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THE EFFECT OF FUSE-ELBMENT SHAFE ON
BREAKING PHENOMENA IN a.o CIRCUITS
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_ABSTRACT

besoriptian is given of the results of oomparative tests on interrapting parametfers
by fuse~links having an aM time-curreni charasteristic. The tests were carried out at
alternatiné ourrent of 1180 % 20V on fuse-link models with 0,20mm wide, single and
parallel, eopper sirip slements, The sotive length of the fuse-slements was 96 mm. The
fuse~link insulstion bodies were made of A1203 and had an inside diamster 6f 43 mm,
They were filled with quartz sand of a 0,2 to 0,5mm granulation, The results obtalned
permit to determine the dependence of the interrupting arc energy amd the energy needed
for melting 1mm3 of the fuseueiement upon the width of the element as determined by the
number of modules., The analysis comprises tha 1nterruptian of 12 eritical ourrents
and overload currents selected so that tha preaaing times amount to from 20 to 200 sec.

1. INTRODUCTION ;

Progress in the construotion of fusss continmes to be dspendent on incessant
research and development work., Nevertheless, guantitative advantages following from
the application of several parallel fusible strips instead of one sirilp having their
summary widih are still unknown., Thus, attempts have been made at eclarifying this
matter partially snd tests cartded oui pertasining to the effect of the sirip fuse-
glement oonsiruetion on the process of interrupting short cirouits and ovarloads.

The interrupting oapability of model links with single fusible strips, from 2 to 8
modules wide, was compared with the results obtained with single-module parallel fusible
strips arrangad in the 1linmk so that distances beiween their surfaces amounted to Smm
approximately. The are energy, langth of the melted elements and the energy needed for
melting 1 mm3 of the tlenenﬁpass wers used ag oriteria for the ocomparison, The tesgts
were limited to interrupting eritical short oiroult ocurrsnt I, end ‘breaking overload
currents pelected so that their prearcing time smounted to from 20 to 200 sec, The
measurements were taken at alternating ourrent of 1180 ¥ 207 on oopper fuse-glemants
having a thilokness of 0,2 mm and an aotive length 6f 96 mm,

2. GENERAL CONSIDERATIONS REGARDING INTERRUPTION BY FUSES

Correotness of interruption by meana of fuses 1s deoided, above all, by the smount
of ensergy appearing in the are and by tha fuse-slement melting rate. This refers
especlally to fuses for rated continuous currents of several hundreds of amps and for
rated voltages of more than 600 V, Speoisl technical diffioultlss are enoountered at
working out designs for high-voltage full range fuses , This is se beoause of the lack
of appropriate informatlion in refersnces, and the asvailable descriptions of the phenoifena
whioh acoompany the Interruption of currents by fuses are in general oconfined to short
oircult conditions and usually they refsr merely to fuses with single fusible strdps or
wire elements, Farallel fusible strips find spplication nowadays in actusl fuses for
higher rated currents, In fusas of such a design, howsrer, progressive destruction of
the fuse is foumd to take place gt interruption in suoh cases when, beomuse of any
reasons, the parallel fusible sirips do not $take the same part in the process conneoted
with interrupting the ourrent., The strip at whioch the largest fulgarits appears, will
also have the lowest arc impedance and it will quickly take over the whole interrupting
tagk while the arcs at vther slemenis extingulsh. In such cases the arc usually comes
up to the end caps, in many oaseg@urhing out holes in them, which results in a fallurs
of interrupting the ourrent, Suoh kind of faulty operation 1s, eccording to Rosen [5] ’
is typical in fuses having their slements of an insufficient length or it takes place

when the test 1s gcsrried out with a smaller surrent than -the minimum fuse~link inter-
rupting ourrent,



3. TEST CONDITIONS

The tests were oarided out on fuse~links composaed of typloal metal element as used im
low voltages industrial links d&th seoond size blade oontacts and with A1203 bodies,100mm
lomg, inside diameter 43mm, Qéitz £11ler was uged as aro~quenching material having
@ granulation of 0.2 %o 0,5mm and the following basic ohemical compositioni99.25% 8102;
0,21% Al 03 + T40,3 0,056 Pe 03 and 0,1% Ca0, While being filled the links were
subjeotsd to shaking in order to ensurea lowest possible porosity [&] « The teats
comprised 340 models of fuse-links with copper
strigblamant having an active length of 96 mm,
thioknesa of 0,2 £90.005 mm and a module width of
3 % 0.02mm, The fuse-elements wers oomposed of
gingle strips having n = 15 25 35 4% 5; 65 and 8
modules ZType B/ and of single-module strips
/Type ¢/ placed in the links in parallel with their
centre line and welded at both ends. to the cepper
oontast blades /Pig.2/. The distances between the
single~module strip planes smounted to 5 4 0,5 mm
each, The melted element length was determined on

