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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bodies). The work of developing International 
Standards is carried out through ISO technical committees. Every member body 
interested in a subject for which a technical committee has been authorized has the 
right to be represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. 

International Standard ISO 5826 was developed by Technical Committee ISO/TC 44, 
Welding and allied processes, and was circulated to the member bodies in 
February 1982. 

lt has been approved by the member bodies of the following countries: 

Australia India 
Belgium Ireland 
Canada I taly 
Czechoslovakia Korea, Dem. P. Rep. of 
Egypt, Arab Rep. of New Zealand 
Finland Norway 
France Pakistan 
Germany Poland 

The member bodies of 
on technical grounds : 

the following countries expressed disapproval of the document 

Romania 
Spain 
Sweden 
Switzerland 
USA 
USSR 

Japan 
United Kingdom 

0 International Organkation for Standardkation, 1983 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 58264983 (E) 

Transformers for resistance welding machines - General 
specifications applicable to all transformers 

1 Scope and field of application 

This International Standard lays down specifications for 
transformers supplied with Single Phase current and used in 
resistance welding installations. lt also specifies the tests these 
transformers shall undergo when they are not an integral patt 
of a machine. 

This International Standard applies to Single Phase 
transformers used in resistance welding and sold separately 
from the machine.1) These transformers may be cooled either 
by water circulation in the secondary winding and possibly the 
magnetic core, or by air. 

2 References 

ISO 669, Rating of resistance welding equipment. 

IEC Publication 417, Graphical Symbols for use on equipment. 

3 Operating conditions 

Unless otherwise stated, the transformer is assumed to be 
operating under the following conditions2) : 

a) altitude : 

lt is assumed to be not more than 1 000 m above sea-level; 

b) temperature of the cooling medium: 

lt is assumed that the maximum temperature of the cooling 
water does not exceed 30 OC at the transformer entry Point 
and that, in the case of air cooled transformers, none of the 
following maximum temperatures are exceeded : 

- maximum ambient temperature : 40 OC 
- average daily temperature : 30 OC 
- average annual air temperature : 20 OC 

4 Definitions 

Annex A gives further information to assist comprehension of 
some of these definitions. 

See also the definitions given in ISO 6693). 

4.1 continuous duty : Periodic Service when the duty factor 
is 100 %. 

4.2 no-load secondary voltage : Voltage between the 
secondary terminals when the welding circuit is open. 

4.3 continuous output CS,) (sec annex AI: The highest 
electrical output, expressed in kilovoltamperes, for a 100 % 
duty factor, without exceeding the specified heat rise limits: 

S/i? = U20 x I2p 

1) When the transformer is supplied with a machine of which it forms an integral Part, ISO 669 applies to the whole assembly. The Parties may agree 
that the transformer fitted in a machine tan be of a type that has undergone the type tests in accordance with this International Standard. 

2) For transformers designed to operate in different Service conditions the correction tables in annex B are to be used. 

3) In accordance with a recent agreement, the determining values for classification of transformers have been adopted for the continuous secondary 
current $,) and secondary no-load voltage Q). 

In ISO 669 the rated values still relate to 50 % duty factor. 

In this International Standard, contrary to ISO 669, terms relating to 50 % duty factor are not taken as nominal (rated) values. 
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ISO 58264983 (El 

4.4 output at a given duty factor CS,, (sec annex A) : The 
output at a duty factor X, without exceeding the specified heat 
rise limits. This output is related to the continuous output CS,> 
and the output at the duty factor 50 % 6,) by the formulae : 

1 -e - Tls 
s, = sp and, 

- XT 

-e 1OOT 

This current is related to the continuous secondary current and 
the secondary current at the duty factor 50 % by the formulae : 

1 -e - TI’Z 
bx = I2p 

and, 
- XT 

-e 1OOt 

T is the duration of the cycle; 

T is the duration of the cycle; 

X is the duty factor; 

z is the thermal time constant of the primary winding. 

In practice, where the ratio 5 is higher than five, it is possible 

to use the simplified formulae : 

Sx = SP 
100 
x and, 

100 
s, = %o yy 

i- 

X is the duty factor; 

z is the thermal time constant of the primary winding. 

