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Preface (UL)

This UL Standard is based on IEC Publication 60974-1: Second edition — Arc Welding Equipment; Part 1:
Welding Power Sources, as revised by Amendment 1. IEC publication 60974-1 is copyrighted by the IEC.

The text, figures and tables of IEC Publication Arc Welding Equipment; Part 1: Welding Power Sources,
IEC 60974-1 copyright 1998 as amended in 2000 are used in this Standard with the consent of the IEC
and the American National Standards Institute (ANSI). The IEC copyrighted material has been reproduced
with permission from ANSI. ANSI should be contacted regarding the reproduction of any portion of the IEC
material. The IEC Foreword and Introduction are not a part of the requirements of this Standard but are
included for information purposes only. Copies of IEC Publication 60974-1 may be purchased from ANSI,
11 West 42" Street, New York, New York, 10036, (212) 642-4900.

Note — Although the intended primary application of this Standard is stated in its Scope, it is important to note
that it remains the responsibility of the users of the Standard to judge its suitability for their particular purpose.
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NATIONAL DIFFERENCES

GENERAL

National Differences from the text of International Electrotechnical Commission (IEC) Publication 60974-1,
Arc Welding Equipment; Part 1: Welding Power Sources copyright 1998 as amended in 2000, are
indicated by notations (differences) and are presented in bold text.

There are five types of National Differences as noted below. The difference type is noted on the first line
of the National Difference in the standard. The standard may not include all types of these National
Differences.

DR — These are National Differences based on the national regulatory requirements

D1 — These are National Differences which are based on basic safety principles and requirements
elimination of which would compromise safety for consumers and users of products.

D2 — These are national differences from IEC requirements based on existing safety practices. These
requirements reflect national safety practices, where empirical substantiation (for the IEC or national
requirement) is not available or the text has not been included in the IEC standard.

DC — These are National Differences based on the component standards and will not be deleted until
a particular component standard is harmonized with the IEC component standard.

DE — These are National Differences based on editorial comments or corrections

Each national difference contains a description of what the national difference entails. Typically one of the
following words is used to explain how the text of the national difference is to be applied to the base IEC
text:

Addition / Add - An addition entails adding a complete new numbered clause, subclause,
table, figure, or annex. Addition is not meant to include adding select words to the base IEC
text.

Modification / Modify - A modification is an altering of the existing base IEC text such as the
addition, replacement or deletion of certain words or the replacement of an entire clause,
subclause, table, figure, or annex of the base IEC text.

Deletion / Delete - A deletion entails complete deletion of an entire numbered clause,
subclause, table, figure, or annex without any replacement text.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ARC WELDING EQUIPMENT - Part 1: Welding power sources

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of the IEC is to promote international co-operation on all
guestions concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, the IEC
publishes International Standards. 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. The 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 the 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 National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form of standards,
technical reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International Standards
transparently to the maximum extent possible in their national and regional standards. Any divergence between the IEC Standard

and the corresponding national or regional standard shall be clearly indicated in the latter.

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

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

International Standard IEC 60974-1 has been prepared by IEC technical committee 26: Electric welding,
and by ISO technical committee 44: Welding and allied processes.

This second edition cancels and replaces the first edition published in 1989 and constitutes a technical
revision.

The text of this standard is based on the following documents:

FDIS Report on voting
26/153/FDIS 26/156/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 amendment has been prepared by IEC technical committee 26: Electric welding.

The text of this amendment is based on the following documents:
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FDIS

Report on voting

26/181/FDIS

26/197/RVD

Full information on the voting for the approval of this amendment can be found in the report on voting

indicated in the above table.

The committee has decided that the contents of the base publication and its amendments will remain

unchanged until 2004. At this date, the publication will be:

* reconfirmed;

* withdrawn;

« replaced by a revised edition, or

¢ amended.

Annexes C, E, | and J form an integral part of this standard.

Annexes A, B, D, F, G, H and K are for information only.

DV.1 DE Addition:

Words in smALL ROMAN cAPITALS in the text are defined in clause 3.

DV.2 DE Addition:

The numbering system in the standard uses a space instead of a comma to indicate
thousands and uses a comma instead of a period to indicate a decimal point. For example,

1 000 means 1,000 and 1,01 means 1.01.

Full document details: UL 60974-12015
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ARC WELDING EQUIPMENT - Part 1: Welding power sources

1 Scope

This part of IEC 60974 is applicable to power sources for arc welding and allied processes designed for
INDUSTRIAL AND PROFESSIONAL USE, and supplied by a voltage not exceeding that specified in table 1 of IEC
60038, or driven by mechanical means.

This standard is not applicable to welding power sources for manual metal arc welding with limited duty
operation which are designed mainly for use by laymen.

This part of IEC 60974 specifies safety requirements for construction and performance requirements of
welding power sources and PLASMA CUTTING SYSTEMS.

NOTE 1 - Typical allied processes are electric arc cutting and arc spraying.
NOTE 2 - This standard does not include electromagnetic compatibility (EMC) requirements.
2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of IEC 60974. At the time of publication, the editions indicated were valid. All
normative documents are subject to revision, and parties to agreements based on this part of IEC 60974
are encouraged to investigate the possibility of applying the most recent editions of the normative
documents indicated below. Members of IEC and ISO maintain registers of currently valid International
Standards.

