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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
LIVE WORKING –  

PROTECTIVE CLOTHING AGAINST THE THERMAL  
HAZARDS OF AN ELECTRIC ARC –  

 
Part 1-1: Test methods –  

Method 1: Determination of the arc rating  
(ATPV or EBT50) of flame resistant materials for clothing 

 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61482-1-1 has been prepared by IEC technical committee 78: Live 
working. 

This standard cancels and replaces IEC 61482-1:2002. It constitutes a technical revision. 

This edition includes the following significant technical changes with respect to IEC 61482-1:  

– addition of a detailed analysis of the sensor response. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

78/793/FDIS 78/805/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts of the IEC 61482 series can be found, under the general title Live working – 
Protective clothing against the thermal hazards of an electric arc, on the IEC website. 

The committee has decided that the contents of this publication will remain unchanged until 
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in 
the data related to the specific publication. At this date, the publication will be  

• reconfirmed; 
• withdrawn; 
• replaced by a revised edition; or 
• amended. 
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LIVE WORKING –  
PROTECTIVE CLOTHING AGAINST THE THERMAL  

HAZARDS OF AN ELECTRIC ARC –  
 

Part 1-1: Test methods –  
Method 1: Determination of the arc rating  

(ATPV or EBT50) of flame resistant materials for clothing 
 
 
 

1 Scope 

This part of IEC 61482 specifies test methods to measure the arc thermal performance value 
of materials intended for use in heat- and flame-resistant clothing for workers exposed to the 
thermal effects of electric arcs and the function of garments using these materials. These test 
methods measure the arc thermal performance value of materials which meet the following 
requirements: less than 100 mm char length and less than 2 s afterflame after removal from 
flame, when tested in accordance with ISO 15025, procedure B (bottom-edge ignition) on the 
outer material, and the char length measured using a modified ISO method as described in 
Annex A. 

These methods are used to measure and describe the properties of materials, products, 
assemblies or garments, in response to convective and radiant energy generated by an 
electric arc in open air under controlled laboratory conditions.  

The materials used in these methods are in the form of flat specimens for method A and 
garments for method B.  

Method A is used to determine the arc rating of materials and material assemblies when 
tested in a flat configuration.  

Method B is used to measure garment response, not arc rating, to an arc exposure including 
all the garment findings, sewing thread, fastenings, fabrics and other accessories when tested 
on a male mannequin torso. Method B is also used for accident replication. 

It is the responsibility of the user of this part of IEC 61482 to establish appropriate safety and 
health practices prior to use. For specific precautions, see Clause 7. 

The test methods in this part of IEC 61482 are not directed to classify by protection classes. 
Methods determining protection classes are prescribed in IEC 61482-1-2. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

ISO 3175-2, Textiles – Professional care, drycleaning and wetcleaning of fabrics and 
garments – Part 2: Procedure for testing performance when cleaning and finishing using 
tetrachloroethene 

ISO 6330, Textiles – Domestic washing and drying procedures for textile testing 
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ISO 9151, Protective clothing against heat and flame – Determination of heat transmission on 
exposure to flame 

ISO 15025:2000, Protective clothing – Protection against heat and flame – Method of test for 
limited flame spread 

3 Terms, definitions and symbols 

For the purposes of this document, the following terms, definitions and symbols apply. 

NOTE For definitions of other textile terms related to the topic, see ASTM D-123 [7]1).  

3.1 Terms and definitions 

3.1.1  
arc duration 
time duration of the arc 

NOTE Arc duration is expressed in s. 

3.1.2  
arc energy 
Warc 
electrical energy supplied to the arc and converted in the arc; sum of the instantaneous arc 
voltage values multiplied by the instantaneous arc current values multiplied by the 
incremental time values during the arc duration 

NOTE Arc energy is expressed in kJ or kW·s. 

3.1.3  
arc gap 
distance between the arc electrodes 

NOTE Arc gap is expressed in mm. 

3.1.4  
arc rating 
value attributed to materials or material systems that describes their performance to exposure 
to an electrical arc discharge 

NOTE The arc rating is expressed in kW·s/m2 – or optionally in cal/cm2 – and is derived from the determined 
value of ATPV or EBT50 (should a material or material system exhibit a breakopen response below the ATPV value). 

