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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ENCLOSED LOW-VOLTAGE SWITCHGEAR  

AND CONTROLGEAR ASSEMBLIES – 
 

GUIDE FOR TESTING UNDER CONDITIONS  
OF ARCING DUE TO INTERNAL FAULT 

 
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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

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. 

The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected 
data of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

IEC/TR 61641, which is a technical report, has been prepared by subcommittee SC 121B: 
Low-voltage switchgear and controlgear assemblies, of IEC technical committee 121: 
Switchgear and controlgear and their assemblies for low voltage. 

This third edition cancels and replaces the second edition published in 2008. It constitutes a 
technical revision. 

This third edition includes the following significant technical changes with respect to the 
previous edition:  
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– arcing classes to define the different forms of protection provided against arcing faults; (i) 
personnel protection, (ii) damage restricted to part of the ASSEMBLY, and (iii) ASSEMBLY 
suitable for limited further service.; 

– two levels of personnel protection afforded by ASSEMBLIES under arcing fault conditions; (i) 
for ASSEMBLIES installed in areas where access to the ASSEMBLY is restricted to skilled 
persons, and (ii) for ASSEMBLIES installed in areas where the area is accessible to ordinary 
persons; 

– option of individually insulating all live conductors to make the complete ASSEMBLY an arc 
ignition protected zone (referred to as an ‘arc free zone’ in previous editions of the 
Technical report);  

– arc fault protection front, back and sides of an ASSEMBLY as the normal requirement; 
– minimum performance requirements for arc ignition protected zone. 

The text of this technical report is based on the following documents: 

Enquiry draft Report on voting 

121B/4/DTR 121B/14/RVC 

 
Full information on the voting for the approval of this technical report 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. 

The reader’s attention is drawn to the fact that Annex B lists all of the “in-some-country” 
clauses on differing practices of a less permanent nature relating to the subject of this 
Technical Report. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability 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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INTRODUCTION 

The IEC 61439 series of standards gives rules and requirements for interface characteristics, 
service conditions, construction, performance and verification of low-voltage switchgear and 
controlgear assemblies, hereafter called ASSEMBLIES. 

The main objective of these standards is to achieve the safe operation of low-voltage 
switchgear and controlgear assemblies under normal operating conditions as well as under 
abnormal operating conditions, e.g. occurrence of overvoltages, overload or short-circuit 
currents. Therefore no characteristics, design and verification requirements are given dealing 
with the case of an arc fault inside the ASSEMBLY. 

Nevertheless the occurrence of an internal arc cannot completely be excluded. On the rare 
occasions that they do occur, typically internal arc faults result from: 

– conducting materials inadvertently left in ASSEMBLIES during manufacture, installation or 
maintenance; 

– faults in materials or workmanship; 
– entry of small animals such as mice, snakes, etc.; 
– use of an incorrect ASSEMBLY for the application resulting in overheating and subsequently 

an internal arcing fault; 
– inappropriate operating conditions; 
– incorrect operation; or, 
– lack of maintenance. 

The occurrence of arcs inside enclosed ASSEMBLIES is coupled with various physical 
phenomena. For example, the arc energy resulting from an arc developed in air at 
atmospheric pressure within the enclosure will cause an internal overpressure and local 
overheating which will result in mechanical and thermal stressing of the ASSEMBLY. Moreover, 
the materials involved may produce hot decomposition products, either gases or vapours, 
which may be discharged to the outside of the enclosure. 

Due to the risk of personal injury, damage and loss of energy supply as consequences of arc 
faults there is a demand for arc fault tested ASSEMBLIES, even though an arc fault in an 
ASSEMBLY is considered as an unlikely event. The purpose of this technical report is to give 
guidance on the method of testing of ASSEMBLIES under conditions of arcing in air due to an 
internal failure. 

The ability of an ASSEMBLY to pass tests according to this technical report is only one aspect 
when assessing the potential risk due to an arc fault within an ASSEMBLY. The skill of 
personnel having access to the ASSEMBLY, the personal protective equipment (PPE) used, the 
working procedures applied and the conditions in the location where the ASSEMBLY is installed, 
are other aspects that need to be taken into account. 

The possibility of an arc fault within an ASSEMBLY can be reduced by the addition of suitable 
solid insulation of all conductors. Such ASSEMBLIES are categorised as arcing class I. This 
technical report does not provide any indication of performance in the unlikely event of an 
arcing fault within an arcing class I ASSEMBLY (see 4.1).  

General information about arc fault behaviour and possible protective measures from the 
perspective of the user of an ASSEMBLY is given in IEC/TR 61439-0:2013, C.3 and Annex A of 
this technical report. 
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ENCLOSED LOW-VOLTAGE SWITCHGEAR  
AND CONTROLGEAR ASSEMBLIES – 

 
GUIDE FOR TESTING UNDER CONDITIONS  

OF ARCING DUE TO INTERNAL FAULT 
 
 
 

1 Scope 

This technical report gives guidance on the method of testing of ASSEMBLIES under conditions 
of arcing in air due to an internal fault.  

The purpose of this test is to assess the ability of the ASSEMBLY to limit the risk of personal 
injury, damage of ASSEMBLIES and its suitability for further service as a result of an internal 
arcing fault.  