In practice, where the ratio 5 is higher than five, it is possible 

to use the simplified formulae : 

I&- = r- 100 
7 and, 

IX = Iw 100 

i- 2x 

4.8 secondary current at the duty factor 50 % (1%) : The 
highest current that tan be passed by the transformer, for a 
duty factor 50 % and a cycle time duration of 1 min without 
exceeding the specified maximum heat rises. This current is 
related to the continuous current by the formula : 4.5 output at the duty factor 50 % &) : The output at 

the duty factor X = 50 % without exceeding the specified 
heat rise limit, with a cycle time duration conventionally taken 
equal to 1 min. This output is related to the continuous output 

1% = 12p J 1 + e - 3Q/r 

Formula in which z is the thermal time constant of the primary (SJ by the formula : 

winding in seconds. 
Sa = Sp J 1 + e - 30/* 

In practice, where the ratio f is higher than five, it is possible 
where z is the thermal time constant of the secondary winding 
in seconds. 

1 

to use the simplified formula : 

In practice, where the ratio 5 is higher than five, it is possible 40 = r&JT 

to use the simplified formula : 

s, = sp fl 

4.9 magnetic circuit - maximum duty factor (X,) (sec 
annex A) : The maximum admissible duty factor that ensures 
that the heat rise in the magnetic circuit of the transformer does 
not exceed the values laid down. 

4.6 continuous secondary current ($J (sec annex AI : 
The highest current that tan be passed by the transformer at a 
100 % duty factor without exceeding the specified maximum 
heat rises. 

4.10 short circuit voltage (U,J : The voltage at the rated 
frequency that has to be applied to the primary winding to 
Cause the continuous current to flow therein when the ter- 
minals of the secondary winding(s) are short circuited. 

4.7 secondary current at a given duty factor (I& (sec 4.11 no-load losses (PJ : Active input power taken when 
annex A) : The highest current that tan be passed by the the rated voltage at the rated frequency is applied to the ter- 
transformer for a given duty factor X without exceeding the minals of the primary windingls), with the secondary 
specified maximum heat rises. winding(s) on open circuit. 

2 
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ISO 58264983 (EI 

4.12 no-load current UO) : The current circulating in the 
primary winding when the rated voltage at rated frequency is 
applied to the winding, with the secondary windingts) on open 
circuit. 

The no-load current is expressed in amperes. 

4.13 cooling liquid flow : The minimum flow in litres per 
minute necessary to cool the transformer at continuous output. 

5 Construction 

5.1 Earthing 

For the conditions of earthing of the transformers, an Interna- 
tional Standard is in preparation. 

5.2 Cooling water circuit 

The cooling water circuit shall ensure effective cooling of the 
transformer for a rated flow not more than 4 I/min for 
transformers of output at the duty factor 50 % Sa < 150 kVA 
and not more than 8 I/min, for transformers having an output 
at the duty factor 50 % between 150 and 500 kVA. lt shall be 
leak-tight at a pressure of 10 bar’). 

For the rated water flow the pressure drop of the water shall 
not be more than the indicated value. lt is recommended that 
this value shall not exceed 0,6 bar. 

6 Specifications 

6.1 Secondary voltages 

Secondary no-load voltages shall be indicated by the manufac- 
turer to an accuracy of + 2 % for all settings. 

6.2 Secondary current at the duty factor 50 % 

For all settings, the transformer shall pass the same secondary 
current at the duty factor 50 % without exceeding the specified 
heat rise limit. 

6.3 Heat rise and temperature limits 

The heat rise of secondary windings and, if it is not accessible, 
the magnetic circuit, shall not exceed the maximum heat rise 
shown in table 1. 

The temperature of the accessible Parts of the switch and the 
external frame work shall not exceed 65 OC. 

If the magnetic circuit and the secondary winding(s) are access- 
ible, their temperatures shall not exceed that admissible for the 
external frame work. 

6.4 Dynamit behaviour 

The transformer shall be able to withstand without failure oc- 
curing the dynamic stress caused by the repeated application of 
a current as high as possible up to a maximum of nine times the 
continuous secondary current U&J under the conditions 
specified in 7.6. 

6.5 Short circuit voltage 

In the case of transformers having two independent secondary 
windings, the values measured for each winding, as indicated 
in 7.3., may not differ from one another by more than 5 % of 
the highest value. 

