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Roller-Based Shape-Adaptive Variable-Stiffness Soft Gripper
for Grasping and Transferring Cable Bundles
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Abstract: Flexible cable bundles pose a significant challenge in automated handling due to their
irregular geometry and deformable nature. To address this, we propose a novel soft gripper that
incorporates a roller-based structure with variable stiffness and shape adaptability. The gripper uses a
vacuum-controlled particle-jamming mechanism, allowing it to conform gently to various cable
shapes during initial contact and subsequently increase stiffness for secure grasping. In addition, its
integrated rolling function enables smooth and controlled transfer of gripped cables without damage.
Experimental validation demonstrates reliable grasping performance across cable bundles of
different sizes and shapes, confirming that the proposed system can operate effectively without

relying on complex visual sensing.
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[Fig. 1] Compression force depending on the presence of jamming
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[Fig. 2] Compression force measurement of the variable
stiffness gripper in jamming and non-jamming states under a
fixed cable-end condition using a tensile testing machine
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[Fig. 3] Holding force measurement of the gripper at various
contact angles (15°, 30°, 45°, 60°, 75°), simulating oblique
cable orientations during manipulation
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[Fig. 4] Pneumatic-based passive brake mechanism. (a) Com-
pressed air is supplied from an external source into the brake
mechanism. (b) The incoming pneumatic pressure compresses
the O-ring, which in turn presses the brake pad. (c) The brake pad
contacts the rotating part, generating static friction to halt motion
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[Fig. 5] Brake performance testing apparatus and maximum
load evaluation
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[Fig. 6] Soft gripper combining variable stiffness mechanism
and pneumatic brake mechanism
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[Fig. 7] Gripper holding wire bundles of various diameters during
grasping performance test

[Fig. 8] Shape adaptation and retention of the variable stiffness
mechanism demonstrated by maintaining wire bundle form after
removal
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