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2 Introduction
Each and every day electro-technical work is carried out worldwide at the risk of triggering an electric arc either by failure or
due to a technical reason. The effects when an electric arc
occurs can only be specified roughly. Even after the exposure of
an arc it is quite difficult to indicate the released thermal energy
as only approximate indications concerning the fault current and
duration of burning can be given by the energy supplying company. Moreover it is difficult in an electric installation to predict
the direction of the arc due to the magnetic field caused by the
short circuit flux, and the resulting movements of the arc plasma
and the arc feet at different elevations of the electric arc. Thus a
personal protection equipment (PPE) that works one hundred
per cent against an electric arc is not possible. Rather, the consequences of an electric arc can be reduced.
The hazard to the person should be prevented primarily by technical or engineering measures at the electrical installation. In the
case that any work in the vicinity of an electrical installation or
under live conditions is necessary, the person is generally in an
area that is not approachable for the normal population. In those
cases the general technical preventive measures, e.g. plates and
doors, have to be opened or even to be removed for a certain
period of time, as long as any sort of aforesaid work has to be
done. The electrician stands in front of an open electrical installation; in this case only the door of the casing is to be opened at
best without removing more insulating plates and so forth. As
these actions are part of maintenance and repair work, hazards
due to electric arcs can not be completely eliminated for the foreseeable future.
In consideration of the above-mentioned difficulties and the
annual numbers of electric arc accidents the directive board of
the International Section of the ISSA on Prevention of
Occupational Risks due to Electricity resolved in 1998 to convene an international working group to engage in this topic. After
7

having observed the activities on this field the working group
resolved on occupying intensively with the comparison of existing testing methods for protective clothing for electricians. The
working group referred to experiences and first results of the
standardisation of electric arc test methods. However, parallel
work to standardisation should be avoided. During its first
meeting the working group decided to publish the results regarding protective clothing for electricians in a guideline, of
which this document is the result. This guideline follows the
requirements of the European Directive for Personal Protective
Equipment (89/686/EEC) /1/.

8

3 What is an electric arc?
An arc – originating from gas ionisation – is a conductive electrical interconnection between electrodes of different potentials,
different phase relationship or one of these and earth. An electric arc can be caused by a technical fault or – as it is documented in most cases – by mistake of the operator.
While in the low voltage area a galvanic contact is necessary
to trigger an electric arc, in the high voltage area only a noncompliance with a relevant distance to live parts suffices for
triggering.

9

4 Effects of electric arcs
4.1 Technical effects
Depending on power and combustion period of an electric arc
quite different physical effects can arise which result from the
high temperature range. Temperatures up to 10.000° C are possible in an electric arc, the foot of which can even be up to
20.000° C. The material at the base of the arc is vaporised and
thus is formed into a conductive connection between the electrodes. Through the intensified flux temperature rises and a
plasma develops between the electrodes (see picture 1).
A plasma is distinguished by the fact that all the chemical compounds in it have been broken up and are ionised. Thus this
plasma cloud has got a very high chemical aggression.
Through the vaporisation of metal and the following immense
heating up, a mass expansion takes place which explosively
transports metallic steam and splash to the base of the arc. As
a result of cooling down and reacting with atmospheric oxygen,
metal oxides can be found which, in the course of further cooling, appear as black or grey smoke. As long as vapour and
smoke have got sufficient temperature they deposit a quite sticky
sort of contamination (see picture 1).
A further physical reaction during the development of the arc is
the huge pressure rise which in 5 –15 ms can reach its first peak
of up to 0,3 MPa. This corresponds to a pressure of 20 – 30 t/m2.
If an uninterrupted pressure wave propagation can not take
place, one runs the risk of destroying the electrical installation
and its surroundings mechanically. Thus doors and coverings
can be blown up, casings and partitions can burst and break
down.
By the sudden pressure build-up due to the striking of the electric arc a detonation results with a sound pressure level of more
10

Picture 1 Installation after an electric arc accident
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than 140 dB (un-weighted) which leads to auditory damages to
human beings.
Dependent on the intensity of the electric arc, the heat radiation
can ignite nearby flammable materials. The molten metallic
splashes which originate from the electric arc increase the fire
hazard.
Finally people working in the danger zone may be exposed to
toxic degradation products originating from the electric arc
with the consequence that, besides the harmful burn effects to
the skin, there may also be serious lung damage due to inhalation.

