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Effects of the skin softness on coefficient of friction while a finger slides on the skin

O% Jtk

iE Rl R (BEER)

IN-WCI=PN)

iE A EE (BEHER)
iEE BE (BEREK)

Koki INOUE, Shogo OKAMOTO, Yasuhiro AKIYAMA and Yoji YAMADA, Nagoya University

Human touches his/her skin using fingers on a daily basis. It is important to understand the
tribological phenomena while fingers slide over soft surfaces such as skin. We investigate the coefficients
of friction when a bare finger slides over artificial skins of different softness levels whereas most of the
earlier studies employed a rigid friction probe sliding over the skin. We found that the coefficient of
friction is constant irrespective to the finger’s normal force when the artificial skins are harder than the
finger pad. In contrast, the coefficient of friction decreases as the the finger’s normal force increases for
the artificial skins softer than the finger pad. Furthermore, the coefficient of friction itself and its speed
dependence component become greater for the softer artificial skin.
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Fig.2: Relationship between contact load and apparent

contact area. Adapted from Kuilenburg [4].
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Fig.3: Measurement setup

Table 1: Softness of artificial skin models and finger.

Rubber hardness values conforming to ISO 7619

Softness lv.  Hardness

1 E 19.1

2 E 18.0

3 E 16.9

4 E 11.0

5 E 9.6

6 E 7.8

7 E 3.2
Finger E 7.9£0.4

(MTL-12, MTL Co., Japan) & i\ 7z. T3> 3 —XIZED {F1F
SNHZIRICEE NI B Z & T, FhflErhzig & AR
LIk, TVI—RIIROEEEFHEL 2. fROERGF
Mo fReE, 0.0l mm BETHD. ZHHEIEDEH O
&, YY) VAL 2 kHz & U7z,

3.2 FERICAVWELATIRERM

bbbk, FEONRETE L LT, mEMW Softness level 1 5
5, HHFSD Softness level 7 FTD 7 EBEDZ SN X 2F
DANTEE TV (Bioskin, Beaulax Itd., Japan) &\ 7z. A
THREORMMIBAEER) YL R VHEETHNN—INTED,
KEOEM LIRIFFE—IhTWE, 2D, ZOFEMEHV
52L&, ZONIDEVWHEBIZE-5THEELHET S
ZEeNTES., ALEEDEAIL S5 mm THo7-.

3.3 EEREERE

&L, Zahte Yo BIBIZERE I W -REMOKREZ 10
Mg 72, RMTRINTNOEMIZOE 3ET DL L. 1[H
DIfTZ LI, SMBFORELEMREZRE, ROWKDZR
WTEMZHE— U7z, BIEIIEKABE IR TH o7,

3.4 AIEBESMEOEOERLMNS

FZoNPIOEEE UT, ALKE L ShEDEEOME % HlE
U7z, Iz, ISO 7619 (IZ¥EHLL T WA X1 7 E Bl I L Hf
G (GS-721N, Teclock, Japan) Z W=, ATHRES L IXE
EHOVEEH LICEE, T202— X0 2800l ¢/,
ANLEEEEEICT 20 A —RDHE (200 g) 2AML, AME
BOTF 20 A= ROEEGEAN 72, ZORIE % &FEM, ik
U S ES D, ZORREZFMA L. #REE 1ITRT. &
JEDMEIZDWTIE, SHFR DN & R 2 R,

No. 19-2 Proceedings of the 2019 JSME Conference on Robotics and Mechatronics, Hiroshima, Japan, June 5-8, 2019
1P1-U02(2)

Leaf spring



3.5 T—YuE

BORONVWERZMEL TWAEHOEEEIHS % e 5
728, EPHAIIKBET IV EZE>TWS 2 EDT— X % BT
WZHW ., BARIIZIE, FHIU 23R f., BRI fs DY BT
0.05 NLAETH D, MEGEE v A 20 mm/s ML EOBRIS DA%
FHWN =,

4 FLHS EEBROBROBITESR

B SN BEBRE p &, B [, MUEEE v OBRE,
FIT T LB AN 2 B R L T B EREE TV (T) DIF
EBLL 72, PEfREE BT, ROE IO RS 2 Hl L, R? A
0.35 & DN WVERFTIX, DABRDFRMT 2 SERINL 7. B 4(a)—
4(d) 12, a D5 d DEBBOMEE RS, HitlidzhThORED
i, MM EMORS» I 2RT. BT T 7 I3&REDEIE,
B DAL IS MEMOBFHERAETH D, BT T7DF LY
TVEEBHAICERERIE, FRIIHEHNICAERSAZRT.

41 o (BEBEBOERNAKES) ORITHER

a S DEAL U BT U B BRI O L, D % b e
RIMOAEEERT. K 4(a) &9, a RTRTORSHEDE
Mz oWTABIZEDMER L, BEMNES KA BICONEN
BMU7. ZOZEhs, EMRESHAED, MR
XL BBIONEBRENAE S RB L NS ZEAREN, B
FRECIMERE R DR DN E RICIHIT 5 2 T 2R (4) LKE
T5.

