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Since the Wright Brothers’ Flyer realized the human continuous powered flight for the first time in 1903,
aeronautical and astronautical science and technology have become one of the outstanding achievements of the
humankind development field since the 20th century. Aircraft, spacecraft, rockets, missiles and other flying
vehicles have been developed rapidly. Research fields range from micro UAVs to large transports, from rockets
and missiles to carrier rockets and long-range intercontinental ballistic missiles, from artificial satellites to man-
ned space stations and deep space probes, from in atmosphere to extraatmospheric flight and interstellar travel.
Many humankind dreams of flight in ancient time have become a reality today. This reminds us of one word from
Robert H. Goddard, a famous scientist in aerospace, said when he graduated from the high school in 1904, “It
is difficult to say what is impossible, for the dream of yesterday is the hope of today and the reality of tomor-
row. ” Today, We,engaged in the aerospace industry,should remember his famous word, begin to unfurl our

imagination wings, keep on exploring and innovating,and march towards the higher, faster and farther goals.
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Based on the summary of research and teaching in the flight vehicle systems and design, as well related
fields for years, integrated the latest research results and developments of aerospace science and technology at
home and abroad, authors have made the English version of Introduction to Flight Vehicle Systems. And the au-
thors strive not only to reflect the fundamental theory, new technologies and development, but also focus on the

combination theory with practice in the organization of this book.
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The main characteristics of the book are as follows. Firstly, the main content of this book is about mis-

siles, in addition to airplanes and space vehicles. As well the system of flight vehicles is emphasized. It is or-
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ganized from the perspective of flight vehicle system and the system concept is throughout all the chapters. Sec-
ondly, the fundamental principles of flight vehicle motion are introduced systematically in this book, the essen-
tial concepts, principles and methods are highly emphasized. Finally, the trends and developing state of the
discipline at home and aboard are also focused on, including the new concepts and technologies with regard to
the development of aerospace technology, such as the research progress of hypersonic vehicles, concept of mul-

tidisciplinary design optimization.
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This book is suitable for aeronautical and astronautical undergraduates, graduates and relevant personnel to
study fundamental concepts and principles of flight vehicle systems, and understand the flight. This book is also
beneficial to bilingual teaching of the aeronautical and astronautical science and technology. It can be used as

the reference book for enthusiasts, professional scientists and technicians in such field.
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Tang Shengjing acts as the editor-in-chief of the book which is compiled by Tang Shengjing, Guo Jie, Li
Xiang, Xu Rui, Wang Xiaofang together. Due to our limited professional knowledge, there must exist some
shortcomings in the book. It is very pleased for us to receive readers’ comments and corrections. During the
whole process to finish this book ,some graduate students have contributed their efforts for it. The authors would
express sincere thanks for their work. Meanwhile, we have referred to a large number of relevant literatures and
monographs in the process of completing this book. The authors would like to express the thanks to the authors

whose name are listed and not listed in the references for their hard work.
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The publication of this book has been supported by the Office of Undergraduate Education, Beijing Institute

of Technology and the National Defense Industry Press. We would express our sincere thanks to them!
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Chapter 1 Brief introduction to flight vehicles

1.1 Basic concepts

Generally speaking, two terms are often mentioned in aerospace field, which are aeronau-
tics and astronautics. The brief expressions are as follows.

Aeronautics, usually called aviation, means the research, design, development and pro-
duction of flight vehicles flying in the aerosphere. While this term originally referred solely to
the science of operating the aircraft, it has since been expanded to include technology, business
and other aspects related to aircraft.

Astronautics implies the research, development, design and construction of space vehicles
which fly into the space. Astronautics is the branch of engineering that deals with machines de-
signed to work outside of earth’ s atmosphere, whether manned or unmanned or not. In other
words, it is the science and technology of space flight.

However, a spacecraft has to fly across the aerosphere when it is launched or returned.
Particularly, for a space shuttle, though its main activities occur out of the aerospace, the cour-
ses of takeoff and landing are similar to a plane’s. So it is accompanied with the characteristics
of aviation and spaceflight. It is difficult to clearly distinguish the aeronautics and astronautics
on technology, and the aerospace not only means how to develop the aerospace vehicles, but
also contains the technology which is involved during the activities.

