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Multi-gap chokes in the ElhandCutCoreTM technology 

 
 

      Inductive elements in power electronics systems operate under the presence of higher harmonic 
currents and currents with frequencies  generated by switching of semiconductors.  Example of 
applications include  inductance of passive and active filters and motor chokes, operating at the 
output of frequency inverters [1,2]. Difficult operating conditions cause a number of technical prob-
lems. Inductive chokes are often  a source of noise, electromagnetic interference and excessive power 
losses. The article presents the properties of chokes with multi-gap cores made in the innovative 
ElhandCutCore TM  technology,  intended for use in power electronics applications. 
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Choke's leakage flux 
 
A complex design issue is a correct determination 

of choke's power losses. The reason for difficulties is 
presence of a leakage flux in the air gaps around the 
core. This flux results in additional power losses  in the 
core, structural elements of the core and even in wind-
ing of the choke. In the extreme cases, leakage of the 
choke may be so large that leakage flux will be engag-
ing with ferromagnetic elements located near the choke 
(e.g. casing) causing power losses in them. Losses  cre-
ated in this case can be formed as eddy-current and 
hysteresis [3].  The classic technological solution to 
restrict losses in the core is the application of magnetic 
material with a very narrow hysteresis loop, which pro-
vides low hysteresis loss and assembly of the core from 
insulated metal sheets with thickness as low as possible  
in the direction of the flux. This technology is very ef-
fective in transformer cores. In the case of cores of 
chokes where we are dealing with discontinuity of the 
core at places of air gaps, assembly and good magnetic 
material alone are no longer sufficient. In the areas near 
gaps there is a change in the direction of the flux, and 
hence very intensive generation of eddy-current losses 
in the core material, winding and in conductive ele-
ments within the flux range [4, 5].  

Linearity of choke's magnetic characteristics is an 
important utility parameter. The achievement of the 
required linearity forces the application of extensive use  
of air gaps in the core, which leads to increased power 
losses  and temperature rise, especially in the areas near  

 
 

the gaps. The presence of substantial differences in 
temperature between particular areas of the core, wind-
ing or structure of the choke is a direct consequence of 
additional power losses. In the case of classic chokes' 
core design, it is not easy to determine the values of  
losses and temperature by using analytical methods. It is 
difficult to calculate additional power losses related to 
excessive leakage flux around gaps, the source of which 
are currents with harmonic frequencies and PWM. 
These additional power losses may exceed basic losses 
in the core and winding of the choke. 

Magnetic and magnetostrictive forces operate on 
the periodically re-magnetized magnetic core. Forces 
generate variable stresses in sheets of the core and 
cause vibrations of structure elements, resulting in 
acoustic field around the choke [6]. The size of mag-
netic and magnetostrictive forces depends on maxi-
mum, local values of magnetic induction, in particular 
in areas with disturbances in the direction of the flux in 
the core. Locally in the core there may  occure a signifi-
cant increase in induction. Periodical saturation of 
magnetic core fragments and related formation of  local 
centers of losses and vibrations are difficult to control 
without a thorough analysis of the thermal model of the 
choke and radical changes in the core production tech-
nology. 
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Core in the ElhandCutCore TM technology  
 

As a result of development and research carried out  at 
ELHAND Transformatory Sp. z o.o., an innovative 
technology for production of multi-gap core was estab-
lished: ElhandCutCoreTM. Long-term production  ex-
perience and analysis of the magnetic field  distribution 
in the core, made it possible to create  a choke cores’ 
production technology which significantly restricts or 
completely eliminates all of the technical problems.  

 

 
 

Fig. 1 Run of  flux in: a) standard core, b) multi-gap core  
ΦG-main flux, ΦR-leakage flux 

 
The core made in the ElhandCutCoreTM technol-

ogy  allows for a constant inductance value in a wide 
range of changes in the choke's current (magnetic 
linearity),  reduces the noise generated by the choke 
and eliminates external magnetic field. This allows 
for additional losses in the core, winding and struc-
tural elements to be reduced. Arrangement of  corre-
sponding sequence  in the core air gap, in combina-
tion with a precise determination of their width, 
enables to shape  the distribution of electromagnetic 
field inside and outside the core (Fig. 1). A division 
of an air gap reduces the adverse impact of the leak-
age flux and allows for even distribution of induction 
in the choke's core. 

ELHAND Transformatory Sp. z o. o. produces high 
quality, low-loss chokes with multi-gap cores in the 
ElhandCutCoreTM technology, applied, among oth-
ers, in power electronics, mining industry, rail trans-
port, as well as wind power industry. 
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