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INTRODUCTION

A system requirements definition and configuration study (Phase B) of the Tethered Satellite System (TSS)

~ was conducted by Ball Aerospace Division of the Ball Corporation under contract NAS8-32853 with the NASA

Marshall Space Flight Center during the period 14 November 1977 to 27 February 1979. Subsequentiy a study
extension was conducted during the period 13 June 1979 to 30 June 1980, for the purposes of refining the

- requirements identified during the main phase of the study, and studying in some detail the implications

of accommodating various types of scientific experiments on the initial verification flight mission.

~The following pages contain an executive overview of the Tethered Satellite System definition developed

during the study and report the results of specific study tasks undertaken in the extension phase of the
study.

Feasibility of the Tethered Satellite System has been established with reasonable confidence and the
groundwork laid for proceeding with hardware design for the verification mission.
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TETHERED SATELLITE SYSTEM

- MISSION

TO VERIFY THE SOUNDNESS OF THE T-SAT CONCEPT BY'PERFORMING
A DEPLOYMENT/RETRIEVAL

S —

TO PROVIDE A REUSABLE SHUTTLE FACILITY TO SUPPORT A WIDE
VARIETY OF SCIENTIFIC PAYLOADS
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THE BASELINE CONFIGURATION OF THE TSS DEPLOYER USES THE SPACELAB PAL-
¢ LET AS AN INTERFACE STRUCTURE, THE PALLET CAN BE MOUNTED IN ANY OF
i THE AVAILABLE POSITIONS IN THE ORBITER PAYLOAD BAY, ‘

~
Wy

e T Rh N
i \ w SPug

THE SATELLITE IS RESTRAINED AT THE OUTER END OF A COILABLE LATTICE
; BOOM 1.2 METERS IN DIAMETER AND 10 METERS IN LENGTH WHEN FULLY EXTEND- ;
:ﬁ ED. THE TSS DEPLOYER COMPONENTS ARE MOUNTED ON THE SPACELAB COLD f
PLATES AND THE DEPLOYER STRUCTURE INTERFACES WITH STANDARD SPACELAR
PALLET MECHANICAL ATTACH POINTS,




|
|
{ 1
._

,~
'
y |
1 |
ﬁ;
,\ﬂ,«
BN
"
P

\ «‘\ ’\;.._"A RN

e
U\

ORIGENAL ¥
OF PO

o

Q3AN3LXI ATIVILHVY WOOS ~ NOILYHNBIINGS SNEE
4 Woos - NowvneiiNoo anfasve BB

0L-084




SATELLITE IS RELEASED AFTER THE EXTENSION OF THE BOOM AND THE ROOM
REMAINS EXTENDED DURING THE FLIGHT OF THE SATELLITE AND IS RETRACTED

AFTER RECAPTURE, ’

THE TETHER PASSES FROM THE REEL AT THE BASE OF THE BOOM THROUGH THE
CENTER OF THE TRIANGULAR CROSS-SECTION BOOM TO THE TETHER TENSION

~ CONTROLLERS LOCATED AT THE TIP OF THE BOOM.

THE TIP OF THE BOOM IS EQUIPPED WITH A SPRING-LOADED DOCKING RING AND
DROGUE FITTING FOR RELEASING AND RESTOWING THE SATELLITE.

F80-10
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/4 BASEUNE CONFIGURATION BOOM FULLY EXTENDED

hmm—mm:vu LOAD-DAMPINS RING

SHOCK-STRUT V-PAIR (TYP 3)
STOWED ~BOOM CLAMP LUB (TYP 3)

CANISTER DEPLOYED/RETRACTED = i
COILABLE-LATTICE BOOM

10.00 (393.7")

0.58 (23,0")R

(o Xo)

il -

N

(3 IN) STATIC CLEARANCE SECTION AA QE

o BOOM CROSS-SECTION e

4.6 (15 FT) DIA ) . c>

STS-ORBITER ALLOWABLE ENVELOPE =@
: =

5 =

TETHER REEL -
, : BOOM-ROOT TETHER TENSTON/GUIDE ASSY /&1—/
_ . i . TETHER-REEL LEVEL-WIND SCREW
!

f‘ :

i

END VIEW

—T7~.  LOOKING PAWALLEL TO ORBITER Xo AXIS
EX-6
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RADIATIVE PANELS LOCATED ALONG THE RAILS OF THE PALLET STRUCTURE DIS-
SIPATE EXCESS ELECTRICAL ENERGY GENERATED DURING DEPLOYMENT OF THE
SATELLITE, DECREASING THE THERMAL LOAD WHICH WOULD BE OTHERWISE IM-
POSED ON THE SPACELAB OR ORBITER COOLING SYSTEM, |
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DEPLOYEK - PLAN VIEW _
(LOOKING PARALLEL TO ORBITER Zo AXIS)

ﬂ m — PALLET COLD PLATE
, , CONTROL PROCESSOR
SIGNAL CONDITIONER
. JUNCTION BOX - / — INTERCONNECT STATION

PYRO-FIRING BOX | ~——— REMOTE ACAUISITION UNIT (RAU)

NASA 3.004 20AH BATTERY ) (‘.

NASA 3.004 20AH BATTERY > o 93

NASA 3.004 20AH BATTERY !

EXPERIMENT HEAT EXCHANGER | p—
+

i)
: s

— REEL AND LEVEL-WIND DRIVE MOTOR

0 ) e BN

. IS ] N\ cHaReE coNTROL
f i ~—— POWER CONTROL
N\ POWER AMPLIFIER

N———— PALLET COLD PLATE
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IN THE STOWED POSITION THE BOOM IS CONTAINED IN A CANISTER. IF FOR v
SOME REASON, IT SHOULD BE IMPOSSIBLE TO RESTOW THE BOOM, THE BOOM CAN
BE JETTISONED AND THE TETHER LINE SEVERED TO ENABLE RECLOSING OF THE [

i ORBITER PAYLOAD BAY DOORS.,

A CLOCKING DRIVE MECHANISM LOCATED AT THE OUTER END OF THE BOOM ALLOWS i
ROTATION OF THE SATELLITE ABOUT THE BOOM LONGITUDINAL AXIS 7O ENABLE 5
STORING THE SATELLITE IN A PREFERRED POSITION ON THE BOOM TIP.
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‘ SATELLITE-T0-BOOM DOCKING MECHANISM /

- | +

. | SATELLITE RELEASE ACTUATOR \ /
: CLOCK-POSITION DRIVE (REDUNDANT)

L PROBE ACTUATOR

BOOM DEPLOY/RETRACT DRIVE (TYP 2)
| >

NIV
o § QA

BOOM-CANISTER-JETTISON SEP

. -r.hd .'.’O
3

| TETHER CUTTER (BOOM JETTISON)
CASTERED GUIDE PULLEY —

, 'STOWED BOOM LONGERONS
i BOOM-JETTISON SPRING (TYP 4) —
|

]
|

STOWED-BOOM CLAMP (TYP 3)

BOOM-TIP TETHER-TENSION MOTOR
TETHER-TENSION LOAD CELL (0-100 LBS)

TETHER-TENSION LOAD CELL (0-5 LBS)

@

Slnials
All )

L Y -
section (3= (0
ROTATED 90° CCW
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THE ORBITER DATA NISPLAY AND KEYBOARD IINIT, LOCATED ON THE AFT FLIGHT DECK, IS
USED TO MONITOR THE STATUS AND EXECUTE CONTROL COMMANDS VIA THE GENERAL -PURFOSE
COMPUTER AND THE PAYLOAD INTERROGATOR. E

THE SPACELAB DATA DISPLAY SYSTEM, LOCATED ALSO ON THE AFT FLIGHT DECK. IS USED -
TO MONITOR THE STATUS AND CONTROL THE PALLET-MOUNTED DEPLOYER SUBSYSTEMS VIA THE
SPACELAB EXPERIMENT COMPUTER.

SPECIAL PURPOSE COMPUTATION FUNCTIONS, UNIQUE TO THE TETHERED SATELLITE DEPLOYER
ARE PERFORMED BY A DEDICATED PROCESSOR LOCATED ON THE DEPLOYER PALLET,

CLOSED CIRCUIT TELEVISION DISPLAYS ON THE AFT FLIGHT DECK INDICATE THE TRANS-
VERSE POSITION OF THE SATELLITE RELATIVE TO THE BOOM AT SHORT RANGES., AS OB~
SERVED BY CAMERAS LOCATED ON THE DEPLOYER PALLET RAILS.

.L‘\

ELECTRICAL POWER IS SUPPLIED TO THE DEPLOYER 8Y THE ORBITER OR SPACELAB POWER
BUS VIA THE BATTERY CHARGE CONTROLLER LOCATED ON THE PALLET.

4 . THREE OR FOUR NICKEL CADMIUM STORAGE BATTERIES, LOCATED ON THE PALLET., STORE
EXCESS ELECTRICAL ENERGY DURING PAYOUT OF THE TETHER AND DELIVER CURRENT TO THE
REELING MECHANISM DURING PEAK LOAD PERIODS, SUCH AS THOSE INCURRED DURING RE-

1 TRIEVAL .,
el EX-8A
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THE MAIN SATELLITE STRUCTURE CONSISTS OF A SPHERICAL SHELL 1.4 METERS
IN DIAMETER. THE SATELLITE HANGS PENDULOUSLY FROM THE TETHER PROVID-
ING INHERENT ATTITUDE STABILIZATION IN PITCH AND ROLL, THE MOTION
BEING DAMPED BY A PASSIVE INTERNAL DAMPER., YAW ATTITUDE IS STABILIZED
BY A FLAT VERTICAL UNFURLABLE AERODYNAMIC VANE AT THE END OF THE
RETRACTABLE THREE METER STEM BOOM EXTENDING TO THE REAR OF THE SATEL-
LITE.

EX-9A
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TSS SPACECRAFT CONCEPTUAL DESIGN ADAPTED FOR
"COMBINATION" MISSION EXPERIMENT COMPLEMENT

" YAW STAB. VANE —

SHIELDED MAG. EXP. SENSOR —

STOW FLANGE =

3M STEM BOOM —,
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THE SATELLITE EQUIPMENT SHELF IS ISOLATED THERMALLY FROM THE EXTERNAL
SHELL STRUCTURE. THE SHELF IS FILLED WITH OCTADECANE MATERIAL WHICH
ABSORBS HEAT ON MELTING, HELPING TO STABILIZE THE TEMPERATURE OF THE
SHELF. THE UPPER PORTION OF THE SPACECRAFT CONTAINS A RADAR CORNER
REFLECTOR ENABLING DETERMINATION OF THE SATELLITE POSITION UP TO
RANGES OF GREATER THAN 100 KILOMETERS USING THE ORBITER RENDEVOUS
RADAR. THE UPPER SHELL CAP OF THE STRUCTURE IS A RADAR TRANSPARENT
RADOME WHICH COVERS THE RETRODIRECTIVE CORNER REFLECTOR,

F80-10
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TETHERED SATELLITE EQUIPPED WITH CORNER
REFLECTOR TO ENHANCE RADAR CROSSECTION

CAPTURE DROGUE AND TETHER ANCHOR-FIBERGLA!3

RIB-REINFORCED RADOME — Smm THICK FIBERGLASS

1.0m (EA OF 3 FACE EDGES) CORNER REFLECTOR

UPLINK PATCH ANTENNA (DOWNLINK OPPOSITE)

THERMALLY-ISOLATEDs» OCTADECANE—FILLED EQUIPMENT
SHELF (MOUNTING PROVISIONS ON BOTH SIDES)

BELT SHELL — Smm THICKs 6061 ALUMINUM

LOWER ACCESS DOME - Smm THICK, 6061 ALUMINUM




THE SATELLITE ELECTRICAL SUBSYSTEMS A

ENERGY DENSITY BATTERIES WHICH PROVIDE SUFFICIENT ENERGY FOR A 35-Hour

MISSION, INCLUDING 23 HOURS OF . oN-STATION OPERATION OF ‘AN EXPERIMENT
CONSUMING UP TO 17 wATTS OF AVERAGE POWER,

RE POWERED FROM INTERNAL HIGH

FXPERIMENT POWER MAY BE INCREASED RY ADDING ADDITIONAL BATTERIES,

THE ENGINEERING
DIAGNOSIS OF THE
THE MISSION,

INSTRUMENTAT ION COMPLEMENT ENABLES MONITORING AND
THERMAL AND DYNAMIC BEHAVIOR OF THE SATELLITE DURING

e R —
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TETHERED SATELLITE FUNCHONS
= BASELINE CONFIGURATION"

TETHER
TO ORBITER
| 5 %m BOOM 7 TRACKING AND
| 5.5 som —— DATA COMMAND
. , PASSIVE esy ANTENNAS
4 STABILIZATION
VANE JOINT"  BOOM :
DAMPER  DEPLOYMENT | \ - STRUCTURAL- SHELL
MECHANISM 1.44m DIAMETER
\
|
P * ' » FORWARD
THERMAL RADIATOR
COMMANDS ACCELERO-
% * METER —O
COMMARD | .~ T~—.
RECEIVER T — Lo
HIGH ENERGY = = ’ 5
DENSITY BATTS = —= LIFT-OFF ; o paime O o L
60 A HOURS = "= SWITCH N, o5
7| - iO LJ
MAGNETOMETER C =
ATT. DETER 2 G
SPG 3.
o
- === TEMPERATURE 0
\ = MONITORS
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TYPICAL DEPLOYMENT OF THE SATELLITE INVOLVES SEPARATION OF THE SATEL-
LITE FROM THE BOOM TIP WITH A SMALL INITIAL VELOCITY, FOLLOWED BY AN
INITIAL DEPLOYMENT RATE WHICH IS INCREASED IN PROPORTION TO THE LENGTH
OF TETHER PAID OUT (EXPONENTIAL RATE), THEN A TRANSITION TO A CONSTANT
RATE OF ABOUT TEN METERS PER SECOND, THE TERMINAL PHASE OF DEPLOYMENT
INVOLVES A SECOND PHASE OF EXPONENTIALLY INCREASING VELOCITY TO THE
FINAL POSITION, THE TOTAL DEPLOYMENT MANEUVER CONSUMING ABOUT FIVE
HOURS. THE TOTAL DEPLOYMENT TIME CAN BE SHORTENED SOMEWHAT BY THE
SELECTION OF APPROPRIATE ORBITER ATTITUDES DURING THE INITIAL DEPLOY-
MENT PHASE,

F80-10
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DAMPING OF THE LIBRATION OF THE SATELLITE BENEATH THE ORBITER IS
ACHIEVED BY SHORTENING AND LENGTHENING THE TETHER IN RESPONSE TO A
“CONTROL LAW",

ONE METHOD OF DAMPING USES A CONTROL LAW WHICH EMULATES A TUNED-SPRING ; !
DAMPER CHARACTERISTIC IN THE TETHER CONTROL SYSTEM. '

AN IMPROVED METHOD CALLED THE "MODEL FOLLOWER” HAS BEEN DEVELOPED
WHICH ALLOWS INSERTION OF AMPLIFIED CONTROL TENSIONS OF THE PROPER
o PHASE AND AMPLITUDE TO COMPENSATE FOR VARIOUS DISTURBANCE EFFECTS SUCH
AS THE DRAG DUE TO ATMOSPHERIC RESISTANCE,

B | l EX-14A
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THE MODEL FOLLOWER CONTROL LAW RESULTS IN SUBSTANTIAL DAMPING AT THE
EXPENSE OF SOME INCREASE IN VERTICAL MOTION OF THE SATELLITE. STEADY

STATE DAMPING PERFORMANCE WITH THE SWING STRETCH COUPLER, HOWEVER.,
DOES NOT PRODUCE SUFFICIENT DAMPING FOR MISSIONS OF THE DURATION CON-
TEMPLATED.




IMPROVED OUT-OF-PLANE DAMPING WITH
MODEL FOLLOWER
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A MODEL FOLLOWER CONTROL LAW RESULTS IN IMPROVED PLANAR CONTROL.
MAINTENANCE OF CONSTANT SATELLITE ALTITUDE IN THE PRESENCE OF ATMO-
SPHERIC DISTURBANCES IS PARTICULARLY GOOD,

EX-16A
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TYPICAL SATELLITE RETRIEVAL, REQUIRING AROUT 9 HOURS FROM A TETHER
} LENGTH OF 100 KILOMETERS, ALSO INVOLVES BEGINNING AND TERMINAL PHASES
WHERE THE REEL-IN RATE IS PROPORTIONAL TO THE TETHER LENGTH YET RE-
MAINING EXTENDEND. DURING THE MID PHASE OF THE RETRIEVAL A CONSTANT
REEL-IN RATE OF ABOUT 10 METERS PER SECOND IS USED.
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SATELLITE COMPONENTS MAY BE LOCATED AND ARRANGED GN THE EQUIPMENT
SHELLF TO ACCOMMODATE A VARIETY OF EXPERIMENTAL CONFIGURATIONS.,

TYPICAL IS THE INTERNAL ARRANGEMENT FOR THE ELECTRODYNAMICS EXPERIMENT
WHEREIN THE EXPERIMENT COMPONENTS, INCLUDING A DEPLOYABLE ELECTRO-
STATIC BOOM, ARE LOCATED BENEATH THE SHELF AND SATELLITE HOUSEKEEPING
COMPONENTS ARE ON THE OPPOSITE SIDE.

EX-19A
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ELECTRO DYNAMICS MISSION PHASES

ELECTRICAL
CONTACTS

T0 EXP
INSTRUMENTATION

PHASE 1

ELECTRO DYNAMICS
EXPERIMENT
10-15 HRS

' NON-CONDUCTING

TETHER SECTION
/ (90 km LONG)

INSULATFD
CONDUCT iN6 TETHER
€10 km LONG)

PHISE 2

SYSTEM VERIFICATION
TESTS
(15-25 HRS)
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FOR DEPLOYING CHEMICAL MATERIALS USED IN STUDYING ATMOSPHERIC TRANS-
PORT PHENOMENA, THE SATELLITE IS EQUIPPED WITH INDIVIDUAL CANISTER
EJECTION MODULES,

EACH CANISTER 1S SPRING EJECTED AND DETONATED AFTER A SUITABLE TIME
DELAY IN RESPONSE TO A TIMER LOCATED ON EACH CANISTER,
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F80-10

i;‘ To ACCOMMODATE ATMOSPHERIC EXPERIMENTS THE SATELLITE IS EQUIPPED WITH
' A STABILIZATION VAME WHICH CONTROLS THE YAW ATTITUDE TO WITHIN 20 oF
THE DIRECTION OF FLIGHT. PITCH AND ROLL MOTION IS DAMPED BY A PASSIVE

PENDULUM DAMPER.

SATELLITE ATTITUDE IS MEASURED BY RATE GYROS, UPDATED FROM ATTITUDE
MEASUREMENTS FRCM SOLAR SENSORS.

5 L~ et s e e
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ATTITUDE CONTROL & DETERMINATION SUBSYSTEM
ELEMENTS ATMOSPHERIC MISSION EXPERIMENT
COMPLEMENT

SOLAR ATTITUDE SENSOR (4 AT 90°)

GYRO PACKAGE —

ATTITUDE SENSOR ELECTRONICS

a \
YAW STABILIZER VANE ‘

yood 30
NIDIRIC

) P
=
O 0
c >
> 0
" PITCH/ROLL ATTITUDE DAMPER — < 0

SUPPLEMENTARY —

BATTERY
| (20 A-HRS)

BOOM DEPLOYER (WITH —
YAW-HINGE & DAMPER)
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SIMULTANEOUS MEASUREMENTS COULD BE MADE BY POSITIONING SEVERAL SATEL-

v LITES ALONG THE TETHER., FACH SATELLITE WOULD BE EQUIPPED WITH A SELF-

i CONTAINED POWER SUPPLY AND COMMUNICATIONS SYSTEM IN ADDITION TO EXPERIMENT
1 ‘ INSTRUMENTATION,
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MULTIPLE SATELLITES ARE INTEGRATED INTO THE BASIC SPHERICAL SHAPE OF
THE "MOTHER SATELLITE” BY NESTING THE SMALLER UNITS, USING DROGE AND
CAPTURE MECHANISMS SIMILAR TG THOSE ON THE MOTHER SATELLITE.

THE TETHER THREADS THRU THE SUB-SATELLITES, EACH ONE OF WHICH IS
EQUIPPED WITH A TETHER BREAK MECHANISM FOR LOWERING THE SUBSATELLITE
INTO THE MOTHER SATELLITE PRIOR TO RETRIEVAL,

F80-10
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THE MAGNETOMETER EXPERIMENT CAN ALSO BE ACCOMMODATED ON A SATELLITE
EQUIPPED FOR THE “ATMOSPHERIC" MissiON. POWER AND DATA REQUIREMENTS
FOR THE MAGNETOMETER EXPERIMENT ARE MODERATE. THE MAGNETOMETER WOULD
BE LOCATED ON THE DEPLOYABLE BOOM NEAR THE STABILIZATION VANE.
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COST STUDIES WERE CONDUCTED TO ASSESS THE SAVINGS IN PROGRAM COSTS
WHICH MIGHT BE REALIZED BY REDUCING THE COMPLEXITY OF THE SATELLITE.,
AND THE ATTENDANT SACRIFICE IN THE VERIFICATION CAPABILITY OF THE
SYSTEM.

THE SATELLITE COMPLEXITY CONSIDERED RANGE FROM A COMPARATIVELY SIMPLE
PASSIVE "“DUMB-BRALL"” SATELLITE THROUGH VERSIONS HAVING VARIOUS METHODS
OF DATA RETRIEVAL, ACTIVE EXPERIMENTS, AND SATELLITE PCSITION DETER-
MINATION,

NEARLY ALL OF THE DEPLOYER FUNCTIONS CAN BE VERIFIED USING A SATELLITE
OF REDUCED CAPABILITY.