3.1.5  
arc thermal performance value (ATPV) 
in arc testing, the incident energy on a material or a multilayer system of materials that results 
in a 50% probability that sufficient heat transfer through the tested specimen is predicted to 
cause the onset of a second degree skin burn injury based on the Stoll curve, without 
breakopen  
NOTE ATPV is expressed in kJ/m2 or kW·s/m2 (cal/cm2). 

3.1.6  
arc voltage 
voltage across the arc 

NOTE Arc voltage is expressed in V. 

————————— 
1)  Figures in square brackets refer to the bibliography. 
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3.1.7  
asymmetrical arc current 
total arc current produced during closure; it includes a direct component and a symmetrical 
component 

NOTE Asymmetrical arc current is expressed in A. 

3.1.8  
breakopen 
in electric arc testing, material response evidenced by the formation of one or more openings 
in the material which may allow flame to pass through the material 

NOTE 1 The specimen is considered to exhibit breakopen when any opening is at least 300 mm2 in area or at 
least 25 mm in any dimension. A single thread across the opening does not reduce the size of the hole for the 
purposes of this part of IEC 61482.  

NOTE 2 A multilayer specimen is considered to exhibit breakopen when all layers show formation of one or more 
openings. 

3.1.9  
breakopen threshold energy 
EBT50 
incident energy on a fabric or material that results in a 50 % probability that sufficient heat 
transfer through the tested specimen is predicted to cause the tested specimen to break open 

NOTE The breakopen threshold energy is expressed in kJ/m2 or kW·s/m2 (cal/cm2). 

3.1.10  
burning time 
time for which a flame is visible after exposure to arc 

NOTE Burning time is expressed in s. 

3.1.11  
calorimeter 
device for measuring the heat flux and incident energy 

3.1.12  
charring 
formation of carbonaceous residue as the result of pyrolysis or incomplete combustion 

3.1.13  
closure 
point on supply current waveform where the arc is initiated 

3.1.14  
clothing 
assembly of garments worn by workers 

3.1.15  
delta peak temperature  
ΔTp 
difference between the maximum temperature and the initial temperature of the sensor during 
the test exposure time 

NOTE Delta peak temperature is expressed in °C. 

3.1.16  
dripping 
material response evidenced by flowing of the fibre polymer 
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3.1.17  
electric arc  
self-maintained gas conduction for which most of the charge carriers are electrons supplied 
by primary-electron emission 

[IEV 121-13-12] 

NOTE During live working, the electric arc is generated by gas ionisation arising from an unintentional electrical 
conducting connection or breakdown between live parts or a live part and the earth path of an electrical installation 
or an electrical device. During testing, the electric arc is initiated by the blowing of a fuse wire. 

3.1.18  
embrittlement 
formation of a brittle residue as the result of pyrolysis or incomplete combustion 

3.1.19  
exposure time 
shortly before, during and for 30 s after an arc thermal exposure has been initiated 

3.1.20  
garment 
single item of clothing which may consists of single or multiple layers 

3.1.21  
heat attenuation factor (HAF) 
per cent of the incident energy which is blocked by a material at an incident energy level 
equal to ATPV 

3.1.22  
heat flux 
q 
thermal intensity of an electric arc indicated by the amount of energy transmitted per unit 
surface area and time 

NOTE Heat flux is expressed in kW/m2. 

3.1.23  
ignition 
initiation of combustion 

3.1.24  
incident energy 
Ei 
heat energy (total heat) received at a unit surface area as a result of an electric arc 

NOTE 1 The heat energy is measured as a proportional peak temperature rise ΔTp of a calorimeter sensor. 

NOTE 2 Incident energy is expressed in kJ/m2 or kW·s/m2 (cal/cm2). 

NOTE 3 In an arc test, incident energy for a specimen is determined from the average temperature-rise response 
of the two monitoring sensors adjacent to the test specimen. 

