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O Abstract

This study deals with group robots forming a
mechanica structure. In this paper, we address the
concrete motion mechanisms of the robots. Each robot
has a cubic shape with pneumatic actuators. It rotates
with a corner of the robot as an axis. To redlize the
movement, we propose two kinds of mechanical
devices. One is a dstabilization mechanism that the
pneumatic actuator stably forms an arched shape. The
other one is a rotary selective valve for minimizing
reports a
demonstration of the pneumatic robots in hardware.
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1 Introduction

The purpose of this study is to develop cellular group
robots that adaptively form amechanical structure under
amechanical condition. Each cellular robot has identical
mechanical functions and information processing.
Missions of the celular robots are assumed to

accomplish atask by their cooperative behavior.

O Fig. 1 illustrates an example of the missions. A
moving load lies at one side but cannot reach the
opposite side. The mission of the cellular robots is to
help the moving load pass over the gap by forming a
bridge-like mechanical structure. After finishing the

mission, they must return to their original place.

O Our previous papers reported the information
processing required of the cellular robots to execute the
mission asin Fig. 1 and proposed algorithms based on
local rules considering mechanical parameters [1,2].
However, mechanisms of the cellular robots to redlize
the structural formation were not yet examined. This
paper describes the concrete mechanisms of the cdllular

robots.
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O With respect to research studies on reconfigurable
group robots forming a structure in hardware, many
kinds of joint mechanisms were proposed. Fukuda et al.
reported on "CEBOT" that had a joint function with
coneshaped coupling  mechanism[3].  Chirikjian
developed metamorphic robots that had a function of
sdlf-reconfiguration[4]. The robots formed various
structures with linkage units. Murata et al. reported on
"fractum” that redlized self-assembling. The joint
mechanism was composed of magnet and
dectromagnet[5]. Their recent study successfully
demonstrated three-dimensional structural formation[6].
Yim et al. studied "Polybot" which was a modular
reconfigurable robot system. It formed a chain structure
and realized alocomotion connecting with grooved pins
to amating connection plate[7].

O It isapopular way to use electric motors for realizing

motion mechanism of the robots in the above reports.
Mechanica or magnetic elements are also useful for
realizing connection function of the robots. Although
these mechanisms have shown validation to embody the
robots, there is still room to study and develop other
mechanisms for application under various conditions.

O Here, we pay attention to creatures called invertebrate

animals which have soft bodies, for instance,
earthworm, caterpillar, sea-anemone and so on. These
animals have hydrostatic skeletons that can change shape
or length of the body adjusting their inner pressure of
water. They can also easily maintain a static structure.
That is, the hydrostatic skeleton juggles the movement
and the structural support with only hydraulic elements.
Learned from the living system, we focus on pneumatic
mechanism that realize motion and connection
functions. These functions have the potentia to
construct areconfigurable support structure in a specific
environments such as in the space.
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Fig. 1 Idea of cellular robots forming a bridge structure

2 Pneumatic Cellular Robots

Concept of pneumatic cellular robots is illustrated in
Fig. 2. Therobot isdriven by compressed air. That is,
pneumatic actuators with flexible bellows are used for
movement of the robot. As compressed air elongates the
pneumatic actuators, the robot rotates around a binding
site of joint elements. Binding and releasing of the joint
dements are also operated by compressed air.
Arrangement of the robots is formed by sequentia
rotational  movements. Three-dimensional  structural
formation is redized if all faces of the robot have
pneumatic  actuators.  This  study
two-dimensional case for the first step.O
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Fig. 2 Concept of pneumatic robots
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O Fig. 3 shows the developed pneumatic cellular robots.
Each cellular robot is about 20cm by 20cm scale and its
weight is about 4 kg. The pneumatic robot has a rotary
valve that supplies a compressed flow to a selected port
among multi-channel ports. The concrete mechanism of
the rotary selective valve is described in the chapter 4.