F80-10
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_vemFchﬂON 6APAB|LIT'.5{,§FOR VARIOUS SATELLITE

oONFlGUﬁAﬂGNs WITH: hEbUcED CAPABILITY

X X x | x X X BOOM DEPLOYMENT, SATELUITE SEPARATION,
CAPTURE, DOCKING, STONING

X X X X X X DEPLOYER REELING SYSTEM FUNCTION
TETHER/SATELLITE DYNAMICS AS
DETECTED BY SAT POSITION

22 22 22 | 100 | 100 | t00 'MEASUREMENTS-TETHER LENGTH-KM

135 1135 | 135 | 130 | 120 | 120 SATELLITE THERMAL CONTROL VERIF,
MIN ALTITUDE - KM,

X QUANTITATIVE VERIFICATION OF
SATELLITE ATT. CONTROL PERF.

i - - |PART- | X X X ORBITER/SPACELAB REAL-TIME
4 IAL SATELLITE SUPPORT EFFECTIVENESS

X X X X X X DEPLOYER-SPACELAB MECHANICAL ,
THERMAL, ELECTRICAL COMPATABILITY

EX-30
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REDUCING THE CAPABILITY OF THE SATELLITE RESULTS IN A CORRESPONDING
REDUCTION IN SATELLITE C0STS. HOWEVER THE AFFECT ON TOTAL PROGRAM
COSTS IS MODERATE SINCE THE SATELLITE COSTS MAKE UP ONY ABOUT 30% oOF

THOSE OF THE TOTAL PROGRAM,

F80-10




RELATIVE COST

SATELLITE COSTS FOR CONFIGURATIONS
‘ WITH VARIOUS CAPABILITIES - RELATIVE

1.0
.8*
MANUFACTURING
.64
ENGINEERING
4 SOFTWARE
OPER. SUPT;__’,——”"”J
INT. & TEST _— |
sl / )
SYST. ENGR.
/
/
PROGRAM MGMT.
0 T T T T
1 2 3 4 5 6
SATELLITE CONFIGURATION
"PASSIVE" "BASELINE"

EX-31
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1100 - DYNAMICS ANALYSIS

s et . ——————

ARY CONCLUSIONS

¢ RETRIEVAL TIME CAN BE SHORTENED TO 7 HOURS FROM 11 HOURS BY
EXECUTING ORBITER AV MANEUVERS AT APPROPRIATE INTERVALS DURING
RETRIEVAL,

-~ —

-

o FINAL RETRIEVAL CAN BE ACCELERATED, AND EXECUTED USING TENSION
LEVELS ST NTIALLY ABOVE CONTROL LIMITS BY EXECUTING ORBITER
ATTITUDE MANEUVERS AS SATELLITE APPROACHES DOCKING RING.

@

SUCCESSFUL DOCKING OCCURS FOR MISS DISTANCES OF + 1.2 WETERS
BY USING MODIFIED TENSION CONTROL LAW DURING DOCKING PHASE,

. EX-33
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EXTENSION STUDY ~ S8UMMARY CONGLUSIONS (CONT'D)

1200 - SOFTWARE REQUIREMENTS DEFINITION

® ALL SPECIAL-PURPOSE -SOFTWARE FUNCTIONS ARE CONFINED TO THE TSS
DEDICATED PROCESSOR.

® ORBITER AND SPACELAB SOFTWARE FUNCTIONS ARE RESTRICTED TO DATA
AND COMMAND MULITPLEXING, CONVERSION TO PHYSICAL USES, DISPLAY
GENERATION AND NAVIGATIONAL CALCULATIONS NORMALLY PERFORMED BY
THE ORBITER.

EX-34 ,
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Wl EXTENSION 8TUDY ~ SUMMARY CONCLUSIONS (CONT'D)

1300 - TETHER MATERIALS EVALUATION

¢ KEVLAR 29 IS THE BEST CHOICE OF TETHER MATERIAL FOR THE
VERIFICATION MISSION, PRODUCTION AND SPLICING TECHNIQUES
ARE WELL ESTABLISHED, IT CAN ALSO BE USED FOR INSULATED
CONDUCTING TETHERS.

1400 - AUTONOMOUS - MOUNT (UNIQUE PALLET)

o A PALLET MOUNT DESIGNED SPECIFICALLY FOR THE TSS, HAS THE
: ADVANTAGE OF LOWER LAUNCH COSTS, GREATER STRUCTURAL RIGIDITY
¥ AND BETTER TETHER ROUTING,
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/24 EXTENSION STUDY = SUMMARY CONCLUSIONS (CONT'D)

1500 - COST OPTIMIZATION

o REDUCING SATELLITE CAPABILITY RESULTS IN ONLY A MODEST
REDUCTION IN TOTAL PROGRAM COSTS.,

o DEPLOYER REELING RATES CAN BE REDUCED TO ABOUT 10 M/SEC .
WITHOUT SERIOUSLY INCREASING DEPLOYMENT OR RETRIEVAL TIMES,
THIS ENABLES USE OF SMALLER MOTORS, DRIVE CIRCUITRY AND
POWER CONVERTERS.,
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W EXTENSION STUDY - SUMMARY CONCLUSIONS (CONT'D)

1600 - SPECIAL STUDFES-

’ o THE SATELLITE-TO-ORBITER DATA RATE CAN BE INCREASED FROM THE
! BASELINE VALUE OF 8 KBPS UPWARD TO 256 KBPS BY THE USE OF |
} DIRECTIONAL ANTENNAS AND SPECIAL EQUIPMENT MOUNTED ON THE DEPLOYER,

p . o MOST PROMISING METHOD OF REAL TIME SATELLITE POSITION DETERMINATION
S IS THE USE OF THE ORBITER RENDEZVOUS RADAR, THE SATELLITE IS EQUIPPED
WITH A RETRO REFLECTOR TO ENHANCE ITS RADAR CROSS-SECTION,

| o ALTERNATE METHOD FOR MID & LONG-RANGE, REAL TIME POSITION DETERMINATION
WOULD USE ORBITER ATTITUDE DATA WHILE FLYING IN “DRIFT” MODE,

o SATELLITE POSITION NEAR THE ORBITER (LESS THAN ABOUT 400 METERS)
- WILL BE DETERMINED USING CLOSED CIRCUIT TV CAMERAS MOUNTED ON
THE PALLET,

EX-37
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/4 EXTENSION STUDY = SUMMARY CONCLUSIONS (CONT'D)

2100 - ELECTRODYNAMICS EXPERIMENT ACCOMMODATION

o REQUIRES "UPWARD” DEPLOYMENT, ADVANCES IN CONDUCTING TETHER
DEVELOPMENT, AND EXPERIMENT EQUIPMENT MOUNTED ON BOTH
SATELLITE AND DEPLOYER.

2200 - CHEMICAL RELEASE EXPERIMENT ACCOMMODATION

o MODEST AMOUNTS OF EITHER THERMITE OR GASEOUS CHEMICALS COULD

BE DEPLOYED. SOME ADDITIONAL SAFETY AND OPERATIONAL PLANNING
REQUIRED.

£X-38
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/24 EXTENSION STUDY ="8UMMARY: CONCLUSIONS (CONT'D)

T TR -
‘.. \\ ol 3

™, 3 “'\

2300 - ATMOSPHERIC EXPERIMENT ACCOMMODATIONM

e COMPLEMENT OF FOUR INSTRUMENTS REQUIRES INCREASE OF STORED
ELECTRICAL ENERGY TO 100 AMP. HOURS (FROM 60), ADDITIONAL, i
.1 ! | MORE PRECISE ATTITUDE CONTROL AND DETERMINATION SUBSYSTEMS. ?

TN . ey g g
b, » "l
2 Rt o %

2400 - MULTIPLE SATELLITE - EXPERIMENT ACCOMMODATION

o FEASIBLE IN CONCEPT TO ACCOMMODATE TWO OR THREE SATELLITES
SPACED ALONG TETHER. DEPLOYMENT COMPLEXITY AND COST
SUBSTANTIALLY INCREASED OVER THAT OF BASELINE SYSTEM,
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i EXTENSION STUDY = SUMMARY: CONCLUSIONS (CONT'D)

2500 - MAGNETOMETER EXPERIMENT ACCOMMODAT;ON

~  OPERATED IN SC/. =R MODE, IS THE SIMPLEST GF ALL EXPERIMENTS TO
ACCOMMODATE MODEST POWER AND SPACE REQUIREMENTS: WOULD LIKE T0
FLY AT LOWER ALTITUDES.

2600 - "COMBINATION" MISSION - EXPERIMENT ACCOMMODATION

o EXPERIMENT COMPLEMENT INCLUDES BOTH ATMOSPHERIC (2300) AND
MAGNETOMETER (2400) EXPERIMENTS, “ON-STATION” OPERATION OF
23 HOURS REQUIRES 100 AMP. HOURS STORED ENERGY (AT 28V),
PRECISE ATTITUDE CONTROL AND DETERMINATION.

EX-40
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1100 -DYNAMICS ANALYSIS

o REVISE TETHER SINULATION TO INCLUDE =

EFFECT OF BOOM MOTION
o STUDY FINAL RETRIEVAL PHASE

o SIMULATE AND ANALYZE BEHAVIOR
- OF DOCKING MECHANISM
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EXECUTION OF ORBITER DELTA V MANEUVERS DURING MAIN PHASE OF RETRIEVAL
MARKEDLY DECREASES THE SATELLITE LIRRATION AND SHORTENS RETRIEVAL TIME
FROM 13 DOWN TO ABOUT 9 HOURS,

FURTHER DECREASE IN RETRIEVAL TIME TO AROUT h-1/2 HOURS IS ACHIEVED BY
CONTROLLING THE ATTITUDE OF THE ORBITER DURING THE FINAL PULL IN PHASE
WHICH IS EXECUTED AT A RATE OF ABOUT 1/10 oF A METER PER SECOND, THIsS

ALSO MINIMIZES THE NEED TO CONTROL TETHER TENSION LEVELS AT LOW VAL-
UES,

‘ | | 11-0A
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- |
ETRIEVAL TIMELINE & PROFILES - 500 KG SATELLITE
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DYNAMICS ANALYSIS PERFORMED DURING THIS STUDY EXTENSION WAS BASED ON
PREVIOUS WORK DONE DURING THE MAIN STUDY PHASE. A BRIEF REVIEW OF THE
RESULTS OF THE PREVIOUS STUDIES AND THE RELATIONSHIP TO THE STUDY
EXTENSION TASKS IS GIVEN IN THE FOLLOWING PAGES,
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DYNAMICS SUMMARY

REVIEW BASD CONTROL CONCEPTS

STEADY STATE PLANAR CONTROL ACCOMPLISHMENTS
CONSTANT HEIGHT - DENSITY - HEATING CAPABILITY ADDING LINEAR OPTIMAL
PLANAR ANGLE FEEDBACK

STEADY STATE OUT-OF-PLANE CONTROL ACCOMPLISHMENTS-DAMPING SMALL ANGLES
TWENTY TIMES FASTER-PLANAR ORBITER aV CAN REVERSE BUILD-UP

“DEPLOYMENT TIME SHORTENED TO 4.8 HOURS (WITH A CONSERVATIVE 10M/SEC
REELING RATE LIMIT)

RETRIEVAL IMPROVEMENTS

CONSERVATIVE RATE LIMITING APPROACH

PURE EXPONENTIAL TIME REDUCED TO 13 HOURS

ORBITER OUT-OF-PLANE aV's REDUCE TIME TO 8 HOURS

BOOM POINTING DURNING FINAL PULL-IN REDUCES TIME TO 6 HOURS
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STEADY STATE CONTROL CONCEPTS

7 QL
&l 28

0%
i ! oy
R =
$ SHING —— e STRETCH ——— DAMPING ‘ & L,

LENGTH
COMMAND

TUNED SWING-STRETCH COUPLER" MODEL FOLLOWER

i 1-3
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OBSERVATIONS ON PLANAR COUPLING (SHIFT OF INDEPENDENT L AND © FREQUENCIES)

STABILITY CONDITION FOR UNREALISTIC SPHERICAL ATMOSPHERE
PERTURBATIONS OF AN OBLATE ROTATING ATMOSPHERE

DEVELOP A NEW ADAPTIVE MODEL FOLLOWING TYPE CONTROLLER THAT PERMITS:
(1) OPERATING SATELLITE AT CONSTANT ALTITUDE/DENSITY

(2) DAMPING SMALL @ 20 TIMES FASTER THAN FOR BEST TUNING OF EXISTING SWING-STRETCH COUPLER
"(VERIFICATION THAT THE CONTROLLER WORKS WELL WITH AIR DRAG.)

SHOW THAT APPROPRIATELY PHASED PLANAR ORBITER BURN CAN REVERSE @ BUILD-UP CAUSED BY ROTATING
ATMOSPHERE UNDER AN ECCENTRIC SHUTTLE ORBIT

SHOW THAT OPTIMAL FULL-STATE FEEDBACK BASED ON LINEARIZED PLANAR EQUATIONS CAN IMPROVE PLANAR
DAMPING

. .2
SHOW THAT @ FEEDBACK CAN ALSO IMPROVE OUT-OF-PLANE DAMPING OVER THAT ACHIEVABLE BY TUNING ALONE.
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SYMBOL DEFINITIONS RELATIVE TO THE DYNAMICS ANALYSIS ARE AS FOLLOWS:

D =3 w

ANGLE MEASURED PERPENDICULAR TO THE ORBIT PLANE (ouT
OF THE ORBIT PLANE) INDICATING POSITION OF THE SATEL-
LITE RELATIVE TO NADIR,

ANGLE MEASURED IN THE ORBIT PLANE INDICATING POSITION
OF THE SATELLITE RELATIVE TO NADIR.

LENGTH COMMAND AS A FUNCTION OF TIME.

MASS OF THE SATELLITE,

LAPLACE TRANSFORM OPERATOR.

MODEL FOLLOWER DAMPING CONSTANT,

MODEL FOLLOWER GAIN COEFFICIENT.

ORBITAL FREQUENCY,

TENSION COMMAND GENERATED BY THE CONTROL LAW.

TIME DERIVATIVES OF THE SATELLITE ANGULAR POSITION
COORDINATES.
MEASURED TETHER LENGTH,

11-4A
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TUNING A COMMAND-LENGTH MODEL-FOLLOWER

Le! ‘ ;
COMMAND FEEDFORWARD MR w S MRZw 2
+ +
+
i s OUTPUT FEEDBACK | 2MERIw o MRAW 434 w2
ﬂ I TENSIOMETER ODOMETER '
g | |
' COMP- _ /s L
. ENSATION [ 3™ REEL ; _#
. MOTOR |
M wi2 l. ‘
REEL + 2
SERVO
»-2”‘006 + 0(92’ ¢2’ 9‘2, 4,2) I
L PLANT . ]
4 11-5
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CONTROL LAW LOGIC [S INCORPORATED IN THE ON-BOARD DEPLOYER DEDICATED
PROCESSOR., WITH COEFFICIENTS INSERTABLE BY GROUND OR ON-BOARD OPERATOR
COMMAND,

—— et ® b om

'CHANGES IN THE ACTUAL LENGTH COMMAND PROFILE AND VALUES OF “MODEL
i FOLLOWING” COEFFICIENTS. ARE CALCULATED AT A GROUND-BASED ANALYSIS
- CENTER AND PERIODICALLY TRANSMITTED TO THE ORBITER,

e S A 7

SATELLITE POSITION DATA IS TRANSMITTED FROM THE ORBITER TO THE GROUND-
BASED ANALYSIS CENTER TO ALLOW NEAR REAL-TIME MONITORING OF THE SATEL-
LITE TETHER DYNAMICS DURING DEPLOYMENT AND RETRIEVAL.

11-5A




PERIODIC ADAPTATION OF THE
MODEL-FOLLOWER COMMAND

M ITENSIOMETER!|(0) TACHOMETER (o)

LENSTY ODOMETER (o)
REEL MOTOR (o)| DYNAMICS

RADAR (o)

} B;:m}écsm |ACCELEROMETERS

(s)
OMPENSAT LON TENSIOMETERS

L, AND L

TENSION CONTROL  LAW

r

¥

L]

DATA INTERFACE

3

|

§

ORBIT DATA

ESTIMATED STATE

%STEH PREDICTED *+ DESIRED
DEL STATE ’?‘ STATE 1

DESIRED

STATE
LENGTH COMMAND J,q 1L

GENERATOR

11-6
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MODEL FOLLOWING

THE SIMPLEST CONCEPT OF USING A "TUNED SWING-STRETCH COUPLER” T0 CONTROL LIBRATION
MUST BE MODIFIED IN A RELATIVELY SIMPLE WAY TO PRODUCE THE "COMMANDED-LENGTH MODEL
FOLLOWER” THAT WE PREFER FOR SEVERAL CONTROL PHASES. ADVANTAGES AND DISADVANTAGES
OF THE MODEL FOLLOWER ARE:

o ADDITIONAL MEASUREMENTS ARE NEEDED BUT ONLY TO PERIODICALLY ESTABLISH THE
AMPLITUDE AND/OR PHASE OF © AND/OR @ (CLOSED-LOOP FEEDBACK OF SWING STATES APPEARS
TO BE AN UNNECESSARY COMPLICATION BUT WE STUDIED LINEAR-OPTIMAL PLANAR AND NON-
LINEAR ENHANCED-COUPLING OUT-OF-PLANE CONTROLLERS) .

o ADDITIONAL COMPUTATION IS NEEDED BUT UPDATE RATES ARE VERY LOW.
o [EASUREMENT AND COMMAND ERRORS MUST BE SMALL ENOUGH TO KEEP PHASE ERRORS SMALL.

o PERFORMANCE APPEARS DRAMATICALLY BETTER THAN FOR THE BASIC SWING-STRETCH COUPLER
WHICH REACTS TO AND CANNOT ANTICIPATE LARGELY PREDICTABLE PERTURBATIONS,

ADVANTAGES AND DISADVANTAGES OF

o OUT-OF-PLANE IS ONLY APPLIED WHEN NEEDED SO B-DRIVEN STRETCHING DOES NOT INTRODUCE
ADDITIONAL DIRECT MOTION OR © PERTURBATIONS.
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ADVANTAGES OF THE “MODEL FOLLOWER” METHOD OF CONTROL ARE GRAPHICALLY
DEMONSTRATED BY THE ABILITY OF THE SYSTEM TO MAINTAIN A CONSTANT OR--
BITAL ALTITUDE BY ALLOWING THE SATELLITE TO SWING FORE AND AFT IN
CONCERT WITH THE VARIATIONS IN ATMOSPHERIC DENSITY,

A : )




(20 KM FLATTENING)

MAX. AFT

z 1 i
F80-10

B POLE ""PERFECT" CIRCULAR

| ORBIT (13 KM FLATTENING)

- CONSTANT

1 MAX. FORMARD HEIGHT/DENSITY

: PROFILE

e

fl

Y
9
"~ EQUATOR ~ -EQUATOR
O c
= &
v O
C :»...
O =
: = v =
: MAX. AFT E
t :é &
MAX. FORWARD
| I
! POLE
11-8
N ™ SEIMEERY | 3 U5 e e e PR, . '



R Y st ———c—— e oty
"_,‘g—v—ﬂf"""“‘"‘ # . . 2 3 . 9 . : N - r . .
i i { | ] { |

/__W,,M‘ ;y
F80-10 2
Gl CONTROL LIMITATION OF THE TUNED COUPLER
P28 WITH OBLATE ATMOSPHERE = E
",}_ ? . 2 " THE TSSC CANNOT BE TUNED TO PROVIDE REASONABLE HEIGHT CONTROL. THE

SATELLITE CAN BE VIEWED AS BOUNCING OFF CONSECUTIVE EQUATORIAL BULSGES.

? GOOD LENGTH CONTORL IS POSSIBLE.

IMPROVED MODEL FOLLOWER WITH RELATIVE DAMPING

o SURPRISINGLY 600D HEIGHT CONTROL IS FEASIBLE WITH ACCURATE LENGTH
MODULATION INCORPORATING ONLY SECOND AND FOURTH HARMONICS OF ORBIT
RATE (*100M OUT OF 3500M RELATIVE OBLATENESS).

’ MODERATE ERRORS DO NOT PREVENT REASONABLE HEIGHT CONTROL.

0 IT IS NECESSARY TO KNOW ORBIT PARAMETERS AND TO DETERMINE PERIOD-
ICALLY THE IN-PLANE SWING AMPLITUDE AND PHASE TO IMPLEMENT THIS
CONTROL.
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o

CLASSICAL FEEDBACK CONTROL THEORY WAS ALSO APPLIED TG THE PROBLEM OF
TETHER DYNAMICS WITH THE RESULT THAT OPTIMAL FEEDBACK METHODS CAN ALSO
BE USED TO REDUCE SATELLITE LIBRATION MOTION.
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LINEAR-OPTIMAL LlBRATlON FEEDBACK IMPROVES
PLANAR DAMPING (See 11-30-78 Review)

{LIBRATION DECAY {SIDE VIEW}

.- .;(h—,—~ . T v e e

, XC¥m)
. i . =30 = = '
8(0) = 0 red. o:o; = 0.1 rad
#(0) = 0 rad. #0) =0
r(0) = 100 ¥n
: r(0) = 110 ¥n. X, =7.350
0F R=1 K, = 7.359 % | Kg = 5.64
K,,= 5.638 = 3.07
. ¢ 2¢Km) %
‘ : 0 0 0 o . Db | P : B =LW
: y‘.: 1.767 . )
4 | - wo @ |0 2 0 o \4 o o 0 o1 —~\< Power < 3.8 watts/kg.
# 0 0 10 0 hJ- < 3.28 watte/kg. . \
i . o o o 0 10 0 o
" Lk . 1o o0 1 o :
- 1,, = 0.98 orbits (least damped N
mode) {9 0 0o 1
1 o .# 1,963/ orbit (ieast damped -~
i mode) i 1/, = 0.98 orbits (least damped
mocde)
Freq.= 1.963/orbit (least damped
mode)
120 L wm

OPTIMAL FULL STATE {PLAMAR} FEEDBACK

freq. = 1.1/orbit (least damped

. . X(¥m)
X{¥m)
30 ) -30 30 0
o ) ) 80 8(0) = 0.1 rad
o(0) = 0 #0) =0
o
s ’
90 b Kt =6 0L :‘ =6
o) Kgo = 3.46 20m) ¢ = 3.8
K =0 : o I
Kge =0
100?;

2
/g = 1.581 orbits (least damped
* mode )

uo

Power < 3.25 watts/kg.

Freq. = 1.1/orbit (least damped
mode)
umor

K *0
‘\& Power < 3.2 watts/kg.
"1/, = 1.681 orbits (least damped
mode) .

