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Specific Action as a Metric to Determine Thermal Degradation
of Conductive Fabrics Exposed to High Current Impulses
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Abstract—In this paper, the thermal degradation of electro-conductive fabrics exposed to high current
impulses is studied by using an equivalent resistive circuit and a technique commonly applied to the
analysis of exploding wires. A method to estimate the threshold burst current of conductive fabrics is
derived based on the so-called speciﬁc action, which is deﬁned as the integral of the squared current
density over the time applied at critical locations of the fabric such as the contact areas between yarns.
The model has been experimentally validated on woven and non-woven fabrics using lightning impulse
currents applied to the conductive fabrics coated with Cu-Ni alloy. A general rule for determining the
dimensions of conductive fabrics as a function of the input-current speciﬁc-energy levels has also been
derived.

1. INTRODUCTION
Conductive fabrics have been proposed for diﬀerent applications since their notable characteristics,
such as ﬂexibility, high conductivity, low weight, impermeability, and durability. Possible applications
reported in the open literature include electromagnetic shielding [1], sensing [2], electrostatic
elimination [3], transmission of electrical signals, heating [4], wearable antennas [5], and energy
harvesting and storage [6]. They can be used to cover electronic equipment and walls to provide light
weight electromagnetic shielding [7] and also to provide multiple functionalities [8]. Normally, electroconductive textiles are used for low voltage and low current applications; however, there is increasing
interest to evaluate their response to higher level currents, such as in the case of fault or lightning
current occurrence.
Experimental results have shown that conductive fabrics maintain a conductive behavior at
certain levels of current and that melting and bursts are generated at hot spots, producing scratches
perpendicular to the current ﬂow [9, 10]. Similar eﬀect was observed in 1960s by Zernow et a. [11],
where scratches perpendicular to the current ﬂow on ﬁlms, denominated as “striation”, were reported
in a research about exploding-wires and exploding-ﬁlms.
These scratches, produced by the conductive layer evaporation, reveal that thermal dissipation and
phase change are produced at hot spots, generating a nonlinear behavior from the electrical point of
view. This thermal process is described in detail [12] for the case of exploding wires, where the heatequation solution for bond conductive wires and a method to estimate the burst action (i.e., the speciﬁc
action required to completely vaporize the conductor material) is presented.
Although diﬀerent studies on the electrical behavior of conductive fabrics have been reported [4, 15],
few of them are related to their capacity to handle high impulse currents and a theoretical description of
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2 Directed Energy Research Centre, Technology Innovation Institute Abu Dhabi, United Arab Emirates. 3 Faculty of Electrical
Engineering, Helmut Schmidt University, Hamburg, Germany.

60

Pantoja et al.

the involved phenomena has not been addressed in depth. An equivalent resistive network was proposed
in [13], to model non-woven fabrics, and in [15], to model plain woven fabrics. However, this model did
not include a contact resistance between warp and weft yarns, which must be included for low electrical
resistance fabrics. An approach similar to [15] is proposed here, however we do take into account the
contact resistance since higher energy dissipation is expected in this case. Therefore, based in the
calculation of the speciﬁc action produced in these contact areas, we describe a procedure to estimate
the eﬀects generated by current impulses in fabrics coated with Cu-Ni alloy. Melting, vaporizing,
and bursting speciﬁc action thresholds of Cu-Ni alloy are also estimated based in its thermo-electrical
properties. As shown in Table 1, the use of the Speciﬁc action as a quantiﬁer of the thermal degradation
of conductive fabrics in impulse current tests and the inclusion of the contact resistance for modeling
woven fabrics has not been addressed in previous works on this topic.
Table 1. Models and assessment variables to analyze thermal degradation of conductive fabrics.
Author, year

Model

Assessment variable/
techniques

Ref.

Cristancho et al., 2018

Conductive fabric is modeled
as a film conductor.

Energy, peak current.

[9]

Energy, step voltage,
Optical microscopy,
Scanning Electron Microscopy,
Energy Dispersive Spectrometry.

[10]

Cristancho et al., 2019

Dawson et al., 2017

Nonwoven fabric is modeled
as an anisotropic sheet network
of randomly organized fibers.

