antenna is yet to be determined. A parabolic dish
antenna is utilized to accomplish high gain at practical physical characteristics.
A 1 m diameter antenna with a gain of approximately 25 dB and a beamwidth of
10 deg is included in the reference design. A graph of the range versus diam-
eter of deployable antenna is plotted in Figure 6-45, Extremely large and
unrealistic antenna diameters become evident at distances exceeding 2000 km,
From a practical hardware viewpoint, 2 1 m diameter was chosen as the
reference design, Larger antennas present deploying and steering problems,
Transmission distances up to 1600 km are obtainable with a 1 m parabolic dish
at these data rates.
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6.4.1.4 Conclusions

Preliminary investigation indicates that the Orbiter/Spacelab command
and voice system is adequate to satisfy existing AMPS command and voice
requirements. The SSPD real-time downlink transmission requirement of 10
percent is more than covered by the TDRSS. An RF system of command and
data transfer on the 50 m booms is a feasible design concept. Larger weights
and higher power requirements are the penalties of using an RF design on the
booms versus the data bus approach. The RF system does eliminate routing a
cable the length of the boom which could possibly induce electromagnetic inter-
ference (EMI) and cause scientific experiment limitations.

AMPS downlink data rate requirements are approximately 2 MBPS
digital and 2 MHz analog. If the recently approved change to the Orbiter base-
line providing a Ku-band link between the Orbiter and the TDRSS is implemented,
the AMPS downlink data rate requirements will be accommodated by the Orbiter/
Spacelab. Orbiter baselined capabilities for receiving data from a detached
payload are currently defined at 16 kbs from only one payload. The AM PS sub-
satellite data return link to the Orbiter is 2 MHz analog and 400 kbs digital from
each of the two subsatellites at the same time. This requirement resulted in
AMPS-dedicated communications equipment as described previously. The high
data rates, long transmission distances, and simultaneous transmission from
two subsatellites are all significant parts of the subsatellite communications
system. More detailed data from the scientific community could conceivably
result in smaller data rates, shorter transmission distances, and perhaps only
one subsatellite.

6.4.1.5 Recommendations

Two areas of continued effort for better definition is recommended for
the communications subsystem:

1. Investigation into subsatellite range and range rate capabilities with
the Orbiter being the active element, Additional subsatellite to Orbiter com-
munication analysis should be made if more detailed requirements become
available,

2. Analyze the use of laser as a candidate for the boom communication
system. Evaluate and compare the laser analysis with the presently defined RF
system,
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6.4.2 Data Management

6.4.2.1 Guidelines and Assumptions

SSPD has specific data rates and storage requirements for data manage-
ment; however, only general information was available on computer data proc-
essing, command, and experiment control requirements. With this limitation
the following guidelines and assumptions were established:

1. Utilize IBM 74W-0059 report entitled ""Spacelab Sortie Payload
Software Sizing Analysis' where applicable.

2. Experiment control and monitoring, and experiment data processing
are onboard functions,

3. An IBM AP101 computer was assumed for the Spacelab data manage-
ment system in order to perform preliminary comparison and evaluations of
AMPS data processing requirements.

4. Each of two subsatellites generate 2 MHz of analog data. This was
not included in the computer analysis.

6.4.2.2 Requirements

The data rate requirements for instrument cluster and for each experi-
ment are shown in Table 6-18. Instrument cluster AP-200 is the lidar, or
laser radar, system. Cluster AP-700 is the subsatellite system. This system
also includes a total of 4 MHz of analog data. The processing requirements of
these data have not been defined and therefore have not been included in the
computer analysis. Table 6~19 shows the data storage requirements as a
function of instrument cluster. Film weight was included as a lump weight of
951b. Total digital data storage per mission is 8.3 x 10" bits, The input
data rate varies from 0. 3 kbs to 1 MBPS, depending on the instrument cluster.
An analog storage requirement of 2 MHz is depicted from the subsatellite,

6.4.2.3 Design Reference

A block diagram of the AMPS data management conceptual design is
shown in Figure 6-46. Dotted lines indicate AM PS8, Spacelab, and Orbiter
functional hardware locations and interfaces, Preliminary investigations and
analysis imply that Spacelab data management payload support capabilities are
adequate to meet AMPS requirements with a possible exception of computer data
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processing. Further study and definition are required to adequately define
AMPS data processing requirements and to determine Spacelab computer capa-
bilities. Present Spacelab design concepts indicate two separate data bus
acquisition and distribution systems — one for subsystem data and another
dedicated to experiment information. The data bus will handle bit rates up to

1 MBPS, which is adequate for the AMPS requirements shown in Table §-18,

The lidar experiment requires 16 channels operating at a 1 MBPS data rate each.
To accommodate this experiment, a direct hardwired path from the scientific
instrument to data storage, to the computer, to the communication system, and
to control and displays is provided.

Adequate magnetic tape storage capabilities are provided by the Spacelab
data management system with respect to preliminary AMPS storage require-
ments. Three tape recorders are currently baselined by Spacelab — one digital
machine at an input rate of 1 MBPS, a digital recorder with an input data rate
of 30 MBPS, and a video recorder. The video recorder is assumed to have
the capability of recording the subsatellite 2 MHz analog data to an acceptable
signal-to-noise ratio.

An assessment of computer requirements for the AMPS pavload was
made in a recent study by IBM, The results are listed in Table 6-20. Total
data processing is listed at 335 percent of the generated data, Preliminary
evaluations indicate a storage requirement of 35 466 words at 32 bits per word.
This includes control and monitoring as well as experiment data processing.
Computer speed requirements are based upon an average data rate of 1. 15
MBPS and an estimated 15 equivalent add operations {EAOs) per data word
processed. With these general requirements and specific information on partic-
ular experiments, a comparison of AMPS requirements and Spacelab capabil-
ities was performed (Table 6-21). An IBM AP101 computer was used as a
typical Spacelab experiment computer for this study.

Table 6-21 illustrates that Spacelab computer memory capacity exceeds
currently defined AMPS requirements. The Spacelab bageline utilizing one
active experiment computer can provide minimum lidar proces sing require-
ments (2.4 kilowords in 1/30 sec). This assumes full dedication to the lidar
data except for experiment control and monitoring. One Spacelab experiment
computer may be marginal for the AMPS requirements.

6.4.2.4 Conclusions
In general the data management system provided by Spacelab is adequate

to meet the AMPS preliminary requirements. One area of concern is the com-
puter data processing capabilities available from Spacelab. An IBM AP101
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computer was used as a typical available Spacelab experiment computer for
evaluation of the AMPS requirements. One IBM AP101 computer will permit
minimum lidar real-time data processing plus real-time processing of between
9 and 68 percent of other experiment data. Lidar is definitely the computer
sizing driver on AMPS and would require full dedication for approximately 15
min per orbit except for experiment control and monitoring. The Spacelab
experiment computer memory size is 64K and only 35, 5K capability is needed
by AMPS,

Data acquisition and distribution furnished by Spacelab depicts a data
bus technique which is sufficient to meet preliminary AMPS requirements.
Data interface units allow a standard interface between the experiments and the
Spacelab data management system. Flexibility is available by adding or elim-
Inating interface units as required by the experiments. Access to the Spacelah
data management system is provided by hardwires for high data rate experi-
ments; 1idar is an example of such an experiment. The general purpose
magnetic tape storage capability provided by Spacelab meets the AMPS require-
ments as currently defined. More information is needed from the scientific
community to analyze and evaluate the experiment data received by the Spacelab
from the subsatellites. Specifically, the question of how much data processing,
storage, display, and real-time transmission is required to accommodate the
subsatellite data needs to be answered.

6.4.2.5 Recommended Further Effort

The previously listed guidelines and assumptions were made to produce
initial design concepts. Most of the subsystem design and analysis has pro-
gressed to an adequate depth of definition until more detailed requirements are
furnished by the scientific groups. A specific task that is recommended for
further study is an analysis of using a dedicated computer for the lidar experi-
ment versus utilizing the Spacelab-provided central experiment computer,

Listed below are the general areas wherein additional information is
needed to effectively produce further definition in the communications and data
management subsystem.

1, Communications

a. Subsatellite requirements that need better definition:

(1) Distance from Orbiter to subsatellite.

(2) Position of subsatellite relative to Orbiter cargo bay.
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(3) Data rates required from sybsatellites.
(4) Power available on subsatellite for communications system.
(5) Qﬁantity of subsatellites.

b. Better definition of down-link data requirements is needed.

2. Data Management

a. Data Processing
(1) Function
(2) Speed
(3) Memory

b. Command and control
(1) Number of commands per experiment
(2} Rate
(3) Resolution

¢. Subsatellite data system
(1) Storage and data dump
(2} Data processing
(3) Real-time downlink
(4) Display and control

A specific requirements summary format was generated for liason between

MSFC Program Development engineers and the sclentific working groups. This
summary format is given in Figure 6-47.
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6.4.3 Boom Data Management Trade Analysis

Both 50 m booms on the AMPS payload have command and data require-
ments that necessitate some form of communication or data management system
to transfer information from the end of the booms to the pallet. Varyving inputs
were received from TRW and the scientific groups relating to the feasibility of
routing wire up the booms for data transfer., Some sources indicated a possible
interference problem with the experiments being performed on the booms as a
result of an electrical potential difference between the bottom and top of the
boom caused by the conductors cutting the Earth' s magnetic field lines. Others
advised this potential difference could be compensated for by calibration or by
controlling the voltage potential on the booms, No specific guidelines were
available on this subject, thus a trade study was implemented to investigate the
merits of an RF system versus a data bus technique. The following guidelines
and assumptions were formulated:

1. SSPD data rates were utilized,

2. Booms require commands as well as data downlink,
3. Angle between booms less than 120 deg.

4. Both booms transfer data at the same time.

5. Booms are 50 m in length and triangular construction is used which
fits in a 20 in. diameter circle.

6. Base analysis on existing hardware where possible,
6.4.3.1 Reference Desgign

A block diagram of a feasible communication system is shown in
Figure 6-48. The block diagram at the top of the page indicates the equipment
that would be located at the end of the boom; pallet-mounted equipment is
indicated at the bottom of the page. Each boom requires a system as illustrated
in Figure 6-48, With the exception of the antennas, the utilization of common
equipment is eliminated by the requirement of the booms to transmit simul-
taneously. The horn type of antenna chosen in the reference design required
one pallet-mounted antenna per boom. The Spacelab/AMPS interface is the
data bus interface unit and is shown in dotted lines in Tigure 6-48,

Antenna design and mounting constraints are significant drivers in the
communications system. An antenna functional configuration is depicted in
Figure 6-49. A directional antenna (horn) was selected over an omnidirectional
one to reduce possible multipath problems. Pallet equipment mounting, Orbiter
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configuration, and close (50 m) radiating distance contribute to a possible
multipath situation, Some of the specific antenna characteristics are included
in Figure 6-49. The boom antenna has a nominal 30 deg beam width at the 3 dB
points. Under the assumption of using an antenna at both ends of the boom, all
four antennas would be the same for equipment commonality. Figure 6-49 is a
functional drawing and does not relate to a specific mouniting configuration;
however, the pallet antennas should be mounted above the normal pallet equip-
ment to eliminate pattern interface. An RF link calculation was performed to
establish conceptual hardware characteristics. A summary of the calculation
is listed in Table 6-22. An S-band RF system was selected to transmit the

1 MBPS data rate the short 50 m distance. Calculations based on the listed
values indicate that a transmitter with an output power as low as 0. 1 mW would
be acceptable. From a practical availability viewpoint, a 100 mW transmitter
would probably be utilized.

A weight and power summary of typical hardware required to implement
the RF system for both booms is shown in Table 6-23. The weight and power
values are based on currently available equipment. Increased pallet weight is
31 1b, compared to 17 b on the end of each boom. Figure 6-50 depicts a data
bus technique for transferring the information from the booms, Hardware items
required to implement this technique are wire to span the boom and a remote
addressable multiplexer,

The amount of detail needed from the scientific experiments has not been
determined so the number of digital or analog channels in and out of the remote
multiplexer cannot be defined. Composite telemetry wavetrain rate is currently
predicted at 1 MBPS for boom A and 1. 1 kbs for boom B, The Spacelab interface
is shown in dotted lines and is the normal interface to the Spacelab data bus.
Table 6-24 indicates the data bus concept weight and power estimates. End-
of-boom weight is conceived at 3 ib for a typical remote multiplexer with the
wire weighing 2 b, Wire weight was calculated based on 195 ft of number 22
twisted shielded pairs and on 10 1b per thousand feet. An extra length of 31 ft
was added to the boom wire for deployment techniques and space wire at both
ends of the booms for interfacing requirements. Total data bus concept weight
is 5 1b per boom.

6.4.3.2 Conclusions
Either of the two investigated boom data transfer concepts are feasible
and practical in terms of current technology. The total system weights are

compared at 10 Ib for the data bus and 64 1b for the RF system; these weights
are for both booms. The RF system is definitely more complex than the data
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bus technique. A hardware component count is 18 for the RF system and 2 for
the data bus concept. End-of-boom weight is important in relation to structural
and pointing design considerations, Additional end-of-boom weight for the RF
system is 17 1b, compared to 3 Ib for the data bus system. Power require-

ments at the end of the boom are 12 watts for the RF system and 3 watts for the
data bus at 28 Vde.

Final resolution on the boom data transfer concept should not be decided
until the scientific groups evaluate the impacts of EMI on the boom experiments.
EMI wag investigated and is documented in another section of this report.
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TABLE 6-14, COMMUNICATION REQUIREMENTS SUMMARY, DATA RATE MATRIX

Experiment XAP
Instrument
Cluster 410 420 450 460 430 440 470 480 301 302 303 306 308
Remote Platform
AP 100 0. 218 0. 44 0.68 0,68 0,44 0,44 0.68 0, 216 0.1 0.1 0,24 0,44 0,24
Lidar
AP 200 1.0L 1.00
Accelerator
AP 300 0.0021 0,0021 0.0021 0,01
Transmitter/
Coupler AP 400 0. 0007 0. 0007 . 0. 0001 0.0003 Q, 0007
Booms
AP 500 0.29%4 0, 294 0, 204 0.2p4 0. 203 0, 283 0,293 0,294 0. 293
Deployable Units
AP g00 a a a a
Subsatellite
AP 100 b b b b b b b
Total Data Rate
MBPS 0.511 0.735 0.976 0,976 0.733 0.733 0.975 1. 531 0.44 0,733 1.24

2. Nodata required from deployables.
b. 400 kbs and 2 MHz transmission from subsatellite during experiment.
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TABLE 6-15. AMPS COMMUNICATION REQUIREMENTS WITH RESPECT TO
ORBITER/SPACELAB CAPABILITIES

Orbiter Spacelab AMPS
Capability Capability Requirements
Transmission Through Up to 64 kbs (Orbiter-shared) | Interface permits 1.531 MBPS

TDRSS to Ground

Two voice channels
50 MBPS
4 MHz

use of Orhiter's full
capability

(approximately 10%
of the time)

2 MHz analog
Voice

25% of data dumped

Transmission Direct
to Ground

Up to 64 kbs (Orbiter-shared)
5 MHz, time shared with
Orbiter

Two voice channels

50 MBPS

3 MHz

Interface permits
use of Orbiter' s full
capability

Same as above

Transmission Direct

From Ground or Through
TDRSS to Orbiter/
Spacelab

2.4 kbs of command
Two voice channels

1 MBPS via TDRSS only

Interface permits
use of Orhiter's full
capability

2.4 kbs command
Voice

Detached Payload
Transmission to
Orbiter

16 kbs
Voice

Cannot display 16 kb

_ in Spacelab

Two payloads with 400)
kbs digital data and
2 MHz analog data
(requirements are
simultanecous)
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TABLE 6-15, (Concluded)
Orbiter Spacelab AMPS
Capability Capability Requirements

Orbiter Transmission
to Detached Payload

2.4 kbs of command
Voice

Cannot command
subsatellite from
Spacelab via this
link

1 kbs command




TABLE 6-16, AMPS COMMUNICATIONS DEDICATED EQUIPMENT

Item ‘Quantity Power (watts) Weight (1b)
Antenna 2 200
Multicoupler 2 4
Power Amplifier 2 72 8
Receiver {AM-SSB) 2 16 12
Transponder 2 18 20
Pseudo Random Noise
(PRN) Generator 2 10 10
Total 116 252

TABLE 6-~17. AMPS SUBSATELLITE EQUIPMENT SUMMARY

Item Quantity Power (watts) Weight (1b)
Antenna 8 20
Hybrid {RF) 1 1
Filter 1 1
Transponder_ 1 9 10
Power Amplifier 1 36 4
Isolator/Combiner 1 1
Transmitter 1 25 3
Subcarrier Oscillator 1 0.5 1
Decoder 1 1 1
Bus Controller 1 4 5
Remote Mux 6 6 18
Total 8l.5 65
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TABLE 6-18, DATA MANAGEMENT DIGITAL DATA RATE MATRIX (MBPS)
Experiment XAP
410 420 450 460 430 440 470 480 so1 | 302 203 306 308
Instrument
Cluster
AP 100 0. 216 0. 44 0.68 0.68 0.44 0.44 0.68 0, 216 0.1 o.1 .24 | 0.44 0, 24
AP 200 Lidar Lidar
1.01

AP 300 0.0021 0, 0021 a, 0021 0.01
AP 400 0. 0007 0. 0007 0, 0001 0, 0003 0. 0007
AP 500 0.294 0. 294 0. 294 0.294 0,293 0.293 0. 293 0. 294 0. 293
AP §00
AP 700 o.g00> | o.800® | o.800® | o.s00* | o0.800% 0.800° { 0.800"
Total 1.31 1,535 1.776 1,776 1,533 0.733 1,775 2,64 0. 44 0.733 0.24
Data Rate + Lidar
(MBPS)
Data Division
(MBPS)

Data Bus 0.511 0.735 0.978 0.976 0. 733 0.733 9,975 0,83 0.44 0.733 0. 24

Hi-Data

Rate 0. 800 0. 800 0. 400 0. 800 0. 800 - 0. 800 1.84 - - Lidar

a.

AP 700 also includes 4 MHz of analog data,
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TABLE 6-19. DATA STORAGE REQUIREMENTS®

Total Tapeb
Instrument Output Duration/Day Storage/Mission Storage
Cluster Data Rate (sec) (bits) Weight (1b)
Remote Sensor ‘
Platform 440 kbsg 28,8 % 10° 1.5 % 10f 0.5
Lidar System 16 channels 800 7.68x 1010 21.5
@1 MBPS
each
Gimbal
Accelerator 2.1 kbs 28,8 x 103 7. 26 x 10° 0,002
Transmitter/
Coupler 3 kbs 28,8% 10° 1.04 x 10° 0. 003
Booms 1.001 MBDPS 28,8 x 10° 3, 46 % 10* 1.0
Subsatellite 400 khs 28,8 % 10° 1.38 x 10° 0.4
2 MHz
Total 8, 3x 1010 23, 4

a. Total film weight= 95 b,

b. Used EREP recorder for reference.




TABLE 6-20. ESTIMATE OF AMPS COMPUTER REQUIREMENTS

Percent of
Data Storage Speed
Function Processed Requirement (KAPS)
Control and Monitor 4 980 93
(Including Internal
Experiment Sequencing)
Data Processing 30 486 2477
Data Compression 100
Briefing Material Control 0
Scientific Data Control 25
Graphics Processing 10
Fourier Analysis 100
Autocorrelation 100
Total 335 35 466 2570

a. Number of 32-bit words,

b. Kiloadds per second = Number of EAOs X 10% per second.
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TABLE 6-21. AMPS/SPACELAB COMPUTER COMPARISON

Ttem

AMPS Requirement

Spacelab
Capability

Remarks

Memory-32 Bit Words

35K

Main Storage: 32K
Extended: 32K

Spacelab capability is
adequate

Computer Processor
Speed

Control and Monitor

Lidar Data

Other Data
Processing

93K EAO/sec

Process 2K to 4K
8 bit words in 1/30
sec

Data rate varies
from 0. 240 to 1,776
MBPS +4 MHz of
analog data

93K EAO/sec or
greater

1 Computer:
2, 4K words in
1/30 sec

2 Computers:
3. 1X words in
1/30 sec

1 Computer:

0. 505 to 0.606 MBPS
2 Computers:

1,141 to 1. 276 MBPS

Adequate capacity

One computer can provide
minimum lidar processing
requirements.

Two computers will not

provide full lidar capa-

bility recommended.

One computer will process
9 to 100% of other data,
depending upon experiment.
Two computers will process
18 to 100% of other data.
Data compression will
require more than two
computers,
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TABLE 6-21. (Concluded)

Ttem

AMPS Requirement

Spacelab
Capability

Remarks

I/O Processor

High enough rate to
process lidar data 8
to 16 MBPS

12.9 MBPS I/0 data
input rate

I/0 will limit data rate on
the 16 lines from the lidar
output to 0.806 MBPS each,




TABLE 6-22. RF LINK CALCULATION®

Parameter Value
Frequency S-band (2200 MHz)
Bandwidth 1 MBPS |
Cable Loss 1 dBW
Transmitting Antenna Gain 5 dBW
Space Loss 103.5 dBW
Receiving Antenna Gain 8 dBW
Cabling \\Loss 2 dBW
KB Te | 136.2dBW |
System Margin 3 dBW

a: With these constraints a 100 mW transmitter is

recommended.
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TABLE 6-23. RF SYSTEM WEIGHT SUMMARY

Item Quantity Power (W) Weight (1b)
Booms A& B
Antenna 2 3.0
RF Multicoupler 2 2.0
Transponder 2 18.0 20,0
Decoder 2 2.0 2.0
PCM Formalftter 2 4,0 6.0
Subtotal 24.0 33.0
Platform
Antenna 2 5.0
Multicoupler 2 2,0
Transponder 2 18,0 20.0
Endocer/Decoder 2 4,0 4.0
Subtotal 22,0 31,0
Total RF System 64.0

TABLE 6-24., DATA BUS SYSTEM WEIGHT SUMMARY

Item Quantity Power (W) Weight (1b)
Remote Multiplexer 2 6.0 6.0
Wire {Twisted
Shielded Pair #22) 120 m 4.0
Total 10.0
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6.5 AMPS ELECTRICAL POWER SYSTEM DESIGN

6.5.1 Guidelines and Assumptions

Power for the AMPS payload is provided by the Orbiter-dedicated fuel
cell system. The Orbiter fuel cell has the capacity to deliver 7.0 kW average
power and up to 12.0 kW peak power for 15 min, The Spacelab will require
approximately 3.6 kW average power leaving 3.4 kW available for experiment
instrumentation equipment. The large power users for AMPS, such as laser
radar, transmitters, and plasma accelerators, will be accomplished with
pulsed power techniques utilizing capacitor banks for storage. Other puidelines
and assumptions used in this study are listed below:

1. Design with existing technology as far as possible.

2. Simplicity and economy considerations.

3. Baclf—up and emergency energy provisions,

4. All subsystems utilize 28 Vdc when practical.

5, Provisions for standard dc and ac voltages.

6. New subsystem use modular design if practical.

7. T day normal mission life-time.

8, Pulsed power for all large power users.

9. Secondary power batteries and storage capacitor banks.

10. Shuttle launch vehicle.

11. Orbiter power downtime maximum 30 min.

12, Omne orbiter fuel cell failed 5.0 kW average power and 8 kW peak
power available to Spacelab and AMPS payload.

13. Only nominal voltage of 28 Vdc supplied by Orbiter.

14, Maximum 23 to 30 Vdc Orbiter fuel cell voltage variation.

6-105



15. Payloads requiring precise ac and dc voltages will be provided by
either Spacelab or AMPS payload.

16. Man-in-loop design considerations,
17. Adhere to safety considerations.
6.5.1.1 Orbiter Capability

The primary power source for Spacelab and the AMPS payload is the
Orbiter fuel cell system. The capabilities of this gsystem are listed below:

Power:
1.0 kW average, 1.5 kW peak for all mission phases.

7.0 kW average, 12,0 kW peak dedicated Orbiter fuel cell for
payloads.

5 kW average, 8 kW peak degraded mode of operation (one Orbiter
fuel cell malfunctioned).

Energy:
50 kW-h supplied by Orbiter without payload penalty.
828 kW-h with Orbiter add-on energy kit payload weight chargeable.
Distribution:
23 to 32 Vde from Orbiter,
40 volts maximum (0 to 2 kW) load.
4 volts peak to peak maximum ripple.
6.5.1.2 Spacelab Power Requirements
The various Spacelab subsystems will require approximately one-half the

output capability of the Orbiter-dedicated fuel cell system. These power
requirements are tabulated in Table 6-25.
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6.5.1.3 Experiment Instrumentation Power Requirements

There are many experiments to be accomplished by the AMPS payload,
which has been broken down into five major areas of scientific investigation.
The power requirements of the experiment instrumentation equipment are tab-
ulated in Table 6-26. The experiment instrumentation power requirements
indicated with an asterisk are average power values. The peak powers for
these cases may be in the kilo- or megawatt range. The energy required for
these cases will be stored in capacitor banks and released as required.

6.5.1.4 Design Requirements

The AMPS electrical power system shall provide full operational capa-
bility after the first failure, without transients or degradation of power quality.
After the second failure, the electrical power system (EPS) must provide
sufficient power to maintain a safe condition. All equipment required in a safe
return must be powered. These redundancy requirements apply to all elements
of the electrical power system. A failure of the dedicated Orbiter fuel cell will
result in a degraded mode of operation if the power demand exceeds 5 kW
average and 8 kW peak,
6.5.1.5 Electrical Requirements

1. Primary elecirical power source.

2. BSecondary power capability.

3. Power conversion, inversion, and conditioning.

4. Power distribution control and protection.

5. Electrical integration of systems and subsystems.

6. Interfaces for test, launch, and maintenance support.

6.5.1.6 Electrical System Equipment

Component Quantity Supplied By
Primary de Bus 1 Spacelab
Secondary dc¢ Bus 1 Spacelah
Emergency dc Bus 1 Spacelab
Isolation de to de Converter 2 AMPS
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Component Quantity Supplied By

High Voltage Converter 2 AMPS
High Voltage Capacitors 3 AMPS
Peaking Batieries Spacelab
Battery Chargers Spacelab

The equipment interfacing arrangement is shown in Figure 6-51. Char-
acteristics of the baseline EPS are given in Tahle 6-27.

6.5.2 AMPS Baseline Electrical Power System

The AMPS elecirical power system receives power from the Spacelab
EPS and distributes it to various payload functions. The primary source of
energy is the Orbiter fuel cell system. The AMPS type of baseline electrical
power system is very dependent on the configuration selection for Spacelab.
The contractural status of Spacelab creates a situation where preferential treat-
ment could be claimed if a contractor haseline Spacelab EPS selection were
made at this time.

A block diagram of the preferred cross strapping between Orbiter fuel
cells and busses is shown in Figure 6-52, A malfunction of any one fuel cell or
bus does not terminate the experiment. The redundant interface cables provide
a backup position of the primary power source.

The selected AMPS electrical power system is shown in Figure 6-51.
This subsystem is composed of a primary, secondary, and emergency bus sys-
tem. It is desired that all power users select subsystems that can operate on
unregulated de voltage when practical. Converters de/dc were baselined to
provide the different levels of dc¢ voltages desired. This converter will have the
capability of charging a capacitor bank up to 50 000 Vde. To meet the needs of
critical measuring circuits and other circuits where common grounds present a
problem, a de/de isolation converter was baselined. For those circuits
requiring ac voltages a 3 phase, 400 Hz, 115/220 de/ac inverter was baselined.
No 60 Hz power supply was baselined because of weight cost and availability
problems associated with flight programs., The secondary bus and its associated
subsystems provide the same functions as the primary system. The emergency
bus provides only those functions of a eritical nature for crew safety.
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6.5.3 Analysis of AMPS Large Power Users

The lidar system AP 200, gimbaled accelerator AP 300, and transmitter/
coupler have peak powers that exceed the 3.4 kW baselined for AM PS payload.
These energy demands will be supplied by the Orbiter fuel cell and peaking
batteries. The energy will be stored in capacitor banks and released as needed,

6.5.3.1 AP 200 Lidar System

There are many types of laser systems available today., The ©-switched
ruby laser may have an efficiency in the 1 to 7 percent range. The ruby laser
requires kilowatts of power just to operate the special coolant loop equipment.
The dye lasers are less complex and do not require special coolant loops.
Figure 6-53 is a block diagram of a typical laser system. Characteristies of
the AMPS laser system are given in Table §-28,

6.5.3.1.1 Laser Power Analysis
The characteristics given in Table 6-28 were used for this analysis, A

laser that releases 1 J per pulse in 100 nsec has a peak power of 10 MW:

1J
100 % 1079 sec

Peak P_ower = = 10 MW

This calculation is correct assuming the laser pulse to be a square wave of
energy.

The laser was baselined for 15 min of operation for three consecutive
orbits. The electrical power output for one orbit is 7.5 watts:

1X 30 15 %
Output Power = 3306>< 1503 LU 7.5 watts (1 J=1 W-gee) ,

where 1 pulse equals 1 J, 30 pulses per second, and 15 min of operation.
Lasers of this type usually have very low efficiencies, on the order of

1 to 7 percent. The input power for a laser with a 2 percent efficiency is 375
watts:
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Output Power 7.5
b = = = 375 watts .
tput Power = o rctency 0.2

The remaining 1625 watts of power allocated to the laser will be used to main-

tain the constant temperature of the coolant loop. If the laser is operated at a

lower pulse rate per second, then more energy could be dissipated per pulse in
the output of the laser.

There are various methods whereby the power from either the Orbiter
fuel cell or Spacelab batteries may be stored in a high voltage capacitor bank
for the laser. The power may be obtained by transformer, rectifier, and
filtering scheme from the 3 phase, 400 Hz, 115 Vac supply. A high frequency
de/de converter for 20 000 volts would probably be smaller in size and lighter
in weight than a 400 Hz system. Any one of several voltage doubling schemes
can also achieve a light weight, high voltage power system; this approach is
somewhat limited in current capacity. Either of the first two methods has a
lower output impedance. The laser discharge circuiting has a very low imped-
ance. For these reasons it will not be necessary to synchronize or disconnect
the charging network between charge and discharge cylces of the laser.

6.5.3.2 AP-300 Gimbaled Accelerator
6.5.3.2.1 Electron Accelerator

The electron gun aceelerator power supply should not be a very difficult
System to obtain. Any one of the high voltage power systems hriefly described
in paragraph 6. 5, 3, 1. 2 should be adequate for the electron gun, Many capacitor
suppliers can furnish a capacitor bank that meets these requirements. For
example, TOBE Deutschmann has a 3 kJ » 20 000 volt, 3 nH unit that measures
14 by 7 by 31 in. and weighs approximately 60 Ib. A typical block diagram of
a power supply for this application is shown in Figure 6-54, This unit will
deliver 300 kW with a 10 msec Square wave pulse, The capacitor hank and
charging network for the lidar system and the electron accelerator probably
can be used interchangeably. Proper equipment location and a switching net-
work will be required.

6.5.3.2.2 MPD Arc

The capacitor bank for the MPD arc involves less of 2, problem of volt-
age insulation. The major problem of this capacitor will be the total amount of
energy to be stored. The charging network will be similar to the block diagram
shown in Figure 6-54., -
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The state of the art for capacitor banks is approximately 100 J/1b. A
megajoule capacitor. would weigh approximately 10 000 1b, Since the AMPS
payload is weight limited, only a 100 kJ capacitor will be baselined. This capac-
itor with encapsulation and switching network will probably weigh about 1200 1b,
Table 6-29 is a tabulation of the MPD arc accelerator characteristics.

The characteristics given in Table 6-29 were used for analysis. An

MPD arc that releases 100 kJ in 10 msec has a peak power of 10 MW:

100 % 10° J
10X 1072 sec

Peak Power = = 10 MW

If the energy is released in 1 msec, this would be a peak power of 100
MW. Approximately 500 volts is about the upper voltage limit that can be
reached in an MPD arc with a controlled breakdown sequence. From this and
other given information, the capacitor bank can be sized in farads. Given:

W = 1/2¢cv:

where W is joules in watt-sec, C is capacitance in farads, and V is voltage
in volts,

100 000 = 1/2 C (500)2

2x10° = 0,8F .

C=325x100

Typical output impedance for a de/de (30 to 500 volt) converter of good design
would be 2 to 4 ohms. The time required to charge 0.8 farads through 4 ohms
is determined by t= RC: -

t= 4X0.8= 3.2 5ec .

§
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Approximately 6 ohms output impedance of the de/de converter is a maximum
if 5 sec is maintained between discharge pulses for the capacitor bank. For
95 percent charge or recharge, it requires three time constants. If this level
of recharge is required for each pulse, approximately 10 sec will be required
between discharge pulses,

6.5.3.3 Ion Accelerator

The same capacitor bank used for the electron gun can be used for the
proton accelerator., To meet the desired level of 10 A and 20 000 volts per
pulse discharge, a 20 kJ capacitor bank will be required. Then the electron and
proton capacitor bank would weigh approximately 300 1b. T will require a
20 000 volt, 100 uF capacitor for this application. The arrangement of the
charging network and storage capacitor bank is as shown in Figure 6-54.

6.5.4 Transmitter Coupler

The charging network and capacitor bank proposed for the proton accel-
erator should be adequate for the transmitter power requirements. Table 6-30
is a listing of the transmitter characteristics.

The figures given in Table 6-30 were used for this analysis. A trans-
mitter that has a 10 kW output pulse for 10 msec has an average power require-
ment of 1 kW, If the transmitter and associated circuitry have a 40 percent
efficiency in the megahertz range, a 2500 watt power source will be required:

Output Power  10x 108x 10x 1073 x 10
System Efficiency 0.40

Input Power =

= 2500 watts .

The low frequency transmitter power requirements can also be met with
the same capacitor bank. At 300 Hz the efficiency of the transmitter will prob~
ably be about 4 percent:

Output Power  _ 1x10°x 10x107%x 10
System Efficiency 0,04

Input Power =

= 2500 watts .
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A typical block diagram of a transmitter and power supply are shown in Figure
6-55, The antenna for a 300 Hz pulse may present the greatest prohlem., For
example, the half wave length for this antenna is

_ 492% 0,96

500X 10-8 = 137 10° ft or 300 mi

A special antenna arrangement may be required for this low frequency
application,

6.5.5 Power Profile

The power requirements for the AMPS payload have been calculated
using SSPD data and mission timelines dated March 20, 1974, Certain deviations
have been introduced in cases where the power requirements exceeded the 7,0
kW average for the Orbiter fuel cell. The 2.5 kW average does permit a growth
contingency of approximately 1.5 kW. A plot of the average power requirements
is shown in Figure 6-56,

6.5.6 Conclusions and Recommendations

The following conclusions and recommendations were made:

1. The AMPS experiment can be accomplished with 7.0 kW average
power.

2. Seven days at 7 kW average power is 1176 kW-h of energy. The
Orbiter baseline is 50 kW-h plus 828 kW-h, for 878 kW-h total.

3. A 1,0x 10° joule capacitor bank is maximum for AMPS experiments.
4. The low frequency experiment will be very difficult to accomplish,

5. Detailed analysis of lidar, accelerator, and transmitter power
sources is needed for an optimum configuration.

6. Power requirements for detailed instrument complement are needed,

7. Definition of what instruments are used with each experiment is
needed,
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6.5.7 Electromagnetic Control (EMC)

Rigid controls will be imposed on the design and implementation of the
AMPS payload to assure trouble-free operation., The design will have to comply
with approved Space Shuttle specifications JSC-SL-E-0001, JSC-8L-E-0002,
J8C-07636, MIL-B-5087B, etc. The main requirement of specification JSC-
SI.-E-0001 is the esfablishment of an EMC program at the component level.
The program will be reviewed by the EMC control board and testing will be
conducted on AMPS payload to verify plan. Specification JSC-SL-E-0002 limits
component audio, RF, and transient emissions. This specification also requires
test of payload components to verify results. The other specifications pertain
to bonding requirements.

6.5.7.1 Theoretical EMI Analysis
6,5.7.1.1 Boom

Radiated EMI from a 1 megabit data transmission line between Spacelab
and experiment boom for a number 22 twisted shielded pair produces a negligible
EMI noise level. The calculation was based on 1.5 MHz transmission rate, 50
m link, 5 volt signal and 200 mA power level. This calculation resulted in a
maximum power density of 3. 2% 1072 W/m? The static charge on the cable or
metallic boom could be much greater, as much as 20 volts under some cir-
cumstances. The high gain S-band parabolic antenna also produces a much
greater noise level. The frequency bands for the electromagnetic spectrum
were arbitrarily chosen, but they correspond roughly to the operational fre-
quencies of the 14 Space Shuttle antennas. Tabulations of these results are shown
in Tables 6-31 and 6-32. A detailed analysis of this effort can be found in MSFC
report number SP-262-0829, dated June 4, 1974, entitled Static and Dynamie
Field Analysis Associated with Antennas and Deployed Booms and Cables.
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TABLE 6-25, SPACELAB SUBSYSTEM POWER REQUIREMENTS
With Energy Kit | With Add-On Plus
Function (W) Radiator {W)

ECLS? 1000 1950
Controls and Displays 760 760
Data Management 1060 1060
Communications 55 55
Lighting and Miscellaneous 300 300
Electrical Power and
Distribution 100 200
Losses 325 435
Total 3600 4770
a. Environmental control/life support.
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TABLE 6-26. EXPERIMENT INSTRUMENTATION
POWER REQUIREMENTS

System/Component Power (W)
Remote Sensing Fiatform AP-100
Instrumentation and Platform Power 462
Room Manipulation and Alignment 150
Coniroel System 131
Display Systems 800
Computing and Recording 300
Total 1843
Lidar System AP-200
Lidar System (Average Power) 2000
Computer and Controls System 525
Display and Recording Systems 400
Total 2925
Gimbaled Accelerator AP-300
Ton Accelerator {Average Power) 2000%*
Selection Accelerator 200
MPD Arc¢ (Average Power) 2000
Accelerator Control Systems 25
Accelerator Display Systems 400
Total 4625
Experiment Instrumentation Average Power 2625
Transmitter/Coupler AP-400
Transmitter/Coupler 0, 2 to 2 kHz Average Power (T-1) 2500%
Transmitter/Coupler 2 to 20 MHz Average Power (T-2) 2500%
Transmitter/Coupler 0.3 to 200 kHz Average Power 2500
Control Systems 100
Display and Recording 450
Total 7800
Experiment Instrumentation Average Power 3050
Boom System AP-500
Instrumentation and Boom Controls 286
Display Systems 830
Computing and Recording 400
Total 1516
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"TABLE 6-27.

SELECTED AMPS BASELINE ELECTRICAI. POWER
SYSTEM CHARACTERISTICS

Parameter

Spacelab

AMPS Payload

Primary Power
Secondary Power
Emergency Power
Peaking Power

Voltage

Power
Energy
Energy Storage

Distribution

Orbiter Fuel Cell
Orbiter Fuel Cell
Silver Zinc Batteries
Silver Zinc Batteries

23 to 32 Vdc Intermittent
24 to 32 Vde Continuous

28 Vdec Nominal

4 V Peak to Peak Ripple

3.6 KW
540 KXW-=h
Batteries

28 Vdc, Three Buses

- 3 Phasge, 400 Hz, ac, Three Buses

Fuel Cell
Fuel Cell
Silver Zine Batteries
Silver Zinc Batteries

1. Unregulated 28 Vdc

2. Dc/dec Converter 500 Vde,
50 000 Vde

3. Dec/ac Inverter 3 Phase,
400 Hz, 115 Vace

4. Dc/dc Isolation 28 Vde,
5 Vde

3.4 kW
238 kW-h
Batteries and Capacitor Banks

28 Vde, Two Buses
3 Phase, 400 Hz, ac, Two Buses




TABLE 6-28. AMPS LASER SYSTEM CHARACTERISTICS

Parameter Value
Pulse Width 100 nsec
Pulse Rate 30 pulses/sec
Output Energy 1 J/pulse
Computer and Control 525 watts
Digplay and Recording 400 watts

Lidar System Average
Power 2000 watts

Experiment Instrumentation
Average Power 2925 waltts

TABLE 6-29. MPD ARC ACCELERATOR CHARACTERISTICS

Pa_rameter Value
Pulse Width 10 nsec
Pulse Rate 10 pulses/sec
Current Pulse 10 000 A/pulse
Output Energy 100 000 J/pulse
Average Power ' 2 000 watts
Confrols and Display Systems 500 watts
Experiment Instrumentation
Average Power 2 700 watts
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TABLE 6-30. TRANSMITTER CHARACTERISTICS

Parameter Value
Pulse Width 10 msec
Pulse Rate 10 pulses/sec

Peak Power

Voltage

Frequency

Controls and Displays

Experiment Instrumentation
Average Power

1-10 kW

20 kv

300 Hz to 20 MHz

300 watts

3050 watts
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TABLE 6-31.

ARBITRARY DIVISION OF THE ELECTROMAGNETIC SPECTRUM

Band Spectrum Division Antenna
Number Bandwidth E, V/m Max P, W/m Max Type®

I 0.3 kHz - 0,2 MHz 1.93 9.7% 1073 14
i 0.2 MHz - 2.0 MHZ 2. 90 0. 0223 14
I 2.0 MHz - 20.0 MH=z 2,89 0.0221 14
v 290.0 MHz - 300,0 MHz 0.993 2,63 1074 7

v 2045.0 MHz - 2055.0 MHz 0,1232 4.026 X 1075 9 and 11
VI 2080, 0 MHz - 2090. 0 MHz 9. 046 0. 217 12
VII 2090.0 MHz ~ 2100, 0 MHz 9.406 0. 2347 13
VI 2220.0 MHz - 2210.0 MHz 315 x 1078 264 x 10”1 2
X 2210.0 MHz - 2220, 0 MHz 0.6927 1,273 % 1073 3

X 2220.0 MHz - 2230. 0 MHz 0.03 8,07 x 107° 8 and 10
X1 2243.0 MHz - 2253.0 MHz 0. 7749 2.053 % 108 1
XTI 2257.0 MHz - 2263. 0 MHz 0.77 1.579 x 1077 8
XITI 2285.0 MHz - 2290, 0 MHz 0.75 1.49x 1073 4

a. See Table 6-32 for antenna types.
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TABLE 6-32. SPACE SHUTTLE ANTENNA TYPES USED IN THIS ANALYSIS

Frequencies Power
Antenna (MHz) (watts) Gain Direction of Lobe
1. S8-Band Hemispheric 2250, 0 10,0 0 Hemispheric
2. S5-Band Hemispheric 2205.0 10.0 0 Hemispheric
3. S-Band Quad 2217.56 2-40 0 Omni
4. S-Band Quad 29817, 5 2-40 0 Omni
5. S-Band Quad 2245,0 2-40 0 Omni
6. S-Band Quad 2260.0 2-40 0 Omni
7. UHF Voice 296.8 1 0 Omni
8. Boom A Antenna 2225.5 0.1 5 Axis of Horn
9. Boom A Antenna 2049, 3 0.1 8 Axis of Horn
10. Boom B Antenna 2229.5 0.1 5 Axis of Horn
11. Boom B Antenna 2053.0 0.1 8 Axis of Horn
12. 8-Band Parabolic 2085.7 25,0 24 Axis of Parabola
13. S-Band Parabolic 2094, 9 25,0 24 Axis of Parabola
14, Pallet L, F. Antenna 3 kHz - 20 MHz 500 0 Perpendicular to

Axis of Antenna
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6.6 AMPS CONTROLS AND DISPLAYS

6.6.1 Guidelines, Assumptions, and Constraints

There are two main objectives in developing the C& D requirements for
AMPS:

1. Using SSPD data as a baseline, analyze C&D requirements to deter-
mine drivers for payload accommodations in the Spacelab pressurized module
and the Orbiter.

2. Develop a conceptual system design of the C&D equipment comple-
ment required for an AMPS mission.

Most of the study effort to date has gone into the first objective. Although an
interim C&D layout has been established, it is not of sufficient detail to call it

a C&D equipment complement, The SSPD estimates a panel size for control and
display associated with each instrument; it does not detail the actual controls or
displays. These data and the Phase A Study information were used to determine
the C&D weight, space, and power required.

It had been anticipated that a scientific working group would be formed
in time to supply information for this report. The group hag been formed and
is working on the definition of a scientific equipment complement from which
realistic C&D requirements will be developed; however, the inputs were not
available in time for this report. Therefore, the C&D complement was devel-
oped using SSPD and other Phase A subsystems study inputs.

6.6.2 Design Reference

Initial analysis of SSPD data by all subsystems indicated severe weight,
center of gravity (c.g.), power, and space problems for the AMPS payload.
The C&D analysis began about the first of March 1974, Therefore, the
immediate problem was to assess the C& D requirements as presented by SSPD
and determine any reductions that could be made through reducing the effect of
these problems. After reviewing the requirements it was determined that many
functions defined by SSPD data could be performed by the Spacelab support
module equipment, especially in the area of computing, recording, gimbal con-
trols, TV, power controls, and multifunction displays.

All functions listed in SSPD were categorized and the weight, space, and

power required by those functions that could be performed by Spacelab were
considered to be duplicate requirements. The total weight, space, and power
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required by AMPS SSPD were reduced by this amount, Also, SSPD listed storage
-requirements (space) as part of the prime rack space required by AMPS but,
since these requirements were not large, they were not considered as drivers
for total space requirements. The Shuttle Orbiter will have some storage
space available for payloads and the Spacelab pressurized module will have
storage area available that is not a prime operational areca. These other stor-
age areas were considered adequate for AMPS requirements and the total space
required for prime operational equipment was reduced by this amount. Some
equipment in SSPD data was listed by manufacturer's part number. This equip-
ment was analyzed to see if any could be packaged in the pressurized module

so it would not take prime operational space., However, all of this equipment
required crew interaction and, therefore, prime space.