LENGTH AND u:uﬂa iu;m FEEDBACK R =4/3; £ =1}
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RECOMMENDED APPROACHES TO STEADY
STATE OUT-OF-PLANE CONTROL

6 REQUIRE ORBIT THAT AVOIDS BUILD-UP

_ o STATION-KEEP THE ORBITER ‘IN-PLANE TO AVOID OR PERIODICALLY
| REVERSE BUILD-UP PHASE

8 COMMAND LENGTH FOR CONSTANT HEIGHT (THIS WILL AVOID BUILD-UP)

® PERIODICALLY COMMAND A LENGTH SINUSOID THAT DAMPS ¢




F80-10
IMPROVED OUT-OF-PLANE DAMPING WITH
MODEL FOLLOWER
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F8C-10

DEPLOYMENT CONTROL ACCOMPLISHMENTS

i ' - 0 SHOW THAT A SMALL INITIAL SPRING PUSH-OFF, AN INITIAL AFT BOOM DIRECTION,
AND A COMBINED LINEAR/SINE/EXPONENTIAL COMMAND SPEED INITIAL DEPLOYMENT WITH
A SMOOTH TRANSITION TO A FAST EXPONENTIAL PHASE

e SHOW THAT MID-DEPLOYMENT RATE LIMITING ¢PATCHING FROM AN EXPONENTIAL TO A
LINEAR COMMAND) IS EASY

e SHOW THAT AN EXPONENTIAL FINAL PHASE TRANSITION TO A CONSTANT COMMAND CAN BE
SMOOTHLY FOLLOWED TO EXTEND THE LAST 10 TO 20 KM IN HALF AN ORBIT

o TOTAL DEPLOYMENT.TIME IS SENSITIVE TO THE INITIAL RATE, THE EXPONENTIAL TIME
‘ CONSTANT, AND TO THE RATE LIMIT. THE FASTEST SAFE DEPLOYMENT TIME IS:
(1 Lc(o) = 0,2M/SEC coMBINED WITH -1/= = 1400 sec out To 15 KM

jq’ _ (&8 Lc (0) == 0.2M/SEC COMBINED WITH -1/= = 1400 SEC OUT TO 15KM (8000 SEC)
(2) Lc = 10M/SEC FROM 15KM to B5KM (7000 SEC)
(3) EXPONENTIAL FLAIR TO Lc = 100KM WITH -1/« == 1400 SEC (2400 SEC)

TOTAL == 17400 SEC - 4.8 HRS
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! | l RETRIEVAL CONTROL ACCOMPLISHMENTS

F80-10

DEVELOP A LARGE-ANGLE VARIABLE FREQUENCY TUNING PHILOSOPHY FOR PURE EXPONENTIAL
RETRIEVAL COMMANDS AND DEMONSTRATE IMPROVED PERFORMANCE (INCLUDE FINAL POSITION
AND TENSION BIAS)

DEVELOP AN UNDERSTANDING OF RETRIEVAL SUCCESS SENSITIVITIES INCLUDING THE DETRI-
MENTAL EFFECT OF TETHER MASS, THE VARIABLE ADVANTAGE OF A FIXED BOOM, THE ADVAN-
TAGE OR OUT-OF-PLANE ORBITER AV'S, AND THE ADVANTAGE OF BOOM POINTING DURING
FINAL PULL IN.

DEVELOP A SUPERIOR RETRIEVAL COMMAND APPROACH WHICH STARTS WITH A LINEARLY DE-
CREASING LENGTH (FOR A RATE LIMIT oF 10M/sec 1T TAKEs 7500 SEC TO RETRIEVE TO
25 kM)

A PURE EXPONENTIAL CAN BE USED ALL THE WAY TO 1 METER BUT THE EXPONENTIAL TIME
CONSTANT MUST BE AT LEAST 4444 SEC TO ALLOW NON-LINEAR STRETCH COUPLING ALONE TO
DAMP OUT-OF-PLANE ERRORS AS LARGE AS 5 KM. TOTAL RETRIEVAL TIME IS 13 HOURS.

OUT-OF-PLANE ORBITER AV'S REDUCE TOTAL RETRIEVAL TIME TO 1 METER TO 8 HOURS.
THIS PERMITS USING A 2500 SEC EXPONENTIAL WHICH SAFELY CONTROLS PLANAR LIBRATION
THROUGH STRETCK 4G ALONE. , : _— 7500 )
I (aV; =10 M/sec, L; : T; 7500 sec
(FOR AN lNngAL OUT-OF-PLANE i s H s :
ERRCR OF 5KM) (8V2 = 1 m/sec, L, =IKM, T, :15000 sec)

(aVs 0.1 m/sec, L, -=50M, T, -2100C sec)

THE SATELLITE CAN BE PULLED IN THE LAST 40 1o 80 METERS AT A CONSTANT RATE OF A-
BouT 0.1 M/SEC IF THE ORBITER POINTS THE BOOM AT THE SATELLITE. THIS ALLOWS A

TOTAL RETRIEVAL TIME AS SHORT AS (6 HOURsS). (WE HAVE ONLY SIMULATED PLANAR
POINTING TO DATE),
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COUPLING BETWEEN PLANAR AND OUT-OF-PLANE
MOTIONS LIMITS PURE EXPONENTIAL RETRIEVAL TIME
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F80-10

CLOSE-UP OF OUT-OF-PLANE AV ASSISTED RETRIEVAL

CLOSE SIDE VIEW | CLOSE FRONT VIEW 3
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F80-10

(0.6 DEG ORBITER LIMIT CYCLE WITH 50 SEC PERIOD)

¥;/2/4 REASONABLE BOOM POINTING ERRORS ARE TOLERABLE

SIDE VIEW
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F80-10

/4 SMALL OUT-OF-PLANE ERRORS DON'T CAUSE TROUBLE
§ EVEN WHEN THE BOOM POINTS ONLY IN PITCH
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TENSION OF THE TETHER LEAVING THE BOOM IS CONTROLLED BY A PINCH WHEEL
AND SERVO DRIVE LOCATED NEAR THE BOOM TIP, ANOTHER SERVO CONTROLS THE
TETHER TENSION AT THE STORAGE DRUM TO ENSURE PROPER WINDING OF THE
TETHER.

THE SERVOS RECEIVE COMMANDS FROM THE LENGTH-TENSION PROFILE GENERATOR
AND CONTROL LAW LOGIC LOCATED IN THE DEPLOYER DEDICATED PROCESSOR.

BOTH SERVO POWER AMPLIFIERS ARE CONFIGURED FOR "4-QUADRANT” OPERATION,
SO THAT EXCESS ELECTRICAL ENERGY DEVELOPED DURING DEPLOYMENT IS RE-
TURNED TO THE DEPLOYER STORAGE BATTERIES OR DISSIPATED IN THE AUXIL-
IARY DEPLOYER-MOUNTED THERMAL RADIATOR,

F80-10
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TETHERED SATELLITE PALLET-MOUNTED DEPLOYER e
. e 2 R T e ——e . mme e ice o = LA . -- ae ceme : & ormeis . 'l,i
T0 SATELLITE ;_ "
SATELLITE "
\ v % “" ',1
, wen (7 - I/
‘ TENSION
¥
! . [Back cHe conv
: | [ ow
AMPLIF IER
DRIVERS TACH TENSION
/M SiG. conor” ' |
R g%o =] :unn |
i ¢ . BACK CHG CONV i
FROM 16L00 | _L=RATE i
VIA FoRMARD ¢ AC. UNIT oy
i ST S brrrasy. s LeLENGTH ;
1 CHILLED WATER i
CHILLED : |
contRoL = | lL __CAUT../WARN, SAFE/ARM & DEPLOY !
nmo—FI/o —— e e o il o i 4
AFT-PALLET Sves. = _ FeeD- ey 3;33,:,-,"&.——, — XN
BRIBLE.._ =0 sme em e e - =§ PALLETS
4 POWER 40 A {MAX) r - , l I —— ) I 4
’ "- —————— -d I—“—I # T i
] e e |
{ L) eamamr s T TN |
o e T T T




FR0-10

THE BOOM TIP SERVO CONSISTS OF TWO FEEDBACK LOOPS, A "MAIN TENSION"
SERVO WHICH IS OPERATED CONTINUOUSLY AND CONTROLS TENSIONS DOWN TO
ABOUT ONE NEWTON, A SECOND " OW TENSION” CONTROLLER, LOCATED ALSO
NEAR THE BOOM TIP, IS ENGAGED WHEN THE TETHER TENSION BECOMES LESS
THAN ABOUT FIVE NEWTONS, THIS LOW TENSION SERVO PROVIDES LINEAR CON-
TROL TO TENSIONS AS LOW AS 0.15 NEWTONS.

THE REEL TENSIOMETER PROVIDES ISOLATION BETWEEN THE BOOM TIP SERVOS
AND THE REEL SERVO, A TENSION SHARING PROGRAMMER DIVIDES THE TOTAL
TENSION REQUIRED INTO DIFFERENTIAL TEKSION COMMANDS DIRECTED TO EACH
OF THE SERVOS.

11-26A
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F80-10

ACTION OF THE TETHER TENSION SHARING PROGRAMMER PRODUCES VARIATIONS IN
THE TOTAL TETHER TENSION BY ADJUSTING THE DIFFERENTIAL TENSION OF THE
SERVOS, AND KEEPS THE SERVOS OPERATING WITHIN THEIR DYNAMIC AND TEN-
SION RANGE CAPABILITIES,

e ———
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TENSION SHARING-DEPLOYER SERVOS 500 KG
SATELLITE - 150 KG TETHER

i TENSION

¥

.  §

¥ CONTROL ir mg:‘. RANGE
TENSION INCREMENT 2 |- e e
LO-RAMSE SERVO -
NEWTONS 1 CHANGE )

CONTROL DIFFERENTIAL
TENSION mcm:ur TENSION
IOM-TIP SERVO - CONTROL RANGE

200 ¢
REEL - ALLOWABLE
WINDING 100 |- RANGE OF
TENSION — | WINDING TENSIONS
NEWTONS |
0
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F80-10

& , THE "LOW TENSION” SERVO DRIVE IS LOCATED IMMEDIATELY BELOW THE DROGUE-
‘ CAPTURE ASSEMBLY, THE SERVO REMAINS DISENGAGED FOR HIGHER TENSIONS
AND THE TETHER PASSES DIRECTLY FROM THE MAIN SERVO INTO THE EYELET ON
THE LOWER END OF THE DROGUE PROBE.
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F80-10

THE LOW TENSION CONTROLLER IS ENGAGED BY AN ELECTROMAGNETIC ACTUATOR
WHICH SWINGS THE PINCH ROLLER AGAINST THE TETHER AND AN IDLING ROLLER
WHEN THE TENSION FALLS BELOW ABOUT FIVE NEWTONS.
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THE ULTIMATE NOISE LEVEL AND, HENCE, THE LOW TENSION CONTROL LIMIT FOR ;
A THE TETHER CONTROL ARE INFLUENCED NOT ONLY RY THE INHERENT CAPARILITY
o OF THE LOW TENSION SERVO, BUT ALSO BY SOURCES OF TENSION NOISE ORIGI-
'y
: NATING IN THE MAIN AND REEL SERVO MECHANISMS, :
1 ?
i .
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TENSIOMETER
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THE NOISE LEVEL IN THE LOW TENSION SERVO ARISES FROM (1) TENSION NOISE
INHERENT IN THE SENSING LOOP OF THE LOW TENSION SERVO LOOP. (2) TEN-
SION NOISE ARISING IN THE SERVO LOOP AND FROM OTHER SOURCES WITH WHICH

IT IS COUPLED.

TENSION NOISE IS ATTENUATED BY THE SERVO, THE LEAST ATTENUATION OCCUR-
RING AT THE LOWER FREQUENCIES.
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%jﬂ‘ g BOOM- TIP LO-TENSION SERVO RESPONSE

T = 015 Tigie o) + Tgg
NOISE LEVEL = (SERVO ATTENUATION) (TENSION NOISE) + SENSOR NOISE

= 0.15 (24.5 x 1072) + 0.8 x 1072 = 4.5 x 10" NEWTONS

TO . T0
MAIN CONTL' R SATELLITE
. T K.l.rIJ
“4<r 7= s2ue
TS é [ Tn K Krr
J
Tm T,r
—.é— f
" ) SENSOR T7_1 _ kel
T" X rel 2
=
&
U = 0'15

tﬂ%
' Ks = SERVO ATTENUATION




NOISE SIGNALS ARE FURTHER LIMITED BY THE FREQUENCY RESPONSE OF THE LOW
TENSION SERVO SYSTEM,

SIGNALS AT FREQUENCIES LOWER THAN ABOUT ONE HERTZ ARE ESSENTIALLY
ELIMINATED BY THE INTEGRAL FEEDBACK IN THE SERVO LOOP, SIGNAL COMPO-
NENTS AT FREQUENCIES GREATER THAN ABOUT 12 TO 15 HERTZ ARE ELIMINATED
BY THE NEED TO MINIMIZE THE SERVO RESPONSE TO MECHANICAL RESONANCES IN

THE SERVO DRIVE MECHANISM,.
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TENSION NOISE
tep = BEARING FRICTI(M‘

tﬂ, = PITCH WHEEL FRICTION
tey = MOTOR FRICTION
tgy = NOISE FROM MAIN TIP SERVO

TiB (5-6) = TOTAL IN-BAND TENSION

SENSOR NOISE - TS3

tpgy - PIVOT BEARING
tyocr - TRANSDUCER REPEATABILITY

TS3 - TOTAL SENSOR NOISE

e bbb S LS

WIDEBAND TN-BAND
TOTAL FREQUENCY 5 1 HZ
0.02 N 0.001 N (5%)
0.4 0.06 (15%)
0.12 0.024 (20%)
1.6 0.16  (10%)

NOISE = 24,5 x 1072 N

0.0018 N
0.006

0.78 x 1072 N

11-33
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Low TENSION NOISE DUE TO LOSSES IS ESSENTIALLY A FUNCTION OF THE FRIC-
TIONAL LOSSES AND HYSTERESIS OF THE INDIVIDUAL HARDWARE COMPONENTS.

” 2 ) 3 e
Sont b R Mt kit I e it AN at s - ST L i




WHERE :

NOTES:

F80-10

tor = TETHER PINCH FRICTION

= urFN =0.4N
uy = 0.0015(:) ~ WHERE: uJ(:)= ROLLING COEF. = 0,02
F" = NORMAL FORCE = T/us 4 FN = T/us

T = SLIP TENSION = 6 N
tys = MOTOR FRICTION

Mg = STATIC FRICTION = 0.3

: =uT=0,12 N
D, = BEARING DIA. = 0.5" "

WHERE : Wy = MOTOR LOSSES = 0.02

D, = PULLEY DIA. = 2

A 2.4@ tsy = NOISE FROM MAIN TIP SERVO

=1.6N

T

5-6N - et tpp F typ t tgy = 1.6 N

MARKS HANDBOOK PG. 3-28

MARKS HANDBOOK PG. 8-140
2 MAIN SHAFTS PLUS MOTOR SHAFT




IN TURN, THE NOISE CONTRIBUTION FROM THE MAIN SERVO IS DETERMINED BY
THE FRICTIONAL LOSSES AND HYSTERESIS PRESENT IN THE MAIN BOOM TIP
SERVO.




e Tl + u.p)
t3N m GB
10

* usensor = 4-8 N

t » = MOTOR FRICTION t,o = TETHER PINCH FRICTION
= T =
= Tu, = 0.75 N ey T 5N
WHERE: i = MOTOR LOSSES = 0.015 WITH »_ = RUNNING FRICT. = 0,03
T=50N ug = STATIC FRICT. = 0.3
é
tg, = SENSOR NOISE | “tyy = REEL_SERVO NOISE
ﬁ 1S TR, | WITH T = 200 N, SERVO GAON = 10
3 5; g " .
i = PIVOT FRICT + REPEATABILITY Wy = 0.015,ucy = 0.1,
- . - 1.5 200 - u " 200 _
i 0.00015 45> 299 1 + (200) (0.0007) = 0.52 N SENSOR = 0,05 x 20 = 2.5
R
B

- 0.75+5 +4.8 i}
Ton = 10 +0.52= 1.6 N

11-35

e s S A s 50 R S T A




Lo e oA B

F80-10

SENSOR NOISE IN THE LOW TENSION SERVO ARISES FROM THE INHERENT MEA-
SUREMENT CAPABILITY OF THE TENSION SENSOR AND FROM THE ASSOCIATED
SENSOR PIVOT FRICTION CHARACTERISTICS. '




F80-10

tpgy = PIVOT BEARING FRICTION

2

=0.18 x 10°° N

WITH: T-su.ob;o.v', D, = 2

.

YXDCR = REPEATABILITY OF SENSOR
o =T x =6 x0.0007 = 0.42 x 1072 N
{ .

! : WHERE s IS DEVICE REPEATABILITY AS FRACTION OF LEVEL.

Ty = TOTAL SENSOR NOISE = 0.6 x 1072 N,

11-36




Wo-17-2L

4
:
4

SHOLKIN ST*0 q330x3 . B
10N TN0HS NOISAL TigvTI08100, W 0 4

SNOLMIN S0'0 @339%3 10N ._.== :
- NOISN3L ¥3HI3L NO 73AT7 ISION (3L93dx3 o




L vt s € 0 S ey

B, e

SR,

DURING RETRIEVAL, THE SPHERICALLY SHAPED SATELLITE IMPACTS A CIRCULAR
DOCKING RING AND UNDER TENSICN OF THE .TETHER COMES TO REST CENTERED 1IN

THE RING,

THE DOCKING PROBE IS THEN EXTENDED, ENGAGING THE DROGUE SOCKET ON THE
SATELLITE AND AFTER LATCHING THE PROBE IS RETRACTED, PULLING THE SAT-
ELLITE AGAINST THE DOCKING RING - AND RESISTANCE OF THE DOCKING RING
SPRINGS,

THE DAMPING OF REBOUND MOTION OF THE SATELLITE IS ACHIEVED THROUGH TWo
EFFECTS: (1) ABSORPTION OF THE KINETIC ENERGY BY THE DOCKING RING
SPRING DAMPERS, AND (2) A TETHER TENSION PRGFILE. WHICH IS PROGRAMMED
TO EXECUTE FAIRLY LARGE TENSIONS OF ABOUT TEN NEWTONS DURING REBOUNDS
AND SMALL TENSIONS OF LESS THAN ONE NEWTON DURING REEL IN,

e Lo ¢ e o oA MR
i b Bt Pt i AN
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TETHER TENSION DURING DOCKING IS PROGRAMMED TO LIMIT REBOUND TO LESS
THAN ONE DIAMETER OF THE DOCKING RING, THUS ENSURING IMPACT WITH THE
DOCKING RING ON SUCCESSIVE BOUNCES.

THE SYSTEM IS DESIGNED TN ACCOMMODATE IMPACT VELOCITIES OF UP TO 0.3
METERS PER SECOND, TENSION PROFILES CAN BRE ADJUSTED TO ACCOMMODATE

SELECTED IMPACT VELOCITIES.

F80-10
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/7%4  DOCKING PULL-IN TENSION REQUIRED TO RESTRICT FIRST REBOUND
TO LESS THAN ONE METER (500KG SATELLITE)

| 30
: \ .
\
, | i
4 ,\\
: 20 Q'
E PEA'D ¢ X % I
; DOCKING \ /\%\
f REBOUMND \ ’l Q- ' % ma'n
N TENSION
k TEﬂsmn-/ A |
:-. mﬂs |
’ oL 1
.',&“
< —LBS~
-1
i)
0

S - DAMPING COEFFICIENT
MECHANICAL DAMPERS

11-39
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TWO DIMENSIONAL SIMULATION WAS FORMULATED TO ANALYZE BEHAVIOR OF THE
SATELLITE AND DOCKING RING DURING FINAL CAPTURE., THE SIMULATION IN-
CLUDED DYNAMIC EFFECTS OF FRICTION BETWEEN THE SATELLITE AND THE DOCK-
ING RING AND THE RIGID BODY MOTION OF THE SATELLITE UNDER VARIOUS
TENSION PROFILES.
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DOCKING SIMULATION GEOMETRY

SATELLITE
INCOMING
VELOCITY

SATELLITE
ROTATION

A s

T1 = REEL-IN {m

= CONTROL
Teo -.RENIND TENSION

DOCKING RING

Y
\ u = COEFFICIENT OF FRICTION

k = SPRING CONSTANT

DAMPING _ ,
FACTOR




P R, e b i SN T il i i

INSUFFICIENT DAMPING, EITHER DUE TO TOO LOW REBOUND TENSION OR INSUF-
FICIENT MECHANICAL DAMPING, ALLOWS THE SATELLITE TO MISS THE DOCKING

RING AFTER THE FIRST BOUNCE.

11-40A
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SATELLITE DOCKING - INSUFFICIENT DAMPING

.5 1 V4 = INCOMING SAT,
2 - VEL. = 0,3 M/SEC
MTRS T, = INCOMING TETHER
TENSION = 1 N
# T, = REBOUND TENSION
=10 N
1+ n = DAMPER COEF.

= 30%

11-41




widi
At
e

i1

Vin-iL

*NOILISOd %000 OANI S$37LL3S 3ILITTILVS 3IHL ONIJWVA INIIDIH4NS HLIM

OL-084

e NI iy | T e e — - S al
3 '3 i S
- i o HE - AR . bio bl AutaE L Ld " ‘ AP PERITORRE L vt T T T

e




NOISNZL NI TINd N 0€ - DNIMOO0QA 3LIT13LVS




v

ANy

‘NOISY¥NIX3 ANNOCHE3Y¥ Y¥Y3AIM NI SLINS3IY NOISN3L ONNOH3Y ONISV3IUII(

OL-084

e, -

: ERWRIBRE, 5 ST e




Ev-L1

T

A ol
——

J3S/SHUIN €°0 = A

NOISN3L ANNOB3H- NOLM3N O} - BNINOOG ILITTALYS &

0L-084




Aot S

s o A ve v N

B i o T s g iy i

FINAL PULL-IN PHASE OF THE RETRIEVAL, DURING WHICH THE SATELLITE VE-
LOCITY IS ABOUT ONE-TENTH OF A METER PER SECOND, REQUIRES ABOUT 13
MINUTES: THE TOTAL DISTANCE TRAVELED BEING ABOUT 80 METERS.

DURING THIS PHASE THE SATELLITE POSITION IS MONITORED VIA THE CLOSED
CIRCUIT TELEVISION CAMERAS LOCATED ON THE PALLET RAILS. REQUIREMENTS
FOR ORBIT ATTITUDE MANEUVERS DURING THIS PHASE WILL ALSO BE DERIVED
RASED ON THE OBSERVATIONS MADE WITH THE CLOSED CIRCUIT TELEVISION
SYSTEM,

THE TWO CAMERAS ARE LOCATED SO THAT OVERLAPPING IMAGES ARE GENERATED,
ELIMINATING BLIND SPOTS DUE TO THE SHADOW OF THE BOOM, THE FIELD OF
VIEW OF THE CAMERAS MAY BE CHANGED DURING THE RETRIEVAL TO ALLOW EVER-
INCREASING RESOLUTION OF THE ANGULAR POSITION, USING THE BOOM IMAGE AS
AN OFFSET REFERENCE FOR THE SATELLITE POSITION,

- 11-43A
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CLOSED CIRCUIT TELEVISION IMAGES - CAMERAS
LOCATED ON PALLET RAILS

SATELLITE RANGE
FROM TIP OF BOOM

SATELLITE \
= Y

+32° +64
FIELD OF VIEW FIELD OF VIEW FIELD OF VIEW
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- DOCKING DYNAMICS = STUDY RESULTS

SATELLITE CAPTURE WILL OCCUR UMDER THE FOLLOWING IMPACT CONDITIONS:
SATELLITE VELOCITIES UP TO 0.4 MTR/SEC
OFF-AXIS INCIDENCE ANGLES LESS THAN £50°
MISS DISTANCES LESS THAN 1.2 METERS
WITH DOCKING TENSION AFTER FIRST BOUNCE OF:
(A) LESS THAN 3 NEWTOWS (-0.5 POUND) DURING REEL-IN
(8) MORE THAN 30 NEWTONS (-6.5 POUNDS) DURING REBOUND
o DOCKING DAMPERS REMOVE 50 PERCENT OF ENERGY/BOUNCE

o OTHER COMBINATIONS OF DAMPING COEFFICIENT, INCOMING VELOCITY,
AND TETHER TENSION MAY BE USED

2%
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THE TETHERED SATELLITE SOFTWARE FUNCTIONS ARE LOCATED IN THREE AREAS:

o e e

N DATA FROM THE SATELLITE VIA THE ORBITER PAYLOAD INTERRO-
GATER ARE HANDLED TOGETHER WITH THE ORBITER SATELLITE NAVI-
GATIONAL DATA, BY THE ORBITER GENERAL PURPOSE COMPUTER.,

(2)  HOUSEKEEPING DATA FROM THE DEPLOYER ARE HANDLED IN A SPACE-
LAB EXPERIMENT COMPUTER LOCATED IN THE IGLOO,

(3)  SPECIAL PURPOSE DATA HANDLING RELATED TO THE TETHER CONTROL
' AND THE DEPLOYER OPERATIONAL STATUS IS HANDLED BY A DEDI-
CATED PROCESSOR LOCATED ON THE TSS PALLET.

i - 12-0A
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F80-10
) . | | |
724 1SS SOFTWARE FUNCTIONAL LOCATIONS |
| |
i
! !
: ORBITER: SPACELAB TETHERED SATELLITE L
I ' PALLET i
‘ e T0 o I | | ’
,S,:}'E'dkf,n IA roreerAY 1 ' DISPLAY ) ' .
mmgowon . 1 & conTRoL - |0 | & CONTROL | pDS | P
I I
' l l
—— | GENERAL. EXPERI- DEPLOYER
—— : | ‘ | DEPLOYER :
> | PURPOSE ! | MERT DEDICATED |
| _coMPUTER | |  L_PROCESSOR HRSYSTENS ;
| | I I - I “_L P
v ' REMOTE L
T0/FROM u | ACCESS : A
POCC VIA J- 1 ! UNIT P
UP/DOWN LIN | B l !

