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Finite Element Modeling of Link Mechanisms
(Part 2, Application to Open-Loop Link Mechanisms in 3-D Motion)
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Finite Element Method (FEM) is a kind of parallel calculation scheme, which
subdivide a continuum system by discrete minute elements, and takes out a solution by
calculating global equation constituted by elemental information. By applying FEM to the
calculation of inverse dynamics of link mechanisms, it may become easier to use, compared
to other conventional schemes using dynamic equations where link variables depend upon
each other. The purpose of this report is to extend the scheme using FEM from a 2-D
motional version, by which the validity was checked in the previous report, to a 3-D motional
version. Some simulation tests are carried out using the scheme and the validity is verified.
Keywords : Link Mechanisms, Finite Element Method, 3-D Motion, Inverse Dynamics

1. [ITBIZ

HGER ) P S <EUEMEAT FIE L L TURSFI S LD
HIRERE(FEM) i, R2EEM/NERICHEBILL, 2
NENDOEREZE2EFTBRACELD TRERD DLV F
ETHD. DI, Vo VBERBEIZB WY 7 R &SR
WCHZEBNATREL /2D, RO EAITH L T 7 hy =T AR
WZREMZ D ERL, AT —FE BB/ HIET TR
ORI T REL 225, ZD =%, FEMZ WE) /)23 A
WA L5, BV LIS bRk 2 2B R DY v
B LRI LGl CE DR — A7 3 IR D ATREME A

HA. :Nodal point

KRG TIL, B HEEESMRIT CEOAE NN SLIEEIN T ® :Nodal point expressing center of gravity
V% Shifted Integration i (SHE) Z W T Vit L€ (a) Joint torque (b) Nodal forces
FIALL, 2% oeiERI 2T A5 7B I L TR Zhik Fig. 2 Joint torque and nodal forces acting

on i—th link in n—link mechanism

RSN TVWAFEMIZEATIA[1%, 3kITiEENZ 9 A0
UL HRE DB N R T ATV R BITIEELZ. S5,
FERHCIWITIEB O F R Z Y RF, fEkobolit
W HIEIZINEDF A REELT-.

B REYTZRUTEEVIFIETHD. Vo 7#EOET VL
WCEEL, 1O ICE LB IS AL L CU 7% 20D
BT e = IV EHETHHIL, O E O SIS
ARV TNTAZEICEVI s oA B L L TREL-.
IHIZ, ITRAMEEEZ EFELTZEE 0 9528128 ->TE
OREEEFE L IREEE L TRILL.

2. SIEICLBY 7#tEDET VAL
AT T, B 0 A PR BE ST C EAE DB STk
VT 7 AT b 5. ZOFHEEEEE U0
AEWNIEE XS ; DB O D EERL
R AT AN BB ChIUE, ZAUTEENH B D Rl 3. UL oSO RIS L 2B

2 (a) lonl ZHHEIZ 35T i & H OV 2L 2

Link joint Center of gravity Link joint BfiibLY, (DICENE | BB OV 2D DRI ES

Q} ® ‘ THELUEMEZRT. | FEHOVZIZIX3HEDZEE O

el BRI SR ELRDH, ZHEIIE B OV 7 OB

-1 3\1 -1 s 1 At N S 2 EHERE — AR, U7 O el B <Atk T,

DFEY i+1~nFEH ETOV LS OFNTER T2

Cﬁ @ %( @ %D FEEE—AD, BROELEVIZERTEET—ACR, S

Node No. 1 Node No. 2 Node No. 3 SIZZNSOFNT i+1 % H OV 7 OS2 2 INE L= 0

@ :Blement No. L1275, id B OV 2\ Bx a0 O B L2 28 A S
x :Numerical integration point IoTHETL

Fig. 1 Finite element modeling of a link member
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(b) Trajectory of the object (d) Joint torque curves obtained by FEM
Fig.3 Calculation of inverse dynamics for arm-type
manipulator
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