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Abstract
       In the former paper(EMAP2000), one of the author has
already proposed and developed the molding pantograph
mechanism with large-deflective hinges and links for
miniature surface mount system for packaging manufacturing
system. The characteristic of the pantograph mechanism is
investigated theoretically and experimentally. The aimed final
miniature manufacturing system for micro assembling is
composed of the pantograph mechanisms and the following
positioning-and-orientation table.
      In this paper, a new molding 3-DOF planar positioning-
and-orientation table with large-deflective polymer hinges and
links is proposed. The table has two function: a transmission
function between manufacturing stations and a positioning-
and-orientation function at the manufacturing station. The
table with six large-deflective hinges and seven links is made
by the small molding injection machine. The used material is
PP ( Polypropylene ). The table has three linear actuators. In
the experiments, the singular points of the table mechanism is
investigated in its working space and compared with the
theoretical results. The performance concerning the
transmissibility of the proposed new molding 3-DOF planar
positioning-and-orientation table is confirmed.

1. Introduction
     Personal information communication on the earth,

which human beings have been dreaming of for a long time,
has currently come true by the invention of cellular phones.
These cellular phones are still becoming miniaturized and
light-weighted day by day, and not only cellular phones but
also AV devices, computers and their accessories are
advancing in the same way.  In order to make it easy to bring
these to a realization, one of the authors here has already
suggested a manipulator system for a portable surface
mounting system used for electric devices(1).  This study
suggests 3-DOF planar positioning-orientation tables molded
with links and large-deflective hinges, making it possible to
do minute work, since these tables have a function of a
conveyance between working stations on the surface
mounting direct working lines, as well as a positioning-
orientation function in each working station.  These tables are
created as a model and used to experimentally examine the
existing space of singular points of the mechanism composed
of hinges.  Then, the results are examined and compared with
theoretical results to confirm the effectiveness of the
suggested mechanism by examining the transmission index of
the suggested mechanism composed of hinges.

2. Suggestion on 3-DOF planar positioning-orientation
tables composed of large-deflective hinges and links
     The subjects in this study are 3-DOF planar

positioning-orientation tables composed of large-deflective
hinges and links.  First, from the result of the examination of
the degrees of freedom (DOF) of the mechanism composed of
hinges, this study suggests the subjects, 3-DOF planar
positioning-orientation tables molded with large-deflective
hinges, which are input by three linear actuators in the same
direction.   Figure 1 shows the entire portable surface
mounting systems, and the positioning-orientation tables
suggested here are shown at the bottom right-hand corner of
the Table.   These linear actuators are made to move on two
rails, which indicate that they have a function of conveyance
between working stations as well as a positioning-orientation
function in each working station.

3. Direct / inverse kinematics of 3-DOF positioning tables
     Since the subject mechanism used is composed of

hinges, the moment occurring at the hinge parts should be
taken into consideration.  Therefore, focusing on the balance
between the entire mechanism and the moment, this study
indicates the solution methods for direct kinetic and inverse
kinetic problems. Figures 2 and 3 show the results of direct
and inverse kinematics of the mechanisms. Moreover, the
locus analysis of the mechanism used is simulated, which
makes it possible to analyze transmission indexes of the
mechanism as well as to analyze kinematics of positioning-
orientation tables, which is necessary for designing
mechanisms.  The mechanism parameters of positioning tables
are shown in Fig. 4.

Fig. 1  Proposed 3-DOF positioning-and-orientation
           table and　former proposed parallel
           arrangement pantograph mechanisms

Parallel
arrangement
pantograph
mechanisms

Proposed 3-
DOF positioning-
and-orientation
table
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4. Transmission indexes of 3-DOF positioning-
     orientation tables

     The transmission index (TI), which is an index for
judging the easiness of movement, used to be applicable for
only revolute pairs such as ball bearings, which act only by
force but do not cause the moment.  Equation (1) shows the
relationship between TI and a pressure angle in case of 4-bar
linkage with revolute pairs shown in Fig.5 (a). Equation (2)
shows one in case of the 3-DOF parallel mechanism in Fig.5
(b). In Fig.5 (b), the pressure angle α2 and α3 at pairs J22 and
J23 respectively are not drawn.

However, in case of the mechanisms with hinges, it is
necessary to consider the effect of moments acting to the
hinges. Obtaining this transmission index by the new direction
of the force acting on each hinge with consideration of effect
of moments acting to the hinges shown Fig.6 (b), this study
indicated a method applicable for mechanisms even using

hinges.  Figure 6 (a) shows the forces and moments acting to
the hinges of output link. In the case where only new forces
are considered, the pressure angle is determined by Eq. (3).

