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ABSTRACT 
The fuse is one of the overcurrent protection devices most 
used in medium and low voltage distribution systems, 
which usually has excellent reliability. Therefore, when 
the fuse operates it is certain that there is a fault or 
disturbance that puts the protected equipment at risk, 
having been safeguarded by the fuse. This study of the state 
of the fuse is known as "autopsy". The study is divided 
between the analysis of fuses of high and of low breaking 
capacity, since their constructive characteristics differ 
significantly. The estimations made based on the operation 
of fuses in the field, are verified with that observed in tests 
under controlled conditions, carried out in a power 
laboratory, where the parameters involved are adjusted 
and measured. A guide is presented that allows to estimate 
the type and location of the disturbance. It concludes in the 
utility of knowing the state of the operated fuse by 
performing its autopsy, as a tool to reduce the cost of the 
damage and delay in the supply restoration, and therefore 
the cost of the disturbance. 

INTRODUCTION 
The fuse is one of the overcurrent protection devices most 
used in medium and low voltage distribution systems, 
which usually has excellent reliability. Therefore, when 
the fuse operates it is certain that there is a fault or 
disturbance that puts the protected equipment at risk, 
having been safeguarded by the fuse. Unfortunately, there 
is still the habit of after the operation of the fuse, replacing 
it with a new one and reconnect, in the hope that the fault 
or disturbance has been "miraculously" cleaned. This habit 
leads to the increase of the damage that can cause the 
failure, increasing the repair cost and duration without 
supply, which obviously increase the “cost of the 
disturbance”. In the other hand, it is a widespread practice 
among the emergency crews, the replacement of the 
operated fuse by another of lower rated current (“test 
fuse”), after the failed circuit has been repaired, 
reconnecting without or with low load in order to test the 
carried out repairing work with limited damage in case the 
fault is still present. 
It is useful to study the state of the operated fuse (and/or 
“test fuse”) before reconnect, in order to facilitate the 
identification of the fault and its location, examination that 
reduce the “cost of the disturbance”. It is a normal practice 
by the fuse manufacturers, when carry out in-factory or in-
power-laboratories performance tests, to disassemble the 

tested samples in order to check the fuse components 
behavior, related to the design specifications. This study of 
the state of the fuse is known as "autopsy". In case of 
availability, the observation of the fuse by X-ray is an 
interesting tool to know the state of the fuse without 
altering it (see Figure 1). This technique is a well know 
methodology by fuse manufacturers, which use the X-ray 
plates (or currently digital image) for quality control 
purposes and for fuse state records before leaving the 
factory for eventual future need (see Figure 2). The use of 
this methodology start by the 1950s [1]. Its application is 
also very useful for research and development studies [2]. 
Obviously that the X-ray cost only allows the application 
of the methodology for special or very expensive fuses.  

 
Figure 1, Fuse X-ray image. 

 

 
Figure 2, Old X-ray images of low voltage H.R.C. fuses 
[1].   
 
This work is oriented to the study of high and low breaking 
capacity fuses (HBC or HRC and LBC), of low and 
medium voltages. This type of study is not carried out 
normally, despite the fact that already in the 1960s, the 
autopsy of expulsion fuses was very common to train the 
emergency crews of the North American utilities on the 
subject.   
The possibility that the fault is caused by the incorrect 
selection or installation of the fuse must not be ignored and 
besides, the failure may be due to manufacturing faults or 
incorrect handling, which can also be detected by the fuse 
autopsy. 



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n° 1079 
 

 

CIRED 2019  2/5 

FUSE AUTOPSY STUDY 

The study is divided between the analysis of fuses of high 
and of low breaking capacity, since their constructive 
characteristics differ significantly.  

High Breaking Capacity Fuses 
Summarily, the high breaking capacity fuse consist of a 
isolating fuse body, having two contacts at its ends, 
enclosing the fuse element. The fuse element is normally 
a ribbon, of cooper or silver, having cross section 
reductions, called strictions in a number along the fuse 
element related to the rated voltage. The rated current is 
reached by increasing the number of strictions and the 
number of paralleled ribbons. The voltage that can be 
managed by one striction is of approximately 100 V AC. 
The study of the high breaking capacity fuse operation, for 
medium or low voltage, can be divided between 
overcurrent and shortcircuit current operation. 
 