12-1




.~

T el otk AR st 3 i b

ORBITER
MASTER
CAUT & WRN
@ mom
<] omITER DATA T
g DOWH LINK MULTIPLEX
oou
GENERATE
CRT
@ DISPLAYS - -
)
PERFORM
@ PAR. LIM.
CHECKS STORED “.—
; LIMITS & DATA
SATELLITE @ ! v ™ sus
et PATLORD 7 ms1 = .
<—— INTERROGTR CAL UNITS
L)
s | @ [Fow e -
= SATELLITE COMMAND
By COMMANDS KEYBOARD
roce a{g“ VALTDATION
& STEERING
COMMANDS DISCRETE
& PCM DEPLOYER
COMMANDS
T0 SPACE
ALTITUDE LAB VIA DATA
| BUS
PITCH
ORBITER
navia ion St ® ©)
SYSTEM AW
SAT ALT
XU-BAND A coororeate PN PL-AMEE ccmare |RE:EARTH
RENGEZVOUS | Erey TRANSFORMA- SATELLITE
RADAR TION OUT PL. ANG POSITION Ri"m.'"“
I m ’ ( LA ¢°-.)
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128

1A

118

SOFTWARE _FUNCTION

EXECUTE SATELLITE COMMANDS FROM
ORBITER UP-LINK. TOTAL OF 15
DISCRETE COMMANDS (64 AVAILABLE)

EXECUTE SATELLITE COMMANDS FROM
DDU. SAME GROUP AS IN 12A.

DECOMMUTATE SATELLITE HOUSEKEEPING
DATA (FROM S-BAND PAYLOAD
INTERROGATOR) .

36 ANALOG CHANNELS (64 AVAIL.)

10 DISCRETE INDICATORS (32 AVAIL.)

CONVERT EACH ANALOG OUTPUT FROM
BLK. T11A TO PHYSICAL UNITS.
STORE IN DISPLAY MATRIX. STORE
DISCRETE DATA OUTPUTS IN DISPLAY
MATRIX AS SATELLITE MODE STATUS
INDICATORS.

10 INDICATORS (32 AVAILABLE)

QRLAA B S s 8 i s 5 AN i 8 . 15 U

RATE/
SPEED

2 KBPS. AS
REC'VD AND
VALIDATED

2 KBPS

1/SEC

1/SEC

- ORBITER SOFTWARE REQUIREMENTS

PRECISION

16 BIT
AND PARITY

16 BIT
AND PARITY

8 BIT

8 BIT

b st o Lo dtie & | abe R B phidiin, I K IR il

F80-10

ALGORITHM REMARKS

STORE FOR TRANSMISSION TO
SATELLITE (VIA S-BAND PAYLOAD
INTEROGATOR) UPON OPERATOR
COMMAND FROM ORBITER DATA
DISPLAY UNIT (DDU)

xn = Aﬂ = ann raw.
ASB ARE COEFFICIENTS

LOADED DURING INITIALIZATION.
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———————-————

/i ORBITER SOFTWARE FUNGTIONAL REQUIREMENTS (cont,d)

NO. ‘ »Spnwe FUNCTION SPEED PRECISION ALGORITHM/REMARKS
118 PERFORM LIMIT CHECKS ON ANALOG 1/SEC 8 BIT X min< X< X

PARAMETERS FROM BLOCK 11A. nmin- “n-" “nmax? |
FLAG OUT-OF-LIMITS CONDITIONS LIMITS ENTERED AND STORED L
AS INITIALIZATION DATA |

11C GENERATE DDU CRT DISPLAYS - PER DDU USERS MANUAL REQUIREMENTS

TOTAL OF 2 - FROM OUTPUT OF BLK | SEE ACCOMPANYING FIGURES |
11A ard 118. o |

13 MULTIPLEX SATELLITE AND DEPLOYER 16 KBPS 8 BIT PER ORBITER AND DOWNLINK
DATA GN TO ORBITER DOWNLINK DATA REQUIREMENTS
STREAM FOR REAL-TIME TRANSMISSION TO
POCC.

1 CALCULATE IN-PLANE AND OUT-OF 1/MIN 8 BIT % o =TTy
PLANE ANGULAR POSITION OF SATELLITE (1 DEG.) 7 oo-p 7
RELATIVE TO ORBITER, USING DATA Where AZ and E1 are RADAR
FROM Ku-BAND REDESVOUS RADAR AND | GIMBAL ANGLES &
g'}ggﬁ“ ATTITUDE DETERMINATION AND F(PITCH Cos Az Cos EI
_ ROLL,YAW) || Sin Az Cos E1
3 oR oRBITER || " cos E1
2 CALCULATE IN-PLANE AND OUT OF PLANE | QMRITER ATTITORE NATRIX SE-LOCAL
DISTANCES IN Km. MULTIPLEX ON TO VERTICAL AND VELOCITY VECTOR.

DATA BUS TO DEPLOYER




SATELLITE-TO-ORBITER DATA SUMMARY
ANALOG DATA (8-BIT ENCODING)

HOUSEKEEPING 25 CHANNELS
EXPERIMENT 11 CHANNELS
SPARES __12 CHANNELS

| TOTAL us

SERIAL DIGITAL DATA (PCM)
HOUSEKEEP NG -
EXPERIMENT 8 KBPS @ 100 KM

BI-LEVEL INDICATORS
HOUSEKEEPING 10
EXPERIMENT 12
SPACES 10
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ORBITER-TO-SATELLITE GOMMAND SUMMARY
(VIA PAYLOAD INTERROGATOR LINK)

DISCRETE COMMANDS

SATELLITE CONTROL (HOUSEKEEPING)
SATELLITE EXPERIMENT CONTROL
SPARES (UNASSIGNED)

TOTAL (TO BE RESERVED)

SERIAL COMMANDS

SATELLITE
EXPERIMENT

SPARES (UNASSIGNED)
TO BE RESERVED

PCM COMMANDS

12-6

15
15
24
64

0

EXPERIMENT DEPENDENT
8

8

EXPERIMENT DEPENDENT
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SPACELAB SOFTWARE FUNCTIONS, EXECUTED BY THE SPACELAB COMPUTER, GENER-
ATE DISPLAYS, EXECUTE CONTROL COMMANDS, AND MONITOR THE STATUS OF THE

DEPLOYER.
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SPACELAB SOFTWARE FUNCTIONS

EXPERIMENT
COMPUTER
CRT
DISPLAY

STORE
SATELLITE
POSITION
HISTORY

" o PERFORM
| | PARAMETER mgfwoa

}
;
‘¢ s
&

FLAG OUT
’ OF LIMITS
PARAMETERS

_FACTORS

CONVERT TO FETCH
* PHYSICAL SELECTED @
UNITS DATA

‘ . PALLET
- MOUNTED
i ' DATA BUS " .
To/FRoM CAm - ——
VALIDATIGH ACCESS }—
& & STEERING | ; > UNIT ——
10/

DDS | FORMAT DEPLOYER
. COMMAND DEPLOYER
KEYBOARD COMMANDS




15A

14

7A1

'SPACELAB SOFTWARE REQUIREMENTS

: RATE/ |
SOFTWARE FUNCTION SPEED INPUTS  OUTPUT(S) ALGORITHM/REMARKS *
FORMAT DEPLOYER COMMANDS FROM DDS. AS KEYED  OUTPUT OF  16BIT (RAU)  PER DDS TO CMD TRANSLATION
TOTAL OF 41 DISCRETE CMDS. (84 DDS KEY- ~ COMMAND REQUIREMENTS PER SEC.
AVATLABLE) BOARD WORDS 4.3.1.2 OF MDC 668548,
SPACELAB PROGRAM SOFTWARE
USERS GUIDE.
EXECUTE DEPLOYER COMMANDS AS REC-  FORMATED "
FROM UPLINK (SAME COMMANDS ~ EIYED FROM CMDS. FROM
AS IN 15.) OR'BITER. ORBITER GPC
&C  (UPLINK)
FETCH DEPLOYER HOUSEKEEPING 1/SEC  TSS RAW DATA INPUT  DECOMUTATION CLOCKING
DATA FROM S/L DATA BUS FOR OUTPUT T0 BLOCK PATTERN
ON-BOARD PROCESSING. (7A)
46 ANALOG CHANNELS (64
AVAILABLE)
CONVERT EACH ANALOG OUTPUT 1/SEC DATA FROM 8 BIT WORDS, X = A #8 X . WHERE
FROM BLOCK (14) (ABOVE) BLOCK (14)  INPUT TO BLK  ,ou poo Rach ANALOG
TO PHYSICAL UNITS (78) PARAMETER ARE LOADED AS

INITIALIZATION DATA.
(EQUIVALENT TO SPECIFYING
PHYSICAL VALUES CORRESPONDING
TO LIMITS OF + 5V RANGE).

12-8
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. 78,7C

10

178

SOFTWARE _FUNCTION

STORE BILEVEL DATA FROM BLK 14,

IN MATRIX FOR USE IN FURTHER
PROCESSING. 37 INDICATORS
(TOTAL OF 64 AVAILABLE)

PERFORM LIMIT CHECKS ON
ANALOG PARAMETERS,
OUTPUT FROM BLOCK 7A1.

46 PARAMETERS (64 AVAIL).
TAG OUT-OF-LIMIT WORDS

GENERATE CRT DISPLAYS=TOTAL -

- OF 5 DISPLAYS PER ACCOMPANYING

DIAG. (TOTAL 20 MODE STATUS
INDICATORS AND 37 PARAMETERS)

LOAD INITIALIZATION DATA
INTO SPACELAB EXP. COMP
MEMORY .
PROCESSING PROGRAM
ALGORITHM COEFICIENTS
PARAMETER LIMITS

RATE/
SPEED

1/SEC

1/SEC

INPUT/
SOURCE

DEPLOYER
RAU

8 BIT DATA

OUTPG. OF
BLKS. 7A2,
7B and 7C

ouTPUT/

DESTINATION

EXP. COMPUTER

DISPLAY DATA
BLOCK- EXP.
COMPUTER

CRT

F80-10

SPACELAB SOFTWARE REQUIREMENTS (cont'd)

ALGORITHM/REMARKS

xn-n'ln‘ xn< xmx?
LIMITS ENTERED AND STORED
AS PART OF INITIALIZATION
DATA.

PER MDC G6854B, SPACELAB
PROGRAM USERS GUIDE AND

SLP 2104 - S/L ACCOMMODATION
HNDBK SECT. 4.4.6.3

PER OUTLINED ABOVE
ABOUT 150 VALUES (8-BIT-SIG
ABOUT 150 VALUES (8-BIT-SIG

4 MT, =2 o e s e ——
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| SPACELAB SOFTWARE FUNCTIONAL REQUIREMENTS (cont d) |
: |
BLK. ' RATE/
NO. SOFTWARE_FUNCTION SPEED PRECISION - ALGORITHM/REMARKS
19 SATELLITE POSITION HISTO.!Y. | 3/MIN. 8 BIT 3X20X4 = 240 WORDS
STORE IN-PLANE & OUT-OF-PLANE RETRIEVABLE AS DEPLOYER PCM
4 ANGLES AND RANGE DATA, FOR TELEMETRY DATA
‘ TOTAL OF 4 HOUB PERIOD '
E |
[ | |
b ! ?
| !
| |
|
|
|
.‘\ :’
|
|
o 12-10 ?
0
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Gk DEPLOYER coMMAND AND DATA HANDLING SUMMARY
(VIA PALLET RAU)

& DISCRETE COMMANDS

| L ASSIGNED !

g | .
| ~ SPARES 23
. - TOTAL (RESERVED) 64

BILEVEL STATUS INDICATORS

ASSIGNED 21
SPARES 11
TOTAL 32

- ANALOG STATUS INDICATORS

ASSIGNED 45
SPARES 19

h TOTAL - 64
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TETHER LENGTH XX KM.
TETHER TENSION XX N.

REEL TENSION

REEL SERVO ERROR
REEL MOTOR CURRENT
REEL BRAKE

BOOM SERVO ERROR
BOOM MOTOR CURRENT
BOOM BRAKE

BOOM TENSION

OPER. MODE - ON (XXXXX)

DEPLOYER MODE - PAYOUT (Xxxxx)

TETHER RATE - XX M/SEC.

XX N

XX v

XX A
OFF(ON)

X v

XX A
OFF(ON)

XX N

(Xx
(xx
(Xxx

(Xxx
(xx

(XX

XX)
XX)
XX)

XX)
XX)

XX)

——— Rttt

F80-10

TYPICAL DISPLAY GROUP - TETHER CONTROL - NO. 1
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SOFTWARE FUNCTIONS PERFORMED IN THE TSS DEPLOYER DEDICATED PROCESSOR
ARE PECULIAR TO THE TETHERED SATELLITE SYSTEM. THE FUNCTIONS ARE
COMPATIBLE WITH WELL-ESTABLISHED DIGITAL PROCESSING TECHNIQUES AND THE
COMPUTING SPEED AND STORAGE REQUIREMENTS ARE MODERATE.

|
|

O————




? TO/FROM
SPACELAB

A

VIA
DATA
BUS

UNIT
(RAU)

REMOTE.
ACCESS

|

F80-10

DEPLOYER DED?ICATED PROCESSOR SOFTWARE FUNCTIONS

< LNDICATOR SUBSYSTEM SUBSYSTEM
STATUS MODE &
MONITOR PARAMETER
STATUS
STORED
MODE & DEPLOYER
PARAMETER MODE = |
VALUES CONTROL _
@ LENGTH @ .
PROFILE T
GENERATION DOCK® 'SEP
CLOCK -
C
@ CONTROL BOOM BOOM
LAW SERVO MTR. DR
L 2]
L 4
WINDING @ MNLOS REEL
TENSION g‘égbo MOTOR
CONTRO 1 DRIVE
INITIALIZATION o {
COMMAND
BATTERY .
Q STATE OF
CHARGE I
E'F OTHER DEPLOYER HOUSEKEEPING DATA
qv' » | .
OTHER DEPLOYER COMMANDS 7

|

12-13
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4 TETHERED SATELLITE DEPLOYER DEDICATED PROCESSOR

12-14

| spaceLAB oATA svsTeM |
——MODE STATUS *1 AccESs uniT :
& PARAMETER '
READOUT .! K, - COMMAND
i CHDS LE ACCUMULAT FROM PINCH-
f § | verrover staTus fof e TN = WHEEL BLIPPER.
i L—{ MONITOR & SERIAL COMMAND
i | wooe contror  fad———DaTA (PARAMETERS)
- Tr X
i__I" ProFiLe Seq. < MODE CONTROL 7 -l @.J_mn REEL
L MODE_CONTROL '_’ T0 DEPLOYER SUBSYSTEMNS f g TENSIOMETER
: ‘ REEL TENSION | T, § N c
BN (ORI | R Ka (542 r | 70 reeL moToR
- FUNCT 10N led 8,(S)
GENERATOR . ) : POUER AMP
: REEL SERVO : g
3 FROM REEL
. (wn=45 RAD/SEC) TACHOMETER
Ly = TETHER LENGTH | g A1) e L |
3 A SRR AR R R R SRR . e —— e J
Ty - VELOCITY Po t - 17
b o e
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RATE/
SOFTWARE FUNCTION SPEED
DEPLOYER MODE CONTROL. CONTROLS 1/SEC

AND INTERLOCKS STATES OF DEPLOYER
SUB-SYSTEMS IN RESPONSE TO
OPERATOR COMMANDS, TIME-LINE
SEQUERCES, OR AUTOMATICALLY
SENSED OUT-OF-LIMITS CONDITIONS:
6 DIFFERENT DEPLOYER MODES

6 DIFFERENT REELING MODES

GENERATE TETHER LENGTH VS. TIME
COMAND PROFILES:

START - PATCH (AUTOMATICALLY) TO RUN PROFILE WHEN

: l.'s = L'o FOR NEXT PROFILE
RUN W/EXP. CHANGING RATE

RUN-CONSTANT VELOCITY

STOP- AUTOMATIC OR COMMANDED SHUTDOWN

PRECISION

F80-10

DEPLOYER S8OFTWARE FUNGTIONAL REQUIREMENTS

ALGORITHM/REMARKS

LOGIC STATEMENTS INTERLOCKING
RELAY AND LOGIC STATES AND
SELECTING PARAMETER VALUES

CONFIRMS MODE STATES BY TESTING
BI-LEVEL SUBSYSTEM INDICATORS
AGAINST MODE CONFIGURATIONS

©¢ = VEL, CHANGE RATE, l‘ox = LENGTH AT START OF SEGMENT

L.i » ‘;'INSTANIANEOUS MEASURED VELOCITY AT START OF PROFILE SEGMENT

HARMONIC GENERATORS - 2 EACH
(LENGTH COMMAND MODULATION)

12-15

AL = Asin (Reot +B)

AMPLITUDE, PHASE, AND HARMONIC
BY GROUND COMMAND
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SOFTWARE REQUIREMENTS DEFINITION-STUDY RESULTS

¢ ALL SPECIAL-PURPOSE SOFTWARE FUNCTIONS, PECULIAR TO TSS ARE
CONFINED TO THE DEPLOYER DEDICATED DIGITAL PROCESSOR.

SPACELAB SOFTWARE FUNCTIONS INCLUDE DEPLOYER DATA AND COMMAND
MULTIPLEXING, CONVERSION TO PHYSICAL UNITS, LIMIT CHECKS AND
DISPLAY OF DEPLOYER HOUSEKEEPING PARAMETERS.

ORBITER SOFTWARE FUNCTIONS INCLUDE SATELLITE DATA AND COMMAND
HANDLING, CONVERSION TO PHYSICAL UNITS, LIMIT CHECKS AND DISPLAY
OF SATELLITE DATA,AND CALCULATION OF ORBITER AND SATELLITE
NAVIGATION PARAMETERS.




s ]
B

(P IR

Y M e e Ly e e s
.
3 . 3
LG B

TERIALS EVALUATION

— SR :
=8
g B e
T E 2ol .
h. . ‘ S

R

o
§
e
&'

11300

e s BT e e T T maiiAL PABE B -
Tl Ll e s R L e T T OF POOR QUALITY. -




F80-10

SELECTION OF TETHER MATERIAL IS INFLUENCED BY SUCH FACTORS AS:

N
-

ok i e 52
e Ny .

- g

L COMPATIBILITY WITH THE SPACE ENVIRONMENT

] AVAILABILITY OF MATERIAL USING ESTABLISHED FABRICATION
TECHNIQUES

. COMPATIBILITY WITH ESTABLISHED REELING (WINDING) TECHNIQUES

AND MECHANISMS

¢ STIFFNESS (LACK THEREOF) - COMPATIBILITY WITH TETHER CON-
TROL MECHANISMS

e i s s 7

'.;5

o STRENGTH PROPERTIES AND PACKING DENSITY OF THE STORED TE-
. , THER

13-0 A
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2% CONGLUSIONS = TETHER MATERIAL SELECTION

o BEST MATERIAL IS UNEMPREGNATED. BRAIDED KEVLAR 29

® RIGID MATRIX (EPOXY) IS ONLY USEABLE IF A PERFECT WIND REELER IS USED

o PERFECT WIND REELER IS USEABLE ONLY FOR LIMITED WINDING DEPTHS & WITH IDEALLY
| UNIFORM, SMOOTH TETHERS

o OTHER TETHER MATERIALS, POSSIBLY USEABLE IN SHORT LENGTHS OR FOR SPECIAL
APPLICATIONS, BUT GENERALLY INFERIOR TO KEVLAR

-~ TITANIUM STRANDED CABLE
- STEEL STRANDED CABLE
- S-GLASS IN EPOXY MATRIX

o BORON AND GRAPHITE ARE NOT GOOD CANDIDATE MATERIALS AT THIS TIME

o EITHER KEVLAR OR S-GLASS TETHERS CAN BE MADE CONDUCTIVE (INSULATED) BY
INTERWEAVING A COPPER CONDUCTOR




)
|
i
i
i
i
t
|

RO 1l e A A 5 AR oy, - B ool T T B -

F80-10

74 TETHER;MATERIAL EVALUATION METHOD

0 MAXIMUM SATELLITE HASSAUSEABLE WITH SPECIFIC TETHER MATERIALS
AND CONFIGURATIONS WAS DETERMINED BY COMPUTER SIMULATION

- LOADING AND STRESSES WERE CALCULATED AT POINTS ALONG THE
TETHER, INCLUDING THOSE IN THE REELING MECHAMISM

- DERATING FACTORS WERE IN APPLIED FOR, ABRASION, WEAR,
TEMPERATURE AND UV DEGRADATION
¢ PARAMETERS USED IN THE ANALYSIS

- TETHER LENGTH = 100 Km.
- ACCELERATION 0.2 M/SECZ
- FACTOR OF SAFETY = 3.0

13-2
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L p———T S

"AFFECTING TETHER MATERIAL SELECTION

FAGTOHS

LOAD REQUIREMENTS - SATELLITE & TETHER MASS & LOADS DURING
' REELING (ACCELERATION)

ABRASION & FATIGUE DURING USE

R -~ COMPATIBILITY WITH REELING SYSTEM

~ STIFFNESS

~ USEABLE BEND RADII

- NEED FOR PERFECT WIND

DEGRADATION FROM
~ UV EXPOSURE
- TEMPERATURE !
- AGING

13-3
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BRAIDED, UNEMPREGNATED
"~ KEVLAR

S-GLASS IN EPOXY MATRIX,
POLYURETHANE SHEATH

7 X7 TITANIUM
~ CONTRAHELICALLY WOUND

7 X 7 STAINLESS STEEL
CONTRAHELICALLY WOUND

DISTANCE ALONG

DEGRADATION FACTORS

TETHER FROM
_ORBITER - KM /v
0 0.8
100 0.8
0 1,0
100 1.0
0 1,0
100 1.0
0 1.0
100 1,0

13-4

TEMP  ABRASION
1.0 0'8
0.8 1.0
1.0 1,0

0.85 1,0
1‘.0 1.0
0.9 1.0
1.0 1,0
0.9 1.0

F80-10

CANDIDATE: TETHER MATERIALS ~ DEGRADATION FACTORS
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: .
TITANIUM STEEL S—GLASS KEVLAR ;
| 7x7 STRANDED 7x7 STRANDED | POLYURTH SHEATH- |
CONFIGURATION | CONTRAHELICAL | CONTRAHELICAL EPOXY MATRIX UNEMPREGNATED BRA LD |
DIAMETER: - \’ ' '
T o INCHES 0.047 [ 0.062 [ 0.047 [ 0.062 | 0.040 | 0.050 | 0.045 | 0.05 | 0.065 0.085
L © MILLIMETERS | 1,19 | 1.57 [ 1.19 | 1.57 | 1.01 1.27 .19 | 1.27 | 1.65 | 2.16 i
’ _ [
| FILAMENT . . i
;Q DIAMETER 00035 ] 0.0076 | 0.0055 [ 0.0076 | 0.030 | 0.040 | 0.0047 | 0.0047 | 0.0047 0.0047
{ : CINCHES) _
\ ULTIMATE | » L
STRENGTH 207 193 232 216 428 351 T
k (KPSI) |
4y REEL DIAMETER- | Z
FULL-CM 58 76 58 76 51 61 56 71 79 102 f
(60 CM WIDE)
+F T . 354 630 625 1120 | 137 226 93 162 200 270 :
TYPE OF WIND | spaceD | spacen | spacen | spacep PERFECT | PERFECT | SPACED | SPACED | spacen | spacen ,

- PRPRIY L i



.....

