92 https://doi.org/10.7746/jkros.2018.13.2.092

Journal of Korea Robotics Society (2018) 13(2):092-096
ISSN: 1975-6291 / eISSN: 2287-3961

FWAoIS 58 2DOF 4734 B A5ollol8] Al

Manufacturing 2DOF Inflatable Joint Actuator by
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Abstract: In this paper, a soft robotic arm which can prevent impact injury during human-robot
interaction is introduced. Two degrees of freedom joint are required to realize free movement of the
robotic arm. A robotic joint concept with a single degree of freedom is presented using simple
inflatable elements, and then extended to form a robotic joint with two degrees of freedom joint using
similar manufacturing methods. The robotic joint with a single degree of freedom has a joint angle of
0° bending angle when both chamber are inflated at equal pressures and maximum bending angles of
28.4° and 27.1° when a single chamber if inflated. The robotic joint with two degrees of freedom also
has a bending angle of 0° in both direction when all three chambers are inflated at equal pressures.
When either one or two chambers were pressurized, the robotic joint performed bending towards the

uninflated chambers.

Keuwords: Soft robot, Soft actuator, Soft robotic arm, Inflatable joint, Bending joint
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[Fig. 1] Basic concept of 1DOF joint actuator. When both two
chambers have same pressure, top plate will parallel to the
bottom plate. When two chambers have different pressure, plate
will be tilted and will make bending angle
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[Fig. 2] Projection view of one chamber. Each chamber is made
of 5 TPU square. Once all the connectors and bolts are fixed, we
seal one side where there are no TPU

[Fig. 3] 3D model of constraint. There are two parts, which can
be fixed together. Top and bottom plate will move based on this
constraint
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[Fig. 4] Blueprint of top and bottom plate at RDWorksVS8.
Acrylic plate will be cut by laser cutter using this drawing
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[Fig. 5] Drawing of 1DOF actuator with full parts. 0-@ is M6
bolt, washer, and nut; @ is tube connector; B is chamber; ® is
constraint; (7 is acrylic plate; @ is 1/4 inch tube
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[Fig. 6] Bending motion of 1DOF joint. Pressure of left chamber
is P1 and pressure of right chamber is P2; ~ 0° at P1=P2,
maximum 28.4° at P1>P2, and maximum 27.1° at P1<P2
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[Fig. 7] Bending angle of 1DOF joint. In this graph we can see
there are slight angle difference when both chambers having
same pressure

[Table 1] Slight angle difference at same pressure difference

P1 P2 Pressure difference (kPa) |Angle (°)
6 6 0 -0.9

12 12 0 0.5

18 18 0 0.0
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[Fig. 8] Bending motion of 2DOF joint. When three chambers
are pressurized, the load top of the actuator is parallel to the
ground. When one chamber is not pressurized and the others are
still pressurized, we can see that 2DOF bending motion occurs

[Fig. 9] Normal vector of 2DOF joint. We can see the bending
angle by calculating normal vectors using roll, pitch, yaw angles



[Table 2] Pressure ratio of 2DOF joint

Number |P1:P2:P3 (kPa) |Number P1:P2:P3 (kPa)
©) - ® 6:6:0
©) 6:6:6 ® 6:0:0
® 0:6:6 @ 0:6:0
@ 6:0:6 ® 0:0:6
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