6.6 No-load losses - No-load current (r.m.s.1 
output 

The values measured during routine tests on a transformer shall 
remain close to the values obtained during the type test carried 
out on the prototype of the same model. This specification ap- 
plies to the highest setting of no-load secondary voltage. 

6.7 Insulation resistance 

The insulation resistance measured as indicated in 7.7 shall not 
be less than 50 MQ. 

Table 1 - Heat rise and temperature limits 

Type of cooiing Part 

Air 

Windings 

Magnetit circuit 

Water 

Windings 

Magnetit circuit 

Limits of temperature rise, 
Method of determination OC for classes of insulation 

A E B F H 

Resistance 60 75 85 105 130 
Intemal indicators 60 75 85 110 135 
Probe 55 70 80 100 120 

Thermometer 50 65 75 95 120 
Internal indicators 60 75 85 110 135 

Resistance 70 85 95 115 140 
Internal indicators 70 85 95 120 145 
Probe 65 80 90 110 130 

Thermometer 60 75 85 105 130 
Internal indicators 70 -85 95 120 145 

1) lbar= 100 kPa, 1 Pa = 1 N/m? 
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ISO 5826-1983 (El 

6.8 Dielectrical resistancel) 

During the dielectric test indicated in 7.8 no deterioration of the 
insulation shall occur. 

7 Tests 

7.1 Checking of the no-load voltages 
(routine test) 

This test shall be carried out on all tappings. For the setting 
under consideration, the no-load voltage shall be verified by ap- 
plying a voltage U’ l as close as possible to the rated voltage 
Ul, to the primary terminal. The secondary no-load voltage 
shall be : 

TT 

Wz = U’3-j x 
"1 

w'1 
u’, being the voltage measured at the secondary terminals 
for the primary voltage U’ l. 

7.2 Measurement of the heat rise in the windings 
(type test) 

This test shall be carried out on all tappings. 

The heat rise test shall be carried out at low voltage, 
transformer being short-circu ited as i ndicated in 7.3. 

7.2.1 Condition of the transformer 

The heat rise tests are for new and dry transformers. For water 
cooled transformers the cooling circuit shall have the water 
flow indicated. 

7.2.2 Start of the test 

Unless the temperature of the part is determined by resistance 
Variation, the test may be started without waiting for the 
temperature of the transformer to be in balance with that of the 
cooling liquid. 

If the temperature 
Variation : 

of the winding is determined bY resistance 

a) when the 
culated; 

transformer is water cooled, the liquid is cir- 

b) the test shall not be started u ntil the temperature of 
winding is within kl0 C of that of the cooling liquid; 

the 

c) the temperature t, of the cooling liquid shall be taken as 
the initial temperature of the winding the initial resistance 
Rl of which has been measured. 

7.2.3 Duration of the heat rise tests 

The tests shall be carried out until the rate of temperature rise in 
the primary and secondary windings does not exceed 2 OC/h. 

1) Until the pu blication of an IEC document currently in preparation, indications 
of machines for resistance welding and allied processes published by CENELEC 

7.2.4 End of the test 

The end of the test is the moment when the current is switched 
off. The purpose of the requirements of 7.2.5.2 is to determine, 
taking into account the essential requirements of the measuring 
method adopted, temperatures as close as possible to those 
reached by the Parts at the time of measurement. 

7.2.5 Conditions under which temperature 
measurements are taken 

7.2.5.1 Determination of the cooling medium temperature 

7.2.5.1 .l Thermometer placing 

a) air-cooled transformer : 

The thermometers shall be placed around the transformer, 
at a distance of approximately 1 m from it and at a height 
approximately half that of the transformer. 

They shall be shielded from heat and draughts; the ther- 
mometer bulbs may be placed in small holders filled with oil 
with a view to equalizing the temperature variations; 

bl water-cooled transformer : 

The thermometers shall be placed in the cooling water 
where this enters the transformer. 

7.2.5.1.2 Evaluation of the cooling liquid temperatures 

To calculate the heat rises, the average of the temperatures ob- 
tained during the last quarter of the tests shall be taken for the 
cooling liquid temperatures. 