IEC 60038:1983,
IEC standard voltages

IEC 60050(151):1978,
International Electrotechnical Vocabulary (IEV) — Chapter 151: Electrical and magnetic devices

IEC 60050(851):1991,
International Electrotechnical Vocabulary (IEV) — Chapter 851: Electric welding

IEC 60051-2:1984,
Direct acting indicating analogue electrical measuring instruments and their accessories — Part 2: Special
requirements for ammeters and voltmeters

IEC 60068-2-63:1991,
Environmental testing — Part 2: Test methods — Test Eg: Impact, spring hammer

IEC 60085:1984,
Thermal evaluation and classification of electrical insulation

IEC 60112:1979,
Method for determining the comparative and the proof tracking indices of solid insulating materials under
moist conditions

IEC 60204-1:1992,
Electrical equipment of industrial machines — Part 1: General requirements
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IEC 60309-1:1988,
Plugs, socket-outlets and couplers for industrial purposes — Part 1: General requirements

IEC 60417:1973,
Graphical symbols for use on equipment. Index, survey and compilation of the single sheets

IEC 60445:1988,
Identification of equipment terminals and of terminations of certain designated conductors, including
general rules for an alphanumeric system

IEC 60529:1989,
Degrees of protection provided by enclosures (IP Code)

IEC 60536:1976,
Classification of electrical and electronic equipment with regard to protection against electric shock

IEC 60664-1:1992,
Insulation coordination for equipment within low-voltage systems — Part 1: Principles, requirements and
tests

IEC 60664-3:1992,
Insulation coordination for equipment within low-voltage systems — Part 3: Use of coating to achieve
insulation coordination of printed board assemblies

IEC 60905:1987,
Loading guide for dry-type power transformers

IEC 60974-7:1999,
Arc welding equipment — Part 7: Torches

IEC 60974-12:1992,
Arc welding equipment — Part 12: Coupling devices for welding cables

IEC 61558 (all parts),
Safety of power transformers, power supply units and similar

ISO 7000:1989,
Graphical symbols for use on equipments — Index and synopsis. Bilingual edition

2DV.1 D2 Modification of 2 by deleting the following text:

IEC 60085:1984,
Thermal evaluation and classification of electrical insulation

2DV.2 D2 Modification of 2 by adding the following text:

IEC 62114
Electrical Insulation Systems (EIS) — Thermal Classification

UL 62
Flexible Cord and Fixture Wire
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UL 94
Test for Flammability of Plastic Materials for Parts in Devices and Appliances

UL 486B
Wire Connectors for Use With Aluminum Conductors

UL 489
Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures

UL 498
Attachment Plugs and Receptacles

UL 551
Transformer-Type Arc-Welding Machines

UL 558
Industrial Trucks, Internal Combustion Engine-Powered

UL 969
Marking and Labeling Systems

UL 1059
Terminal Blocks

UL 1248
Engine-Generator Assemblies for Use in Recreational Vehicles

UL 1659
Attachment Plug Blades for Use in Cord Sets and Power-Supply Cords

UL 1682
Plugs, Receptacles, and Cable Connectors of the Pin and Sleeve Type

UL 2200
Stationary Engine Generator Assemblies

3 Definitions

For the purpose of this part of IEC 60974, the following definitions apply, with those in IEC 60050(151),
IEC 60050(851), IEC 60204-1 and IEC 60664-1:

3.1 ARc WELDING POWER SOURCE: Equipment for supplying current and voltage and having the required
characteristics suitable for arc welding and allied processes.

NOTE 1 — An arc WELDING POWER SOURCE May also supply services to other equipment and auxiliaries e.g. auxiliary
power, cooling liquid, consumable arc welding electrode and gas to shield the arc and the welding area.

NOTE 2 - In the following text, the term  "welding power source " is used.

3.2 INDUSTRIAL AND PROFESSIONAL USE: Use intended only for EXPERTS OF INSTRUCTED PERSONS.
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3.3 EXPERT (COMPETENT PERSON, SKILLED PERSON): A person who can judge the work assigned and recognize
possible hazards on the basis of professional training, knowledge, experience and knowledge of the
relevant equipment.

NOTE — Several years of practice in the relevant technical field may be taken into consideration in assessment of
professional training.

3.4 INsTRUCTED PERSON: A person informed about the tasks assigned and about the possible hazards
involved in neglectful behaviour.

NOTE - If necessary, the person has undergone some training.

3.5 Tvee TEST: A test of one or more devices made to a given design to check if these devices comply
with the requirements of the standard concerned [IEV 851-02-09].

3.6 rouTiNe TEST: A test made on each individual device during or after manufacturer to check if it
complies with the requirements of the standard concerned or the criteria specified [IEV 851-02-10].

3.7 GENERAL VISUAL INSPECTION: AN inspection by eye to verify that there are no apparent discrepancies
with respect to provisions of the standard concerned.

3.8 DROOPING CHARACTERISTIC: An external staTic cHARACTERIsTIC Of a welding power source which, in its
normal welding range, is such that, as the current increases, the voltage decreases by more than 7
V/100 A.

