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Abstract: In this paper, the authors propose a new type of parallel mechanism, i.e. 6-STRT parallel mechanisms,

and its applications. This mechanism is consisted of 6-sliders of horizontal motion attached on a base plate and 6-links of

which lower ends are connected to sliders and upper ends to end plate via universal joints, so the end plate can be moved in 6

degree of freedom. The authors are intending to apply this mechanism making perfectly stable stage on the ship regardless

all kind of ship motion such as rolling, pitching or heaving.

In this paper, the authors introduce the specialty and kinematics of this mechanism with the matrix-vector method as the first

step of our research. The searching algorithm of work-space boundary in this research is characterized with simplicity, wide ra-

nge of application, clearness of physical meaning, preciseness of mathematical logic, and easiness of programming method and

it is thought to be very practical method on the robot design. The work-space and configuration of the parallel robot is analyze

in terms of the relationship between work-space and structural parameter of parallel mechanism.
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I. INTRODUCTION

The initial application of parallel robot can be traced
back to 1930s. Really arouse interests in the field of
kinematics of machinery was the 6 degrees of freedom para-
llel mechanism i.e. Stewart-platform™ proposed by Stewart
in 1965. Until 1978, the Professor Hunt used parallel mech-
anism as the robot structure for the first time which opened
the prelude to the study of parallel robot™ With light stru-
cture, stiffness non-cumulative error and other unique nature,
parallel robot has become a hot spot in robotic research since
the 1990s.There are many types of parallel mechanism, such
a stretch type represented in Stewart platform, such a rota-
ting structure represented in Delta mechanism™ or linear
motion mechanism™. Those mechanisms have many merits,
but many shortages for the application to ship. Then the
authors have developed a new type of parallel robot, as
shown in Fig.1.

This paper introduces a new type of parallel robot deve-
loped by the authors, see Fig.1. The motion of 6 degrees of
freedom of end plate is driven by six links, which are driven
by the movement of six sliders installed in the base plate.
The merits of the structure are as follows.

1. The distance between base plate and end plate become
minimum in the parallel mechanism.
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2. The stiffness of this mechanism is better than stretch
type and rotary type.

3. As aresult of screw driver, this mechanism has higher
output power and better safety.

4. As the actuators installed in the base plate, the mass
and inertia of moving parts is smaller and the output resp-
onse is faster.

The following is the structure sketch of this parallel mec-
hanism.

end plate

T-ioint .
link

base plate gyro-sensor

Fig.1. the 6-STRT Parallel mechanism

Il. MODELING OF KINEMATICS
1. Modeling of Inverse Kinematics

The authors propose to use a minimal set of parame-



ters in order to derive the inverse kinematic models: the
main feature of this set is the definition of two coordinate
systems:

Y, (0, — xpYp2,): The coordinate system is fixed on
the base plate and the origin is coincident with the center
point of the base plate, as shown in Fig.2.

% (0 — x:y:z;): The coordinate system is fixed on
the end plate and the origin of coordinate is coincident with
the center point of the end plate, as shown in Fig.3. Here we
define some parameters used in this paper as follows:

X, Yy, Z :position parameter of the end plate.

a, B, y :posture parameter of the end plate.

E: length of link.

Lij: displacement of sliders.

4R: transformation matrix.

d: distance of joint to its symmetry center line.

h: distance of joint to center point of end plate.

e: distance of slider to its symmetry center line.

6;: allocation angle of the end plate.

@;: allocation angle of the base plate.

Here, we show two numbers of slider sets with i (=1,2,3)
and divide each slider with j (=1,2).

Fig.3 Kinematics model of end plate
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Let us take out one motion chain, which represents the
relationship between the relative position of two coordinate
systems (i.e. Zyand X;).

Fig4 Model of a motion chain

According to Fig.4, the relations of each vector are as

follows:
"P,="P,+4R 'P, (1)
=[x y z] (2)
E;="Py+sR ‘P, =S, (3)

cocfl CasfSy—soty Cosfy+Sosy
AR=|sacB sasfsy+cocy sasfty—cosy

—sp cpsy cpey
with: Ca=cosa Sa=sina cf=cosf

sp=sinff Cy=cosy Sy=siny
The authors first express the vectors of each joint on the
end plate in the frame X, which can be written as:

coso, —sing; 0 h
tPij =|sing  cosd, O] (-1)'d (4)
0 0 1 0

with: §=2ai-1)/3 =123

Besides, we can write the vectors of each slider on the
base plate in the frame %y

cosg, —sing, 0| L
=1 g ' 5
Sy =|sing, cosg Of(-D’e (®)
0 0 1 0

with: ¢ =272(-1)/3 =123

Let us note coordinates of each slider in the frame X:
(xij, ¥ij» Zij), besides, coordinates of each joint in the frame
2y:(Xij, Yij, Zij), then following equation stands:

(X =%;)" + (Y = y;)* + 2§ = E7 (6)
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The previous calculations give the solution to the inverse
kinematics model of the parallel robot:

L, =B, ++B; —C, )

where:
B = X;j cos ¢ +Y; sin ¢,

. ) s
C;= 2(—1)Je(Xij sin ¢, —Y;; cos @) + X
+Y+Z]+e’ -E’
2. Velocity and Acceleration of the Mechanism

From equation (7), the displacement of each slider L;jis
the function of the parameters with regard to position and
posture of end plate, which can be written as follows:

Lij = fij(X7 y9z9a7ﬂ97) (8)

When we partial differentiate both sides by t(time), then
we get the velocity of the each slider.