4.2 Effects on the human body
Irrespective of the protective clothing a victim of an electric arc
has been wearing, there is another aspect that is of interest to
the development of preventive measures, namely the distribution
of external surface burns. Thus the Institute for the Investigation
of Electrical Accidents in Germany made a study of this very
topic. They evaluated severe electric arc accidents that had
occurred in 1998 in Germany. Medical documents of 61 cases
were available. The evaluation referred to thermal damage of
the affected part of the body. Thermal damage included first or
even higher degree burns. It has to be emphasised that the most
severely affected parts were the hands and head including the
neck; in more than 2/3 of the accidents the right hand was
injured and in approximately half of the accidents the face and
neck regions were impacted. In addition, the forearms (41% of
the right and 34 % of the left) were quite often injured. All other
parts of the body were damaged up to a level of 10 %. The
results are summarised in the illustration (see picture 2).

12

Picture 2 Distribution of thermal injuries
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5 Definitions for assessment
of materials
5.1 Definitions for calorimetric measuring
Heat flux Q
The thermal intensity indicated by the amount of energy transmitted per unit area and time (kW/m2 or cal/cm2 x s).
Prospective current Ipros
Current that is set in the course of a galvanic short circuit of the
test set-up before arc testing, r.m.s. value (A). This is equivalent
to the test current.
Arc current Iarc
Current which is measured during the test, r.m.s. value (A).
NOTE: This is always smaller than the prospective current.
Arc voltage Uarc
Voltage drop along an electric arc between the electrodes where
the arc roots exist (V).
Arc duration tp
Length of time of the arc (s).
Incident energy Ei
Incident energy in electric arc testing describes the total heat
energy received at a surface as a direct result of an electric arc
(kWs/m2, kJ/m2 or cal/cm2).
Arc power Parc
Active power, which is converted in the arc (kW)
Arc energy Warc
Electric energy, which is converted in the arc (kWs or kJ).
14

delta peak temperature dTmax
Maximum temperature change, which is recorded during the arc
test (K).
time to delta peak temperature tmax
Period of time from the ignition until the delta peak temperature
is reached (s).

5.2 Definitions for evaluation of material tests
Stoll curve
Characterizes the limit of the onset of 2nd degree burn injury to
human skin.
ATPV (Arc Thermal Performance Value)
In arc testing, incident energy on a fabric or material that results
in sufficient heat transfer through the fabric or material to cause
the onset of a second degree burn based on the Stoll curve, in
kWs/m2.
Clearance of the electrodes
Distance between the electrodes (in longitudinal axis of the electrode) where the roots of the electric arc are formed (mm).
Test Distance
Distance from the electrodes (longitudinal axis of the electrode)
to the test sample (mm).
Material response
Material response to an electric arc is indicated by the following
terms: break-open, melting, dripping, charring, embrittlement,
shrinkage, ignition and after-burning.
Break-open
Break-open in electric arc testing describes a material response
evidenced by the formation of one or more holes of a specific
15

size in the material which may allow flame to pass through the
material.
Melting
Melting describes a material response evidenced by softening of
the fibre polymer.
Dripping
Dripping describes a material response evidenced by flowing of
the fibre polymer.
Charring
Charring describes the formation of carbonaceous residue as
the result of pyrolysis or incomplete combustion.
Embrittlement
Embrittlement describes the formation of a brittle residue as the
result of pyrolysis or incomplete combustion.
Shrinkage
Shrinkage describes a material response evidenced by reduction in specimen size.
Ignition
Ignition describes the initiation of combustion.
Afterflame Time
The period of time flame continues after the ignition source has
been removed.

16

6 Calculation of the heat stress
parameters
6.1 Calculation of the incident energy
The energy emitted by the electric arc during the test is approximately identical to the supplied electrical energy, which is calculated as follows:
tp
1 ⌠
Parc =
u · i dt
tp ⌡
0
Warc = Parc · tp
In most of the electric arc test methods calorimeters made of
copper are used, on which a temperature rise is measured,
depending on the intensity of incident energy Ei respectively
total heat transfer energy (see picture 3).

Picture 3 Calorimeter set-up
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According to EN 367, sub-clause 9 the total heat measured by a
calorimeter made of copper is calculated as follows /2/:
Ei =

with

m · Cp
· dTmax
A

[

kWs
kJ
= 2
2
m
m

]

m = 18 g
A = 1256 mm2
kWs
kg K

Cp = 0,385

m – mass of copper calorimeter
A – surface of copper calorimeter (cross sectional area)
Cp – heat coefficient of copper

Ei = 5,54 ·

kWs dTmax
·
m2
K

or
Ei = 0,132 ·

cal dTmax
·
cm2 °C

According to FDIS 61482-1 the total heat is calculated as follows, if – as done in the similar ASTM standard – another heat
coefficient for copper is assumed /3/:
Cp = 0,394

kWs
cal
= 0,094
kg K
g °C

Ei = 5,67

kWs dTmax
·
cm2
°C

= 0,135
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cal dTmax
·
cm2
°C

6.2 Calculation of the heat flux
The heat flux is calculated analogous to the incident energy.
However, in place of the peak value temperature the rate of temperature increase R is used.
m · Cp
·R
A
kW s
= 5,54 2 · · R
m
K