It was determined that many panel sizes in the SSPD were over estimated.
In July 1974, the SSPD data were updated to reflect the new panel sizes. This
effectively reduced the weight and area required for the AMPS C& D, Table
6-33 is a comparison of SSPD data requirements before Phase A Study impacts
and the current Phase A AMPS C&D requirements, It must be understood that
the Phase A requirements listed in the table do not include the mission-dependent
equipment furnished by Spacelab, Mijssion-dependent equipment is that equip-
ment purchased by Spacelab and made available to payloads on a no-cost basis.
However, the weight and power of all mission-dependent equipment are charge-
able to payloads. Some typical mission~dependent equipment items are experi-
ment computer, alphanumeric display, keyhoard, 30 MBPS recorder, and a
video recorder. -

The next problem was to develop a C&D layout and determine if it would
fit into the Spacelab design reference module. Rack definition and module size
for Spacelab would be of prime importance. ESRO picked ERNO as the Spacelab
contractor. ERNO selected a two section rack, 19 in, {0.48 m) wide and
approximately 9 ft (2.74 m) high, This rack was-the most advantageous to the
payloads of all the configurations considered because it offered the most C&D
space. Figure 6-57 is a description of the ERNO rack configuration. ERNO
selected a 2.7 m module for Spacelab; 1 m is devoted to Spacelab subsystems
and 1.7 m are available for experiments. The total area available to experi-
ments will be approximately 8 m? (86 ft%) or six 19 in. (0.48 m) racks. Figure
6~-58 is a déscription of the Spacelab module. The Phase A Study also assumed
that any mission-dependent equipment required by AMPS would fit into the 1 m
area devoted to Spacelab subsystems and the payload specialist station ( PSS).
The AMPS C&D equipment is listed in Table 6-34. This equipment was sepa-
rated into 14 groups according to mission operations and was tentatively pack-
aged into the Spacelab module. Figure 6-59 is the AMPS C&D layout with a
list of the 14 groups of C&D equipment.
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6.6.3 Trade Studies

Currently three C&D studies are being performed. A short synopsis of
each is given below:

1. Chuck Quantock: Rockwell study on commercial or off-the-shelf
equipment for use in space. This study was started in January 1974 and the
final report was September 1974, Equipment listed in SSPD and other sources
(studies) was studied; the problems involved with commercial equipment for
space use were determined; the mods needed to make this equipment acceptable
for space flight were determined; and the practicality of modifying this equip-
ment was studied. Results of this study indicated that it is more cost-effective
to modify commercial equipment for space flight than to custom build new
equipment,

2. Hugh Feather (ASTR): In-house study and testing of off-the-shelf
equipment for CVT. The qualification requirements were determined, a test
program was developed, and results were documented, To date four items
have been selected and subjected to limited tests, All four passed the out-
gassing for a 14, 7 psi environment and all four failed the vibration test. Mods
are to be installed and the equipment retested.

3. Wilber Thomson: Study to identify and define the general purpose
mission equipment (GPME) for all classes of payloads. The Martin Company
is the contractor and the start date was July 1974; length of contract is 10
months. Monthly progress reports are being made and an end report will give
invenfory and descriptions of GPME, scheduled needs, and cost.

Reports from the first two studies have indicated that commercial equip-
ment is feasible for space use with certain modifications. The most significant
areas for modification appear to be in vibration or shock mounting and crew
safety. The first study produced some useful results in a trade analysis of
modification cost versus custom-built cost. One subject that has not been
addressed in any of the studies is modification for dec operation. The prelim-
inary study on AMPS indicates a substantial saving in weight and power by
using dc equipment. Another area for consideration that is indicated in the
current studies involves the environmental and safety requirements placed on
this commercial equipment for space use. There are some modifications
required on some equipment because of polyvinyl chloride insulation on wires.
Since the Spacelab pressurized module environment is a two-gas system at 14,7
psia, it does not seem likely that there will be an outgassing or flammability
problem. It appears that some requirements and specifications applicable to
previous space programs and projects could and should be relaxed for the
Spacelab program.
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6.6.4 Interfaces

Very little effort has been placed on actual interface definition in the
C&D area. Visibility in this area will come later when subsystems hardware,
scientific instruments, and Spacelab are better defined; however, some basic
observations can be made. The primary interface for the AMPS C& D equipment
will be with the Spacelab support module. Most commands and some data will
be handled by the Spacelab data bus system. There will be a need for some
hardwired interfaces between the AMPS C&D and the scientific equipment on
the pallet. The operating power for the C&D equipment (although originating
in the Orbiter) will be conditioned and distributed by the Spacelab support sys-
tem. The Spacelab computer and data management system is the heart of the
C& D interface. Physical interfaces include standard 19 in. racks with a depth
of at least 24 in. No direct interfaces are currently required between the
AMPS C&D equipment and the Orbiter. However, there may be some critical
hardware commands located on the PSS, These would primarily be jettison
commands and gimbal caging commands. The Orbiter will have some caution
and warning signals but these will probably come from the support module sub-
systems or the scientific instruments themselves.

6.6.5 Conclusions and Recommendations

The most obvious conclusion from the information provided here is that
the AMPS C&D required by the Phase A Study will fit into Spacelab module.
When the second ohjective, development of a conceptual system design of the
C& D equipment complement, is accomplished, the C&D requirements can be
stated more realistically and with more confidence., It was useful at this point
to analyze the SSPD data to determine which areas are drivers for C&D
requirements. The drivers according to this analysis are displays, remote
sensing platform controls, wave analysis controls, and ambient plasma instru-
ment controls. The analysis was expanded to cover power and weight required
by these four systems. It was evident that the display system is the biggest
driver in each area. Its weight is approximately one-fifth the total C&D weight;
its power is about 70 percent of the total power required; and its space is about
one-third the total space required. The preliminary investigations at MSFC and
the Rockwell study indicate that the state of the art development in oscilloscopes,
wave analyzers, recorders, and other such equipment is ahead of the type
equipment listed in SSPD, When a more detailed investigation is made of the
actual equipment required some savings will surely be realized. Another area
which possibly can be reduced and was assumed to be correct by the Phase A
Study is the redundant C& D required by SSPD. The following list is required
according to SSPD:
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Strip Chart Recorders
8~-Channel Recorders
X-Y Plotters
Oscilloscopes

Synthesizers

B2 B NN N W

Wave Amplifiers

Redundancy is mainly mission-operation dependent. The amount of work that is
to be accomplished simultaneously will dictate the equipment redundancy to a
large degree. One other area which has not been addressed is C&D required
but not covered in SSPD. Other subsystems personnel have indicated some
gimbal controls and subsatellite TV requirements which are not adequately
covered by SSPD. Table 6-35 is a preliminary estimate of the additional C&D
required to cover these areas.

One other conclusion can be made at this time, It will serve no useful
purpose to continue restudying different configurations of the SSPD data, These
data were preliminary and were produced with minimal input from the scientific
community. A new and more thorough definition of the scientific instruments
needs to be accomplished by the recognized scientific working group. Estab-
lishment of a lower level of instrument detail and a more realistic approach to
mission requirements will enable the AMPS study group to proceed beyond the
SSPD level. In the C&D area, the estimate of panel space for each instrument
needs to be expanded with control names and display requirements. An example
of the level of data needed in the C&D area is represented by Figure 6-60, With
this information actual, rather than estimated, C&D space and power can be
determined and logical decisions can be made as to redundancy required.

TABLE 6-33, SUMMARY REQUIREMENTS

Wei A
eight rea Power
Reguirements 1b kg ft2 m? | (watts)
Cld S8SPD 4715 2143 184 17 2550
Current Phase A 1861 844 86 8 1725
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TABLE 6-34. AMPS CONTROLS AND DISPLAYS

Total Weight

SSPD.
AP No. Description Quantity ke b
Displays 350 772
802 Experiment TV Displays 2 40 88
803 Spectrum Analyzer 1 14 3
804 Multichannel Analyzer 1 40 88
805 Wave Analyzer 1 12 26
806 Wave Analyzer 1 17 37
807 Coaxial Patch Panel 5 10 22
808 Frequency Counter 1 8 18
810 Camera (35mm Film) 1 5 11
‘811 X-Y Recorder 2 16 35
812 Strip Chart Recorder 2 24 63
813 8_Channel Recorder 2 70 154
815 Oscilloscope 2 24 53
821 Special Data Acquisition Panel 1 15 33
822 Data Storage Film 2 8 i8
823 Data Storage (35mm) 1 7 15
824 Data Storage { Tape) 3 14 31
825 TV Camera 1 4 9
828 Camera Storage, Polaroid 1 5 11
829 Camera Storage, Motion Picture 1 5 11
830 Polaroid Film Exposed 1 5 11
831 35mm Film Exposed - 1 7 15




TABLE 6-34. (Continued)

¢ET-9

Total Weight
SSPD
AP No. Description Quantity kg b
Controls Transmitters 494 1089
901 10 kW, 0.2 to 2 MHz 1 2 4
902 10 kW, 2 to 20 MHz 1 2 4
903 1 kW, 0.3 to 200 kHz 1 2 4
904 Electrostatic Wave 1 2 4
Antennas
905 Long 330 m Dipole 1 2 4
906 Short VLF Dipole 1 2 4
907 Loop, 1 m 1 2 4
908 RF Antenna 1 2 4
Antenna Couplers
909 0.2 to 2 MHz 1 3 7
910 2 to 20 MH=z 1 3 7
911 0.3 to 200 kHz 1 3 7
Wave Analysis
912 Bandpass Filter 2 8 18
913 Pulse C.W. Modes 1 2 4
914 Patch Panels 4 8 18
915 Amplifiers, Wave (de) 1 15 33
916 Frequency Synthesizer 2 24 53
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TABLE 6-34. (Continued)

Totai Weight

SSPD ,
AP No, Description Quantity kg 1b
Controls
Main Boom
920 Alignment TV 1 30 66
923 Boom A Power Supply and Data System 1
924 Boom B Target (Inflation, Deflation, 1 5 11
Ejection)
990 Boom A Artificial Light Source 1
Accelerator (Ion Beam)
926 Discharge Filament Heater 1
927 Discharge Potential 1 16 35
928 Pulse Sequence and Burst Length 1
929 Gas Selection and Pressure 1
925 Acceleration-Deceleration 1
930 Neutralized Emission and Bias 1 16 35
931 Charge Exchange Channel Actuator 1
932 Beam Current Monitor 17
Accelerator (Electron Beam)
933 Beam Voltage; Heater Current 1
934 Burst Length; Burst Magnitude 1
935 - Expansion Lens 1 20 44
936 Beam Current Monitor 1
a37 ¢, 8,1 1
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TABLE 6-34. (Continued)

Total Weight

SSED
AP No. Description Quantity kg Ib
Controls }
Accelerator (MPD Arc)
938 Voltage Level 1
939 Burst Current and Duration 1
940 Pulse Sequencer 1 20 44
941 Beam Current Monitor 1
942 Gas Selection and Pressure 1
Ambient Plasma
943 Spherical Ion Probe 1 5 11
944 Cylindrical Ton Probe 1 5 11
945 Planar Electron Probe 1 5 11
946 RF Probe 1 5 11
947 Ion Mass Spectrometer 1 -3 7
948 Neutral Mass Spectrometer 1 3 7
949 Triaxial Fluxgate 1 3 7
950 Segmented Planar Probe 1 5 11
951 Rubidium Magnetometer 1 3 7
952 Triaxial Search Coil 1 3 7
953 Amplifiers (Pulse) Particle Detection 1 10 22
954 HV Supplies, Particle Detection 1 10 22
955 Triaxial Hemispherical Analytical 3 15 33
Controls




TABLE 6-34. (Continued)

Total Weight
SSPD
AP No, . Description Quantity kg b
Controls

Subsatellites
956 TV System 1 10 22
957 Telemetry and Ranging 1 10 22
958 Location and Orientation 1 10 22
959 Instrument Controls and Housckeeping 1 10 22
960 Ejection Mechanism 1 5 11

Optical
961 Photometer HV Supply 1 10 22
962 Photometer Amplifiers 2 20 44
963 TV System Control-Image Intensifier 2 24 53

Releazes
964 Canister Ejection 1 5 11
965 Camera 1 2 4
966 Canister Monitor 1 3 7
967 Shaped Charge Ejection 1 3 7
968 Shaped Charge Monitor 1 3 7
969 Balloon Ejection 1 3 7
970 Gas Control System 1 3 7
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TABLE 6-34. (Concluded)

Total Weight
SSPD
AP No. Description Quantity kg Ib
Controls
Remote Sensing Platform
972 XUV Normal Incidence Spectrometer 1 6 13
973 UV-Visible NIR Scanning Spectrometer 1 12 26
974 High-Resolution Fourier SWIR Spectrometer 1 6 13
975 Cryogenic IR Fourier Spectrometer 1 6 13
976 IR Radiometer 1 6 13
a77 Fabry-Perot Interferometer 1 6 13
978 UV Visible Documentation Camera 1 2 4
981 keV -MeV Particle Detector 1 6 13
982 Total Energy Detector 1 6 13
983 Lidar and Gimbal Platform Monitor 1 25 55
984 Filter Photometer 4 28 62
Total C&D 844 1861
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TABLE 6-35. ADDITIONAL C&D REQUIRED TO SUPPORT CURRENT BASELINE

Width | Height Length | Weight | Power

C&D Quantity { Location (m) (m) (m) (kg) (W)

Second Subsatellite
TV System 1 Spacelab 0.48 0.28 0.38 22.7 20
Telemetry and Ranging 1 Spacelab 0.438 0.28 0. 38 13.6 10
Instrument Control 1 Spacelab 0,48 0.28 0. 38 13.6 10
Antenna Controls 1 Spacelab 0.48 0.12 0.30 4.5 2

Gimbal Controls

Star Tracker 1 Spacelab 0.48 0.15 0.3 4,5 2
1 Spacelab 0.48 0.15 0.3 4.5 2

Accelerator System
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Figure 6-57.

Spacelab rack definition.

-o—  27m ——
I
" I
% |
g A
|
2
A B
+
F.]
%
7,
| %
N
[l

Figure 6-58.

I
|
I
|
o 1m —+—— 1.7m —'I

Spacelab module.




— 1.7m —~

a | a
8 1. HARD COPY
- —— __ 2 RSPINSTRUMENTS-SET 1
3. RSP INSTRUMENTS - SET 11
3 7 4. VISUAL DISPLAY
. 5. LiDAR SYSTEM
14 6. TRANSMITTER/COUPLER SYSTEM
) 7. WAVE ANALYSIS
212 8. BOOM CONTROLS
‘ ' 9. JON BEAM
1 : 10. ELECTRON BEAM
11. MPD ARC
12. BOOM A INSTRUMENTS CONTROLS
13. DEPLOYABLE SATELLITE
14. PROJECTILES
T T
]
1
1] 1|12
10
51 8
1 6 | 6
12 | 12

Figure 6-59. AMPS C&D layout.
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FUNCTION REQUIRED

POWER ON/OFF

VIDICON GAIN

WAVELENGTH LONG/SHORT
SCAN SPEED SELECT
CALIBRATION ENABLE/INHIBIT
APERTURE DOOR OPEN/CLOSE

CAMERA INTEGRATION

SIGNAL DISCRIPTION

VIDICON

CALIBRATION

LOCATION: REMOTE SENSING PLATFORM

EQUIPMENT: XUV NORMAL INCIDENCE SPECTROMETER

TYPE CONTROL

TOGGLE SWITCH

ROTARY SWITCH

TOGGLE SWITCH

ROTARY SWITCH

TOGGLE SWITCH

TOGGLE SWITCH

TOGGLE SWITCH

RECORD/DISPLAY

RESPONSE

FLAG

FLAG

FLAG

TYPE DISPLAY

TV

5-DIGIT DIGITAL DISPLAY

Figure 6-60, Example of level of data needed in C&D area.
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SECTION 7.0 MISSION ANALYSIS



7.0 MISSION ANALYSIS

7.1 SUBSATELLITE FLIGHT MECHANICS

7.1.1 Near Shuttle Subsatellite Operations ,

Two main types of subsatellites are being considered to support the
Atmospheric, Magnetospheric and Plasmas in Space (AMPS) experiment opera-
tions: (1) a subsatellite designed to operate in the near vicinity [less than 25
n. mi. (46.3 km)] of the Orbiter in support of the plasma physics experiments
and (2) a subsatellite designed to operate in non-co-orbits with respect to the
Orbiter in support of atmospheric physics experiments. The following discus-
sion applies to subsatellites that operate in the near vicinity of the Orbiter.

7.1.1.1 Guidelines and Assumptions

¢ Orbiter in circular 235 n. mi. (435 km) orbit; the desired result is
the relative incentive-to-orbit altitude obtainable by the Shuttle.

¢ Oblate Earth model.

¢ No atmospheric drag.

e Coordinate system centered at c.g. of Orbiter.

e Single impulse applied to subsatellite to obtain relative motion

profile.

7.1.1.2 Description of Problem

In the plasma physics experiment mapping operations, it is desired
that the subsatellite sweep out a particular trajectory profile relative to the
Orbiter. The purpose of this task is to derive a program model that wil]
describe the relative motion between the Orbiter and the subsatellite.
7.1.1.2 Task Status

Program models have been derived, implemented, and exercised on
the SDS 930 and Hewlett-Packard 9820A computers. Preliminary results have

been obtained to indicate how the relative trajectory profile of the subsatellite
can be controlled by initial injection conditions.
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7.1.1,4 Results

Results have been obtained fo indicate how the relative movement of the
subsatellite can be controlled by the selection of the initial impulse direction
and magnitude, Figure 7-1 depicts the coordinate system and the initial angular
orientation of the impulse direction used in deriving the ensuing subsatellite
motion. Given in Figures 7-2 and 7-3 is the X-Y planar motion (orbit plane)
for various injection angles from 0 to 330 deg in increments of 30 deg and with
a relative AV of 1 ft/sec (0.3 m/sec). The time history of the profile given
in Figures 7-2 and 7-3 is for approximately one orbit period (= 90 min). For
subsequent motion with time greatfer than one orbit, the trajectory profiles are
essentially repetitive, but displaced fo the left or right of the center of the
coordinate system. As shown in Figures 7-2 and 7-3 for angular separations
of =85 and ~ 265 deg, the subsatellite can be made to map out continuous areas
about the Orbiter. Figures 7-4 and 7-5 show the relative displacement for a
- geparation AV of 25 ft/sec (7.62 m/sec) and initial in-plane angles of 0 and
180 deg, respectively. Figures 7-6 through 7-8 give the relative profile for
separation angles near 90 deg for a separation AV of 25 ft/sec (7.62 m/sec).

When the subsatellife has an imparted AV component out of the orbit
plane, a cyclic trajectory excursion from the orbit plane is set up that is
repetitive once every orbit, The out-of-orbit plane displacement, Z, versus
the X- and Y -axis displacement is given in Figure 7-2. The in-plane motion for
this case would be similar to that shown in Figure 7-7.

7.1.1.5 Observation and Issues

Parametric data are given in Figures 7-2 through 7-9 showing the
gsensitivity of the relative motion between the Orbiter and subsatellite as the
initial impulse orientation and magnitude change. It is necessary to determine
what the actual trajectory profile is that the plasma physics experiment wants
to fly in formulating a realistic mission profile and real time operational
experiment mode,

Another factor that must be considered is the type of separation

mechanism; i.e., whether the initial separation will be effected by (1) a
manjpulator arm, {2) a spring system, or (3) a reaction control system.

7.1.2 Non-Co-Orbiting Subsatellite Operations

The atmospheric physics type of experiment requires maneuverable and
controllable subsatellites that are capable of operating in orbits with periods
several times that of the Shuttle. Suggested candidate spacecraft configurations
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to satisfy the above requirements are: (1) Atmospheric Explorer (AE) space-
craft and (2) a spacecraft design that uses the third stage of the Scout launch
vehicle as the major propulsion system. It is desired that this type of sub-
satellite be retrieved and returned by the Shuttle. The following paragraphs
are related to non-co-orbiting subsatellite operations.
7.1.2.1 Guidelines and Assumptions

e Shuttle in circular 185 n. mi. {343 km) polar orbit.

e Oblate Earth model.

e Atmospheric drag considered for calculating subsatellite station
keeping.

¢ GSubsatellite major burn considerations:
- Four burns for circular orbit injection and return.
- Two burns for circular orbit injection and no return.
- Two burns for elliptic orbit injection and return.
- One burn for elliptic orbit injection and no return.
& Subsatellite propulsion system considered:
- Atmospheric Explorer propulsion system.
- Third stage of Scout launch vehicle.

7.1.2.2 Description of Problem

This task involves the analysis of non-co-orbital subsatellite perform-
ance and operations for the following purposes: :

1. Determine non-co-orbits accessible to the subsatellite propulsion
system.

2. Provide communication range requirement during subsatellite
acquigition,

3. Orbital lifetime calculations and orbital station-keeping require-
ments of the subsatellite, Lo '
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7.1.2.3 Task Status

Preliminary parametric performance and station-keeping data have
been developed based on the Atmosphere Explorer spacecraft and the third
stage of the Scout propulsion system. When the range of parameters has been
narrowed to the desired operating region, a more in-depth analysis will be
developed to derive the real AMPS payload design reguirements,

7.1.2.4 Results

The subsatellite will have an onboard propulsion system that will permit
excursion into the largely unexplored region of the lower thermosphere and of
the atmospherie constituents at higher altitudes. The subsatellite should have
circular or elliptic orbits with periods of up to three times that of the Shuttle
so that a video system can image the entire auroral zone of one hemisphere at
one time,

7.1.2.4.1 Subsatellite Performance Capability

Tables 7-1 and 7-2 list the characteristics of the Atmospheric Explorer
spacecraft and the third stage of the Scout launch vehicle.

The range of circular orbit and elliptical orbit apogee altitude as a
function of the subsatellite normalized orbit period is shown in Figure 7-10.
From Figure 7-10, the maximum circular orbit altitude would be 4100 n.mi.
(7593 km) for an orbit period three times that of the Shuttle; the maximum
apogee altitude would be 8050 n. mi. (14 909 km) for an orbit period three
times that of the Shuttle. The energy (AV) required to obtain the various
subsatellite orbit periods is given in Figure 7-11. The AE spacecraft propul-
sion gsystem can provide a AV of 2000 ft/sec (610 m/sec); as illustrated in
Figure 7-11, the AE spacecraft could obtain orbifs with pericds up to 1.1
times that of the Shuttle and return to be retrieved by the Shuttle. If the space-
craft were expended, orbits could be obtained with periods up to 1.25 times
that of the Shuttle. To reach the higher energy orbits it will be necessary for
the AE spacecraft to provide more impulse than is possible with the current
design.

Figures 7-12 and 7-13 give the payload capability of the AE and the

third stage of the Scout propulsion system versus the normalized orbit period
for circular orbits and elliptical orbits respectively.
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7.1.2,4.2 Shuttle Tracking Range Requirement

The tracking range required of the Shuttle during subsatellite acquisition
is given in Figure 7-14 for subsatellites in various operational orbits. Notes
B and C of Figure 7-14 give the range requirement for elliptical operational
orbits obtainable by the AE spacecraft. Notes D and E are associated with
orbits that have periods three times that of the Shuttle.

7.1.2.4.3 Subsatellite Station-Keeping Requirement

Orbital decay history and orbit station-keeping requirements have been
developed for subsatellite excursions into the lower atmosphere down to 7.5
n.mi. (125 km). Figures 7-15 and 7-16 and Table 7-3 list the aerodynamic
parameters characteristic of the AE spacecraft utilized in calculating the decay
history and orbit station keeping.

The orbital decay history is given in Figure 7-17 and assumes there is
no reboost applied to the AE spacecraft to maintain its initial orbit. For an
excursion down to 125-km altitude without any station keeping, the AE space-
craft orbital altitude will decay down into the dense atmosphere after approxi-
mately 10 days for the worst case ballistic coefficient (B) of 100 km/m?. The
impulse { AV) required for station keeping as a function of mission duration is
given in Figures 7-18 and 7-19. For the 125-km altitude excursion, two
reboost intervals were considered: (1) after every 10 revolutions and (2)
after every 5 revolutions. Figure 7-18 gives the impulse requirement for the
125-km altitude excursion. For a 7-day mission duration, the station-keeping
AV is 80 ft/sec (24.4 m/sec) associated with the 125-km altitude and a
ballistic coefficient of 150 kg/m?., The propellant required for the 7 days is
22 1b (10 kg) as indicated in Figures 7-20 and 7-21,

7.1.2.5 Observation and Issues

The nominal payload weight associated with the proposed subsatellite
AE spacecraft cannot be injected into the desired high energy orbit by the AE
propulsion system or with a third stage of the Scout vehicle. The stringent
requirement imposed by the high energy orbit will have to be relieved by
injecting the subsatellite into a lower energy orbit or selecting a propulsion
system with more propulsion capability than cither the AE propulsion system
or the third stage of the Scout vehicle,



TABLE 7-1. ATMOSPHERIC EXPLORER SYSTEM
PERFORMANCE SUMMARY

Spacecraft Weight (Less Payload)
Payload Weight { Typical)
Projected Area

Experiment Footprint Available
Experiment Volume Available

Energy Available to Experiments
(Orbit Average)

Regulated Voltage

Témperature Range (Upper Baseplate)

Temperature Range (Lower Baseplate)

Attitude Determination Accuracy
Attitude Control Accuracy

Spin Rates Available

Minimum Operating Altitude

Orbit Adjust Capability
Maximum AV per Burn

Memory Capacity

Memory Delay Time (Maximum)

Command Op-Codes Available to
Experiments

Recorder Capability

Maximum Playback Data Rate

1240 1b (562 kg)
210 1b (95 kg)
2400 in. ? (1,55 m?)
< 1300 in, ® (0,84 m?)
< 12000 in,® (0,2 m%)

4000 watt-minutes
~24,5 V +2%

10°C to 15°C
10°C to 28°C

0.5 deg

1.0 deg

1rpo; 1io 10 rpm

120 km — 150 km
(Depends on Stabilization
Mode and Apogee Altitude)

~ 2000 ft/sec {610 m/sec)
25 ft/sec (7.62 m/sec)
2 X 32 kilobits

72 hours maximum

250

2 x (1.2 x 10° bits)
2 X 2 hours Record Time

~ 130 kilobits/sec
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TABLE 7-2, SCOUT THIRD STAGE CHARACTERISTICS

Length 5.0 ft (1.52 m)
‘Diameter 1.7 ft (0.52 m)
Burnout Weight 54 1b (24.5 kg)
Propellant Weight 606 b (275 kg)

Thrust Level 5300 1b (2404 kg)
Specific Impulse 284 sec

TABLE 7-3. AE DRAG AND BALLISTIC COEFFICIENT RANGE

Diameter = 1.35 m (End Area= 1.43 m?

Length = 1.15 m (Longitudinal Area= 1.55 m?)
Mass = 663 kg (Fully Loaded with Propellant)
Mass = 495 kg (Without Propellant)

Mass ' Area _ B= M/CDA
(kg) (m?) S Ch | (ke/m?
663 1.43 20 2, 20 210
663 1.43 4 2.90 160
663 1.55 20 2,65 161
663 1.55 4 3.05 149
495 1,43 20 2,20 157
495 1.43 4 2.90 119
495 1.55 20 - 2,65 120
495 1.55 4 3.06 105
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7.2 ATMOSFHERIC SOURCE MAPPING DYNAMICS

One of the primary experiments to be performed with the AMPS payload
is the mapping of atmospheric phenomena and characteristics. The mode of
operation proposed to carry out the atmospheric physics experiment is for the
cxperiment instruments to be mounted on a gimbal platform within the Shuttle
cargo bay. The following discussion is related to determining the opportunity
for viewing a target atmospheric source and determining the associated gimbal
angle time history and angular rates.

7.2.1 Guidelineg and Aggumptions

e Altitude and latitude of target atmospheric source treated parameter.

e Shuttle altitude assumed to be 235 n.mi. for a 28, 5-deg inclination
orbit and 185 n. mi. for a polar orbit.

e Minimum elevation angle above the horizon considered to be 5 deg
for target atmospheric source acquisition.

¢ Atmospheric source assumed to have the same rotation rate as the
Earth.

e Platform gimbal angles identified as (1) clock angle, o , measured
relative to the Z -axis in the Shuttle's coordinate X-Z plane, and (2)
cone angle, 8, measured from the X.Z plane.

¢ Results given for Shuttle orientation of the Z -axis along nadir and

the X-axis along the velocity vector. However, the computer model
is developed to handle any type of Shuttle orientation.

7+.2.2 Description of Problem

During the atmospheric source mapping experiment, it is necessary to
derive a set of driving parameters for instrument design for the principal
observational technique required over the full range of operational modes. The
driving parameters considered in this task are the platform gimbal angle mag-
nitude, the gimbal angle rates, the range magnitude, and the range rate
required during target source acquisition.
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7.2.3 Task Status

A computer model has been derived that will handle any desired orien-
tation of the Shutfle and the associated gimbal angle magnitude, and angular
rate. Results have been obtained for an example Shuttle orientation with the
Z-axis along the local nadir. A full range of cases will be run and analyzed
to evaluate the gimbal platform design requirement problem., Runs will also
be made to determine the reacquisition opportunity for various orbit inclina-
tions over the range of source latitudes from 0 to 90 deg.

7.2.4 Results

The experiments to be performed hy the instruments on the gimbal
platform will involve the remote sensing of the atmosphere below the opera-
tional altitude of the Shuttle. The purpose of these experiments is to deter-
mine the spatial distribution of the constituents of the stratosphere and
mesosphere with sufficient global coverage to allow an understanding of the
dynamics and chemistry of these regions. The following subsection will
address the time duration and availability of an atmospheric source during an
experiment timeline.

7.2.4.,1 In-Plane Contact Time

The geometry of the in-plane source mapping is shown in Figure 7-22,
where the experiment source is located at a point R, above the surface of the
Earth and the Shuttle is in an operational orbit with radius R; from the center
of the Earth. The total contact cone angle is defined as ¢ » which is dependent
on the minimum viewing elevation angle ozE » Ry, and R,. The contact cone

angle and contact time as a function of orbit altitude where the target source is
located at an altitude of 67.5 n.mi. (125 km) are shown in Figure 7-23, Data
are shown for minimum elevation angles of 0 deg and 5 deg. The maximum
contact time during one orbit pass for the Shuttle in a 235 n. mi. altitude orbit
is 12 min.

7.2.4.2 Three-Dimensional Source Mapping Dynamics
The three-dimensional geometry considered in deriving the gimbal
angles, angular rates, range, and range rate is shown in Figure 7-24. The

platiorm gimbal angles and how they relate to the Shuttle coordinate system
are presented in Figure 7-25,
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A 28.5-deg inclination and 235 n. mi. Shuttle operational orbit were
considered to determrine the representative type of data associated with the
gimbal platform design requirement. The above Shuttle orbit is compatible
with the Shuttle performance capability without the Orbit Maneuvering System
{OMS) kit.

In Figure 7-26 the elock angle time history during three different orbit
pass opportunities for an atmospheric source located at 0.0 deg latitude is
presented. The maximum range on the clock angle for this case is £73 deg.
The clock angle angular rate time history is given in Figure 7-27, with the
maximum rate being -1.25 deg/sec. The gimbal cone angle time history is
shown in Figure 7-28 which indicates a maximum range of +73 deg. Cone angle
angular rate is given in Figure 7-29 which is less than the clock angle angular
rate. The resulting cone angle angular rate is less since the maximum plus to
minus range for the cone angle does not occur during the same orbit pass.

Figures 7-30 and 7-31 give the range and range rate time history during
an acquisition period.

7.2.5 Observation and Issues

To determine the full range of operations required for the gimbal plat-
form, other Shuttle orientations will be considered.

For complete global coverage, are orbit inclinations between 55 and

90 deg required? Inclinations within this interval have solid rocket booster
(SRB) impact targeting problems,
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7.3 ON-ORBIT OPERATIONS — EXPERIMENT/CREW SCHEDULES

The purpose of the on-orbit mission operations analysis was to identify
typical operational activities that are representative of those that would be per-
formed on a dedicated AMPS mission flown at a 28.5 deg inclination and a
dedicated mission flown at a 90-deg inclination. The exploring of these activ-
ities, presented in the form of mission timelines aided in identifying particular
problem areas in mission operations and subsystem design. It is noted that
these timelines were generated utilizing the Fast Automated Scheduled Technique
(FAST)* option number 5 and are oriented more toward design driver require-
ments than toward a crewman's actual use on orbit., FAST option number 1 and
FAST option number 2 would be more suitable for on-orbit crew use. The
experiments were chosen to utilize all the AMPS detectors and instruments. It
should be noted that these experiments are only characteristic AMPS-type
experiments and should not be interpreted as actual experiment proposals.

The results of the timeline development along with some experiment
operations diagrams are shown in the following figures. Figure 7-32 gives the
gross operations and estimated times associated with these operations for a
28.5-deg mission. Eight experiment areas were scheduled for this mission.
Figure 7-33 is a similar timeline for the polar mission. Eleven experiments
were scheduled for this mission. Each of the missions is scheduled for 7 days
duration with approximately 10 hours at the beginning required for boost-to-
orbit and general setup of the lab.

A crew of four, consisting of two physicists and two physicist/technicians,
was considered necessary for this mission. The crew would work in shifts of
about 12 hours each, with both a physicist and physicist/technician working each
shift. The associated crew schedule is presented in Figure 7-34. Shift changes
were planned to coincide as nearly as possible with experiment changes.

_ Only two guidelines and assumptions pertinent to this phase of the AMPS
study were made. They were: (1) only one experiment will be performed at a
time, and (2) concurrent ground and on-orbit observations of the artificial
aurora experiment will be performed over selected ground sites on the polar
mission. The guideline of performing only one experiment at a time is based
upon the idea that because of the general complexity of the experiments it
appears feasible at this stage of the study to only schedule one at a time. How-
ever some experiments could be performed during the long coast periods between
performing the artificial aurora experiments. Also, some additional experi-
ments could possibly be performed during the global emissions survey.

*FAST is a system developed by the Preliminary Design Office at MSFC.
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The wave characteristics experiment will measure wave amplitude,
phase, and spreading as a function f frequency and distance from the generator.
Figure 7-35 illustrates the boom alignment for this experiment.

Figure 7-.36 shows the dipole antenna, diagnostic boom, and subsatellite
orientation for the wave particle interactions experiment. Wave particle per-
turbations will be determined for parallel and perpendicular orientations of the
antennas and for varying power and frequency.

The wake and sheath experiments are designed to measure and map the
area in the wake of a sphere traveling through space. Figure 7-37 illustrates
this experiment. In this case the velocity is toward the rear of the vehicle.
The dashed lines indicate the path of the diagnostic package on boom A,

Figure 7-38 illustrates the plasma gjection principle for the propulsion
and devices experiment. Temperature, turbulence, and other characteristics
of the plasma will be measured at various distances from the ejection point.

. The global emission survey experiment will collect emissions data on the
dark side of the orbit. The horizon lock mode will enable data collection for a
single altitude, 90 km. The scan mode will cover altitudes from 70 to 110 km.
Figure 7-39 shows these Orbiter/orbit orientations.

The energetic particle stability experiment is designed to measure dis—
persion characteristics of electrons and ions with respect to field lines. The
boom A antenna and the subsatellite with its antenna are rotated through the
accelerated particles. Figure 7-40 illustrates this configuration.

The magnetospheric topology experiment measures the bounce time of
electrons along magnetic field lines versus magnetic latitude, as shown in Figure
7-41. The subsatellite must be used to intercept the returning electron pulse

The artificial aurora experiments will generate artificial aurorae over
five different ground stations around the world and observe the aurorae concur—
rently from the ground and the Orbiter. Figure 7-42 shows how a typical aurora
ray is generated. Figure 7-42(a) shows the electron beam directed down
a field line while Figure 7-42(b) illustrates how an artificial aurora may be
generated in an opposite hemisphere,

Based upon this analysis both of the missions appear operationally
feasible,
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Figure 7-32. Timeline for 28, 5~-deg mission,
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Figure 7-32. (Continued).
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Figure 7-32. (Continued).
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Figure 7-32, (Continued).
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Figure 7-32. (Continued).
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Figure 7-32, (Concluded).
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Figure 7-33. Timeline for polar mission.
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Figure 7-33. (Continued),
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Figure 7-33. (Continued).




o4

TA15 MISS1ON TIMELINE GENERATED BY THE

DAY & CONT.

FAST AUTORATIC SCHEOULING TECHNIQUE ’FAST/

TIRE
{WRS }

e,

130.
[}

MISSION TIMELINE (S0.0)

192. 134, 136. 138, 140 182,
1 1 L 1 1 1

184,

PARTICLE

TOPOLOGY

| N ——
b TS R s e

PRECIPITATION

MAGNETCSPHERE

IE.I;I&!IE_LLSEE_OLEH_TQLGEL 1570RBIT (3 DRBITS)
3 poSITION SURSATELLITE APPROX 100KM FROM ORBITER
[ ALIGN ACCELORATOR PARALLEL T0 ‘B’ FILELD
[C—3 ALIGN SUBSATELLITE ALONG SELECTED FIELD LINE ¢
0 ALIGN BODM A ALONG SELECTED FIELD LINE 1}
O ALIGN ANTENNA ALDNG SELECTED FIELD LINE 1
{) OPERATE ELECTAON ACCELORATDR AT 1OKW.ZMT
[C=] PERFORM PEASURERENTS
T ALIEN SUBSATELLITE ALONG SELECTED FIELD LINER
3 MLIEN BOOM A ALONG SELECTED FIELD LEINE?
] sLIGN ANTEANA ALONE SELECTED FIELD LINE 2
C-) OPERATE ELECTRON ACCELORATOR AT 1OXW.2MHZ
] PERFORM PEASUREMENTS
ALIGN SUBSATELLITE ALONG SELECTED FIELD LINE 3 ([T
ALTEN BOOM A ALONG SELECTED FIELD LinEy [}
ALTGN ANTENNA ALONG SELECTED FIELD LINES ()
OPERATE ELECTRON ACCELORATOR AT JOKK.2MHZ [
[] PERFORM MEASUREMENTS
ALTEN SUBSATELLITE ALONG SELECTED FIELD LINEs [C°3J
ALIGN BOOM A ALONG SELECTED FIELD LINEs [T
ALTGN ANTENNA ALONG SELECTED FIELD tINE & [
OPERATE ELECTRON ACCELORATOR ATIOKW .2mi7 ([
PERFOAR PEASUREMENTS [

CLEAN UP AND PREPARE FOR NEXT EXPEAIMENT [
[—_——‘—----““_——-—--———--_--

POSITION SUBSATELLLTE METERS FROM ORBITER [
ALTGN ELECTRON ACCELDR, ALONG CHOSEN “8' LINE 1

c

Figure 7-33. (Continued).
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28.5 deg INCLINATION

90 deg INCLINATION

FROM

10.00
21.60
33.18
45.18
57.18
69.18
82.18
93.88
106.13
11713
129.63
141.63
153.63
163

P2
T
T2

(hrs} TO

21.60
33.18
45.18
57.18
69.18
8218
93.88
105.13

11713

129.63
141.63
153.63
163.00
168

P1, 112
P2, T2
P1, T
P2, T2
P1, T1
P2, T2
P1,T1
P2, T2
P1, T
P2, T2
P1, T1
P2, T2
P1, T1
P1PZ, T1T2

Physicist Number 1
Physicist Number 2
Physicist/ Technician Number 1
Physicist/ Technician Number 2

Figure 7-34.
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70.4538
82.4449
94.4539
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119.7782
131.1782
142.8712
154.00
163

{hrs)

TO

19.6869
34.6869
46.6869
58.0808
70.4538
82.4449
94.4539
106.4538
119.7782
131.1782
142.8712
154.00
163.00
168

P1, T18
P2, T2
P1, T1
P2, T2
P1, T1
P2, T2
P1, T1
P2, T2
P1, T1
P2, T2
P1, TY
P2, T2
P1, T1
P1P2, T1T2

Crew schedules for 28.5 deg mission and 90 deg mission,
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Figure 7-35. Wave characteristics.
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Figure 7-36. Wave particle interactions.
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Figure 7-37. Wake and sheath experiment,
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Figure 7-38.
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Figure 7-39. Global emission survey.
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Figure 7-40. Energetic particle stability,
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7.4 GROUND OPERATIONS

7.4.1 Guidelines and Assumptions

The ground operations analysis was made under the following guidelines:

1. The AMPS will have dedicated sortie equipment.

2. Postflight and preflight systems tests will be conducted.

3. All experiment equipment except the remote sensing platform, the
lidar, the accelerators, and the satellites will be refurbished intact with the

gortie equipment,

4. The support unit simulator for preflight and postflight tests will be
located at the AMPS integration site.

5. All the scientific equipment will be owned and refurbished by NASA.
6. The service module will be refurbished at the launch site.

7. All flight equipment will be flown on every flight.

7.4.2 Block Diagram

As indicated in Figure 7-43 and c onsistent with the guidelines, the AMPS
payload will undergo both preflight and postflight systems tests at the integration
site. Those elements requiring special refurbishment and calibration facilities
(vacuum tank, dark room, etc.) will be removed, refurbished, and stored
separately from the intact equipment. The AMPS shipping container will prob-
ably be used as a storage container for the intact equipment after the Spacelab
and service equipment have been refurbished. The flight unit, backup science
equipment, and special ground support equipment will be shipped together to
and from the launch site and will be placed in bonded storage when not required
for ground or flight operations.

7.4.3 Activities and Timelines

Tables 7-4 and 7-5 indicate the top level activities asgociated with the
preflight and postflight activity at the integration site, The tables also indicate
the activity precedence reqguirements necessary to construct a timeline. The
resources indicated in the tables are ground crew requirements for each activity
defined by the following:
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Skill Type Description

Handling
Warehouseman
Mechanical Engineer
Mechanical Technician
Electrical Engineer
Electrical Technician
Optical Engineer
Optical Technician
Software Engineer
Software Technician

W0~ DO W

ot
=

Timelines for these activities are shown in Tables 7-6 and 7-7 and
indicate a total time in working hours of 171 hours for the preflight MSFC
activity and 184 hours for the postflight MSFC activity. The dots on the charts
represent slack time, or the amount of time a job can be delayed without
impacting the total completion time. Assuming one shift of 8 hours for 5 days
each week, a total of about 9 weeks of activity is required at the integration site
for both preflight and postflight operations, with 2 weeks at the launch site and
1 week on orbit implying a total turnaround of 12 weeks or four launches per
year.

7.4.4 Manpower Requirements

The manpower requirements for each of the skill types described previ-
ously can be determined from the timelines in several ways. The largest
estimate will be obtained if all the jobs begin as early as possible consistent
with their precedent requirements. This estimate fluctuates with time for each
skill type. A smoother, lower level manpower estimate can be obtained by
delaying some of the jobs with slack time to a period where crew requirements
are not as high. Even then some of the crew at this level will be idle a large
portion of time. Cross-training of the crew to handle various percentages of
activity will allow an even lower crew level to accomplish the work. Tables
7-8 and 7-9 show the manpower requirements for the 10 skill types previously
described for several degrees of cross-training. Based on the charts with
5-percent of cross-training a prelaunch erew of 45 men and a postlaunch crew
of 32 men will be required. This crew includes only the "hands-on-personnel'
and does not include scientists, investigators, liaison personnel, tool crib
operators, facilities personnel clerks, typists, etc. Total requ1rements will
probably be about twice the number 1nd1c:ated by the ""hands-on'' number.
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7.4.5 Hardware Requirements

For each category of major equipment unique to AMPS there should exist
the following kinds of hardware:

1. Flight equipment

2, Backup equipment

4. Training and mockup equipment.
4. Spacelab control center equipment
5. Special ground support equipment

Figure 7-44 indicates the equipment activities and timelines for each category.

7.4.5.1 Flight Equipment

The flight units shall include all elements of the instruments, their
Spacelab panel racks, cable kits, dust covers, and instrumentation kits. Also,
a shipping and storage container for the intact equipment and for the separable
items will be included.

7.4.5.2 Backup Flight Equipment

This equipment will consist of a complete duplicate of the flight equip-
ment plus a shipping and storage container, lift slings for instrument changeout,
dismounting and mounting guide bars to protect other equipment during change-
out, and a changeout, checkout and verification kit.

7.4.5.3 Training and Mockup Equipment

This equipment shall consist of hardware sufficiently similar to the
flight equipment and ground support equipment to adequately train both flight
and ground erews in appropriate procedures for instrument operation, malfunc.-
tion detection, installation, component changecut, checkout, packaging, shipping,
storage, calibration, and all other appropriate training requirements.

7.4.5.4 Ground Control Center Panel Equipment

This equipment shall consist of that special equipment that will be
reqguired to modify and check out the Spacelab control center that will be sup-
porting the AMPS flight equipment. It shall also service the ground software
development and check out and support the integration tests.
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7.4.5.5 Design Verification Units

These items of equipment shall consist of components sufficiently
similar to the anticipated flight design to thoroughly verify the design., The
equipment shall also include gufficient instrumentation to allow thorough
verification.

