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ABSTRACT 

The work presents a case of mitigation of very intense 
magnetic fields generated by the feeding of a large furnace 
for glass production. The paper shows a typical layout of 
a three phase electrodes oven and how the electrical 
distribution generate potential problems on the point of 
view the safety of workers which operate close to the oven. 
Starting from the site survey up to the final mitigation 
solution, the paper show how to solve the problem and to 
reach the European Directive constraints regarding 
magnetic field exposure.    
 

INTRODUCTION 

During glass melting, the raw materials are continuously 
charged into and the molten glass withdrawn from the 
furnace. Glass melting temperatures depend on the glass 
composition and typically range between 2372°F and 
2822°F. A conventional method of providing heat to melt 
the glass is to burn fossil gas and air above a batch of 
continuously fed material and to draw the molten glass 
continuously from the furnace. Heat transfer is controlled 
by radiative transmission from the refractory structure 
which is heated by the flames. Starting from 1970-80, 
electric resistance heating been developed and widely 
utilized is to melt glass. The main advantages include 
higher direct energy efficiency, lower direct emissions, 
increased melting furnace specific area, lower raw material 
costs, improved glass quality, more homogeneous glass, 
and potentially simpler management. Electrical heating 
furnaces were not considered as replacements of 
traditional fossil fuel-fired furnaces until the 1980s when 
the larger capacity electric furnaces were developed but 
nowadays 50% glass oven are melted electrically by 
electrodes. 
Electrical heating can be achieved by placing electrodes 
into the molten glass. Two electrical heating methods are 
commonly used: electrically in combination with another 
heating method or solely electrically. The first method, 
partial electrical heating, the electrodes are heated with 
conventional burners or radiant tube burners. This method 
of glass melting is called electrical boosting. The second 
method, electrical heating, uses only electrical energy to 
melt glass by electrodes.  
This paper focuses on an unwanted effect of all electric 
oven on the generation of strong magnetic field in the 
region nearby the device. Standards and guidelines related 
to the protection of the human exposure to electromagnetic 
fields are mainly provided by the Institute of Electrical and 

Electronic Engineers (IEEE) [1], [2] and the International 
Commission on Non Ionizing Radiation Protection 
(ICNIRP) [3], [4], [5]. In both cases it is identified an 
exposure quantity directly related to adverse biological 
effects. European Union, since 2004, starting from the 
ICNIRP Guidelines, provides several Directives and the 
last one has been published 2013 [6]. 
Several industrial sectors are considered noteworthy as 
regards potential health risks due to exposure to 
electromagnetic fields [7], [8], [9], [10], [11], [12], [13]. 
According the previous cited restriction an exposure 
quantity, related to adverse biological effects, have to be 
limited below prescribed values. By means of dosimetric 
models the maximum permissible values of external 
electric or magnetic field, named action values, are 
defined. Being able to guarantee the action values 
guarantees respect for the protection of workers. The main 
advantage of defining action values lies in the possibility 
of measuring them directly.  When the action values are 
exceeded, the legislator allows evaluating the exposure 
limits but this requires the use numerical models in which 
the source and the victim have to be simulated. The 
estimation of exposure levels must therefore show that the 
levels of exposure are guaranteed. A second, more 
conservative, option is based on the implementation of a 
mitigation system that leads directly to compliance with 
action values. Sometimes this choice is expensive or not 
applicable (e.g. in the case of resistance spot welding), but 
in the case of the glass melting furnace it was the choice 
made. 

FURNACE BEHAVIOUR 

The furnace consists of three pairs of electrodes, each fed 
through a forward and return three power lines at about 
300 V (low voltage BT). Each power line is powered by a 
single-phase 50 Hz transformer with 20000/300 V 
voltages (transformer power supply from MV lines). The 
power of the single transformer is about 900 kVA and the 
resulting current is therefore equal to about 3000A. The 
peculiar characteristic of the furnace is represented by the 
fact that the forward and return of the three BT lines that 
feed it necessarily follow two different paths having to 
feed the electrodes placed in diametrically opposite 
position, as sketched  in Fig. 1. 
This distribution generates high magnetic fields in the 
surrounding space due to both the high intensity of the 
currents and the non-compensation of the outward and 
return components. The area where the highest fields are 
present is represented by the area under the oven where 
there are the cables that distribute the energy to the 
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electrodes. This area is not generally accessible to workers 
who use the oven but only in exceptional cases when 
inspection or maintenance is required. In spite of the very 
limited presence of personnel, it was decided to assess the 
risk and put in action restorative actions. 
 
