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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ARC WELDING EQUIPMENT -

Part 1: Welding power sources

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of IE is to promote
international co-operation on all questions concerning standardization in the electricall and ele ronic f|e|ds To
this end and in addition to other activities, IEC publishes International Standars S
Technical Reports, Publicly Available Specifications (PAS) and Guides
Publication(s)”). Their preparation is entrusted to technical committees; any |
in the subject dealt with may participate in this preparatory work. S

Publications is accurate, IEC cannot be{held\res{
misinterpretation by any end user.

4) In order to promote |nternat|ona| unlformlt mittees undertake to apply IEC Publications
and regional publications. Any divergence
regional publication shall be clearly indicated in
5) dependent certification bodies provide conformity
o IEC/marks of conformity. IEC is not responsible for any
6)

7) directors)\employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
tsoever,\whether direct or indirect, or for costs (including legal fees) and
ication,/use of, or reliance upon, this IEC Publication or any other IEC
8) ive’ references cited in this publication. Use of the referenced publications is

ation of this publication.
9) Attentio a te the possibility that some of the elements of this IEC Publication may be the subject of

patent rightssJEC shall not\be held responsible for identifying any or all such patent rights.

International Standa
welding.

This fourth edition cancels and replaces the third edition published in 2005 and constitutes a
technical revision.

The significant changes with respect to the previous edition are the following:

— the heating test shall be carried out at ambient temperature of 40 °C (see 5.1);
— new Figure 1 summarizes example of insulation requirements;

— creepage distances for pollution degree 4 are no longer valid (see Table 2);

— insulation requirements for Class Il equipment are defined (see Table 3);

— dielectric test voltage interpolation restriction lower limit is changed to 220V and
interpolation for control and welding circuit is clarified (see Table 4);

— water test is clarified by suppression of visual inspection (see 6.2.1); Documents
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— isolation requirements of the supply circuit and the welding circuit are moved in protection
against electric shock in normal service (see 6.2.4);

— touch current in normal service and in single fault condition requirements are changed
(see 6.2.5, 6.2.6 and 6.3.6);

— maximum temperature for insulation systems are reviewed in accordance with current
edition of IEC 60085 (see Table 6);

— limits of temperature rise for external surfaces are updated depending of unintentional
contact period as defined in ISO 13732-1 (see Table 7);

— loading test is completed by a dielectric test (see 7.4);
— conformity test for tolerance to supply voltage fluctuation is clarified (see 10.1);

— marking of terminals is limited to external protective conductor and thré nase equipment
terminals (see 10.4);

— usage of hazard reducing device is clarified (see 11.1);

— requirements for control circuits are changed (see Clause 12);
— impact test is clarified (see 14.2.2);
— environmental parameters are completed (see Annex

The text of this standard is based on the following dom

)
FDIS (\}‘@p&r}/on/‘\x@ing
26/472/FDIS N 26/479/RVD
N/

Full information on the voting for the approval
voting indicated in the above table.

is standard can be found in the report on

This publication has begn drafted, i ithvthe ISO/IEC Directives, Part 2.

In this standard,@o i
— conformity statements:\

A list of all parts/of\th 974 series can be found, under the general title Arc welding

The compii e gt the contents of this publication will remain unchanged until the
stability date indicat the IEC web site under "http://webstore.iec.ch” in the data related to

* reconfirmed,
* withdrawn,

* replaced by a revised edition, or
+ amended.
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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 1 000 V,
or driven by mechanical means.

This part of |IEC 60974 specifies safety and performance requirem ng power
sources and plasma cutting systems.

This part of IEC 60974 is not applicable to welding power sources Qua al’arc welding
with limited duty operation which are designed mainly fo and designed in
accordance with IEC 60974-6.

maintenance or after repair.

NOTE 1 Typical allied processes are electric ars.cutting a

NOTE 2 AC systems having a nominal
IEC 60038:2009.

NOTE 3 This part of IEC 6097
2 Normative refere

The following doc
are indispensable
undated referencé
applies.

IEC 60050
magnetica

IEC 60050-851:20
welding

0.8

nternational Electrotechnical Vocabulary (IEV) — Part 851: Electric

IEC 60245-6, Rubber insulated cables — Rated voltages up to and including 450/750 V — Part 6:
Arc welding electrode cables

IEC 60417-DB:20111, Graphical symbols for use on equipment

IEC 60445, Basic and safety principles for man-machine interface, marking and identification —
Identification of equipment terminals, conductor terminations and conductors

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

1 “DB” refers to the IEC on-line database. Documents
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IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems — Part 1:
Principles, requirements and tests

IEC 60664-3, Insulation coordination for equipment within low-voltage systems — Part 3: Use of
coating, potting or moulding for protection against pollution

IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical
flame test methods

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

IEC 61140, Protection against electric shock — Common aspects for installg and equipment

supply voltages up to 1 100V - Part 2-4: Particular requiremen
transformers and power supply units incorporating isolating trans e

3 Terms and definitions

For the purposes of this document,
IEC 60050-851 and IEC 60664-1, as we

3.1
arc welding power source

arc welding and aI:’ed 0
Note 1 to entry An

example auxiliary power,
area.

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 1 to entry Several years of practice in the relevant technical field can be taken into consideration in
assessment of professional training.

3.4

instructed person

person informed about the tasks assigned and about the possible hazards involved in
neglectful behaviour

Note 1 to entry  If necessary, the person has undergone some training.

Documents
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3.5

type test

test of one or more devices made to a given design to check if these devices comply with the
requirements of the standard concerned

3.6

routine test

test made on each individual device during or after manufacture to check if it complies with the
requirements of the standard concerned or the criteria specified

3.7

visual inspection
inspection by eye to verify that there are no apparent discrepancies with r
of the standard concerned

ct to provisions

3.8

drooping characteristic
external static characteristic of a welding power source whi
such that the negative slope is greater than or equal to 7 V

, is

3.9
flat characteristic

such that, as the current increases,
increases by less than 10 V/100 A

3.10
static characteristic

3.11
welding circuit

conductive material

Note 1 to entry

Note 1 to entry in
such a casg, the workpiece'is not necessarlly a part of the welding circuit.

3.12
control circuit
internal or external sircuit for the operational control of the equipment or for protection of the
power circuits, or both

EXAMPLE 1 Control circuits intended for interface between the welding power source and external equipment
designed by the manufacturer.

EXAMPLE 2 Control circuits intended for interface between the welding power source and other types of ancillary
equipment.

3.13
welding current
current delivered by a welding power source during welding

3.14

load voltage

voltage between the output terminals when the welding power source is delivering welding
current

Documents
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3.15

no-load voltage

voltage, exclusive of any arc striking or arc stabilizing voltage, between the accessible output
terminals of a welding power source when the welding circuit is open but energized

3.16

conventional value

standardized value that is used as a measure of a parameter for the purposes of comparison,
calibration, testing etc.

NOTE Conventional values do not necessarily apply during the actual welding process.

3.17

conventional welding condition
condition of the welding power source in the energized and thermally
a conventional welding current driven by the corresponding conventid
conventional load at rated supply voltage and frequency or speed

3.18
conventional load

practically non-inductive constant resistive load havinga than 0,99

3.19

conventional welding current
I,

current delivered by a welding power
conventional load voltage

nventional load at the corresponding

Note 1 to entry  The values o . and arithmetic mean values for d.c.