Sarjeant et al., 2007

Zhao et al., 2016

[13]
Current Density, electric field.

Resistive model of conductive woven
fabrics based in multiple single yarns
connected in parallel in terms of
structure, density and yarn arrangement.

DiSanto et al., 2011

[14]

[15]

Energy, microphone transducer.

[16]

The paper is organized as follows. The assessment procedure is discussed in Section 2. The
equivalent circuit and the sample of conductive fabrics is introduced and described in Section 3. Then,
the method is validated with experimental results. The experimental setup is presented in Section 4.
Experimental results and comparison with the estimated eﬀects are presented in Section 5. Finally,
conclusions are presented in Section 6.
2. ASSESSMENT PARAMETERS
In this section, diﬀerent assessment parameters to analyze high-current eﬀects and their relationships are
presented. Particularly, the Speciﬁc Action is introduced and a procedure to estimate this parameter
as a function of the melting and boiling points is described and applied for the Cu-Ni alloy case.
Therefore, melting, vaporization, and burst thresholds are determined and eﬀects on the tested fabrics
are estimated theoretically.
2.1. Assessment Parameters
Diﬀerent parameters have been used to determine the thermal degradation produced by high current
impulses on materials, elements, devices, and systems. On systems, peak current, speciﬁc energy, and
charge transfer energy are used [17, 18]. On the other hand, peak current, energy density, and speciﬁc
action are used to estimate the heating of conductive elements and materials [12, 19].
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2.1.1. Energy Density
The energy density per volume produced by a current impulse can be calculated as:

w = ρ (t) j (t)2 dt,

(1)

where ρ is the conductor’s resistivity, and j is the current density. For high amplitude impulses, both
variables in Eq. (1) are time dependent due to the applied current wave form and the resistivity change
given by the heating process and material phase transitions.
2.1.2. Specific Energy
Speciﬁc Energy (SE), also called action integral [20], is the energy that the stroke converts into 1 Ohm
resistance. It can be calculated as:

W
= i(t)2 dt,
(2)
R
where W/R is the speciﬁc energy of the impulse current i. This parameter is normally used to assess
systems against lightning currents.
2.1.3. Specific Action
Speciﬁc Action (SA or g) is deﬁned as the integral of the squared current density, j, [19]:

g = j (t)2 dt,
or as
g=

1
A2

(3)


i (t)2 dt,

(4)

where A is the initial cross-section area of the conductor. Units of g typically are A2 s/mm4 . This
parameter is used to determine the behavior of exploding wires and exploding ﬁlms and is used here to
assess the conductive fabrics.
From the deﬁnitions in Eqs. (1) and (3), speciﬁc action can be related with energy density by

w = ρdg,
(5)
where dg is the SA diﬀerential.
2.2. Estimation of the SA for Melting and Boiling Point of Cu-Ni Alloy
In this section, a procedure to estimate the speciﬁc action values for phase transition of Cu-Ni alloy
is presented. As reference, we use the speciﬁc action thresholds of 22 natural metals for melting,
vaporizing, and bursting reported by Tucker and Toth presented in [19].
When a short excitation is applied, heat ﬂow outward the conductor can be neglected in the heat
equation [18] and the relationship between speciﬁc action and temperature is given by [19]

dθ
,
(6)
g = Cδ
ρ
where C is the conductive material speciﬁc heat, δ the mass density, and θ the temperature. Notice
that variations of C and δ with the temperature are neglected.
Below the boiling point, a linear increase of the resistivity can be assumed with the temperature
as in [12]:
(7)
ρ = ρ0 (1 + αΔθ),
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where ρ0 is the initial resistivity, α the temperature coeﬃcient of the resistivity, and Δθ the temperature
variation. Replacing Eq. (7) in Eq. (6), and integrating, one obtains an equation to calculate the speciﬁc
action as
Cδ
ln (1 + αΔθ) .
(8)
g=
ρ0 α
Speciﬁc action values obtained using Eq. (8) produce errors below 6% and 15%, respectively,
for melting and boiling points as compared with experimental values for Nickel and Copper reported
in [19]. These diﬀerences could be reduced considering the variation of the thermal parameters with
the temperature and including a higher order approximation of the resistivity dependency with the
temperature.
Using Eq. (8), the SA of 50/50 Cu-Ni alloy for melting and boiling points were calculated and listed
in Table 2. The energy per unit mass, e = w/δ, which can be calculated using the following expression
that is obtained taking the derivative of Eq. (6), rewriting, and using Eq. (5), is also tabulated in
Table 2.
e = CΔθ
(9)
Table 2. Thermal properties of Cooper, Nickel and Copper-Nickel alloy.
Symbol

