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Puc. 2 — Pe3ynbpTaTsl paboThl THAPOTPadUIECKOTO KOMITIIEKCA

TOYHOCTP TE€OAC3UYECKOW TMPUBA3ZKUM U3MEPEHUM, IIOJYYEHHBIX Kak
METOJIOM Ha3€MHOI'0 JIA3€pHOTO CKAaHUPOBAHUS, TaK W OOCIEIOBAaHUEM C
MOMOILBIO THAPOTrpadUYECKOro KOMIUIEKCA JENaeT BO3MOKHBIM HCIIOJIb30BAHHE
uX Opu npoexktupoBaHuu u paszpaborke ['MIC, a Taxke mpu mocieayrolieM
ananuze cpencrsamu ['MC.

VIK 658
KINEMATICS OF RECONFIGURABLE MANIPULATORS

Plugachev Kuzma
Autefa Solutions Switzerland, Frauenfeld, Switzerland

The traditional way of extending manipulators' abilities by means of
increasing the number of controlled joints results in disproportionately rapid
growth of the complexity and cost of construction. It is mainly caused by the
complexity of communicating movements from the motor via the previous links
to every new joint.

The other possible approach suggests that manipulator should be equipped
with one or more so-called reconfigurable links (RL). The RL consists of several
parts interconnected by translational or rotational passive (i.e. having no drivers)
joints with the simple locks fixing a position of the RL parts in respect to each
other. The idea of this approach lies in the fact that the movement in passive
joints is attained not by the usage of special additional drives but by means of
using already existing drives of conventional active joints between other links
not only for displacement of the gripper, but also for changing the RL
geometrical parameters.

Actual report is devoted to consideration of kinematic aspects of
reconfigurable manipulators modelling. Let r be the position vector of the
coordinate system ™S of the gripper with respect to the base frame °S. To
describe the ™S orientation with respect to °S the Euler angles O = (¢, 6, ¢) will
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be used. The gripper position and orientation can be presented as vector
o =(7,07).

In general case the manipulator with RL contains n+m joints and includes
reconfigurable links with m passive joints, and n controlled active joints. The
manipulator arm configuration at arbitrary instant of time is determined by a
vector of joint variables ge R™". This vector may be organized as ¢" =(¢/,q})

where g, e R” are joint variables of active controlled joints, g, /" is a column

vector of the RL joint variables.
“Taking into account the above designations, expressions for both direct
and differential kinematics of the manipulator can be written as follows:

"p= k(9 (1)
op- K@y (o) )
p 2 4=1J.(a) (2)

If the end-effector velocity in the base frame °S is written as a vector
% =°r"Pw’), where® and °w are linear and angular components respectively,
then

"v=1J(a)q (3)

The standard Jacobian J of the manipulator differs from Jacobian J, in
(2), associated with accepted minimal description of orientation in (1). A
derivative of the Euler angles set O=(¢, 6,4 may be transformed into the
angular velocity °» in the °S using matrix A* whose elements are functions of
the gripper orientation

v =A(P)°p; (4)
o [y 0
Al p){ 0 A*((p,e,w} ©)

The matrix A" reflects the fact that the gripper angular velocity is not a
mere derivative of minimal description of an orientation.

The manipulator Jacobian may be divided into two matrices
corresponding to active and passive joint variables, so that

v=1J,(a)4, +J,(a)d, (6)

The RE configuration at each instant of time can be described by the joint
variables vector g, e R® The gripper and the RE in a contact form a kinematic
pair with k degrees of freedom, and their relative position may be described by
the vector g, e R¥. This enables the gripper position to be determined by the

vector g" =(g/, g}), so that

°p=1(9) (7)
The inverse dependence can be written as
9=17"Cp=1"1Kq] (8)

Differentiation of (7) and its division by parameters of both RE and
contact gives
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v=T(9)g =T, (9)g, +T4(9)4,, (9)
where

(9= A[r(g)]—é);(gg) = A9) _ﬁ;(gg) ;

A(9) .

T, (9) = A(g) 222
(9) = A(9) .
A(9)

T,(g) = A(g) =22,
(9) = A(9) .

A number h of degrees of freedom of a gripper in contact with RE is
determined by
h =dim[imJ(q) NimT (g)]=
= rankJ (q) + rankT (g) —rank[J (q)T(g)]  (10)

VJIK 621.01

POBACTHOE YIIPABJIEHUE 3BEHbAMHN
HNPOMBIIIVIEHHOTI'O POBOTA

Oneiiko O.®., Hecenuyk A. A.
benopycckuii HallMOHAJIBHBIA TEXHUYECKUA YHUBEPCUTET
Munck, Pecniybnuka benapych

[IpuBeneHHBIN K Bay AJICKTPOJBUTATENISI MOMEHT MHEPIMH JIF000TO 3BEHA
MPOMBITIINIEHHOTO PO00Ta 3aBUCUT OT OTHOCHUTENIbHBIX TOJIO)KEHUM 3BEHBEB, a
TaK € OT MAacChl B 3aXBaTHOM YCTPOWCTBE, U OTOMY U3MEHSETCS B MPOLIECCE
dbyukimonupoBanus. l[IpuMeHeHUe cHeNUaIbHBIX JABUTATEIEH C BBICOKUMU
JAHAMAYECKAMHU CBOMCTBAaMH, HalpUMEP, CHHXPOHHBIX JIBUTATENIEH C
noctosstHHbIMA MarHuTamu (CJIIIM), mo3BOJIIET YMEHBIIUTh JUHAMHUYECKYIO
MOTPEIIHOCTh TpU  OTPabOTKE TPAeKTOPUM, OJIHAKO H3MEHEHHUS] MOMEHTa
WHEpIUU OyAyT 3HAYUTEIbHEE BIMATh Ha TUHAMUYECKUE CBOMCTBA CUCTEMBI.

Jns craOUnbHOCTH  JAMHAMUYECKUMX  CBOMCTB  CHUCTEMbl  MpH
napamMeTpUYeCKUX BO3MYIICHUSX BO3MOXKHO MPUMEHEHUE METOJIOB pOOACTHOTO
yrpasieHus [1-6].

Cunre3 poOactHbix [l perynsiTopoB MOJOXKEHUS U  CKOPOCTH
BBITIOJIHACTCS I JIMHEAPU30BAHHOW PEIyIIMPOBAHHONW MOJEIN 00BEeKTa
VIIPaBJICHUsA, IapaMeTpbl KOTOPOM, 3aBUCAILHE OT MOMEHTOB WHEPLNH,
IIPUHAUIEKAT 3aJaHHbIM UHTepBanaM. Kpurepuem KkauectBa  sBISETCS
MPUHAJJICKHOCTh KOPHEH XapaKTepUCTUUECKOTO MOJMHOMA 33aJIaHHOM 00J1acTH
Ha TUTOCKOCTH KOPHEH T BCEX BO3MOXKHBIX 3HAUCHHM IMapaMeTpPOB OOBEKTA.
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