3.20

conventional load\voltage
U>

3.21
rated value
assigned value, generally by the manufacturer, for a specified operating condition of a
component, device or equipment

3.22

rating plate

name plate

plate, permanently affixed on an electric device, which indelibly states the rating and other
information as required by the relevant standard

[SOURCE: IEC 60050-151:2001, 151-16-12]

3.23
rated output
rated values of the output of the equipment

Documents
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3.24
rated maximum welding current
Imax

maximum value of the conventional welding current that can be obtained at the conventional
welding condition from a welding power source at its maximum setting

3.25
rated minimum welding current

IZmin
minimum value of the conventional welding current that can be obtained at the conventional
welding condition from a welding power source at its minimum setting

3.26
rated no-load voltage
Uo

Note 1 to entry  If a welding power source is fitted with a hazard re@ucing~devi
before the hazard reducing device has performed its function.

3.27
rated reduced no-load voltage
U

r

no-load voltage of a welding power so
after the device acts to effect a reduction

¢ reducing device immediately

3.28
rated switched no-load
U,

)

d.c. no-load volta?f of
3.29

r.m.s. value of'st je for which the equipment is designed

fitted with an a.c. to d.c. switching device

rated supp
I

r.m.s. value of supp
condition

y current to the welding power source at a rated conventional welding

3.31
rated no-load supply current
Iy

r.m.s. value of supply current to the welding power source at rated no-load voltage

3.32
rated maximum supply current

I1max
maximum value of the rated supply current
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3.33
maximum effective supply current

14 et

maximum value of the effective supply current, calculated from the rated supply current (/),
the corresponding duty cycle (X) and the supply current at no-load (/;) by the formula:

Left =\/ I xX+Ig2x(-X)

3.34

rated load speed

n

speed of rotation of an engine-driven welding power source when operatin ed maximum
welding current

3.35
rated no-load speed

i)
speed of rotation of an engine-driven welding power so
open

t welding circuit is

Note 1 to entry  If an engine is fitted with a d
before the speed reduction device has operated.

ot welding, n, will be measured

3.36
rated idle speed

n;

reduced no-load speed of@a

3.37

duty cycle
X

SUPERSEDED: dutyfacto

ratio, for a given timeinterval, ninterrupted on-load duration to the total time

een 0 and 1, is expressed as a percentage.

Note 2 to entry t ses of this document, the time period of one complete cycle is 10 min. For example,
y ,\a continuous 6 min load period is followed by a no-load period of 4 min.

3.38
clearance
shortest distance in air between two conductive parts

[SOURCE: IEC 60664-1:2007, 3.2]

3.39
creepage distance
shortest distance along the surface of a solid insulating material between two conductive parts

[SOURCE: IEC 60664-1:2007, 3.3]

3.40
pollution degree
numeral characterizing the expected pollution of the micro-environment

[SOURCE: IEC 60664-1:2007, 3.13]
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Note 1 to entry  For the purpose of evaluating creepage distances and clearances, the following four pollution
degrees in the micro-environment are established in 4.6.2 of IEC 60664-1:2007.

a) Pollution degree 1: No pollution or only dry, non-conductive pollution occurs. The pollution has no influence.

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 which is to be expected.

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

3.41

micro-environment
immediate environment of the insulation which particularly influences
creepage distances

aning of the

[SOURCE: IEC 60664-1:2007, 3.12.2]

3.42

material group

materials separated into four groups by their co
accordance with IEC 60664-1

indéx (CTI) values in

Note 1 to entry  The following four groups are ined i
Material group | 600 < CTI

Material group Il 400 < CTI < 600

Material group 111a175 < CTI < 40

Material group I11b100 < CTI

3.43
temperature ris

difference between’tp rt of the equipment and that of the ambient air

3.44

thermal equ L

state reache erved temperature rise of any part of the equipment does not
exceed 2

3.45

thermal protection
system intended to ensure the protection of a part, and hence the whole, of the equipment
against excessive temperatures resulting from certain conditions of thermal overload

Note 1 to entry It is capable of being reset (either manually or automatically) when the temperature falls to the
reset value.

3.46

environment with increased risk of electric shock

environment where the probability of electric shock by arc welding is increased in relation to
normal arc welding conditions

Note 1 to entry  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 (for example 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 hig obabilitw@{
unavoidable or accidental contact by the operator; OCU entS
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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.

3.47

hazard reducing device

device designed to reduce the hazard of electric shock that may originate from the no-load
voltage

3.48

class | equipment

equipment with basic insulation as provision for basic protection and protective bonding as
provision for fault protection

3.49

class Il equipment
equipment with basic insulation as provision for basic protection, and
as provision for fault protection, or in which basic and faul
reinforced insulation

3.50
basic insulation
insulation of hazardous-live-parts which provides basj

[SOURCE: IEC 60050-826 :2004, 826-12-14]

3.51
supplementary insulation

independent insulation applied in addition t sich
[SOURCE: IEC 60050-826 B 12-45]

3.52
double insulatio

insulation compr - C i and supplementary insulation

[SOURCE: IEC 60

for fault protection

3.53

Note 1 to entry ed insulation may comprise several layers which cannot be tested singly as basic
insulation or supplementary insulation.

[SOURCE: IEC 60050-826:2004, 826-12-17]

3.54
plasma cutting system
combination of power source, torch, and associated safety devices for plasma cutting/gouging

3.55

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 to entry A plasma cutting power source can also supply services to other equipment and auxiliaries, for
example auxiliary power, cooling liquid and gas.
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3.56

safety extra low voltage

SELV

voltage which does not exceed 50V 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 isolating transformer

Note 1 to entry  Maximum voltage lower than 50 V a.c. or 120 V ripple free d.c. is specified in particular require-
ments, especially when direct contact with live parts is allowed.

Note 2 to entry  The voltage limit is not exceeded at any load between full load and no-load when the source is a
safety isolating transformer.

Note 3 to entry  "Ripple-free" is conventionally an r.m.s. ripple voltage not more than 10 9
the maximum peak value does not exceed 140 V for a nominal 120 V ripple-free d.c. syste
60 V ripple-free d.c. system.

[SOURCE: IEC 60050-851:2008, 851-15-08, modified]

e d.c. component;
Q V for a nominal

3.57

supply circuit

input circuit

conductive material in the equipment through which the

3.58
working voltage
highest r.m.s. value of the a.c. or d.c.

Note 1 to entry  Transients are disregarded.
Note 2 to entry  Both open cir i ; or| perating conditions are taken into account.

3.59

touch current
electric current e
or more accessiblepa

[SOURCE: IEC 6

or through an animal body when it touches one
or of equipment

0

Note 1 to entry S asured by using a measuring network that simulates the impedance of the
human bod

3.60
remote contro

device or circuit extermal to the equipment used for monitoring or operational control

3.61
single-fault condition
condition in which one means for protection against hazard is defective

Note 1 to entry If a single-fault condition results unavoidably in another single-fault condition, the two failures are
considered as one single-fault condition.

[SOURCE: IEC 60050-851:2008, 851-11-20]

3.62

fixed installation

particular combination of several types of apparatus and, where applicable, other devices,
which are assembled, installed and intended to be used permanently at a predefined location
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3.63
protective circuit
circuit intended to be bonded to protective earth to protect against electric shock

3.64

class of insulation

a standard classification applied to an insulating material for use in electrical apparatus and
machines and specifying the nature of the material and a recommended limiting temperature

[SOURCE: IEC 60050-811:1991, 811-13-33]

3.65
functional insulation
insulation between conductive parts, necessary for the proper functioning

[SOURCE: IEC 60050-195:1998, 195-02-41]

3.66
idle state
operating state in which the power is switched on and the notenergized

Note 1 to entry  For some types of equipment there is no idle ate preceding arc striking.

