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Abstract Surface texture is important for contact

mechanical and tribological phenomena such as the contact

area and friction. In this research, three different types of

geometrical microstructures were designed and fabricated

by pulsed laser surface texturing as semi-symmetric

(grooved channel), asymmetric fractal (Hilbert curve), and

symmetric patterns (grid). A conventionally finished sur-

face as a reference sample from the same stainless steel

sheet material was compared. From the experimental

approach, a multiaxis force/torque transducer was used to

investigate the functionality of surface texture based on

measuring the tactile friction in three different sliding

directions: perpendicular, parallel, and 45� to the textures.

According to the dynamic friction measurements, the grid

texture was indeed orientation independent. The other

samples showed orientation-dependent frictional behavior,

especially the grooved channel texture and reference

sample. Furthermore, an analytical approach was applied to

estimate the values of the friction coefficient by the pres-

sure distribution method. From both the experimental and

analytical approaches, the grid pattern was validated to be

the optimal texture design in the concern of friction

reduction and orientation-independent behavior.

Keywords Sliding � Surface texture � Microfabrication �
Skin friction

1 Introduction

Tactile friction, or skin friction, is a resistive force that

prevents the skin from sliding freely against the counter-

surface. Whether putting the clothes on in the morning,

texting the message on the cell phone, or playing a musical

instrument to entertain yourself, skin friction is

inevitable and plays an important role in tactile perception.

In the modern market, touch sensation was not forgotten or

underestimated. In fact, great concerns in skin friction,

especially fingertip skin friction, were raised in relation to

the feel of products to the consumers [7]. The dynamic

friction between the fingertip and counter-body determines

how we perceive a surface, which can sway the consumers’

judgments toward the lucrative products [4].

In skin tribology, many experimental studies of the

friction contacts between skin and different objects were

conducted with in vivo measurements [20, 23, 30, 33, 37].

As a multilayered biomaterial, skin consists of stratum

corneum (SC), epidermis, dermis, and hypodermis (sub-

cutaneous tissues) [32, 38]. Each skin layer has different

mechanical properties associated with different composi-

tion, thickness, and hydration degree. From the literature,

the frictional behavior of skin is influenced by the complex

interaction of the material and surface properties of the

counter-body and the skin itself [18, 21]. From the

mechanical perspective, the microscaled geometric struc-

ture of texture can affect the friction between the skin and
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counter-surface. Groove patterns, for example, as the most

common geometric structure, were studied and found to

have the ability of reducing the tactile friction during fin-

gertip exploration [31]. Recent studies are focused on the

influential factors like the material properties, skin condi-

tion, and contact parameters of the counter-body and the

skin [27, 35].

The real contact area plays a pivotal role in skin friction.

According to the research, skin friction decreases with the

reduction in the real contact area [24, 39]. In skin tribology,

both the adhesion and deformation components of friction

(two-term model of friction) contribute to tactile friction

[8, 9]. However, the adhesion component of friction (refer

to Eq. 1) plays the dominant role [1, 11].

Ff;adh ¼ sAreal ð1Þ

where Ff;adh represents the adhesion component of friction;

Areal is the real contact area; s is the interfacial shear

strength. The real contact area is significantly less than the

apparent contact area when skin is interacting with the

microstructured counter-surface. For the interfacial shear

strength s, it has been found to have a linear function of the

average contact pressure (p) as:

s ¼ s0 þ a�p ð2Þ

where s0 is the intrinsic interfacial shear strength; a is the

pressure coefficient. After combining Eqs. (1) and (2), the

coefficient of friction can be expressed as follows:

l ¼ Ff;adh

FN

¼ s
�p
¼ s0Areal

FN

þ a ð3Þ

The adhesion component of friction is directly related to

the real contact area, and the reduction in real contact area

can greatly decrease friction.

Stainless steel sheet has a wide variety of applications in

industry and science, especially for automotive and

domestic appliances. The investigation of tactile friction on

the textured surface can enhance the understanding of

tactile perception, and the human–product interactions of

stainless steel products will be improved [41]. Surface

textures are widely applied in studies on dynamic friction

to reduce the adhesive component of friction, and most of

them were carried out under unidirectional sliding condi-

tions [5, 17]. However, from our previous work [39], the

orientation effect has great influence on the skin friction

between fingertip and textured counter-surface [39]. An

experimental approach was used based on measuring tac-

tile friction on textured stainless steel sample with grooved

channel. A polished surface from the same stainless steel

was compared as a reference sample. In vivo measurements

revealed that sliding orientation greatly influenced the

frictional performance on grooved channel texture com-

pared to the reference sample. Moreover, parallel sliding

showed a higher dependency of friction coefficient than

perpendicular sliding on the depth of the grooved samples.