7.2.5.2 Determination of the primary and secondary winding 
temperatures 

7.2.5.2.1 Methods and measuring equipment used 

a) measurement by resistance Variation; 

This method may only be used for the primary windings, 
whether the transformers are air- or water-cooled. In this 
method, the temperature of the windings is determined by 
increasing the resistance. For topper windings, the final 
temperature is obtained by the formula : 

t2 + 235 R2 -=- 
t, + 235 R, 

In practice, it is convenient to calculate the heat rise directly 

f2 - t, by the following equivalent formula : 

t2 - t, = 
R, - Rl - (235 + t,) + it, - ta) 

Rl 

are given in HD 389, Safe ty conceming equipment 
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7.3 Measurement of the short-circuit voltage 
ltype test) f2 is the temperature of 

test, in degrees Celsius; 
the winding at the end of the 

This measurement shall be carried out when the transformer 
has reached its operating temperature on the tappings giving 
the highest secondary no-load voltage. 

*1 is the temperature of the winding when 
resistance is measured, in degrees Celsius; 

the initial 

*a is the temperature of the 
the test, in degrees Celsius; 

cooling I iquid at the end of 
After the secondary windingls) has (have) been short-circuited 
under the conditions indicated below, the primary voltage shall 
be adjusted to the value UIcc until the exact admissible con- 
tinuous current circulates in the primary circuit : 

R, is the initial resistance of the winding; 

RZ is the 
test. 

resistance of the winding at the end of the 

$3 = 
% 
Ul 

b) internal temperature indicator : 

This is a thermocouple incorporated in the winding during 
manufacture. lt tan be used for measuring the temperature 
of the secondary winding(s) of air- and water-cooled 
transformers and also the primary windings of water-cooled 
transformers. 

Short-circuit voltage is given as a percentage by the formula : 

ucc = 
ulcc - x 100 
Ul 

Cl bulb thermometers and detachable thermocouples : Where the transformer has two secondary windings 
measurement is made un der the following conditions : 

the 

These are used in the cases referred to in 7.2.5.2.2. They 
shal be in the closest possible contact with the windings and 
be placed at the hottest accessible Point. 

- with 
parallel; 

the two secondary windings short-circuited in 

7.2.5.2.2 lnstructions regarding determinations - with 
series; 

the two secondary windings short-circuited in 

a) air-cooled transformers : 
- with one 
second open. 

of the secondary windings short-circuited, the 
The temperatures shall be determined in the case of primary 
windings either by resistance Variation, thermometers or 
detachable thermocouples or, in the case of secondary win- 
dings, by thermometers (or detachable thermocouples) or 
internal temperature indicators. 

7.4 
circ 

M 
uit 

easuremen 
(type testl 

t of the in the magnetic 

Measurements shall be taken immediately after the current 
is switched off; the highest temperatures taken shall be 
recorded. 

7.4.1 Condition of the transformer 

The heat rise test of the magnetic circuit is for a new and dry 
transformer. The water flow in the water-cooled transformer 
shall be tut off, except if the magnetic circuit is itself cooled by 
water. 

b) water-cooled transformers : 

The temperatures shall be determined by resistance varia- 
tion either with internal temperature indicators or 
detachable thermocouples in the case of primary windings, 
or, in the case of secondary windings, with thermometers 
(or detachable thermocouples) or internal temperature in- 
dicators. 

7.4.2 Input of the transformer 

The transformer shall be supplied at rated voltage and at the 
maximum admissible duty factor &, by the magnetic circuit 
(sec 4.9). If a number of values for Xm are indicated in relation 
to the transformer installation conditions, the test shall be car- 
ried out for each of these values, taking a conventional one 
minute cycle. The highest setting shall be used. 

If internal temperature indicators are used both for measur- 
ing the temperatures of the primary windings and for those 
of the secondary windings or even when thermometers (or 
detachable thermocouples) are used to measure the 
temperature of the secondary windings, the measurements 
shall be taken on load, i.e. immediately before switching off 
the current, while the cooling water circulates. 

7.4.3 Start of the test 

The test may be started withou 
resch ambient air temperature. 

t waiting for the transformer to 
If the resistance Variation method is used, the water circula- 
tion shall be stopped immediately before switching off the 
current. The resistance R, shall be measured as soon as 
possible after the flow has been stopped. 7.4.4 Duration of the test 

In all cases 
corded. 

