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Introduction

At the first sight, the electric fuse manufacture and its
working principle don’t seen a hardly gain insight into
matters, in fact this device operating is very complex, [1-
7]. In general, when it studies fuses electro-thermal field,
the electric fuses are supposed homogeneous bodies and
the equations, which describe their electro-thermal
behavior, refer to only fuselink, the main part element. But,
with a view to catch better the electro-thermal phenomena
of fuses as a whole, it comes out the problem of system
heating calculation, system made from “n” element parts,
each of them taking part in mutual heat changing and
towards environment.

Theoretical study of fuses like an inhomogeneous body

Fuses incorporate one or more current-carrying
elements, depending on their current ratings, and melting
of these, followed by arcing, occurs when excessive
overcurrents flow through them. They can be designed to
safely interrupt the very highest fault currents that may be
encountered in service, and, because of the rapidity of their
operation in these circumstances, they limit the energy
dissipated during fault periods. This enables the fuses to be
of relatively small overall dimensions and may also lead to
economies in the cost and size of the protected equipment.

Because the processes which govern the operation of
fuselinks are many and complex, its analysis is very
complicated and several simplifying assumptions are
required, [8-10] The very complicated situation is that of
the prearcing times longer than those which correspond
with an adiabatic process, because the current densities in
the fuselinks are not constant over their cross-section or
along their lenghts due to the presence of the restrictions.
In addition, resistivity increases as the fuselink temperature
rises, and the effects of various component parts, like fine-
grain filler, outer body, end caps, conecting cables or
busbars must be considered in temperature distribution
analysis, [11-14].

In Fig.1 shows the main element parts of fuse: 1-
fuselink from copper or silver; 2-filled material; 3-ceramic
body; 4-lateral contacts.
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Fig. 1. The main simplified element parts of fuse

To simplify the calculations it can neglect the effect
of lateral contacts. Considering that filled material and
ceramic body are passively from thermal point of view,
these could be equalized with a single one passive element
from thermal point of view, with an equalized weight, mj,
given by the sum of both element parts, filled material, ms
and ceramic body, m¢, and an equalized specific heating
given by the expression below

m;Cs +M.C,
g =

(1)

me +mg

where ¢; and c, means the specific heating of filled
material and china body, respectively.

Table 1 presents the element parts, which participate
in heat changing and the calculus parameters. For a given
case, all these parameters must be known.

Table 1. Element parts

Fuselink Equalized element .
. . Air
(active) (passive)
Pli 0 P2 =0 -
Cl =myCy Cz = Mmy,C, Ca =00
951 952 B

Note: P,, P, — dissipated losses because of active elements;
C1, C,, C, — heating capacity of element parts and air; 9.
9, — stationary overtemperatures.

Making the notation o for thermal transmissivity at
giving up surface of heating to environment and S-area of
this surface, the parameter



D, = oS, [WIK], (2)

means the dissipation intensity of element heating in
contact with environment. In this case, the fuselink can not
give up directly the heat so, D;; = 0, but for equalized
element, Dy, #0.

At stationary conditions,
parameter D,, with the relation
Pl

s2

it can calculate the

D,a , [WIK]. @)

The mutual heating interrelation among elements is
characterized through thermal interaction parameters &,
which establish the thermal flux transfer from an element
to another. In this case, 81, = 8,1, and they have the relation

P

, [WIK].
sl S52

(4)

81y =08y =

From the above established expressions, it can write
the parameters:

{Dl =Dya + 612, 5)

Dy = Dgq + 921,

which have only an auxiliary role, without a physics
significance.

It considers the transitory thermal conditions, when
both two elements have the environment temperature at

initiall moment, t = 0, and so, they have the
overtemperatures 9, = 9, = 0. The equations, which give
the  variation of element overtemperatures of

inhomogeneous system during heating transitory period of
time, have the expressions:

t t
S=&|1-e  |+m|l-e 7 |
6
_t _t ©
192 =§2 l-e g +172 l-e 7 )

where T and T,, are thermal interrelation time constants,
these mean parameters which characterize the system,
being independently by power distribution, and the
coefficients &;, &, mn; and mn, mean stationary over
temperatures.

The parameters T. and T, can be established
indirectly from power balance where it will calculate some
helping sizes, c,, 6; and 5, depending on known sizes:

dé
Cl_dtl + Do (01— 0,)+012(60, - 6,) =P,
)
de
Co _dt2 +D2qa(02 = 0,)+ 521 (0, - 61 )=P,.