Q=

R=

∆T
∆t

In order to determine the rate of temperature increase, a linear
relationship between dT(0) = 0 and dT(tmax) is assumed as mean
gradient of the real function dT(t) during the heating period tmax
(see picture 4):
dT(0) = 0
T(tmax) = dTmax

∆T = T (tmax) – dT (0)
∆t = dtmax – 0 = tmax

R=

dTmax dT (tmax)
=
tmax
tmax

Hence it follows the following equation concerning the calculation of the heat flux:
Q = Φp = 5,54

kW dTmax [K]
·
m2
t max [s]
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Picture 4 Temperature rate course during an arc test
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7 Electric arc test procedures
7.1 General
For some time now the aim has been to determine requirements
for protective clothing materials that protect the electrician
against the consequences of electric arc exposure. In general,
there are no great disparities regarding the qualitative assessment of the test results of different materials. But differences of
opinion can be found when discussing quantitative determinations, concerning the choice of settings for test parameters and
assessments with a view to the heat flux for the electric arc. The
aforesaid question is up for discussion not only internationally
but also on a European and even a national level, too. Thus different developments concerning the set-up of test equipment for
electric arc tests have taken place in the course of time.
On account of different test parameters it was not possible to
show a comparability of tested material. Both manufacturers and
users compared very often only on the basis of the prospective
test current value without taking into consideration those other
important parameters such as e.g. clearance and duration.
Moreover the distinction between effective current Iarc during the
tests and the prospective testing current Ipros has often been
neglected.
Today there are two principal ways of testing. The first principal
way is based on the test procedures described in IEC 61482-1
(methods A and B) /3/. It determines a quantitative value characterising the thermal protective performance of the material or
clothing. The value is the Arc Thermal Performance Value
(ATPV), which makes it possible to compare different materials
to each other. It is also possible to compare this value to the predicted incident energy of an electric arc accident in any particular working environment, based on the information gained during
the risk assessment of that environment.
21

The second principal way of testing is in accordance with ENV
50354 /4/, but is extended in this guideline by the measurement
of the heat flux. This extended procedure may in future be
included as a complementary test method in the IEC 61482-1,
mentioned above /3/.
The main difference between the CENELEC and IEC methods:
1. CENELEC have pass/fail criteria based on a fixed amperage
and clearing time.
2. IEC have pass/fail criteria not based on any fixed amperage
and clearing time (the material has a vertical flame test
before).
There are other test methods also described below. They represent supplementary test procedures or are based on special
conditions.
CENELEC and IEC, the two most common test procedures,
have been compared for the following test set parameters with
regard to the test intensity. The comparison tests arrived at a
conclusion that the test parameters prospective current, arc
duration and test distance can be compared:
CENELEC test parameters:
IEC test parameters:

7 kA, 500 ms, 300 mm
(Class 2, see 7.3)
8 kA, 167 ms, 300 mm.

In both cases an incident energy value of approx. 423 kWs/m2
can be assumed.
With regard to other test procedures or other test settings comparison values still have to be determined.

7.2 Test procedure according to IEC
How the test works
The test may be used for both materials and protective clothing.
The test set-up consists of two vertically positioned rod elec22

trodes (solid electrodes made of stainless steel or another
chosen material) with a clearance of 300 mm, where the electric
arc is ignited. Three sample holder panels are positioned at a
distance of 300 mm from the longitudinal axis of the electrodes,
spaced at 120° from each other (300 mm distance is typical,
though the test method allows for distances ranging from 200 to
600 mm). Each sample holder has a minimum dimension of
550 mm x 200 mm (height x width) and is equipped with two
calorimeters made of electrical grade copper. The test set-up
provides an uninterrupted formation and propagation of the arc
in all directions (see picture 5).
Before testing, the test specimens (fabrics or clothing) are
washed 5 times or according to the manufacturer’s instructions.
In the case of testing fabrics, the materials are fastened to each
of the three vertical sample holders, enabling the simultaneous
testing of three samples during each arc shot. The calorimeters
behind the fabric samples measure the temperature rise and
thus the heat flux transmitted through the sample, and at the
same time additional calorimeters, placed beside each sample
holder, serve the purpose of measuring the total incident energy.
Software is used for the acquisition of all of this temperature
data, for a period of 30 s after ignition of the arc.
In the case of testing protective clothing, instead of material
sample holders, appropriate test mannequins are used which
are similarly equipped with calorimeters.
The test method prescribes a minimum of 20 data points for statistical significance, and since each test generates three data
points, this translates to a requirement of at least 7 electric arc
shots to be performed for each test series. The incident energy
level is varied by adjusting the arc duration (combustion period
of the arc), while the test current level (prospective current) is
held at 8 kA. The incident energies should lie within a specified
range above and below the Stoll curve.
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Picture 5 Test set-up according to the IEC method

The electric supply voltage should be sufficient to allow for the
discharge of an electric arc with a gap of up to 305 mm. In practice this corresponds to a mid-voltage source (e.g. 3 up to 15 kV
24

a.c.). This source voltage guarantees ignition and stability of the
arc throughout the whole test period.

