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Description
FIELD OF THE INVENTION AND PRIOR ART

[0001] The present invention relates to a controllable
inductorincluding at least one tubular core, a main wind-
ing surrounding the core and a control winding running
substantially axially through said core and returning
substantially axially outside thereof between said core
and said main winding, said control winding being divid-
ed into a plurality of separate part control windings.
[0002] Such a controllable inductor is previously
known from, for example, the applicant's WO 94/11891.
The definition of "controllable" is to be given such a wide
meaning, that it also comprises the case that a control
current, which is constant over time passes through the
control winding.

[0003] A controllable inductor of this type connected
in series with a capacitor functions as a so-called har-
monic filter in connection with a high voltage station for
converting direct voltage to alternating voltage and vice
versa, its main winding being connected to the high volt-
age net over a capacitor, usually on the alternating volt-
age side. In such a controllable inductor the permeability
of its core and thereby the inductance is adjusted with
the aid of the cross-magnetization generated inside the
core by causing direct current to run through said control
winding, wherein the inductance of the inductor may be
adjusted to exactly that frequency an overtone generat-
ed in the high voltage net is having for an effective fade-
out thereof while causing small energy losses in the in-
ductor.

[0004] The different part control windings of such a
controllable inductor are heated partly by the eddy-cur-
rent losses generated therein because of that the mag-
net flux generated by the main winding and running sub-
stantially longitudinal with respect to the core, passes
through said control winding wires, and partly by the di-
rect current running through the wires with the intention
to control the inductance of the inductor. To decrease
the eddy-current losses every part control winding is
produced with a number of thin wires, as the power dis-
sipation per unit volume is proportional to the square of
the thickness of the metal perpendicular to the flux di-
rection for the metal effected by a certain magnetical flux
density. From an economical point of view it is important
to dimension the inductor and the control winding in
such a way that a high magnetic energy density is
achieved in the tubular core, so that the inductor re-
ceives a low weight and thereby achieving a low cost.
The storable energy density in the core is thereby in-
verse proportional to the permeability of a specific flux
density and thus it is important to achieve the highest
possible number of ampere-turns of the control winding
passing in the core at a specific winding space. This im-
plies of course high heat release and the possibilities to
cool the control winding may be decisive for the achiev-
able number of ampere-turns. Itis thus desirable to form
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the core as compact as possible, i.e. with as small inner
room as possible, while filling this room with said part
control windings to as high degree as possible and
thereby achieving the highest possible number of am-
pere-turns without causing such temperatures in the
part control windings or in the adjacent components that
they will be damaged.

[0005] In previously known inductors of this kind, the
part control windings have usually been produced with
a substantially circular cross section, the part control
windings desirably being arranged to circumferentially
abut against each other for a good level of filling of the
inner room of the core. In this way air channels are
formed between different part control windings enabling
cooling air to be blown or drawn therethrough for heat
exchange with the surfaces of the part control windings.
By this embodiment of the part control windings the so
formed air channels between the part control windings
get a too large cross section at some places and they
will completely disappear, not causing any cooling at all
at some surfaces of the part control windings due to that
the part control windings are abutting each other along
a substantially axially extending line. It would of course
be possible to arrange some type of distance element
that keeps these part control windings separate from
each other, but in that way the channels would obtain
an even larger dimension of the cross section at some
places and it is known that the heat transfer number in-
creases if the air passing by is forced to pass closer to
the surface to be cooled, i.e. if the channels are more
narrow. By instead providing a very large number of rel-
atively thin part control windings and arranging these
windings somewhat separate from each other, the pro-
ducing costs would become very high, and the degree
of filling of the inner room of the core would further de-
teriorate.

SUMMARY OF THE INVENTION

[0006] The object of the presentinvention is to provide
a solution of the above discussed problem by providing
a controllable inductor that enables a substantially high-
er number of ampere-turns than by previously known
controllable inductors at a specific winding space inside
the core by enabling a good filling of this space and at
the same time provide effective cooling.

[0007] This object is achieved according to the inven-
tion by way of providing the part control windings of the
inductor defined in the introduction with such a cross
section that at least some adjacent part control windings
running inside the core are separated by a spacing at
least partly defined by substantially parallel surfaces of
these part control windings.