Quantity

Units

Cu(i)

Ni(i)

Cu-Ni Alloy(ii)

C

Speciﬁc heat

J/(g K)

0.38

0.44

0.42

δ

Mass density

g/cm3

8.96

8.9

8.9

α

Temperature coeﬃcient

Ω/(ΩK)

0.0043

0.0064

0.0002

ρ0

Resistivity at 20◦ C

µΩ cm

1.7

7

51

ρM

Resistivity at melt beginning

µΩ cm

9.9

59.2

75.9(iii)

ρB

Resistivity at burst

µΩ cm

620

666

gM

SA for melting beginning

kA2 s/cm4

804

172

89(iv)

gV

SA for vapor beginning

kA2 s/cm4

1240

302

178(iv)

gB

SA for burst

kA2 s/cm4

1730

560

θM

Melting point

K

1357

1726

1483

θB

Boiling point

K

2840

3005

3000

eM

Energy density for melt beginning

J/g

463

807

554(v)

eV

Energy density for vapor beginning

J/g

1409

1812

1227(v)

eB

Energy density for burst

J/g

5909

5492

(i) Specific action and energy density values are taken from [19].
(ii) Cu-Ni alloy thermal properties are based on the data reported in [21].
(iii) Estimated using a linear dependency with the temperature.
(iv) Estimated using (8).
(v) Calculated using (9).

Figure 1 presents the behavior of SA as a function of the energy per unit mass for Copper, Nickel,
and 50/50 Cu-Ni alloy. As shown in Fig. 1, the speciﬁc action presents a logarithmic growth as the
energy density increases. Notice that Cu-Ni alloy and Nickel show a similar behavior.
Resistivities of Copper, Nickel, and Cu-Ni alloy are presented in Fig. 2. The ﬁgure shows that the
resistivity quickly increases after the conductor begins to vaporize. Thermal and electrical characteristics
of these elements are compared in Table 2. The thermal properties of Cu-Ni alloy are based in [21].
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Figure 1. Speciﬁc action as a function of the
energy per unit mass. Each point, from lower
to higher energy, corresponds to the values for
melt beginning, melting end, vapor beginning,
and burst reported in [19]. Melting and boiling
point values for Cu-Ni alloy calculated using (8)
and (9) and the temperatures of Table 2 are also
included.

63

Figure 2. Resistivity as a function of the
Speciﬁc action. Each point, from lower to higher
Speciﬁc action, corresponds to the values at melt
beginning, melting end, vapor beginning, and
burst reported in [19].
Melting and boiling
point values for Cu-Ni alloy calculated assuming
linear dependency with the temperature are also
included.

Figure 3. Weave patterns of the tested conductive fabrics: rip-stop (F1), rip-stop with ﬂame retardant
(F2), plain (F3), and non-woven weave patterns (F4).

3. ELECTROCONDUCTIVE FABRICS EQUIVALENT CIRCUIT
3.1. Sample of Electroconductive Fabrics
Four types of low-resistivity conductive fabrics were considered. Samples include three woven patterns:
rip-stop (here called F1), rip-stop with a layer of ﬂame retardant composite (F2), plain-weave (F3), and
one sample of non-woven fabric (F4). See Fig. 3 for reference. Three samples of the same fabric were
tested per current level. A total of 12 samples were tested. In all the cases the fabrics were formed on
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Table 3. Average dimensions and characteristics of the conductive fabrics’ samples.
Symbol
f
wf
n
R
s
ws
s
k
sc
d
As
Ac
Anw
Anwp