7.4,5.6 Qualification Test Units
No distinet equipment is expected for this purpose; rather, the backup

unit will be subjected to the required qualifications tests and refurbished for
flight backup.
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TABLE 7-8. MSFC PREFLIGHT AMPS ACTIVITY REQUIRED RESOURCE LEVELS

All Jobs
Scheduled for

Slack Jobs
Rescheduled

Leveling with
5.Percent

Leveling with
l0-Percent

Leveling with
15-Percent

Skill Type Earliest Starts for Leveling Cross-Training | Cross-Training | Cross-Training
1 8 8 8 8 7
2 4 4 2 2 1
3 5 5 5 5 4
4 b 5 5 ) 4
5 6 5 B o S
6 6 5 5 5 5
7 4 4 4 4 3
8 3 3 3 3 2
9 4 4 4 4 4
10 4 4 4 4 4
Total Crew 49 47 45 45 39
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TABLE 7-9. MSFC POSTFLIGHT AMPS ACTIVITY REQUIRED RESOURCE LEVELS
All Jobs Slack Jobs Leveling with Leveling with Leveling with
Scheduled for Rescheduled 5-Percent 10-Percent 15_Percent

Skill Type Larliest Jobs for Leveling Cross-Training | Cross-Training | Cross-Training
1 6 6 6 4 4
2 2 2 2 2 1
3 6 4 4 4 4
4 6 4 4 4 4
5 6 4 4 4 4
6 6 4 4 4 4
7 3 3 2 2 2
8 3 2 2 2 2
9 2 2 2 1 1
10 2 2 2 1 1
Total Crew 42 33 32 28 27
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7.5 PRELIMINARY TDRSS/STDN TRACKING COVERAGE ASSESSMENT
7.5,1 Introduction

The objective of the preliminary tracking coverage analysis is to assess
the contact (line-of-sight) time statistics obtained for the Shuitle AMPS mission
as covered by the Tracking and Data Relay Satellite System ( TDRSS) and the
Spaceflight Tracking and Data Network (STDN). Six ground-based STDN support
stations are used to supplement the TDRSS subnet wherever the latter is con-
strained from the viewpoint of orbital operations because of upper altitude
coverage limits and steering angle constraints. Some unique requirements for
real-time analysis of observational data are emphasized for the AMPS mission.
The preliminary coverage assessment is made available for possibly determin-
ing whether real-time control and evaluation could be best accomplished from
the ground using the network of TDRSS/STDN, considering multiple polar orbits
for the single mission. For effective experiment control planning, continuous
global coverage with a high rate of data interchange with the TDRSS/STDN would
be desirable. The feasibility, of course, depends on the TDRSS/STDN network
capabilities.

The AMPS mission involves the following multiple orbits, inclined 90 deg
to the Earth's equator, of the Shuttle Orbiter and its two subsatellites:

Orbiter ¢ 343 by 343 km circular
Subsatellite No, 1: 343 by 1445 km elliptical (1.13 X Orbiter period)
Subsatellite No. 2: 343 by 14816 km elliptical (3. 00 X Orbiter period)

Aspects of launch to orbital insertion and deorbit are not considered in
this analysis. The typical statistical data presented are essential for detailed
mission timelining, orbital maneuver sequencing, and determination of AV
requirements and may have an impact on the orbital operations of the
subgzatellites.

It should be emphasized that with the planned implementation of the
TDRSS during the Shuttle time frame, the ground STDN subnet would be per-
forming tracking functions above the TDRSS upper altitude coverage limits,
However, in this coverage analysis, tracking of the AMPS mission is accom-
plished using both subnets of ground STDN and TDRSS for comparative purposes.

7.5.2 Assumptions

The basie ground rules and assumptions used in the study to satisfy the
coverage requirements for the AMPS mission are provided.
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7.5.2.1 TDRSS

The TDRSS subnet consists of two relay satellites, 130 deg apart in
longitude and orbiting at the geosynchronous altitude, and a single ground
terminal situated at White Sands, New Mexico. The White Sands terminal will
be used to communicate with both relay satellites simultaneously. A multiple
access system with one S_band array system to support 20 relatively low data
rate spacecraft simultaneously is assumed to be the type of system capability
employed for the Shuttle AMPS mission which happens to involve three space-
craft, The constraint imposed in this analysis is that the TDRS steering angle
is assumed to be 26 deg. The upper altitude coverage limit with 100-percent
orbital coverage is assumed to be 2000 km for the multiple access system
(12 000 km for the single access system which tracks only one spacecraft).

7.5.2.2 STDN

The five 25.9-m antenna ground stations used to supplement the TDRSS
subnet are situated at Fairbanks (Alaska), Goldstone (California), Madrid
(Spain), Orroral Valley (Australia), and Rosman (North Carolina). A 9.1.m
antenna station at Merritt Island (Florida) complements the six-station STDN
subnet. In addition to the subnet, two stations at Tananarive (Malagasy Repub-
lic) (12-m antenna) and Bermuda { England) (9.1.m antenna) would be used for
launch suppert only and are excluded from the coverage analysis. Antenna
horizon coverage limits pertain to a minimum elevation angle of 5 deg for ground
tracking,

7.5.2.3 Coverage Apalysis

The preliminary evaluation technique used in this study is contact time
(line-of-sight) statistical analysis which is confined to TDRSS, STDN, and
communications line_of -sight between the Orbiter and either subsatellite when
not occluded by Earth. Tracking simulation begins with orbital insertion of the
Orbiter/payloads at the equator and an initial longitude of 39.96 deg East sub-
sequent to separation of the two subsatellites from the Orbiter. Mission |
tracking duration is considered fo be 31 hours. To present the pertinent data
for the AMPS mission, the analysis assumes the TDRSS subnet to be tracking
up to an altitude of 2000 km (1080 n. mi. ) and the STDN subnet to be tracking
above the 2000-km altitude. In the meantime, simulation takes the place of
separate subnets for comparative purposes. The STDN coverage analysis uses
an overlapping constraint for the ground-based stations which specifies that, in
the event of multiple station overlapping, the station(s) with shorter contact
time is eliminated from the evaluation so that the contact time accounting for
only retained and unaffected stations is maintained,.
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7.5.3 Coverage Analysis

The objective of tracking coverage analysis is to assess preliminary
real-time coverage results obtained from digital simulation in terms of contact
(line-of_sight) times of three different spacecraft orbits as covered by the
TDRSS/STDN network. The statistics are, thus, provided to determine whether
the communications requirements can be satisfied in general, considering three
spacecraft involved in the single mission. All spacecraft tracked are assumed
to be treated as mass points in the simulation. The results cover contact times
accumulated by each spacecraft throughout a mission duration of 31 hours as
provided by:

e TDRSS when the spacecraft is within coverage of TDRS beams up to
the altitude of 2000 km and outside the zone of exclusion (the area in
which the coverage of low Earth orbits traversed by spacecraft cannot
be provided by the TDRSS).

e STDN

¢ Communications line-of-sight between the Orbiter and either sub-
satellite when not occluded by Earth.

Figures 7-45 through 7-47 are Mercator projections showing the world-
wide coverage available from the TDRSS and the six ground remote sites. The
circles shown on the maps represent coverage contour zones for the ground
sites operating down to 5-deg antenna elevation for tracking and communications.
The area ( shadow zone) which is not covered by either TDRS on the projection
is indicated by hachures. The zone of exclusion is shown in Figure 7-46 for an
orbital altitude of 343 km. The spacecraft ground traces on the map are
separated by the amount the Earth rotates plus the amount the orbital line of
nodes regresses during one orbital revolution. The subsatellites are launched
into higher elliptical orbits which are consequently longer in period.

A major portion of the Shuttle AMPS mission consists of the Orbiter
operating in a 343-km circular orbit and its two subsatellites just released into
two different elliptical polar orbits. Initial acquisition occurs as each space-
craft comes into line-of -sight with the STDN tracking stations or the TDRSS
from an occluded part of its orbit. Since inception of spacecraft separation is
over the equator, a combination of detailed coverage statistical sequences for
TDRSS, STDN, and spacecraft communications line-of-sight in terms of contact
times have been generated for each spacecraft and are plotted in Figure 7-48
for the first 15 of 31 flight hours. The bar graphs represent the data of contact
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intervals and time intervals between contacts for the initial 39. 96 -deg longitude
affecting the communications coverage provided by the TDRSS and STDN. This
figure is demonstrating whether each network and the Orbiter could provide
continuous coverage without any gap for each subsatellite. In the TDRSS case,
the missing gap is attributed to Earth occultation of the TDRS beam. Cross-
hatches indicate that subsatellite No. 2 is out of the TDRS beam coverage while
in its highly elliptical orbit. The two-TDRS system uses a combination of con-
tact times achieved by each TDRS as shown on the figure, The TDRSS coverage
limits are bounded by the phrase ""HZ 2000 km''. In the STDN case, the simula-
tion generates the tracking times provided by the STDN of three spacecraft
orbits, assuming the absence of the TDRSS. In the area of communications
line-of-gight, the bars show the contact duration in which either subsatellite is
in view of the Orbiter. After spacecraft separation, the distance of communica-
tions line-of-sight increases until the Earth occludes the part of orbit as the
subsatellites are traversing in larger orbits. After reacquisition, the distance
decreases until about the midpoint of the contact time interval, when the Orbiter
and subsatellite are close to each other, and then increases until both space-
eraft are out of line-of-sight. The maximum line-of-sight distance between the
Orbiter and subsatellite No. 1 is determined to be approximately 6000 km and
for the Orbiter and subsatellite No. 2, it is 21600 km. As shown in Figure
7-48, up/down oscillation of each subsatellite in an occultation results in many
short and long gaps.

* Spacecraft contact and gap statistics for the three orbits tracked by the
six-station STDN subnet based on a minimum station elevation angle of 5 deg
are depicted in Tables 7-10 through 7-12. Application of the station overlapping
constraint, which deals with elimination of one or more overlapped stations with
shorter contact times, is indicated by the phrase "overlapped; eliminated in
parentheses on the tables. The gap time in parentheses refers to a gap duration
between the retained and unaffected stations. Table 7-13 provides the contact
times that the spacecraft have accumulated with the TDRSS, satisfying the
100-km atmosphere constraint. Subsatellite No., 2 TDRSS contact times do not
include the time the subsatellite spends outside the coverage of the TDRS beam,

Within the below/above 2000-km altitude constraint, the statistics
summary covering ground and orbital coverage for the 31-hour duration is

provided below:

Subsatellite Subsatellite

Contact Conditions Orbiter No. 1 No. 2
Total Contact Time { TDRSS) 1758 min 1831 min 196 min
Total Contact Time (STDN) - - 1191 min
Percent of Contact Time (TDRSS 94 98 74
+ STDN)
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Considering the TDRSS is absent, the STDN would accumulate a total contact of
116 min with the Orbiter for the same duration, 338 min with subsatellite No. 1,
and 1224 min with subsatellite No. 2. It should be pointed out in the coverage
statistics that, when two or more spacecraft happen to be in a view of a
particular ground station at the same time, it is not necessary that the station
track them simultaneously unless they happen to be within the same beamwidth
of the station antenna. An examination of Figure 7-48 indicates the appearance
of more than one spacecraft in a view of a particular station at several times
while in different altitudes in the polar plane. In the situations involving the
simultaneous tracking by the particular station, the mission timelining will
dictate which spacecraft is to be tracked. Based on the constraint of TDRSS
upper altitude limits, subsatellite No. 2 required a total of 18 handovers
between STDN and TDRSS in the 31-hour pericd to ensure nearly continuous
coverage. Thus, the problems of handover and slow/fast tracking rates of the
TDRSS may maintain precedence of all-ground tracking for the subsatellite No.
2 mission, The all-ground tracking mode would produce 1224 min of contact
with that subsatellite,

Figure 7-49 depicts a typical Sun illumination history attained for the
AMPS mission, The figure represents a midnight orbital insertion on September
2, 1982, The solid bars represent the time the spacecraft spends in the sunlight,
whereas the gap between sunlights indicates time in the shadow. This figure can
be used as an overlay for Figure 7-48. Based on the date of insertion, the sun-
light time is decreasing very gradually during the mission, due to a change in
Sun declination. The average time per orbit for the Orbiter orbit is 57 min or
63 percent of the nodal period; for the subsatellite No. 1 orbit, 72 min or 71
percent; and for the stbzatellite No. 2 orbit, 251 min or 92 percent.
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TABLE 7-10. SHUTTLE ORBITER CONTACT AND GAP STATISTICS,

SIX-STATICN STDN CONFIGURATION

Minimum 5-deg Station Klevation

Probe Altitude (km): 343 by 343 (185 by 185 n, mi)

Initial Latitude (deg): ©

Initial Longitude (deg East): 39.96

Probe Incliaation {deg}: 90

Initial Azimuth {deg): 180

Orbital Timc Since Contact Time Between
Revolution Insertion Station Time Contacts
Number {hr/min/sec) Name (min/sce) (min/sec}
0 No Siation Contact During This Revolution
1 0/58/28 ULA 8/38 58,28
2 2/32/6 ULA 2/34 86/59
2/47 /59 MAD 7/ 13/18
3 5/6/4 ORR 5/58 130/58
1 No Station Contact During This Revolution
5 7/22/45 ROS 5/34 130/42 (overlapped; eliminated)
7/24/14 MIL 6/4 0/0{132/11)  (overlapped; retained)
6 8/53/3% ROS 5/16 83/14 {overlapped; retained)
B/56/6 MIL 3/18 a/0 {overlapped; eliminated)
7 10/17 /42 ULA 2/34 78/17 {79/53)
10/23/42 GDS 7/9 3/26
8 11/47/10 ULA 6/53 76/18
9 13/18/4 ULA 6/35 B4/0
10 14/30/30 MAD 8/18 65/49
i1 16/45/13 ORR 7/5 128/24
12 No Station Contact During This Revolution
13 19/2/34 MIL 2/3 130/16
19/4/52 ROS 1/4 /12
14 20/31/25 MIL 5/18 85/29 {overlapped; eliminated)
20/32/49 ROS 5/55 0/0 (86/53) {overlapped; retained)
15 22/3/97 GDS 6/22 84/52
22/14/28 ULA 1/27 4/28
16 23/41/57 ULA 6/28 B6/1
17 25/12/53 ULA 6/21 84/27
18 27/2/10 MAD 7/1 102/55
27/50,/12 ORR 4/27 41/0
19 29/20/43 ORR 4/46 86/4
20 No Station Contact During This Revolution

NOTES:

1, Orbital revolution No. "0" is egsentially 1/2 orbit.

2. Gap time in parentheses refers to a gap duration between the retained and unaffected

atations.
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TABLE 7-11. AMPS SUBSATELLITE NO, 2 CONTACT AND GAP
STATISTICS, SIX-STATION STDN CONFIGURATION

Minimum G~deg Station Elevation
Probe Altitude (km): 543 by 1445 {183 by 780 n. mi.) Probe Inclination {deg): 90
Tnitial Latitude (deg): o Tnitial Longitude {deg East): 39.96 Initlal Azimuth {deg): 180
Qrbital Time Since Contack Time Between
Revolution Inseriion Station Time Contacts
Number (br/min/sec) Name (min/sec) (min/sec)
L No Station Contact During This Revolution
1 1/2/54 ULA 16/46 62/54
1/30/0 MAD 2/59 11/19
2/19/49 ORR 3/16 46/50
2 2/47/36 ULA 13/18 24/30
3/9/43 MAD 8/36 8/48
3/56/12 ORR 17/36 37/52
3 4/35/24 ULA 7/24 21/35
5/38/39 ORR 15/8 55/50
4 No Station Contact During This Revolution
5 a/1a/20 ROS 8/9 143/32 (overlapped; retained)
3/20/20 MIL 7/26 0/0 { overlapped; eliminated)
3 9/51/29 ULA 7/61 83/42 (85/0)
10/0/41 GDS 8/0 1/19
7 11/33/35 ULA 10/32 84/54
8 12/55/22 MAD 11/36 71/14
13/15/55 ULA 10/24 8/58
9. 14/33/20 MAD 17/30 67/0
14/58/27 uLa 7/25 7/3%
15/28/25 ORR 4/18 22/33
10 16/17/30 MAD 14/25 44/45
17/8/23 ORR 758 36/28
1 18/2/9 ROS 9/16 45/47
19/36/19 MIL 18/11 84/53 { overlapped; retained)
12 19/38/37 ROS 17/41 a/0 (everlapped; eliminated)
19/58/1 ULA .5/19 1/43 (3/31)
13 . 21/20/48 MIL 14/2 77/26 (overlapped; eliminated)
21/21/54 GDs . 18/27 p/0 {88/32) { overlapped; retained}
21/22/25 . ROB 14/57 o/0 ( overlapped; eliminated)
21/34/35 ULA 11/37 /9 {overlapped; eliminatad)
14 23/3/32 ans 17/8 77/19 (85/08} ({overlapped; retained)
23/13/43 ULA 14/55 0/0 { overlapped; eliminated)
14 24/55/28 ULA 15/32 86/49 (94/55)
16 26/40/4 ULA 13/4 89/3
27/2/10 MAD 8/21 a/1
27/49/38 ORR 17/38 38/e
17 28/27/51 ULA 7/8 21/35
29/30/55 ORR 16/34 55/55
15 Mo Station Contact Duriog This Revolution

NOTES: 1. Orbital Revolution No. 0" is essentially 1/2 orbit.
2. Gap time in parcotheses refers to a gap duration betwesn the retained and unaffected gtations.



TABLE 7-12. AMPS SUBSATELLITE NO. 2 CONTACT AND GAP
STATISTICS, SIX-STATION STDN CONFIGURATION

Minimum 5-deg Station Elevation

Probe Altitude {km): 343 by 14816 (185 by 8000 n. mi) Probe Inclination {deg): 90
Initial Latitude (deg): 0 Initial Longitude (deg East): 39.96 Initial Azimuth (deg): 180
‘Orbital Time Since Contact Time Between
Revolution Insertion Station Time Contacts
Number {hr/min/sec) Name (min/sec) (min/sec)
) 0/30/33 ORR 154,29 30/33 (overlapped; retained)
1/55/1 GDS 119/36 0/0 (overlapped; eliminated)
1 2/16/48 ULA 117/43 /0 (overlapped; eliminated)
4/9/33 MAD 16/14 0/0 (64/31)
5/0/25 ORR 144/42 34/38
2 7/58/8 ULA 54/32 33/01 {overlapped; retained}
8/45/26 ROR 14/34 0/0 (overlapped; eliminated)
8/46/40 GD8 11/50 n/0 (overlapped; eliminated)
8/50/0 MIL 10/35 0/0 (overlapped; eliminated)
9/36 /56 ORR 34/55 36/21 (44/16)
11/12/42 MAD 117/32 60/51 (overlapped, retained)
3 12/48/59 - ULA 38/41 0/0 ) (overlapped; eliminated)
15/5/20 MAD 156/58 97/40 (115/06) (overlapped; retained)
15/48/55 MIL 107 /55 0/0 {overlapped; eliminated)
4 15/56 /14 ROS 103/49 0/0 (overlapped; eliminated)
16./59/20 GDS 37/9 /0 {overlapped; eliminated)
17/2/11 UL4 52/8 0/ {overlapped; eliminated}
18/15/1% ORR 11/52 20/55 (32/54)
19/22/27 MIL 166/51 55/23 (overlapped; retained)
19/31/1 ROS 161/28 0/0 {overlapped; eliminated)
19/47 /20 GDS 145/37 6/0 {overlapped; eliminated)
5 20/45/4 ULA 97/26 0/0 (overlapped; eliminated)
23/16/43 CRR 127/8 54/13 (overlapped; eliminated)
24/9/51 GD8 152/32 0/0 {120/33)  (overlapped; retained)
24/53/34 ULA 121/19 0/0 (overlapped; eliminated)
g 26/50/42 MAD 17/53 n/0 (8/19)
27/41/41 ORR 157/20 33/06
7 30/21/41 ULA 38/19 2/40

NOTES: 1. Orbital Revolution No. "0 1a essentially 1/2 orbit.,
2. Gap time in parenthases refers to a gap duration between the retalned and unaffected stations,
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TABLE 7-13. TDRSS/SPACECRAFT CONTACT STA TISTICS, SHUTTLE AMPS MISSION
Spacecraft: Initial Latitude (deg): 0 Initial Longitude (deg East): 39.96 Initial Azimuth (deg) = 180
TDRSS: [Initial Latitude {deg): 0 Initial Longitude (deg East): 189 (TDRS West} and 319 (TDRS East)
Orbiter: 343 by 343 km/90 deg Subsatellite No. 1: 343 by 1445 km/90 deg Subsatellite No, 2: 343 by 14816 km/50 deg
TDRS West TDRS East TDRS West TDRS East TDRS West TDRS East
Time Time Time Time Time Time .
Since Contact Since Contact Since Contact Since Contact Since Contact Since Contact
Insertion Time Insertion Time Insertion Time Insertion Time Insertion Time? Insertion Time?
(hrfminfsec} b (min/sec) | (hrfminfsec) | (minfsec) | (brfminfsec) { {(min/sec) | (hr/minfsec) | {minfsec) } (hr/min/sec) | (minfsec) § (hr/minfsec}] (min/sec)
0/21/11 48/23 0/of0 27/54 0/18/42 64/33 0/o/0 135/5 0/13/42 69/38 0/0/0 125/21
1/52/15 48/11 1/4/45 51/18 2/1]24 64/14 2/53/43 60/30 4144155 215/59 7/5/41 90/12
3/23/3 48/32 2/37/3 48/11 3/43/21 65/35 4137152 58/6 15/48/24 94722 13/47/40 20/36
4/53/30 49/50 4/8/20 48/36 5/24/7 70/54 6/20/6 59/15 22/53/4 43102 18/23/10 26/8
6/22/50 58/03 57139718 48/34 710/49 226/25 8/0/27 67729 2727123 17/21 22144112 93/18
1/36/20 47428 1101 49105 117257 60/52 9/32/26 139/36 30/18/19 34/46
8/29/57 61/45 8/40/20 50/51 13/9/28 59/9 12/4f6 78/20
10/10/44 50/21 10/8/57 47/39 14/51/49 59/3 13[55}'28 66/55
11/42/33 58157 12/24/5 54113 16/32/22 66/12 15/39/27 64/32
13/13/44 48(32 13/58/31 49128 18/5/53 142/7 17/22/9 64/14
14/44/38 48/39 15/30/5 48/26 20/31/14 83/0 19/4/4 65/28
16/15/16 49123 17/1/10 48/12 22/26/44 67/16 20/44 /46 T4
17/45/20 52/05 18/32/0 47/32 24/10/55 64/37 22{21/7 226/58
19/12/8 104/17 20/2/30 49/38 25/53/41 64/12 26/46(14 60/41
21/31/23 51/45 21/32/4 55127 27/35/39 65/27 28/30/27 58/8
23/4/10 49/02 22/51/11 109/58 29/16/28 70/17 30/12/46 47/14
24/35/32 48/18 25/19/26 50/38 30/53/24 6/36
26/6/32 48/13 26/51/25 49/1
27737117 48/41 28122138 48133
25/7/38 s50/21 29/53/33 48/37
30/36/27 23/33

a. For 343 by 14816 km/90 deg orbit, incremental times already deducted for spacecraft out of TDRS beam coverage.

NOTES: 1. Cutoff time at 31 hours.
2. TDRS Steering Angle, 8 = 26 deg.
3. 100-km atmosphere.
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TDRSS tracking of Shuttle Orbiter and AMPS subsatellite No. 2, first orbit.
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8.0 CREW SYSTEMS

The systems integration effort in the Atmospheric Magnetospheric and
Plasmas in Space (AMPS) study has been concentrated on better definition of
the crew/systems interface. The first interface requirements examined were
those for control and display (C&D). The panel area requirements derived
from the Shuttle System Payload Description (SSPD) document grossly exceed
the area available in the Orbiter flight deck { Table 8-1). Therefore, the AMPS
mission should be flown with a pressurized module plus pallet or the controls
and displays should be reduced an order of magnitude. Some of the volume
allocated for C&Ds by the SSPD is inappropriate because it is assigned to
stowage of photographic film, cameras, ete. (auxiliary equipment). Also,
Spacelab will be providing some of the capabilities currently furnished by
C&Ds listed in the SSPD. Finally, the SSPD contains some equipment
redundancies.

To refine AMPS panel space reguirements, a command function list
(Fig. 8-1) was generated from the SSPD listing of AMPS instruments. It was
punched out on computer cards to make it flexible. The function list was
reviewed by several scientists at MSFC and their comments were documented.
An experiment/instrument matrix was made and functional groups were defined
(Fig. 8-2).

Revised panel space requirements were reflected on a preliminary
layout of the AMPS pressurized module. The layout assumes discrete,
dedicated controls and displays on each instrument {Fig, 8-3). The extent of
use of automation and multifunction controls and displays is an issue worthy of
extensive study. The approach depicted in Figure 8-3 represents a maximal
panel space requirement. Using it as a point of departure, AMPS controls and
displays can evolve into a more sophisticated facility without losing sight of
the original requirements or capabilities. Since AMPS will be flying frequently
and is a facility type payload, many operations may be candidates for
automation.

The current concept verification testing plan (CVT) for the support
module controls and displays (Fig. 8-4) depicts 2 deg of freedom hand con-
trollers at two adjacent work stations. The CVT support module is supposed to
represent the Spacelab support medule. If a manual mode is required for con-
trolling booms or for flying the subsatellite, a two-axis hand controller is
inadequate. That would dictate serial operations which are too slow to be
practical or safe.



The Atmosphere Explorer satellite, baselined for the study, was also
investigated. As currently configured it has only a yaw thruster, two AV
thrusters, two attitude control coils, and a momentum whee] for translation and
attitude control (Fig. 8-5). Such controls may not be flexible or responsive
enough to allow the subsatellite to play the active role during retrieval.

Recommendations made to date include:

1. Pressurized module should be used for AMPS due to current panel
gpace requirements.

2. Experiment and support hardware should be grouped in the pressur-
ized module for concurrent or staggered experiment operation.

3. A trade study should be done to determine applicability of multi-
function displays and controls.

4, AMPS C&D requirements need to be coordinated with the labs.

5. Tracking and control requirements for deployable units should be
better defined.

6. Subsatellites and their operations require better definition.

For the next few months, attention will be focused upon a preliminary failure
mode effects analysis (FMEA), a task analysis, and a continuation of the C&D
definition. Results from Skylab and ASSESS indicate that the primary roles of
man in spacecraft should be to adapt the science to the situation on orbit and to
enhance reliability by real-time troubleshooting and repair.

The FMEA should identify areas where repair tasks/redundancy would
be beneficial on the short AMPS missions. The detailed task analysis should
indicate functional relationships among tasks, equipment, and operational
constraints,
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TABLE 8-1. AMPS C&D PANEL SPACE REQUIREMENTSa

Ref. No, Category Area (ft?)
Displays
AP 801-816 General Displays 28
AP 817-824 Computing Equipment 21
AP 827.332 Auxiliary Equipment 18
AP 833-845 Remote Sensing Platform 16
Controls
Subtotal 83
Controls
AP 901904 Transmitters 2.6
AP 905-908 Antennae 3.3
AP 209-911 Antenna Couplers 3.2
AP 912.925 Wave Analysis 17
AP 926-932 Accelerator Control 4.6
AP 8933-937 Electron Beam 3.3
AP 936-9842 MPD Arc 3.3
AP 943.955 Ambient Plasma Instrument 10
Control ~
AP 956-960 Deployable Satellite 6.7
AP 961-963 Optical 4.3
AP 964-970 Projectiles 5,3
Subtotal 64
Total 147

4. Rack space allocated: 13X 1.8%x 7,7 = 180 ft?

Difference:

= 33

Rationale: Growth and packaging inefficiency
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AP 100 REMOTE SENSING PLATFORM SYSTEM
AP 101 REMOTE SENSING PLATFORM
GIMBAL CONTROLS
SECURE/RELEASE
X-AXIS
ON/OFF
ANGLE SELECT
Y-AXIS
ANGLE SELECT
ON/OFF
TRACK MODE SELECT
MANUAL
INERTIAL
TARGET
SCAN
SUN SHIELD
SECURE/RELEASE
EXTEND/RETRACT
INSTRUMENT POWER
ON/QFF
AP 102 XUV NORMAL INCIDENCE SPECTROMETER
ON/OFF
VIDHCON GAIN
WAVELENGTH RANGE
SCAN SPEED SELECT
CAMERA INTEGRATION TIME
CALIBRATION ENABLE/INHIBIT
APERTURE DOOR
AP 103 UV-VISIBLE-NIR SCANNING SPECTROMETER
ON/OFF
WAVELENGTH RANGE
SCAN SPEED SELECT
SLIT WIDTH
RESOLUTION
SENSITIVITY
SLIT HEIGHT
DETECTOR SELECT
GRATING SELECT
COLLECTOR POSITION
AP 104 HIGH RESOLUTION FOURIER SWIR SPECTROMETER
ON/OFF
FIELD OF VIEW
COOLER ON/OFF
SCAN RATE
CALIBRATION ENABLE/INHIBIT
CALIBRATION TEMP. SELECT
RESOLUTION
INTEGRATION TIME
AP 105 CRYOGENIC IR FOURIER SPECTROMETER
ON/OFF
FIELD OF VIEW
RESOLUTION
INTEGRATION TIME
CALIBRATION ENABLE/INHIBIT
RANGE SELECT
CALIBRATION TEMP, SELECT
AP 106 IR RADIOMETER
ON/OFF
FREQUENCY RANGE SELECT
AP 107 FABRY-PEROT INTERFEROMETER
ON/OFF ‘
AP 108 FILTER PHOTOMETER

Figure 8-1. Sample of command function list.
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RF PROBE (G11)

PLANAR PROBE {G12}
TRANSMITTER/RECEIVER
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Figure 8-2. Instrument/experiment matrix.
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9.0 CONCLUSIONS AND RECOMMENDA TIONS

9,1 CONCLUSIONS

The Atmospheric, Magnetospheric and Plasmas in Space (AMPS) pay-
load baselined for the Phase A Study is a complex scientific laboratory facility
which utilizes the full capabilities of the Space Shuttle and Spacelab and requires
a flexibility and adaptability in design not required in space flight heretofore.

It has become apparent that AMPS must evolve into a facility of scientific and
support systems which are o support not ounly the program objectives currently
being identified but also the advanced instrumentation concepts and experimental
techniques of the future. The ability to adapt to a variety of scientific and
economic environments must be the hallmark of the AMPS program.

_ A major input to this study was the Shuttle System Payload Descriptions

(SSPD) Level B data on the AMPS payload (AP-06-8). Those data provided
the initial scientific instrument descriptions and interface requirements and,
for the most part, remained unchanged throughout the study. It is anticipated
that the AMPS Scientific Working Group will have identified, in the near future,
instrumentation characteristics and experimental procedures which will more
closely resemble the ultimate AMPS facility. An update to this document,
reflecting the recommendations of the Working Group, is planned.

The following observations are some of the more significant cnes which
have been identified in the Phasc A Study.

8.1.1 Configuration

It was determined that the Spacelab configuration most suited to the
Phase A baseline payload was one consisting of the 2.7 m core pressurized
module segment with three 3 m pallet segments. A number of configuration
options were addressed, most of which are discugsed in Section 4. Because of
an understandable lack of experiment definition and because of the physical size
of the payload, there remains some concern about the capability of the core
segment to house the necessary controls and displays and about the consistency
of the payload with Orbiter center of gravity of mass constraints. These con-
cerns, although not of major significance at this time, are currently being
addressed through close interaction with the Working Group and through involve-
ment with the development of Spacelab and Orbiter accommodations,



9.1.2 Structures

Emphasis in the structural design and analysis area was placed on the
50 m booms angd the 600 m (tip-to_tip) dipole antenna. It seems that the wake
and sheath experiments drive the design of the booms since they may require
rapid movement with large accelerations. Analytical studies have indicated
that the assumed boom deflection limit (+0.5 deg relative to the base of boom)
is exceeded during some portions of the experiment. Methods for reducing
these errors {e.g., more optimum wake tracing pattern) will be investigated
in subsegment study of the boom system. Recent discussions with AMPS Science
Working Group members and additional analysis (not contained here) indicate
that the assumed boom deflection limit and scan pattern are unnecessarily
restrictive and that the analytically proven boom system performed is quite
acceptable.

The mechanism assumed for radiating energy from the transmitter/
coupler system is a 600 m {tip-to-tip) dipole antenna. Both dynamic and
thermal deflections have been investigated. It is felt that thermal deflections
can be brought within an acceptable range., The dynamics deflections, however,
resulting from Orbiter limit cycling with the possibility of frequency coupling
suggest that experiments which utilize the antennas be clustered so that the
antenna can be extended only when needed.

9.1.3 Thermal Control

For the orbital parameters and heat loads assumed ( consistent with the
baseline reference design), no thermal difficulties were identified. All pallet
mounted instruments can be passively controlled on-orbit except the particle
accelerators, the lidar, and the transmitter/coupler which appear to require
active cooling from the fluid loop. The thermal response of the instruments
during ascent and reentry was determined. No out-of-tolerance conditions
arose.

9.1.4 Pointing and Control

It is felt at this time that, except for the remote sensing platform (RSP),
all pointing and control requirements can be satisfied by the Orbiter (0. 16 deg
accuracy). It was assumed that the lidar system included a computer controlled
mount, Seven gimbal systems, of various sizes, are required for the remote
sensing platform, for both booms, for the instrument platform at the end of the
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passive boom, for the accelerator system (three accelerators controlled by
the same set of gimbals) for the lidar, and for the star tracker (double
gimbaled}. The pointing requirements of the RSP insiruments dictate the
inclusion of a three-axis gyro reference unit, Analyses indicate that the 3 arc
min accuracy requirement can be met (1.5 arc min demonstrated analytically)
with existing technology, The 2 arc sec stability and 0.2 arc sec stability rate
requirements are very difficult to satisfy and their need should be more clearly
defined. On the full complemented AMPS reference configuration, attitude
reference is provided by a double gimbaled star tracker and the RSP gyros,
During missions when the RSP is not flown, attitude reference will probably be
assisted by a separate, pallet mounted, gyro package possibly similar to the
RSP gyros.

9.1.5 Communication and Data Management

Analyses to date indicate that the Orbiter/Spacelab command and voice
system is adequate fo satisfy the assumed AMPS requirements. The real-time
downlink transmission requirement of approximately 2 MBPS ( mostly lidar data)
cannot be accommodated by the Orbiter as currently defined. Proposed Orbiter
changes now being evaluated include a 50 MBPS digital and a 10 MHz downlink
through the Tracking and Data Relay Satellite System (TDRSS). An RF command
and data transfer system for the 50 m passive boom is feasible but is somewhat
more complex and heavier than a corresponding hardwire data bus approach,

The AMPS subsatellites {e.g., Atmosphere Explorer (AE) type] are
currently quoted as requiring a 400 kbs digital data rate which is to be received
by the Orbiter. The Orbiter can accpet only 16 kbs., A separate AMPS-
provided receiver/antenna system has been proposed for location on the pallet
to satisfy this requirement., A 1 m parabolic antenna can accept 400 kbs from
a redesigned AE communications system (existing AE transmits at 16 kbs) at
distances up to approximately 1200 km,

The data management system provided by Spacelab is judged adequate to

satisfy AMPS requirements except possibly for computer data processing. A
need for a somewhat faster machine has been suggested.

9.1.6 Electrical Power Subsystem

Electrical power for AMPS is provided by an Orbiter dedicated fuel cell
with approximately 4,0 kW available for the science payload. The large power
users such as the lidar, transmitter, and the particle accelerators will
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interface with a capacitor bank, Based on the experiment operational timeline,
the average power required by AMPS scientific instruments is approximately
2.5 kW (380 kW_h).

The range of voltage requirements [500 V for the magnetoplasma-
dynamic (MPD) arc, 20 kV for ion accelerator] suggests the use of two
different capacitor banks. For the transmitter/coupler, the electron accelera-
tor, and the lidar, a 300 1b, 20 kI, 100 uF capacitor was chosen, whereas for
the MPD arc a 1200 lb, 100 kJ, 0.8 F unit seems most appropriate.

9.1.7 Controls and Displays

The control and display {C&D) systems located within the Spacelab
pressurized module are the primary means for real-time control and inferac-
tion by the onboard experimenters with the experiment performed via the pallet
mounted instruments. Considering the need for ground-based/laboratory-like
experimenter involvement and the need for extreme flexibility in control and
display system design to adapt to the various payload complements, preliminary
data management and human engineering analyses were performed to arrive at
control and display system design characteristics for the individual instruments
and the complete, flight-dedicated, AMPS payload. The Spacelab multifunction
" display system is utilized whenever practical.

These studies have indicated a need for approximately 9.3 m? (100 £t%)
of panel area. The 2.7 m Spacelab core module can accommodate up to six
payload-dedicated racks for a total area of approximately 8.82 m? (94.9 ftz) .
Although additional panel space is desirable, it is concluded at this point that
the Spacelab core module can accommodate the AMPS controls and displays.,

9.1.8 Subgatellite Flight Mechanics

Two types of subsatellites are being considered to support AMPS experi-
ments operations: (1) A subsatellite designed to operate in the near vicinity of
the Orbiter (less than 50 km) and (2) a subsatellite designed to operate in
non-co-orbit with respect to the Orbiter.

With regard to operation in the near vicinity of the Crbiter, results have
been obtained to indicate how the relative movement of the subsatellite can be
controlled by the initial selection of impulse direction and magnitude.



Suggested candidate spacecraft configurations to gatisfy the non-co-
orbiting subsatellite requirements (e.g., operate in orbits with periods several
times that of the Orbiter) are: (1) AE type spacecraft and (2) a spacecraft
which uses the third stage of the Scout launch vehicle as the major propulsion
system., The AE spacecraft propulsion system can provide a AV of 2000 ft/sec,
The AE is capable of attaining orbits with periods up to 1.1 times those
attainable by the Orbiter, and up to 1.25 times orbit period of the Orbiter, if
the spacecraft is not returned. If the third gstage of the Scout is used then
periods of 1.3 and 1,9 times those of the Orbiter can be obtained for spacecraft
return and no-return, respectively.

9.1.9 Experiment/Crew Timelines

Experiment operational timelines and crew activities timelines have been
developed for a polar and a low inclination AMPS mission. A basic assumption
was made that only one experiment is performed at a time. These timelines
have been used to assist in the sizing of support systems (power, data) and in
assessing the compatibility of experiment/instrument requirements. These
timelines are dynamic and will continue to be updated and refined as better
information on experiment operations is developed.

$.1,10 Ground Operations

A major objective in this area was to develop a reasonable ground opera-
tions plan that is consistent with Shuttle and Spacelab operations. The block
flow design has been established for routine AMPS ground operation. AMPS
equipment descriptions have been compiled for most items based on the assump-
tion that each item is similar to some piece of hardware flown in the past. For
estimating manpower and ground support equipment requirements it is not
essential that precise characteristics and capabilities of the equipment be
known; consequently, the information compiled from historical data is adequate
for operations studies.

9.1.,11 Tracking Analysis

The objective of the preliminary tracking coverage analysis is to assess
the contact (line-of-sight) time statistics obtained for the AMPS mission as
covered by the TDRSS. The type of statistical data developed is essential for -
detailed mission timelining, orbital maneuver sequencing, and determination of



AV requirements and may have an impact in the orbital operation of subsatellites.
Contact time statistics for each orbit as covered by the TDRSS/Spaceflight
Tracking and Data Network (STDN) have been obtained and plotted. These
parametric data are essential for the planned detailed studies of AMPS orbital
operations,

9.,1.12 Crew Systems

The number and type of AMPS payload specialists and the activities
which they will perform within the Spacelab pressurized module are directly
dependent upon mission objective, the instrumentation carried, the type of
experiments performed, and the degree of interaction required between the
payload specialist (onboard experimenter) and the experiment., The Atmos-
pheric Science and Space Physics community indicates a desire for a high
degree of experiment controllability by the payload specialist.

A preliminary listing of instrument/experiment command, control and
display interface reguirements has been developed. The corresponding C&D
panel layout has been developed. This preliminary information is expected to
serve as a sound basis for more detailed studies based on the recommendations
of the AMPS Working Group.

9.2 RECOMMENDATIONS

It shall be mandatory that further AMPS-related studies be appropriately
coordinated with the activities and recommendations of the AMPS Science
Working Group. The following are some of the more significant items identified
in the Phase A Study as requiring additional study:

1. With regard to programmatics, an evolutionary approach to AMPS
program buildup must be constructed. This approach must support the develop-
ment of an AMPS facility characterized by flexibility and adaptable to unknown
instrument requirements and experimental techniques.