, the h ig hest temperatures taken be re- The test shall be continued u ntil the rate 
the mag netic circuit reaches 0,5 OC/h. 

of temperature rise of 
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7.4.5 End of test In both cases, the test voltage shall be kept at the specified 
value continuously for 60 s and then removed as quickly as the 
installation allows, without however causing any over-voltage. The test shall end when the last loading is completed. 

NOTE - Dielectric tests should not normally be repeated on the same 
transformer. If for any reason they have to be, they should be carried 
out at voltages equal to 75 % of the above mentioned voltages. 

7.4.6 Temperatur-e determination 

The ambient temperature shall be ascertained as indicated in 
7.2.5.1. 

The temperature of the magnetic circuit shall be determined by 
thermometer (or detachable thermocouple) or internal in- 
dicator, in accordance with 7.2.5.2. 

7.9 Polarity of windings (routine tests) 

The polarity of the secondary voltages, one in relation to the 
other, and in relation to the primary winding, shall be verified 
on all the transformers. 

7.5 Measurement of the no-load losses, P,, 
and the no-load current, I,, (routine test) 

Either during the above test or a special test, with the 
transformer supplied at rated voltage and with the secondary 
circuits open, the no-load losses Po, the no load current ZO, and 
the no-load apparent power S, = U, Z0 of the transformer shall 
be measured. 

7.10 Water flow in and leak-tightness of the water 
circuit (routine test) 

The water-tightness of the cooling circuit shall be verified at a 
pressure of 10 bar for 10 min. 

lt shall also be c hecked whether the loa d loss 
flow is equal to or less than the stated value. 

for the indicated 7.6 Verif icati 
(type test) 

on of the dynamic behaviour 

The transformer shall be supplied at rated voltage. The current 
to test the dynamic behaviour shall be as high as possible up to 
a maximum of nine times the continuous secondary current ZD. 

8 Marking 

The transformer shall be tested with this load for four hours at a 
1,23 % duty factor and a 30 s cycle time. 8.1 Rating plate 

The connexion of the load shall be made with flexible cables to 
simulate actual practice on the secondary terminals as nearly as 
possible. 

Esch transformer shall have a rating plate on which the follow- 
ing details shall appear. In the case of transformers designed 
for several rated input voltages, the characteristics shall be 
given for each input voltage, either by means of several plates, 
or by an appropriate table. 

7.7 Insulation resistance (type test) 

Manufacturer’s name. This test shall be carried out immediately after the heat rise test. 
The insulation resistance between the primary and secondary 
windings and between the windings and the frame shall be 
measured at a continuous voltage of 500 V. 

2 Indication of the transformer type or design. 

3 Reference to this International Standard. 

7.8 Dielectric tests (type and routine tests) 
4 Manufacturer 
obliterated. 

‘s number. This nu mber shall never be 

These tests 
transformer. 

are carried out on a fully equipped, new and dry 

5 r/l Symbol 
quency of the 

rated input voltages 
put current n hertz. 

followed by the fre- 
in An a.c. voltage with rated mains frequency + 10 % practically 

sinusoidal of 2 500 V rms shall be applied between a terminal of 
the Primar-y winding and the frame and then between one ter- 
minal of the primary and one of the secondary circuit. 

6 Symbol Um : in the form of a table, secondary no-load 
voltages on the various transformer taps. In case of diffi- 
culty, the maximum and minimum values of voltages, 
together with an indication of the number of Steps shall be 
shown. 

The test voltage of 2 500 V shall be applied gradually in 
that the specified value is reached in approx imately 20 s 

Order 

A similar a.c. voltage of 1 000 V rms shall be applied between 
one terminal of the secondary winding and the frame. 

7 Symbol Zzp : continuous secondary current (sec 4.6). 
The secondary current at the duty factor 50 % Za (sec 4.8) 
shall also be indicated when taking precautions to avoid 
mistakes with the continuous current. The test voltage of 1 000 V shall be applied instantaneously. 
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8 Symbol SS : output at the duty factor 50 % (sec 4.5). 
lt shall be also indicated the continuous output Sr, (sec 4.3) 
in taking precautions for avoiding mistakes with the output 
at the duty factor 50 %. 

