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Description

[0001] The invention relates to the field of power sup-
plies, particularly to a transformers for supplying a stabi-
lized voltage.

[0002] Power supplies are necessary to supply an
electrical device with electrical power at a stabilized volt-
age which is different to the line voltage, e.g. 110 V or
230V. Abasic element of a power supply is a transformer
transforming an input voltage to an output voltage. In
common transformers, the output voltage is a fixed mul-
tiple of the input voltage with a factor given by the relation
of the number of turns of a primary winding and the
number of turns of a secondary winding which are mag-
netically coupled. Also, the voltage decreases for a in-
creasing load at the secondary winding as the current is
increased, too, and the secondary windings inherently
comprise a resistor.

[0003] For applications in the field of welding, usual
power supplies show the effect that the current through
the light arc strongly depends on the distance of the elec-
trode form the material to be welded. Especially for weld-
ing method with consuming electrodes, this requires for
a very sensitive power control to avoid irregularities in
the weld seam. Also, the weight and thus the need for
core material of the transformers is high and should be
reduced in view of portable welding devices.

[0004] Undesired influences of load and input voltage
on the output voltage are usually compensated by an
electronic controlling device measuring the output volt-
age and controlling the input voltage. If a decrease of
outputvoltage is measured, the input voltage isincreased
or vice versa.

[0005] Further, high frequency components are pro-
duced, if the input voltage is provided by a chop-per pow-
er supply. Typical Power supply applications therefore
have the need for wave filtering in order to remove high
frequency components.

[0006] DocumentWQO 99/17316 discloses atransform-
er having a center leg connected in-parallel to primary
and secondary windings. The transformer further pro-
vides a gap in the center leg and is controlled by an ex-
ternal controlling unit.

[0007] DocumentGB803,911,disclosesatransformer
having an air gap in a center leg and further comprises
a secondary leg which is divided into two limbs. Each of
the two limbs carries one secondary winding, the two
windings being interconnected and supplying a load.
[0008] Document GB 2 033 163 A describes a trans-
former having an air gap between a primary and a sec-
ondary winding located on two adjacent legs. The trans-
former does not disclose a resonance circuit.

[0009] Document WO 97/29494 describes a trans-
former with multiple taps atthe secondary windings which
are selectively connected on order to control the output
voltage.

[0010] Another possibility is to transform the AC output
voltage by a rectifier to DC voltage and to control the DC
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voltage by means of Z-Diodes or similar devices in order
to achieve a stabilized output voltage.

[0011] These techniques require a huge amount of
controlling and stabilizing elements.

[0012] It is desirable to have a power supply with a
reduced number of elements and preferable a transform-
er providing an output voltage that is widely independent
from the load and the supply voltage level. Further it is
desirable to have a transformer capable of wave forming
and provides a current limitation

[0013] Theinvention therefore relates to a transformer
according to claim 1 or claim 2 fulfilling the above men-
tioned object.

[0014] The invention relates to a transformer having a
stabilized output voltage, whereby the stabilizing effect
is inherently achieved by the electric and magnetic struc-
ture. The ouput voltage is stabilized by controlling the
magnetic connection between at least a primary (input)
winding and the secondary (output) windings.

[0015] Atleast primary winding, and at least a first sec-
ondary winding and a second secondary winding are
each wound around one of three legs respectively and
are magnetically connected by an upper yoke with an air
gap and by a lower yoke. A resonant circuit formed by
the secondary windings and a capacitor provides a high
saturation of the magnetic coupling between the second-
ary windings. The resonance is limited by the air gap
which also controls the saturation as well as by a load
current which is provided by the secondary windings to
a connected load. If the behavior is mainly characterized
by the influence of the resonance circuit, the inductivity
related to the secondary windings forming a part of the
resonance circuit appears to be highly increased. For
varying conditions, i.e. varying load or varying input volt-
age at the at least one primary winding, the total flux in
the secondary windings and therefore the output voltage
atthe secondary windings is maintained constant by con-
trolling the saturation of the magnetic connection which
is mainly depending on the resonance circuit for low loads
and depending on the load for high loads. In other words,
the magnetic connection between the primary winding
and the secondary windings and thus the power transfer
between the primary winding used as input winding and
the secondary windings used as output windings is influ-
enced by the load as the additional flux produced by load
and the flux produced by the resonance circuit control
the level of saturation in the magnetic connection. Also,
the attenuation of the resonanceincreases in parallel with
the load. This controlling behavior can be influenced by
an air gap which has an direct influence on the magnetic
connection.

[0016] Inone embodiment, one primary winding is car-
ried by a first leg, while at least two secondary windings
are carried by two legs, respectively. The secondary
windings are connected with a capacity thus forming a
resonant circuit. The legs are magnetically connected at
their respective ends by means of two yokes, whereby
at least one of the yokes comprises an air gap between
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the respective legs carrying the secondary windings.
With this embodiment, the stabilizing effect can be
achieved with a minimum of magnetic legs.

