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I NTROOUCTI ON 

A system requirements definition and configuration study (Phase B) of the Tethered Satellite System (T5S) 
was conducted by Ball Aerospace Division of the Ball Corporation under contract NASB-32B53 with the NASA 
Marshall Space Flight Center during the period 14 November 1977 to 27 February 1979. Subsequently a study 
extension was conducted during the period 13 June 1979 to 30 June 1980, for the purposes of refining the 
requirements identifiE!d during the main phase of the study, and studying in some detail the implicati9ns 
of accommodating various types of scientific experiments on the initial verification flight mission. 

The fo l lowing pages contain an executive overview of the Tethered Satellite System defi nition developed 
duri ng the study and report the results of specific study tasks undertaken in the extension phase of the 
study. 

FeasibUity of the Tethered Satellite System has been established with reasonable confidence and the 
groundWOrk l aid for proceeding with ~ardware design for the verification mission . 
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TETHERED SATELLITE SYSTEM 

MISSION 

. . .. ...... . .... . ... ....... . ..... . . .. 

VERIFICATION FLIGHT 

TO VERIFY THE SOUNDNESS OF ·THE T-SAT CONCEPT BY ~ PERFORMING 
A DEPLOYMENT/RETRIEVAL 

'. ' " .. .. . .. ... . . . . ... . . 

FOLLOW-ON FLIGHTS 

TO PROVIDE A REUSABLE SHUTTLE FACILITY TO SUPPORT A WIDE 
VAR IETY OF SCIENTIFIC PAYLOADS 
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. 1 

THE BASELINE CONFIGURATION OF THE TSS DEPLOYER USES 
LET AS AN INTERFACE STRUCTURE. THE PALLET CAN BE 
THE AVAILABLE POSITIONS IN THE ORBITER PAYLOAD BAY . 

SPACELAB PAl­
OUNTED IN ANY 0 

THE SATELLITE IS RESTRAINED AT THE OUTER END OF A COIlA8lE lATIICE 
800M 1.~ METERS IN DIAMETER AND 10 METERs IN lENGTH WHEN FULLY EXTEND- · 
ED. THE TSS OEPLOYER COMPONENTS ARE MOUNTED ON THE SPACELAB COLO 
PLATES AND THE DEPLOYER STRUCTURE INTERFACES WITH STANDARD SPACEL 
PALLET MECHANICAL ATTACH ·POINTS • 

EX-4A 

F80-10 

! I. 
~ 



c 
w o I AL PAOi S 

OF POOR QU ALI 
0 w .-

I t-O 
CO >< LI... 

W 

> 
..J 
-J .. - -- ,.-
< 

-~-....... - -....... . 

-f-
a: 
< 
:E 
0 

· 0 

... 
- -.... . -- -. _ .... .. ... --.. .. .. 

- "-...,..-- -_ ... -... " --.- ._- _ ... - ----..... -. -_ .... _---- -- ... 



. 1 

" 
SATELLITE IS RELEASED AFTER THE EXTENS ION OF THE BOOM AND THE BOOM 

REMA INS EXTENDED DUR ING THE FL IGHT OF THE SATELL ITE AND IS RETRACTED 

AFTER RECAPTURE. 

THE TETHER PASSES FROM THE REEL AT THE RASE OF THE 800M THROUGH THE 

CENTER OF THE TRI ANGULAR CROSS-SECT I ON BOOM TO THE TETHER TENS I 

CONTROLLERS LOCATED AT THE TIP OF THE BOO .... 

THE T I P OF THE BOOM IS EQUIPPED WITH A SPRING-LOADED DOCKING RING AND 

DROGUE FITTING FOR RELEASING AND RESTOWING THE SATELLITE. 

EX-5A 
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BASELINE OONFIGURA TION BOOM FULLY EXTENDED 

APPftOX 0.08 
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STS-ORIIlTIR ALLOVABLE ENVElOPE '1 
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, 
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0.58 (23.0" )R 
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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 ~PACELA8 OR ORBITER COOLING SYSTE,·, • 

. EX-6A . 
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DEPLOYER - 'PLAN VIEW 

(LOOKING pARALLEL TO ORBITER Zo AXIS) 

. JUNcTION Bdx 
PYRO-FIRING BOX 

NASA 3.004 20AH BATIERY ~ 
NASA 3.004 20AH BATTERY 
NASA 3.004 20AH BATtERy 

EXPERIMENT HEAT EXCHANGEit 

EX-7 

. ..1 . 1. ,. "_._'t. 

PALLET COLD PLATE 

CONTROL PROCESSOR 

SIGNAL CONDITIO 

. - INTERCONNECT STATIO 
REMOTE ACQUISITION UNIT (RAU ) 

REEL AND LEVEL-WIND DRIVE MOTOR 

'-- CH4RGE CONTROL 

POWER CONTROL 
"' POWER AMPLIFIER 

" PALLET COLD PLATE 

., .-- .... , , 
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IN THE STOWED POSITION THE BOOM IS CONTAINED IN A CANISTER. IF FOR 
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 
ORBITER PAYLOAD BAY DOORS. 

A CLOCKING DRIVE MECHAN ISM LOCAT ED AT THE OUTER END OF THE BOOM ALLOWS 
ROTATION OF THE SATELLITE ABOUT THE BOOM LONGITUDINAL AXIS TO ENABLE 
STORING THE SATELLITE IN A PREFERREO POSITION ON THE BOOM TIP. 

EX-7A 

F80-10 

'.,... 



,.:.:::> .... 

" . 
.. 

~--.... "'. 

FBO-10 

: .. DEPLQYER-BOOM-INTERNAL ARRANGEMENT ' 

. 
SATELLITE-TO-BOOM DOCKING MECHANISM 

BOOM DEPLllY I RETRACT DRIVE <TYP 2) 
I 
I. . 

I TETHER ' CUTTER (BOOM JETTISON) 

, 
. I 

CASTERED GUIDE PULLEY 
STOWED BOOM LONGERONS 

BOOM-JrnISON SPRING CTYP 4) 

, I +------~ 

00 . ." ~ 

~ BOOM-CANISTER-JETTISON SEP 
"tin 
0; 
() .'; 
;:, ~-: 

SECTION C:· c" 
ROTATED 90° CCW 

Ex-a 

c...., 
c.:-

STOWED-BOOM ClAMP (TYP 3) r r .• 
BOOM-TIP TETHER-TENSION MOTOR :-; _ " 
TETHER-TENSION LOAD CELL (0-100 LBS) ~ "'. 
ttrHER-tENsioN LOAD CElL <0-5 LBS) 



THE ORBITER DATA OISPLAY AND KEYBOARD lJNIT , LOCATED ON TH 
USED TO MONITOR THE STATUS AND EXECUTE CONTROL CO 
COMPUTER AND THE PAYLOAD INTERROGATOR. 

OS VI 

F80-10 

FT FLIGHT DECK , IS 
THE GENERAL.\ PURPOSE 

THE ~PACELAB nATA DISPLAY ~YSTE"', LOCATEO .ALSO ON THE AFT FLIGHT DECK, IS .tJSED 
TO MON ITOR THE STATUS AND CONTROL THE PALLET-MOUNTED DEPLOYER SUBSYSTEMS VIA THE 
~PACELA8 EXPERIMENT COMPUTER. 

~PECIAL PURPOSE CO..,PUTATION FUNCTIONS, UNIQUE TO THE TETHERED SATELLITE DEPLOYER 
ARE PERFORMED BY A DEDICATED PROCESSOR LOCATED ON THE DEPLOYER PALLET. 

CLOSED CIRCUIT TELEVISION DI SPLAYS ON THE AFT FL IGHT DECK INDICATE THE TRANS­
VERSE POSITION OF THE SATELLITE RELAT IVE TO THE BOOM. AT SHORT RANGES, AS OB­
SERVED BY CAMERAS LOCATED ON THE DEPLOYER PALLET RAILS. 

ELECTR ICAL POWER IS SUPPL lED TO THE DEPLOYER BY TH~ ORB ITER OR SPACELAB POWER 
BUS VIA THE BATTERY CHARGE CONTROLLER LOCATED ON THE PALLET. 

T..,REE OR FOUR NICKEL CAQMIUM STORAGE BATTERIES, LOCATED ON THE PALLET, STORE 
EXCESS ELECTRICAL ENERGY DURING PAYOUT OF THE TETHER AND DELIVER CURRENT TO THE 
REELI NG MECHANISM DURING PEAK LOAD PERIODS, SUCH AS THOSE INCURRED DURING RE­
TRIEVAL . 
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THE MAIN SATELLITE STRUCTURE CONSISTS OF SPHERI CAL SHELL 1.4 METERS 
IN DIAMETER. THE SATELLITE HANGS PENDULOUSLY FROM THE TETHER PROVID­
ING INHERENT ATTITUDE STABILIZATION IN PITCH AND ROLL, THE MOTIO 
BEING DAMPED 8Y A PASSIVE INTERNAL DAMPE~. YAW ATTITUDE IS STABILIZED 
BY A FLAT VERTICAL UNFURL ABLE AERODYNAMIC VANE AT THE END OF THE 
RETRACTABLE THREE METER STEM 800M EXTENDING TO THE REAR OF THE SATEL­
LITE. 

EX-9A 
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SpACECRAFT CONCEPTUAL DESIGN ADAPTED FOR. 
SSION EXPERIMENT COMPLEME"" 

. YAW STAB. VANE 

SHIELDED HAG. EXP. SENSOR 

STOW FlANGE 

3M STEM BOO! 
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EX-l0 

°c . ." ~ 
-05 
o~ 
0;,. 
;at-

.Q"n c: )~ 
,b; C) r- rn 
~;;i 

'f -
I 
I 



.i . 
J 

, 
! 

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 STABIL IZE 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 ORiHTER RENDEVOUS 
RADAR. THE UPPER SHElL CAP OF THE STRUCTURE IS A RADAR TRANSPARENT 
RADOME WHICH COVERS THE RETRODIRECTIVE CORNER REFLECTOR. 

EX-lOA ----_. 
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TETHERED SATELLITI: EQUIPPED WITH CORNER 
REi=LEOTO~ to ENHANCE RADAR CROSSECTIO 

-:~.-............ <c: CAPTlI£ DROGtE · AND TETtER ANCHDR-f'IBERGLA!'>S 

'~ ~. y" RIIHtEINFORCED RADOt£ - 5nm THICK FIBERGLASS -,.---
.",< '.0:: 1.On (EA OF 3 FACE EDGES) CORNER REFLECTOR 

nPj1H:!ff4 ~ UPLINK PATCH ANTENNA (DOWNLINK OPPOSITE) 

--, --, 

FSO- 10 

• , THERMAllY-ISOLATED, OCTADECANE-FIlLED EBUIpt£NT 
SI£LF (MOUNTI NG PROVISIONS ON BOTH SIDES) 

BELT SHEll - 5nm THICK, 6061 Al~INlJ1 

LOWER ACCESS DOME - 5nm THICK , 6061 ALlI UNlJ1 

EX-l1 
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THE SATELLITE ELECTRICAL SUBSYSTEMS ARE POWERED FROM INTERNAL HIGH 
ENERGY DENSITY BATTERIES WHICH PROVIDE SUFFICIENT ENERGY FOR A 35-
M I SSION, INCLUDING 23 HOURS OF ' ON-6TATION OPERATI ON OF 'AN EXPER IMENT 
CONSUMING UP TO 17 WATTS OF AVERAGE POWER. 

EXPERIMENT POWER MAY BE INCREASED RY ADDING ADD ITIONAL RATTERIES. 

THE ENGINEERING INSTRUMENTATION COMPLE MENT ENABL ES MONITORI NG AND 
DIAGNOS IS OF THE THERMAL AND DYNAMIC REHAVIOR OF THE SATELL ITE DURING 
THE ~ISSION. 

" 

EX-llA 
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TYPICAL DEPLOYMENT OF THE SATELL ITE INVOLVES SEPARATI ON OF THE SATEL­
LITE FROM THE 800M 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. 

EX-l3A 

------
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DAMP I NG OF THE LIBRATION OF THE SATELLITE BENEATH THE ORBITER .S 

ACHI EVED BY SHORTEN I NG AND LENGTHENING THE TETHER IN RESPONSE TO · 

"CONTROL LAW·. 

ONE METHOD OF ' DAMP I NG USES A CONTROL LAW WHICH EMULATES A TUNED-SPRING 

DAMPER CHARACTERISTIC IN THE TETHER CONTROL SYSTEM. 

AN IMPROVED METHOD CALLED THE "MODEL FOLLOWER" HAS SEEN DEVELOPED 

WHICH ALLOWS INSERTION OF AMPLIFIED CONTROL TENSIONS OF .THE PROPER 

PHASE AND AMPLITUOE TO COMPENSATE FOR VARIOUS OISTURaANCE EFFECTS SUCH 

AS THE DRAG DUE TO ATMOSPHERIC RESISTANCE. 

EX-14A 
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sTeADY sTAre CONTROL CONCEPTS 
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THE MODEL FOLLOWER CONTROL LAW RESULTS IN SUBSTANTIAL OAMPING AT THE 

EXPENSE OF SOME INCREASE IN VERT ICAL MOTION OF THE SATELL ITE . STEADY 

STATE DAMPING PERFORMANCE WI TH THE SWING STRETCH COUPLER, HOWEVER, 

DOES NOT PRODUCE SUFFICIENT DAMPING FOR MISSIONS OF THE DURATION CON-

TEMPL ATED. 

EX-1SA 
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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 q 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

MAINI NG EXTENDED. nURING THE MID PHASE OF THE RETRIEVAL A .CONSTANT 

REEL- IN RATE OF ABOUT 10 METERS PER SECONO IS USED. 

EX-17A 
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SATELLITE COMPONENTS MAY BE LOCATED AND ARRANGED ON THE EQUIPMENT 
SHELF TO ACCOMMODATE A VARIETY OF EXPERIMENTAL CONFIGURATIONS. 
TYPI CAl IS THE INTERNAl ARRANGEMENT FOR THE ELECTRODYNAMICS EXPERIMENT 
WHER EIN THE EXPERIMENT COMPONENTS, INCLUDING DEPLOYABLE ELECTRO-
STAT IC 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 

PHASE 1 

ELECTRO DYNNtlCS 
EXPERI 
1()-15 HRS 

ELECTRICAL 
CONTACTS 
TO EXP 
INSTRlIfENTATI 0 

6 

• NON-CONDUCTIHG 
TETt£R S 
(90 km LO~) 

INSUlATf'D 
CONDUCT iNS TETHER 
(10 km LOr«;) 

PHASE 2 --
SY~TEM VERIFICATION 

TESTS 
<15-25 tRS) 

~ -------

EX-22 
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FoR DEPLOYING CHEMICAL MATERIALS USED IN STUDY I NG ATMOSPHERIC TRANS­
PORT PHENOMENA, THE SATELLITE IS EQUI PPED WITH I NDIVIDUAL CAN ISTER 
EJECTION MOOULES. 

EACH CANISTER IS SPRING EJECTED AND DETONATED AFTER A SUITABLE TIME 
DELAY IN RESPONSE TO A TIMER LOCATED ON EACH CANISTER. 

EX-22A 

------.. --. 

F80-10 



o -I 

~ ORIGINAL PAGE IS 
Of POOR QUALITY. 

... ... . , , . ' . " 
. . ' 

• .'; .'. I .• 

" . ', . ... 

. " 

M 
. N 

I 
>< 
~ 

1 



0 
~ 

I 
0 " 
OC 
U. 

W 
a:: 
::> 
V) 
CI) 

W 
a:: 
~ 

% 
C!) -% 

w 
..J 
C!) 
z -V) 

e 
V) 

w 
V) 

::> 

V) 

..J 
e 
u -~ 
w 
% 
U 

C!) 
Z -V) 

e 
UJ 
...J 
w 
a:: 

a:: 
0 
LA. 

0 
0 
% 
I-
IoU 
2: 

C 
Z 
0 u 
w 
V) 

cr:: 

Q 
W 
a:: -V) 

w 
0 

w 
:t: 
I-

~ 
0 
W 

!< 
Z 
0 
I-
w 
C 

C z 

UJ 
l--...J 
...J 
UJ 
I-
V) 

UJ 
:t: 
l-

0 
a:: 
LA. 

0 
UJ 
I-
U 
UJ 
'""') 
UJ 

ex 
UJ -
I-..... 
0 u 
V) 

e: 
C!) 

I 

. 
UJ 
0 
::> 
I--l-
..J e 

f 
I 

"' I 

I -
t • 

I 



z 
o -.... 
<: 
n: 

.:::l 
(!) -u. 
'Z ' 
o 
o 
w 
'w .< 
w 
-J 
W 
.0: 
~ 
< 
C) 

" 

ORIGINAL PAGErs 
Of POOR QUALI'N 

~ 
N 

I 
>< , LIJ' 



To ACCOMMODATE AT.MOSPHERIC EXPERIMENTS THE SATELLITE -IS EQUU)PED WITH 
A STAB ILIZATION 'VANE WHICH CONTROLS THE YAW ATTITUDE to WITHIN 20 0 
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 FROM SOLAR SENSORS. 

----- EX-24A 
I __ ....J 
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ATTITUDE CONTROL & DETERMINATION SUBSYSTEM 
ELEMENTS A TMOSPHERICMISSIO 
COMPLEMENT 

SOLAR ATTITUDE SENSOR (4 AT 90°) 

ATTITUDE SENSOR EL£CTRONICS 

YAW STABILIZER VANE 

PITCH/ROLL ATTITUDE DAtftR 

EX-25 

SUPPLEMENTARY 
BATTERY 
(20 A-HRS) 

BOOM DEPLOYER (WITH 
YAw-HINGE &: DAMPER ) 
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SIMULTANEOUS MEASUREMENTS COULD BE MADE BY POSITIONING SEVER~ SATEL­
LITES ALONG THE TETHER. ~ACH SATELLITE WOULD BE EQUIPPED WITH A SELF­
CONTA INED POWER SUPPLY AND COMMUNICATIONS SYSTE~1 IN ADDITION TO EXPERIMENT 
INSTR UMENTATION. 

EX-2M 
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MULTIPLE SATELLITES ARE INTEGRATED INTO THE BASIC SPHERICAL SHAPE OF 
THE nMOTHER SATELLITE n BY NESTING THE SMALL ER UNITS, USING DR OGE 
CAPTURE MECHANISMS SIMILAR TO 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. 

EX-26A 
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F80-10 

HE 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. 

EX-27A 
~ ----_ ... ----
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COST STUDIES WERE CONDUCTED TO ASSESS THE SAVINGS IN PROGRAM COSTS 
WHICH ~IGHT BE REALIZED 8Y REDUCING THE COMPLEXITY OF THE SATELLITE 
AND THE ATTENDANT SACRIFICE IN THE VERIFICATION CAPABILITY OF THE 
SYSTE M. 

THE SATELLITE COMPLEXITY CONSIDERED RANGE FRO~ A CO~PARATIVELY SIMPLE 
I 

PASSI VE "DUMB-BALL" SATELLITE THROUGH VERSIONS HAVING VARIOUS METHODS 
OF nATA RETRIEVAL., ACTIVE EXPERI MENTS, ANn SATELLITE POSITION nETER­
~INAT ION. 