Fuse fulgurite 
The overcurrent operation is based on the low-temperature 
alloy deposited on the fuse element center part, mechanism 
known as M-effect after Metcalf who presented it by 1939. 
This alloy start to be melted at temperatures as low as 250 
ºC, alloy that when melted dissolve the fuse element, 
where was deposited, which is normally of cooper or 
silver. The explained dissolution of the base material start 
one arc near the alloy original location, in the middle of 
the fuse element length. Thus, when the fuse has operated 
under overcurrent conditions, the fuse element remains 
show a central part melted with grains of quartz sand 
melted on the fuse element, forming one chamber, which 
is called “fulgurite”. The fulgurite is a formation similar to 
glass, originated by the high temperature of the electric arc 
that melts the fuse element and the quartz sand, added to 
the high pressure where the arc is burning. The melted 
material is pushed away from the arc location, being 
introduced inside the quartz grain matrix, melting and 
pushing the vapor and liquid, being cooled by the external 
cool grains, where the vapor and liquid is solidified 
“gluing” an hermetic wall. If the arc persist, this wall is 
reached, melted and the process continue until another 
wall is able to cool the arc, withstanding the internal 
pressure [3, 4]. Figure 3 shows a draw describing the 
fulgurite formation phenomena. Similarly, Figure 4 shows 
the fulgurite formation after interrupting an overload 
current. 

 
Figure 3, Fulgurite formation phenomena [3].  

  

 
Figure 4, Remains and temperature distribution, after 
interrupting an overload current. 
 
The shortcircuit current operation is based on the 
generation of one arc in each cross section restriction, to 
such extension as to overcome the system voltage, forcing 
the current to invert its slope, creating a current zero in 
advance to its natural zero crossing. The remains of the 
fuse element clearly shows the number of series chambers, 
in which the arc extinction was divided, as presented in 
Figure 5. 
 

 
 
Figure 5, Fulgurite formation inside a low voltage fuse, 
after interrupting a shortcircuit current. 
 
The fulgurite formation phenomena, has been investigated 
by several researchers, being determined the relationship 
between the fulgurite weight and the absorbed energy. The 
first determination was done by Baxter in 1948 and more 
deeply studied by Lakshiminarashima et al in 1978, 
concluding that this relationship is 2.1 kJ/g; in other words, 
weighting the fulgurite in grams it can be determined the 
amount of energy in kJoules absorbed by the HBC fuse [5, 
6].    
The knowledge on this relationship allows the advance on 
the HBC fuses design, introducing the so-called “critical 
current”, that is determined by the values of shortcircuit 
current and closing angle that generate the highest energy 
liberation inside the fuse. This critical current has 
originated one of the breaking capacity standardized test 
for HBC fuses, the “duty 2 test” for the IEC 60269 and 
60282 corresponding to low voltage and high voltage HBC 
fuses. The maximum current that an HBC fuse is able to 
interrupt, is specified in the cited standards as “duty 1 test”, 
whose difference with the critical current has been studied 
by Gard in 1969. Gard determined that a given HBC fuse 
interrupting 50 kA (its breaking capacity) and 15 kA (its 
critical current) generated a fulgurite formation of 19.3 g 
and 24.8 g respectively [7].   
In addition to the fulgurite shape, the hardness allows the 
estimation of the value of the interrupted fault current, 
determining whether it acted or not as a limiting device 
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(generating overvoltage). Besides, the color of the 
fulgurite, in case of the lack of fuse element metal remains 
indicate the material of it, being black or dark grey for 
silver (Figure 6) and dark red or light brown for cooper 
(Figure 5). 
 

 
 
Figure 6, Typical fulgurite formation for silver element.           
 
In order to facilitate the study, the interruption process in 
HBC fuses is divided in five typical fault levels: 

- Light overload 
- Severe overload 
- Shortcircuit 
- Shortcircuit near the critical current 
- Shortcircuit near the fuse breaking capacity 

Low Breaking Capacity Fuses 
The only type of low breaking capacity fuse of importance 
on the electrical systems is the expulsion fuse, used in 
medium voltage distribution systems having shortcircuit 
currents not higher than 12 kA. The expulsion fuse is 
constituted by a piece of metal conductor in form of ribbon 
or wire, located inside a tube closed on one end, being open 
the other end for the expulsion of the arc products, 
generated when the fuse is melted by an overcurrent. The 
fuse element (piece of metal conductor mainly of silver or 
of metal of higher capability to withstands traction 
stresses) is pulled or kept tensioned by a spring located in 
the lower part of the fuse-holder. A bigger diameter tube 
having the contacts in its ends, which contain the fuse 
previously described, forms the fuse-holder. Figure 7 
shows the cited constructive characteristics. 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 7, Typical expulsion fuse and fuse-holder. 
 