{6f.. of. of, }{v }
Vi = ij ij ij P
. ox oy oy || @, (9)

= Y
a a)p

where: J, denotes Jacobin matrix.

Vp, Wy Velocity and angular velocity of the end plate.

If Jacobin matrix J, is none-singular matrix, then we
can get the velocity of end plate from velocity of each slider.

As the same manner, with differentiating equation (9) by
t(time) we get the acceleration of each slider.

T (10)
L= A 10
alj AJ a)p a gp
of, ot o,
with: Aj = y @y2 67/2

Ap) Ep: acceleration and angle acceleration of the end
plate.

Similarly, if J, is none-singular matrix, we can get the

acceleration of the end plate from acceleration of each slider.

3. Constraints of Inverse Kinematics

According to Geometric relationship and material prop-
erties of the parallel mechanism, the constraint condition of
motion of each slider is as follows.

LminZh

(11)
L <h+yE>—d> —€® +2ed
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I11. ANALYSIS ON WORK-SPACE

Generally, the shape of work-space of parallel robot is
thought to be very complicated and difficult. We would like
to introduce a simple algorithm to search the work-space
boundary in this paper.

1. Cylindrical Coordinate Search Method

As the motion of proposed parallel mechanism is con-
centrated in a cylindrical space, it is easy to imagine that its
work-space should be searched under cylindrical coordinate.
At first, we consider a cutting plane through z-axis and p-
axis. The p-axis exists on a X-y plane and makes an angle of
0(m)(= m - Ay) to x-axis as shown in Fig.5. Here Ay is
a small angle divided cylindrical space with circular dire-
ction and m is a counted number of Ay from X-axis. Now,
we will search for p — z plane. We divide this plane with a
strip of Ap width along p-axis and Az width along z-axis.
Then the block position of s" along p-axis and n" along z-
axisin p — z plane are shown as following.

p(s) =s-Ap, z(n) =n-Az

The coordinate (x,y,z) in this space are presented
with using(p, 6, z).

x = x(s,m) = p(s) cos(e(m))

y = y(s,m) = p(s) sin(6(m)) (12)

z=2z(n) =z(n)

Here, s, m,n >0

Now we confirm the existence of solution for all (s, m, n)
with inverse kinematics.

The principle of the cylindrical coordinate search meth-
od is as follows:

m cutting-plane

Fig. 5 Principle of cylindrical coordinate search

2. Analysis on Work-space of 6-STRT Parallel Robot



The authors analyze the work-space of 6-STRT type
parallel robot of which link length are I, I, and |5 by
cylindrical coordinate search method.

The Fig.6 is y-z section of work-space boundary of
6-STRT type parallel robot of which link length are I},
l, and I;.

y—z section of work—space boundary of 6-STRT parallel robot

z-Axis

y-Axis

Fig.6 y-z section of work-space boundary

The x-z section of work-space boundary is shown in
Fig.7.

x-z section of work—space boundary of 6-STRT parallel robot

x—Axis
Fig.7 x-z section of work-space boundary

We can conclude to the above mentioned analysis, with
the growth of the length of link, the center of work-space
will move upward and the work-space will be gradually
becoming smaller. This conclusion is significant for the
optimal design of the parallel mechanism.

Certainly, there are some factors else will influence the
work-space of parallel robot for example location of each
joint, etc, but we will not discuss in this paper, as the effect is
not large.

Finally, the authors show the three-dimensional work-
space of the 6-STRT type parallel robot got with the cylindr-
ical coordinate search method in Fig.8.
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3D work—space of 6-STRT parallel robot (E=335)

A

Fig.8 3D work-space of the parallel robot

IV. CONCLUSION

In this paper the authors propose a new type of the
parallel mechanism,; this mechanism consists of 6-sliders of
horizontal motion and 6-links of which lower ends are
connected to sliders and upper ends to end plate with
universal joints. This mechanism can move the end plate in 6
degree of freedom, with higher power than conventional
parallel mechanism, so the authors are thought to apply this
mechanism to make a stable surface on ship. In the first of
this research, the authors analyze inverse kinematics by the
matrix-vector method and present the mathematical algo-
rithm of work-space based on cylindrical coordinate of this
mechanism for optimal design.
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