NEARL Y ALL OF THE OEPLOVER FUNCTIONS CAN BE VERI FIEn USING A SATELLITE 
OF RE DUCED CAPABILITY. 

EX .. 29A 

---;;----... -----
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REDUCING THE CAPABILITY OF THE SATELLITE RESULTS IN A CORRESPONDING 

REDUCTION IN SATELL ITE COSTS. HOWEVER THE AFFECT ON TOTAL PROGRA 

COSTS IS MODERATE SINCE THE SATELLITE .COSTS MAKE UP ONY ABOUT 30% OF 
THOSE OF THE TOTAL PROGRAM. 

EX~30A 
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SATELLITE COSTS FOR CONFIGURATIONS 
WITH' VARIOUS CAPABILITIES - RELATIVE' 

l.u-r-----------------~ 
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1100 - DYNAMICS ANALYSIS 

• RETRIEVAL TIME CAN BE SHORTENED TO 7 HOURS FROM 11 HOURS BY 
EXECUTING ORBITER AV MANEUVERS AT APPROPRIATE INTERVALS DURING 
RETR IEVAL. 

• FINAL RETRIEVAL CAN BE ACCELERATED,. AND EXECUTED USING TENSION 
LEVELS SUS::;·;NTIALLY ABOVE CONTROL LIMITS BY EXECUTING ORBITER 
ATTI TUDE MANEUVERS AS SATELLITE ApPROACHES DOCKING RING'. 

• SUCCESSFUL DOCKING OCCURS FOR MISS DISTANCES OF + [,2 METERS 
BY USING MODIFIED TENSION CONTROL LAW DURING DOCKING PHASE. 

EX-33 
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X1TENSION· STUDY ~~. Sl!JMMAF1Y CONOLUSIONS (CONTrO) . 

1200 -' SOFTWARE REQU I REMENTS DEF IN 1 T I'ON 

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

• ORBITER AND SPACELAB SOFTWARE FUNCTIONS ARE RESTRICTED TO DATA 
AND COMMAND MULITPLEXING .. C0N.VERSION TO PHYSICAL USES .. DISPLAY 
GENERATION AND NAVIGATIONAL CALCULATIONS NORMALLY PERFORMED BY 
THE ORBITER. 

EX-34 
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,)(trENSION .'BrUDY, fai ; SUMMARY CONCLUSIONS (CONT'D)· 

1300 - TETHER MATERIALS EVALUAT'ION 

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

1400 - AUTONOMOUS - MOUNT (UNIQUE PALLET') 

• A PALLET MOUNT DESIGNED SPECIFICALLY FOR THE TSS, HAS THE 
ADVANTAGE OF LOWER LAUNCH COSTS, GREATER STRUCTURAL RIGIDI 
AND BETTER TETHER ROUTING',' 

EX ... 35 
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"E~I!NstON ':'STl)DY ~ $lJMMARY.' CONCLUSIONS (CONT'D) 

1500 - COST OPTIMIZATION 

• REDUCING SATELLITE CAPABILITY RESULTS IN ONLY A MODEST 
CTION IN TOTAL PROGRAM COSTS. 

• DEPLOYER REELING RATES CAN BE " RED U!: ED TO ABOUT 10 MlSEC 
WI THOUT SERIOUSLY INCREAS.ING DEPLOYMENT OR RETRIEVAL TIMES. 
TH IS ENABLES USE OF SMALLER MOTORS~' " DR IVE CIRCUITRY AND 
POWER CONVERTERS", 

EX-36 
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EXT-ENsION STUDY - SUMMARY' CONCLUSIONS (CONT'D) 

1600 - SPEG IA~ ' STUDI'ES ~' 

I THE SATELLITE-TO-ORBITER DATA RATE CAN BE INCREASED FROM THE 
BASELINE VALUE OF 8 KBpS UPWARD TO 256 KBPS BY THE USE 0 
.. lIRECTIONAL ANTENNAS AND SPECIAL EQUIPMENT MOUNTIiD ON THE DEPLOYER',' 

I MOST PROMISING METHOD OF REAL TIME SATELLITE POSITION DETERMINATION 
IS THE USE OF THE ORBITER RENDEZVOUS RADAR',' THE SATELLITE IS EQUIPPED 
WITH A RETRO REFLECTOR TO ENHANCE ITS RADM CROSS-SECTION',' 

I ALTERNATE M6THOD FOR MID & LONG-RANGE,,' REAL TIME POSITION DETERMINATION 
WOULD USE ORBITER ATTITUDE DATA WHILE FLYI NG IN "DRIFT" MODE. 

I " SATELLITE POSITION NEAR THE ORBITER (LESS THAN ABOUT 400 MET~RS) 
.' WILL BE DETERMINED USING CLOSED CIRCUIT TV CAMERAS MOUNTED 0 

THE PALLET, 

EX-37 
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Ex'r "ENSION STUOY ... SUMMARY CONCLUSIONS (CONT'O) 

2100 - ELECTRODYNAMICS"-EXPERIMENT ACC0rt10DATION 

• REQUIRES "UPWARD" DEPLOYMENT .. ADVANCES IN CONDUCTING TETHER 
DEVELOPMENT1 AND EXPERIMENT EQUIPMENT MOUNTED ON BOTH 
SATELLITE AND DEPLOYER. 

2200 - CHEMICAL "RELEASE EXPERIMENT ACCOMMODATlON 

• ftt)DEST AMOUNTS OF EITHER THERMITE OR GASEOUS CHHlICALS COULD 
BE DEPLOYED. SOME ADDITIONAL SAFETY AND OPERATIONAL PLANNING 
REQUIRED. 

EX-38 
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t=~_N810N·;~~T.UOY ·~~81tfMMART·"OONCLUSIONS (CONT'Ol 

2300 - ATMOSPHERIC EXPERIMENT ACCOMMODATI"O~ 

• COMPLEMENT OF FOUR INSTRUMENTS REQUIRES INCREASE OF STORED 
ELECTRICAL ENERGY TO 100 AMP . HOURS (FROM 60~ ~ 
mRE PRECISE ATIITUDE CONTROL AND DETERMINATIO 

2400 - MULTIPLE -SATELLITE ~ -EXPER I MENl ACCort1ODATION 
- • q i • 

• FEASIBLE IN CONCEPT TO ACCOMMODATE TWO OR THREE SATELLITES 
SPACED ALONG TETHER. DEPLOYMENT COMPLEXITY AND COS 
SUBSTANTIALLY lNCREASED OVER THAT OF BASELINE SYSTu' t 

EX-39 

" 
r ",:1\ a. 



" 

{ 

80-

. >eTENS10N STUDY ~i) SCJMMARY' CONCLUSIONS (CONT'D) . 

2500 - MAGNETOMETER EXPERIMENT ACCOMMODATION 

...... 

2600 - "COMBINATION" 'MISSION .. EXPERIMENT"ACCOMMODATfSN . , . 

• EXPERIMENT COMPLEMENT INCLUDES BOTH ATMOSPHERIC (2300) AND 
MAGNETOMETER (2400) EXPERIMENTS. ~'ON ... STATION: OPE 
23 HOURS REQUIRES 100 AMP. HOURS STORED ENERGY (AT 2 
PRECISE ATTITUDE CONTROL AND DETERMINATION', 

" 
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'1100 -DVNAMiCS ANAL YSIS· .·t;?·~ 

i REVISE TET~ER SIMULATION TO iNCLUDE 
EFFECT OF BOOM MOTION 

:. . STUDY FINAL RETRIEVAL PHASE ' . 

. • S.lMULATE AND 'ANALYZE BEHAVIOR 
OF ·DOCKING 

.. :~ 

" , . 



EXECUTION OF ORR ITER DELTA V MANEUVERS DURING MAIN PHASE OF RETRIEVAL 
MARK EDLY DECREASES THE SATELL ITE LI RRATION AND SHORTENS RETRIEVAL TIME 
FROM 13 DOWN TO ABOUT q HOURS. 

FURTHER DECREASE IN RETRIEVAL TI ME TO A80UT F;-1/~ HOURS IS ACHIEVED BY 
CONTROLLING THE ATTITUDE OF THE ORRITER DURING THE FINAL PULL IN PHASE 
WHtCH IS EXECUTED AT A RATE OF ABOUT 1/10 OF A METER PER SECOND. THIS 
ALSO 
UES . 

THE NEED TO CONTROL TETHER TENSION LEVELS AT .LOW VAL-

11-0A 
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RETRIEVAL TIMELINE & PROFILES - 500 KG SATELLITE 

10 
\ .. 

• VELOC ITY \ 
\ 6 KTRSI 

4 SEC. \ 

" 2 " ·.OJ ·0 
I :::;:::;: --- ,. 

Q 
----t_.,._ 

i 
i , • 

1 Z 3 4 5 6 1 It 9 10 11 12 T--

RETRIEVAL CONSTMfT FINAL PULL-I 
MIllIE RATE EXPOllENTlAL .,,-----

I ... - ._-
ORBITER 

OUT-OF-MUIlMRS PlANE 
AY', 

~ 
00 

LL-IH ""::0 -."f:) Oz , , . 
0,. , , 
::Cr. , . 1 

OZ • . NEWTONS ' I 

.0 ." Jl 0.1 HlSEC .0] 1.0 

'~j ~ C > 
VElOCITY ~ ~ KTRSI •• !Hi 10 

.02 SEC. ~ ra .6 FORCE·20 LENGTH 60 
~. TlPI . MTRS 

.4 40 
• OJ. .10 

.2. 

oj 0 o J I - 'T- -- 0 
6 1 I 9 10 

TIME -
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OYNAMICS ANALYSIS PERFORMED OURING THIS STUDY EXTENSION WAS BASED ON 

P~EvIOUS WORK DONE OURING THE MAIN STUDY PHASE. A BRIEF REVIEW OF THE 

RESULTS OF THE PREVIOUS STUDIES AND T'iE RELATI ONSHIP TO THE STUDY 

EXT ENSION TASKS IS GIVEN IN THE FOl.LOWING PAGES . 

11- 1A 
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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-U 

• . 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 POINTI~G DURNING FINAL PULL-IN REDUCES TIME TO 6 HOURS 

11-2 



STEADY STATE CONTROL CONCEPTS 

6 l~ 
SWING ---- .. ~STRETCH .. 0, 

FBO-10 

00 
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LENGTH 
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r-
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TUNED SWING-STRETCH COUPLER ' MODEL FOLLOWER 
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, .STEADY STArE CONTROL ACCOMPLISHMENTS 

• OBSERVATIONS ON PLANAR COUPLING (SHIFT OF INDEPENDENT L AND e FREQUENCIES) 

• STABILITY CONDITION FOR UNREALISTIC SPHERICAL ATMOSPHE RE 

i PERTURBATIONS OF AN OBLATE ROTATING ATMOSPHERE 

• DEVELOP A NEW ADAPTIVE MODEL FOLLOWI NG TYPE CONTROLLER THAT PERM ITS: 

(1) OPERATING SATELLITE AT CONSTANT ALTIT~DE/DENSIT 

FSO-10 

(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 ORB ITER BURN CAN REVERSE e BUILD-UP CAUSED BY ROTATING 
ATMOSPHERE UNDER AN ECCENTRIC SHUTILE ORBIT 

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

• r .2. 
• SHOW THAT 0 FEEDBACK CAN ALSO IMPROVE OUT-OF-PlANE DNotPING OVER THAT ACHIEVABLE BY TUNING ALONE , 

11-4 
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SYMBOL DEFINITIONS RELATIVE TO THE DYNAMICS ANALYSIS ARE AS FOLLOWS: 

~ = 

e = 

LC = 
fit = 
S = 
T) 

R = 
(II = 0 

Tr. = 
• • 
~ & e = 

L~ = 

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 SATELLI TE RELATIVE TO NADIR. 

LENGTH COMMAND AS A FUNCTION O~ TIME. 

MASS OF THE SATELLITE. 

LAPLACE TRANSFORM OPERATOR. 

ODEL FOLLOWER OAMPING CONSTANT. 

ODEL FOLLOWER GAIN COEFFICI ENT . 

ORBITAL FREQUENCY. 

TENSION COMMAND GENERATED BY THE CONTROL LAW. 

TIME . DERIVATIVES OF THE SATELLITE 
COORDINATES. 
MEASUR ED TETHE~ LENGTH. 

11-LfA 
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TUNING A COMMAND-LENGTH MODEL-FOLLOWER 

lc l • 

Tc 

COHP­
ENSATIO 

REEL 
SERVO 

COf4~AND FEEDFORWARO 

OUTPUT FEEDBACK 

ODOMETER 

• 
l 

l/S l I 

I 
1 -2M'~ e + 0 ( 62 

t .p2 t 62 t 1fJ2) L __ ~t ______ _ -

I 
I 
I 

_--1 
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CONTROL LAW LOGIC IS INCORPORATED IN THE ON-BOARD DEPLOYER DEDICATED 
PROCESSOR, WITH COEFFICIENTS INSERTABLE 8Y GROUND OR ON-BOARD OPERATOR 
COMMAN~ 

. CHANGE S IN THE ACTUAL LENGTH COMMANP PROF ILE A~D VALUES OF "MODEL 
FOLLOWING- COEFFICIENTS· ARE CALCUL ATED AT A GROUNO-BASED ANALYSIS 
CENTER AND PERIODICALLY TRANSMITTED TO THE ORBITER. 

~ATELlITE POSITION DATA IS TRANSMITTED FROM THE ORBITER TO THE GROUND­
BASED ANALYSIS CENTER TO ALLOW ·NEAR REAL-TIME MONITORING OF THE SATEL­
LITE TETHER DYNA~ICS DURING DEPLOYMENT AND RETRIEVAL. 

11-5" 
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PERIODIC ADAPTATION OF THE 
ODEL-FOLLOWER 'co 

T 
r----4 ............ 

m
""-t. ITENSIOMETERI( 0) 

REEL MOTOR (0) 
LENGTH 
DYNAMICS 

LIBRATION IACCELEROMETERs 
DYNAMICS (s) 

I 
I 
I 
I , 

Tc~'--------------------------~ 

SYSTE 
DEL 

TENSION CONTROL LAW 

DATA INTERFACE 

JED STATE 

PREDICTED ~ DESIRED 
STATE STATE 

I ' 
L . f lc I LENGTH COMMAND 

- - - GENERATOR 
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NT AGES AND DISADV ANT AGES OF 
OOEl FOllO 

THE SIMPLEST CONCEPT OF USING A "TUNED SWING-STRETCH COUPLER" TO 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 FOLLO~IER ARE: 

• ADDITIONAL COMPUTATION IS NEEDED BUT UPDATE RATES ARE VERY LOW. 
• MEASUREMENT AND COMt~ND ERRORS MUST BE S~mLL ENOUGH TO KEEP PHASE ERRORS sr~LLt 
• ' PE~FORMANCE APPEARS DRAMATICAllY BETTER THAN FOR THE BASIC SWING-STRETCH COUPLER WH ICH REACTS TO AND CANNOT ANTICIPATE LARGELY PREDICTABLE PERTURBATIONS 
• OUT-OF-PlANE IS ONLY A~PLIED WHEN NEEDED SO 0-DRIVEN STRETCHING nOES NOT INTRODUCE ADDITIONAL DIRECT MOTION OR 8 PERTURBATIONS. 

11-7 
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ADVANTAGES OF THE -MODEL FOLLOWER- METHOD OF CONTROL ARE GRAPHI CALLY . 

DEMONSTRATE D 8Y THE A81L ITY OF THE SYSTEM TO MAINTAIN A CONSTANT OD_ ' 

BITAl ALTITUDE BY ALLOWING THE SATEllITE TO SWING FORE 

CONCERT WITH THE VARIATIONS IN ATMOSPHERIC .DENSITY. 

11-7f\ 
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NST ANT HEIGHT PROFILE 

POLE 

I 
MAX. FO 

~, '£QUATOR ' 

• FORWARD 

f 
POLE 
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CONTROL LIMITATION OF THE TUNED COUPLER 
WITH OSLATE ATMOSPHERE 

FBO-l0 

THE TSSC CANNOT BE TUNED TO PROVIDE REASONABLE HEIGHT CONTROL. THE 
SATELLITE CAN BE VIEWED AS BOUNCING OFF CONSECUTIVE EQUATORIAL BULGES . 

GOOD LENGTH CONTORL IS POSSIBLE. 

IMPROVED M'ODEL FOLLOWER WITH RELATIVE DAMPING 

SURP~' ISINGLY GOOD HEIGHT CONTROL IS FEASIBLE WITH ACCURATE LENGTH 
MODULAT ION INCORPORATING ONLY SECOND AND FOURTH HARMONICS OF ORBIT 
RATE (!lOOM OUT OF !3500M RELATIVE OBLATENESS). 

I MODERATE ERRORS DO NOT PREVENT REASONABLE HEIGHT CONTROL. 

• IT IS NECESSARY TO KNOW ORBIT PARI',METERS AND TO DETERMINE PERIOD­
ICALLY THE IN-PLANE SWING AMPLITUDE AND PHASE TO IMPLEMBH THIS 
CONTROL. 

11 - 9 
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ODEL FOLLOWER IMPROVES PLANAR CONTR'OL 
SWING-STRETCH COUPLER 
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CLASSICAL FEEDBACK C~NTROL THEORY WAS ALSO APPLIED TO THE PROBLEM OF 
TETHER DYNAMI CS WITH THE RESULT THAT OPTIMAL FEEDBACK METHODS CAN ALSO 
BE USED TO REDUCE SATELLITE LIBRATION MOTION. 
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LINEAR-OPTIMAL LIBRA TION FEEDBACK IMPROVES 
See 11-30-
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;OMMENDED APPROACHES TO STEADY 
STATE OUT -OF-PLANE CONTRO 

• REQUIRE ORBIT THAT DS BUILD: 

• STAT ION-KEEP THE ORBITER 'IN-PLANE TO AVOID OR PERIODICAllY 
REVERSE BUILQ-UP PHASE 

• COMMAND LENGTH FOR CONSTANT HEIGHT (THIS WI ll AVOID BUILD-UP) 

• 'PERIODICALLY COMMAND A LENGTH SINUSOID THAT DAMPS. 
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PROVED OUT - OF-PLANE DAMPING WITH 
EL FOLLOWER' 

SWING-STRETCH COUPLER 
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DEPLOYMENT CONTROL ACCOMPLISHMENTS 

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

• SHOW THAT MID-DEPLOYMENT RATE LIMITING (PATCHING FROM AN EXPONENTIAL TO A 
D) IS EASY 

• 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 

• TOTAL DEPLOYMENt .TIME IS SENSITIVE TO THE INITIAL RATE~' THE EXPONENTIAL TIME 
CONSTANT1 AND TO THE RATE LIMIT. THE FASTEST SAFE DEPLOYMENT TIME IS : 
(1) Lc(o) = 0.2M/SEC COMBINED WITH -11- = 1400 SEC OUT TO 15 

• 
(1) Lc (0) =! O.2M/SEC COMBINED WITH -1/a:. :: 1400 SEC OUT TO 15 (8000 SEC) 

(2) LC :: 1a.1/SEC FROM 151<H to 8 (1000 SEC) 

(3) EXPONENTIAL FtAIR TO LC = lOOKM WITH - 1/a:. :.: 1400 SEC (2400 SEC ) 

TOTAL e~ 11400 SEC " 4.8 HRS 

11-15 19. 
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FBO-l0 

RETRIEVAL CONTROL ACCOMPLISH~NTS 

• DEVELOP A LARGE-ANGLE VARIABLE FREQUENCY TUNING PHILOSOPHY FOR PURE EXPONENTIAL 
RETRI 'EVAL COMMANDS AND DEMONSTRATE IMPROVED PERFORMANCE (INCLUDE FINAL POSITIO 
AND TENSiON BIAS) 

• DEVELOP AN UNDERSTAND ING 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 6V'S) AND THE ADVANTAGE Of BOOM POINTING DURING 
FINAL PULL IN. 