[0008] Thanks to such a design of the cross section
of the part control windings obtaining such spacings de-
fined by substantially parallel surfaces, it will be possible
to obtain a very good filling of the inner room of the core,
as these substantially parallel surfaces may be allowed
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to run relatively close to each other, while the cooling air
may be distributed over the surfaces defining the spac-
ing and thanks to the narrowness of the spacing, the
cooling may be very effective and thereby admitting a
very high heat release per unit volume in the part control
windings. In accordance there will be provided possibil-
ities to achieve a large surface available for cooling per
unit volume of the control winding.

[0009] According to a preferred embodiment of the in-
vention the main part of the adjacent part control wind-
ings inside said core are separated by a spacing, which
is at least partly defined by substantially parallel surfac-
es of said part control windings. The advantages men-
tioned in the previous section will in this way increase
even more and they will be increased to their largest ex-
tent according to another preferred embodiment of the
invention where all part control windings inside the core
are separated by a spacing defined by at least substan-
tially parallel surfaces of these part control windings.
[0010] According to another preferred embodiment of
the invention the part control windings have such a cross
section that at least some adjacent part control windings
outside said core are separated by a spacing, which is
at least partly defined by substantially parallel surfaces
of said part control windings. By this design of the por-
tions of the part control windings running outside the
core it will be possible to make the inductor more com-
pact also outside the core and yet obtain a high maxi-
mum number of ampere-turns and enabling enough
cooling.

[0011] According to another preferred embodiment of
the invention each part control winding running closest
outside and/or inside said core has surfaces extending
substantially parallel to surfaces of the envelope of said
core for defining a spacing therebetween. Itis in this way
possible to obtain a desired distance between the part
control winding and the core respectively for obtaining
the necessary cooling of the part control winding, but
thanks to said substantially parallel surfaces and the ad-
vantages connected thereto with respect of the cooling,
this spacing may be made so "narrow" that a very good
filling of the spacing will be obtained inside and outside
the core.

[0012] According to another preferred embodiment of
the invention said spacings are substantially completely
defined by substantially parallel surfaces of adjacent
part control windings, which makes it possible to obtain
a very uniform distribution of the cooling air over the
complete control winding volume, allowing a high heat
release per unit volume in combination with a high de-
gree of filling of the inner room of the core.

[0013] According to another very preferred embodi-
ment of the invention at least some of said part control
windings have a form tapering substantially wedge-like
towards the centre of said core as seen in a radial cross
section through a portion of said windings running inside
said core. Thanks to that the respective part control
winding has been arranged with such a cross section
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form, the room inside the core may be filled to a large
extent while obtaining spacings defined by substantially
parallel surfaces between adjacent part control wind-
ings, receiving a circular segment character, and it will
be possible to obtain a very large surface available for
cooling per unit volume of the control winding in combi-
nation with a high degree of filling of the inner room of
the core.

[0014] According to another preferred embodiment of
the invention, the inductor comprises part control wind-
ings, which have a portion thereof running inside said
core having a narrow, substantially elongated formin ra-
dial direction with respect to said core as seen in aradial
cross section. In this way a very advantageous relation-
ship will be obtained between the surface accessible for
cooling and the volume of the control winding. This em-
bodiment is in combination with the embodiment con-
sidering the form tapering wedge-like of the part control
windings is especially suitable for obtaining a high max-
imum number of ampere-turns at a specific winding
space.

[0015] According to another preferred embodiment of
the invention, the inductor comprises several part con-
trol windings located inside each other and running in
radial direction with respect to said core and that these
part control windings define spacings between each oth-
er by substantially tangentially and axially directed sur-
faces thereof. This embodiment is especially suitable for
large inductors where the part control windings in this
way may be formed more handy while being divided into
a larger number while maintaining all the above pene-
trated advantages of the invention.

