





Subject

sub 1

sub 2

sub 4 sub 5

sub6 | sub?7

sub 8

sub 9

sub 10 | Mean

=}
=

Al

0.37+0.04
0.57+0.04
0.36+0.02
0.32+0.02
0.24£0.03
0.27£0.01

0.27£0.02
0.4020.03
0.34+0.03 | (.39£0.02
0.33£0.03
0.24:0.02

0.50+0.05
0.58+0.02
0432004
0.39£0.04
0.45£0.04

0.45+0.03
0.58+0.01
0.44£0.03
0.32+0.03
032001

0.58+0.02
057+0.02
0.5240.04
0.58+0.03
0.50+0.03

0.35£0.06
058£0.11
032£0.02
0.28+0.02
031+0.02

0382002
032+0.06
0.4620.06
0.37£0.03
0.32:0.02

0.36=0.03
0.7520.06
047008

.29+0.03
0.32+003
03710 02‘

0.48+0.05
1.00£0.11
0.32£0.03
029£0.02
033006
0.4]:&:0.0_4

042+0.09
059+0.18
0.40+0,08
0.36+0.09
0.34+0.09
0.34+0.08

0.432:0.1.6

0472025 | 0.4240.14

Nylon

0.3710,03
0.42+0.02
0.40+0.02
0.3520.03
0.30+0.02
0332002

0.30£0.02
0.38£0.03
0324002
031002
0.30£0.03

0.43+0.03
0.49:0.04
0.38+0.05
0.30£0.02
0.42+0.02

0.47£0.02
0432003
0.40£0.01
0.33:0.01
0.320.01

0412003
0.460.02
0.39£0.01
0.340.02
0.36+0.03
0.29£0.02

045003
0.49+0.03
0.37+0.02
043003
0.35£0,03
0.39:0.04

0.33£0.04
0.31+0.04
0.28+0.01
(J.:?_Szﬁ.ﬂl

032+0.02
033003
023002
024004

0.4320.02
0582001
037002
029£0.02
027£0.02
0.2740.02

0.38+0.06

042+0.06 | 0.32+0.05

0.29+0.06

037£0.11

0.31=0.03
0.70£0.08
042007
034001
038002
_0.381().02

0.38+0.08
0.47+0.10
0374005
0.33+0,04
0.32+0.06
032+0.06

0.4240.14 | 0.37+40.09

Silicone

0.80£0.04
0.48+0.02
0.3810.04
0.39+0.04
0.46+0.04

0.7540.07
0.98+0.05
0.65+0.03
0.50£0.03
0.460.04
0.44+003

067005
0462002
0442003
0442003
0532001

01.54+0.02
0.8820.05
0574004
0.56=0.04
(450,01
0452003

0.98+0.04
0.61+0.02
0.51£0.05
0.68+0.02
0.51£0.03

0.60£0.02
0842007
0584003
0.63+0.03
0.59+0.02
0622003

0.86+0.22
12620.11
0.68+0.01
0.64£0.13
0.57£0.02

0.49+0.15

0.50£0.09 | 0.63+0.19

0.660.17 | 0.5820.15

064+0.10

0.44+0.05
0631003
041002
0.60+0.04
0.40+0.06

050+0.06
160,11
0.61+0.12
0432004
0372004
0352004

0511004
1062009
0472005
0432005
0422003
0402009

0.57+0.16
093+020
0.55+0.10
0.5240.10
0.48+0.10
047+0.09

0.57£0.29

0.3940.04
0.4620.06
0424002
0432002
0392004
0.4820.02
0432005

043004
0.44£0.02
0.42+0.03
0.46+0.02
0.3520.02
0.42+0.03
0.42+0.05

0.50£0.03
0.53+0.04
0.63+0.03
0.50+0.03
0.49+0.02
0.351{).(?2

0.64£0,02
0.66+0.04
0.57+0.03
0.50£0.03
0,52£0.04

0.5910.02
0.57+0.07
0.49£0.01
056004
0.39£0.02
0.3420.03

056004
063003
050+0.04
0.58+0.03
0.52+0.04
0.53£0.05

0.58+0.11
0.550.07
0.52+0.06
052002
0.49+0.02

0.42+0.03
0.49+0.02
0442003
0.41£0.03
043004

044004

0.57+0.03
0.72£0.03
0.6620.08
049007
0424005
042:0.04

0.55+0.24 | 061+0.21

0.53+0.04
0.95+0.07
0.53£0.05
0.39+0.02
0.36£0.03
0370.02

0.52+0.08
0.60+0.16
052+0.08
0.49+0.07
0.44+0.07
0.43+0.06

0524021 | 05140.11

Pelite |

0.43+0.03
0.56+0.03
0.49+0.02
0.460.02
0.37£0.03
0.470.02

0464002
0.5640.04
0.50£0.04
0.430.02
0.42+0.03

0.510.05
0482006

0.44+0.03
0.49+0.02
0.52+0.02
0.45£0.02
0.430.03
0.38+0.03

0.45+0.05

41002
0.47+0.01
0.39£0.03
(14520.02
0.44+0.03
0.38£0.01

0.42+0.04

0.4410.01
0.47+0.01
0.44£0.01
0.42+0.02
0.42+0.02
0.3910.01

0.43+0.03

0.49+0.09
0424003
0.36£0.02
0.5820.11
(.53£0.05
0.5040.04

046004
042+0.03
047005
0401003
045002

0.370.02
0.44+0.02
0424003
044003
0.40£0.03
038002
0412004

0.54+0.05
0.51£0.03
0.39:0.03
0.38+0.02
0.30+0.02

046+0.03
0652005
0.48+0.08
041003
0421005
0.42+0.04

0.4440.05
0.51+0.07
0.45+0.06
045+0.07
0.42+0.05
043+0.06

0.45+0.07

0.4240.11

0.410.10 | 0.48+0.14

0.49:0.14 | 0.4520.12

0.40£0.09

0.4720.18

0.46+0.15

Site

DH

PH

AF

PF

AL

PL

Coefficient

0.47+0.12

0.62+0.22

0.46+0.10

0.43+0.10

0.40+0.10

0.40+0.09

Material

Aluminium

Nylon

Silicone

Sock

Pelite

Coefficient

0.42+0.14

0.37+0.09

0.61+0.21

0.51+0.11

0.4520.07
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The second improvement was made on the
sensing surface, using a plane-ended annulus
instead of a solid plane or a hemispherical shape.
The pressurc distribution in the sensing surface
will affect the frictional torque — the product of
the force and the distance to the centre.

In practice, the pressure distribution on the
sensing surface varies with the geometry and the