In this paper, the deterministic and stochastic surface

textures are used for friction experiments. The stochastic

sample is one conventionally finished 2G surface as the

reference (sample Z000). The three deterministic surface

textures are fabricated on the sample reference material

based on their geometric types. Each one is commonly

used in its category: grooved channel as a semi-symmetric

pattern (sample Z001), Hilbert curve as an asymmetric

fractal pattern (sample Z002), and pillar as a symmetric

pattern (sample Z003). Based on the experimental

approach, the tactile frictions on each sample in different

sliding directions were measured. The objective is to

design a surface texture which not only decreases the

friction but also eliminates the orientation effect.

2 Textural Design and Materials

2.1 Friction Model and Measurement

For the friction measurements, each specimen was fixated

on the top of a load cell (ATI Gamma six-axis force/torque

transducer, ATI Industrial Automation, Apex, NC, USA;

refer to Fig. 1). The resolution of the force measurement is

25 mN in normal direction (z-axis) and 12.5 mN in tan-

gential direction (x- and y-axes). Each experiment con-

sisted of five sliding repetitions toward the body. Three

sliding directions were performed: 0� (parallel), 45�, and
90� (perpendicular) to the surface texture. The contact

finger (right hand index finger) used in this experiment is

from a 32-year-old male. The fingertip was washed by soap

and air-dried, and the stainless steel samples were cleaned

by ethanol before each measurement. The environmental

conditions of the laboratory were 20 ± 1 �C as room

temperature and 40 ± 5% as relative humidity. The

hydration level of the testing finger was measured by

Corneometer CM 825 (Courage ? Khazaka GmbH, Ger-

many) at 32 ± 3 AU. During the dynamic skin friction

measurements, the testing finger was in contact with the

specimen, and sliding occurred at a steady velocity with an

average of 17 ± 4 mm/s. The sampling rate was 100 Hz.

Followed by the same procedure, the applied normal load,

friction force, and coefficient of friction (COF) were

recorded by the ATI transducer.

2.2 Textural Design of Geometry

The grooved channel pattern is expected to be influenced

by the orientation effect. The distribution of geometric

structures is different in the perpendicular sliding direction

compared to the parallel and 45� sliding directions, as
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Fig. 1 a Three-axis

force/torque transducer (ATI

Industrial Automation, Apex,

NC, USA); b skin friction

measurement

Fig. 2 Parallel, 45�, and
perpendicular sliding direction

on a grooved channel, b Hilbert

curve, and c pillar texture
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shown in Fig. 2a. The area in contact changes accordingly.

The change of pattern layout in different sliding direction is

able to alter the contact area and friction between the skin

and grooved channel texture. Unlike the grooved channel

pattern, the Hilbert curve (asymmetric fractal pattern)

demonstrates the ability to contain the entire two-dimen-

sional unit space by a peculiar geometric structure which

expands in all directions [2, 3, 13, 15, 25]. As shown in

Fig. 2b, the areas in contact with different sliding direc-

tions have the similar pattern layout. In this research, the

stroke length is approximately the length of the sample size

which is 40 mm. With this stroke length, the overall

encountered peaks and valleys are self-similar across dif-

ferent direction which gives the ability to minimize the

effect of orientation. On the other hand, the pillar texture is

a symmetric geometric structure which has an identical

pattern distribution in x-axis and y-axis directions. As

shown in Fig. 2c, the total number of pillars in contact was

nearly same for all three sliding directions. The parallel

sliding direction has approximately 33 counts of pillars in

contact; the 45� sliding direction has approximately 34

pillars in contact; the horizontal sliding direction has

approximately 34 pillars in contact with the same unit of

contact length (refer to Fig. 2c). Since the differences of all

three directions are very low in the number of pillars in

contact, the effect of orientation is expected to be

insignificant.

2.3 Material and Fabrication

The textures were created in stainless steel EN-1.4301

samples with dimension of 40 mm 9 40 mm. All the

textures were produced by pulsed laser surface texturing

(LST), with a picosecond laser in 400 kHz pulse rate with

maximum 50 W power. According to the recently pub-

lished article, the LST technique is the most suitable fab-

rication method for deterministic surface pattern on

stainless steel material [40]. In addition, the stochastic

reference sample was produced by cold rolling in con-

ventional 2G finish, which is used to fabricate testing

samples Z001, Z002, and Z003. The surface examinations

were conducted by SEM and confocal microscopy as

shown in Fig. 3. The parameters of the samples are shown

in the schematic diagrams (refer to Fig. 4), and details are

given in Table 1.