3.9 FLAT cHARACTERISTIC: An external sTaTic cHARACTERISTIC Of a welding power source which, in its normal
welding range, is such that, as the current increases, the voltage either decreases by less than 7 V/100
A or increases by less than 10 V/100 A.

3.10 stATIC cHARACTERISTIC: The relationship between the Loap voLtace and the weLbing current of a
welding power source in a CONVENTIONAL WELDING CONDITION.

3.11 weLbine circuiT: A circuit that includes all conductive material through which the weLbiNg cURRENT is
intended to flow.

NOTE 1 - In arc welding, the arc is a part of the  weLbinG circuiT.

NOTE 2 - In certain arc welding processes, the welding arc may be established between two electrodes. In such
a case, the workpiece is not necessarily a part of the WELDING CIRCUIT.

3.12 controL circuiT: A circuit for the operational control of a welding power source and/or for
protection of the power circuits [IEC 60204-1:1992, 3.9 modified]

3.13 weLbin currenT: The current delivered by a welding power source during welding.

3.14 1onp voLTAGE: The voltage between the output terminals when the welding power source is
delivering WELDING CURRENT.

3.15 nNo-LoAD voLTAGE: The voltage, exclusive of any arc striking or arc stabilizing voltage, between the
output terminals of a welding power source when the external weLoing circuiT is open.

3.16 convenTionAL VALUE: A standardized value that is used as a measure of a parameter for the
purposes of comparison, calibration, testing etc.

Documents

Document Sharing Hub

Full document details: UL 60974-12015


http://www.avadocuments.com/doc/ul-60974-1-2015
http://www.avadocuments.com/doc/ul-60974-1-2015

14 UL 60974-1 MARCH 17, 2005

NOTE — convenTionaL vaLues do not necessarily apply during the actual welding process.
3.17 convENTIONAL WELDING conpiTioN: A condition of the welding power source in the energized and
thermally stabilized state defined by a convenTtionaL weLDING cURReNT driven by the corresponding
CONVENTIONAL LOAD VOLTAGE through a convenTioNAL LoAD at RATED suppLy voLTAGe and frequency or speed of
rotation.

3.18 convenTionAL LoaD: A practically non-inductive constant resistive load having a power factor not
less than 0,99.

3.19 CcOoNVENTIONAL WELDING CURRENT (/,): The current delivered by a welding power source to a
CONVENTIONAL LOAD at the corresponding CONVENTIONAL LOAD VOLTAGE.

NOTE — The values of [, are given as r.m.s. values for a.c. and arithmetic mean values for d.c.

3.20 convENTIONAL LOAD VOLTAGE (Us): The Loab voLtace of a welding power source having a specified
linear relationship to the cONVENTIONAL WELDING CURRENT.

NOTE 1 - The values for U, are given as r.m.s. values for a.c. and arithmetic mean values for d.c.
NOTE 2 - The specified linear relationship varies in accordance with the process (see 11.2).

3.21 RraTeED VALUE: An assigned value, generally by the manufacturer, for a specified operating condition
of a component, device or equipment.

3.22 raTING: The set of raTeD vaLuEs and operating conditions.

3.23 Rratep outpuT: The raTED vaLues Of the output of a welding power source.

3.24 RATED MAXIMUM WELDING CURRENT (lhmay): The maximum value of the coNvENTIONAL WELDING CURRENT that
can be obtained at the convenTionaL weLbing conpiTion from a welding power source at its maximum
setting.

3.25 RATED MINIMUM WELDING CURRENT (lhmin): The minimum value of the convenTIONAL WELDING CURRENT that
can be obtained at the convenTionaL weLbinG conpiTion from a welding power source at its minimum

setting.

3.26 RATED NO-LOAD VOLTAGE (Up): The no-LoaD voLTace, measured in accordance with 11.1, at RATED suPPLY
voLTAGE and frequency or RATED NO-LOAD sPeeD Of rotation.

NOTE - If a welding power source is fitted with a HAZARD REDUCING DEVICE, this is the voltage measured before the
HAZARD REDUCING DEVICE has performed its function.

3.27 RATED REDUCED NO-LOAD VOLTAGE (U): The no-Loap voLtace of a welding power source, fitted with a
VOLTAGE REDUCING DEVICE, measured in accordance with 11.1 immediately after the device acts to effect a
reduction in the voltage.

3.28 RATED swITCHED NO-LOAD VOLTAGE (Us): The d.c. no-LoaD voLTace Of a welding power source, fitted with
an A.C. TO D.C. SWITCHING DEVICE.

3.29 RATED suPPLY VOLTAGE (U;): The r.m.s. value of an input voltage for which the welding power source
is designed.
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3.30 RraTED suppLy cURRENT (/1): The r.m.s. value of an input current to the welding power source at a
rated CONVENTIONAL WELDING CONDITION.

3.31 RATED NO-LOAD SUPPLY CURRENT (/y): The input current to the welding power source at RATED NO-LOAD
VOLTAGE.

3.32 RATED MAXIMUM SUPPLY CURRENT (/1max): The maximum value of the RATED SUPPLY CURRENT.
3.33 mAxiMuM EFFECTIVE SUPPLY CURRENT (/1¢ff): The maximum value of the effective input current,

calculated from the raTED suppLY cURRENT (/1), the corresponding puTy cycLE (puTy FACTOR) (X) and the
supply current at no-load (/,) by the formula:

hett = V172 x X+ 12 x (1 - X)

3.34 RraTED LOAD sPeeD (N): The speed of rotation of a rotating welding power source when operating at
RATED MAXIMUM WELDING CURRENT.