By use of Eq. (2) and Eq. (3), the singular points are
examined theoretically. Figure 7 (a) and 7 (b) show TI
distribution in case of the mechanism with revolute pairs and
the mechanism with hinges respectively. Then, new forces
F’2i (i=1~3) are discussed.   In Fig. 8, the force components f1
and F21 of F’21 in F2i (i=1~3) are shown. The difference force
f  between forces F’ and  F  is given  in Eq. (4).

where, F: Forces in case of revolute pairs, F’: Forces in  case
of  hinges. The ratio between f and F  is given  in  Eq. (5).

αcos
max

==
r
rTI

( )321 cos,cos,cos.min ααα=TI

….. ….. (1)

….. ….. (2)

F21

M 23M 22

M 21

F22 F23

F’21F’22

F’23

(a) Forces and moments acting to hinges of output link

(b) New force directions with consideration of
      the effect of moments

Fig. 6    Forces and moments in 3-DOF
             parallel manipulator
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    Figure 9 shows the result of TI when the parameter k is
varied in Eq. (5). Figure 9 (c) is similar with Fig. 7 (a). This
result shows that the effects of moments at hinges are small in
Fig. 9 (c). From Fig. 9, the effects of moments at hinges are
clarified versus k. In the results, we clarified that the
mechanism using hinges would cause some changes on its
transmission index.

5. Manufacturing a trial model of 3-DOF planar
positioning-orientation table and experiments
     In addition to the examination of the relationship

between the mechanism size and transmission index according
to the working space, the method for determining the shape
size of positioning tables was clarified using the design
flowchart shown in Fig. 10. In order to realize an ideal
mechanism, which can satisfy the work space, has a favorite
transmissibility, and also has a small shape size.  Table 1
shows the specification of table parameters of the design
method, while Table 2 shows the design result when the
length of three links are determined as design variables.
     This study noted the method for manufacturing a trial
model by a small injection-molding machine, using
polypropylene as a material for this model. Then the
suggested positioning table with parameters shown in Table 1
and 2 was actually manufactured and clarified the following
important points for manufacturing in order: materials,
injection temperatures, and the manufacturing process.  Figure
11 shows  the  positioning-orientation  table  manufactured
by  a  small
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Table 1 Specification of table parameters

Representative length of output link a(mm)       40
Y direction length in work space     W(mm)       50
Distance between two rails               R(mm)     100
Minimum orientation angle        φ min.(deg.)   –10
Maximum orientation angle        φ max.(deg.)  +10

Table 2   Design results

l1 (mm)      140                   Min.         0.68
l2 (mm)        90         TI       Max.        0.99
l3 (mm)        90                   Average    0.93

START

a，R，W ’， φ’

Initial l1,l2,l3

Loop 1
l1<l1MAX

Loop 2
l2<l2MAX

Loop 3
l3 < l3MAX

1

W，φ

W’：W
φ’  :  φ

＞

≦
２

1

Loop３

   l2+10→l2

   l3+10→l3

Loop2

3

Loop１

l1+10→l1

END

3

４

The mechanism with these
link lengths has Max. TI
in the work space

5

 Average of TI：
Max. average of TI

 L ：Min. of L

l1, l2, l3

４

＝

≦

＜
４

＞
４

＞

TI

W （TI ≧0.5）

≦

Average of TI

l1+l2+l3→L

＞

4

2

5

φMIN. :  φ
φ  :  φ MAX

W’：W

Fig. 10   Design flowchart of 3-DOF parallel mechanism with large-deflective hinges



injection-molding machine.  Figure 12 shows the enlargement
hinge shape. In case of large-deflective elastic hinge in upper
part of Fig. 12, when links move, the center point of the hinge
moves largely. However, in case of a large-deflective hinge in
lower part of Fig. 12, the center point of the hinge does not
move largely, when links move. Therefore, it is possible to
obtain the small output error mechanism in case of large-
deflective hinge in lower part of Fig. 12.

     As shown in Fig. 13 (a), linear actuators were
connected on three sliding parts of this table.  Then the
existing space of singular points were examined in the
positioning-orientation table actually manufactured.  The
method is as follows: examining whether the manufactured
table could be movable from 100 points within the space of YP

= 0~100mm and φ P=-10~10 (deg.), the experiment confirmed
there was no existing singular points as shown in Fig. 13 (b).

6. Conclusion
     After the existing space of the singular points in the

mechanism composed of hinges was examined, the result was
examined and compared with the theoretical results.  This
study confirmed the method for obtaining transmission
indexes of the suggested mechanism composed of hinges as
well as the effectiveness of the mechanism.
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