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1. Lbc and hbc miniature fuse-links 

Standard rated breaking capacity for low-breaking 

capacity miniature fuse-links(lbc MFs), specified 

in Standard Sheets 2. 3 and 4 of IEC 127-2 and 

also in Standard Sheets 3 and 4 of IEC 127-3, is 

35A or 10 times the rated current whichever is 

greater at their rated voltage; while Standard 

Sheets 1 and 2 of IEC 127-3 specify 50 A for the 

rated current of their lbc MFs. 

In any case, the standard breaking capacity of the 

lbc MF is far lower than the corresponding value 

of 1.500A for the high-breaking capacity miniature 

fuse-links(hbc MFs) according to Standard Sheets 

1 and 5 of IEC 127-2. 

This large difference in breaking capability is 

attributable to the sand-filling of the hbc MFs. 

The sand, filled tightly in the fuse-envelope of 

the hbc MF, causes limitation of the overcurrent 

in the circuit, often reducing the actual breaking 

current of the fuse-link far below the prospective 

overcurrent. 

The extent of the current-limitation depends on 

the ratio of the prospective overcurrent to the 

rated current of the fuse-link; for the larger 

ratio the limitation is stronger. Because of this, 

breaking performance of a hbc MF depends substan- 

tially on its rated current. 

In the case of lbc MFs, however, no strong current 

limitation takes place, and the breaking current 

is essentially equal to the prospective overcur- 

rent which is determined only by the circuit con- 

stants. Hence, the breaking performance of a lbc 

fuse-link depends on the prospective overcurrent 

but not so much on its rated current as in the 

case of hbc fuse-links. 

2. Arc-energy of lbc MFs 

In return for the freedom from the troublesome 

sand-filling, the glass envelope of the lbc MF is 

exposed to the intense heat of the arc. On the 

other hand, its moderate test current doesn't gen- 

erate that violent and explosive vapourization of 

the fuse-element which sometimes destroies the en- 

velopes of hbc fuse-links mechanically. Because of 

these two facts, almost all failures in the break- 

ing tests of lbc MFs are of thermal, rather than 

mechanical, nature. 

Just for this reason, arc-energy measurement dur- 

ing breaking tests of lbc MFs becomes very impor- 

tant for the estimation of their breaking capacity 

limit. 
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Fig. 1 Test results of 5 x 20 mm fuse-links 

to IEC 127-2, at 250 V-35 A 

(Quick-acting, manufacture A) 
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3. Arc-energy versus arc-initiation angle 

Fig. 1 shows three diagrams for arc-energy in 

terms of arc-initiation angle on the source volt- 

age wave for 5 x 20 mm quick-acting fuse-links. 

Current ratings are 3.15, 1 and 0.5A from top, for 

test current 250V- 35A. All these test pieces were 

products of a single manufacturer, A. 

The top diagram shows the arc-energy decreasing 

almost linearly with the increase in the arc-ini- 

tiation angle, which implies that in every test 

arc lasted until the first voltage zero. This dia- 

gram is in general agreement with the arc-energy/ 

arc-initiation diagram by H.W. Turner et al1. 

The middle diagram for 1A fuse-links indicates 

that for the arc-initiation later than 100 degree 

arc couldn’t be established, perhaps, due to poor 

supply of metal vapour from the fuse-element. This 

was also the case when the arc started before 60 

degree, except for only one case. 

For further smaller rated current of 500mA, arc 

was established only in three of the total 20 

tests, at the arc-initiation angle about 75 degree. 

In all other cases, arc succeeded in starting but 

failed in establishment. Fig. 2 indicates the two 

cases, where arc was established (a) and was ex- 

tinguished (b). 

Interesting is the fact that when the arc is es- 

tablished arc-energy of the three kinds of fuse- 

links is nearly the same for a definite arc-ini- 

tiation angle. This observation leads us to the 

conclusion that the fuse-element of a lbc fuse- 

link is only an arc-starter and that arc-current 

and energy during the operation of the fuse-link 

are determined by circuit constants. 