3.35 RATED No-LOAD sPEED (Ng): The speed of rotation of a rotating welding power source when the
external weLbiNG cIRcuIT iS open.

NOTE - If an engine is fitted with a device to reduce the speed when not welding, n o Will be measured before the
speed reduction device has operated.

3.36 rateD IpLE sPeeD (N;): The reduced no-load speed of an engine driven welding power source.

3.37 DpuTy cvcLE; buTY FACTOR (X): The ratio for a given time interval of the on-load duration to the total
time.

NOTE 1 - This ratio, lying between 0 and 1, may be expressed as a percentage.

NOTE 2 - For the purpose of this standard, the time period of one complete cycle is 10 min. For example, in the
case of a 60% duty cycle (duty factor), load is applied continuously for 6 min followed by a no-load period of 4
min.

3.38 cLEArANCE: The shortest distance in air between two conductive parts [IEC 60664-1:1992, 1.3.2].

3.39 creepace DISTANCE: The shortest distance along the surface of the insulating material between two
conductive parts [IEV 151-03-37].

3.40 roLLuTion DEGREE: A numeral characterizing the expected pollution of the micro-environvenT [IEC
60664-1:1992, 1.3.13].

NOTE - For the purpose of evaluating creepage distances and clearances, the following four POLLUTION DEGREES iN
the micro-environmenT are established in 2.5.1 of IEC 60664-1.

a) poLLuTioN DEGREE 1: NO pollution or only dry, non-conductive pollution occurs. The pollution has no
influence.
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b) poLLuTion DEGREE 2: Only non-conductive pollution occurs except that occasionally a temporary
conductivity caused by condensation is to be expected.

C) POLLUTION DEGREE 3: Conductive pollution occurs, or dry, non-conductive pollution occurs which
becomes conductive due to condensation is to be expected.

d) poLLuTion DEGREE 4: The pollution generates persistent conductivity caused by conductive dust or by
rain or snow.

3.41 wmicro-ENVIRONMENT: The immediate environment of the insulation which particularly influences the
dimensioning of the creepace pisTances [IEC 60664-1:1992, 1.3.12.2].

3.42 wmATERIAL GROUP: Materials are separated into four groups by their comparative tracking index (CTI)
values, as follows:

MATERIAL GROUP | 600 < CTI

MATERIAL GROUP I 400 < CTI < 600
MATERIAL GROUP IlIA 175 < CTl < 400
MATERIAL GROUP IIIB 100 < CTI < 175

The CTI values above refer to values in accordance with IEC 60112.

NOTE - For inorganic insulating materials, e.g. glass or ceramics, which do not track, creepage distances need
not be greater than their associated clearance for the purpose of insulation co-ordination.

3.43 TemPeRATURE RiSE: The difference between the temperature of a part of a welding power source and
that of the ambient air.

3.44 THERMAL EQuILIBRIUM: The state reached when the observed TemperaTURE RISE Of any part of the
welding power source does not exceed 2 K/h.

3.45 THERMAL PROTECTION: A system intended to ensure the protection of a part, and hence the whole, of
a welding power source against excessive temperatures resulting from certain conditions of thermal
overload.

It is capable of being reset (either manually or automatically) when the temperature falls to the reset
value.

3.46 ENVIRONMENTS WITH INCREASED HAZARD OF ELECTRIC sHOCK: Environments where the hazard of electric
shock by arc welding is increased in relation to normal arc welding conditions.

NOTE 1 - Such environments are found for example

a) in locations in which freedom of movement is restricted, so that the operator is forced to
perform the welding in a cramped (e.g. kneeling, sitting, lying) position with physical contact
with conductive parts;

b) in locations which are fully or partially limited by conductive elements, and in which there
is a high risk or unavoidable or accidental contact by the operator;

c) in wet or damp or hot locations where humidity or perspiration considerably reduces the
skin resistance of the human body and the insulating properties of accessories.

NOTE 2 — ENVIRONMENTS WITH INCREASED HAZARD OF ELECTRIC SHOCK are not meant to include places where electrically
conductive parts in the near vicinity of the operator which can cause the increased hazard have been insulated.
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3.47 Hazarp REDUCING DEVICE: A device designed to reduce the hazard of electric shock that may
originate from the No-LoAD VOLTAGE.

3.48 VOLTAGE REDUCING DEVICE: A HAZARD REDUCING DEVICE designed to reduce the No-LoAD VOLTAGE
automatically when welding is not being performed.

3.49 A.c. TO D.C. SWITCHING DEVICE: A HAZARD REDUCING DEVICE designed to switch automatically from a.c. to
d.c. when welding is not being performed and which restores the a.c. during welding.

3.50 PROTECTION cLASS | EQUIPMENT: Equipment with Basic insuLaTiON between live parts and exposed
conductive parts with bonding of exposed conductive parts to a means for connection of an external
protective conductor.

NOTE 1 — PROTECTION CLASS | EQUIPMENT May have parts with DOUBLE OR REINFORCED INSULATION .