The test procedure given in this technical report applies only: 

– to enclosed, floor-standing or wall-mounted low-voltage switchgear and controlgear 
assemblies according to IEC 61439-2 (power switchgear and controlgear assemblies – 
PSC ASSEMBLIES); 

NOTE This technical report can be used as a reference for arc fault tests of other products, but adaptations of the 
test procedures and acceptance criteria can apply taking into account the specifics of such other ASSEMBLIES or 
products. 

– to situations when doors and covers of the ASSEMBLY are closed and correctly secured.  

When tests under different or more severe conditions are agreed between the user and the 
manufacturer, this technical report can be used as a guide. 

The test procedure given in this technical report takes into consideration: 

– the effects of the internal overpressure acting on covers, doors, etc.; 
– the thermal effects of the arc or its roots on the enclosures and of ejected hot gases and 

glowing particles. 

The test procedure given in this technical report does not cover: 

– other effects which can constitute a risk, such as toxic gases and loud noises; 
– conditions during maintenance work, open doors or similar;  
– access to the top and bottom of the ASSEMBLY. 

This is a voluntary test made at the discretion of the manufacturer.  

2 Normative references 

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

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code) 
IEC 60529:1989/AMD 1:1999   
IEC 60529:1989/AMD 2:2013 
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IEC 61439-1:2011, Low-voltage switchgear and controlgear assemblies – Part 1: General 
rules 

IEC 61439-2:2011, Low-voltage switchgear and controlgear assemblies – Part 2: Power 
switchgear and controlgear assemblies 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 61439-2, as well as 
the following, apply. 

3.1  
permissible short-circuit current under self-extinguishing arcing conditions  
Ips arc 
r.m.s. value of the maximum permissible prospective short circuit current at the incoming 
terminals of the ASSEMBLY, as declared by the manufacturer, for a given rated operational 
voltage Ue, for which the ASSEMBLY is able to satisfy the requirements of this technical report 
by means of a self-extinguishing arc and without the operation of any protection devices 

3.2  
permissible short-circuit current under arcing conditions  
Ip arc 
r.m.s. value of the maximum permissible prospective short circuit current at the incoming 
terminals of the ASSEMBLY, as declared by the manufacturer for a given rated operational 
voltage Ue, and arc duration (see 3.3) for which the ASSEMBLY is able to satisfy the 
requirements of this technical report 

3.3  
permissible arc duration  
tarc 
value of the maximum arc duration which is not self-extinguishing and which is not limited by 
any current-limiting device, as declared by the manufacturer, for a given prospective short 
circuit current and rated operational voltage Ue at the incoming terminals of the ASSEMBLY and 
for which the requirements of this technical report are satisfied 

Note 1 to entry: The value can be different for different parts of the ASSEMBLY. 

3.4  
permissible conditional short-circuit current under arcing conditions  
Ipc arc 
r.m.s value of maximum permissible prospective short circuit current at the incoming terminals 
of the ASSEMBLY, as declared by the manufacturer, for a given rated operational voltage Ue, 
for a circuit of an ASSEMBLY which satisfies the requirements of this technical report when the 
circuit is protected by a current-limiting device or by an arcing fault mitigation device with arc 
current-limiting function  

3.5  
arc 
free burning short-circuit through air arising from a fault between live parts of different 
potential and/or between live parts and other conductive parts within an ASSEMBLY 

3.6  
personnel protection under arcing conditions 
ability of an ASSEMBLY to limit the risk of personnel injury caused by the mechanical and 
thermal effects of an internal arcing fault 
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3.7  
ASSEMBLY protection under arcing conditions 
ability of an ASSEMBLY to limit the effects of an internal arcing fault inside the ASSEMBLY to an 
area as defined by the manufacturer 

3.8  
ASSEMBLY protection under arcing conditions with limited operation 
ability of an ASSEMBLY to limit the effects of an internal arcing fault inside the ASSEMBLY to an 
area as defined by the manufacturer and to allow limited continued operation after such a 
fault 

3.9  
arc ignition protected zone 
part of a circuit within an ASSEMBLY where specific measures are provided to ensure the 
initiation of an arcing fault is a remote possibility 

Note 1 to entry: Arc ignition protected zones were previously referred to as “arc free zones”. 

Note 2 to entry: The concept of an arc ignition protected zone takes into account that insulation is an important 
means to reduce the probability of an arc ignition and the possibility of an arc propagating within the ASSEMBLY. 
When adopting the concept of arc ignition protected zones it should be recognized that also within an arc ignition 
protected zone there is a residual risk of an arc ignition, either due to damage of the insulation itself or due to 
failure of the insulated conductor or its connections. The quality and reliability of the conductor, its connections and 
its insulation within an arc ignition protected zone is crucial for the additional arc fault protection offered by the so 
called arc ignition protected zone. 

Note 3 to entry: See 6.1 for constructional requirements of an arc ignition protected zone. 

3.10  
arc tested zone 
part of a circuit or compartment where the ignition of an arc is made and all selected criteria 
for the assessment of the test(s) are fulfilled 

3.11  
current-limiting device 
device that, within a specified range of current, prevents the let-through current reaching the 
prospective peak value and which limits the let-through energy (I2t) 

3.12  
arcing fault mitigation device 
device that operates only in case of an arc fault to reduce the duration of burning  

Note 1 to entry: Arc mitigation devices use effects of an arc, e.g. light, gas pressure, harmonics in the current or 
voltage etc, and possibly the magnitude of the current to detect an arc inside the ASSEMBLY. They can comprise 
special components for reduction, fast interruption or transfer of the fault current to a bolted short circuit link, 
and/or they can instantaneously trip an upstream circuit breaker irrespective of its settings. 

