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Figure 4-1. Payload zelease using a half-period sinusoid: three
mass point model. Amplitule (length of tether reeled in during
maneuver) = 933 moters, peri;)d = 104.7 seconds, release time = 141.8
seconds from start of manecver. (a) Tension between mass points vs.
time (b) radial vs. in-plare configuration: mass point spacing 1.5 km

to show motions. h

Figure 4-2. Payload release using a half-period co-sinusoid:
: five mass point model, Amplitude = 533 neicrs. period = 209 seconds,
. release time = 230 seconds, reeling maneuver stop = 104.7 seconds,
{(a) Tension between mass po;‘.nts vs, time (b) radial vs. in-plane

1 behavior: mass point spaciz-'xg 2 km to show motions.

Figure 4-3. Payload release using a full-period co-sinusoid five
rmass model. Amplitnde—= 454 meters, period = 139 seconds, release
ttime = 159 seconds from start of maneuver. (a) Tension between mass
pooints vs, time (b) radiel VS, in-plane behavior: mass point spacing

2. km to show motions.

Figure 4-4. Payload release using a full-period co-sinusoid:
t:zen mass point model. All pa:mefers of run and figure same as Figure

4--3 (a) tension vs, time, (b) radial vs. in-plane behavior.

Figure 4-5. Payload release using a full period co-sinusoid:
txen mass point model with 3 rm diameter kelvar tether replacing 2 mm
dz.iapeter tether used in previous x'u;xs. Other parameters same as
Fiigure 4-3 and 4-4. Tension vs. time, (b) radial vs., in-plane

besehavior .
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1.0 Iatz Jootion

SAO studied a varioty of tether dynsmic and eilectrodynsmic issues
under this contract, NAS8-33691, beginning in Septeember 1979. This
vork is the foundation upon which present and futurre tether dynsmics
studies rest., Results are detailod in the followiang reports:

*The Skyhook Program: A Software P‘ckn.o for a

Tethored Satellite System, Including Electrodyrvnamic

Interactions” (May 1980 - Reprinted October -

1982 as Special Projeots Group Technical Roporcrt

TP80-01).

"Iavestigation of Electrodynamic Stabilizatioma )

and Control of Long Orbiting Tethers"” (March

1981).

“The Use of Tethers for Payload Ogbital
Transfer” (Maxch 1982).

"Study of Certain Tether Safety Issues® .
(March 1982).

#Study of Tethered Satellite Active
Attitude Control (October 1982).

This work was performed under Dr, Ginsc;pp Colombo, . Principal
Investigator, MNr., David A, Arnold was Chief Anslys:zt and
Co-Investigator. Dr. Mario D. Grossi, Radiophysiciist, was also a
Co-Investigator and contributed to the electfodynnn:ic studies. The
“lOso of Tethers for Payload Orbital Transfer” inclu=ded work st the
Massachusetts Institute of Technology (MIT), uander Dr. Manuel

MNMartinez- Sanchez, Co-Investigator.

The present report covers work at SAO and MIT during the period 1
September 1982 through 28 February 1983 regarding «:.at SAO) reel motor
contributions to tether system total enmergy during -payload retrieval
and the development of control laws for stable relecase of tether

deployed massive payloads and (at MIT) space-based tethers for orbital




Page 7

[PIEES

transfcr and satollite sorvioing. Dr. Martinosz-Sanchez headed the:
offort at MIT., The work was mansgped by Richard S. Taylor at SAO. The
suthors of this report are Mr, Davvid A, Arncld, Dr. Namuel

Martinez~Sanchez, and Mg, Richard S. Taylor.
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2.0 Scemary of Study, Concln;ionu. and Reoommendations

Sezpezy

This section p:esents: on the following pages, highlights of the study in the three
sreas of research undertaken,

1) The effect of reeling operations on the orbital altitude of the tether
system.

2) The development of control laws to minimize tether rebound upon payload
release.

-
3) 1The use of the tether for LEO/GEO payload orbital transfer.
Details of the study are given in the succeeding sections of the report and in
the Appendix.
Conclusiong

As a8 result of this work, we conclude that:

1) Reeling operations can contribute a significant amount of energy to the orbit
of the system and should be considered in orbit calculations and predictions.

2) Deployment of payloads, even very large payloads, using tethers is a
practical and filly stable operation.

3) Tether augmented LEO/GEQ transfer operations yield useful payload gains under
the practical constraint of fixed size OTV's.

4) Orbit-to-Orbit satellite retrieval limited by useful revlst times to orbital
inclinations of less ‘than forty-five degrees.:

Recommendations

Further evaluation of the payload orbital transfer concept demonstrated as feasible
in this study will lead to ;"fnll understanding of the capabilities of the appioach.
It is necessary to considét‘the practical limitations imposed by reasonable tether
lengths and masses, to determine the capabilities and requirements of the release end
teleoperator, and to determine its efficiency in comparison to OTV techaniques,
y;:ticnlatly it achieving p;yload orbit circularization from an elliptical Shuttle
orbit. Payload gains to GEO have been demonstrated in this study. It is reasonpable

to cxpect similar gains in lower Earth orbit operations.
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EFFECT OF ﬁg:me OPERATION OF POOR QUALITY
ORBITAL ALTITUDE

- OF THE TETHER SYSTEM

*STUDIED RETRIEVAL USING TWO EQUAL MASSES AND
A MASSLESS TETHER.

*REEL MOTOR ENERGY CONTRIBUTION ADDS TO SYSTEM
- FNERGY. ‘

*POST-RETRIEVAL SYSTEM ALTITUDE ALWAYS IS GREATER
THAN INITIAL CENTER-OF-MASS ALTITUDE.

*POST-RETRIEVAL SYSTEM ALTITUDE CAN BE GREATER
THAN INITIAL UPPER MASS ALTITUDE IN THIS IDEALIZED
CASE., |
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\

to schedule maintenance such that each satellite is retrieved, serviced

\

and returned to the next longitude, where the next satellite is now picked

up for service.

(b) Alternatively, the teleoperator could be upgraded to a repair
station, possibly manned, and the servicing operations could be all performed
while the satellite is ccnnectedpto the tether, but at its own altitude.
This would have the effect of saving one full up-down tether cycle (with
the associated savirgs in energy and system wear), and would materially
reduce the time to satellite redeployment. The change in orientation of the
line of nodes may then be only a few degrees, and may be tolerable for most

systems.
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