3.1.25  
material 
fabric or other substances of which the garment is made, this may consist of single or multiple 
layers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Full document details: IEC 61482-1-1 2009

http://avadocuments2026.com/doc/iec-61482-1-1-2009
http://avadocuments2026.com/doc/iec-61482-1-1-2009


 – 10 – 61482-1-1 © IEC:2009 

3.1.26  
material response 
subjective observation of the reaction of the material to an electric arc indicated by the 
following characteristics: burning time (after flame, ignition), breakopen, melting, dripping, 
charring, embrittlement, shrinkage  

3.1.27  
melting 
material response evidenced by softening and deformation of the fibre polymer 

3.1.28  
mix zone  
range of incident energies, which can result in either a positive or negative outcome for 
predicted second-degree burn injury, breakopen or underlayer ignition 

NOTE 1 The low value of the range begins with the lowest incident energy indicating a positive result, and the 
high value of the range is the highest incident energy indicating a negative result. 

NOTE 2 A mix zone is established when the highest incident energy with a negative result is greater than the 
lowest incident energy with a positive result. 

3.1.29  
monitoring sensor 
monitor sensor 
sensor mounted on each side of the panel or mannequin, using the calorimeters not covered 
by test specimen and used to measure incident energy 

3.1.30  
peak arc current 
maximum value of the a.c. arc current 

NOTE Peak arc current is expressed in A. 

3.1.31  
protective clothing 
clothing which covers or replaces personal clothing, and which is designed to provide 
protection against one or more hazards 

[Definition 3.4 of ISO 13688 [6]] 

3.1.32  
r.m.s. arc current 
root mean square of the a.c. arc current 

NOTE RMS arc current is expressed in A.  

3.1.33  
sensor 
assembly with a calorimeter and a non-conductive heat-resistant material in which the 
calorimeter is mounted 

3.1.34  
shrinkage 
material response evidenced by reduction in specimen size 

3.1.35  
Stoll curve 
curve of thermal energy and time produced from data on human tissue tolerance to heat and 
used to predict the onset of second-degree burn injury 

NOTE See Table 1 and Equation (5). 
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3.1.36  
time to delta peak temperature 
tmax 
time from beginning of the initiation of the arc to the time the delta peak temperature is 
reached 

NOTE Time to delta peak temperature is expressed in s. 

3.1.37  
X/R ratio 
ratio of system inductive reactance to resistance 

NOTE The X/R ratio is proportional to the L/R ratio of time constant, and is, therefore, indicative of the rate of 
decay of any d.c. offset. A large X/R ratio corresponds to a large time constant and a slow rate of decay. 

3.2 Symbols and units  
ATPV arc thermal performance value kW·s/m2 (see incident energy) 

Cp heat capacity J/g °C 

EBT50 breakopen threshold energy kW·s/m2 (see incident energy) 

Ei incident energy  kJ/m2 or kW·s/m2  

Etransmitted transmitted energy  kJ/m2 or kW·s/m2 

HAF heat attenuation factor  

haf HAF data point  

Q Heat energy J/cm2  

q heat flux kW/m2 

T measured temperature °C 

t time  s 

Warc  arc energy  kJ, kW·s 

NOTE  
1 J/g °K = 4,186 8 cal/g °K  
1 kJ/m2  = 1 kW.s/m2  = 0,1 J/cm2 = 0,023 885 cal/cm2  

1 cal/cm2 = 41,868 kJ/m2 = 41,868 kW.s/m2 = 4,186 8 J/cm2 

4 Principle of the test methods 

4.1 Test method A 

The test method A specified in this standard determines the incident energy which would 
predict a second-degree burn injury when the material(s) is (are) exposed to heat energy from 
an electric arc. 

During the tests, the amount of heat energy transferred by the material(s) is measured during 
and after exposure to an electric arc.  

The heat flux of the exposure and that transferred by the test specimen(s) are both measured 
with copper slug calorimeter sensors. The change in temperature versus time is used, along 
with the known thermo-physical properties of copper, to determine the respective heat 
energies delivered to and through the specimens. 
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Material performance for this procedure is determined from the amount of heat transferred by 
the specimen(s). 

Heat transfer data is used to predict the onset of a second-degree burn using the Stoll curve. 

The procedures incorporate incident-energy monitoring sensors. 

Material response shall be further described by recording the observed effects of the electric 
arc exposure on the specimens and using the terms given in 3.1.26. 