3.13  
arcing fault mitigation device with arc current-limiting function  
arcing fault mitigation device with an operation time short enough to prevent the arc current 
reaching its otherwise attainable peak value 

Note 1 to entry: The arc current can be limited by fast interruption of the fault current or by transfer of the fault 
current to another current path. In the first case the arc current-limiting arc mitigation device acts as a current-
limiting device, whereas in the latter case the fault current continues to flow, can increase if the impedance of the 
new current path is lower (e.g. in the case of a bolted short circuit link) and needs to be interrupted by another 
protection device. 

3.14  
access (to an ASSEMBLY) 
ability of a person to be in close proximity to an ASSEMBLY with all its doors and covers closed 
and secured as in normal service and to operate devices such as switches and circuit 
breakers that have external operating handles, buttons etc. 
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3.15  
restricted access 
access to the location of the ASSEMBLY limited to authorized personnel only 

Note 1 to entry: Technical measures to restrict access are, for example, placing the ASSEMBLY in dedicated 
switch rooms, behind walls, fences or obstacles. Organizational measures are for example; safety instructions or 
marking of walkways at the appropriate distance. 

3.16  
unrestricted access 
access to the location of the ASSEMBLY by any person, including ordinary persons, allowed 

3.17  
duration of test  
td 
time the power supply is applied to the ASSEMBLY under arc fault test conditions 

3.18  
solid insulation 
suitable non-liquid, non-gaseous, non-conducting material used to insulate conductive parts of 
the main circuits of an ASSEMBLY that can only be removed by the use of a tool or destruction 

3.19  
duration of burning  
tb 
total burning time of the arc during a single test (comprising in the case of arcs that extinguish 
and re-strike, the sum of the individual burning durations) 

4 Classification of low-voltage switchgear and controlgear assemblies 

4.1 Classification with regard to the protection characteristic 

According to their characteristics under arcing conditions ASSEMBLIES can be classified by the 
manufacturer into: 

Arcing class A – ASSEMBLY providing personnel protection under arcing condition by arc 
tested zones conforming to arcing conditions in 8.7, criteria 1 to 5, and by 
arc ignition protected zones, if any; 

Arcing class B – ASSEMBLY providing personnel and ASSEMBLY protection under arcing 
conditions by arc tested zones conforming to arcing conditions to 8.7, 
criteria 1 to 6, and by arc ignition protected zones, if any; 

Arcing class C – ASSEMBLY providing personnel and ASSEMBLY protection under arcing 
conditions by arc tested zones conforming to arcing conditions with limited 
operation in 8.7, criteria 1 to 7, and by arc ignition protected zones, if any; 

Arcing class I – ASSEMBLY providing a reduced risk of arcing faults solely by means of arc 
ignition protected zones. 

4.2 Classification with regard to persons who have access 

Additionally the ASSEMBLY is classified according to the kind of persons who have access to 
area where the ASSEMBLY is installed, as follows: 

– restricted access (default arrangement); 
– unrestricted access (special arrangement). 

When considering arc fault protection in respect of ASSEMBLIES the first protective measure 
should be, whenever practical, to locate the ASSEMBLY in an area where access is restricted to 
authorised personnel only. Unless specifically agreed between the user and the manufacturer, 
restricted access is applicable. 
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NOTE 1 Operation of ASSEMBLIES according to IEC 61439-2 by ordinary persons is not intended. Nevertheless 
they can be accessible to ordinary persons, e.g. when they are placed in a general work floor without any 
complementary safety measures and/or rules. 

NOTE 2 Additionally local safety regulations have to be taken into account and can impose additional and/or more 
stringent requirements with regard to access, personal protective equipment (PPE) to be used and working 
procedures to be applied. 

5 ASSEMBLY characteristics 

For ASSEMBLIES with only arc ignition protected zones: 

– Classification of the ASSEMBLY – Arcing class I. 

The following characteristics should be declared by the manufacturer as appropriate, if the 
ASSEMBLY was arc fault tested according to this technical report: 

– Rated operational voltage (Ue); 

– Classification of the ASSEMBLY (arcing class A, arcing class B or arcing class C); 
– For arcing class B and arcing class C ASSEMBLIES the defined areas (e.g. section, sub-

section) to which the effects of an internal arcing fault are limited. 
a) If the arc duration is limited by a non current-limiting device (inside or upstream of the 

ASSEMBLY) and/or an arc mitigation device which does not limit the arc current, the 
following additional characteristics should be stated:  
– permissible short circuit current under arcing conditions (Ip arc); 
– permissible arcing duration (tarc); 

NOTE 1 The permissible current under arcing conditions can be lower than the rated short time withstand 
current (Icw). 

or 
b) If the arc duration and the arc current are limited by a current-limiting protection device 

(inside or upstream of the ASSEMBLY) and/or an arc current-limiting arc mitigation 
device: 
– permissible conditional short-circuit current under arcing conditions (Ip arc). 

The characteristics and settings of the current-limiting devices (e.g. current rating, 
breaking capacity, cut-off current, I2t of current-limiting circuit breakers or fuses), or 
of the arc current-limiting arc mitigation device, necessary for the protection of the 
circuit should be stated in the test report. 