[0016] According to a further development of the last
mentioned embodiment the number of part control wind-
ings inside said core increases in radial direction from
the centre of the core and outwards along circles with
the centre of the core as the centre for filling the inner
room of said core. In this way it is possible to obtain a
very high degree of filling of the inner room of the core
while ensuring good cooling possibilities while in this
way obtaining a good filling of circular sectors of the in-
ner room of the core and at the same time obtaining said
spacings between the single part control windings.
[0017] A part control winding for a controllable induc-
tor as defived in the preamble of claim 1 can be pro-
duced by a method which is characterised by elongated
electrical conductors having a mantle comprising a ther-
moplastic glue layer being wound about a mould to a
coil, said coil subsequently being heated to bond the
conductors together to a part control winding in one
piece. The above defined part control windings may be
efficiently achieved in this way by simple means.
[0018] Further advantages and advantageous char-
acteristics of the invention will be apparent from the fol-
lowing description and the other depending claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] With reference to the appended drawings, be-
low follows a description of the preferred embodiments
of the invention cited as an example. In the drawings;

Fig. 1illustrates in a very schematical block scheme
a field of application of an inductor of the type ac-
cording to the invention,

Fig 2 is a partly cut, simplified view illustrating the
general construction of a controllable inductor
formed according to a preferred embodiment of the
invention,

Fig. 3 is a view according to the view in Fig. 2 of the
control winding of the inductor according to Fig. 2,

Fig. 4 is a view in a radial cross section, i.e. usually
from above, schematically illustrating the design of
the control winding of the preferred embodiment of
the inductor in Fig. 2, and

Fig. 5 is a simplified view of a mould for obtaining
the part control windings shown in Fig. 4.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

[0020] Fig 1 schematically illustrates how a controlla-
ble inductor 1 according to the invention may be con-
nected over a capacitor C to the alternating voltage side
2 of a station 3 for converting high voltage direct current
(HVDC) to alternating current and inversely alternating
current to direct current. In connection to such stations
different overtones are obtained, which superimpose
the alternating current leaving the station and these
overtones may disturb other apparatuses coupled to the
net. The controllable inductor works in conjunction with
a capacitor as a harmonic filter fading out these over-
tones, the filter being intended to have a minimum im-
pedance at exactly the frequency that the overtone has,
that is intended to be faded out. Different loads on the
net 4 at different times of the day may however cause
somewhat varying frequencies of the alternating cur-
rent, which makes it important that the inductance of the
inductor may be controlled to all the time having the min-
imum of the impedance at the overtone frequency in
question, the inductor thereby being connected to a con-
trol system for automatically adjusting the control cur-
rent of the inductor and thereby its inductance for mini-
mising the impedance of the filter at the frequency in
question.

[0021] The general construction of a controllable in-
ductor according to a preferred embodiment of the in-
vention will now be described with reference to Fig. 2.
The inductor has a main winding 5 connected to the high
voltage net over capacitor, the main winding being
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wound in layers at a distance outside a cylinder 6 of elec-
trical insulating material. The main winding 5 has one
end 7 being on a high potential, the voltage thereby fall-
ing in direction towards the opposite lower end 8 in Fig.
2, said lower end being on ground potential. A cylinder
9 of electrical insulating material is arranged inside the
cylinder 6 and running coaxially against the same. A
core 10 of magnetic material is arranged in the room
defined by the cylinder 9, running coaxially against said
cylinder. This core has a partly conical form at its ends,
the form being intended to decrease the eddy-current
losses caused by the alternating longitudinal magnet
flux generated in the core because of the alternating
overtone current in the main winding 5. This phenomena
is described in the applicant's WO 94/11891. A control-
lable winding 11, formed by several separate part con-
trol windings, passes substantially axially through the
core and returning parallel to the axis of the core into
the room between the core and the insulating cylinder
9in aclosed loop. The control winding 11 is connectable
to a direct current source for transmitting a direct current
through the same, which direct current will generate a
tangentially directed magnet flux in the core running
across the main flux and in this way decrease its per-
meability for the longitudinal magnet flux from the main
winding. By increasing this direct current it is possible
to decrease the permeability of the core and thereby de-
creasing the inductance of the inductor. A lower perme-
ability of the core will also bring about a higher possible
storing of energy therein per unit volume, so that the
inductor may be made more compact. The power dissi-
pation per unit volume due to a magnet flux passing
across surfaces of a metal object is proportional to the
square of the thickness of the object measured perpen-
dicular to the flux direction, implying the core 10 to being
produced by very thin sheets wound in several turns,
while the control winding is formed by a large number
of thin wires. The heat release in the control winding will
thereby be decreased due to eddy-current losses. Heat
will however also be released in the control winding due
to the direct current passing through the control winding
and this heat release is in general considerably larger
than said eddy-current losses. To be able to make the
inductor as compact and thereby as price-worthy as
possible it is desirable to obtain as high number of am-
pere-turns as possible for a specific space of the control
winding, the size of the control winding depending on
that a high degree of filling of the available space will be
obtained in combination with good cooling characteris-
tics.

