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Abstract, The fechnigue of analytical determination of internal loads in Iinks of planar rod
mechanisms and manipulaters with static definable structures taking inte account the
distributed dymamic stress, a self weight and the eperating external loads iz designad in this
paper. The programs using the MAPLE are made on the given algorithm and amimations af
the motion of mechanizms with conztruction on links the imtensity of cross and longitudinal
diztributed inerfia loads, the bending moments, crosz and longitudingl stress, depending on

kinematic characteristics of links are ebtained.
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1 INTRODUCTION

There are a vanety of graph-analytical and numencal calculation methods on durabihty
and ngdity of rod robotic systems and mechamsms, 1n whach the distnbuted imerha forces of
difficult character aren't considered [1-4]. The zroups of Assur, that form the desizned
scheme of mechanizm. can be statically definable. and also statically indefinable 1n concept of
determunation of infernal stress. In this paper a new amalvheal approach of scluton of
problems of dynamic caleulation on durability and ngdity taking into account the distributed
dynamae stress 1n links of robotic systems and mechanisms with statieally definable structures
15 proposed.

The distnbuted mmerha forces of diffieult character appear i links of rod mechamsms
within the moton process. The mtensity of distnbuton of imerha forces along the link
depends on the mass dismbution along the hnk and the kimematic charactenstices of the
mechamsm changing raprdly. Rise of that sort of loads causes a set of problems, namely,
breaking problems, which are specified by large-scale mertia forces; sigmificance of elaste
deformation of mechamism, that puts the mechamsm out of achon; because of deformation of
links the mechanism can’t meet kimematic claims.

Therefore, relations between the mtensity of distributed inertia forces and a self weight of
links with geometrical. physical and kmematic charactensties are determined m owr work.
The laws of distmbution of imertia forces and self weight allow to cutput laws of distnbution
of internal forces on the axis of ok 1n each position of hoks, where there 15 a force attached
to any point of a lnk. Thewr maxpnum values allow to optumize the design data of a hnk,
which provides durability and ngdity of links and, enfirely, of mobotic systems and
mechanisms.

As mternal loads of each confinmal link are defined unambizuously by a set of mternal
loads 1n 1ts separate cross-sections and by the matnxes of appresamations, so the task 1= to
caleulate the internal loads in fimite number of cross-sections of elements.

As a result, we refer to discrete model of elastic caleulation of links of rod mechamisms.
For elastic caleulation of rod mecham=ms based on Dalamber's pnnciple, mecham=ms are
casted to structures which degree of freedom 15 equal to zero. For defimfion of internal loads
in hnks of desipned scheme of mecham=m, the stuecture 1= divided into elements. both the
hmged and ngd jomnts. The elements are divided mto three types of beams for the first fime.
Discrete models of these three types of the beams with constant cross-sections which are
under the action of cross and the longrudinal distmbuted loads of a trapezoadal wew are
constmacted. The constructed discrete models for these three tvpes of beams with constamt
cross sechons along the ams allow to determine quantity of the mdependent dynamue
equations of balance, components of a vector of forces 1n calculated cross-sections and to
constract discrete model of all stucture.

The dynanuc equations of balance for discrete model of an element of the hink with
constant cross-sections which 15 under the mnfluence of cross and longituding] inertial loads of
a trapezoadal look are also recerved in this work as well as the eguations of balance of hinged
and nigid knots expressed through requred parameters of internal forces.

If we unite the equations of dynamic balance of elements and knots m one svstem, we wall
recerve the equations of dynamuc balance of all discrete model of system. A sort of systems of
equations 15 sufficient for defimtion of internal forces m hnks of mechanisms, which structure
1z a static definable. The vector of forces and vector of loads in calenlated eross-sections of
discrete models of mechamsms are formed from vectors of forces and vectors of loads mn
caleulated cross-sections of thew separate elements. On the grven algonthm the programs n
the MAPLE system are made and animations of the motion of mechanisms with construction
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6. CONCLUSIONS

The developed techmigue can be applied in the study of stress-strain state of the projected
and existing mobile and fixed beam svstems with statically definable structures (planar red
mechanisms, mampulators, frames, ste).
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