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Building an Optimal Shape Design System of Link Mechanisms
Using an Object-Oriented Modeling Method

Kikuo FUJITA, Shinsuke AKAGI and Kazunori TUJIMOTO

An optimal shape design system is developed using an object-oriented modeling technique. The
shape design problems of link mechanisms are generally formulated as mathematical optimization
problems. In the formulation, the driving forces required for the motion of the follower are considered
as objective functions to be minimized, and kinematic and geometric relationships are investigated
as constraints. The process of formulating them is so complicated that the usual optimization
techniques are not effective enough to support the shape design. In our system, link mechanisms are
represented using an object-oriented modeling technique based on their graph representation. By
means of it, the formulation for optimal design is automatically carried out. The system has effective
user interface functions for setting initial shapes of mechanisms and showing results of optimization
calculation. Finally, it is applied to the optimal shape design of a power shovel in order to check its

validity and effectiveness. ‘
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Link
Mechanism

B3 A7Yx2 MBRENC L HRE

(instance (name boom body01l)
(class body)
(instance-variable
(joint-local~coord
((z2 (0.00 0.00)) (z3 (3.30 0.31),
(z4 (4.55 0.00)) (z5 (1.14 -0.35))
(z6 (4.01 0.05))) ) '
{shape ((0.00 0.00}) (3.00 0.90)
(3.80 0.70) (4.55 0.00)
(1.14 -0.35)) )) )

{(association is-connected-by
(boom z2) (boom z3) (boom z4)
{boom 25) (boom z6))
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@ Message describing
the geometric relations

@ Querying the names of
objects with assoclation
of ‘is-composed-of-body’

@ Querying the names of
objects with association
of ‘Is-connected-by’

: Rigid Body
: Joint
: Transformation Matrix

Closed Loop 8

@ Message requesting
the generation of the
transformation matrix

| Matrx 2| [Matrx 3]

y3}0

® Generating the
transformation matrix

g | ASSOClation: is-composed-of-body'.
g+ AgSOClation: 'Is-connected-by’.
g}~ ; Message passing
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: Instance Mechanlsms
~~ : Class-Instance Relation NG
—: Superclass-Subclass Relation
-« : Assoclation among Objects: ‘is-connected-by’
- : Agsoclation among Objects: 'is-composed-of-body’
-« : Assoclation among Objects: 'is-composed-of-joint’
- : Message Passing
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Objective functions [XIOGN]
( Max. of cylinder power)

Design variables

Boom | Am | Cyl.1| Cyl.2{ Cyl.3 | Total

Initial 1.0 1.0 | 03077 | 0.5402 1.1642 | 2.0121
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