stiffness of the soft tissues and the underlying
bone. An annular surface applying the load over
the annulus can eliminate the crror causcd by the
load distribution. In this study, all the probe
sensing surfaces were annular with an outer
diameter of 16mm and an inner diametcr of
10mm.

Five (5) materials, namely, aluminium, nylon,
silicone (soft liner material for trans-tibial
suction sockets), cotton sock (often worn with a
prosthesis) and Pelite (soft liner material for
lower limb prostheses) were measured. The
sensing surfaces of aluminium and nylon were
machined with fine tuming. An annular disk of
silicone, cotton sock or Pelite was glued on the
tip of the metal probe.

Ten (10) normal subjects, age from 19 to 40,
with no visible signs of skin diseases,
voluntarily participated in this investigation. For
each subject, 6 anatomical sites, namely the
palm of hand (PH), dorsum of the hand (DH),
anterior side of the forearm (AF), posterior side
of the forearm (PF), middle anterior leg (AL),
and middle posterior leg (PL) were investigated.
The skin was untreated but clean. Since the skin
frictional properties may be affected by the
ambient environment, all experimenis were
carried out in a room with controlled
temperature of 20-24°C, and relative humidity of
55-65%. The subjects were required to enter the
test room for at least 20 minutes before the tests.
During the test period, they were asked to sit
down and stay relaxed.

For each test, 5 trials were repeated. The
coefficient of friction was calculated as the ratio
of frictional force to the normal force (u=F/N).
The mean value and standard devialion were
calculated with T-test statistical analyses.

Various normal forces were applied to
investigate the effect of load on the coefficient
of friction. Various probe rotation speeds {rom
25rpm to 62.5rpm were used to investigate the
effect of speed.

Results

Table 1 gives the coefficients of kineuc
{riction at 6 skin sites with 5 materials for 10
subjects. Each datum compriscs mean and
standard deviation obtained from the 3 tests. The
load applied was 100 grams (average pressure of
80kPa) and the probe rotation speed was 25rpm
(average linear speed of lm/min). The ‘Mean'
on the right column means the average
coefficient of friction between one material and
one site of skin for all subjects. The *mean” on
the bottom row for each material shows thc
average valuc of this material on all the
measured sites for each subject. The ‘MEAN’ on
the bottom row of the table means the average
coefficient of friction betwcen all the measured
sites and all materials for each subject.

In all the measurements, the coefficient of
friction ranged from 0.24 to 1.26, and the
average value for all tests was 0.46x0.15
(p<0.01). The cocfficients of friction with
different materials and at different anatomical
sites are shown in Tables 2 and 3. The highest
coefficient of friction of skin was found over the
sitc of the palm of the hand with the siliconc.
The palm of the hand has the highest coelficient
of friction in all the sites measured. Of all the
materials tested, the silicone shows the highest
coefficient of friction.

Figure 2 shows the change in coefficient of
friction with the normal force applied to the skin
surface in the 10 trials. The results show there 13
a slight decrease in coefficient of friction with an
increase of the load. When the load increases
from 25 grams to 100 grams, the average
coctficient of friction was decrcased by 9.5+6%
(p<0.05).

Figure 3 displays the effect of the probe
rotation speed on the coefficient of friction in the
8 trials. The coefficient of [riction increases
slightly with an increase of the rotation speed.
When the rotation speed increased from 25rpm
to 62.5rpm, the coefficient of friction increased
by 7+2% (p<0.05).

Discussion

Skin frictional properties have been reported
by several groups, and the rcsults show they
varied with interface materials, subjects,
anatomical sites, ambient environment and skin
conditions (Naylor, 1955; Comaish et al., 1971;
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