Taking into account that except element temperatures
0, and 6,, the other sizes from equations are constants and
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0, (O) =0, (O) =0, the Laplace transforming of system
(7) leads to another system which gives the helping sizes:

o, =CCy,
o1 =C,D, +C,Dy, ®)
oy =DyD, 65,
which are the coefficients for the next equation
6,T?-0,T+0,=0. 9)

So, the sizes T. and T, are the solutions of above
equation. Also, the equation system (6) for stationary
conditions, becomes:

{'91 =&+,

10
S =&+ (o)

and to establish all coefficients, the previous equation
system completes with:

C
{T—l— DlJégl +0128 =0,
c (11)
C
o1om J{T—Z— D, ]772 =0.
n

So, knowing the coefficients &;, &, n; and n, and
thermal interrelation time constants T; and T,,, it can solve
the equation system (6) to establish the functions 9(t) for
the element parts from inhomogeneous system.

In Fig.2 shows the heating transitory evolution, solid

lines, for copper fuselink, curve #1 and equalized element,
curve #2, at a fuse type HBC with rated current, I,, = 100
[A], and the same characteristics from experimental data,
dashed lines, curve #1 and curve #2, respectively.
The values for dissipated losses in copper is P; = 11.5 [W]
and stationary heatings are 9; = 148.3 [°C] for copper and
9 = 42.85 [°C] for equalized element. Looking at
diagrams it can infer some aspects about heating of fuse
like an inhomogeneous system.

So, it can see from curve #2, that angle of tangent at
curve into origin is zero, because the equalized element is
passively from thermal point of view. This element heats
slowly at the beginning of transitory process, because of
heating capacity much more than active element, the
fuselink, C, » C;, where the specific heating have the
values ¢; = 390 [J/KgK] for copper, ¢, = 988.89 [J/KgK]
for equalized element, and weight have the values m; =
0.893:107° [Kg] and m, = 0.28 [Kg], respectively.

The fuselink has a temperature variation speed very
high at the beginning of heating process, because it is a
heat source from thermal point of view. After initial stage
of heating, when the main phenomenon is heating
accumulation, it starts to come out the heating exchange
among contact elements.

Also, starting from the moment equal with the most
bigger thermal interrelation time constant, T = 17.23
[min], the curves #1 and #2 could be plotted,
approximately, using the same exponential curve being



translated with a certain constant value. All these
exponential curves have the same subtangent equal with
the most bigger thermal interrelation time constant and so,
each element reaches own stationary overtemperature in
the same time, although among elements could be a
heating exchange.
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Fig. 2. The heating transitory evolution
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To get an efficiently cooling of fuselink, and so, a
more higher life-time and an adequate operating at
overcurrents, it can replace the filled material with a new
one which have a lower heating capacity. The heating
characteristics are shown in Fig. 2, curve #3 for copper and
curve #3 for equalized element.

The new filled material has a prevalent composition
by silicon carbide unlike quartz sand, the initial one. But,
at this kind of replacement it must keep the eyes on the
efficiently extinguishing of electric arc, which comes out at
the moment of fuse breaking.

In this case, the silicon carbide proves a good
behaviour at fuse breaking as it notices in Fig. 3, where are
shown the oscillograms of arc voltages and arc currents
(the below waveform on the same oscillogram record), in
the moment of fuse breaking, with quartz sand (Fig.3 (a))
and silicon carbide (Fig. 3(b)) comparatively.

The filled materials for HBC fuses, but not only, has
to fulfill two criteria: an adequate cooling of fuselink and
an efficiently extinguishing of electric arc.

From the above recorded waveforms it can be noticed
that in the case of silicon carbide like filled material for the
fuse, the arc voltage doesn‘t present any overvoltages
during fuse operating but there is a small peak value for the
overcurrent.

‘ dY: oVat

} dX: 16.8ms
| Y1333 mVolt
|

1) Ch1 - 50Vdt 5ms
2).Ch2. .10Vdt 5ms

a)
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1) Ch1l  50Vdt 5ms
2).Ch2 .10Vdt 5ms

b)
Fig. 3. The waveforms of the voltage arc and current arc in the
case of quartz sand (a) and silicon carbide (b)

Conclusions

From all theoretical study and experimental results it
can be outlined the following conclusions:
for a correct study of fuse electrothermic field, it
must analyse the fuses like an inhomogeneous
body made from “n” homogeneous element parts
each of them with own heating characteristic;
from the moment equal with the most bigger
thermal interrelation time constant, all heating
curves can be plotted, approximately, using the
same exponential curve, being translated with a
constant value;
the filled material from fuses plays an important
role as regards an adequate cooling of fuselink,
but it must keep the eyes on the efficiently
extinguishing of electric arc;
the overcurrent’s protection using fuses, depends
on kind and geometry of fuselink, but also, very
important, on filled material specific features.

Acknowledgements

This work was supported by PNCDI 1l National
Programme for Research Development and Innovation
Projects, Code project 352, Contract number
706/19.01.20009.

References

1. Plesca A, Adam M., Baraboi A., Pancu C. Thermal
analysis of power semiconductor fuse // International Review
on Modelling and Simulations (IREMOS), 2008. - Vol. 1. -
No. 1. - P.129-134.