NOTE 2 The permissible conditional short circuit current under arcing conditions can be lower than the 
rated conditional short circuit current (Icc). 

or 
c) If the arc duration is limited because the design of the ASSEMBLY is such that the arc is 

self-extinguishing without operation of any protection device (see 8.6.3): 
– permissible short-circuit current under self-extinguishing arcing conditions (Ips arc). 

NOTE 3 Different sets of characteristics a), b) or c) can be stated for different parts of the ASSEMBLY. 

6 Requirements and tests for an arc ignition protected zone 

6.1 Constructional requirements of an arc ignition protected zone 

A part of a circuit within an arc ignition protected zone is considered such a zone if the 
following conditions are fulfilled: 

– all live parts of each main circuit are separately protected by solid insulation or insulating 
barriers;  
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– the insulation complies with the electrical, thermal and mechanical requirements as 
defined in IEC 61439-2; 

– the insulating materials and constructional means of the insulation protected zone meet 
the dielectric test requirements of 6.2; 

– the solid insulation provides ingress protection such that foreign bodies cannot make 
contact with the live conductors in accordance with IP4X of IEC 60529; 

– insulating barriers provide protection against contact with live conductors in accordance 
with IP3XD of IEC 60529. 

6.2 Dielectric test of arc ignition protected zones 

Representative samples of arc ignition protected zones should be power frequency dielectric 
tested by the manufacturer by applying a metal foil laid on the outer surface of insulation 
covering live conductors and over any joints and openings in the insulation. 

For this test the test voltage should be equal to 1,5 times the values given in IEC 61439-
1:2011, Table 8. The test voltage should be in accordance with IEC 61439-1:2011, 10.9.2.2. 
The power frequency voltage at the moment of application should not exceed 50 % of the full 
test value. It should then be progressively increased to the full value for 2

05 +  s. Acceptance 
criteria are in accordance with IEC 61439-1:2011, 10.9.2.4. 

6.3 IP test of arc ignition protected zones 

IP4X for solid insulation and IP3XD for insulating barriers should to be tested according to 
IEC 60529. 

7 Selection of test specimen and validity of tests for similar designs 
(possibilities for derivation) 

The arc tests should be made on representative ASSEMBLIES. Due to the variety of types, 
ratings and possible combinations of functional units and components, it is not practicable to 
make arc tests on all the arrangements. The performance of any particular arrangement can 
be substantiated by test results of a comparable design. The test should be performed on 
every representative functional unit in the position deemed most onerous in the ASSEMBLY.  

ASSEMBLIES or functional units which are protected by current-limiting devices should be 
tested with the device having the highest values of the limitation characteristics (I2t, Ipk) at 
the intended prospective short circuit current and operational voltage. 

The validity of the results of a test carried out in a functional unit of a particular design of an 
ASSEMBLY can be extended to a similar design provided that the original test was equal to or 
more stressing and this other functional unit can be considered as equal to the tested one in 
the following aspects: 

– dimensions; 
– structure and strength of the enclosure; 
– architecture of the partitioning; 
– performance of the pressure relief device, if any; 
– insulation system; 
– surface treatment of the inside of the enclosure and internal partitions, e.g. non 

conducting surface treatment or bare metal. 

A test carried out at a particular short circuit current, rated operation voltage and duration 
covers: 

– the same or lower short circuit currents;  
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– same or lower rated operational voltage, and; 
– the same or lower duration. 

An ASSEMBLY intended to be used with d.c. should to be tested with d.c.. A substitution with an 
a.c. test is not recommended because the behaviour of the arc and any associated protective 
devices differs considerably. 

8 Testing – Arc fault tests 

8.1 General 

The test is carried out on representative samples. 

When conducting arcing fault tests: 

a) the test should be carried out on a test specimen not previously subjected to an arcing 
test or on a refurbished test specimen as appropriate. The specimen and the equipment in 
it can be repaired or replaced before each test;  

NOTE Degradation of insulation due to carbonization or moderate erosion of metal parts is not necessarily 
considered to render a unit unsuitable for a further test. 

b) the mounting conditions should be as close as possible to those of normal service. A 
mock-up of any room in which the ASSEMBLY could be installed is in general not necessary; 

c) the doors and covers are closed and correctly secured as prescribed by the manufacturer; 
d) the test specimen should be fully equipped and complete with arc ignition protected 

zones, if any. Mock-ups of internal components (excluding arc ignition protected zones) 
are permitted provided that: 
1) they have the same volume and shape, and a similar external material as the original 

items; 
2) any metallic external material is earthed in a similar manner to normal service; 
3) the main circuit of that functional unit should be replicated by representative 

conductors which are energized; 
e) any outgoing cables normally associated with the functional unit under test should be 

installed as in service with any cable glands or similar equipment. In addition any cables 
on adjacent functional units that could influence the results of the tests should be 
installed;  

f) all switching devices are switched on and removable and withdrawable parts are 
connected to the supply circuit. All other equipment which can be mounted on the 
enclosure, for example, switching control devices, measuring instruments, and monitoring 
devices should be installed as in normal service; 

g) if the ASSEMBLY contains an arc mitigation device, then this device is allowed to operate, 
as specified by the manufacturer; 

h) the assigned measures for protection against electric shock should be effective (see 
IEC 61439-2:2011, 8.4); 

i) the arcing test is carried out as a single-phase or three-phase test according to the 
service conditions. 

Where tests on an ASSEMBLY have been conducted in accordance with a previous edition of 
IEC/TR 61641, and the test results fulfil the requirements of this technical report, the tests do 
not need to be repeated. By agreement between user and manufacturer tests to earlier 
editions of this Technical Report remain valid. 