4.2 Test method B 

The test method B specified in this standard is used for evaluation of protective clothing 
design or accident replication. Garments shall be evaluated with findings, pockets and 
closures positioned as manufactured, but no arc rating can be reported due to the impact of 
garment design such as pocketing and multilayer closures on the heat transfer to the sensors. 

5 Significance and use of the test methods 

The test method A measures the arc thermal performance value of materials intended for use 
in flame-resistant clothing for workers exposed to electric arcs. The test method is intended 
for the determination of the thermal performance value of a material by itself or in comparison 
with other materials.  

Because of the variability of the arc exposure, different heat transmission values may result 
for individual sensors. The results of each sensor shall be evaluated in accordance with 
Clause 12. 

The test method B specified in this standard is used for evaluation of protective clothing 
design. Garments made of materials or material systems previously tested according to 
method A, shall be first tested as panels following method A. Then the garment using 
materials previously tested are tested following method B. 

The test methods maintain the specimen in a static vertical position and do not involve 
movement, except that resulting from the exposure. 

The test methods specify a standard set of exposure conditions. Different exposure conditions 
may produce different results. In addition to the standard set of exposure conditions, other 
conditions representative of the expected hazard may be used. 

6 Test apparatus 

6.1 General 

The test apparatus shall consist of the following elements: 

− supply bus; 

− arc controller; 

− recorder or data acquisition system; 

− arc electrodes; 

− three two-sensor panels (method A) or one to three four-sensor mannequins (method B); 

− monitoring sensors for each panel or mannequin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Full document details: IEC 61482-1-1 2009

http://avadocuments2026.com/doc/iec-61482-1-1-2009
http://avadocuments2026.com/doc/iec-61482-1-1-2009


61482-1-1 © IEC:2009 – 13 – 

6.2 Method A – Arrangement of the two-sensor panels 

Three two-sensor panels shall be used for each test and spaced at 120° as shown in Figure 1. 
In addition, each two-sensor panel shall have two monitoring sensors. One monitoring sensor 
shall be positioned on each side of the two-sensor panel as shown in Figure 2. 

Dimensions in millimetres 

 

 

Key  

1 Monitoring sensor 

Figure 1 – Method A – Arrangement of three two-sensor panels 
with monitoring sensors (plan view) 

IEC   801/09 
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Dimensions in millimetres 

 
 

Key  

1 Monitoring sensor 

2 Sensor 

Figure 2 – Method A – Two-sensor panel (face view) with monitoring sensors 

6.3 Method A – Panel construction 

Each two-sensor panel and monitoring sensor holder shall be constructed from non-
conductive, heat-resistant material (for example, Marinite A, asbestos-free “Transite” Board, 
oven insulation). Each two-sensor panel shall be 200 mm by a minimum of 550 mm as shown 
in Figure 2. Each two-sensor panel and the monitoring sensors shall be adjustable from 
200 mm to 600 mm from the centre line of the arc electrodes as shown in Figures 1 and 3. 
Two sensors shall be mounted in the panel as shown in Figure 2. Each sensor shall be 
mounted flush with the surface of the panel. 

IEC   802/09 
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Dimensions in millimetres 

 
 

Key    

1 Monitoring sensor 3 Electrode 

2 Sensor 4 Movable two-sensor panel mounted in insulating stand 

5 Slide system provided by user shall include method to maintain alignment and locking device 

Figure 3 – Method A – Sliding two-sensor panel 

6.4 Method B – Arrangement of the mannequins 

Up to three four-sensor mannequins shall be used for each test and spaced at a minimum 
of 120° as shown in Figure 4. Each mannequin shall have two monitoring sensors. 
One monitoring sensor shall be positioned on each side of the mannequin (and not fixed on 
the mannequin) as shown in Figures 4 and 5.  

NOTE The space around the arc electrodes may dictate the number of mannequins used. It has been found that 
two mannequins provide the best working space when dressing the mannequins. The minimum 120° spacing 
should be maintained. 