Parameter
Sample length
Sample width
Number of ﬁbers in a yarn
Sample resistance
Woven-section length
Woven-section width
Conductor thickness
Percentage of width in contact
Estimated contact thickness
between sections
Fiber diameter
Conductive cross-section
area at the woven section∗
Conductive cross-section
area at yarns contact∗
Conductive cross-section
area for non-woven fabric∗
Conductive cross-section area for
non-woven section with ﬁbers not aligned∗∗

Units
cm
cm
mΩ/
µm
µm
µm
%

F1
10
10
48
20
250
250
∼ 1.5
∼ 50

F2
10
10
48
20
250
250
∼ 1.5
∼ 50

F3
10
10
48
33
400
200
∼ 1.5
∼ 25

F4
10
10
21
∼ 1.5
-

µm

2

2

3

-

µm

10

10

10

10

mm2

2.4

2.4

0.88

-

mm2

0.1

0.1

0.07

-

mm2

-

-

-

1.3

mm2

-

-

-

0.23

*Cross-section areas are calculated considering a 10 cm wide sample.
**Cross-section area calculated considering a 10 cm wide and 62.5 mm section.

a matrix of polyester ﬁbers coated with Cu-Ni alloy. Physical characteristics of the tested samples are
presented in Table 3.
3.2. Equivalent Circuit for Woven Fabrics
Figure 4 shows a cross-section diagram of a woven fabric. Considering the indicated current direction,
one can recognize that the transversal area to the ﬂow of current is reduced at the contact areas between
the yarns.

i

sc

s
d

s

Figure 4. Cross-section diagram of the contact between two sections on a woven conductive fabric.
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Warp yarns

Weft yarn

Contact
area

Contact
area

Contact
area

Contact
area

(a)

(b)

Figure 5. Cut section view of a (a) conductive fabric scheme and (b) its equivalent circuit. Notice
that the woven section is decomposed in parallel resistance Rp , contact resistances Rc , and transversal
resistance Rt . For squared woven sections, parallel and transversal resistances have similar values.
Figure 5 presents an equivalent circuit for woven fabrics. It can be deduced that the current density
is increased in the contact area resistance Rc , which represents the opposition the current ﬂow between
warp and weft yarns. In Fig. 5, parasitic inductive and capacitive eﬀects were considered as negligible
in the frequency band of intrest in this study (fault and lightning induced impulse currents).
As stated in Eq. (4), the SA generated by a current impulse depends on the current waveform and
the initial cross-section area of the conductor. The total contact area transversal to the current ﬂow of
a woven fabric Ac can be calculated as
(10)
Ac = wf ksc ,
where wf is the fabric width, sc the thickness at the contact area, and k the percentage of the width
producing an electrical contact. Considering the cross section geometry of the ﬁbers as circular and the
reduction of eﬀective width in the intersection, k is lower than 100%. Notice that this area reduction
must be considered to estimate impulse current eﬀects.
On the other hand, the area at a woven section in a fabric As can be calculated as
(11)
As = ρf /R,
where f is the fabric length, and R is total fabric resistance.
3.3. Equivalent Circuit for Nonwoven Fabrics
In the case of non-woven fabrics, ﬁbers are randomly oriented. Equation (11) can be used to obtain the
average area transversal to the current ﬂow.
Non-woven fabrics can be represented as set of randomly oriented ﬁbers, each one with its own
path and its own angle, ϕf,n , from the current propagation axis. Each ﬁber conductance in the current
direction can be calculated as
(12)
Gf,n = Gf cos ϕf,n ,
where Gf is the ﬁber conductance. Assuming that the length of each ﬁber is equal to the length of the
square material sample, the number of ﬁbers to complete the path is [13]
1
.
(13)
ñn =
cos ϕf,n
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Using Eqs. (12) and (13), the conductance of a ﬁber yields
Gf,n = ñn Gf cos2 ϕf,n .

(14)

Including the contributions of the parallel paths of each ﬁber, the conductance of the square sample
can be calculated as [13]
 π
2
Gf s ≈ ñA Gf
p (ϕf ) cos2 ϕf dϕf ,
(15)
−π
2

where ñA is the total areal density of the square sample, and p(ϕf ) is the probability distribution function
(PDF) of the ﬁbers’ angles. Notice that this conductance is the inverse of the total fabric resistance R.
Using Eq. (15) and the total fabric resistance, it is possible to calculate partial conductance values for
ﬁbers within certain angle range as
 ϕf,p
p (ϕf ) cos2 ϕf dϕf
− π2

Gpnw ≈



R

π
2

− π2

.

