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General 

Inductive components, chokes, are used in AC applications for filtering or selecting signals 

of a specific frequency. Another way to consider the inductive components is as current or 

voltage attenuators. A popular metaphor is an electrical flywheel.  

A choke is a passive circuit element whose characteristics are related to the material and 

geometry of the component. 

Based on RotoCast
Ê

 and SM
2
C

®
 MagComp provides a fresh approach to the 

manufacturing of chokes, EMC filters or output filters, to the market. With our technology 

we can integrate several parts in the same manufacturing step, for example: coil, fasteners, 

heat sink and temperature sensors can be placed in the mould and be molded directly into 

the component when the magnetic lead is cast in place. Let us show how a MagChoke
®
 can 

turn around the concepts: 

A choke is produced today by either winding wire on a coil in air or to an iron (solid, 

laminated or ferrite) core. The wire is then open around the core and gives source to 

magnetic leak flow, energy losses and heating of the surrounding metal. In a rotational 

molded choke - MagChoke
® - the windings are placed in the center of the core 

material. The core material of SM
2
C

®
 is rotary molded around the electric coil. 

Advantages of RotocastϰΣ {a2C® and MagChoke® 

Utilising the patented manufacturing technology RotoCast
Ê

 and the SM
2
C

®
 material a 

number of advantages is achieved for the rotary molded choke ï MagChoke
®
: 

 low energy losses 

 good operating economy 

 maximized thermal coupling between electric and magnetic conductors. Therefore 

MagChoke
® completely avoid the traditional "hot spots" in the structure. 

The MagChoke
®
 is also frequency independent, which means that you become freer in the 

design of power systems when you donôt have to take into account the specific working 

frequencies of the choke. 
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"All of these chokes are doing the same job. The one to the left tends to explode at regular intervals. The right 

one works, but gives a laudable sound and is expensive and unnecessarily large. The small inductor in the 

middle is from MagComp and works perfectly" - The inventor & designer #1 -2008. 

Losses 
Sizing 
To select chokes, constructed in the traditional manner, for high frequencies, you need to 

over-size considerably. For example, a choke with an iron-silicon sheet package that shall 

handle 200 µH at 500 Hz, will take a choke of 600 µH to manage. A factor of three! 

When dimensioning MagChoke
® virtually no higher margins at high frequencies than 

those of 50Hz is required. See chart below. 
Price wise, the differences become very large. Differences to the extent that price plus size 

means that one rarely use metal packages at higher frequencies, but moves to ferrites or 

SMCs instead. And at mixed frequencies are SM
2
C

®
 materials unbeatable. 
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The frequency-dependent losses differ between manufacturing methods accordingly. 

 

These differences in properties leads, of course, to the fact that a MagChoke  becomes 
considerably smaller in size at high frequencies, than traditional manufacturing methods 
can handle. 

The spider diagrams on the following page compares different choke solutions based on 
core material. The comparison include the following choke setups 

- MagChoke® with SM2C® ŎƻǊŜ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊŜŘ ǳǎƛƴƎ wƻǘƻ/ŀǎǘϰΦ 
- Sheet metal ς laminated Fe-Si sheet metal core 
- Amorphous material 
- Ferrite 
- SMC with high Ni content 

High point in the spider diagram is desirable and therefore for instance low losses and low 
cost generate high points. 
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MagChoke®                                                                       Sheet metal 

SM2C® 

  
 

 
Amorphous material                                                        Ferrite 

  
 

 
    SMC high Ni 
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Attention! 
High points in the diagrams are desirable.  
Thus, low losses and low cost  =  high scores. 

Saturation linearity - how long the 
material is able to continue to 
receive and store energy. 
 
Frequency linearity - how long 
the marked inductance lasts in 
higher frequency. 
 
Overall, the graphs show how 
outstanding the SM2CÊ is to use 
at mixed frequencies and for 
flexible manufacturing. 
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Manufacturing 

MagChokes, manufactured with the RotoCast
Ê

 technology and the material SM
2
C

®
, is 

superior in linearity. Both in terms of frequency independency and saturation. It involves: 

 Low losses 
 Smaller units 
 Lighter units 
 Additional higher flexibility 
 Lower price 

and, perhaps above all, outstanding performance at high and mixed frequencies.  