Just as we know, aerospace science is the high technology. As well it is the development
symbol of science and technology in a country. That is to say, it is the synthesized technology,
including many fields such as mechanical engineering, material science, electronic science,
control system and so on. The development of flight vehicles will bring about the development
and applications in different fields, such as military, civil, scientific research etc. In 21st cen-

tury, man will have more activities to explore space and utilize space resources.

1.2 Opverview of flight vehicles

Generally, some machines that fly near the earth or among the planets are called flight
vehicles. It is a usual term. In the 20th century, the development of flight vehicles was one of
the most effective activities and the great achievements of the humankind.

Generally speaking, flight vehicles can be divided into three categories, as shown in
Figure 1.1. The first is air vehicles or aircrafts which fly in the air. The second is called
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Introduction to Flight Vehicle Systems

spacecrafts or space vehicles which fly in the space. And rockets and missiles belong to the
third type, they can fly both in the air and space. The following begins with rockets and mis-

siles.

Flight vehicles

|

Air vehicles Space vehicles Rockets & missiles

Figure 1.1 Classification of flight vehicles

1.2.1 Rockets

Rocket is the flight vehicle whose propulsion is supplied by the rocket engine. The rocket

. engine with propellant does not depend on the air or other actuating mediums to produce thrust.

The rocket engine works by action and reaction and it pushes rocket forward simply by throwing
their exhaust backward extremely fast.

The basic compositions of a rocket include propulsion system, payloads and body of the
rocket. Propulsion system is the power supply of the rocket. The body loads all the components
of the rocket together. Payloads are the main objects carried by the rocket. Payloads of the ar-
mament rocket are the warheads, while those of the carrier rocket are a variety of space vehi-
cles. Different kinds of instruments are the payloads of rocket for scientific research.

Some main parts of compositions are same for rockets and missiles. Actually, there are
relatively large differences between them. Rockets always have no guidance system, especially
in early times, no controlled rockets existed. By means of guidance and control system, the
missile can hit the targets with high precision. They have been developed since the World War
Il on the basis of rockets.

Sometimes, the terms of rockets and missiles are confused. For example, in Russia, the
concepts are same for rockets and missiles. Russian strategically rocket army is in fact strategic
missile army. While in the United States, they are different concepts for missiles and rockets.
At the same time, with the development of aerospace technologies, the difference between rock-
ets and missiles are getting smaller. For example, some rockets have simplified guidance and
control system. ‘
1.2.1.1 Classification

Rocket can be divided into chemical rocket, nuclear rocket and electrical rocket according
to the different supplied power for engines. Considering the applications, which involve fire-
works, weaponry, ejection seats, launch vehicles for artificial satellites, human spaceflight and
space exploration etc,rocket also can be divided into weaponry rocket, space sounding rocket
and carrier rocket.

1) Weaponry rocket

The weaponry rockets are used as weapons, the aim of which is to cause damage or harm
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(either physical or mental) to living beings, artificial structures or systems. Additionally,
weaponry rocket can also be called armament rocket. Rockets for military and recreational uses
date back to at least 13th century in China.

As mentioned above, a weaponry rocket is a self propelled, unguided weapon system pow-
ered by a rocket engine. However, the distinction can become somewhat blurred, especially
where a weapon begins as an unguided rocket and is then fitted with a guidance system. For ex-
ample, some types of rocket are developed with terminal guidance and are still called rockets
instead of missiles. Moreover, the GMLRS ( Guided Multiple Launch Rocket System) is still
referred to as rocket artillery, despite empldying guided munitions. Rocket artillery is a type of
artillery equipped with rocket launchers instead of conventional guns or mortars.