3 Results and Discussion

3.1 The Orientation Effect of the Surface Geometry

The values of COF for each sample were calculated from

five friction cycles with one sliding movement in the

direction toward the subject’s body. The average COF and

its corresponding standard deviation were calculated from

the data obtained from five strokes and tabulated in

Table 2. Figure 5 shows an overview of COF measured

against dry skin with all samples in three directions, 45�,
parallel and perpendicular, with respect to the surface

structure. The mean value of dynamic COF is calculated

under different normal loads of 0.2 N, 0.4 N, and 1.0 N.

Figure 5 shows the variations of COF associated with the

sliding directions on all samples. Based on the analyzed

data, the COFs of the samples Z000 (reference), Z001

(grooved channel), and Z002 (Hilbert curve) were influ-

enced with the sliding directions, especially the samples

Z000 and Z001. However, the COF of the sample Z003

(pillar) revealed insignificant variations with the sliding

directions compared to the other samples. In other words,

the sample Z003 (pillar) was proved to be orientation

independent, and the other samples were orientation

dependent. When the fingertip was sliding on the sample

Z003 (pillar), the tactile friction was mainly influenced by

the number of pillars in contact with skin instead of the

sliding direction. The pattern layout of pillar is symmetric

and identical in all directions with enough stroke length. In

this case, the number of pillars in contact had a great

influence of the real contact area and was determined by

the texture parameters (asperity radius and spacing) and the

contact radius of fingertip. According to the texture design

of pillar pattern (refer to Sect. 2.1), the estimated number

of pillars in contact of fingertip with all three sliding

directions is very close.

In the case of perpendicular sliding against grooved

channel, the friction between the skin and texture

increased compared to the parallel and 45� sliding direc-

tion in all three different normal loads (refer to Fig. 5).

This particular phenomenon is caused by the contribution

of deformation component of friction in form of hysteresis

[33, 34]. Based on the previous study of sliding direction

against a grooved channel on tool steel [39], the normal

force (FN) applied on the leading edge can be determined

as follows:

FN ¼ 2 r
a

0

p:L:dt ð4Þ

where p is the pressure along the contact area of the ridge

and skin; L is the length of the ridge in contact; dt ¼
dl sin h is the distance from the central axis (t) between the

limits of 0 and a; and the hysteresis force (Fhys) is the

horizontal component of the force due to the applied

pressure (W). Based on this approach, the resulting hys-

teresis force (Fhys) can be determined as follow:

Fhys ¼ W � cos h ¼ FN

2
cot h ð5Þ
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W is the force due to the applied pressure; h is the angle

between the two surfaces in contact (refer to Fig. 7).

According to the studies of skin friction at the volar

forearm in contact with spherical probes [1, 19], the con-

tribution of hysteresis to the COF ranges from 0.04 to 0.06

in the order of magnitude. Other study shows that

contributions to the friction coefficient between finger and

glass due to viscoelastic skin deformations can be up to 0.2

[8, 9]. Therefore, in the case of perpendicular sliding against

grooved channel texture, the role of viscoelastic skin

deformation cannot be neglected and will increase overall

friction between the fingertip and the counter-surface.

Fig. 3 Textures a grooved channel (Z001); b Hilbert curve (Z002); c pillar (Z003) examined by SEM and d reference surface with rolling

direction from left to right (Z000) examined by confocal microscopy

Fig. 4 Schematic drawings and parameters of a grooved channel, b Hilbert curve, and c pillar texture
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3.2 The Geometric Effect of the Contact area

As shown in Fig. 6, all the textured samples (Z001, Z002,

and Z003) generated less tactile friction compared to the

non-textured sample (Z000), except sample Z001 in per-

pendicular sliding with the normal load of 1.0 N (the cause

has been discussed in Sect. 3.1). This phenomenon was

caused by the contact area between skin and counter-sur-

face. According to the research, the reduction of the contact

area can directly decrease the tactile friction [24]. In

addition, the real contact area can be influenced by the

contact condition which is determined by the contact ratio

(Fig. 7). Westergaard developed a model to estimate the

contact ratio between an elastic half-space and rigid wavy

surface with spacing (k) and amplitude (depth or height of

the structures) [36]. Study found that the Westergaard

model also can be applied for a viscoelastic half-space

including skin sliding on a rigid wavy surface

[11, 12, 16, 22, 26, 29]. A modified contact model was

proposed in the previous study to predict the contact ratio

by calculating the average contact pressure (�p) and the

pressure needed for the fingertip under the full contact

condition ðp�Þ [39].