Note 2 to entry  For a power source in a mechanised sys
the manufacturer.

achieve idle state is defined by

3.67
standby mode

non operating state in which the supply circ@o switching device is off

Note 1 to entry By design, mest power sources\for manu3 welding do not have any energy consumption in
standby mode.

Note 2 to entry anisg
defined by the man

d system, the configuration to achieve standby mode is

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 10°.

Welding power sources shall withstand storage and transport at an ambient air temperature of
—20 °C to +55 °C without any damage to function and performance.

NOTE Different environmental conditions can be agreed upon between the manufacturer and the purchaser and
the resulting welding power source is marked accordingly (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 atmospheﬁ&c&ducive

to the growth of mould. UmentS
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5 Tests

5.1 Test conditions

Tests shall be carried out on new, dry and completely assembled welding power sources.

The heating test defined in 7.1 and the thermal protection test defined in 8.5 shall be carried
out at ambient temperature of 40 °C, see tolerances in 7.1.2 e), with the exception of engine-
driven power sources and fixed installation equipment, which shall be tested in accordance with
the manufacturer’s specification.

Other tests shall be carried out at any ambient air temperature given in 4 a)

manufacturer.

Unless otherwise specified, the equipment shall be supplied > oltage with a
tolerance of 5 %.

5.2 Measuring instruments

The accuracy of measuring instruments shall be:

b) thermometer:

c) tachometer:

5.3 Conformity of
Components wh@
this document or i

NOTE 1
scope.

An |EC cof

a) Where a camponent has been certified by a recognized testing authority for compliance
with a relevan component standard, that component shall be checked for correct
application and ‘use in accordance with its rating. The component shall be tested in
accordance with this part of IEC 60974 with the exception of those tests which are part of
the relevant IEC component standard.

b) Where a component has been certified by a recognized testing authority for compliance
with a relevant IEC component standard, but is not being used in accordance with its
specified ratings, that component shall be tested in accordance with this part of IEC 60974.

c) Where a component has not been certified by a recognized testing authority for compliance
with a relevant IEC component standard, that component shall be checked for correct
application in the equipment by testing the component in accordance with this part of
IEC 60974 or in accordance with the applicable tests of the relevant IEC component
standard.

NOTE 2 The applicable test for compliance with a component standard is typically carried out separately. The
number of test samples is typically the same as that required in the component standard.
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d) Where a component has not been certified by a recognized testing authority for compliance
with a relevant IEC component standard because no such standard exists, that component
shall be tested in accordance with this part of IEC 60974.

e) Where a component has been certified by a recognized testing authority for compliance to
a non-lEC standard, that component shall be considered acceptable for use in the
equipment provided that the applicable safety requirements of the non-IEC standard are at
least as high as those of a relevant |IEC standard. The component shall be tested in
accordance with this part of IEC 60974 with the exception of those tests which are part of
the non-IEC component standard.

5.4 Type tests

Unless otherwise specified, the tests in this document are type tests.

The welding power source shall be tested with any ancillary equipme quld affect
the test results.

sequence with no drying time between f), g) and h):

V)

general visual inspection, see 3.7;

O

insulation resistance, see 6.1.4 (pre

Qo O

)
)
) enclosure, see 14.2;
) handling means, see 14.3;
)

)

) protection provided/hy the
g) insulation resistance, s€e 6.4 4;
h) dielectric str L85;

The other tests ing¢ PN ent and not listed here shall be carried out, but may be

All routine tes
recommended:

be carried out on each welding power source. The following sequence is

a) visual inspection in accordance with manufacturer’s specification;
b) continuity of the protective circuit, see 10.5.1;

c) dielectric strength, see 6.1.5;

d) no-load voltage:

1) rated no-load voltage, see 11.1; or
2) if applicable, rated reduced no-load voltage, see 13.2; or
3) if applicable, rated switched no-load voltage, see 13.3;

e) test to ensure rated minimum and maximum output values in accordance with 15.4 b) and
15.4 ¢). The manufacturer may select conventional load, short circuit load or other test
conditions.

NOTE In short circuit and other test conditions, the output values can differ from conventional load values.
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6 Protection against electric shock

6.1 Insulation
6.1.1 General

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 II. All welding power sources shall be designed for use in environmental conditions of
pollution degree 3 as a minimum.

Components or subassemblies with clearances or creepage distances corresponding to
pollution degree 1 or 2 are permitted, if they are completely coated, pottedhor moulded in
accordance with IEC 60664-3.

See Table 2 for printed wiring material creepage distances.

configurations and solutions are possi
Figure 1, the required insulation shall be

Similar circuit

Supply circuit (see 6.2.4) or Auxili F
power output (see 11.6) l A 3 ! —
D F/N

v F
Welding circuit (see 6.2.4) T N ; l«—> ]

RQ FIN

. . . J h F
Control .CIF.CUIt con d t the | | < >
supply circuit
Control circuit or remg F
circuit (see 12.3) and e | < g —
the protective circuit (se _/
Control circuit o 1 1 .
external devices | ‘L> 1
remote conyro A 4
connected to RID B
Control circuit (see 12:2) a ‘ ; ;
voltage lower than ) F
>
separated from welding ~and supply l A A l 1
circuit RD B
Control circuit having a voltage higher
than 11.1.1 and separated from L F )
welding and supply circuit l l —
Protective circuit B F
| «—» |
IEC 911/12
Key —
R/D Reinforced or double insulation F Functional insulation
B Basic insulation N No insulation requirement
Figure 1 — Example of insulation configuration for Class | equipment
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6.1.2 Clearances

For basic or supplementary insulation, and reinforced insulation, minimum clearances shall be
in accordance with Table 1 for overvoltage category lll. For other overvoltage categories,
minimum clearances shall be in accordance with IEC 60664-1.

Table 1 — Minimum clearances for overvoltage category Il

Voltage line Basic or supplementary insulation Reinforced insulation
to neutral
derived from Pollution degree Pollution degree
nominal Rated 2 | 3 T 4 Rated 2 | 3 | 4
voltages a.c. | impulse | AC test impulse AC test
ord.c. up to Test voltage test voltage
and voltage Clearance voltage Clearance

including?@ <
Vr.m.s. peak V Vr.m.s. mm peak V \% r@ Nm

50 800 566 0,2 0.8 1 500 /\1\06\\ NN,S 1,6

100 1500 | 1061 | 05 16 | 2500 1768\ 15/

150 2 500 1768 3
300 4 000 2 828 5,5
600 6 000 4243 8
1000 8 000 5 657 14
NOTE 1 Values based on Tables F.1 and F.2%f IEC\60664-1:
NOTE 2 For other pollution degrees and over
NOTE 3 If an autotransformer jis connected to th ircuit/and provided as a part of a welding power
source, the supply voltage det%’n‘iine\ t}i@?l\e%a ces.
a See Annex A. [\ N aN )

ible’non-conductive surfaces, such surfaces shall be

considered to b herever they can be touched by the standard test

For determining
e cov

components) which~are protected by an overvoltage limiting device (for example 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 welding circuit within the welding power source
and to control circuits when separated from the supply circuit, for example 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 6.2 of IEC 60664-1:2007 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 us and an output impedance of less than 500 Q.
’ . PHLIMP Documents
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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.

6.1.3 Creepage distances

Creepage distances for basic or supplementary insulation, shall be in accordance with Table 2.

Creepage distances for double insulation shall be the sum of the values for basic and
supplementary insulation which form the double insulation.

Creepage distances for reinforced insulation shall be twice those determined for basic

insulation.

the standard test finger in accordance with IEC 60529.

Creepage distances are given for the highest rated voltag
of a lower rated voltage, interpolation is allowed.

For supply circuit terminals, see E.2.