What the test measures
This method enables the determination of a valuation figure
which describes to which extent a specific flame resistant material can attenuate or block the heat transmission to the skin
(heat attenuation factor, HAF). Moreover, it predicts – with a
probability of 95 % – the limiting incident energy (in cal/cm2 or
kWs/m2) at which onset of 2nd degree burn may begin, based on
the Stoll curve. This limiting energy value is called the ATPV or
arc thermal performance value (see picture 6 and annex 1).

Picture 6 2 nd degree burns according to Stoll, A.M. and Chianta, M.A.
(Aerospace Medicine, Vol. 40, 1968, pp 1232 –1238)

How the test results can be used
The test procedure measures heat flux through test materials
and thus enables an easy material comparison. The ATPV
25

results can be used to assist in the selection of appropriate protective clothing, in accordance with the risk assessment.

7.3 Test procedure according to CENELEC
7.3.1 Current CENELEC Method
(ENV 50354:2000)
How the test works
The CENELEC-developed testing method ENV 50354:2000 /4/
may be used for both materials and protective clothing. It is
based on a fixed test set-up and testing circuit. The source voltage corresponds to an open circuit voltage of 400 V (50 Hz).
The electric arc test duration is 500 ms.
The standard sets 2 test levels for which the testing conditions
are exactly defined. The classes differ from each other only with
regard to the test current Ipros:
Class 1: 4 kA, 500 ms
Class 2: 7 kA, 500 ms
The current level is chosen according to the class of protection
required for the practical usage conditions defined by the customer.
It is to be observed that the effective arc current Ieff, which in fact
flows during the electric arc in the test circuit, is lower than the
prospective current. The electric arc possesses a non-linear and
time-dependent resistance that in principle creates a decrease in
the short circuit value (short circuit between the electrodes).
Within the electric arc voltage of 100 to 130 V, which occurs for
a source voltage of 400 V a.c., this influence is quite significant
(15 to 20 %).
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The test set-up consists of a vertically placed electrode-pair
arrangement, between which the electric arc is ignited (see picture 7). The gap between the electrodes is 30 mm. The upper
electrode is made of aluminium and the lower electrode of copper. The electrodes are equipped with inner bore-holes to give
stability to the electric arc and to achieve the arc duration of 500
ms. To maintain a stable arc duration in the 400 V a.c. circuit is
more complicated than in a voltage-circuit of distinctively over
1.000 V a.c.

Picture 7 CENELEC test set-up (side-view, all dimensions in mm)
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The electrodes are surrounded on three sides by a test-box
which has a parabolic form (see picture 8). The box is made of
plaster and, on both top and bottom, is sealed off by means of
insulating plates. This represents an installation with its rear and
side walls, creating a directed arc effect towards the opening of
the box.
Facing this opening is placed a vertical plate, having the dimension of 400 x 400 mm. The horizontal gap to the electric-arc-axis
is 300 mm. This corresponds to the gap between the upper part
of a human body and the electric arc while working in an installation and releasing an electric arc (see picture 9).
Before testing, the test samples (fabrics or clothing) are washed
or dry-cleaned 5 times according to the procedures defined in
the standard or according to the manufacturer’s instructions.
In the case of testing fabrics, the material to be tested shall be
fitted tightly on the vertical test plate. In the case of testing clothing, a mannequin can take the place of the vertical plate.
The test method prescribes for each test two replicate samples
(shots) under the same test conditions, and for every arc shot
only one sample is tested.

What the test measures
The evaluation of the test samples is based on a visual inspection, depending on the following criteria:
 Burning time of less than or equal to 5 s after exposure to
the electric arc;
 No melting of the samples through to the inside of the material;
 No holes of more than 5 mm (measured in any direction);
 Maintenance of function of fasteners on protective clothing
after exposure.
28

The test is taken to be passed, provided all those conditions are
fulfilled.

Picture 8 Test box according to the CENELEC method
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Picture 9 Electric arc test according to the CENELEC test procedure –
class 2 test of a working jacket

The test does not measure heat flux or arc thermal performance
values of materials. However, the test set-up, and particularly the
low test voltage of 400 V, together with the requirement for just
two replicate samples, makes this an attractive option in terms
of cost.
30

How the test results can be used
The test conditions are intended to represent the practical situation in low-voltage installations and low-voltage networks. The
qualitative results (re-burning, melting, hole formation etc),
derived at either 4 kA/500 ms or at 7 kA/500 ms, may be used to
assess whether any given test system (fabric or protective clothing) would be appropriate under exactly the same real working
conditions. For specific applications with higher arc intensities
with the aforesaid two classes an extrapolation is not possible,
but the test set-up can also be used for higher currents and/or
longer arc exposure time.