TITANIM STEEL S—GLASS KEVLAR
Qe ETER | 49 157 1.9 [ 157 |10 1.27 119 | 127 | 1.65 | 2.16
BREAKING :
srreney | 109 | 295 1122 |27 129715 |18u1s | 136/ | 2047 | 295/ | 365/
: KG/BEND - . )
1 aasew 1= |- |- 136/ 20000 |75 | 7.5 | 7.5 | 7.5
- SPACED ,
s | | 21 | -25. | -e7 -313 136 | 204 | 204 | 385
BEND R.) '
 PERFECT
LAYER :
WIND 106 | 186 126 [201 122 163
(7.6 CM |
BEND R.)
" MAX IMUM
| SUTRLITE | 30 | eoe 230 |405 |93 708 - |34 | s | est 1114
- | mass Fus.
) g =3 (KB)
SE | rewarks | N0 | KINKS FOR | KINKS | KiNks | FAILS IF [ FAILS IF | ABRASION AND ULTRAVIOLET DEGRADA-
o5 KINKS [ SATELLITE | UNDER | UNDER | CROSSOVER | CROSSOVER | TION REDUCES ALLOWABLE SATELLITE
X ;
F >370 K6 |OWN | OWN | OCCURS | OCCURS | MASS (TAKEN INTO ACCOUNT IN ABOVE
Q7 WEIGHT | WEIGHT | (EXTENDED) | (EXTENDED) | FIGURES)
ER
2
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CANDIDATEITETHER MATERIALS

UNIMPREGNATED KEVLAR BRAID - ACCEPTABLE, BEST CHOICE

¢

LOOSELY BRAIDED LINE IS SUITED FOR MORE RELIABLE AND SIMPLER
SPACE-COIL WIND

SMALL FILAMENT DIAMETER SIGNIFICANTLY REDUCES BENDING STRESSES
AT WINDING CROSSOVERS

LOW STiFFNESS, COMPATIBLE WITH LOW-TENSION CONTROL PINCH
WHEELS AND GUIDES |

AVAILABLE SUPPLIER - ESTABLISHED FABRICATION TECHNIQUES

U/V SENSITIVE - STRENGTH MUST BE DERATED UP TO 20% FOR VER-
IFICATION MISSION

SOMEWHAT ABRASION SENSITIVE - STRENGTH DERATED 20% (AT SHUTTLE
END OF TETHER)

TEMPERATURE SENSITIVE - 30% STRENGTH DERATING FOR OPERATION AT
350°F. HIGH TEMPERATURE CONDITIONS OCCUR ONLY AT SATELLITE
END AND AT ALTITUDES BELOW ABOUT 130 KM.




pp—
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74 PROPERTIES,OF CANDIDATE.TETHER MATERIALS CONT'D

SHEATHED S-G6LASS, EPOXY MATRIX - ACCEPTABLE, BUT REQUIRES MORE COMPLEX, AND LESS
RELIABLE, PERFECT-WIND REELING SYSTEM

INSENSITIVE TO ABRASION

®
o  SOMEWHAT SENSITIVE TO UV RADIATION (FOR LONG EXPOSURE TINMES)

. o  SOMEWHAT SENSITIVE TO TEMPERATURE - 15% STRENGTH REDUCTION AT 350°F
@

" STIFFNESS COMPLICATES TENSION-HANDLING MECHANISM USED FOR CONTROL OF LOW
TENSIONS | |
e  REQUIRED PERFECT-LAYER WINDING SYSTEM:
- INTRODUCES HIGH STRESSES AT CROSSOVER POINTS IF A WINDING ERROR OCCURS -
: REQUIRING SUBSTANTIAL STRENGTH DERATING
- INVOLVES INCREASED RISK OF WINDING ERROR AS WINDING DEPTH INCREASES

’ % SHEATHED KEVLAR IN EXPOXY MATRIX -
o  SAME AS S-GLASS, EXCEPT HAS LOWER STRENGTH
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PROPERTIES!OF GANBIDATE TETHER MATERIALS

N - . UNIMPREGNATED S-GLASS BRAID - ACCEPTABLE CHARACTERISTICS
B e PROPERTIES SIMILAR TO KEVLAR BRAID EXCEPT;

- STATIC FATIGUE REDUCES STRENGTH 60-70% AFTER
A FEW HOURS

- VERY LITTLE FABRICATION EXPERIENCE

13-9
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FEATURES OF GANDIDATE TETHER MATERIALS

STRANDED STEEL CABLE - ACCEPTABLE FOR SHORT TETHERS

INSENSITIVE TO U/V RADIATION
o  INSENSITIVE TO ABRASION
o  MILDLY SENSITIVE TO TEMPERATURE (10% STRENGTH REDUCTION

4 AT 3500F)

f PERFECT LAYER WIND IS NOT FEASIBLE FOR MANY LAYERS

¥ SPACED COIL WIND WILL CAUSE YIELDING AT CROSSOVER POINTS,
re WHICH WILL RESULT IN "KINKS” IN THE LINE

! e VERY HEAVY

W

STRANDED TITANIUM CABLE - USEABLE FOR SHORT TETHERS SAME AS STEEL EXCEPT:

@ SPACED COIL WIND MAY CAUSE YIELDING AT CROSSOVER POINTS
RESULTING I "KINKS" FOR SOME TETHER CONFIGURATIONS WITH
HEAVIER SATELLITES

e  HEAVIER THAN S-GLASS OR KEVLAR
® . MAY HAVE DIFFICULTY LOCATING SUPPLIERS

»Sﬁ ' 13-10
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GANDIDATE-TETHER-MATERIALS -

BORON - NOT ACCEPTABLE

o HIGH MODULUS AND LARGE FILAMENT DIAMETER MEANS
IMPRACTICAL MINIMUM SHEAVE DIAMETER

o LARGE FILAMENT DIAMETER MEANS FEW FILAMENTS THUS
LARGE STRENGTH REDUCTION DUE TO FLAWS (HIGH PROB-
ABILITY IN LONG TETHER)

GRAPHITE - NOT ACCEPTABLE
¢ DIFFICULT TO MANUFACTURE
@ NO DIRECTLY APPLICABLE EXPERIENCE: REQUIRES

DEVELOPMENT

i **m~ A T

i 13-11
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THE BASELINE TSS DEPLOYER DESIGN WAS CONFIGURED AROUND THE SPACELAB
PALLEY., ALTERNATIVE INTERFACE STRUCTURES WERE EXAMINED WITH RESPECT
TO SUCH FACTORS AS COST, STRUCTURAL STIFFNESS, SPACE OCCUPIED IN THE
ORBITER BAY, STRUCTURAL COMPLEXITY, AND AVAILABILTY.

INFORMATION WAS OBTAINED FROM ROCKWELL INTERNATIONAL ON POSSIBLE AL-
TERNATIVES T6 THE SPACELAB PALLET, SUCH AS MIGHT BE DEVELOPED BY ADAP-
TING EXISTING CARRIER DESIGNS,

A TSS-UNIQUE INTERFACE STRUCTURE (AIRBORNE SUPPORT EQUIPMENT) WAS ALSO
CONF IGURED,

14-0a
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L% TSS AIRBORNE SUPPORT EQUIPMENT (ASE)TRADE STUDY

SPACELAB SIMS P80 HALF- TSS-
PALLET CRADLE PALLET UNIQUE
(BASELINE) | (ROCKWELL 1.) | (ROCKWELL t.) (ROCKWELL 1.) (BASD)
HARDWARE QUALIFIED NEW/MOD MOD MOD NEW
STATUS
"SERVICES" EXISTING NEW NEW EXISTING ? NEW
STATUS
ORBITER BAY LENGTH 9.9 FT 5.6 FT 8.4 FT 5.6 FT 6.5 FT
(APPROX. LAUNCH COST) ($7.2 M) ($4.1 M) ($6.1 M) ($4.1 M) ($4.7 M)
TETHER ACCEPTABLE ACCEPTABLE ACCEPTABLE VERY POOR BEST
ROUTING .
STRUCTURAL POOR VERY POOR GOOD POOR BEST
RIGIDITY _
LOAD CONSTRAINTS POOR UNKNOWN UNKNOWN VERY POOR BEST
(HARD-POINT LIMITS)
COMPONENT GOOD ACCEPTABLE ACCEPTABLE VERY POOR 600D
ARRANGEMENT :
COMPONENT BEST POOR ACCEPTABLE ACCEPTABLE ACCEPTABLE
ACCESSIBILITY
MASS-PROPERTIES ACCEPTABLE UNKNOWN UNKNOWN POOR BEST
CONSTRAINTS (C.G. CONTROL)
ORBITER GOOD POOR GOOD POOR 600D

ENVELOPE CLEARANCE
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224 SPACELAB'PALLET TRADEOFF < CONCLUSION

THE LOWER LAUNCH COST, GREATER STRUCTURAL
RIGIDITY, AND BETTER TETHER ROUTING OF
THE NEW TSS-UNIQUE ASE, MORE THAN OFFSET
THE COSTS OF DESIGNING, FABRICATING, AND
QUALIFYING THIS NEW STRUCTURE, AND OF
PROVIDING THE REQUIRED ORBITER INTERFACES
AND TSS “SERVICES".
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A

DURING THE STUDY EXTENSION, AS A RESULT OF SYSTEM STUDIES AND EXPERI-
MENT REQUIREMENTS DEFINITION, ADDITIONAL GUIDELINES WERE IMPOSED ON
THE “BASELINE” PROGRAM FOR THE PURPOSE OF COST STUDIES AND THE ACCOM-
PANYING SYSTEMS ANALYSIS, THE ORIGINAL REQUIREMENTS, WHERE MORE
STRINGENT OR GENERAL, WERE RETAINED AS PROGRAM GOALS.

SYSTEM COST STUDIES WERE DIRECTED AT TWO PRINCIPAL AREAS:

‘ CAPARILITY TRADEOFFS RELATED TO REDUCTION IN COMPLEXITY OF
THE SATELLITE,

o REDUCTION OF DEPLOYER CAPABILITY RELATIVE TO REELING RATES,

15-0A
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BASELINE REQUIREMENTS
INITIAL

REVISED
MINIMUM SATELLITE ALTITUDE 120 KM

130 kM

SATELLITE ATTITUDE STABILIZATION

NOT SPECIFIED TO BE DEMONSTRATED

53
o 3%
SATELLITE ATTITUDE STABILIZATION =~ ~moe-- AERODYNAMIC $i
METHOD 2 =
TETHER MATERIAL — VERIFICATION NCT SPECIFIED NON-CONDUCTING
FLIGHT ' |

15-1
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ORBITER-MOUNTED SUPPORT EQUIPMENT

‘ Y 0 wmm
' 1 TETHER
AFT FLIGHT DECK : ' gggﬂ
(€3] oy |
x DATA DISPLAY : ;
UNIT (D0U)  OATA prspay S WARN. 1 g
o SYSTEM (0S) L
CIRCUIT = . “y Iy
DispLas h ! I S0
RREL...ce.oco i h I
S .
e SATELLITE : :
CIRCUIT
TRACKING- CONi . S / \
Sron. | CONT. s vo. Hi i T —
l——— W — — — — — J ' g
T R |
| g | CAPTUME/DEPL .
= s en e eowm om mon ) HECHANT SMS
1GLOC |
| i
e U1 [owemenr 1 11 7SS PALLET _— TENS 10N
RNOVS RADAR 1) | cowuter :' . FEEDBACK
! , : : i 1 : : RAY |
S-BAND
; ‘ _ S ey C ovemem | ! REMDTE TEWER Tousion | MEst sewm
: GEN. PURPOSE 0 1 o emt ACCESS
- INTERROGATOR - COMPUTER i 1 NIt — " e
_ R . l—l
, ‘ AVIONICS BAY g Cowpe : : !
3 : R
| . . ICS BAY N : i | | - TEWER CONTROL
: : : : B E on. Hop -PRUCESSOR-
Soms ' ELEC. POWER 1 BAYT. o CONTROL LAM
: | fswrttnin s ' 4 CHARG . & DEPLOYMLET
\ . S _ } | Loeeo-mes : ; L_omrmouen =] M comrm || Dt Gk
i -----J L-—- ———-J . : 4 1
| j I i i
; \ MPUT PONLP | BATI. w0, 1 BATT. 1. 2 BAIT. NO. 3 | DRriuvER
H 24-32 V.0.C. | 20 Ams 20 A1 20 A PIEILR 24-32V.0.C.
: TS T0/rRom 40 Ms MAX.
: SIDN STATLONHS i | | | f
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RETRIEVAL AND PAYOUT DURATIONS ARE DEPENDENT TO SOME EXTENT ON THE
MAXIMUM REELING CAPABILITY OF THE DEPLOYER. THE REELING RATE USED IN
TURN AFFECTS THE REQUIREMENTS FOR ELECTRICAL POWER, THE SIZING OF
MOTORS, AND THE CAPACITY FOR ENERGY STORAGE AND DISSIPATION.

DURING INITIAL STUDIES REELING RATES AS HIGH AS 50 METERS PER SECOND
WERE CONSIDERED DESIRABLE, [T WAS LATER CONCLUDED THAT HIGH REELING
RATES COULD ONLY BE USED DURING A SMALL PORTION OF THE RETRIEVAL TIME
AND, THEREFORE THE CAPABILITY COULD BE REDUCED TO ABOUT TEN METERS PER
SECOND WITHOUT SERIOUSLY INCREASING RETRIEVAL AND DEPLOYMENT TIME
DURATIONS,

DURING SATELLITE RETRIEVAL, ELECTRICAL ENERGY IS SUPPLIED PARTIALLY
FROM THE ORBRITER POWER BUS THROUGH A BATTERY CHARGE CONTROLLER, AND
PARTIALLY FROM BATTERIES LOCATED ON THE TSS PALLET. THE SIZING OF
SYSTEM COMPONENTS MUST TAKE INTO CONSIDERATION THE CAPABILITY OF THE
STORAGE BATTERIES WITH REGARD TN DISCHARGE RATES, DEPTH OF DISCHARGE,
AND THE DEMANDS ON THE ORBITER POWER SYSTEM,

F80-10
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BATT

CHG/
DISCH
L _c/a PRATE

--C/2
--c/1.5

Y TYNIDINO

YNd ¥00d 40
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0 - 100%

20 " 75 gart STATE
5 w “

w- o‘m

- 25
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DURING DEPLOYMENT, EXCESS ENERGY IS PARTIALLY STORED IN THE DEPLOYER
BATTERIES AND PARTIALLY DISSIPATED AS HEAT FROM THE AUXILIARY RADIA-

TORS.

BATTERY CHARGE RATES., STORAGE CAPACITY AND RADIATOR SIZES AND TEMPERA-

F80-10 ' o B

TURES ARE AFFECTED BY THE SELECTION OF THE MAXIMUM DEPLOYMENT RATES. .
|
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d DEPLOYMENT PROFILES-(500Kg SAT. + 150Kg TETHER) |
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DEPLOYER CAPABILITY WITH REGARD TO STORAGE AND POWER HANDLING CAPACITY
MAY BE SOMEWHAT REDUCED FOR SMALLER SATELLITES., FOR A 300 KILOGRAM
SATELLITE A 48 AMP/HOUR BATTERY IS SUFFICIENT, COMPARED TO ONE OF 72
AMP/HOURS REQUIRED FOR A 500 KILOGRAM SATELLITE,

15-4A
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SIMILARLY A 48 AMP/HOUR BATTERY IS SUFFICI
MoTorR sI1ZE AnD POWER

ENT FOR DEPLOYMENT OF A 300
AMPLIFIER CAPABRILITY COULD
ALTHOUGH IT WOULD PROBABLY NOT BE
OF THESE COMPONENTS FOR AN INITIAL
WITH MORE MASSIVE SATELLITES WERE PLANNED,

KILOGRAM SATELLITE,
ALSO BE CORRESPONDINGLY REDUCED,

DESIRABLE TO REDUCE THE CAPABILITY
MISSION IF LATER FLIGHTS

F80-10
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F80-10

SATELLITE EQUIPMENT COMPLEMENTS DECREASE CORRESPONDING TO THE Fur~-
TIONAL CAPABILITY OF THE SATELLITE, AND THESE REDUCTIONS CONSTITUTE
THE GREATEST POTENTIAL SAVINGS TO BE REALIZED IF SUCH AN ALTERNAT IVE
WERE PURSUED. FOR INSTANCE, THE PASSIVE SATELLITE, OR “DUMB-BALL"
WOULD CONTAIN NO ACTIVE INSTRUMENTATION OR ELECTRICAL EQUIPMENT,

s v —
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o N

ALTHOUGH THE VERIFICATION CAPARILITY AMD THE POSSIBLITY OF COLLECTING
SCIENTIFIC PATA DECREASE MARKEDLY AS THE DATA RETRIEVAL CAPABILITY OF
THE SATELLITE IS REDUCED, NEARLY ALL OF THE DEPLOYER AND MANY OF THE
i MISSION OPERATIONAL FUNCTIONS COULD BE VERIFIED USING A SIMPLER SATEL-
§ LITE. ¥
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SATELLITE ALTITUDE MINIMUM - KM
TETHER LENGTH-MAX-KM-(ORBITER AT 220)

STRUCTURAL TEMP MEASUREMENT
AFTER-TRE-FACT-APPROX. EXCURSION
AFTER-THE-FACT-HISTORY

REAL TIME

SATELLITE POSITION MEAS ,-MAX RANGE (M)

SATELLITE ATTITUDE CONTROL
ARBITRARY AZIMUTH ATTITUDE
APPROX. CONTROL RE. VEL VECTOR (+ 10°)

SATELLITE ATTITUDE DETERMINATION
INFERRED FROM TEMP. DATA
3-AXIS DETERMINATION TO + 3°

EXPERIMENT ACCOMODATION CAPABILITY
PASSIVE, SELF CONTAINED EXP. ONLY
DATA - KBS + HSKPG.

COMMANDS - 32 DISCRETE - 8 SERIAL
ELECTRICAL POWER (ENERGY W-HRS)
CONTROLLED ATTITUDE
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® RELATIVE PROGRAM COSTS- |
| VARIOUS' SATELLITE CONFIGURATIONS

1.0¢

<9+

. 'SATELLITE
ENG. DES. & MANUFCTR.
e —

.
o
L

DEPLOYER

ENG. DESIGN AND MANUFACTURE

/

SOFTWARE

FLIGHT & GROUND SUPT. EQUIP. '
/

RELATIVE COST
rS
L

™ OPERATIONS SUPPORT |
INTEGRATION & TEST —
.24 o
SYSTEM ENGINEERING
e
; PROGRAM MANAGEMENT
| 0 T 1 T
; LE ‘ 3 4 5 '6
| - FIGURATI
| wpassives  SATELLITE CONFIGURATION S
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P4 cOST OHTIMIZATION STUDY'RESULTS

¢ SATELLITE OF REDUCED CAPABILITY. REDUCING THE EXPERIMENT
ACCOMMODATION AND REAL-TIME “VERIFICATION" CAPABILITY RESULTS
IN ONLY A MODEST REDUCTION IN TOTAL PROGRAM COSTS, SINCE THE
COST OF THE BASELINE SATELLITE IS ONLY ABOUT 30 PERCENT OF
THAT OF THE TOTAL PROGRAM,

¢ DEPLOYER. REELING RATES CAN BE REDUCED TO ABOUT 10 MTR/SEC
WITHOUT SERIOUSLY AFFECTING TOTAL DEPLOYMENT AND RETRIEVAL
TIME, SINCE HIGH REELING RATES WOULD BE USED FOR ONLY PERIODS

E | | OF SHORT DURATION. THIS ENABLES USE OF SMALIER MOTORS,

uE i AMPLIFIERS, AND POWER CONVERTERS.

- e S ove
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SUBSTANTIAL COST SAVINGS CAN BE REALIZED BY USING THE ORBITER PAYLOAD
INTERROGATOR AND ITS ASSOCIATED ANTENNA FOR COMMUNICATION WITH THE
-SATELLITE AS COMPARED TO THE USE OF SPECIAL PURPOSE COMMUNICATIONS
EQUIPMENT PECULIAR TO THE TETHERED SATELLITE SYSTEM.