Fig. 3 Developed pneumatic cellular robots

3 Stabilization Mechanism

To redize structural formation with the proposed
pneumatic robots, bellows must perform stable motions.
They must be satisfied with the following two
functions.

0 One is stable contraction. Although a bellows

smoothly elongates the length, it does not have a
function of contraction itself. When compressed air is
not supplied, the bellows tends to be dragged as shown
inFig. 4.

O The other one is stable elongation. As each cellular

robot independently moves, bellows must be separated
even in elongation. It is however difficult to form an
arched shape with only bellows. Fig. 5 shows
uncontrollable elongation. The cellular robot does not
produce effective rotational force in this condition. It
requires a support mechanism to produce stable
formation in elongation.

0 To solve the above mentioned two problems, we
propose a stabilization mechanism. Fig. 6 shows the
mechanism. Constant force springs are mounted on the
body of the robot. The constant force spring is made
with a thin metallic plate, which is rolled up on a
cylindrical body. The spring produces a constant force in
any displacement of the spring. Owing to the spring
property, the bellows contracts its length when the air
pressureis out as shownin Fig. 7. O
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O Moreover, arched formation of bellowsisrealized by

control of the constant force springs. Fig. 8(a) shows
that left side of the constant force spring is free in
length and right side is fixed. This constrained
condition transforms the bellows to the right way
forming an arched shape. Motion of the bellows
produces rotational force that effectively applies to the
other robots as shown in Fig. 8(b). This stabilization
mechanism realizes 180 degrees rotation of the cellular
robot under the condition that each bellows is
thoroughly separated.

O Length of the constant force spring is controlled by

two pins attached to ajoint element as shown in Fig. 9
(a). Motion of the joint element is performed by an
air-cylinder. When the joint element is closed by
compressed air, the cylindrical body rolling up the
constant force spring is automatically fixed with closing
motion of the joint element as shown in Fig. 9 (b).
Thus, the bellows is ready for arched formation with
only closing the joint element used for arotational axis.
0 As the present mechanism uses a strip-shaped

constant spring, the motion is limited in the
two-dimensional plane. It is however possible to
develop three-dimensional motions if we use
three-dimensional type of constant force springs.

Fig. 5 Uncontrollable problem in elongation

b fixed parts
constant force spring

Fig. 6 Proposed stabilization mechanism

Fig. 7 Effect of constant force springsin contraction

@

free ‘ fixed

Fig. 8 Effect of stabilization mechanism in elongation
(a) arched formation of bellows,
(b) toward 180 degrees formation by two bellows
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Cylindrical body of
constant force spring

air-cylinder

(a) released state of joint element

connection

compressed air

(b) closed state

Fig. 9 Mechanism controlling constant force spring
O

4 Rotary Selective Valve

Pneumatic actuator system needs many air tubes if
conventional valves were used. Usually one air cylinder
requires one set of air tube and air valve for supplying
compressed air. In case of a three-dimensional robot
system, one robot needs eighteen air tubular units
because one cubic frame has six faces and twelve sides.
It needs much space to store them in a robot. To solve
the problem, we propose a mechanism to select a port
among multi-channel ports.

O The mechanism is shown in Fig. 10. It consists of a
cylindrical rotor and a state that has multiple outlet
ports. This study provides twelve outlet ports for
two-dimensional rotational movement using two robots
as described in the next chapter. Compressed air enters
the input port through a magnetic valve. The channel
port is selected by rotation of cylindrical rotor, which is
controlled by a stepping motor. This mechanism selects
only one flow port among twelve ports. The mechanism
is simple and useful for reduction of number of air
elements.
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Fig. 10 Rotary selective valve

5 Performance Test

Validity of the above proposed mechanisms was
examined by using two cellular robots. Compressed air
was supplied by an air compressor. The air pressure was
set about 0.35 MPa. The magnetic valves and the rotary
selective valve of the robot were controlled by a personal
computer using digital I/O boards. Demonstration was
performed in a horizontal plane.

