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Structural Design of an Underactuated 3D Printing Manipulator
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Equipment, College of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: This research was to design an easy-to-control underactuated 3D printing manipulator for URS robot. The under-
actuated structure is a mechanism in which the number of drivers is smaller than the number of freedom degrees of the driver.
Based on this idea, a hand consisting of four fingers (each finger consisting of two phalanges) was designed, and all fingers
and phalanges were driven by a servo motor. The motor is connected to the finger through a pulley system, and each finger
can be moved independently, so that the manipulator can grasp various irregular objects. After theoretical analysis, hand
mechanism design and the optimization of the finger pulley system, hand design parameters were determined. 3D printing
technology can make the production fast and manipulator parts cheap. The hand designed this way can maintain stability in
grasping and adapting to objects. It can also reduce the complexity of the structure of the hand.
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Fig. 1 Working principle of underactuated fingers with
two joints
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Fig.2 Overall design of the hand
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Fig. 5 Underactuated system diagram between fingers
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Fig. 6 Routing map of superior tendon of a finger
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Fig.7 Bottom cover design
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Fig. 8 Self-centering in grabbing objects
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Fig. 10 Dimensional parameters of the hand
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Fig. 11 Force analysis of phalanges and objects
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