IEC   803/09
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Front view Top view 

Key 

1 Monitoring sensor 

2 Additional mannequin position 

Figure 4 – Supply bus and arc electrodes showing the position of 
mannequin(s) and monitoring sensors 

IEC   804/09 IEC   805/09
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Dimensions in millimetres 

 

Key 

1 Monitoring sensor 

2 Electrode 

Figure 5 – Positioning of electrodes and monitoring sensors  

6.5 Method B – Mannequin construction  

A male mannequin torso, size large, chest width (circumference: 1 067 mm ± 25 mm), made 
from non-conductive fibreglass construction with a high temperature resin or other non-
conductive, non-flammable high temperature materials shall be used. 

NOTE For clothing size measurements see also ISO 13688 [6]. 

The mannequin shall be constructed in an erect posture. The head may be removable; 
the arms shall be detachable, straight and mounted in a vertical position to allow the test 
specimen at the chest to be the closest point to the centre line of the arc. The arms may be 
shortened to 100 mm to permit ease of specimen mounting. The mannequin shall use the 
sensors described in Figures 7a and 7b and mounted as shown in Figure 6. 

IEC   806/09
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Dimensions in millimetres 

 

 

 

Figure 6 – Four-sensor mannequin, front view 

6.6 Sensor response 

Sensor response shall be compared with the Stoll curve. Monitoring sensor response is 
converted to incident energy in units of kW·s/m2 by multiplying the temperature increase (ΔT) 
by a factor based on the copper sensor mass, exposed sensor surface area, and temperature 
corrected heat capacity of copper as described in 12.1.2.2 to 12.1.2.5. 

6.7 Calorimeter construction 

The calorimeter shall be constructed from electrical grade copper with one thermocouple wire 
installed in the arrangement as shown in Figure 7a. The thermocouple wire shall be installed 
in the calorimeter as shown in Figure 7b. Figure 8 gives a typical installation of the copper 
sensor mounted in the panel and the calorimeter mounted in the monitoring sensor. For test 
exposures above 2 512 kW·s/m2 only, alternate calorimeters for the monitoring sensors may 
be used, provided they are calibrated and have an appropriate response.  

The exposed surface of the copper calorimeters shall be painted with a thin coating of a flat 
black high temperature spray paint with an emissivity of >0,9. The painted sensor shall be 
dried before use and present a uniformly applied coating (no visual thick spots or surface 
irregularities).  

NOTE An external heat source, for example an external heat lamp, may be required to completely drive off any 
remaining organic carriers in a freshly painted surface. 

For all parameters not defined in this standard, refer to ISO 9151 for a description of 
calorimeter construction. 
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Key  

1 Sensor of electrical grade copper, of 40 mm diameter 

2 Thermocouple location  
The central hole shall have a diameter of 1,2 mm and a depth of 1,3 mm. 

Figure 7a – Installation of the thermocouple in the calorimeter 

 
 
 

Key  

1 Separate thermocouple wires 

2 Position a thermocouple with total outer diameter of 0,254 mm. The plug shall be pressed into the hole 
such as to fill it up completely. The separation point of the thermocouple wires shall be at the surface of 
the copper disk, as shown in the drawing. 

Figure 7b – Thermocouple wire installation – Hole detail and method of securing thermocouple 

Figure 7 – Calorimeter and thermocouple details  

IEC   808/09

IEC   809/09 
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Key 

1 Electrical grade copper disk of 18 g , ∅ 40 mm, 1,6 mm 
thick, (pinned in place) 

4 Hole of 3,2 mm diameter 

2 Insulation board, minimum thickness ~1,3 cm 5 Ledge, 1,6 mm  × 1,6 mm 

3 Type K (NiCr - NiAl) or  
Type J (Fe - CuNi) thermocouple 

6 Signal to data acquisition 

Figure 8 – Typical installation of the copper sensor mounted in the panel and the 
calorimeter mounted in the monitoring sensor 

6.8 Supply bus and electrodes 

6.8.1 General 

The arrangement of the supply bus and arc electrodes is shown in Figure 9. This figure gives 
an example of a structural arrangement of aluminium bus which is designed to reduce the 
electromagnetic forces on the arc and thus centres the rotation of the arc along the centre line 
between the electrodes. The arc shall be in a vertical position as shown. 