Fig.1.Fuse~link blade contaot . » the basis of X-ray photographs by suming up the
wlth arrangement of 5 strips particular lamgihs melied in the fusidble sirips.
ghown,1~blade gontaot;
2.fuse-alement welding While evalusting the melted length areas of the
points; 3-fusible strip. out-outs for forming restrictions as shown in

Pig.1 waere taken into aocount, The test oireouit

in compliancs with the IRC requirements [7] was

supplied form a single-phase transformer,i1S5kV/1kV;
3 MVA, Registors and air-core reactors were used for presetting the valuss of the
current and power faotor, The voltage snd tests current wers meagured with an mecuracy
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Pig.2, Two-module strip element with an aM charaoteristic.

of 1,%, and the Joule's integral /Igt/ and aro enargy /A/ by means of special me_ters
with an egtimated acouracy of 5%, The measured values were recorded by a loop oseillo-
graph, in whioch loops with a resonance frequenoy of 5 kHz ware applied, The recording
tape moving speed amounted to 5m/sec. at the short-oirouit tests, and 0,5 m/ssc, at the
overload tests.

Ten measurement were taken per each point of the charaoteristic, and in doubt!ul cases
avan up to 30, '

4, INTERRUPTION OF SHORT~CIRCUITS

The tests were carried out at alternating current of 1180 = L 207 in a oirouit with
a power faotor of 0,22 % 0.02. The test ourrent /I./ was selected so that the cutm-off
eurr_ent /31 / values amounted to /0,65 to 0,75/ J?PI The ocurrent making angle was 0° to
20%1, Subgeetad to the teste were 60 models with siﬂgle-strip elements /Typs B/
contalining 15 25 3; 4; and 5 modules regpectivaly and 50 models with alements composed
of single one-module strips /Type:C/, The dependense A=f /n/ appears to heve a straight

1ine form for single and parallel strip elements



A= a, + a.n /1/ [The coefficients in this aqé%ion as determined by the above men—
tioned minimum square deviation method take suoh values as given in Table 1,
As this may beseen the linear correlation coe- ggb;é « Values of the coefficients

ffiocients r2 are very high in both the cases. in equation/1/

This means that the correlation degree hetween
: . Fuse-link | a/ 8 2
the results caloulated according to dependence/41/ model : r
and the results of measurements is very high, tips _ LIL L3
Thus, it may be aonoluded that equation /1/ B 0,31 2544 0,994
8 0,13 2,66 0,993

desoribes the dependence A = 2/n/ qorreotly. In
order to check whether are any essential differences batween the straight lines 1 and 2
/Fig.3/, the results of the aro energy measurements in the model groups with 2; 3; 4 and
5 module fuse-qlements weres subjeated to a test of essentlal differences of the mean 't"
values, It appeared that it is possible to determine with a 99% probability that there are
no essaential differences betwf% the results in both thess groups. The tests carried out

’ on 110 models of fuse~links at dnterrupting 12

14 7 currents made it possible to determine at a 0,98
kJ 1 /// cofidence level the energy which is necessary
N\ /// for melting the specifio mass of a copper fuse~
SN ;/ ¢lemsnt, On hoth the types of element models
9 practioally the same value of 53 £ 3,7 §/mm3
8 1(/// was obtained. For the sake of comparison.
K 4 Table 2 shows tha value of energy needed for
8 2 damaging 1 mm33£ oopper element as given by
o N& : ,
several authors.,
5 Table 2, Energy needed for damaging 1nm®
= ///// ) : of copper-element
Source of Rlement melting
2 n information ° enargy, :
1 2 3 4 5 6 (3(mn/
modules number Eohlrausch [2] 53
Pig.3.Depend £ short-ciouit 4 | Johann la) 48,3
g+3.Dependence of short-cioult eurren
interruption arc energy on fuse- | LorReT 6] 53’“
element width.1-single strip ele- | author 53 = 3,7

ment,2~multi-strip element,
The relatively high socatter of results obtained by the author is explained by the effeot
of resirictions on the arc burning prosess.