�p ¼ FN

pa2
ð6Þ

p� ¼ pE� D

2k
ð7Þ

1

E� ¼
1� m2finger
Efinger

þ 1� m2surface
Esurface

ð8Þ

a ¼
ffiffiffiffiffiffiffiffiffiffiffi

3RFN

4E�
3

r

ð9Þ

where FN is the applied load; a is the contact radius pre-

dicted by the Hertzian equation; E* is the effective Young’s

modulus; D is the depth or height of the structures (am-

plitude); vfinger and vsurface are the Poisson ratio of finger

and counter-surface accordingly; R is the radius of curva-

ture of the body.

When the average contact pressure (�p) is smaller than the

pressure required for finger undergoing the full contact

condition (p�; �p
p� \ 1), the contact condition is considered as

in partial contact. Under the partial contact condition, the

skin is not deformed enough to contact the sides and valley of

the texture and less real contact area is conducted between

the skin and counter-surface. On the contrary case ( �p
p� C 1),

the contact condition is considered as the full contact, and the

real contact area is increased due to the combination area of

the surface, sides and valley of the texture.

The effective Young’s modulus (E*) is estimated by

Eq. (8) with the reported values of the Young’s modulus

and the Poisson ratios of skin and stainless steel

([6, 14, 28, 33]; refer to Table 3). The radius of fingertip in

contact was measured to be 8 mm. With the estimated

value of the effective Young’s modulus (E*), the contact

radius between the skin and counter-surface was estimated

(a = 3.1 mm) by Eq. (9). Combined with the surface

parameters of textures tabulated in Table 1, the average

contact pressure (�p) and the pressure needed for the fin-

gertip under the full contact condition p�ð Þ can be calcu-

lated by Eqs. (6) and (7) accordingly. Finally, the contact

ratios ( �p
p�) of all textured samples were predicted and results

were tabulated in Table 3 (Z001 = 0.24; Z002 = 0.48;

Z003 = 0.51). Since the pressure ratios were less than 1

(refer to Table 3), therefore, the contact conditions can be

considered as in partial contact. Under the partial contact

condition, the maximum contact areas of grooved channel,

Hilbert curve, and pillar textures can be derived as:

AGroove ¼ pa2 � Nwgroove
�lgroove

¼ N k� wgroove

� �

�lgroove; for
�p

p�
\1 ð10Þ

AHilbert ¼ pa2 � wHilbertlHilbert; for
�p

p�
\1 ð11Þ

AGrid ¼ Npr2Grid; for
�p

p�
\1 ð12Þ

where N is the number of grooves or pillars in contact;

wgroove is the width of the grooved channel; �lgroove is the

average length of the grooves in contact;wHilbert is the width

of the Hilbert curve; lHilbert is the length of Hilbert curve in

contact; rPillar is the radius of pillar pattern.

Table 1 Selected surface parameters of the samples: 3D surface roughness (Sa), depth or height (D), spacing (k), width (W) and pillar radius

(r) were measured by laser scanning microscope (Keyence, VK-9700, USA)

Sample name Surface texture Sa (lm) Depth D (lm) Width W (lm) Spacing k (lm) Radius r (lm)

Z001 Grooved channel 1.21 10 20 25 –

Z002 Hilbert curve 3.43 15 20 – –

Z003 Pillar 4.69 15 – 80 60

Z000 Stochastic 0.39 – – – –
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Now, a modified Westergaard model can be used to

describe the contact width 2awestergaard.

2awestergaard ¼
2k
p
sin�1 p

p�

� �1=2

ð13Þ

where k is spacing (or wavelength); p is mean surface

pressure; p� is the pressure needed for full continuous

contact.

