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INDUCTIVE COMPONENT WITH VARIABLE 
MAGNETIC PERFORMANCE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an inductive component 
With variable magnetic performance, Wherein an electric 
current is conducted through a Winding and a magnetic ?eld 
is generated in a magnetic core by the current ?oWing 
through the Winding. 

2. Description of the Related Art 
It is knoWn that the inductance of inductive components 

can be adapted, or in other Words adjusted to a desired value 
after assembly, by mechanical or magnetic means. There are 
described, in “Ferritkerne - Grundlagen, Dimensionierung, 
AnWendungen in der Nachrichtentechnik” [Ferrite Cores 
Fundamentals, Dimensioning, and Communications 
Applications] by S. KampcZyk and E. Rob, 1978, Siemens 
AG, pp. 266—268, variometers in Which (similarly to the 
case of a rotary capacitor) the inductance can be adjusted 
continuously during operation to Whatever value is desired. 
In such variometers, the inductance can be varied by factors 
by means of a magnetic ?eld. It this kind of electromagnetic 
adaptation, the magnetic core of the inductive component is 
more or less premagnetiZed by means of a variable direct 
current ?oWing in an auXiliary Winding. That is, this makes 
use of the phenomenon that the alternating ?eld permeability 
(superposition permeability or reversible permeability) 
becomes less the greater the premagnetiZing direct ?eld. 

Similar conditions prevail in the case of transductors, 
Which are knoWn for instance from “EnZyklopadie Natur 
Wissenschaft und Technik” [Encyclopedia of Natural Sci 
ences and Technology], 1961, Verlag Moderne Industrie, p. 
4586. Those devices are controllable choke coils With non 
linear magnetic properties, Which can be used in magnetic 
ampli?ers, regulators, limiters, actuators, sWitches and con 
verters. The fundamental element is a choke coil With at least 
one magnetic core, Which contains in addition to the Work 
ing Winding at least one control Winding as Well. Once again, 
the properties of the transductor choke depend on the 
magnetiZation characteristic curve, Whose nonlinearities are 
exploited. By magnetic saturation of the core material, an 
inductance of the Working coil is obtained that is dependent 
on the magnetic ?uX. The magnetic ?uX is in?uenced not 
only by the current in the Working Windings but also via the 
current in the control Windings. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide an 
inductive component With adaptable magnetic performance, 
Which overcomes the above-mentioned disadvantages of the 
heretoforeknoWn devices and methods of this general type 
and Which, While changing the inductance of inductive 
components only slightly, other parameters, and in particular 
their frequency response and loss performance, can be 
controlled in an advantageous manner. 

With the foregoing and other objects in vieW there is 
provided, in accordance With the invention, an inductive 
component With variable magnetic performance, compris 
ing: 

at least one magnetic core and at least one Winding, the 
Winding conducting an electrical current therethrough 
for generating a magnetic ?eld in the magnetic core; 
and 

means for impressing an electrical ?eld or current into the 
magnetic core. 
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2 
In accordance With an additional feature of the invention, 

the electrical ?eld has a given frequency and the magnetic 
?eld has a frequency equal to the given frequency. 

In accordance With another feature of the invention, the 
electrical ?eld and the magnetic ?eld have substantially 
identical amplitudes, and the amplitudes are de?ned by a 
common applied voltage. 

In accordance With a further feature of the invention, the 
electrical ?eld and the magnetic ?eld have different 
amplitudes, and the different amplitudes are de?ned by 
mutually different voltages. 

In accordance With an added feature of the invention, the 
means include metal electrode coatings disposed on the 
magnetic core and electrical terminals connected to the 
electrode coatings. 

In accordance With yet an added feature of the invention, 
the electrical terminals also form the electrical terminals for 
the Winding. 

In accordance With yet another feature of the invention, 
the Winding and the electrode coatings are connected in 
phase With the electrical terminals and the electrical ?eld 
and the magnetic ?eld are in phase With one another. 

In the alternative, the electrical ?eld and the magnetic 
?eld may be set to mutually different phases, and in par 
ticular mutually opposite phases. An expedient Way to 
achieve the phase opposition is by connecting the Winding 
and the electrode coatings at the electrical terminals in phase 
opposition. 

