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Foreword

The revision and metrication of the 1966 edition of

BS 638 takes into consideration the international standards
which have been published in the interim, particularly
ISO/R 700. It was considered that any future alignment
with internationally agreed standards would be facilitated
if BS 638 were pubtlished in several Parts, which in any
case should also make for easier use and comprehension of
the standard. Consequently, BS 638 has been divided into
the following Parts:

Part 1 Specification for oil cooled power sources for
manual, semi-automatic and automatic metal-arc
welding and for TIG welding

Part 2 Specification for air cooled power sources for
manual metal-arc welding with covered electrodes
and for TIG welding

Part 3 Specification for air cooled power sources for
semi-automatic and automatic metal-arc welding

Part 4 Specification for welding cables

Part 5*Specification for accessories
Part 6*Safety

*In course of preparation,

Full document details: BS 638-2:1979

BS 638 : Part 2 ; 1979

The rating of power sources covered by this standard,
except those which are oil cooled, has been changed to a
duty cycle basis in accordance with ISO/R 700.

Various other changes have been made to keep the standard
aligned with developments that have taken place since the
last revision and to reflect experience gained in using the
1966 edition. New requirements for rating plates should
ensure uniform presentation of information about the
characteristics of arc-welding power sources to assist the

.user in the selection and comparison of equipment.

With regard to welding cables, the dimensional and
resistance requirements for copper conductors are aligned
with |EC Publication 245,

Particular attention is drawn to Part 6 of this standard
which covers safety aspects of equipment dealt with in this

Part. Appendix C giving cross references to the various
Parts has also been added.

The basic redrafting of BS 638 was undertaken by the Arc
Welding Plant Section of the Welding Manufacturers’
Association to which due acknowledgement is made.
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British Standard

and for TIG welding

Arc welding power sources, equipment and accessories

Part 2. Specification for air cooled power sources for manual metal-arc welding with covered electrodes:

1. Scope

This Part of this British Standard specifies requirements for
air cooled power sources intended for use with the manual
metal-arc welding process and for T1G welding. These power
sources may also be used for other welding and allied
processes which can tolerate reduction in voitage as the
current increases (drooping characteristic) ™.

The requirements for associated series current regulators
and driving motors or internal combustion engines for d.c.
generators are included,

It only covers power sources that can be rated at a duty
cycle of at least 60 %.

Requirements for additional equipment and precautions
which may be necessary for TIG welding are given in
appendix B,

NOTE. Recommendations for the protection of personnel from
welding hazards and for safety precautions in welding power

sources are contained in Part 6 of this British Standard, to which
reference should be made,

2. References

The titles of the standards publications referred to in this
standard are listed on the inside back cover.

3. Definitions

For the purposes of this Part of BS 638 the following
definitions apply. All other definitions are as in BS 499 :
Part 1,

NOTE. All the electrical quantities specified in the definitions are
those obtained under steady conditions.

3.1 metal-arc welding power source. A power source with
power supply and output regulating means, capable of
supplying current for metal-arc welding.

3.2 manual metal-arc welding (hand welding).

Metal-arc welding with consumable covered electrodes not
exceeding 450 mm in length and applied by the operator
without automatic or semi-automatic means of
replacement, No protection in the form of a gas or mixture
of gases from a separate source is applied to the arc or
molten pool during welding.

3.3 TiG welding. Arc welding in which the molten pool
and the electrode are shrouded by an inert gas, the
glectrode being virtually non-consumable and made of
pure tungsten or tungsten containing arc stabilizing
additives.

3.4 rating. A statement of limitations of performance
parameters assigned by the manufacturer, These limitations,
together with the associated conditions, which jointly

constitute the rating, are marked on the rating plate,
where applicable.

3.5 load voltage. The voltage between the output terminals
of the power source, i.e. those to which the electrode and
return leads are connected when a specified current is
flowing through a practically non-inductive resistance load.
In the case of a multiple operator installation the load e
voltage is that measured between the regulator output ‘
terminal and the work return terminal.