NOTE 2 - Protection classes | and Il should not be confused with the classification of welding processes, used
in some countries.

3.51 PROTECTION cLASS Il EQUIPMENT: Equipment in which the protection against indirect contact does not
rely on easic INsuLATioN only, but in which additional dispositions are provided to avoid a fault between
live parts and the accessible surface.

NOTE - Protection classes | and Il should not be confused with the classification of welding processes, used in
some countries.

3.52 Basic INsuLaTioN: Insulation of live parts, the failure of which causes a risk of electric shock.

3.53 supPLEMENTARY INSULATION: Independent insulation applied in addition to Basic INsuLATION in order to
provide protection against electric shock in the event of a failure of asic INsULATION.

3.54 pousLE INsULATION: Insulation comprising both Basic INSULATION and SUPPLEMENTARY INSULATION.

3.55 REINFORCED INSULATION: Single insulation of live parts, which is intended to provide protection against
electric shock not less than that provided by pousLE INSULATION.

NOTE - It is not implied that the insulation must be one homogeneous piece. It may comprise several layers
which cannot be tested singly as supplementary or BASIC INSULATION .

3.56 pLasmA cuTTInG sysTEM: Combination of power source, torch, and associated safety devices for
plasma cutting/gouging.

3.57 PLASMA CUTTING POWER SOURCE: Equipment for supplying current and voltage and having the required
characteristics suitable for plasma cutting/gouging and which may supply gas and cooling liquid.

NOTE 1 A pLasmA cUTTING POWER SOURCE may also supply services to other equipment and auxiliaries, for example
auxiliary power, cooling liquid and gas.

NOTE 2 In the following text, the term  "cutting power source " is used.
3.58 seLv: Voltage which does not exceed 50 V a.c. or 120 V ripple free d.c. between conductors, or

between any conductor and earth, in a circuit which is isolated from the supply mains by such means
as a safety isolation transformer.
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NOTE 1 Maximum voltage lower than 50 V a.c. or 120 V ripple free d.c. may be specified in particular
requirements, especially when direct contact with live parts is allowed.

NOTE 2 The voltage limit should not be exceeded at any load between full load and no-load when the source is
a safety isolating transformer.

NOTE 3 "Ripple-free " is conventionally an r.m.s. ripple voltage not more than 10% of the d.c. component; the
maximum peak value does not exceed 140 V for a nominal 120 V ripple-free d.c. system and 70 V for a nominal
60 V ripple-free d.c. system.

3.59 prLasma TIP; Component that provides the constricting orifice through which the plasma arc passes.

4 Environmental conditions

Welding power sources shall be capable of delivering their ratep output when the following environmental
conditions prevail:

a) range of the temperature of the ambient air:

during welding: -10°C to +40°C;

after transport and storage at: -25°C to +55°C;
b) relative humidity of the air:

up to 50% at 40°C;

up to 90% at 20°C;

c) ambient air, free from abnormal amounts of dust, acids, corrosive gases or substances etc.
other than those generated by the welding process;

d) altitude above sea level up to 1 000 m;
e) base of the welding power source inclined up to 15°.

NOTE - Different environmental conditions may be agreed upon between the manufacturer and the purchaser and
the resulting welding power source so marked (see 15.1). Examples of these conditions are: high humidity,
unusually corrosive fumes, steam, excessive oil vapour, abnormal vibration or shock, excessive dust, severe
weather conditions, unusual coastal or shipboard conditions, vermin infestation and atmospheres conducive to
the growth of fungus.

5 Test conditions

The tests shall be carried out on new, dry and completely assembled welding power sources at an
ambient air temperature between 10°C and 40°C. When placing the measuring devices, the only access
permitted shall be through openings with cover plates, inspection doors or easily removable panels
provided by the manufacturer. The ventilation in the test area and the measuring devices used shall not
interfere with the normal ventilation of the welding power source or cause abnormal transfer of heat to or
from it.

Ligquid-cooled welding power sources shall be tested with liquid conditions as specified by the
manufacturer.
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The accuracy of measuring instruments shall be:
a) electrical measuring instruments: class 0,5 (+0,5% of full-scale reading, see IEC 60051-2),
except for the measurement of insulation resistance and dielectric strength were the accuracy of
the instruments is not specified, but shall be taken into account for the measurement;
b) thermometer: £2 K;
c) tachometer: £1% of full-scale reading.
Unless otherwise specified, the tests required in this standard are Tyre TESTS.
The sequence for some of the Tvpe TeESTS is specified in 5.1.
The rouTINE TESTS are specified in 5.2.
Conformity with other standards referred to shall be checked in accordance with those standards, unless
the manufacturer presents proof that components forming part of the welding power source conform to
those standards (by test certificates, conformity marks etc.).

5.1 TYPE TESTS

The welding power source shall be tested with any ancillary equipment fitted that could affect the test
results.

All Tvee TESTS shall be carried out on the same welding power source except where it is specified that a
test may be carried out on another welding power source.