Other features Which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in an inductive component With adaptable 
magnetic performance, it is nevertheless not intended to be 
limited to the details shoWn, since various modi?cations and 
structural changes may be made therein Without departing 
from the spirit of the invention and Within the scope and 
range of equivalents of the claims. 
The construction and method of operation of the 

invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic illustration of a ?rst embodiment of 
an inductive component With adaptable magnetic perfor 
mance; 

FIG. 2 is a similar vieW of a second embodiment of an 
inductive component With adaptable magnetic performance; 

FIG. 3 is a graph of the initial permeability of an inductive 
component of the invention, as a function of the frequency; 

FIG. 4 is a graph of the ohmic resistor portion of the 
magnetic impedance of an inductive component according 
to the invention, as a function of frequency; 

FIG. 5 is a graph of a hysteresis loop—magnetic induction 
as a function of the magnetic ?eld—of an inductive com 

ponent of the invention; and 
FIG. 6 is a graph of the relative poWer loss as a function 

of the superposition current in an inductive component of 
the invention. 

FIG. 7 is a schematic illustration of a third embodiment of 
an inductive component With adaptable magnetic perfor 
mance. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The investigations on Which the invention is based have 
shoWn that the magnetic performance of inductive compo 
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nents can also be in?uenced by electrical ?elds or currents 
imposed on the core material from their magnetic cores. In 
order to achieve this, an inductive component can be embod 
ied according to the invention as illustrated in FIG. 1. The 
inductive component is formed by an magnetic core 1 and a 
Winding 3 as is usual for inductive components. In the 
schematic illustration of FIG. 1, for the sake of simplicity, 
one annular core 1 and a single-turn Winding 3 have been 
shoWn. It should be noted, hoWever, that this simple illus 
tration merely serves the purpose of explanation; that is, the 
provisions according to the invention can be applied to any 
type of inductive components, such as components With 
multi-part magnetic cores and multiple Windings. 

According to the invention, means for impressing an 
electrical ?eld into the magnetic core 1 are noW provided. As 
schematically illustrated in FIG. 1, the means for impressing 
an electrical ?eld are embodied by metal electrode coatings 
2 on the magnetic core 1 and electrical terminals 4 connected 
thereto. The electrical terminals 4 also serve as terminals for 
the Winding 3 as Well. An electrical current can be fed both 
into the Winding 3 and into the electrode coatings 2 at 
terminals 5 and 6. The electrical current fed into the elec 
trode coatings 2 is designated I0 in FIG. 1. 

In the embodiment of FIG. 1, the electrical terminals 4 for 
both the Winding 3 and the electrode coatings 2 are con 
nected in phase. By means of the currents fed into the 
electrode coatings 2 and the Winding 3, an electrical ?eld 
and a magnetic ?eld are generated in the magnetic core 1. 
The ?elds are perpendicular to one another. 

In the embodiment of FIG. 1, the electrical ?eld and the 
magnetic ?eld are of the same frequency and are in phase. 
Moreover, they have amplitudes that are determined by the 
common applied voltage. HoWever, the invention is not 
limited to such an embodiment. 

With reference to FIG. 2, in Which elements identical to 
FIG. 1 are provided With the same reference numerals, the 
electrode coatings 2 and the Winding 3 are connected in 
phase opposition via the electrical terminals 4. The result is 
a relative phase relationship of 180° betWeen the electrical 
?eld and the magnetic ?eld. 

Along With the tWo phase relationships of 0° and 180° 
shoWn in FIGS. 1 and 2, a phase relationship betWeen the 
electrical ?eld and the magnetic ?eld that varies over a range 
of 180° is naturally possible by means of suitable Wiring 
means. The eXact realiZation of such phase variation may be 
left to the person of skill in this art, as such Wiring means 
have been knoWn. Moreover, the layout shoWn schemati 
cally in FIGS. 1 and 2 may be eXpanded, by connecting 
non-illustrated ampli?ers to the input side of the various 
circuits, so that an independent adjustment of the respective 
?eld amplitude is possible. An in?nitely graduated phase 
displacement is also possible, in order to vary the superpo 
sition of the electrical ?eld and magnetic ?eld betWeen the 
tWo extreme cases of “phase” and “phase opposition”. 