(16)

2

p (ϕf ) cos ϕf dϕf

Figure 6, for instance, presents the partial conductance calculated using Eq. (16) for a uniform
distribution of angles and R = 0.018 Ohms. Fig. 6 shows that if ﬁbers with angles below −50◦ are
accumulated in a certain section of the square sample, the partial conductance can be reduced to values
lower than 3.75 S, that is resistance higher than 0.26 Ohm. For the case in which these angles are
presented in a section of length snw , the equivalent cross section area normal to the current ﬂow with
ﬁbers within this angle range is given by
Anwp = ρsnw Gpnw .

(17)

Figure 6. Cumulative partial conductance for a non-woven fabric as a function of the ﬁber angles
calculated using (16) for R = 0.018 Ohm andfor ﬁber angles with uniform probability distribution
function p(ϕf ).

4. EXPERIMENTAL SETUP
The conductive fabric samples were tested against current impulses. The eﬀects were registered and are
compared with expected eﬀects determined using the SA for each case.
4.1. Circuit Setup
The experimental setup consisted on a lightning impulse current generator (LICG) composed by a 12 µF
capacitor connected to a spark gap, a 5 µH inductance, and the conductive fabric under-test, connected
in series as shown in Fig. 7(a).
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(a)
Applied

i(t) current
Clamp
electrodes

Conductive
fabric

(b)

5.4 kA
62.5V

current

voltage

(c)

Figure 7. (a) Schematic diagram of impulse current test, (b) details of sample connection during tests,
and (c) and current and voltage applied to F1 during the ﬁrst test.
The conductive fabrics were connected with two cooper clamp electrodes, as shown in Fig. 7(b).
The voltaje on the fabric sample was measured using a high voltage probe and the current was measured
using a Rogowski coil. Fig. 7(c) shows the current and voltage wave forms obtained for fabric F1 using
a charging voltage of 2.1 kV to obtain a peak current of 5.4 kA.
The setup simulates the speciﬁc energy of a scaled version of a ﬁrst positive impulse, with 8 µs
rise time and 20 µs half duration time [22]. The circuit was able to produce up to 20 kA peak current;
however, here we consider the eﬀects of either 5 kA or 9 kA peak current with, respectively, speciﬁc
energies around 1 kJ/Ω and 3 kJ/Ω. The energy delivered by the circuit with these amplitudes is able
to cause change of phase (i.e., melting and vaporization) in the conductive material of fabric samples
of 10 cm × 10 cm [9]. No higher current levels were considered with this sample size since a change of
phase indicates the limits of the sample to handle high impulse currents. As stated in Eq. (4), higher
current levels can be handled with higher areas. Therefore, for the setup shown in Fig. 7(b), higher
current and speciﬁc density values will produce similar eﬀects in wider samples.
It is important to mention that in the setup presented in Fig. 7(b), a linear and homogeneous
distribution of the current is obtained. In a diﬀerent scenario; for example, in a single point strike, the
energy and current densities decrease radially.
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4.2. Expected Eﬀects
According to results on similar experiments, scratches are expected in electroconductive fabrics after
testing [9, 11]. In order to observe this, photographs of the fabric samples were taken before and after
each current impulse. Micrographs and scanning electronic microscope (SEM) images were also taken
from selected submilimetric sections of the conductive fabrics after and before high current tests and
the results are presented and discussed in [9].
5. RESULTS
Each sample was subject to two consecutive current impulses of 5 kA and 9 kA nominal peak current,
in order to diﬀerentiate the eﬀects as diﬀerent SA thresholds are exceeded.
5.1. Observation of Visual Pattern
No visual change was observed on the fabrics after the ﬁrst current impulse was applied. Therefore, it
can be concluded that the current was conducted through the fabrics without generating burns in the
surface. Since no visual change was registered for this case in the samples, the photographs are not
presented here.
On the other hand, after the second current impulse, superﬁcial scratches perpendicular to the
current ﬂow were observed in samples F1, F2, and F3, as shown in Fig. 8. Particularly, F1 presents
less scratches than F2 and F3. Notice that not all the contact areas in the samples are burn up, which
means that the energy density is diﬀerent on each contact area. For F4 some dark areas close to bottom
electrode were produced, as presented in Fig. 8. The marks close to the electrode can be due to hot
spots produced by a deﬁcient electric contact with the electrode. Only one of three tested samples for
F4 presented a transversal mark as shown in Fig. 8.