If the control circuit is L i to the supply circuit, the values for the supply voltage
shall apply.

Conformity shall inear measurement in accordance with 6.2 of

IEC 60664-1:200
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Table 2 — Minimum creepage distances

Creepage distances in millimetres

Working Basic or supplementary insulation
voltage

Printed wiring material

Pollution degree
Pollution degree

1 2 1 2 3

Material group | Material group

2 e 2 T (T I (I 1

Vr.m.s mm mm mm mm | mm | mm | mm mm mm

10 0,025 004 0080404 04| 1 [ 1 |1
12,5 0,025 0,04 | 0,09 |042]042]042]1,05[1.d5]1,05
16 0,025 004 | 01 [045]045]045]| 1,1.{1,1 [T
20 0,025 0,04 | 011 |048|048]048] 2 \D2 | 12
25 0,025 0,04 [0,125] 055 | 05 | 0,57,25] 1125 \,25
32 0,025 0,04 | 0,14 |053]053]053] 1,3\1,3\ 13
40 0,025 0,04 |06 056 08 | Ha L 1x] 1,6 [\1,8
50 0,025 004 | 018 | 06108512 | W5 \1,7)19
63 0,04 0,063 | 02 |0/63]0,9 |Mh25[16 | 18 | 2
80 0,063 0,1 | 02270067 Pos L 1,3 1,7 1.9 | 2,1

100 0,1 o6 | 025 |71 (1 ([ 14l rs] 2 |22
125 0,16 025 N 0,28 |0,75|105] 1.5/ 1,9 [ 2,1 | 2.4

160 0,25 04> | 082 08\ 11 16| 2 [22]25
200 0,4 ol63 042N 4[4 | 2 [25]28]32
250 056 | 12511,8 | 25 32 |36 4

0,56 N
320 | o758 | 075 6 |22 32| 4 |45] 5
400 1 (2 1] 2 28] 4|5 [56]63
500, 135N 25\ M3 | 25|36 5 [63]71] 8
%30, | < 1,85 3, 18 |32 |45]63] 8 | 9 | 10

800 [ \24 .~/ |24 | 4 |56] 8 |10 ] 11 |125
1600 3,2 )5 32 | 5 [71] 10 [125] 14 | 16

4250 42 | 63| 9 |125] 16 | 18 | 20
1 &TS\ 5,6 8 11 16 20 22 25
Q \2 0ve._ | 75 | 10 | 14 [ 20 | 25 | 28 | 32
3\500 10 |12,5| 18 25 32 36 40
\3\{00 12,5 16 22 32 40 45 50
4 000 16 20 28 40 50 56 63
5000 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 | 100
8 000 32 40 56 80 | 100 | 110 | 125
10 000 40 50 71 100 | 125 | 140 | 160

a  Material group I, Il, Illa and Illb.

b Material group I, Il and llla.

NOTE In accordance with 60664-1, the dimensions for creepage distance
cannot be specified where permanently conductive pollution is present (Pollution
degree 4).
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6.1.4 Insulation resistance

The insulation resistance shall be not less than the values given in Table 3.

Table 3 — Insulation resistance

Measurement?® Resistance Insulation
N . - Double or
Supply circuit to welding circuit 5,0 MQ reinforced
Welding circuit to protective circuit 2,5 MQ Basic
Supply circuit to protective circuit 2,5 MQ Basic
Supply circuit . b ouble or
of Class Il equipment to accessible surfaces 50M reinforced
a Control circuits are tested together with the circuit to which they are galva conngcted.
b For measurement to accessible non-conductive surfaces, such surfaces halk be\con
covered by metal foil.

Any control or auxiliary circuit connected to the protesti or terminal shall be

During the measurement, torches shall be. di id-state electronic components and
their protective devices may be short-circuited a d _cooling units shall be tested without
liquid.

6.1.5 Dielectric str

The insulation shall witl est voltages without any flashover or breakdown:

a) firsttestof a i ost voltages given in Table 4;

b) repetition of t ' velding power source: test voltage 80 % of the values
given in Table 4.

le 4 — Dielectric test voltages

\> AC dielectric test voltage

V r.m.s.

Supply?, welding® \Kﬁ circuits to exposed conductive parts, | All circuits except Supply circuit to

or controlb circuits supply circuit to all circuits except the supply circuit to welding circuit
welding circuit welding circuit
Class | equipment | Class Il equipment
Up to 50 500 1 000 500 1 000
220 1100 2 200 1100 2 200
450 1875 3750 1875 3750
700 2 500 5000 2 500 5000
1 000 2750 5 500 2750 5 500

NOTE 1 The maximum rated voltage is valid for earthed and unearthed systems.

NOTE 2 In this document, the dielectric strength test of control circuits is limited to any circuit that enters or
exits the enclosure apart from the supply circuit and the welding circuit.

a For intermediate values, interpolation is allowed on all supply networks (supply circuit) operating outside the
range of 220 V to 450 V and on all three-phase, three-wire earthed systems without voltage exmm ents
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Annex A).

b For intermediate values, interpolation is allowed on welding and control circuits.

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 the tripping current shall be 100 mA. The high voltage
transformer shall deliver the prescribed voltage up to the tripping current. Tripping is regarded
as a flashover or a breakdown.

NOTE For the operator’s safety, the lowest setting of the tripping current (less than or equal to 10 mA) is typical.

Components or subassemblies shall not be disconnected or $hort:
conditions of a), b) or c) below are met:

a) The components or subassemblies are designed and

subassemblies are not connected between
disconnection or short-circuiting does not preve
Example: fan motors and pump motors.

the welding circuit and their discon
tested. Example: electronic circuits.

c) Interference suppression networks
circuit and any exposed conductive

b) 5 s (routine test);

or

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

Welding power sources specifically designed for indoor use shall have a minimum degree of
protection of IP21S using IEC 60529 test procedures and conditions.

Welding power sources specifically designed for outdoor use shall have a minimum degree of
protection of IP23S using IEC 60529 test procedures and conditions.
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Welding power sources with degree of protection IP23S may be stored, but are not intended to
be used outside during precipitation unless sheltered.

Adequate drainage shall be provided by the enclosure. Retained water shall not interfere with
the operation of the equipment or impair safety. The quantity of water that enters the enclosure
is not limited.

Welding circuit connections shall be protected as specified in 11.4.1.

Remote controls for welding power sources shall have a minimum degree of protection of IP2X
using IEC 60529 test procedures and conditions.

Conformity shall be checked by the following test:

A welding power source shall be subjected to the appropriate
energized. Immediately after the test, the welding power sourge
environment and subjected to the insulation resistance test,
strength test, listed in 5.4 h).

6.2.2 Capacitors

Each capacitor provided as part of a welding po

a) not contain more than 1 | of flammable liquid
b) be designed not to leak during normga
c) be contained within the welding power s

Capacitors shaII
or present risk of firé ji

Conformity shall b

1) any fuse or o
2) the supply circuit fuse or circuit-breaker has cleared; or

3) the supply circuit components of the welding power source reach a steady state
temperature, not higher than that allowed in 7.3.

If any undue heating or melting becomes apparent, the welding power source shall conform to
the requirements of items a), ¢) and d) of 9.1.

There shall be no leakage of liquid during any of the type tests required by this document.

For interference suppression capacitors or capacitors having internal fusing or a circuit
breaker, this test is not required.

6.2.3 Automatic discharge of supply circuit capacitors

Each capacitor shall be provided with a means of automatic discharge which shall reduce the
voltage across the capacitor to 60 V or less within the time necessary to give ac@s@ments
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current carrying part connected to the capacitor or an appropriate warning label shall be used.
For any plug, which has a voltage due to a capacitor, the access time is considered to be 1 s.