• DEVELOP A SUPERIOR RETRIEVAL COMMAND APPROACH WUICH STARTS WITH A LINEARLY DE­
CREAS ING LENGTH (fOR A RATE LIMIT OF 10M/SEC IT TA KES 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 6V'S' REDUCE TOTAL RETRI EVAL TIME TO 1 METER TO 8 HOURS. 
TH IS PERMITS USING A 2500 SEC EXPONENTIAL WHICH SAFELY CONTROLS PLANAR LIBRATIO 
THROUGH STRETCH 1 !.G ALONE. 

(FOR AN INITIAL OUT~Of~PLANE 
ERROR OF 5KM) 

(6V l :10 M/sEC) Ll :25KH) Ti :7500 SEC) 

(AV2 : 1 M/sEcJ L2 :lKMJ ·T :15000 SEC) 2 
(AV 3 : 0.1 ,·lIS ECJ L. .:50'1J T 3 :2100G SEC) 

• THE SATELLITE CAN BE PULLED IN THE LAST 40 TO 80 METERS AT A CONSTANT RATE OF n_ 

BOUT 0 .1 M/SEC IF THE ORBITER POINTS THE BOOM AT THE SATELLITE. THIS ALLOWS 

TOTAL RETRIEVAL TIME AS SHORT AS (6 HOURS). (WE HAVE ONLY SIMULATED PLANAR 
POINT ING TO DATE). 

11 -18 
21. 
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OUPLING BETWEEN PLANAR AND OUT -OF-PLANE 
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LOSE-UP OF OUT- - PLANE ~V ASSISTED RETRIEVAL 
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REASONABLE BOOM POINTING ERRORS ARE TOLERABLE 
.. (0.6 DEG ORBITER LIMIT CYCLE WITH' 50 SEC PERIOD) 
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'ALL 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 800M IS CONTROLLED 8Y A PINCH WHEEL 
AND SERVO DRIVE LOCATED NEAR THE 800M TIP. ANOTHER SERVO' CONTROLS TH 
TETHER TENSION AT THE STORAGE DRUM TO ENSURE PROPER WINDING OF THE 
TETHER. 

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

~OTH SERVO POWER AMPLIFIERS ARE CONFIGURED FOR "q-QUADRANT" OPERATION, 
SO THAT EXCESS ELECTRICAL Et:4ERGY DEVELoPED DURING DEPLOYMENT IS RE­
TURNED TO THE DEPLOYER STORAGE BATTERIES OR DISSIPATED IN THE AUXIL­
IARY DEPLOYER-MOUNTED THERMAL RADIATOR. 
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THE BOOM TIP SERVO CONSISTS OF TWO FEEOBACK LOOPS, A "MAIN TENSION" 

SERVO WHICH IS OPERATE!) CONTINUOUSLY AN!) CONTROLS TENSIONS DOWN TO 

AROUT ONE NEWTON. A SECOND "LOW TENSION" CONTROLLER, "LOCATED ALSO 

NEAR THE BOOM TIP, IS ENGAGEO WHEN THE TETHER TENSION BECOMES LESS 

THAN ABOUT FIVE NEWTONS. THIS LOW TENSI ON SERVO PROV I DES LINEAR CON­

TROL TO TENSIONS AS LOW AS O.1~ NEWTONS. 

THE REEL TENSIOMETER PROVIDES ISOLATION BETWEEN THE BOOM TIP SERVOS 

AND THE REEL SERVO . A TENSION SHARING PROGRAMMER DIVIDES THE TOTAL 

TENSI ON REQUIRED INTO DIFFERENTIAL TENSION COMMANDS DI~ECTED TO EAC 

OF THE SERVOS. 
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ACTION OF THE TETHER TENSION SHARING PROGRAMMER PRODUCES 'lARIAT IONS IN . . . ' 

THE TOTAL TETHER TENSION BY ADJUSTING THE DIFFERENTIAL TENSION OF THE 
SERVOS~ AND KEEPS THE SERVOS OPERATING WITHIN THEIR D 
SION RANGE CAPABILITIES. 
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TENSioN SHARING-DEPLOYER SERVOS 500 KG 
SAtELLITE - 150 KG TEtHER 

TETHER 
TENSIO" -
NEWTONS 

4 

F80-10 

TENSION INCRD£NT 2 CONTROL RANGE C~L 3 ~ IUTENSION 
LlHWlSE SERVO _ _ (NOTE SC 
NEWTONS 1 CHANGE) 

CONTROL +SO ~ ~ I DIFFERENTIAL 
TENSION INCRD£NT TENS ION 
BOOM-TIP SERVO- SO ~ ~ . CONTROL RANG: 
NEWTOt~ -

~~----------~ 

REEL 
WINDING 100 ... 
TENS 10 1 
NEWTO 

O~'----------------------------------------
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~ 
'l THE -lOW TENSION- ~ERVO DRIVE IS LOCATED IMMEOIATELY BELOW THE DROGUE­

CAPTURE ASSEMBLY. THE SERVO REMAINS DIS.ENGAClEO FOR HIGHER TENSIONS 
ANO THE TETHER PASSES DIRECTLY FROM THE MAIN SERVO INTO THE EYELET ON 
THE LOWER END OF THE DROGUE PROBE. 
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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 
THE TETHER CONTROL ARE INFLUENCED NOT ONLY RY THE INHERENT. · CAPARILITY 
OF THE LOW TENSION SERVO, BUT ALSO BY SOURCES OF TE.NSION NOISE ORIG I­
NATING IN THE MAIN AND REEL SERVO MECHANISMS. 
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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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· , FSO-10 

BOOM- TIP LO-TENSION SERVO RESPONSE 

1G = 0.15 TiS(5-6) + TS3 

NOISE LEVEL = (SERVO ATTENUATION) (TENSI ON NOISE) + SENSOR NOISE 

= 0.15 (24.5 x 10-2) + 0.8 x 10-2 = 4.5 x 10-2 NEWTONS 

TO TO 
MAIN com'R SATELLITE 

T5 
T6 

T ~r/J 
6 -

TTl = s2.K+~r 
J 

I( 
T7 _ 1 = ~r/J 
r- K 2" 

11 ... ~" 6 ' 

SENSOR 

= 0.15 

= SERVO ATTENUATION 
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NOISE SIGNALS ARE FURTHER LIMITED BY THE FREQUENCY RESPONSE OF THE LOW 
TENS ION S~RVO SYSTEn. 

SIGNALS AT FREQUENCIES LOWER THAN ABOUT ONE HERTZ ARE ESSENTIALLY 
ELIM INATED BY THE INTEGRAL FEEDBACK IN THE SERVO LOOP . SIGNAL COMPO­
NENTS AT FREQUENCIES G~EATER THAN ABOUT 12 TO 1~ HERTZ ARE ELIMINATED 
BY THE ·NEED TO MINIMIZE THE SERVO RESPONGE TO MECHANICAL RESONANCES IN 
THE SERVO DRIVE MECHANISM. 
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OIS~ SOURCES & INpUTS to LO-TENSI 

TENSION NOISE 

t fB = BEARING FRICTION . 

ttp = PITCH WHEEL FRICTION 

tfM = MOTOR FRICTION 

tSN = NOISE FROM MAIN TIP SERVO 

T1B (S-6) = TOTAL IN-BAND TENSION 

SENSOR NOISE - TS3 

tpBa! - PIVOT BEARI NG 

t xDCR - TRANSDUCER REPEATABILITY 

TS3 - TOTAL SENSOR NOISE 

WIOEBA.NO 
TOTAL 

0.02 N 

0.4 

0.12 

1.6 

lN~BANO 
FREQUENCY j '1 HZ 

0. 001 N (5%) 

0.06 (15%) 

0.024 (20%) 

-0 ; 16 (10%) 

NOISE = 24.5 x 10-2 

0.0018 

0.006 

0.78 x 10-2 N 

11-33 
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F80-10 

low TENSION NOISE DUE TO LOSSES IS ESSENTIALLV A FUNCTION OF THE FRIC-
TIONAL LOSSES AND HYSTERESIS OF THE INOIVID AR OMPONENTS . 

11-33A 
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"IVATION OF TOTAL FRICTION· - LO TENSION SERVO 

tOf = BEARING FRICTION 

- Db 
- 1I'1f 11= 0. 018 N 

P '1' 
WHERE: lib = 0 .0015~ 

FN = NORMAL FORCE = TIllS 

T = SLIP TENSION = 6 N 

11~ = STATIC FRICTION ~ 0.3 

Db .. BEARI NG DIA. = 0.5" 

Dp .. PULLEY DIA. = 2" 

Tl .. No . SHAFTS = 2.4(i) 

.. lIlN = 0.4 N 

WHERE: lIr~= ROLLING COEF. = 0.02 

FN = TIlls 

. ~f :' ~TOR ' FRIOTIO~ 

= II T = 0 12 N 
"'m • 

WHERE : 1I_" MOTOR LOSSES = 0.02 

tSN = ' NOIS~ FROM !'tAI~_·Ht. .SERVO 

= 1.6 N 

NOTES: ~ 

r~rS-6N = r Bf + t pf + tmf + tSN = 1.6 N 

MARKS HANDBOOK PG. 8~140 
KS HANDBOOK PG. 3-28 

IN SHAFTS PLUS MOTOR SHAFT 
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IN TURN~ THE NOISE CONTRIBUTION FROM THE MAIN SERVO IS DETERMINED BY 

THE FRICTIONAL LOSSES AND HYSTERESIS PRESENT IN THE MAIN BOOM TIP 

SERVO. 
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RIVATION OF NOISE FROM MAIN BOOM TIP SERVO 

tm2 = MOTOR FRICTION 

'" Tllm = 0.75 N 

WHERE: IJ = MOTOR -LOSSES = 0.015 

T = 50 N 

ts2 = _ SENSOR NOISE _ 

o T 
= Pb ..k -- TI + TS 

Dp _ Ps 
'" PIVOT FRICT ~ REPEATABIL ITY 

'" 0.00015- liS ~~g 1 + (200) (0.0007) = 0.52 N 

tp2 = TETHER PINCH FRICTION 

- T - 5 - P - -r Ps 
WITH \.Ir = RUNfUNG FRICT. = 0.03 

Ils = STATIC FRICT. = 0.3 

- t3N = REEL SERVO NOISE 

WITH T = 200 Nt SERVO GAON '" 10 

p_ = 0.015. PGB = 0. 1. 

II SENSOR = 0.05 X L~O = 2.5 

- T( p + PGB ) - 4 8 N t3N - m + PSENSOR - • 
10 

0.75 + 5 + 4.8 + 0.52 = 1.6 T = 'In 5N 
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SENSOR NOISE IN THE LOW TENSION SERVO ARISES FROM THE .INHERENT ~EA­

SUREMENT CAPA8ILITY OF THE TENSION SENSOR AND FROM THE ASSOCIATED 

SENSOR PIVOT FRICTION CHARACTERISTICS. 
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SENSOR NOISE OF LO-TENSION BOOM TIP SERVO 

tpBN = PIVOT BEARING FRICTION 

= n.lS x 10 ... 2 

WITH: T = 6 N, Db = 0. 4" , Dp = 2 

t XDCR = REPEATABILITY OF SENSOR 

= T x 6 = 6 x 0.0007 = 0.42 x 10~2 N 

WHERE 8 IS DEVICE REPEATABILITY AS FRACTIO 

TS3 ~ TOTAL SENSOR NOISE = 0.6 x 10-2 
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DURING RETRIEVAL, THE SPHERICALLY SHAPED SATELLITE IMPACTS A CIRCUlAR 
DOCKING RING AND UNDER TENSION OF THE -TETHER COMES TO RESt CENTERED iN 
THE RI NG. 

THE DOCKING PROSE IS THEN EXTENDED, ENGAGING THE DROGUE SOCKET ON THE 
SATELL ITE AND AFTER ·LATCHING THE PROBE IS RETRACTED, PULLING THE SAT­
ELLI TE AGAINST THE DOCKING RING 0 AND RESISTANce OF THE DOCKING RING 
SPR INGS. 

THE DAMPING OF REBOUND MOTION OF THE SATELLITE IS ACHIEVED THROUr,H TWO 
EFFECTS: (1) ABSORPTION OF THE KINETIC ENERGY BY THE DOCKING RI 
SPRING DAMPERS, AND (2) A TETHER TENSION PROFILE · WHICH IS PROGRAMMED 
TO EXECUTE FAIRLY LARGE TENSIONS OF ABOUT TEN NEWTONS DURING REBOUNDS 
AND SMALL TENSIONS OF LESS THAN ONE NEWTON DURI NG RE EL IN. 
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TETHER TENSION DURING DOCKING IS PROGRAMMED TO LIMIT REBOUND TO LESS 
THAN ONE DIAMETER OF THE DOCKING RI~G, THUS ENSURI NG IMPACT WITH THE 
DOCKING RING ON SUCCESSIVE BOUNCES. 

THE SYSTEM IS DESIGNEO TO ACCOMMOOATE IMPACT VELOCITIES OF UP TO 0.3 
METERS PER SECOND . TENSION PROFILES CAN RE ADJUSTED TO ACCOMMODATE 

SELECTED IMPACT VELOCITIES . 
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DOCKING PUlL-~N TENSiON REQUIRED TO RESTRICT FIRST REBOUND 
to Less THAN ONE MEtER 1600KG SATELLIT 

p.ER'n 

DOCKING ) 
REBOUrm 
TETHER 
TEtISIOt!­
NDrrotJS ! 

30 < 

, 

~~. 
. '~~ 

. ~ ~~"O.1 . , 

~~ "'" 
. "" ' 

20 

10 

6 

5 

4 

REQ'D 
3 TENSION 

-US-

2 

1 ---.!L" 0.2 ""'/S£I: ""~" 
~I 10 I I I I 

.2 .4 .6 

S - DAMPING COEFFICIENT 

MECHANI CAL DAMPERS 
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TWO DIMENSIONAL SIMULATION WAS FORMULATED TO ANALYZE BEHAVIOR OF THE 

SATELLITE AND DOCKING RING DURING FINAL CAPTURE. THE SIMULATION lJU­

CLUnED DYNAMIC EFFECTS OF FRICTION BETWEEN THE SATELLITE AND THE DOCK-

ING RI NA D THE RIGIn BOny MOTION OF THE SATELLITE UNOER VARIOUS 

TENSION PROFILES. 
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DOOKING SIMULATION GEOMETRY 

Tl =? REEL-IN 
To = DOtH) 

DOCKING RING 

DAMPING = 8 
F"ACTOR 

SATELLITE 
INCOMING 
VELOCI 

{

TETHER 
CONTROL 
TENS I 0: 

\ 

SATELLITE 
ROTATIO 

\ 
\ 
) 

- -- ~tJ-- ~ // -----.. '" --- - ~ 
-_II '" lfr . r.r-, 11 = COEFFICIENT OF" FRICTION 

k 
k = SPRING CONSTANT 

." 
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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. 
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SATELLITE DOCKING - INSUFFICIENT DAMPING' 
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z -
KTRS 
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- --" 

Vi = INCOMING SAT. 
VEL. = 0. 3 M/SEC 

T i = INCOMING TETHER 
TENSION = 1 N 

T = REBOUND TENSIO 
o = 10 N 

T1 = DAMPER corr. 
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FINAL PULL-IN PHASE OF THE RETRIEVAL, DURING WHICH THE SATELLITE VE­

LOCITY IS ABOUT ONE-TENTH OF A METER PER SECOND , REQUIRES ABOUT 1-
MINUTES; THE TOTAL DISTANCE TRAVELED BEING ABOUT 80 METERS. 

DURING THIS PHASE THE SATELLITE POSITION IS MONITORED VIA THE CLO!iED 

CIRCU IT TELEVISION CAMERAS LOCATED ON .THE PALLET RAILS. REQUIRE~ENTS 

FOR ORB IT ATTITUDE MANEUVERS DURING THIS PHASE WILL ALSO SE DERIVED 

BASED ON THE OBSERVATIONS f4ADE WITH niE CLOSED CIRCUIT TELEVISI O 

SySTE .... 

THE TWO CAMERAS ARE LOCATED SO THAT OVERLAPPING IMAGE S 

EL I M I NAT I NG BCI ND SPOTS DUE TO THE SHADOW OF THE 800 

RE GE NERATED, 

THE FIELD 0 

VIEW OF THE CAf4ERAS 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. 

1T-43A 
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FBO-10 

POOKING" DYNAMICS ~ STUDY RESULTS 

SATELLITE CAPTUR L OCCUR UNDER THE FOLLOWI NG IMPACT CONDITIot4S : 
• 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 i~EWTOf4S ( .. 0.5 POUND) DURING ~EEL - IN 
(B) MORE THAN 30 NEWTONS (-6.5 POUNDS) DURING REBOU 

• DOCKING DAMPERS REMOVE 50 PERCENT OF ENERGY/BOUNCE 
• OTHER COMBINATIONS OF DAft1PING COEFFICIENT.I INCO~lING VELOCITY.I 

AND TETHER TENSION MAY BE USED 

11-45 
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THE TETHERED SATELLITE SOFTWARE FUNCT IONS ARE LOCATED IN THREE AREAS: 

(1) nATA FROM THE SATELLITE VIA THE ORRITER PAYLOAD INTERRO­
GATER ARE HANDLED TOGETHER WITH THE ORBITER SATELLITE NAVI­
GATIONAL DATA, BY THE OROITER GENERAL PURPOSE COMPUTER. 

(1.) HOUSEKEEPING DATA FROM THE DEPLOYER ARE HANDLED IN A SPACE­
LAB EXPERIMENT COMPUTER LOCATEO IN THE IGLOO. 

(3) SPECIAL PURPOSE DATA HANDLING RELATED TO THE TETHER CONTROL 
NO THE DEPLOYER OPERATIONAL STATUS IS HANDLED BY A DEDI­

CATED PROCESSOR LOCATED ON THE TSS PALLET. 

1?-OA 

F80-10 
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S SOl=tWA~E FUNCTioNAL LOCATIONS' 

OIU~ttER ; 

I 

ro \ t SATELLITE VIA I 
PAylOAD 
INTERROGATOR 000 :1 

b I 
rF 

,I 

r-. f I 
IO/FROM 
POCC VIA 
UP/DOWN l C' I 

'I 

SPACELAB 

DATA 
BUS ' 

EXPERI­
NT 

COMPUTER , . 

12-1 
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oilS I 
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TETHERED SATELLITE 
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DEPLOYER 
:SUBSYSTEt-1S 

'-

FSO-l0 

I 
! 
f 

! 

I 

I. 



