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Along with the rapid development of science and technology, the higher education will speed up
internationalization. So it is necessary to compile a compatible textbook which not only has Chinese
feature, but also makes for globalization. This is a new object that the teaching reform of China’s
higher education is faced with. On the one hand, the direct adoption of the foreign classical text-
books does not suit the actual state of our teaching in Chinese universities; on the other hand, the
Chinese language textbooks cannot be brought in the line with the international practice. Therefore ,
we will compile a bilingual textbook on “theory of machines and mechanisms” with the support of
China Machine Press.

This book is based on the basic teaching requirement of the “ theory of machines and mecha-
nisms” issued by the Ministry of Education. The basic concepts, basic principles and basic skills
are reinforced, and we take the content of synthesis or design as a main clue to cultivate conscious-
ness and capability of innovation for mechanical engineering. We hope that this book can include the
features inheriting from the traditional textbooks, and can be in line with some foreign textbooks.

1. Descriptions about “theory of machines and mechanisms” in the Chinese book

1) This book is compiled with analysis of mechanisms, design of mechanisms, design of mech-
anism systems and dynamics of mechanisms.

2) It highlights the analytical methods, such as kinematic analysis of mechanisms, force analy-
sis of mechanisms, synthesis of mechanisms, cam mechanisms and balancing design, etc. , and de-
emphasizes graphical methods.

3) Some of the traditional contents of “theory of machines and mechanisms” are modified , in-
tegrated and expanded in this book.

The concepts of mechanisms and machines are defined in Chapter 1, and they are up-to-date i-
deas. Composition principle of mechanisms is expanded to creative design of mechanisms. A new
method which is used to determine the self-locking of a mechanism has been bring up, in which we
will use the total reaction force acting on the friction cone or friction circle to determine self-locking
phenomenon of a mechanism instead of use of efficiency. The concept is clear and the method is
simple and practical. It highlights design as the main clue. By using the less complicated geometry
algebra method instead of traditional coordinate transformation method in the analytical design of
four-bar mechanism and cam mechanism, we can simplify mathematical design methods easily. This
textbook also provides readers with creative designs of mechanisms and designs of mechanism sys-
tems to implement the overall content from simple to complicated; the contents of modified gears,,
helical gears, bevel gears, worm gears and intermittent mechanism are simplified ; the kinetostatic a-

nalysis of mechanism, force analysis including friction and self-locking are merged into a force anal-
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ysis of mechanisms.

4) This textbook attempts to be different from the traditional versions by adopting color rendered
figures and three-dimensional figures illustrations, which are clear and easy to read.

5) The exercises are divided into four parts: reading, comprehension, practice, and self-test.
Furthermore , there are some analog test papers. These problems can help students to understand the
basic concepts and to prepare them to cope with real engineering problems in practice.

6) As a bilingual textbook, a lot of described contents are simplified to reduce its length. It
shortens traditional Chinese text to keep concise and compact to highlight consistent context and ac-
curate terminology.

2. Descriptions about “theory of machines and mechanisms” in the English book

1) The main purpose of the bilingual textbook is to help students study the contents of “theory
of machines and mechanisms” , rather than only English.

2) The English version is not the strict translation of the Chinese version, but their contents are
coincident basically.

3) All the figures, tables and formulas between the Chinese version and English version corre-
spond with each other; they have a good comparability.

4) The professional and conventional vocabularies are adopted from foreign textbooks; so the
book has a good credibility.

5) Basic English grammar of science and technology makes reading easy.

6) The reading and comprehension which include the basic concepts are adopted from foreign
textbooks.

7) Some concepts between the Chinese version and English version are a little different, such
as redundant degree of freedom and local degree of freedom, redundant constraint and virtual con-
straint. This will benefit students to some extent.

The authors of the Chinese version are as follows.

Professor Zhang Chunlin ( Chapter 1, 2 and 3) , Zhao Ziqiang ( Chapter 4, 5 and 6) , Li Zhix-
iang ( Chapter 7 and 8), Ma Chao ( Chapter 9, 10, 11, 12 and 13).

Zhang Ying of Beijing University of Technology compiled and translated Chapter 1, 2,3, 4,5,
6,7, 8,9. Wang Zeyang compiled and translated Chapter 10 and 11. Feng Xinxin compiled and
translated Chapter 12 and 13. Zhang Ying thoroughly compiled and edited the English Version and
Professor Zhang Chunlin compiled and edited the entire bilingual text.
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PREFACE

It is hard to avoid errors and mistakes in the first edition, because the knowledge of English of
authors is limited ; the authors invites criticisms and suggestions from all readers for further improve-

ment of the book, so that the errors can be improved in future versions.

Chun Lin Zhang
Ever Bright Garden, Beijing
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T I T D O 3. *

1.1 General Information

A variety of machineries, such as textile machinery, printing machinery, food machinery,
transportation machinery, mining machinery, construction machinery, engineering machinery, agri-
cultural machinery, forestry machinery, packaging machinery, metallurgical machinery, fluid ma-
chinery, service machinery, weapons, robots and so on, have played an important role in nowadays
economic development and national defense. They have promoted the development of human society.
How to improve old pattern of machinery and design new machinery are essential tasks in the field of
mechanical engineering.

1. The Concept of Machinery

Along with the progress of human society, the concept of machinery is developed and improved
gradually. Human beings began to use stone tools from the primitive society at first, such as stone
axes and stone knives. With the development of technology, our ancestor invented some simple
wooden tools, such as lever, windlass, human power waterwheel, animal power waterwheel and so
on. On the basis of these simple tools, some complicated devices were invented, such as water-pow-
ered roller and windmills. In the 18th century, after the British industrial revolution, human inven-
ted steam engine, internal combustion engine and electromotor, therefore the foundation of modern
mechanical industry was established. After the computer was invented, the automatic control tech-
nology , information technology, and the transducer technology were used in machinery, which made
the machines realize automation and intelligent. New technology and equipments, such as robots,
numerical control machines, high-speed vehicles and aircrafts, heavy machinery, micro machinery
and so on, have promoted the human society’s prosperity and progress.

