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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 Introduct|on are not a part of the requirements of this Standard but are
included fopA from ANSI,
11 West 44d Street NeW York, New York 10036 (212) 642- 4900

Notg¢ — Although the intended primary application of this Standard is stated in its Scope, it is impartant to|note
that] it remains the responsibility of the users of the Standard to judge its suitability for their partiCular purppse.
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GENERAL

NATIONAL DIFFERENCES

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 b

y 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 — Thes

D1 — Thes
elimination

D2 — Thes
requiremern
requiremern

DC — Theg
a particular

DE — Thes

b are National Differences based on the national regulatory requirements

e are National Differences which are based on basic safety principles and requir
of which would compromise safety for consumers and users of proddcts.

P are national differences from IEC requirements based on existing safety practic
ts reflect national safety practices, where empirical substahtiation (for the IEC
t) is not available or the text has not been included in the.IE€ standard.

e are National Differences based on the component-standards and will not be d
component standard is harmonized with the IEC{omponent standard.

b are National Differences based on editorial ‘€emments or corrections

Each natio
following
text:

Adition / Add - An addition entails adding a complete new numbered clause, subcl
tabje, figure, or annex. Addition/is not meant to include adding select words to the ba
text.

Mddification / Modify
addlition, replacenient or deletion of certain words or the replacement of an entire cla
sulpclause, tahlenfigure, or annex of the base IEC text.

Deletion /'Delete - A deletion entails complete deletion of an entire numbered clauss
sulpclause, table, figure, or annex without any replacement text.

al difference contains a description of what the national difference entails. Typically
rds is used to explain how the text ofthe national difference is to be applied to th

='A modification is an altering of the existing base IEC text su

ements

es. These
or national

eleted until

one of the

e base IEC

huse,
se IEC

h as the
Ise,
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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 Inte]
the subject d
liaising with {
Standardizatig

2) The formal
of opinion on

3) The docuni
technical repd

4) In order t
transparently
and the corre

5) The IEC pr
to be in confo)

6) Attention ig
The IEC shall

national Standards. Their preparation is entrusted to technical committees; any IEC National Committe
balt with may participate in this preparatory work. International, governmental and non-governmental
he IEC also participate in this preparation. The IEC collaborates closely with the International O
n (ISO) in accordance with conditions determined by agreement between the two organizations.

decisions or agreements of the IEC on technical matters express, as nearly as possible, an internatio
he relevant subjects since each technical committee has representation from all-interested National C

ents produced have the form of recommendations for international use and)are published in the form|
rts or guides and they are accepted by the National Committees in that-sense.

D promote international unification, IEC National CommitteeS, undertake to apply IEC Internation
o the maximum extent possible in their national and regional Standards. Any divergence between the
ponding national or regional standard shall be clearly indicated in the latter.

bvides no marking procedure to indicate its approvaland cannot be rendered responsible for any equip
rmity with one of its standards.

drawn to the possibility that some of the_eléments of this International Standard may be the subject o
not be held responsible for identifying any or all such patent rights.

E interested in
organizations
panization for

hal consensus

mmittees.

of standards,

al Standards
IEC Standard

ment declared

patent rights.

International Standard IEC 60974-1"has been prepared by IEC technical committee 26: Electfic welding,
and by 1S{ 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

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,

L]

=

gplaced by a revised edition, or
* ammended.
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.
DW.1 DE Addition:
W(drds in smaLL RoMAN cAPITALS in the text are defineddn clause 3.
DV2 DE Addition:

Theé 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 exarpple,
1 000 means 1,000 and 1,01 means-101.
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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 0
welding po

NO
NO
2 Normatiy

The followi
provisions

f IEC 60974 specifies safety requirements for construction and performance requl
ver sources and PLASMA CUTTING SYSTEMS.

[E 1 - Typical allied processes are electric arc cutting and arc spraying.
[E 2 — This standard does not include electromagnetic compatibility (EMC) requjrements.
e references

ng normative documents contain provisions which, through reference in this text

rements of

, constitute

of this part of IEC 60974. At the time of publicatienys. the editions indicated werle valid. All

normative glocuments are subject to revision, and parties to @greements based on this part of| IEC 60974
are encouffaged to investigate the possibility of applyingsxthe most recent editions of thel normative
documents|indicated below. Members of IEC and ISO maintain registers of currently valid Ipternational
Standards.

