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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 1SO/R 700.
It was considered that any future alignment with interna-
tionally agreed standards would be facilitated if BS 638
were published 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 B* Specification for accessories

Part 6% Safety

*In course of preparation.

Page
10.4 Measurement of temperature and
determination of temperature rise 5
10.6 General conditions to be observed during
heating tests 6
10.6 Conditions governing temperature
measurement during heating tests 6
10.7 Duration of heating tests 6
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taken after shut-down of power source 6
11. Instrument accuracies and test tolerances 7
11.1 . Accuracy of measuring instruments used
in tests 7
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14, Internal combustion engines for driving
d.c. generators
15. Power factor correction capacitors
16. Rating plate
16.1 General
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rating plate 9
Appendices
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B. Cross references ' 1
C. Recommendations on power factor correction
capacitors 11
Tables
1.  Limits of temperature rise for generator
or alternator power sources 3
2. Limits of temperature rise for-air cooled
transformer and rectifier power sources 4
Figures
1. Time, temperature curve for duty cycle 5
2. Rating plate for semi-automatic or automatic 3
metal-arc welding power source 10 .

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 {SO/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 resist-

ance requirements for copper conductors are aligned with

IEC Publication 245.

Partjcular attention is drawn to Part 6 of this standard

which covers safety aspects of equipment dealt with in this ‘

" Part. Appendix B giving cross references to the various

Parts has also been added.

The basic redrafting of BS 638 was undertake Crm E
Welding Plant Section of the WeldingManufa b ﬁi‘hents

Association to which due acknowledge nent isnada;
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British Standard

Arc welding power sources, equipment and accessories

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

1. Scope

This Part of this British Standard specifies requirements for
d.c. generators, alternators, air cooled a.c. transformers and
air cooled rectifier power sources of the drooping charac-
teristic type (substantially constant current) and the flat
characteristic type (substantially constant voltage).

These power sources are suitable for:

(a) gas-shielded metal-arc welding including tubular
wire without external gas shielding;

{b) submerged arc welding;

(c} automatic open arc welding.

The requirements for driving motors or internal combustion
engines for d.c. generators are included.

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 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 semj-automatic metal-arc welding. Metal-arc welding
in which the arc length is automatically controlled, but
the positioning of the arc is manual,

NOTE. MIG/MAG processes are common versions of semi-
automatic welding.

3.3 automatic metal-arc welding. Metal-arc welding in
which the arc length and the travel of the electrode(s) or
the workpiece(s) are automatically controlled.

3.4 controlled arc welding. Metal-arc welding in which the
arc length is automatically controlled by means other than
inherent self-adjustment.

3.5 self-adjusting arc welding. Metal-arc welding in which
the electrode is fed at a constant speed while the arc length
is maintained substantially constant by the inherent electri-
cal characteristics of the welding current circuit.

3.6 partially self-adjusting arc welding. Metal-arc welding in
which the inherent tendency towards equilibrium between
burn-off rate and wire feed speed is supplemented by other
means.

3.7 rating. A statement of limitations of performance para-
meters assigned by the manufacturer, These limitations,
together with the associated conditions, which jointly
constitute the rating, are marked on the rating plate, where
applicable.

3.8 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 flow-
ing through a practically non-inductive resistance load.

3.9 conventional welding current (load current) (I,).
Current delivered by a welding power source on a practically
non-inductive resistance load.

3.10 conventional load voltage. Voltage at the output
terminals of the power source corresponding to one of the
following equations, in which U, is the conventional load
voltage and I, is the corresponding value of the conventional
welding current:

(a) Semi-automatic and automatic gas-shielded metal-arc
welding including cored wire with or without external
gas shielding

For outputs up to 250 A:
U, =(14+0050,)V

For outputs over 250 A:
U, =(19.6+0.051,) V
up to 44 V after which U, remains constant.

(b) Other semi-automatic or automatic processes. At the
present time no formula is considered to be representative
of other semi-automatic or automatic processes.

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

3.12 no-load voltage {open circuit voltage) (U, ). The
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.

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

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

3.15 semi-automatic welding current. The load current for
semi-automatic metal-arc welding at the duty cycles speci-
fied on the rating plate.

3.16 rated welding current. The maximum value of the
conventional welding current at the conventional load
voltage at which the power source meets the requirements
of this Part of this standard when o
tional welding duty.

Rocuments
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3.17 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 b min.

3.18 uninterrupted duty at periodically intermittent loads.
A series of identical cycles, each comprising one on-load
period and one no-load period.