'ORf3ltSM SOI=TWARE 

,TO POeC 

. , I@ 

9 

@ 
--'----

S:rORl @) 
OOll 
00. TO 
EXECUTE 

PocC~ 
CMMOS 

ORBITER 
1iA'lGATlOII 
SYSTEM 

KU-BAIID 
REllIiEZVOUS 
RAMI! 

" 

UNctiONs' 
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DEPlO'tER 
MfA 

oou 
CIT 
DISPl.A~ 

oou 
CCJtWI.D 
KEYBOARD 

DISCRETE 
, PCM DEPlO'tER 

OS 

TO SPACE 
lAB VIA MTA 
BUS 

r---""""I SAT AlT , RE : ENUlI 

• M: ORBITER 
- - .... - .. (I.Y.R.8 •• ) 
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· . OFU3IteJ=t sot=rw ARE REQUIREMENTS' 

BLK. 
NO. SOFTWARE FUNCTION 

12A EXECUTE SATELLITE COftttANDS FROM 
ORBITER UP-LINK. TOTAL OF 15 
DISCRETE COMMANDS (64 AVAILABLE) 

RATE I 
SPEED 

2 KBPS. AS 
REC'VD AND 
VAlIDATED 

12B EXECUTE SATELLITE COMMANDS FROM 2 KBPS 
DDU . SAME GROUP AS IN 12A. 

11A DECOMMUTATE SATELLITE HOUSEKEEPI NG 11SEC 
DATA (FROM S-BAND PAYLOAD 
INTERROGATOR). 
36 ANALOG CHANNELS (64 AVAIL.) 
10 DISCRETE INDICATORS (32 AVAIL.) 

11B CONVERT EACH ANALOG OUTPUT FROM 
BLK. 11A TO PHYSICAL UN ITS. 
STORE IN DISPLAY MATRIX. STORE 
DISCRETE DATA OUTPUTS IN DISPLAY 
MATRIX AS SATELLITE MODE STATUS 
INDICATORS. 
10 INDICATORS (32 AVAIlABLE'> 

1/Sf.C 

12-3 

PRECISION 

16 BIT 
AND PARITY 

16 BIT 
AND PARITY 

8 BIT 

8 BIT 

." 

FBO-10 

ALGOnlTHM REMARKS 

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

Xn = An + BnXn raw. 
AlB ARE COEFFICIENTS 
LOADED DURING INITIAlIZATION. 



.. ' 

", 

BU(. 
NO~ 

11B 

llC 

13 

1 

2 

FSO-10 

Of:(altE~ sOFtWA~E FUt~Ctl()NAL REQUIREMENTS (cont.dl 

. SOFTWARE FUNCTION 

PERfORM LiMIT CHECKS ON ANALOG 
PARAMETERS ·fROM BLOCK l1A. 
flAG OUT-Of-LIMITS CONDITIONS 

GENERATE DDU CRT DISPLAYS -
TOTAL Of 2 ,. FROM OUTPUT OF BLK 
llA and 11B. 

SPEED 

l/SEC 

MULTIPLEX SATELLITE AND DEPLOYER 16 KBPS 
DATA ON TO ORBITER DOWNLINK DAT. 
STRE"'" FOR REAL-TIME TRANSMISSION TO 
poce . 
CALCULAT£ IN-PLANE AND OUT-OF 
PLANE ANGULAR POSITION Of SATELLITE 
RELATIVE TO ORBITER, USING DATA 
fROM Ku-BAND REDESVOUS RADAR AND 
ORBITER ATIITUDE DETERMINATIO: 
SYSTEM. 

CALCULATE IN-PLANE AND OUT 'Of PLANE 
DISTANCES 1M Km. MULTIPLEX ON TO 
DATA BUS TO DEPLOYER 

llMIN 

12.,.4 

PRECISION 

8 BIT 

8 BIT 

8 BIT 
(1 DEG. ) 

ALGORITHM/REMARKS 

Xn -m1 n < Xn~ Xnmax? 

LIMITS ENTERED AND STORED 
AS INITIALIZATION DAI 

SEE ACCO 

PER ORB ITER AND 
REQUIREMENTS 

LI 

-1 -1 
Q1n_p1=TAN f; ~oo_p1=TAN Y 

Where .AZ a{1d E1 are RADAR 
GIMBAL ANGLES 

AND [Xr~F{PITCH ] [COS Az Cos E1] y . ROLL,YAW) Sin Az Cos E1 
Z OR ORBITER Cos E1 ..... 
ORBITER ATIITUDE MATRIX RE-LOCAl 
VERTICAl AND VELOCITY VECTOR. 



SATELLltE-TO-ORBITE~ OAT A SUMMARY 

ANALOG DATA (8-·BIT ENCOD ING) 
HOUSEKEEPING 
EXPERI MENT 
SPARES 

TOTAL 

SERIAL DIGITAL DATA (PCM) 
HOUSEKEEPING 
EXPERIMENT 

BI-LEVEL INDICATORS 
HOUSEKEEP I NG 
EXPERIMENT 
SPACES 

12-5 

--------~,~ ... ~~--~--~~----~ 

25 CHANNELS 
11 CHANNELS 
lLCHANNELS 
48 

II KBPS i 100 KM 

10 
12 

10 

FOO-i u 



RElltEFt"''rO--SA fl:LUffE bOMMAND SUMMARY 
·' (VIA PAvLdAIj iNtERROGAro 

DISCRETE COMMANDS 

SATELLITE CONTROL (HOUSEKEEPING) 

SATELL ITE EXPERIMENT CONTROL 

SPARES (UNASSIGNED) 

TOTAL (TO BE RESERVED) 

SERIAL COMMANDS 

SATELLI TE 

EXPERI MENT 

SPARES (UNASSIGNED) 

TO BE RESERVED 

PCM COMMANDS 

12-6 

15 

15 

24 

64 

o 

EXPERIMBNT DEPENDENT 
8 

8 

EXPERIMENT DEPENDENT 

""" ~- - ... 

fBO-l0 
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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. . 

12-6A 
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DATA BUS 
TO/FROM 
ORB ITER 
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OELAB 90f=tWARE FUNCtioN S 

bos . 
CRt -bispLAy 

® 

-1i.. 

1 stORED 
liMITS & 
cbNvERsN ...... 

. M.ctoRs I ... 

S 
....... 

® 
DDs 

_Ao oft.1AND . t: AR 
kUBO D 

EXPERIMENT 
COMPUTER 

GENERATE 
DISPLAYS 

1 
FLAG OUT 
OF LIMITS 
PARAMETERS 

f 
PERFORM 
PARAMETER 
LIMIT ~KS 

CONVERT TO 
. PHYSICAL 

uNITS 

COt-I,W!1> 
VALIDATICii 
& STEE~ING 

f 
FORMAT 
DEPLOYER 
COftt1ANDS 

STORE 
SATELLITE 
POS ITION 
HISTORY 

~ . 

.. t-IlDE 
~ INDICATOR 

FETCH - SELECTED 
DATA 

~ 

--
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BLK. 
NO. 

15 

15A 

14 

7A1 

'SPAOELA~ SOFTWA~E REQUIREMENTS' 

SOFTWARE .FUNCTION 

FORMAT DEPLOYER COMMANDS FROM DDS. 
TOTAL OF 41 DISCRETE CMOS. ( 
AVAILABLE) 

EXECUTE DEPLOYER COMMANDS 
FROM UPLINK (SAME COtt1ANDS 
AS IN 15.) 

FETCH DEPLOYER HOUSEKEEPING 
DATA FROM SIL DATA BUS FOR 
ON-BOARD PROCESSING. 
46 ANALOG CHANNELS (6 
AVAILABLE) 

CONVERT EACH ANALOG OUTPUT 
FROM BLOCK (14) (ABOVE) 
TO PHYSICAL UNITS 

RATEI 
SPEED 

AS KEY ED 

INPUTS 

OUTPUT 0 
DDS I(EY­
BOARD 

AS REC- FORMATED 
EIVED FROM CMOS. FROM 
OR"BITER'. ORBITER GPC 
GPC (UPLINK) 

1/SEC 

1/SEC 

12-8 

TSS RA' 
OUTPUT 

DATA FROM 
BLOCK ,(14) 

II 

DATA INPUT 
TO BLOCK 
(7A) 

8 8IT WORDS. 
INPUT TO BLK 
(7B) 

FSO-l0 

ALGOR ITHM/REMARKS 

ER DDS TO C.' 
REQUIREMENTS PE 

. 3.1 
SPACELAB PROGRAM 
USERS GUIDE . 

DECOMUTATION CLOCKING 
PAnER 

K 7 -,.,--.... 
- ~ I~ o1. r8'+-6~ .,. .. ~:"A1f :1as . '- __ -:..e .. "'2tec'::' '''--' t;c - .. "~. , • ..- " ._ ~~ 
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, FBO-l0 

SPAOELA8 SOFTWARE REQUIREMENTS (cont'dr 

BLK. RATEI INPUT/ OUTPUT. 
NO. SOFTWARE FUNCTION SPEED SOURCE DESTINATION ALGORITHM/REMARKS 

j' 
" 

7A2 STORE BILEVEL DATA 'FROM BLK 14, 1/SEC DEPLOYER EXP. COMPUTER 
IN MATRIX FOR USE IN FURTHER RAU 
PROCESSING. 37 INDICATORS 

, (TOTAL OF 64 AVAILABLE ) " .... 
'\ 

.. 
l/SEC 8 BIT DATA DISPLAYOATA Xn-m1 ::- Xn < Xnmax 7 

BLOCK- EXP . 
COMPUTi 

AS 
DATA. 

10 GENERATE CRT DISPLAYS-TOTAl - OUTPUT OF CRT 
OF 5 DISPLAYS PER ACCOMPANYING BLKS . 7A2, 
DIAG. (TOTAL 20 MODE STATUS 
IMDICATORS AND 37 pARAMETERS) 

7B and 7C 

178 LOAD INITIALIZATION DAT: 
HnO SPACELAB EXP. COMP 
MEMORY. 

PROCESSING PROGRAM PER OUTLINED ABO V 
ALGOR ITHM COEFICIENTS ABOUT 150 VAlUES ~ 8-BIT-SIG~ 
PARAMETER LIMITS ABOUT 150 VAlUES 8-BIT-SIG 

.,. , 

12-9 



BLK. 
NO. 

19 ' 

FBO-l0 

SPAOELAEr 'SOFTW~~RE FUNoTIONAL REQUI,REMENTS (conrd)" 

RATEI 
SOFT «ARE FUNCTION SPEED PRECISION AlGORITHM/REMARKS 

SATELLITE POSITION HISTORY. 3/MIN. BBIT 3X20X4 = 240 WORDS 
~TORE IN-pLANE &. OUT -OF-PLANE . RETRIEVABLE AS DEPLOYER PCM 
ANGLES AND RANGE DATA, FOR TElEMETRY OAT, 
TOTAL OF 4 HOUR PERIOD 

12-10 
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. OEPLOVSR ooMMAND ANb-DAtA HANDLING SUMMARY (ViA PALLeT' ~AU) . . .. -.. . ----- ---

DISCRETE COMMANDS 

ASSIGNED 

SPARES 

TOTAL (RESERVED) 

BILEVEL STATUS INDICATORS 

ASSIGNED 

SPARES 

TOTAL 

ANALOG STATUS INDICATORS 

ASSIGNED 

SPARES 

TOTAL 

12-11 

41 

23 

64 

21 

11 

32 

45 

19 

64 



F80 .. 10 

VPIOAL fjls~LA Y GROUP - TEtHER CONTROL - NO. 1 
_. -- -.--:.~'-

OPER. MODE - ON (XXXXX) DEPLOYER MODE - PAYOUT (XXXXX) 
TETHER LENGTH XX KM. TETHER RATE - XX MlSEC. '. TETHER TENSION XX OUT -OF -LIMI.TS GROUP 0 (1 t 2 t 3, 4, 5 ) 

REEL TENSION XX N (XX - XX) 
REEL SERVO ERROR XX V (XX - XX) 
REEL MOTOR CURRENT XX A (XX - XX) 
REEL BRAKE OFF(ON) 
BOOM SERVO ERROR XX V (XX - XX) 
BOOM MOTOR CURRENT XX A (XX - XX) 
BOOM BRAKE OFF{ON) 
BOOM TENSION XX N (XX - XX) 

. 12-12 
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~OFTWARE FUNCTIOr.S PERFORMED IN THE TSS OEPLOYER DEDICATED PROCESSOR 
ARE PECULI AR TO THE TETHERED SATELLITE SYSTEM . THE FUNCTIONS ARE 
COMP AT IBLE WITH WELL-ESTABLISHED DIGITAL PROCESSING TECHNIQUES AND THE 
COMP UT ING SPEED AND STORAGE REQUIREMENTS ARE MODERATE. 

12-12A 
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fBO-10 

pLOVER DEDicATED PROCESSOR SOFTWARE FUNCTIONS 

TO/FRoM 
SPACElAB 
VIA 
DATA ! 
BUS I 

REMOTE, 
ACCESS; 
UNIT I 
(RAU) : 

MODE 
. INDICATOR 

STORED· 
MODE ;; 
PARAMETE 
VALUES 

@. , 
CLOCk 

SUBSYSTEM 
MODE ,. 
PARAMETER 

, ~STATUS 

• '\.v 

• ! , G) 
TOOCK' TSEP 

~. ~". , 

0. . - -- . 

INITIALIZATION 
COMMAND 

Q 

• • • • r' _ -1-__ L ___ L-__ ~ 
I L I 

WINDING 
TENSION 
CONTROL 

o I 

V 

I 

. I • e 

==l OTHER DEPLOYER HOUSEKEEPING DATA 
==1'- . _ 
~ OTHER DEPLOYER COMMANDS 

12-13 
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etHEREb sAteLLITe DEPLOVER DEDICATED PROCESSOR 

, SPAC.tlAl MTA SY5.ul4 t . 
IIJII( STATUS I ~ R£JI)TE I • 
I PARN£TIR I ACCESS UNIT I 
REAOOUT . I I J -- Its - CIJIWUJ 

SEllABLE. 
lDOlI'.-. & 

1. 
~ . L Z x 10' BLIPS 

I ACClftllATOR I_ FRiJ! Pi Nal­
IItEEl 1I1I PPER· 

r - - ----------, 
~ tt)~ COIITROL 
I TO IlEPlOVER SUBSYSt" 

Tr 

•• -----
• • 

41 • TETHER LENGTH 

I REEl SERVO 
• ("",- 45 RAO/S[C) L __ ______ _ 

I • • TETHlIt YELOC ITY 
I- ;. ... Til 

L' 
" 

PROf IlE COIISTAIITS: 
(COfIWII SETTABU) 

r~~--- . .. 
I lAW GEN. • - - i 

• j 
lc • • • 

• · - . 
• • 

: - L r - ..:.--- ,.-----
toI o-ORBIT M-SATElllU COHTROl lAW 
PERIOD fMsS SPRING RAU I 
(COI'I1AIIO • (Ric) 
SETTABLE; 
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BLK. 
NO. 

4 

5A 

FSO-10 

bEPlOVriA" Sbt=TW AFtE FUNotloNAL REQUIREMENTS 

SOFTWARE FUNCTION 

DEPLOYER MODE CONTROL. CONTROLS 
AND INTERLOCKS STATES OF DEPLOYER 
SUB-SYSTEMS IN RESPONSE TO 
OPERATOR COMMANDS, TIME-LINE 
SEQUENCES, OR AUTOMATICALLY 
SENSED OUT-OF-LIMITS CONDITIONS~ 
6 DIFFERENT DEPLOYER MODES 
6 DI FFEREMT REELING MODES 

G~NE·~rE TETHER LENG;H VS . TI 
C~AND PROFILES : 

RATE/ 
SPEED 

1/SEC 

START- PATCH (~UTOMATICAlLY) 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 ALGORITHM/REMARKS 

LOGIC STATEMENTS INTERLOCKI 
RELAY AND LOGIC STATES AND 
SELECTING PARAMETER VALUES 

CONFI RMS r10DE STATES BY TESTING 
BI-LEVEL SUBSYSTEM INDICATORS 
AGAINST MODE CONFIGURATIONS 

L =L + L (1~ -o.c5t) t c os - s e 

L =L e + oc. t 
C oe e 

• L =L + l t 
C oc - oc 

• - cci 
L =L + L. e V~ .. 

C op - t. L 

~ x = VEL, CHANGE RATE, Lox = LE~GTH AT START OF SEGMENT 
• L t ' = i iNSTAN~ANEOU~ ttfASURED VELOCITY AT START OF P~OFILE SEGf1ENT 

HARMONIC GENERATORS - 2 EACH 
(LENGTH COMMAND MODULATION ) 

12-15 

1,- _ .,..,;..U\i. 0,.' _ -r-

AL~ = A c;,'N (KcA)ot -t (3) 
AMPLITUDE, PHASE, AND HARMONIC 
BY GROUND COMMAND 
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, . , 

S(o~T,WAR~: ~.EQUIAEMENTS; ,DEFINITION -STUDY R~SUL TS 
~, "!'i'-'. . ... ... • . " , 

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

• SPACELAB SOFTWARE FUNCTIONS INCLUDE DEPLOYER DATA AND COf'11'1AND 
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. 

12-16 
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~ELECTION OF TETHER MATERIAL IS INFLUENCED BY SUCH FAcTORS AS: 

• COMPATIBILITY WI TH THE SPACE ENVIRONMENT 

• AVAILABILITY OF MATER IAL USING ESTA8LI SHED FABRICATION 
TECHNIQUES 

• COMPAT IBILITY WITH ESTABLISHED REELING (WINDING) TECHNIQUES 
AND MECHANISMS 

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

• STRENGTH PROPERTIES AND PACKING DENSITY OF THE STORED TE­
THER 

1~-O 

F80-1 
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OONOLO!l6R'§ ·fl<T~Tl·ui~1MA rERIAL ~EtECTION 

• BEST MATER I AL IS UNEMPREGNATED., BRA I DED KEVLAR 29 

• RIG'ID MATRIX (EPOXY) IS ONLY USEABLE IF A PERFECT WIND REELER IS USED 
• PERFECT WIND REELER IS USEABLE ONLY FOR LIMITED WINDING DEPTHS & WITH IDEALLY UN IFORM, SMOOTH TETHERS 

• 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 

• BORON AND GRAPHITE ARE NOT GOOD CANDIDATE MATERIALS AT THIS TIME 
• EITHER KEVLAR OR S-GLAss TETHERS CAN BE MADE CONDUCTIVE (INSULATED) BY INTERWEAVING A COPPER CONDUCTOR 

13-1 
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TEtHEA~MAmERIA~ 5V.A1J:J.A:rtoN. METHOD 
~l ' .. \ ' )t, ", • • 

• MAXIMUM SATELLITE MASS USEABLE WITH SPECIFIC TEnlER MATERIALS 
AND CONFIGURATIONS WAS DETERMINED BY COMPUTER SIMULATIO 

- LOADING AND STRESSES WERE CALCULATED AT POINTS ALONG THE 
TETHER~ INCLUDING THOSE IN THE REELING MECHANIS 

,.. ( 

DERATING FACTORS WERE .IN APPLIED FOR~ ABRASION~ WEAR 
TEMPERATURE AND UV DEGRADATIO 

i PARAMETERS USED IN THE ANALYSIS 

TETHER LENGTH = 100 KM. 

