ACTION OF THE SAND IN ULTRA-FAST FUSES. PROBLEMATIC
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Abstract:
FERRAZ-SHAWMUT intends to improve his knowledge about design and manufacturing of
fuses. One very crucial point is the relationship between sand and the behaviour of the electrical arc during
fuse-operation. In the past many tests have been carried out, in which the parameters of the manufacturingprocess were adjusted or modified, and afterwards arcing parameters were measured. It was very difficult to
draw out evidence of correlation.
One idea is to characterize not only the manufacturing-process but its results. How are the sand grains
arranged, specially around the fuse-element and even more specially around the necks where the arc is initiated.
The knowledge of the arrangement of sand-grains will be necessary for any understanding and physical
modelling of electrical arc as phenomenon involving materials.
FERRAZ-SHAWMUT, Ecole des Mines de Saint-Etienne and LTPCM-Grenoble are collaborating in that way.
Keywords: (e.g. electric fuse, ignition arc, current limitation, over voltage)

1. Introduction

2. Problematic

Since at least 1666 and the fundamental discovery
of inertia by Isaac Newton, scientists know that it is
not possible to pass from a physical state nr 1 to a
state nr 2 within a null time. Concerning fuses, it
means that when occurs the blowing, the current will
decrease within a few time. In other words, fuse
becomes a variable resistance, which value increases
from a very low value to infinity. The physical
principle of this variable resistance is nothing more
than an electrical arc.
Another way for watching to the operation of the
fuse is to consider that electrical energy ½Li² inside
the circuit must be absorbed. Then the arc is nothing
more than a machine transforming rapidly electrical
energy to thermal energy. The materials around arc
are heated and play as a storage-tank. After the
electrical current reaches zero, the heat can be
dispatched into the surroundings.
Sand is in charge to absorb a large quantity of
this energy, thanks to its high melting temperature
and melting energy.
Sand is also in charge, thanks to its porosity to
control the flow of highly energized materials (hot
liquid, gazes and plasmas) and hence to control the
arc-voltage.

Further to these qualitative considerations, the
job of the engineer is to give values to the physics.
In that way, many studies have been carried out
from theoretical and experimental points of view [1
to 10]. There is today an evident tendency to propose
as ROCHETTE [9-10] and CLAIN [10], a model of
the electrical arc where the sand is a porous material
through which runs a gaseous flow in addition with a
thermal flux. The porous material is considered as
homogeneous. In fact, this is not true and we can
suspect that electrical arc will be deterred by the
location and the size of the first grain it will meet.
Vivier [11] did the demonstration that even when all
the fuse-manufacturing parameters are controlled and
repeated, a variability of the arc-voltage as soon as
within arc-ignition, could be observed. His
observations were specially significant because he
used simple fuses, with only one row of necks in a
large sand core. Indeed, in case of many rows in
series and in parallel, the variability is erased because
of statistical effects.
The problem is to explain how could the grainsarrangement deter the arc-ignition. Hence, it appears
that it is necessary to describe the grainsarrangement.

3. Characterizations of the sands:
Particular materials are very common on the
surface of the earth and used in many industrial and
human activities. Without any order, we can quote as
examples : sands (of course), seeds (corn, rice, beans,
nuts), medical powders, washing powders, woodsawdust, concrets, etc… Nevertheless, scientists have
not yet found the models in order to describe their
behaviour and even more, they have not yet a good
understanding of their behaviour.
When we try to characterize powders or sands, a
triple question is asked :
- do you want to characterize the grains (their
shape, their size, their material…) ?
- do you want to characterize the sand as a
continuous material (quasi-solid when it is
motionless and quasi-liquid when it is
moving)?
- do you want to characterize the arrangement of
the grains within a quasi-solid state ?

3.2. Characterization of sand as continuous
material :
Two series of parameters could be used in order
to characterize sands as continuous materials. Some
of these parameters consider sands as quasi-solids :
- permeability (measurement of the velocity of
a gaseous or liquid flow through a porous
material),
- measurement of the shear-stress (Jenike-cell).

Fig.3 : Principle of Jenike-cell : a twoparts-box is filled with powder. Then it
is submitted to shearing-strains.

3.1. Characterization of the grains :
Sand grains can be characterized by their
material(s), including the purity of this material and
eventually the presence of two or several materials.
They can be also characterized by the size, or
better by the size-distribution of the grains.

Other parameters consider sands as quasi-liquid :
- flow-rate and angle of repose.
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Fig.4 : measurement of flow-rate
and angle of repose.