 

 
 

Fig. 1. Layout of power supply lines, oven electrodes and 
different areas of exposure 

 

 
Fig. 2. Input electrical cable (area 1) 

 

 
Fig. 3. Cable distribution close to the workers access 

ladder (area 2) 
 

 
Fig. 4. Cable distribution in the upper part (area 3) 

 

 
Fig. 5. Cable distribution in the lower part (area 4) 

 

 
Fig. 6. Power cable close to the electrodes 

 

MEASUREMENTS BEFORE MITIGATION 

The magnetic fields close to the conductors can reach 
values above 2500 T (see the magnetic spectrum in fig. 
2) and therefore exceed the value of 1000 T which is the 
lower action value at 50 Hz defined by the European 
Directive 2013/35/UE (for the protection of professionally 
exposed workers) [6]. The measurements were made 
considering the potential exposure of the worker who runs 
through the access ladder to the floor below the oven. A 
minimum distance between the field probe and the 
conductors not less than 20 cm has been assumed.  
The figures below (from 7 to 10) show the spectrum of the 
magnetic flux density measured near the various areas of 
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interest listed above. The spectra show that the prevalent 
contribution is at the network frequency (50 Hz). At all 
points where the measurement was carried out, magnetic 
fluxing exceeded the permitted limits. 
Only near the point where the cable goes toward to the 
furnace, to supply the relative electrode, the value is below 
to the limit. This phenomenon is due to the partial 
compensation of the currents in the cables. 
 

 
Fig. 7. Measured spectrum of the magnetic flux density in 

the area 1 
 

 
Fig. 8. Measured spectrum of the magnetic flux density in 

the area 2 

 
Fig. 9. Measured spectrum of the magnetic flux density in 

the area 3 

 
Fig. 10. Measured spectrum of the magnetic flux density 

in the area 4 
 

 
Fig. 11. Measured spectrum of the magnetic flux density 

close to the supply of the electrodes 

MITIGATION SOLUTION 

The need to keep the values within the limits, requires the 
design and installation of a magnetic shielding system. The 
design was carried out by simulating the geometric 
configuration of the power supply conductors and of the  
magnetic shield according the real situation, with 
particular reference to the unipolarity of the source. As 
well-known from the literature the shielding for extremely 
low frequency can done using conductive of ferromagnetic 
materials [14], [15], [16], [17]. In case of conductive 
material the behavior principle requires that the sum of the 
currents in the source to be shield has to zero 
instantaneously [18]. This usually happens in distribution 
system (as for example occurs from the power transformer 
up to the area 1) but below the oven the different area 
(2,3,4) present cable distribution with total current 
different from zero. In this source configuration, only 
ferromagnetic shield can be efficient. The adopted solution 
consists of L-shaped ferromagnetic modular elements of 
high permeability in order to locally deviate the magnetic 
field lines in the transit area of the workers, as shown in 
Fig. 12 where are reported the magnetic flux lines due to 
the source without shielding and with shielding.   
 

 
 

 
Fig. 12. Magnetic flux line generated by a power line 

without and with the ferromagnetic shield 
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Fig.13. Shielding of distribution cables of area 1 and 4 

 

 
Fig. 14. Shielding of distribution cables of area 2 

 

 
Fig. 15. Shielding of distribution cables of area 3 

 

SHIELDING PERFORMANCES  

In the following pictures are reported the performances of 
the shield in terms of magnetic flux density measured close 
to the shield: as can be observed the values are all below 
the limit of 1000 T at 50 Hz. 
 

Fig. 16. Measured magnetic flux density after shielding in 
area 1 
 

Fig. 17. Measured magnetic flux density after shielding in 
area 2 
 

Fig. 18. Measured magnetic flux density after shielding in 
area 3 
 

Fig. 19. Measured magnetic flux density after shielding in 
area 4 
 
 
CONCLUSIONS 
In this paper the magnetic impact of cable supply 
distribution of an industrial electric oven is presented. The 
very high currents flowing in the supply cables generate 
high magnetic which overcome the worker limits. The 
main magnetic field component is at 50 Hz. The critical 
area is concentrated at the bottom of the oven which is not 
usually an area where workers are present. Only some 
workers dedicated to the maintenance of the oven have to 
occasionally stay in the area below the oven. The need to 
protect such workers has pushed in the direction of finding 
a mitigation solution. The proposed and installed shielding 
is based on ferromagnetic material and so it works 
according the local magnetic flux deviation. The 
performances of the mitigation solution shows a very good 
results and the initial average value of 2500 T is reduced 
to less then 1000 T. 
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