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Abstract
In this paper, research into potential distributions acquired during the tribo-electrification of 
fabrics is presented. It was shown that  fabrics with non-uniform field distributions, including 
those made of natural fibres, can generate strong alternating fields in dynamic conditions, 
exceeding a level of 104 V/m. The conclusion made was that a comparison of the strength 
of electric fields occurring in the surroundings of fabrics made of natural fibres as well as 
those produced from any other sources may help in the rational assessment of the harmful 
effect of static and slow-alternating electric fields on the human body.
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n	 Introduction
The static electrification phenomenon 
is employed in numerous technological 
processes [1, 2], which may be the rea-
son for the numerous serious problems 
and failures [2, 3]. The disadvantageous 
phenomena associated with static elec-
trification also occur in textile technolo-
gies. The introduction of synthetic fibre 
technology into the textile industry is 
one of the most important reasons for 
the increased interest in the problem of 
static electrification. Thermoplastics 
(polypropylene, polyesters, polyamides, 
etc.), widely employed as starting ma-
terials, are characterised by a very high 
volume resistivity. A significant increase 
in the resistivity of the fibres of the ma-
terial in comparison with the majority of 
fibres from natural origins leads, on the 
one hand, to their easy electrification and 
the occurrence of an electric charge, and 
on the other to the long-lasting storage 
of this charge. The problem above is il-
lustrated in Table 1 by the values of the 
volume resistivity of conventional mate-
rials from the polysaccharide group, like 
wood, cotton, paper and other polymers, 
currently commonly used in the textile 
industry.

The ability of an object made of material 
with a relative electrical permittivity ε 
and volume resistivity ρV to store electric 
charge can be roughly assessed by the so-
called Maxwell time constant τM:

tM = e0 e rV                     (1)

where ε0 = 8.85 × 10-12 F/m is the elec-
tric permittivity of a vacuum. 

From the data collected in Table 1, it 
follows that in the case of polymers, the 
storage time of the electric charge ex-
ceeds the boundary value of 10-3 s i.e., 
which is assumed to be secure in terms 
of static electricity [4]. The electrification 

and storage of electric charge in an ob-
ject like a fabric leads to the occurrence 
of an electric field in its surroundings. 
The electric field developed may interact 
with other objects, and its strength may 
exceed the electric strength of air, which, 
in consequence, may lead to electrostatic 
discharges (ESD). The existence of these 
strong electric fields in the surroundings 
of a fabric may result in numerous harm-
ful effects. In the range of low values of 
the electric field intensity, the surface 
may show an excessive tendency to get 
dirty and “stick to” guarded compo-
nents, whereas at higher values electro-
static discharges (ESD) may occur. The 
uncontrolled ESD discharge can, on the 
one hand, reduce the comfort of using a 
product (clothes, upholstery and carpets) 
and on the other lead to serious losses, 
especially in an environment ‘saturated’ 
with electronic devices.

Another field where strong static and 
slow-alternating electric fields play an 
important role is the problem of endan-
gering a human being. It is commonly 
recognised that a strong electric field may 
have a harmful impact on the health con-
dition, which has its reflection in regula-
tions legally binding in Poland [5]. Some 
doubts concerning the direct influence of 
strong low frequency electric fields on 
the human body may arise from the com-
monly accepted Maxwell equations and 
from knowledge of the electrical proper-

Table 1. Electrical properties of selected 
solid materials.

Material
Volume 

resistivity rV, 
Ωm

Maxwell time 
constant,  

s
wood, paper, 
cotton 106 – 1010 10-4 – 10-1

polypropylene 1016 – 1018 105 – 107

polyester 1015 – 1016 104 – 105

polyamide 1013 – 1015 102 – 104
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ties of the ‘material’ forming the subtle 
structure of a human being. The doubts 
mentioned are also deepened by the wide 
range of permissible/boundary values of 
static and slow-alternating fields includ-
ed in the legal regulations of numerous 
countries.

One of the most frequent electrification 
processes both in the technological and 
human environment is trybo-electrifica-
tion. This is a process which is common 
and permanent. The commonness of the 
process means that it also appears in the 
case of contact and friction between a 
fabric/fibre and human skin. The employ-
ment of fabrics made of natural material/
fibres by humans for several thousand 
years proves the commonly accepted 
statement about their positive influence 
on the health and condition of human be-
ings, not to mention the comfort which is 
given to the skin. The results of measure-
ments of the strength of an electric field 
generated by the charge developed in 
the process of fabrics rubbing may be a 
source of valuable information about the 
nature of the fabrics and the harmfulness 
of static and low frequency fields existing 
in the contemporary human environment, 
irrespective of the origin of the fields.