[0022] This is precisely the object that the invention
is trying to obtain, and a preferred embodiment of a con-
trol winding for obtaining this object will now be ex-
plained with reference to Fig. 3-5. The respective part
control winding 12 has an inner portion 13 passing sub-
stantially axially through the inner room 38 of the core
10 as well as a substantially axially running outer portion
14 returning outside of the core, which portions form a
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closed coil, a direct current being able to forced to flow
through the coil with not shown means in order to cause
a tangentially directed magnet flux in the core, said flux
running across the main flux, which is indicated with the
arrow 15.

[0023] The part control windings have such a cross
section that two adjacent part control windings define
spacings 20, 21 inside as well as outside of the core
between each other by way of mutually substantially
parallel surfaces 16, 17, 18, 19. Said surfaces 16, 17,
18, 19 are extending substantially in radial and axial di-
rection. In order to obtain this, the inner as well as the
outer portion has one substantially wedge-formed cross
section as seen in radial direction, the insignificant ta-
pering taking place at the outer portion inwardly towards
the core may also be represented as a substantially
wedge-formed cross section. In this way it is possible to
obtain relatively small spacing distances between the
different part control windings, obtaining a high degree
of filling of the winding room. At the same time it is very
advantageous to distribute cooling air forced substan-
tially axially through said spacings, through said sub-
stantially parallel surfaces very uniformly in the entire
control winding volume while avoiding local overheat-
ing. The "narrow" spacings between adjacent part con-
trol windings obtained in this way, will contribute to an
improved heat transmission from the part control wind-
ings to the cooling air as the heat transmitting constant
is higher for cooling air that passes closer to the surfaces
in question than further away.

[0024] Said advantages will also be obtained by way
of the portion 14 running outwardly of the core as well
as the inner portion 13 of the respective part control
winding has surfaces 22, 23 extending substantially par-
allel with surfaces of the envelope of the core for defining
a spacing 24, 25 respectively therebetween.

[0025] Fig. 4 shows how a plurality of part control
windings could be arranged with respect to the core in
radial direction inside each other, and that these part
control windings between each other define spacings 26
through substantially tangentially and axially directed
surfaces of the same, except for that the adjacent part
control winding portions 27, 28 through substantially
parallel surfaces define spacings between each other.
The same is also valid for the control winding portions
extending outside the core, where however the number
of part control windings decrease outwardly, while the
number of part control windings inside the core increase
in radial direction from the centre of the core. This alter-
native embodiment is most probably especially suitable
for large inductors, where the different part control wind-
ing coils will be as easy as any to handle, because them
being divided in this way.

[0026] The part control windings will be kept in place
while defining said spacings between each other and
the core through suitable distance parts, as a boat-
steering-wheel-like rubber part arranged centrally in the
core at 29, which rubber part having tips projecting into
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between each control winding. A support cross 30 ar-
ranged in order to unit the complete inductor is also in-
dicated in Fig. 5.

[0027] By the embodiment of the different part control
windings according to the invention it is possible to ob-
tain a very high number of ampere-turns at a specific
winding space thanks to the obtainable high degree of
filling of the winding space and the very high surface/
volume relation of the control winding and the obtained
excellent heat transmitting characteristics between
these surfaces and the cooling air thanks to the uniform-
ly distributed cooling air in the narrow spacings. A very
high heat release per unit volume may in this way be
allowed. Because of the above mentioned characteris-
tics the inductor may be constructed more compact and
thus be produced to a lower cost.