Capacitors having a rated capacitance not exceeding 0,1 uF are not considered to present a
risk of electric shock.

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

The welding power source is operated at the highest rated supply voltage. The welding power
source is then disconnected from the supply network and the voltages are measured with
instruments that do not significantly affect the values being measured.

6.2.4 Isolation of the welding circuit

6.2.5 Welding circuit touch curre

The touch current betwé
terminal shall not excee

Conformity shall
circuit as shown

<
]
— —
]
IEC 912/12
Key
A, B Measuring network connections

NOTE For class Il equipment, use the PE-terminal of earthed supply network.

Figure 2 — Measurement of welding circuit touch current
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6.2.6 Touch current in normal condition

The touch current for accessible conductive surfaces, not connected to the protective circuit,
shall not exceed 0,7 mA peak under normal conditions.

Conformity shall be checked using the configurations as shown in Annex N, without simulating
any fault and under the following conditions:
a) the welding power source is:

— isolated from the ground plane;

— supplied by the highest rated supply voltage;
b) the welding circuit is in the no-load condition;

c) interference suppression capacitors are not disconnected.
6.3 Protection against electric shock in case of a fault conditio
6.3.1 Protective provisions

Welding power sources shall be class | or class Il equipm
with the exception of the welding circuit.

6.3.2 Isolation between windings of the supp
Windings of the supply circuit and the

a) reinforced or double insulation
or

b) basic insulation to a
conductor.

distance through insulation

Minimum distance through insulation
x‘ ed supp mm
Itag
N

. Total of three or more
Vrm.s. Single layer separate layers
\ up to 440 1,3 0,35
441 to 690 1,5 0,4
691 to 1 000 2,0 0,5

Where there is a metal screen between the windings, the thickness of the insulation between
each winding and the screen shall be at least half the values given in Table 5.

Conformity shall be checked by visual inspection and by measurement.

6.3.3 Internal conductors and connections

Internal conductors and connections shall be secured or positioned to prevent accidental
loosening, which could cause electrical connection between

a) the supply circuit or any other circuit and the welding circuit so that the output voltage could
become higher than the allowable no-load voltage;
b) the protective conductor, enclosure, frame or core and the welding circuit Documents
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Where insulated conductors pass through metallic parts, they shall be provided with bushings
of insulating material or the openings shall be smoothly rounded with a radius of at least
1,5 mm.

Bare conductors shall be so fixed that the clearance and creepage distance from each other
and from conductive parts is maintained (see 6.1.2 and 6.3.2).

Conductors of different circuits may be laid side by side, may occupy the same duct (for
example conduit, cable trunking system), or may be in the same multiconductor cable provided
that the arrangement does not impair the proper functioning of the respective circuits. Where
those circuits operate at different voltages, the conductors shall be separated by suitable
barriers or shall be insulated for the highest voltage to which any conductor within the same
duct can be subjected.

Conformity shall be checked by visual inspection and by measureme

6.3.4  Additional requirements for plasma cutting systems

The plasma cutting torch, parts (e.g. parts typically replaced due\toxwear) and plasma cutting

requirements are fulfilled:

a) when no arc current is present:

the voltage between the plasma ti
values givenin 11.1.1,

or

the plasma cutting power
Clause 13,

and

the sides of a
IEC 60529~

NOTE A single-fault i abnormal condition resulting from the electrode being in contact with the plasma tip
because of missing insulators, sticking of the plasma tip to the electrode, conductive material between plasma tip
and electrode, wrong parts, loose parts, electrode abrasion, parts inserted incorrectly, excessive load or incorrect
gas flow.

Conformity shall be tested in accordance with 11.1 and by simulating a torch fault and testing
in accordance with Clause 13. The torch shall be tested in accordance with IEC 60974-7.

6.3.5 Movable coils and cores

If movable coils or cores are used to adjust the welding current, the construction shall be such
that the prescribed clearances and creepage distances are maintained, taking into account
electrical and mechanical stresses.

Conformity shall be checked by operating the mechanism 500 times over its complete
movement between minimum and maximum at the rate specified by the manufacturer and by
visual inspection.
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6.3.6 Touch current in fault condition

For class 1 equipment, the weighted touch current in the case of an external protective
conductor failure or disconnection shall not exceed:

a) 7 mA peak for plug-connected equipment rated up to and including 32 A effective supply
current;

b) 14,1 mA peak for plug-connected equipment rated more than 32 A effective supply current;

c) 14,1 mA peak for equipment for permanent connection, without special measures for the
protective conductor.

Equipment for permanent connection with a reinforced protective conductor may have a
leakage current up to 5 % of the rated supply current per phase.

The following shall be provided for the reinforced protective conductor;

— a connection terminal designed for the connection of a protecti
least 10 mm2 Cu or 16 mmZ2 Al, or

— a second terminal designed for the connection of a proteg
section as that of the normal protective conductor.

Conformity shall be checked using the configurations,
conditions:

rAnnex N under the following

1) the welding power source is:
— isolated from the ground plane;

ventilation of the~welding power source or cause abnormal transfer of heat to or from it.

The welding power source is operated at rated supply voltage, with constant current, at a cycle
time of (10 + 0,2) min:

a) with the rated welding current (/,) at 60 % and/or 100 % duty cycle as appropriate;

b) with the rated maximum welding current (/,,,,,) at the corresponding duty cycle.

If it is known that neither a) nor b) gives maximum heating, then a test shall be made at the
setting within the rated range which gives the maximum heating.

In the case of a welding power source rated for a.c. tungsten inert-gas welding, an unbalanced
load could cause maximum heating. In this case, a test shall be carried out as given in
Annex C.

The ambient temperature condition of 5.1 shall be fulfilled.
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NOTE 1 This maximum heating is possible at the no-load condition.

NOTE 2 The tests, if relevant, follow each other without having the welding power source returned to the ambient
air temperature.

7.1.2 Tolerances of the test parameters

During the last 60 min of the heating test in accordance with 7.1.3, the following tolerances
shall be met:

+10

a) load voltage: 5 % of the appropriate conventional load voltage;

+10

b) welding current: 5 % of the appropriate conventional welding cu

c) supply voltage: +5 % of the appropriate rated supply volta
d) engine speed: +5 % of the appropriate rated speed,;
e) temperature: +_12 K of the ambient temperature.

7.1.3 Duration of test

The heating test shall be carried out until the ' ture rise does not exceed

7.2 Temperature measurement
7.21 Measurement conditions

The temperature shall be
follows:

Yoint of the load time of the last cycle as

a) for windings a t e xesjstance, or by surface or embedded temperature
sensors;

NOTE 1

The temperature i easured by a temperature sensor applied to accessible surfaces of
windings or other parts in accordance with the conditions stipulated below.

NOTE 1 Typical temperature sensors are thermocouples, resistance thermometers, etc.

Bulb thermometers shall not be used for measuring temperatures of windings and surfaces.

Temperature sensors are placed at accessible spots where the maximum temperature is likely
to occur. It is advisable to locate the predictable hot spots by means of a preliminary check.

NOTE 2 The size and spread of hot spots in windings depend on the design of the welding power source.

Efficient heat transmission between the point of measurement and the temperature sensor
shall be ensured, and protection shall be provided for the temperature sensor against the effect
of air currents and radiation.
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7.2.3 Resistance

The temperature rise of windings is determined by the increase in their resistance and is
obtained for copper by the following formula:

235+ 1) (R, - R
Iy —’az( 1]1( 2~ Ry) + (14— 13)
1

where
t1 is the temperature of the winding at the moment when R, is measured (°C),
t, is the calculated temperature of the winding at the end of the test (°C),

is the ambient air temperature at the end of the test (°C);

R, is the initial resistance of the winding (€2);

Q).