The remarks above concerning the effect 
of strong electric fields on a living organ-
ism relate to the situation when the ob-
ject- organism is coupled with the source 
of the field by an ambient considered as 
an ideal dielectric, i.e. air. The last re-
mark means that the maximum value of 
the electric field intensity that can act on 
the object is restricted by the electrical 
strength of air (ca. 3 MV/m)

	 Transformation of fields 
in dynamic systems

The properties of fabrics, especially be-
cause of their occurrence in the close vi-
cinity of humans, have been the subject 
of investigations for many years. In the 
context of the direct dangers that exist for 
a human body subjected to the impact of 
strong electric fields, an interesting issue 
seems to be the assessment of the am-
plitude and frequency of the oscillation 
of the electric field intensity in the close 
vicinity of human skin when it is covered 
by a fabric capable of storing the electric 
charge.

Taking into account the electrical proper-
ties of consecutive layers of an epidermis, 

we can assume that the potential effect of 
strong low frequency electric fields, con-
nected with the movement of free charge 
and associated energy absorption, may 
occur in the living cells of the granule-
cell layer (Stratum granulosum) of the 
epidermis, which has a dimension of the 
order of 10 µm [6].

The surface of skin, including the cells 
in the granular layer, may be subjected 
to the impact of an electric field gener-
ated by arbitrary outer sources. When 
the source of the electric field is a fabric 
which shows regular oscillation of the 
potential and electric field along the weft 
or warp, the problem can be illustrated by 
the diagram shown in Figure 1.

If the largest dimension d of the conduct-
ing epidermis cell fulfills the relation-
ship:

d << l                         (2)

where l is the distance between weft or 
wrap threads, then the cell may be con-
sidered as a ‘point’ whose coordinate ’x’ 
may change with the mutual displace-
ment of the cell (point) and the source of 
the field (fabric). In the case presented in 
Figure 1, the run of the normal compo-
nent of the strength of the electric field 
acting on a conductive surface may be 
roughly approximated by a sinusoidal 
distribution.


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where Es is the static component, EM the 
amplitude of the alternate component, 
and l is the step of the weft/wrap. 

The relative movement of the fabric and 
the selected point of the skin - cell sur-
face can be described by the shift x oc-
curring, for instance, along the weft. In 

the case of periodic movements, the dis-
placement x has, in a typical condition, 
a near sinusoidal character. Roughly as-
suming that the movement is rectilinear 
with a constant velocity v, implying x=vt, 
dependence (3) can then be expressed as:

tEEtE Msy ωsin
2
1)( +=        (4)

where:

f
l
v ππω 22 ==                 (5)

This change in the time of (linearly) dis-
placement x leads to the transformation 
of the static field existing in the fabric 
surroundings (Figure 1.A) into an al-
ternating field at the point of the cell 
location. Dependence (4) highlights that 
in actual fact at the point of the cell lo-
cation, which moves in relation to the 
fabric surface with velocity v, besides 
the static field there is also an alternate 
field changing at a frequency established 
by dependence (5). A comparison of the 
sizes of cells encountered in the granular 
layer of an epidermis and the step of the 
weft/wrap shows that they can be con-
sidered as ‘points’. Taking into account 
the natural movement of a sleeve relative 
to the surface of an arm during a walk, 
and assuming that v = 10 mm/sec and 
l = 0.2  mm (typical of a shirt fabric), 
we will obtain the frequency f = 50 Hz 
for the basic harmonic of the alternating 
field.

The considerations above show that in 
the case of a fabric made of a homog-
enous yarn which is electrically charged, 
the skin (and its cells) in contact with 
the fabric is, in dynamic conditions, sub-
jected to the action of alternating electric 
fields with a frequency comparable to 
that in industrial conditions.

If we consider a periodic distribution 
of the charge (electric field, potential) 

A)

C)

B)

Figure 1. Electric field acting on a skin cell during their mutual displacement. 
A) Distribution of the normal component of the electric field Ey(x); B) cross section of the 
fabric (along the weft); C) a skin cell moving with velocity v in the x direction relative to 
the fabric surface.
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in the fabric and the conditions of rela-
tive movement – the velocity/frequency 
of the shifts and their amplitude (step), 
then we should take into account the 
occurrence of hazards originating from 
the electric fields in the frequency range 
from 1 Hz to 1000 Hz.