As a condition of conformity the Tyre TesTs given below shall be carried out in the following sequence with
no drying time between i), j) and k):

a) GENERAL VISUAL INSPECTION, See 3.7,

b) insulation resistance, see 6.1.3 (preliminary check);
c) thermal requirements, see clause 7;

d) THERMAL PROTECTION, See clause 9;

e) enclosure, see 14.1;

f) impact resistance, see 14.2;

g) handling means, see 14.3;

h) drop withstand see 14.4;

i) protection provided by the enclosure, see 6.2.1;

j) insulation resistance, see 6.1.3;

k) dielectric strength, see 6.1.4;
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[) GENERAL VISUAL INSPECTION, See 3.7.

The other tests included in this standard and not listed here may be carried out in any convenient
sequence.

5.1DV D2 Modification by replacing the third paragraph in 5.1 with the following:

As a condition of conformity, the  Tvpe TESTS given below shall be carried out in the following
sequence with no drying time between j), k), and I):

@) GENERAL VISUAL INSPECTION, See 3.7;
b) insulation resistance, see 6.1.3 (preliminary check);
¢) thermal requirements, see clause 7;
d) dielectric strength, see 6.1.4;
€) THERMAL PROTECTION, See clause 9;
f) enclosure, see 14.1;
g) impact resistance, see 14.2;
h) handling means, see 14.3;
i) drop withstand, see 14.4;
j) protection provided by the enclosure, see 6.2.1;
k) insulation resistance, see 6.1.3;
I) dielectric strength, see 6.1.4;
M) GENERAL VISUAL INSPECTION, See 3.7.
5.2 ROUTINE TESTS
All rouTine TESTs shall be carried out on each welding power source in the following sequence:
a) GENERAL VISUAL INSPECTION, See 3.7,
b) continuity of the protective circuit, see 10.4.2;
c) dielectric strength, see 6.1.4;
d) RATED NO-LOAD VOLTAGE, See 11.1;
€) RATED MINIMUM AND MAXIMUM WELDING CURRENT, see 15.3 b) and 15.3 c);

f) GENERAL VISUAL INSPECTION, See 3.7.
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6 Protection against electric shock

6.1 Insulation

The majority of welding power sources fall within the overvoltage category Ill in accordance with IEC

60664-1; mechanically powered welding power sources fall within overvoltage category Il. All welding

power sources shall be designed for use in environmental conditions of pPoLLUTION DEGREE 3 as a minimum.
NOTE - poLLuTION DEGREE 4 may be agreed between the manufacturer and the purchaser.

Components or subassemblies (e.g. printed board assemblies) with CLEARANCES OF CREEPAGE DISTANCES

corresponding to PoLLUTION DEGREE 2 are permitted, if they are completely enclosed, coated or encapsulated

in accordance with IEC 60664-1 and IEC 60664-3.

Equipment designed with cLearances based on line to neutral voltage values shall be provided with a

caution that such equipment shall only be used on a supply system that is either a three-phase, four-wire

system with an earthed neutral or a single-phase, three-wire, system with an earthed neutral.

6.1.1 CLEARANCES

For BASIC INSULATION OF SUPPLEMENTARY AND REINFORCED INSULATION, Minimum cLearances shall be in accordance
with IEC 60664-1, as partially summarized in table 1 for overvoltage category Ill.

Table 1 — Minimum cLeArRANCES for overvoltage category lll

BASIC OR SUPPLEMENTARY INSULATION REINFORCED INSULATION
Rated Rated
impulse impulse
test AC test test AC test
Voltage V) | voltage voltage POLLUTION DEGREE voltage voltage POLLUTION DEGREE
2 3 4 2 | s 4
CLEARANCE CLEARANCE
V r.m.s. peak V | Vr.m.s. mm peak V | Vr.m.s. mm
50 800 566 0,2 0,8 1500 1061 0,5 | 0,8 1,6
100 1 500 1061 0,5 1,6 2 500 1768 15
150 2 500 1768 1,5 4 000 2 828 3
300 4 000 2 828 3 6 000 4243 55
600 6 000 4243 55 8 000 5 657 8
1 000 8 000 5 657 8 12 000 8 485 14
NOTE 1 Values taken from tables 1 and 2 of IEC 60664-1.
NOTE 2 For other poLLuTion pEGREES and overvoltage categories, see IEC 60664-1.
DSee annex A.

For the purpose of dimensioning cLeEarancEs to accessible non-conductive surfaces, such surfaces shall be
considered to be covered by metal foil wherever they can be touched by the standard test finger in
accordance with IEC 60529.

cLeArANcEs shall not be interpolated.

For input supply terminals see E.2.
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CLEARANCES between parts of the welding power source (e.g. electronic circuits or components) which are
protected by an overvoltage limiting device (e.g. metal oxide varistor) may be rated in accordance with
overvoltage category | (see IEC 60664-1).

The values of table 1 shall also apply to the weloing circuit within the welding power source and to conTroL
circuits When separated from the supply circuit, e.g. by a transformer.

If the conTroL circuiT is directly connected to the supply circuit, the values for the supply voltage shall
apply.

Conformity shall be checked by measurement in accordance with 4.2 of IEC 60664-1 or where this is not
possible, by submitting the welding power source to an impulse test using the voltages given in table 1.

For the impulse test, a minimum of three impulses of each polarity at the voltage given in table 1 are
applied with an interval of at least 1 s between impulses using a generator with an output waveform of
1,2/50 ps and an output impedance of less than 500 Q.