THE ORBITER PAYLOAD INTERROGATOR ANTENNA PATTERN IS REASONABLY COM-
PATIBLE WITH THE TSS REQUIREMENTS, FOR DATA RATES UP TO 8 KILOBITS PER
SECOND, USING A SINGLE SATELLITE ANTENNA AND MODERATE SATELLITE TRANS-
| MITTER RF POWER LEVELS. THE ORBITER ANTENNA PATTERN IS SUFFICIENTLY

BROAD TO ACCOMMODATE THE TETHERED SATELLITE SYSTEM WITH THE PALLET

MOUNTED IN ANY LOCATION IN THE PAYLOAD BAY. THE LOOK ANGLE TO THE
! SATELLITE FROM THE ORBITER REMAINS RELATIVELY CONSTANT IN SPITE OF
_ LIBRATION OF THE  SATELLITE BENEATH THE ORBITER OR THE SELECTION OF
PALLET MOUNTING POSITIONS, '

D I I N .y Tanme s
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ORBITER

A
»
ORBITER TO -
SATELLITE LINE REa’D
OF SITE-NEARLY \ SaTeLLITE
CONSTANT RELATIVE ANTENNA
T0 ORBITER COVERAGE -
(CONICAL)
i
o /
> 4
PENDULATION
" O0R HANG OFF
5 (1-29 MAX)
e | SATELLITE LIBRATION

AMPLITUDE £250 MAX.
(AT FULL TETHER EXTENSION)

» ]G_'l
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i
ADDITIONAL GAIN IS PROBABLY INHERENT IN THE ORBITER PAYLOAD INTERRO-
GATOR ANTENNA OVER THE RANGE OF LOOK ANGLES REQUIRED ABOVE THAT SPECI-
FIED IN THE ORBITER INTERFACE DOCUMENTATION,
16-1A |
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oL sin.

] THE SATELLITE ANTENNA CONSISTS OF A SINGLE MICROSTRIP PATCH FOR EACH
OF THE COMMAND AND TELEMETRY FUNCTIONS. THESE ANTENNAS EXHIBIT AN ON-
AXIS GAIN OF ABOUT +5 DBI, THE BEAM WIDTH IS SUFFICIENTLY BROAD TO
COVER ALL REQUIRED LOOK ANGLES FROM THE SATELLITE TO THE ORBITER.
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THE COMMAND LINK MARGIN, CALCULATED USING THE LINK PARAMETERS SPECI-
FIED IN THE ORBiTER INTERFACE CONTROL DocuMenTATION (ICD) 1s 11.1 pB
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Circuit Margin Calculation Summary,
Tethered Satellite S-Bank Link

2 Kbps Command Channel

PARAMETER

1.
2.

4.
5.
6.
7.
8.
9.

10.
11.

1‘.
17.

VALUE SOURCE
S§S0 Transmit power, dBW 7.0 5w
§50 transmit circuit loss, dB -9.8 Rockwell estimate based upon
' ) latest cable lengths, etc.
SS0 transmit antenna gain, dB 2.5 Omni, specified over 18% of .
coverage each sphere
SSO EIRP, dBW 0.3 . Sum. 1 through 3
Space loss, dB -139.0 £=2115.6 Wiz, R=100 Km
Payload receive antemna gain, dB +5 Measured ’da of patch antemna
over + 50. cone
Payload receive circuit loss, dB -2.0 Estimate
Total received power, dBW -136.3% Sum 4 through 7
Payload system noise tempersture 33.6 2303.5 K (ref. to receiver
'r‘-zso K, L=-2.0 dB, T,=2613.6 K)
Boltzmann's constant, dB (W/K/Hz) -228.6 1.38 x 1072 w/k/mHz
Payload noise spectral demsity, -195.0 Sum 9 and 10
dB (W/Hz)
. NASA Paylosd G/T, dB/K -35.6 7 mimus 9
Total received power/noise spec- 58.7 8 minus 11 or 4 plus 5 minus 10
tral demsity (P“JN’). dBHz plus 12
Modulation loss (m‘). dB -3.5 I'-l.l rad.
Subcarrier signal-to-noise spec- §5.2 13 plus 14
tral demsity (P,/ud). dBHz
Bit rate bandwidth, dBHz 33.0 2 kbps
SNR in bit rate bandwidth 2.2 15 minus 16
(l-blud). dB
Theoretical required E,/nsd, dB 9.6 "For 105 mep
Bit sync degradation, dB -1.5 Estimate
Required E/nsd, dB 1.1 18 minus 19
Required 't.e”o’ dBHz 36.8 20 plus 17 minus 14
Circuit margin, dB 11.1 17“200:13“;31
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. FoR A BIT FRRo™ RATE (BFR) oF 1 IN 105, AND A DATA RATE OF 8 KmPs.,
THE TELEMETRY DATA LINK MARGIN IS +3,5 DR, AN ADDITIONAL MARGIN OF UP
% TO ABOUT 2 DB IS PROBABLY INHERENT IN THE LINK DUE TO THE GAIN OF THE
_i ORBITER PAYLOAD INTERROGATOR ANTENNA THROUGHOUT THE ANGULAR COVERAGE
5 REQUIRED. :
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Circuit Margin Calculation Summary,
Tethered Satellite S-Band Link

8 Kbps Telemetry Channel

PARAMETER VALUE SOURCE R
1. Payload transmit power, dB 4.0 2.50
2. ::yxou transmit circuit loss, . 1.0 15¢b/ e~ (6 £r)
3. ::vuu transait antenna gain, -5 m&i ?:n:f patch antemna
4. Payload EIRP, dBW 8 Sum 1 through 3 ' :
5. Space loss, Db -139.7 | £92297.5 Mz, Re100 Ku ;7\
6. SSO antenna gain, dB 2.5 Omi, specified over 184 of ' |
. coverage sphere (+ 50 cone)
7. SS0 receive circuit loss, dB -9.8 - Rockwell estimate based upon
latest cable lengths, etc.
8. Total received power, dBW 139 Sum 4 through 7
9. 850 system noise temperature, 32.5 1800 K ref. to Payload interrogator
3 10. - Boltzmamn's constant, dB (W/K/Hz) -228.6 1.38 x 102 wx/mz :
& 11. SSO noise spectral demsity, dB  -196.1 Sum 9 and 10 -
(W/Hz) : Al
12. $S0 G/T, dB/K -39.8 6 plus 7 minus 9 | 1 =
13. Total received power/moise - 57.1 8 minus 11 or 4 plus 5 minus 10 .
spectral demsity (P, /N ), dBlz plus 12 N
14. Modulation loss (LM,), dB -3.5 By -1.1 rad. =2
15. Subcarrier simx,to-um spec~ §3.6 13 plus 14 ‘
tral demsity (P /nsd), dBHz 1
16.. Bit rate bandwidth, dBiHz » - 8 kbps
17. SNR in bit rate bandwidth 14.6. 15 minus 16
(B,/nsd), dB ,
18. Theoretical required E,/nsd, & 9.6 For 10™° pep
. 19. Bit sync degradation, dB -1.5 Estimate |
20. Required E/nsd, dB ooma 18 minus 19 !
21. Required P /N, dBHz 5 53.6 20 plus 16 minus 14

17 minus 20 or 13 plus 21

01-084
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THE DATA LINK MARGIN IS AT LEAST 3.5 DB FOR ANY PALLET MOUNTING POSI-
TION, THE GREATEST MARGIN IS AVAILABLE FOR THE CENTRAL PALLET POSI-

TIONS NUMBERS 2, 3 AND A4,
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ORBITER PLI

5th
/ =1

)RBITE ANTENNA LOOK ANGLES AND
RESULTING SYSTEM MARGINS

SYSTEM GAIN
MARGIN AT l

100 KM.
8 KBPS

SPECIFIED
S~BAND PL!
ANT. GAIN-
CIRCULAR-POL.

19t  PALLET
=y POSITION
2nd OCCUPIED
e | BY '
3rd DEPLOYER

1 1 t 1

50 40 -30 -20 -10

LOOK ANGLE
AFT - DEG

x 10 20 30 40
LOOK ANGLE

ORBITER FWD - DEG

+Z AXIS
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A TRADEOFF STUDY CONDUCTED TO DETERMINE THE FEASIBILITY AND EQUIPMENT
REQUIREMENTS FOR ACHIEVING HIGHER DATA RATES, SHOWS THAT THROUGH THE
USE OF INCREASED SATELLITE TRANSMITTER POWER, OR SPECIAL EQUIPMENT
LOCATED ON THE DEPLOYER, THE DATA RATE COULD BE REASONABLY INCREASED
10 256 KBPs. WITH SucH AN IMPROVED SYSTEM THE ORBITER PAYLOAD INTER-
ROGATOR WOULD STILL BE USED TO EXECUTE SATELLITE,
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TSS COMMAND & DATA HANDLING - BASELINE SYSTEM

IS WATT EXP. LOAD RITo | sk bsot |, | FILTER —
TRANS- UNIT
PONDER . (C&DH)
PATCH ANTENUS 2.5 WATT R.F. OUT l
CONE SYM: ABOUT ' REMOTE 64 DISCRETE
JETHER ATTACH POINT. INTERFACE 8 DIGITAL
CiR. POL. UNIT PCM DATA
100 Km. <a— TELEMETRY
3.5 DB MARGIN 64 ANALOG
32 SINGLE BIT
PErINY SATELLITE 8 KBPS
_ ORBITER SRBITER
bl NTON SATELLITE COMMANDS
+2.5 mm‘c OVER
2500 ¢ !
ALONG -2 DETACHED | 1 ORBITER
AX1Ss CiR PAYLOAD PAYLOAD DATA GENERAL DISPLAY &
POL. R/L HanD | INTEROGATOR SAT o INTERLEAVER | SATELLITE PURPOSE CONTROL UNIT
SYSTEM ™ - /M COMPUTER
16 KBPS (MAX) 1
RIT l
T0 ORBITER

MASTER |

S-BAND DOWN/UP LINK




IF THE SATELLITE DATA RATES WERE INCREASED BY INCREASING THE SATELLITE
RF POWER LEVEL, AND THE ON-STATION OPERATING TIME REMAINED THE SAME.
AN INCREASED BATTERY COMPLEMENT IN THE SATELLITE WOULD BE REQUIRED.
FOR DATA RATES UP TO 64 KBPS THE SATELLITE DATA WOULD BE BUFFERED AT
THE PALLET-MOUNTED RECEIVER AND FED TO THE ORBITER GENERAL PURPOSE
COMPUTER DATA BUFFERING SYSTEM. ~

FOR DATA RATES EXCEEDING 6l KBPS THE DATA WOULD BE RECORDED DIRECTLY.
BYPASSING THE GENERAL PURPOSE COMPUTER, HOUSEKEEPING DATA WOULD BE
STRIPPED BY A TSS PECULIAR UNIT, LOCATED ON THE PALLET AND BUFFERED AT
A RATE LESS THAN 64 KBPS TO THE GENERAL PURPOSE COMPUTER.
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MODIFICATIONS TO ACHIEVE HIGHER DATA RATE |
e ‘ .
. . !
b —— . gfgn - w"““'
R s | ?
RECEIVE (T/M) TA XFER P AR ‘
32 /B oo !
16-256 M3
_____  KB/SEC. w5
. TSS-BOOM MOUNTED ANTENNA .4
i & RECEIVER-TSS PECULIAR o8
o ueg uimz&%m D =
I;Avmn e FisITIoNS. ' eI |
SYSTEN ER |
torrmoM ‘ ' da
ORBITER - -
STDN LINKS - | pecemm——
R/T | PAYLOAD DATA
3 UP-LINK INTERLEAVER

T0 GPC -

TO P/L
RECORDER 128 or 256 KBPS

(64 KBPS MAX) ) I/F UNIT

P/L RECORDER
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INCREASED DATA RATES MAY ALSO BE ACHIEVED BY THE USE OF A DIRECTIONAL
ANTENNA MOUNTED ON THE DEPLOYER BOOM, GAINS OF UP T0 ABOUT +15 DB
COULD BE REALIZED USING A PLANAR ANTENNA APPROXIMATELY 50 CM X 50 cM
IN SIZE. '

THE BEAM WIDTH OF SUCH AN ANTENNA IS BROAD ENOUGH (APPROXIMATELY 24°)
TO ACCOMMODATE THE LOOK ANGLES FOR A SELECTED PALLET POSITION BY
MOUNTING THE ANTENNA AT A FAVORABLE PITCH ATTITUDE., THE BEAM PATTERN
OF SUCH AN ANTENNA CAN ALSO BE STEERED TO PRE-DETERMINED INCREMENTAL
POSITIONS, SELECTABLE BY COMMAND, USING PROVEN TECHNIQUES,

F80-10
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ELECTRONICALLY |
STEERED ARRAY INSTALLED
ON DEPLOYER TOWER

F80-10

IDZSTEERABLE ANTENNA FOR INCREASING

§(3C) §  -'/;?r‘ sl w euph g SRl =2 "
'SATELLITE'DATA RATE CAPABILITY

: TYPICAL ﬂ‘“’t oF ORBITER
ORBITER-TO-SATELLITE  ,_,y1e
LOOK ANGLES (PALLET I ANTENNA

POS. 2)

MEASURED BEAM PATTERNS
4X4 ELEMENT-COMMAND
STEERABLE ANTENNA ARRAY

16-9
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THE USABLE BIT RATE FOR THE TETHERED SATELLITE TELEMETRY SYSTEM IS
DETERMINED RY THE COMPONENT CAPABILITIES AND OPERATING PARAMETERS AS
FOLLOWS:

. THE OPERATING RANGE BETWEEN THE ORBITER AND THE SATELLITE
. THE GAIN OF THE ORBITER MOUNTED ANTENNA, BE IT EITHER THE

ORBITER PAYLOAD INTERROGATOR UNIT OR A SPECIAL PURPOSE HIGH
GAIN ANTENNA

; e THE SATELLITE TRANSMITTER RF POWER LEVEL

e THE EXPERIMENT ELECTRICAL POWER REQUIREMENTS

s
[ ]

THE DURATION OF ON-STATION OPERATING TIME

o THE CAPACITY OF THE SATELLITE BATTERIES TO STORE ENERGY

THESE PARAMETERS ARE INTERRELATED IN THE ACCOMPANYING CHART ON WHICH
IS SHOWN A TYPICAL EXAMPLE FOR THE BASELINE SYSTEM.

kL | TR
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TETHERED SATELLITE ‘SYSTEM—SATELLITE—TO—ORBlTER
DATA LINK PARAMETERS AND THEIR INTERDEPENDANCE

BASELINE SYSTEM

| @ RATE-2PS

M & i
I

| | %

~ 53x53 CM. PLANAR ARRAY
(16 ELEMENTS) L
(9 ELEMENTS) i

PALLET POSITIONS 2y 3 & 4
ANY PALLET POSITION

N
\;q;?_
w

. ORBITER PLI ANTENNA
- E '
)
S |
s !
-
EARTH O
o c > i
NOTES: ER 1
; ¢ Link Margins Compatible with =
N Ber of 1073 2 o
# Sateliite Ant. Gain is 5 DB. P"‘A’P

# Stored Energy Includes 10%
Margin (90% Dische)

# Stored Energy Includes that for =™ |
Op. of R.F. EQ. at 20% Duty

) , Cycle During 5 Hr. Deployment and

! 7 Hour Retrieval (Exp. not on)
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EQUIPMENT COMPLEMENTS-VARIOUS /M |
CONFIGURATIONS REQUIRED TO INCREASE DATA RATE

CONFIGURATION No, 1| 2 314 5 6| 7 8 9
BIT RATE-W/3.5 DB. MARGIN 8 116 | 16| 32| 64 | 128 128 | 256 | 256
0 ~PALLET POS 2,3,4 oNLY X

SATELLITE EQUIPMENT
——— = ESUITMENT
NEAR EARTH TRANSPONDER

A 2.5 WATT-R.F, OUT X X X X X X
;i‘, 5.0 wATT—R-FQ OUT x x x
g R.F. AMPLIFIER 10 WATT X
I BATTERY COMPLIMENT
" BNTY 20 A-HR. STRINGS 3 4 3 5 3 4 3 5 4
(23 HRS-"ON STATION")
' ALL CONFIGURATIONS USE: MULTIPLEXER CENTRAL & REMOTE UNITy» PREMODULATION
4 . FILTER, COMMAND & RECEIVE PATCH ANTENNAS
ORBITER-DEPLOYER EQUIPMENT
\
DATA RECORDED:
VIA P/L DATA INTERLV'R X X X X X
DIRECT (BYPASS GPC) X X X X
BOOM MTD. RECEIVER X X X X X X
BOOM MTD. ARRAY:
11 DB. (9 ELEMENT) X X X
14 DB. (16 ELEMENT) X X X
PALLET MTD. DATA BUFFER X X X X X
HOUSEKEEPING DATA STRIPPER X X X X
ALL CONFIGURATIONS USE} PAYLOAD anosno'n svsr'm Aml ASSOCIATED ANTENNA
i | 1

16-11
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‘ 7274  APPROXIMATE *DELTA"COSTS FOR EQUIPMENT
| TO INCREASE DATA RATE

APPROXIMATE EQUIPMENT COST AS

PERCENTAGE OF BASELINE SAT COST
8
T

w PALLET POSITION 243 or 4 ONLY

‘o &

1 1 1 § ]
8 16 32 64 128 256
TELEMETRY BIT RATE-BITS/SEC.

16-12
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INGREASED DATA RATE STUDY

o SATELLITE-TO-ORBITER DATA RATES. MAY BE INCREASED FROM
BASELINE 8 KBPS ON UP TO 256 KBPS BY ADDITION OF A DIRECTIONAL
ANTENNA AND SPECIAL EQUIPMENT ON THE DEPLOYER. COST INCREASES

- WOULD RANGE UP TO 40 PERCENT OF THAT FOR THE BASELINE SATELLITE

- (INCREASE TOTAL PROGRAM COSTS BY 12 TO 13 PERCENT ).
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%5[,[[ SEVERAL METHODS FOR DETERMINING REAL TIME SATELLITE POSITION REQUIRE
SOPHISTICATED EQUIPMENT, OR DO NOT PRODUCE CONTINUOUS DATA

o ORBITER-MOUNTED LASER TRACKING -~ NO KNOWN TRACKING EQUIPMENT AVAILABLE ;

® GLOBAL POSITIONING SATELLITE SYSTEM - WOT CONTINUOUS = REQUIRES TRANSPONDER AND
ANTENNA ON SATELLITE

® KU-BAND RADAR - ACTIVE MODE - NO COMPATIBLE BEACON TRANSPONDER AVAILABLE

o S-BAND-BEACON (COMBINED WITH - NO FLIGHT QUALIFIED INTERROGATOR AVAILABLE |
DATA LINK SYSTEM) ‘ f

¢ TONE RANGING INTERFEROMETER - NO FLIGHT QUALIFIED HARDWARE. PROBABLE BOOM
INTERFERENCE WITH ANTENNA PATTERNS, COMPLEX
H DATA REDUCTION, AMBIGUITIES IN DATA,

o GROUND BASED NETWORKS - STDN, - NOT CONTINUOUS
DMA

16-14
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Zgﬂ /4 SEVERAL "ON-BOARD” METHODS - TSS UNIQUE-ARE AVAILABLE FOR REAL-TIME
POSITION DETERMINATION

ALTERNATIVE METHODS | ' N
1 o ACCELLEROMETERS ON SATELLITE ~ FAIRLY COMPLEX ON-BOARD SOFTWARE REQUIRED
TO EXTRACT ACCELERATION COMPONENTS INDICATIVE |
& ' OF LIBRATION POSITION |
o ATTITUDE DATA FROM ORBITER - ACCURACY DEGRADES AT SHORT RANGES. ANGULAR
(IN DRIFT MODE) CAUSED BY RE- DATA ONLY
ACTION OF TETHER ;
1 SELECTED METHOD |
by o PASSIVE TRACKING BY KU-BAND - REQUIRES ENHANCEMENT OF SATELLITE RADAR CROS-~ |
N ORBITER RENDEZVOUS RADAR SECTION - REQUIRES REMOVAL OF RANGE AMBIGUITIES |
- | g
b o TURNS-COUNTER ON TETHER DE- ~ RANGE ONLY - MUST BE COMPENSATED FOR STRETCH |
B PLOYER OF TETHER
o ORBITER CLOSED CIRCUIT TV - 600D FOR RANGES LESS THAN 400 METERS  FINAL
CAMERAS LOCATED ON PALLET RETRIEVAL PHASE - ONLY APPROXIMATE RANGE DATA

16-15
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FUNCTION

ANGULAR POSITION
0-19Km

19-100Km
RANGING

0-19Km

19-100Km

F80-10
ALTERNATIVE METHODS OF SATELLITE
POSITION DETERMINATION
- EQUIPMENT COMPLEMENT
ORBITER KU-BAND TSS SUPPLIED-S-BAND POSSIBLE CALIB.  JCONVENTIOHAL
ORBITER]  SATELLITE DEPLOYER _ |SATELLITE| OR INDIRECT RMG. gmw‘m
 JKU- CORNER  |KU-BAND [RANGING |DOME RANGING | TETHER iD BASE
METHOD |RADAR  [REFLECTOR x-mozaﬂlmr.mgm ANTENNA | X-PONDER |LENGTH MEAS gos.u'éAg. DEPLR. |SATELT.
A X
B X x(1)
c b X(2)
D X(3) X X
£ X | X
F X x(1)
G X x(2)
h X(4) X(5)
e X X
'MODERATE RESTRICTIONS ON USEABLE ‘ANGULAR RANGE

K o
e
R T S

KU-BAND TRANSPONDER NEITHER PRESENTLY AVAILABLE NOR UNDER DEVELOPMENT (COST)
BASD DOME (HEMISPHERICAL) ANTENNA NOT FLIGHT QUALIFIED (COST)

NO FLIGHT QUALIFIED, FLIGHT PACKAGED, RANGING INTERROGATOR AVAILABLE
REQUIRES USE OF NASA STANDARD OR SIMILAR RANGING TRANSPOHDER (COST)
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R
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TETHERED SATELLITE EQUIPPED
REFLECTOR TO ENHAN

F80-10

QUIPPED WITH CORNER
CE RADAR CROSSECTION

CAPTURE DROGUE AND TETHER ANCHOR~F IBERGLASS

RIB-REINFORCED RADOME ~ Smm THICK FIBERGLASS

e N o) '
m3
1.0m (EA OF 3 FACE EDGES) CORNER REFLECTOR 3 g 4
o> '
UPLINK PATCH ANTENNA (DOWNLINK OPPOSITE) z '_; ' |
SE |
cR |
<@

16-17

THERMALLY-ISOLATEDs OCTADECANE—FILLED EQUIPMENT
SHELF (MOUNTING PROVISIONS ON BOTH SIDES)

BELT SHELL ~ Smm THICK, 6061 ALUMINUM

LOWER ACCESS DOME - 5mm THICK, 6061 ALUMINUM
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‘ . Y#Z2  RADAR CROSSECTION AND TRACKING RANGE FOR
o 1 MTR/SIDE CORNER REFLECTOR

RANGE RCS
KM DBSM ’
; 140 35+ Corner Reflector Coordinate System.
4-30: N
. 100 - asf” | - N 0%
1a / / $=+200 "+ n AXIS OF
80 — . | \ \
-3 - \
| 20, [ /I\] .:;oo\
A AN
\
AN
N

1}
~-40 -3 -20 -10 0 +10 +20 +30 +40
® - LOOK ANSLE-DEG

(PN
Vi

_,
]

All

10 400d 40
g; IdVd TYNIONO
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USEABLE SATELLITE TRACKING RANGE FOR ORBITER
RENDEZVOUS RADAR - 1 MTR/SIDE CORNER REFLE_CTOR'