2. Rata G., Rata M., Graur I., Milici L.D. Induction Motor
Speed Estimator Using Rotor Slot Harmonics // Advances in
Electrical and Computer Enginering, 2009. — Vol. 9. — Iss. 1.
- P.70-73.

3. Gelet J., Tournier D., Ruggiero M. Evaluation of thermal

and electrical behaviour of fuses in case of paralleling and/or

high frequencies // Proc. of the 6" Int. Conf. on Electric Fuses

and their Applications (Torino), 1999. — P.49-53.

Rata M., Rata G., Milici L.D., Graur |. An Efficient

Solution of the Step—down Converter for Students Teaching //

Electronics and Electrical Engineering. Kaunas:

Technologija, 2009. — No. 3(91). — P.77-80.

5. Garrido C., Cidras J. Study of fuselinks with different t-I
curves using a mathematical model // Proc. of the 6 Int.



Conf. on Electric Fuses and their Applications (Torino), 10. Eriksson L., Piccone D., Willinger L., Tobin W. Selecting

1999. — P.21-24. fuses for power semiconductor devices // Industry

6. Cafias C., Fernandez L., Gonzalez R. Minimum breaking Applications Magazine, IEEE, 1996. — Vol. 2.
current obtaining in fuses // Proc. of the 6™ Int. Conf. on 11. Rata M., Rata G., Bobric C. Three-phase PVM invertor
Electric Fuses and their Applications (Torino), 1999. — P. 69— with HEF4752 // Advances in Electrical and Computer
74. Enginering, 2009. — Vol. 3. - Iss. 1. - P. 90-93.

7. Jakubiuk K., Aftyka W. Heating of fuse-elements in 12. Wright A, Newbery P.G. Electric Fuses. — London: IEE
transient and steady-state // Proc. of the 7" Int. Conf. on Publishing House, 2004.

Electric Fuses and their Applications (Gdansk), 2003. — P. 13. Bussiére W., Rochette D., Memiaghe S., Velleaud G.,
181-187. Latchimy T., André P. Measurement of the prearcing time

8. Plesca A. Thermal simulations of fast fuses for power and the fulgurite length in HBC fuse in the case of tests
semiconductor devices protection // Proc. of the 7 Int. Conf. performed with an A.C. 100kVA station // Eighth
on Electric Fuses and their Applications (Gdansk), 2003. — P. International Conference on Electric Fuses and their
200-205. Applications (Clermont-Ferrand), 2007. — P. 35-40.

9. Lindmayer M. 3D simulation of fusing characteristics 14. Rochette D., Touzani R., Bussiere W. Numerical study of
including the M-Effect // Proc. of the 6" Int. Conf. on the short pre-arcing time in high breaking capacity fuses via
Electric Fuses and their Applications (Torino), 1999. — P. 13- an enthalpy formulation // J. Phys. D: Appl. Phys., 2007. —
20. Vol. 40. - P.4544-451.

Received 2010 03 15

A. Plesca. Analysis of the Fuses’ Electro-Thermal Field // Electronics and Electrical Engineering. — Kaunas: Technologija, 2010.
— No. 8(104). — P. 85-88.

A theoretical study of electro-thermal field, which comes out at fuses type HBC (High Breaking Capacity), but not only, is shown in
this paper. This study is achieved considering the electric fuse like an inhomogeneous body as a whole, the experimental data
confirming the theoretical assumptions made initially. Also, on the basis of theoretical study, it stands out the influence of filled material
upon fuses behaviour. 111. 4, bibl. 14, tabl. 1 (in English; abstracts in English, Russian and Lithuanian).

A. Ilnecmia. HccienoBanue 3JeKTPOTEPMUYECKOr0 MO/ IpeJoXpaHHTeNel // DIeKTPpOHMKa M dJekTporexHuka. — Kaynac:
Texuomorus, 2010. — Ne 8(104). — C. 85-88.

IIpennoxken Tteoperndeckuil aHamu3 siekTporepMuueckux mnosed ycrpoiicts HBC. Teoperuueckuil aHamu3 MNOTBEPXkKAEH
JKcnepuMeHTanbHo. Wi 4, 616, 14, Tabn. 1 (Ha aHMIHICKOM s3bIKe; pedepaThl Ha aHTIMHCKOM, PYCCKOM U JINTOBCKOM S13.).

A. Plesca. Saugikliy elektroterminio lauko tyrimas // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 8(104).
- P. 85-88.

Atliktas HBC tipo (ir ne tik) saugikliy elektroterminio lauko teorinis tyrimas. Siuo tyrimu siekiama atkreipti démesy { elektros
saugiklius. Atliktas teorinis rezultaty jvertinimas, pagrindZiantis ekperimenty rezultatus. Il. 4, bibl. 14, lent. 1 (angly kalba; santraukos
angly, rusy ir lietuviy k.).
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