Fig. 3 gives, corresponding to Fig. 1, diagrams 

for lbc time-lag fuse-links of differing ratings 

of the same size as before but produced by another 

manufacturer, B. It indicates that for time-lag 

fuse-links arc can more easily be established than 
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Fig. 2 Arc duration of 500 mA quick-acting fuse-links (Manufacture A) 
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for quick-acting ones but that the general tend- 

ency of the arc-energy which increases with de- 

creasing arc-initiation angle is in common to the 

quick-acting fuse-links. 

Fig. 4 strongly supports our view that arc-energy 

primarily decides failures in breaking tests of 

lbc MFs. Here, the diagram shows that failures oc- 

cured only for test current 163A and only for the 

earlier arc-initiation. In these cases the glass 

tubes and, often, the end-caps could not withstand 

the intense heat of the arc. The test pieces were 

all by manufacturer A. 

Fig. 5 indicates test result of 3.15A quick-acting 

fuse-links, made by manufacturer B, for test cur- 

rent 35A at various test voltages. Also in this 

case, arc-energy was decisive for the failures of 

the test. 
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Fig. 4 Arc-energy of 5 x 20 mm quick- 
acting 6.3 A fuse-links for three 
test currents (Manufacture A) 
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Fig. 5 Arc-energy of 5 x 20 mm quick- 
acting 3.15 A fuse-links at three 
test voltages (Manufacture B) 

4. Arc-initiation angle versus making angle 

Fig. 6(a) indicates that in the case of small-cur- 

rent lbc MFs, owing to the relatively high test 

current, making angle on the voltage wave is near- 

ly equal to the arc-initiation angle which dis- 

tributes widely from 20 to 140 degree. 

Fig. 6(b) on the other hand shows the case of fuse 

links of larger current rating, where arc hardly 

started before 30 degree. This could be attributed 

to the slow heating and quick cooling of the fuse- 

element during its passage of voltage zero because 

of the relatively small test current. 

15 - 

10 - 

T 500 mA In the case of time-lag lbc fuse-links this tend- 

ency is noticeable even for fuse-links of smaller 

ratings. 
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Fig. 3 Test results of 5 x 20 mm fuse-links 

to IEC 127-2, at 250 V - 35 A 

(Time-lag, manufacture B) 

5. Test requirements for lbc MFs 

At present IEC 127-1, which deals with general re- 

quirements for miniature fuse-links, specifies for 

all breaking tests of all miniature fuse-links, 

uniquely, making angle of 30 degree on the voltage 
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Fig. 6 Arc-initiation angle versus making angle of quick-acting fuse-links (Manufacture A) 

According to our test results, however, some quick 

acting (not time-lag) 2.5A or 3.15A fuse-links, 

depending on their design, may start arcing always 

around 150 degree on the voltage wave for this 

making angle, producing the most lenient condition 

as suggested by Fig. 1. 

Furthermore, if a homogeneous series of quick- 

acting fuse-links had such a fuse-link as the head 

and a small fuse-link, say 200mA, as the tail, the 

test result will be evident before the tests. Thus, 

the requirement concerning the making angle must 

needs be re-examined. 

IEC 127-1 also requires miniature fuse-links to be 

tested for currents of approximately 5, 10, 50 and 

250 times the rated current not exceeding the 

rated breaking capacity. The preceding Fig. 4, 

however, hints that breaking tests for currents 

lower than the breaking capacity might be useless. 
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Fig. 7 Arc-energy of 5 x 20 mm time-lag 2A 
fuse-links for test currents 5ln, I0in and 

the breaking capacity (Manufacture A) 

Fig. 7 represents arc-energy of time-lag fuse- 

links, made by manufacturer A. for test currents 

5 In, 10 In and for the rated breaking capacity. 

It indicates that the phenomenon of the lower arc- 

energy for lower test current as depicted in Fig.4 

prevails also for time-lag fuse-links. 

6. Conclusion 

Current-breaking performance of a lbc MF is deter- 

mined almost solely by the arc-energy dissipated 

in the fuse-envelope during its operation. 

In this point of view the making angle requirement 

and the lower current test requirement now speci- 

fied in IEC 127-1 must be re-examined. It is nec- 

essary also for the test specification for the 

homogeneous series of miniature fuse-links to be 

established. 
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