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Preface

The systematic theory and method for topological structure synthesis of parallel
mechanisms (PMs) has become a focus in the research field of mechanisms as a
result of the increasing application of PMs in motion simulators, robots, parallel
machine tools, micro manipulators, astronomical telescopes, and etc. during the
past 20 years. Over the last decade, three major topological structure synthesis
theories for PMs have been established. They are the Displacement Subgroup
Theory, the Screw Theory, and the Position and Orientation Characteristics
(POC) Theory that is introduced in this book. It is intended primarily as a refer-
ence book for researchers and developers who work on the novel design of mecha-
nisms, and for graduate and undergraduate students majoring in mechanical engi-
neering, .

The purpose of this book is to present the theory and methodology for
topological structure design of robot mechanisms based on the POC theory
developed by the authors. The fundamental theory demonstrated in this book
includes:

(1) Three new concepts (dimensional constraint type, POC set and single-
open-chain (SOC) unit);

(2) Three basic equations (POC equation for the serial mechanism, POC
equation for PMs, and the degree of freedom (DOF) formula for PMs and multi-
loop spatial mechanisms) ;

(3) The constitution principle of mechanism based on the SOC unit and the
topological structure characteristics of mechanisms.

This book comprehensively systemizes the research results achieved by the
lead author and his cooperative teams and supported by the National Nature Sci-
ence Foundation of China (NSFC: No. 5870249, No. 59175160, No. 59375203,
No. 59875084, No. 50275070, and No. 50875261). It consists of three parts. The
POC based theory and method for topological structure design of mechanisms is
described in the first part. Applications of the POC based method, i. e. , topolog-
ical structure design of 10 types of PMs are introduced in the second part, A

summary of the overall book and a comparative study of the three major methods
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for topological structure synthesis of PMs are given in the third part. The princi-
ple presented in this book is also the foundation of the theoretical system of mod-
ern mechanisms, which is composed of mechanism topology, kinematics and dy-
namics.

Contents of the first part (Chapter 1 to Chapter 9) are arranged as follows:

Chapter 1 is the overview. Chapter 2 introduces the mathematical represen-
tation and the full-cycle invariance of mechanism topological structure based on
three topological structure elements (kinematic pair type, dimensional constraint
type and connection relationship between links). Chapter 3 introduces the POC
set which is used to describe POCs of the relative motion between any two links.
Chapter 4 introduces the POC equations for serial mechanisms and corresponding
operation rules. The forward operation can be used to determine the POC set of
the end link relative to the frame link based on the topological structure of a seri-
al mechanism. The inverse operation can be used to determine the topological
structure of a serial mechanism based on the POC set of the end link. Chapter 5
introduces the POC equation for PMs and corresponding operation rules. The
forward operation can be used to determine the POC set of the moving platform
relative to the fixed platform based on the topological structure of a PM. The in-
verse operation can be used to determine the topological structure of a PM based
on the POC set of the moving platform. Chapter 6 introduces the general DOF
formula for PMs and multi-loop spatial mechanisms. This DOF formula reveals
the mapping relationship among the topological structure, DOF and POC of a
mechanism. Chapter 7 introduces the mechanism constitution principle based on
SOC units, i.e. , any multi-loop mechanism is composed of several basic SOC
units. This principle reveals the topological structure characteristics of a mecha-
nism and can be used in performance assessment and classification of topological
structure types of mechanisms. Chapter 8 introduces the general method for to-
pological structure design of serial mechanisms or single-loop mechanisms, and
the possible topological structure types of mechanisms. Chapter 9 introduces the
general approach for the topological structure synthesis and its corresponding
performance analysis of PMs.

The second part (Chapter 10 to Chapter 19) introduces the topological
structure design of 10 types of PMs (3T-OR, 0T-3R, 2T-1R, 1T-2R, 2T-2R,
3T-1R, 1T-3R, 3T-2R, 2T-3R and 3T-3R). For each type of PMs, the major

design process and step-by-step procedures for a specific mechanism design are
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provided. Based on this methodology, dozens of mechanisms with different to-
pological structure characteristics have been obtained, which makes it possible to
optimize the design of robot mechanisms,

The third part (Chapter 20) draws overall conclusions on the POC theory.
A comparison of this theory with other two known topological structure synthesis
theories of PMs (the Displacement Subgroup and the Screw Theory) in correla-
tions, differences, individual characteristics and developing trends are also dis-
cussed.

In 2004, the first book in the field of topological structure synthesis, Struc-
ture synthesis of Robot Mechanisms, was written by Prof. Ting-Li Yang and
published by China Machine Press. Seven years later, our theory has been devel-
oped more maturely as more research achievements have been accomplished. It is
time to deliver a new book, Theory and Application of Robot Mechanism
Topology , which includes a systematic theory with clear physical meanings and
meticulous mathematical logic and a practical method for topological structure
design of mechanisms,

The lead author expresses his thanks to the following co-authors’ coopera-
tion;.

Dr. An-Xin Liu, Professor of PLA University of Science and Technology,
for Chapters 13 and 163

Dr. Yu-Feng Luo, Professor of Nanchang University, for Chapters 12 and
17;

Dr. Hui-Pin Shen, Professor of Changzhou University, for Chapters 10, 15
and 19;

Dr. Lu-Bin Hang, Professor of Shanghai University of Engineering Science,
for Chapters 11 and 18;

Dr. Qiong Jin, Technical Specialist with General Dynamics Corporation,
USA, for Chapter 14.

Great thanks go to Prof. Ming Zhang, Eng. (Senior) Zhen Xu, Prof. Mei-
Yu Lin, Dr. Yu-Feng Luo, Dr. An-Xin Liu, Dr. Xian-Wen Kong, Dr. Hui-Pin
Shen, Dr. Qiong Jin, Dr. Lu-Bin Hang, Eng. Dong-Jin Sun, Eng. Fang-Hua
Yao, Prof. Jin-Kui Chu, Dr. Hong Zhang, Prof. Chuan-He Liu, Prof. Zhi-You
Feng, MSc. Yu-Ming Jia, MSc. Bao-Qian Shi, MSc. Jian-Qing Zhang, MSc,
Song-Qin Shan, MSc. Hui-Liang Li and Dr. Zhi-Xin Shi for their continuous

contributions and assistances to the lead author in his past 40 years theoretical re-
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search.

The lead author is deeply grateful for the invaluable encouragement and help
provided by the following first generation mechanism scholars of China: Prof.
Shi-Xian Bai (Beijing University of Technology), Prof. Wei-Qing Cao (Xi’an
University of Technology), Qi-Xian Zhang (Beijing University of Aeronautics
and Astronautics) and Xi-Kai Huang (Southeast University).

Sincere appreciations and thanks to the National Nature Science Foundation
of China, the SINOPEC Jinling Petrochemical Corporation and Southeast Univer-
sity for their great support in our research work,

Limited by the authors’ academic knowledge, there must be some defects or
even mistakes in this book. Any suggestions and comments to this book will be
gratefully appreciated by the authors.

Ting-Li Yang
Senior Engineer, Professor,
SINOPEC Jinling Petrochemical Corp. 5 China
March 28, 2011
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