2. To support the need for maximum science return for minimal cost,
the applicability of standard off-the _shelf designs and hardware must be ser-
iously investigated. In particular, the use of NIM, CAMAC and ARINC standard
electronics modules for instrument/experiment control must be studied. -
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3. AMPS scientific instrument and experiment support and interface
requirements must be thoroughly reviewed to identify and justify the need for
support equipment other than that provided by Spacelab. In particular, the need
for long booms, gimbal mounts, subsatellites, and energy storage devices
should be investigated from both a scientific and economic viewpoint. Alternate
‘means for satisfying the requirements must be studied.
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89 IN-FLIGHT EXPERIMENT EQUIPMENT ENVIRONMENTAL LIMITS: NON-OPERATING )
8-10 IN-FLIGHT EXPERIMENT EQUIPMENT ENVIRONMENTAL LIMITS: OPERATING
§-11 IN-FLIGHT CONTAMINATION CONTROL CRITE RIA
8-12 ORENTATION, POINTING AND STABILITY REQUIREMENTS
813 FLIGHT OPERATIONS : . % -y
514 EXPERIMENT OPERATIONAL CYGLE fsf %7
8-15 PAYLOAD OPERATIONAL TIMELINE S %’
816 PAYLOAD PERSONNEL SKILLS AND EVA/IVA REQUIREMENTS ‘ L% g
817 PAYLOAD MISSION CONSUMABLES 7 ] 5
8-18 PAYLOAD ELECTRICAL POWER REQUIREMENTS {% 5
8-19 DATA ACQUISITION AND MANAGEMENT o Ry
8-20 DATA DISPOSTTION AND COMMUNICATIONS o "?
. 8- PAYLOAD IN-FLIGHT ENVIRONMENTAL LIMITS ‘O %
§-22 LAUNCH/LANDING SUPPORT REQUIREMENTS i‘j s
8-23 GROUND FACILITY REQUIREMENTS o
S-24 GROUND ENVIRONMENTAL LIMITS &
8-25 PAYLOAD SAFETY ANALYSIS
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MISSION DEFINITION PARAMETERS

ATMOSPHERIC, MAGNETOSPHERIC & PLASMAS IN SPACE (AMPS)

DATA SHEET NO.-3-1

4-2

PAYLOAD NO, AP-OB-S

M= PAYLOAD NAME DATEJUN 11 1874 REV DATE LTR
|
1, Diacipline ATMOSPHERIC & SPACE PHYSICS 5, No. of Sets of Miasion Equipment in Program — Development: 1
2, Cognizant Scientist/Engincer i ho 6. Mo, of Sets of Mission Equipment in Program — Opel:-ations: :
3. Development Agency MNASA/OSS 7. No. of Sortte Fiights in Program: ____ 39
4, Initial Launch Date (Year) 1981 8. Nominal Flight Duration (N}, days: .7 _ _
LAUYNCH SCHEDULE:
Data Item No: 9. 10, 11. 12. 13, 14, i5, 16, 17. 13. 13, 20. 21.
Year: ‘ 79 BO a1 g2 B3 B4 85 86 87 BB 89 a0 91
No. Launches: 1 1 1 1/2 1/2 2/2 1/2 2/2 1/2 2/2 12
Mission Code Latter: - e A B ] A/B A/B A/B A/B A/B A/ A/B A/B
ORBIT PARAME TERS: MISSION CODE LETTER PAYLOAD BUMMARY DATA:
APOGEE, km A B LY D . E F 34, Paylond weight at Jaunch, kg 5381
22, Desired 435 34 35. Weight of expended consumables and P/L Equipment not returned to earth, kg R =2
23, Minimum 400 320 36, Consumables weight at launch, kg 9-;__
24, Mpxipum S0 360 37. Pressurized equipment volume, m 3. :
34, Estimated pallet length, m 7.6
PERIGEE, ki . 39. No. of subsatellite deployments per flight 2
25. Desired 85 340 40, Na, of subsatellite retrievals per flight 2
26. Mininmm 400 320 41. No. of planned EVAs per flight 0
27, Maximum 500 360 42, Average duration of each EVA, hr NA
43. Preferred accommodation mode:
INCLINATION, deg A
28, Destred 2.5 2 [ Palet enly: nit control { ] ; control £ né []
2. Minimam 28.5 55 allat only: on~orbit control ; control from grou
30, Maxioum 8.5 105 M vLabonly
E1R WIR
31. Launch Stte(s) (K] Lab plus paliet
32, Launch Window Center NAA October 1973
(Inltial Launch Dabe/Time} 44, Payload Model Datc Y7
33, Launch Window Duration, hr. _ M/A 45. P/L Code No,
46, REFERENCE DOCUMENTS: 47, COMMENTS:

(1} Final Report of the Space Shuttle Payload Planning Working Groups - Atmospheric and Spoce Physics,
May 1973; NASA, G5FC
(2) AMPS Detaifed Timeline, 20.5 dag orbit, March 1974; NASA, MSFC

{3) Final Report, Contract MASS-28047 - Plasma Physics and Environmental Perturbation Laboratory,
May 1973; MASA, MSFC

(4) Preliminary Design Study for an Atmospheric Science Facility, Dec. 1972; NASA, J5C

{5} Manned Awuroral and Magnetospheric Observatory System, Sept. 1972; NASA, JSC

(5} NASA Woods Hole Summer Study, Atmospheric and Space Physics Working Group Report, Preliminary
Data, August, 1973,

{7} Opportunities for Participation in the Scientific Definition of Space Shuttle Missions for Atmospheric,
Magnetospheric, and Plasmas In Space (AMPS) Payloads, November 1973; NASA, Hq.
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SORTIE PAYLOAD

OBJECTIVES -3
AT N MA SPACE iam DATA SHEET N0,.522 _pAYLOAD no, AP-06-5
PAYLOAD NAME AIMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE /AMPS) paTN 07 1914 REv pATE LTR
1. SUMMARY: This payload consishs of o variety of active ond possive
instrumentalion designed to observe and artificially parturb the space environ- EXPERIMENTS
ment ond upper atmoiphers. Myltipurpose contrals, dispiays and doba process-
ing equipment ore included to parmit effective interaction ameng on-orbit 4. No. 3. Title 6, Dbjectives
investigalors and experiments. Major assmeblias requiring extemal mounting " " 3 - " -
include o Remote Sensing Platform, housing bath optical inshumentation and XAP410| Wave Characteristics sf“""’ ‘:L?e“'.::l:hhms' Wwave generation behavior of wa\-re packets in a
::id and pufrti:’!e'hsensa:i;:'Lam;rﬂadc::"(C’Lr::)a?:);‘::eg (::{':‘) bm;{n:;m:‘:: XAPA20 | Wave /Particle Interderions asure scale sizas, characteristic growth times and propagation velocities of wave
asurgements & ami EnNVroQnIm H e5; ] 75 in I’ hll-'- M ' . ! d 1 ' i . . r.r . I
ol sceiestonic Silao o e ot oo e e et ol mel g ol e
- . - - - - - A S ) N N . r
TT"”e:'h::ﬁ :[w_:::/':r de?i‘:’;::'::::‘::‘;d':‘zlu";’:Qsp'::‘: d’;;Q":L’;S XAP40 | Wake und Sheath Experiments selor wind inrsraction with plonets, comets, asleraids. Measure geometry, stability, and
nieose FCcaly ¢ e uppe e gnero: re. e A ASITUme, Pe”el:fs.
paylood is designed to mcke maximum use of this core equipment to perform o "
greal variety of experiments. Additional special-purpose instruments may be .
added a3 needed to accomplish specific mission objectives. Two miumion XAP£40 | Fropulsion and Devices fudy problems of elechic probes in space, new technicues Tor measuring smalf glasma
e e St e drifts, MPD arcs in lorge volumes, plosma propulsion,
closses ore presently defined--fow inclination {Type A) and high inclination . — i . i
(Type B), with 60% of the missions flown ot high inclination. XAP450 | Global Emission Survey e Qimospharc radiafion in 0.0 to 130 micrometer wovelengi Triarvaly Wit
; passive ond active systems. Determine properties of aurern, anglow, aerasols, atc.
XAP460 [Enargetic Particle Stability -Si::d)r mechnnr"sms by-whfch chorged particles are accelsrated in sorth's magne tosphere;
PRV —— e  he AMPS oot tnject energetic particles ond observe effects in atmosphere .
N 1 Qveroll ¢ jectives of the payload, - < n -
as expressed by the Space Shuttle Poyload Planning Waorking Group, are XAP470 | Magnetospheric Tepalogy E.mplo" tracers to determing mugnem;ph.ere mu?mre in outlying regions, measure convac-
. A N . . ton parometers, trace lorge-scale porticle motions,
+ To investigate the detailed mechanisms which control the near-spoce Study nevirai~plosma nterost ralized chreT i 7 oo
anvironment of the earth XAP480 | Plosma Dynamics hhntior " Cozdumor; ie::fllf?:;, gﬁnemu :z:m: m's law, :? n:lsmar confinement davices,
To perform plasma physics investigations not feasible in ground -bosed n preima, 70 properties, ete,
laboratories
« To coriuct invastigations which cre important in undarstan
and cometory phenomena,
Thesz are o be sceamplished by eanducting {predomingtely astive) contralled
experiments, stimuloting and modifying the upper atmosphere and magneta~
gehare and chesrving the conmmumnces,
3. RELATIONSHIP TO DISCIPLINE OBJECTIVES:
Atmopheric Science - The AMPS payload will provide o fuil complement of
instruments for remate sensing of the stratosphere, mesosphere, dnd lower .
thermasphers, using boih aciive and passive systems wilh large opertures, high
spoctiol resolution ond improved signal-to-noise rotias.
Mognetospreric fliysics - Controlled geophysical expefments will be conducted (———
wnﬁg the &ieclive of “brecking into the atrmosphere -isnosphere -mugnetosphere ‘
Rsd-back logps". The megnoiosphors will b stimolaied L i ——— e
energetic particles, injection of plasmo becms, releass of chemicals, and injec-
Hom of woves . Thooo nmerimant: ore partizulerty suited to gnrtia mivsinne. _ - _ e
ce Plasma Physics - The AMPS poyload provides the opportunity to study
Wnds « zn2 sppliad Sloima shoeicg problems that cannot be studied in
terrestriol loboratories, where there ore limitations due to scale length, l
collisions, woll effects, and the shart durotion of discharges. _ _ s ]
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SORTIE PAYLOAD

EXPERIMENT/EQUIPMENT MATRIX S-1a e 4-4
DATA SHEET —_—-PAYLOAD NO AT 05
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS) DATEJUN 54 %?4 REV DATE LTR
3. uifd. 5. €. 7. 8. S, 1Q, 11, 12, 13. 14, 15, |6, 17, 18, 19, 20, z1, 22, 23, 24, 25, 26, 27. 28, 29, 3. at,
o - - - S ©
N Seli |8G(E - |8 {8 l
ESE|ly= gagcé’mg_g}j g 29w E . .
EXPERIMENTS o2 BE [E=lSE1EgE 5 |2 |E3F% 58k
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m ER w B el ot Y R ° - 8 2 5 e =y
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v 7 b p e S Bl B B 5 K T
. 3 : = - . ¥
4] @ o o 2 g A = @ 4 il
e Title ggagggsggg?,gg SREFEEEMEE
— — — Il e ~1 | = ~|n s —_ —~
= s |y ad o B Al oo
ﬁgﬁé%x«:g s B ] PR B e = S e e el
XAP410| Wave Characteristics
XAP420] Wave /Particle Interaction 4 2
XAP430{ Wake and Sheath Experiments 4
XAP440| Propulsion and Devices
XAP450]| Global Emission Survey 1 1 1 1 ] 1 1 4 2
XAP460] Energetic Particle Stability 4 2 1 1
XAP470| Magnetospheric Topology 4 2z |1

XAP480| Plasma Dynamics

- - _a &
SSPD (3-3) 3-15-74 NOTE: Enter in box the quantity of each equipment item for each experiment. DATA SHEET NO, _S§=3
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SORTIE PAYIOAD 4-5
EXPERIMENT/EQUIPMENT MATRIX s 3b APOSS -
DATA SHEET NQ,.223  PAYLOAD No, 722
NE E ay QT -
PAYLOAD NAME ATMOSPHERIC, MAGUNETOSPHERIC AND PLASMAS IN SPAC DATEMREV DATE LR
35 4, 5, 6, Ta 8. ER 10, 11, j12. 13- L4, 15, 6. |11, 18, 18, 130 (21, ez, |23 {24, 25. 26, [27. |, |25, js0. yu:.
k-] | . w -
E 3 g w11 |3 o
- B g ™ b g e
EXPERIMENTS g_ Lalwm é = -
> & ;0
LI EREHE
A ad|3E
54 |28
= 1= Z 0
T . wl %
9@
Now Title ol [~151al5
> elp el
&1 a8 (] E
B Golw 0] o
O Lo i I
XAP410| Wave Characteristica |
XAP420] Wave/Particle Intsraction
XAP430] Wake and Sheath Experiments
XAP440] Propulsion and Devices
XAP450] Global Emissicn Survey N
XAP4E0] Energstic Particle Stability
XAP470] Magnetospheric Topology
XAP480 Plasma Dynamics
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EXPERIMENT/EQUIPMENT MATRIX cac apoes 8
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m|U]m o g £l ol'g
Py O] Py § A5 RS S adn
|| < o <G G
XAP410] Wave Characteristics
XAP420| Wave/Particle Interaction
XAP430| Wake and Sheath Experiments
XAP440| Propulsion and Devices 1
XAP450| Global Emission Survey
XAP460/ Energetic Particle Stability 1 1 1 1 1
XAP470] Magnetospheric Topology ] 1 i 1
1
XAP480| Plasma Dynamice 1 1 1 1
-
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N ;;5 a. ‘; o 6 Bl R TUR RO PR (T Y T L T T T T P T T T jal,
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PAYLOAD NAME _ATMOSPHERIC, MACNETCSPUERIC AND PLASMAS IN SPACE (AMPS)

SORTIE PAYLOAD

EXPERIMERT/EQUIPMENT MATRIX
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Enter in box the quantity of each equipment item for each experiment.
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BORTIE PAYLOAD

o1-v

4-16
EXPERIMENT EQUIPMENT CHARACTERISTICS 542 APOes
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SPACE [AMPS) ﬁii‘: SHEET {‘191 — ;;\;ELOAD NO, —
B 2 ? S FIELD QF VIEW ideg) MANNED ACCESS CONSUMABLES 26
3 E|% F|UNITSIZE, (m Tnstantanzous Total REQUIREMENTS |15 Fl 2
_83 = 29 13 [ 1= 15 1 T Use Rate E EXE 2| Special Charac-
REREAE s 1o = = N 1o Olteristies: Identify
20 21 22 123 2423 . .
EQUIPMENT _ items requiring iir
o g’ :}_f w Unit Unit W L w L Primary How Type E| locks, booms (state
g'é g[Efor [ H | L Vol Dry or or Reason?| Often? Qty. | Units | | [S| (leogtht, vacuum
s|BIB|A| D 3 wt D D U= |2|8 |ports, etc. Identity
v B ek mh | (kg <| &[22 litems teft in orbit
Ko Name Qry &|& 3 E
AP(00 |REMOTE SENSING PLAT-
FORM SYSTERM .
AP101 | Platiorm, Remote Sensing 1 {utiolofz.s 12,3150 23,0 s90.0 x/a ] N/a ) nNsa lwsa N/a | N/JA  [None N/A [N/A L‘;?‘;‘i‘ij;""‘"
AP10Z2 [spectrometer, XUV Normal 1 [tl1]ololaze{o.9ta 19f0. 011 11,4 to. 0 - 10,0 | - N/A N/A None N/A INFA
Incidence
APID3 gpecui'ometer, TV -Vis-NIR 1 |til]jotafo, 550,37‘ 1.3)0.265| B86.0 TBD { - TBD | - N/A NiA Film 20 kg x ]
canning '
APl04 Speci:rometer, High Resolution| ] (11 1(p g a.32{0. 70la 30l0, 109] 46.0 TRD ! _ TBD . NSA N/A Cryagenics 8 kg
Fourier SWIR !
AP105 SFP“’{"““““» Cryogenic IR 11 |1{1|0]0lo.90l0. 90k, 750, 08| 114 T80 | . TED | - N/A [ NJA  [Cryogenics | 20 |k x
gurier 4
AP106 |Radiometer, IR 1 [t]1]o{ofo. 300, 30la 9010, 081] 22.8 lo.0 - 10,0 | - MIA N/A Cryogenics | 2 |kg X X
API07 [Interferometer, 1 |1} 1]ojofo. 30/0. 30/c.900,0811 22.8 TED | - TBD | - N/A | N/A  |None N/A[N/A
Fabry-Perot
AP108 | Photometer, Filter 4 |171j0{6]0.2500.25,75 0,047} 4.6 1.0 I - 1,0 |- NiA N/A None NJAN/A
{Narrow Band)
AP109 |Camera, UV-Visible 2 {1[1lafeln.30f0,30]0.30l0.027] 2.3 30.0 | 30.0) 30,0 [30.0 | NJA | N/A | Film 9.5 |kg x| 1
Documentation
APLl4 g::_i::i’: keV -MeV i |1|1o|of0.30)0.300,300.027{ 5.0 20,0 | - 20.0 | 110.0 [ N/A | N/A  |None N/ATN/A
APL115 |Detector,
1 1] 1i10(0lo.3000.30(c 30(¢.027 2,0 30,0 - 30,0 | 120.0 | N/A N/A None Nfal N/A
Total Energy
24,
SUBTOTAL AP 100 e | 9.0

&) Access Code: 0 =

PREPARATION INSTRUCTIONS
() Location Code: 0 =

pressurized

1 = ubpressurized

1 =

manned access not required
manned access is regquired

NOTE: Enter totals in
Items 27-33 only on
final sheet S-4 for this
payload,

28 Unpressurized
i Total:

The unit welghts ard volumes multiplied by the quantities indicated above are:
Weight, kg: 27 Pressurized

Volume, m3: 3¢ Pressurited

31
32

Unpressurized
Total:

33 Total weight of experiment equipment items left in orbix, kg

SSPD (S-4) 3-15-74

DATA SHEET o, 571

a




L1-v

SORTIE FAYLOAD

EXPERIMENT EQUIPMENT CHARACTERISTICS et apoes Y
. - . i ‘ IN SPACE DATA SHEET !I:T;Qr.._.:"_PAYLOAD No,’ -
PAYLOAD NAME ATMOSPHERIC, MACGNETOSPHERIC AND PLASMA [I o - DATE w2y S REV DATE LR
£§9.9 R FIELL OF VIEW (deg) | MANNED ACCESS CONSUMAEBLES %
% 8|2 | UNITSIZE, (m) [nstantancous REQUIREMENTS [15 SN :
,% “lgo t i 15 5] T Use Rate |2 212 &| Special Charac-
T s 5 [ |@ |6 ot = A = 3 eristics: [dentify
a2 12a |ay 25!, s .
items requiring air
. =
EQUIPMENT . ':.’_:9 g w Unit Unit w L w Primary OHow Type Bl flocks, booms (state
& "é Q-E or | H L Vol Dry or or Reason ? fen? Units R ‘g length), vacuum
’gé% g n 5 Wt D D 'g 221313 |ports, ete, Idendfy
T T - ot @} (kg =i 8218 litems left tn orhit
No, Name Qty| ,rf & é g
APZ0D0 | LIDAR SYSTEM l
AP2Cl | Transmitter /Receiver, Lidar {1 {1 L0 [0}8.5¢] - 312.0h, 393 100 0,057 0,257 | 0.057] 0.057 | N/A N/A None MiA ]
AF202 | Mount, Lidar Computer . . E
Controiied : i (t{1jojajusol - |15 D, 663 149 | N/A | N/A | Nsa N/A i N/A | None N/A
i
SUBTOTAL AP 200 . l 1.05% 249
PHEPARATION INSTRUCTIONS NOTE: Enter totals tn | The unit weights and volumes muliipiied by the quantities Indicated above are:
@ Location Code: D = pressurized ttems 27-33 only on Weight, kg: 27 Pressurized —  Volume, m°: 30 Pressurized
1 = unpressurized flnal sheet S-4 for this 25 Unpreasurized 31 Unpressurized
&) Access Cole: 0 = manned access not requived payload, 29 Totat: 72 Total: -
1 = manned access is required 53 Total welght of experiment equlpment items left in orhit, kg

S50 (S-4) 3-15-74

DATA SHEET No, 5747
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REPRODUCIBILITY op 7oy
CRIGINAL Praw 15 anar

J
: \*‘;‘-ﬁ.:

SORTIE PAYLOAD

4-18
EXPERIMENT EQUIPMENT CHARACTERISTICS DATA SHEET NO. §-4 c PAYLOAD APOES
. QADNO, 27 M
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SPACE DATE_UN 24 1972 REV DATE LTR
EEME S FIELD OF VIEW (deg) MANNED ACCESS CONSUMABLES pr3
‘ % 3[3 §|unrsize, om Instactancons Total REQUIREMENTS |3 SR
gelgo IE] = T T ¥ % UseRate - |E G|z Bl Special Charac-
< ‘ Az 8 i
o @ LT O lteristios: [dentify
4|5 |8 I7 |8 [ 10 20 2l 22 {23 [24] 25 P s
= itemsd requiring air
EQUIPMENT w el Unit Unit w L W L Primary How Type €| [1ocks, booms (state
%g B‘g e[ H | L Vol Dry or or Reazon?]| Often? 1 atye| vnits a | [|length), vacuum
IR w b b u|'5]a| 8 ports, eto, Identity
1 Inv, |2 3 |&a g‘m 8‘ “’513) (ki) é\ § g § items left In orbit
No. Name Qty Sz 32
AP30) | GIMBALED ACCELERATOR
SYSTEM
AP301 [Accelerator, lon 1M1 0]0,60]1,00{1,00{0, 60 150 10,0 | - 10.0 | 90.0 N/A NiA None N/A[N/A
AP302 |Storage Banks ' 1 |I}1}o]0j1.00]1,00{1,0{1,00| 200 N/A | N/A N/A | NfA N/A N/A None N/AIN/A
2-5 kilojoules HV
AP303 {Accelerator, Electron 1|11 10010.00] « )2.00}1.57 15 10,0 | - 10.0 | 90.0 N/A N/A None N/A|N/A
—— ry
AP304 {MPD-ARC with t {1f1iofofi.a ool afrs6] 300 20,0 | - 20,0 §{ - N/A | N/A | None n/a|N/A
Condensor Banks .
AP305 |Gimbal System, Accelerator, | |;[)la{of1,0 {1.0 (1. 0f1 00| 4s NIA | - n/a |- N/A | N/A | Nome N/A|N/A
Electron/Ion }
SUBTOTAL AP 300 6,130) - 710
PREPARATION INSTRUCTIONS ) ) NOTE: Enter totals in | The unit weights and volumes multiplied by the quantities indicated above are:
® Location Code: 0 = ?ressurized Ltems 27-33 only on Weight, kg: 27 Pressurized Voluma, ma: 20 Pregsurized
1 = unpressurized final sheet 5~4 for this 28 Unpressurized ___ 31 Urnpressurized
2y Access Code: © = manned access not Tequired payload. 29 Total: a2 Total:
1 = manned access is required 33 Totat weight of experiment equipment items left In orbit, kg

SSPD (5-4) 3-15-T4 DATA SHEET No, 5-4¢
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BORTIE PAYLOAD

-19
EXPERIMENT EQUIPMENT CHARACTERISTICS Geqd AP06S 4
e g S . - o DATA SHEET NO, 223 pavioaD xNo, -
ATMCSPFHI NS, A NETOSPHERIC AND PLASMA [N SPACE [ANMPS . AR . —_—
PAYLOAD NaME _ 27 MOSFiiBic, MAGNETSS 2 ‘ ’ DATE_LN 2 [*{ REV DATE LTR
59,9 S FIELD OF VIEW deg) MANNED ACCESS CONSUMABLES o
-] @ . . -
s BiE g UNITSIZE, im lostantaneous Total REQUIREMENTS |10 e
..EJ‘ ~ &% [E] 13 15 T8 1 18 ; Use Rate E E- g _? Special Uharac-
P e T o T m - 57 = 2l =|: teristies: [dentfy
UIPMENT ) B ; “Ulitems requiring air
EQ B . ? .? Unit Unit W L w L Primary c;;:aw s Type Bt lacks, booras {state
:;‘é %E or | H L Vol Dry ar or Reason ? en? aty. | vnits . 3 Jengtht, vacu:m
igidial 5 wt D D T E|5| % Iports, cte. ldentfy
T v, |2 Q &iS|AlE M) (ke = § i & |items left in orbit
No._ Name ty Fia g 3
[Apage [TRANSMITTER/COUPLER . |
SYSTEM :
AP40l [Transmitter /Couplsr
; 1ol polulo. 010,400, 50]0, 08 | 70 NfA | N : h : R |
(10 kW, 9.2-2.0 Mtz) N/A N/A IN/A N/a Nla None NIAFN/A i
IAP+02 [Transmitter/Caupler 1 J1jt|elolo. 40l0.20l0.50l0. 08| 50 :
{10 kW, 2.0-20,9 MH=z) I I
[AP403 [Transmitter /Coupler 4 1 # I J l !
1] i ltolon,2ola, 50, .05 590
() %W, 0,3-200 h&z) 5t0.50;0 { 1 * }
tAP404 |Dipole Element, ‘ i lr{1r0toio.20{0.40)0,15}0.012| 20 l N/a | - N/A |- N/A N/A None wN/a | N/a
130-Meter
SUBTOTAL AP 400 0.222| 1%0
PREPARATION INSTHUCTIONS NOTE: Enter totals Ln The unit weights and volumes muitiplied by the guantities indicated above ate:
(1) tocationCode: @ = pressurized Items 27-33 only on Weight, kg: 27 Pressurized Volume, m3: 3¢ Pressurized
1 = unpressurized final aheet S-4 for this 8 Unpressurized 3l Uoppressurized
(@) Access Code:  © = manned access not required payload, 2 Total: 2 Tatal:
) 1 = manned access {8 required 33 Total welght of experiment equipment items Teft in orbit, kg
SSPD (5-4) 1-15-T4

DATA SHEET Na, 5742
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S8ORTIE PAYLOAD
EXPERIMENT EQUIPMENT CHARACTERISTICS

DATA SHEET N0, 3% _paAYLOAD MO,

4-20
APO0GS

PAYLOAD MNAME ATMOSPHERIC, MAGQNETOSPHERIC AND PLASMA IN SPAGE (M PS1 DATE.LK 24157 REV DATE LTR
59 © S FIELD OF VIEW (deg) MANNED ACCESS | CONSUMABLES £
9 Blw g UNITSIZE,(m) [nstantaneous Totak REQUIREMENTS [1% T 2
$°z0 13 I i5 IT; 7 i Use Rate :35- Z 5| Special Charac~
7 DR R I e e T = S |teristics: Identify
20 21 22§24 |24 22 N .
EQUIPMENT " items requirtng air
Q IR Unit Unit w L w L Primary| How Type ¥| [locks, booms (state
%g g‘:é or | H | L Vol Dry or or Reason? | ORen? Qty. | Units . S| lengthy, vacuum
|25 o 5 wt D D u1Gla| 2 [ports, ete, fdentify
Ulnv, 2 N N 3 () kg 2| 82| 2 Jitems 1eft in orbit
Nou ame ty M EE
AP500 | BOOM SYSTEM 1
APS0L | Boom A, 50 Meters 1 ]1]1jooje, 60 - |L.90}0.537| 235 N/A | N/A N/A | N/A N/a N/A None NiA N/A
AP502 | Platform, Gimbaled 1 {tlalojali oo - po3ojo.z3s 8
AP503 | Boom, 5-Mater t{1f1fofajo.1| - p.2 javorq o.2
AP504 [ Loop Antenna, 1 1] 1]e]olt.00f - p.2 Jo.ts? 0.4
One «Meter
APS505 | Dipole, Short Electric 1 {1} t{ojolo. ol - [1.00(c0078 1.0
AP506 | Search Coil, Triaxial 1 |1} 1{o]ofo.20f - b.30|o0.027 1.5
AF507 | Boom, 5-Meter 1 |1|1{o]ole.10] - |o.20|a po2 0.2
AP508 | Magnetometer, Rubidium 1 {1]1folofo.30] - jo.30|0,021 2.0
AP509 | Fluxgate, Triaxial 1 [1] 1[0 [0}0.20(0.20{0.20|0.008 1.5
APS510 | Electric Dipole, 33-Meter 2 |1]1jo{ojo.30! - |o.50{0.035 4,0
Extendable
AP511 | Power Supply 1 {1]{1{a]ofo.2z0|a z0]0,30{0.012 4.0 ! ! ! ] s ! ,
AP51Z | Data System t |1 1|0 |0jo.20]0,20/0.20/0.008 z.0 N/A | N/A N/A { N/A Nia N/A None N/ N/A
AP513 |Television, Alignment 1 [1)1]o}olo.zofo.20|0.30/0,012 5,0 10,0 | - 10,0 360,0| N/A N/A None N/A N/A
AP514 | Spectrometer, Ion Masg 1 [1]| 1}o|o]o.2z0|0.20{0.30/0.012 5.0 MN/A | N/A N/A | N/A N/A N/A None N/A N/A
AP515 | Probe, Spherical 1 (1| 1{ololo,10] - |o0jomzy 2.0 MfA | N/A NfA | N/A N/A NiA None N/Y Nfa
PREPARATION INSTRUCTIONS NOTE: Enter totals In The unit weights and volumes multiplied by the quantities indicated above are:

@ Location Code:

Q0
1=
() Access Code: 0
1

= pressurized

unpressurized
manned gccess net required
manned access i8 required

Items 27-33 only on
final sheet S for this
pavload,

Weight, kg: 27 Pressurized

28 Unpressurized
28 Tutal:

Volutne, m%: 30 Presgurized
a1 Unpreepsurized
a2 Total:

3 Total welght of experiment equipment items left in orbit, kg

SSPD (S-4) 3-15-74

DATA SHEET No, 5-1¢
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REPROD UCIBILITY Up

SORTIE PAYLOAD
EXPERIMENT EQUIPMENT CHARACTE RISTICS

L :L.L i

OR

4-21

—4f APQRS
DATA SHEET No. 3= pavioap wo
ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SPAGE {AMPS ey ey .
PAYLOAD NAME E d ) DATE N 2% “iRFV DATE LTR
29l ‘? S FIELD OF VIiEW (deg MANKED ACUESS | CONSUMABLES
RS g UNITSIZE,(m) Instantaneous Total REQUIREMENTS ¥ 7 z
§ © &= 13 2 5 I3 Y] T8 Use Rate 21z ?; Special Charac-
O E G G I I ) oy = TS = teristics: Identify
T[T items requiving air
EQUIPMENT . i
Q@ . f:f Ea W Unit Unit w L w L Primary Ol-:w? Type E focks, bonms (state
o E %E or | B L Vol D‘z" or or Reason? e Qty. | Units = &b llengthy, vacuum
E g.fé §_ D 5 D D 'é’ =®le % ports, ewc, Ldentify
T Imv. 2 N t=31=) (m=y tkg) <1812 & titems lefr i orbit
Nou Name QAty F c;% EE
APS516 | Probe, Cylindrical Ion 1 [L11]0]0]o.20] - [0.20[00062 1.5 N/A | N/A N/A | N/A N/A N/A Nane N/Al N/A
AP517 | Probe, Planar t [1]t{ojole.zolo.2a(0.20la008 2.5
Segmentad
APS18 | Spectrometer, Neutral 1 §1]|1lo|oln.2olo.20l0.20f0.008 8.0
Mass
APS19 | Analyzer, Triaxial 1 tit]o[ofo.30(0.30[0,30[0.027% 2.0 i
Hemispherical 1
APS520 | Electron Trap, t frltfofofo.z0is.20l0.20l0.0080 2.3 |
Planar
AP521 } Boom B, 50-Meter 1 iy 1{o (00,60 - 1.90{0,537 235
APS22 | Wave Generator 1 114{ljo|of0.30] - 9.30(0.021 1.0
AP523 | Target{a) 2z [1f1|olofo.zofo.2al0,20{0.008] 2.0 } ‘
- ' ] v
I
AP524 | Light Source, Artificial 1 jljt]olcjo.300.30]a 30]0.5 0.5 N/A T N/A N/A | m/a N/A N/A Nene N/A| NJA !
(Boam A)
T
SUBTOTAL AP 500 .245] '532.8

PREPARATION INSTRUCTIONS

{1} Location Code: ¢ =

1 =

@y Access Code: 0 =

1 =

pressurized

unpressurized

manned access nat requlred
manned access 18 required

NOTE: Enter totals in
Iteme 27-33 only on
final sheet 5-4 for this
payload.

The unit weights and volumes multiplied by the quantities indicated above are:
Welght, kg: 27 Pressurized

13 Unpresgurized
® Total:

Volume, m?; 19 Pressurized
N Unpreseurized
a2 Total:

33 Total welght of experiment equipment items [eft In orbit, kg

S8PD (5—4) 3-15-74

DATA SHEET no, 574 !



23~V

SORTIE PAYLOAD

EXPERIMENT EQUIPMENT CHARACTERISTICS 4-22

DATA SHEET N0,.3°% £ pavLoAD No, P05

PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SPACE (AMPS) BATE LN 20 A REV DATE LTR
5¢ @ @3 Ho FIELD OF VIEW (deg) MANNED ACCESS CONSUMABLES 26
& ¥l | UNITSIZE, (m) Instantaneous Total REQUIREMENTS [I5 TET S
golg gl . IE] = ' = 25 = Use Rate |E Bz B] Special Charac-
AL : = 212l . :
T 5 1s T 18 3 5 L5 B teristios: Identify
£ E§) 22 23 [24] 23, L
g - items requiring air
EQUIPMENT wl el o Unit Unit w L w L Primary| How Type %] locks, booms (state
$E(afEl orjw | LV B e or Reason?{ Often? | Q.| vats | 1 48] flength, vacuum
8 g% gl p we D o B 212|$ fports, ete, Igeatty
T B T #5818 (md) | (kg 2| 82| 8 litems left in orbit
Ho. Name Qty| &le g 2
AP600} DEPLOYABLE UNITS
AP601[ Canister, Barium (100 gm) 2 ({1jt{oyofol3| - (0.13{0.0007 L3 N/A N/A NiA NiA NiA Nfa None N/A| N/A
APbH02] Canlster, Barium {(lkg) Z j1ji1]ojojo.2el - Jo.20 D.ﬂ:ﬁi 3
AP603] Cantster, Bariwm (10 kg) 1t]|1{o]of0.30] - [0.38{0.027] 15
AP610| Charge, Shaped (1 kg) z [t |1]e|ojo.2z0] - lo.s0jo.019] 30
APG11] Charge, Shaped {5 kg) E|L]1}a]0j0.35 - {1.03[0.099 150
AP&12| Charge, Shaped (15 kg) 1 [ lvielolo.sst - fi.63]|0.387) 450
A¥ 6201 Balloon, Spherical '
. 1 j1f1to|o0j0.200 - |0, .
Insulated s[o.012) 4 i 3
Apsz1| Balloon, Spherical i |1{1|o]ofjo.25] - [o.sofo.0zs{ 7 N/fa | w/al N/A ] N/A] N/A | N/A | None N/A| N/A
Conducting
SUBTOTAL AP 600 0.804| 594,46
PREPARATION INSTRUCTIONS NOTE: Enter totals in The unit weights and volumes multiplied by the guantities indicated above arte:
@ Location Code: 0 = ?ressnrized ftema 27-33 only on Welght, kg: 27 Pressurized —_____ Voalume, m3= 30 Pressurized
1 = unpressurized finn) sheet S-4 for this 28 Unpressurized . 31 Unppreasurized
@) Access Code: 0 = manned sccess ot required payload, 2 Total: 32 Total:
1 = rmanned access is required 3 Total welght of experiment equipment items left [n orbit, kg

SSPD (54} 3-15-T4 B DATA SHEET No, 5748



82~V

SORTIE PAYLOAD

EXPERIMENT EQUIPMENT CHARACTE RISTICS ’ Gugh A _,4—23
- -~ B . Aans
PAYLOAD xamE ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SDACE DATA SHEET 0. pavtloap yo, 2000
: HAN DATEMN 22 12 gEvy DaTE LTR
RS ) il Vi B -
{ 99 }. FIELD OF VIEW deg) MANKED ACCESS CONSL MABLES =
t ® B2 FIUNITSIZE,(m) lnstantanecus Total REQUIREMENTS |18 ER
§ 2o o fis s 16 bE] T Use Rate |2 5|2 2|  special Charac-
I 3 1 R T T 1 - — = z ;‘- =lreristics: Identify
. h i TR Clitems re uiring air
EQUIPMENT . . . . . o q
. 2w Unit LU nit W L W L anarg Oﬂﬁ‘.}e“'F Type L} |[locks, hooms (atate
E:E %E or | H | L | Vol Dry or or Reason? ne Qty. | Units I8 Menaki, vaeuum
1518[2 Ev)_ D 5 wi o) D . 2|8 |5] 2 Jports, etc, Identify
TR E ame ol | mAHE 2 12| 8 jitems left in orbit
No. S22 8
B fon e A
AP700 | SUBSATELLITE SYSTEM i )
AP70L | Subsatellite 241 Hololl.ae) - (1,09 1.5331’ 600 NiA N/A  |IN/a N/A N/A N/A None PIA I N/a : !
: [
APT02 | Television System" 2 {1y lloyol0.30] - [0,30]0.02! 5.0 TBD I TBD - N/A NiA None B /A NIA :
APT03 | Magnetometer, 3-Axis 2 it HBetojozol - fpzotocod 1.5 /A Nfa [w/a NIA NfA N/A None N/A § N/A i
Fluxgate ! i
APTI4 IMagnetameter, Search Ceil 2 1) to)als.sn| - lo.zefo.021] 1.5 |
APTa0S jPrnbe, Electric Cylinder 2|1 lIG 0]0.20f - [0.20(Q.006 2.0
APT06 | Planar Trap, Segmonted 3 H Uoi0jo.2010.20i0.20§0,008( 2,5
APTO7 | Spectrometer, z { 1| t{o|olo.za{0.20{9,3000,012] 5.0
Ion Mass
APTOS | Analyzer, Triaxial 2 |1} olo[o.30]0.300.300.027] 2.4 J
Hemispherical
APTG? ! Reeeiver, VLF 2 113 1o ofo,20|0.20/0.30/0.012 4.0
APTIO0 | Meter, E-Fiald z | 1] tojolo.zajo.z0j0.30l0.012] 2,0 : -
APRT11 | Ejection Mechani.sm and 2 i1 1ololoesl - lo.zselo203 30,0
Interface - Satellite/Paller b !
APTL2 | Transponder, Telemetry and 12 [1f 11510/0,30}0.20(0. 3 |0.018] 22,7 N/A N/a |n/a Nia NfA N/A None bia | N/a
Ranging
SUBTOTAL AP 700 12.858| 1354.4
PREPARATION INSTRUC TIONS NOTE: Enter totsls in The unit weights and volumes multiplied by the quantities indicated above are:
(I3 Location Code: 0 = pressurized Nteme 27-233 ondy on Weilght, kg: 37 Pressurized Volume, m3: 30 Prossurized
1 = unpressurized finnl aheet S-4 for this #8 Unpressurized _.. —— 31 Upprepsurized . _
@ Access Code: 0 = manned access not required pavtond. 25 Tatal: 32 Total:
1 = mamned access is required 33 Total weight of experiment equipment itéms 1ef 10 orbit, kg

SSPD (5-4) 3-15-7 §-4h

DATA SHEET NO,
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P Te
ODUCIBHJITY 0
%gSINAL PAGE 18 POUL

SORTIE PAYLOAD )

EXPERIMENT EQUIPMENT CHARACTERISTICS g-4i Al'—06-8
SHEET N0, 2I%_ PAYLOAD NO, """
ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE {ALPS DATA .
PAYLDAD NAME {AMPS) paTe) 07 1524 REV DATE LTR
g @’_g © A FIELD OF VIEW (deg) MANNED ACCESS CONSUMABLES %
= 3|2 3| UNITSTZE, (z) Instantaneous Total REQUIREMENTS |19 T] 2
_§ 2o 13 i 15 16 ] ] Use Rate | § '§- E 2] Special Charac~
TR ETE ¢ Jid = - ;-,:'2' w%@mmucs: Identify
EQUIPMENT - [*3 129138 | jtems requiring alr
oZ| 1B w Unﬁ '-;)n!t w L w P i Type F| [ocks, booms (state
$Elafg| or | B LiV 1;-': or or Reasen? n Qty. | Units s 3l length), vacuum
o .
— {21818 D 3 b D Zi=|al 2 lports, ete, Identify
1 ;nv. g Name é)ty % g 3 § (m<} ke —g g-g % items left Lo orbit
Op
Mt
pacelab
AP800 [ DISPLAYS : . i provided
B FEE S b bl Ly : . P
Aei802" | Experiment TV Display o8 428 ATk, N
N
AP803 | Spectrum Analyzer o | 574(.0478 7 1 4 A
AP804 | Multi-Channel Analyzer 1 . 483), 425, 429, 0869 20
ATPRBOS | Wave Analyzer 1 L 483|.225. 429 0453 &
AP806 | Wave Analyzer 1 .ag3). 225 425. 045§ B
APB0T | Coaxial Patch Panel 8 . 4831125 425 0251 2
AP808 | Frequency Counter 1 .483[. 176 425} 0354 4 k|
R L Lo e : 5 g
¥809 {.Automatic Display Generator |1 '3 1. L 483 125} 425). 0290
APB1O | Camera (35 mm film) 1 483} 125 [ 198 | 0117 5 Film 3.4 x Consumables
) Paper included in
APS1l | X-Y Recorder 2 , 483, 524.198|. 0491 8 : Sheet X X! unit weight
g ; Paper
APSLZ | Strip Chart Recorder 4 L483].524. 374,093y 2 Tape b4 3
35 Paper
APB13 | 8:Channel Recorder 2 483l s24. 374, 09m Tape x| gx ¥
AP825 | TV Camera 1 152(.102]. 304 . 00sd 2
APELS | Qocilloscope 2 [VIYI¥ [V aesl 1] sealoszgf - ® Ly o
T : } o Equip. | o ag) e
AP832 | Time Code Gengrator 4 tlojoliityd83 L176L 250L 0208 - & ’ Oper., Cont. 1 £
PREPARATION INSTRUCTIONS NOTE: Enter totals in The unit welghta and volumes .multiplied by the qw.ant.i‘ties indicated above are:
(I} Location Code: © = pressurized Items 27-33 only on Weight, kg: 27 Pressurized —_  Vglume, m®: 30 Presaurlzed
1 = unpressurized final sheet S-4 for this 2% Unpressurized . 31 Unpressurized
(&) Access Code: 0 = manned access not required payload. 2% Total: az Total:
1 = manned aceess is required : a1 Total weight of experiment equipment items Teft in orbit, kg

" 8SPD (S-4) 3-15-T4 DATA SHEET No, 3-4 10



Se-v

SORTIE PAYLOAD

EXPERIMENT EQUIPMENT CHARACTERISTICS St 4-25
s ] DATA SHFET NQ..22% pAYLOAD NO, AP -16-5
. ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE AMPS) ——— - U —r———
PAYLOAD KAME { DATE f24 34 REV DATE LK
Z 9:© R FIELD OF VIEW (deg) MANNED ACCESS | CONSUMABLES
s g g UNITSIZE, (m) Instantaneous Total REQUIREMEKTS |19 TT=
§ av I¥] T I 3 ] T8 Use Rate 12 E 2 u_a:' Special Charac-
T EX O N TR O T = = 2= 2 teristics: Identify
EQUIPMENT ot . , ) T litems requiring air
Q L{RER Unit Unit W L w L Primary| How Type B [locks, booms (stato
Y = Vol Dry Reason?| Often? . 9 ieneth cuum
A& &[B! or H L Wt or or Qty. | Units - engthy, vacuu
K g;_ 2 §_ D . N n D Z| =128 lports, ete, Idendfy
I Inv. |2 Name aw in|C|w m+y ikg) -E § = E itemns left in orbit
Mo a SR
COMPUTATION EQUIPMENT spacelab
pravided
1. Egnig
APBI7 | Tape Recorder, Digital Ziotolafa] 4832352 [ 396/,2312] 20 1 Oper, Cont, [Mag. Tape | 15 Kg' |X) [x
. A1A:bI o 4 3
APEIE 1 Computer Z . 4831 . 301, 61 |, 036?! 14! o]
APE19 | Keyboard Display Terminal 1 _483], 151, 425, 0704 25 o
APB20 | Status Panel 2 {V19|%19 4a3] 351) az5) 0704 10 i ] v o
Special Data Equip,
APEZY | Acquisiticn Panel L1049 | L1 |.483], 351|, 425, 2708 15 - Qper. | Cont. o]
AUXILIARY EQUIPMENT
T " - R b R Fiquip.
AP814 | Tape Berorder, Anzlog vio[ols [51. 48361 [.61 L1763] 102 Oper, Cont, Mag, Tape] 10 Kz |{X hoe
‘ T [ O N I uip. ;-
APS27 | Power Supply Monitor 1olol 3!y f4s3 250 379. 0444 50 ggerp Cont " 0
SUBTOTAL  APasn 1.162) i
PREPAHATION INSTRUCTIONS NOTE: Enter totals in The unit weights and volumes muitipHed by the quantities indicated above are:
() Location Code: 0 = pressurized [tems 27-33 only on Weight, kg: 27 Pressurized Volume, m3: 3 Pressurized
1 = unpressurized firal sheet S-4 for this 28 Unpressurized 31 Umppressurized
@y Access Code: ¢ = manned access not required payload. 29 Total: 12 Total:
1 = mannhed access Is required 33 Total weight of experiment equipment itema left in orbit, kg

SSPD (S-4) 3-15-74 DATA SHEET MO, Z:4i
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SORTIE PAYLOAD

EXPERIMENT EQUIPMENT CHARACTERISTICS

PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS)

4-26

PAYLOAD NO,AP-06-8
paTe/VM 07 1974 REV DATE

DATA SHEET No, 5=

LTR
[ §Q.,© e FIELD OF VIEW (deg) MANKED ACCESS CONSUMABLES T
= [
% 38 | UNITSIZE, {m) Instantane qus Total REQUIREMENTS [18 5T T
gelso 3 i ) 6 g 18 Usc Rate |2 S|z &] Special Charac-
T E e e 5 ho — =8 255 teristics: Identify
items requiring air
EQUIFMENT ] . ‘ ] i
Q . 5 g w Unis Unit w L w L Primary c:{ﬂc:r Type | [locks, booms (state
E Hlgif)er B | L Vol Dry or or Reason? n? Qty. | Units A 31 Hength), vacuum
3 g 2 g D 5 wt D D FIELE § ports, eto, dentify
Y lav. |2 Name '33 ol % (m3) | (kg) =1 8(3| @ items left in ortit
No HHEE
AP900 | CONTROLS
TRANSMITTERS
Equip.
Popl 110KW - 0.2 to 2 MHz 1 [Ql0]1 [, 483], 074. 404, 0149 2 Qper, Cont. o N/A] N/A
1
AP902 [10KW - 2 to 20 MHz 1 [ME 4R 483] ove) 0] 0149] 2 i k b $
AP303 |1l KW - 0.3 to 200 KH=z 1 L 4831 076[. 406, 0149 2
AP9O04 | Electrostatic Wave 1 |V ¥i¥ V] 483} 076 406f, 0149 2 / ( J LI
ANTENNAS
AP905 \
Long 330 m Dipole L (AR 455! 076, 406), 0145] 2 ] b A ] s
AP906 | Short VLF Dipole 1 . 483, 074|. 406}, 0149} 2
AP907 | Loap = 1M 1 . 483 076, 406],0149) 2
AP308 [RF Antenna LI J | a83) 07¢], 406, 0149] 2 ¥ ' ¥ ' L
ANTENNA CQUPLERS
AP909 10,2 to 2 MH= 1 f 1 f f . 483), 07¢. 408, 0148 3 af f 3 [ 4
AP910 |2 to 20 MHz 1 ¢$ "1}.483.074.406.0149 3 } } ¢ ‘ ‘
Equip.
AP91L 0, 3 to 200 KH=z 1 {0101 , 483). 074. 404. 0149 3 Oper. Cont. Q N/A[N/A
PREPARATION INSTRUCTIONS NOTE: Enter totals in The unit weights and volumes multiplied by the quantities indicated above are:
(@) Locatton Code: 0 = ;?ressurlzed Ttems 27-33 only on Weight, kg: 27 Pressurized Volume, m3: 30 Pressurized
1 = unpressurized final sheet 5-4 for this 28 Unppressurized 3t Unpressurized
() Access Code: 0 = manned acceas not required payload. 29 Total: 32 Total:
1 = mapued access i required 33 Total weight of experiment equlpment items left in orbit, kg

SSPD (S-4) 3-15-T4

DATA SHEET No, S-1%_



Lg-v

SORTIE PAYLOAD
EXPERIMENT EQUIFMENT CHARACTERISTICS

PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHERE AND PLASMAS IN SPACE {AMIS]

DATA SHEET No, 5-4/

4-27

PAYLOAD NO AP-06-8

1 =

mamied access [8 required

paTE!™ 07 09% pyy pare LTR
892 s FIELD OF VIEW (deg) MAKKED ACCESS CONSUMABLES ™
& E ® x| UNITSIEE, (m) Instantanegus. Total REQUIREMENTS [19 = { =
§ : 3] 3 12 13 16 5 TE Uae Rate g "g.' % _Ej‘ Special Charac-
415 [6 |7 |8 9" Jie = o :’: D15 2 teristios: Identify
EQUIPMENT ‘ : . 1 [items requiring air
o Eﬂ _%n W Unit Unit w L w L Primary How Type -;:, locks, booms (state
g} E‘, & % orlH ] L Vol E";"i or or Reason?| Often? aty. | Units . & lengthy, vacuum
all D D Tla|gl2 ts, etc. Identify
r— D S as por N
!lov, 2 il @3 G 2|81 § litoms teft in orbit
No. Name Gty w8 inia
. AEEE
WAVE ANALYSIS
AP91Z | Bandpasa Filter zlojofu |z|.4830.152], 406 298] 4 Equip.
Oper. Cant, . 0 NiA|N/&
[
AP913 | Pulse - C, W. Modes 1 @ ﬂt 483,152, 40§ 0298] 2 L b 4
AP%14d | Patch Panels 5 . 4B3L 1521 406) 0298 2
APIL5S | Amplifiers, Wave (dc) 1 L4831, 1521 406[. 0298] 15
L t 3 {
APS16 | Frequency Synthesizer 2 ¥ Iv (V) 483), 074, 404. 0145 12
MAIN BOOM
S 1 tplaialt =7 A j b AN e o
917 | Main Boom A Control 1 w1 183l 074. 40d, 0149) 2 provided
AP918 | Platform Boom A Control | 1 .4830.'074. and. 019] 2 . . |
. e i T S N L . | _
AP919 [ Main Boom'B Contral 3 . 4831 774, 406. o149 2 . [
AP920 | Alignment TV 1 .483(, 229, 406. 0447 50 - [
AP921 | Gimbaled Platform Controls | 1 .483 074, 40d. 0109] 2
AP922 | 5M Boom Control 1 . 483).076]. 404, 0149] "2
2 o
Aoom A Power Supply and
AP%23 | pData System i . 483f-076) 406l aiag!
Boom B Target (Inflation, t
APS24 | deflation, ejection) 1 \ \
Boomn A Artificial Light ,l Equip.
API90 | Source Control 1 Oper, Cont, o NiA| N/a
PREPARATION INSTRUCTIONS NOTE: Enter totals in The unit weights and volumes mwultiplied by the quantities Indicated above are:
@) Location Code: 0 = pressurized Items 27-33 enly on Weight, kg: 27 Pressurized Volume, m¥ 30 Pressurized
1 = unpressurized final sheet 5-4 for this % Unpressurized . _ 31 Unpressurized
Z) Access Code: @ = manned access aat required payload, 29 Tetal: 10 Total:

33 Total welght of experiment equipment items JGR i1 orbit, kg

SSPD (5-4) 3-~15-74

DATA SHEET No, 5

.
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SORTIE PAYLOAD 4-28
EXPERIMENT EGQUIPMENT CHARACTERISTICS

- AP-D6.5
o DATA SHEET §0, 5747 PAYLOAD NO.
. PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (7.MPS) pATE M 20 'S prv pATE LTR
) -
ba £Q04 © o FIELD OF VIEW ideg) MANKED ACCESS CONSUMABLES B
* EX: g 3| UNITSIZE, (m) Instantaneous Total REQUIREMENTS |¢ = S
é 0 go 5 e T Te e T Lage Rate E- 'gn E @‘ Speeinl Charag—
[s Is MR s |10 = - = Ta = Cl teristics: Identtfy
. ! = [T Htems requiring air
E N i .
QUIPMENT gl | W Unit Unit w L w L Primary How Type ‘E tocks, booms (state
ole
E 3 g;g A P I Vol Dry or or Reason? | Often? Qty. | Untts = 3| |length), vacuum
H gg ]I wt i) D %1 2]|2] % [ports, ete, ldentify
T E . el & (mdy | (kg) 2|81z |8 litems Left in orbit
ame 2%
Ko, t 21832
ACCELERATCR_CONTROLS
- JON BEAM
AP926 | Discharge Filament Heater 1]olo] 1|11.483].304],406[ 1468 i6 Efuip. - APJGZ0-AP9IT on
Oper. Cont, None one panel
AP927 } Discharge Potential
Pulse Sequence and
AP928. Burat Length
AP929 | Gas Selection and Pressure
7 AP925, AP930-
AP925 | Acceleration-Deceleration 1|o]oll |1].483 3041 40601468 L& 93Z on 1 panel
AP930 N:.autralized Emission and
Bias
AP931 | Charge Exchange Channel
Actuator
APg932 | Beam Current Monitor
ELECTROMN BEAM
AF333 | Beam Voltage; AP933-AP937 on
Heater Current 1t0]|0l1]el.483L3800,40681961] 20 one panel
AP934 | Burst Length:
Burst Magritude
APO35 | Expansion Lens
AP936 | Beamn Current Monitor
]
AP937 | 8, 0, 1 1{ojo/1]1 Equip.
QOper. Cont., None
PREPARATION INSTRUCTIONS - NOTE: Enter totals in The unit weights and volumes multiplied by the quantities indicated above are:
{1} Location Code: 0 = pressurized Items 27-33 only on Weight, kg: 27 Pressurized — . yolyme, mS: 30 Pressurized
1 = unpressurized final aheet S—4 for this 28 Unpressurized 31 Unpreesurized
&) Access Code: 0 = manned access not required payload. 28 Total; oo o N Tatal:
1 = mamned access is required 33 Total weight of experiment equipment items lefi in orbit, kg

SSPD (S—4) 3-15-74 DATA SHEET No, S24m



SORTIE PAYLOAD
EXPERIMENT CQUIPMENT CHARACTERISTICS 4-29

DATA SHEET N0, 5748 payroap wo, A7 -06-F

68~V

PAYLOAD NAME

ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACET {AMDPS)

DATEN 07 a1 mryv paTE

LTH
B £ 2 & 6«? o FIFLD OF VIEW (deg) MANNED ACCESS CONSUMARLES
§§ g ¥|UNITSIZE,(m) Instantansous Total REQUIREMENTS |17 =2
i 13 T4 5 16 1= 18 Use Rate _'f} 'g- z & Speeial Charag-
EREI I EE 7 10 o = = '-'-3 = }E teristics: Identify
L - == |23 4] 25). - .
EQUIPMENT i . N items reguiring air
o -E _‘;E_’ w UV“-"[' (]]3‘“1' W L w ;rima.?? ;[E:ew ) Type f'; locks, booms {state
? SlofBlor |8 | L o Wri or or cason Rk Qty. | Units -8 flengky, vacuum
‘ g é’”"’ § o 3 D D B1=|8| 3 |ports, ete. Ientify
1w, 12 Name 2O @ | () 2| E 12| & litems left in orbit
Ko, a £leig|g
MPD ARC
Equip.
APY938 |Voltage Level h 1 |0]o|1]1] 483.380]. 404.1967| 20 O:ﬂp Con t None
41414 b b
AP939 | Burst Current & Duration 1 1
AP3%40 | Pulse Sequencer > 1
AP94] | Bearn Current Monitor 1
AP942 | Gas Selection and Pressure) 1 ¥ # L ‘ \
AMBIENT PLASMA
AP943 | Spherical lon Probe 114 hi 2835 074, 404, 0149 5 P N
AP944 | Cylindrical Ion Probe 1 . 483). 074, 406, 0045 5
AP945 | Planar Electran Prabe 1 . 483, 074. 404.0149| 5
AP946 | RF Probe 1 .483). 07¢. 40d. 0149 5
|
AP947 | lon Mass Spectrometer 1 .483],152) 406|. o298 3
AP948 | Neutral Maas Spectrometer 1 .483. 074 404.0149] 3
AP949 | Triaxial Fluxgate 1 .483[. 074, 404, 0149 3
AP950 | Sermented Planar Probe AN . 483}, 074, 404. 0149 3 v ! ¢
1. Equip.
APISL [ Rubidium Magnetometer 140103111 483.152], 404. 0298 3 Oper. | Cont None
PREPAIL\TIQN INSTRUCTIONS NOTE: Enter totals in The unit weights and volumes mitltiplied by the quantities indicated ahove arc;
@ Location Code: 0 = pressurized Jtems 27-33 only on Weight, kg: 27 Pressurized Volume, m% 30 Pressurized
1 = unpressurized final sheet S-4 for this 28 Unpressurized 31 Unpressurized ______ _ |
@) Access Code: 0 = manned access not Tequired payload, 29 Tetal: _ a2 Total:
1 = manned access is regquired 25 Total welght of experiment equipment itéms Telt in orbit, kg ]

58P (S-4) 3-13-74

DATA SHEET xo, 5240




0oe-~-v

SORTIE PAYLOAD
EXPERIMENT EQUIPMENT CHARACTERISTICS

ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMES)

DATA SHEET NO,.5-%0

4-30

PAYLOAD NO AP-08-5

PAYLOAD NAME paTe!® 07 1914 prvpare LTR
20 oo FIELD OF VIEW (deg) MAXYED ACCESS CONSUMABLES P
¥ B|g §|UNITSIZE, (m) Instantaneous Total REQUIREMENTS {18 1 3
5 vl2e 13 1 5 8 13 I Use Rate :s: E 3 E‘ Special Charac-
R NEN L s 0 = = = = 242‘3 teristics: Identify
- “litems requiring atr
IPMENT . =
EQU o En E( Unit Unit w L w L Primary How? Type £| [locks, booms (state
& 'E %E or | H L Vol D‘;y or or Reason?| Often? Qty. | units - {E Jengthy, vacuum
zlg|dla t D D 2| 2ig| 2 |ports, etc, Identify
- g' 2 8‘ D k! g '5 9
1 Iov., |2 Name glt)’ & |(S)=m (1) (my (kg) 2|8 [ 8 |items left i orLit
2 Big
No. BHEE
— Tauip. (1) ARING 404
AP952 |Triaxial Search Coil 1 10f0J1}1L 48B3} 076]. 406|, 0L49] 3 Oper. | Cont, None max. standard
Amplifiers {Pulse) AAIR ]
AP9I53 | particle Detection 1 & 483[ 076|. 406|. 0149| 10 ‘P $
HY Suppliee - Particle
AP954 i 1 483[ 076l 406], 0149] 10
Triaxial Hemispherigal 1 1 “ )
AP955 | Analytical Controls 3 |YI¥[¥|¥] 483] 076} 406). 0149 5
DEPLOYABLE SATELLITE
AP956 | TV System 1 131818101 4gsl 15z | acef 0298 10 3 ] “
AP9357 | Telemetry and Ranging 1 L 483} 076 406[, 0249 10
AP958 | Loecation and Orientation 1 L 483} 076|,. 406|, 0149 10
Instrument Control and
AP359 Housekeeoping 13 L 483[ 076/ 406, 0149} 10
AP960 | Ejection Mechanism 1Y (¥(VI¥L qa3] 076l 406]. 0149) 5 \ \ 1
OPTICAL
AP98l | Photometer HV Supply 1 |$15141}] 483} 076). 406). ar49] 10 ? i L
AP962 | Photometer Amplifiers 2 L 483 076|. 206|, 0149} 10
TV System Control - Image ) " {2} TV camera
AP983 |1 tensifier. Optical 2|V L 483] 076l 206l, 0149 28 ¥ | (7 kg) provided
EASES by payload;
RELEASES remainder pro-
Eauip. vided by
AP964 | Canister Ejection 1[olof1|1] 483[ 076l 406] 0149 5 o ;::p cont. None Spacelab
PREPARATION INSTRUCTIONS NOTE: Enter totals in | The unit weights ard volumes multiplied by the guantities indicated above are:
@ Locatjon Code: 0 = ?reSSurlzed Items 27-33 only on Weight, kg: 27 Preasurized Volume, m%: 20 Pressurized
1 = unpressurized finp] gheet $«4 for thiz 28 Unpressurized 31 Unpressurized
€) Access Code: 0 = manned access not required payload. 2% Total: a2 Total:
1 = manned access is required 33 Total welght of experiment equipment iterns left in orbit, kg

SSPD (5-4) 3-15-74

DATA SHEET No, 3740




18-V

EXPERIMENT EQUIPMENT CHARACTERISTICS

SORTIE PAYLOAD

PAYLOAD NaME _ATMOSPHERIC, MAGKETOSPHERIC AND PLASMAS IN SPACE [AMES)

4-71

DATA SHEET 50,57 pavioap vo,AP-06-5
DATEIUN 07 1804 nrpyoy

LTR
% = ? - FIELD OF VIEW (deg) MANNED ACCESS CONSUMATLES it
g S 3 5| UNITSIZE, (m) Instantancous Taotal REQUIREMENTS i@ T =
iogo g ps i i T T Use Ratz 2 5|2 8 Special Charac-
4 5 6 [Tqe 13 | oy - T 24 Zllteristics: Identify
EQUIPMENT . 7|7 jitems requiring air
9 . ® 2w Unit Unit W L w L Primary| How Type S| [locks, booms (state
% E cl-é or | H | L Vol Dry or o Reason? | Often? Qty. ! Cnits . Z llengthi, vacuum
g 2 2 I 5 Wi D D TS |318 [ports, ete, Identiry
1w, 2 N L Ja|Q)= mA| e £ 125! 8 litems left in orbit
Ko ame ay HEEE
- £l 8=
. Equip,
AP965 | Camera 10| 0F1 | 1] 483, 078!, 406, 0t4g| 2 Oper., Cont. None
. i
AP966 | Canister Monitor 1 $ 141 a23) 076) 106] 14| 3 f \
- 1
AP957 { Shaped Charge Ejection 1] . 483}, 076(. 408, 0149 3
APG68 L_S_haped Charge Monitor 1 . 4831 076], 4ndl, 0149 3
AP969 | Balloon Ejectian 1 . 4B3), 076, 408, 0149| 3
AP970 | Gas Control System 1YV (Vig el 483) 078l s0d. 0149] 3 1
REMOTE SENSING PLATFORM ‘
P T o rE Tar ’ Spacelab
JAP9?L | Gimbal Controt.” " %7 | 1)} - b ! ) B [ provided
XUV Normal Incidence l
AP972 | Spectrometer Pl
UV -Visible NIR Scanning
|AP973 | Speciromeler 1381 L 483,229, 406. 0447 & . N
High-Resolution Fourier )
AP974 | SWIR Spectrometer 1 1] -483). 1521 4061 0298 &
Cryogenic IR Four ier . ! —
| APST5 | Spectrometer 1 el 1) i [ 48301521 406[ 0298 6 =
AP976 | IR Radiomater 1 | 283},152] 406) 0298] 6 i i
AP9TT | Fabry-Poerot Interfetometer 1 L 4831521406 0298] & None ]
UV -Vigible Documentation ¢ . . b
AP9T8 | camera 1 Y], 483).152|406 | 0295 2 Film TBD [Frame|x| [
| | Camer I .9 - -

PREFARATIGN [NSTRUCTIONS
(1) Location Code: 0 = pressurized

1 = anpressurized

@ Access Code: @ = manned access not Tegaired

1 = manned access is required

NOTE: Entcr totals in
Items 27-33 only on
final sheet §5-4 for this
payload,

The unit weights and volumcs multiplied by the quantities indicated ahove ares
Weight, kg: 27 Pressurized Volume, m3: 3¢ Pressurized
& Unpressurized 3 Unpresrurized . .. .
29 Totals oo 32 Totals

13 Total weight of experimant equipment items lelt in orbit, kg

SSPL {8-14) 3-35-T4

v _ DATA SHEET O, 3-4P



e~V

SORTIE PAYLOAD 432

EXPERIMENT EQUIPMENT CHARACTERISTICS
DATA SHEET No,.5-4

PAYLOAD NO AP_06-8

, ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE {AMPS
PAYLOAD NAME G AS { ! pATEIR 11 137 REv DATE LTR
59 (‘? S FIELD OF VIEW (deg) MANNED ACCESS CONSUMABLES I
% B|% 3| uNITSIZE, (m) Instantaneous Total REQUIREMENTS |19 =1 3
,§ “lgo i3 0 15 T T I3 Use Rate JE 2{2z @l Speclal Charac-
G567 I8 ¢ |0 T 2"“2" :53 ;% teriatics: Identify
i - items requiring air
EQUIPMENT . g oy w Unit TUnit w L W L Primary How Type 'E locks, booms {state
E"E gtﬁ‘ orlu L Vol Dry or or Reason?| Often? Q. | units N 2| llengthy, vacuum
8251 o N D D | 8]3! 2 [ports, etc. wentify
T 7@ | 5] |5 md | (kg) 2|81 8 [tems left i orbit
No. Name Qty & E K
Equip.
981 1 KeV-MeV Particle Detector | 110101111} 483} 076] 406|. 0149; & Oper, | Somt. Nong
AP982 | Total Energy Detector 1 , 483|. 074, 404.0149] &
LIDAR and Gimbal “ | ¥
AP983 | Platform Monitor 1 . 483, 229. 404. 0447 25 ]
) 1} ] b Equip.
AP984 | Filter Photometer 4 . 483]. 074.404. 0149 7 QOper, Cont, None
APS0D |SUBTOTAL 2.012| 445.0
PREPARATION INSTRUCTIONS NOTE: Enter totals in The unit weights and volumes multiplied ba' the quantities indicated above are: 3.174
() Location Code: 0 = ;_}ressurlzed Ttems 27-33 only on Welght, kg: 27 Pressurized __ 600 Volume, m3: 30 Pressurized .
1 = unpressurized finnl sheet S—4 for this 26 Unpressurized _ 4655. 8 31 Unpressurized . 38,572
() Access Code: 0 = manmed access not required payload. - 29 Total: 5295.8 32 Total: . 41,746
1 = manned access is required 33 Total weight of experiment equipment items left in orbit, kg &95
549

SSPD (S—4) 3-15-74 DATA SHEET NO,




ge-v

DAY LUAD Navy ATMOSPHERIC, MAGNETOSPHERIC, AND PLASMAS I SPACE

SORTIE PAYI10AD
SKETCHES - PRESSURIZED EQUIPMENT

{AMPS)

4-33

DATA SHEET N0, 825 payroap No,_ AP-06-8

PRESSURIZED EQUIPMENT CONFIGURATION ----TBD

IRt

DATEJLN 24

~ . REVDATE LTH

PREPARATION INSTRUCTIONS: ..
1, [Uentify cach ftem by inventory namber and name.

a

Y. LUse anisometric skeich and give envelop: dimcnsions.a

3. Inpdicats type and location of physical interlaces, 5.

4, Indicute speecinl manned access requirements, 8,
where applicahla,

Indicate relative flight path direction, where applicable,

Use continuation sheet’s) as required.

S3PD (8=5) 3-15-74

DATA SHEET No, S-5



2

SORTIE PAYLOAD
SKETCHES - UNPRESSURIZED EQUIPMENT

PAYLOAD NAME _ATMOSPHERIC, MAGNETOSFHERIC AND PLASMA IN SPACE (AMES)

4-34

DATA BHEET NG, 862 _PAYLOAD no, _AP-06-S

pATEUN 07 197 _REV DATE

LTR

AP100 REMOTE SENSING PLATFORM SYSTEM

API00 REMOTE SENSING PLATFORM SYSTEM

APIO1 REMOTE SENSING PLATFORM
AP102 XUV NORMAL INCIDENCE SPECTROMETER
AP103 UV-VISIBLE-NIR SCANMING SPECTROMETER
APT04 HIGH-RESOLUTION FOURIER SWIR SPECTROMETER
AP105 CRYOGENIC IR FOURIER SPECTROMETER
AP10& IR PADIOMETER
AP107 FABRY-PEROT INTERFEROMETER
AP108 FILTER PHOTOMETER
APL0? UV-VISIBLE DOCUMENTATION CAMERAS
AP114 KEV-MEV PARTICLE DETECTCR
AP115 TOTAL ENERGY DETECTOR -
-RETRACTABLE SUN SHIELD
' GIMBAL FRAME ASSEMBLY
T .. INSTRUMENT HOUSING “ F“‘,\ ' Y g %
) / \ I d \\'/— [ . . | b B =
™ - ' 58
/\ - \ y i 12 ]
.~ . T N - L, Lﬁ#’Dh\ ? (:l.
RV : , s
. M ~ ! | < Y H
' . N i e /s
N A : N y & =
32 M — = — R 5
(7.62 FT} ! —_—
S S e > EEE S 5 T =
t I
i Q
' 1 Lu i)
: ' anm . l 8 =
! D A ! | =
4 e v . == : &
1]
asm
l._. [T LMOUNTING [IMTERFACE “l
| fa]em X
PREPARATION INSTRUCTICNS:
1. Identify each item by inventory number and name. 4. Indicate type and location of physical interfaces. 7. TUse co;xtinuation sheet(s} as required,
2. Use an {sometric sketch and give envelope dimensions. 5. Indicate special manned access requirements, where applicable, ’
3. Show both stowed and deployed configurations, where 6. Indicate relative flight path direction, where applicable.
applicable.

SSPD (S-6) 3-15-74

DATA SHEET NO,

§~6a




Sg-V

PAYT.OAD NAME

SORTIE PAYLOAD

SKETCHES - UNPRESSURIZED EQUIPMENT

ATMOS Pyl IC, MAGRETOSPHERIC AND PLASMA TN SPACE (AMPS]

DATA SHEET N0, 5-6%_ pAYLOAD NO,
DATEMUN 07 197 Rev DATE

4-35

AD-0G-8
LTR

AP LIDAR SYSTEM

e —

®
z

1.87 M —
(6.16 FT)

s
Lol
N

un

—
—rt

/_ MOUNTING INTERFACE

L_ L

1.0 M
R

BASE

0.97 M
(3.20 FT)

1.
2,

3.

PREPARATION INSTRUCTIONS:

Identify each item by inventory number and name.

Use an isometric skoteh apd give envelope dimensions.

Show hoth stowed and deploved confipurations, where
applicable,

4. Indicate type and iocation of physical interfaces,

$. [Indicate special manned aceess requirements, where applicable.

6. Indicate relative [light path dircction, where applicable,

7. Use continuation sheet(s) as required,

SEPD (R-B} 3-15-74

DATA SHEET NO,

8-y



98-v

SORTIE PAYILOAD 4-36

SKETCHES - UNPRESSURIZED EQUIPMENT AP-pB-8
] DATA SHEET NQ,S-6% PAYLOAD No, 27795
PAYLOAD NAME _ ATMOSPHERYC, MACHWETCSPHERIC AND PLASMA IN SPACE (AMPS) A paTedN 07 19 REV DATE LTR

API00 GIMBALED ACCELERATOR SYSTEM NOT 10 SCALE

AP201 |ON ACCELERATOR Shown

[
— l T uoFT)

.

e

s ——] H.-s::)—{
i

‘1 M ‘——‘I
G.3FN

' MJ:_M
>

i
PN

I 0.765 M
2.5
T _
PREPARATION INSTRUCTIONS: 7
1. Identify each ltem by inventory mimber and name. 4. Indicate type and location of physical interfaces. 7. Use continuation sheet(s) as required.

2, 1Jse an isometric sketeh and give envelope dimensions. 5, Indicate special manned access requirements, where applicable,

3. Show both stowed and deployed configurations, where 6, Indicate relative flight path direction, where applicable.
applicable,

SSPD (S-6) 3-15-T4 DATA SHEET No, S-6¢



Le-v

SORTIE PAYLOAD
4-37

SKETCHES - UNPRESSURIZED EQUIPMENT
DATA SHEET N0, 8-6d PAYLOAD No, _AP-06-8
PAYLOAD NAME __ ATMOSPMERIC, MAGNETOSPHERIC AND PLASHMA IR SPACE (AMPS) DATBUN 07 9% REV DATE LTR

AP400 | TRANSMITTER/COUPLER SYSTEM

NOT TO SCALE

e Tk s S
»

-
Y

1 . . et 330 M(1082.7
0.61 M2.0FT) 1.52 M(5.0 FT) 30 M(1982.7 F1)
* ~=-— I autal]
0.61 M{2.0 FT) ° — - n Ty L Pl ——arf 4 e

f

0.61 M{2.0FT)

et T 5 ST

oo
L_., -L«a.dém 0.61 M ! -0.61 M(2.0 FT}

(0.75 FT) (2.0 FT)

PREPARATION INSTRUC TIONS:
1, [Identify each itcm by inventory number and name, 4, Indicate type and location of physical interfaces, 7. Use continuation sheet{s) as reeuired.

2, Use an isometric sketch and give envelope dimensions. 5. Indicate special manned access requirements, where applicable,

3, Show both stowed and deployed configurations, where G, Indicate relative [light path directlon, wheré applicabie.
applicable,

5SPD (5-6) 3-15-74 DATA SHEET No, _5-59




BE-V

SORTIE PAYLOAD

4-38
- UNPRESSURIZED EQUIPMENT
R @ DATA SHEET Ngﬂ_ﬂ_mnom WO, _AP-06-8
DAYLOAD NAME _ATHOSYHERIC. MAGNETOSPHERIC AND PLASMA IN SPACE (AMPS) DATEJUN 87 1574 pev DATE LTR
I TOP VIEW

AP500 BOOM SYSTEM

AP501  50-METER BOOM A Shown

LT 1.9 M. T

s “}‘;z ' Mvmm.] 4:::

A N T 1"_"’
iy . . LY

. \_A —

NOUNTING BATE
WALST DEPLEA WEMY. FYSTEa
SUMOLT STt
EXPENMENT MOUNTING MATRCEM 30 0154 88 7Y
| TR o0

SRONT WAVELENGTH ELECTHC DAOLUES

TRIANIAL BEARCH COIRY

L oris

FRAXAL MEMSIRENCAL AMALYTER

TIAXIAL FL GATL b GIETO METERS

PLANAR TON TRAP OF SIUTRAL MATY WACTROAETER

AUGHMENT TV CAMDA \
LOowcs UECTRIC DIMCRE RO AC AKD OC

FEPITER SEBWLY AT OATA SYITEL Ea,
Pl

4| BELGYED LATEUALLY OvEl EDGE OF
3UTILS CAIGO Bar)

A C=mmpeIEraAsIg manes

L

[

PREPARATION INSTRUCTIONS:
i. [Identify each item by inventory mumber and name. 4. Indicate type and location of physical Interfaces, 7. Use continuation sheet(s) as required,

2, Use an isometric sketch and give envelope dimensions.. | 5. Indicate special manned access requirements, where applicable.

3, Show both stowed and deployed configurations, where 6. Indicate relative flight path direction, where applicable.
applicable.

- S-Ge
SSPD (8-6) 3-15-7T4 DATA SHEET NO, .2 20



68-v

SORTIE PAYLOAD

SKETCHES - UNPRESSURIZED EQUIPMENT ' 4-39
DATA SHEET NO,S76 f DAYLOAD NO, _AD-0G-3
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SPACE (AMPS) . DATEMN 07 *3% prv pavTr LTR
AP&0O DEPLOYABLE UNITS
r x . : -
ITEM EQUIPMENT DijA. LENGTH
MNUMBER MAME
: : AP0 Barigm Canister, 100 gm 0.125 | 0.125
LENGTH (0.415) | (0.415
- _ d AP&02 Barjum Canister, 1 kg 0.198 0.198
, -— ‘ ©.68) | {0.84)
1 APS03 Barfum Canister, 10 kg 0.3 0.375
a.0) {1.25)
APSIO Shaped Tharge, | kg 0,193 0.61
- : . ©.68) | (2.0)
. ] AP&11 Shaped Charge, 5 kg 0.350 1.03
(1.145) | (3.42)
AP512 Shaped Charge, 15 kg 0.547 | 1.43
DIAMETER (1.83 | (5.42)
[ . ‘ h AP620 Balloon - Spherical Insulated 0.198 0.375
©.66) | (1.25
AP&H Ballsan - Spherical Conducting | 0.25 0.498
(0.833) | (1.6%)

NOTE: TYPICAL FOR BARIUM CANISTERS
" AND BALLOON DEPLOYMENT DEVICES.

1.25  RADIUS

PYROTECHNIC
SEPARATION PLANE |

PREPARATION INSTRUCTIONS:

i. Identify each item by inventory number and name. 4. Indicate type and location of physical interfaces, 7. VUse contivuation sheet(s} as required.

2. Usc an Isometric sketeh and give envelope dimensions. 5. Indicate special manned access roquirements, where applicable,

34« Show both stowed and deployed configurations, where 6. Indicate relative flight path direction, where applicable,
applicable.

SSPL ($-6) 3-15-74 DATA SHEET No, S-6F



0¥~V

SORTIE PAYLOAD
SKETCHES -~ UNPRESSURIZED EQUIPMENT

PAYLOAD NAME _ATMOSPHERIC, MAGHETOSPHERIC AND PLASMA TN SPACE (AMPS)

4-40

DATA SHEET N0, 562 pavLoap No, AL-U6S
paTElY 87 '8 prvpaTE LTR

AP700 DEPLOYABLE SATELLITE SYSTEM

—— LM A
agn
SN f!i
65
II:: 'r'n %‘3':7 \-‘
1 e

MDNTING ADAFTEN g VDTMM

P

‘-—‘ ey

AP700 DEPLOYABLE SATELLITE SYSTEM

AP701 SATELLITE
AP702 TV SYSTEM

APTO3 MAG 3-AXIS FLUXGATE
AP704 MAG SEARCH COIL

AP705 CYL ELEC PROSBE

AP705 SEGMENTED PLAMAR TRAP
AP707 |OM MASS SPECTROMETER
AP708 TRIAKIAL HEMISPH. ANALYZER

AP709 VLF RECEIVER
AP71) E-TIELD METER

AP711 SATELLITE/PALLET INTERFACE &

o

EJECTOR MECHANISM

AP712 TRANSPONDER, TELEMETRY &

RANGING

DEMLLYED COMF [CARATION

PREPARATION INSTRUCTIONS:
1, identify each item by inventory number and name.
2. Use an isometric sketch and give envelope dimensions,

3, Show both stowed and deployed confipurations, where
applicable,

Indicate type and location of physical interfaces,
Indicate special manned access requivemcnts, where applicable.

Indicate relative flight path direction, where applicable,

7.

Use continuation sheet(s) as required.

S3PD (3-6) 3~15-74

DATA SHEET NO, 5-6s



7V

PAYLOAD NAME

SORTIE PAYLOAD
INTERFACE DIAGRAM(S)

ATMOSPHERIC, MAGNETOSPHERIC, AND PLASMAS IN SPACE [AMPS)

4-41

DA'TA SHEET N, 5=72_PAYLOAD No, AD-06-8

DATE.JUN 24 1974 ppyv DATE. 7/30/74 3t _ A
Vs AN AT o | 4 "
7 \11 10066 i ! 10 oee 1|f1.0 DE6 H,"xm \l /30 bes
/ \l/ ‘vJ \ N
i \ | V
A v-normea tncrol |mien resoLution | crvo-1r rour | |ir maptoMeTER FABRY-PEROT PHOTOMETER K-MEY PARTICLE ENERGY
% By SPECTROMETER SPECTROMETER SPECTROMETER AP106 INTERFEROMETE DETECTOR DETECTOR
A AP102 AP104 AP105 AP107 AP10E FLIRL ] AP115
FILMI5 F/5 _
vy Xy §ky fFy ffy  MFy R Ty IF
o > e . » Fad ; g
3 g
Y-VISIBLE > 2 3 z 2 = =
CAMERA & e
AP109 = "
FILK 1 % = i
I % [Te] ol
% P 3 & | 8 3 4 3 4 z |= = S Z = gl o
wovisam | X R 9 IR = < g = q s S
SPECTRIGETER " :
AP 103 A &
2
Y
» [ 5]
€ 2
LOGIC & POWER DISTRIBUTION
API01
b d b sszzgses: S
I YRS EEEEE ,fvbvéb
112222224 : S
. | 1= @, :b'
= 2 INFS)
i DATA MULTIPLEXER (MUX} &
i AP101 Ay QQ'
A4S
t é £8
7 S
REMOTE SENSINS PéATFDRM ASSEMBLY o Yool :.;3 ‘;\77
AP101
POMER SUPPLY it (? A‘g—'?
&y
L \ &
PRESSURIZED AREA DATAﬂwEI;LIHG AP 100 REMOTE SENSING PLATFORM SYSTEM
SSPD (5-7) 3-15-74

DATA SHEET No, 5-7 2

@



A

SORTIE PAYLOAD

4-42

INTERFACE DIAGRAM(S) DATA SHEET NO, -7 B PAYLOAD No, APZ06-S (B
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS] DATE UN 2y 197"1 REV DATE 7/30/74 LTR A
f‘ll'l%clom DEG .
iln DEG |:1o DEG | fzo DEG
V v ‘\u\ 7\ A /%
mh;am ! V'
——— et T 10W ACCELER ELECTRON MPD - ARC
RECEIVER AP301 — AtCﬁtgnATon - AP3DE
303
N
El v R - P
= [
8 @
=i
. s ' :
3 CHARGE STORE =
2 AP202 BANKS & R
AP302 “ BP304 =
? I [ 180 8PS 1120 BPs, 5
2001 I + }
- TG BFS ¥
[ =
= POWER DIST SIGNAL COND
POWER SUPPLY 50u ] sLoeIc T {__comnns g s M leg
AP 305 AP30S
”
g 5 o g
SPACELAB 2 TATTTIE LT
POKER & +¥ (£45DEG)
GIMBAL SYSTEM
+1 fe45 DEG) AP0
+2
=
PRESSURIZED AREA Y SPACELAB POWER 8
DATA HANDLING SYSTEM PRESSURIZED AREA
' DATA HANDLING SYSTEM
AP 200 LIDAR SYSTEM AP 300 GIMBALED ACCELERATOR SYSTEM

DATA SHEET NO, S-7h

SSPD (5-7) 3-15-T4



SORTIE PAYLOAD
INTERF ACE DIAGRAMS)

DATA SHEET NO, 5-7¢

4-43
PAYLOAD MO, AP-04-5

PAYLOAD KAME ATMOSPHERIC MAGNETOSPHERIC AND PLASM A [N SPACE (AMPS) viegiy H oyt s
| e
330-M DIPOLE
ELEMENT
AP40d
AXTERNA _
COUPLER /
AP401 20 BPS
AP 402
AP403
2000 + { 1000
- 220 8PS
TRANSMITTER TRANSMITTER TRANSMITTER | 220BFS DATA
AP4D1 AP4D2 . AP403 eomes, | MULTIPLEXER
wI
= & £l 2 g =
2= 8l & gl =
SPACELAS
|
POMER COMMAND, COMTROL AND POWER DISTRIBUTION £
SUPPLY
A
g
DATA HANDLING SYSTEM
PRESSURIZED AREA
o AP 400 TRANSM!TTER/CDUPLER SYSTEM
]
[1°
]
DATA SHEET NO, S-7e_

SSPD (8-7) 3-15-74



Y-V

SORTIE PAYLDAD

-44
INTERTACE DIAGRAMS) DATA SHEET NO.5-79_PAYLOAD NO A"'“"‘Sq
PAYLOAD NAME __ ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE [AMPS) DATEN 24 5% REV DATE TR
s ; V] ! Vi AT Vi .
| \\!.r n}, \\:’ \if \ 1|1
10 usé\y 100 g/ SRW &n snt\}f & 0E6\! 10 DEG 2r SRd‘t 2m SR
hY
= = w= o a = o 3 - 2 won - r
o 8 = =z & 208 29 | = - & = g uw g B 5 o= 2
&3 “ 2 2 8 Sbo |52y Sgexl [EEY |sm Sl fownl [289 |Z2unl {282 25828 |oes
-+ @ Ko R = 2 es WP Ew ) W & w 2w £ om I & o = E& = F oo « & o
= & T ow T EE o & o w5 cEeE B & = zh= = FE= 5 E =< Z o= ELC<= £ == gr=
- 28 & = =5 25 EEz = 24 = Sy 5 £ 8 = 5w & = =
B %- ] E = = <5 < g a = 5 a S = uoe & 3
v
3 F a1y 418 ”’?;5 I - *—]ém%"ﬂ g)]hzu) é?mw} (r)-t é)l (lJl < &PL
& g 8 5 4 0z 2 & Z = MK ERS AP511 AP511 o o o & =
= T o = = = J = .t & 10K gPs = % & = %
E — — gl < " 0¥ RPS = = = = =
5-METER BOOM 5-METER EOOM = 10K %Ps — s g g g g
503 a8 10K
Ld o= 1E05 2PS
10K 8PS
YY¥Y ]
AP502
=] DATA SYSTEM
= fﬁlz
p-AP510 51
j«—Lﬂl’f\l'i_mﬂi_
POWER SUPPLY SIS APS17 APS1E socd
LA 19
J 2 /PO1E, pp519 APS20 ey
_{ " 10 _BPSsn apc .
\ﬁ LOGIC & CONTROL
&) WIT O
2.9
‘/j‘?
\ﬁ\ @ —— AP512
&, e GIMBALLED PLATFORM Pl AP511010H)
- % 2P502
v% ‘? L1 AP512
j——
G, %3 50 METER BOOM-A B AP511(70N)
@//\ APSQL
p
{2 @)
v"‘ \&)
O % » COMMAND,/ CONTROL
TR &
wy
L=
o
DATA HANDLING -4 POWER SUPPLY
SYSTEM -

SSPD (S-7) 3-15-T4
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4-4§

AP ~D6S
LTR

BORTIE PAYLOAD

INTERFACE DIAGRAM(S)

DATA SHEET No, 5-7F_pavioan no.

PAYLOAD NAME ATMOSPHERIC, MAGNMNETOSPHERIC AND PLASMAS 1IN SPACE [AMPS)

POWER
SuPPLY

W
BARLUM
CHARGE (2) g g‘;i
49601 >
W
BARIUM 2 BPS
CHARGE (2)
AP802 8BS
11
id 2
CHARGE (1
AP603 LIS
w -
SRAPED =
CHAREE (2) g g;; S
APG10 %
1W §
SHRFTD i
cun;gsgl {1) - 28 %’;55 f
e
et
2 ] 10M{MAX)
2
-
pL] -
SHAPED - 5
CHARGE (1) g
APE12 5
1w
BALLOON 5 BPS
APE20
BALLOON
AP621

88 BPS
2 BPS

COMMAND/MONITOR UNIT

AP 600 DEPLOYMENT UNITS

A-44

DATA SHEET No, S=7

S8PD (5-7) 3-15-T4
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4-47

AP-06-5
LTR

SORTIE PAYLOAD

INTERFACE DIAGRAM(S)

PAYLOAD NO,
DATE

DATA SHEET No, 57 9

4 REV

bEd

Ri

DATE JUK 241

ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE {AMPS)

PAYLOAD NAME

- —_
{ SUBSATELLITE - 2 REQD

T
COMMEND :
| DECODER |
I
i L SRS 2E06 Hz . [
E-FIELD METER 4EQ5 BPSI
[ 100 BPS AP710 2E06 Mz,
[~
| % |
] W 1£05 Hz e |
VLF-RECETVER g
30 BPS £
| » wns p—s g '
J 2 !
. = |
2 @
i SEARCH COIL |3 &
| 10 BPS MAG 1E08 HZ | = ]
AP704 ES
] 2E+06 Hz !
| 250 l |
| 26 BFs TRANSPONDER
' APT1L - !
i # = I
. 4E+05 BPS 2 e
D | o2 3-AKTS AW JLE0S BPS = . !
= SPHERE ANALYZ | 160 BPS ] |
il E . AP708 E
5 5 [
| -z g '
| E F—— s 1E04 8PS .
= SPECTROMETER | 160 BPS 1
| F Ap307 -
E |
= 1E04 BPS & !
| o wl SEG PLANAR 2
g TRAP 32 8PS ol l
I E’ AP 708 - a
= |
| g l
CYC ELEC 104 8PS 5 !
I PROSE 120 APS = g
AP705 y @ |
I = w ;
— Lt
i 2 N
BPS =
N T R e :
| MAG 32 8PS [
ART03 |
! t
| 1E05 BPS [
TV SYSTEN e |
| R ARTO? |
i |
N 1000 BPS i
| SATELLITE —
SUBSYSTEM 42 BPS | , Q7.
| AP702 é«” o
4 X T I l (_\
| 140 BPS— AP710 | &3
| 48 Bps— AP709 O
x APTO4 ! %
T — e o e — - S, -y G
A4S
272 ] { Q)Q ?’
A7
LAUNCH MECHANISM - INTERFACE § N4
AP713 >4 @
= = & *@ &
z = —1= R &7
5 £ g |8 <
POWER g - il
COMMAND/MONITOR UNIT

AF 700 DEPLOYABLE SATELLITE SYSTEM

SSPD (S-7) 3-15-74
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DATA SHEET No, 5-7



87V

SORTIE PAYLOAD

EXPERIMENT EQUIPMENT — POWER AND DATA 4-48
: 5 c : DATA SHEET NO,_58a_PAYLOAD No, AP-06-3
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS) DATEJUN 071 REV DATE LTR
UNIT ELECTRICAL POWER -
EQUIPMENT be s DATA Satpat Input
= - Conunands
1. z. 3. Voltage |€-ggqn, | Oper, |*Pealk [FPeak| Frea (Hz)| Voitage HStdby lsoper 16 eak ]}’ez.k Scicnce Houskeeping
Iny. . 5. |Power | Power| Power| Dura{l0. [ JiZ7 JiZ. | Power | Power | Power| Dura-['® Form, ['¥ Rate, 26 Form,[ 2l Rate, 22 Form,|2* Rate,
No., Name Qiy] Nom | Tol | 1evel | Level | Level | tion g dp | Nem Tol | Tavel | Leved | Level  tion | D&, | bps, Hz, {D,A,Dis- bps, Hz, |D,A,Dis-|bps, 1z,
(V) | 2By (W) W) | ) | (o) {Qowhighl vy | €% (W) | ) | (W) | e} [Film,etct fps, et |erete,etel pps, ete,  [oretecete] pos, ete.
AP100 [Remote Sensing Plaform ’
Sy atermn tn (m (4
Plernote Sensing Platorm 1 400 1to 10y TBDy 200 D 810 bps {Discretd 2
AP101 D 40 bps
[AFP10Z [X UV Normal Incidence Discretg 3
Spectrometer HOO 110 101 TBDy 30 D L5E + 04 D 110 D 80
UV-Visible~NIR Scanning 125 Pigcretd 1
AP103 Spectrometer 1 HOQ 110 10 TBD| &5 F frames/ral]l D 16¢ D 160
High REFgiution Fourigr ow 1K scretd 3
AP 104 Spectrometer 1 100 110 10} TBD 25 D D | 1i0 |53 50
[AP105 [Cryogenic IR Fourier 1 400 1o 10 TB 25 D D 110 Discretd 3
Spectrometer D 50
Dhscretd 2
[AT106 IR Radiemeter 1 400 110 | 10| TBD 20 D IE 3 04 p | 300 D 40
Discretd 2
APL07 [Fabry-Perot Interferometer 1 400 110 10| TBRf 20 D D 100 o 40
 Discretd 2
AP108 |Filter-Fhotometer 4 400 110 10| TBD 5 D 1E + 03 D 130 o 10
UV-Visible Docuwmentalion
FA
AP109 Cameras
Discretj T 7]
AP114 [KeV-MeV Particle Detector{GSh 400 110 10] TBD b 1E + 05 D 1vo D 20
|AF115 iTotal Energy Detector {G6) 1 400 110 10 TBI} D 1E + 05 D 100 D'H]!:;:rete lé
i
24, MCYTFS: 25-COMMENTS
[1} Systemn total power requirement and data output is function of experiment requirem ents.
2) Experiment supplied condensor bank provides 500 kilowatts Peak internal power.
3} Experiment supplied condensor bank provides 25 megawatts peak internal power,
{4) 10 bit words, 2 words per second.