[0028] A mould 31 for producing a part control winding
according to the invention is shown in Fig. 5. This mould
31 has two elements 34, 35 defining a spacing between
each other and provided with inner form defining surfac-
es 32, 33 converging in a direction towards each other
and a distance part 36 dividing said spacing and mutu-
ally connecting the elements and arranged to receive
elongate electrical conductors wound surrounding the
elements while filling the spacings on each side thereof
for obtaining a part control winding with the two portions
13, 14 with a substantially wedge-formed cross section.
A production of a part control winding according to the
invention takes place with the aid of this mould 31 in the
following way. Preferably such a coil with a number of
parallel wires is wound, resulting in that the number of
turns of winding is minimised and that there is a possi-
bility for adaptation to the apparatus that is going to gen-
erate the control current running through the coil. The
coil is thereby preferably wound with a wire provided
with an outer thermoplastic layer of glue, so-called bak-
able wire. When the winding is applied, it might be nec-
essary to force the wires into the spacing between the
elements 34 and 35 with a suitable tool at the more nar-
row end 37 of the mould in order to completely fill the
spacing therebetween. The form is thereafter fixed by
way of heating the complete coil to a temperature above
the melting temperature of the glue layer, so that the coil
forms a stable mechanical unit when it is cooled down.
A heating like that may take place either by way of con-
ducting a direct current through the coil and the resistive
losses will heat it up or by way of heating the coil in an
oven. As an alternative to the use of a winding mould
with the described design, it is also possible to form the
winding around a mould with for example a rectangular
cross section and thereafter forming the coil obtained
after the baking to a wedge-form in a subsequent press-
ing.

[0029] The invention is of course not in any way lim-
ited to the above described preferred embodiment, but
a number of possibilities to modifications thereof should
be apparent to a man skilled in the art, without departing
from the scope of the invention.
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[0030] Forexample it would be possible to use a com-
pletely different number of part control windings com-
pared to what is shown in the Figures, and it would also
be possible that some spacings not being defined by
substantially parallel directed surfaces, even if this is
very advantageous and preferable.

[0031] Furtheron the inner part winding portion could
for example have said spacings arranged with respect
to adjacent part control winding portions and/or have a
substantially wedge-formed cross section, while the out-
er portion possibly could lack these characteristics, in
case the cooling problems outside the core would lack
importance.

[0032] The definition "substantially parallel surfaces"
in the claims includes at least all angles between such
surfaces below 20°. These surfaces do not either have
to extend in one plane, but they could have a certain
arc-form.

[0033] The definition "tangentially" in the claims is in-
tended to include all directions parallel to a tangent to
the core, which is apparent from the above description.

Claims

1. Acontrollable inductor including at least one tubular
core (10), a main winding (5) surrounding the core
and a control winding (11) running substantially ax-
ially through said core and returning substantially
axially outside thereof between said core and said
main winding, said control winding being divided in-
to a plurality of separate part control windings (12),
characterized in that said part control windings
have such a cross section that at least some adja-
cent part control windings inside said core are sep-
arated by a spacing (20), which is at least partly de-
fined by substantially parallel surfaces (16, 17) of
said part control windings.

2. Aninductor according to claim 1, characterized in
that the main part of the adjacent part control wind-
ings (12) inside said core (10) are separated by a
spacing (20), which is at least partly defined by sub-
stantially parallel surfaces (16, 17) of said part con-
trol windings.

3. Aninductor according to claim 1, characterized in
that all adjacent part control windings (12) inside
said core (10) are separated by a spacing (20),
which is at least partly defined by substantially par-
allel surfaces (16, 17) of said part control windings.

4. An inductor according to any of the claims 1-3,
characterized in that said substantially parallel
surfaces (16, 17) comprise surfaces extending sub-
stantially radially and axially with respect to said
core (10).
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5.

10.

1.

12.

13.

An inductor according to any of the claims 1-4,
characterized in that said part control windings
(12) have such a cross section that at least some
adjacent part control windings outside said core
(10) are separated by a spacing (21), which is at
least partly defined by substantially parallel surfac-
es (18, 19) of said part control windings.

An inductor according to any of the claims 1-5,
characterized in that each part control winding
(12) running closest outside and/or inside said core
(10) has surfaces (22, 23) extending substantially
parallel to surfaces of the envelope of said core for
defining a spacing (24, 25) therebetween.

An inductor according to any of the claims 1-6,
characterized in that it comprises adjacent part
control windings, which have spacings (26) defined
therebetween by surfaces thereof extending sub-
stantially tangentially and axially with respect to
said core.

An inductor according to any of the claims 1-7,
characterized in that said spacings (20, 21) are
substantially completely defined by substantially
parallel surfaces (16, 17) of adjacent part control
windings.

An inductor according to any of the claims 1-8,
characterized in that at least some of said part
control windings (12) have a form tapering substan-
tially wedge-like towards the centre of said core (10)
in a radial cross section through a portion (13) of
said windings running inside said core.