The weaponry rockets’ payloads, which are multifarious warheads such as blast warhead,
fragmenting warhead , shaped-charge warhead, chemical warhead etc, are the symbolic dissimi-
larity comparing with other rocket classifications. Figure 1.2 and Figure 1.3 respectively show
the uncontrolled rocket and the MLRS ( Multiple Launch Rocket System).

o S
v AR %
Figure 1.2 Uncontrolled rocket Figure 1.3 Rocket bomb launcher

2) Space sounding rocket

A sounding rocket, sometimes called a research rocket, is an instrument-carrying rocket
designed to take measurements and perform scientific experiments during its sub-orbital flight.
Sounding rockets take their name from the nautical term *to sound” which means to take meas-
urements of the water’ s depth by a weight line. Sounding in the rocket context is equivalent to
taking a measurement.

A common sounding rocket is basically divided into two paris: a solid fueled rocket motor
and the payload. The payload is the section which carries the instruments to conduct the experi-
ment and send the data back to Earth.

The sounding rockets are used to carry instruments from 50km to 1,500km above the sur-
face of the Earth, the altitude generally between weather balloons and satellites. The average
flight time is less than 30min, usually between S5min to 20min. Sounding rockets are commonly
used to research the aeronomy, ultraviolet and X-ray astronomy, and the microgravity. Sound-
ing rockets are low cost and the payload can be developed as quickly as six months. These
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rockets allow scientists to conduct investigations at specified times and altitudes. The experi-
ments provide a variety of information on the upper atmosphere, the Sun, stars, galaxies and

other planets. Figure 1.4 shows a typical mission profile of the sounding rocket.

separation

@§ Payload
‘l

/

1

{

Data retrieval
Launch payload reuse

| CED

Figure 1.4 Typical mission profile of a sounding rocket

3) Carrier rocket

A carrier rocket (or called launch vehicle) is a rocket used to carry a payload from the
Earth’ s surface into outer space. A carrier rocket system includes the launch vehicle, the
launch pad and other infrastructure. Carrier rocket has evolved from the missile and the pay-
loads. of carrier rockets usually include artificial satellite, manned spaceship, space station and
space probe.

As expendable launch vehicles, carrier rockets are designed for one-time use. They usual-
ly separate from their payload, and may break up during atmospheric reentry. Reusable launch
vehicles, on the other hand, are designed to be recovered intact and used again for subsequent
launches. For orbital spaceflights, the space shuttle is currently the only launch vehicle with
components which have been used for multiple flights. Non-rocket spacelaunch alternatives are
at the planning stage.

Carrier rockets are often characterized by the amount of mass they can lift into orbit. For
example, a Proton rocket has a launch capacity of 22000kg into low earth orbit. Carrier rockets
are also characterized by the number of stages they employ. Rockets with as many as five stages
have been successfully launched, and there have been designs for several single-stage-to-orbit
vehicles. Additionally, launch vehicles are very often supplied with boosters, which supply
high thrust early on in the flight, and normally in parallel with other engines on the vehicle.
Boosters allow the remaining engines to be smaller, which reduces the burnout mass of later sta-
ges, and thus allows for larger payloads.

The primary carrier rocket families in the world include Titan series, Delta series, Vostok
series, Proton series, Ariane series and Long March series.
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1.2.1.2 Typical rockets

1) CZ series

Long March rocket (or called Chang Zheng rocket in Chinese pinyin) is the rocket family
of expendable launch systems operated by the People’ s Republic of China. Development and
design falls under the auspices of the China Academy of Launch Vehicle Technology. In Eng-
lish, the rockets are abbreviated as LM- for export and CZ-within China, as “Long March”
means “Chang Zheng” in Chinese pinyin. The rockets are named after the Long March of Chi-
nese communist history.

The Long March is China’ s primary expendable launch system family. The Shenzhou
spacecrafts and Chang’ e 1 lunar orbiter are also launched by the Long March rocket. The max-
imum payload for LEO( Low Earth Orbit)is 12000kg (CZ-3B) , the maximum payload for GTO
( Geostationary transfer orbit) is 5500kg (CZ-3B/E). The next generation rocket—Long March
S variants will offer much payload in the future.

The development of Long March 2F began in 1992, which is a man-rated version of Long
March 2E. Its first launch was in November 19, 1999, and accomplished a successful mission
that carrying the first spacecraft of China—Shenzhou 1 into the space. This version is the safest
model in the Long March 2 family, with 7 launches and no failure record.