3.6 conventional welding current {load current) {/3 ).

Current delivered by a welding power source on a

practically nan-inductive resistance load.

3.7 conventional load voltage. Voltage at the output
terminals of the power source corresponding to the
following equation, in which U/, is the conventional load
voltage and I, is the corresponding value of the
conventiona!l welding current.

(a) For manual metal-arc welding:
U, =(20+0.041,) V
{(up to 44 V at 600 A and above).
(b) For TIG welding:

U, =(10+0.041,) V
{(up to 34 V at 600 A and above).

3.8 maximum rated load voltage. The highest load voltage
(at rated current) for which the power source is rated.

3.9 no-load voltage (open circuit voltage) (Uj).

The voltage, exclusive of any high frequency stabilizing
voltage, between the output terminals of the power source
when no current is flowing in the welding circuit and when
any voltage reducing device is not in circuit,

NOTE, This définition applies generally where the welding power
source is not fitted with a device for providing a lower open circuit
voltage. |f the machine does have such a device, the no-load voltage
defined above appears at the output terminals immediately before
the action of the time relays whose action is to effect a reduction in
the voltage when the welding circuit is open.

In the case of a multiple operator installation Uy is the
output phase voltage.

3.10 rated maximum current. The manufacturer’s
statement of the maximum value of the current obtainable
at the conventional load voltage.

3.11 rated minimum current, The manufacturer’s

statement of the minimum value of the current obtainable

at the conventional load voltage.

3.12 rated manual welding current. The maximum value e
of the conventional welding current at the conventional ’
load voltage at which the power source meets the
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requirements of this Part of this standard when operated at
the conventional welding duty at 60 % duty cycle.

3.13 duty cycle. The ratio of the duration of operation
under load to the duration of a complete cycle. This ratio,
lying between 0 and 1, may be expressed as a percentage.
In this Part of this standard, the cycle duration is 5 min.

3.14 conventional welding duty. A periodic duty with a
duty cycle of 0.6 comprising cycles of 5 min duration, a

complete cycle consisting of a period of 3 min under the
conventional operating welding conditions followed by a
petiod of 2 min no-load operation.

3.15 duty at maximum current. The periodic duty related
to the maximum welding current which corresponds to a
duty cycle within the permitted heating hmltatlons and a
cycle duration of b min.

3.16 rated number of operators (for manual multiple
metal-arc welding). The number of operators which the
power source can supply at the rated manual welding
current per operator,

3.17 diversity factor. The factor used to multiply the
product of the number of operators and the rated manual
welding current per operator to give an equivalent current
value which does not exceed the value of the rated manual
welding current of the power source.

3.18 output calibrations (of a power source or current
regulator). Values which are marked on scales or
indicators forming part of the power source or current
regulator.

3.19 rectifier. A static device for converting alternating
current into unidirectional current (d.c.).

3.20 rectifier assembly. An electrically and mechanically
combined assembly of rectifiers, complete with all its
connections, together with means for cooling, if any, in its
own mechanical structure,

3.21 welding rectifier power source. A power source
comprising one or more rectifier assemblies, together with
transformers, essential switching devices and other
auxiliaries, if any, for the conversion of alternating current
4into unidirectional current (d.c.) for welding.

3.22 maximum no-load speed. The maximum speed,
measured in revolutions per minute, at which a generator
or alternator may rotate when no current is flowing
between its output terminals in order that the maximum
permitted no-load voltage is not exceeded.

3.23 load speed. The speed of rotation, measured in
revolutions per minute, of a generator or alternator when
loaded at maximum load.

3.24 ripple. An alternating component in a unidirectional
no-load voltage.

3.25 routine test. A test carried out on each power source
to show that it has been assembled correctly and is in
sound working order, both electrically and mechanically.