8.2 Voltage 

The applied voltage to the test circuit is (105 ± 5) % of the rated operational voltage Ue of the 
ASSEMBLY. 
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8.3 Current 

For the tests, the value of the prospective short-circuit current at a test voltage equal to 1,05 
times the rated operational voltage should be determined from a calibration oscillogram which 
is taken with the supply conductors to the ASSEMBLY short-circuited by a connection of 
negligible impedance placed as near as possible to the input supply of the ASSEMBLY. The 
oscillogram should show that there is a constant flow of current such that it is measurable for 
the specified test duration. The value of current during the calibration is the average of the 
r.m.s. values of the a.c. component in all phases. The calibration current in each phase 
should be equal to the permissible short-circuit current within a tolerance of 5

0
+  % and the 

power factor should be within a tolerance of 00,0
05,0

+
− . 

For the relationship between peak value and r.m.s. value of short-circuit currents, see 
IEC 61439-1:2011, Table 7. 

The impedance used to adjust the test supply is the same used during the test. 

8.4 Frequency 

All tests with a.c. current should be made at the rated frequency of the ASSEMBLY with a 
tolerance of ±25 %. 

NOTE Tests executed on 50 Hz are deemed to cover applications for 60 Hz and vice versa. 

8.5 Duration of the test 

The power supply should be applied to the ASSEMBLY under test for a duration as given by the 
manufacturer and should be applied for at least 0,1 s. Normally the duration of test will be 
between 0,1 s and 0,5 s and is chosen according to the time response of the electrical 
protection devices.  

NOTE When high voltage protection equipment is relied upon to isolate a fault the permissible arc duration of the 
incoming switching device in general will be 0,3 s to allow for the operation of the equipment. 

In the case of a circuit protected by a non current-limiting device the voltage should be 
applied for the specified duration of the test. Where the circuit is protected by a current-
limiting device the voltage should be applied for at least 0,2 s.  

8.6 Test procedure 

8.6.1 Supply circuit 

The test sample is connected and supplied corresponding to the normal service arrangement. 
This includes the connection of PE, N and PEN conductors, which are connected directly to 
the neutral point of the test current source. If the supply can be fed from more than one 
direction, the direction of feed to be chosen is that one likely to result in the highest 
stress(es). 

8.6.2 Arc initiation 

The point of initiation should be chosen so that the effects of the resultant arc produce the 
highest stresses in the ASSEMBLY. 

When determining the position of arc ignition the following points along the main circuit should 
be considered, as applicable: 

a) load side of the outgoing functional unit, 
b) supply side of the outgoing functional unit and any associated arc ignition protected zone, 
c) along the distribution busbar, 
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d) along the main busbar, 
e) load side of the incoming functional unit, 
f) supply side of the incoming functional unit.  

The arc should not be initiated at an arc ignition protected zone. The arc is initiated by 
connecting a bare or plated copper wire between all phases, or phase and neutral in the case 
of a single phase circuit. A connection to earth is not required. The ignition wire should be as 
short as practical.  

The ignition wire should be connected to accessible bare live parts of conductors or terminals. 
Solid insulating material on conductors should not to be destroyed, removed or punctured 
when the ignition wire is connected.  

NOTE When the IP4X probe is able to touch live parts the insulation in the form of removable covers or wrapped 
application can be removed from live parts for convenience to aid the fitting the ignition wire however this 
insulation is replaced in the original condition before the test is conducted. 

For applications where the prospective short circuit current is not restricted by means of 
current-limiting protection, but it may or may not be influenced by an arc mitigation device 
(including arc current-limiting arc mitigation devices) the size of the copper ignition wire used 
should be as given in Table 1. 

Table 1 – Sizes of the copper ignition wire 
without current-limiting protection device 

Prospective test current I 
(rms value) Wire size 

kA mm2 

I ≤ 25 0,75 

25 < I ≤ 40 1,0 

I > 40 1,5 

 

If the arc current is influenced by a current-limiting protection device, then, in order that 
melting of the wire can be expected before the current-limiting device operates, the size of the 
ignition wire used should initially be as given in Table 2. 

Table 2 – Sizes of the copper ignition wire 
with current-limiting protection device 

Let-through current I Wire size 

kA mm2 

I ≤10 0,2 

10 < I ≤30 0,5 

30 < I ≤50 0,8 

50 < I ≤70 0,9 

70 < I ≤90 1,1 

 

If the ignition wire is selected according to Table 2 and the arc extinguishes before the 
current-limiting device operates; the test is deemed invalid and should be repeated on the 
same or a new sample at the manufacturer’s discretion, with a next size of larger ignition wire 
as given in Table 2. Should the arc again extinguish before the current-limiting protection 
operates; the results of the second test are deemed valid. 
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Alternatively, if in the initial test the current-limiting device operates before the ignition wire 
melts, the test would also be deemed invalid and should be repeated on the same or a new 
sample at the manufacturer’s discretion, with the next size of smaller ignition wire as given in 
Table 2. In the event that the current-limiting device operates prior to the melting of the 
smaller ignition wire, the results of the second test with the smaller ignition wire are 
considered valid. 

8.6.3 Repetition of the test 

If during the test, without a current-limiting or arc mitigation device, the arc extinguishes within 
the first half of the full intended test duration without being ignited again, the test is repeated 
using the same ignition point as used in the first test. A further repetition is not required. 