9 Symbol Xm : maximum admissible duty factor in per- 
cent and given at maximum no-load voltage (sec 4.9). This 
indication shall be given if the duty factor is lower than 
100 %. 

Symbol t: thermal time constant of the 
seconds (9 iven optionally). 

10 

11 

12 

Indication of insulation class. 

prima w winding in 

Indication of the weight of the transformer. 

Cooling liquid flow and pressure drop. 

13 Indication of the conventional designation of the 
magnetic sheets according to Euronorm 106 and 107.1) 

Annex C Shows specimen rating plates. 

8.2 Earth terminal 

The earth terminal for connecting the protective conductor (sec 
5.1) shall be marked with the Symbol (sec IEC 417). 

8.3 Polarity of the windings 

The polarity of the terminals of 
dings shall be suitably indicated 

9 Technical notice 

the different transformer win- 

In addition to the data specified in 8.1, the manufacturer may 
provide the following into the technical notice relating to the 
transformer : 

no-load losses Po (sec 4.11); 

no-load current Io (sec 4.12); 

short-circuit voltage Ucc (see 4.10). 

1) Until the publication of an IEC document currently in preparation, this indication is given according to the national Standards or Euronorm 106 and 
107. 
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Annex A 

Notes on some physical concepts and comments 
on the definitions 

A.1 Heat rise and cooling of a transformer The inverse of the coeff icient , z, is 
tant of the transformer (see 4.4). 

called the t herma I time cons- 

When a transformer is in Operation it heats up and the 
temperature of its various pat-ts tends to rise towards a maxi- 
mum balancing value 0,. Distinction has to be drawn be- 
tween : 

lt will be noted that this thermal time constant is a measurable 
physical quantity, characteristic of a transformer part. lt 
establishes in fact the Speed of heat rise and cooling. lt cor- 
responds to the time after which the temperature would resch 
its maximum if it maintained its original rate of Variation. lt also 
corresponds to the time after which the temperature Variation 
in relation to that at a given moment t has reached approx- 
imately 63 % of the temperature differente between the final 
temperature and the temperature at the moment t. 

a) the heat rise in the windings : the final balancing 
temperature is a quadratic function of the current flowing 
through the windings; 

b) the magnetic circuit heat rise : the final temperature 
varies with the inductive effect and therefore with the 
voltage applied to the terminals of the primary windings. 

These maximum temperatures vary also with the conditions of 
manufacture and installation of the transformer, including the 
heat exchange conditions with the cooling liquid. 

A.2 Operation of the resistance welding 
machine transformer 

When the transformer no longer operates, it cools and the 
temperature of its various Parts tends to fall towards the 
temperature of the cooling liquid. Two alternatives have 
therefore to be considered : 

Generally speaking, a resistance welding machine transformer 
does not operate continuously but in a periodic cycle compris- 
ing an on-load work time followed by a rest time. 

The ratio 
*1 

T Of the load 
time to the cycle time is called the duty 

factor. This duty factor is expressed as a percentage. 

a) the transformer remains under voltage but the load is 
removed. Only the windings cool down, the magnetic cir- 
cuit continues to heat up if it has not reached the balancing 
temperature or stays at the said temperature; 

100 t, 
x=------- 

T 
b) the transformer is switched off. The 
magnetic circuits will then cool down. 

ings and the 

The temperature Variation of the transformer (see figure 1) 
follows an exponential law related to time, i.e. in accordance 
with the expressions : 

According to the work done and the con ditions of use of the 
transformer, the cycle time values and the duty factor ca n vary. 

0 = 0, - (S, - oo) e-t/’ for heat rise; 
During an operating cycle, (see figure 21, the transformer heats 
up during the duty time and cools down during the rest time. 
The heat rise in relation to the temperature of the cooling 
liquids varies between two extreme values 8, and &. 