Alternatively, either an a.c. test voltage as given in table 1 may be applied for three cycles or a ripple free
d.c. voltage, the value of which is equal to the impulse voltage, may be applied three times for 10 ms, for
each polarity.

6.1.2 CREEPAGE DISTANCES

For BAsIC INSULATION OF SUPPLEMENTARY AND REINFORCED INSULATION, MIiNimMum creePAGE DISTANCES Shall be in
accordance with IEC 60664-1, as partially summarized in table 2.

For the purpose of dimensioning creerace DisTANCES tO accessible surfaces of insulation material, such
surfaces shall be considered to be covered by metal foil wherever they can be touched by the standard
test finger in accordance with IEC 60529.

CREEPAGE DISTANCES are given for the highest rated voltage of each line of table 2. In the case of a lower
rated voltage, interpolation is allowed.

For input supply terminals see E.2.
CREEPAGE DISTANCES between parts of the welding power source (e.g. electronic circuits or components)
which are protected by an overvoltage limiting device (e.g. metal oxide varistor) may be rated in

accordance with installation category | (see IEC 60664-1).

The values of table 2 shall also be applicable to the weLbine circuiT within the welding power source and
to conTroL circuits When separated from the supply circuit by, e.g., a transformer.

A CcReepPAGE DISTANCE cannot be less than the associated cLearance, so the shortest possible creepace
DISTANCE iS equal to the required cLEARANCE.

If the contrOL circuiT is connected directly to the supply circuit, the values for the supply voltage shall
apply.

Conformity shall be checked by linear measurement in accordance with 4.2 of IEC 60664-1.
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Table 2 — Minimum CREEPAGE DISTANCES

Table 2 — Minimum creerace pisTaNCEs Continued on Next Pac e

Full document details: UL 60974-12015

BASIC OR SUPPLEMENTARY INSULATION
POLLUTION DEGREE
2 3 4
VOItage 1) MATERIAL GROUP MATERIAL GROUP MATERIAL GROUP
| 1l ] | 1] 1] | 1] 1l
CREEPAGE DISTANCE CREEPAGE DISTANCE CREEPAGE DISTANCE
Vr.m.s. mm mm mm
10 0,4 1
12,5 0,42 1,05 1,6
16 0,45 1,1
20 0,48 1,2
25 0,5 1,25 1,7
32 0,53 1,3 1,8
40 0,56 0,8 1,1 1,4 1,6 1,8 1,9 2,4 3
50 0,6 0,85 1,2 15 1,7 1,9 2 2,5 3,2
63 0,63 0,9 1,25 1,6 1,8 2 2,1 2,6 3,4
80 0,67 0,95 1,3 1,7 1,9 2,1 2,2 2,8 3,6
100 0,71 1 1,4 1,8 2 2,2 2,4 3 3,8
125 0,75 1,05 1,5 1,9 2,1 2,4 2,5 3,2 4
160 0,8 1,1 1,6 2 2,2 2,5 3,2 4 5
200 1 1,4 2 2,5 2,8 3,2 4 5 6,3
250 1,25 1,8 2,5 3,2 3,6 4 5 6,3 8
320 1,6 2,2 3,2 4 4,5 5 6,3 8 10
400 2 2,8 4 5 5,6 6,3 8 10 12,5
500 2,5 3,6 5 6,3 7,1 8 10 12,5 16
630 3,2 4,5 6,3 8 9 10 12,5 16 20
800 4 5,6 8 10 11 12,5 16 20 25
1 000 5 7,1 10 12,5 14 16 20 25 32
10 0,48 1,2 1,6
12,5 0,5 1,25 1,7
16 0,53 1,3 1,8
20 0,56 0,8 1,1 1,4 1,6 1,8 1,9 2,4 3
25 0,6 0,85 1,2 15 1,7 1,9 2 2,5 3,2
32 0,63 0,9 1,25 1,6 1,8 2 2,1 2,6 3,4
40 0,67 0,95 1,3 1,7 1,9 2,1 2,2 2,8 3,6
50 0,71 1 1,4 1,8 2 2,2 2,4 3 3,8
63 0,75 1,05 1,5 1,9 2,1 2,4 2,5 3,2 4
80 0,8 1,1 1,6 2 2,2 2,5 3,2 4 5
100 1 1,4 2 2,5 2,8 3,2 4 5 6,3
125 1,25 1,8 2,5 3,2 3,6 4 5 6,3 8
160 1,6 2,2 3,2 4 4,5 5 6,3 8 10
200 2 2,8 4 5 5,6 6,3 8 10 12,5
250 2,5 3,6 5 6,3 7,1 8 10 12,5 16
320 3,2 4,5 6,3 8 9 10 12,5 16 20
400 4 5,6 8 10 11 12,5 16 20 25
500 5 7,1 10 12,5 14 16 20 25 32
630 6,3 9 12,5 16 18 20 25 32 40
800 8 11 16 20 22 25 32 40 50
1 000 10 14 20 25 28 32 40 50 63
Values are taken from table 4 of IEC 60664-1.
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Table 2 — Minimum creepaGe pistances Continued

BASIC OR SUPPLEMENTARY INSULATION
POLLUTION DEGREE
2 3 4
Voltage 1) MATERIAL GROUP MATERIAL GROUP MATERIAL GROUP
| 1l I | 1] 11} 1] 1]
CREEPAGE DISTANCE CREEPAGE DISTANCE CREEPAGE DISTANCE
Vr.m.s. mm mm mm

DSee annex A.

