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Reactor having a toroidal magnetic circuit (10) exposed t

o air, consisting of a group of coils (11), obtained from a spirally

wound flat conductor (12), mounted radially so that the centres of the spirals are arranged on a circle.
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REACTOR HAVING A TOROIDAL MAGNETIC CIRCUIT CONSISTING
OF COILS FORMED OF A FLAT CONDUCTOR WOUND SPIRALLY
In modern power electronics frequent use is made of
protection reactors having a magnetic circuit exposed

5 to air, low inductance values but high currents values,
and harmonic components of relatively high frequency.
For reasons of electromagnetic compatibility the mag-
netic flow of these reactors must remain within them.
The toroidal shaped reactor is therefore a preferred

- 10 configuration since the whole magnetic flow is confined
within the inner ring.
To obtain maximum efficiency additional losses must
obviously be reduced and inductance remain constant as
frequency varies.

I5 Purpose of this present invention is a reactor having
a toroidal magnetic circuit giving a high level of ef-
ficiency.
To achieve this purpose the reactor is formed of a group
of coils, each consisting of a spirally wound flat con-

20 ductor, said coils being mounted radially so that the
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centre of each one coincides with a geometric circle to

form a toroid.
In each coil the flat conductor's cross section is rectan-

gular, being so wound that the broad sides of said section
lie parallel to the axis of the coil with the beginning
and end of tHe spiral in the centre of each coil and ex-
ternal to it.

This means that the larger dimension, namely the width,
of each single flat conductor is parallel to the lines

of magnetic flow, and that the smaller dimension, namely
the thickness, is crosswise to said lines of flow.

It is possible to have numerous coils in parallel, with
thin conductors of this kind that will minimize parassi-
tic effects, caused by the variable magnetic flow through
said conductors, and which lead to an uneven distribution
of current and consequent additional losses.

The toroidal reactor realized using this constructional
technique will therefore have low losses due to high fre-
quency current while inductance value will remain constant
as the frequency varies.

The spiral formed by each single coil may be circular or
may be a long oval in shape.

The beginning and end of the spiral are in the centre of
the coil and external to it.

The toroidal winding is formed of said coils mounted sym-
metrically.

The beginning and end of the elementary coils are connec-
ted in series or in parallel, or in both, so as Lo create
a number of ways in parallel.

Connections are made so that circulating currents together
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form the internal magnetic flow.
If z is the total number of coils and k the chosen num-
ber of ways in parallel, z/k is the number of coils that
will therefore be connected in series.
The empty space between component coils and around the
toroid serves for cooling purposes.
There may be numerous coils in parallel, with thin con-
ductors, so as to reduce to the minimum parassitic ef-
fects due to the variable magnetic flow that passes
through said flat conductors and brings about an uneven
distribution of current resulting in additional losses.
Where this constructional technique is adopted to make
a toroidal reactor, losses due to high frequency current
will be low and inductance value will be maintained con-
stant during variation of frequency.
Total current is in fact evenly split up among the groups
in parallel for reasons of symmetry without any need for
transpositions. No "circulating" current can exist and
losses due to high frequency are greatly reduced.
One variation may be obtained by mounting internally a
toroidal-shaped core of magnetic material and this can
be divided into several parts or be a single whole; in
the latter case the coils must be wound directly onto
the core.
One advantage of the core solution is that of obtaining
a greater magnetic flow with respect to an equal number
of Ampere-turns in the winding.
The structure here described, with or without internal
core, can be used not only to obtain an inductor but al-
so0 to realize a transformer.