5. INTERRUPTION OF OVERLOADS : -
These tests were carried oat at an éifarnating voltage of 1180 ¥ 20V in a oirouit ha-
ving a power factor of 0,5 % 0.05. The test ourrent I_ was selected so that a ourrent va-
lue of 75A with a tolerance of 2% oorresponded to ome module i,e, the test overload to
75+n+2% Amps, This ocorresponded to the prearoing time, in dependence on the dimensions
and sghape of the fuse-element, from 20 to 2000 saoonds.,
Fig.4.8hows the dependence of the fuse-~e¢lement melted lengths on the number of modules in
the element as ez20lulated on the basis of measurements. Line 1 /Type B fuse~links/and 1li-
ne 2 /Type C fuse—-links/shbw the courses X = f£/n/ as vwaloulated by the minimum square de-
viation method., Vertical lines have been applied for marking the mean akithmetioc valnes
deviation ranges caloulated on the oonfidence level of 0,98, As it may be seen the depen
dences X = f£/n/ have the shape of a straight line. |7X = Xef a.n /2[4[thertheless,
the linear oorrelation coeffloclents r2 given in Tgble 3 have small values, which may be
an indication of a relatively low probability of desoribing correctly the obtained re-
sults X = £/n/ by means of the equation /2/.




Nevertheless, it may ung%iguously stated that the

application of parallel fusible strips in a fuse

equation /2/

Table 3., Values of coefficients in

link»instead of one strip with a summary width for Fuse~link X a 2
interrupting overload ocurrents having a prolonged model ° T
arcing time from 20 to 200 sec.diminishes by 3 to kype (mn/ (ma/

3.2 times the mean melted length of the fuse-ele~ B 78,43 ~0,02 | 0,01
ment, This has a considerable signifiocance in prac- | c ‘30,3 ~-1,56 | 0,12

tice in the oase of high voltage fuse-links,

Pig.5. shows the depandences of energy /A/ emitted in the aro st interruption on the num-

ber of modules in the fuse-element as caloulated on the basis of measurements, Lines 1 and
2 show the courses of A=f/n/ caloulated by the minimum

100 square deviation method, The vertliocal lines have been
mm /;L used for marking the meah arithmetic value deviation
80 & 3= I ranges, oaloulated on the confidence of 0.98.It mgy be
c eagily seen that the dependence Asf/n/ has the shape of
60 a logarithmic curve '
Eﬁ A=A +4 .1n.n /3/
tJAO The ceofficients in equation /3/ as determined by the
g [ “‘l- 2 above mentioned minimum square deviation method have such
‘v 20 I L values as given in Table 4.
E N Table 4. Values of coeffioienis in equation /3/
0 2 4 6 8 Fuse-link A, A, 2 -
modules number model type | g/ | fr3/
Fig.4.Dependence of the fuse- B 3.8 8,8 045
element melted lengths at c 0,78 | 1,05 0,16

interruption of 12 current
on their length,

As it may be seen the energy emitted at overload inter-
ruption by a type B fuse-link with 2 single element is-
from 6,1 to 85 times higher than the energy emité4dd in the ¢ link with an element composed
of single one~module strips. This is confirmed to some degré% by the arcing times as ocal-=
oudated by the depaendence from which it fo;lows that virtual areing times /tVa/ are in

the case of type B models from 4.3 do 7.5 times longer than

the times obtained on type C models, The shértening of the
arcing time obtained due to division of the strip element Into
. B parallel strips seems to be caused by the fact that the arc
usually melts only one of the strips. This means that in the process of interruption migra~-
tion of the arc takes place. The taking over of the interrupied current by one of the para-
1llel strips in the cause of a ourrent density in that strip, and consequently of a consi-
derable shortening of the aroing time, The arc migration lasts until conditions for the
its extinguishing appear, The more so because, according to Onufhrienko’s investigation[3l
the penetratlion of the aroc plasma into the indide of the sand filler does not exceed in
practioe 2mm at strip thiocknesses of not more than 200 pm, The advantages following from
subdividing the module strip element in n parallel single-module strips are shown in Fig.6
whioh gives-the dependences of the arc energy magnitude, related to a single module

A= /—/, on the number of modules in the fuse-~element, Another oriterion for evaluating
the effeot of the fuse-alement oonstru&ion on the interruption of overloads consists in a
comparison of the energy needed for melting/damaging/ {mm> the fuse-element in type B and
type C fuse-element, The results of measurement asnd calculation indicate that the values
of the energy involved are dependent on the construction of the sirip fuse-—element and
also to same degree on the magnitude of the test ourrent,