4.2 d (BEBFRBOEEKFE) ORITESR

d VX E DAL U 72 BRI A U D BB R DB (LD Kk & X,
DE D EBRBOREKRFEEZRT. K 4(d) £, diFFRSH
UL 6 BNDTRTOEMIZOVWTHEREIZIEDHEZR LU 7Z.
ZDZ s, fIEEENEL RBIZDN, AT 5
ZEDNRINT, F, BMPERLOBNL AL 1S 412D
WTIE, dIZEERNSWEZRL, fEEAERZENL DTS D
{BBLRVE, TIZODWTIEREREZERLZ. 2D 5
FEMDIFT O D\ & BEREROBEMREENRE V. Zhi,
MEONLRDEEZMOERNRRELRY, AT ) Y AEEN
RELRBIEDSEUBHKTHD LHMTE S,

4.3 b&c CERADDOEBEED) ORETHER

b & c IZEBRBOER RGN 2 B ET 57-DICHE L%
BTHB0, ARIEZS. B40b) L 4(c) &b, HMHi
DALV I D5 4I220WTIE, b, cDELSEIFIFO0 &
WOKERTH o 72, B DHWEM OGS, BEERBUIIER MK
FMEDTRNZ LRI NIz, EMPRL DR SPVEEIZDNT
W, bPE, cBEEWIFHERE MR-, Ik b, EigHHH
e &, EEINTTT 2IREERS B LTV E, BEEHED
INEL o TV WS ZeWRINE., Thbb, EHMOERS
NI &Y, BEEBOFEGIKEEVENT 20D Z &R
TN, FZEMDIBERIENZTNIDEFZSDPWIEES, ETO
HHUIAARA DB T d 2 HEANE R & BRI OBIRBZ R S i
FHIER SRV L 2 RBT 5.

5 &S

AWIZEE, 7TEMORO 1S 2AT 5 ANTRE 2B TELERIC
AU BEEBRRBUZ DWW, R, flgodE » OBfRE AL -
BLEBED XSRS PWERE & ORNZE T 2 EEOY L 2R
BEPESPMZT 720, BEEEROERIEFECER LH L
WEBRET VEIRE L. TOME, EHMOZohEITL-
TR OERDRFIEIZZ R A SN, BMPERLD BV
BEIT DWW TR BRI BRI EED 72 K, MBI L A%
MENL D ERSDPVIEEITIXIERINKRE S RDBIzDN, B
REDPFADT B ZEDHS NI 5 T2,

a (N

1 b
0.5 J_I_I_I_I_I_[
0
1 2 3 4 5 6 7

<«— Hard  Softness Level Soft —»

(@)

.

==
e T

04 b

0.6 +

0.8 +

b (N

1 2 3 4 5 6 7
<«— Hard  Softness Level

(b

+ﬂ71iii[h

1

1 2 3 4 5 6 7
Softness Level Soft —»

()

Soft —»

-0.5

<+— Hard

[x107]

4t
2t
0

1 2 3 4 5 6 7
Softness Level
(d)

Fig.4: Averages and standard errors of a, b, ¢ and d

d (s/mm)

<+— Hard Soft —»

for each softness level of artificial skin model. Error bars
indicate standard errors. Orange bars are significantly
positive values and blue bars are significantly negative
values whereas white bars are not statistically different

from zero.

No. 19-2 Proceedings of the 2019 JSME Conference on Robotics and Mechatronics, Hiroshima, Japan, June 5-8, 2019
1P1-U02(3)



Acknowledgments

This study was in part supported by MEXT Kakenhi
(15H05923, 17H04697).

SE 3

[1] P. F. D. Naylor, “The skin surface and friction,” British
Journal Dermatology, 67, pp. 239-246, 1955.

[2] A. F. El-Shimi, “In vivo skin friction measurements,”
Journal Society Cosmetic Chemist, 28, pp. 37-51, 1977.

[3] W. Tang, S. rong Ge, H. Xhu, X. chuan Cao, and N. Li,
“The influence of normal load and sliding speed on fric-
tional properties of skin,” Journal of Bionic Engineering,
5, pp. 33-38, 2008.

[4] J.van Kuilenburg, M. Masen, and E. van Der Heide, “A re-
view of fingerpad contact mechanics and friction and how
this affects tactile perception,” Proceedings of the Institu-
tion of Mechanical Engineers Part J Journal of Engineer-
ing Tribology 1994-1996, vols 208-210 229(3)5, pp. 243—
258, 2015.

[5] H. Hasegawa, S. Okamoto, E. Hatem, and Y. Yamada,
“Stochastic relationships between the normal and shear
interaction forces during tactile exploration of textures,”
Proceedings of IEEE International Conference on Systems,
Man, and Cybernetics, pp. 3029-3034, 2018.

No. 19-2 Proceedings of the 2019 JSME Conference on Robotics and Mechatronics, Hiroshima, Japan, June 5-8, 2019
1P1-U02(4)