0
1000

100
p a rt ic u le s - s iz e s ( µm )

Fig.1 : usual cumulative distributioncurve for sand
The document API - Recommended Practice 58
gives a chart allowing to class grains versus two
parameters so called sphericity and rondicity :

3.3. Characterization of the arrangement of the
grains within a quasi-solid state :
New developments in picture-analysis allow to
better characterize the arrangements of granular
materials. We can quote the works carried out by
SERRA [11-12] and JL CHERMANT et all. [13-1415]. FERRAZ-SHAWMUT also carried out studies
with help from high-school laboratories [16-17-18].
The method of characterization consists in three
steps :
1.
2.
3.

Fig.2 : chart of rondicities and
sphericities according to API 58.

preparation of the sample,
SEM-micrographs and picture-treatment,
mathematical analysis.

3.3.1. Preparation of the sample :
Sand-cores are compacted in containers (in fact
ceramic fuse-bodies) and then agglomerated with
water-glass according to the usual industrial
manufacturing-process. As made, sand cores present
a porosity and their cohesion is not sufficient for any
further mechanical operation. It is the reason why,
the core is impregnated with a epoxy resin.
Impregnation allows the core to be cut and polished
without risk of breaking. Note that, for the time
being, no fuse element are added to sand-core.
3.3.2. SEM-micrographs and picture-treatment :
The samples are observed by back scattering
electrons microscopy. In comparison with optical
microscopy, this method allows to improve the
contrast between the two phases, i.e. silica and resin.

Fig.7 : pictures with separated grains.
3.3.3. Mathematical analysis:
Anybody could believe that the distribution of the
grain-sizes will be homogeneous inside a container.
But, with a minimum of consideration, it will appear
that from the bottom to the top of the container,
maybe will occur some segregation between big and
large particles. In fact, reality is out of this evidence
and we can observe clusters or lines of particles of
comparable sizes.

Fig.5 : SEM-micrograph.
Afterward, the quality of the picture is not
sufficient to proceed to mathematical analysis. The
first SEM-picture has to be transformed into a binary
picture, with only black or white spots.

Fig.8 : SEM-micrograph showing clusters of
big grains and clusters of little ones.
Hence, it is very interesting to go further from the
simple compacity for characterizing the grainarrangement. What is generally proposed is to
consider following parameters :
- length between intercepts (intercepts are
counted along a line, each time that the line
goes inside a grain).

Fig.6 : binary picture.
And then, grains have to be separated from each
others. Filtering and thresholding of the binary
picture are necessary to get a workable picture from
the point of view of mathematical analysis. An
algorithm for automatically partition of phases has
been used. Unfortunately a final “manual” operation
cannot be avoided.
Fig.9 : Definition of intercept. Along the
line, we meet two inputs in the grains, i.e.
two intercept. Distance between these two
intercepts will be considered.

-

surface-ratio of the grains to the total area,
quantity of objects per surface-unit.

Just considering the length of intercepts (or the
surface-ratio, or the number of objects) is not
sufficient, even if statistical calculations such as
mean value, standard-deviation or distribution-curve
are done.

Standard-deviations (or variances) are then
plotted versus the size of the sub-areas. That gives
curves which are characteristic of the arrangement of
the grains within the sample.
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Fig. 12 : Curve of the standard-deviation-analysis for
surface-area.

Fig.10 : usual distribution-curve for
intercept-lengths.

Solution is to carry out a standard-deviationanalysis. It consists in calculating the value of the
parameter on sub-areas, all sub-areas constituting a
partition of the total one. All the values measured on
the sub-areas are used for calculating a mean and a
standard-deviation. By making variations of the size
of the sub-areas, we get the curve of the standarddeviation versus the size of the sub-areas.

3.3.4. Comments:
Let us consider the parameter “surface area”. See
fig. 12.
For low sizes of sub-areas, standard-deviation
doesn’t depend on the size of sub-area. It just
depends on the global porosity of the sample.
For bigger sizes of sub-areas, it is possible to
demonstrate that standard-deviation is as the inverse
of the size.
The curve is composed with two linear parts.
Crossing of the two lines is a characteristic point
called the “range of the curve”.
Let us now have a look to the same analysiscurve for intercept-lengths.
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Fig. 13 : Curve of the standard deviationanalysis for intercept-lengths.
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Fig. 11 : Principle of the successive sharing of the
total area to sub-areas.

Evidence is that we find again some identical
lines, but for the very largest sub-area sizes, a new
flat stage appears.
The interpretation of this is that the parameter
“surface-area” is constant over the all global surface,
but the parameter “intercept-length” may vary from
one region to the other one of the global area. It is a
“measure” of the clusters of big and little grains.

4. Conclusions
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