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Summary 

The risk of contact welding of contactors protected 

by fuses, when a short circuit occurs, is strictly 

dependent on the electrodynamic force acting on the 

contacts of the contactor, the rating of the pro- 

tective fuses and the value of the prospective 

short circuit current. 

The phenomenon has been dealt with by many authors; 

some papers on the subject are herewith quoted. 

In this paper the results are reported of numerous 

short-circuit tests performed on contactors pro- 

tected by fuses, which confirm the considerations 

made by the above authors. 

A brief description of the test carried 

out on 70 types of contactors, made by 16 different 

manufacturers with overcurrent up to 50 kA (r.m.s.) 

at 418 V (1.1 x 380), 50 Hz, is presented. 

The results of the tests are illustrated by compre- 

hensive diagrams. In particular the diagrams show: 

- the instantaneous value of the current for which 

the separation of the contacts by electrodynamic 

effect occurs on each type of contactor; 

- the maximum rating of the protective fuses that 

prevented the tested contactors from contact 

welding, as a function of the rated operational 

current of the contactor, for utilization cate- 

gory AC 3; 

- the minimum rating of the protective fuses which 

produced contact welding as a function of the 

above rated operational current of the contactor. 

At last, a comparison is made between the shown 

test results on contactors protected by fuses and 

the prescriptions of the new IEC Standards 947-4 

(IEC Standards 947-4: Low-voltage switchgear and 

controlgear. Contactors and motor starters). 

1. General 

In most application, contactors and motor starters 

are protected by fuses against short circuit cur- 

rents. 

Fuses are suitable for preventing excessive damage 

to the contactor or its parts. In particular they 

are capable of limiting the thermal and electrody- 

namic stresses which can cause the contact welding 

of the contactor. In the present paper for contact 

welding is intended a stable union of the contacts, 

which cannot be easily broken by repeated opera- 

tions of the contactor control circuit. In other 

words a welding is meant, which requires the use of 

a tool for the contact separation, although it also 

is not always effective. 

2. Test carried out and relevant methods 

The tests were made on 80 types of contactors of 16 

different manufacturers and current ratings in ac- 

cordance with the following table no. 1. 

The tests were carried out with alternating current 

at 418 V (1.1 times the rated voltage), 50 Hz, on a 

single phase circuit, with overcurrents up to 

50,000 A (r.m.s. value of the symmetrical component 

of the prospective current). The power factor was 

0.5 up to 10,000 A, 0.3 from 10,000 to 20,000 A and 

0. 25 from 20,000 A up to 50,000 A. 

The circuit comprised one pole of the contactor in 

series with a protective fuse, as shown in figure 

1. The contactor was in the closed position before 

the initiation of the overcurrent. The supply 

source of the electromagnet of the contactor was 

independent of that of the test circuit. 

The tests were repeated under the same conditions 

on all the poles of the contactor. 
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Table 1 

Manufactu- 
rers of 
contactors 

Rated operational current of the contactors tested,for utilization category AC3 
( amperes ) 

12 25 40 63 100 160 250 400 630 

12 25 50 80 125 200 250 

16 20 32 40 63 100 160 250 400 

16 20 40 80 125 200 

20 40 80 160 315 630 

32 50 80 160 250 400 

10 20 25 32 40 50 80 100 160 250 630 800 1000 

25 50 125 

12 80 315 

10 16 25 40 50 80 100 

160 250 400 630 

16 25 32 40 63 80 100 125 160 250 500 630 1000 

12 16 20 32 50 63 80 

50 63 80 125 160 250 

40 63 125 200 315 800 

Before any test were carried out, 100 opening and 

closing cycles were made on each contactor at the 

rated current and voltage, rated frequency and 

power factor approaching unity, in order to stand- 

ardize the initial conditions of the contacts. It 

has been intended, in such a way, to minimize any 

accidental differences existing on new contacts 

which could reduce the reliability of the results. 