» _____-—-—-80 Km RANGE TO SATELLITE
" e
/ ;-;zo N
LY A
8 DE8 0- V '
OFF-AXIS
B /)]
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Y24 POSITION BETERMINATION = STUDY: RESULTS

MOST PROMISING AND COST-EFFECTIVE REAL-TIME POSITION DETERMINATION SYSTEM WOULD INVOLVE
USE OF THE ORBITER Ku-BAND RENDEZVOUS RADAR:

¢ THE SATELLITE WOULD BE EQUIPPED WITH A RETROREFLECTOR TO ENHANCE ITS RADAR CROSS-
SECTION

o THE RADAR WOULD BE USED IN THE "PASSIVE” MODE. AMBIGUITIES IN RANGE DATA (DUE TO f
SHORT DURATION RANGE GATE) WOULD BE REMOVED BY COMPARING WITH ROUGH RANGE DATA -
- DERIVED FROM DEPLOYED TETHER LENGTH

o CONFIRMATION OF THIS MODE OF OPERATION (OF THE ORBITER RENDEZVOUS RADAR), AND THE :~§
EFFECT OF GROUND CLUTTER SHOULD BE CONFIRMED BY ANALYSIS OR RADAR SYSTEM TESTS ‘)

et o ——
- N s T
Al

SATELLITE POSITION COULD ALSO BE DETERMINED BY DATA FROM SENSITIVE ACCELEROMETERS
LOCATED IN THE SATELLITE:
o SUBSTANTIAL DATA REDUCTION WOULD BE REQUIRED

® DERIVING DATA IN REAL-TIME DURING FLIGHT WOULD REQUIRE FAIRLY SOPHISTICATED ON-BOARD
SOFTWARE .
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TETHERED SATELLITE - |
EXPERIMENT  ACCOMMODATION REQUIREMENTS

F80-10

<
& S F &
) S & '
> 3 &
& ¥
: " MISSION REQUIREMENTS
& Orbiter Altitude (Km 230 ANY ANY (5) High Inclination
o | Orbit Inclination (° ANY LO-0K(5) | LO-0K(5) Preferred
Satellite Alt. (Km) 230-130 160-120 150-125
Tether Length (Km) 100 N/A N/A
Typical Mission Duration-Days 7 6
Exp. Op. Time On Sta. (Hrs) 23 {7; &7; 10 Separate Releases
Desired Earth Cov. Pattern N/A 8 Full 8) Proximity of Earth
Orbits Obs. Sites
Direction of Sat. Deployment Down Down Down
Near Real Time Com. to POOC Yes Yes Yes
ab SATELLITE POSITION DETERMINATION
Accuracy WRT-Orbiter
Planar (Km) +2 N/A -
Altitude (Km) ¥2 N/A --
- Accuracy WRT-Earth Coords '
i Planar (Km) +3 +5 +10(9) (9) Along GND-Track
o | Altitude -(Km) T3 ¥3 ¥

.-..-A,_._...
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TETHERED SATELLITE -
" EXPERIMENT  ACCOMM

F80-10

ODATION REQUIREMENTS

o)
g <
& S F S &
i ® & N
AS . 4@9
¥ ¥
MISSION REQUIREMENTS
Orbiter Altitude (Km 230 ANY ANY (5) High Inclination
Orbit Inclination (° ANY LO-0K(5) | LO-0K(5) Preferred
Satellite Alt. (Km) 230-130 160-120 150-125
Tether Length (Km) 100 H/A N/A
Typical Mission Duration-Days 7 6
Exp. Op. Time On Sta. (Hrs) 23 {7; 27; 10 Separate Releases
Desired Earth Cov. Pattern N/A 8 Full 8) Proximity of Earth
Orbits Obs. Sites
Direction of Sat. Deployment Down Down Down
Near Real Time Com. to POOC Yes Yes Yes
SATELLITE POSITION DETERMINATION
Accuracy WRT-Orbiter
Planar (Km) +2 N/A -
Altitude (Km) +2 N/A -
Accuracy WRT-Earth Coords )
Planar (Km) +3 +5 +10(9) (9) Along GND-Track
Altitude -(Km) +3 23 +1

TR e
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TETHERED SATELLITE - |
EXPERIMENT ACCOMMODATION REQUIREMENTS

i

1

i > - ~——
i

TETHER REQUIREMENTS
Length - Km (11) 100 (11) With Orbiter at
220 Km. Alt.
T{pe (Non;():ond.,(:ond.. Non-Cond. }f Non-Cond. | Ins.Cond. Any Non-Cond.
ns. Con

Resistivity - Ohm/Mtr. N/A N/A 0.2 N/A N/A

Leakage Resistance-Ohm/Mtr N/A N/A 1012 N/A N/A
Gl Breakdown Strength-Ky. N/A N/A 3 N/A N/A Pl
s ORBITER-MOUNTED, EXP-PECULIAR | | N
Volume - MTR] None None 0.]{]7 None None |

Weight - Kg. None None 3017 None None (17) Estimate

Location - AFD, Pallet,Other None None Pallet None None

Ave. Power - Hatts . None None 40 (Min)| None None

Operating Time - Hrs. None None ‘ None None

20-2
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| TETHERED SATELUITE - - :
i : , & & . . " a a e e i
| | JEXPERIMENT - ACCOMMODATION REQUIREMENTS
| - I S e \
. .
| — -
. g < i
)
Q /&) 8 |
i ' e 6’ §¢, !
é : & ®
SATELLITE STRUCTURE & MECHANISM ;
~ Exper. Equip. Weight - Kg. 3 242 24 i
Exper. Equip. Volume - MTR. .15 .032 |
Total Satellite Weight - K6 546 340 :
Exx:r:m: epertnr]g X 10 4 (13) 2 Surface Probes
riment External Components None None '
Experiment Deployable Booms (10) None ‘}‘)))Agil i:a:‘lw E‘xp.iuse f
ec e Cannisters |
. 10 Ea. :
SATELLITE POWER/ENERGY STORAGE |
| Experiment On-Time- Hrs. N/A 31
Exp. Average Power- Watts None 30
4 Exp. Stored Energy Req'd-W/Hrs. Nil 930
;‘ Total Stored Energy Nil 80 i
o (S/C + Exp.) A-Hrs. @ 28V. |
; No. 20 A-Hr. Batt Packs 3 5 |
| ) i
|
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| TETHERED SATELLITE - :
g 'EXPERIMENT ACCOMMODATION REQUIREMENTS
| — | .' - =
SES et RS ‘ ‘,
g &
$* «.,»’5? &
o ,\@"qb
¥ &
COMMAND & DATA HANDLING
Exp. Discrete Commands-Qty. 15(5) 20 12 | (5) 24 Unassigned Spares
Exp. Serial Commands-Qty - .8 None 8
(16 Bit) A
PCM Data-Rate-BPS 2 | - -
No Exp. Housekeeping 11(3'.) 20 Not Spec (3) Also 12 Spares avafl.
B okt |
:u No Exp. B? evel Indicators | 12(4) 10 Not Spec | 4) Also 10 Spares Avail.
: , PCM Digital Data Rate-KBPS 8 N/A 8 14) At 20 Km. range
20-4
' An - '.‘
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| W. ELECTRO DYNAMICS MISSION PHASES
;,'
;‘
ELECTRICAL .
CONTACTS NON-CONDUCT ING
T0 EXP TETHER SECTIGW
INSTRUMENTATION / (90 km LONG)
INSULATED
CONDUCTING TETHER
(30 km LONG)
PHASE 1 |
ELECTRO DYNAMICS PHASE 2
EXPERIMENT PUASE 2
10-15 HRS SYSTEM VERIFICATION

TESTS
. (15-25 HRS)
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F80-10

ISSION REQUIREMENTB ELEGT_RQDYNAM!O’
éﬁeﬁ“"mTELUfé SYBTEM

ORBITER ALTITUDE - 200 Km (MIN.)
ORBIT INCLINATION - HIGH INCLINATIONS PREFERRED
LOW INCLINATION (28°) OK

DEPLOYMENT DIRECTION - UP .
LAUNCH WINDOW - TO RESULT IN B-ANGLE>45°, 1.e. BEST ORIENTATION IS WITH
LINE OF SIGHT TO SUN NORMAL TO ORBIT PLANE. (PRESENTS LEAST DEMAND ON
ORBITER COOLING SYSTEM)
TETHER LENGTH - 10 Km (MINIMUM)

(100 Km LATER MISSIONS)

DURATION OF “ON STATION" FLIGHT - 6 HOUR (MINIMUM) PERIODS
AS MANY PERIODS AS FEASIBLE

EXPERIMENT OPERATIONAL DUTY CYCLE - 100%-FROM SATELLITE SEPARATION
UNTIL RECAPTURE

)
-
ol

" i AT b < B . s SNt S e, T T T Y
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T GPERATIONAL BUPPORT' FUNGTIONS

¢ PAYLOAD OPERATIONS CONTROL CENTER - NEAR REAL-TIME MONITORING AND
CONTROL OF EXPERIMENT

¢ ORBITER COMMAND AND DATA LINK - MAX DELAY, POCC TO/FROM ORBITER
AND SATELLITE - TBD |
¢ ORBITER EXPERIMENT SUPPORT FUNCTIONS:

- REAL TIME MONITORING OF EXPERIMENT HOUSEKEEPING STATUS
| (SATELLITE AND PALLET-MOUNTED EQUIPMENT)

- MULTIPLEX DATA AND FORMAT COMMANDS TO/FROM DOWN LINK

QC

g

3%

— RECORD, CONTINUOUSLY, SATELLITE AND PALLET EXP. DATA SE

- MEASURE SATELLITE POSITION RELATIVE TO ORBITER %'ﬁ

! "REAL TIME” - MAX DELAY 5 MINUTES, %‘fi

: INTERVALS OF 15 MINUTES -,

]

|

¢ ORBITER ATTITUDE - Y - PERPENDICULAR TO ORBIT PLANE
+7 - ALONG LOCAL VERTICAL (PAYLOAD BAY DOORS UP)




F80-10 ¢ el

¢ CONDUCTOR ELECTRICAL RESISTANCE - MAX - 0.2 OHM/MTR | i
| (0.02 OHM/MTR LATER MISSIONS) ! 2

o INSULATION LEAKAGE RESISTANCE - MININUM - 1013 OHM/METER §

o INSULATION BREAKDOWN POTENTIAL - MINIMUM - 3,000 VOLTS |

{8 ‘ (30,000 VOLTS LATER MISSIONS)

o CONDUCTOR TERMINATION AT SATELLITE AND

ORBITER - INSULATED - TERMINATED IN

EXPERIMENT ELECTRONICS |
’ﬂ i 3\

21-4
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o EXPERIMENT ELECTRICAL POWER

STANDBY - CONTINUOUS WHEN NOT PULSING
AVERAGE OVER MISSION DURATION (INCLUDING PAYOUT
~ AND RETRIEVAL PERIODS)

PEAK - “OCCASIONAL” PERIODS OF SEVERAL MINUTES
DURATION

o COMMANDS, VIA ORBITER PAYLOAD INTERROGATOR LINK
DISCRETE - ON - OFF - COMMANDS
MAGNITUDE COMMANDS - 16 BIT - SERIAL

o DATA HANDLING, VIA ORBITER PAYLOAD INTERROGATOR

BILEVEL STATUS IMDICATORS
HOUSEKEEPING ANALOG STATUS CHANNELS - 8 BIT
MAIN FRAME EXPERIMENT DATA RATE,

(10 KM TETHER LENGTH-6 DB MARGIN)

21-5

i
e it AoV 13 B L

15 WATTS
25 WATTS

200 WATTS

32 (ASSUMED)
8

32
32
30 KBPS
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AEPOWER REQUIREMENTS :

AVG. LOAD ~ ENERGY &

WATTS CONSUMED (WATT-HRS)* L

TRANSPONDER - TRANSMIT 17 391 A
- RECEIVE 2 46
DATA H & C - CENTRAL UNIT n 253
REMOTE INTERFACE UNIT 3 69
ENG, INST. | ' 3 69

‘(INCLUDING ATT. DETER.) f

ELECTRO DYNAMICS EXP. _25 575

60 1,403 WATT HRS. (54 A.HRS.
| AT 26V.)

*DURING 23 HR. HISSION CONSISTING OF:

- 2 HOUR DEPLOYMENT
" | 18 HOURS ON STATION AT 10 K,
: 3 HOUR RETRIEVAL
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EX;R!MENT ACCOMMODATION -

HEWLI

REMENTS(Gont,d)

¢ SATELLITE ATTITUDE CONTROL

RELATIVE TO NADIR - NOMINAL "FREE” POSITION |
AZIMUTH (ABOUT-LOCAL VERTICAL) - SLOW ROTATION - UP TO 1 RPM |

¢ SATELLITE ATTITUDE DETERMINATION ACCURACY - + 5° |
RE VEL - VECTOR AND EARTH COORDS |

o EXTERNAL SATELLITE FEATURES - SMOOTH CONDUCTING SPHERE ‘

o INTERNAL tQUIPHENT TEHPERATURES |
~ MAX. & MIN. DURING OPERATION - +10°C TO 55°C
SURVIVAL RANGE - -20°C TO +70°C
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3 EXPERIMENT EQUIPMENT

PROGRAMMABLE HIGH-VOLTAGE POWER SUPPLY
PROGRAMMABLE PULSER (FAST-SWITCH SYSTEM)
VOLTAGE MONITOR

TOTAL-CURRENT MONITOR

CURRENT CONTROLLER

SATELLITE INTERFACE-CONTROL UNIT

RELAY SWITCH

CHARGE PROBE

CURRENT PROBES (MONITORS) (5)
SRPA/LANGMUIR PROBE

EXPERIMENT=-PECULIAR SATELLITé EQUIPMENT:

PROBE BOOM (STOWED DIMENSIONS)
YAW-CONTROL WHEEL
GOLD SURFACE FINISH

DIMENSIONS WEIGHT
(M (N Ke (Les)

16.0x16.5x25.4(6.3x6.5x10.0) 6.8 (15.0)
7.6x15,2x20.3(3,0x6.0x8.0) 2.3 (5.0
16.0x16.5x17.8(6.3x6.5x7.0) 4.5 (10.0)
16.0x16.5x17.8(6.3x6.5x7.0) 4.5 (10.0)
16.0x16,5x17.8(6.3x6.5x7.0) 4,5 (10.0)

- 16.,0x16.,5x35.6(6.3x13.0x14.0) 18.1 (40.0)
2.5x5.1x5.1(1.0x2.0x2.0) 0.9 ( 2.0)

3 Dia. (1.2 pi1a.) 0.2 ( 0.5)

3 Dia. (1.2 pi1A.) 1.1 (2.5

- 10/1 Dia’ s.7(3 9/0.4 p1a.) _2,3 (5.0)
~ O\ 15.2(100.0)

8.9x11.2x15.2(3.5x4.4x6.0) 0.9 ( 2,0)
12.7p1a.%5.1 (5.0 p1ax2.0) 2.3 ( 5.0)
N/A 1.6 (3.5

4.8 (10.5)

50.0(110.5) -




R ~ WEIGHT
STRUCTURES AND MECHANISM 177
COMMAND AND DATA HANDLING 10
ELECTRICAL POWER | 48,3
ENGINEERING INSTRUMENTATION 5

(INCLUDING ATT. DETER)

THERMAL CONTROL i3
'ELECTRODYNAMICS EXPERIMENTS | _51.5

TOTAL 311 K6

NOTE: ALL WEIGHT ESTIMATES INCLUDE 15% CONTINGENCY

389

221

106
11

29
127
684 LBS

F80-10




EXPERIMENT REQUIREMENT
| TETHER LENGTH - KM

. | LEAKAGE RESTSTANCE-OHM/MTR-MAX.
: CONDUCTOR RESISTANCE-OHM/MTR-MAX.

PROBABLE TETHER CONFIGURATION
CENTER CONDUCTOR MATERIAL

CENTER CONDUCTOR DIAMETER-MM.
CONDUCTOR COATING .002"-.004” TH.
OUTER “INSULATION" (STRUCTURAL)

RESISTIVITY OF OUTER INSULATION OHM-CH
. REQUIRED OVERALL TETHER DIAMETER

REEL CAPACITY - REQ'D TETHER DIA.

INSULATED TETHER.PROPERTIES

VERIFICATION
_MISSION

10-20
1013
0.2

Cu

0'3
PYRALENE

KEVLAR/
FIBERGLASS

1016
1.45mm,

140 Km

F80-10

FOLLOW-ON
_MISSION

100
1013

0.02

Cu

1.1
PYRALENE
BOROSILICATE

FIBERGLASS (?)
1016 - 3017

v 3MM,

w50 Kn(?)

T 5 o 2t b} R e ‘
ottt R e o il e i it T Ll ki . A N & IR S




CENTER CONDUCTOR

CU - 0.3 MM DIA,

STRUCTURAL TETHER 3 i
OUTSIDE INSULATOR 1.5 MM,
DIA. KEVLAR OR FIBERGLASS
1015-1016 php-ch,

AMI TETHERISONSTRUGTION -
Do T THEF, CONSTRUC TIO!

— PYRALENE COATING
(BREAKDOWN - PROTECTION)
,002" - ,004” THICK
8-10 KV./MIL,
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B THTTINT AR 2 At by = aseyim e

G224 ACCOMMODATION: IMBA
EXPERIMENT!

4.

5% < BLEGTRODYNAMIC

¢ ANALYZE/DEVELGP INSULATED TETHER WITH LEAKAGE, CONDUCTIVITY, AND HIGH VOLTAGE
BREAKDOWN RESISTANCE IN ACCORDANCE WITH REQUIREMENTS. TETHER TO BE INSULATED FOR
“LOWER" 10 «km. "UPPER” 90 km TO BE NON-CONDUCTING MATERIAL.

o PROVIDE ELECTRICAL CONTACT AT ORBITER AND AT SATELLITE TETHER TERMINATIONS FOR
CONNECTION TO EXPERIMENT EQUIPMENT,

o PROVIDE MECHANICAL, ELECTRICAL, AND THERMAL INTERFACE ACCOMMCDATION ON DEPLOYER
FOR DEPLOYER-MOUNTED EXPERIMENT EQUIPMENT,

o lNCREASE SATELLITE BATTERY COMPLIMENT TO FOUR PACKS (80 AMP-HOURS),

- PROVIDE SMALL YAW REACTION WHEEL FOR INTRODUCING SLOW YAW ROTATION RATE INTO

SATELLITE,

¢ PROVIDE SATELLITE MOUNTING FOR INSULATED, ELECTROSTATIC BOOM (SUPPLIED BY
EXPERIMENTER)

ALITYND ¥00d 40
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ELESTRODYNAMICS EXPERIMENT AGOOMMODATION-—r
STUDY RESULTS

gﬁﬂz’[

¢ TETHER CONTRUCTION, WITH LOWER SECTION INSULATED AND CONDUCTING, IS FEASIBLE | »
USING ESTABLISHED BRAIDING TECHNIQUES. 5 |

o HV-BREAKDOWN AND LEAKAGE CURRENT MECHANISMS TO EXTERNAL PLASMA ARE NOT WELL
UNDERSTOOD. SOME DEVELOPMENTAL TESTING WOULD BE REQUIRED.

o BOTH "UPWARD” AND “DOWNWARD” DEPLOYMENTS ARE REQUIRED, WHICH WOULD SHORTEN
THE AVAILABLE ON-STATION FLIGHT TIME AVAILABLE FOR BASELINE VERIFICATION
TESTING.

d
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LEASE CONFIGURATION

RE
&

 d
%

BB LT O

JRIGHNAL PAGE 18
OF POOR QUALITY




. - ———=

T—

ORIGINAL PAGE IS
—— OF POOR QUALITY

o e, ~ho&

NOILVHNOIANO! humm<m._mm.,m<e

01-084




W . "

Vi

F80-10

G CHEMRALBELEASE - MIBSION REQUREMENTS -

LS,

. |
ORBITAL INCLINATION 30° 0K FOR LIMITED EXPERINENTS USING 11
- LOW LAT. OBS. SITES ¥
70°  REQUIRED FOR MEAS. OF GLOBAL WIND 1
* PATTERN OR PERTURBATION OF AURORAL '
CURRENT SYSTEM 4
ORBITAL ALTITUDE OF - 120 o 200 K |
, RELEASE |
FLIGHT SCHEDULE- PROBABLE RESTRICTIONS ON TIME OF DAY,
- TIME OF YEAR, METEROLOGICAL CONDITIONS,
L AND PROXIMITY OF EARTH OBSERVATION SITES.
CHEMICAL RELEASE - INDEPENDENT TRAILS - 10 EA. OF 1 MIN DURATION
. SEQUENCE - : TYPICAL MISSION DURATION 6 DAYS (144 HRS)
. SINGLE BURST - GASEOUS RELEASE - AS MUCH MASS

AS POSSIBLE - 400 KG DESIRED.
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CHEMICAL-RELEASE -MISSION-REQUIREMENTS | |

Y L i *

S MISSION COMMUNICATIONS - NEAR REAL TIME TO ORBITER, |
FROM POCC - DURING SATELLITE (VIA ORBITER), AND ;
EXPERIMENT EXECUTION GROUND BASED OBSERVATION SITES. |
v PALLET/ORBITER-MOUNTED - VERIFICATION FLIGHT "QUALITATIVE" l 1
EQUIPMENT (EXPERIMENT OBSERVATION. '
i PECULIAR) - - FOLLOW-ON MISSIONS - POSSIBLE USE B
: | OF OPTICAL SIGHTING EQUIPMENT, |
PHOTOMETER/CAMERA. B
RELEASE (EXPULSION) LOCATION - - LINE OF SIGHT FROM GROUND-BASED ’
POINT RELEASE MISSIONS OBSERVATION LOCATIONS: ARECIBO, |
CHATENIKA, EISCAT FACILITY, ETC, |
EXPULSION LOCATION PREDICTION - PLANAR - 5 Kn 5

ACCURACY (RE. EARTH COORDS) - ALTITUDE - 3 Km

22-4
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- CHEMICAL RELEASE CONFIGURATIONS -
WEIGHT 8UMMARIES

STRUCTURES ( INCL, RADOME) & MECHS,
COMMAND & DATA HANDLING (INCL. CORN, REFL.)
ATTITUDE CONTROL g DETERMINATION

—SUBSYSTEM

ELECTRICAL POWER
THERMAL CONTRoL

PAYLOAD (SCIENCE)
TOTALS

THERMITE CR
WEIGHT (K6)
180.0
34,0

3.5
48,3
37.8

242,0
545.6

NOTE: ALL WEIGHT ESTIMATES INCLUDE 153 CONTINGENCY

F80-10

GAS CR

HEIGHT (K6)
180.0
34.0
3.5
48.3
37.8

_138.0
4ul.6
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F80-10

‘ CHEMI&AL RELEASE EXPERIMENL—STUDY RESULTS

Lo
| ISS CAPABILITY
EXPERIMENTERS  yveRriFICATION FOLLOW-ON
GOAL __MISSION _MISSIONS
RELEASED MATERIAL ~ ALKALAI VAPOR  BARIUM -
(BA,Li, C8,ETC.) (TYPICAL 1-2
| Ke./RELEASE)
" RELEASE (EXPULSION) METHOD THERMITE OR  THERMITE
ELECTRO VAPORI- REACTION
ZATION | |
| NUMBER OF RELEASES 10 11+ 10
| (PER FLIGHT)
MASS EXPENDED PER RELEASE AS FEASIBLE 10-12 Ks 10-18 Ke*
(INCLUDING REACTION
MATERIAL)
g DURATION OF RELEASE 1 MINUTE 50 SECONDS
EXPULSION ALTITUDE 110 To 160 Km 110 T0 |
160 Km |

* REQUIRES MODIFICATION OF BASIC SATELLITE EQUIPMENT SHELF |




F80-10
d CHEMICAL RELEASE EXPERIMENT ~8TUDY ﬁeguus

GASEOUS”, *POINT* HELEASE _
EXPERIMENTERS VERIFICATION FOLLOW-ON

ls'gt.

