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Robot Arm Design with Nonlinearity and Workspace Consideration

Sang Jo Lee* Young Sik Yoon**

ABSTRACT

Using the design parameters of multi-joint manipulator, workspace of
the manipulator were evaluated analytically, and the relation between
such design parameters and nonlinearity of the manipulator were presen-
ted dynamically.

The ratio of the volumes of a manipulator’s workspace to the cube of
its total link length presents a kinematic performance index [NVI] for the
manipulator. It is possible to geometrically represent the manipulator
dynamics with the generalized inertia ellipsoid (GIE). The relation bet-
ween the GIE configuration and the characteristics of manipulator dyna-
mics was analysed in terms of inertia and nonlinear forces(Coliolis and
centrifugal forces). The nonlinearity caused by the change of the GIE
configuration were affected by the difference between the major and mi-
nor axes length of the GIE.

The results of this investigation are applied to the optimal design of
the manipulator. ’
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NOMENCLATURE

[A], :a homogeneous transformation which re-
presents the geometrical relationship bet-
ween the coordinate frames i and i+1

a, . the common normal between the axes Z;
and Z,,,

b, . the axial offset distance of the joint i+1
on the i

C . orthonormal matrix which stands for the
rotation of GIE

D, : diagonal matrix whose elemenfs are eigen-
values of G ,

F . nonlinear force

QN : generalized inertia tensor

H . inertia tensor

I . inertia tensor of the i_th link

J . Jacobian matrix

L : total link length

& > length of the i _th link

Loy : distance between the joint and the mass
center

m; . mass of the i_th link

NVI ! normalized volume index
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P; :i_ th principal axis
Q . generalized force including potential force
q . generalized coordinate
T . kinetic energy
ug . coefficient with respect to (w.r.t) &6 0
Ve . velocity vector of the centroid of the
i_ th link
VI . volume index
X, Y, Z;: the coordinate axes of the frame i
(Xn, ¥n, Zn) . the coordinate of a point in

workspace W, (H)

W, (H). workspace w.r.t the joint i

o : the twist angle between the axes Z; and
Zin

B : the location angle of the link i+1 w.r.t
the link i

. joint coordinate

A . eigenvalue of matrix G

6, . rotational range of the joint i

Wi . angular velocity vector of the centroid of
the i__th link
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