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STATEMENT OF PURPOSE

The goal is to design an artificial finger to replace the human finger during friction test on textile surfaces. In this study, four different kinds of textile fabrics are chosen because they represent a wide range of textile fabrics for clothing industry. Then alternative friction tests are carried out by humans on these fabrics. The evolution of the coefficient of friction during a displacement cycle are compared for the four fabrics. This helped to select the fabric used to develop the artificial finger. Then the artificial finger is designed by mimicry by studying the influence of the main morphological and mechanical criteria of the finger (shape, texture, Young's modulus) on the friction signal. Finally, the developed artificial finger is validated by comparing the results obtained for the four kinds of fabrics with the artificial and human fingers.

APPROACH

The four investigated fabrics are: o A plain woven fabric with a low surface pile. o A knitted polar fleece with a pile over the two sides of the fabric. The bristles have variable lengths and their orientation is random on the fabric surface. o A knitted velvet. The bristles are parallel and of equal lengths (about 2 mm). o A knitted artificial fur which bristles are parallel and of equal lengths (about 5 mm).

For pile fabrics as velvet or fur, the pile has a preferred direction for laying down as with the fur of an animal. This preferred direction is called further along pile and the other against pile main direction.

Two reciprocating linear tribometers have been used to measure the friction: a tribometer for fabrics equipped with a slider (artificial finger) and a tactile tribometer where the slider is a human finger. In both cases, the fabric sample is fixed on an oscillating table and the normal and tangential forces are measured.

A preliminary study showed that the touch exploration of textiles is carried out under a pressure of about 3 kPa with a sliding nominal speed of 20 mm/s (Breugnot). For both tribometers, the chosen sliding distance is 50 mm. For human finger, the choices are: using the index of the dominant hand with a finger tilt angle of 25 relative to the horizontal (Bueno et al.). Several cycles are performed but only the second one is exploited.

In addition, each artificial finger has an apparent contact area of 1.5 cm 2 , which corresponds to the surface of the finger in contact when the pressure is 3 kPa (Breugnot). Consequently, the nominal normal force is 0.5 N.

RESULTS AND DISCUSSION

First study

The first study with a panel of seventeen people allowed to see each fabric presents a specific evolution of the coefficient of friction (COF). From Figure 1, because of the specific and complex COF evolution, the velvet has been chosen to develop the artificial finger.

Slider design

To design the slider used as an artificial finger for textile fabrics, the chosen approach is to study in a tribological point of view the influence of different characteristics of a finger: its rounded shape, the texture of the fingertips, i.e. the dermatoglyphics and its hardness. In that purpose, different shapes of slider have been investigated (Fig. 2) and two materials. The selected slider is made of silicone and presents a grooved sole and rounded leading edges and covered with a specific fabric. Figure 3 shows the evolution of the COF for this slider. 

Validation of the artificial finger

For all the fabrics investigated, the curves obtained with a human finger or with the artificial finger have very similar appearance except in the transitory slopes. Therefore, qualitatively the artificial finger has the same behaviour as a real finger. Quantitatively the artificial finger gives a value of COF that is included in the range of COF obtained by our panel of subjects. The values obtained with the artificial finger are consistently lower than those obtained by the human fingers; an explanation of this difference will be given.

DISCUSSION

There are some differences between the curves obtained by the two experiments and especially the transitory slopes. This can be explained by a different displacement of real and artificial fingers relative to the fabric in both directions.

CONCLUSION

This study shows the influence of each morphological and mechanical human finger features on the friction behavior with textile fabrics: rounded shape, finger texture and hardness. The rounded shape of the finger is not really relevant in this case but the finger texture is fundamental. In fact, the results obtained with smooth and grooved sliders allow us to bring some conclusions:

 With a smooth sole, the friction cycle depends on the length of the slider as the pile at the ends of the sliding region is not stressed in both directions.  With a grooved sole, the pile is forced in both directions because the bristles interlock into the grooves.

The grooves, that is to say the dermatoglyphics, thus play an important role in the friction behavior of the finger against pile surfaces.

The influence of finger hardness has been evaluated with the help of rigid (made of aluminum) and soft (made of silicone) sliders. With the soft slider made in silicone, the adhesion is too important with textile fabrics. Therefore it has to be covered by a chosen material. A specific fabric has been identified.

The results obtained with the grooved rigid slider and the grooved soft slider covered with a suitable fabric are closed together in qualitative and quantitative points of view. However, the artificial finger made of silicone and covered with a structured fabric gives with velvet, a friction cycle closest to that obtained with a real finger, in particular as regards the transient due to changes of fabric direction. In addition, the coefficients of friction obtained with a real finger and with this slider are of the same order of magnitude.

The artificial finger developed gives good results qualitatively and quantitatively for all the different fabrics tested representing a wide range of textile fabrics. 

Figure 1 :

 1 Figure 1: Typical evolution of the COF between a human finger and the four fabrics investigated a) plain woven fabric b) polar, c) velvet fabric and d) artificial fur. For velvet and artificial fur, the COF is positive along pile and negative against pile main direction.
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 2 Figure 2: Different shapes of the slider used.

Figure 3 :

 3 Figure 3: Evolution of the COF on velvet obtained with the artificial finger selected.
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Table I

 I 

		gathers COF values obtained between the four
	investigated fabrics and the artificial finger or a human
	finger. For fabrics with oriented pile (velvet and fur fabrics),
	the COF along and against pile main direction are
	considered separately.	
	Fabric	Artificial finger	Human fingers
		COF	COF	Panel size
	plain	0.34	0.43 0.12	40
	polar	0.59	0.70 ± 0.21	40
		COF along	COF against	COF along	COF against
	velvet 0.45	0.44	0.58 ± 0.23 0.61 ± 0.16 17
	fur	0.50	0.64	0.60 ± 0.13 0.85 ± 0.24 17

Table I :

 I Values of COF for the four fabrics obtained with the artificial finger and the human fingers.