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Pneumatic Pouch Actuator-Driven Origami Gripper
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Abstract: This paper presents a novel gripper system that combines pneumatic pouch actuators with
an origami-inspired structure for achieving flexible grasping in confined environments. The
proposed gripper is designed to transform from a flat configuration into a three-dimensional grasping
structure by deploying an origami mechanism, enabling the manipulation of objects with diverse
shapes. To realize such complex folding geometry, a double-fold origami structure was adopted for
the finger joint design. The proposed mechanism enables flexible grasping motions, including passing
through narrow gaps and manipulating various objects. The origami gripper was designed and
analyzed through kinematic modeling and simulation, and a prototype hardware system was developed. In
order to verify the validity and feasibility of the proposed design, various grasping experiments were

conducted using the prototype hardware.
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[Fig. 1] Origami Pattern (a) origami gripper structure, (b) origami
structure assembly
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[Fig. 2] Pneumatic Pouch Actuator, (a—c) Designed CAD
models (d-f) Fabricated prototype actuator
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[Fig. 3] Pouch Actuator integration with the origami gripper (a)
Top view showing the motor wrapped by the layers.(b)Side
view showing the motor wrapped by both layers. (c) Actual
integrated gripper.
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[Fig. 4] Single-Folding Mechanism

[Fig. 5] Double-Folding Mechanism
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[Fig. 6] Theoretical rotation result of the 1st and 2nd joints
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[Fig. 7] Comparison between theoretical and measured rotation
responses for the 1st and 2nd joints.(a) Final bent posture of the
Ist joint. (b) Final bent posture of the 2nd joint. (c) Comparison
data for the 1st joint. (d) Comparison data for the 2nd joint.
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[Fig. 8] Simulation result of the proposed mechanism (a) Initial
position, (b) First joint bending, (c) Second joint bending, (d)
Full joint bending.
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[Table 1] Comparison of origami grippers

Firouzeh&Paik™® | Orlofsky et al."!| Proposed gripper
Payload 70g/finger 150g/finger 200g/finger
Joint . . . .
om all active with passive All active
control
Actuation Tendon-driven | Tendon-driven Pneumatic
Method
Grasp | Gravity direction |\ girection | All-direction
direction only
Slot- . . .
through Impossible Impossible Possible
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