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Finite Element Modeling of Link Mechanisms
(Part 1, Application to Hyper-Redundant Manipulators)
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In this peper, Finite Hement Methad (FEM) is proposed for gpplication to a contrd system of link mechanisms The
contrd software using FEM can ded with a sudden change in hardware, and is cgpable of expresing lack or disgbility of
conglituent members of the system only by changinginput data since the entire system issubdivided into disorete dements and
evduated asa continuum. It handlesthe informétion of the entire systemin pardld, whichis ussful epedaly when contralling
hyper-redundant menipuaors The red-time contrd by usng FEM became possible by gpplying the Shifted Integration
technique, which producesthe higher computationd effidency inthefinite dement andyses of framed sruduresinduding Setic
and dynamic odlgpse prodems. A sngle link drudure of a pin jaint and arigid ber is expressad by shifting the numericd
integration pant in two linear Timashenko beam dements Thi's peper desribesthe modding of link mechanisms by usng the
Shifted Integration technique, and anumarica schemeto datain jaint torgue curvesin rHink mechanism based upon Cartesan
ooordinatesis darived. A smulaiontest on 8Hink mechanism by FEM is caried aut and thejaint torque curvesare compered to
those dbtained by conventiond Newton-Euler method.
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Joint (Servo motor) Nodal point
Center of . Numerical integration
gravity Link point
Finite
element

(a)Link mechanism
Fig1 M odding of link mechanism by usng
Shifted | ntegr ation technique

(b)Finite elements
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J=i+1

[ ] :Link No. 1~n
4

(O :Element No. 1~2n
none:Nodal No. 1~2n+1
Relation between
nodal No. k and link No. i
at center of gravity ini-th link:

K=l
Fig2Nadd farceading ani-thlink in nHink
mechanism
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{Piterar = {Pite + {Apx}, (k= 2i) (5)
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{Pi} = )

{Aprt = (4)
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