6.1.3 Insulation resistance

The insulation resistance shall be not less than the values given in table 3:

Table 3 — Insulation resistance

Input circuit  (including to weLpiNG cireulT (including 5 MQ
CONTROL CIRCUITS connected to circuits connected to it)

it)

coNTROL cIrcuiTs and exposed to all circuits 2,5 MQ
conductive parts

Any control or auxiliary circuit connected to the protective conductor terminal shall be considered as an
exposed conductive part for the purpose of this test.

Conformity shall be checked by the stabilized measurement of the insulation resistance without
interference suppression or protection capacitors (see 6.3.1) by application of a d.c. voltage of 500 V at

room temperature.

Solid-state electronic components and their protective devices may be short-circuited during the

measurement.

6.1.4 Dielectric strength

The insulation shall withstand the following test voltages without any flashover or breakdown:

a) first test of a welding power source: test voltages given in table 4;

b) repetition of the test of the same welding power source: test voltage 80% of the values given

in table 4.
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Table 4 — Dielectric test voltages

Maximum rated
voltage V) AC dielectric test voltage
Vr.m.s. Vr.m.s.
All circuits to exposed conductive parts, input Al circuits except
circuit to all circuits except the  weLbinG circurT input circuit to  wetome | Input circuit to - weLoin
All circuits Protection class | Protection class I CIRCUIT CIRCUIT
up to 50 250 500 500 —
200 1 000 2 000 1 000 2 000
450 1875 3 750 1875 3 750
700 2 500 5 000 2 500 5 000
1 000 2 750 5 500 — 5 500
NOTE 1 The maximum rated voltage is valid for earthed and unearthed systems.
NOTE 2 In this standard the dielectric strength test of controL circuits is limited to any circuit that enters or exits the enclosure
apart from the input circuit and the weLbinG circurt.
DFor intermediate values, except between 200 V and 450 V, interpolation of the test voltages is allowed.

The a.c. test voltage shall be of an approximate sine wave-form with a peak value not exceeding 1,45
times the r.m.s. value, having a frequency of approximately 50 Hz or 60 Hz.

The maximum permissible setting of overload releases shall be 100 mA. The high voltage transformer
shall deliver the prescribed voltage up to the tripping current. Tripping of the current sensing tripping
device is regarded as a flashover or a breakdown.

Alternative test: A d.c. test voltage of 1,4 times the r.m.s. test voltage may be used.

The test voltage may be raised to the full value slowly at the discretion of the manufacturer.

The test voltages between the input circuit, the exposed conductive parts and the weLbing circur may be
applied simultaneously. An example is given in annex B.

Welding power sources incorporating a rectifier shall be tested after assembly of the complete welding
power source, with the power rectifier remaining properly connected to the output circuit of the transformer
or alternator. Rectifiers, their protective devices and other solid-state electronic components or capacitors,
may be short-circuited during the test.

Mechanically powered welding power sources shall undergo the same test.

Components, for which the relevant standard specifies a voltage level lower than the test voltage level of
this standard may be protected by short-circuiting.

Components incorporated wholly within either the input or the output circuits may be short-circuited or
disconnected during the dielectric strength test, provided that their disconnection does not isolate a portion
of that circuit from being tested.

Components between input and output circuits or between these circuits and exposed conductive parts
shall not be disconnected.

CONTROL cIRcUITS connected to the protective conductor terminal shall not be disconnected during test and
they are then tested as exposed conductive parts.
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Interference suppression networks or protection capacitors between the input or weLbing circuit and any
exposed conductive part may be disconnected during the test if they conform to their relevant standards.

NOTE - If this requirement is applied to the testing of properly cleaned, used welding power sources (e.g. after
maintenance or repair without provision of new windings), their insulation should withstand 30% of the values
given in table 4 or not less than 1 500 V a.c. r.m.s. between input and output circuit.

Conformity shall be checked by application of the test voltage for
a) 60 s (TyrPe TEST);
b) 5 s (rRouTINE TEST) OF
c) 1 s (routine TesT with the test voltage increased by 20%).

6.2 Protection against electric shock in normal service (direct contact)

6.2.1 Protection provided by the enclosure

The minimum degree of protection for welding power sources shall be IP21S for indoor use as specified
in IEC 60529.

Welding power sources specifically designed for outdoor use shall have a minimum degree of protection
of IP23.

Additionally live parts of the input circuits shall be protected to IP2XC.
Welding output connections shall be protected as specified in 11.4.
Conformity shall be checked in accordance with IEC 60529.

The degree of water protection is reached if, immediately after this test, the insulation resistance and the
dielectric strength are verified.

6.2.2 Capacitors

A capacitor provided as part of a welding power source and connected either across input supply lines or
across a winding of a transformer providing weLbing currenT shall

a) not cause the welding power source to exhibit hazardous electrical breakdown or present
risk of fire in event of a failure;

b) not contain more than 1 | of flammable liquid;
c) be designed not to leak during normal service;

d) be contained within the welding power source enclosure or other enclosure which conforms
to the relevant requirements of this standard.

Conformity shall be checked by visual inspection and by the following test.
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