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Abstract:  The influence of passive joint on the dynamics of planar flexible underactuated manipulators
B studied. A vibration reduction method based on the internal resonance phenomenon of multr degree
nonlinear dynamic system is proposed. The dynamic simulation results reveal that the harmonic input for
the actuated joint will induce the passive joint deviating from its equilibrium position, the excursion speed

and direction depend on the amplitude of the input. A passive joint position control scheme making use of

the vibration of the flexible structure is suggested, and the numerical simulation results of a model of pla
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nar two link flexible underactuated manipulator is shown.
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The motion control of underactuated mecha
nism or underactuated manipulator is proposed in
the fault tolerance technology of space robot system

]

firstly''!. An underactuated manipulator alo can

be designed as a kind of assistant robot system,
which is said to be a COBOT'*'. The COBOT sys
tem can not work independently for the passive
joint is unable to provide the force/ torque for ma
nipulation under gravity. However, the COBOT
can cooperate with human being and implement
some critical manipulation such as applications in
bioengineering, medical treatment and micro-elec

. . . 3 .
tronics. A metamorphic mechanism' > can reconfig-
ure itself, and always results in the change of de

gree of freedoms (DOFs) or constraint characteris
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tics of the original system. Metamorphic mecha
nisms have some passive joints or flexible com po-
nents for economical sake and make the best of the
ability of reconfiguration of the mechanism. There-
fore, the underactuated mechanisms and underac-
tuated manipulators have some properties which
can not be provided by the fullactuated mecha-
nism.

Most of the studies on the underactuated ma-
nipulators assumed that the structure was rigid and
the research was limited in position control ™! of
passive joint or motion plan of system mainly.
However, the underactuated manipulator always is
flexible in structure for its application back ground

obviously. A machine or manipulator is designed so
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rigid or strong that it has enough accuracy in ma
nipulation generally. Nevertheless, for the sake of
economy of material or energy, the dynamic behav-
ior of the actual manipulator considering the struc
tural flexibility is critical and has to be investigated
thoroughly. On the other hand, the flexible ma
nipulator has some merits such as the characteristic
in structural com pliancy or economy in energy corr
suming. Therefore, the flexible system is another
important developing direction of the robotics cur
rentlyl ‘l

In this paper, the nonlinear vibration behav-
iors of the flexible underactuated manipulator are
investigated based on the internal resonance proper
ty of multr degree nonlinear dynamic system, and a
vibration reduction method is proposed. Moreover,
the influence of the structural flexibility on the mo
tion behavior of the passive joint is explored, and a
position control method for passive joint through

the structural vibration is suggested.

1 Dynamic Formulation

Considering an n-DOFs open chain planar
flexible manipulator, the vibration of the system is
induced from the transverse bending of the link and
the elasticity of the joint. The passive joints in the
underactuated manipulator have no elastic compo
nents, so the stiffness of the passive joint is zero.
Assume that the planar manipulator is horizontal

(Fig. 1) and the passive joints have brakes, which
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Fig.1 Planar two link flexible underactuated

manipulator model

control the passive joint to freely swing or to be
locked. The length of link 7 is L;, the moment of

inertia of the cross section area.is I;, the materials

of the links are same, E is Yong s modulus, the
mass of unit length of the link is @, and m;(i= 1,
2, -y n) is the payload of each link end. Assume
that the link is a Euler Bernouli beam.

The deformation of link described by the as-

sumed mode method can be written as
yi(x,t) = Zl}bu- i (%) Si-nji(t) +
i<

Shevn (=12 m )

where ®;(x ) is the j-th assumed mode function of
link i, and %vj(x)= 0, &( t) are the mode ampli-
tudes. T he mode shape function

bi(x) = sh(Bypx)+ &sin(Bpx)  (2)
satisfies the boundary conditions for a simple sup-
ported beam with one end free. In Eq. (2), the

paramet er

& = sh(BL;)/sin( B;L;) (j= 1,2) (3)

and
. 1 .
E*J'Li“[] Z}“ (j= 12 (4)
By Lagrange equation,
d 9L oL .
- T - o= TL‘ = es
dras 96 (i= 1,2 -n) (5)
T he dynamic equation in matrix-vector form is
given by

MO+ KO+ c= T (6)
where, 0 € R "1 is the generalized coordi
nate; M= [my] € R("Jr nm) X (n+ nm) is
matrix; K= [k;] € R )t nm) e the stiff-

. (n+ x 1 . BT
ness matrix; ¢€ R ") contains the Coriolis,

the mertia

centrifugal, elastic and centrifugal stiffening ef
fects; TE R ™ *! denotes the generalized ex-

ternal torque.

2 Dynamic Analysis

2.1 The vibration reduction effect with passive
joints

The multrdegree nonlinear dynamic system

such as Eq. (6) can be analyzed by many approxi

mation methods such as averaging method, pro-

gressiorr approximating technique, harmonic equi

librium and so on. It has been shown that the sys

tem. has a plenty, of dynamic phenomena, Howev-
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