Fig.7 shows the results of measurement and calgulation of the energy E needed for dama-
ging /melting/ 1mm> of, copper strip elements placed in models of the.B-type /ourve 1/and
C~type /ourve 2/, The lines 1 and 2 show the dependence B = £/n/ as determined by the mi-
nimum square deviation method, The vertical lines are used for marking the mean value
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deviation rangees oaloulated on the confidence level of 0.98. It may be conaluded from
FPig.7 thaet the dependencs B§f/n/ has the form of an exponential curve for both the curves,
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E=C,~-Cjo1n.n /u/

' The oveffiolents in the zbove squation as determi~

ned by the minimum square deviation method,have
such values as compiled in Table 5,
Table 5., Coefficients in eqé@ion 4/

Puse-¢lement ¢, Cq r2
ype [3/em3/ | /3 /mm3/

B 116,85 | 21,65 | 0,18

¢ 46,15 3,53 0,03

The results of measurement and caloulation indi-
oate that value of energy B needed for meliing

1 mm3 of copper in a 0.2mm thick fuse~elemant
surrounded by quartz sand is dependent on the
magnitude of the test curreni .snd en the con~
struotion of the fuse~element. Thus, when inter-
rupting oritical fault currsnts Ia,at alternating
voltage,the energy 1s approximately equel to the
values given in refersnoces [1, 2, 6] , emouting
to abt. 53 J/mmB. At the interruption of omerlosd
ourrents corresponding to preasrcing time of from
20 to 200 meo, ths values of that ensrgy ls
dependent on the construction of the fuse-
elamant to a grest degree, For instsnce, in
order to melt 1mm3 of & 0,2mm thick cooper
fuss~element /Fig,1/ composed of from two to
sigth single-module strips, 3mm wide eagh,
the valueg B ig nsarly completely inéependen%
from the number of the strips, amounting to
R0 J approximately.

This is a lower value +than of 53 J given in
references [1, 2, 51 . On the other hand, in
the case of g single fuse-element n-module
strip the values E is oonsiderably dependent
on th8 width of that strips. Thus,abt.115 J
arg maeeded for melting 1’mm3 cooper in a

3mz wide single-module strip, and abt, 70 J
for a 24mm wide sight ~ module atrlp respescti-
vely. The explanation is a simple one, The
prearaing times are in this case several ti-
mes longer than at parallel strips, amounting
to abt, from 160 msec. for a singke-module

gtrip up to abt. 80 mseo, for an eigthemodule strip. At such long prearcing times a ocon-
siderable portions of the energy emitted in the fusae-link at interruption iz absorbed by
the are—-guenching material, Further, the shorter prearcing tima as measured in fuse-links
having wider elements follows also from the sro doss not burn équally at the total length,
end only in points moming &n the cathods and anode i.e. on the whole width of the strip.
The migration of the aro agcelerates the melting process i.e, legthening of %the arc, and
in consequence it results in shertening the arcing time, ‘
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Fig.7. Dependencs of copper fuse-alement
melting energy at interruption of
overload current upon the width of
fuse-element,
1-gingle-strip element,
2-multi«strip element.

CORCLUSIONS :

The model tests that had been carried out on fuse~-links with single and parallel

strip slements at alternsting voltage of 1180 =~ L oov for interrupting oritical I short-

elroult and overload currents selected so that the prearcing times amoﬁted to from

20 to 200 sed. permit to draw the following conclusions: .

/8/. The measured value of energy needed for melting 1mn? of a cappar strip element at
interrupting a criticsl short-circuit current amounts to 53 L 3.7 J/mm3,being in
practice the same for single as well as for parallel elements having identical
cross-sections,

On the other hand, at interruption of overload currents the value of the energy ine
volved amounts to abt, 40 J/mm3 for parallel strip elements and in the case of singls
elements it 1s dependent on their width, amoutimg to gbt. 115 J/mm3 for & singlew
module element and abi, 70 J/mm? for an eight-module elsment, :

/v/. The melted length of strip element at the interruption of overload current is 3 to
3.2. times higher* in the case of single étrip elements than that 1n the csse of pa-
rallel elements of the same oross-sectien. )

/e/. The energy emitted at the fuse-link at the interruption of an averload current is
6.1. to 8.5 times higher in the case of links with single-strip elements than in the
case of links with pargllel strip elements of the same cress~secticn.

Farther, the virtuél aroing time time is 4.3 to 7.5 times higher feaycctively.
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