7.3.2 Extended CENELEC Method
The current CENELEC test method is relatively simple, near to
practice and has a high degree of reproducibility. However, it
does not enable the quantitative measurement of heat flux
through the test system, nor a measure of the thermal protective
performance of the test system. Much work is ongoing at
Ilmenau Technical University in Germany in co-operation with
Saxon Textile Research Institute in Chemnitz, Germany to incorporate into the CENELEC method such a quantitative measure
of heat flux.

How the test works
The extended test method incorporates two calorimeter sensors
(according to EN 367 /2/ and these are equivalent to the IEC
method) into the vertical test plate upon which the test material
will be placed for evaluation. Four replicate shots correspond to
one complete test procedure.

What the test measures
The heat flux transferred through the test material or clothing is
measured by means of the two calorimeters on the test plate.
31

This heat flux data is then compared to the Stoll curve criterion
to assess whether or not the onset of second degree burns
would be expected.
A test is passed if, in addition to passing the qualitative criteria
mentioned above (visual assessment), all four heat flux curves
are below the Stoll curve, i.e. the onset of second degree burns
is not predicted.

How the test results can be used
The extended method allows for a more quantitative evaluation
of protective clothing systems, within the prescribed range of
incident energy covered in the given test set-ups (either Class 1:
4 kA/500 ms or Class 2: 7 kA/500 ms).
This extended CENELEC test has been practised for several
years and it may in future be included as a complementary test
method in the IEC 61482-1 /3/, mentioned above.

7.4 Three-phase service box test
by RWEeurotest (Germany)
How the test works
The test procedure according to RWEeurotest is applicable to readymade protective clothing which are to be worn while working at lowvoltage installations in order to prevent severe injuries in the area
of the chest by electric arcs. Demands upon hand and head protection can not be taken into consideration during this test method.
In order to ensure a natural reproduction during this test method
the electric arc test is carried out in a three-phase manner. The
voltage of the test cycle is about 400 V a.c. and the root mean
square value of the uninfluenced short circuit current is about 10
kA. In each phase the current has to be in between the limiting
32

deviation of 0 to + 5 %. The test is carried out with a rated frequency of 50 Hz or 60 Hz. The manufacturer stipulates that the
arc duration has to be 500 ms or 1000 ms. The arc gap dimension between the electrodes (bus-bares) is approximately 5 mm.
For the test set-up it is necessary to have a specific service
(house-connection) box of the following type: KH 00 100-A
equipped with three bus-bars which are flared out to the bottom
(see German national standard DIN 43627 and DIN VDE 0660505 for service boxes). The bus-bars have to be constructed of
warm-rolled flat-bars 40 mm x 5 mm made of steel (see DIN
1017-Ust 37-2). The cap has to be removed (see picture 10).

Picture 10 Arrangement of flat-bar bus-bars and the CU wire bridge in a
branch box, Typ KH 00 100-A
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The protective clothing for the electric arc test can either be a
suit, an overall or a coat (protective gown). The test refers to protective clothing of 176 cm to 186 cm stature. The amount of test
(shots) is not defined but two to four shots are recommended.
Before testing, the protective clothing specimens are washed
industrially 40 times according to EN ISO 10528 /5/, or drycleaned 40 times according to ISO 3175 /6/.
The protective clothing to be tested is positioned on a non-flammable mannequin (size 176 cm to 186 cm). There are eight
calorimeters as for EN 367 /2/ on the trunk and two on each arm,
a total of 12 sensors on the upper body area (level with the surface of the mannequin) in order to measure the surface heat flux
(see picture 11).
The mannequin is positioned in front of the above specified service box which has been installed in a corner of the test room.
The approximate centre of the dummy’s trunk is positioned 300
mm away from the formation of the electric arc (see picture 12).
The temperature data from the sensors is collected by a measuring device with bandwidth of 10 kHz. The recordable temperature range is up to 400 °C. Acquisition of the temperature data
continues for a minimum of 20 s after the ignition of the electric
arc.