RELEASED MATERIAL GASES, CHEMI- GASEOUS ARGON .
LUMINSCENT MAT’LS. (TYPICAL)
| (TMA)
EXPULSION METHOD IGNITION OF LINEAR
SHAPED CHG. SHAPED CHG.

AFTER SEPARATION
* FROM SATELLITE)

NUMBER OF RELEASES So- 1 1

PER FLIGHT | -

MASS EXPENDED . 400 Ke. 27 Ke. 40 Ke.*

(ARGON) 300-400 K W/

"EXPENDABLE”
SATELLITE

DURATION OF RELEASE <1 SEC <1 SEC <1 SEC

EXPULSION ALTITUDE 120-160 Km 110-125 Km S

* USE OBLATE-SPHEROIDAL TANK  22-9
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Gk ACOOMM YBATION IMPABT = OHEMIOAIE

RELEASE'EXPERIMENT

¢ PROVIDE CANISTER MOUNTING AND RELEASE EXECUTION CIRCUITRY

¢ COORDINATE SAFETY AND OPERATIONAL PLANNING RELATED T0
ACCOMMODATION OF CANISTERS

22-10
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/244 1SS SPACECRAFT CONCEPTUAL DESIGN ADAPTED FOR
ATMOSPHERIC MISSION EXPERIMENT COMPLEMENT

YAW STAB. VANE ——

SHIELDED MAG. EXP. SENSOR —

STOW FLANGE —

3 STEM BoOM —

23-1
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A TAéLE {; Amospnsma SCIENCE TETHERED
sA“l‘E[LI‘I‘E MISSION BEQUIBEMENTS

ORBITAL ALTITUDES
ORBITAL INCLINATION

DEPLOYMENT DIRECTION
DATA ACQUISITION SEQUENCE

FLIGHT SCHEDULE RESTRICTIONS

ORBITER BASED EYPERIMENT
INSTRUMENTATION

REAL-TIME COMMUNICATION WITH
ORBITER FROM POCC

125 - 150 «m,

LOW INCLINATION OK - INITIAL MISSIONS
HIGH INCLINATION DESIRED - LATER MISSIONS

DOWNWARD

FULL ORBITS OF DATA DESIRED
SEVERAL DURING 7 DAY MISSION (INITIAL)
15 TO 30 DURING EXTENDED MISSIONS

NONE
NONE

HIGHLY DESIREABLE
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ALITYND ¥00d 30
B! 3BVd TYNIORIO

i MOSPHERIC EXPERIMENT
RREBMMGS X%ﬁ'ﬁeam EMENTS
¢ PHYSICAL PROPERTIES OF EXP, WEIGHT-KG(LBS)  VOLUME, HTR3(IN3)
TEMP. WIND, ATMOS., COMP. SENSOR (TWACS) (20) (600)
ION MASS SPECTROMETER (IMS) (1) (650)
RETARDING POTENTIAL ANALYZER (RPA) (10) (370)
ION DRIFT METER (IDM) O ' _(320)
- TOTALS (53 (1940)
¢ ELECTRICAL POWER - STANDBY 0.5 WATTS
ACTIVE 30 WATTS
¢ COMMANUS - DISCRETE 12
SERIAL - 32 BIT-MAX y
o DATA RATE 8 KkBPS
¢ ATTITUDE CONTROL ACCURACY - INST. AXIS 2°
| RE VELOCITY VECTOR
a o ATTITUDE DETERMINATION ACCURACY +0.1°

RE VELOCITY VECTOR
¢ EXTERNAL SATELLITE SURFACES

>15% OF AREA CONDUCTING
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A -

Ambsmﬁﬁlé"ékﬁsnwem BOMPLEMENT

pHvéicA aﬁAnAéfeméﬂbi.
SIZE-CM LOCATION OF
COMPONENT WLLKG, LXHXH® APERTURE (SIDE)

TWACS EXP, - SENSOR

5.5 12x30x24 12x24
ELECTRONICS 3.6 13x19x13
IDM EXP, - SENSOR 2.3 7x13x27 7x27
- ELECTRONICS 1.8 14x18x11
IMS EXPERIMENT 6.4 23x30x15 15x23
RPA EXP, - SENSOR 2.7 - 7x14x28 7x28
- ELECTRONICS 1.8 _11x15x19

241 K 0333 MRS
(53.1 1) (2032 IN°)

*LXW = MOUNTING SURFACE

" v ——— - <
\ 2 y
-1
" x
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“ATTITUDE CONTROL & DETERMINATION SUBSYSTEM
ELEMENTS ATMOSPHERIC MISSION EXPERIMENT

COMPLEMENT
Y
' SOLAR ATTITUDE SENSOR (4 AT 90%)
BYRO PACKAGE — |
3 48 ) ‘
R | ATTITUDE SENSOR ELECTRONICS : i
f‘ YAW STABLIZER VANE
’ \
N |

i 1 | (] '
} %
w&' / i ’
& [

| .‘
'. |
! " PITCH/ROLL ATTITUDE DAMPER —

d i SUPPLEMENTARY —
BATTERY
: / (20 A-HRS)
- BOOM DEPLOYER (WITH —
} : YAW-HINGE & DAMPER)
,i &
'3 . ' Lo 23-5
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‘ IMBAGT = ATMOSPHERIC
EXPERIME

¢ PROVIDE APERTURES ON FRONT SIDE OF SATELLITE FOR EQUIPMENT
SENSORS

¢ INCREASE BATTERY COMPLIMENT TO FIVE PACKS (100 AHP-HOURS)
¢ PROVIDE YAW GYRO TO SENSE POSITION TO WITHIN 0.1°

¢ PROVIDE HEMISPHERICAL SOLAR SENSORS TO PROVIDE PERIODIC
CALIBRATION OF YAW POSITION TO 0.1°

¢ PROVIDE INSTALLATION FOR LANGMIUR PROBE BOOM (SUPPLIED BY
EXPERIMENTER)

23-6

ATAS

) ,‘F‘l‘;\ +
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NT AGCOMMODATION -

VPZ8  ATMOSPHERIO EXPERILH
- STUDY RESULTS

¢ SET OF FOUR EXPERIMENTS (TEMPERATURE, WIND AND COMPOSITION SENSOR, ION DENSITY
METER, TON MASS SPECTROMETER AND RETARDING POTENTIAL ANALYZER) CAN BE ACCOMMODATED
BY MAKING MODIFICATIONS IN THE INTERNAL ARRANGEMENT TO ADD:

- 3-AXIS GYRO PACKAGE AND SOLAR SENSORS TO PROVIDE +0,1° ATTITUDE DETERMINATION
- TWO ADDITIONAL BATTERY PACKS TO INCREASE STORED ENERGY CAPACITY TO 100 AMP, HRS,

[ :

’ o BASELINE DATA CAPACITY OF 8 KBPS MEETS EXPERIMENTERS REQUIREMENTS, DATA RATE COULD
w1 BE DOUBLED BY INCREASING TRANSMITTER POWER OR USE OF DIRECTIONAL ANTENNAS AS

{g DESCRIBED IN COST OPTIMIZATION STUDIES.,

1

=

i,s : 23-7
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b s S o

MUETIPLESGATELLITE WEIGHT SUMMARY

PRIMARY SAT  SECOND SAT #1  SECOND SAT #2

SUBSYSTEM WEIGHT (K6)  _ MWEIGHT (K&)  _WEIGHT (K6) a

STRUCTURES AND MECHANISMS 215.5 20.0 20.0

COMMAND AND DATA HANDLING . 23.0 5.0 5.0

.. ~ ATTITUDE CONTROL AND DETERM. 3,5 | 0.0 0.0
! ELECTRICAL POWER 48,3 10.0 10.0 ;
THERMAL CONTROL | 37.8 7.0 7.0 |
PAYLOADS (SCIENCE) 9.6 _1.3 _13

SUB TOTALS 337.7 49,3 49,3
E TOTAL 387.0

NOTE: ALL WEIGHT ESTIMATES INCLUDE 15% CONTINGENCY
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F80-10

% ¢ IN CONCEPT, DEPLOYMENT OF MULTIPLE SATELLITES SPACED ALONG
5;@ TETHER APPEARS FEASIBLE

¢ ALTERNATE METHOD FOR DETERMININC SATELLITE POSITIONS WOULD BE
REQUIRED SINCE BASELINE RETRODIRECTIVE RADAR REFLECTOR COULD

NOT BE ACCCMMODATED

¢ QUANTITY OF DEPLOYMENT OPERATIONS IS SUBSTANTIALLY INCREASED
OVER THAT OF THE BASELINE SYSTEM

¢ (COST AND COMPLEXITY PROBABLY HOT COMPATIBLE WITH CONSTRAINTS
AND PURPOSES OF VERIFICATION MISSION
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MAGNETOMETER EXPERIMENT,
A mméﬁ "-!EIGN'ﬁEGUIﬁ,_ JENTS!

o DATA HANDLING - SAMPLING INTERVAL--MIN
- PRECISION (BITS)
- DYNAMIC RANGE

- HOUSEKEEPING--ANALOG CH,
--SAMPLING INTERVAL

- BINARY STATUS INDICATORS

o COMMANDS - DISCRETE
- DIGITAL
- STORED

25-1

F80-10

0.1 sec

8

218 (262,000)

20

15 sec

16

16
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"EXPERIMENT]
i M INTS (coni'd)

o EXPERIMENT VOLUME-- INTERNALLY-MOUNTED COMPONENTS 0.1 MTR3
o WEIGHT, TOTAL--MAX, 15 ks
g ¢ POWER, AT 28v MAX. | | 15 warTs
A o ATTITUDE--REL. TO VEL. VECTOR | 420°
b ~-CONTROL ACCURACY NO REQUIREMENT
P ~-READOUT ACCURACY +2°
f* ~DRIFT (SLEK RATE) - YAW | 1°/sec
- PITCH & ROLL 10°/sec 22
%
o SATELLITE POSITION DETERMINATION
i ~-EARTH COORDINATES TBD
? 25-2
! , S -
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F80-10

SATELLITE POSITION DETERMINATION
é_qpumcv‘ QEGUIREMEQTS |

® TSS OPERATIONS - POSITION RELATIVE TO ORBITER

RANGE - DERIVED APPROXIMATELX FROM TETHER LENGTH

ACCURACY FOR R > 10 Km, SMALLER OF EITHER + 1 Km OR 2Z.
FOR R < 1 Km - TBD

ANGULAR POSITION RELATIVE TO NADIR - + 2°

® MAGNETOHETER EXPERIMENT - ABSOLUTE ACCURACY RE EARTH
COORDINATES - TBD

- SPECTRAL DENSITY OF “SHORT TERM"
RELATIVE POSITION MEASUREMENTS TO
BE LESS THAN THAT OF MAGNETOMETER
NOISE WITHIN BANDWIDTH OF DATA OF
INTEREST (.003 To0 0.2 Hz)

¢ OTHER EXPERIMENTS - POSITION ACCURACY REQUIREMENTS TBD




AGE 18
QUAL\ﬂ

ORIGINAL P
OF POOR

8 EL

SINONLIFTT ATLIWOLIN I —
X08 T0XLNOS IIMOd

D FLINOLINIYW
FONV9 Mol (70 &) Ad7LLYE

LIND TYAUNTD 20VLE 73 NVOISNIL-2THLTL

ATAN0dSNVIL IIVLS (£702) Ad7LLVE
LIND FINIATLII ZLOWTY IIVLS (&) Sa7LIWoa 7 7729y L
d0$57202d AOW-Fda 2IVLC . (£401) AZTLLYE -
HITW LNFWAOTGTq aTLINOLTNIVIW (& eaaws TviinaiL
QPISK ¥

T ey ————



SUBSYSTEM

STRUCTURES AND MECHANISMS

COMMAND AND DATA HANDLING

ATTITUDE CONTROL AND DETERMINATION

ELECTRICAL POWER

ENGINEERING INSTRUMENT PACKAGE

THERMAL CONTROL

PAYLOAD EXPERIMENTS (SCIENCE)
TOTAL

F80-10

WEIGHT (KG)

185.5
23.0
3.5
48.3
9.6
37.8
1.2

——

308.9

NOTE:  ALL WEIGHT ESTIMATES INCLUDE 15% CONTINGENCY
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ACCOMMODATION IMPAGT = MAGNETOMETER

EXPERIMENT"

o PROVIDE ADAPTOR FOR MOUNTING MAGNETOMETER SENSOR ON SATELLITE
STABILIZATION BOOM

o ASSURE MAGHETIC CLEANLINESS OF SATELLITE IS SUFFICIENT FOR
PROPER PERFORMANCE OF EXPERIMENT




F80-10

Gk MAGNETOMETER' EXPEH‘MENT 'ACGOMMODATION -
STUDY RESULTS

] o THE ACCOMMODATION IMPACTS ON SATELLITE ARE RELATIVELY MINOR FOR OPERATION OF
MAGNETOMETER IN ”SCALER” !10DE

% - - LOW POWER CONSUMPTION

- SENSOR MOUNTED ON EXISTING BOOM

- SMALL PACKAGES

o SATELLITE ATTITUDE CAN BE DETERMINED TO WITHIN +0,1° BY ADDITION OF 3-AXIS RATE
INTEGRATING GYRO PACKAGE, AND SOLAR SENSORS

k| o EXPERIMENTER MUST PERFORM SUBSTANTIAL DATA REDUCTION TO CORRELATE RAW SATELLITE
» POSITION AND ATTITUDE DATA, AND REDUCE DATA FROM EXPERIMENT INSTRUMENT

25-7 ;
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F80-10 L

IMPACT ON:BASELINE GONFIGURATION PEGULIAR TO 3
*chBmA‘ﬁiﬁ MISSIONEXPERIMENT COMPLEMENT g

; EXPERIMENT COMPLEMENT CONSISTS OF:

o MAGHETOMETER (MAG)

TEMPERATURE, WIND, AND COMPOSITION SENSOR (THWACS)
ION MASS SPECTROMETER (IMS) |
RETARDING POTENTIAL ANALYZER (RPA) |
ION DRIFT METER (IDM) |

O WA~ T
* r. R g \;
. ¢ . 3 -

IMPACTS:

¢ PROVIDE ALL FEATURES ENUMERATED AS PECULIAR TO ACCOMMODATION
4 OF “MAGNETOMETER" AND "ATMOSPHERIC" EXPERIMENT COMPLEMENTS '

o INCREASE BATTERY COMPLEMENT TO FIVE, 20 AMP-HOUR PACKS (100 f
AMP-HOUR TOTAL AT 28V) |




477

WaéL

GENERAL ARRANGEMENT - ADAPTED FOR

TWAGS EXP: ELEE.. _ TERMINAL BOARD

- m sesor AN o G, 808
RPA EXPL—
SENSOR |

RPA EXP.. Fou

MAG EXP. ELEC:

STACC C/U
STACC R/U"

26-2

"COMBINATION' EXPERIMENT COMPLEMENT

F80-10

40
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F80-10

MBINATION" MISSION

WEIGHT
| LBS KG
STRUCTURE AND MECHANISMS
v (INCLUDING RADOME) 276 125
ELECTRICAL POWER AND DISTRIBUTION |
(INCLUDING 120 A-HR BATTERY) 174 79
4 THERMAL CONTROL 51 23
- ATTITUDE CONTRL AND STABILIZATION 13 6
COMMAND AND DATA HANDLING AND
POSITION DETERMINATION CINCL,
| | RETRO REFLECTOR) 64 29 Q9
;;'! - ENGINEERING INSTRUMENTATION 24 11 3%
3 ~EXPERIMENT PAYLOAD 56 26 -r
: - MAGNETOMETER 3 cx
‘ TEMPERATURE, WIND AND COMPOSITION SENSORS 20 I
ION DENSITY METER 9 v
ION MASS SPECTROMETER Iy
RETARDING POTENTIAL ANALYZER 10 _— e
o 659 299
15% CONTINGENCY
- TOTAL '




F80-10

il  SATELLITE MOMENTS OF INERTIA "COMBINATION®
(VERIFICATION) MISSION |

YAW AXIS (+2)

|

3 M

(+X)
(+Y)

ATTACH
POINT

ROLL Ax1s

PITCH AXIS
% MOMENTS OF INERTIA (Keg-MTR2)

PITCH  ROLL  YAW

& ABOUT RODY PRINCIPAL AXES

MAIN BODY 42 42 53
BOOM & VANE 27 .5 27
& ABOUT TETHER ATTACH POINT
g - MAIN BODY 125 125 53
" BOOM & VANE 30 6 21

TOTAL SATELLITE 155 131 80




X-PONDER-(2.5W.R.F.)
STACC R/U

STACC C/U

T™ DIST. UNIT
ACCELLEROMETERS
PWR.DIST, &CONTL.,
GYRO PACKAGE

SOLAR SENSGRS

TEMP INSTRMT'TION
EXPERIMENT PAYLOAD

( 4 ELEGTR'CALPER BUDGET -
< 5§§5z§sni! ATIO

12 HR.PERIOD
DEPLOYMENT RETRIEVAL
STAND-BY  OP.PHWR ENERGY-W-HRS.
_PWR-WTS  _WATTS  80% STBY 20% OP.

2 24 9.2 57.6
1.1 1.1 10.6 2.6
0.9 10.9 8.6  26.2
1 2.4
- 1 2.4
1 1 9.6 2.4
- 20
- 1 2.4
- 2 4.8
5 % 48 L2
38 100.8

TOTAL ENERGY REQ'D: HATT HRS

AMP-HRS AT 28V

AVAILABLE FROM 100 A-HR BATTERY (5 20A-HR STRINGS) 90% DOD

ENERGY MARGIN

26-5

F80-10

EXP. BAYLBAD (VERIFICATION FLIGHT)

23 HR,

ON STATION
OPERATION

100 Z DUTY CYCLE

552

25.3

250.7
23
23
23
460
23
b6
_805
2185

2324

ALITYND ¥00d 30
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/74 SMALL ANGLE SATELLITE PENDULATION & OSCILLATION-PERIODS.
YAW FREQ. BASED ON 1 MTR VANE EXPOSURE (AIR DENSITY
JACCHIA 71 MODEL 80-81 SOLAR MAX)
100 2.0
(/\ 2 80
! g —41.5 »
)
- g
g 1.0 ?
40 8&
- 5
45 X
5 20 [ BiTeH AttS N
_» g ¥ 0SC, PERIOD ~ TN
ROLL Aius = 0SC, PERIOD e -
| 1220 130 140 10 160 170
SATELLITE ALTITUDE=KM
i - (. 1 1 1 1 3
] 100 90 80 70 60 50
_ ~ (ORBITER AT ALT. OF 220 KM)
26-6
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e -~ LOSSY HINGF DEFLECTION ANGLE
(TORBUE MCTERISTIC-T“)

VEHICLE
VELOCITY ® ~ SATELLITE YAW POSITION
V - :
o W2
SATELLITE VANE HINGE-RESTORING SPRING ¢ COULOMB DAMPING
BODY Mol=1,

EQUATIONS OF MOTION: | | g
- va SiNtosm[C [SING[+c, [C0S4]] + Ty + T, = -1, (0+e)

MAIN BODY: T’oT" =10 ; ¢ = O
HINGE & SNUBBER CHARACTERISTICS:

o=kt 1 Ty= i"n""m%l

26-7

o
- e —— 3
- MRy Los> S b




F80-10

~ YAW STABILIZER SIMULATION VARIABLES AND
COEFFICIENTS

A - VANE AREA R
% - BOOM LENGTH : 3.5 MTRS
1, "= BOOH & VANE MOI 27 KG-MTR

(ABOUT TETHER ATTACH POINT)
I - MAIN SATELLITE BODY MOl 53 KG-MTR’

(ABOUT TETHER ATTACH POINT)
@ = SATELLITE YAW POSITION RADIANS
€ = BOOM HINGE DEFLECTION " RADIANS
p = ATMOSPHERIC DENSITY .15 70 1.5x1078 xa/MTR]
€, Co" VANE COEF. OF LIFT & DRAG 1-2

kg = SNUBBER COEFFICIENT - 7 N-MTRS/RAD
ky - = RESTORING SPRING CONSTANT .2 - 1.5 N-MTRS/RAD
ky = COULOMB FRICTION COEF. .002 -.02 N-MTRS
V = ORBITAL VELOCITY 8,000 MTRS/SEC
26-8
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SMALL ANGLE YAW ACQUISITION SENSITIVITY TO VALUE OF BOOM
HINGE SPRING CONSTANT-WITHOUT SNUBBERS

0.2
0.1
-5
. DAMPING \\
| YAW o
| - DEG:  o/mmn, N
-5
‘001
2 4 .6 .8 10 12
v -0.2
kq-RESTORING SPRING COEF.
, ] | I | N-MTRS /RAD
0 10 20 30 40
| . SENSITIVITY OF ACAUISITION
» RATE TO RESTORING SPRING
: TYPICAL SMALL ANGLE COEFFICIENT - kq
ACRUISITION
ke=1.0s k4=0.0033 kg=.0033, p=1.1x10"8 ke/MTR3
26-9
/
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TYPICAL LARGE-ANGLE YAW ACQUISITIONS WITH
SNUBBER SIMULATED.

\.l“l(\

|
- A7 A

3 11YND ¥OO0d 4C
) Y B | g0 b

il ! i &
:;t ; 1.0 ’l: {
i § ? Y
. -150 .

b | 3
e 40 /
SNUBBER cmm'c;msnc / :
¥ .5 =130 - i ~
B B Ty=340e"| N\ {/ |
N - 20 ‘ . \ . ;
, RESTORING SPRING
! ) -10 . VANE T“- c“’ob‘.i‘ ,,
] YAW o 0-DEg  HINGE A \] .

§ --20
‘, : l -.5 - -x
o
4 g ‘ "01

a' ' — _” .02 .0‘ o“ om
-1.0 1 1 1 1 ' e = VANE POSITION-RADIANS
B 10 20 30 40 L L 1 1 L 1

: TYPICAL LARGE-ANGLE e-DEGREES
ACAQUISITION
Kp =1.0+ K =0.066 RESTORING SPRING &

SNUBBER CHARACTERISTICS
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