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BRiC 2017-2024

▪ Collaborative Research Calls

▪ Funded by INAIL

▪ Involving CNR-IFAC Firenze, CNR-IFC Pisa, ISS, USL Siena, Policlinico 
San Matteo, UNIMORE

▪ Activities focused on professional exposure related to AIMD (Active 
Implantable and Wearable Medical Devices) wearers



BRiC 2017-2024

The third BRiC is currently underway on this topic:

▪ Web tools to assist in the assessment of risk from exposure to 
electromagnetic fields - also referring to wearers of active implantable 
medical devices - and to artificial optical radiation

▪ Development of tools and methods for the assessment and 
management of risk arising from exposure to electromagnetic fields 
for the protection of workers wearing wearable and implantable 
medical devices

▪ Definition of operating procedures for the assessment of risk of 
workers wearing active, implantable and wearable medical devices



WebNIR

▪ Web tools for the assessment of occupational exposure to 
Non Ionizing Radiation

▪ Web portal: https://webnir.eu

▪ 3 sections: 
– EMF (ElectroMagnetic Fields)

– AIMD (Active Implantable and Wearable Medical Devices)

– AOR (Artificial Optical Radiation)

▪ Updated with new technologies and implementation of new technical 
features (responsive site, multilingual, keyword search): 
https://webnir2.ifac.cnr.it (switching off soon)

https://webnir.eu/
https://webnir2.ifac.cnr.it/


WebNIR

It makes available:

▪ Technical documents (web pages or PDFs)
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WebNIR

It makes available:

▪ Technical documents (web pages or PDFs)

▪ Interactive procedures

▪ Calculation applications



The communication protocol

▪ The tools have a user interface 
created via a web page

▪ The computational load is split 
between the user's computer 
and the server platform

▪ Gw2Py: POST data to server, get 
data from server

▪ JSON as a standard format for 
data exchange



Magnetic Flux Density Calculation

An application calculates the magnetic induction
generated by a set of conductors of type:

▪ Circular section solenoid

▪ Rectangular section solenoid

▪ Corona coil

▪ 3D circular coil

▪ 3D rectangular coil

▪ Broken line

▪ Catenary

▪ Geometry imported from GIS files
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Magnetic Flux Density Calculation

In the various types of sources, the simplest 
constituent element can be:

▪ a segment (as in the case of the catenary, 
which is approximated by a broken line)

▪ a circular loop

The contribution of the field at each point 
of the calculation grid is determined for 
each elementary source (segment or 
circular loop) and the results are then 
added.



Magnetic Flux Density Calculation

The user can:

▪ specify up to 12 configurations of 
conductors of these types

▪ define their geometric and electrical 
characteristics

▪ calculate the value of magnetic induction 
in a grid (points regularly distributed in a 
parallelepiped)



Magnetic Flux Density Calculation

▪ Geometries can be positioned and 
oriented appropriately in space

▪ Any set of conductors that can be 
represented as a combination of simple 
configurations can be described.



Magnetic Flux Density Calculation

▪ The calculation is performed in free space

▪ The presence of ferromagnetic elements 
inside the coils is not considered

▪ Nor other objects in the surrounding 
space



Magnetic Flux Density Calculation

Example of expected output:

▪ 3 simple sources (one broken line, 
2 circular loops)

▪ Field map in QGIS

▪ Isohypses

▪ Overlap with sources and 
bounding boxes (of the calculation 
grid)



Magnetic Flux Density Calculation

The solution to the field calculation of a 
segment carrying current is quite simple.



Magnetic Flux Density Calculation

▪ The solution in all space in the case 
of a circular loop requires more 
complex mathematical 
considerations

▪ It starts from the determination of 
the vector potential.



Magnetic Flux Density Calculation

Magnetic flux is a zero-divergence field, it can
be expressed as a curl of a potential field:

and by choosing the Coulomb gauge we get
the solution :



Magnetic Flux Density Calculation

The longitudinal and radial components for the magnetic flux density are 
obtained :

E, K: complete elliptic integrals of I and II species



Magnetic Flux Density Calculation

An alternative procedure, proposed by INFN, leads to :

2F1: hypergeometric function



Magnetic Flux Density Calculation

The mathematical equivalence of the two methods is demonstrated by:



Validation of the procedure

An internal validation of the software results was performed by comparing:

▪ the exact formulation that uses elliptic integrals

▪ the exact formulation that uses the hypergeometric function

▪ the approximate calculation in which the loop is approximated with a broken line,
progressively increasing the number of segments constituting the single loop (tests
were performed by approximating the loop with 20, 200 and 2000 segments)



Validation of the procedure

Validation result:

▪ The result obtained in the first 2 cases is coincident up to the 13th digit, the 2
formulations are equivalent, and the discrepancies are due to the implicit
approximations in the libraries used. In particular, the language used to perform the
calculations is Python 3.9 and the SciPy.special library is used to calculate elliptic
integrals and hypergeometric functions.

▪ The comparison of these results with those obtained from the approximation with a
broken line showed a progressive convergence in the number of identical digits as the
number of segments with which the loop is approximated increases.

▪ Warning: very different calculation times (10x with a loop approximated by 20
segments)



Validation of the procedure

Finally, the expected result at the
center of a solenoid:

▪ 200 coils

▪ radius: 25 mm

▪ distance between coils: 1 mm

▪ current intensity: 200 A

coincides with that expected from
the theory for the infinite solenoid:



The results of the calculation

At the end of the calculation:

▪ some summary values ​​of interest are displayed (calculation time,
minimum and maximum values ​​of the induction module)

▪ It is possible to download the text file with the results:



The results of the calculation

At the end of the calculation :

▪ …

▪ it is possible to download a zip file containing the source geometries in GeoPackage

format

▪ It is possible to set 2 values ​​(for 2 Cartesian axes) among those for which the 
calculation was performed in the grid and display the trend of the field 
(modulus and components) along the third coordinate in the graph.



Practical applications

In the accelerator field, there are several relevant applications of focusing
systems for charged particle beams using magnetic lenses.



Practical applications

Maps with the axial (above) and radial (below) field components.



Practical applications

Trend of the radial (in blue) and axial (in orange) components of the
induction along a trajectory parallel to the central axis of the structure.



Practical applications

In the field of radiation protection, a case study is that of exposure to the magnetic
field generated by an induction furnace used in the goldsmith industry.



Practical applications

▪ It is a solenoid wrapped around a cylindrical crucible, connected to a radio frequency
generator.

▪ It uses strong magnetic fields to induce eddy currents in the metals to be worked,
heating them until they melt.

▪ Typical working frequencies range from a few kHz to a few tens of kHz.



Practical applications

▪ The results of the calculation are reported,
displayed in QGIS and superimposed on
the source geometry (in the horizontal
plane), automatically exported by the
calculation program in geoPackage format.

▪ The results are consistent with the
simulations performed at the time of the
source analysis.



Thanks
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