What the test measures
The heat flux (in kW/m2) can be determined by the following
characteristics:
 mass, area and the specific thermal capacity of the copper
sheets
 temperature change during the test (peak temperature minus
the initial temperature of the calorimeters)
 time difference between the triggering of the electric arc up
to moment the peak temperature occurs.
34

Picture 11 Arrangement of thermocouples on RWEeurotest equipment

The protective clothing should protect the human body against
burn injuries which occur through the three-phase electric arc at
either 10 kA/1 s or 10 kA/0,5 s with a clearance of 300 mm. In
this case the body surface should not be exposed to temperature values which are above the reference Stoll curve, i.e. which
could lead to onset of 2nd degree burns.
The test is said to be passed, if
 the surface heat flux on the calorimeters behind the test
clothing does not exceed the heat fluxes according to Stoll/
Chianta (i.e. onset of 2nd degree burns not predicted)
35

Picture 12 Service box of type KH 00 100-2 and protective clothing before the electric arc test

 the fasteners of the protective clothing system can be
opened
 there are – after inspection – no breaks and holes due to the
spread of flame which are bigger than 10 mm in diameter
(most decisive is the lowest positioned layer)
36

 the protective clothing system does not after-burn for more
than 5 s.

How the test results can be used
The pass/fail results achieved through this test method can
assist in the selection of appropriate personal protective clothing
for working in these given working conditions, namely 10 kA/
1000 ms or 500 ms/triple phase/directed arc/300 mm distance to
sample.

7.5 Thermographic measuring system by AMYS
(Spain)
How the test works
Any object having a temperature above 0 degree Kelvin, emits
electromagnetic radiation, especially “thermal infrared radiation”.
For a perfect emitter or “black body”, this emission is calculated
according to the Planck law.
Generally speaking, an object does not behave as a perfect
emitter (black body) and accordingly, it is necessary to know its
emissivity ε when using thermography. This coefficient ε is defined as the ratio of the radiation emitted by an object to the
energy a black body would emit at the same temperature. Thus
it takes values between 0 and 1.
For polished metals, the emissivity is abut 0,005, while for other
objects, as human skin, coal, etc. (good emitters), it is almost
1. In general, the emissivity is function of the wave length of the
radiation emitted.
Infrared thermographic systems are devices designed for receiving this radiation emitted and to turn them into a signal, normally
electrical currents or voltages.
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According to the above mentioned test methods calorimeters
made of thermocouples are used in pairs or in large numbers for
measuring during electric arc testing, the reason being the
hottest spot on the test sample can be found in various points
while testing. In order to take the measurements of this spot and
to evaluate the heat flux on the sample as well, the method of
thermography may be applied. Another advantage in contrast to
the usage of thermocouples is the spacious distance to the
sample. Any sort of impairment of the thermographic measuring
set-up from heat or molten metal splashes can be excluded
because the measuring device is positioned behind the sample.

What the test measures
The images obtained by the measuring method are analysed by
the monitoring system of the thermographic equipment, so that
it is possible to do a sequence of snapshots of the very moment
in which maximum temperature has been reached with parallel
specification of its heat flux. Of each snapshot the hottest spot
is taken as basis for further calculation (see pictures 13 and 14).
Through the temperature characteristic of the area around the
hottest point with predefined dimensions, the average temperature T is calculated.

Picture 13 Thermographic snapshot series of an electric arc test
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Picture 14 Evaluation of the hottest spot through thermography

Afterwards, the average heat flux which has passed through the
sample can be calculated. This flux refers to the fact that temperature increases after the fabric has been exposed to the heat.
Standard deviations of the size of this area are approximately 20
for the hottest shot, decreasing when cooling off.
The graphics (see picture 15) represent the evolution of the flux
measurements for these areas (in Celsius degrees) with respect
to time, as well as maximum temperatures reached on the fabric
at each moment. Every AMYS sequence is preceded by a flux
shot, also corresponding to the “hottest shot”.
The emissivity of the fabric is measured in laboratory obtaining
a value of 0.90 (maximum error 0.03). This shows an error of
temperature depending on the temperature value:
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Picture 15.1 Temperature curve during the test

Picture 15.2 Heat flux curve during the test
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for 150° C, the maximum error is 3° C
for 350° C, the maximum error is 13° C
In order to get flux data from temperature data, it suffices to
multiply the fourth power of T [K] by the constant of StephenBoltzmann (5.7 x 10 – 8) and by the emissivity (0.9) for obtaining
the flux in W/m2:

Φ = ε · σ · T4
where

ε = 0.9 for the fabric
σ = 5.7 x 10 –8 W/m2 K4
The areas where the fluxes are averaged describe the hottest
spots of each shot and determine a concentric square of
8.72 cm of edge. Thus, the respective area includes 76.04 cm2.
Measurement speed is somewhat more than four shots per second, which means about 90 shots for a sequence. This number
is limited by the storing capacity of the computer, and corresponds to 21.42 seconds.
Each sequence contains a variable number of data that can be
rejected. They belong to the first data obtained and correspond
to room temperature measurement. The fact that these data
appear is due to method, namely the temperature measurement
during the test; the thermographic equipment is connected
before triggering any electric arc. For that reason there is a variable time space in which the thermographic equipment stores
data of the testing sample at room temperature. This is to secure
registration of the very instant the electric arc is triggered.
For the time being, automatic tuning in of both equipment (thermographic and electric arc control) is not possible. That is why
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some of the initial data has to be rejected, approximating to a
sequence of about 20 seconds.
During the thermographic test three data columns are registered. The first one represents the time in seconds of the
measurement process, the second one reveals the temperature
of the hottest point on the fabric for each time unit and the third
column shows the thermal flux of the specified area in W/cm2
(in the first testing in kW/m2) for each time unit.