In different period, the definition of machinery is different, as well. In general, machinery is
the device which can realize the mechanical movement. For example, screwdriver, hammer, pliers,
scissors are machinery and tanks, planes, cars, ships, robots, and other senior complicated equip-
ment are also machinery. However, in modern society, people used to define the simplest machinery
with no power as tools, such as lever, pliers, scissors, wheelbarrow, and so on.

In mechanical engineering, when talking about specific machinery, it is called a machine.

(1) Mechanism A mechanism is a device, which produces specific mechanical motions.
Thus, the function of a mechanism is to transmit and modify a motion. We often use a drawing with
some simple lines and symbols to describe the mechanism, and it is called kinematical diagram.

(2) Machine A machine is a device which produces specific mechanical motions, and it can
transmit or modify mechanical energy, materials and information. A machine may be a mechanism or
a combination of mechanisms capable of transmitting or modifying motion and mechanical energy.

For instance, vehicles, tanks, missiles, planes, ships and so on are all machines. But the tel-
evision is not a machine, because it has nothing to do with mechanical movement.

Fig. 1-1a shows an internal combustion engine which transforms thermal energy into mechanical
energy. The sliding motion of piston 1 will be transformed to the series rotation of crank shaft 3 by

coupler 2. This kind of mechanism is called a linkage.
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Cam 7 and follower 8 are called cam mechanism. The opening and closing of valve 10 can be
controlled by lever 9. This can ensure that cylinder 11 takes in the gas and exhales the waste gas. In
a four-stroke engine, it takes four strokes of the piston to complete one cycle. That is to say, the cir-
cle is completed in two revolutions of the crank shaft, and the valves work at a time. Therefore, the
engine requires a gear mechanism to reduce the speed of the crankshaft, such as gears 4, 5, 6.

There are four strokes in the engine. They are intake stroke, compression stroke, power stroke
and exhaust stroke, but only one power stroke works, so the speed of the crank shaft fluctuates cy-
clically. A flywheel must be mounted on the crank shaft.

Fig. 1-1b shows the skeleton diagram of the four-stroke engine. The design can be simplified by

use of skeleton diagram.

b)
Fig. 1-1 Internal combustion engine and scheme ( PJ#RAIL S HAL#I &7 )
l—piston( {5 %) 2—coupler(##T) 3—crank shaft( fifli) 4.5 6—gear(5%) 7—cam(™M#)
8—follower( #E4T) 9—Ilever(AT#F) 10—valve(S[]) 11—frame( &)

Although there are various types of machines, the mechanisms consisting of machines are fi-
nite. Therefore, the theory of mechanism is very important to design machines.

(3) Machinery In the viewpoint of kinematics, mechanism and machine have no difference,
so mechanisms and machines are generally called machinery in mechanical engineering. There is no
energy transforming and modifying in a mechanism, for example, mechanical watch is a mechanism
but not a machine, because it can not transform energy.

2. Composition of Machines

A machine consists of prime power, transmission system and working system. A modern ma-
chine also contains a control system. Fig. 1-2 shows the block diagram of composition of a machine.

Fig. 1-3b shows a diagram of an automatic gate. Fig. 1-3a shows the composition of the driver.
The prime power is electromotor 3 which has a high speed. But gate 2 needs a low speed to work, so
we have to install gear mechanisms and chain mechanisms to modify the speed of electromotor 3.
The reducer 4 and chain driver 5 are transmission system. Gate 2 consisting of the parallel linkages

is called working system. The control system and sense system are not illustrated in the gate.
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In mechanical engineering, most of machines have a transmission system, however, a variety of

modern machines use control motor instead of transmission system.

Fig. 1-3 Automatic gate (BB K[ T/RER)
I—driver(3X5h3%) 2—gate (K[]) 3—electromotor( HiFh#L) 4—reducer( JFE2%)
S—chain driver( #5{£3)) 6—rollers(E#)

1.2 Teaching Content and Object of the Course

1. Research Object of the Course

The research object of the course is the theory of machinery, and machinery contains mecha-
nisms and machines. Therefore, the theory of mechanisms and machines is the important content of
this course.

In this course we do not take prime power and control system into consideration. The transmis-
sion system and the working system are emphasized.

The piston, coupler, crank, cam, gear and so on shown in Fig. 1-1 are smallest motion units,
and they are called links. The motion of links is an important content for us.

The coupler shown in Fig. 1-4 consists of head 4, body 1, bearing 2, bearing bush 3, bolt 5,
nut 6, etc. And there is no relative motions among these parts which are smallest units composing a
link. The part or element is the smallest unit from the viewpoint of manufacture.

A link can be either a rigid composition of elements ( parts) or only one element (part), for
instance, a gear is a mechanical element, and it is also a kinematical link. So we can distinguish
between link and element easily.

2. Content of This Course

As mentioned earlier, a mechanism transmits and modifies a motion and a machine is a mecha-
nism or combination of mechanisms, thus this content of this course is about mechanisms. The study
of mechanisms involves its structural analysis, motion analysis, force analysis, dimension synthesis
and design of mechanism system.

Generally, the content of the course is divided into three parts. They are structural analysis of
mechanisms, kinematics of mechanisms and dynamics of machinery respectively.

(1) Structural analysis of mechanisms It involves the composition of mechanism, kinematical

diagram, calculation of degree of freedom and analysis of mechanism.