The fuse operation is started when the fuse element reaches 
a temperature for which the fuse element strength is 
overcome for the spring pull, thus the solid conduction is 
stopped, starting to burn an electric arc. The arc extinction 
is helped by two phenomena, firstly by the arc elongation 
caused by the spring pulling the lower part of the fuse 
element and besides by the quenching gases generated by 
the internal wall of the fuse tube. For this purpose, the cited 
wall is built with materials or impregnated in substances 
that generate quenching gasses when the arc heat wave 
reaches the wall. Thus, the fuse element burn back 
(vaporization towards the fuse element ends) and the wall 
erosion give an indication of the arc liberated energy and 
of the shortcircuit current level. If the shortcircuit current 
is of higher magnitude, the arc is not any more enclosed 
inside the fuse tube, piercing or exploding it, or leaving the 
fuse tube when the lower arc electrode reaches the lower 
fuse tube or before, depending of the arc violence. In this 
way, the arc heat wave impact on the internal wall of the 
fuse-holder, which also generate arc-quenching gasses, 
ending with the arc extinction process. The current flow is 
finally interrupted in the following natural zero crossing, 
due to this type of fuse is not a current limiting device [8]. 
Based in the given explanation, the current magnitude 
interrupted by the fuse can be assessed. 
It is necessary to consider a failure which solution has been 
known from many years ago, but still today, its presence is 
frequent, caused by the corona effect. The corona 
discharges at the surface of the fuse wire influences the 
metal directly and indirectly. The direct effect consist of a 
mechanical bombardment of the surface by ionized atoms 
and molecules, being recognized by the roughening of 
originally smooth fuse wire surface. The indirect effect is 
chemical, caused by the nitrous oxides that form nitrous 
acid and salts that attack the fuse material. The fuse wire 
suffer of roughening and cross section reduction, which 
can lead to the non-expected fuse operation with low 
current values, yet below the fuse rated current. 
The form, length and level of the erosion of the fuse 
element, the state of the fuse tube and of the fuse-holder 
tube indicate the interrupted current magnitude.  
In order to facilitate the study, the interruption process is 
divided in five typical fault levels: 

- Mechanical fault due to insufficient fuse 
strength 

- Operation due to normal transient overcurrent 
- Overload 
- Light shortcircuit current 
- High shortcircuit current 

The five typical fault levels require dissimilar corrective 
actions. 
The analysis of the expulsion fuses remains, allows 
individualizing if the operation was due to defect of the 
fuse, error in the selection, or the presence of overloads or 
short circuits based on the level of burning of the device 
components.  

https://www.google.com.ar/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjX8sv16JffAhUGHZAKHXMHCuwQjRx6BAgBEAU&url=https://dir.indiamart.com/howrah/drop-out-fuse.html&psig=AOvVaw3kjYXIFm2Ybiu-E5DUub01&ust=1544618910828241
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The presented study is devoted to the analysis of sound 
fuse operations, being the wrong fuse interventions 
presented in a previous paper [9]. 

LABORATORY TESTS 
In order to confirm the estimations made based on the 
operation of fuses in the field, a series of tests under 
controlled conditions, were carried out in the power 
laboratory of the Rio Cuarto National University, where 
the involved parameters were adjusted and measured as 
needed. 
 
High Breaking Capacity fuse tests 
NH IEC 60269-2 fuses were tested in a 500 V AC test rig, 
showing below the typical fuse behavior characteristics. 

- Overload 
Figure 8 shows the fulgurite and the corresponding 
oscillogram (just for the last part of the current 
interruption) of a NH fuse under overload conditions 
(5xIn), being noticeable the original location of the M-
effect (gray part) and the big red-brown one-chamber 
fulgurite. The image shows the difficulty of the overload 
interruption. Same structure as shown in figure 4.  
 

 
 
Figure 8, Fulgurite and oscillogram of an overload 
operation (upper line: current, lower line: voltage). 