0 Fig. 11(a) shows the initial arrangement of the two
robots. The right side robot was fixed on the flat floor
in advance and the left one was a moving part in this
case. Fig.11(b) shows the beginning of expansion of
bellows. One side of joint mechanism was released and
bellows was stably arched by supplied compressed air.
The left side robot was rotating around an axis that was
in common connection of the two robots.

O Then the right side robot successfully performed 180
degrees rotation. After the rotation, the robot connected
to the top surface of the fixed robot as shown in Fig.
11(c). After the connection, two elongated bellows were
contracting as the air pressure was out as in Fig.11(d).
Fig.11(e) shows the finishing state of 180 degrees
rotation.

O Fig. 11(f) shows a further rotational motion by
expanding bellows. Fig. 11(g) shows that the rotational
robot connected to the right side surface of the fixed
robot. Fig. 11(h) is the final arrangement of the robots
after 180+180 degrees rotations.

6 Discussion

The developed pneumatic actuator easily moves with
low ar pressure because contraction of bellows is
performed by constant springs. It needs only pressure of


VDEX
66


about 2 KPato expand the actuator. Moreover, required
pressure decreases with scale up. Joint element also does
not need large torque because only passive rotation. Air
cylinders for the joint function however need more than
0.17 MPa. The required pressure of the present
mechanical model is constrained by the air cylinders.
The settled 0.35 MPa in this experiment takes a
stability margin for the air cylinders.

O The present air supply method needs one external air
tube for each cellular robot. It may occur a problem in
motion when many cellular robots form a structure. To
solve the problem, we have a plan to develop air supply
method as shown in Fig. 12. That is, air supply is
performed through each cellular robot. When a cellular
root isjointed with other robots, air paths in the robot
are opened to neighbor ones. Air outlets of unjointed
sides of robots are normally closed. This method
minimizes the number of air tubes.

O The present model also needs externa electric lines. It
ispossible to eliminate them if we install electric power
supply and controllers for pneumatic actuators in each

cellular robot.

air supply
Fig. 12 Future air supply method

\

closed

7 Conclusions

The proposed stabilization mechanism of bellows
generated stable rotating propulsion. As the result, 180
+180 degrees rotations of a cellular robot was realized.

O A rotary selective valve mechanism to reduce number
of mechanical elements was devised. The performance
was verified by mechanical experiments.

O The proposed pneumatic mechanism is suitable for
scale up because it does not gain the weight compared
with other actuators. With scale up of the robot,
adequate spaceis possible produced in the interior parts
of the robot. For this reason, a mechanical structure
formed by the pneumatic group robots will be available
to supply habitation area in the space.
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(d) Shrinking bellows after connection (h) Final arrangement of robots after rotative motions

Fig. 11 Consecutive rotative motions of the pneumatic robots.

68


VDEX
68


	Main Menu
	Getting Started
	Introduction
	Sessions
	TuA1
	TuA2
	TuA3
	TuA4
	TuA5
	TuA6
	TuM1
	TuM2
	TuM3
	TuM4
	TuM5
	TuM6
	TuP1
	TuP2
	TuP3
	TuP4
	TuP5
	TuP6
	WeA1
	WeA2
	WeA3
	WeA4
	WeA5
	WeA6
	WeM1
	WeM2
	WeM3
	WeM4
	WeM5
	WeM6
	WeP1
	WeP2
	WeP3
	WeP4
	WeP5
	WeP6
	ThA1
	ThA2
	ThA3
	ThA4
	ThA5
	ThA6
	ThM1
	ThM2
	ThM3
	ThM4
	ThM5
	ThM6
	ThP1
	ThP2
	ThP3
	ThP4
	ThP5
	ThP6

	Authors

	Previous Menu
	Search CDROM
	Search Results
	Print