ACCELERATION 0.2 M/SEC2 

FACTOR OF SAFETY == 3.0 

13-2 
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AbT0R4%~""~8-11NQ '~+~fH~~· MATERIAL sELEcTioN 

LOAD REQUIREMENTS ~. SATELLITE & TETHER MASS " & LOADS DURING 
REELING (ACCELERATlorO 

ABRASION & FATIGUE DURING USE 

COMPATIBILITY WITH REELING SYSTEM 
... STIFFNESS 

DEGRADATION FROM 

- USEABLE BEND RADII 
.. NEED FOR PERFECT WIND 

:.. UV EXPOSURE 
- TEMPERATURE 
.. AGI NG 

13- 3 
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'~:N[!IDAt&;~ETHER MA:J:ERlAlS' ~ DEGRADATION FACTORS' 

BRAIDED. UNEMPREGNATED 
. KEVLAR 

S-GLASS IN EPOXY MATRIX) 
POLYURETHANE SHEATH 

7 X 7 TITANIUM 
"CONTRAHELI CALLY WOUND 

7 X 7 .STAINLESS STEEL 
CONTRAHElICALLY WOUND 

DISTANCE ALONG 
TETHER FR, 

. ORBITER-

' 0 
100 

0 
100 

0 
100 

o 
100 
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0.8 
0.8 

1';0 
1.0 

I,D 
1.0 

1.0 
f.'o 

1.0 
0.8 

1.0 
0.85 

I,D 
0,9 

1','0 
0.9 

0.8 
1.0 

1.0 
1','0 

1.0 
1.0 

1.0 
1,0 
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FSO-10 

P·ROPERr~8ltP~~CANnID ':&-~TE-T~R .. MAtERIALS :~. ' 

TITANIUM STEEL S~LASS KEVLAR 7x7 STRANDED 7x7 STRANDED POL YURTli SHEA TH-CONFIGURATION CO NTRAHElICAl CO NlRAHELICAL EPOXY MATRIX UNEH~EGNA TED BRAID 
~ DIAMETER • . 

i INCHES 0.047 0.062 0.047 0.062 0.040 0.050 0.045 0.050 0.065 
" • MILLIt£TERS 1.19 1.57 1.19 1.57 1.01 1.27 1.19 1.27 1.65 

FILAfo£NT 
DIAMETER 0.0055 0.0076 0.Q055 0.0076 0.030 0.040 0.0047 0.0047 0.0047 <INCHES) 

ULTIMATE 
STRENGTH 207 193 232 2.16 428 351 (KPSI> 

REEl DIAMETER-
FULL-CM 58 76 58 76 51 61 56 71 79 (60 CM WIDE) 

TETHER MASS 
(KG) 354 630 62.5 1120 137 226 93 163 200 

TYPE OF WIND ~~~_s~AC~1 SPACED SPACED PERFECT PERFECT SPACED SPACED SPACED 

13-5 
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2.16 

0 .0047 
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l: 

DIA~ 
(t+t) 

BREAKING 
STRENGTH 
KG 1 BEND 
RADIUS CH 

SPACED 
COIL WIND 
(0.5 CM 
BEND R.) 

PERFECT 
l.AYER 
WIND 
(7.6 CM 
BEND R. ) 

MAXItt.iM 
SATELLITE 
MASS F .S. · 
=3 (KG) 

REMARKS 

1-1 
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FSO-10 

OANbIDAn;_~E:UHe~;~_,!,LS -.M ·.,LOAD CAPABILITIES 

-. -
TITANllJot STEEL S-GLASS KEVlAR . 

i.19 i.57 1.19 1.57 1.01 1.27 1.19 1.27 1.65 2.16 
1 

109 195 .: 122 217 129/15 181/15 1361 2041 2951 3851 

00 00 00 - 00 136/ 00 200100 7.5 7.5 7.5 7.5 

60 69 27 -25 . . -87 -313 136 204 . 294 385 

. 

106 . 186 i16 201 122 163 

.. 

340 606 230 405 593 708 394 577 857 1114 

NO KINKS FOR KINKS KIN~S FAILS IF FAILS IF ABRASION AND ULTRAVIOLET DEGRADA-
KINKS SATELLITE UNDER UNDER CROSSOVER CROSSOVER TlON REDUCES ALLOWABLE SATELLITE 

>370 KG OWN OWN OCCURS OCCURS MASS (TAKEN INTO ACCOUNT IN ABOVE-
WEIGHT WEIGHT (EXTENDED) (EXTENDED) FIGURES) 

-
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CANOlbA i.;H:~A _;MAt!mAL~ll 

REGNATED--KEVLAR--BRAID - ACCEPTABLE .. BEST CHOI CE 

• LOOSELY BRAIDED LINE IS SUITED FOR MORE RELIABLE AND SIMPLER 
SPACE-COIL \HND 

. • SMALL FILAMENT DIAMETER SIGNIFICANTLY REDUCES BENDING STRESSES 
AT WI NDI"NG CROSSOVERS 

• LOW STiFFNESS .. COMPATIBLE WITH LOW-TENSION CONTROL PINCH 
WHEELs AND GUIDES 

• AVAllABLE SUPPLIER - ESTABLISHED FABRICATION TECHNIQUES 
i U/V SENSITIVE - STRENGTH MUST BE DERATED UP TO 20% FOR VER­

IFICAT ION MISSION 
• SOMEWHAT ABRASION SENSITI VE - STRENGTH DERATED 20% (AT SHUITLE 

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. 

13-7 
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F80-10 

RQ!$~,~t.~?J~~,,9AW~~~~;rEIHGR MA rERIALS CONT'O' 
, I 

SHEATHED' S~GLASS):"EPOXY "MATRlX - ACCEPTABLE .. BUT REQUIRES MORE COMPLEX" AND LESS 
RELIABLE, PERFECT-WIND REELING SYST 

• INSENSITIVE TO ABRA~!ON 
• SOMEWHAT SENSITIVE TO UV RADIATION (FOR LONG EXPOSURE TI~,!ES) 

• SOMEWHAT SENSITIVE TO TEMPERATURE - 15% STRENGTH REDUCTION AT 350°F 
• ' STIFFNESS COMPLICATES TENSION-HANDLING MECHANISM USED FOR CONTROL OF LOW 

TENSIONS 
i REQUI RED PERFECT-LAYE:R WINDING SYSTEM: 

- INTRODUCES HIGH STRESSES AT CROSSOVER POI NTS IF A WINDING ERROR OCCURS -
REQUIRING SUBSTANTIAL STRENGTH DERATING 

- INVOLVES INCREASED RISK OF WINDING ERROR AS WINDING DEPTH INCREASES 

SHEATHED KEVLAR"IN"EXPOXY"MATRIX -

• SAME AS S-GLASS.. EXCEPT HAS LOWER STRENGTH 

13-8 
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PROp,Ea~IU~~~OF. OAN9IBA~' .TETHER, MATERIALS' 

'UNIMPREGNATED S-GLASS BRAID - ACCEPTABLE CHARACTERISTICS 

j 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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FaA iUf=f~~~.r~F , OANDIIi)~t~;'~!EiTHER MA lERIALS' \ 

STRANDED STEEL CABLE - ACCEPTABLE FOR SHORT TETHERS 

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

AT 350°F) 

• PERFECT LAYER WIND IS NOT FEASIBLE FOR MANY LAYERS 
i SPACED COIL WIND WILL CAUSE YIELDING AT CROSSOVER POINTS 

HICH WILL RESULT IN "KINKS" IN THE LINE 
i VERY HEAVY 

FBO-10 

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

, • SPACED COIL WI ND MAY CAUSE YIELD ING AT CROSSOVER POINTS 
RESULTING IN "KINKS" FOR SOME TETHER CONFIGURATIONS WITH 
HEAVI ER SATELLITES 

• HEAVIER -THAN S-GLASS OR KEVLAR 
i MAY -HAVE DIFFICULTY LOCATING SUPPLIE RS 

13-10 
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CANDIDAT~tt~'rHeA ~~~.~,~IA6S . ': . . .-

BORON - NOT ACCEPTABLE 

• HI GH MODU LUS AND LARGE FILAMENT DIAMETER MEANS 
IMPRACTICAL MINIMUM SHEAVE DIAMETER 

80-10 

• lARGE FILAMENT DIAMETER MEANS FEW FILAMENTS THUS 
LARGE STRENGTH REDUCTION DUE TO FLAWS (HIGH PROB­
ABI LI TY IN lONG TETHER) 

GRAPHITE - NOT ACCEPTABLE 
DiFFiCULT TO MANUFACTURE 

• NO DI RECTLY APPLICABLE EXPERIENCE: REQUIRES 
DEVELOPMENT 

13-11 
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THE BASEL IME TSS J)EPLOYER DES IGN WAS CONF IGURED AROUND THE SPACELAB 
PALLEr. AL TERNAT IVE INTERFACE STRUCTURES WERE EXAM INED WITH RESPECT 
TO SUCH FACTORS AS COST, STRUCTURAL STIFFNESS, SPACE OCCUPIED IN THE 
OR81TER bAY, STRUCTURAL COMPLEXITY, AND AVAILABILTY. 

INFORMATION WAS 08TA INED FROM ROCKWELL INTERNATIONAL ON POSSIBLE AL­
TERNATIVES TO THE SPACELA8 PALLET, SUCH AS MIGHT BE DEVELOPED BY ADAu­
TING EXISTING CARRIER DESIGNS. 

A TSS- UNIQUE INTERFACE STRUCTUPE (A IRBORNE SUPPORT EQUIP~ENT) WAS ALSO 
CONF I GUREO, 

14-0A 
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FaO-tO 

. '~ ss: AI~SORNE suppoJ:tt EQUIPMENT (ASE)TRADE STUDY 

SPACELAB SIMS P80 HALF- TSS- I PALLET CRADLE PALLET UNIQUE 
(BA~EliNE) (MCKWElL L ) (ROC KWELL t ; ) (ROC KWELL i.) I (BASD) 

HARDWARE QUALIFIED NEW/MOO MOO MOO NEW STATUS 
"SERVICES" EXISTING NEW NEW EXISTING 1 NEW STATUS 
ORBITER BAY LENGTH 9. 9 i=T 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) 

t, ; 

TETHER ACCEPTABLE ACCEPTABLE ACCEPTABLE VERY POOR BEST ROUTI NG 
STRUCTURAL POOR VERY POOR GOOD POOR BEST RIGID ITY 
LOAD CONSTRAINTS POOR UNKNOWN UNKNOWN VERY POOR BEST (HARD-POINT LIMITS) 
C(JItPONENT GOOD ACCEPTABLE ACCEPTABLE VERY POOR GOOD ~ ARRANGEMENT 
C<J.1PONENT ' 8EST POOR \ ACCEPTABLE ACCEPTABLE ACCEPTABLE . ACCESSIBILITY 
MASS-PROPERTI ES ACCEPTABLE UNKNOWN UNKNOWN POOR BEST CONSTRAINTS (C.G. CONTROL) 
ORBITER GOOD POOR GOOD POOR GOOD ENVELOPE CLEARANCE 

14-4 



SPACEl~tJri;l3'J\Lb~f .TAADEbf!~ .J~OONCLUSION 

THE LOWER LAUNCH COST~ GREATER STRUCTURAL 
RIGIDITY1 AND BETTER TETHER ROUT 
THE NEtl TSS-UNIQUE ASE~ MORE THAN OFFSET 
THE COSTS OF DESIGNING1 FABRICATING1" AND 
QUALI FYING THIS NEW STRUCTURE1 AND OF 
PROV IDING THE REQUIRED ORBITER INTERFACES 
AND TSS "SERVICES". 
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OURING THE STUDY EXTENSION , AS A RESULT OF SYSTEM ST~DIES AND EXPERI­
MENT REQUIREMENTS DEFINIT ION, ADDITIONAL GUIDELINES WERE IMPOSED 
THE "BASELINE- PROGRAM FOR THE PURPOSE O~ COST STUDIES AND THE ACCO-­
PANY ING SYSTEMS ANALYSIS. THE ORIG INAL REQUIREMENTS, WHERE MORE 
STRINGENT OR GENERAL, WERE RETAINED AS PROGRAM GOALS. 

SYSTEM COST STUOIES WERE DIRECTED AT TWO PRINCIPAL AREAS : 

.c CAPA~ILITY TR ADEOFFS RELATED TO REDUCTION IN COMPLEXITY OF 
THE SATELLITE , 

• RF.DUCTION OF OEPLOYER CAPABIL ITY RELATIVE TO REELING RATES. 

15-0A 

,_ !1\ • " i lit! " .• 1"· fiij .• ~_ 

FBO-1 



~ ',,:"·-i~'A>. e _,.i'; ~_: ! 
FaO-to 

BASELINE REQUIREMENTS 
INITIAL: REVI'SED' , 

MINIMUM SATELLITE ALtITUDE 120 KM 130 KM 
.1 . 
I 
" 
J 

SATELLITE ATTITUDE STABILIZATION NOT SPECIFIED TO BE DEMNSTRATED 
0 '0 
~ .. 
0 SATELLITE ATTITUDE STABiLiZATION AERODYNAMIC O;r. -~- .......... 
::0..-METHOD 
0-0 
C:):a 
;r.e;, , .... 
~-

TETHER MATERIAL ~ VERiFICATION NCT SPECIFIED NON ... CONDUCTING LI GHT 
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RETR leVAL AND PAYOUT DURATIONS ARE DEPENDENT TO SOME EXTENT ON THE 

MAXIMU" REEL ING CAPABILI TY OF THE DEPLOYER. THE REEL ING RATE USED I 

TURN AFFECTS THE REQUIREMENTS FOR ELECTRICAL POWER, THE SIZING OF 

MOTORS, AND THE CAPACITY FOR ENERGY STORAGE AND DI SSIPATIOn . 

DURING INITIAL STUDIES REELING RATES AS HIGH AS 50 METERS PER SECOND 

WERE CONSIDERED DESIRABLE. IT WAS LATER CONCLUDED THAT HIGH RE ELING 

RATES COULD ONLY BE USED DURING A SMALL PORTION OF THE RETRIEVAL TIME 

AND, THEREFORE THE CAPABILITY COULD 8E REDUCED TO ABOUT TEN METERS PER 

SECOND WITHOUT SERIOUSLY INCREASING RETRIEVAL AND DE PLOYMENT TIME 

DURATIONS. 

DURING SATELLITE RETRIEVAL, ELECTRICAL ENERGY IS SUPPLIED PARTIALLY 

FROM THE OR81TER POWER BUS THRO UGH A BATTERY CHARGE CONTROLLER , AND 

PARTIALLY FROM BATTERIES LOCATED ON THE T~S PALLET. THE SIZING OF 

SYSTEM COMPONENTS MUST TAKE INTO CONSIDERATION THE CAPABILITY OF THE 

STORAGE BATTERIES WITH REGARD TO D,ISCHARGE RATES, DEPTH OF OISCHARGE, 

AND THE DEMANDS ON THE ORB ITER POWER SYSTE.·,. 
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DURING DEPLOYMENT, EXCESS ENERGY IS PART IALLY STORED IN THE DEPLOYER 

BATTERIES AND PART I ALLY DISS IPATED AS HEAT FROM THE AUXILIARY RADI A­

TORS. 

BATTERY C~ARGE RATES, STORAGE CAPACITY AND RADIATOR SIZES AND TEMPERA­

TURES ARE AFFECTED BY THE SELECTION OF THE MAXIMUM DEPLOYM ENT RATES. 
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OEPLOYER CAPABILITY WITH REGARD TO STORAGE AND POWER HANDLING CAPACITY 
MAY BE SOMEWHAT REDUCED FOR SMALLER SATELL IT'ES. FOR A 300 KILOGRAM 
SATELL ITE A 48 AMP/HOUR BATTERY IS SUFFICIENT, COMPARED TO ONE OF 72 
AMP/HOURS REQUIRED FOR A SOO KILOGRAM SATELLITE. 
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SIMIL ,\RLY A 4R AMP/HOUR BATTERY IS SUFFICIENT FOR DEPLOYMENT OF A 300 
KILOGRAM SATELLITE. MOTOR SIZE AND POWER AMPLIFIER CAPAB ILITY COULD 
ALSO BE CORRESPONDINGLY REDUCED, ALTHOUGH IT WOULD PROBABLY NOT BE 
DESIRABLE TO REDUCE THE CAPABILITY OF THESE COMPONENTS FOR AN INITIAL 
MISS ION IF LATER FLIGHTS WITH MORE MASSIVE SATELLITES WERE PLANNED •. 
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SATELLITE EQUIPMENT COMPLEMENTS DECREASE CORRESPONDING TO THE FUN':­
T IONAL CAPAB I L I TV OF THE SATELLITE, AND THESE REDUCTIONS CONSTITUTE 
THE GREATEST POTENTIAl ' SAVINGS TO BE REALIZED IF SUCH AN ALTERNATIVE 
WERE PURSUED. FOR INSTANCE, THE PASSIVE SATELLITE, OR -DUMB-BALL­
WOULD CONTAIN NO ACTIVE INSTRUMENTATION OR ELECTRICAL EQUIPMENT. 
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ALTHOUGH THE VERifiCATION CAPAR fLI TY AND THE POSSIBLITY OF COLLECTING 
SCIENTIFIC nATA DECREASE MARKEDLY AS THE DATA RETRIEVAL CAPABILITY 0 
THE SATELLITE IS REDUCED, NEARLY ALL OF THE DEPLOYER 
"ISSION OPE~ATIONAl FUNCTIONS COUlD QE VERIFIEO USING 
LITE. 

1~-7A 

o MANY OF TH 
SIMPLER SATEL-

F80-10 



- ... 
I 

FBO-10 

OAPAalLtTv OF VARiOUS SATELLITE VERSIONS I 

135 1135 1135 1130 1120 1120 SATElLITE AlTITUDE MINI .... - ICM 
85 I 85 1 85 90 1100 100 TETHER LENGTH-MAl-ICM-(ORBITER AT 220) 

t 

X I • I I STRUCTUMI.. TEMP MEASUREMENT 

X . X X 

22 I 22 I 22 1100+ 1OQ.+ 100+ SATELLITE POSITlClC M£AS !-MAl RANG.E (ICM) 

SATEllITE ATIITUDE CONTROl X I It I It I I I ARBITRARY AzIfIITH ATTITUDE X X APPROX. CONTROl RE . YEl YECTOR (:!:. 10·) 

SATELLITE ATTITUDE DETERMINATION X 
X 

• I I I X X X X 
X X X X 

X X X 
620. 600 600 575 

I 
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1 SATELLITE 
.9 ENG . DES .-iIMAHUFCTR • 

. . 81-:::::=-' ~· , ----~-I 

.j DEPlOYER 

ENG . DESIGN AND MANUFACTURE 
.6 

til .5 ~ softwARE -
o ... -u 
1.LJ

1 

. 
;: .4 

Sl 
::11.3 ~ OPERATIOfIS SU~PORT j 

INTEGRATION & TEST 

.2 
SYSTEM ENG'iNEERING 

.1 ,I 1 
PROGRAM MANAGEMENT 

O ' ~J------~--~~----------~----~ 
1 ' 2 3 16 

"pASSIVE"' 'SATELLITE CONFIGURATIO 
"BASELINE" 
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• . SATELLITE OF REDUCED CAPAB ILITY. REDUCING THE EXPERIMENT 
AccoMMoDATION AND REAL-TIME "VER IFICATION" 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 MTRISEC 
WITHOUT SERIOUSLY AFFECTING TOTAL DEPLOYMENT AND RETRIEVAL 
TIME~ SINcE HIGH REELING RATES WOULD BE USED FOR ONLY PERIODS 
OF SHORT DURATION. THIS ENABLES USE OF SMALLER MOTORS~ 
AMPLIFI ERS, AND POWER CONVERTERS. 
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SUBSTANTIAL COST SAVINGS CAN BE REALIZED BY USING THE ORBITER PAYLOAD 

INTERROGAtOR AND Irs ASSOCIATED ANTENNA FOR COMMUNICATION WITH T 

-SATELLITE AS COMPARED TO THE USE OF SPECIAL PURPOSE COMMUNICATIONS 

EQU IPMENT PECULIAR ro THE TETHERED SATELLITE ·SYSTE,-,. 