8.6.4 Indicators (for observing the thermal effects of gases) 

8.6.4.1 General 

The indicators are made from 100 % black cotton fabric that has been stored in a suitably dry 
storage area. The type of cotton to be used for tests on ASSEMBLIES that are to be installed in 
the different access areas should be as follows: 

a) restricted access (authorized personnel): cretonne with a mass of 150 g/m2 ± 20 %; 

b) unrestricted access (ordinary persons): interlining lawn with a mass of 40 g/m2 ± 20 %. 

NOTE Black cretonne (Cotton fabric approximately 150 g/m2) is considered to represent workman’s clothes 
whereas cotton interlining lawn (approximately 40 g/m2) is considered to represent light summer wear of ordinary 
persons.  

The indicators can be used for multiple tests at the discretion of the test laboratory providing 
there is no evidence of thermal discolouration or deterioration of the indicator material.  

Care should be taken in mounting the indicators to ensure that they do not ignite each other. 
This can be achieved by fitting them, for example, in a mounting frame of steel sheets (see 
Figure 1). The indicator dimensions should be about 150 mm × 150 mm. 

8.6.4.2 Fitting of the indicators 

Unless otherwise agreed between the user and the manufacturer the indicators should be 
placed vertically in a plane parallel to each face of the ASSEMBLY, from the floor up to a height 
of 2 m ± 50 mm and at a distance (300 ± 30) mm from the face. They should be evenly 
distributed, arranged in a checkerboard pattern, covering 40 % to 50 % of the area under 
evaluation. The length of the mounting rack for the indicators should be such that indicators 
are located 300 mm further than the face of the complete ASSEMBLY in both directions. This is 
to take into account the possibility of hot gases escaping at angles of up to 45° from the 
surface under test. The indicators are to be arranged in such a manner that their cut edges do 
not point towards the test unit.  

In instances where, with certainty, there will be no arcing at a location in the ASSEMBLY, the 
indicators can be omitted from that area of the ASSEMBLY. 

In all cases the distance from the indicators fitted vertically to the ASSEMBLY is measured from 
the surface of the enclosure, disregarding protruding elements (e.g., handles or frame of 
apparatus). If the surface of the ASSEMBLY is not regular, the indicators should be placed to 
simulate as realistically as possible the position that a person usually can adopt in front of the 
equipment. 

NOTE Examples of installation positions of the indicators are shown in Figure 2. 

Video recordings can be used to determine when and how the indicator commenced burning 
as appropriate. 
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8.7 Assessment of the test 

The following criteria are used to assess the characteristics under arcing conditions as 
detailed in Clause 4. 

Personnel protection is achieved when the following criteria 1 to 5 are fulfilled: 

1) Correctly secured doors and covers do not open and remain effectively in place and 
provide a minimum level of protection in accordance with the requirements of IP1X of 
IEC 60529. Deformations are accepted. Some breakage of a limited number of fastenings 
and hinges is acceptable. The ASSEMBLY does not need to comply with its IP code after the 
test; 

NOTE 1 The objective of criterion 1 is to minimize the risk of severe injury to persons by impact from doors, 
covers etc. and ensure a minimum level of protection of persons against accidental contact with hazardous 
live parts. 

2) No parts of the ASSEMBLY are ejected which have a mass of more than 60 g except those 
which are dislodged and fall between the ASSEMBLY and the indicators; 

NOTE 2 The objective of this criterion is to minimize the risk of severe injury to persons by impact of ejected 
parts. 

3) Arcing does not cause holes to develop in the external parts of the enclosure below 2 m, 
at the sides declared to be accessible as a result of burning; 

NOTE 3 The objective of this criterion is to minimize the risk of severe injury to persons by direct burning 
from the arc. 

4) The indicators do not ignite (indicators ignited as a result of paint or stickers burning are 
excluded from this assessment); 

5) The protective circuit for accessible part of the enclosure is still effective in accordance 
with IEC 61439-2. 

Personnel and ASSEMBLY protection is achieved when criteria 1 to 6 are fulfilled: 

6) The ASSEMBLY is capable of confining the arc to the defined area where it was initiated, 
and there is no propagation of the arc to other areas within the ASSEMBLY. Effects of hot 
gases and sooting to adjacent units other than the unit under test are acceptable, as long 
as only cleaning is necessary. 

Personnel and ASSEMBLY protection with limited operation capability is achieved when criteria 
1 to 7 are fulfilled: 

7) After clearing of the fault or after isolation or disassembly of the affected functional units 
in the defined area, emergency operation of the remaining ASSEMBLY is possible. This is 
verified by a dielectric test according to IEC 61439-2:2011, 10.9.2, but with a test voltage 
of 1,5 times the rated operational voltage for 1 min. Bending or bowing of doors and 
covers of the unit under test and adjacent units is acceptable providing it can be readily 
restored to a minimum level of protection in accordance with IPXXB of IEC 60529. With 
the exception of the tested zone as declared by the manufacturer, all other units should 
remain fully operable both mechanically and electrically and are essentially in the same 
condition as before the test. 

9 Test report 

The following information is to be given in the arc fault test report. 

– All ASSEMBLY characteristics under arcing conditions as specified in Clause 5 which are 
verified by the test(s); 
This information should also be completely contained in any abridged version of the test 
report. 

