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Development of Artificial Finger Skin with Static Friction Sensation

Imitating Human Finger Using PVDF Film

Isao Fujimoto*!, Yoji Yamada*!, Takashi Maeno*?

Tetsuya Morizono*! and Yoji Umetani*!

The goal of our study is development of a sensor which has static friction sensation using paired pieces of PVDF
film strips. In order to develop the sensor, we recall that the sensing function is supposed to be attained through
incipient slip detection. First is designed the artificial finger whose characteristics are associated with those of a
human finger with respect to the shape and a part of the sensing functions enabling the incipient slip detection: The
finger skin has ridges on the surface in each of which a pair of artificial FAT receptors are embedded. The design
process of two phases is also shown to secure useful information without any plastic deformation of the film strips.
Design phase f1 is to design the characteristics of a FAI receptor. As the transducer for the FAI receptors, we
choose PVDF film sheets which have a dynamic stress rate characteristic. Design phase 2 involves determination
of the shape and size of the artificial finger skin, and the location of the transducers in a ridge. Signals from the
transducers are analyzed concerning where the best position for each of the transducers is to utilize the information
acquired from the transducers in the future process. We analyze the stress in the finger skin when incipient slip occurs
at the surface. The experimental results reveal that the differential output voltage signal from a pair of artificial
FAI receptors embedded in a ridge captures low-frequency vibration to generate a predictive signal which warns
incipient slip of the ridge. The results also show, that high-frequency vibratory signal itself cannot be detected using
the artificial FAI receptors and suggests a need of artificial FAII receptors in static friction sensory information
processing.

Key Words: Tactile Sensor, Static Friction Sensation, Incipient Slip, PVDF Transducer, Stress Rate, FAI Receptor
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Fig.9 Design of an artificial finger skin
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Fig.10 Experimental setup
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THESETFREST LRI LTS, FREFIEZTVHA
FUICHAIA T NI PVDF 74 V22D B2 ES vour
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FERE R DD LA ZFR L T 5. L72h%> T, Fig. 912
IRY RS Sy 12BWTD, ap HANOIIET D LA HE
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HBRFTE Y # K THEVEFTOMICLTHNLESTH 5.

F72, MO LIRS & 912, ridged DI TIFEEDS ridge3 O
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W, FNwWz, ridged DTNV I =7 LIRS ST B AR DS
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fourth ridge third ridge

Fig.11 Definition for the name of the PVDF transducers em-
bedded in two ridges
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Fig.12 Signal of differential output voltage signals of the third

and the fourth ridges: (a) vout, (b) differential vout
between #3-2 and #4-1
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Fig.13 Signal of differential vyt of the third and the fourth
ridges
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FAI 5450/ PSRRI - FAIL 255850/
R 7S 2Bk AU B 9 B=1320 £ 40 1 250) 2RO X HZT 4 2 h
A¥ Y HND PVDF BEOHZRE 7 4 VE OHy b+ 7 EERT
BET . T4 VHAF  OEARBIE FEM @R LD
7,680 [Hz] TH5 I LW G5hoT\nb, Z2T, Lito% iR
DEININY RS AP T 5 121E, AL FAI %% H
L Tid 233 [Hz] OHGER B z RET T Lwv. KEF7E T
233 [Hz] OHMMEE LT, 200 ([Hz] ®4 v b+ 7Bk EH>
2ROU—=INATANT BT AHILIZLY, b MEEFESE
DAL FAL ZBEDREE BT 2% sowr TR0, FERORE
m#%,L@OMd@ﬁ/Fi7ﬂﬁ&%ho4k®D—ﬂx
TANTEMNINTAZEICLY, b MEERA%O AL FAIL %
BROBEMEEET HES wouw &7, %@ﬁ%# Fig. 7 {2
TR 5. sour (&, 200 [Hz] Z LB E T 5,
20 [dB/dec] ® LHAALE —20 [dB/dec] D FREAR Y B 5 /3
VRN R A L, Uowe 1E, 1,400 [Hz] % AW E T 5,
40 [dB/dec] ® LHABLE —40 [dB/dec] O FREAR Y B 5 /3
VRS AEMEET S, Lo TREBIFEOBIE DS, sou
BI uou EZFNFNE b FAI %48, FAIL 248 L5
liTHBHIERVZ L.

Fig. 12 (a) TR ENTAE T vour
Sout B L Uour T2,
IZRY.

FIZBVT, sous 121E Fig. 12 () TR L vouwr BHDA
YIOVATER A B oIS LT b, L7255 T, Sout
EFIRETOBEDSTRETH 505, B VETORHITE W
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Fig.14 (a) Differential output voltage signal sou: of third and

fourth ridges, (b) Differential output voltage signal uout
of third and fourth ridges
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Fig.15 Distribution of stress inside a ridge [10]
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