3.26 type test. A test made on a welding power source
which is representative of other sources, to demonstrate
that they comply with specified requirements not covered

by tests to which each individual power source is subjected.,

A power source is considered to be representative of others
if it is identical in rating and substantially of the same
construction,
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4. Rating

4.1 Single operator power sources. The rated manual
welding current shall be that corresponding to a 60 % duty
cycle. This comprises a complete cycle consisting of a
period of 3 min under the conventional operating welding
conditions followed by a period of 2 min of no-load
operation.

4.2 Generator and rectifier power sources for multiple
operator welding. The rated maximum current shall be
that corresponding to a 100 % duty cycle. The rated
number of operators shall be derived from tables 3 and 4
in accordance with the definition for diversity factor
given in 3.17.

4,3 D.C. resistance type current regulators. The rated
manual welding current shall be that corresponding to a
60 % duty cycle.

4.4 Transformers for multiple operator welding. The rated
welding current per phase shall be that corresponding to a
100 % duty cycle. The rated number of operators per

phase shall be derived from table 4 in accordance with the
definition of diversity factor given in 3.17.

4.5 A.C. reactance type cutrent regulators for manual
multiple metal-arc welding. The regulators shall be rated
at the manual welding current corresponding to a 60 %
duty cycle,

4.6 Power sources containing rectifier assemblies;

The rating of these power sources shall be such that when
subjected to the additional type tests specified in 9.7, they
shall successfully pass these tests.

5. Voltages

5.1 No-load voltage. The no-load voltage shall not exceed:
a.c. equipment 80 V (r.m.s. value);

80 V (r.m.s. value);

d.c. equipment with ripple < 10% 100 V (mean value).

For the method of calculation of ripple, see appendix A.

d.c. equipment with ripple > 10 %

5.2 Conventional load voltage

5.2.1 Power sources for single operator welding shall be
able to produce a maximum load voltage not less than that
determined from the relevant formula given in 3.7.

5.2.2 Power sources for multiple operator welding shall
have a conventional load voltage as agreed between the
manufacturer and the purchaser.

6. General construction

6.1 Cooling. Natural or forced air cooling shall be used.

NOTE 1. Where forced draught cooling is used with air passing
directly over rectifiers, an automatic device may be fitted which
switches off the power source or reduces the output to a safe level
in the event of a fan motor failure.

NOTE 2. Protection against damage due to excessive temperature
may be fitted.

6.2 Earthing. Provision shall be made for connecting to
earth from a single earth terminal all exposed metal parts
of each item of equipment that may become accidentally
charged. The earthing terminal shall not be used for any
other purpose, such as for clamping two parts of the casing
together,
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6.3 Construction of transformers

6.3.1 All power transformers shall be double wound and
the secondary terminals shall be insulated from the case.

6.3.2 In circumstances where power factor correction is
necessary, refer to clause 17,

6.4 Construction of rectifiers

6.4.1 Solid state rectifier devices shall be able to withstand,
with surge protection devices if fitted, transient voltages
likely to occur in practice,

6.4.2 Metal rectifiers shall comply with the requirements
of BS 2709, except where particular requirements are
specified in this Part of this standard.

6.4.3 The power rectifier assembly shall be isolated from
the mains supply by a double-wound transformer. All d.c.
output terminals shall be insulated from their mountings
and their polarity indicated.

6.4.4 Rectifier assemblies shall be capable of:

(a) withstanding the full specified supply voltage without
the necessity for reforming the rectifier cells by the
application of reduced voltage;

(b) withstanding an a.c. voltage, instantaneously applied
and maintained for 5 min, which is 10 % higher than the
voltage appropriate to the selected primary voltage
tapping.
They shall also be able to withstand repeated switching of
the a.c. supply at the same excess voltage when the d.c.
output terminals are not connected to an external load.