The instantaneous value of the minimum current for 

which separation of the contacts by electrodynamic 

effect occurs was first determined on each individ- 

ual pole of each contactor. 

The importance of the knowledge of such a current 

Fuse 

O 

o \ 
d Pole of 

the 

Contactor 

Fig. 1 - Test circuit comprising one pole of the 

contactor under test and the protective 

fuse. 

value has been discussed in previous papers (1). 

(2): here is sufficient to remind that the contact 

welding of the contactor is more probable for short 

circuit current values near to that for which sep- 

aration of the contacts by electrodynamic effect 

occurs, than for greater prospective currents. 

The determination was made by means of a suitable 

equipment causing a sinusoidal half wave of current 

of given amplitude, at 50 Hz, to flow through the 

contacts of the pole of the contactor. 

The current amplitude was gradually increased, test 

by test, in successive tests and the voltage drop 

across the contacts was observed: contact separa- 

tion is indicated by a sudden increase in the volt- 

age drop, as can be seen in figure 2. 

The found values differ, by a few percent, from 

pole to pole of the same contactor. In the diagram 

of figure 3, the minimum recorded for each con- 

tactor is reported as a function of its rated oper- 

ational current for utilization category AC 3. 

The reported data of the same diagram were smoothed 

by the least squares method and represented by a 

dashed straight line statistically equivalent. 

The behaviour of each contactor protected by fuses 

under short circuit conditions was then examined. 

The values of prospective test currents were se- 

lected for each contactor in the range comprised 

between a minimum" current value slightly lower than 
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Fig. 2 - Test current and voltage drop across the 

contacts of a contactor which separate and 

then return to touch. 

that which starts separating the contacts of the 

contactor by electrodynamic effect and a maximum 

current value stated in 50,000 A (r.m.s. value of 

the symmetrical component of the prospective cur- 

rent). 

The fuse-links put in series with the contactors 

were of current limiting type, general purpose ap- 

plication, in accordance with IEC Standards. Their 

rated current was selected according to the in- 

structions of the contactor manufacturer for a 

first series of tests, which were carried out in 

the above range of prospective currents. The fuse 

rating was then increased or decreased dependently 

on the results of the first series of tests, for 

making further series of tests under unaltered 

remaining conditions. 

As a common, general result it can be stated that: 

- for prospective currents not causing contact sep- 

aration by electrodynamic effect no contact dam- 

age occurred; 

- in the range of prospective currents within which 

contact welding was expected (1). (2), this 

occurred; 

- for larger prospective currents only erosion of 

contacts occurred. 
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Fig. 3 - Current causing contact separation by 

electrodynamic effect as a function of the 

rated operational current of the 

contactors tested. 

Figure 4 shows, for example, the behaviour of the 

above listed contactors rated 400 A made by four 

different manufacturers. As the current rating of 

the protective fuse increases the range of prospec- 

tive currents within which contact welding occurred 

becomes wider. 

In the diagram the values can be seen of: 

- the maximum rating of the fuse which prevented 

contactors from contact welding under short cir- 

cuit currents; 

- the minimum rating of fuse which produced contact 

welding of the contactors. 

Figure 5 shows, as a compendium, the maximum rating 

of fuses which prevented the tested contactors from 

contact welding as a function of their rated opera- 

tional current for utilization category AC 3. Note 

that for many contactors, especially the larger 

ones, the rating of the protective fuse may become 

lower than that of the contactor. This fact leads 

to a certain derating of the operational current of 

these contactors when a significant reduction of 

the risk of contact welding is desired. 

Figure 6 shows, comprehensively, the minimum rating 

of fuses which produced contact welding of the 

tested contactors as a function of their rated op- 

erational current for utilization category AC3. 
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Fig. 4 - Results of tests carried out on 4 types of contactors rated 400 A and 
protected by fuses of various current rating: 
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Fig. 5 - Maximum rating of fuses which prevented 

the tested contactors from contact welding 
as a function of the rated operational 
current for utilization category AC3 of 
the contactors tested. 

