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Internal force-based Impedance Contr ol Of Dual-arm
Manipulation of Flexib le Objects

A. S. AlYahmadi and T. C. Hsia
University of California, Davis

Minimal Realization of an Arbitrar y Spatial Stiffness Matrix with
a Parallel Connection of Simple and Comple x Springs

Rodney G. Roberts
Florida State University

� Simple,efficientschemefor
handlingflexible objects

� Objectdynamicscompensated
for usingsensedforces

� Internalforceisusedtodeform
anobject

� Simulationof twoarmsinserting
aflexibleobjectintoafixture

� Any spatialstiffnessmatrix K canbe realizedwith simple
andcomplex springs.

� The minimum total numberof springsis equalto the rank
of K.

� To reducecomplexity, oneshouldminimize thenumberof
complex springs.

� An algorithmis introducedto realizeK with theminimum
numberof complex springsandtheminimumtotal number
of springs.

An Eigenscre w Anal ysis of Mechanism Compliance
P. L. McAllister and R. E. Ellis

Queen’s University

The Spatial Stiffness Matrix from Simple Stretc hed Springs
J. M. Selig

South Bank University
� Compliance(C) of devicesof

unkown geometrycannotbefound
analytically

� An SPSDapproximationto C
was obtainedfrom simulated
noisystaticsdata

� Eigenscrew decompositionyielded
directionsand magnitudesof
compliance

� Simulationsshowedthemethod
wasreliablefor well-conditioned
poses

� Systemsof simplestretched
springsconsidered.

� Stiffnessmatrixderivedfrom
thepotentialfunction.

� Differentiationongroupmanifold,
noconstraintsused.

� Formof thestiffnessmatrix
investigated.

Classification Structure and Compliance Modeling for Serial
Manipulator s

Jeffrey Hudgens � , Daniel Cox � and Delbert Tesar �
� Applied Materials, Inc. and � University of Texas, Austin

Synthesis of Spatial Compliances with Simple Serial Elastic
Mechanisms

Shugang Huang and Joseph M. Schimmels
Marquette University

	 Robotmanipulatorsare inherentlyflexible whensubjectedto a load
disturbance. The result is inaccurateknowledgeof the end-effector
poseunderload. Theobjective of this paperis to developa structural
compliancemodelfor a generalserialmanipulatorthat includesboth
joint andlink compliancesourcesin any generaldistributionof revolute
andprismaticjoints.

	 Thecompliancemodelingstrategy accommodatesboth joint andlink
compliancesources. A more reliable methodfor placing the link
complianceframesis introduced. Specialconsiderationis given to
modelingthevariablelocalcompliancepropertiesof arobotcontaining
oneor moreprismaticjoints.

	 Thedistinctstructuresfor prismaticjointsare(1) Constant, (2) Proximally
Variable, (3) Distally Variable, and (4) Fully Variable. The link is
segmentedinto variableand constantcompliancesegmentsand the
complianceof eachsegmentis treatedseparately. Thelink compliance
modelingstrategy addressesthefour distinctlink structures.

	 A structuralcompliancemodel for a generalserialmanipulatorthat
includesboth joint and link compliancesourcesis developed. An
improvedlinearquasi-staticcompliancemodelfor serialrobotstructure
comprisedof both revolute and/orprismatic joint is provided. The
modelcanbeusedwith parameterestimationtechniquesto determine
complianceparametersfor the manipulatorwhich canbe appliedin
real-timeon-linedeflectioncompensationschemes.


 compliancesynthesisandrealization


 useserialmechanismwith
springsloadedacrossindividual
prismaticandrevolutejoints


 notall compliancesarerealizable
with mechanismsof thistype;
restrictiononcompliancematrices
identified


 serialmechanismsynthesis
procedurefor compliances
satisfyingrestrictiondefined
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