R, is the resistance of the winding at the end of the test (

A thermocouple plied to
embedded. @

s determined by at least three measuring devices. These are
ding power source, at approximately one-half of its height and
hey are protected from draughts and abnormal heating. The

where the air enters the cooling system. The mean of the readings taken at equal intervals of
time during the last quarter of the duration of the test is adopted as the ambient air
temperature.

7.2.6 Recording of temperatures

Where possible, temperatures are recorded while the equipment is in operation and after
shutdown. On those parts where the recording of temperature is not possible while the
equipment is in operation, temperatures are taken after shutdown as described below.

Whenever a sufficient time has elapsed between the instant of shutdown and the time of final
temperature measurement to permit the temperature to fall, suitable corrections are applied to
obtain as nearly as practicable the temperature at the instant of shutdown. This may be done
by plotting a curve in accordance with Annex D. A minimum of four temperature readings is
taken within 5 min from shutdown. In cases where successive measurements show an
increasing temperature after shutdown, the highest value is taken.
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To maintain the temperature during the stopping period, precautions shall be taken to shorten
the stopping period of a engine-driven welding power source.

7.3 Limits of temperature rise
7.31 Windings, commutators and slip-rings

The temperature rise for windings, commutators and slip-rings shall not exceed the values
given in Table 6, regardless of the method of temperature measurement used.

Table 6 — Temperature limits for windings, commutators and slip-rings

Maximum temperature ris
Class of Maximum K
i lati t t indi
insulation emperature Windings mmtators
Surface Resistance Embedde \and
temperature mperatur lipsrings
°C °C sensor sens
105 (A) 150 55 60 6% 60
120 (E) 165 70 757 80 70
130 (B) 175 75 (80 O \9@\) 80
155 (F) 190 95 (\dos”/ [\ s 90
N
180 (H) 210 {15 625 \ /a0 100
200 (N) 230 130\ 145 160 Not determined
220 (R) 250 50 |\ 60 N 180
NOTE 1 Surface temperature Ms measured with non-embedded sensors at
the hottest accessible spot of
NOTE 2 Normally, the temperat lowest. The temperature determined by resistance
measurement gives fhe mperatures occurring in a winding. The highest temperature
occurring in the wi (h sured by embedded temperature sensors.
NOTE 3 Other classes pof insu n hawing,higher values than those given in Table 6 are available (see IEC 60085).

reach any temperature that will damage another part even though
the_reguirements in Table 6.

No part shall
that part might con

ests at other than 100 % duty cycle, the temperature occurring during any full
xceed the’maximum temperatures given in Table 6.

Furthermore,
cycle shall no

Conformity shall be checked by measurement in accordance with 7.2.

7.3.2 External surfaces

The temperature rise for external surfaces shall not exceed the values given in Table 7. Limits
of temperature rise are given for:

— an unintentional contact period of 1 s for enclosures,
— a contact period of 4 s for buttons and

— a contact period of 60 s for handles.
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Table 7 — Temperature limits for external surfaces

External surface Maximum temperature | Burn threshold for
rise contact period ?
K S
Uncoated metal enclosures 25 1
Painted metal enclosures 35 1
Plastic enclosures 45 1
Uncoated metal buttons 18 4
Painted metal buttons 22 4
Plastic buttons 35 4
Metal handles 10 60
Plastic handles 20 AN
@ Informative values in accordance with ISO 13732-1.

UF&QS that are:

For engine-driven power sources, the limits of Table 7 may be e ee%d\\(or

a) recognizable by appearance or function; or
b) marked with the symbol IEC 60417-5041 ; or
c) located or guarded to prevent unintentional co

-\l‘

ng.normal operation.
NOTE Surfaces that are recognizable by apgearance < ion i ts/such as exhaust parts, silencers,

7.3.3 Other components

temperature, in ac:ord
7.4 Loading te

ed by the following tests and by establishing that no damage or
ing power source occur during the tests.

a

Starting from the d/state, the welding power source is loaded at the rated maximum welding
current until one of the following occurs:

a) the thermal protection is actuated;

b) the maximum temperature limit of the windings is reached;

c) a period of 10 min is reached.

Immediately after reset of the thermal protection in a), or after b) or c), one of the following
tests is carried out.

1) In the case of a drooping characteristic welding power source, the controls are set to
provide rated maximum welding current. It is then loaded 60 times with a short circuit
having an external resistance between 8 mQ and 10 mQ for 2 s, followed by a pause of 3 s.

2) In the case of a flat characteristic welding power source, it is loaded once with 1,5 times the
rated maximum welding current at maximum available load voltage for 15 s. For welding
power sources fitted with a protection device, which limits the welding current to a value
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lower than 1,5 times the rated maximum welding current, the test is carried out at the
maximum welding current available at corresponding load voltage.

Immediately after test 1) or 2) is carried out, while equipment is still hot, the equipment shall be
checked in accordance with 6.1.5.

7.5 Commutators and slip-rings

Commutators, slip-rings and their brushes shall show no evidence of injurious sparking or
damage throughout the range of the engine-driven welding power source.

Conformity shall be checked by visual inspection during

a) the heating test in accordance with 7.1
and
b) the loading test in accordance with item 1) or 2) of 7.4.

8 Thermal protection

8.1 General requirements

An electrically powered welding power source sha
cycle at rated maximum welding current/is lowe

hermal protection if the duty

a) 35 % in the case of a drooping characteristi

NOTE A drooping characterist &nu

while a flat characteristic is ge or_ metal inert/activ

or

b) 60 % in the case of a flat characteristic.

metal arc welding and tungsten inert gas welding,
gas welding.

If a welding poweysou - 1 thermal protection, the thermal protection shall meet the
requirements of‘@

Conformity shall bé ¢

operation.
Conformity shall be~ehecked by visual inspection.

8.3 Location

The thermal protection shall be permanently located within the welding power source to ensure
that the heat transfer is reliable.

Conformity shall be checked by visual inspection.

8.4 Operating capacity

The thermal protection shall be able to operate, when the welding power source delivers its
rated maximum welding current:

a) 100 times, in the case of a duty cycle of 35 % or higher
or
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b) 200 times, in the case of a duty cycle lower than 35 %.
Conformity shall be checked with a suitable overload producing the required number of

consecutive interruptions of a circuit having the same electrical characteristics, especially
current and reactance, as the circuit in which the thermal protection is used.

After this test, the requirements of 8.4 and 8.6 shall be met.

8.5 Operation

The thermal protection shall prevent the welding power source windings from exceeding the
maximum temperature limits given in Table 6.

6 ating of windings,
the test shall be carried out at ambient temperaturé 2 5 imum heating of
windings.

8.6 Resetting

8.7 Indication

Welding power fi i ahprotection shall indicate that the thermal protection
has reduced or disconnected th :

has an automatic ré i
aperture), or an a
the instruction ma

shall be either a yellow light (or yellow flag within an
howing symbols or words whose meanings are given in

Conformity~shall be_ch d by visual inspection.

9 Abnorma

9.1 General requirements

A welding power source shall not breakdown and increases the risk of electric shock or fire,
under the conditions of operation of 9.2 to 9.4. These tests are conducted without regard to
temperature attained on any part, or the continued proper functioning of the welding power
source. The only criterion is that the welding power source does not become unsafe. These
tests may be conducted on any welding power sources that function correctly.

