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Fig.2 Movement of rodless type flexible
pneumatic cylinder
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Fig.4 Operting principle of the tested robot
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Fig.5 Motion of the tested robot
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4-2  REMA S NN TR OBEFRE

® 727 7 F == —% OEERBE O 2R
T I TATA RRATF—VEBATEMEAMI, HHZB
LIS, BEREIZET, K7 00DRAT— V%
EE LIREED HA(B B MO F = — 7 ICHMT
(7 DB = & T, RATF—IEIT/NESREIRY D
BAEL, B SBRIOT = —7 MU
REND. ZOF2—T 3 o/ENICRIEET, &6
BRI MET 3 (K 7@3M) &, Bz AL
LCEALKREARRENEZEL, XRWEBHNT. *
7= BlZHET D LT, Fa—TIlebHREL (@
HR), MUIZEICE L TWABIEY HIZLVBRIOF =
—7NRBLAEN, BEANEL LS. FARR7ONG
70D HBHOF 2 — T ~DIRPER &MY R
TLT, ARun—rERELRNLERYDORENS]
SABENMEMNTTREIZ 22 5. iR OEWET O3 A T3 150N
Db EFERICARE L, FRAIDEHRICMELLBET
HFI20NDFRH LABEHILD.

Free end tge(ﬁxed)
\ TSI
SOOI SRR K PRI
2020287 VTSGR0 o SO

N s

DRSS TSI
e RN

Fig.7 Operating principle of Mckibben actuator

with long stroke motion
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Fig.8 Rescue robot driven by pneumatic actuators
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Fig.10 Operation of the moving wing of the mobile unit
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Recently, the natural disasters that lead to the flood by the earthquake and the global warming due to
carbon dioxide are happened frequently. Specifically, in 2011, East Japan Great Earthquake caused the
serious flood damage by Tsunami. These news can be heard all over the world. In such a situation, the
rescue robots are required the higher mobility for the hazardous environment such as uneven narrow
space or wet mud. In order to get the higher mobility in such the environment, we think that the variable
structure that can change the shape of the robot according to the narrow area is one of solutions for this
problem. In addition, a fluidic actuator such as pneumatic actuator is also useful, because it is easy to
make waterproof. As a method of deforming the shape of the robot, the combination of the actuators
with high stiffness is commonly used. In ideal, it is more desirable that the shape of the robot changes
naturally because of the lower energy consumption. In this study, we aim to develop the search type
rescue robot with flexible structure using flexible pneumatic actuators. In this paper, two types of robot
were proposed and tested. First, we develop the flexible mobile mechanism for a rescue robot. The
proposed sliding mechanism consists of three flexible cylinders that are set on parallel and two
expanding claw units to hold it in narrow space by the use of claws. Each end of the cylinder is
connected each other. Three slide stages are connected with the claw unit. The other claw unit is set on
the one end of the cylinder. As a result, we can confirm that the sliding mechanism can bend by
changing the pressurized chamber in the cylinder. The mechanism can also travel in the narrow space
smoothly by sliding the claw unit with the slide stage as an inchworm.

In addition, a rescue robot using a pneumatic motor and the long stroke type artificial rubber
muscles was proposed and tested. The robot is composed of three units. One is “a mobile unit” that
makes the robot move forward or backward. The middle one is “a valve control unit” that consists of
thirteen on/off control valves and a micro-computer. These elements are surrounded by an acrylic
cylindrical chamber connected to an exhaust pipe that includes an air supply pipe and electrical cables
in it. The chamber is isolated from the outer environment to make them waterproof. The other is “a
steering unit” that can change the forward direction using the McKibben artificial muscle with a long
stroke motion  The robot also has the opening and closing mechanism. The principle of operation and
the performance of the tested robots are also described in the paper. As a result, the tested robot could

be operated well. = We can confirm the possibility and the validity of the tested robot for applying in the
wet condition.

Keywords: rescue robot; flexible structure; flexible pneumatic cylinder; fneumatic motor;
McKibben artificial muscle.



