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Dynamic Modeling and Design of Finger Exoskeleton Using Polymer Actuator
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This paper presents the design and dynamic model of the finger exoskeleton actuated by lonic
Polymer Metal Composites (IPMC) to assist a tip pinch task. Although this exoskeleton will be
developed to assist 3 degree-of-freedom motion of each finger, it has been currently made to
perform the tip pinch task using 1 degree-of-freedom mechanism as the first step. The six layers
of IPMC were stacked in parallel to increase the low actuation force of IPMC. In addition, the
finger dummy was manufactured to evaluate the performance of the finger exoskeleton. The
pinch task experiments, which were performed on the finger dummy with the developed
exoskeleton, showed that the pinch force close to the desired level was obtained. Moreover, the
dynamic model of the exoskeleton and finger dummy was developed in order to perform the
various analyses for the improvement of the exoskeleton.
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Fig. 1 Experimental setup for measuring IPMC blocking
force and deflection
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Fig. 2 Experimental data of IPMC blocking force
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Fig. 3 Experimental setup for measuring the overlapped
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100

[«
o
T

60 [

Blocking force (gf)

20 F

0 1 1 1
0 20 40 60 80

Time (sec)
Fig. 4 Experimental data of overlapped IPMC blocking
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Table 1 Average length of Index finger for 32 people
Phalanx Ist 2nd 3rd

length(mm) 42.6 24.0 20.8

Fig. 5 Finger exoskeleton using polymer actuator

Fig. 6 Index ﬁnge dummy
4. £7t5 2|24 7|79 §5 EIt

2 ATl E 3 AR 91 VTR AT BT
of %A 1 AR fuF 71T AR rtE st
Atk 1 AR fmF 7o A B7HE SlEiA
&7k 239 3 WAl 8 (Metacarpophalangeal
joint : MCP)¥} A ¥4l 3 (Distal interphalangeal
joint : DIP)S HAAI ¥ F WA #4(Proximal
interphalangeal joint : PIP)YF #2025 #HX| &7}
gt mys FAsH

% gl g7 92 Z43H7] Akl Fie.
of &7kt yRel YAAE AT 98F
!

Fig. 7 Finger exoskeleton and dummy performing tip
pinch task
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Fig. 8 Experimental data for tip pinch force of dummy
with finger exoskeleton
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Fig. 9 Finger exoskeleton and dummy performing raising
task
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Fig. 10 Reference frame for joint angle of index finger
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Fig. 11 Simulation results for pinch task
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