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Absiraci

The paper describes B dinedc modeliieg of @
Mewille mamipalator with fee fexble lwks Tl study
rotates w1 e herizomial plane. Saved oo a combined
Fuler-Lagrmmge  foromlation ad axsumed mode
methd i fEvalate S deaade meded of o Jerile
mumiptmior sestem. A paviead iv added af the T of
Mo zecond ok, Lonks are modelled ax Enler-Hernoulli
hemms of wiform density with clmaped-mass borndary
covelittones. Tl final dwmamue eguotion can e
ofrtmined by compuiteg the Logreorgian and S g
Lagrange's equaiion of motion for cach foim ard modle,
For o twoelink flexible smvupilntsy, e effect of
strviciirn dampiag iw the dvneuic mode! 5 examined
el arvenlvzed Simadaiion resnlis are arnlvzed o e
Mt aswesy e ecowrecy af e medel i
representing the eoival svstewe T moded cquations
are vertfied with varons paoilsad profiles.

1. Introduciin

A twolink Aeable mampulior s atimctive
hecause they avoid the lanae matia forees associated
with tracitiemal, lanae-sectuon, ngid-link mamipuliors,
Flezible robot mampulators require less matenal, are
hghter i weht, consume less power, require smaller
actuators, are more manguverable and transportable,
have Joss overall cost and higher pavkoad o mobol
weight rtia, Unlike ngid mamipalaiors, the dynamics
of manipulators wcorpomte the effocts of mechanical
Mexibalities i ais k=,

Link Dexibility 15 a consequence of the hghtweaight
constructiemal Faure i the mampulsior ars that arg
designed o operaie st hgh spead with low mertia,
Thus, Mexible mampulaters undergo two types of
motica, L ngid and Azable menon. Becauss of the
mbzrcten of these motions, the resulimg dynamic
equations of leable manipulsoes are lighly complex
arl. 10 tum, the control ksk bocomes more challenging
comparad 1o that for ngid robots. Fach Qexible link
can be modslad as dwstribuied paramsier system whers

the motion 15 deseribed by o coupled sysbom of
ordmary and partial diffarential equations (PIOE],

FI3Es and boundiry equations of a two-link Neable
mampulator systan are ohiwmed by matching the shar
force and bending moment at the elbow e, allowing
the cigenvalucs o0 be computed without recounse 1o
dyamic fonmulations [1]. On the other hand, the
vibraten medes o o genenc two-lnk  Aeable
manipuLsior are studied as a function of the link, rotor
andd wp mass detnbution. Necessay and  sulficient
conditions are developad for all vibrtion modes 1o
exhibat a nods at the manipalator,

Combammg Fuler-Lagrnge formulateon and asumed
misle methed (AMM) appreach o model the planar
moten of o manipulior consistmg of tao Qoable
links and jomtz The convational Lagrimgian
micleling of Azable link robos doss not fully
meorporate the bending mechameam of Nexible lnk as
i allows free lmk olongation w addinon 1w link
dellection by Subuadhi and Mormes [2). Using the
AWM 1o denve a dynamic mode] ol mulblink Qeable
robot anms limiting o the caze of plinar manpulators
with no torsical elfects by De Luca and Siciliana [3].
The cquations of moten which can be aremged noa
computationally efficient closed form that 15 also lingar
with respect 1o a suitable sat of constant mechanical
paramztars have been chiamed [4]. Vanous mput
torque profles used o myvestigate the dynamie medel
[5]-

The Mexibality of the links 15 distributed alemg their
kmgth, necessiatng  that they b roparded s
delrmable hodies that have an mfinite number of
degress of fresdom. However, for practical purposes,
the sysbem of Mexible links must be reduced o a
systan having o fmiie number of degrees of freadom,
and  dhe AMM 15 an appropnate techmgue o
achieving this. This mvelves the synihesis of 2 finite
dimamsomal dynamics medel of the Dexible system
froms the mfnite dimensional ezl resulting from the
solutign of partia] merennd equanons, Each eoable
hnk can ke modelled as disinbuted pammeter svstem