 

Measurement 

To measure the magnetic properties properly, some special techniques must be 

used. [American Society for testing and Materials, STP 371 S1] 

 
Å For measurements of permeability and 

saturation, especially in strong magnetic fields, an 

electromagnet and a Hall sensor is used. The 

results for SM
2
C

®
 are seen in the figure to the 

right. 

 

 

 

 
 

Å For static and dynamic losses, coercitivity and 

remanence, double-wrapped donut-shaped rings 

are used. See results for SM
2
C

®
 in the figure to 

the right.  

 

 

 

 

 

 

SM2C - Static magnetic measurements
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Permeability and thermal conductivity increases with increasing density of the metal, but 

the dynamic and dielectric losses are also increased. The dynamic losses are a combination 

of static hysteresis losses, eddy current losses and irregular losses. Particle to particle 

insulation decreases as a result of increased density. This allows the resistivity to decrease, 

leading to higher long-term eddy current losses. 

With the casting technique for SM
2
C

®
-materials, the insulation on particle level is 

sustained. 

There are no eddy current losses for frequencies below 100 kHz for the MagChoke
®
. 

 

 

*** 

  
MagChoke

®
 for active filter application MagChoke

®
 in turbine generator application 
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Abilities and capabilities 

Permeability (magnetic conductivity) of the flux material. 
High permeability is no direct advantage in the chokes but magnetic conductivity is 
needed, therefore it is important to create the right permeability. 
 

Ferrites, amorphous sheets, Si-alloy steel have high permeability. The energy storage of a choke is 

a product of both magnetic field and magnetic field strength, therefore can not materials with high 

permeability store magnetic energy in a higher scale. The actual energy storage is then created by 

using the air gap introduced in the magnetic circuit. 

Composite-based soft magnetic materials, known as SMC (Soft Magnetic Composites) and SM
2
C

®
 

(Soft Magnetic Moldable Composites) can be designed for a wide range of permeability and, 

therefore, "tailored" for choke applications where permeability in the range of 10-30 are often 

optimal. 

 

Magnetic losses 
Low losses are essential for dimension, efficiency and environment. 
 

Magnetic loss is usually summarized by: 

 Static or hysteresis losses. 

 Eddy current losses (macro eddy current losses). 

 Anomalous losses (micro eddy current losses). 

The total losses are summed in the chart below for the SMC, SM
2
C

®
 and ferrite 3C90 

 

 

Among SMC materials only MPPu26 has lower losses than SM
2
C

®
, but to a considerably higher cost. Ferrite 

3C90 is also expensive, it also has a permeability, which makes it not capable of storing magnetic energy 

well (at high frequencies of the main tone is ferrite, however, preferable). 
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Magnetic saturation 
Chokes only works in the linear region, then flux density falls before the material goes into 
saturation. 
 

Ferrites could be considered a ceramic, in the aspect of magnetic saturation. Saturation of ferrites is 

significantly lower compared to metallic conductor leads. Ferrites saturates at 0.3-0.5 T, some non-

ferrous amorphous foils saturates already at 0.8 T. SMC, SM
2
C

®
, silicon alloy motor plate, 

saturates at 1.4-2.0 T. 

Three times magnetic saturation means that nine times more energy can be stored in the same 

volume magnetic conductor material. 

 

Air gap losses 
Distributed air gap reduces losses and increases the frequency independency. 
 

When air gap is used in a choke design, air gap losses arise if the material used is a laminated 

material such as Si-alloy engine plate or amorphous plates. 

Air gap losses are generated when the magnetic field strives to be bent out in an air gap in an 

attempt to minimize the total energy, the so-called fringing. Fringing provides two types of losses: 
 

1. In cases when a winding lies above the air gap, induced eddy current losses is obtained in 

the windings. 

2. When the bent out flow rate has a direction which is in the normal plane of the sheet metal, 

an induction heating of the laminated sheet material occurs. 
 

Air gap losses can be considerable, especially in large air gap. The worst criteria of air gap losses 

are that the loss arises very locally, so-called hot spots, and may cause damage to insulation 

materials. 