IEC   810/09 
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Key 

1 Coaxial bus supply 5 Panel 

2 Bus 6 Insulating stand 

3 Electrode  7 Insulator 

4 Sensor   

Figure 9 – Example of supply bus and arc electrodes for panels 

6.8.2 Electrodes 

The electrodes are made from a stainless steel rod (alloy type UNS-S30300 or type UNS-
S30400) of a suitable diameter and length which are practical for the test energies being 
utilized. 

IEC   811/09 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Full document details: IEC 61482-1-1 2009

http://avadocuments2026.com/doc/iec-61482-1-1-2009
http://avadocuments2026.com/doc/iec-61482-1-1-2009


 – 22 – 61482-1-1 © IEC:2009 

6.8.3 Fuse wire 

A fuse wire, connecting the ends of opposing electrodes tips, is used to initiate the arc. This 
wire is consumed during the test; therefore, its mass shall be very small to reduce the chance 
of molten metal burns. The fuse wire shall be a copper wire with a nominal diameter of 
0,5 mm. 

6.9 Electric supply 

The electric supply shall be sufficient to allow for the discharge of an electric arc initiated with 
a fuse wire, across a gap of up to 305 mm, with alternating arc current of 8 kA ±1 kA and with 
arc duration from 0,05 s up to 1,5 s from a power-frequency supply, and a voltage sufficient to 
maintain the arc for the whole duration of  the test. Voltage of 2 000 V has proven to be 
sufficient. The source impedance shall be much higher than the arc impedance so that the 
r.m.s. current does not vary during the test. The X/R ratio of the test circuit shall be such that 
the test current contains a d.c. component resulting in the first peak of the test current having 
a magnitude of 2,3 times the symmetrical r.m.s. value. 

6.10 Test-circuit control 

Repeated exposures of the arc currents shall not deviate more than 2 % per test from the 
selected test level. The make switch shall be capable of point on wave closing within 
0,2 cycles from test to test such that the closing angle will produce maximum asymmetrical 
current with an X/R ratio of the test circuit as stated in 6.9. The arc current, duration, and 
voltage shall be measured. The arc current, duration, voltage and energy shall be displayed in 
graph form and stored in digital format. 

6.11 Data acquisition system 

The system shall be capable of recording voltage, current and sufficient calorimeter outputs 
as required by the test. The temperature data (copper calorimeter outputs) shall be acquired 
at a minimum sampling rate of 20 samples per second per calorimeter. The acquisition system 
shall be able to record temperatures to 400 °C. The temperature acquisition system shall 
have at least a resolution of 0,1 °C and an accuracy of ±0,75 °C. It shall be capable of making 
cold junction corrections and converting the millivolt signals from either the type J or K 
thermocouple to temperature (complies with IEC 60584). The system current and voltage data 
shall be acquired at a minimum rate of 2 000 samples per second. The current and voltage 
acquisition system shall have at least a resolution of 1 % of the applied voltage and current. 
Use isolating devices on the calorimeter outputs to protect the acquisition system. 

7 Precautions 

The test apparatus discharges large amounts of energy. In addition, the electric arc produces 
very intense light. Care shall be taken to protect personnel working in the area.  

Workers shall be behind protective barriers or at a safe distance to prevent electrocution and 
contact with molten metal. Workers wishing to view the test shall use very heavy tinted 
glasses.  

If the test is conducted indoors, there shall be a method to ventilate the area in order to carry 
away combustion products, smoke and fumes. This ventilation shall not be turned on before 
the test is completed. Air currents can disturb the arc, reducing the heat flux at the surface of 
the sensor boards.  

The test apparatus shall be shielded by non-combustible materials suitable for the test area. 
The test apparatus shall be insulated from ground for the appropriate test voltage. 

If outdoor tests are conducted, appropriate means shall be used to prevent the effect of 
weather conditions (for example, wind, rain, etc.). 
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The electrodes and calorimeter assembly become hot during testing. Use protective gloves 
when handling these hot objects. 

Use care when the specimen ignites or releases combustible gases. A fire extinguisher shall 
be readily available. Ensure that the materials are fully extinguished. 

Immediately after each test, the electric supply shall be shut off from the test apparatus and 
all other laboratory equipment used to generate the arc, and the apparatus and other 
laboratory equipment shall be isolated and grounded. After data acquisition has been 
completed, appropriate methods shall be used to ventilate the test area before it is entered by 
personnel. No one should enter the test area prior to exhausting all smoke and fumes. 