	 Measurements of the potential 
distribution in the surface  
of fabrics

In the measurements of potential distri-
butions, potential (induction) probes are 
usually used [7]. The probes, which en-
able the observation of the regularity of 
the potential distribution in the surface 
of a fabric, must have an appropriate 
resolution in the observation plane and 
should be located as close as possible 
to the surface of the object tested [8]. 
The local potential value of the object 
is determined on the basis of measure-
ments (direct method) or observations 
(compensation method) of the electric 
charge induced on the sensitive surface 
of the probe. Because of the averaging 
property of the probe (Gauss law), its di-
ameter should be as small as possible or 

at least comparable with the dimension 
of the detail of the object being tested. 
In the last case the resulting (obtained) 
potential distributions may strongly dif-
fer from the real ones (the potential dis-
tribution will be ‘smoothened’), and the 
results obtained should be treated rather 
as a tendency than a real distribution. It 
is worth emphasising that because of the 
“smoothening” effect (introduced by the 
induction probes), the values of the local 
electrical field intensity (determined by 
the differentiation of potential distribu-
tions) will be lower than those appear-
ing in reality. Usually, the probe position 
may be set and determined with better 
accuracy than the probe resolution. That 
is why the potential distributions (one 
dimensional) are presented with a higher 
density of measurement points from the 
probe resolution [9]. It should also be 
noted that measurements of the potential 
distribution (2D - surface distributions) 
with a resolution comparable with the 
warp/weft diameter (and fabric thick-
ness) do not consider the 3D structure 
of the object, and the approaching of the 
fabric by the probe may change the local 
potential value (in any case i.e. applying 
the direct or compensation measurement 
method) [10]. Summarising, the potential 
distributions experimentally determined 
should be treated as a very rough approx-
imation of the real state.

In the case of fabrics with an anticipated 
short time of charge relaxation (for ex-
ample, fabrics made of natural fibres), 
measurement of the potential distribution 
can be carried out only in dynamic con-
ditions. In the measurement, we used a 
common inductive probe equipped with 
a high input impedance amplifier (HIIA). 
The inductive electrode of the probe (its 
sensitive surface) “observed” the sam-
ple surface after the delay time, counted 
from the moment of stopping the electri-

fication. The delay time was controlled 
by the rotational speed of the disc and by 
the angular position of the point of elec-
trification (relative to the probe location) 
– angle α. A scheme of the measurement 
set-up is shown in Figure 2.

A sample of the fabric tested was fas-
tened on one of its sides to a conducting 
and grounded metal disc with a diameter 
of 120 mm, which rotated at a speed of 
ω = 2000 - 2800 r.p.m. Measurement of 
the potential distribution was performed 
with the use of a probe equipped with an 
inductive electrode of 0.40 mm diameter. 
The electrode was placed at a distance of 
0.8 ± 0.2 mm above the surface of the ro-
tating fabric sample and at a distance of 
r = 50 mm from the axis of the disc. The 
voltage signal from the inductive elec-
trode of the sample controlled the pre-
amplifier (impedance transformer - HIIA) 
placed in the probe housing. After its 
amplification, the signal was introduced 
into the input of a Tektronix TDS 100 2B 
memory oscilloscope. A scheme of the 
probe is shown in Figure 3. The arrange-
ment of the measurement system ensured 
the probe resolution at a level of 1.2 – 1.5 
mm. Measurements of the potential were 
carried out 20 ms (delay time) after charg-
ing the sample by friction. The scaling of 
the potential measurement path was made 
by the method of field source substitu-
tion. In place of the disc with the fabric, 
a calibration disc was introduced contain-
ing flat electrodes firmly connected to a 
source of constant voltage with a known 
value. The measurement of the probe 
output voltage (with the oscilloscope) at 
a set value of the voltage of the calibra-
tion disc enabled the scaling of the entire 

Figure 2. Measurement set-up for testing the potential distribution in the surface of a fabric 
in conditions of permanent electrification by friction. OSC – oscilloscope, HIIA – high input 
impedance amplifier.

Figure 3. Probe for measurement of the 
potential distribution, dimensions in mm.

Figure 4. Potential distribution in the vicin-
ity of a PP-PA fabric placed on a guarded 
surface after tribo-electrisation (three-time 
friction with a PE foam under a pressure 
of ca 30 kPa along the weft or wrap direc-
tion). The measurements were carried out 
in air at T = 21 °C and h = 30% [9].