With the value of contact ratio ( p
p�; refer to Table 3) and

known spacing k of each texture (refer to Table 1), the

Table 2 Experimental data of samples in 45�, perpendicular and parallel sliding direction and analytical results by Westergaard method

Sliding

motion

Sample Normal load

(N) Mean ± STD

COF

Mean ± STD

Sliding

motion

Sample Normal load

(N) Mean ± STD

COF

Mean ± STD

45� Z000 0.20 ± 0.02 0.61 ± 0.05 Z000 0.22 ± 0.04 0.67 ± 0.07

Z001 0.19 ± 0.02 0.50 ± 0.01 Z001 0.19 ± 0.02 0.41 ± 0.09

Z002 0.22 ± 0.04 0.41 ± 0.03 Z002 0.22 ± 0.04 0.42 ± 0.02

Z003 0.17 ± 0.04 0.27 ± 0.01 Z003 0.19 ± 0.04 0.25 ± 0.01

Z000 0.42 ± 0.04 0.59 ± 0.07 Z000 0.43 ± 0.07 0.69 ± 0.06

Z001 0.39 ± 0.07 0.44 ± 0.05 Z001 0.40 ± 0.02 0.47 ± 0.08

Z002 0.43 ± 0.04 0.41 ± 0.02 Z002 0.39 ± 0.07 0.45 ± 0.03

Z003 0.40 ± 0.05 0.24 ± 0.01 Z003 0.41 ± 0.07 0.24 ± 0.01

Z000 0.61 ± 0.03 0.59 ± 0.06 Z000 0.60 ± 0.05 0.65 ± 0.04

Z001 0.58 ± 0.05 0.43 ± 0.04 Parallel Z001 0.59 ± 0.03 0.44 ± 0.07

Z002 0.61 ± 0.03 0.40 ± 0.02 Z002 0.58 ± 0.07 0.43 ± 0.05

Z003 0.58 ± 0.05 0.25 ± 0.01 Z003 0.57 ± 0.07 0.23 ± 0.02

Z000 0.79 ± 0.05 0.58 ± 0.06 Z000 0.80 ± 0.06 0.61 ± 0.07

Z001 0.81 ± 0.06 0.42 ± 0.02 Z001 0.80 ± 0.01 0.42 ± 0.07

Z002 0.78 ± 0.03 0.40 ± 0.03 Z002 0.79 ± 0.05 0.42 ± 0.03

Z003 0.81 ± 0.05 0.23 ± 0.02 Z003 0.81 ± 0.05 0.24 ± 0.03

Z000 1.03 ± 0.05 0.57 ± 0.05 Z000 0.92 ± 0.12 0.56 ± 0.04

Z001 1.00 ± 0.07 0.41 ± 0.03 Z001 1.02 ± 0.04 0.42 ± 0.04

Z002 0.88 ± 0.09 0.38 ± 0.03 Z002 0.90 ± 0.09 0.42 ± 0.02

Z003 1.00 ± 0.15 0.24 ± 0.02 Z003 0.96 ± 0.12 0.24 ± 0.01

Perpendicular Z000 0.20 ± 0.02 0.67 ± 0.07 Z000 – –

Z001 0.19 ± 0.01 0.51 ± 0.05 Z001 0.20 0.45

Z002 0.18 ± 0.03 0.43 ± 0.02 Z002 0.20 0.54

Z003 0.18 ± 0.04 0.26 ± 0.01 Z003 0.20 0.27

Z000 0.40 ± 0.03 0.60 ± 0.05 Z000 – –

Z001 0.39 ± 0.01 0.50 ± 0.07 Z001 0.40 0.36

Z002 0.39 ± 0.07 0.42 ± 0.02 Z002 0.40 0.41

Z003 0.43 ± 0.05 0.26 ± 0.01 Z003 0.40 0.26

Z000 0.61 ± 0.03 0.55 ± 0.05 Z000 – –

Z001 0.61 ± 0.02 0.50 ± 0.05 Westergaard Z001 0.60 0.32

Z002 0.59 ± 0.05 0.43 ± 0.04 Z002 0.60 0.36

Z003 0.60 ± 0.05 0.26 ± 0.02 Z003 0.60 0.25

Z000 0.79 ± 0.05 0.58 ± 0.06 Z000 – –

Z001 0.78 ± 0.03 0.51 ± 0.06 Z001 0.80 0.30

Z002 0.79 ± 0.06 0.42 ± 0.04 Z002 0.80 0.33

Z003 0.78 ± 0.04 0.27 ± 0.01 Z003 0.80 0.25

Z000 1.02 ± 0.04 0.48 ± 0.04 Z000 – –

Z001 1.01 ± 0.04 0.53 ± 0.02 Z001 1.00 0.29

Z002 0.93 ± 0.11 0.41 ± 0.02 Z002 1.00 0.31

Z003 0.99 ± 0.13 0.26 ± 0.01 Z003 1.00 0.24
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contact width 2awestergaard can be calculated. As the result,

