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Abstract: Due to aging and labor shortages, demand is growing for automation systems and multi-DOF
robotic hands that handle objects of various shapes. However, commercial robotic hands are expensive and
hard to maintain because of dedicated actuators and complex structures. This design proposes a modular
16-DOF robotic hand of human-hand size, built only with low-cost servo motors and 3D printing. Direct
drive with servo motors rearranged inside the fingers, link-coupled joints with a passive fingertip, and
replaceable finger modules address size, cost, and maintainability together. As a result, the hand grasps
various objects at low cost.
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Fig. 1 Definition of finger joints (MCP, PIP and DIP) and the actuation method of each joint in the proposed
hand

goat 7o) Ao A= A7 TEAE gt Ve 2RE H T
= =

B usAel 74 2 =y 2
- = WA A4, REE N 28 TE 2E, PIPDIP 93 WAUE, 44

! e
WA NEE B T

hs



by

Hedg EEs) oAaaE 235

TE, WA EE A TR BES TR A0 A2H, MuleCo AEAIA HE, A Atz )
Ao, AR R 2=, AR g3 AAN RS 1SS 3Pl ALE 23] 45 )
F§ Pt D ) EAE =I5, 4FN ARL AN

5=
By
(i)
&
o
EY)
ol
%
o
o

2. AAFHHNE

B golAE AR 1Ed Bt 4L vgoR M/ BAS Rostn, oF Hds] A%
A A A AANA GA BA, AR AF, AL o2t £HE /& Fig 28 2
A% Ba) $4E =2ee] A CAD Rua A4 AT TEERS e,

Fig. 2 Overall view of the proposed robotic hand: (a) CAD model and (b) fabricated prototype
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Table 1 Comparison of commercial multi-DOF robotic hands and the proposed hand
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Fig. 4 Disassembly of the MG90S servo motor and reconfiguration of its internal components: (a)
disassembled MG90S servo motor and (b) reconfigured servo module for integration into the robotic finger
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Fig. 6 CAD model of the fingertip with the PIP-DIP link mechanism: (a) extended state (b) flexed state

(a) Extended (6=0°,¢=0") (b) Fully flexed (0=90°,¢=90")
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Fig. 7 Kinematic diagram of the PIP-DIP link mechanism: (a) extended state (8 = 0°, ¢ = 0°) (b) fully
flexed state (8 = 90°, ¢ = 90°); P:

: PIP center, A: fixed link joint, D: DIP center, B: link joint on the distal
side
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Fig. 20 Additional grasping experiments: (a) grasp of a large object using MCP abduction to increase finger
spacing, (b) grasp of a medium-sized object without finger spreading, and (c) grasp of a thin object using the
passive fingertip structure
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