THE OR1HTER PAYLOAD INTERROGATOR ANTENNA pATTERN IS REASONABLY COM­

PATIBLE WITH THE T~S REQUIREMENTS, FO~ OATA RATES UP TO R KlLOBITS PER 

SECOND, USING A SINGLE SATELLITE ANTENNA AND MODERATE SATELLITE TRANS­

MITTER RF POWER lEVELS. THE ORBITER ANTENNA PATTERN IS SUFFICIENTLY 

BROAD TO 

MOUNTED I 

CCOMMODAtE THE TETHERED SATELL ITE SYSTEM WITH THE PALLET 

NY LocATION IN THE pAYlOAD BAY. THE LOOK ANGLE TO THE 

SATELLITE FROM THE ORBITER REMAINS RELATIVELY CONSTANT IN SPITE 0 

LIBRATION OF THE - SATELLITE BENEATH THE ORBITER OR THE SELECTION OF 

PALLET MOUNTING POSiTIONS. 
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-ANTENNA pliOH -LOOK-ANGLE GEOMETRY 

ORBITER TO 
SATELLITE LINE 
OF SrTE-NEARLV '., 
CONSTANt ~ELAtIVE 
1"6 ORBITER 

bRBlTER 
CENTER OF MASS 

'\ REa'D 
SATELLITE 
ANTENNA 
COVERAG 

.... , (CONICAl) 
\ , 

ENDULATION 
OR HANG OFF 
(1- 2° MAX) 

SATELLITE LIBRATION 
L1TUlE *250 MAX. 

(AT FULL TETHER EXTENSION) 
16-1 
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ADDITIONAL GAIN IS PROBABLY INH ERENT IN THE ORBITER PAYLOAD INTERRO­
GATOR ANTENNA OVER THE RANGE OF LOOK ANGLES REQUIRED ABOVE THAT SPECI ­
FIED IN THE ORBITER INTERFACE DOCUMENTATIOn. 
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THE SATELLITE ANTENNA CONSISTS OF A SINGLE MICROSTRIP PATCH FOR EACH 
OF THE COMMAND ANO TELEMETRY FUNCTIONS. THESE ANTENNAS EXHIBIT AN ON­
AXIS GAIN OF ABOUT +~ oBI. THE BEAM WIDTH IS SUFFICIENTLY BROAD TO 
COVER ALL REQUIRED LOOK ANGLES FROM THE SATELLITE TO THE ORBITER. 
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THE COMMANO LINK MARGIN, CALCULATED USIt.G THE LINK PARAMETERS' 'SPECI­

FlED IN THE ORBi TER INTERFACE CONTROL DOCUMENTATION (ICD) IS 11.1 D 
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FOR A Bn F.RRO~ RATE (BER) OF 1 IN 105 , AND 
THE TELEMETRY DATA, LINK "ARGIN IS +3.~ DR. A 
TO ABOUT 2 DB IS PROBABLY INHERENT IN THE LI 

DATA RATE OF S., 
DDITIONAL MARGIN OF 
DUE TO THE GAIN OF THE 

ORB ITER PAYLOAD INTERROGATOR ANTE 
REQUIRED. 

THROUGHOUT THE ANGULAR COVERAGE 
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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 4. 
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ORSliER I'Ll ANfl:NNA LOOK ANGLES AND . RESULtiNG SYSteM MARGINS . 
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A TRADEOFF STUDY CONDUCTED TO DETERMINE THE FEASIBILITY AND EQUIPMENT 
REQU IREMENTS 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 
TO 256 Ksps. WITH SUCH AN IMPROVED SYSTEM THE ORBITER PAYLOAD INTER­
ROGATOR WOULD STILL BE USED TO EXECUTE SATELLITE. 

,. 
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PATCH ANTEtffAS 

100 NIle 
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. ORBITER 
Pli ANTENNA 

+2.' DBI 
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F80-tO 

.rss coMMAND & DATA HANbLINa - BASELINE SYSTEMi 

S11JRAaE. XMITi 

.tATElLiTt 

• 

:1) 

tlltER 

- ---.;.~-------~ ORBITER 

,TElLlTE Cotf4AHDs 

CENTRAL 
UNIT 
(c&DH) 

REMOTE 
INTERFAC 
UNIT 

tJtt4ANDSI 

64 DISCRETE 
8 DIGITAL 

DAT, 

I 

I.T 

DISPlAY , 
14 • CONTROL UNIT 

PLAYBACK HASTtR TO ORBITER 
I ~ S-BAND DOWN/UP LINK 
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IF THE SATELLITE DATA RATES WERE INCREASED BY INCREASING THE SATELLITE 
RF POWER LEVEL, AND THE ON-STATION OPERATING TIME REMAINEO THE SAME 
AN INCREASED BATTERY COMPLEr.tENT IN THE SATELLITE WOULD BE REQUIRED. 
FOR DATA RATES UP TO 64 KBPS THE SATELL ITE DATA WOULD BE BUFFERED AT 
THE PALLET-MOUNTED RECE IVER AND FED TO THE ORB ITER GENERAL PURPOSE 
COMPUTER DATA BUFFER I NG SYSTE,·,. 

FOR DATA RATES EXCEEDING 64 KBPS THE DATA WOULD BE RECORDED DIRECTLY, ' 
BYPASS ING THE GENERAL PURPOSE COMPUTER. HOUSEKEEPING DATA WOULD BE 
STRIPPED BY A T~S PECULIAR UNIT, LOCATED ON THE PALLET AND BUFFERED AT 
A RATE LESS THAN 64 KBPS TO THE GENERAL PURPOSE COMPUTER. 
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MOljt~teA,fIONs ' to "AoHIEVE HIGHER DATA RATE! 
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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 .TO ABOUT + 
COULD BE REALIZED USING A PLANAR ANTENNA APPROXIMATELY 50 CM X 50 C 

IN SI ZE , 

THE REAM WIDTH OF SUCH AN ANTENNA IS 8ROAD ENOUGH (APPROXIMATELY '24') 
TO ACCOMMODATE THE LOOK ANGLES FOR A SELECTED PALLET POSITION BY 

MOUNT ING THE ANTENNA AT A FAVORABLE PITCH ATTITUDE , THE BEAM PATT 

OF SUCH AN ANTENNA CAN ALSO BE STEERED TO PRE-DETERMINED INCREMENTAL 

POSITI ONS# SELECTABLE BY COMMAND# USING PROVEN TECHNIQUES, 
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ElECTRONtcALL Y 
StEERED ARRAY iNSTAllED 
oN DEPLoYER TO 
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THE USABLE BIT RATE FOR THE TETHERED SATELL ITE TELEMETRY SYSTEM IS 
DETERMINED RY THE COt.1PONENT CAPA8ILITIES AND OPERATING PARA..,ETERS AS 
FOLLOWS: 

• THE OPERATING RANGE 8ETWEEN THE ORBITER ANO THE SATELLITE 

• THE GAIN OF THE ORBITER MOUNTED ANTENNA, BE IT EITHER THE 
ORBITER pAYLOAD INTERROGATOR UNIT OR A SPECIAL PURPOSE HIGH 
GAIN ANTE 

• THE SATELLITE TRANSMITTER ~F POWER LEVEL 

• THE EXPERIMENT ELECTRICAL POWER REQUIREMENTS 

• THE DURATION OF ON-STATION OPERATING TIME 

• THE CAPAC ITY OF THE SATELLITE BATTER IES TO STORE ENERGY 

THESE PARAMETERS ARE INTERRELATED IN THE ACCOMPANYING CHART ON WHICH 
IS SHOWN A TYPICAL EXAMPLE FOR THE BASELINE SYSTEM. 
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TETHERED SATELLITE SVSTEM-SATELLITE-TO-ORBITER: 

OAtA LINk PARAMi:TERS 

sAMPLE-rOR . 
iAsatNE SYSTEM 

JJ . 
\I @ DATA · RAl£-~S 

8 i6 32 64 128 256 
• ii i 

NoTES; 
, l$nk Hirtins Compatible with 

Ber of 10-5 
• Sa tel lite Ant. Gain is 5 DQ. 
i Stored Ener~y Includes 

"aratin (905 Disch.u . . X '" 
i Stored Ene~y Includes that for ~. 

OP . of R.F. EQ. at 201 Duty 
Cy cle DUr~ 5 "t. Deplo~nt and 
7 Hour Retrieval (Expo not on) 

16-10 

53x53 eM. PlANAR ARRAY 
(16 ElD£NTS) 

2 01. PlANAR BOoH--HOUNTED ANTENNA 

. (9 ElEJ£krs) 

PAllET POSITIoNs 2, 3 & 4 
IY PAlLET POSITION 

ORBITER PLI ANTEHNA 

2 

NO. 20- ~ 

00 
":v 
"t1§ 
O 2 °lll ~,.. 

g: 
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EaUIPMEN 
obNFIG 

CoMpLeMENtS-VARioUS tiM ' S REOUIRr:O to INCREASE DATA RAtE 
CONFISmATiON NO. 

BIT RATE .. W/3.5 -DB. MARGIN 
-pALlET POS 2~ 3,4 ONLY 

SATEWTE EQUIMNT I 

NEAR EARTH TRANsPO 
2.5 WATT-R.F. our 
5.0 WATT-R.F. our 

R.F. AMPLIFIER 10 _WATT 

BATTERY COMPLIMENT 
QNTY 20 A-HR. STRINGS 
(23 HRS-"ON STATION" ) 

i 2 

8 I 16 

x 
x 

3 4 

x 

x x x 
x 

3 5 3 4 3 

ALL CONFIGURATIONS USE. MULTIPLEXER CENTRAL &: REMOTE UNIT, PREHODULATIO FILTER. Cot+fANJ) &: RECEIVE PATC 

ORBITER-IEPLOYER EQUIMNT 

DATA RECORDED. 
VIA PIL DATA INTERLV!R I X x x I x I DIRECT (BYPASS GPC) 

BOOM HTD. RECEIVER 1 x BooM HTD. ARRAY. 
11 DB. (9 ELEMENT) 

X A. DB. (16 El£t£NT) 

PALLET HTD. DATA BUFFER 
HOUSEKEEPING DATA STRIPPER 

ALL CONFIGOOATIONS USEI 

I 
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o - PPROXIMATE "DELTA ·COSTS FOR EOQUIPMENT 
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PALLET POSITION 2,) or 4 ONLY 

o CD V 
8 ~ ~ M ~ 256 

TELEMETRY BtT RATE-BITS/SEC. 
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SEVERAL METHoDS FOR DETERMIMING REAL TIME SATELLITE POSITION REQUIRE 
SOPHISTiCATED EQUIPMENT~ OR DO NOT PRODUCE CONTINUOUS DATA 

• ORBITER-MOUNTED LASER TRACKING - NO KNOWN TRACKING EQUIPMENT AVAILABLE 

• . GLOBAL POSITIONING SATELLITE SYSTEM ~ NOT CONTINUOUS ~ REQUIRES TRANSPONDER AND 
ANTENNA ON SATELLIT 

• KU-BAND RADAR - ACTIVE MODE 

• S-BAND-BEACON (COMBINED WITH 
DATA LI NK SYSTEM) 

• TONE RANGING INTERFERoMETER 

i GROUND BASED NETWORKS - STDN~ 
~A 

- NO COMPATIBLE BEACON TRANSPONDER AVAILABLE 

- NO FLIGHT QUALIFIED INTERROGATOR AVAILABLE 

- NO FLIGHT QUALIFIED HARDWARE'- PROBABLE BOOM 
INTERFERENCE WITH ANTENNA PATTERNS·, COMPLEX 
DATA REDUCTION·,· AMBIGUITIES IN DATA, 

- NOT CONTINUOUS 
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SEVERAL "ON-BOARD" METHoDS - tss UNIQUE-ARE AVAILABLE FOR REAL-TIME 
POSITioN DETERMiNATIO 

, ALTERNATIVE METHoDS 

• ACCELLEROMETERS ON SATELLITE 

• ATTITUDE DATA FRoM ORBITER 
(IN DRIFT MODE) CAUSED BY RE­
ACTION OF TETHER ' 

SELECTED METHOD 

• PASSIVE TRACKING BY KU-BAND . 
ORBITER RENDEZVOUS RADAR 

• TURNS-COUNTER ON TETHER DE­
PLOYER 

• ORBITER CLOSED CIRCUIT TV 
CAMERAS LOCATED ON PALLET 

- FAIRLY COMPLEX ON-BOARD SOFTWARE REQUIRED 
TO EXTRACT ACCELERATION COMPONENTS INDICATIVE 
OF LIBRATION POSITIO 

- ACCURACY DEGRADES AT SHORT RANGES. ANGULAR 
DATA ONLY 

- REQUIRES ENHANCEMENT OF SATELLITE RADAR CROS- '·. 
SECTION ~ REQUIRES REMOVAL OF RANGE AMBIGUITIES 

... RANGE ONLY - MUST BE COMPENSATED FOR STRETCH 
OF TETHER 

- GOOD FOR RANGES LESS THAN 400 METERS FINAL 
RETRI EVAL PHASE .:" ONLY APPROXIMATE RANGE DAT 

16-15 
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FUNCTIoN 

ArfGULAR POSITION 
0-19Km 

19-100 

RANGING 
0-19Km 

19-100 

". 

FaO-lO 

AL lERNA fiVE METHODS OF sATELLITE 
OSITioN bETER 

EQUIPMENT COMPLEMENT 

o~tttR KU-BAHD TSS SUPPLIED~S-BAND POSSIBLE CALIB. CONVEffTIor.Al . 
ORBITER SATELLITE DEPLOYER SATELLITE OR INDIRECT RUG. C<M1UNICATIONS 

KU-BAND CORNER KU-BAAD AAHGING,. DOME RANGING TETHER ~ID BASED 
EQUIPMENT 

METHOD RADAR REFLECTOR X-P.ONDER INTEROGTR ANTENNA X-PONDER lEr4GTH MEAS pas. MEAS. DEPLR. SATELT. 

A X 

B x l(i) 
C X X(2) 
D X(3) x x 
E X X 

F It XO) 
G x X(2) 
H x(4} XeS) 

. t x x 
i 

NoTES.: 1 'f«)OERATE RESTRICTIOf{S ON USEABLE -ANGULAR RANGE 
2 KU-BAHD TRANSPONDER r.EITIfER PRESENTlY AVAILABLE NOR UNDER DEVELOPfoENT (COST) 
j BASD DoME (HEMISPHERICAL) ANTENNA HOT FLIGHT QUAlIFIED (COST) 
4 NO FLIGHT QUALtFIED. FLIGHT PACKAGED

f 
RANGUIG UITERROGATOR AVAILABLE 

S REQUIRES list OF NASA STANDARD OR SIN LAR RANGING TRArISPOfiDER (COST) 

16-16 



· EtHEREO SATELLITE EQUlpPED WITH CORNER "EFLeotoR' TO ENHANcE RAOAA CROSSECTION 

F80-tO 

....... ,A .......... c: cAPTlRE DROGUE AND TETJ£R ANCHOR-f'IBERGLASS 

\ ,. " "---- _, .,,,~----- RIB-REINFORCED RADOt£ - 5nJn THICK FIBERGLASS ----
'>'c: '" i.Qn (EA OF 3 FACE EDGES) CORNER REFLECTOR 

~~.. iii UPLINK PATCH ANTENNA (DOWNLINk OPPOSITE) 

• , THERMAllY-ISOLATED. OCTAJ£cANE-FILlED EQUIPfo£NT 
SHELF" (MOUNTING PROVISIONS oN BOTH SIDES) 

BELT SHEll - 5nJn THICK. 6061 ALlJUNtJ1 

• , LOWER ACCESS DOt£ - 5nm THICK . 6061 AlUHINltt 

16-11 

( .I I 



Fao-to 

RADAR OROSSEOTION AND TRACKING RANGE FOR I 

Mf~JSIDE CORNER ~EFLECrOR; 

RANGE 'ReS 
tcM DBsM 
14O~3S~I ~---T--~~--~--,e=~--r---'----r---' 

120 

100 

eo 

20 1 I II ~ ~ P'CO: I .. '" , 

-40 - 30 - 20 -.to 0 +20 +30 +40 

16-18 
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USEABLE SATELLITE TRACKING .RANGE FOR ORBITER 
ENbezVOUs ~AbAR ~ 1 Mr~/SIDE CORNER REFLECTO 

~ I~------T-------r-----~~------T-------~----~ 

201 I/ ~ 1 __ ~~"l 

10 I , I 1"1 ff ff V 

:~~~TO: I \ \\ ~ \ \l\ ~ AsPECT \V 
AM;L£ 

-20 1 " "" 'k --.. r"""':,y= ,/ / I 

-~ ~' ______ ~ ______ ~ ____ -+ ______ ~ ______ ~ ____ -J 

-~ - 20 -10 o 10 20 30 

~G 

RETROFLECTOR OFt-AXIS ASPECT ANGLE 
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~bSlfION l~~a~IN~~,~~~ '~4tJDXtRESUL 1S 

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
SECTIO 

'" THE RADAR WOULD BE USED IN THE "PASSIVE" MODE. AMBIGUITIES IN RANGE DATA (DUE TO 
SHORT DURATION RANGE GATE) WOULD BE REMOVED BY COMPARING WITH ROUGH RANGE DATA 
DERI VED FROM DEPLOYED TETHER LENGTH 

• CONFIRMATioN OF THIS MODE OF OPERATION (OF THE ORBITER RENDEZVOUS RADAR) ~ AND THE 
EFFECT OF GROUND CLUTTER SHOULD BE CONFI RMED BY ANALYSIS OR RADAR SYSTEM TESTS 

SATELLITE POSITION COULD · ALSO BE DETERMI NED BY DATA FROM SENSITIVE ACCELEROMETERS 
LOCATED IN THE SATELLITE: 

• SUBSTANTIAL DATA REDUCTION WOULD BE REQUIRED 
• DERIVING DATA IN REAL-TIME DURING FLIGHT ~OULD REQUIRE FAIRLY SOPHISTICATED, ON-BOARD 

SOFTWARE. 