IEC 6003811983,

IEC standgrd voltages

IEC 60050(151):1978,

International Electrotechnical Vocabtilary (IEV) — Chapter 151: Electrical and magnetic devicgs

IEC 60050(851):1991,

Internation@l Electrotechnical~VVocabulary (IEV) — Chapter 851: Electric welding

IEC 6005112:1984,

Direct actinlg indicatiig-analogue electrical measuring instruments and their accessories — Palt 2: Special
requirements for ammeters and voltmeters

IEC 6006812681991,

Environmental Testing — Part 2. Test melnods — 1esl Eg: Impact, spring hamimer

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-

Electrical e

1:1992,
quipment 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,

H . V) L LD L)
Degrees ofprotectronprovrcted-by-enctostres—{1P-Corcle)

IEC 6053611976,
Classificatipn of electrical and electronic equipment with regard to protection against electric $hock

IEC 6066411:1992,
Insulation ¢oordination for equipment within low-voltage systems — Part 1: Priaciples, requirgments and
tests

IEC 6066413:1992,
Insulation goordination for equipment within low-voltage systems *~ Part 3: Use of coating|to achieve
insulation goordination of printed board assemblies

IEC 6090511987,
Loading guide for dry-type power transformers

IEC 6097417:1999,
Arc welding equipment — Part 7: Torches

IEC 60974112:1992,
Arc welding equipment — Part 12: Coupling devices for welding cables

IEC 61558|(all parts),
Safety of ppwer transformers,_pewer supply units and similar

ISO 7000:1989,
Graphical symbols for«se 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
Tefminal Blocks
uL|1248
Engine-Generator Assemblies for Use in Recreational Vehicles
UL|1659
Attachment Plug Blades for Use in Carg-Sets and Power-Supply Cords
uUL|1682
Pldgs, Receptacles, and Cable>CGonnectors of the Pin and Sleeve Type
UL|2200
Stgtionary Engine Genérator Assemblies
3 Definitiofs
For the pulpose of this-part of IEC 60974, the following definitions apply, with those in IEC §0050(151),
IEC 60050(851), 1EC 60204-1 and IEC 60664-1:
3.1 Arc wiLbING POWER SOURCE: Equipment for supplying current and voltage and having the rgquired
characteristics suitable for arc welding and allied processes.

NOTE 1 — An ARrRc 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 eq

uipment.

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

3.4
involved in

neglectful behaviour.

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

3.5 TYPE T

with the requirements of the standard concerned [IEV 851-02-09].

3.6 ROUTIN
complies w

3.7 GENERA
with respeq

3.8 DRoOOPI
normal wel
V/100 A.

3.9
welding ran

A or increg|

3.10 stATI
welding po

3.11 weLDI
intended to

NO

NO
a C4

3.12 conT

FLAT CHARACTERISTIC: An external sTaTic cHARACTERISTIC ‘Of a welding power source which, in

INSTRUCTED PERSON: A person informed about the tasks assigned and about the possible hazards

EsT: A test of one or more devices made to a given design to check if these deviCe

E TeST: A test made on each individual device during or after manufacturer to chec
ith the requirements of the standard concerned or the criteria specified [IEV 851-0

L VISUAL INSPECTION: An inspection by eye to verify that there are RO apparent discre
t to provisions of the standard concerned.

NG CHARACTERISTIC: An external staTic cHAaRACTERISTIC Of a,welding power source which
Hing range, is such that, as the current increases, the,voltage decreases by more

ses by less than 10 V/100 A.

CHARACTERISTIC: The relationship between the Loap voLTace and the WELDING CURRENT
ver source in a CONVENTIONAL WELDING CONDITION.

NG circuiT: A circuit that jacludes all conductive material through which the weLbing
flow.

[E 1 - In arc welding, the arc is a part of the  weLbing circurT.

[E 2 — In certain‘arc welding processes, the welding arc may be established between two electrodes. |

se, the workpiece is not necessarily a part of the WELDING CIRCUIT.

oL cIReulT: A circuit for the operational control of a welding power source and/or fo

protection ¢f\the power circuits [IEC 60204-1:1992, 3.9 modified]

s comply
if it
P-10].

pancies

, In its
than 7

ts normal

ge, is such that, as the current increasesgthe voltage either decreases by less than 7 V/100

of a

CURRENT IS

h such

3.13 weLDI

3.14

NG CURRENT: The current delivered by a welding power source during welding.

delivering WELDING CURRENT.

LoAD VOLTAGE: The voltage between the output terminals when the welding power source is

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 o

f comparison, calibration, testing etc.
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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 O

,99.

3.19 CcOoNVENTIONAL WELDING CURRENT (/,): The current delivered by a welding power source to a

CONVENTIONA|
NO

3.20 conv
linear relati

NO
NO

3.21 RATE(
of a compd

3.22 RATIN
3.23 RATE[

3.24 RATE[

can be obtained at the convenTtionaL weLbing.conbiTion from a welding power source at its maxi

setting.

