- Se ri_eS on

ndamentals of Robotic
rasping and Fixturing

Caihua Xiong
. hHan ;ng
Youlun Xiong




Contents

Preface v

Chapter 1 Robotic Grasp and Workpiece-Fixture Systems

O 111 56 1< 18115 2 WO TS PSP PP PPV RTPIS PRSP PRPIR 1
1.2 Robotic Manipulation and Multifingered Robotic Hands ... 1
1.3 AMT and FIXLIUFES coooivviiiri e ieesiisssint s sin g se e 4
14  Comparison between Grasping and Fixturing.......o, 8
1.5 BIDHOZIAPHY «ooieeiee ettt 8
Chapter 2 Qualitative Analysis and Quantitative Evaluation of

Form-Closure Grasping/Fixturing

2.1 TTOAUCHON - ettt vee ettt s e s 11
2.2 Qualitative ARAIYSIS oo 13
2.2.1  Kinematic Characteristics of Grasping/Fixturing..........ccoeeers 13
222  Discriminances of Form-Closure Grasping/Fixturing................ 16
2.23  Minimum Number of Contacts with Frictionless ..o 17
2.3 Quantitative BvalUuation. ... 21
2.3.1  Evaluation Criteria ..o cenereenminiiiisisiiis s ssess s 21
2.3.2  Numerical Example.........coii i b 22
24 SUIMIIATY .. oeoeiererecemamee et resb e e e 26
2.5 BIibHOSIapRY (oo 26

Chapter 3 Stability Index and Contact Configuration Planning
of Force-Closure Grasping/Fixturing

T DR G100 1510 o (o) | DUUUUTETETET OO O O O U PP P U PP P PP PSP P PP PP 30

3.2 Description of Contacts with Friction

vii



Vil

33
34

3.5
3.6
3.7

4.1
4.2
43
4.4
4.5
4.6

5.1
52
53
54
5.5

6.1
6.2
6.3
6.4

Contents
Conditions of Force Closure Grasp ... s 33
Grasp Stability INAEK . ......ooviiiiiin 34
3.4.1  Definition of the Grasp Stability Index ... 34
34.2  Some Properties of the IndeX ... 36
343  Contact Configuration Planning ... 38
BXAIMPLES ..oveiiietis e se s e 39
LT 110 1T OO POV P ST TSPRP I TPTI TS 43
BIibHOZTAPRY .ot s 43
Chapter 4 Active Grasp Force Planning
i
L7118 40 L0 [e1 5103 DR OO ST U PRI TP TP PPRP O 45
Nonfinear Programming in Grasp ..o 47
Force Planning Using Neural Networks......ooovviinnin 49
Simulation ... s 58
SUINIIALY Lo cvovvaraes et ser e eas s ss s st b ol
BIbIIOZIAPAY ©o.ceciiieiiiniriimie e s 61
Chapter 5 Grasp Capability Analysis
| iy aue s (0 Tsai 1) DURTUOU RO TP U U ST PO VPP PRI TP I 64
Evaluation of Multifingered Grasp Capability ..o 66
Numerical EXAMPLE.......ccommrmriiirii e e 68
SUIMMIIALY «..ototever et b bies e R eSS s s st 76
BABHOZIAPIY ©..viveeeeeeeirieieietaar i e 76
Chapter 6 Compliant Grasping with Passive Forces
O LA Tea Lo ) F OO PP TP POOT TP TEPOP 79
The Model of Compliant Grasping/FiXturing ... 82
Local Elastic Contact Model. ..o 85
Deformation Compatible Constraints for All Contacts ... 88

6.5

Stability of Grasping/Fixturing SYSIEMS ..o 89



Contents

6.6  Passive Force Closure Prediction .....coccooovecvevvee e e
6.7 Numerical EXample.......cooooiiii e
6.8 SUINUIIATY cooovir i inrnrmmre i steeerms s st nrre s s s as e st estasensansnes
0.9  BiblIography ..o e

Chapter 7 Kinematics of Contacts and Rolling Manipulation

7.1
7.2
7.3
7.4

7.5
7.6
7.7
7.8

INEEOAUCHION i et e
Kinematics of Pure Rolling Contact........cooociviiiiiinic e
Kinematics of Manipulation with Rolling Contact ...........oocevivviernnee
Coordinating Manipulation of Multifingered Robotic Hands ...............

7.4.1  Classification of Grasp Phases ..., '

7.4.2  Coordinating Manipulation Strategy .........coco i ieeiies
Adjustment of Fingertip Contact FOrces ........cccoocooviviiiinicn

Experimental Results ...

Chapter 8 Dynamic Stability of Grasping/Fixturing

8.1 INrOdUCHION ..o
8.2  Dynamic Equations of Motion for a Grasped/Fixtured Object..............
8.3 Dynamic Stability Conditions and Quality Measure..........................
8.4 SUMIMATY ot s s
8.5 BibHOGIraphY toreereiie e e e e
Chapter 9 Locating Error Analysis and Configuration Planning -
of Fixtures
0.1 IITOAUCHIOM ottt en et s
9.2 Error Mapping Model ...
9.2.1  Fully Constrained Localization ...
9.2.2  Over Constrained Localization........oooceeiviniincnnnnieinn,

9.2.3  Under Constrained Localiza‘tion ...............................................



93

9.4

9.5

9.6
9.7

Contents

Locator and Clamp Configuration Characteristics ..o 159
93.1 Locator Configuration CharaCteristics ... 159
932  Clamp Configuration Characteristics ... 159
Evaluation Indexes of Fixturing . ..ccocovvirimrmcermnene i 106
9.4.1 Evaluation Index of Locator Configurations ...........ooeiinnns 166
9.4.2  Stability Index of FIXIIINE ..o 168
943  Fixturing Resultant Index ..o 169
Configuration Planning of FIXQUING oo 169
051 CONSLIAINES covvrvrrireieveererserasiesreesreiresrr st st 169
9.5.2  Planning Methods........ooii e 171
SUMIMATY .coviireriiie s ST OUURUOUUTUPU PPN 180
BibLIOZIAPNY ..ottt 181

Chapter 10 Clamping Planning in Workpiece-Fixture Systems

10.1
10.2

10.3
10.4
10.5
10.6

Index

Introduction.....................................j ...................................................... 185
Planning of Magnitudes and Positions of Clamping Forces................ 188
10.2.1  Objective FUNCHON L.uiviienciicnmimnii s 188
10.2.2  Kinematic Conditions ..o 189
10.2.3  Solution of Optimal Clamping FOrces. ... 191
Verification of Force COnsSraints ... 193
Numerical BXample. ... s 195
SUITHTIALY oo v s ersreceeeeesss s b s s an s bbb 209
BIBHOEIAPRY .. cocvcverererieiin e 210