– Other relevant ratings and description of the tested ASSEMBLY with drawings showing the 
main dimensions, details relevant to the mechanical strength, the arrangement of the 
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pressure relief flaps (if any), details of arc ignition protected zones (including locations 
and boundaries, manufacturer’s verifications and/or declarations), and the method of fixing 
the ASSEMBLY as in service to the floor and the walls as appropriate; 

– Types, data, settings and arrangement of any current-limiting device and/or arc mitigation 
device intended to operate during the test, including the type and location of any arc 
sensor (if any); 

– The operation of any arc mitigation device fitted and made operational for any of the tests; 
– Arrangement of the test connections and the point(s) of initiation of the arc(s); 
– Arrangement and material of the indicators; 
– For the prospective values: 

a) r.m.s. value of the a.c. current component during the first three half-cycles, or d.c. test 
current; 

b) highest peak value of current, as applicable; 
c) r.m.s applied voltage or d.c. test voltage; 
d) average value of the current over the actual duration of the prospective current 

calibration; 
– Actual test results: 

e) average value of the current over the actual duration of burning in the test; 
f) highest peak value of current; 
g) duration of the test (td); 

h) Joule integral; 
i) total actual burning duration of the arc (tb); 

– Oscillograms showing currents and voltages; 
– Assessment of the test results for personal protection against each of the criteria 1 to 5 

(see 8.7);  
– Assessment of the test results for ASSEMBLY protection against criterion 6 and where 

applicable, criterion 7 (see 8.7). 
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Dimensions in mm 

 

NOTE Exposed edges of the indicator material can be taped or covered. 

Figure 1 – Mounting frame for indicators 

  

Figure 2a – Position of the 
indicator for h > 2 m Figure 2b – Position of the  

indicator for h ≤ 2 m 

 
Key 
1 ASSEMBLY 2 Indicator 
h height of the ASSEMBLY i height of the indicator 

Figure 2 – Examples of installation positions of the indicators  

IEC IEC 

IEC 
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Annex A 
(informative) 

 
User guide to arc fault mitigation 

A.1 General 

Arc fault mitigation is not dealt with in the IEC 61439 series. Under normal circumstances in 
an ASSEMBLY designed and verified to the standard and engineered correctly to suit the 
application requirements, an internal arc fault is a remote possibility. 

Arc faults generally occur due to: 

– foreign bodies such as tools and material being introduced and not removed during 
maintenance or modification work; 

– foreign bodies such as small animals; 
– incorrectly selected short-circuit protective devices or settings; 
– application of loads higher than the equipment is designed for; 
– substitution with incorrect components; 
– loose joints; 
– operation outside normal conditions, e.g. presence of moisture, water and other liquids; 
– failure of components, etc. 

Most of these causes are avoidable by ensuring that the ASSEMBLY is engineered to suit the 
application requirements. It is also essential that good maintenance and working practices are 
employed. 

Considerations for the user before specifying an ASSEMBLY which is tested according to this 
technical report: 

– Are there reasons for an increased risk of an internal fault in the specific application? 
– Limit the prospective danger of energy release. Is the short circuit protection of the 

ASSEMBLY fast enough to reduce the energy released by the arc to an acceptable value? 
– Can the ASSEMBLY be specified and configured so it is not necessary to do maintenance or 

repair work when the equipment is energized? 
– Does site risk assessment require additional protection of personnel in the event of an 

internal arcing fault within an ASSEMBLY? 
– Is it economically desirable to minimise the time to restore supplies in the event of an 

arcing fault within an ASSEMBLY? 

User considerations to supplement the use of an arc fault tested ASSEMBLY: 

– Limit the number of persons that can be exposed to an arc fault by accommodating the 
ASSEMBLY in a restricted area. Measures to restrict access can include, placing the 
ASSEMBLY in dedicated switch rooms, behind walls, fences or obstacles, use of safety 
instructions or marking of walkways at the appropriate distance. If only authorized 
personnel have access to the ASSEMBLY then the risk of incorrect operation and 
mishandling is minimised. 

– Define and implement safe working procedures including the use of appropriate working 
clothes and PPE (if necessary). 

– Service conditions. 

If verification of an ASSEMBLY’S performance under arcing fault conditions is required, 
guidance for testing is provided in this technical report. It should be recognised that any tests 
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conducted can only be indicative and will not cover all eventualities. In addition, the 
ASSEMBLY’s internal arc fault performance when covers or doors are open is not covered by 
this technical report.  

NOTE Consideration for the use of personal protective equipment (PPE) by the user: The European Standard 
EN 50110 (series) and derived national standards regarding safe working practices give instructions for the use of 
personal protective equipment while operating or doing maintenance on an ASSEMBLY. 

The tests are performed on a representative sample under specified conditions that are 
applicable to the ASSEMBLY.  

A.2 Arc ignition protected zones  

An arc ignition protected zone as declared by the manufacturer is a zone where all live 
conductors are insulated separately such that a foreign conductive body (for example a piece 
of wire) with:  

a) a diameter of at least 2,5 mm, and  
b) a diameter of 1,0 mm but not exceeding 100 mm in length  

cannot touch a live part and initiate an arc. The insulation strength is also sufficient to prevent 
an arc ignition by conductive parts or conductive gases in combination with short time 
overvoltages. 

A.3 Items for classification 

Either the user can specify his demands on the three items for classification or the 
manufacturer can specify the capability of the design. 

The various options are shown in Table A.1. 