SSPD (5-8) 3-15-74

DATA SHEET No, .5-82



SORTIE PAYLOAD
EXPERIMENT EQUIPMENT ~ POWER AND DATA

ATMOSPIERIC, MAGNETOSPIERIC AND PLASMAS IN SPACE {AMPS}

4-49

DATA SHEET NO..523D PAYLOAD No, AD-00-8

63—V

PAYLOAD NAME parsW 07 1574 pev pate LTR
UNMIT ELECTRIC L POWER DATA
EQUIPMENT oe AC Cutput CmI:E;ms
I EN Voltage G'Stdby10per._ i-Peak 1 Peay| Freg (Hz) _Voltage Ig, dby lioper el ”Pe ok Science Houskeeplns
Inv, 4, 5. Power | Power | Power| Durad1v, [11. |12, 2. | Power | Power | Power Dura-|*® Form, {19 Rate, 20 Form,| Z: Raie, -- Form,|3* Rate,
Yo. Mame Qty| Nom Tol | Level | Level | Level | tion g g, | Nom Tol | Level | Level | Lavel | tion D, A, | bps, Hz, {D,A,Dis- bps, Hz, [D,A Dis-lbps, H2,
(V) [ =R W) W) [ W | o) |Tow Thighl vy s @) W) | Wy | V) | gy [Fibm, ete]| fps, ete crete,ete| DS, etc, lcrete,etc) pps, ete,
S—
i ‘
AP200| LIDAR System 1128 {10 100 400 110 I 100 D 1,01E+06 D 1180 Discretp 2
{Phased Array) D 130
APZO1l| Transmitier/Receiver 1 400 11700 10ilo00 1E + D, 1E+06 IDiscrete 3
: 04 {1} D 380 D &0
2 Mount, Gomputer Discrete 2
AP202 | Controlled 1 |28 115 1006 D 1E + 04 D 2800 D Ely
—
AP300 | Gimbaled Accelerator System , ) 2}
AP304 | Ion Accelerator 1 400 110 | 10] 50 |50 D i [Pieggte fo
P 1sErte
AP302 f{torage Banks, 2-5 Kilojouleq ] 40q 110 ] 10 ] 100 }y3) D lao !
\4
= — isCTele &
AP303 S"mban"d Electron Accelera- ; 200 vo | 1ol s0 |za0 D 1120 D 80
or )
MPDARC  Inttmt g Comtens 1Screte Z
AP304T Loy Bank 1 100 110 | 10 | 250 [(q4) D 160 D 20
AF305 Gimbal System, Accelerator, 128 10 100 D 1E+04 D 800 Discrete 53
lon/Electron
-
24, NOTES: 25-COMMENTS: NONE.
(I} Systemn 15 conceived to include an A/} canverter at 100 MHz sampling, 8 bits per sample, i R . .
output data rate reflects internal data compression from BE#08 bps acquisition rate. (4} Experiment supplied condenser bank provides 25 mepawatts peak internal
{2) System total power requirement and data output ig {function of experiment requirements. power.
{3} Experiment supplied condenser banl provides 500 kilo watta peak internal power,

SSFD (5-8) 3-15-74

DATA SHEET No., _5-8 b
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SORTIE PAYLOAD

EXPERIMENT EQUIPMENT — POWER AND DATA . 4-30
DATA SHEET ¥O. 58 PaY1OaD NO, ARCU6S
PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHERIC D PLASMAS IN SPACE [AMPS DATEMJSJ.:.REV DATE LTR
UNIT ELECTRICAL POWER
EQUIPMENT DATA tnput
e De AC Output Commands
X P 3. VYoltage (8-gtanyl’ Oper, |5 Peak (¥ Peak] Freq (Hz)f Voliage HStd.by Yoper ["*Peak | Peak Science : Houskeeping
Inv, 4. 5, Power | Power | Power| Duraio. [i1. 112, 13. | Power | Power | Power| Dura-|l® Form, |l¢ Rate, 20 Form,| 21 Rate, 22 Form,|2} Rate,
Na., Name Qty] Nom | Tol ) Level | Level | Level] ton |, 5 Nom | Tol I 'yovel | Level | Level | tion | D, A, | bps, Hz, |D,A,Dis-| bps, Hz, |DyA,Dis-|bps, Hz,
(v) | (zH)| W) W) | W) [ () {low[*high| (vy &%) ) | W) | (W) | (hr) (Film,etc) Ips, ete  |cretejete] DS, ete.  |ereteeted pps, eic.
AP3OU [ Transmitter f Coupler System
{1 (1) (n
AP4¢1 | Transmitter/Coupler (10KW 1E Piscrete 2
0.2 ta 2 MHz) 1 400 1106 10} 50 +04 D 220 H, O 60
Transmitter/Coupler {10KW 1 00 110 10| so 1E b 220 hiscrete 2
AP402 | 0.2 to 2MHz]) +04 D bO
AF403 j Transmitter/Coupler {1KW Discrete 2
0,3 to 200 KHz) 1 400 t10 | 1of 50 | 10090 : D 220 D 60
AP404' Dipole Element -330-meters 1 2B ] 4] 10 NSA | N/A . D 20 . Di]s:’crete L
10
|
APLIU [Boom Sysiem
(1)
AP501 [50-Meter Boom A I [ 28 |1 0 70 {96 TBD ’ D 20 Piscrete 1
D 1¢
APS502 | Gimbaled Platform (2, 3) 1z |1V o 10 | 10 TBEO ' D 800 D“‘;E“’ 43
APH03 | 5-Meter Boom 3 |1 |28 [T [0 0 3 |0.028 D 20 Placrete 1
AP504 | One-Meter Loop (2, 3) 1 |28 1 o 2 4 TBD D IE + 04 D 20 Discrete 2z
AP505 | Bhort Electric Dipole (2,3} |1 238 1 1] 2 2 TB I D 1E + 04 D 20 Discrete 1
D 10
Piscrete] 2
APSD6 | Triaxial Search Coil (2,3} |1 | 28 |o.:]| © 2] 2 TBD D 1000 D 180 D 40
iscrete 1
AP507 | 5-Meter Boom (2,3) 1 28 1 0 [} 3 0,028 D 20 )] 10
tFTTETE T
AP508 | Rubidium Magnetometer (2,3}11 2B 0.1 g 5 5 TH D D 1000 D 450 D 50
LECTETE 4
AP509| Triaxial Fluxgate {2,3) 1 28 0.1 0 2 2 TBD D 1000 D 3z D 20
Discrete 1
AP5ip | 33-Meter Electric Dipole- 1 28 1 o 2 4 0.125 ’ D 1E + 04 D 20 2] 10
Esttendable (BAY) {2, 3)
4. NOTES: (1) System total power requirement and data output is function of experiment requireme: g COMMENTS:
k2) APS511 Power Supply deiivers electrical power to APS502 through AP520 and AF524, Power
requirement shown for AP511 is allowance for losses. Total power cutput requirement for AP5E]
is function of exparitnent requirements.
(3) All Boom A instruments interface with AMPS through AP512 Data System. Data rate shown fer
ADS12 s maximurn cutput Tate,

SSPD (5-8) 3-15-74 DATA SHEET NG, . 58 ¢
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SORTIE PAYLOAD

A
EXPERIMENT EQUIPMEXNT — POWER AND DATA S-8 AP -6 S‘: !
. S . - B o DATA SHEET N0, =784 PAYLOAD No, A -u6-
LA YRR N ETONS TE h 21 ASM : I h4 T
PAVIOAD NAME J\-n LIOSE ',ﬂ'{\'l?' MAGNETOSPHERIC AND PILASMAS IN 5PAC {AMPS) , DATE‘JUH a7 |g]‘ REY DATE LR
UMIT ELECTRICAL PGWER
! EQUIPMENT - i - - ! DATA Input
e e e e . L P — AC Output Conimands
i,. 1, Voltage - stavy| Cper, ¢ Peak [FPeak Freq (Hz)l Voltage ;'lStdby 1'509,2: Ybeak ILH—J’* Science Houskeeping
Inv, ) N 1 [Frwer | Power | Powerf Durafly. (M. i G Tngvwer | Power | Power Dura—m}'nrnl, 15 Rate, 2l Form,[ 2l Rate, 22 Form, ¢ Rate,
No. Name Wyl Nom 'l‘t:“ Level | Level | Level | tion i L Nom | Tel Level ( Level | Level | tion D, A, | bps, Hz, D A Dis-| bps, Hz, |D,A, bis-)bps, Hz,
(VIR ) | ) | ) | Plow [igh| (v) [RM (W) | (W) | (W) | qhr) Filmocte| I, ot lorete.cto| pps: ete. crelgetel pps, ete,
ARSI P : o 28 [w| o [10 [ 10 7] e | screle I
£ 1 Power Supply (2} 1 [¥] 189 D 1o
AP512| Data System 3 I|28 $10{ 0 {10 { L0 e TE5 D 48 iscrete 3
06 D 50
TE & iscrete 7
APS5131 Alignment TV (2.3} 1|28 |10} 0 20 20 D 05 D 100 D 20
TE T pa] 160 Discrete 3
AP>314 | Ion Mass Spectrometer (2, 3} 1 28 10 1] 12 12 D 04 D 20
b [CF et T
AP51S | Spherical lon Probe (2, 3) 1 28 | 10 0 io 10 D l1E+ 04 D ; 100 D 20
AP516 [Cylndrical lon Prabe 42, 3) t |28 10| © p) 2 D IE + 04, D 100  IDiscrete 1
4] 20
AP517 |Planar Seymented Probef{2,3} |1 ] 28 | 10 [+ 13 13 D 1IE+ 04} D 120 [Discrete 1
) D 20
AP518 [Neutron Mass Spectrometar i 28 HY a 12 12 3] 1E + 04 D 160 iscretq 3
2,3 . D 40
AP51% | Triaxial Hemisphcricaliz 3} 1 28 10 0 1o 10 D 15 + 05 D 160 iscrete 2
Analyzar ! o 20
AP520 | Planar Electron Trap (2,3} |1 { 28t 10| o | 1z 12 D lIE + 04] D 160  [Discrete 1
in} 20
AP52] | 50-Meter Boom B 1 28 10 Q 70 70 D 120 Discrete i
) D 10
AP522 | Wave Generator 1 28 10 o 10 10 D 1000 D 110 [Discrete i
D 20
Rgcroidg Z
AP523 | Target Z | 28 16 0 o3 0 ’ ——- - D 15 D 10
AP524| Arcificial Light Source ' - = D 3Z [Discrete T
Calibration (Boam A) {2, 3) I | 28 10 ] 5 5
“l. NOTES: {2} APS11 Power System delivers electrical power to A P502 through AP520 and AP524.|ZREONMMENTS:
Power requirement shown for APS51] is allowance for logses. Total power output requirement
for AP511] is function of experiment requirements. )
{3) All Boom A instruments interface with AMPS through AP512 Data System. Data rate Shown
for AP512 is maximum output rale,

S8PD (S-8) 3-15-74 DATA SHEET No, . S-8 d
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SORTIE PAYLOAD

~02
EXPERIMENT EQUIPMENT — POWER AND DATA S-g Al -06-58 43
. DATA SHE M —2¢ PAYIL.OAD NG, T
ATMOSPHERIC, MA N P g ; | *
PAYLOAD NAME O N GNETQSPHERIC AND PLASMAS IN SPACE [(AMPS) DATE J E[;? 1':?( REV DATE LTR
WE
EQUIPMENT UNIT ELECTRICAL POWER - DATA ot
___DC AC Cutput Commmands
. 2. 3, voltage [S-goany|’ Oper, |® Peak |*Peak| Freq (Hz)| Vollage Mg, - ISOper FEPcak sk Science Houskeeping
Inv, N 4. %q |Fower | Power | Power Dura416.  [H. [12. |1, | Powey | Power | Power| Dura-['® Form, |12 Rate, 20 Form,] %1 Rate, “. Form, |3% Rate,
No. ame Qty] Nom | Tol | 1ove] | Level | Level | tion B £ Nom | Tol | pevel | Level | Level | tion D, A, | bps, Hz, |DyADis-| bps, Hz, |D,A, Dis-{bps, Hz,
(v | =% W) W) (W) @) (low thighf (vy [ =0 (W) W) (W) | mr) [Film,etc| fps, ele  |erete,etc| PpS. ete.  [cretesete] pps, ete,
AP600 ) Deployable Units
APGOL[ Barium Ganister, 100 gm 2 |28 LG [ - i8] B bps [iscreid 2
AP602 ) Barium Canister, 1 kg Z |28 10 — e D 3 Tscretg 2
AP603| Barium Canister, 10 Kg ] 28 10 - —a D 8 Discrete 2
AP610| Shaped Charge, 1 Kg 2128 10 ) - --- D ] Discrete .
APb6]11| Shaped Charge, 5 Kg 1| 28 10 _—— - D 8 IDiscrete, 2
AP6]2 | Shaped Charge, 20 Kg 1|28 10 .- .- D B Discrete 2
AP620 | Balloon-Spherical Insulated 1 {28 10 ——- - D B [Discrete 2
W
AP62] [Balloon-Sherical Conducting |1 | 28 10 - - D B IUiscrete Z
AP7Q0 | Deployable Satellite Systern (1) (1)
AP701 ] Batellite e |28 10 200 42 [hecrete 2
D 10
—ip
APT0Z| TV System 1 {28 |10 20 i) 1IE+05 | D 100 Discrete I
AP703 | Magnetometer 3~Axis Fluxgate|l |28 1 2 b 1000 D 32 Discret e 2
D 10
AP704|] Magnetometer, Search Coil 1 (28 1 2 A 1E + 05 D 32 Discrete 3
’ D 10
APT05| Electric Probe, Cyindrigal |1 | 28 |10 2 D IE +04 | D 120 IDiscrete 1
D 10
A P?Oj Planar Trap, Segmented I 28 10 13 D 1E + 04 D 3z ihscrete 2
D 10
— l_ —
T4, NOTES: 25.COMMENTS:
(1} System total power reguirement and data output is function of experiment requirements.

SSPD (S-8) 3-15~74 DATA SHEET N0, _5=% 4
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SORTIE PAYLOAD

EXPERIMENT EQUIPMENT — POWER AND DATA

4-53

. ; ‘
DATA 5-8° pAYLOAD NO,AP-06-8
PAYLOAD NAME __ ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS} DATE %FUTRIT‘?W"—REV A OAD RO L
UNIT ELECTRICAL POWER
i EQUIPMENT N A - DATA oo
be AC Output Comﬁmds
[ EX a Voltage |€-giapy|” Oper, | B Peak |°Peak| Freq (Hz)] Voltage HStdby lsOper " Peak | "Peak Science Houskeeping
Inv, 4. S'i‘ Power | Power | Power| Durafte. (L. 12 3. 1 Power | Power | Power| Dura|'S Form, 19 Rate, 20 Form,{ I Rate, % Form, 2% Rate,
No, Kame Qty| Nom | Tol | Level | Level | Level{ tion p £ I‘_Iﬂm Tol 1y .vel | Level | Level | tion D, A, | bps, Hz, [D,A,Dis-| bps, Hz, |D,A,Dis-|bps, Hz,
(V) | =] W) W) thr) |low [Phigh (v) [ (2% (W) (W) W} (hr} iFilm,ete]{ ips, etc cretegete| Pps, ete,  (crete,etel pps, efe,
fP707 | Ion Mass Spectrometer 1 (28 (10 12 D IE + 04 s} t60 Piscrete 1030
Hemispherical Analyzer, 1 {28 10 10- D 1E + 05 D 160 Discretd 2
P08 | 7riaxial ¢ D 20
iscrete 3
APTO9 Receiver, VLF 1 28 10 3 A 1E + 05 D 48 D 30
Discretd E)
JAP710 E-Field Meter 1 |28 10 3 A Z2E + 0% D 140 D 100
Satellite/Pallet Interface and Btecrer —2—
JAF71]1 | Ejection Mechanism ) 2 |28 10 - -— D 80 D 20
Transponder, Telemetry and D 4E 4 05 Disr;retq 1
APT12 | Ranging 1 |28 | 10 25 A 2E + 06| D 24 D 20
J
I
24, NOTES: 25. COMMENTS:

SSPD (5-8} 3-15-74

DATA SHEET No, _S-87
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PAYLOAD NAME

SORTIE PAYLOAD
EXPERIMENT EQUIPMENT — POWER AND DATA

ATMOSTHERIC, MAGNETOSFHERIC AND PLASMAS TN SPACZ (awps)

DATA

e B

DATE" Y ° - 7

4-54

5-8 & pAYLOAD No, AP-06-5

REV DATE LTR
[ EQUIPMENT UNIT ELECTRICAL POWER _ YT
DC AC Chiipat Inpui
1. 2, 3, Voltage 5'Stdby70per. 8.peak |9 Peak| Fren (Hz)]  Voltage HStdh\' MOpcr lGPca.k 13 Scionce Housheoping ] Commands
Inv, 4. 5. |Power | Power | Power| Durad{lo. |lL 1o 4.1 Power | Power | P poak 18 F 13 Z0F;
No. Name Qéy] Nom |Tol | Jevel | Level | Level | tion f P Nom | Tel che{ Le\.:lr Lz‘\vr:lr ggga— Doxg‘n, bgsatel-fz f)A,OISE’ ﬂb:;at;’{' ?:K,D Ej‘n’ 2!: Rat:['
. s N o (] 1) ] ] b Ty 15-{ bps Z
(v [T W W} W) (ory |low 'high) (v) [27)] (W) W) W) | (hr) [Film,ete] fps, etc  |crete,etc Dps: etc, m:ete,etC. pps., eto,
APBOO | Displays
APBOZ | Experiment IV Display RO 2 10
AP8O3 Spectrum Analyzer 4 SG
D 32
APBO4 Multi-Channel Analyzer 1 50
D 16
APBDS | Wave Analyzer 1 40
1] 16
APBD6E | Wave Analyzer 1 50 .
- 2] 16
APHOT Coaxial Patch Panel 8 [+
D 16
APSG8 | Frequency Counter 1 s
o N/a 0
APROY ™ 3 o
* 16
APB10 | Camera (35 mm f1lm) 1 2 20
D 16
APB1]l | X-Y Recorder 2 45
] 16
APB12 | Sirip Chart Recorder 2 10 100
D 16
APB13 | 8-Channel Recorder 2 20 200
D 16
APB25 | TV Camera 1 10
- - } D 16
APB1S | Oscilloscops 40~ .
. m‘ : ; . s 16
AP832 | Time Code Gemetator, = Fy 10 g \
a oL T . o 16
Computation Equipment
APB17 Tapé Récq:der‘bigital‘ - 200 A'(V*”f o . 16
4. NOTES: '25-C0MMENTS:- -
" * Provided by Spacelab

$S8PD (S-8) 3-15-74

DATA SHEET No. . 582
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\ SORTIE PAYLOAD

4-55
EXPERIMENT EQUIPMEKT — POWER AND DATA AP -06-5
DATA SHEET {iﬂ%i& PAYLOAD NO, AU 865
PAY LOAD NAME ATMOSTHRERIC, MAGHETOSPUERIC AND PLASMAS IN SPACE (AMPS} DATE-‘.J._.._—.REV DATE LTR
EN'T UNIT ELECTRICAL POWER DATA I t
EQUIPM npu
_ DC i AC . Output - Commands
z 3 Voltage ® Stdby|” Oper, |® Peak [° Peak| Freq (Hz)] Veliage Mstdby 150p-er S enk Meak Sclence Houskeeping
v, 4. 5. Power | Power | Power| Duraqlo. [, [IZ] 13- | Power | Power | Power Dure-|"® Form, 'Y Rate, ¢ Form,[ 21 Rale, % Form, [23 Rate,
No Name Qy| Nom | Tol | teva) | Level | Level | tion e Nom | Tol {'Tevel | Level | Level § tion D, A, § bps, Hz, |D,A,Dis| bps, Hz, |D,A,Dis-|bps, Hz,
) (v} | (=%} (W) W) W) (hr) |low [*highy (v) | (2F)| (W) W) W) | ;) Film.etc| fps, etc  lorete,ete| pps, ete, |erete,eted pps, eto,
C:.mp'\.;(‘tar NA ] NA©
HIA ™ H/A
] ﬂ{’A Nf!l.
25 u/a N/A N/A N/A
CLWaAL b wa
I~ .
e |
24, NOTES: : 25. COMMENTS:

¢t Provided by Spacelab

SSPD (5-8) 3-15-74 . DATA SHEET NO, _S-8 1
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SORTIE PAYLOAD

EXPERIMENT EQUIPMENT -~ POWER AND DATA

ATMOSPHERIC, MAGNETOSPHERIC AND FLASMAS YN _SPACE (AMPS)

DATA SHE&:"%[‘ {%?4

B5-8i

4-56

PAYLOAD NO,AR=(6-8

PAYLOAD NAME DATE REV DATE LTR
UNIT ELECTRICAL POWER
EQUIPMENT DATA Input
bC AC Cutput Commands
- /‘4 -
1. 2. Valtage E'Stdbg"()per: 8. paak |?Peak| Freq (Hz)| Voltage 145tdby 15Oper }GPeak ri:'ea.k Sclence Houskeeping
Inv, 4. 5 _ |Power | Power | Power| Duraft¢. [t1. 119 |13, '} power | Power | Power| Dura-'8 Form, | Rate, 2¢ Form,| 21 Rate, 2. Form, 2 Rate,
No. Name Nom|Tol | Tevel | Level | Level| tion P : Nom | Tol | 1,avel | Level | Level | tion D, bps, Hz, {D,A,Dis.| bps, Hz, |D,A, Dis-{bps, Hz,
(V) | (&B)) (w) (W) W} | (b} [low |*high| (v) | (2% (W) W) %) | () [Film,ete| fps, etc |erete,etc] pps, ete.  |creteete] pps, ete.

APQOD | Controls System

Jrensmitiers,
AP901 10 Kw =0.2 to 2 MHy o 2
APO2 | 10 Kw -2 to 20 ME, Q0 2 B
APGO3 | 1 Kw -0.3 to 200 KH, 0 2
APgOL | Electrostatic Wave o) 2

Antennas
APQOS | Long 330 m Dipole o] ¢
APJO6 | Short VIF Tipole [+] b i)
aP907 | Loop-IM ) 10
APQOE | RF Antenna [+ 10

Antenna Couplers
APS09 | 0.2 to 2 MH 0 10
AP910 | 2 ta 20 MHz o 10
APG1Y § 0.3 to 200 KHz ¢} 10

Mave Anelysis
AFQl2 | Bandpsss Filter Q 4]
AP913 | Pulee - C.W. Modea 0 2
24, NOTES: 5. COMMENTS:

SSFD ({5-8) 3-15-74

DATA SHEET No. 3-8,
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SORTIE PAYLOAD

EXPERIMENT EQUIPMENT — POWER AND DATA 4-57

DATA SHEET 30 S-8] PAYLOAD No, AP-06-§5
i 07 1974

2, g 1 SPACE {AMPS
PAYLOAD NAME __ ATMOSEFERIC, MAGNETOSPMERIC AND PLASMAS TU SP { ) paredili 87 197" REV DATE s
[ . UNIT ELECTRICAL POWER DATA
EQULPMENT - e : AC Output Conhlif\!;;ds
T, z, 3 Voltage gt av, i Oper, |9 Peak {*Peak] Freq (Hz)!  Voltage “Stdby 1501:-er Y ak M eak Science Houskeening
Inv, 4, 5. APower | Power | Power] Dura{107 157 157 |13, | power | Power | Power Dura-|'® Form, [\% Rate, 20 Form,[ 2L Rate, 47 Form, |23 Rate,
Mo, Nate Qty] Nom | Tol | 1ovel | Level [ Levell tion g s Nom | Tol | Level | Level | Level | ton D, A, | bpsy Hz, |Dya,Dis4 bps, Hz, |(D,A, Dis:|bps, Hz,
’ (V) | B (wy W) W) (hry {"low [*highi (v} (B (W) (W} W) | ;ury Film,ste| fps, ete  |crete,ete; DPS, eic,  |crete,cte] pps, etc,
APglh | Patch Panels 5 o] o]
JL M §
AR1S | Amplifiers, Wave (dc) 1| s} 5
APg16 | Frequency Synthesizer 2 i 20 20
Main Boom
A¥X917 | Main Boom A Contral 1 Q 5 1
L_!!_.‘E’EIJLE! Piatform Boom A Control 1 0 5
APg19 § Main Boom B Coutrol 1 Q 5
APQ2C | Aligrmeat TV 1 40 10
APQ2) ] Gimbaled Fletform Controls 1 G 5
AFG22 | SM Ecom Control 1 0 5 .
Syetem 7
AF923 | Boom A Power Supply and Deta 1 0 25
Bocm B Target {inflation :
APg2l deflation, ejection) i ! ° ?
AP0 Boom A Artifieisl light
source control 1 1] 8]
Ion Bemm
Accelerator Controls
APg25 [hceel-Decolerate 1 D 5
AP926  |Discharge Filament Hester i o 5
APGRT Diecherge Potentisl it [ )
Pulse Sequence and
AP928 | Burst Iength L ° *
24, NOTES: . 25-COMMENTS:
T DATA SHMEET NO, _5-8

SSPD (S-8) 3-15-74
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SORTIE PAYLOAD

EXPERIMENT EQUIPMENT — POWER AND DATA 4-38

DATA SHEET Ww- =8 PAYLOAD NO, AP-06-5

PAYLOAD NAME __TMOSPHERIC, MAGNETCSPHERIC AND PLASMAS IN SPACE (AMPS) DaTE UK U T e ATE LTR
EQUIPMENT UNIT ELECTRICAL POCWER DATA Input
oC AC Output _ Commands
1. 2. 3 Voliage G'Stdbxjﬂ'per. Speake |9 Peaki Freq (Hz)| Voltage “Stdby LsOper W heak 111'-’ea.k Science Houskeeping
Inv. 4, 5. |Power | Power| Power| DuraI?- 1. [T2. 7 [l | Power | Power | Power| Dura @ Form, )% Rate, 20 Form,f 21 Rate, 22 Form, |22 Rate,
No. Rame Qty| Nom | Tol | Level | Level | Level | tion . Nom § Tel | 1evel | Level | Level | tion | D, A, | bps, Hz, (D,A,Dis-| bhps, He, |D,A,Dis-lups, Bz,
) (V) | )| (W) )y | Wy | o) Mow [fhighl vy Dot W) | W) ) W) | ) (Film,cic| dps, etc  |crete,ete| pps, ete. crete,eted pps, ete,

AP92G | Gas Selection and Pressure 1 0 1
-
AP930 | Neutralizer Emission and Blas |2 [} 1

Charge Exchenge
AP931 Chennel Actuator 1 ¢ 1
APG3Z | Beam Current Monmiter 3 o 2

| Electron Beam

APG33 | Beam Voltege ; Hester Current [1 ] 1 y
APg3lk | Buret Length; Burst Msgnitude |1 Q 1
AFP935 | Expansicn Lens 1 1 1
APY36 | Beem Current Monitor 1 0 2 ) N
arP937 [§, 8, I 1 : 0 1

MPD-ARC
APG3B | Voltege Level 1 ] 1
APG35 | Burst Current and Iuration 1 ] 1
APGLO  |Pulse Sequencer” 1 o] 1
APG4Y | Beam Current Monitor It ¢ 1
APQY2  |Cas Belection and Pressure 1 0 1

Ambient Plasma ]
APgk3  {Sphericel Ion Probe 2 5
4, NOTES: 25. COMMENTS:

SSPD (S-8) 3-15-74 DATA SHEET NO, NS
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SORTIE PAYLOAD

4-59
EXPERIMENT EQUIPMENT - POWER AND DATA
_ - 5 DATA SHEET N0, 5282 PAYLOAD NO,AP-06-8
PAYLOAD NAME ATMOSPHFRIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS DA -._.___._"m‘REV DATE LTR
. rp UNIT ELECTRICAL POWER DATA Input
EQUIPMENT v AC Output Commands
i 2, d Veltage E'Stdhg1Oper‘ 8. peak |?Peak| Freq (Hz)) Voliage Nsmby l5Cr1:aer 181’881( “pea_k Science Houskeeping
Inv, 4. 8.  |Power | Power | Power| Dural0. [l 112 "Ti5." | power | Power | Power Dura-{'8 Form, [t¥ Rale, 20¥orm,[ 21 Rate, 2 Form, |27 Rate,
e, Name Qty| Nom | Tol | Level | Level | Tevel | tion : £ Nom | Tol | [evel | Level | Level | tion D, A, | bes, Hz, (D,A,Dis- bps, He, |D,4, Dis-) bps, Hz,
(v | =% Wy W) {W) (hr) low [thigh| {v) [{£%)] W (W) | (hr) [Film,etc] Ips, ete  |crote,etc] P8, ete.  |crete,efed pps, eto,

APGLY | Cylindricsl Ton Probe p 2 5
AP3S | Planer Eleciron Frobe 1 2 [
APGhS | R, F. Probe 1 2 5
| APGLT | Ton Mass Spectrometer 1 2 5
APGLE | Neutral Meas Spectrometer 1 2 5
APoLg | Triaxis) Fluxgate 1 5 5
AP350 | Segmented Flanar Probe 1 2 5 ;
APG5Y | Bubidium Megnetometer 1 5 5
APOS2 | Triexial Search Coil 1 5 5

Amplifiers (Pulse} ’
AFY53 Particle Detection 1 10 10

HY Supplies - 1 10 10 '
AFg5% | particle DPetection . -

Tripxial HewmSephericel
APO5S Analyticel Controller 3 10 15

Deployable Satellite
AP955 | TV System 1 Q 10
AP957 | Telemetry and Ranging 1 o 10
APg58 | Location and Orientation 1 Q 10 -

Instrument Control G 10
APG59 and Housckeeping 1
APSED | Ejection Mechanism 1 2 10
24, NOTES: %B.COMMENTS:

SSED (5-8) 3~15-T4 . DATA SHEET NO, _5-81
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SORTIE PAYLOAD

EXPERIMENT EQUIPMENT - POWER AND DATA 55 AP 065 4-60
DATA EET NO, B PAYLOAD NO,AP-06-5
PAYLOAD NAME __ ATMOSPHERIC, MAGNETOSPHERIC AND FPLASMAS IN SPACE (AMPS) DATE=H 81 914 ppy parr LR
UNIT ELECTRICAL POWER
EQUIPMENT e ic DATA Outpat - Input
Commands
i, 2. S Voltage B Stdby Oper, (> Peak {" Peak] FTeq {Hz)] Voltage HStdby Yoper |"Peak Theak Science Houskeeping
Inv,. 4. 5, \ Power | Power | Power | Dura{i0. [11. [IZ. 1. 1Power | Power | Power| Dura|® Form, '® Rate, 20 Form,[ 21 Rate, 22 Form, 21 Rate,
No. Name Rty| Nom [ Tol | fevel | Level | Level! tion & |y | Nem Tob | Level | Level | Level | tion y 4, | bpSy Hz, |D,A,Dis-| bps, Hz, [D,A,Dis-|bps, ti,
{(V}|&EH] ) W) | %) | () |Tow[Thigh| (v} &R (W) | (W) [ () thr) [Film,etc| fps, ete  |creteyete| pps, ete,  Jereteetc) pps, ctr,
Opticel
AP961 | Fhotometer HV Supply 1 5 5
AP962 | Phatometer Amplifiers 2 -4 2
TV Syatem Comtrol -
APG63 | Image Intensifier, Optional 2 5 12
Releases
APYEN | Canister Ejection 1 3] 20 . B
APg6S | Camers 1 0 o]
AP9E6 | Canister Mordtor 1 "] 10
AP9E7 | Bhaped Charge Ejection . 1 la] 10
APIES | Shaped Charge Monitor 1 o 20
APOEG | Balloon Ejection . 1 [ 20
AP97Q | Gas (ontrol System 1 0 20
Remote Senging Platfomm
1
AP971 | Cimbel Control 1 [} 5
meter
APYT2 | MUV Normal Incidence Spectro- |1 5 10
UV - Visable - NIR
AP973 Scenning Spectrometer 1 > 1
High-Resolution Fourier
APYTH | SWIR Spectrometer 1 5 10
Cryogenic IR Fourier
APIT5 Spectrometer : 5 10 J
24, NOTES: 45.COMMEN TS+ 7

SSPD (5-8) 3-15-14 DATA SHELT NO, _S-A7
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SORTIE PAYLOAD

EXPERIMENT EQUIPMENT « POWER AND DATA . . 5 AP-06-8 4-61
i o , DATA SHEET NO,_3-Bn pavLOAD No, AP-06-8
PAYLOAD NAME __ ATMOSPHERIC, MAGNETOSPHERIC AKD PLASMAS IN SPACE (AMPS) DATESWN 07 i575 pev paTe LR
EQUIPMENT UNIT ELECTRICAL POWER DATA ot
bC AC Cutput c pu .
- 3 mmantls
L. e 3. Voltage & Stdby 7Oper, 8. Ppenk |IPeak] Freq (Hz){ Voltage HStdby lnOpﬁ:r “Peak I‘i’eak Science Houskeeplog omman
Inv, N [ ?I"l Power | Power | Power| Durai0. T TIE T8 Jpoger | Power | Power Dura-[*¥ Form, 1% Rats, 2¢Form, 21 Rale, 7% Form, |7 Rate,
No. ame Qty| Norm { Tol | Level | Level Level | tion £ ; Nom | Tol | eve] | Level | Level | tion D, A, | bps, Hz, |D,ADis+ bps, Hz, |D,A,Dis- hps, Hz,
(v) [ 8] W) W) | W) | @) | Tow|Righf (v) [=R)| ) [ W) | (wy {hry [Film,etc| ips, etc  Jerete,etc| vps, ete. |ereteetc] pps, ete,
APQ76 | IR Rediometer 1 5 19
APQT? | FabTy-Perot Interfercmeter 1 S 1G
UV-Visible Documentation 0 1
APYT8 Cameras 1
APgR1 KeV-Mov Particie Detector 1 10
APQB2 | Totel Energy Detector 1 10
Monitor
AP983 | LIDAR and Gimbel Platfom 25
APg8L | Filter Photometer k 2 2
>
24, NOTES: 25-COMMENTS:

SSPD (5-8) 3-15-74 DATA SHEET No, _S-82
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BORTIE PAYLOAD

4-62
IN-FLIGHT EXPERIMENT EQUIPMENT — ENVIRONMENTAL LIMITS AP-05-8
NON-OPERATING DATA SHEET NO 5232 pAYLOAD NO,
PAYLOAD NAME . Atmospheric, Magnetospheric and Plasmas in Space [AMPS) DATE 71974 REV DATE LTR
Iocationt5 Max. !6 Max. Temp. [% Allowable |2 . EMI LIMITS { oL T Pnmary
. be, 3 Radiation M. ot
Cwe@!\coustic;\cceler- Limits, {°K) 5 Pressure, (N/m”) ° Conducted Radiated ;;'gi:‘l?dlc E];f]:m‘f—l‘l
3 |4 | Overallf ation [1 ] 8 e T |8 kel 1a Freq. Range |17 Freq. Range ({20 (3 mtw
£ 2 2 &1 mate | Total ® 9. Range |10 @ 1@N0-301m| Methodtes.,
EQUIPMENT Lavel 2 Y Dose {Hz) Leve (Hz) ve Limit | foreed air
- e
g @ ] EED " B ® N Level, | ol Plate,
% = = o S 20 ' liquid loop,
I Inv 2 P i f WBW/ radiation,
aile f f f.
No. Name 18] wm & | Min |Max. |28 Min. | Max. Olkg.sh| Whg)l | low high |(dBpvy| low high m? | (Tesiay | etee)
1LIE 1,4E 1. 1E SE 4F 3E TE
OPTICAL SENSORS 1] 1140 4 0 | +05 B MNtrogen! =10 =04 104 +08 0 30 +04 0 =05
. THESE VALUES APPLY TQ ALL INSTRUMENTS
UV -Visible Documentation IN THE GROUP EXCEPT WHERE SHOWN B ]
AP109 Camera 273 | 276
1.lE 1. 4E 1, 1E SE 4K 3E 1E
ELECTRO-QOPTICAL SENSOES{ 1! 1] 140 4 '] +Q5 TBED Nirogen) «10 ~-04 +04 +08 1] 30 +04 o -Q5
Normal Incidence Spectro~
APIOZ | meter, XUV 273 | 276
Fourier SWIR Spectrometer, T7°K Detec-
AP104 | High Resolution 273 1298 : 7N tnt Coglant
; i S5 .
IR Fourier Spectrometer, i @\ ) 4°K Detec-
AP105 Cryogenic 273 | 298 J'%_'\') tor Coolant
.t\":'aq' ®
hY o""1
AP106 | IR Radiometer 273 |29 //r-“"vgﬁ“"
Interferometer, 4-’1%@?
AP107 | Fabry-Perot TBD| TBD 58V ¥
65 ek
AP108 | Filter Photometer 273 | 276 450 o B
_ 2% 32 )
AP201 | Transmitter fReceiver 253 [ 293 /@r{ ,‘?@{
o
AP513 | Alignment TV 273 [ 285
AP702 | TV System 273 | 2B5 J
API03 UV -Vigible.NIR Scanning 273 | 276
Spectrometer
T. 1% I.9E T.1E 3E K - 3E 75-;
MAGNETIC FIELDS 1| 11 4o 4 o | tos | TBD Nitrogen .10 |[-04 +04 | +08 ) 30 | +04 0 -05
Search Coil,
APS06 | Triaxial TBD|TBD
23. NOTES: 24. COMMENT'S:
PREPARATION INSTRUCTIONS: (1} Susceptibility only, emissions as per MIL-STD-461
(D) Location Code: ¢ = pressurized {2} 0-3000 Hz
1 = unpressurized
(® OIBRef. = 20 WN/m?
(3) 0dB Ref, = I pV.
() 0dB Ref. = 1 W/m

SSPD (5-9) 3-15-74 DATA SHEET No. 5=



£9-v

SORTIE PAYLOAD
IN=FLIGHT EXPERIMENT EQUIPMENT — ENVIRONMENTAL LIMITS

4-63

' . NON-OPERATING DATA SHEET N0,.522% PAYLOAD No, AP-06-8
PAYLOAD NAME _Atmospheric, Magnetospheric and Plasmas in Space [AMPS) D.‘\TE\!QN 07 1974 REyv DATE LTR
Location|s Max, {6 Max. Temp. [9 Allowable 12 . EMI LIMITS z “2 Primary
. = Raidiation Magznet:
Code@ AcousticfAcceler~ Limits, (°K)[Z | Pressure, (N/m") Conducted Radiated ‘Ia«?“et“-' Thermal
I (4 | Overall] ati 1 ) £ Mo 11 T ELle 1% ¥ R 1 20 Field Control
BQUIPMENT ation E 2 3 21" Rate |"Total req.H ange |17 Freq. Range Level@(o"So Hz)| Methodic.g,,
3 Level = 3 a8 Dose (Hz) Level (Hz) Limit | forced ait
¥ @ - E 2 18 ié 18 18 Level | coid plate,
E; T 4 S 24 : liquid loop,
1 Inv, |2 § ] ,Eg £ £ {dBW/ radiation,
No. Name @ g‘ (dB} @ | Min | Max. [§% Min, | Max. U/vg-s)| @A) | Clow high (rdpuv)| low high m? | (Teslay [ ©tc)
L
AP508 | Rybidium Magnetometar TBDI TBD _J..—-—J’&"‘I \
SREIRT
AP509 | Triaxial Fluxgate 198 | 393 {10 P}EJBE oW
Magnetometer, 3-Axis . TUES P‘PCEPT _"Tfl..-
AP703 | Fluxgate 198 | 393 CTHES \‘Cx;oup BEET
m THE
AP704 | Mag., Search Goil TBD| TBD
4 1,15 1.4E 1LIE | s5E 4E 3IE E
ELECTRIC FIELDS Il 1} 149 TBDNTED! 0 | 405 | TBD |Nitrogs| -10 -04 +04 | +08 ) 30 +04 0 -05
{ THESE VALUES AFPLY 10 ALL INSTR UMENTS i
{IN THE GROUP EXCEPT WHERE SHOWN !
AP710 | E-Ficld Meter
I.1E 1.4E 1LIE | sE 4K IE 7E
ELECTROMAGNETIC FIELDsS | 1! 1] 140 4 TED| TBD| 0 : +05_ | TBD |Nitroge] -10 -04 +04 | +o8 0 30 +04 0 -05
Transmitter /Coupler {10 kw,
AP401 | o 9402 M=) s
Transmitter /Cou}}ler (10 kw, E}\"i
AP402 | 2 t0 20 MHz) Lﬁé&g/mf
Transmitter /Coupler (1 kw, __,,.—?6" DLE- sge‘flq/r
AF403 0.3 to 200 kHz) Ps??l‘xq‘_ wﬁ‘:_‘,?-_‘___—-
: RO SyCER -
APT709 | VLF Receiver rﬁfﬁ'ﬁ 0%
Tranaponder, Telemetry, & \ﬁ'ﬁ‘ﬁ-—/‘r
APT12 | Ranging
23, NOTES;

@

PREPARATION INSTRUCTIONS:

Location Code: 0 = pressurized
- 1 = unpressurized
0dB Ref, = 20 pN/m?.
0dB Ref, = 1 pV,
0dB Ref, = 1 W/m>

24. COMMENTS:

SSPD (5-9) 3-15-74

DATA SHEET NO. _5-94
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BORTIE PAYLOAD

4-64
IN-FLIGHT EXPERIMENT EQUIPMENT — ENVIRONMENTAL LIMITS o6
HON-OPERATING DATA SHEET NO, 5=9¢_pay1L0aD N0, AP00S
PAYLOAD NAME __Atmosvheric, Magnetospheric and Plasmas ip Space JAMPS) _ — © paTedW 07 1514 REV PATE_— LTR
il - 12 X 3 22 Pri v
léu:;tlonﬁ Max, 6 Max, Temp. = Allowahle:.' Radiation BMI LIMITS Hagnetic T;Lx:;axl
e (D AcousticAceeler-] Limits, (°K) = |Pressure, (N/m") ° Conducted Radiated Ficld Control
3 [+ |Gverall] ation (7 8 E [ i1 B 5 il 13 Freq, Hange |17 Freq. Range |2° (/0o Methodle.z.
EQUIPMENT Level E Z £ B rate |7 Totm iy 9 b eve@l0-a0im| Methodteg.,
L oM Dose Limit orced air
i ® 75 88 . 15 16 18 19 Level cold plate,
% _f.-’; = (3 5 5 cvels liquid Yoop,
T Tov, 12 E o *.E < c . . . (dBwW/ radiation,
No, Name S8 @ap | ® |min|max [Se min | Max. Uhgog)) Glgd | low high |@Bpvy| low | high | m? | (Tesla)| ©%)
ELECTRICAL/ 1,1E 1.4E 1. IE SE 4F 3E 7E
ELECTRONIC EQUIP. 1f 1 4 TeD] TBO[ O | +05 TBD __(Nitrogey -10 -04 +04 | +08 0 30 +04 9 -05
Storage Banks, 2-5 kilo-
AP302 joules -HV (A-2]
. < \
L‘i’g}“" \
LR,
R e
AP504 | One-Meter Loop 180 @;’E 585
4?7‘;;1 ik
- A{}{b ,f‘c,fa
AR B
AP511 | Power Supply 140 8% 0
g3y 'i\"?" Pl
W
APS512 | Data System 140 \(/
AP522 | Wave Generator 140
ELECTRO-MECHANICAL 1. 1E 1.4E 1.1E | 5E 4E 3E 7E
EQUIP. 1f 1] 140 4 TBD| TBD|{ 0 | +05 TBD |[Nitrogen -10 -04 +04 +08 a 30 +04 0 -05
AP101 | Remote Sensing Platform "'é,tﬁs
Mount, Computer 5-{{\31‘5 ]
AP202 Contralled _1,4‘ W
- . o T 5ot
AP404 | Dipole Element 330-Meter M U uER
. : . /ﬁhﬁﬁs gﬁog?'f
- AR W13
AP501 | 50-Meter Boom A | ﬁ{gﬁf - RO~
AP502 | Gimbaled Platform \L‘R?
APS503 | 5-Meter Boom
23, NOTES: 24. COMMENTS:
PREPARATION INSTRUCTIONS:
(@ Location Code: 0 = pressurized
1 = unpressurized
(3) odB Ref. = 20 pN/m?
(3 0dBRef. = 1 pV.
(4) 0dBRef. = 1 '.Wm2
SSPD (5-9) 3-15-74 ' DATA SHEET No, . 5-%
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SORTIE PAYLOAD

[N=-FLIGHT EXPERIMENT EQUIPMENT — ENVIRONMENTAL LIMITS

NON-OPERATING

4-65

DATA SHEET No, 5-%¢_pavioap no, AD-06-5

PAYLOAD NAME Atmospheric, Magnetospheric and Plasmas in Space [AMPS) DATESUN 07 1974 REV DATE LTR
Locationt® Max, |§ Max. Temp. 9}} Allowahie [ Radiati EMI LIMITS =i L Primary
A% o ation Magneti
Code Diacoustihcceler- Limits, (K)E |Pressure, (v/m?) . Conducted ReiioTed J:bi:;;lc ghefm?l
; - S ) Conlrol
3 [¢ | Overall] ation 7 H E 10 11 E E E 13 Rate | Total Freq, Range [i7 Freq. Hange |20 @ 0-30 Hz)|  Methodie,,
EQUIPMENT Level T Tac Dose (Hz) Level (Ez) Levet Limit | foreed air
. ) 5 2 16 16 18 19
o | £ ® 2 £ 8 3 Level, ?pld_glar.e,
B |3 Py v aEe tquid loop,
U Inv, |¥ § B ;35 f ¢ ¢ (dBW/ radiation,
o i .
No. Name @ é‘ (dB () Min, | Max, (%% Min. Max, Ulkg-s)) 00/ke) low high  [(dBuwn Iow‘ high m? | (Tesla etc. )
APS07 | 5-Meter Boom 140
33-Meter Electric Dipole -
AP510 Extendable
AP521 | 50-Meter Boom B |
APS23 | Target N/A
AP60] | Barium Canister, 100 gm TBD
Barium Canister,
AP602 | 11 ﬁ,ﬁﬁ/\
Barium Canister, ™ = ’/
APB03 | 10 kg 49% gaou i~
Shaped Charge, =R WEE
[
AP610 | 1kg FIOEY JycER
Shaped Charge, /TESE‘ \]r-g_Ou?
AP611 TR AR 2
5 kg \ w 1Y
Shaped Charge, ¥ \Seleg
AP612 20 ke
Balloon-Spharical
APE20 | Insulated 140
Balloon-Spherical
AP&Z1 Conducting
AP701 | Satellite
Satellite /Pallet Interface
AP711 and Ejection Mechanism
AP305| Short Electric Dipole L ]
23, NOTES:

@

@

PREPARATION INSTRUCTIONS:

Location Code: ¢ = pressurized
1 = unpressurized

OdB Ref. = 20 p/m?.

OdB Ref. = 1 pVv,

0dB Ref. = 1 w/mz

24, COMMENTS:

SSPD (S~9) 3-15-74

DATA SHEET NO, _S-%



99-v

SORTIE PAYLOAD

IN-FLIGHT EXPERIMENT EQUIPMENT — ENVIRONMENTAL LIMITS soge 4-66
NON-OPERATING DATA SHEET NO, =="__PAYLOAD NO,AP-05-8 .
PAYLOAD NAME _Atmospheric, Magnetospheric and Plasmas in Space (AMPS) paTESW 07 1878 ppy paTE LTR
5 9 12 2l JuPrimary
o;:(;ltion‘ Max. [§ Max. Temp. % Al!owahl? Radiation EMI LIMITS - Magnetic T}rx‘ern;l
Code(DlAcoustidAceeter-] Limits, (*K)F |Pressure, (N/m™) Conducted Radiated Field | Contral
3 |4 | Overall] ation |7 3 & o 11 ERERE 14 Freq. Racge |11 (3)| Freq, Range [0 (1Y Mothodle.
: N = Rate Total . y 1{0-30 Hz) Baa
EQUIPMENT Level 2 5 .§ [_% o (Hz) Level {Hz) Level oo | forced air
u i 5 8 15 6 18 19 cold pla
£ @ [ A Level plate,
& = & | 3 58 * 1 liguidloop,
TR ) E [ éi t ' ‘ fh (@Bw/ radiation,
No. Name & g‘ (B (g} Min, | Max. [£%] Min. | Max. U/kg-5)) (/ke) low high {{dBuv){ low lgh m? | (Tesla) ete.)
1 1E 1.4E | L.1E | 5E 4E 3E 7E
ENERGETIC PARTICLES 1 L40 4 233 {33330 105 TBD |Nitrage -10 -04 +04 +08 0 30 +04 0 -05
Kev-MeV Particle .
AP114 Detectar THESE VALUES APPLY TO ALL INSTRUMENTS _i
IN THE GROUP EXCEPT WHERE SHOWN [
AP115 | Total Energy Detector N
PLASMA DEVICES & MASS 1.1E 1.4E i.1E EE 45 3E E
SPECTROMETERS 1{ 1] 140 4 233 Q 105 TED |Nitrogen -10 «04 104 +08 0 30 104 0 =05
Y
/
= 3
(<hY ‘ﬁ;oﬂﬂ ]
it s
78 BY e®t
qb“u ° S
APS14 | Ion Mass Spectrometer .,..:{af:{SE 0;:_0“/‘(
APS515 | Spherical Ion Probe \E//
Cylindrical Ion
APS16 Probe
Flanar Segmented
AP517 Probe
Neutral Mass
APS51B Spectrometer
Triaxial Hemispherical
AP519 Analyzer
23. NOTES: 24. COMMENTS:
PREPARATION INSTRUCTIONS:
(¥ Location Code: © = pressurized
1 = unpressurized
(@ 0dBRef, = 20 pN/m?.
(3) 0dB Ref. = 1 pV.
(1) OdE Ref, = 1 W/m>

SSPD (5-9) 3-15-74 DATA SHEET NO, .f5-2e
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SORTIE PAYLOAD

IK-FLIGHT EXPERIMENT EQUIPMENT — ENVIRONMENTAL LIMITS e g AP -06-8 467
NON-OPERATING - DATA SHEET NO, 227 pAvyLoAD 1, 279078
PAYLOAD NAME _Atmospheric, Magnetospheric and Plasnias in Space (AMPS) DATEJ_UN_LLBH..REV DATE LTI
' Location)™ Max, (6 Max. Temp. [ Alowahle |l — EMI LIMITS 21 T Primary
: : =z 2 Radiatiol ; i b -
Code (Da coustic/acceler- Limits, (*K}|S | Pressure, (5/m”) ° oo Conducted Radiated M?‘_Fni;‘c é‘herm.;.l
] : |4+ | Overall| ation [7 B E fo Tt T % ol ] Freq. Ratge TI7 S—— % ie ontro
FQUIPMENT Level 2 G| Rt o ) CerD | T8 (e ®homa0 ) Methontes.,
N 5 @ Dose f= T Limit | foreed air
-4 @ = 2 0 q EL] 19 cold plate
o | E 2 ¢ E = Level, p '
> lw = o g0 ligrid Loop,
toinv, "8 B & ] radiation,
; EfE e | (anw/ tation,
SO Yame 8] wam | ® | Min|Max. [32] Min | Max, Uhe st GAe) | Tow | Thigh amuw| ftow | e m? | (Testa) [ etcs)
APL2 Flanar Electron Trap
AP705 | Cyl, Elec, Prabe
AP706 | Segruented Planar Trap ’t{{é/\
- S
APY07 | Ton Mass Spectrometer : \551““‘.“
) : Pﬁ“‘hx‘fyﬁo‘fﬂ//
AP708 | Triaxial Hemis, Analyzer [8] E?j,/
?b‘l )
TSI
Aﬁﬁ 'f‘cﬁ
i B
1 199
7
AP30l  |Ion Accelerator
AP303 |Gimbaled Electron Accelerator
MPH ARC Including Condensor
L P304 |pank
23, NOTES: 24. COMMENTS;
PREPARATION INSTRUCTIONS:
Location Code: § = pressurized
1 = unpressurized
(2 odBRef, = 20 pN/m2.
0dB Ref. = 1 pV.
(@ 0dBRef. = 1 W/m?