Welding power sources, protected internally by, for example, circuit-breaker or thermal
protection, meet this requirement if the protection device operates before an unsafe condition
occurs.

Conformity shall be checked by the following tests:

a) A layer of dry absorbent surgical type cotton is placed under the welding power source,
extending beyond each side for a distance of 150 mm. Documents
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b) Starting from the cold state, the welding power source is operated in accordance with 9.2 to
9.4.

c) During the test, the welding power source shall not emit flames, molten metal or other
materials that ignite the cotton indicator.

d) Following the test and not more than 5 min after the test, the welding power source shall be
capable of withstanding a dielectric test in accordance with 6.1.5 b).

9.2 Stalled fan test

A welding power source, which relies on motor-driven fan(s) for conformity with the tests of
Clause 7, is operated at rated supply voltage or rated load speed for a period of 4 h while the
fan motor(s) is(are) mechanically stalled and the welding power source operated at the output
condition of 7.1.

NOTE The intention of this test is to run the welding power source with the fan sfa to ch he safety of
both the fan and the welding power source.

9.3 Short circuit test

The welding power source at the maximu
voltage that produces the highest rated supply.cu
supply circuit is protected by external/fuses o
specified by the manufacturer.

onnected to that rated supply
1 aximum welding current. The
it-breaker with the rating and type as

Table 8 — Cross>section he output short-circuit conductor

AN o
Rated maximum ding uhen\t> Minimum cross-section 2
A mm2
Up o e N\

25

< 200 to\@g 35

N eﬁm\ toN 499 50
\ \§00 Mbove 70

Sedpmere

The WeldinQMUrce shall not clear the supply fuse or circuit breaker when short
circuited:

a) for 15 s in the case of a drooping characteristic;
b) three times for 1 s, within a period of 1 min, in the case of a flat characteristic.

The short circuit is then applied for 2 min or until the supply fuse or circuit breaker clears.
The supply voltage shall not decrease by more than 10 % during this test.

Mechanically driven welding power sources are short circuited for 2 min at maximum output
setting and set for operation at rated load speed.

9.4 Overload test

The welding power source is operated for 4 h in accordance with 7.1.1 b) at 1,5 times the

corresponding duty cycle. Documents
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If the welding power source is rated for more than 67 % duty cycle, this test is conducted at
100 % duty cycle.

If the welding power source is provided with output regulating taps, those taps producing the
highest supply current shall be used.

If the duty cycle at the rated maximum welding current is 100 %, the welding power source
need not be tested.

10 Connection to the supply network

10.1 Supply voltage

Welding power sources shall be capable of operating at the rated sup oltag 0 %. This
may give deviations from the rated values.

Conformity shall be checked by the following test:

b) an internal termina
voltages;

NOTE Welding power soupces can be fitted with an external indication of the supply voltage selected.

Conformity shall be checked by visual inspection and the following tests.
In the case d), a selector switch is additionally tested in accordance with 10.8.

10.3 Means of connection to the supply circuit
Acceptable means of connection to the supply circuit are one of the following:

a) terminals intended for the permanent connection of flexible supply cables;
b) terminals intended for the connection of supply cables to a permanent installation;
c) appliance inlets fitted to the welding power source.

NOTE This requirement can also be met by using terminals on a device such as a switch, contactor, etc.
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The means of connection to the supply circuit shall be chosen in accordance with the maximum
effective supply current I, and the maximum supply voltage and meet the requirements of
the relevant standards or be designed in accordance with Annex E.

Conformity shall be checked by visual inspection.

10.4 Marking of terminals

The terminal for the external protective conductor shall be marked with the symbol JT—
(IEC 60417-5019).

Optionally the following may be added:

a) the letters: PE
or

b) the twin colours: green and yellow.

IEC 60445 or other relevant component standards.
located on or adjacent to the corresponding terminal.

Conformity shall be checked by visual i

10.5 Protective circuit

10.5.1 Continuity requirement

in the case of a fault.

Class | welding r

terminals, dimensiohe

conductor supply cable, this shall have the protective conductor with the twin colours green and
yellow.

In some countries, the single colour green is also used to identify the protective conductor and
the protective conductor terminal.

If the welding power source is fitted with a protective conductor, it shall be connected in such a
way that if the cable is pulled away from the terminals, the phase conductors break before the
protective conductor.

Conformity shall be checked by visual inspection and the tests given in 10.5.2 and 10.5.3.

The method of securing conductive parts to the protective circuits, for example paint-piercing
washers, paint-piercing screws or non-painted surfaces shall be considered during visual
inspection.
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10.5.2 Type test

A current of 200 % of the maximum effective supply current as given on the rating plate is
applied from an enclosure part, that is likely to become live, through the external protective
conductor terminal for a period of time given in Table 9, using the smallest external protective
conductor size given in Table 10.

NOTE The waveform of the test current is not defined as long as the effective value is used for comparison.

Table 9 — Current and time requirements for protective circuits

Current Time
A min /\
Up to 30 2 A .
31 to 60 AN >
61 to 100 N
101 to 200 8
Above 200 <ONab N\

N\
Table 10 — Minimum cross-sectional area of the ex;e’r}'ual otective’copper conductor

AN

Cross-sectional area of phase &Mi imu
conductors supplying the equipment

[\s 35 (.

During the test tshII be
power source, nor he ik

enclosure part to th

terminal and relevant points that are part of the protective circuit. The test time is 1 s.

The measured voltage between the PE terminal and the points of test shall not exceed the
values given in Table 11:
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Table 11 — Verification of continuity of the protective circuit

Minimum effective protective conductor Maximum measured voltage drop
cross-sectional area of the branch (values are given for a test current
under test of 10 A)
mm? v
1,0 3,3
1,5 2,6
2,5 1,9
4,0 1,4
> 6,0 1,0

10.6 Cable anchorage

Welding power sources fitted with terminals for the connection of. flexible,suppl es shall be

provided with a cable anchorage that relieves the electrical c

The cable anchorage shall be so constructed that

a) it is dimensioned for flexible cables having tf
as specified in Table E.1;

b) the method of anchorage can be easi

c) the cable can be easily replaced'

e) the cable is not retain e ich bears directly on it;
ecurely fixed to the welding power source;

f) atleast one @ €
g) any screws th - ned or tightened during cable replacement do not serve to
fix any other comp :

live.

A flexible supply cable; which has the minimum cross-sectional area of the conductor specified,
is connected at the point of connection to the equipment. The cable anchorage is fitted to the
cable and tightened.

It shall then not be possible to push the cable so far into the welding power source that either
the cable itself or internal parts of the welding power source are likely to be damaged.

The cable anchorage is then loosened and retightened 10 times.

The cable is then subjected for 1 min to a pull as specified in Table 12 without jerking.
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Table 12 — Pull
Nominal cross-sectional Pull
area of the conductor
mm?2 N
1,5 150
2,5 220
4,0 330
6 and above 440

At the end of the test, the cable shall not have been displaced by more/thann2 mm and the

caused to the cable.
The test is then repeated with the maxi

10.7 Inlet openings

Where the supply cable passes through metalic
insulating material, or the Openings shall\be smoothly rounded with a radius of at least 1,5 mm.

Conformity shall be che

10.8 Supply ci@ 3

— voltage: not less than the values given on the rating plate,

— current: not less than the highest effective supply current as given on the rating plate,
or

d) be suitable for this application.

Conformity shall be checked by visual inspection; for c) in accordance with other relevant
standards, and for d) by the following tests.

For the tests, the supply circuit on/off switching devices may be mounted external to the power
source.