Table A.1 – Options for classification 

Classification item Classifications Comments 

ASSEMBLY which is 
tested according to 
this technical report 

Arcing class A:  
personnel protection.  
(Criteria 1 to 5) 

Where there is an agreement between the user 
and the manufacturer less or different criteria may 
apply. 

Arcing class B:  
personnel protection plus arcing 
restricted to a defined area within 
the ASSEMBLY.  
(Criteria 1 to 6) 

Arcing class C:  
personnel protection plus arcing 
restricted to a defined area within 
the ASSEMBLY. Limited operation 
after the fault is possible.  
(Criteria 1 to 7) 

Arcing class I:  
ASSEMBLY providing protection be 
means of arc ignition protected 
zones. 

Access  
Restricted (default) Authorized persons only have access to the 

ASSEMBLY. 

Unrestricted The ASSEMBLY can be placed in a location 
accessible to everyone including ordinary persons 

Criteria are defined in 8.7. 
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A.4 Use of this technical report 

Primarily this technical report is developed as a guide for testing of ASSEMBLIES under arc fault 
conditions. It provides opportunities for variations by agreement between the user and the 
manufacturer; in which case these agreements should be clearly identified in the test 
documentation. The interpretation of the test report requires technical competence by the user 
on internal arc fault testing. 

For manufacturers that want to verify the safety of their design under conditions of internal 
arcing as a general specification and therefore do not have a user to negotiate an agreement 
regarding the test and test report, it is recommended to follow the complete guide as a 
reference. 

Since tests can only be indicative and will not necessarily cover all eventualities the tested 
arrangement should be documented clearly and unambiguously. 
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Annex B 
(informative) 

 
List of notes concerning certain countries 

Clause Text 

1 Add the following note after the last paragraph: 

NOTE 2 The recommendations of this report are not acceptable in the USA, nor in Canada, 
nor in the United Kingdom. 

 

PD IEC/TR 61641:2014



IEC TR 61641:2014 © IEC 2014 – 23 –  

Bibliography 

IEC/TR 61439-0:2013, Low-voltage switchgear and controlgear assemblies – Part 0: 
Guidance to specifying assemblies 

EN 50110 (all parts), Operation of electrical installations 

_____________ 

 

PD IEC/TR 61641:2014



This page deliberately left blank



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	30313156-VOR.pdf
	English 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Classification of low-voltage switchgear and controlgear assemblies
	4.1 Classification with regard to the protection characteristic
	4.2 Classification with regard to persons who have access

	5 assembly characteristics
	6 Requirements and tests for an arc ignition protected zone
	6.1 Constructional requirements of an arc ignition protected zone
	6.2 Dielectric test of arc ignition protected zones
	6.3 IP test of arc ignition protected zones

	7 Selection of test specimen and validity of tests for similar designs (possibilities for derivation)
	8 Testing – Arc fault tests
	8.1 General
	8.2 Voltage
	8.3 Current
	8.4 Frequency
	8.5 Duration of the test
	8.6 Test procedure
	8.6.1 Supply circuit
	8.6.2 Arc initiation
	8.6.3 Repetition of the test
	8.6.4 Indicators (for observing the thermal effects of gases)
	8.7 Assessment of the test


	9 Test report
	Bibliography
	Annex A (informative)User guide to arc fault mitigation
	A.1 General
	A.2 Arc ignition protected zones
	A.3 Items for classification
	A.4 Use of this technical report

	Annex B (informative) List of notes concerning certain countries
	Figures
	Figure 1 – Mounting frame for indicators
	Figure 2 – Examples of installation positions of the indicators 

	Tables
	Table 1 – Sizes of the copper ignition wire without current-limiting protection device
	Table 2 – Sizes of the copper ignition wire with current-limiting protection device
	Table A.1 – Options for classification


	Français
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	4 Classification des ensembles d'appareillage à basse tension sous enveloppe
	4.1 Classification par rapport à la caractéristique de la protection
	4.2 Classification par rapport à l’accès aux personnes

	5 Caractéristiques de l'ensemble
	6 Exigences et essais pour une zone protégée à la création d’arcs
	6.1 Exigences constructionnelles d'une zone protégée à la création d’arcs
	6.2 Essai diélectrique des zones protégées à la création d’arcs
	6.3 Essai IP des zones protégées à la création d’arcs

	7 Sélection de l'échantillon d'essai et validité des essais pour d'autres conceptions similaires (possibilités de dérivation)
	8 Essais – Essais de défaut d'arc
	8.1 Généralités
	8.2 Tension
	8.3 Courant
	8.4 Fréquence
	8.5 Durée de l'essai
	8.6 Procédure d'essai
	8.6.1 Circuit d'alimentation
	8.6.2 Amorçage de l'arc
	8.6.3 Répétition de l'essai
	8.6.4 Indicateurs (pour l'observation des effets thermiques des gaz)
	8.7 Evaluation de l'essai


	9 Rapport d'essai
	Annexe A (informative) Guide de l'utilisateur pour la limitation des défauts d'arc
	Annexe B (informative) Liste de notes sur certains pays
	Bibliographie
	Figures
	Figure 1 – Support de montage pour les indicateurs
	Figure 2 – Exemples de dispositions d'installation des indicateurs

	Tableaux
	Tableau 1 – Tailles du fil de cuivre d'allumage sans dispositif de protection limiteur de courant
	Tableau 2 – Tailles du fil de cuivre d'allumage avec dispositif de protection limiteur de courant
	Tableau A.1 – Options pour la classification





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