SSPD (S-9) 3-15-74 DATA SHEET No, =91



89-v

SORTIE PAYLOAD 4-68
IN=-FLIGHT EXPERIMENT EQUIPMENT — ENVIRONMENTAL LIMITS )y

3 2 5-99 payLOAD No, APZ06S
NON-OPERATING DATA SHEET NO, LOAD No, 2P0
PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPAGE {AMFS) - DATEJWN 073974 HEV DATE LTR
ocation]s Max, {® Max. Temp. [% Allowable 1 Radiati EML LIMITS 2  [--Primarv
Code(DfacousticlAcceler=| Limits, ("k}|5 (Pressure, (N/m) . aeiation Conducted Radiated '\[‘;}‘izﬁlc gg::m;l]
3 |4 | Overall| ation [1 8 £ [ 11 T ke 14 Freq, Range |i: (3)| Freg. R 20 nHe
2 3 21" Rate | Total q. Range (ozonz! Methodiep,
EQUIPMENT Level c: 2 A& Dos (Hz) Level (Hz) Lovel O it | Toreed ait
e . R T 16 18 9 Lim
b @ - g ¢ n ! . cold plate,
@ |a g EC Tevel, A
& 4 o g 3 tiquid loop,
L Inv, |2 N ] b QE f f f ¢ (ABW/ radiation,
=] N o B .
Nao. ame 18| wp | ®@ |min|max.)Z®l Min. | dax. Uikg-s)| W/kgh | Clow high |@Buv)| low | high | @3 | (Teslay| €
APBOO | DISPLAYS SYSTEM O] O} 14n 4
R SN S R 1. 0.5E 5.1E iy T :
APEOZ | Experiment TV Display ~7 [ % - 273 |a23 [eBp| +08 [TRD |N/A  [-08 .03z | 30 68 60 | 30 |02 20{1) Vgp-oa
o e ! . 4 - ‘ U.5E b.1E 1B . JEF ]
APELS | Oseillascope 273 [323 8D} 405 |[TBD N/A {-087 p.03Z | 30 |08 66 | 30 0 20(1) | gE-04
0.5E &, 1E i ’ TEF
APBO3 | Spectrum Analyzer 273 |323 TBD| +05 |TBD [n/A -08  P.032 30 08 60 30 04 20V }TBD
s |8 |4 4 [ { 4 4 4 4 4 [} [
APBO4 Multi- Channel Analyzer
AP80S5 Wave Analyzer
APBO6 | Wave Analyzer
APB0S Prequency Counter
5"";7“‘1; ., .;.;-'.._’ D g e :4 : N 2 b L .
IAPE09 | Automatic Display Generator “] -
_&’82.0‘ St.aius' Panel ) - e
i
AP821 ) Special Data Acquisition Panel
AP8i7 | Power Sipply Montter | i e ) el 1L te o 1o :
T _ — 5 T \ j 1 0,58 ‘ 6.1E . | { 4E+ 3B+
APR32- | Time Code Generator = - & . ['5} 7ok -laya |323 {BD| 405 “p TBD N/A -08 0,032 a0 08 60’ ] 30 04 201
0.5E 4.1E LS IE+
APBLO | Camera (35 mm film) TBD |TED [40| +05 | TBD |N/A -08 .02 30 08 60 30 04 20(1)
A 0.5E 6.1E 4E+ 3E+
APB11 | X~¥ Recorder 273 |aze [ofd 405 | TBD [N/ -08  p.oaz 30 08 60 30 04 201}
APB12 Strip Chart Recorder . ) l ! l l l ] | [ l | l l ' l TBD
REPARATION INSTRUCTIONS - NOTES: 2. COMMENTS:
PREPA : S .
@ Location Code: 0 = pressurized 1. Mintmum at 30,000 Hz g7, Provided by Spacelab
1 = unpressurized 2. at40°0¢C
(3 OdB Ref, = 20 p/m?
(3 0dB Ref. = 1 pV.
(3 0dB Ref. = 1 W/m®

SSPD (3-9) 3-15-74 DATA SHEET No, _£-%g
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SORTIE PAYLOAD

IN-FLIGHT EXPERIMENT EQUIPMENT — ENVIRONMENTAL LIMITS DATA SHEET No,_5-%" payi - ‘“,_”6_54»69
PAYLOAD NaME _ ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS)  NON-OPERATING parndUN 07 TEZ.!'EDA'; - “OAD 1O, T
ILocationf> Max, |6 Max, Temp- gh Allowable i - EMI LINITS 3] s Primary ]
Code (1) AcoustioiAcceler- Limits, (KME Prossuce, (N/m” o Radiation Conducted Radiated "I?.f-i'zii'“ gz;i‘:;?i
3 |4 i € | 1 g = : i ange [0
EQUIPMENT ?:,i;z;“ ation |7 8 :5 L i %, ﬁé’ 13 Rate 14 Total Freq‘.H;l)ang;e lbevg ch:.H:{)angL L‘-&ml@(o__m,‘.{z) ?[c,thgfir%g_,
o K 5 g - Dose e o 1 o Limit orlgeu air
= @ & § E & Level, ¢old plate,
¥l= N o 20 tiguidicop,
bolav, 2 . s ok f t P . (dBW/ radiation,
No. Name al& (3B &) | Min. Max, {22 Min, | Max, Urkg-a) W/kg) | tow hlEh [@Bun | low | high | gy | pestay | eten
] o 0-3E F.1L 4EF TE+
AP813 | 8-Channel Recorder 273 [328 gg' +05 TBD N/A ~08 .032 30 08 &0 34 04 201} TRD
| U.SE - 6. IE 4EF 3ET
APB25 | TV Camera 288 | 298 TED| +03 TBD  |N/A -08 D.032 30 0B 60 30 04 20i1} CE-04
o ST B ‘ f A SEN B 0.5E ) 6.1E 4T+ FEH )
APA17 | Tape Recorder Digital _ L . 244 1TBDYAD| +05 [TBD . [N/ - [-08  P.032 | 30 08 60 20 04 20(1) | 2pp
T i : : i . _ 7 U.3E 5.1 iEr JEY ‘ ]
APB14 | Tape Récorder fnalog . 244 |TBDTBD| +05 |TBD N/A  |-08  p.o32z | 30 |es 80 | 30 Joa - f2000) | gpp
T SR D 0.5E 6.1E 4E+ 3E+ .
LPE1a ) Computer SERE 1273|323 {BD| +05 |0 IN/A l-ps  B.ozz | =0 0B 60 | 30 04 20f} {rpp
U BN L N B T 0.58 18 TE : FyoR : IET ) :
LP819. | Keyboard Display Terminal A [E273 (328 95| 405 TBD |[N/A -08 0.032 | 30 08 6(_) 30 04 20 TBD
AP200 Controls System ol 0
v U, oE . 1E dL+ JLT
ALL AP900 EQUIPMENY ITEMS | 0} 0| 140 4 273 {323 T8D| +05 | TBD IN/A -08  p.oaz 30 08 50 30 04 20f1) TED
23, NOTES; 24, COMMENTS:
PREPARATION INSTRUCTIONS: : )
@ Location Code: ¢ = pressurized 1. Minimum at 30,000 Hz Provided by Spacelab,
1 = unpressurized 2. at40° ¢
(@ 0dBRef. = 20 pN/m?.
(3) 0dB Ref. = 1 pv.
0dB Ref, = 1 W/m®

SSPD (5-9) 3-15-74 DATA SHEET NO, _5-%h
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- BORTIE PAYLOAD

=T
) IN=FLIGHT EXPERIMERT EQUIPMENT-ENVIRONMEN TAL LIMITS a 3 : 0
OPERATING DATA SHEET No‘ B-10%payLoAD Mo, _APZ08-8
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS) DATE JUH 713 REV DATE LTR
[Location|* Alnx, |5 Max. Temp. |- Allowable | adiation EMI LIMITS N .- {’rimary
o “ - Magnovel  he .
Cnde@ Acousticjacceler= Limits, (°K)|5 Iressure, {N/m ) . ' Conducted Radiat ;‘:Z(M € éic‘)i::;.‘ld
1 |+ | overall] ation [i 5 E | 1 T 5t b otal Freq. Range |17 (3)| Freq. Range [**  T¥igano iz Method(eg,
EQUIPMERT Level 2 5ig| e | o (1z) Level (hny — flevel SO e ain
~ m ol
s ) £8, B i3 08 1 cold plate
% g ® & 8 g s Tevel | Jiquid loop,
Vdnv, |- N 5 ig ﬁz | ) i f £ wBw/ radiation,
Ko, ame w8 | wWm s3] Min, | Max, {Z®] Min. | Max. Ofkg.s)| U/kg) tow high |(dBuv)| low high w? | (Testay | €tes!
T.1E 3.1E )
OPTICAL SENSORS 1 11120 1.0 0 0 +05 nitrogen | -0B 0.032 58 + 04 j4E 4 08 30 |3F +04 (140 10£-04
W Aisible Documentation @) G2 ' 3
AP109 Cameros 273 (276 &4
i 1.0E 5.1t M @
ELECTRO-CPTICAL SENSORS| 1 1 120 1.0 ] + 05 nitrogen | -08 0.032 SE-+ 04 |4E 0B |30 30 J3E+04 [140
. & £)
AP102 l')‘:ar"\rlnal Incidence Spectrometer, 2:,(3) 2;,£ J . F0E-04
]
AP104 | Fourier SWIR Spectrometer, High 7} : 77 K detector
Resolution __b _B7a (298 coolant
AP105 IR Fourler Spectrometer, 7] {7 4 ¥ detector
Cryogenic 273 ] 298 | coolant
AP104 | IR Radiometer 273 (298
APTO7 | Interferometer, Fabry-Perot T8D |TBD
} B ENCINE
AFP108 | Filter Photometer 73 | 276 10E-04
AP201 | Transmitter/Receiver 252 | 293
(8¢ (@1
AP513 | Alignment TV 273 |2B3 | 95
R @ &
APZ702 | TV System . 73 ) 285 .
UV/Visible - NIR Scanning B T )
1
AR103 Spectrometer 273 p76 30
23, NOTES: ¢, COMMENTS:
PREPARATION INSTRUCTIONS: {1} Assumes oll%wable talerance of X .001 v over T v ronge (6) Assumes LiF optics
(1) Location Code: 0 = pressurized {4 140 dB w/m~ max at 30 Hz, declining linearly to 20 dB w/'m at (7) Assumes 5i optics
1 = unpressurized 30,000 Hz (8) Assumes 5102 optics
@ 0dB Ref. = 20 PNf'rnz. (5) Susceptibility only; emissions as per MIL-5TD-441
(3) OB Rel. = LpV. (3) Assumes =3 V gver 28 V range. (11} At 313 K
(4) odB Rel, = 1,.W/m

SSPD (S~ 10)3-15-74

DATA SHEET NO,

5-19 @



SORTIE PAYLOAD

IN-FLIGHT EXPERIMENT EQUIPMENT-ENVIRONMENTAL LIMITS

4-71

9B pAYLOAD NO, _AP-06-5

) OPERATING DATA SHEET NO, S
PAVLOAD NAME _ATMOSPHERIC, MAGMNETOSPHERIC AND PLASMA IN SPACE {AMPS) DATE!;'”_'?_.‘_;REV DATE LT
i [Location]’ aax. *[v Max. Temp. [t Allowable T Radiation EMI LIMITS ¥ - Triman
i : - - Magne o .
Code (Dl acousticaccater Limits, (19[S |Pressure, (8/m”y o Conducted Radial o ?_gi;’;l 4 (1:2;:';1:111
~ T+ | overall| ation 5 E {iv i T 5am 4 Freq, Range |i7 Freq, Range -4 (7} | Methodler
. . = 2 2| Rate | Total P Leve] A10=30 Hzy  Methodleg,,
EQUIPMENT Level E s e Dose | ”‘T)ﬁ Level - IHZLB‘ v Limit | forced air
¥ @ ° E E 8 : ) Tovel cold plate,
o = NE" 3 238 : ' liquid loop,
T Inv. 5 } g = ) = f f f (dBW/ radiation,
o, Name & §. - () Min, | Max, [5%2] Min. | Max U/kg. s} (T xg) low high |(dBavi{ low high m2 | (Teslay [ b8}
T.0E @ @
MAGNETIC FIELDS 1 120 1.0 |tep | TBD [0 0 + 03 |nitrogen }6.1E-08 [ 0,032 |56+ 04 |46~ 08 |40 30 3E+ 04140
APS06 Search Cail, Trioxial 18D
AP508 Rubidium Magnetometer 1E-09
AP507 Trioxial Fluxgate 2E-10
AP703 Magnetometer, 3-Axis Fluxgate 1E-09
AP704 | Magnetometer, Search Coil i 780
1.1E 2 {4
ELECTRIC FIELDS 11 [ 120 5.5 | 18D |TBD i 0 0 +05 |pitrogen |6.TE-0B8{0.032 |56+ 04 |4E 40840 30 [3E+04]140 TBD
AP710 | E-Field Meter
1.1¢8 {2 4
ELECTROMAGNETIC FIELDS 1|1 120 4.5 TaD | TBD (O 0 + 05 nitrogen }6.16-08 | 0.032 | 5E 404 ] 4E408 30 3E + 04] 140 18D
Transmitter/Coupler {10 kW
APAOT | 0.3 16 2 MHz) '
Transmitter/Coupler (10 kW,
AP402 | 2 to 20 MHz)
AP403 Transmitter/Coupler (1 kW,
0.3 1o 200 kHz)
23. NOTES: 24. COMMENTS:
PREPARATION INSTRUCTIONS: (2) Assumes allowable tolerance of 0.1 v over 10 v range
Location Code: O presgurized
1 unpressurized
(& 0dB Ref. = 20 pN/m2,

14—V

(3) 0dF Ref, LpV.
(4) 0di' Ref, = 1, W/m

2

SSPD {5-10)3-15-74

DATA SHEET NO, 5-10

b



BORTIE PAYLOAD

IN-FLIGHT EXPERIMENT EQUIPMENT-ENVIRONMENTAL LIMITS

4-72

gL-v

OPERATING DATA SHEET NO,.521%° PAYLOAD NO,_AV-08:5
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS TN SPACE {AMPS) pATEUR 07 194 wEv DATE LTR
Locationy® Max. I* Max. Temp. % Allowable )l‘" Radiation EMI LIMITS N . |- Primary
i 2 : . ———Magnele{  |he crm:
Code @ acousticlacceler Limits, ()5 |Pressure, @i/m’y : Conducted Radiavcl :;!2;: Cl é';;;z]"
1l Joverall] ation |- 3 E [ 1 T e 14 Freq., Range |17 Freq. Range )% (37 « Methode,
S 2 5| Rate | Tatal R N evoldAr0-30 Hzy  Methoding,,
EQUIPMENT Tevel ! .3. -3 Dose |- {Hzé Level - (Hzl)h e Limt | foreed air
w 63 : - FEI - I I - Level cold plate,
3 | & S E3 Y diguid loop,
T nv., |5 g & Ry < 0 . (dBw/ radiation,
Ko, Name BlE| @m gy Min, [ Max. 222 Min, | Max. /kg.5)| (I/ke) low high [dBpv)| low high m? | (Teslay | ©tc!
AP709 VLF Receiver
Transponder, Telemetry and
AP712 Ranging
1.1E (4
ELECTRICAL/ELECTRONIC EQ. | 1 [ 1 [ 120 4.5 | TBD |TBD | O 0 05 hitrogen 30 3E4 04| 140 T80
ton Banks, 2-5 kilojoul ] [#4]
A0z | orayge Ben Hototes TBD | TBD |5E+ 04 [4E + 08 | 40
- : @
AP5D4 One-Meter Loop N/A N/A 30 5E+ 04 | 40
2
AP511 Power Supply 6.E-08 | 0.032 [ 30 56, 0440
2)
AP512 Data System 6.1E-08 | 0.032 30 5E + 04 | 40
(2)
AP522 Wave Generator &.1€-08 | 0,032 30 SE + 04 | 40
1.3E 4)
ELECTROMECHANICAL EQUIP. | 1 | 1 120 4.5 TBD | YBD| O 0 05 nitrogen 30 3E-+ 04 | 140
1.93E 3
APION Remate Sensing Platform -04 1 30 5E 4 04 |64 TBD
[#3]
AP202 Mount, Computer~Controlled 4. 16-08 | 0,032 30 SET Q4 140 TBD
AP404 | Dipole Element 330-Meter
23, NOTES: 24, COMMENTS:

@

2

() 0dB Ref, =

PREFPARATION INSTRUCTIONS:

Location Code: 0 = pressurized
I = unpressurized

20 p/m2.

Lpv,

LW/ m

0dB Ref,
0dT Ref, =

il

at 30,000 Hz.

{2} Assumes allowable tolerance of .1 V over 10 V range.
(3) Assumes =3 V over 28 V range. L
{4} 140 dB w/m? max at 30 Hz, declining linexrly to 20 4B w/m

SSPD {S-10)3-15=74

DATA SHEET NO.

S-10 ©



SORTIE PAYLOAD
IN-FLIGHT EXPERIMENT EQUIPMENT-ENVIRONMENTAL LIMITS

4-73

OPERATING DATA SHEET NO, 5-109 payLoaD No,_AP-06-8
PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE pATP 07 181 nrv DATE LR
Location]> Max, ‘¢ Mak. Temp. [ Aliowabie |, ™ ' Radiati EMI LIMITS A T Primary
Code{Thacoustidacceler=| Limits,{*K}|Z |Pressure,{/m7) o mHan Conducted Radiatcd “‘ﬁ’e“fd‘ gl;i{:;fl
5 |+ | Overall] ation [7 5 E [0 i, T Eahe 14 Freq, Range |17 Freq. Range [3°  (qY, ' Mothodfe,
z S 2 ] Rate | Total . 28 e vel)(0-30 Hay Me B
sz e : 5 7Bl g il i | (o i
> w f plate,
ED % @ 25 S 5 3 ) Level, liquid loop,
U Inv, |2 N ™ B t - £ (dBW/ radiation,
NO. Name 5 é (dBy [1:4] Min. { Max. |58 Min, | Max. U/kg.a)) O/ked low high' LdBuwy| low high m?) | (Teslay| eheed
1.93E
AP501 50-Meter Boom A 05 ] 30 SE +04 @ T8D
AP502 | Gimbaled Platf a3k @
imbale atform -06 1 a0 SE+04 [ 40 180
[¢4)
APS03 | 5-Meter Boom 1% 1 30 | SE+04 |40 TeD
) ]
APS07 | 5-Meter Boom LRE 30 |5e404 {40 78D
33-Meter Electric Dipole - 1.93¢ @
APSIO | EeiGble T -06 ! 30 {SE+04 |40 78D
AP521 | 50-Meter Boom B Loiae 1 @
er boom ~06 30 SE+04 [ 40 TBD
1.93€ {2)
AP523 | Target 05 ¥ 30 SE4+04 |40 TBD
1.93E 1 @
AP&O1 Barivm Canister, 100 gm -04 30 SE+04 |40 TBD
. . 1,93E 1 @
AP&02 | Barium Canister, 1 kgm -05 30 SE+04 |40 18D
‘ 1.93E 1 ]
APS03 | Barium Canister, 10 kgm ~05 30 5E404 140 TBD
. 1.93E )
AP&10 Shaped Charge, 1 kgm - =04 ! 30 SE +04 |40 1BD
1.93E (2)
APE11 | Shaped Charge, 5 kgm -6 . 0 |sesoq leo
AP&12 Shaped Charge, 20 kgm 10335 I 30 SE 404 40(2)
- {Z)
AP520 | Balloon - Spherical Insul. T80 Teo 30 SE404 MO )
L%4)
APS21 Balloon - Spherical Conducting [TBD TBD 30 5E +#04 {40
AP505 | Short Electric Dipole
3. NOTES: X 24. COMMENTS:
PREPARATION INSTRUCTIONS: (2} Assumes allowable tolerance of 0.1 Vover 10V range. )
@ Location Code: 0 = pressurized
1 = unppressurized
() 0dB Ref. = 20 WN/m2
(3) UdB Ref, = L.pV.
(4 0dB Ref, = 1,W/m

84—V

55PD (5-10)3-15-74

DATA SHEET NO.

5-10
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SORTIE PAYLOAD
IN-FLIGHT EXPERIMENT EQUIPMENT-ENVIRONMENTAL LIMITS

4-14

DATA SHEET N0, S0 payLoAD no, AP-05-8

OPERATING
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS) pATHIUN 07 191 nEv DATE e
ocationl> Max, ‘|® Max, Temp. f¢ Altowable re Radiation EMI LIMITS Masnetic]  Lrimary
Code (T4 cousticlAcceler Limits, (°K)|;5 |I'ressure, (N/m”) o Conducted Radiated ) ng::ldl gzi:::T[
3 K | Overall] ation |7 ] e Jio 11 F SoplE s Freq. Remge |17 Frea. R T
EQUIPMENT Level 2 g £ 3| Bate | Total (Hz) Lot ) e evei®i0-a0tzy ethode,
= g g5 Dose ; e ‘ Limit | foreed aiv
4 @ - 2 2o s 18 i Level eold fiw,
Bz & e 5 & ' 1guid leo
T & ;_‘f 7l v 2 g l it Ps
nv. 2 = e f t f t (dBW, radialion,
Xo. Name § é- (aB) (2} Min, | Max, |52 Min. | Max. Gfkg.5)] Glg) low high [ dBuwy| low high m? | (Teslay| et
(2
AP701 Satellite &.1E-08 | 0,032 30 S5E 4+ 04 40
AP Satellite/Pallet Interface and 1.93E- 73]
711 Ejection Mechanism 06 1 30 SE+4 04 | 40
, T.0E [7)) @
ENERGETIC PARTICLE L1412 1.0 | TBD|TBD | O] © #05  [nitrogen [6.1E-08 | 0,032 [ 5E + 04 |4 + 08 {40 30 [3E#04 [T40 "|10E-04
AP114 KeV-MeV Particle Detector
AP115 | - Total Energy Detector
PLASMA DEVICES AND MASS L 6.1E-08| 0,032 {2 . )
SPECTROMETERS 1{1] 120 10 Tap 0 0 +05 nitrogen an |3F +04| 140 10E-04
23. NOTES: 4. COMMENTS:
PREPARATION INSTRUCTIONS: :
Location Code: 0 = pressurized
1 = unpressurized
(® odB Ref, = 20 pv/m>2.
(3) O0dB Ref. = L.pV.
() 0dB Ref, = 1.W/m®
S-10 ¢

SSPD (5-10)3-15-74

DATA SHEET NO, —_



Si-v

SORTIE PAYLOAD
MN-FLIGHT EXPERIMENT EQUIPMENT-ENVIRONMENTAL LIMITS

4-75

OPERATING DATA SHEET N0, 5-10f pay1.0ap o, _AP-08-8
PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE paTEIUN 07 1974 REvV pATE LT
ocation’d Max. | Max. Temp. [, Allowahle  [1* Radiation EMI LIMITS i . |- Primary
g M ticf -
’V Code (T acoustidacceler Limits, {"K)l’5 |Pressure,{t/m") ° Conducted Radiated :‘?:fdl ggﬁ:::?l
3[4 | Overall| ation |3 8 g e 11 ER-EE 14 Freq. Range |17 Freqg. Range [3¢ (3.4 I Method(eg,
EQUIPMENT Level 2 3L T Em (Hz) Level {Hz) tevel®) (030 ].{;m forced aie
w e 485 oS¢ T 6 18 19 tent cold plate
o | E @ 2 o B = Level, i ’
&3 n:E S50 liquid loop,
Vodov. |k o i T f i (dBW/ radiation,
Ko, Kame g g‘ {dB) (g} Min, | Max, [S%] Min. | Max. U/ig.a)| Wike) low high [(dBpv)| “low high m? | (Tesla) | €iCe)
AP514 lon Mass Spectrometer TED 30 5E < 04
AP515 |  Spherical lon Probe TBD 30 SE i 04
AP516 | Cylindrical lon Probe TBD 30 S5E+ 04
AP317 | Planar Segmented Probe TBD 30 5E+04
AP51H Neutral Mass Spectrometer 311 1) 5E 3 (14
Triaxial Hemispherical T80
APS19 Analyzer 30 5E « 04
AP520 | Planar Electron Trap T80 30 5E+ 04
AP705 [ Cyl. Elec. Probe 18D 30 564 04
AP706 | Segmented Planar Trap 18D 30 5E + 04
AP7Q7 lon Mass Spectrometer 13n 30 SE+ 04
AP708 | Triaxial Hemis, Analyzer T8D 30 SE+ 04
AP301 Hon Accelerator TBD 30 5E + 04
Gimbaled Electron
AP303 |Accelerator TBD 30 I5E + o4
MFD ARC Inciuding
AP3ID4 |{Condensor Bank TBD 30 SE + 04
3. NOTES: 4. COMMENTS:
PREPARATION INSTRUCTIONS:
Location Code: 0 = pressurized
1 = unpressurized
(@ odB Ref. = 20 u/m2
() 0dB Ref, = L.pV,
() 0dB Ref, = 1.W/m

SSPD (S-10)3-15-T4

DATA SHEET NO,

5-10




9L~V

IN-FLIGHT EXPERIMENT EQUIPMENT-ENVIRONMEN TAT LIAMITS

SORTIE PAYLOAD

4-76

DATA SHEET NO,_S:-10gPAYLOAD KO, AP-06-5

OPERATING
PAYLOAD NAME _ATMOSPHERIC, MAGNETQSPHERIC AND PLASMAS IN SPACE (AMPS) DATEJUN D7 1924 REV DATE LTR
Localion® Max, '[§ Max. | Temp. L | Atlowable ]V Radiati EMI LIMITS o |--Primany
Code@AcouslicAcceler— Limits, (K) % Uressure, (N/m ) ] e Caonducted Radiatd Mi“?:]er;lc (l‘l;ﬂ:‘m?[
2 |4 {Overall| atisn I7 ] £ fio i1 R AE 4 Fregq. Range [0 Freg, Ranse [ 3 e " m(
EQUIPMERT Level 2 = 2 S| Rate Total (Hz) Lev@ gy Lever@h(0-30 lz) 'f“”‘f’d OB
| = & g Dose f=— T = T Limit oreed air
bo @ ; > o g @ ¥ Level cold [ w,
_e]3 £y §58 | o,
U olav, (2 Nam S S0 f £ § { (dBW/ radiation,
No. ame b 6] Wl i Min. | Max, 528 Min. | Max. /kg. )| O/xe) low high {idBuv)| low high m? | (Tesla)| etce)
Spacelab
APB00 | DISPLAYS SYSTEM o| 120 4,5 provided
. g BN 0.5E T TT[B.1E | 4Er T3+ ;
' APB02 [Experiment TV Disp 1323, {TBD) +05 TBD | N/A |-08 0.032 30 08 60 30 04 20{1) | gp-04
- ¥ 1~ 1 fose 6.1E 4E+ 3E+ T
APB1S5 | Oscilloscope - 323 ITBD +05 TED | N/n |-08 0.032} 30 0B 60 30 04 20{1) | 6E-04
0.5E 6.1F 4E+ 2E+
4803 |Spectrum Analyzer 273|323 meO +0s T80 | N/n_ |-08 0,032 30 03 50 a0 04 zo{l} | TED
f J ale 4 [ [ ) a
APB04 |Multi- Channel Analyzer ? ;‘ ) ? 9 ? 1 P
T I : T
APB0S |Wave Analyzer ! L ) !
B i T
AP806 |Wave Analyzer i i i ) ;
i H : - 1
Frequency Counter i . v } , i
-AP80S |Automatic DHsptay Genera : by # = i
APB20 |Btatus Panat .k ke AR .
APB21 i
APR27 {Power Supply Monftor i ) P L I ) 4 ‘
AU b V. |d]ose ] ¥ T ¥ [6aE dE+ . ar+
AP§32 !Time Cods Generator. ‘. Ir  brs i323 lrapl+os D ‘| N/n-l-08 .| o.03230. | o8 Jeo |3 joa zoll)
0.5E 4.1 4E+ 3E+
APB10 |Camera (35 mm fitm) 2D [TBD | 40|+0s TBD | N/A |08 0.02 | 30 8 [0 |30 |os 20(1)
L 5(710 .5E 6.1E 0. 032 4E+ 3E+
AP811 |X-Y Recorder 73 [328 |95 +os D | n/n |08 30 08 60 | 30 04 20(1)
APB12 |Strip Chart Recorder l l l | I | I l l [ I I l l TED
L]
23. NOTES: . COMMENTS:
PREPARATION INSTRUCTIONS:
Location Code: 0 = presserized 1. Minimum at 30,000 Hz
1 = unpressurized 2. at40®cC
(@ 0dBRef. = 20 W/mZ,
0dB Ref. = 1l.pV,
(4) 0dB Ref. = 1.W/m

SSPD(5-10)3-15-74

DATA SHEET NO, _&5=10g



Li~v

SORTIE PAYLOAD

IN-FLIGHT EXPERIMENT EQUIPMENT-ENVIRONMENTAL LIMITS 4-71
OPERATING. DATA SHEET NQ, 5210hpay1,04n No, _AP-06-5
PAYLOAD NAME _ ATMOSPHERIC, MAGNETOSFHERIC AND PLASMAS TN SPACE (AMPS) DATE 8/2%/T4 eV DATE P
lLocation]> Max, | Max. Temp. 9>’ Allowable QI‘E Radiation . EMI LIMITS i’ia S Primary
Gode (Dhacousticlacceler= Limits, *K)|Z [Pressure, (8/m") N Conducted Radiated F‘:’;‘i’;-c ‘I:'he:-m:i\l
3 2 i = = 4 a = ontrol
EQUIPMENT Ouorall) ation 1 f8 ME° ! 3 2 4" Rate [Mrotr | et Faee 7 D Frvg Ranze [ lingongy Methodieg.,
e 7= R EA Dose Level {Hz) Limit forced air
= @ - Eino 13 16 15 ke Level cold plate,
213 ‘g@ G206 ) | e lavid locp,
I nv, |2 ke ¥ { { (dBW/ radiation,
=] @ - T f
Xo. Name 218 wm | ® |Min|dax. B8 Min. | Max Uhg.s) Ulg) | low | ‘high ((amuv)] low | high | m?) | crestar| etee)
: E'(zs’a.s 8.1F ~ 4F+ 3B+
APE13 { B-Channel Recorder 273|328 |9s9+0s TBD | N/A ~08 0.032] 30 0B 60 30 04 20() [1mp
- 0.5 5.1E 4E¥ 3Tv
APB25 | TV Camera jzss 298 [TBOY +05 TBD | N/A -08 0.632{ 30 08 60 30 04 1 200} | ge_pa
. . - il . . N i . .\: 0.5 . 1 S 6.1E " 45’_1 ‘_ N ——— 33_‘_-‘i . I
APE17 | Tape Recorder Digital P44 _|TBD [T'BD +05 TED | N/A -0g 0,032 30 08 60 T tea ] 2080 {meD
IR o . . P 6.1E 1:'“4£+.‘ ol e 3R
AP814 | Tape Recorder Analog < N/n | -08 | 0,032 30 -7-08 "Jgo |30  Joa - | 200) ITED
L R SUECLEE AR P I * NEETR 6,1E S : N YR S )-SR FE
AP818 | Computer RN S SR » L8/n | -08 | o.032l30 ! 6 130 jog |zt |TBD
— ] - T I BN SEa e RO AE - A ARt an - V3BT .|
APB19 | Keyboard Display Terminal ~ Bl | ;.3\}!'& < -08. 0,032 30 108 kS 50, .30 o4 ' f. 201 TBD
AP300 | Controls System . _.j¢fo
‘ 0.5 6.1E 4E+ 3E+
ALL AP300 EQUIPMENT ITEMS “1¢ | 45 P73 @23 (mersos | Ttep |w/a | -os | o.032] 30 o8 __l60_ [30 |oa 20! TED
23. NOTES: ' ' 2. COMMENTS;
PREPARATION INSTRUCTIONS: e
Location Code; 0 = pressurized ). Minimum at 30000 Hz e *%3 Provided by Spacelab.
1 = unpressurized 2' at 400 ‘ ‘
(® ©dBRel. = 20 p/m2 :
OdE Ref. = LkV.
() 0dB Ref. = 1,W/m®

SSPD(S-10)3-15-14 ' DATA SHEET No, 310



8L-V

SORTIE PAYLOAD : a8

IN-FLIGHT CONTAMINATION CONTROL CRITERIA - AP 068
. DATA SHEET NO..3211 pavioap no AR08

PAYLOAD NaMEe _ATMOSPHERIC, MAGNETOSPHERIC AMD PLASMAS IN SPACE [(AMPS) DATE. 6/24/71 __REV DATE LR
LAUNCH * ON-ORBIT  * DESCENT  ~ SPECIAL INMIVIDUAL 18,
& ASCENT QPERATIONS & LANDING INSTRUMENT REQUIRE MENTS
. [+ 5. 5. T [8. qs. ¥ [ie.wpL [1z. pe. 4. s, i L6, 17.
=), 2 NOTES
r a5 o -
arle T « P ?" o 8|8 £ 2 o
EQUIPMENT atleal g2l o|& 8 zeln o @
ES{g & [24Lan] ';B = Y - solg £ ] -
ElE 323 85 5|8 ¢ w|Z 85 & % m v
- T = =) T - i
oile 213 AERIE 3 gﬁ ~ Cls § Bl E = El E | Instrument Ipert Gas Purge 2 % 2 |Contamination Protection Covers ( mv‘d? _elabora_t,tnn
2“0‘635?08 N‘:Hq“{“’uu‘gg"‘:’ ERE on specific require-
B‘E‘Pbga?g.a:iEE*Vg'Egg‘éﬂgp'E‘:_%f CRAC ments wherever
°§§.“33§55232:EE§E¢§_532§E g8 possible)
R . Selsglh s REEn s 218 AR E]s2|EE!E gt € 045
Ko, Name e e AT S L S S P Y R B
Optical Sensers [ ol ojo 0leoe | o]0 INAL O[O |O N/A SO’O‘E) Yes (1)
Electre-COptical Sensors alQ 4] O IN/AIN/A: O 1O MAA Yes (1)
Magnstic Field Sensors N/A|N/A N/A - o
Electric  Field Sensors N/A N/A; N/A Mo
ml
Electranagnetic Field Sensors N/A N/AQ MN/A No
Electricol Elecironic Equipment [ /A |N/A N/A No
1
Electromechanical Equipment N/AIN/A N/A N
Energetic Particle NAATN/A N/A Yes (1)
Plasma Devices ond Moss N/A N/A N/A Yes (1)
Spectinmeters .
Display System oo NfA Rfa Ho
Controls System ! Yyl \ ¥ ' 1 0o Yy R/n BfA Ho
1 TS
PREPARATION INSTRUCTIONS:  *Key: Enter 0 or 1 for ltems 3 through 14 tRef, Fed, Std, No. 205A 'ib'fo';“:f;. tht and stee of Sheet 4
© means required control 18 £ than the value specified, 11Ref, MIL-STD-12464, Table I, nety fn welg
1 means required control i3> than the value specified. VOM = Volatile Condensible Material (2} External to Instrument
** Within 10 km. HVR = Won~Volatile Residue ’

SSPD (S-11) 3-15-74 DATA SHEET No, S-11




6L-V

SORTIE PAYLOAD

ORIENTATION, POINTING & STABILITY REQUIREMENTS s s1p P06 94—?9
PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS) g‘gg m p—— DTTZ‘LO#ED%‘% T
3. . BHUTILE POINTING REQUIREMENT | MOUNT B : ]
cavmEnT ? i o W 2 I
1. 7. ORIENTATION @ Accuracy Stability 2. Accuracy Stability 14, Accuracy Stability ry
Inv, COR TARGET(S) laxis [5- 6.Durg-|1. 8.Dura~| Stability f10. 11.Dyra~(12. 13.Dura-| Stability [15. 15.Dura~|17- 18 Durg—| Stability
No. Name Level Hon | Level tion Rate Level tion | Level tHon Rate Level tHon | Level tion Rate
(eg) | (r) | (deg) | (br) |deg/sec) (s%c) | fur) | 5%0) | @) |edessecy) 6501 | hry b (6Ge) | ) f(smeseccy
AP100 {REMOTE SENSING %, Y
__|PLATFORM SYSTEM z
AP101 |Platiorm, Remote Sensing LYl 1.0 0,5 .ot 0,5 | o1 0.05¢-0.5 2 4,5 0,2
z 0,057 0.5 2 0.5 0.2
AP102 |Spectrometer, XUV XY NiA | N/jA N/A N/a | 0,05} 0.5 2 0.5 0.2
Nomina) Incidanre Z R
AFP103 |Spectrometer, UV-Vis, -NIR XY \
Scauning Z i
AP104 |Spectrometer, High Resolu- X, Y [
tion Fourler SWIR Z
APL05 |Spectrometer, Cryogenic IR XY
Fourier z
]
AP106 |Radiometer, IR xé"
API107 |Interferometer, Fabry-Perot xéy
API108 | Photometer, Filter X.¥
{Narrow Band) Z )
AP109 | Camera, UV-Visible XY
Documentation Z
AP114 |Detector, keV-MeV XY
: Particle Z 1 Y r
AP115 |Detector, Total Energy XY 1,0 0.5 Lo] o.s 0,1 N/A | n/A N/A | 0.5 N/A [ 0.05 { 0.5 F 0.5 0.2
z
X, Y
3
X, ¥
Z
XY
3
XY
3
XY
Z
XY
3
X.Y
z
PREPARATION NOTES: 20, GENERAL COMMENTS:
@ Axla Reference: Itel;: 3:?& Ugeishu%tsigoéginﬁ%em Y are mutuall rpeadicular to Z, Requirements shown apply to X, Y, and Z axes. .
@ Pointing Requ_]_red at Inner Gimbal, Y perpen {1) These are accuracles provided to sensors by the payload-supplied gimbal system . J@

8SPD (5-12) 4-16-74

DATA SHEET No, S-12%



08-v

BORTIE PAYLOAD
ORIENTATION, POINTING & STABILITY REQUIRE MENTS

PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS)} .

4-80

b =
DATA SHEET N0, 5212 _®ayLoaD no, _ AP06-S
DATE_UN 24 19°4REy pATE /30771 Ltm_ & _

EQUIPMENT

Inv,
No,

Namge

3.

ORIENTATION
OR TARGETY(S)

4.

SHUTTLE POINTING REQUIREMENT

MOUNT POINTING REQUBEMENT@
&

FINAL INTERNAL INSTRUMENRT
POINTING CAPABILITY ®

Accuracy

Stability

9 Accuracy

5,

Level
{dey

6.Dura=-
tion

_(or)

-

Stability

8, Dura-| Stability 0. 11.Dura-

Level tion Rate Level tHaon
fdeg) | (br) [(deg/sec)] (5CT) {hr)

iz, 13, Dura-|
Level tion

{gec) | )

14,

Stability
Rate

(set/aec)

Agcuracy Stability 19,

15, 1. Dura-(17. L&, Dura- Stability
Level tion | Level tion Rate

(sec) | (hr) (sec) (hr)  |(g8e/se0)

AP200

LIDAR SYSTEM

APZ01

Transmitter /Receiver,
Liday

1.0

0.5

1.0 0.5 0.1 N/A | N/A

N/A|[ 0.5

N/A

180 0.5 TBD, 4.5 TBD

APZO2

Mount, Lidar Computer
Centrolled

1800] 0.5

TRD

N/A | N/a N/A | N/a N/A

X, ¥

XY

X,Y

X, ¥

X, ¥

XY

XY

XY

XY

XY

Xy

PREPARA TION NOTES:
@ Axis Reference; Items 5-

Use Shuttle Coordinate Axes,

B
Ttoms 9-—1%. Z Is linc—of-sight axis; X and ¥ are mutually perpendicular to Z.

@ Pointing Required at Inner Gimbal,

20. GENERAL COMMENTS:

Reqguirerments shown apply to X, Y, and Z axes.

(1) These are accuracies provided to the sensors by the payload-supplied mount. 1G]

S5PD (8-12) 4-16-74

DATA SHEET Mo, 5-12 b



18-V

BORTIE PAY1OAD
ORIENTATION, POINTING & STABILITY REQUIREMENTS

PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SPACE (AMPS)

4-81

DATA SHEET No, 5= 512" payroan no, APUES

DATEJUN 28 197 o

LTR

EQUIPMENT

a.

lov.
No,

Name

ORIENTATION
OR TARGET{S}

4,

©)

|Axis

SHUTTLE POINTING REQUIREMENT

MOUNT POINTING REQUIREMENT @

FINAL INTERNAL INSTRUMENT
POINTING CAPABILITY

Accuracy

Stabilty

9.

Aceuracy

Stabllity |13

5.

Level
{dem)

6.Dura~|7.

tHon

fhr)

8.Dura~| Stability

Level tion Rate
(deg) (br} [(deg/sec)

1G, 11.Dura-
Level tion

{set) (hr)

12. 13, Dura-|
Level tHon

Stabllity
Rate

(seey | ) esEe/mec)

Accuracy

Stability

14,

15,
Level

(sTe)

16, Dura-117,
tion Level

(hr) (

gec)

i8. Dura-
tion

(br)

Stability
Rate
{sec/sec)

FOR SYSTEM

AP300 GIMBALED ACCELERATOR

X, ¥

Z

AP301 Accelerator, Ion

%Y

1.0

0,1

0.1 0,

1 0.1

N/A | N/A

N/A | N/A

N7A

3600

360

360

zZ

AP302 Storage Banks,
Z-5 kilojoules HV

X, Y

NJA

N/A

N/A

NSA

N/A

Z

Gimbaled

AP303 Accelerator, Electron,

XY

3600

0,1

360

Z

3160

AP304 MPD-ARC with
Condensor Banks

N/A

MNSA

N/A

N/A

N/A

N/A

AP305 | Gimbal Syst,, Acceler
lon/Electron

ator,

TED | TBD

TBD|{ TBD

TBD

WA

N/A

NSA

N/A

N/A

PREPARATION NOTES;
() Axis Reference: Items 5-8
Items 9-—1&

Use Shuttle Coordinate Axes.

Z is line-of-sight axis; X and Y are mutually perpendicular to Z,
() Pointing Required at Iner Gimbal,

20. GENERAL COMMENTS:

Requirements shown apply to X, ¥, and 2 axes,

SSPD (5-12) 4-16~74

DATA SHEET Np, S-32 ¢



é8-v

BORTIE PAYLOAD
ORIENTATION, POINTING & STABILITY REQUIREMENTS

PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA 1IN SPACE {AMI'S)

d
DATA SHEET No, 3712 _p
nATEJN 24 1974 REV DATE LTR

4-82
AYLOAD ¥O, APO6S

EQUIPMENT

Inv.
No.

Name

EN

ORIENTATION
OR TARGET{S)

1.

SHUTTLE POINTING REQUIREMENT

Accurac?f i

MOUNT POINTING REQUEREMENT @

FINAL INTERNAL INSTRUMENT

POINTI

NG CAPABILITY

T Stabiity

L]

bl

Level
{dexy

g Dura-{7
tion

{hr)

Level
{deg)

8. Dura-
tina

¢(hr)

Accuracy

Stability

14,

Slability f10.
Rate Level

{deg/sec)| (sEe)

11.Dura-
tion
(hr)

12,
Lavel
(sce)

13, Duira -
tion
(br}

Accuracy

Stability D,

Stability
Rate

(stt/sec)

15,
Level
{stt)

16.Durp—
tion
(b}

1%, 15. Dura~| Stabllity
Level tion Rate

(sec) hr)  [(gee/sec)

AP100

TRANSMITTER COUPLER
SYSTEM

AP40]

1':ansmitter/¢0upler {10 kW,
0,2 - 2,0 MHz)

0.1

N/A

N/a

N/a

N/A

3OE+04

3600 0.1 | 360

AP402

Transmitter /Coupler {10 kW,
2.0 - 20,0 hMH2}

AP403

Transmiiter /Coupler (1 kW,
0,3 - 200 kHz)

3 6F404

3. 55+04

AP404

Dipole Element,
330 -Meter

10

0,1 NlA

N/A

N/A

MNIA

N/A

3.55+03

X, ¥

PREPARATION NOTES:
(1) Axls Reference: %tems 5~

Use Shuttle Coordinate Axes.