Fig. 6 - Minimum rating of fuses which produced 

contact welding of the tested contactors 
as a function of the rated operational 
current for utilization category AC3 of 
the contactors tested. 
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Diagrams no. 5 and no. 6 can be useful to choose 

the protective fuses suitable for preventing the 

contactors from contact welding. 

The new (1990) international standardization deal- 

ing with the coordination of contactors and motor- 

starters with short circuit protective devices has 

been issued as IEC Standards 947-4. In this Stand- 

ards methods of testing can be found intended to 

improve the contactor conditions of use and appli- 

cation for achieving better safety and continuity 

of service. 

Test currents "q" and "r" aim at this purpose. 

Test current "q" corresponds to the maximum value 

of short-circuit prospective current of the instal- 

lation where the contactor is used. It is intended 

to verify that, during short circuit, there be no 

permanent arcing, flashover or ejection of flames 

or external effects which may be dangerous to the 

surroundings. 

Test current “r" is a current related at discrete 

steps to the rated operational current for utiliza- 

tion category AC3 of the contactor. Test current 

"r" values are specified in the following table 2 

and shown in diagram n.7. 

Since the origins of the Standardization of con- 

tactors, test current "r" was intended as a short 

circuit current causing a high level of stress to 

the contactor protected by a given short-circuit 

protective device. With reference to the above 

considerations related to the protection afforded 

by fuses, it has to be reminded that the most 

severe stresses for the contactor are likely to be 

experienced for a range of these currents near to 

the current at which the contacts of the contactor 

are just thrown apart by electrodynamic effect. 

Table 2 

Rated operational current 

I CAC-3) 

(A) 

Prospective current "rr 

CkA) 

0 I £ 16 

16 < I £ 63 

63 < IB £■ 125 

125 < Ie £ 315 

315 < I £ 630 

630 < J £ 1 000 

1 000 < I £ 1 600 

1 600 < I 

1 

3 

5 

10 

18 

30 

42 

Subject to agreement 

between manufacturer 

and user 

08 

6 8 10 500 1000 100 

Contactor rated operational current 
for utilization category AC3, A 

Fig. 7 - Test current "r" at discrete steps as 

specified in ICE Standards 947-4 as a 

function of the rated operational current 

for utilization category AC 3 of the 

contactors tested. 

That is particularly true for the risk of contact 

welding, as can be seen in the above diagram of 

figure 4. 

The opportunity originates from the above consider- 

ations of examining whether test current "r", as 

specified in IEC Standards 947-4, be significant 

also for the risk of contact welding. 

That has been done in figure 8, by comparing the 

prospective current values for which contact weld- 

ing were experimentally verified with test current 

"r" values as specified in the quoted international 

Standards. 

Precisely, in diagram of figure 8, as a function of 

the rated AC3 operational current of the tested 

contactors, the following quantities have been 

plotted for easy comparisons: 

- the ranges of the prospective currents of the 

tests in which contact welding was systematically 

experienced (the short circuit protective device 

being the fuse specified in the above diagram of 

figure 6); 

- the test current values "r" at discrete steps as 

specified in IEC Standards 947-4 (already report- 

ed in figure 7); 

- the dashed straight line of the above figure 3 

statistically equivalent to the current values 

for which contact separation of the tested con- 

tactors occurs. 
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Fig. 8 - Comparison of the prospective current 

values for which contact welding was 

experimentally verified with the test 

current "r" values as specified in the 

quoted international Standards. 

It can be observed that "r" prospective test cur- 

rent values practically comply with the above 

reminded condition of being hear (slightly higher) 

to those values for which the contacts of the con- 

tactors are just thrown apart by electrodynamic 

effect. In addition, they fall in the prospective 

test current ranges where contact welding was ex- 

perimentally verified. 

Therefore, it can be deduced that the tests made by 

current values "r" give also significant results as 

regards the risk of contact welding of contactors 

in short circuit conditions. 
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