When materials with optimal permeability are used, no air gap is needed. The air gap is already 

evenly placed in the material, defined as distributed air gap. The result is that chokess built with 

SMC or SM
2
C

®
, with permeability in the range of 10-30, completely eliminates air gap losses. 

 

Resistivity and laminating 
Even at low resistivity the efficiency falls in a choke. You have to have the right resistance 
to cope with high frequencies. 
 

Resistivity of soft magnetic flux conductor is very important for the high-frequency 

capabilities. When the resistivity is too low in relation to the permeability and the frequency of the 

power that drives the flow, then the eddy current losses will be formed. In order to reduce eddy 

current losses, laminated metallic conductor material as the engine plate and amorphous sheets are 

used. The thinner the laminate thickness, the better high-frequency capabilities. Reducing the plate 

thickness of the motor plate by half, from 0.4 mm to 0.2 mm, gives that 4 times higher frequency 

can be used, i.e. if 0.4 mm sheet metal is working properly without eddy current losses at 100 Hz, 

0.2 mm plate will equally well work at 400 Hz and 0.1 mm sheet metal up to 1600 Hz. Ferrites, 

SMC and SM
2
C

®
 materials often have sufficient resistivity without lamination. SM

2
C

®
 shows no 

eddy current losses below 100 kHz. 

As soon as eddy current losses start to occur, flux density is reduced, which will mean that, in 

addition to the losses increase, inductance decrease with increasing frequency. This often leads to 

sheet metal based chokes must be over-dimensioned when using them at slightly higher 

frequencies. 
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Heat conduction 
Coil and core in one unit and with the same temperature optimizes production - reduces 
the size and price. 
 

Chokes that are not made by using SM
2
C

®
 will have a poor thermal coupling between the coil and 

core materials. Virtually all conventional choke designs are based on a coil wound on a bobbin or a 

dielectric material. This construction method provides, by definition, a poor thermal coupling. This 

means that the choke must be dimensioned for the highest present temperature of the coil or 

magnetic material, temperatures that can vary significantly. When SM
2
C

®
 is used, the coil is 

thermally connected to the magnetic conductor material so that temperature differences are evened 

out, and i.e. the entire choke is, basically, the same temperature. 

 

Coil electric lead 
At high frequencies only the periphery of the electrical lead is used - many thin leads 
increases the effectiveness. 
 

If normal single or multiple conductors are used for winding the coil, the effective conductive area 

is reduced with increasing frequency. This behavior is due to current displacement and the effect is 

that the conductivity losses are increased. Already at a conductor diameter of 4 mm and 1000 Hz 

frequency of the current, the losses have increased substantially compared to conductive losses at 

DC current. 

Antidote to current displacement is to use litz-wire. Litz-wire is designed so that the effective 

conductive area is constant regardless of frequency up to a critical threshold frequency, which 

normally is very high in frequency. 

 

Flexibility in design 
Almost free design and integration. 
 

Since SM
2
C

®
 is cast in a simple plastic mold; the flexibility in terms of physical performance is 

high. For example, the choke can be round, square, flat (large in two dimensions) High (large in 

one dimension), fasteners can be easily molded by the same operation as the rest of the inductor, 

thermal protection, etc. can also be easily integrated. 

 

      
 

Cooling 
Small losses will generate low heat surplus. 
 

Conventional chokes are usually designed for air cooling. SM
2
C

®
-inductors can easily be designed 

for liquid cooling, air cooling or even convection cooling with cooling fins. Since the total losses 

are small the SM
2
C

®
-inductors usually really cope effectively completely without active cooling. 
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When to consider using SM2C® materials in chokes i.e. 

MagChoke ? 
 

 If the base tone of the current is sinusoidal with a frequency exceeding 300 Hz. 

 

 If the base tone of the current is lower than 300 Hz, e.g. 50 Hz or DC and there are 

harmonics in the kHz region to be mitigated effectively. Especially if the requirement is 

that the inductance should be equal to the base tone and the harmonics. 

 

 SM
2
C

®
 is not suitable as magnetic materials in Common mode chokes. 

 

 When liquid cooling or cooling to a heat sink has to be used. 

 

 When no cooling is available. 

 

 When there are special requirements for attachment and physical performance. 

 

 When the total energy content is exceeding 10 mJ:  

   (L - inductance, I - current rms-value) 
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