8 Specimen preparation 

8.1 Test specimens  

8.1.1 Test specimens for method A: two-sensor panel test 

From the material to be tested, the size of the post-laundered specimen shall be at least 
600 mm ± 10 mm long and at least 300 mm ± 5 mm wide. Refer to 11.2 to determine the 
number of specimens. 

The specimen shall be cut in the warp or weft direction of the material. 

8.1.2 Test specimens for method B: four-sensor mannequin  

Garments may be evaluated with findings, pockets and closures positioned as manufactured 
but no arc rating can be reported due to the impact of garment design such as pocketing and 
multilayer closures on the heat transfer to the sensors. 

8.2 Laundry conditioning of test specimens 

The required amount of material for the test specimens shall be laundered. Before testing, the 
test materials or clothing shall be washed five times in accordance with ISO 6330, method 2A, 
and drying by procedure E (tumble drying) unless otherwise specified in the care labelling. 
Materials or clothing which are labelled as dry cleanable only shall be dry cleaned five times 
in accordance with ISO 3175-2. Specimens may be restored to a flat condition by pressing. 

If washing is permitted as well as dry cleaning, then the test material or clothing shall only be 
washed. 

For those materials that require special cleaning other than the above, the manufacturer’s 
recommended practice shall be followed and the procedure used shall be noted in the test 
reports. 

9 Calibration 

9.1 Data acquisition system precalibration 

The complete data acquisition system shall be calibrated. Its temperature system shall be 
calibrated by using a thermocouple calibrator/simulator. This will allow calibrations to be 
made at multiple points and at levels above 100 °C. Due to the nature of the tests, frequent 
calibration checks are recommended. 

9.2 Calorimeter calibration check 

Calorimeters shall be checked to verify their operation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Full document details: IEC 61482-1-1 2009

http://avadocuments2026.com/doc/iec-61482-1-1-2009
http://avadocuments2026.com/doc/iec-61482-1-1-2009


 – 24 – 61482-1-1 © IEC:2009 

After final placing within the test cell of all test panels/mannequins and monitoring sensors, 
expose each calorimeter to a fixed radiant energy source for 30 s. Place a calibrated 500 W 
spotlight 267 mm ± 5 mm from the calorimeter. The spot shall be centred on, and 
perpendicular to, the calorimeter. Measure and graph the temperature rise of each calorimeter 
and system response. At 30 s, no one calorimeter response shall vary by more than 4 °C from 
the average of all 12 calorimeters. Any calorimeter not meeting this requirement shall be 
replaced or repaired. 

9.3 Arc exposure and apparatus calibration for the two-sensor panels and the 
monitoring sensors 

9.3.1 Test apparatus 

Prior to each calibration, position the electrodes of the test apparatus to produce a 
300 mm ± 5 mm gap. The face of the monitoring sensors shall be parallel and normal to the 
centre line of the electrodes. The mid-point of the electrode gap shall be at the same 
elevation as the centre point of the monitoring sensors (see Figure 3). Connect the fuse wire 
to the end of one electrode by making several wraps and twists and then to the end of the 
other electrode by the same method. The fuse wire shall be pulled tight and the excess 
trimmed. The test apparatus shall be adjusted to produce the desired arc current and 
duration. 

9.3.2 Positioning of the two-sensor panels, mannequins and monitoring sensors 

Each two-sensor panel or mannequin shall be positioned so that the surface of each is 
300 mm ± 5 mm from parallel and normal to the centre line of the electrodes. 

9.3.3 Apparatus calibration for the two-sensor panels and monitoring sensors 

Calibration parameters shall consist of an arc current of 8 kA ± 1 kA, a 300 mm ± 5 mm 
electrode gap, stainless steel electrodes, a 300 mm ± 5 mm distance between the arc centre 
line and the test specimen surface and an arc duration of 167 ms ± 2 ms.  

Discharge the arc, determine the maximum temperature rise for each of the sensors, and 
multiply by the sensor factor (see 12.1.2.4 to obtain the incident energy (total heat) in 
kW·s/m2 measured by each sensor).  