the contact area of each textured samples need to be cal-

culated (refer to Eqs. 10, 11, 12). According to Eq. (3), the

functional forms of COF between the skin and textured

counter-surface can be calculated by inputting the values of

the intrinsic interfacial shear strength s0 and the pressure

coefficient a which are reported in the literature as 5.5 kPa

and 0.23 accordingly (refer to Table 3; [10, 33]). The

normal loads (FN) were 0.2 N, 0.4 N, 0.6 N, 0.8 N, and

1.0 N, and the results of estimated COF were charted. As

shown in Fig. 8, the values of estimated COF correspond

well with the range of COF obtained from friction mea-

surements for the all samples, especially for the sample

Z003 (pillar). For example, under the normal load of 0.2 N,

the estimated COF of the sample Z003 was 0.28 compared

with the calculated COF from the friction measurements

(0.27 for 45�, 0.25 for parallel, and 0.26 for the perpen-

dicular sliding direction; refer to Fig. 8c).

Overall, the sample Z003 (pillar) showed a better per-

formance compared to the other samples in friction

reduction from both experimental and analytical results

(refer to Figs. 6, 8). Moreover, based on the experimental

results, the sample Z003 (pillar) was orientation indepen-

dent, while the other samples were orientation dependent in

45�, parallel, and perpendicular sliding directions. With the

respect to the texture designs based on the friction model

Fig. 5 Overview of COF versus sliding direction for each sample with different normal load a 0.2 N, b 0.4 N, and c 1.0 N; Redline indicates the

variation of COF with sliding directions (Color figure online)

Fig. 6 Values of COF versus normal load for each sample in a 45�,
b parallel, and c perpendicular sliding. The ranges of COF were

0.27–0.61, 0.19–1.02, and 0.18–1.02 for all samples (including

reference sample) in the 45�, parallel, and perpendicular sliding

directions accordingly. The standard deviations of all data plots

ranged from 0.01 to 0.09. The detailed data are shown in Table 3

Fig. 7 Schematic diagram of

ridge-texture contact, the upper

body is the single fingerprint

ridge against the textured

counter-body
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and orientation effect, the pillar pattern showed superior

performance compared to the grooved channel and Hilbert

curve pattern and reference sample.

4 Conclusions

Based on the experimental results, less friction forces

were observed on the textured stainless steel samples

(Z001, Z002, and Z003) compared to non-textured sample

in three sliding directions (perpendicular, parallel, and

45�) except sample Z001 in perpendicular sliding with the

normal load of 1.0 N. In the concern of friction reduction,

the pillar (Z003) texture has the advantage over Hilbert

curve and grooved channel textures in decreasing the

friction force under the partial contact condition ( �p
p� \ 1).

From the analytical approach, the pillar (Z003) also

showed lower values of COF compared to the other

samples, which was consistent with the experimental

results.

Fig. 8 Values of COF (both experimental and analytical results) versus normal load for a sample Z001 (grooved channel), b sample Z002

(Hilbert curve), and c sample Z003 (pillar). The detailed values are listed in Table 2

Table 3 Parameters from literature were used to calculate the pressure ratios and COF of textured samples [6, 14, 28, 33]), and the normal load

FN (maximum value) was obtained from the skin friction measurements

Material property Values Sample Pressure ratio

Efinger 0.2 MPa Z001 0.24

Esurface 150 GPa Z002 0.48

vfinger 0.48 Z003 0.51

vsurface 0.3

FN 1.0 N

Finger radius, R 8 mm

Pressure coefficient a 0.23

Intrinsic interfacial shear strength s0 5.5 kPa
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Furthermore, the influence of orientation effect was

insignificant for pillar (Z003) textures due to the geomet-

rical advantage. However, the sliding directions affected

other samples, especially the perpendicular sliding for the

grooved channel (Z001) and stochastic surface (Z000). In

the case of sample Z001 in perpendicular sliding, the

resulting hysteresis force was able to increase the defor-

mation component of friction between the skin and the

leading edges of counter-surface, and as a result, the

overall friction was increased.

From both the experimental and analytical approaches,

the pillar pattern was proved to be the optimal textural

design in the concern of friction reduction and orientation

effect. The pillar structure can greatly reduce the dynamic

friction between the skin and counter-surface without the

influence of sliding directions (45�, parallel, and perpen-

dicular) compared to the other samples.
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