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Preface 

It is known that robotic grasping and fixturing (RGF) are important 

manipulations which contribute greatly to the production quality, cycle time, and 

cost in manufacturing, assembly and other industrial fields. The goals of both 

robotic grasping and fixturing are to immobilize kinematically an object by 

means of a suitable set of contacts. However, from the viewpoint of forces, there 

are essential differences between robotic grasping and fixturing. The ultimate 

difference lies in the fact that all of the robot fingers are active end-effectors, 

whereas all of the fixture locators are passive elements and only clamps can be 

considered to be active. The robotic grasping emphasizes the grasping closure 

and stability, whereas the robotic fixturing focuses on the localization accuracy 

of workpiece besides fixturing closure and stability. The primary goal of this 

book is to provide readers a fundamental knowledge of transforming the 

experience based design into the science based design for the robotic grasping 

and fixturing systems. 

In order for RGF manipulation to become a science rather than an art, the 

content of the book is uniquely designed for a thorough understanding of the 

RGF from the multifingered robot hand grasp, basic fixture design principle, and 

evaluating and planning of robotic grasping/fixturing, and focuses on the 

modeling and applications of the RGF. This book is intended to be a reference 

text for academic researchers, manufacturing and industrial engineers. It may 

also be used as a text book for engineering graduate students in the discipline. 

The authors of this book have worked on RGF for years. The contents of 

the book mostly come from the authors’ recent work summary as well as some 

other people’s contribution in the field. The book provides readers an overall 

picture and scientific basis of RGF. 

The authors hope that this book can provide the comprehensive information 

and mathematic models of developing and applying grippers and fixtures in 

industry, and present long term valuable essential information for the academic 

researchers who are interested in robotic manipulation as a good reference. 

This book is organized as follows. Chapter 1 describes the essential 

characteristics, similarities and differences between both of robotic grasping and 

fixturing, and the applications of RGF. Chapter 2 analyzes the grasping/fixturing 

closure. Chapter 3 discusses the grasping stability. Chapter 4 develops a fast and 

efficient force planning method to obtain the desired joint torques which will 

allow multifingered hands to firmly grasp an object with arbitrary shape. 

Chapter 5 addresses the problem of grasp capability analysis of multifingered 
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robot hands. Chapter 6 analyzes the existence of the uncontrollable grasping 

forces (i.e., passive contact forces) in enveloping grasp or fixturing, and 

formulates a physical model of compliant enveloping grasp. Chapter 7 derives 

the kinematic equations of pure rolling contact over the surfaces of two 

contacting objects, and develops a direct force control method based on the 

position control for robotic manipulation systems. Chapter 8 discusses the 

dynamic stability of a grasped/fixtured object, and presents a quantitative 

measure for evaluating dynamically grasps. Chapters 9 and 10 describe the 

applications of fundamentals of RGF. In Chapter 9, a mapping model between 

the error space of locators and the workpiece locating error space is built up for 

3D workpieces. Chapter 10 describes that deformations at contacts between the 

workpiece and locators/clamps resulting from large contact forces cause overall 

workpiece displacement, and affect the localization accuracy of the workpiece. 

This chapter defines the minimum norm of the elastic deformation at contacts as 

the objective function, and formulates the problem of determining of the optimal 

clamping forces as a constrained nonlinear programming which guarantees that 

the fixturing of the workpiece is force closure. 
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