3.19 conventional welding duty. The continuous duty at
constant conditions, corresponding to the limits of the
uninterrupted periodical duty, the period off load being
nil, This corresponds to a duty cycle of 1.

3.20 duty at rated maximum current. Uninterrupted duty
at periodically intermittent loads (see 3.18) related to the
rated maximum current at a duty cycle within the permis-
sible temperature rise (see-clause 8).

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

3.22 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.

3.23 welding rectifier power source. A power source
comprising one or more rectifier assemblies, together with
transformers, essential switching devices and other auxili-
aries, if any, for the conversion of alternating current into
unidirectional current {d.c.) for welding.

3.24 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,

3.25 load speed. The speed of rotation, measured in revolu-
tions per minute, of a generator or alternator when loaded
at maximum load,

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

3.27 voutine test. A test carried out on each power source
to show that it has been assembled correctly, has passed
the high voltage test and is in sound working order, both
electrically and mechanically.

3.28 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,

4, Rating

The rated welding current shall be that corresponding to a
100 % duty cycle. :

The rating of power sources containing rectifier assemblies
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) for semi-automatic arc welding power sources
a.c. equipment 80V (r.m.s. value)
d.c. equipment with ripple > 10 % 80V (r.ms. value)

d.c. equipment with ripple < 10 % 100 V (mean value)
(b} for automatic arc welding power sources

a.c. equipment
d.c, equipment

100 V (r.m.s. value)
100 V (mean value)

29 mE 1b24LL9 00LLLOY 3 mM

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

5.2 Conventional load voltage (maximum}, The power,
source shall be able to produce a maximum load voltage not
less than that determined from the relevant formula given
in 3.10.

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,

6.3 Construction of transformers

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

6.3.2 In circumstances where power factor correction is
necessary, refer to clause 15,

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 speci-
fied 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 have 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 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

7.1 Power sources with substantially drooping characteris-
tics. These power sources shall carry a means of indicating
the load current which takes into account the relationship
between conventional lodd voltage and conventi
current, The accuracy of this indication shiail be within

oetnnents
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% 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:

e
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 may be 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 impracti-
cable 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.

7.2 Open circuit voltage of substantially constant voltage
power sources. The voltage shall be indicated by numerical
and/or alphabetical characters to faciiitate repeatability of
welding conditions. The minimum and maximum open
circuit voltages shall be within £ b % of the value stated on
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the rating plate when the primary voltage is as stated on the
rating plate, and the means of indication shall be accurate
to within 10 % of the true value, unless the means of indica-
tion is a voltmeter, in which case it shall be in accordance
with class index 2.5, BS 89. ’

In the case of power sources where the variation is not
infinitely variable, the value of the steps shall be such that
the welding process may be carried out satisfactorily
between the stated minimum and maximum voltages.

In the case of power sources where the operating para-
meters are selected by means of controls which also select
the open circuit voltage, these shali only be subject to the
% 5 % requirement on the maximum and minimum voltage.

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.

Table 1. Limits of temperature rise for generator or alternator power sources

{Maximum cooling air temperature 40 °C)

Maximum temperature rise for class of insulation

Part A E B E H
T R T R T R T R T R
°C °C °c °C °c °c °c °C °C °C

(1)
(a} A.C.windings
(b) Field windings of a.c. and d.c. power
sources having d.c. excitation other than 50 60
those in item (2)
(¢} Windings of armatures having
commutators

65 75 70 80 865 100 | 105 125

(2)
{a) Low resistance field windings of more
than one layer, compensating windings, 60 60
and interpole windings

{b) Single layer windings with exposed

bare or varnished metal surfaces*® 65 66

75 75 80 80 100 100 | 1256 125

80 80 90 90 110 110 | 136 135

(3)
Iron core and other parts in contact

with windings 60

75 80 100 | 125

(4)
Commutators and slip rings, open

or.enclosedt 60

70 80 90 100

T is the measurement by thermometer (see clause 10).
R is the measurement by resistance (see clause 10).
*

Also includes multiple layer field windings provided that the under layers are each in contact with the circulating coolant,

t The temperature rises in item (4) are permissible, provided that insulation appropriate to the temperature rise is used, except where the
connector or slip ring is adjacent to windings, in which case the temperature rise should not exceed that for the winding insulation class.

the choice of brush grade when using temperature rises of 90 °C and 100 °C.

The values of temperature rise given apply only to measurements made by bulb thermometers, Special precawbmmg

NOTE. For definition of insulation classes, see BS 2757.
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