In this case part of the elementary coils are primary




WO 92/15103

I5

20

25

30

PCT/TT92/00009

- 4 -_—
and part are secondary; primary and secondary coils may
have different numbers of turns, a different cross sec-
tion of the elementary conductor and also a different
configuration.
The flat conductor described may be solid but may also
be stranded and flattened.
This latter form is suitable for strong current at high
frequency; the advantage consists in the presence of
numerous stranded conductors in parallel, all with a
small cross section, more easily wound, giving reduced
losses and with all ends on the outside.
If I is the total current, n the number of turns in each
coil, z the total number of coils and k the number of
ways in parallel, the total magnetomotive force acting
on the toroid is I-n.z/k, while the current that passes
through each flat conductor is I/k.
In the event of several elementary coils having to be
connected in series, an even number of elementary coils
are wound alternatively in one direction and in the other
in such a way that both ends are outside the spirals.
By so doing a continuous series of coils can be obtained
without any intermediate connections or joins.
A winding is thus formed in which the conductor fills up
practically 100% of the space available for it.
Two or more flat conductors of different widths can be
used for each spiral.
The narrower conductor is placed internally in the spiral
and thus also inside the toroid.
This of course implies one or more joins in each elemen-
tary coil.

Characteristics and purposes of the invention will be made

L
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still clearer by the following example of its execution
illustrated by diagrammatic drawings.

Example of execution

Fig. | Front view of a component coil.

Fig. 2 Th'e same coil seen from the side.

Fig. 3 Side view of the reactor.

Fig. 4 Iilustration of how two coils are connected.
The toroid winding 10 comprises component coils [! each
formed of a flat conductor !2 wound spirally.

Said coils are mounted symmetrically so that their centres

lie in a circle and form a toroid.

If n = the number of turns in the component coils,
N = the number of turns in series in the toroid,
z = the number of component coils, and
K = the number of ways in parallel

we then have:

N=mnz
K
for K = |: component coils all in series,
for K = z: component coils all in parallel.

The flat conductors in the various coils may be connected
in pairs by joining up the internal ends.

Fig. 4 shows how two radial coils |4 and 17 are joined

up, drawn on a single geometrical plane.

As will be seen, the inner end 15 of the coil 1|4 is con-
nected, by means of the length 20 common to both, to the
inner end 18 of the coil 17.

The outer ends of coils 14 and 17, respectively 16 and 19,
are connected to the other radial coils, in parallel or

in series.

PCT/IT92/00009
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CLAIMS

I. Reactor with a toroidal magnetic circuit (10)

. characterized in that it consists of a group of coils (11)

(14) (17),each formed of a spirally wound flat conductor
(12), said coils being mounted radially so that their centre
coincides with a geometric circle giving rise to a toroid.
2. Reactor as in claim 1,

characterized in that each flat conductor (12) of each coil
(I11) has a rectangular cross section and is wound so that
the broad sides of said section lie parallel to the axis

of the coil (11) and so that the beginning and end of the
spiral are in the centre and outside each coil (rn.

3. Reactor as in claim 1,

characterized in that the flat conductor (12) is sclid.

4. Reactor as in claim I,

characterized in that the flat conductor (12) is made of
pressed strands.

5. Reactor as in claim I,

characterized in that the various coils (11) (14) (17)

are associated two by two in pairs, connections being made
between the inner ends (15) (18) of two adjacent coils (14)
(17) which are therefore connected in series as all or part
of the various pairs are connected one to another by the
external ends (18) (19) of the coils (14 (17) in parallel.
6. Reactor as in claim I,

characterized in that the various coils (11) (14) (17)

are associa;ed two by two in pairs by connection between
the internal ends (15) (18) of two adjacent coils (14)(17)
which are therefore continuously connected in series since
all or part of the various pairs are connected one to ano-

ther by the external ends (16) (19) of the coils (14)(17)

in series.
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7. Reactor as in claim I,

characterized in that the coils (11) (14) (17) are circu-
lar in shape.

8. Reacgor as in claim I,

characterized in that the coils (11) (14) (17) are oval in
shape.

9. Reactor as in claims 5 and 6,

characterized in that the coils (14) (17) of the pair are
wound in opposite directions.

10. Reactor as in claim I,

characterized in that the coils (11) (14) (17) are made from
two or more flat conductors (12) of different widths, the
narrower conductor being placed inside the spiral and thus
inside the toroid.

1. Reactor as in claim |,

characterized in that inside the reactor there is a toroidal
shaped core of magnetic material, the coils being wound di-
rectly onto said core.

12. Reactor as in claim I,

characterized in that the numbersof turns in the coils are

different.

PCT/IT92/00009
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