Compare the highest sensor reading and the average value obtained for all sensors; for 
example, with the measured result of 423 kW·s/m2 for the calibration exposure given above. 
Compare the total heat value determined by the sensors to the value shown. The average 
total heat calculated for the sensors shall be at least 60 % of the value determined by 
calculation or that shown. The highest measured total heat of any one sensor shall be within 
10 % of the calculated value. If these values are not obtained, inspect the test set-up and 
correct the problems. An arc exposure calibration test should be conducted at the desired test 
level after each adjustment, and prior to the start and end of each day's testing and after any 
equipment adjustment or failure. 

Because the arc does not follow a path that is equidistant from each sensor, the results vary. 
At 8 kA, the highest total heat measured with any sensor shall be between 377 kW·s/m2 and 
461 kW·s/m2 and the average total heat for all sensors shall be at least 251 kW·s/m2. If these 
values are not achieved, check the calibration of the sensor system, electrical conditions, and 
the physical set-up of the apparatus and repeat the calibration exposure until the required 
results are obtained. 

9.4 Confirmation of test apparatus setting 

Confirm the test apparatus setting for each test. Values reported shall be peak arc current, 
r.m.s. arc current, arc duration, arc energy, and arc voltage. A graph of the arc current shall 
be plotted to ensure proper waveform. In addition, the ambient temperature and relative 
humidity shall be recorded.  
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10 Test apparatus care and maintenance 

10.1 Surface reconditioning 

Wipe each sensor face immediately after each test, while hot, to remove any decomposition 
products which condense and could be a source of future error. If a deposit collects and 
appears to be thicker than a thin layer of paint, or is irregular, the sensor surface requires 
reconditioning. Carefully clean the cooled sensor with acetone or petroleum solvent, making 
certain to follow safe handling practices. Repaint the surface with a thin layer of the same 
paint as in 6.7. Use the same paint on all sensors and ensure that the paint is dry before 
running the next test. After each reconditioning of the sensors, calibration shall be done. 

10.2 Care of sensor panels and mannequins 

Sensor panels and mannequins shall be kept dry. For outdoor tests, sensor boards, 
mannequins and monitoring sensors shall be covered during long periods between tests to 
prevent excess temperature rise resulting from exposure to the sun. Due to the destructive 
nature of the electric arc, they shall be covered with the same paint as the sensors. They 
shall be re-coated periodically to reduce deterioration.  

10.3 Care of electrodes 

The electrode gap shall be maintained to the required distance before each arc shot. The 
electrodes shall be changed when the required distance cannot be maintained (electrodes too 
short). 

11 Test procedures 

11.1 Test parameters 

For the determination of the arc rating of a material or material system, be it its ATPV or EBT, 
the test parameters shall be an arc current of 8 kA ± 1 kA, a 300 mm ± 5 mm electrode gap, 
stainless steel electrodes and a 300 mm ± 5 mm distance between the arc centre line and the 
test specimen surface. The duration of the arc shall be varied to produce a range of incident 
energies, which shall meet the criteria of 11.2.3. 

11.2 Sequence of tests 

11.2.1 Panels 

Each test shall consist of a minimum of three specimens of the same material, one for each of 
the three two-sensor panels. To evaluate a single specimen of material, a series of the 
minimum number of tests necessary to produce 20 specimen exposures shall be run over a 
range of incident energies. 

11.2.2 Mannequins 

Each test shall consist of a minimum of one to three specimens of the same garment or 
clothing for each of the three mannequins. To evaluate a single specimen of garment or 
clothing, tests shall be run at the arc rating of the material or material system used in the 
garment or clothing. 

11.2.3 Test criteria 

The measured incident energy (average value of the two respective monitoring sensors) on at 
least 15 % of the two-sensor panels exposed shall result in values that always exceed the 
Stoll curve predicted second-degree burn injury criteria (as determined by 12.1.3). In other 
words, values in this energy range always exceed the Stoll criteria. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Full document details: IEC 61482-1-1 2009

http://avadocuments2026.com/doc/iec-61482-1-1-2009
http://avadocuments2026.com/doc/iec-61482-1-1-2009