A welding power source is connected for the rated supply voltage that corresponds to the rated
maximum supply current and, in addition for class | equipment, a fuse of 10 A to 20 A is placed

— in the case of an earthed supply circuit, in the protective earth connection; Documents
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— in the case of an unearthed supply circuit, between a phase conductor and the protective
circuit.

During the tests, the supply voltage shall be maintained at not less than at the rated value.

Overload: The output of the welding power source is short-circuited in accordance with 9.3.
The switching device is operated for 100 cycles at the rate of 6 to 10 cycles per minute with a
minimum on-time of 1 s.

A switching device need not be tested if its rated value exceeds twice the rated maximum
supply current of the welding power source.

Endurance: The output is connected to a conventional load and adjusted fo produce the rated
welding current at 100 % duty cycle. The switching device is operated for™1 000 cycles at a rate
of 6 to 10 cycles per minute with a minimum on-time of 1 s.

A welding power source with more than one rated supply voltz i e at™he rated
maximum supply voltage.

There shall be no electrical or mechanical failure and
clearing of the fuse.

NOTE A component having demonstrated that if passes
other requirements are equal or less.

10.9 Supply cables

and
c) have a Iengt@

applicatio

If a supply coupling~d
shall be not less than:

evice is provided as a part of the arc welding equipment, its rated values

a) the rated current of the fuse required to comply with the tests specified in 9.3 regardless of
whether or not an supply circuit switch is incorporated;

b) the maximum effective supply current 7, .

For supply networks up to 125V, the rated current shall, additionally, not be less than either c)
or d):

c) 70 % of the rated maximum supply current for equipment incorporating a supply switch;

d) 70 % of the supply current measured with the output short-circuited at maximum setting for
equipment not incorporating a supply switch.

Furthermore, the coupling device shall be suitable for industrial purposes.

NOTE Example of coupling devices suitable for industrial purposes can be found in IEC 60309-1.
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Conformity shall be checked by visual inspection, measurement and calculation.

11 Output

11.1 Rated no-load voltage

11.1.1 Rated no-load voltage for use in environments with increased risk
of electric shock

If the welding power source is not fitted with a hazard reducing device in accordance with
Clause 13, the rated no-load voltage shall not exceed:

a) d.c. 113V peak;
b) a.c. 68 V peak and 48 V r.m.s.

Such welding power sources may be marked with the symbol 84 of An

simulation in accordance with 11.1.5.

11.1.2 Rated no-load voltage for use in environ
of electric shock

a) d.c. 113V peak;
b) a.c. 113 V peak and 80

Conformity shall be ch

11.1.3 Rated no*load voltage
protec e

The rated no-load v«

d) the no-load voltage shall be switched off automatically when the welding is stopped;
and
e) the protection against direct contact with live parts shall be given by:
— a minimum degree of protection of IP2X,
or

— a hazard reducing device (see Clause 13).

Conformity shall be checked by measurement in accordance with 11.1.5, by operation and by
visual inspection.

11.1.4 Rated no-load voltage for special processes for example plasma cutting

The rated no-load voltage shall not exceed 500 V peak d.c.
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Conformity shall be checked by measurement in accordance with 11.1.5, by operation and by
visual inspection, except that the series combination of the 200 Q fixed and 5 kQ variable
resistors may be replaced by a fixed resistance of 5 kQ.

A rated no-load voltage exceeding 113V peak d.c. may only be used if the following
requirements are fulfilled.

a) These plasma cutting power sources with their corresponding torches shall prevent the
output of no-load voltage if the torch is disassembled or disconnected from the plasma
cutting power source.

b) The no-load voltage shall be less than 68 V peak not later than 2 s after the control circuit
(for example start switch) is opened.

c) The voltage between the tip of the torch and the workpiece or earth shall be\less than 68 V
peak not later than 2 s after both pilot and main arcs are extinguished.

Conformity shall be checked by measurement by meter 6
minimum resistance.

11.1.5 Additional requirements

The rated no-load voltage at all poss
11.1.1 to 11.1.4, summarized in Table 1

wable rated no-load voltages

Subclause |ng ond Rated no-load voltage
11.1.1 Environment wit |n<;r\ea\s_gd/r|sk of electric shock | d.c. 113 V peak
a.c. 68 V peak and 48 V r.m.s.

11.1.2 EnV|ro witheut/increased risk of electric d.c. 113 V peak

\ihow a.c. 113 V peak and 80 V r.m.s.
11.1.3 | Mechanically Held torches with increased d.c. 141 V peak

\w)tecti n for the operator a.c. 141V peak and 100 V r.m.s.
11.1.4 Plasia‘tutting d.c. 500 V peak

Welding power sources shall be

a) designed to ensure that the output voltages given in Table 13 are not exceeded in the event
of failure of any component (for example, open circuit or short circuit failure)

or

b) fitted with a protection system, which switches off the voltage at the output terminals within
0,3 s and shall not be reset automatically.

These values are not applicable to voltages for arc striking or arc stabilizing that could be
superimposed.

Conformity shall be checked by measurement and by analysis of the circuit and/or by failure
simulation.
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11.1.6 Measuring circuits

For measuring r.m.s. values, a true r.m.s. meter shall be used together with a resistor of
5+ 5 % kQ, connected across the welding circuit terminals as shown in Figure 3.

O @
Uo [] 5 kQ
O <
IEC 913/12
Key
U, No-load voltage
\% True r.m.s. voltmeter

Figure 3 — Measurement

impulses which are not

IEC 1147/05

Key

Uy No-load voltage

\% Voltmeter

1 Diode 1N4007 or similar

Figure 4 — Measurement of peak values

The voltmeter shall indicate mean values. The measurement range chosen shall be as near as
possible to the actual value of the no-load voltage. The voltmeter shall have an internal
resistance of at least 1 MQ.

The tolerance of the component values in the measurement circuit shall not exceed +5 %.

For the type test, the rheostat is varied from 0 Q to 5 kQ in order to obtain the highest peak
value of the voltage measured with these loads of 200 Q to 5,2 kQ. This measurement is
repeated with the two connections to the measuring apparatus reversed.
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The rheostat resistance and connection that produces the highest value of the voltage may be
determined during the type test. This resistance and lead polarity may be used for the routine
test.

11.2 Type test values of the conventional load voltage

11.2.1 Manual metal arc welding with covered electrodes

I, up to 600 A: Uy, =(20+0,04 1)V

I, over 600 A: Uy,=44V

11.2.2 Tungsten inert gas

I, up to 600 A: Uy, =(10+0,04 I,) V

I, over 600 A: Uy, =34V

11.2.3 Metal inert/active gas and flux cored arc welding
I, up to 600 A: Uy,=(14+0,051,)V

I, over 600 A: Uy,=44V

11.2.4 Submerged arc welding

I, up to 600 A: U, =(20+0,04 I,) V
I, over 600 A:

11.2.5 Plasma cutting

I up to 165 A:
I, between 165 A and 500 A;
I, above 500 A:

11.2.6 Plas
I, up to 6OD-A: Uy = (25 + 0,04 I,) V

1, over 600~A Uy, =49V

11.2.7 Plasma gouging

I, up to 300 A: Uy,=(100+0,4 1)V
I, over 300 A: U, =220V

11.2.8 Additional requirements
Throughout its range of adjustment, the electrically powered welding power sources shall be

capable of delivering conventional welding currents (I,) at conventional load voltages (U,) in
accordance with 11.2.1 to 11.2.7.

Conformity shall be checked by sufficient measurements (see Annex H).

11.3 Mechanical switching devices used to adjust output

A switch, contactor, circuit-breaker or other control device used to adjust or control the level of
output from the welding power source shall have an endurance suitable for the appIiBBJ&uments
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