An inductor according to any of the claims 1-9,
characterized in that at least some of said part
control windings (12) have a form tapering substan-
tially wedge-like towards said core (10) as seen in
a radial cross section through a portion (14) of said
windings running outside said core.

An inductor according to any of the claims 1-10,
characterized in that it comprises part control
windings (12), which have a portion (13) thereof
running inside said core having a narrow, substan-
tially elongated form in radial direction with respect
to said core (10) as seen in a radial cross section.

An inductor according to any of the claims 1-11,
characterized in that it comprises several part
control windings (27, 28) located inside each other
and running in radial direction with respect to said
core and that these part control windings define
spacings (26) between each other by substantially
tangentially and axially directed surfaces thereof.

An inductor according to claim 12, characterized



14.

15.
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in that the number of part control windings (12) in-
side said core (10) increases in radial direction from
the centre of the core and outwards along circles
with the centre of the core as the centre for filling
the inner room (38) of said core.

An inductor according to any of the claims 1-13,
characterized in that said part control windings
(12) are formed to substantially fill the inner room
(38) of said core (10).

An inductor according to any of the claims 1-14,
characterized in that said spacings (20, 21) are
substantially more narrow in a radial cross section
than the average thickness of said part control wind-
ings (12) in such a cross section.

Patentanspriiche

1.

Steuerbarer Induktor, umfassend wenigstens einen
rohrférmigen Kern (10), eine Hauptwicklung (5), die
den Kern umgibt, und eine Steuerwicklung (11), die
im wesentlichen axial durch den Kern verlauft und
im wesentlichen axial aulRerhalb davon zwischen
dem Kern und der Hauptwicklung zurtckfihrt, wo-
bei die Steuerwicklung in mehrere separate Teil-
Steuerwicklungen (12) unterteilt ist,

dadurch gekennzeichnet, dass

die Teil-Steuerwicklungen einen solchen Quer-
schnitt haben, dass wenigstens einige benachbarte
Teil-Steuerwlcklungen innerhalb des Kerns durch
einen Zwischenraum (20) getrennt sind, der wenig-
stens teilweise von im wesentlichen parallelen Fla-
chen (16, 17) der Teil-Steuerwicklungen gebildet
ist.

Induktor nach Anspruch 1,

dadurch gekennzeichnet, dass

der Grofiteil der benachbarten Teil-Steuerwicklun-
gen (12) innerhalb des Kerns (10) durch einen Zwi-
schenraum (20) getrennt ist, der wenigstens teilwei-
se von im wesentlichen parallelen Flachen (16, 17)
der Teil-Steuerwicklungen gebildet ist.

Induktor nach Anspruch 1,

dadurch gekennzeichnet, dass

alle benachbarten Tell-Steuerwicklungen (12) in-
nerhalb des Kerns (10) durch einen Zwischenraum
(20) getrennt sind, der wenigstens teilweise von im
wesentlichen parallelen Flachen (16, 17) der Teil-
Steuerwicklungen gebildet ist.

Induktor nach einem der Anspriche 1 bis 3,
dadurch gekennzeichnet, dass

die im wesentlichen parallelen Flachen (16, 17) Fla-
chen aufweisen, die sich im wesentlichen radial und
axial bezlglich des Kerns (10) erstrecken.
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Induktor nach einem der Anspriche 1 bis 4,
dadurch gekennzeichnet, dass

die Teil-Steuerwicklungen (12) einen solchen Quer-
schnitt haben, dass wenigstens einige benachbarte
Teil-Steuerwicklungen aufierhalb des Kerns (10)
durch einen Zwischenraum (21) getrennt sind, der
wenigstens teilweise von im wesentlichen paralle-
len Flachen (18, 19) der Teil-Steuerwicklungen ge-
bildet ist.

Induktor nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, dass

jede Teil-Steuerwicklung (12), die am nachsten au-
Rerhalb und/oder innerhalb des Kerns (10) verlauft,
Flachen (22, 23) hat, die sich im wesentlichen par-
allel zu den Flachen der Umhillung des Kerns er-
strecken, um einen Zwischenraum (24, 25) zu bil-
den.

Induktor nach einem der Anspriiche 1 bis 6,
dadurch gekennzeichnet, dass

er benachbarte Tell-Steuerwicklungen aufweist, die
Zwischenrdume (26) haben, die von Flachen davon
gebildet sind, die sich im wesentlichen tangential
und axial bezlglich des Kerns erstrecken.