F1

F2

F3

F4

Figure 8. Fabric samples after the impulse current tests. Notice that the electrodes were placed at top
and bottom of the samples, where no scratches are presented. Scratches are produced at the electrodes
contact and at some point between the electrodes. The current ﬂows from top to bottom.

5.2. Severity Damage Model
We present in this section a comparison between the experimentally-observed and the model-predicted
severity damages on the samples.
For the case, the assessment parameters presented in the previous section and the physical
characteristics of the conductive fabrics will be used.
The Speciﬁc Action will be used as primary assessment parameter, as the resistivity is changing in
time and its variation is not uniform in the sample due to hot spot occurrances.
Tables 4 and 5 show the Speciﬁc Action calculated for the four types of fabrics at the two peak
currents. This was calculated using Eq. (4). The conductive cross-section areas used for calculations
were estimated using Eqs. (10) and (11) for woven fabrics and Eqs. (11) and (16) for non-woven fabrics.
These cross-section areas and the used parameter values are presented in Table 3. For woven fabrics, SA
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Table 4. Estimation of the speciﬁc action applied at the ﬁrst impulse current tests.

Sample

Peak
amplitude
(kA)

F1
F2
F3
F4

5.4
5.5
5.1
5.0

Speciﬁc Action (kA2 s/cm4 )
at contact area
at woven/average
at area without
between warp
section
aligned ﬁbers
and weft yarns
1.7
269.3
1.8
279.4
4.3
427.1
5.4
196

Table 5. Estimation of the speciﬁc action applied at the second impulse current tests.

Sample

Peak
amplitude
(kA)

F1
F2
F3
F4

8.9
8.8
7.9
9.5

Speciﬁc Action (kA2 s/cm4 )
at contact area
at woven/average
at area without
between warp
section
aligned ﬁbers
and weft yarns
4.9
748.1
4.7
715.2
10.2
1024.8
19.6
599

was calculated at the woven sections and at the contact areas between warp and weft yarns; meanwhile,
for non-woven fabrics, SA was calculated using the average cross section area and the partial cross
section area obtained from Eq. (16) to illustrate the case in which a section of ﬁbers are not aligned
with the current direction.A cross-section area of 0.23 mm2 was calculated using Eq. (16) with uniformly
distributed angles below |ϕf | < 50◦ and snw = 625 mm to represent the case of the sample shown in
Fig. 8.
The SA at contact areas between warp and weft yarns of woven samples was calculated with the
help of the equivalent circuit presented in Fig. 5. As shown in that circuit, the current at contact areas
has two parallel paths with similar resistances since Rp and Rt have comparable values for squared
woven sections. Therefore, assuming that only half the current in a given woven sections ﬂows through
the contact resistance Rc and extrapolating this result across the entire sample, the SA for this case
can be calculated using half the current amplitude in Eq. (4) and the cross-sectional area of contact
between at yarns Ac .
The same results are presented in Fig. 9, alongside the vapor and melting Cu-Ni Speciﬁc Action
thresholds calculated in Section 3. Therefore, Fig. 9 presents a comparison between the estimated SA
in the fabrics for each impulse test and the phase-change thresholds of the conductive layer.
The theoretical results predict that when applying the ﬁrst impulse, the melting limit (i.e.,
89 kA2 s/cm4 ) is not surpassed at the woven section, for all the four fabrics. However, at the contact area
between warp and weft yarns of samples F1, F2 and F3 the 178 kA2 s/cm4 limit is exceeded, meaning
that the conductor layer will be reduced, due to evaporation. On the other hand, sample F4 (non-woven
fabric) is below the melting limit.
Table 5 and Fig. 9 show the theoretical Speciﬁc Action for the second test. Similar to the previous
case, the woven section of the four fabrics is below the melting limit. However, at the contact area, the
evaporation limit (178 kA2 s/cm4 ) is widely surpassed in fabrics F1, F2 and F3. At these values, burst
probably occur in the contact areas since the burst limit of Nickel (560 kA2 s/cm4 ) is also surpassed.
Notice that the non-woven fabric F4 is below the melting threshold for the average section; however,
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Figure 9. Speciﬁc action applied during the impulse tests compared with melting, evaporation, and
burst thresholds.
for an area without aligned ﬁbers, the burst limit is exceeded.
These theoretical results are in agreement with the eﬀects observed in the fabrics after the tests.
Particularly, F1, F2, and F3 present scratches after the second impulse, which agrees with the calculation
of a Speciﬁc Action higher than the burst threshold at the contact areas. For illustration in detail, a
micrography of a sample of F1 after testing is shown in Fig. 10.

