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Abstract

Spacecraft attitude dynamic and control play an
important role in the applications of general mechanics in the
high technology field, and is one of the important research
subjects of general mechanics. In this dissertation, multibody
spacecraft attitude dynamics and control are investigated on
the background of the attitude movement of the multibody
spacecraft. The investigation focuses on the modelling
method of attitude motion and the planning techniques of
nonholonomic motion of the multibody spacecraft system.
The main respects of the research are followings:

(1) The modelling of multibody spacecraft attitude
motion is developed in the fully Cartesian coordinates
method, which is a new approach to describe multibody
system dynamics. The spatial position and attitude of the free
multibody system are determined by the fully Cartesian
coordinates of the base point placed on the rigid body and the
Cartesian parts of the base vector (unit vector). Then the
momentum and angular momentum of the system are
analytically expressed in the fully Cartesian coordinates.
Thus, the momentum and angular momentum equations of the
multibody spacecraft are educed. In the torque-free case, the
momentum and angular momentum equations of the system
can serve as the dynamics equations in the form of first
integral. The model can easily show the velocity mapping
relations between the base attitude and joint angle of the
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space manipulator. For a given designed trajectory of the end
of the space manipulator, the motion of the base and the
manipulator joints, described by fully Cartesian coordinates,
is calculated via the method of the inverted dynamics of the
space manipulator. Meanwhile, the motion of the base
attitude and joints angular of manipulator is obtained.

(2) The linearization problem of the dynamics equation
of multibody system in fully Cartesian coordinates is treated,
and a computer algebraic method for linearizing the
differential/algebra equation of the multibody system is
presented. In terms of, a successive linearization technique
together with a computer algebraic method is applied to
simplify symbolically a set of differential/algebra equations
describing the multibody system dynamic in fully Cartesian
coordinates. The generalized mass matrix, the constraint
equations and the generalized force matrix of the equation
system are expanded respectively in the neighboring regions
of their equilibrium positions by the Taylor expansions. The
symbolic linearization technique is obtained to solve the
differential/algebra equation of multibody system dynamics
based on fully Cartesian coordinate. The examples are given
to demonstrate the correctness and effectiveness of the
method.

(3) The methods of multibody dynamics and analytic
mechanics are employed to derive the dynamical equations of
five kinds of nonholonomic multibody spacecraft systems.
These systems include a spacecraft with two momentum
flywheels, a spacecraft with solar wings, a space manipulator
(the base with three degrees of freedom), a space multibedy
chain system with plane structure, and a spacecraft consisting
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two rigid body connected by a rolling joint or universal joint.

(4) The nonholonmic motion planning problem is tackled
for the multibody spacecraft. Within the given time, the
nonholonomic system can be controlled to steer from an
arbitrary initial discretional attitude to any given final attitude
by a set of control series (control input). In the case of
torque-free, the multibody spacecraft is a nonholonomic
system because of the conservation of angular momentum
relative to the mass center of the system. The dynamical
equations of the system can be reduced to the equations with
the nonholonomic constraint. Based on the equations, the
control problem of the system is transformed into the
nonholonmic motion planning without drift. The infinite
dimension optimization theory is applied to develop a
numerical method of the nonholonmic motion planning
without drift, with a target function of the system’s
dissipation energy as and the nonholonomic characteristics.
Therefore, the attitude maneuver problem can be solved
successfully for the spacecraft with two momentum flywheels
and the attitude reorientation problem in the stretching
progress of solar wings on spacecraft.

(5) The genetic algorithm and its application in the
nonholonmic motion planning are investigated. The genetic
algorithm is introduced to the nonholonmic motion planning.
The genetic algorithm searching principle is used to seek the
optimal control input. In order to improve the operation
efficiency and the computer precision, the real coding in the
genetic algorithm is adopted. To strengthen searching ability
and to improve the total optimization capability, the Simple
Genetic Algorithm is improved in several aspects, such as
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considering the optimum individual defense tactics and
adopting the adaptive technique etc. The genetic algorithm
for the nonholonmic motion planning is used to solve the
control problems of attitude motion of space manipulator,
underactuated spacecraft and spacecraft with solar wings.
This method is compared with other methods described in
chapter 5.

(6) The numerical algorithm of the nonholonmic motion
planning is investigated based on the wavelet analyses. In the
infinite dimension optimization control, the control input of
the nonholonmic motion planning can be expressed by the
square integral vector function in Hilbert space. Used the
projective theorem in Hilbert space, the numerical method of
the nonholonmic motion planning is presented based on the
wavelet approach. The main idea is that the projection of
control input function on the n dimension wavelet subspace
outspreaded by the wavelet base, is partial sum of the anterior
n items wavelet progression. The scale function and the scale
function added the wavelet functions are used to describe the
control input law. Then the state trajectory of the
nonholonomic motion planning can be obtained. Combined
this method with the genetic algorithm in chapter 6, the
genetic algorithm of the nonholonmic motion planning based
on the wavelet approach is proposed. The simulation
examples of space manipulator and two-rigid-body spacecraft
demonstrate the validity and feasibility of these two methods.

Key words multibody spacecraft, nonholonomic constraint,
motion planning, genetic algorithm, wavelet analysis
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