Induktor nach einem der Anspriiche 1 bis 7,
dadurch gekennzeichnet, dass

die Zwischenrdume (20, 21) im wesentlichen ganz
von im wesentlichen parallelen Flachen (16, 17)
von benachbarten Teil-Steuerwicklungen gebildet
sind.

Induktor nach einem der Anspriiche 1 bis 8,
dadurch gekennzeichnet, dass

wenigstens einige der Teil-Steuerwicklungen (12)
eine Form haben, die sich im wesentlichen in Rich-
tung zum Mittelpunkt des Kerns (10) in einem ra-
dialen Querschnitt Gber einen Abschnitt (13) der
Wicklungen, die innerhalb des Kerns verlaufen,
keilférmig verjingt.

Induktor nach einem der Anspriiche 1 bis 9,
dadurch gekennzeichnet, dass

wenigstens einige der Teil-Steuerwicklungen (12)
eine Form haben, die sich im wesentlichen in Rich-
tung zum Kern (10) in einem radialen Querschnitt
betrachtet Gber einen Abschnitt (14) der Wicklun-
gen, die sich auerhalb des Kerns erstrecken, keil-
férmig verjingt.

Induktor nach einem der Anspriiche 1 bis 10,
dadurch gekennzeichnet, dass

er Teil-Steuerwicklungen (12) aufweist, die einen
Abschnitt (13) aufweisen, der sich innerhalb des
Kerns in einer schmalen, im wesentlichen langli-
chen Form in radialer Richtung beziglich des Kerns
(10) in einem radialen Querschnitt betrachtet er-
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streckt.

Induktor nach einem der Anspriiche 1 bis 11,
dadurch gekennzeichnet, dass

er mehrere Teil-Steuerwicklungen (27, 28) auf-
weist, die ineinander angeordnet sind und bezlg-
lich des Kerns in radialer Richtung verlaufen, und
die Teil-Steuerwicklungen Zwischenrdume (26)
zwischen ihnen durch deren im wesentlichen tan-
gential und axial ausgerichteten Flachen bilden.

Induktor nach Anspruch 12,

dadurch gekennzeichnet, dass

die Anzahl der Teil-Steuerwicklungen (12) inner-
halb des Kerns (10) in radialer Richtung von der Mit-
te des Kerns und auRerhalb entlang von Kreisen mit
dem Mittelpunkt des Kerns als Mittelpunkt zunimmt,
um den Innenraum (38) des Kems auszufiillen.

Induktor nach einem der Anspriiche 1 bis 13,
dadurch gekennzeichnet, dass

die Teil-Steuerwicklungen (12) so gebildet sind, um
den Innenraum (38) des Kerns (10) im wesentlichen
auszufillen.

Induktor nach einem der Anspriiche 1 bis 14,
dadurch gekennzeichnet, dass

die Zwischenrdume (20, 21) im radialen Quer-
schnittim wesentlichen schmaler sind als die durch-
schnittliche Dicke der Teil-Steuerwicklungen (12) in
einem solchen Querschnitt.

Revendications

Inductance pouvant étre commandée, comportant
au moins un noyau (10) tubulaire, un enroulement
(5) principal entourant le noyau et un enroulement
(11) de commande s'étendant sensiblement axiale-
ment a travers le noyau et revenant sensiblement
axialement a I'extérieur de celui-ci entre le noyau et
I'enroulement principal, I'enroulement de comman-
de étant divisé en une pluralité d'enroulements (12)
de commande partiels distincts, caractérisée en ce
les enroulements de commande partiels ont une
section transversale telle qu'au moins certains en-
roulement de commande partiels adjacents a I'inté-
rieur du noyau sont séparés par un espacement
(20), qui est au moins partiellement défini par les
surfaces (16, 17) sensiblement paralléles des en-
roulements de commande partiels

Inductance suivant la revendication 1, caractéri-
sée en ce que les parties principales des enroule-
ments (12) de commande partiels adjacents a I'in-
térieur du noyau (10) sont séparées par un espace-
ment (20), qui est au moins partiellement défini par
des surfaces (16, 17) sensiblement paralleles des
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14
enroulements de commande partiels.

