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ABSTRACT

Adaptive or intelligent structures which have the capability for sensing and responding
their environment promise a novel approach to satisfying the stringent performance requireme
of future space missions. Sensors and actuators in combination with composite materials affo
lightweight structures external stimuli to control shape, properties, and dynamic responses of t
structure. The main objective of this research is first to design, fabricate, and test precision join
for a modified Stewart platform as an intelligent space structure to be used for the thruster vec
control application in spacecraft; and then integrate active composite struts and panels into t§
modified Stewart platform and test the joints functionality for the required top device-plate
degrees of freedom. The modified Stewart platform is designed with vibration suppression
precision positioning capabilities with applications as optical bench or a thruster vector con
mount for spacecraft. Therefore, the precision joints should be designed and fabricated such th
the overall platform precision functionality and performance is not compromised while yieldix
a two-degree of freedom for the top device-plate for this application.

INTRODUCTION

The emerging science of adaptive smart/intelligent materials and systems is expected to lead
radically new and novel structures that will have capabilities for sensing, actuating, informatig
processing, and feedback/feedforward capabilities yields a total intelligent system wi
optimized properties, sensing, response, and performance. Space mission payoffs in the use
intelligent structures might include improvement in mission accuracy, equipment redundancy
versatility, maneuverability, reliability, survivability and orbit lifetime.

Active structures technology is being developed to produce high performance structu
that make use of active structural members or active struts and panels to control the elast
motion of the structure at the submicron level. Since the precision positioning requirements fg
active structures are on the order of microns, little to no vibration due to maneuvering of tj
spacecraft can be tolerated. As a result, it is desirable for the active struts and panels to possg
active vibration suppression capabilities to a) avoid any inaccuracy and malfunctioning of t
device due to the external noises (i.e., sources of vibration), and b) contribute to the overa
vibration suppression of the entire structural system. Active control systems that rely
piezoelectric materials are effective in controlling the vibrations of structural elements such
beams, rods, struts. Many of the proposed designs for large flexible space structures are tru




type structures. One obvious approach to designing an adaptive structure is to replace certain
passive members of the truss structure with active members or extensible links as well as
appropriate joints. The active members or struts can function as load carrying members as well
as actuator/sensor pairs to provide vibration suppression and precision positioning.

Active struts have mainly been used for vibration suppression to maintain precision
positioning rather than a direct precision positioning function. Dr. Nejhad and his former
students developed models of Active Composite Struts (ACS) and Active Composite Panels
(ACP) with vibration suppression and precision positioning to be integrated into a Modified
Stewart Platform (MSP) for the thruster vector control application of spacecraft. To limit the
MSP top plate to two in-plane rotational degrees of freedom, the MSP central ball joint and its
support housing are replaced with a universal joint and its housing. The top and bottom joints
for the struts connections should accordingly be modified to allow for the MSP top plate two in-
plane rotational degrees of freedom, in the future.

METHOD

The method used for this research was the design process. The design process consists of
6 steps:

—

Problem Identification —~ needs, effects, causes, data, background economics
2. Preliminary Ideas — brainstorming, sketches/notes

3. Problem Refinement ~ shapes/forms, angles/lengths, weight/volumes, proper
scale drawings

Analysis - science, engineering, graphics, logic, experience

Decision — evaluating the alternatives against the objectives/constraints and
selecting the best design or design features

6. Implementation — details, specifications, working drawings communication

w

Implementing these 6 steps into my research, the best precision joint designs were chosen,
fabricated, and tested.

RESULTS

Initially, the objective for this research was to design, fabricate, and test precision joints
for bottom and top joint locations of active composite struts to be integrated in a new Modified
Stewart Platform with active composite panel models for precision positioning and vibration
suppression applications. The joints would be designed and fabricated in such a way to maintain
the precision of the platform in the order of microns and provide only two in-plane rotational
degrees of freedom for the top device-plate, while all the translational degrees of freedom are
constrained. To achieve these desired degrees of freedom, the current bottom and top joints
would need to be re-designed or modified in such a way to constrain any unwanted degrees of
freedom. However, one idea during the brainstorming was that perhaps it might be easier to
change or modify the spherical ball joint on which the top device plate pivots (see Figure 1), and
hence achieving the primary goals. The top and bottom strut joints can then be modified to
achieve all objectives.
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Figure 1: The spherical ball joint initially used as the top plate pivoting joint

Focusing on the top plate pivoting joint, a universal joint was selected as the best de
to replace the spherical ball joint. To change the joint, new adapters needed to be fabrc
Therefore, CAD drawings were drawn (see Figure 2), and sent to the College of Engine:
Machinist, Mr. Ben Respicio for machining. Basically, the adapters are very similar to -
were initially used. The only difference is that instead of having the joint being threaded
screwed into the adapters, the universal joint are held in place using set screws (see Figure 3)
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Figure 2: Shop drawings for the new universal joint adapters. The drawing on the far right is
shop drawing of the universal joint.
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