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Recently a technical workshop was held at the Johnson Space Center to examine
issues related to the structural dynamics and control of the Solar Power Satel-
lite (SPS), a concept which holds promise for meeting a portion of the energy
needs of the United States beyond the year 2000. The panel members, listed in
Figure I, represent some of the nation's leading experts in controls, structur-
al dynamics, structures and materials. As listed in Figure 2, the objectives
of the workshop were for this panel to: I) assess and critique the assumptions,
methodologies and conclusions of existing SPS studies in the areas of structural
dynamics and control (with structural design and materials also being consider-
ed) and 2) identify critical issues in these areas and make recommendations for
future work. Within the time and resources available it was not possible to
provide the panel with a comprehensive review of the overall SPS system char-
acteristics or to penetrate into the intersystem design issuesand tradeoffs.
In fact the workshop was only able to highlight the activities in structures,
control and materials. In spite of these limitations the panel has afforded an
excellent review and developed a valid perception as to the status of the SPS
work in their areas of expertise. This paper is based on preliminary inputs
from the panel members. The official panel findings are expressed in the
panel's final report.

Comments and recommendations given include six categories as briefly addressed
in:

Figure 3. Modeling/Dynamic Analysis of the Uncontrolled System
Figure 4. Structural Design
Figure 5. Control System Analysis/Design
Figure 6. Construction in Space
Figure 7. Structural Materials
Figure 8. Experiments

A seventh category, manned safety, was pointed out by the panel as an important
factor to all aspects of system design, construction, maintenance and operation.

After considering each of these areas, the panel would like to have stated with
some confidence that all of the problem areas had been brought to light and
shown to be resolvable. In fact, they are generally optimistic that if suffic-
ient resources are devoted to this effort, the same kind of technical know-how
that has served us in the past will find ways to meet the challenges presented
by the SPS. At the present time, however, such optimism would be based more on
wishes and past success than on hard evidence. The work to date has simply not
gone far enough or looked deep enough to provide real confidence in the ultimate
viability of the SPS. A substantial amount of work must be done in areas like
modeling, developing techniques for the active control of uncertain systems, and
studying the long term physical properties of composites before this confidence
will be warranted. Meanwhile, optimism must be balanced by a certain amount of
caution combined with the determination to develop the tools and knowledge
necessary to see if this much needed dream can be turned into reality.

Since the SPS system cannot be tested in the terrestrial environment, many types
of experimental verification techniques possible for more conventional engineer-
ing projects are ruled out. Thus, the successful design, development and con-
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struction of the SPS will rely to an unusually high degree on modeling and

dynamic analysis. The panel feels that substantial further work is required
in'the areas of modeling the system components and environment. These models

are required to study the uncontrolled behavior of the spacecraft and to pro-

vide a basis for the control system design, development, and evaluation. It

may be necessary to predict reliably hundreds or thousands of structural fre-

quencies, mode shapes and damping ratios. Currently modeling procedures for

structural dynamics are not so clearly established as to be able to estimate

the reliability of a particular eigenvalue and eigenvector. Environmental

disturbances and control hardware must also be modeled to assess system be-

havior and for suitable control system design.

Current SPS structural designs utilize forms which basically derive from 19th

century bridge-building technology (not necessarily bad). As the overall con-

cept evolves, as communication is developed between structures, materials and

control specialists, and as an understanding of construction in space is de-

veloped, it is anticipated that more advanced concepts which exploit the

potential of the nearly benign environment will emerge.

To approach this evolution, however, the panel felt that the controls problem

had received disproportionately little attention. This included: recognition

of modeling limitations as a key issue, tradeoffs among active surface control,
tradeoffs between the bounds of structure and control, tradeoffs between elec-

tronic phasing and active figure control, analyses which penetrate to adequate

depth for specific controls hardware considerations, and means to accomplish

verification of the controlled system design. The controls problem for construc-

tion is compounded by the additional parameters of transient geometry and per-
formance requirements.

A feature of the SPS which sets it apart from all spacecraft launched to date

is the fact that it must be constructed automatically in space. Our lack of
experience with systems of this type merits careful consideration of this

feature. The construction phase may in fact be critical in terms of establish-

ing structural and control system design requirements.

The panel felt that much additional work was required to provide a confidence
level necessary for the selection of graphite composite as the SPS structural

material. There are a number of design/structure/material tradeoff studies

which should be performed. The basic question of the long term stability of
materials and coatings in the space environment is crucial.

As outlined in Figure 8, the nature of the SPS is such that the design and proof

of feasibility will rest primarily on a foundation of analysis. However, experi-

ments are needed to verify the results of analysis insofar as possible. These

experiments should be directed toward verification of modeling techniques, valid-

ation of control policies, and determination of material properties.

% ..'.

1

'c.

'T'i

!C "•L.

"iT, :

"7 "

5.11-l

C j :.

"-7"

'5" /

_, ...

" E_.Z

,-_ J,

_ - .
F- i-

• ...1

190



i

,/ f_ ;

_LL_"

• ",, "

? "

" ). "

191



OF PO_-i_, _,u,,-,,,

8

|

+ I
!+ i

'! +: a

,+

*.+/ .

%" +

+!+-:+
!++..;?

2.+,:
+ ++

+,-+s

¢

+

2-

.;%

,2.'

L.I+:

-.e..

..

," ,

192


