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Stick/slip Distribution on the Finger pad and Response of Tactile
Receptors when Human Grasp an Object

Shinichi HIROMITSU and Takashi MAENO

Grip force and contact condition including stick/slip are measured to investigate the mechanism
of dynamical transmission of contact information to tactile afferents in precision grip of human. A
system for measuring normal/tangential forces and stick/slip condition between the human finger
and grasping object is made. As aresult of measurement, it is found that the increase ratio of the
grip force and the change in stick area are mutually related. Contact condition is also calculated
using a FE (finite element) analysis. It is found that the stick/slip condition shows the similar
phenomena as experiment. Change in SED (strain energy density) at the Meissner’s corpuscles’
location shows local maximum at the slip area. The relationship among the SED at the location of
Meissner’s corpuscles, the deformation of the finger and the stick/slip condition in precision grip is
shown. In other word, a model for transmiting the dynamic information from the contact condition
to tactile afferent responses during precision girp is constructed.

Key Words: finger, stick/slip, tactile receptors, sensor, finite element method

@)

(€

100ms

3-141)

13 7 26
( 223-8522

@



2.
21 @
Fn grip force F
lift force y (b)
(b) Fn
F Fiit
mg
2
2
2 CCD
2
CCD
CCD CCD
Fn F. 30Hz

(4

CCD

finger

objec F mg F

lift

(a) Finger and object (b) Force curve

Fig. 1 Relationship between normal force (grip force)
and tangential force (lift force or friction force)

contact area between finger and acrylic plate

transpar ent
acrylic plate

white light K@<

finger
object to be
lifted
//CCD camera
plate spring 1 l
|
stand plate spring

Fig. 2 Experimenta appar atus

3(d (b) 3

Di=33ms

G 1
€Y

© ©




(a) Timet (b) Timet+72t © @-(b

Fig. 3 Measured and sutracted pictures of contact area between finger and plate

29 Tablel Measured frictiona coefficients
Subj ect AK KE KT TE
4009 800g Oil 0.43* 0.33 0.41 0.71
5 Water 1.27 0.78* 1.31* 1.26
2 *: part of resultsare shown in Fig. 3-Fg. 8
4

ClelCle

(a) Subject AK (?=0.43)

: QaaqQ

(b) Subject KE (?=0.78)

- 6000

4 (a) (iii) 3(0)
4 (@ (iv)
4 (b) (iii) Fig. 4 Measured stick/slip area

(c) Subject KT (?=1.31)

KT  4(0)



KT

06
’Z\ =
=3 o 04r
L Ty
-
02f
40 0 02 04 06
Fo (N) Time (9
Fig.5 Relationship between normal and tangential force Fig. 7 Changein ?F, /?F, for subject AK (?=043)
for subject AK (?=043)
300
(i) (iii) (i 30
— 200k 0) contact area —
1S IS
£ 0 £ < VN
ii 0
i 5 . 0.2 04 0.6
g 100k gtick area 5 Time (9 v
. (iv) e
@) (iii)
1 1 1 -:D
0 0.2 04 0.6
Time (s) Fig. 8 Change in stick area ? S, , for subject AK
Fig.6 Changeincontad/stick areafor subjed AK (?=0.43)
(=043
Tabe2 VaueP (iii) 4 (@
Subject AK KE KT TE
Qil 0.027 0.004 0.017 0.004
Water 0.029 0.069  0.002 0.000
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