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Development of Under—actuated Robotic Hand
Mechanism for Self-adaptive Grip and Caging Grasp
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Minki Sin', Jang Ho Cho', Hyun Soo Woo!, Kiyoung Kim'

Abstract: This paper presents a simple and robust under-actuated robotic finger mechanism that
enables self-adaptive grip, fingertip pinch, and caging grasp functions. In order to perform daily
activities using hands, the fingers should be able to perform adaptive gripping and pinching motion,
and the caging grasp function is required to realize natural gripping motions and improve grip
reliability. However, general commercial prosthetic hands cannot implement all three functions
because they use under-actuation mechanism and simple mechanical structure to achieve light-weight
and high robustness characteristic. In this paper, new mechanism is proposed that maintains structural
simplicity and implements all the three finger functions with simple one degree-of-freedom control
through a combination of a four-bar linkage mechanism and a wire-driven mechanism. The basic
structure and operating principle of the proposed finger mechanism were explained, and simulation and
experiments using the prototype were conducted to verify the gripping performance of the proposed

finger mechanism.
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[Fig. 1] Finger function to increase gripping success rate, (a)
Self-adaptive grip, (b) Gripping light object without caging
function and (c) Gripping light object with caging function
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[Fig. 2] Basic Mechanism for Under-actuated Finger, (a) Rigid
coupling, (b) Adaptive gripper, (c) Wire driven adaptive mechanism
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[Fig. 3] Kinematic configuration of the finger mechanism
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[Fig. 4] Working principle of the finger mechanism
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[Fig. 5] Force acting on each phalanges, (a) Proximal Inter-
phalangeal, (b) Metacarpophalangeal
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4.1 W85 A )

A Z A =2F = MCPS} PIP 34 9] &2} v]-&o 2
Ao)g 54wl 2o FERSo A0 A E @%é}am
[Fig. 6] W51 =5 ol A o] wx] 714 2} o] o] 5-5
S 00 0 pps HERH Z10] T A vpel] w2 9A10P7 }
0°~90° 2 z]o] = EO]— 9PIP"‘ 0°~90° 2 z]o]u:] _%]E_FH_QE =+
9 A PR PR AL AT 5 9, o] Y F
MCP2}PIP ¥17d0] o 1:1.049] H]&2] A& Hol= AS
Felat 5 gIgic.

42487 97 52

[Fig. 7]5= 9 = Aol thdt -39 vb«| A4S AlEe|o]
A g Aol 9hA) 714 9] (52 A5 A7t ol A= E
ko] A A AF o]l L EHL V] Fo] BAot 45T
o] -9 FAnt vpehdl Aotk 9bA] A4E B =9k A
Z ol dell= A S Aot 5L g Al o m R Aotk 7)1 =
HA7 A2k 53 o] Foll = 71 - o] ARl arg H AL
s el o7k A qlo] B PIPe] R Yo M= A
=& At

Fingertrajectory (Free space)

Angle(deg)

0 10 20 30 40 50 60
Alp ;(deg)

[Fig. 6] Finger trajectory and Joint angles of phalanges during
caging motion
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[Fig. 7] Finger trajectory and Joint angles of phalanges during
self-adaptive grip motion
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[Fig. 8] Finger trajectory and Joint angles of phalanges during
Fingertip pinch grip motion
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[Fig. 9] Gripping performance experiment, (a)~(c) Caging
motion test, (d)~(g) Adaptive grip test, (h)~(i) Pinch grip test
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[Fig. 10] Comparison of gripping force between simulation and
prototype
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[Fig. 11] Under-actuated Robotic hand for self-adaptive grip
and caging grasp
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