Probe

Specimen

Electrification
point

Rotating
metal disk

OSC HIIA
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measurement path of the voltage. Electri-
fication by friction was carried out by ex-
erting a small pressure (ca. 2.0 ± 0.6 kPa) 
on the surface of the fabric using a fin-
gertip. The linear velocity of the mutual 
movement of the fabric and the fingertip 
ranged from 10 to 15 m/s. The measure-
ments and conditioning of the samples 
were carried out in air at temperature  
T = 23 ± 1 °C and relative humidity 
h = 47 ± 3%.

	 Results of measurements 
and discussion

Potential and electric field 
distributions in the vicinity  
of the surface of a fabric made  
of synthetic fibres
Previous, direct measurements of po-
tential distributions confirmed that in 
synthetic fabrics exposed to contact and/
or friction, the spatial and surface perio-
dicity of oscillations of the potential and 
electric field can be observed [9]. The pe-
riodicity of the field is determined by the 
structure of the fabric, especially by the 
diameter of the yarn it was made of.

A typical potential distribution along the 
warp of a fabric made of synthetic yarns 
of PP-PA (weft and wrap, respectively) 
without finishing and showing good in-
sulating properties, (i.e. high value of 
time constant τM), obtained in static con-
ditions is shown in Figure 4.

Assuming the lack of any boundary ef-
fects (especially the multi-pole nature of 
the electric field source characteristic for 
an electrified fabric), the Ey value of the 
electric field intensity (normal compo-
nent) at the gap made between the fabric 
and the grounded object (human body) 
may be roughly estimated from the equa-
tion:

lt
UEy e

e
+

≅                        (6)

where U is the local value of the poten-
tial, t the average thickness of the fabric, 
ε the resulting value of the electric per-
mittivity of the fabric, and l is the thick-
ness of the air gap. 

Assuming the values ε = 1.5 (the rather 
low value of ε results from the fact that 
the fabric is a kind of ‘composite’ of a 
solid dielectric-air), t = 0.6 mm and 
l = 1.0 mm, we can get for voltages like 
the ones in Figure 4 values of the electric 
field Ey at a level of 105 V/m.

and disc axis). The period of the analysis 
(period of complete rotation of the disc) 
ranged from 20 to 25 ms. Similar time 
diagrams were observed in the case of a 
cotton fabric electrified by the friction of 
a polypropylene unwoven fabric. 

The character of the diagram was similar 
in the case of a wool fabric, but the peak 
values of voltages measured exceeded 
the level of 1500 V during electrification 
by rubbing with skin and 6800 V during 
rubbing with a polypropylene unwoven 
fabric. The values of the Ey compo-
nent estimated from dependence (6) for  
t = 1800 µm and the value of electric per-
mittivity ε ≅ 1.2 were Ey = 6.0×105 V/m 
and Ey = 2.7×106 V/m, respectively. 
Higher values of voltages resulted from 
the significantly longer relaxation time of 
wool, τMW, in comparison with the relax-
ation time of cotton τMB (the values of τM 
were determined in the following condi-
tions: T = 23 ± 1 °C and relative humidity  
h = 61 ± 3%, and for electrification by rub-
bing with polypropylene - τMW = 25 ± 5 s
& τMB = 15 ± 5 ms, respectively). 
A strong correlation of the peak values of 
measured voltages and relaxation times 
with the ‘material’ coming in contact 
with the surface of the fabric was found. 
The results depended on the properties 
of the skin of the person carrying out the 
tests. The values of voltages presented 
above, measured in dynamic conditions, 
show that in the case of fabrics made of 
natural fibres, the values of the electric 
field intensity (estimated on the basis of 
dependences (6) and (7)) occurring in 
their surroundings may also achieve a 
similar level to those typical of synthetic 
fabrics, i.e. 105 to106 V/m.

The value Ex of the tangent component 
of the field can be determined, under the 
same assumptions, from the dependence:

dx
dUEx −≅                      (7)

The differentiation of the potential dis-
tribution from Figure 4 gives Ex values 
which do not exceed 106 V/m i.e. the 
value close to the electric strength of air.

In the case of fabrics with a long relaxa-
tion time, τM, fields with this value of 
strength may be maintained for a period 
of several tens of minute or even more, at 
least in the surface of a clean fabric.

Potential distributions of fabrics made 
of natural fibres
Due to the anticipated short relaxation 
time of the charge in the fabrics made of 
natural fibres, measurements were made 
in dynamic conditions using the meas-
urement set-up described in section 3. 
The results of the measurements of the 
potential distribution obtained for a cot-
ton fabric electrified by a fingertip are 
shown in Figure 5.

Rough estimations of the electric field 
intensity based on dependence (6) for a 
sample of cotton fabric with a thickness 
of t = 500 µm, l = 1.0 mm and electric 
permittivity ε ≅ 1.6 give values of Ey at a 
level of 105 V/m.