20, GENERAI, COMMENTS!

g
ters 9-16, 7 is lne-of-sight axis; X and ¥ are mutually perpendicular lo Z.

@ Pointing Required ai Tnner Gimbal,

Requirements shown apply to X, Y, and Z axes,

SSPD (5-12) 4-16-74

DATA SHEET Ko, S-12d



£8-v

BORTIE PAYLOAD
ORIENTATION, POINTING & STABILITY REQUIRE MENTS

PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SPACE {AMPS)

4-83

DATA SHEET NQ, 712 pAvy.0aD NO,_APO6S

DATEJUWN 4 g oy paTe

LTR
\ - 3. 1. SHUTTLE POINTING REQUIREMENT MOUNT POINTING REQUD!EMENT@ FINAL INTERNAL INSTRUMENT
EQUIPMEKT _ POINTING CAPARILITY
i z. ORIENTATION @ Accuracy Stability 9. Accuracy Stability 14, Accuracy Stability o
nv. OR TARGETY{S) Axis > 6, ura-— (1. 8.Dura—| Stabilityf10. 11.Dura~ 13.Dura-| Stability [15. 1. Dura=|11. 18, Dara—| Stability
Name Level tion | Lewvel ton Rate Level tHon | Level tion Rate Level tion | Level tion Rate
No, il pid il i
{der) (hry ¢ {deg) tr) [(deg/sec)| (sec) thr) (sec) (hr}  isee/secy] (888) | (hr) {sec} (hr)  [(see/sec)
AP500 |BOOM SYSTEM X, Y
Z
AP501 [Boom, 50-Meter XY 0.5 0.5 0.1 0.5 0.1 TED| TBD TBD| TBD| TBD |[N/A N{A N/AT N/A N/A
Z
AP502 |Platform, Gimbaled X, Y
. Z
AP503 [Boom, S5-Meter xé" TBD}| TBD IB8D| TBD| TBD |N/A Nfa N/A| N/A N/A
AP504 |Loop Antenna, One Meter XY N/AL N/A N/A| N/A | N/A {1800 9.5 360 0.5 360
. Z
APS05 |Dipole, Short Electric X,Y
z 1 1
AP506 |Search Coil, Triaxial XY N/A | N/A N/A| N/A | Nfa |1800 0.5 360 0.5 360
Z
AP507 |Boom, 5-Meter XYy TBD| TBD TBD} TBD| ThRD [N/A N7A N/A| N/A NTA
: Z
AP50B Magnetorneter, Rubidium XY N/A | N/a N/A|] N/fA | N/a [1800 0.5 360 4.5 360
z
APS50% |Fluxgate, Triaxial X, Y
z
AP510 |Electric Dipole, 33-Meter XY 1800 D, 5 360 0.5 360
Extendable Z 1
APS11 | Power Supply XY N/A | N/A N/A] N/A ] N/A InN/A N/A N/A] N/a N/A
Z .
AP512 |Data System X, ¥ N/A| N/A N/A| N/A | NJA [N/A N/A N/A| NJA NTA
A
AP513 [Television, Alignment X, ¥ 1800 0.5 160 0.5 360
Z
AP514 [Spectrometer, Ion Mass XY
Z
AP515 |Probe, Spherical x5Y
Z
APS16 | Probe, Cylindrical Ion XY
Z
AP5]7 |Probe, Planar Segmented XY
z \ A
APE18 |Spectrometer, Neutral Mass XY 0,5 0.5 0,1 0.5 0,1 NiA N/A N/A NfiA N/A 1300 0,5 360 0.5 360
Z
PREPARATION NOTES: 20. GENERAL COMMENTS:
‘ (@) Axds Reference: liems 5-8, Use Shuttle Coordinate Axes. ’
Items 9-15, Z is line~of-sight axis; X and Y arc mutually perpendicular to 2. Requirements shown apply to X, Y, and Z axes,
@ Pointing Required at Inner Gimbal,

SSPD (S-12) 4-16-74

DATA SHEET No, S-12°



ORIENTATION, POINTING & STABILITY REQUIREMENTS

SORTIE PAYLOAD

PAYLOAD NAME ATMOSPHERIC, MAGNETOSPHERIC AND PLASMA IN SPACE {AMPS)

e 21 o

EQUIPMENT

Name

[EN

ORIENTATION
OR TARGET(S)

@

IAxis

TEAUTTLE POINTING REQUIREMENT

DATA SHEET N0, 51 pavioan xo,

4-8¢
APORS

DATE SN SA L REV DATE . LTRo_

MOUNT PODNTING RLQUIMEMENT Gy [ F

INAL INTERNAL IXSTRLMENT
PO[\"I‘!;I\‘(" CAPARILOTY

Accuracy

Sability

Ta, Accuracy

3,
Level
(deg)

6. Dura-
jlon
{hr}

Level
(deg)

7. ]S.Dura:
iion

(hr}

Stability

Stability [10.
Rate Level

11, Dura-{12.
tion

{br}

Level
{s?c)

13, Dura-
tion
(hr)

14,
Stability {35,
Rate Level

(see/sec)| (508}

Accuran_,

B nhl\

TieDura— - . Dura
tion Level t tion
(ar)  (geD) (hr}

Stability
Rate

(scc/see)

APS19

Analyzer, Triaxial
Hemispherical

0,5

Q.5

0.1

9.5 : NiA

(dep/sec)] (St}
0.1 N/A

N/A

N/A

NfA 1800

0.5 360 360

APS520

Electron Trap, Plasma

N/A

N/A

N/A

NSA 15800

AP521

Poom B, 50-Meter

IED.

TaD

TRED

IBD [ N/A

IN/A

APS522

Wave Gensrator

N/A

N/A

N{A

N/a | N/A

APS23

Target{s)

1800

AP524

Light Source, Artificial

A

N/A

1800

PREPARATION NOTES:
@ Axis Reference:

Items 5-8

@ Polating Required at Inner G].mba.l

Use Shuttle Coordinate Axes.
Items 9~ 15 7 is line~of-gight axis; X and Y are mutually perpendicdar to Z,

20. GENERAL COMMENTS;

Requirements shown apply to X, Y, and Z axes,

SSPD (5-12) 4-16-74

DATA SHEX T Ng, 812
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BORTIE PAYLOAD

ORIENTATION, POINTING & STABILITY REQUIREMENTS
PAYLOAD NAME ATMOSPHERIC, MAGNETGSPHERIC AND PLASMA IN SPACE {(AMPS)

DATA SHEET NO.
DATE JUN 24 A

- i . APO6S
S-198 payLOAD KO,

~REV DATE

LTR

EQUIFMENT

Name

3.

ORIENTATION
OR TARGET(S)

EN

@

Axis

SHUTTLFE. POINTING REQUIREMENT

MOUNT POINTING RE QUIREMENT@

FINAL [NTERNAL INSTRUMENT

POINTING CAPABILITY

]

Accuracy | Stability

Aceuracy

Stability

5. s Drura—| 7. 8.Dura~| Stabiltty
Level tton Level tion Rate

_(deg) (br) | (deg) (br)  |(deg/sec

10,
Level
{s¢)

1).Dura-
tion

(hr)

1z,

Level
(s’é'c)

13.Dura-|
tion
(hr)

14.

Stability
Rate

(set/sec)

Accuracy

Stability

15.
Levet
(set)

16, Dura~
ticn
(hr)

17.
Level
(ser)

1. Dura=-
tion
(hr)

15,

Siability
Rate

(see/sce)

DEFLOYAEBLE UNITS
SYSTEM

]

Canister, Barium (100 gm)}

1.0 9.1 0.1 0.1 0,1

N/A

N/A

N/A

N/A

N/A

3600

360

360

Canister, Barium (I kg)

APAGD]

Canister, Barium (10 kg)

AFP610

Charge, Shaped (1l kg)

AP6&11

Charge, Shaped (5 kgl

AP6&12

Charga, Shaped {20 kg)

AP620

Balloon, Spherical Insulated

AP621

Balloon, Spherical Conducting

N/A

N/A

N/A

N/A

N/A

3600

0.1

360

360

X, ¥

X, ¥

XY

Xx,¥

XY

%Y

XY

PREFARATION NOTES:
@ Axis Reference: Items 5-8, Use Shuttle Coordinate Axes,
Items 9-16, Z is line-of-sight axis: X and Y are mutually perpendicular to 2,

(2) Polating Required at Inner Glrnbal,

20, GENERAL COMMENTS:
Requirements shown apply to X, Y, and 7 axes.

SSFD (5-12) 4-16-74

DATA SHEET NO, 52128



. BORTIE PAYLOAD , 4-86

ORIENTATION, POINTING & STABILITY REQUIRE MENTS S-12h APO6S
DATA SHEET NO,.271% PAYLOAD NO,
PAYLOAD NaMg ATMOSPHFRIC, MAGNETOSPHERIC AND PLASMA IN SPACE (AMPS) DATEUN 21 154 pos paTe .
[ T 3 1, SHUTTLE POINTING REQUIREMENT MOURT POINTING REQUIRLMENT (3) FINAL INTERNAL INSIRLMENT
EQUIPMENT _ _ . POINTING CAPARILITY
T ]2_ ORIENTATION @ ! Accuracy Stability EN Aceuracy [ SPabih‘ty i, Accuracy Stability HED
Inv. OR TARGET(S)  pAxis [ 6.Dura~ (7. §.Dura-: Stability 16, 11.Dura-{12. 11, Dura-] Stability §i5. 16, Dura- |17 15, Dura-] Stability
No. Name Level tion | Level tion Rate Level tien | Level tion Rate Level tion | Level tion Rale -
e fdeg) § (wy | {degy | (ar} hdemfsecy) (578 | () | iSew) | ) i(sGusseq)! (558) | (hmy | (Sed | (br) |(sEeisec)
APT00 [SUBSATELLITE SYSTEM X,Y I ]
5 - |
AP0l |Satellite XY o5 ] 0.1 | 0.1 [ 8.1 0.t |m/a /A N/A | NfA I N7A {1800 | o1 360 1 0.1 369 " |
e PR N | . I»
APY70Z |Television System X, | .
7 N | T
AP703 |Magneotometar, 3-Axis ‘ £ 1 . - T B
Fluxgate Z 1 ] | ,;i i
APT04 [Magnetometer, Search Coil XY R ! b T 1
i 2] B N l g [
AP705 |Probe, Eloctric Gylinder X, Y 1 li [ ! ]
B — - — -4
APT706 |Planar Trap, Segmented X, ¥ | J[ N
7
APT707 |Spectrometer, lon Mass X,y | - i N 7 i A B
Z .
APTOB |Analyzer, Triaxial XY IR O T N AU DS N
Hemispherical Z . . RN U A N
APT09 [Receiver, VLF XY J _ __.l,;,f- S W (
H Z_J N ] 1 ¥ r — 1
APTIO |Meter, E-Field XY | N/A_INfa NIA__|NJIA Nia _l1spa. | 0.1 60 | 0.1 360 |
; Z _
AP7ll {Ejection Mzchanism and X,¥ T IBD |T8p | TBD [TBD | 1BD _|N/A N/A N/A] MN/A ] WA |
Interface, Satellite/Pallet Z R ¥ I
APTL2 [Transponder, Telornetry and XYl 0.5 o1 2. 0.1 0,1 MAA I NJA MiA__|N/A N/A _ [1800 0,1 _350 0.1 369
Ranging Z L N
XY T
z J
XY - ) T
. —
XY | — ]
: -
X, Y ]
z N —r———.
XY
Z — e e -
X, Y ] T
z {
PREPARATION NOTES: 20, GENERAL COMMENTS:
Axis Reference: Items 5-8, Use Shuttle Coordinate Axes. 3 . '
@ Items 8-16, Z is line-of-~sight axis; X and Y are mutuslly perpendicular io Z. Requirements shown apply to X, Y, and Z axes.
(® Poluting Required at Inner Gimbal,

SSPD (S-12) 4-16-74 DATA SHEET No, S-12h
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BORTIE PAYLOAD
FLIGHT OPERATIONS 4-81

DATA SHEET N0,3213 _ pavioap noAP-06-8
PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHERIC & PLASMAS IN SPACE (AMPS) DATE‘M& REV DATE T

MISSION TIME, DAYS —
FLIGHT OPERATION

Phase

[} 1 :
No. Description 2 3 4 5 8 7
1. Lift-off .Y
2. | Ascent & Operational Preparation s |

3. On-Orbit Experiment Operations

Nao. Title .
XAPAIY [ Wave Characteristics =a
XAP420 | Wave Particle Interactions P
XAP430 | Wake and Shaath Experiments ol ﬁ

XAP440 | Propulsion and Devices
XAP450 | Global Emission Survey
XAP440 | Enerpetic Particle Stabliity

XAP470 | Magnetospheric Topology

XAPAS0 | Plosma Dynamics

Repeated Experiments

4. Mission Termination & Descent

S Land{ng

PREPARATION INSTRUCTIONS: COMMENTS:
. FARFARFAY . .
1, For mission duration other than 7 days, change to appropriate time scale, D,M_ R =Deploy, Mancuver and retrieve Subsatellite

= Goncurrent ground-based observations required,

SSPD (S-13) 3-15-T4 DATA SHEET NO, 8-13_
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SORTIE PAYLOAD 4-68
EXPERIMENT OPERATIONAL CYCLE

) DATA SHEET NO. 5714 payioap No, _AV-06-5
PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS) DT D] o) —

REPETITIVE CYCLE TYPICAL TARGET (&) |'®

? ¢ ? NE Hepetition Rate OBSERVATION SEQUEKNCE Notes
. . i 1 1 R . . 1a 15 I} 11
EXPERIMENT INITIAL SETUP Shute No. of TERMINATION Latitude Include viewing
Setup &{Expt. or| down & [ Data | Total] ¥e, of C":les Target or Rt, |Fongitude| Dur, conetraints, sun
r . . .
Deploy | Observ, [Retrieve {Eval,|Cvele | Cycles/ - l’jay Type Ascen. |or Declin,| Per inclination angle
1 E 3 a Time } Dur, Time [Time|Time| Per [, .7 (1% 1a Code |[deg/min| (deg/min [ Observ] reqmis, special
Y : Function Time! Mission i Time . X
No. Title ¢hry | {hr (hry 1 (hp) ihry | thn Day &) Funetion (hr) @ | /fsewr Jsee) {hr) slewing, ete,
lAlign antenna j
XAP410 Wave Characteristics Position boams 0,6 MN/fA 2,4 0.1 0,51 3,0 | N/A 1 See Comment 3 N/A . |N/A NiA MN/A
Activate systems ; ]
XAP420| Wave -Particle Interactions  [IER Subsatellite o o yyp | 3.7 ¢ 0.1 | 15|53 |w/a I |See Corument 3 o See Cofrment 1

nflate target

%AP430| Wake and Sheath Experiments F2lign boom 4.0 Nfa | 2.0 .o |o.s!3,5 | M/a i Sec Comment 3 o Sec Cot

Calibrate instman's| piment 1

P410| Propulsion and Devi peploy subsatls | 4 s | 2Lo Lo |1
XaP4a ropulsion and Devices Deploy bootn FRY . . L0 4.0 | NJA 1 See Comment 3 o] See Cognment 1

] Pctivate systems|

XAP450 Global Emission Survey Deploy subsat's (1L, ¢ 0.1 5.1 0.1 4.6 | 9.9 [ N/fA &

rient amd calib,

. . X . FPosition subsat. - l_]

XAP460| Energetic Particle Stability Aliﬁn accelerator] 1.3 0,5 1,5 0.1 1,0} 3.1 | NJA [ See Cominent 3 Q Sea Cothment 1
AN

Antennasg

See Comment 3 E See Copituient 2

XAP4T0| Magnetospheric Topology Pasition sub- Lo o5 0,5 0.1 0.5 11,61 N/A

satellite See Comment 3 [ Sce Copiment 1

v

. ign b
XAP480| Plasma Dynamics Q‘};E%uy}%ﬁ%ba 0.7 0.1 | Lo 0.1 |o.5] 1.7 |nsa 12 Sce Comment 3 o See Coshment I
satellites -

PREPARATION INSTRUCTIONS: e

COMMENTS: ({Inclede statements of sinultaneous operation requirements,
([y Mission duration N =__7_ days.

predecessor/successor relationships, ecte.):
(1) XaP<20, 430, 440, 460, 470, 480 reguire observation of vicinity of subsateliite,
baxium release, etc,

(® Speclfy a typical 4 to 8 orbit sequence.
@ Target Type Code:

E = Earth; loc:lti(_m is given in ]at.itudc & 10“‘5’:““"“- . +{2) XAP450 observes earth limb and high latitude areas,
§ = Stellar; location is given in vight ascension and declination, . . R .. .
O = Other (Specify i ftorm 191, {3) Termination requires 4 hours at end of mission for all devices.

S5PD (5-14) 3-15-74 DATA SHEET NO, 54



BORTIE PAYLOAD
PAYLOAD OPERATIONAL TIME LINE 4-83

N N 5-15 o AP -0G-8
ATMOSPHERIC, MAGNETOSPHERIC, AND PLASMAS IN SPACE(aMps) MISSION DAY NO. _2 DATA SHEET 4o, 8150 PAYLOAD NOAZZISS

PAYLOAD NAME DATEJ__—_REV DATE LIR

Time, hours ————pyom 1} 1 2 3 4 5
No. | Title |

XAP430 ) Woke & Sheath Experiments

Mogp area in woke o L ST |

Rearient boll ond boem - ; ) L 1

Record variotions with sep, — !

Cleanup, prepare next experiment

i 8 9 10 11 12 13 14 15 16 1T 18 2¢ 21 22 . 23 24

=i

—
T o=

-t

XAP440 | Propulsion and Devices

Deploy subsatallites

Deploy diagnostic boom ]

Boom mecsurements _pm— ._ﬁ |

Operate or¢ = 10 kev, 1A [

Operate arc = 20 kev, 1A |-
rate arc = 30 kev, 1A - -

Operate arc - 10 kev, 5A -

Cperate arc ~ 20 kev, 5A -

Cleanup, prepore next experiment

Experiments

Continuad " t-5m 15k

T |

|  See Sheet 5-15b . - :

Skilla Role/Field

68~V

AC

Power Profile
L]
(at payload/Spacelab

interfacc) DC
, See Sheet S-15b

O

Time=Dependent Functlona
.

!
' %
Data Profile? ]
See Sheot 5-15b

(at payload/Spacelab
interface)

A ] —

T ] 1
SSPD (8-15) 3-15-74 tindicate Real Time date downlink transmission using double-width lne and flag with "RT™, DATA SHEET Np, S-159
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REPR

@)

ORpq le Uergy, Liry
OOp

BORTIE PAYLOAD 4-90
FAYLOAD OPERATIONAL TIMELINE DATA SHEET No, S<15b o AP-05-S
AGNETOSPHERIC, AND PLASMAS IN SPA MISION DAY KO, __ 2 N S iy OAT MO e
PAYLOAD NAME TMOSPHERIC, MAGNETOSPHERIC, CL (AMPs) DATEJMN 24 %2 ey pATE LTR
i e T R e TR S R I = s S e e L L R R R T e i 2.7 b T G - LT e T e e A T T LT Saan S VRIS P ni o e 9L W b s i C = = s ooy, .
Time, hours  —————frm 0 1 3 4 6 1 8 W11 12 13 14 15 1 17 18 19 70 2 r3 23 24
Yo, Title _,_{.,,_.- T i T 1 ! U A N N
XAP45D | Glohal Emission Survey O T o T P T e T R T P

| — — Activole equipment : :
Deploy subsatellite to test area
Sat scan rate of instruments

et

Colibrate instruments .
Qrient remote. seasing plotfem. —
Collect data in occull mode

Bxporiments

.

—— e — e e e L

.
b .
wq o+ ECIS Ty Sy s e e T
i | Tech/Phys, Plasnia, Purt-Flds N [
: e
2 N .
2
=
@ -
L. N ‘ S SN S S I
Power Profile e e s, S e o A e &
g {&W) {220 W)
‘E: (at payload/Spacelah . ey : T
& interface) pC g —(824-pH — - s o B —
;:;" [SOU V)
E X=7 I L .
g‘ ey, ~ e ' R P N B " N '_;
%’ p 3 JL_} N N : L Tq
WEOX o | 1YV & 1  “"i" "/ T i
g Data Profiet 3 =
[-." 4 R [YYPYFIN ) Al e r " PRIV »
{at payload/Spacelab A P —— T
interface) MH2z 3 S I

SSPD {S~15) 3-15-74 tIndicate Resl Time data downlink transmission using deuble-width line and flag with TR, DATA SHEET NO, 537
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SORTIE PAYLOAD

PAYLOAD PERSONNEL SKILLS & EVA/IVA REQUIREMENTS
PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHE BIG AN PLASMAS IN SRACE [AMPS)

DATASITETP

S-16

4-91

PAYLOAD No, _ATZ06-5

REV DATE LTR
2. SKILL TYPES P/L. Personne| Time| PLANNED EVA AND IVA REQUIREMENTS |13, 14,
EXPERIMENT 4. 8. 7. ls. = ]s. |10, ”y " ct?[r:
tions Role Bcientific or Hrs/ Hrs/ |ret Hm) E Dura— Fz;aq gency Notes
- Technieal Run/ | Day/ Missiond or Taska tion EVAY
- No. |2 Title Field skill [skul | skl {1t (hr) ess
XAP410; Wave Characteristics Experirnent operations None
hcaPi20| Wave Particle Interaction Experiment operations Mane
IXAP430| Wake and Sheath Experiments]| Experiment operations None
i Physic¢s, FPlastnas, nfAl 12 78
XAP440( Propulsion and Devices Experiment operations Experimenter  Iparticles and Field : None
[Physics, Plasmas, .
PEAP450| Global Emission Survey Experiment operationg ? Investigator Particles and Fieldh N/A[ 12 78 None
Ernerpettc Fardcls hysice, Plasmas,
PLAP460] Stability Experiment operations Technician Particles and Fields N/A| 24 156 Nome
KAP470| Magnetospheric Topology Experiment operations None
XaP480 Plasma Dynamics Experiment operations |
15, Total skill hours per day (T Col. ) = 8 ___hr
PREPARATION INSTRUCTIONS: 16. Total skill hours per mission (& Col, 8) = _312 ~  hr

* Bazed on mlgsion duration (N) =_7 ' days, 17, No, of planned EVAs per mission= 0
tE = EVA, 1 = IVA 18. Average duration per EVA = br
SSPD (5-16) 3-15-74 DATA SHEET No, §-18
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BORTIE PAYLOAD
PAYLOAD MIS3[ON CONSUMAPBLES

DATA SHEET No, 5217

4-92

{ON-BOAHD) 2T N PAYLOAD NO, ALQG-R
PATLOAD RAME _Atmespheric, Magnetospheric and Plagimas in Space [AMPS) pATE 0% 138 pyy DATE . LTR
J USE, RATE STOHRAGE REQUIREMENT 11 Portion of |iv
EX PE RIMENT F VL. per Wt T Method, e.g., comprossed = 5 inltially S'iorCﬂ
L E - - . per|’ s E1Bey B & N . Y Weight |V Weight) consumables
o Tgpi or Opera- Wt, per K Day |gas eylinders, storage lock [ Provided at atg not returned Notea
e 5 ONSUMABLE tion | DAy  IMission |ers, liuid vessel, selfcont-|by E 0T ITaunch |randing {to Farth
0. Tiele ) | G fkg) |atned(in exp. equip) etc, s' {kg) {kg} {kg)
XAP4L2 0l Wave Particle Interaction Film 2,27 2.27 j 2,27 Film Magazine E 2,27 2.27 Q
XAP450] Global Emission Survey Film 13,62 5.45 | 13,62 | Film Magazine E 13,62 13,62 ]
{AP104, 103, and 106] LNz TBD TBD | 30 Dewar E 30 0 30
XAP460{ Energetic Particle Stability Film 9,08 9.08 | 9.08 Film Magazine E 9. 0B 9. 08 a
XAP470] Magnetospheric Topology Film 4, 54 4,53 ] 4.54 Film ~ Magazine E 4, 54 4. 54 0
All Experiments Magnetic Tape 25 Tape Locker = 25 25 0
All Experiments Paper, Chart Recorder\TBD | TBD 30 Tape Locker E 30 30 Q
PREPARATION INSTRUCTIONS: 13Total weight of bles at h (& 84.5k
1Code E = Provided by experiment equipment, » gota] wefghf of consumﬂk:es a .Ls_mnc ld Cu];. 9)h s:‘:-c_l E- 30
§ = Provided by Spacclab. olal weight of consumakles not returned to Earth ( ol, 11} = ke,
S=17

SSPD (5-17) 3-15-74

DATA SBHEET KO,
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SORTIE PAYLOAD

PAYLOAD ELECTRICAL POWER REQUIREMENTS s ) _4-93
: DATA SHEET NO. 5718 pAYVLOAD No, AP-06-5
PAYLOAD NAME _ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS I SPACE [AMPS] pATE %241 ey paTr LTR
REQU[REMENT[[ D.C. POWER A.C, POWER 19 0 21
PARAMETER (Mlission | Voltage | Avg. Power Peak Power g 10 Vollage | Avg. Power Peak Power 15 Total Mission
Phase [ 3 4 5 [ 7 B Energy [Source( ] 12 13 14 15 i6 17 Energy Energy Total Notes
i le)
MIESION Duration| Nom, {Tol, | Level | Dur, | Level | Dur. | Repetition [PeFP2¥|Freq. | Nom, | To1, | Level | pur, | Level | Dur, Repotition [Per Dey g‘:l; Energy
PHASE Br) NV e W) (ko) | W) | (o) | Rate gewhy [Hz) |(V) (BB W) | ) (W) | () | Rate (EWh) | (kWh) | gy
) (1) Launch pad/liftoft,
pPpX. d
Launch Pad/Liftoff ascent, descent and
48 TBO [ TBO[ T8D (T80 ( T8O | TED 8D TBO | T8O |TBD (TBD| TBD | 78D | T8O [78D | 78D TBD [ TBE | TBD |1anding/post-landing
) power requirements
are for payload
, provided control,
Ascent 6,0 TBD [TBD | TBD | TBD | TBD [TBD TBD T80 | TBO | TeD{TBO| TBD | TBD | T8D | TBD | TED T8D | TBD 780 [display, computation
and data storage
equipment,
§0
46.17 | 60.61 | 394
14.44 | 60 110 | 5 J1923 24 3425 2 1/day
156 38 10 602 24 824 2
On~Orbit 0pcraﬁons® 1fday 00
Degcent 6,0 (TBD (\TRD| TBD | TBD | TRD | TBRD TBD 78D | TBD | TBD|TBD| TBD { T8D | TBD T8 TED TBD } TBD TBD
Landing/Post-Landing | Appx. | 180|180 | T8D | T80 | TRO T8D 18D T8D | TBD | TBD|TBDJ TBD | TBD| TBD | TBD TBD TBD | TBD T8D
{While in Orblter) 36 .
PREPARATION NOTES: 22 Total in~flight energy (ascent through descent), kWh _ 398

@ Power and energy requirements are based upon profile shown in Sheet §=15,

8SPD (5-16) 3-15-74 _ - DATA SHEET No, S~1
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BORTIE PAYLOAD

7 DATA ACQUISITION AND MANAGEMENT
PAYLOAD NAME ATMOSTIERIC, MAGNRTOSPHERIC AND PLASMAS IN SPACE {AMPS)

JUR 7 1944 pEv DATE

4-94
DATA SHEET N0, 5219_PAYLOAD NO, AP-06-8

S53PL (8-19} J~id-14

*Make scparate entries for scicnee and housckeeping datas include housekeeping data in brackets.

DATA SHEET No, §-12

DA LTR
Reg'ment SCIENCE [HOUSEKEFPING] DATA ACQUISITION® CONTROL £ DEPLAY - COMTUTER SUDPTORT
Param L k) 57 Uperations * Pafly Total =180 Experiment Exporiment |5 Memory o BN
Outpul | Owipul Rate | No. of 7 Hepetition Rate] 1,40 Quautity 2 Conirols Monitors Functions; e.g., Data For-l g0 twordgy |57 Opers ADIDITIONAL
Form~| (opss Hz, Chan- |[yrationf: o D‘ (bits) 4 2o 5 m o malting, Stored Commands, b T per See, ON-ORBIT
, R [ 3 - :{bi 5| =fll. . . . - . - - -
DA TV f03, Timee I:ﬂ orjper Run |Opeva-iOpera~| 4 e iy [5|5) Tyse & [Rate,| Type & |Rate, gm crocossings AN |Rapid | mak |§ OPERATIONAL
1'11‘]11, ete.) Film lor Obs, itions hions TV, Voice: (Yime) g g Qty Opers| Qiy KopersiComputations, Pointing Access E REQUIREMENTS
Yoice, Size per  [per Day . g% per ¢ |Control, ete,
o . i Film: (Frames} |[g1g pe )
Mission Yy [oba) (2 Orbit HE Hour) Hour} S
a) & . =
Phaze {hr) Aot =
19.
Launch Pad/l (p ] | [ro00bps] | TBD| /A | N/allcont)| [2.16E + 07] 0 o | Cfu-3  [Cont. 0 Timing Accuracy
Liftofi Required,
msec. TBD
] : Orbit Determination
o o ¢/wW-8 lAceuracy Required:
Ascent [p] [[tooobps] | TBD| n/a | Nial[cent] [1.08E + 07] / Cont. o o
_IPosition, km
TBD
D 1.4E+ 06 TBD| N/A N/A] NA 6.3 + 10 P 12| Bi-levef TBH CRT-2 General Processing w000 | 30000 |32 sopo fel
: 14 Cont. Velocity, m/sec
4E + 06 TBD N/A | N/A N/A |9.7 Hrs/4E + 06 [Oscilio- Spectrum Analysis 1000 ! 16000 |32] soco | 8D
) Multi- scope. -2 a7,
Voice | 32000 bps TBO) Cont. N/A N/A |Continuous pdzﬁli.;ion TBD c {1} Digplay Generation 320 2500 |32[32000 (4% Hatdmde
' ounters| Cont. Determination
Film |. TBD TBD] N/A| N/A N/A TBD -40 ::‘egrformance Monitor- | 1000 | 5000 [32} 10000 Acanracy Required,
[} | [70ce] 'I'BE1 N/A N/A}[Cc»nt.][ﬁ. 79E + 08) Recorder o8 —————|
On=0rbit (3} -6 |Cont.} Data Reduction 300 Jo00 32| 5000
Operations | 4 2E + 06 TBD| N/A | N/A| 8 {non- : #. Notes
{videa} magneti Prediction Analysis 1000 50000 132 5000 (1) Prelint
]
D | 4E+05 bps 2 NAA | N/AL N/AT TED Estimate
Sate. (1) Pointing caleulations 500 1000 2| 2500
Position- (2} Maximum
A 2E+06 Hz 1 N/A MNAAL N/A 18D indicator { cont.| Beal time deta storage | 4000 | 12000 B2{ WA data rate
Sate. .3p (10% of Scientific data)
{3} Hours/day
. .
C/w -B [Con (4) Includes
refresh rate of
20 frames/sec,
Descent ip] | {1000] T8D| N/A| N/A {[Cont])| [1.08Bt07] 0 o b oofu-8 loomt. o
Landing/ None
Post Landing]
(While In
Orbiter)




BORTIE PAYLOAD
TA DISPOSITION AND COMMUNICATIONS

4-95
YLOAD NO, AP-06-5
E.1/30/74 yrr_A__
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PAYLOAD NAME

SORTIE PAYLOAD

PAYLOAD IN-FLIGHT ENVIRONMENTAL LUMITS
ATMOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS) ‘

DATA SHEET NO,

: PAYLOAD MO, ADZUE-E
naTedi 07 108 ppy DATE A0 1om .S

Requirement|s Maximum Temperature]® Allowable R EMI LIMITS 1B,
Parameter @ . - adiation
a Acceleration | Limits (°K) Pressure Condueted Radlated Magnelic
Oper .Q:i::a ’ & > Max (N/m?) . Freq, Range {Hz){!4. Freq. Range (Hz)[!- Field
por- - Rel ; -
ational stic  Trane- H::m T Max | Total {i% 1 @[> 6 {0 30}“_’ Notes
i:}z&hus Level! lation @ Rate Dose . Level II‘,::\I:::E
Location dB) | (& Min | Max |giy | Min Max I/kg-s) | (J/kg) | low 'high (@Buvif Loy thgh } | (Tesla)
i
Pressurized{ 70| TED 273 | 208 TBD‘ 0.5E [ TBD 4, 1E-08 6.02 | 30 4r8+08 | 60 30 {3E+04 | 6E-D4
+05
&0|
=
o
E¥ / 17,
L]
i 7 7
Unpress~ @ /
areized N/A! TBD 273 1276 / N/A NfA 6. 1E | 0.032} 30 4E 30 30 3E 10E
% -0B +08 +04 -04
4 %
Pressurized|[ 70| 4 273 | 298 40} 0.5E TBD 4.1 | 0,02 |30 4E 60 |30 3E 6E
+05 -08 +08 +04 -04
b
=
E
; 7 7.
2 %
Unpress- 140 | TRD 2173 27(;@/ N/A N/A 6. 1E 0.032] 30 1E 30 30 3E 10E
arized % -08 +08 +04 -04
7 .
PREPARATION INSTRUCTIONS: COMMENTS
0dB Ref. = 20 uN/m?
(@ 0B Ref, = 1, pVv
(@) 0dB Ref. = 1. W/m

SSPD (5-21) 3-15-74

DATA SHEET NO,
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SORTIE PAYLOAD
LAUNCH/LANDING SUPPORT REQUIREMENTS

PAYLOAD NAME __Atmospheric, Magnetospheric and Plasmas in Space (AMPS)

4-97

DATA SHEET No, 3222 Pav1.0AD No, A1706-8

Landing/Post=Landing
(While In Orhiter)

A\

2,

Landing site

DATEYYY 07 I3/ REV DATE LTR
Min. Access Time (hours) 1. g
{Specify for time-critical SPECIAL SUPPORT EQUIPMENT REQUIREMENTS
MISSION | Re " * functions only}
1. Functional quirements . 5 P i Notes
PHASE - Time Tx:ne Ecuipment description; e.g., performance capa- .;.":uif;:?dr:d!ﬂ
uration| Before | After bilitles, size, weight, power and other utilities, ete. v
Launch | Landing by:
] % -
Installation of AMPS into Orbiter lday |5 days Mobile crane Launch site
AMPS/Orbiter interface checkeout in :«d
checkout building 3 days | 4 days Electrical and electronic diagnostic equipment TBD FOU
= 5
GE} 2
o
B 9
s
E g
3 > =
) 7P
¥ =
7 2
= [
§ w o
i <
<3
k=oJas]
=
%
Remove andfor dump acquired data 1 day B hrs Electrical and slectronic equipment, tape recorders THBD
Remove AMPS from QOrbiter 1 day 2 dayse | Mobile crane

SSPD (5-22) 3-15-74

DATA SHEET NO, .5-22_



SORTIE PAYLOAD

GROUND FACILITY REQUIRE MENTS -3 4-98
DATAﬁME&E_T NO, 27 PAYLOAD No, AP-u6-8
e parsr st YR pev AL LR
- m;UT'l‘[;lTl.ES R e e o R e
g BB 3. Po—wcr 6. o 1 - -|
Locution Description Min [4. Form o i
! 5 Notes
Height| (AC.DC fLeve Liguid/Gases Other pecial
Area Voltage, Handling
S S . (m2 | m | ewed 0w S . N
iAssembly /Test Area 465 10 1110v ac [TBD LN, Fire and other Yes Spare modular units for consoles and displays
60/400H =) GNp safety equipment Tapes for recorders, repair/refurbishment
28 vdc L]'BD Hz0 stores
Subsatellite fuel Tools, etc,
Launch iShuttle Assembly Building LI:ETS WILIL BESET BY SHUTTLE| REQUIREMENTS
Site
Shuttle Checkout Building LIMITS WILI BE SET BY SHUTTLE|REQUIREMENTS
Shuttle /Payload Remote Building ILIMITS WILL BESET BY SHUTTLE REQUIREMENTS
Landing j[Faylead Disassembly Area 465 10 |110vac [TBDY GNy Fire aud other Yes
Site 60/4001—[4 safety cquipment
Storage Room | 465 10 |1l0vac [TRD Fire and other Yes
60/400 H4TBD salety equipment
2%
%%
0
< 22
Other vY ‘?
(Specily) %‘%‘
@ Q
2 5
oNZ
2%
¢

SEP0D (5-23) 3-15-74 DATA SHEET NO, . S-21
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SORTIE PAYLOAD

GROUND ENVIRONMENTAL LIMITS S-24 4-99
DATA SHEET NO, PAYLOAD NO, _.E:.Q&L.
PAYLOAD NAME _ ATMGOSPHERIC, MAGNETOSPHERIC AND PLASMAS IN SPACE (AMPS) pATE/YR 07 1S ppv paTE LTR
PRELAURCH POST-LANDING
Temperature/Humidity Contamination Limits Temperature/Humidity Contamination Limits
EQUIPMENT Non~ Surf.Clean. 13, - Sur, Clean, 4
Operating Operating Cont. Ref, Inert Gas Pro- OPS:::ing Operating Cont{Ref, |- Inert Gas
) Temp *K) |5 Temp ("K) |5 MIL-STD Purge tective T - MIL-STD Purge \
Max b Max|~12464) . Covers| Temp (K) [5 | Temp Ky |i),, | 12464} Protective
Ly 2, S N vy i ™ FRel.Js. Pact-Jie_ it et Read T 5 TRet 1. B |gel {izopart- R 23, Cavers
. N":' Name Hun;J Hum }%“;l:lf }'II“}?I‘ Type of ness Yes | Hum! Hum| f?;:;lm ](QTI:; Type of C!:eagsti— Req'd?
* Min, | Max. | (%} | Min, | Max.| (% | ta) Th) Gas Class | /Ne |Min. | Max.} @) | Min. [ Max. | @) oy e ') Gas Class Yes/MNo
. {1} (1) :
Optical Sensors 273 276 |0 | 273 P76 0} 300 | A INitrogen |1000 Yes [273 {276 [0 [N/A IN/A |0 300 | A [Nitragen 1000 Yes
N . (1)
Electro-Optical Sensors 273 298 |0 | 273 298 a 300 | A |Nitrogen 1000 Yes |273 1298 |0 [|N/A |[N/A O 300 | A [Nitrogen 1000 Yes
; 1) (1)
Magnétic Field Sensors 212 393 [0 RV2,9R73.Y 0 [1000 | J [WMitrogen 5000 No 212 [393 ;0 [N/A N/A [ O 1000 { J LNi(:r'-:)gen 5000 No
(1 (1)
Electric Field Sensors TBDITBD] 0 |TBDTBD ] 0 {1000 | J |Nitrogen |5000 No |TBD|{TBD|0D [N/A &\UA 40 f1000 T tNitrogen 5000 Na
(1) (1)
Electromagnetic Field Sensors { TBED|TBD| 0 |TBDTBD| 0 |1000 | J |Nitrogen |5000 Ne |IBD|TED{O (TRD (YBD|C¢ |1000 | J F\Iitrugen 5000 Ne
: (1} (1)
Electrical/Electronic Equip. TBD|(TBD] ¢ |TBD[TBD| O [1000 |J |{Nitrogen 5000 No TBD|TIBD[0 [TBD [TBD {0 1000 [ J [Nitrogen 5000 No
[23] [£3)
lectro-Mechanical Equip, TBD(TBDR| ¢ {TBD|TBD| O 1000 |J |[Nitrogen {5000 No |TBRD|TBD|G |N/A INfA [0 1000 | T [Nitrogen 5000 Ne
1 - 1
Energetic Particles 233 {333 Jo |TED|TBD| 0 | 300 | A Nitroger‘x ! 1000 Yes [233 (333 |o EQI.A Nf&a |0 300 [ A Nitrog(er! 1090 Yes
lasma Devices & Mass . (1) (1}
Spectrometers 233 {311 {0 |TBD({31! o 306 | A (Nitrogen 1000 Yes {233 |31 |0 IN/a N/A |o 300 | A WNitrogen 1000 Yes
Display System 2737 298 |95 | 273 298 | 95| w00 | 0 o ¥o 1273 {298 |95 273 |298 |95 | 2000 | J 0 e %o
Controls System 273 | 2B |95 | 273 |=987 95 | 1000 | J 0 o Bo lo73 | 298 |95 7] 213 (268 595 [1000 | o ] o No
4. NOTES: 6. COMMENTS:
) ' (1) Shuttle cargo bay is pressurized above ambient except during on-orbit operation,

SSPD (5-24) 3-15-74 DATA SHEET NO, S-24
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BORTIE PAYLOAD

PAYTOAD SAFETY ANALYEIS

PAYLOAD NAME _Atmospheric, Mametosphoric sod Plagrmag dn Space (ANMPS)

4-100

BATA SHEET NOS=234 PAYLOAD NO, AU-H-8

nATHEUN Ve 13[4 REV DATE — LR
Caution & Safing &
TAYLOAD EQUIPMENT POTENTTAL HAZARDIOUS CONIETION Warnin, Arm?ng
5. Contrel Action A .d?g Ren'd? 10. Noles
1. Taken e 4 .
I, 2. Name 3. Description 4, Effect {By Payload) g 1. |8 s
No. Yes | Ro Yes | No
AF10] |Platform, Remote Scnsing Movahble platform Serious injury or damage Platform pimbals locked X X
1, High voltape Bhock, burns Operational safing and
AP20] ILIDAR Transmitter/Receiver P. Laser light Eye damage interiocks X X
LIDAR Mount, Computer Passible injury to test
AP202 Controlled Movable platform personnel Platiorm gimbals_locked X X.
Storage Banks, 2-5 kilo- High capacity storage
AP30Z | joule HV condensers Shock, burns Load status warning _ X, X
MFD-ARC Including igh capacity storage
AP304 Condenser Bank condensers Shock, burns Load status warning x %X
Transmitter /Coupler
AP401 (10 kw 0.2-2 MHz) High power electropics Shock, burns Status warning X X
Transmitter /Coupler
AP402 {10 kw 2-20 MU=z} High power electronics Shocek, burns Status warning X X
Transmitter f Coupler
APA403 (1 kw 0,3-200 kHz) igh power electronics Shock, burns Status warning
llgoicn é:xt.er_tiﬂer mebc_haniam
APS501 |50-Meter Boom A Cxtendable boom arms Serious injury or damage REed sl g orbit an X X
i
rgency Separetion Mechanism; Serious injury Status Warning
X X
AP50Z |Gimbaled Platform vable platinrm Serions injury or damage Platform gimbals locked . X
Boom extender mechanism
AP503 {5-Metcr Boom Extendable boom arms Serious injury or damage }!C:‘c:‘l:eqdnt.:‘r;tr:i;n orbit and x ¥
X X
AP513 |Alignment TV nternal high voltage Shock, burns None X X
Booin;x-tenldcr meﬁ:hanism
lock ti it
APS52! 150-Meter Boom B [Extendable boom arms Scrious injury or damape e 1;:_.:,'(‘3” erbit an X X
PREPARATION INSTRUCTIONS: 11, COMMENKTS:

SSPD (S-25) 3-15-74

DATA SHEET No, §-25a
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SBORTIE PAYLOAD

PAYLOAD SAFETY ANALYSIS

4-101

DATA SHEET NO,5-25b_PAYLOAD No, _AP-U6-5

PAYLOAD KAME _Atnjospheric, Masnptosoherie and Plaspas In Snace (AADPSY m'I‘BJ_U_"_M_REV DATE LTR
) tion &
PAYLOAD EQUIPMENT POTENTIAL HAZ ARDOUS CONDITION CWa:;:l:\g S:::l‘fn:
; - 5. Control Action Req'd? Req'd ? 10. Noteg
. Taken
fnv. 2, N 3, Description 4, Effect (By Payload) 6. |7 8, 9.
No. Yes | No Yes | No
Ejection.Mechanism )
AP601  [Barium Canister, 100 am Serious injury or damage- X X
AP602  [Barium Canister, 1 kg Ejection mecheaisn Serious injury or damage X X
APG603  |Barium Canister, 100 kg Ejection Mechanism Serious injury or damage X 3
APH10 !Shaped Charge, 1 kg Explosive charge Serious injury or damage X b
AP611  [Shaped Charge, 5 kg | Explosive charge Serious injury or damage x X
APE1Z  |Shaped Charge, 20 kg Explosive charge ' Serious injury or damage X X
Activation and ejeetion
AP620  [Palloon-spherical insulated Serious injury or darmage X X
, Activation and ejection
AP621 Balloon-spherical conducting Serious injury or darm ge X
AP70Z |1V System High voltage Shock, burns X X
Satellite/Pallet Interface and . . ]
APT71)! | Ejection Mechanism Ejection mechanism Serious injury or damage X -9
Cryogenics Supercold liquid (LN} Serious injury or damage X X
Hi:gh Pressure Gas Bottles High pressure gas Serious injury or damage X X
PREPARATION INSTRUCTIONS: 11. COMMENTS:

SSPD (5-25) 3-15-T4

DATA SHEET NoO, $-25b
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