3.25 RATE[
can be obt
setting.

3.26 RATE[
VOLTAGE an(

NO

HAZA

LUAD Cl.t t: I LUITTSPJUI IL“I 1Y CONVENTIONAL LUAD VULTAGE.
[E — The values of [, are given as r.m.s. values for a.c. and arithmetic mean values for d.c.

ENTIONAL LOAD VOLTAGE (Us): The Loab voLtace of a welding power source having a sp,
pnship to the CONVENTIONAL WELDING CURRENT.

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

vALUE: An assigned value, generally by the manufacturer, for a specified operating
nent, device or equipment.

. The set of rRaTED vALUES and operating conditions.
outpuT: The raTED vaLUES Of the output of*a welding power source.

MAXIMUM WELDING CURRENT (lomax): THE maximum value of the coNVENTIONAL WELDING C

MINIMUM WELDING CURRENT Y{(#oin): The minimum value of the coNvENTIONAL WELDING CUR
hined at the convenTiONAL weLDING conpiTion from a welding power source at its minin

NO-LOAD VORTAGE (Up): The no-LoaD voLTace, measured in accordance with 11.1, at &
frequengy-or rRATED No-LOAD speeD Of rotation.

[E - If a welding power source is fitted with a HAZARD REDUCING DEVICE, this is the voltage measured

ecified

condition

RRENT that
mum

RENT that
num

ATED SUPPLY

before the

RowrebucinG 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 conve

NTIONAL 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:

3.34 RATE[

RATED MAXIMUM WELDING CURRENT.

3.35 RATE[
external wg

NO
spe

3.36 RATE[

3.37
time.

DUTY

NO

NO
cas
min

3.38 CLEAR

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

Loap speed (Nn): The speed of rotation of a rotating welding‘power source when op
NO-LOAD SPEED (Ng): The speed of rotation of a rotating welding power source wher
| DING CIRCUIT iS open.

[E — If an engine is fitted with a device to reduce the speed when not welding, n
bd reduction device has operated.

o Will be measure|

ioLe speep (N;): The reduced no-loadépeed of an engine driven welding power sot
cycLE; buTy FACTOR (X): The ratio-for a given time interval of the on-load duration to
[E 1 - This ratio, lying hetween 0 and 1, may be expressed as a percentage.
[E 2 — For the purpose of this standard, the time period of one complete cycle is 10 min. For example

p of a 60% dutywcycle (duty factor), load is applied continuously for 6 min followed by a no-load perio

aNcexTFhe shortest distance in air between two conductive parts [IEC 60664-1:199

3.39 CREEF

brating at

the

H before the

rce.

the total

in the
of 4

D, 1.3.2].

ween two

conductive

T>tetrT

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

the

MICRO-ENVIRONMENT are established in 2.5.1 of IEC 60664-1.

POLLUTION DEGREES iN

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 MATER
values, as

MATERIAL GROU
MATERIAL GROU
MATERIAL GROUI

MATERIAL GROUI

The CTI v3g

NO
not

3.43 TEMPY
that of the

3.44 TtHERNAL EQUILIBRIUM: The state reached when the observed temperATURE RISE Of any part O

welding po
3.45 THER
a welding {
overload.

It is capabl
value.

3.46 ENVIR
shock by a

NO

AA H L (- £ ) L H H | H
AT GROUP.Matertarsare-separatedmto-totur-grotps oy tnetrcomparative-trackmgi
ollows:

600 < CTI

400 < CTI < 600
175 < CTI < 400
100 = CTI < 175

A

e

lues above refer to values in accordance with IEC 60112.

[E — For inorganic insulating materials, e.g. glass or ceramics, whieh de’' not track, creepage distanceg
be greater than their associated clearance for the purpose of ing(lation co-ordination.

RATURE RISE: The difference between the temperature of a part of a welding power
hmbient air.

ver source does not exceed 2 K/h.

1AL PROTECTION: A system intended)to ensure the protection of a part, and hence the
ower source against excessive temperatures resulting from certain conditions of t
e of being reset (either manually or automatically) when the temperature falls to th
DNMENTS WITHINCREASED HAZARD OF ELECTRIC SHock: Environments where the hazard of
'c weldingds increased in relation to normal arc welding conditions.

[E 2. —\Such environments are found for example

dex (CTI)

need

source and

f the

whole, of
nermal

e reset

electric

NOTE 2

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
is a high risk or unavoidable or accidental contact by the operator;

there

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.

— 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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