How the test results can be used
Generally speaking, the data on peak thermal flux which passed
through the sample are used for describing the most unfavourable circumstance from the point of view of protective
clothing. The data of the other columns are used as complementary information to highlight anomalous or specially significant cases.
For the moment this sort of test can not be carried out according to the described procedure because there is no laboratory
available to do these tests.
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8 Flammability of fabrics
It must be emphasised that all fibres, either natural or synthetic,
can burn to some extent. Thus in standardisation the term
“flame-resistant” is used. The fabrics are especially characterised by how they react after having been exposed to flames.
The protective efficiency of a material lies in the fact that the
user has to be insulated from the exposed heat energy and that
the material in the specific areas that start burning cease to do
so as soon as possible (see after-flame time). Ultimately, the
user should not be injured by the material used. However, the
protective clothing cannot ‘guarantee’ 100 % protection against
exposure to a certain hazard.
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9 Classification of arc resistant
clothing as protective clothing
There is one question which constantly arises, namely whether
working clothing for electro-technical work should be assigned
as ‘personal protective equipment (PPE)’. In most of the
countries world-wide, and all over Europe and North America,
there are directives which require an estimation of exposure to
danger to be made for every workplace. This also is applicable
to electro-technical work. For this sort of work the aforesaid
estimation will mean as a result that the operator – more or less
– runs the risk to a large extent of being exposed to an electric
arc. As far as it is possible any sort of danger originating from
the danger zone has to be eliminated which consequently
means – disconnecting!
But this is not always possible when circumstances demand to
do “working in the vicinity of live parts” or “live working”. However
these specific operation methods are only allowed if protective
measures against electric arc hazards have been accomplished.
The protection of the operator by means of protective clothing
should be the last step to be taken.
The danger of an electric arc ignition in normal networks (electro-technical work takes place here to a great extent) can not be
eliminated completely. In order to counteract any sort of danger
for the person concerned precautions should be taken in any
case, even if the risk for specific work seems to be quite small.
If the test requirements for the clothing consists in the expected
intensity of the exposure and the quality requirements of each
product are guaranteed, then the question whether clothing has
to be called work clothing or rather protective clothing resistant
against electric arcs seems to be of secondary importance.
However it has to be emphasised that the tested materials do not
resist each and every electric arc. An electric arc is an unex44