16-20 
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I TETHERED 
I EXPi:RIME 
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------ -----

MISSION REQUIREMENTS 

Orbi ter Altitude (kmJ 
Orbi t Inclination (0 
Satell ite Alt . ("km) 
Tether length (Km) 
Typical Mission Duration-Days 
Exp. Ope Time On Sta. (Hrs) 
Desi red Earth COY. Pattern 

Direction of Sat. Deployment 

Near Real Time' Com. to POOC 

Coords 

SATELLITE 
AOOo 

230 ANY 
ANY t o-OK(5) 

230-130 130 
100 90 

7 
23 23 

NIA 

1_ 
. Yes r: 

+ 2 NIA 
+ .2 NIA 

I 
+ 3 + 3 
+3 +2 

I 
I 

-

FOO-IO 

-
.TiON REQUIREMENTS 

ANY 
LO-OK!5) 
230-2 0 
10-20 
NIA 
18 

NIA 

Up 

Yes 

+ 3 
+1 

+ 3 
+3 

20-1 '. 

::...~" 
~~~ 

~~ 
$~ 

$' 
:\.~ 

~ 
0/ <1'. 

# 
~c$ 
~ 

ANY 
LO-OK(5) 
160-120 

fVA 
6 
~7) 
8) I 

Down 

Yes 

N 
NIA 

+ 5 
+3 

ANY 
LO-OK(5) 
150-125 

NI 

Full 
Orbits 

Down 

Yes 

+ 10(9)1 
+ 1 

(5) High Incl ination 
Prefl 

(7) 10 Separate Releases 
(8) Proximity of Earth 

Obs . Sites 

(9) A1on9 GND-Track 



Accuracy WRT-Orbiter 
Pl anar (Km) + 2 II MIA I + 3 MI Al titude (Km) + 2 MIA + 1 MIA 

Accuracy WRT-Earth Coords 

II I + 10(9) I (9) Along GHD-Track 
Planar (Km) + 3 + 3 + 3 + 5 Alt1tude -(Krn) + 3 +2 +3 + 3 +1 

20-1 '. 
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.. 

I .. '. 
lTETHEAEb 

_ _____ 1 E~P~' 

SATELLItE STRUCTURE & MECHANISM 

~xper. Equip.' Weight - Kg. 3 
Exper. Equip. Volume - MfR. 
Total Satel l ite Weight - KG 

Experiment Aperture 
Experiment Externa1 Components 
Experiment · Deployab1e Booms 

SATELLITE POWER/ENERGY STORAGE 

SATELLITE 
000 

4 
.01 

308 310 

Hone None 
None) Sensor 
1(1 1(1 ) 

35 35 
12 5 

420 175 

60 60 

3 3 

-
TION 

50 
.04 
31 2 

13 

1 

18 
25. 

450 

80 

3 

20-3 

REQUIREMENTS 

242 2 
.15 .032 

' 546 340 

10 .. 
None None 

(10) Hone 

N/A 31 
None 30 
N11 930 

Nl1 80 

3 5 

F80-l0 

• • • 

(13) 2 Surface Probes 

~1 ) Avail. for Exp. Use 
10) Liectable Canntste 
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TETHERED SATELUTE .. 
i i:xPEi 1~'~'~ , . COMMODATION REQUIREMENTS 
~--

.' 

~ 

/:0~0:L~~V ~~ .(t'rf§ ~ $'+ ~~ 

COMMAND & DAtA HAMDLING 
I . Exp . Discrete Commands-Qty. . 15(5) 16 16 20 12 (5) 24 Unass t gned Spares 

I Exp. Serial Commands-QtJ . . 8 4 8 None 8 
(16 Bit) 

PCM Data-Rate-BPS 2 2 

No Exp. Ho~sekeep1~g 11(3) II 16 10 20 Not Spec (3) Also 12 Spares avail 
Channels .(0-5 Ahalog .to 
8 Btt Dtg1 • .1 

" 1 'i(4) II I ~ 4) Also 10 S Mo Exp. B1 evel ~ Ihd1cators' 12 12 I 10 . Not Spec 
PC" Digital Data.ltate-kBPS 8 30(14) H/A 8 14) At 20 

20-4 
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· ELEot~o OVNAMiOS MISSiON PHASES 

PHASE 1 

ELECTRO DYNNUCS 
EXPERI 
1()-15 HRS 

ELECTRICAL 
CONTACTS 
TO EXP 
JNSTRLMENTATJON 

21-1 

t40~ONDUCTlNG 
TE1l£R SECTION 
(90 km LONG) 

INSULATED 
CONDUCTING TETHER 
(10 km LONG) 

PHASE 2 . 

SYSTEM VERIFICATION 
TESTS 

. (15-25 HRS) 

......... £"--' ':' ..... ~4 ............. . ............... _-~ T= ~1'_~-~ . ~: ':7 .' ~' s .... , ,r ' j ;ok.~ =. :fi=t' t'~~zj ~"~~~~.,p-... ~~ 



• ORBITER ALTITUDE - 200 KM (MIN.) 
• ORB IT INCLINATION - HI GH INCLINATIONS PREFERRED 

LOW INCLINATION (28°) OK 
• DEPLOYMENT DIRECTI ON - UP 

FSO-IO 

, . LAUNCH WINDOW - TO RESULT IN B-ANGLE>45° ~ I.E . BEST ORIENTATION IS WITH 
LI NE OF SIGHT TO SUN NORMAL TO ORBIT PLANE. (PRESENTS LEAST DEMAND 0 
ORBITER COOLING SYSTEM) 

• TETHER LENGTH - 10 KM (MINIMUM) 
(100 KM LATER MISSIONS) 

• DURATION OF "ON STATI ON" FLIGHT - 6 HOUR (M INIMUM) PERIODS 
AS MANY PERIODS AS FEASIBLE 

• EXPERIMENT OPERATiONAL DUTY CYCLE - 100%- FROM SATELLITE SEPARATION 
UNTIL ~ECAPTURE 

"2f:':f ' 

-, 
i' 



• PAYLOAD OPERAT IONS CONTROL CENTER - NEAR REAL-TIME MONITORING AND 
CONTROL OF EXPERIMENT 

• ORB ITER COMMAND AND DATA LINK - MAX DELAYJ POCC TO/FROM ORBITER 
AND SATELLITE - TBD 

• ORB ITER EXPERIMENT SUPPORT FUNCTIONS: 
- REAL TIME MONITORING OF EXPERIMENT HOUSEKEEPING STATUS 

(SATELLITE AND PALLET-MOUNTED EQUIPMENT) 
- MULTI PLEX DATA AND FORMAT COMMANDS TO/FROM DOWN LINK 
- RECORDJ CONTINUOUSLY J SATELLITE AND PALLET EXP. DAt 
- MEASURE SATELLITE POSITION RELATIVE TO ORBITER 

"REAL TIME" - MAX DELAY 5 MINUTES} 
INTERVALS OF 15 MINUTES 

• ORBiTER ATIITUDE - Y - PERPENDICULAR TO ORBIT PLANE 
+Z - ALONG LOCAL VERT ICAL (PAYLOAD BAY DOORS UP) 

21-3 
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• coNDUCTOR ELECTRICAL RESISTANCE - MAX - 0.2 OHMlMTR 
(0.02 OHMlMTR LATER MISSIONS) 

• INSULATiON LEAKAGE RESISTANCE - MINIMUM - 1013 OHM/METER 
• INSULATiON BREAKDOWN POTENTIAL - MINIMUM - 31 000 VOLTS 

(30 1 000 VOLTS LATER MISSIONS) 
• CONDUCTOR TERMiNATioN AT SATELLiTE AND 

ORBiTER INSULATED - TERMINATED IN 
EXPER IMENT ELECTRONICS 

21"-4 
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i EXPERIMENT ELECTRICAL POWER 
STANDBY - CONTINuous WHEN NOT PULSING 
AVERAGE OVER MISSION DURATION (INCLUDING PAYOUT 

AND RETRIEVAL PERIODS) 
PEAK - "OCCASIONAL" PERIODS OF SEVERAL MINUTES 

UJ~ATIO 

i COMMANDS, VIA·ORBITER ·PAYLOAD INTERROGATOR LINK 
DISCRETE - ON - OFF - COMMANDS 
MAGNI TUDE COMMANDS - 16 BIT - SERIAL 

• DATA HANDL ING, VIA ORBITER PAYLOAD INTERROGATOR 
BILEVEL STATUS IrmlCATORS 
HOUSEKEEP.ING ANALOG STATUS CHANNELS - 8 BIT 
MAIN FRAME EXPERIMENT DATA RATE 
(10 KM TETHER LENGTH-6 DB MARGIN) 

21 ... 5 
" 

FBO-tO 

-,.,. " .... -. 

15 WATTS 

25 WATTS 

200 WATTS 

32 (ASSUMED) 
8 

32 
32 
·30 KBPS 
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I 

,~,"~.ID~~Eqr~l'.~PW~R REQUIREMENTS : 

AVG. LOAD 
,WAITS 

TRANSPONDER - TRANSMIT 17 
- RECE IVE 2 

DATA H & C - CENT RAL UNIT 11 
REMOTE INTERFACE UNIT 3 
ENG . INST. 3 
'(INCLUDING ATTi DETER :) 

ELECTRO DYNAMICS EXP. 25 
60 

*DURING 23 HR. MISSION CONS ISTING OF: 
2 HOUR DEPLOYMENT 

18 HOURS ON STATION AT 10 KM. 
3 HOUR RETRIEVAL 

'21-6 I 

ENERGY 
CONSUMED {WAII-HRS)* 

391 
46 

25 
69 
69 

-.5l5 
11 403 WATT HRS. (54 A.HRS . 

AT 26V.) 



• SATELLITE ATTITUDE CONTROL 
RELATIVE TO NADIR - NOMINAL "FREE" POSITION 
AZIMuTH (ABOUT ·:LOCAL VERTICAL) - SLOW ROTATION - UP TO r RPM ' 

i SATELLIT[ ATTITUDE. DETERMINATION ACCURACY - ± 5° 
. RE VEL - VECTOR AND EARTH COORDS 
• EXTERNAL SATELLITE FEATURES :- SMOOTH CONDUCTING SPHERE 

UIPMENT TEMPERAT.URES 
MAX. & MIN. DURING OPERATtO 
SURVIVAL. RANGE 

+io°c TO 55°C 
-20°C TO +70°C 

2"r-, ' 
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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) (S) 
SRPAlLANGMU1R PROBE 

EXPERIMENT~PECULIAR SATELLITE EQUiPMENT: 
PROBE BOOM (STOWED DIMENSIONs) 
YAW-CONTROL WHEEL 
GOLD SURFACE FINtSH 

;: iOUIPMENT ... 

DIMENSIONS 
eM (l 

Foo-IO 

WEIGHT 
KG (Las) 

16.0x16.Sx2S.4(6.3x6.Sx10.0) 6.S (lS.0) 
7.6x15 .2x20.3(3 .0x6.0xS.0) 2.3 ( S.O) 

16.0x16.Sx17.8(6.3x6.Sx7.0) 4. S (10.0) 
16.0x16.Sx17.S(6.3x6.Sx7.0) 4.S (10 .0) 
16 .. Qx16.Sx17.8(6.3x6.Sx7.0) 4.S (10.0) 

. 16.0x16.5x35.6(6.3x13.0x14.0) 18.1 (40.0) 
2.SxS.1xS.1(1.0x2.0x2. 0) 0.9 ( 2.0) 

3 DIA. (1.2 DIA.) 0.2 ( O.S) 
.3 DI A. (1.2 DIA.) 1.1 ( 2.S) 

lOll DIA'S. (3.9/0.4 DI A.) . 2.3 ( 5.0) 
-- .. - -- -- -. . . . ----'" 45.2(100.0) , 

8.9x11.2x1S.2(3.Sx4.4x6.0) 
12.7DIA.x5.1 (S .O DIAx2 .0) 

N/A 

21-9 

0.9 ( 2.0) 
2.3 ( 5.0) 
1. 6 ( 3. S) 
4.8 (10.5) 

50.0(110.S) 

" 
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I · 

WEIGHT 
SUBSYSTEM KG. LBS 

STRUCTURES AND MECBANISM 177 389 
COMMAND AND DATA HANDLING 10 221 
ELECTRICAL PO~[R 48.3 106 

, . 

ENGINEERING INSTRUMENTATION 11 . 5 
(INCLUDING AlT. DETER) 

THERMAL CONTROL 13 29 
ELECTRODYNAMICS EXPERIMENTS 

. . .... . 
57.5 127 

TOTAL 311 KG 684 LBS 

I 
NOTE : ALL WEIGHT ESTIMATES INCLUDE 15% CONTINGENCY I I 

I 

I 
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INSUbAJ;eD~tET~&.R~P.ROPEATfES· 
I! .'t.' . ... 

EXPERIMENT REQUIREMENT 
TETHER LENGTH - Kf 
LEAKAGE RESISTANCE-OHMlMTR-MAX . 
CONDUCTOR RES ISTANCE-OHrllMTR-MAX. 

PROBABLE TETHER CONFIGURATION 
CENTER CONDUCTOR MATERIAL 

CENTER CONDUCTOR DIAMETER-I II I. 
CONDUCTOR COATING .002"- .00l," TH. 
OUTER "INSULATION" (STRUCTURAL) 

RESISTIVITY OF OUTER INSULATION OHM-CM 
REQU IRED OVERALL TETHER DIAMETER 

REEL CAPACITY - REQ'D TETHER DIA. 

21-11 

VERI FICATION 
MISSION 

10-20 
1013 
0.2 

Cu 
0 

0.3 

PYRALENE 
KEVLARI 

FIBERGLASS 
1016 

1. 45MM. 

140 KM 

FaO-tO 

100 
1013 

0.02 

Cu 

1.1 
PYRALENE 
BOROSILICATE 

FIBERGLASS(?) 
1016 ..: 101 

(\J 3MM. 

tV 5'0 KM(?) 



..... . ~~~ .. ; .... 

CENTER CONDUCTOR ... 
tu - 0,3 MM DIA. 

STRUCTU~'L TETHER & , 
OUTSIDE INsULATOR i.s " 
DiA. kEVLAR OR FiBERGLASS 
1015-1016 pHM-cMi 

21-12 
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FBO-IO 

• ANALYZE/DEVELoP INSULATED TETHER WI TH LEAKAGE) CONDUCTIVITY) AND HIGH VOLTAGE BREAKDOWN RESISTANCE IN ACCORDANCE WITH REQUIREMENTS,' TETHER TO BE INSULATED FOR 'PLOWER- 10 KM. "UPPER" 90 KM TO BE NON-CONDUCTING MATERIAL. 

• PROVIDE ELECTRICAL CONTACT AT ORBITER AND AT SATELLITE TETHER TERM INATIONS FOR CONNECTION TO EXPERIMENT EQU IPMENT . 

• PROVIDE MECHANICAL) ELECTRICAL) AND THERMAL INTERFACE ACCOMMODATION ON DEPlOYER FOR DEPLOYER-MOUNTED EXPERIMENT EQUIPMENT. 

• INCREASE SATELLITE BATTERY COMPLIMENT TO FOUR PACKS (80 AMP-HOURS) , 
• PROVIDE S~~LL YAW REACTION WHEEL FOR INTRODUCING SLOW YAW ROTATION RATE INTO SATELLITE . 

• PRov iDE SATELLITE MOUIHING FOR INSULATED) ELECTROSTATIC BOOM (SUPPLIED BY EXPERIMENTER). 

21-15 
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·~·m!.C:f"G)·"·~NAMIOS··~:G~~I!A'IMENT{;f AOOOMMODATlbN~ !. ;tUb\1 ~~StjLTS' . . .~ .! . 

• TETHER CONTRUCTIONJ WITH LOWER SECTION INSULATED AND CONDUCTING~ IS FEASIBLE 
US1NG ESTABLISHED BRAIDING TECHNIQUES. 

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

• BOTH "UPWARD" AND I'DOWNWARD'; DEPLOYMENTS ARE REQUiRED~ WHICH WOULD SHORTEN 
THE AVAILABLE ON:"STATION FLIGHT TIME AVAILABLE FOR BASELINE VERIFICATIO 
TESTING. 
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ORBITAL iNCLINATION 

ORBITAL ALTITUDE OF -
RELEASE 

Fl IGHT SCHEDULE· 

. . 

CHEMICAL RELEASE -
SEQUENCE 

22-3 

FOO-tO 

30° . OK FOR LIMITED EXPERIMENTS USING 
LOW LAT. OBS. SITES 

70° REQUI RED FOR MEAS. OF GLOBAL WIND 
PATTERN OR PERTURBATION OF AURORAL 
CURRENT SYSTE 

12.0 TO 200 KM 

PROBABLE RESTRICTIONS ON TIME OF DAY 
TIME OF YEAR~ METEROLOGICAL CONDITIONS , . 
AND PROXIMITY OF EARTH OBSERVATION SITES. 
INDEPENDENT TRAILS - 10 EA. OF 1 MIN DURATION 
TYPICAL MISSION DURATION 6 DAYS (144 HRS) 
SINGLE BURST - GASEOUS RELEASE - AS MUCH ~~SS 
AS POSSIBLE' - 400 KG DESIRED. 

~ .. , 
.. ' 
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,-_. 

, MISSION Cor1MUNICATIONS - NEAR REAL TIME TO ORBITER, 
FROM POCC - DURING SATELL ITE (VIA ORBITER), AND 
EXPERI f"ENT EXECUTION GROUND BASED OBSERVATION SITES. 

PALLET/ORBITER-MOUNTED - VERIFICATION FLIGHT "QUALITATIVE" 
EQUIPMENT (EXPERIMENT OBSERVATIOn. 
PECULIAR) - FOLLOW-ON MISSIONS; POSSIBLE USE 

OF OPT ICAL SIGHTING EQU IPMEN" 
PHOTOMETER/CAMERA. 

RELEASE (EXPULSION) LOCATION - - LINE OF SIGHT FROM GROUND~BASED 
POINT RELEASE MISSIONS OBSERVATI ON LOCATIONS: ARECIBO, 

CHATENIKA, EISCAT FACILITY, ETC. 
I 

I " EXPULS ION LOCATION PREDICTION - PLANAR - 5 KM I 

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

22-4 
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SUBSYSTEM 
STRUCTURES ( INCL. RADOME) & MECHS. 
COMMAND & DATA HANDLING (INCL. CORN. REFL.) 
ATTI TUDE CONTROL & DETERMINATION 
ELECTRICAL POWER 
THERMAL CONTROL 
PAYLOAD (SCIENCE) 

TOTALS 

THERrlITE CR 
WEIGHT (KG) 

180,0 
34.0 
3.5 

48.3 
37.8 

242.0 

545.6 

rmTE: ALL WEIGHT ESTIMATES INCLUDE 15% CONTINGENCY 

22-7 ' 

~ .... _.:WI 

_ ... i. 

FBO-lO 

GAS CR 

180.0 
34 .0 
3.5 

48.3 
37.8 

138.0 

441.6 



RELEASED ~~TERIAL 

. RELEASE (EXPULSION) METHOD 

NUMBER OF RELEASES 
(PER FLIGHT) 

MASS EXPENDED PER RELEASE 
(INCLUDING REACTION 

MATERIAL) 

DURA T I ON OF RELEASE 

EXPULSION ALTITUDE 

" I 

fBO-10 
, - ; C' . 

~StUDY , RESUL T8: 
i'" \. ~ .. . ' .. \ _. ,,It. 

TSS CAPABILITY 
EXPERIMENTERS VERIFICATION FOL 

GOAL MISSION 
ALKALAI VAPOR BAR1U 
(BAJLiJCsJETC.) (TYPICAL 1-2 

KG./RELEASE) 
THERMITE OR TIJERMITE 
ELECTRO VAPORI- REACTI ON 
ZATION 

. 10 11+ 

"':' 

10 

AS FEASIBLE 10-12 KG 10-18 KG-

1 MINUTE 50 SECONDS 

110 TO 160 KM 110 TO 
160 KM 

- REQUIRES MODIFICATION OF BASIC SATELLITE EQUIPMENT SHELF 

22-8 



RELEASED MATERIAL 

EXPULS ION rfJHOD 

NUMBER OF RELEASES 
PER FLIGHT 

MSS EXPENDED 

DURATION OF RELEASE 

EXPULSION ALTITUDE 

EXPERIMENTERS 
. . . 

GOAL 
VERIFICATION 

MISSI ON 
GASES~ CHEMI- GASEOUS ARGO 
LUMINSCENT MAT'LS. (TYP ICAL) 
(TM) 

400 KG, 

<: 1 SEC 

120-160 KM 

IGNITION OF 
SHAPED CHG. 
AFTER SEPARATION 
FROM SATELLITE) 

1 

27 KG, 
(ARGON) 

< 1 SEC 

110-125 K 

... • USE OBLATE-SPHEROIDAL TANK 22-9 

!a-:-. I --.-- -- . L ... 

F80 .. 10 

FOLLOW-ON 

~ 

LINEAR 
SHAPED CHG 

1 

40 KG ,· 
300-400 KG 

" EXPENDABLE" 
SATELLITE 
< 1 SEC 

. 1 I .. 

I 
i 

I 
I 
I 

I 

/ 

i t 
I 

I 
I 
I 

! I 



• PROVIDE cANISTER MOUNTING AND RELEASE EXECUTION CIRCUITRY 

, COORDINATE SAFETY AfID OPERATIONAL PLANNING RELATED TO 
ACCO~1MODATION OF CANISTERS 

22-10 
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"tss SpAOECRAFt boNc~PtUAL DESiGN ADAPTED FOR 
ATMOspHERIC MISSION EXPERIMeNt COMPLEMENT: 

DEPLOYED 

23-1 

, , 
YAW STAB. VANE...--, 

SHll:lJiEII HAG. ExP. SENSOR- I 
STOW FlANGE 

3M STEM BooM 

r. 

t 



FaO-tO 

. TArtrf;~r1~;fKftM'OSPH~Rld 'SOleNOE t~tHt:Rr:D ' 
;' .~i:'~;' ';~lur*t' llf~! L Mf§~IONf ·tcl~bUIREMENt's 

ORBITAL ALTITUDES 
ORBI TAL INCLlNATION 

DEPLOYMENT DIRECTION 
DATA ACQU ISITION SEQUENCE 

FLIGHT SCHEDULE RESTRICTIONS 
ORB ITER BASED EXPERIMENT 

I NSTRUMENTATIO 
REAL-T IME COMMUNICATION WITH 

ORBITER FROM POCC 

23-2 

125 ~ 150 KM. 

LOW INCLINATION OK - INITIAL MISSIONS 
HIGH INCLINATION DES IRED - LATER MISSIONS 
DOWNWARD 
FULL ORBITS OF DATA DESIRED 
SEVERAL DURING 7 DAY MISSION (I NITIAL) 
15 TO 30 DURING EXTENDED MISSIONS 
NONE 

NONE 

HIGH LY DESIREABLE 

r.. 
~ 
I 
i .. 
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• PHYSICAL PROPERTIES OF EXP. WEIGHT-KG(LBS) VOLUMEJ MTR3(IN3) 
TEMP. WINDJ ATMOS' I COMPo SENSOR (TWACS) (20) (600) 
ION MASS SPECTROrfTER (IMS) (14) (650) 
RETARD ING POTENTIAL ANALYZER (RPA) (10) (370) 
ION DR IFT METER (IDM) (9) (320) 

. TOTALS (53) (1940) 

• ELECTRICAL POWER - STANDBY 0.5 WATTS 
ACTIVE 30 WATTS 

• COfttlANDS - DISCRETE 12 
SERIAL - 32 BIT-MAX 4 

• DATA RATE 8 KBPS 0 ,. 

• ATTITUDE CONTROL ACCURACY - INST. AXIS .20 :ar-
0 -0 

RE VELOCITY VECTOR c> 
l! 

• ATTITUDE DETERMINATION ACCURACY ± 0.10 ;la; 
RE VELOCITY VECTOR 

• EXTERNAL SATELLITE SURFACES >15% OF AREA CONDUCTING 

23-3 
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COMpONENT WI.KG. 

TWACS EXP. - SENSOR 5.5 
ELECTRONICS 3.6 

IDM EXP. - SENSOR 2.3 
- ELECTRONICS 1.8 

IMS EXPERIMENT 6.4 
RPA EXP. - SENSOR 2.7 

- ELECTRONICS h8 
2Q.1 KG . , . 

,(53.1 La) ' 

*LXW = MOUNTING SURFACE 

23-4 

..,. .... "r 

LXWXH* 

12x30x24 
13x19x13 

7x13x27 
14x18xll 
23x30x15 

7x14x28 
llx15x19 
.0333 MT~3 
!(2032 IN ) 

FBO-IO 

LOCATION OF 
APERTURE (SIDE) 

12x24 

7x27 

15x23 
7x28 

I , 
I 
I 
I' 

-- .... . ',- ... - -: -~-- ~ 



ATTITUDl: CONtRoL & OEil:RMINATioN SUBSYSTEM 
. ELBMeNts A tMOSPHERIO MlsslO ~ . . . . . . . . 

ooMlllE 

'SOLAR ATtITUDE SENsO~ (4 AT 90~) 

GYRO PAtl<AGE 

ATTITUDE SENSOR El£CTRotHcS, 
/ 

r 
" 

I 
/ 

VAW !lTAItLlZER VAN 

I 

I 
I 
I 

I 

! 
I 

I 

{ ' /- ,j.J 

/ 
/ 

/ . 

/' 

PITCH/ROll ATTITUDE nAHPER 

23-5 

~UPPlEMEtfTARY ' 
BATTERY 
(20 A-HRS ) 

BOOt-1 DEPlOYER (WITH 
YAw-HINGE -' DAMPER) ' 

F80pl0 i .. 



• PROVIDE APERTURES ON FRONT SIDE OF SATELLITE FOR EQUIPMENT 
SENSORS 

• INCREASE BATTERY CO~1PLIMENT TO ~ IVE PACKS (100 AHP-HOURS) · 

• PROVIDE YAW GYRO TO SENSE POSITION TO WITHIN 0.10 

• PROVIDE HEMISPHERICAL SOLAR SENSORS TO PROVIDE PERIODIC 
CALIBRATION OF YAW POSITION TO 0.10 

• PROVI DE INSTALLATION FOR LANGMIUR PROBE BOOM (SUPPLIED BY 
EXPERIMENTER) 

23-6 
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F80~10 
-_. .. . ..... ... .. _. ..' .. . -" .. -. ~.... -

A;tMca:".~Jft(r 1:')(pERJ_f~'1AOOOMMobATION -
.' ,§fUbY FlESUL T8', 

• SET OF FOUR EXPERIMENTS (TEMPERATURE~ WIND AND COMPOSITION SENSOR~ ION DENSITY 
METER~ ION 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 ±O','lo ATTITUDE DETERMINATION 
- TWO ADDITIONAL BATTERY PACKS TO INCREASE STORED ENERGY CAPACITY TO 100 AMP, HRS. 

• BASELINE DATA CAPACITY OF 8 ·KBPS MEETS EXPERIMENTERS REQUIREMENTS, DATA RATE COULD 
BE DOUBLED BY INCREASING TRANSMITTER POWER OR USE OF DIRECTIONAL ANTENNAS AS 
DESCRIBED IN COST OPTIMIZATION STUDIESi 

23-7 
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i 

PRIMARY SAT SECOND SAT #1 SECOND SAT #2 ! :. 
I I: . . , ,.. . 

WEIGHT (KG) SUBSYSTEM WEIGHT (KG) WEIGHT (KG) I !. 
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 7.3 7.3 

SUB TOTALS 337.7 49.3 49.3 

TOTAL 387.0 

NOTE: ALL WE IGHT ESTIMATES INCLUDE -15% CONTINGENCY 

C24-S-' 



yL tlPLE -~t1~~,~I>r~ttW~~~~!,~·~~~~L!.,~~IONS· 

• IN CONCEPTi DEPLOYMENT OF MULTIPLE SATELLITES SPACED ALONG 
TETHER ApPEARS FEASIBLE 

• ALTERNATE METHOD FOR DETERMINING SATELLITE POSITIONS WOULD BE 
REQUI RED SINCE BASELINE RETRODIRECTIVE RADAR REFLECTOR COULD 
NOT BE ACCOMMO~ATED 

• QUANTITY OF DEPLOYflfNT OPERATIONS IS SUBSTANTIALLY INCREASED 
OVER T"AT OF THE BASELINE SYST 

• COST AND' COMPLEXITY PROBABLY ' flOT COMPAT IBLE WITH CONSTRAINTS 
AND PURPOSES OF VERIFICATION MISSIO 

24-6 
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i DATA HANDLING - SAMPLING INTERVAL--MIN 

- PREC ISION (BITS) 

- DYNAMIC RANGE 

- HOUSEKEEPING--ANALOG CH. 
--SAMPLING INTERVAL 

- BINARY STATUS INDI CATORS 

• COMMANDS - DISCRETE 

- DI GITAL 

- STORED 

25-1 

FaO-lO 

0.1 SEC 

8 

218 (262}000) 

20 
15 SEC 

16 

16 

4 
00 ;"IIi! 

~~ 
0,. 
::0,-
0"'0 
C:Jso 
l:t9 r- .... 
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FaO- lO 