The diagram presented in Figure 5 shows 
the potential distribution in the surface of 
a fabric measured along the perimeter 
of a circle with a radius of r = 50 mm 
(equal to the distance between the probe 

Figure 5. Potential distributions in a cotton fabric (jeans) measured 20 ms after the moment of 
being touching by a fingertip (pressure ca 2.0 ± 0.6 kPa). Measurement conditions: T = 23 ± 1 °C,  
h = 47 ± 3%.

dU
dx

Ex
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Static and low frequency electric fields 
in the human environment 
Characteristic values of the strength of 
static and low frequency electric fields 
occurring in the human environment, as 
well as boundary and permissible values 
in terms of legal regulations [5] are col-
lected in Table 2. Due to the fact that the 
instruments used to measure the strength 
of the electric field indicate average val-
ues, the values presented in Table 2 are 
for larger (macro) and smaller (micro) 
areas, starting from 1×10-5 m2.

The values of electric field intensity es-
timated for selected fabrics on the basis 
of the measurement results mentioned 
above (items 2 and 3 in the Table 2) 
show that they may approach a level lim-
ited by the electric strength of air. If we 
consider the effects occurring during the 
exploitation of the fabrics: 1) conversion 
of the static electric field into an alternat-
ing one (the effect was discussed in sec-
tion 2) and, 2) permanent electrification 
by contact friction, we would be able to 
show that the alternating fields generated 
in the fabric’s surroundings may signifi-
cantly (1-2 orders of magnitude) exceed 
the permissible values, given in Table 2 
and item 6.

n	 Conclusions
The results of the measurements and the 
considerations presented above lead to 
the following conclusions:
n	 electrification by friction of the sur-

face of a fabric with high resistiv-
ity leads to charge distribution in the 
fabric surface and, in consequence, 
the generation of an electric field with 
an intensity approaching the level of  
104 – 106 V/m;

n	 the charge distribution may have a 
periodical character, changing along 

with the periodicity of the structure of 
the fabric;

n	 in dynamic conditions, i.e. the perma-
nent electrification of a fabric (by fric-
tion), a field with a strength as men-
tioned above may occur even in the 
case of fabrics made of natural fibres 
(cotton), approaching values compa-
rable with the electrical strength of air 
(wool); 

n	 mutual movement between a fab-
ric and objects smaller than the step 
of the warp/weft (a living cell of an 
epidermis) results in a conversion of 
the static electric field acting on the 
objects into an alternating one. The 
frequency of the basic harmonic of the 
field may range from 1 to 1000 Hz;

n	 the intensity of an electric field gen-
erated by the charge developed on 
a fabric (including fabrics made of 
natural fibres) may exceed, by two 
orders of magnitude, standard values 
of alternating fields currently consid-
ered as the boundary values in terms 
of hazard.

The many years of experience of using 
fabrics made of natural fibres (used in 
the closest vicinity of the human body) 
do not show any negative effect of fab-
rics on the health and condition of the 
human being. The detailed conclusions 
mentioned above allow us to formulate 
the following general conclusion: 

Strong static and low frequency electric 
fields do not seem to have an important 
and direct effect on the health and condi-
tion of the human body, as is commonly 
assumed. The maximum values of the 
permissible strength of static electric 
fields and the fields of industrial frequen-
cy included in common standards seem 
to be questionable in terms of the bound-
ary values assumed.

It seems that extensive studies in the 
subject of the generation of static and 
alternating electric fields in fabrics made 
of natural fibres (employed by mankind 
since the dawn of time) in dynamic con-
ditions (permanent electrification, charge 
decay and conversion of a static electric 
field into an alternating one) would en-
able an objective assessment of their 
influence on human health, as well as in 
the context of low frequency alternating 
fields generated by other sources (like 
high voltage transmission lines, etc.).
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Table 2. Values of the strength of electric fields occurring in the human environment 

Item Source of field Strength of field, 
E, V/m Type of field

1 The earth’s electric field 102 – 103 macro, static

2 The field in the vicinity of components made of 
plastic (including fabrics) 102 – 105 macro, static

3 Fields in the range of a fabric structure 102 – 106 micro, static/alternate

4 Storm cloud discharges 104 – 3×106 macro, static 
slow-alternating

5 Fields under the high voltage transmission lines 
(50 Hz) <104 macro, alternate

6 Permissible values of electric field intensity in the 
range of 0-50 Hz [5]

103

104 (temporary)
macro, static

slow-alternating