2) Delta series '

Delta is a versatile family of expendable launch systems that has provided space launch ca-
pability in the United States since 1960. There have been more than 300 Delta rockets
launched, with a 95 percent success rate. Two Delta launch systems—Delta Il and Delta [V— .
are in active use. Delta rockets are currently manufactured and launched by the United Launch
Alliance. Currently development of the Delta rocket series is focused on the Delta IV Heavy,
which uses three common booster cores to lift higher masses to orbit and escape velocity.

Delta IV is an active expendable launch system in the Delta rocket family. Delta IV uses
rockets designed by Boeing’ s Integrated Defense Systems division and built in the United Launch
Alliance (ULA) facility in Decatur, Alabama. Final assembly is completed at the launch site by
ULA. The rockets were designed to launch payloads into orbit for the United States Air Force
Evolved Expendable Launch Vehicle (EELV) program and commercial satellite business. Delta
IV rockets are available in five versions which are tailored to suit specific payload size and weight
ranges. Delta [V was primarily designed to satisfy the needs of the U.S. military.

3) Vostok series

Vostok ( Russian word, translated as “East” ), of which the total number of launched
rockets are the most in the world, was a family of rockets designed for the human spaceflight
programme. This famous family of rockets launched the first artificial satellite (“Sputnik”),
the first Venus probe, the first Mars probe, the first unmanned expendable freighter spacecraft,
and the first manned spacecraft in human history. It was a subset of the R-7 family of rockets.
The Soyuz rocket family is the subset of the Vostok rocket family, mainly charged in launching
the Soyuz manned spacecraft and the progress resupply spacecraft.
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The Vostok rockets have two basic launching configurations, lunar exploration and manned
spaceflight, varying in length, take-off weight and payload weight etc. The Vostok rocket’ s
most importanf achievement may be that on April 12, 1961, Vostok 1 spacecraft was success-
fully launched by Vostok rocket, which made Yuri Alekseyevich Gagarin the first human being
to flight into outer space.

4) Ariane series

Ariane is a series of a European civilian expendable launch vehicles developed by Europe-
an Space Agency (ESA) for space launching. The name comes from the French spelling of the
mythological character Ariadne; the word is also used in French to describe some types of hum-
mingbird. The several versions of the launcher include Ariane 1-Ariane 5. Ariane 4 and Ariane
5 are in active service. The maximum payloads of them for LEO are from 9. 4t to 25t, while for
GTO are from 4.2t to 7. 5t. The maximum payload of the recent version of Ariane 5 for GTO
has supposedly increased to 13t-15t.

Ariane 5 has been refined since the first launch in successive versions, “G”, “G + 7,
“GS”, “ECA”, and most recently, “ES”. By mid 2007, Arianespace (a commercial subsid-
iary handling the Ariane’s production, operations and marketing) has ordered a total of 99 Ari-
ane 5 launchers from Astrium. The first batch ordered in 1995 consisted of 14 launchers, while
the second batch ordered in 1999 consisted of 20 launchers. A third batch consisting of 25 ECA
and 5 ES launchers was ordered in 2004. The latest batch ordered in mid 2007, consist of an-
other 35 ECA launchers. Through these orders, the Ariane 5 will serve at least through 2015.

"1.2.2 Missiles

Usually, a missile contains a warhead, pushed by its own propulsion system and guided by
the guidance and control system, which is used to attack the target.
1.2.2.1 Classifications

To define the missile categories, there are different methods as follows.

1) Surface & air combination missiles

The Category of missile is defined according to the:launching and attacking instances. In
fact, the positions of the missiles and targets are determined on the surface or in the air. Then,
the combinations of the surface and air are made. Surface means on the ground, ship, seashore
and submarine. And the air is simple.

According to Figure 1.5, four types of missiles can be divided into, surface to surface, air
to air, surface to air and air to surfuce.

2) Strategic & tactical missiles

Furthermore, it can be divided into strategic and tactical missiles.

The strategic missiles mean that the missiles would attack strategic targets including impor- -
tant bases, such as nuclear weapon bases, key communications equipment, headquarters, mili-
tary airports and so on.

The tactical missiles indicate that the missiles would attack some objective targets, such