6.4.5 For rectifier power sources, the rectifier assembly
shall have characteristics to meet the maximum specified
service conditions of the power source without harmful
effect,

6.5 Enclosures

6.5.1 The minimum class of enclosure for the power source
shall be IP 21 as defined in and verified in accordance with
BS 5490,

6.5.2 Welding output terminals shall be insulated from the
metal enclosure (case work).

7. Indication and accuracy

These drooping characteristic power sources shall carry a
means of indicating the load current which takes into
account the relationship between conventional load voltage
and conventional welding current. The accuracy of this
indication shall be within £ 10 % of the true value unless
the maximum output current exceeds ten times the
minimum output current, In this case the accuracy at
minimum current shall be:

Im
ax
*

%

Imin
and the accuracy at maximum current shall be * 10%, with
the accuracy varying linearly between these two values.

NOTE 1. Subject to agreement between the purchaser and the
manufacturer, scales graduated to indicate the current under other
than conventional load voltages may be fitted for specific purposes.

Whatever the method of regulation, the difference between
the indicated currents corresponding to two successive
positions of the setting device shall in no case exceed 15 %
of the higher of the two indicated currents.

NOTE 2. In exceptional cases where, because of the design of the -
welding equipment (e.g. devices with dual control), it is
impracticable to obtain a graduated scale for currents for
conventional load voltage, it is recommended that the manufacturer
provide on the equipment an ammeter (class index 2.5, BS 89)
properly damped, to indicate the welding current,
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8. Limits of temperature rise, temperature of
cooling air and altitude

8.1 The temperature rise of air cooled power sources, when
tested at the appropriate rated current and duty cycle, as
measured above the temperature of the cooling air, shall
not exceed the values appropriate to the class of insulation
given in table 1 for generator/alternator power sources and
table 2 for transformer and rectifier power sources.

For details of heating tests see clause 10.

8.2 For generator/alternator power sources, shunt and
separately excited field coils shall be continuously rated at
maximum excitation current without exceeding the
temperature rises given in table 1.

8.3 The method of temperature measurement to be
employed for each part of the power sources shalt be as
stated in table 1 or table 2 as appropriate.

8.4 The limits of temperature rise specified in table 1 and
table 2 are applicable to power sources intended to operate
with a cooling air temperature not exceeding 40 °C.

When power sources are specified to operate with a cooling
air temperature higher than 40 °C the permissible
temperature rises shall be reduced below the values given in
table 1 and table 2 by the amount by which the specified
cooling air temperature exceeds 40 °C.

8.5 Power sources covered by this Part of this standard
shall normally be rated to operate at altitudes not
exceeding 1000 m.

NOTE. Where the power source is to be operated at higher altitudes,

a special de-rating factor may be applied, and this should be subject
to agreement between the purchaser and the manufacturer,

9. Tests

9.1 General. The tests specified in this clause shall be
made at the manufacturer’s works. The presence of the
purchaser or his representative during the tests is a matter
for special arrangement before the order is placed. The tests
fall into two categories:

(a) routine tests;
(b) type tests.

Whenever applicable, corresponding tests shall be made on
the electric motor or internal combustion engine for driving
d.c. generators, to ensure compliance with the requirements
of clauses 15 or 16, respectively.

Whenever applicabte, tests shall also be made on series
current regulators to ensure compliance with the
requirements of clause 14.

9.2 Routine tests. The purposes of routine tests is to show
that the power source has been assembled correctly, has
passed the conventional load voltage test (see 9.4) and the
high voltage test (see 9.8) and is in sound working order, both
electrically and mechanically.

9.3 Type tests. Type tests shall consist of all tests specified
in 9.4, 9.5, 9.6, 9.7, 9.8 and 9.9. They shall be made on one
power source of each type or design, to determine its
characteristics and show that it complies with the
requirements of this Part of this standard.

9.4 Conventional load voltage test (transformer and
rectifier power sources). Before carrying out the heating
tests (see 9.,6) a test shall be made of the conventional load
voltage as described in 3.7.

‘
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