8 = eo + (en - eo) e-tlr for cooling; 

where 

4l is the final balancing temperature; 

A.2.1 Windings 
eo is the temperature of the cooling liquid; 

The maximum heat rise & reached by the windings varies with 
the current flow, the cycle time, the duty factor and the thermal 
time constant of the transformer. This heat rise shall never ex- 
ceed the maximum values established in relation to the insula- 
tion class used. Consequently, if for example the duty factor is 
low, it will be possible to have a higher current pass through the 
transformer than if the duty factor were high. 

is the temperature when the transformer Starts to cool. 

1 
The coefficient - appearing as an exponent is a physical quan- 

z 
tity depending on the design of the transformer and its installa- 
tion and particularly the heat exchange conditions with the 
cooling liquid. 
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Figure 1 - Temperature Variation of a transformer 
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NOTE - Curve drawn assuming the established operating conditions. 

Figure 2 - Transformer operating cycle 
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If the continuous output S, (see 4.31, verified by the heat rise 
test and entered on the rating plate, or the continuous secon- 
dar-y current I& (see 4.6) and also the thermal time constant z 
of the transformer, also entered on the rating plate, are known, 
it is possible to ascertain the output S or the secondary current 
Iz admissible for a given duty factor X corresponding to a cycle 
time T. These Outputs and currents are in fact related by the 

A.3 Practical application 

If the thermal time constant of the transformer, its continuous 
output, SP, and/or the admissible continuous secondary cur- 
rent, Ia, and also the maximum duty factory, X,,,, are known, 
it is possible for the user to determine the possibilities of the 
transformer accurately. 

formulae : 

The formulae indicated in A.2.1 make it possible in fact : 
-T 

1 Y- -e d . - XT 

1 -e 1OOT 

a) to determine the admissible output and secondary cur- 
rent for a given cycle and duty factor corresponding to the 
work to be done; or, 

sx = sp 

b) to calculate the admissible cycle and duty factor 
ing the current necessary to do the required work. 

If the thermal time constant does not permit use of the 
simplified formulae given in A.2.1, the complete formulae 
should be used noting that, in the second case, the known 
characteristics is generally the time the current Passes t, which 
is equal by definition to XT. 

100 

, if the ratio -!- 
T 

between the thermal heat In current 

constant and the cycle time is above five, the following 
simplified formulae tan be used : 

A Start should therefore be made by 
cycle time 7’ by using the formula : 

determining 
100 

s, = SJ) 
/- X -T 

12 = I;)D 
1 T -e d - t1 

1 -e = 

100 

bx = bp 

/- 

x 

and then calculating A.2.2 Magnetit circuit 

loot, 
XE------- 

T 
The maximum heat rise, 8, reached by the magnetic circuit of 
the transformer is no longer a function of the current passed 
but of the induction effect in the metal, and accordingly of the 
primary voltage. This heat rise is also of course related to the 
time during which current Passes and therefore to the cycle and 
the duty factor and the thermal time constant. 

In both cases, whether the desired or calculated duty factor is 
equal to or more than maximum admissible duty factor, Xm 
should be noted. 

In contrast to the current passed, which is variable, the induc- 
tion is constant since it is fixed by the primary voltage. The heat 
rise of the magnetic circuit of a given transformer does not 
therefore depend on the time of switch-on. With the load of the 
welding transformer broken by the primary circuit, the heat rise 
of the magnetic circuit varies directly with the duty factor and 
the cycle time. 

NOTE - The user should also check that the conditions of installation 
of the transformer in the machine do not Cause a reduction in the cur- 
rents or the maximum admissible duty factor. 

A.4 Determination of the thermal time 
constant of the primary winding 

The thermal time constant 
following methods : 

may be determined by one of the The above Observation has led to a maximum duty factor, X,,.,, 
being defined, beyond which the heat rise of the magnetic cir- 
cuit would become too high. 

After having loaded the transformer at the duty factor 
X= 100 %, under the conditions indicated in 6.2.1, the 
following temperatures are measured : 

Since the thermal time constant of the magnetic circuit is very 
large, the value of the maximum duty factor, Xm, tan be 
regarded as independent of the cycle time. 

at the initial time, 

NOTE - The fact of carrying out the heat rise tests on the windings 
under continuous condition is not in contradiction with what has been 
said above. The heat rise test is in fact carried out at low voltage SO that 
the heat rise in the magnetic circuit is negligible. 

4 at the end of time t = t, 

at the end of time t = 2 t, 
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