pected incident, the intensity of which can only be estimated by
network parameters. However, additional danger and uncertainty arises by e.g. the distance the person concerned is standing
away from the arc. It has to be remarked here that with regard to
most electric arc test procedures a distance of approximately
300 mm to the chest area is taken as the basis.
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10 Recommendations for
specimen selection of material
If an electric arc hazard is at all possible at a workplace, work
clothing of flame resistant or flame-retardant material shall be
used. Pure cotton without additional finishing (impregnation) can
only compensate to a certain degree the missing flame-retardant
properties by means of a higher weight.
The construction of the fabric is essential, too. Thus a light material with less close construction and less twisted yarn offers
lower heat flux resistance. A very closely-woven material with
tightly woven and twisted yarn will not start burning so quickly.
In most of the countries world-wide a risk analysis has to be
absolved for each work site according to the safety regulations,
i.e. the European Directives 89/391/EEC /7/ and 89/686/EEC /1/.
As a result of a risk analysis, and a knowledge of the relative
thermal performances of various fabric systems according to
one or the other test method described above, the appropriate
level of protective clothing should be selected. As a minimum
guideline, for workplaces with increased electric arc hazard the
persons concerned shall wear protective clothing according to
the Classes 1 or 2 of the CENELEC method, namely approximately 248 kWs/m2 or 423 kWs/m2 (5,8 cal/cm2 or 10,2 cal/cm2)
respectively. Picture 16 shows approximate values for a co-ordination of necessary weights of fabrics. On account of different
procedures during the production of fabrics deviations from the
aforesaid values are quite possible and chosen fabric systems
should be tested in order to measure their specific arc thermal
performance values.
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Picture 16 Required minimum weight of material
(approximate values as material properties can vary quite a lot in the course
of production)
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11 Quality assurance
Tests have always shown that the grade of flame-retardant
fabrics deviate from production to production, even in one production huge deviations could be realised. This is applicable to
fabrics made of chemical fibres, especially for natural fibres
equipped with flame-retardant properties.
Fabrics which have passed the electric arc test may not pass if
other fabrics of another production are tested. Thus the production of flame-retardant fabrics have to be tested shortly afterwards with regard to the fact whether flame-retardant properties
deteriorate or not.
The manufacturers have to develop suitable random sample
tests for this so that a constant quality can be guaranteed.
Abrasion of the fabrics which takes place in practice by numerous launderings has to be taken into consideration, too.
A cost-saving check of electric arc properties of a fabric could
be given by laser technology in the future. However, these considerations are still in an initial stage.
It shall be emphasised that there are very restrictive regulations
for the production of personal protective clothing in many
countries. In the European Community it is compulsory to do
type tests for a personal protective equipment. In order to guarantee the defined properties of the product during manufacturing
a quality assurance system or random tests taken by a certified
test laboratory is required.
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12 Recommendations for wearing
The work clothing or protective clothing will only protect effectively, if it is really used and worn. Numerous severe accidents
only happened because the aforesaid clothing had not been
worn, the jacket had not been closed or the sleeves had been
rolled up. Often ergonomic points of view are reasons for the
inappropriate wearing of clothing; thus the personnel should be
included in the process of selection and trial wearing of the protective clothing before purchasing.
During its wearing the flame-retardant property of the clothing
can be neutralised by other worn garments which are easily
flammable. Thus it has to be taken care that clothing for protection from both the weather and the cold should fulfil the same
requirements. Regarding underwear, garments of pure cotton
were judged to be suitable during electric arc tests.
Moreover there is another problem that arises, namely that the
clothing gets dirty. Flame-resistant properties can be reduced or
even neutralised by any sort of flammable impurities. So the person concerned has to take care that the protective clothing is
regularly cleaned according to the manufacturer’s instructions.
Each garment has got a marking according to EN 340 /8/ which
describes the manufactured material and the recommended
washing procedure (see picture 17).
Picture 17 Care labelling of
manufacturer
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The European Directive 89/686/EEC /1/ requires that the manufacturer has to give product information for the user. The clothing
shall be marked for example with the address of the manufacturer, number of standard, protection level, size of clothing,
washing and/or dry cleaning procedure, comfort, ageing.
Additionally each product has to be equipped with “relevant information” for the customer in order to explain the kind of use, the
level or classes mentioned, restrictions for use, warnings and
information about storing, cleaning, decontamination, repairing
and so on.
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15 Test results of
typical clothing materials

Test picture 1 CENELEC/7 kA/0,5 s/Meta-Aramid, 3 layers 630 g/m2
Top layer destroyed/No afterglow/Stoll criteria complied

Test picture 2 CENELEC/7 kA/0,5 s/Meta-Aramid, 2 layers 420 g/m2
Top layer destroyed/No afterglow/Stoll criteria exceeded
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Test picture 3 CENELEC/7 kA/0,5 s/Cotton FR, 2 layers 650 g/m2
No perforation/No afterglow/Stoll criteria complied

Test picture 4 CENELEC/7 kA/0,5 s/Cotton FR, 1 layers 330 g/m2
No perforation/No afterglow/Stoll criteria exceeded
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Test picture 5 CENELEC/4 kA/0,5 s/Cotton FR, 2 layers 650 g/m2
No perforation/No afterglow/Stoll criteria complied
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Test picture 6.1 ATPV-test results according to IEC of NOMEX® Delta A,
267 g/m2, navy
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Test picture 6.2 Test result NOMEX® Delta A, 267 g/m2, navy
–
IEC/8 kA/0,15 s with Ei = 27,9 Ws/cm2
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Test picture 7.1 ATPV-test results according to IEC of SECAN ® 100% Cotton
FR, 350 g/m2, royal blue
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Test picture 7.2 Test result SECAN ® 100% Cotton FR, 350 g/m2, royal blue
–
IEC/8 kA/0,17 s with Ei = 21,5 Ws/cm2
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Test picture 8.1 ATPV-test results according to IEC of NOMEX® IIIA,
360 g/m2, forest green
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Test picture 8.2 Test result NOMEX® IIIA, 360 g/m2, forest green
–
IEC/8 kA/0,17 s with Ei = 31,77 Ws/cm2
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Test picture 9.1 ATPV-test results according to IEC of SECAN ® FR 100%,
511 g/m2, royal blue
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Test picture 9.2 Test result SECAN ® FR, 100% Cotton, 511 g/m2, royal blue
–
IEC/8 kA/0,39 s with Ei = 73,01 Ws/cm2
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Annex 1 Stoll curve

Bild 00
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