 
- Shortcircuit current 

Figure 9 shows fulgurite and oscillogram for a high current 
interruption (125 x In), where the isolated five series arc 
chambers can be seen, corresponding with the overvoltage 
generation, in order to force the current to zero. Fulgurite 
volume is lower than the previous test. 
 

 
 
Figure 9, Fulgurite and oscillogram of a high current 
interruption (upper line: voltage, lower line: current). 
 

- Duty I2 
The following figure shows the characteristic interruption 
of a critical current where can be seen the five series arc 
chambers, each of them of higher size than the chambers 
shown in figure 9, due to the bigger interruption 
difficulties under this condition. Besides, from the 
oscillogram can be seen, the long arc time and the long 
duration of the generated overvoltage. 
 

 
  
Figure 10, Fulgurite and oscillogram of a Duty 2 current 
interruption (upper line: current, lower line: voltage). 
 
Test carried out on HBC medium voltage fuses (HH type), 
shall produce similar results.  
 
Low Breaking Capacity fuse tests 
Medium voltage expulsion fuses following IEC 60282-2 
were tested in a 13.2 kV test rig, with the parameters 
mentioned below. 
 

- Inrush current 
Figure 11 shows the fuse remains and oscillogram of a 
transformer inrush current effect on a low rated current 
fuse. The fuse parts do not show any arc erosion (fuse 
connection points) but the fuse element complete 
vaporization. The fuse tube shows just a light darkness 
where the arc was started. Sometimes, parts of the fuse 
element can be found attached to the terminals. 
 

 
 
Figure 11, Expulsion fuse remains after interrupting an 
inrush current and corresponding oscillogram (upper line: 
current, lower line: voltage). 
 

- Only fuse element and fuse tube reaction 
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Dissimilarly to the previous case, erosion on the fuse 
element terminals and expulsion outside the fuse internal 
tube are presented, which indicate the interruption of a 
higher overcurrent value.  
 

 
 
Figure 12, Expulsion fuse remains after interrupting an 
overcurrent and corresponding oscillogram (upper line: 
current, lower line: voltage). 
 

- Fuse-holder tube reaction 
The high energy, shown by the high erosion level on both 
fuse element ends, has required in this case the 
collaboration of the external tube (fuse-holder). Both fuse 
tube ends show gasses expulsion (darkening). The internal 
fuse tube was punctured (dark spot on the left of the tube). 
Besides, the fuse-holder upper contact presented some 
indication of arc interruption (melted parts). 
 

 
 
Figure 13, Expulsion fuse remains after interrupting a 
shortcircuit current and corresponding oscillogram (upper 
line: system voltage, medium line: current, lower line: 
voltage) (with permission of Balestro). 
 
GUIDE FOR DISTURBANCE ESTIMATION 
The following simple analysis of the “operated fuse 
remains – fault conditions relationship”, allows estimating 
the type and possible location of the disturbance, based on 
what was found in the fuse autopsy. Among these 
conditions, obviously exists many intermediate situations. 
 
High Breaking Capacity fuse tests  
Low overcurrent: bulky fulgurite and single arc chamber. 
High overcurrent (near breaking capacity): multiple arcs 
(one by striction), small size arc chambers. 
Critical current interruption: multiple arcs, relatively 

bulky arc chambers, very near, practically without remains 
of the fuse ribbon material between fulgurite formations. 
 
Low Breaking Capacity fuse tests 
Corona deterioration: fuse element of rough surface and 
diminished cross section, and light fuse electrodes arc 
erosion. Fuse tube without any darkness. 
Inrush current operation: just parts or nothing of the fuse 
element remains. Light erosion of the fuse terminals. Fuse 
tube without any darkness.  
Low overcurrent: disappearance of the fuse element and 
light fuse terminals erosion. Internal tube darkness can be 
found.  
Shortcircuit: heavy fuse terminals erosion, dark marks on 
the lower end of the fuse tube. Possible presence of holes 
on the tube. 
Shortcircuit near its breaking capacity: possible loss of the 
lower fuse contact and of part of the tail. Damage of the 
fuse tube, holes or melting of the lower part. Severe 
erosion (loss of useful life) of the fuse-holder.  

CONCLUSIONS 
It concludes in the utility of knowing the state of the 
operated fuse by performing its autopsy, as a tool to reduce 
the cost of the damage and delay in the supply restoration, 
and therefore the cost of the disturbance. 
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