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1.0 BACKGROUND

Models of flexible spacecraft have traditionally been an

assembly of rigid bodies one of which has been identified as

a central body that contains all sensors and actuators. As

the overall size of spacecraft space platforms increases,

central body control will no longer be adequate for meeting

specified performance levels. The overall goal of this

project is to develop and implement new models with advanced

attitude	 controls	 which	 can	 meet	 the	 performance

specifications of the future.

Under Exhibit B of this contract, the following tasks were

accomplished:

1. Development of a dynamically equivalent four body

approximation of the NASTRAN finite element model

supplied for the MSFC/hybrid deployable truss to support

the digital computer simulation of the ten body model of

the flexible space platform that incorporates the four

body truss model.

2. Generation of coefficients for sensitivity of state

variables of the linearized model of the three axes

rotational dynamics of the prototype flexible spacecraft

with respect to the model's parameters.

3. Evaluation of software changes required to accomodate

addition of another rigid body to the five body model of

the rotational dynamics of the prototype flexible

spacecraft.
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4. Comparison of effectiveness of attitude control for

actuators on two bodies of the six body model of the

prototype flexible space platform with that for actuators

restricted to one body of the same model.

The models and procedures utilized and the results obtained

aere presented in the Exhibit B final report of March 18,

1983 (1) .

Additional study effort concerning control with incomplete

state feedback was not included in the above cited report

because discussions between Marshall Space Flight Center and

Bendix technical representatives prior to and following the

oral presentation of the report resulted in the delineation

of a new direction to be pursued in this aspect of the study

contract. A written statement of the overall objective and

tasks to be accomplished in support of this new direction was

submitted to Dr. Henry Waites of Marshall Space Flight Center

within a short time following the oral presentation of the

report.

2.0 CURRENT EFFORT

The principal objective of the current work on this study

contract is the generation of a series of linear observers to

support the application of modular attitude control to a

series of state variable models of flexible spacecraft for

which some of the state variables are inaccessible. 	 The

specific tasks involved are the following: 	 i

1. Develop single axis state variable model of a prototype

flexible spacecraft to be utilized in the comparison of

different approaches to the development of modular

attitude control systems. This model will consist of

four rigid bodies serially connected by a flexible

2
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suspension in such a way that motion is restricted to

rotation about a common axis through the mass centers of

the bodies.

2. Develop hierarchical modular attitude control of the

single axis four body model for the following cases:

a. State variable sensors and control actuators on all

bodies,

b. State variable sensors and control actuators on two

adjacent bodies,

c. State variable sensors and control actuators on the

two end bodies,

d. State variable sensors on three adjacent bodies with

control actuators on two of these bodies.

3. Extend the work described above to the development of

modular attitude control for the state variable three

axis five body model of a prototype flexible spacecraft

with some state variables inaccessable.

The following tasks were accomplished and described in the

Exhibit.0 final report (2).

1. Development of two, three and four body single axis state

variable models of a flexible spacecraft for which one or

more state variables was inaccessible for direct

measurement or observation.
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2. Generation of a series of reduced state linear observers

of the minimum orders required to reconstruct the

inaccessible state variables of the single axis models

that were developed in Task 1.

3. Comparison of the three and four body models to delineate

the patterns that occur in the changes in the coefficient

matrices of the model as a result of adding a rigid body.

3.0 PRESENT STATUS

During the month covered by this report work under Exhibit D

of the contract in support of generating minimum order linear

observers for the single axis models of a flexible spacecraft

with damping was continued. In particular, reduced order

linear observers were generated for the four body model with

'	 damping and up to seven of its eight scalar state variables

inaccessible. The equations for synthesizing each observer

were written with r ll , the ratio of the scalar damping

constant, c l , to the scalar spring constant, k l ; r221 the

ratio of the scalar damping constant, c 21 to the scalar

spring constant, k 2 , and r 231 the ratio of the scalar damping

constant,	 c 3 ,	 to the scalar spring constant, k 3 as

parameters. The observer synthesis equations also were

written with rll = r22 = r33 = 0 to represent the undamped

case.

The observer synthesis equations for the four body single

axis model with damping were then compared with those for the

same rwdel without damping. A general form was developed for

these equations that enco-apassed the synthesis of the

elements of the observer T matrix for the following

conditions with respect to damping in the model.

4
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1. No damping;

2. Damping only at the interface between bodies 1 and 2;

3. Damping only at the interface between bodies 2 and 3;

4. Damping only at the interface between bodies 3 and 4;

5. Damping at both the interface between body 1 and body 2

and the interface between body 2 and body 3;

6. Damping at both the interface between body 2 and body 3

and the interface between body 3 and body 4;

7. Damping at both the interface between body 1 and body 2

and the interface between body 3 and body 4;

B. Damping at all three interfaces.

A more detailed description of the development of the

observer synthesis equations for the four body model with

damping accompanies this report.
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