Inductance suivant la revendication 1, caractéri-
sée en ce que tous les enroulements (12) de com-
mande partiels adjacents a l'intérieur du noyau (10)
sont séparés par un espacement (20), qui est au
moins partiellement défini par des surfaces (16, 17)
sensiblement paralléles des enroulements de com-
mande partiels.

Inductance suivant l'une quelconque des revendi-
cations 1 a 3, caractérisée en ce que les surfaces
(16, 17) sensiblement paralléles comportent des
surfaces s'étendant sensiblement radialement et
axialement par rapport au noyau (10).

Inductance suivant l'une quelconque des revendi-
cations 1 a 4, caractérisée en ce que les enroule-
ments (12) de commande partiels ont une section
transversale telle qu'au moins certains enroule-
ments de commande partiels adjacents a I'extérieur
du noyau (10) sont séparés par un espacement
(21), qui est au moins partiellement défini par les
surfaces (18, 19) sensiblement paralléles des en-
roulements de commande partiels.

Inductance suivant I'une quelconque des revendi-
cations 1 a 5, caractérisée en ce que chaque en-
roulement (12) de commande partiel le plus proche
de I'extérieur et/ou de l'intérieur du noyau (10) a des
surfaces (22, 23) s'étendant sensiblement paralle-
lement a des surfaces de I'enveloppe du noyau pour
définir un espacement (24, 25) entre eux.

Inductance suivant I'une quelconque des revendi-
cations 1 a 6, caractérisée en ce qu'elle comporte
des enroulements de commande partiels adja-
cents, qui ont des espacements (26) définis entre
eux par leur surface s'étendant sensiblement tan-
gentiellement et axialement par rapport au noyau.

Inductance suivant l'une quelconque des revendi-
cations 1 a 7, caractérisée en ce que les espace-
ments (230, 21) sont sensiblement complétement
définis par des surfaces (16, 17) sensiblement pa-
ralléles d'enroulements de commande partiels ad-
jacents.

Inductance suivant I'une quelconque des revendi-
cations 1 a 8, caractérisée en ce que au moins
certains des enroulements (12) de commande par-
tiels ont une forme se rétrécissant sensiblement en
forme de coin en direction du centre du noyau (10)
en section transversale radiale d'une partie (13) des
enroulements s'étendant a l'intérieur du noyau.

. Inductance suivant I'une quelconque des revendi-

cations 1 a 9, caractérisée en ce que au moins
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certains des enroulements (12) de commande par-
tiels ont une forme se rétrécissant en biseau sensi-
blement en forme de coin en direction du noyau
(10), comme on le voit en section transversale ra-
diale d'une partie (14) de I'enroulement s'étendant
a l'extérieur du noyau.

Inductance suivant l'une quelconque des revendi-
cations 1 a 10, caractérisée en ce qu'elle compor-
te des enroulements (12) de commande partiels,
qui ont une partie (13) s'étendant a l'intérieur du
noyau ayant une forme étroite sensiblement oblon-
gue en direction radiale par rapport au noyau (10),
tel que vu en coupe transversale radiale.

Inductance suivant l'une quelconque des revendi-
cations 1 a 11, caractérisée en ce que en ce qu'el-
le comporte plusieurs enroulements (27, 28) de
commande partiels situés a l'intérieur les uns des
autres et s'étendant en direction radiale par rapport
au noyau et en ce que ces enroulements de com-
mande partiels définissent des espacements (26)
les uns avec les autres par leurs surfaces dirigées
sensiblement tangentiellement et axialement.

Inductance suivant la revendication 12, caractéri-
sée en ce que le nombre d'enroulements (12) de
commande partiels a l'intérieur du noyau (10) aug-
mente en direction radiale a partir du centre du
noyau et vers I'extérieur le long de cercles ayant le
centre du noyau comme centre, pour remplir la
chambre (38) intérieure du noyau.

Inductance suivant l'une quelconque des revendi-
cations 1 a 13, caractérisée en ce que les enrou-
lements (12) de commande partiels sont formés
pour emplir sensiblement la chambre (38) intérieure
du noyau (10).

Inductance suivant l'une quelconque des revendi-
cations 1 a 14, caractérisée en ce que les espa-
cements (20, 21) sont sensiblement plus étroits
dans une section transversale radiale que I'épais-
seur moyenne des enroulements 12 de commande
partiels dans une section transversale de ce genre.
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