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Preface

Based on the research and summation of the project on Aeroassisted Orbit Transfer Dynamics
and Optimal Control for Spacecraft funded by National Natural Science Foundation of China
(NNSF), the book Aeroassisted Orbit Transfer Dynamics and Optimal Control for Space-
cra ft has been written, which obviously not only deepens the study from dynamics and con-
trol to dynamics and optimal control, but also formulates a new interdisciplinary branch in as-
tronautic science. The new branch covers orbital dynamics and optimal control of orbital pa-
rameters for the reentry of atmospheric flight and interplanetary flight between earth and oth-
er planets in order to significantly reduce propellant consumption, that means to achieve low
cost of space tfanspdrtation. Optimal control stems from mathematics. Therefore the new
branch can be considered as not only the further development of mathematics, mechanics theo-
ry, but also new achievements of application of dynamics and control theory in field of astro-
nautic engineering. The authors have devoted great efforts into the book. They take the ad-
vantages of scientific research for decade in instructing postgraduates majored in spacecraft de-
sign, especially those doctors and post-doctors engaged in the project funded by NNSF and
rich experiences in space engineering design and research. Aeroassisted orbit transfer was pro-
posed in the 1960s. However, there is still no related book in China with systematic theory
analysis and engineering application. The publication of the book will fill the gap. The au-
thors have engaged in the study since early 1990s. During the decade, scientists and engineers
at home and board are very active in fields of academic research and engineering application.

The book tries to include all the new developments to promote the advance of the new branch.

The book is classified into Part I and Part II. Part I include 13 chapters, discussing aeroassist-
ed orbit transfer in detail. The Introduction summarizes the research progress of aeroassisted
orbit transfer and optimal control. Chapter 2 discusses the basic theory and solutions in terms
of neoteric mathematical optimization theory. Chapter 3 addresses the motion equation of
spacecraft. Chapter 4 describes the optimization of orbit transfer parameters and the influence
of various parameters on orbit transfer. From Chapter 5 to Chapter 8, aeroassisted coplanar
orbit transfer and noncoplanar orbit transfer and orbit transfer with heating rate and decelera-
tion constraints are discussed. Chapter 9 addresses the optimization of orbit transfer with the
combined action of aerodynamic force and thrust, especially singular optimal control and its
application in synergic orbit transfer. Chapter 10 introduces aeroassisted orbital interception
and rendezvous with minimum target-escape, fuel-consumption and flight time. It involves
e 3 .



both military application and maneuvering orbit transfer for space lifesaving and rendezvous.
In Chapter 11, aerodynamic shape parameters and related aerodynamic parameters, such as
lift-drag ratio, are considered as control variables, according to the requirements for optimal
control of aeroassisted orbit transfer. New concept is proposed of spacecraft with variable aer-
odynamic shape to realize optimal design for different orbital missions, especially when the re-
quirements between ascent and reentry phase are different for aerodynamic parameters. Chap-
ter 12 discusses the application in orbit design of aeroassisted orbit transfer and aerogravity-as-
sist in interplanetary flight. Furthermore, waveriders are introduced which reduce resistance
loss and flight time. The waveriders are lift-body vehicles with high lift-drag ratio at super-
sonic and hypersonic speed. Chapter 13 describes the guidance and control for aeroassisted or-
bit transfer. New research achievements of the authors and researchers in the world are in-
cluded in Chapter 9—13. Part II of the book covers two special research subjects of exoatmo-

spheric optimal orbit transfer.

The Authors

First draft completed in September 2002
Revision completed in December 2003
Final text completed in July 2005
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Foreword

Aeroassisted Orbit Transfer Dynamics and Optimal Control for Spacecraft describes the
aerodynamic coplanar, noncoplanar and synergetic orbit transfer with thrust programming,
aeroassisted orbital interception and rendezvous, aerogravity-assist, flight with variable aero-
dynamic shape, landing and return, and optimal orbit design and orbit control strategy under
such given constraint conditions as fuel consumption, peak heating rate, peak deceleration,

peak dynamic pressure and peak altitude drop and so on.

The book highlights the research achievements on the frontier, combining mathematics, me-
chanics and astronautics. It is innovative and closed with present and future space missions.
The authors has completed the high level academic work in great efforts on the basis of recent
development achievements in the world, taking the advantages of rich experience in space en-
gineering design and scientific research and teaching practices for decade. The book is compre-
hensive, systematic, probes deeply and integrates theory with practice, which shows the au-

thors’solid theory foundation and active academic thoughts.

The book is not only of significant value for space flight development of China, but also a good
reference book for related scientific researchers, teachers and students of college and

university.

Prof. Wang Yongzhi

Member of Chinese Academy of Science

Member of International Academy of Astronautics
Dean of School of Aerospace, Tsinghua University
General Designer of Engineering of Chinese Manned
Astronavigation

March 2004
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