~~~(bbtlti dl: 

• EXPERIMENT VOLUME--INTERNALLY-MOUNTED COMPONENTS 
• WE IGHTI TOTAL--MAX . 
• POWER1 AT 28v MAX. 
• ATT ITUDE--REL. TO VEL. VECTOR 

--CONTROL ACCURACY 
--READOUT ACCURACY 
--DRIFT (SLEW RATE) -,YAW 

- PITCH &' ROLL 

• SATELLITE POSlTION DETERMINATION 
--EARTH COORDINATES 

25-2 

.-..... -

0.1 MTR3 

15 KG 

15 WATTS 

±ZO° 

NO REQUIREMENT 

±'2° 

fBD 

1°/SEC 

loo/SEC 

, 
I' 
i 
I 
i 

I, 

I . 



. . . , 
" . 

: 

.. 

• TSS OPERATioNS - POSITION RELATIVE TO ORBITER 

RANGE - DERIVED APPROXIMATELY FROM TETHER' LENGTH 
ACCURACY FOR R > 10 KMJ SMALLER OF EITHER + 1 

FOR R < 1 KM - TBD 
ANGULAR POSIT ION RELATIVE TO NADIR - ± 2° 

j MAGNETOMETER EXPERIMENT - ABSOLUTE ACCURACY RE EARTH 
COORDINATES - IBD 

OR 2%. 

- SPECTRAL DENSITY OF "SHORT TERM" 
RELATI VE POSITION MEASUREMENTS TO 
BE LESS THAN THAT OF MAGNETOMETER 
NOISE WITHIN BANDWIDTH OF DATA OF 
INTEREST ( ~ 003 TO 0.2 Hz) 

• OTHER EXPERIMENTS - POS ITION ACCURACY REQUIREMENTS TBD 

25-3 
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FSO-10 

SUBSYSTEf1 WEIGHT (KG) 

STRUCTURES AND MECHANISMS 185.5 

COMMAND AND DATA HANDL ING 23.0 

ATT ITUDE CONTROL AND DETERMINATION 3.5 
. , 

ELECTRICAL POWER 48.3 

ENGINEERING INSTRUMENT PACKAGE 9.6 

THERMAL CONTROL 37.8 

PAYLOAD EXPERIMENTS (SCIENCE) ' 1.2 

TOTAL 308 .9 

NOTE: ALL WEIGHT ESTIMATES INCLUDE 15% CONTINGENCY 

25-5 
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FBO-10 

AOOOMl~,Q~~1:ION , IM~lct ~'~:~,MAtaNlltOM~TER eXPE>..-' ... I~~ .I~"~' "J I' , 

• PROVIDE ADAPTOR FOR MOUNTING MAGNETOMETER SEr~SOR ON SATELLITE 
STABILIZATION BOO 

• ASSURE MAGNET'IC CLEANLINESS OF SATELLITE IS SUFF ICIENT FOR 
PROPER PERFORMANCE OF EXPERIMENT 

25-6 
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-_.. .... ~. 

,. · A;·eNI510lA!·TtaR ~;ax~s1flMEN1)fAOOOMMoDATION -
St 'UDV FlESUL Ttl 

• THE ACCOMMODATION IMPACTS ON SATELLITE ARE RELATI VELY MINOR · FOR OPERATION OF 
MAGNETOMETER I N nSCALE~1t flOD£ 

LOW POWER CONSUMPTIO 
- SENSOR MOUNTED ON EXISTING BOOM 

SMALL PACKAGES 

• SATELLI TE ATTITUDE CAN BE DETERMINED TO WITHIN fOlIO BY ADDITION OF 3-AXIS RATE 
INTEGRATING GYRO PACKAGE I AND SOLAR SENSORS 

• EXPERIMENTER MUST PERFORM SUBSTANTIAL DATA REDUCTION TO CORRELATE RAW SATELLITE 
POSITION AND ATTITUDE DATAl AND REDUCE DATA FROM EXPERIMENT INSTRUMENT 

25-7 
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FaO-lO 

ExPER I MEfH COMPLEMENT CONS I STS OF: 
• MAGNETOMETER (MAG) 
• TEr'1PERATUREJ WINDJ AND COMPOSITION SENSOR (TWACS) 
• ION MASS SPECTROMETER (IMS) 
• RETARDING POTENTIAL ANALYZER (RPA) 
• ION DRIFT METER (IDM) 

IMPACTS: 
• PROVIDE ALL FEATURES ENUMERATED AS PECULIAR TO ACCOMMODATION 

OF "MAGNETOMETER" AND "ATMOSPHERIC" EXPERIMENT COMPLEMENTS 
• INCREASE BATTERY COMPLEr~NT TO FIVEJ 20 AMP-HOUR PACKS (100 

AMP-HOUR TOTAL AT 28V) 

26-1 
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GENERA~ 'i~.AR~ANGEMENt ~ ADAPtED FOR 
'80-10 

. . ';' EXf»ERIMeNt' 
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STRUCTURE AND MECHANISMS 
(INCLUDING RADOME) 

ELECTRICAL POWER AND DISTRI BUTION 
(INCLUDING 120 A-HR BATTERY) 

THERMAL CONTROl 
ATTITUDE CONTRL AND STABILIZATION 
COMMAND AND DATA HANDLING AND 

POSITION DETERMINATION <INCL.· 
RETRO REFLECTOR) 

ENGINEERING INSTRUMENTATION 
EXPERIMENT PAYLOAD 

MAGNETOMETER 3 
TEMPERATURE~ WIND AND COMPOSITION SENSORS 20 ION DENSlTY METER . 9 
ION MASS SPECTROMETER 14 
RETARDING POTENTIAL ANALYZER 10 

-, 

15% CONTINGENCV 
TOTAL 

26-3 

EI GHT 
LBS 

276 

174 
51 
13 

64 
24 
56 

·659 

KG 

125 

79 

23 

6 

29 
11 . 

26 

299 
4!l 

344 

FBO-lO 

MISSIO:N' 

0-0 
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~ 
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SA tl:LLltl: MOMeNts OF' <INERTIA ·COMBINA TION-· 
SF1IFloA tION) Mis . . .. 

AI AxlS (i-Z) 

( +X) 

PITCH AXIS 

HOfoENTS OF INERTIA U\lhMTR2) 

PITCH ROll VAl • ABOUT BODY PRINct:PAL AXES 
MAIN BODY 42 42 53 
BOOM 4: VANE 27 .5 27 

i i ABoUT TETHER ATTACH POINT 
.~IN BODY 125 125 53 

OOH 4: VANE 30 6 27 

TOTAL SATEllITE 155 131 80 

26-4 
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. ELEet~IOAL_ ·POWER .BUOGEt ~. 
~'~t~:#~~!i'iif'::;"-JiMl\~ii RIFlbAtlbN 'FLIG'-

X-PONDER-(2.SW ,R.F.) 
STACC R/U 
STACC C/U 
TM DI ST. UNIT 
ACCELLEROMETERS 
PWR. DIST.&CONTL. 
GYRO PACKAGE 
SOLAR SENSORS 
TEMP INSTRMT'TIO 
EXPERI MENT PAYLOAD 

STAND-BY OP,PWR 
PWR-WTS WAITS 

1.1 
0.9 

- 1 

.5 

24 
1.1 

10.9 
1 

1 

1 
20 
1 

2 

3 

TOTAL ENERGY REQ' D: WATT -HRS· 
Af\1P-HRS AT 28V 

HR. PERIOD 
DEPLOYMENT RETRIEVAL 

ENERGV-W-HRS. 
80% SIBY 20% OPt 

19 .2 57.6 
10,6 
8.6 

9.6 

y 
38 

2.6 
26.2 
2.4 
2.4 
2.4 

2.4 
4.8 

L1 
100 .8 

AVAILABLE FROM 100 A-HR BATTERY (5 20A~HR STRINGS) 90% bOD 
ENERGY MARGI 

26-5 

552 
25.3 

250 , 
23 
23 
23 

460 
23 
46 

--BO.5. 
2185 

324 
83 · 
9.Q 

+ 7 AMP­
HRS . 

t r 

i ,. 
I 

---~I 

!c",:""E _*,,,~ ~ .~_~~ :...o.o--- --_- ~ .. -fl 'r~1b-" rn:: .... ~uti-:· : '1.&.-,.,.=-""", ne:=:=e:~_l1fti"7r?t ·-e....;, t=:n"t-r··"·§ "' ''r· t'--'-..,,;r rl'tt .. .. .., .. ie:,~ .. ~ - ,....·r~~~ 



I 

-c 

FaO-l O 

. SMAll ANdlE SATELLItE PENbULA TION & OSOILLATION-PERIODS. 
VA W FREQ. eASED oN 1 MTR VANE EXPOSURE (AIR DENS 

AOCHIA 71 MODEL 80-8 1 SOLAR MAX) 

i » » , » 2.0 100 I , 

\ 

lao 
\., 

;;,-
\r· 

.... \3 ~ 
5 60 

§ 
S 40 . 

1.5 ~ 
;: 

§ 
1.0 ~ .... 

M 
I 
a 

~ ... 
:I :zo ~'lft~ Axis " ........ 

ii 
~ 

L-------~------~--------~------~------~'O 
120 160 no 

100 90 80 10 60 50 
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