Figure 10. Micrography of a F1 sample after current impulse tests indicating the current direction,
unaltered woven sections, and contact areas that have lost the metallic coating.
For F4, it is shown that there is a probability of having some areas in the sample that exceed the
burst threshold for the second impulse. This explains the dark line which only appeared in one of the
three samples of this type of fabric during the second impulse.
As a conclusion, it can be said that the model was eﬀective for estimating the occurrence of scratches
in woven and non-woven electroconductive fabrics. A more detailed representation of the non-woven
fabrics is required particularly at the contact area between the plannar electrodes used in the tests and
the randomly distributed ﬁbers.
5.3. Fabric Width for a Determined Speciﬁc Energy Level
For illustration of a practical application of assessment procedure presented here, the cross-section of
the tested conductive fabrics required to withstand the ﬂow of a ﬁrst positive lightning impulse was
calculated. Since the thickness is ﬁxed, the width was determined considering that the fabric is used as
down conductor and that the current is uniformly ﬂowing across the entire fabric.
Table 6 presents the minimum width of each fabric type for a setup as shown in Fig. 7(b) and the
four lightning protection levels (LPL) proposed in [22]. It was calculated by solving Eq. (10) in Eq. (4)
for the width wf and replacing the speciﬁc energy of each LPL and the properties of each type of fabric.
Table 6 shows that practical widths can be obtained for LPL III and LPL IV if two parallel downstairs
based in conductive fabrics are used.
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Table 6. Minimum width to avoid burst at contact areas.

Fabric
type

LPL I
W/R = 10 MJ/Ω

LPL II
W/R = 5.6 MJ/Ω

LPL III and IV
W/R = 2.5 MJ/Ω

F1

8.2 m

6.1 m

4.1 m

Maximum speciﬁc
energy per
square width
(W/R)max /w2f
(MJ/Ω/m2 )
0.149

F2

8.2 m

6.1 m

4.1 m

0.149

F3

10.9 m

8.2 m

5.5 m

0.083

A ﬁgure of merit of the conductive fabrics can be deﬁned as the maximum speciﬁc energy per meter
of width squared, as shown in Table 6.
6. CONCLUSIONS
A model based on Speciﬁc Action to estimate the eﬀects of current impulses on conductive fabrics was
proposed and validated experimentally in this paper. The results of the model anticipated scratches
occurrences generated in electroconductive fabrics under high current impulses.
Experimental results and comparisons of applied Speciﬁc Action with calculated melting, boiling,
and burst thresholds show that woven fabrics concentrate the current at yarns contact areas, generating
high energy density and conductor vaporization when the dissipated energy is high enough and the
speciﬁc action threshold is exceeded.
The results show that non-woven fabrics can better withstand the current impulses, producing
less quantity of scratches. However, non-woven fabrics presented showed worst performance at the
electrodes position since the electric contact cannot be guarantee with planar electrodes due to the
random distribution of the ﬁbers.
Work is in progress to determine the maximum current that could be diverted to the ground by
conductive textiles during plasma current phase. In this case, the dimensions of the conducting textiles
could be highly reduced.
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