HoWever, not only the permeability of inductive compo 
nents can be adapted by the provisions of the invention. 

With reference to the graph of FIG. 3, the frequency 
response of the permeability of inductive components can 
also be varied by superimposing an electrical ?eld or current 
in the manner described above. In the graph of FIG. 3, the 
initial permeability p‘ is plotted as a function of the fre 
quency f in HZ. Acurve 30 draWn as a solid line shoWs the 
course of the initial permeability p‘ as a function of the 
frequency Without superposition of an electrical ?eld. A 
dashed-line curve 31 corresponding shoWs the course of the 
initial permeability p‘ With phase-opposition superposition 
of an electrical ?eld, While a dotted-line curve 32 shoWs the 
course of the initial permeability p‘ for the case of in-phase 
superposition of an electrical ?eld. 
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4 
FIG. 4 shoWs a corresponding graph of the ohmic com 

ponent of the magnetic impedance p‘ as a function of the 
frequency f in HZ, With a solid curve 40, a dashed curve 41 
and a dotted curve 42 indicating corresponding situations to 
the curves 30, 31, and 32 in FIG. 3. 

The graph of FIG. 5 shoWs the course of hysteresis loops, 
i.e., the magnetic induction B in mT as a function of the 
magnetic ?eld intensity H in A/m. As in the graphs of FIGS. 
3 and 4, a solid-line hysteresis loop 50 indicates the case 
Without superposition of an electrical ?eld; a dashed-line 
hysteresis loop 51 illustrates phase-opposition superposition 
of an electrical ?eld; and a dotted-line loop 52 illustrates the 
case of in-phase superposition of an electrical ?eld. 

Finally, the graph of FIG. 6 shoWs the relative poWer loss 
PV/PVIH in percent as a function of the superposition current 
I0 in mA; Pv 0 is the poWer loss Without superposition of an 
electrical ?eld). The various curves, Whose parameter is the 
frequency f of 100, 200 and 400 kHZ, are for the cases of 
phase-opposition superposition and in-phase superposition, 
as indicated in the caption to FIG. 6. 

The superimposed electrical ?eld does cause ohmic heat 
ing of the inductive component. HoWever, it is possible to 
loWer the total heat development, by comparison to the case 
Without the electrical ?eld, if the magnetic decrease in the 
poWer loss is greater than the ohmic output. The relationship 
can be optimiZed by Way of the design of the component 
(geometry, material, Windings), and of the superimposed 
?eld (directional orientation, amplitude, signal shape and/or 
phase). 

In summary, the performance of inductive components 
can be controlled by superimposing electrical ?elds or 
currents. In contrast to magnetically controlled inductive 
components, it is here possible, in particular, to control the 
frequency response and the poWer loss performance as Well, 
With only slight change in the material permeability or 
inductance of the component. The adjustment can be made 
by means of various parameters of the superimposed ?eld, 
as indicated above. 

We claim: 
1. An inductive component With variable magnetic 

performance, comprising: 
at least one magnetic core; 

at least one Winding disposed around said magnetic core 
for producing a magnetic ?eld in said magnetic core, 
said magnetic ?eld having an amplitude and a fre 
quency; 

means for impressing an electric ?eld onto said magnetic 
core including at least tWo metallic electrode coatings 
disposed directly on said magnetic core and terminals 
connected to said electrode coatings, the electric ?eld 
having an amplitude and a frequency equal to the 
frequency of the magnetic ?eld; 

means for adjusting a phase relationship betWeen the 
electric ?eld and the magnetic ?eld from 0 to 180°; and 

means for independently adjusting the amplitude of one of 
the magnetic ?eld and the electrical ?eld. 

2. The component according to claim 1, Wherein said 
means for adjusting said phase relationship is set at 0° and 
includes an in-phase electrical connection of said Winding to 
said electrode coatings. 

3. The component according to claim 1, Wherein said 
means for adjusting said phase relationship is set at 180° and 
includes a phase-opposition electrical connection of said 
Winding to said electrode coatings. 

* * * * * 