[0017] In a first range of load, the voltage is constant
and therefore any influences of the input voltage or the
load are compensated. In a second range with a higher
load, the voltage rapidly decreases and thus provides for
current limitation. This range of operation can be used
for welding applications as the current is constant for a
wide range and thus compensates for changes caused
by varying distances between electrode and welding sur-
face. Therefore the transformer provides a very stable
arc without any additional control means and thus the
weld seam is more regular in comparison with results
achieved with common welding power supplies. Addi-
tionally, the amount of core material can be reasonably
reduced in comparison to common welding devices as-
suming the same welding power.

Further, a wave forming effect is provided by the trans-
former according to the invention reducing high frequen-
cy distortions, e.g., if a chopped supply voltage is used.
Also, the speed control of DC motors can be effected
more easily without the need for costly rectifying devices.
[0018] A second embodiment comprises an additional
leg and an additional primary winding. The two primary
windings are located on two outer legs and the two sec-
ondary windings are located on the inner legs. The two
primary windings are electrically connected and the sec-
ondary windings are electrically connected. This embod-
iment provides a symmetrical structure and provides con-
stant output voltage at the primary windings over a wide
range of input voltages supplied at the secondary wind-
ings.

[0019] Preferably, the secondary windings provide in-
termediate taps, providing a possibility to select the de-
sired output voltage by choosing the number of turns of
the secondary windings on both sides of the intermediate
taps. Alternatively, the transformer comprises third and
fourth secondary windings, whereby the first and the sec-
ond windings form the resonant circuit together with a
capacitor and the third and the fourth windings provide
the output voltage. In this way, the two functions of the
secondary windings can be separated.

[0020] Further, the secondary windings supplying the
output voltage can be connected in series. In this way, a
higher total output voltage can be achieved. Also, the
secondary windings can be connected in series, whereby
the inductivities of the respective secondary windings
add together. Thus, a lower capacity value can be used
foraresonance withthe desired frequencys, i.e. the supply
frequency, e.g. 50 or 60 Hz. For an embodiment of the
invention being supplied by a chopper supply and there-
fore with a high frequency voltage, the values of the ca-
pacitor as well as the values of the inductivities provided
by the secondary windings used for the resonance circuit
can be reasonably decreased in comparison to applica-
tions with 5 0/ 60 Hz.

[0021] The magnetic connection of the legs preferably
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is provided by two yokes, one for each side of the legs.
Theses yoke can comprise an air gap or a magnetic ma-
terial causing a different quality of magnetic connection
between the legs carrying the secondary windings and
the magnetic connection between the other respective
legs. In this way, the level of saturation and the trans-
former characteristic caused by the saturation can be
controlled easily. Also, the transformer can be manufac-
tured in a standard process.

[0022] The winding direction of all windings can be the
same. This also simplifies the manufacture process of
the transformers.

[0023] Preferably, two primary windings are connected
in series. This reduces the number of necessary turns
for a given output voltage with a given input voltage at
the secondary windings.

[0024] Advantageously, the magnetic connection be-
tween the legs carrying the windings which form a part
of at least one resonance circuit provide a magnetic leak-
age flux and / a ferromagnetic loss which both can be
used to control the attenuation of the resonance circuit
and therewith its behavior and influence on the stabilizing
characteristics of the transformer.

[0025] Preferably all primary windings and all second-
ary windings have the same number of turns, respective-
ly. This provides a complete symmetrical structure and
allows for a simplified production process.

[0026] In order to influence the magnetic connection
and the saturation in the magnetic material of the trans-
former, the cross section of the legs carrying the second-
ary windings can differ from sections of the legs carrying
the primary windings. This also allows for a control the
saturation and therewith the characteristics of the trans-
former.

[0027] An embodiment comprising an additional pri-
mary winding would allow for a more flexible connection
of the transformer with an electrical power supply net-
work.

Short Description of the Figures

[0028]

Fig. 1a shows a first embodiment of the transformer
according to the invention having three legs com-
prising a primary winding and two secondary wind-
ings.

Fig. 1b shows a second embodiment of the trans-
former according to the invention having four legs
comprising two primary and two secondary windings

Fig. 2 shows a third embodiment of the transformer
according to the invention in which two secondary
windings are used for a resonance circuit, each com-
prising an intermediate tap.

Fig.3 shows a forth embodiment of the transformer
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according to the invention in which two secondary
windings form a resonance circuit and another two
windings are used as output winding.

Fig. 4 shows the behavior of the output voltage de-
pending on a varying load for three transformers ac-
cording to the invention having different air gap
widths.

Fig. 5 shows the wave filtering and wave forming
characteristics of one embodiment of the invention.

Fig. 6 shows the output voltage in dependency of a
varying input voltage for different load situations.

Fig. 7 shown the output current characteristics de-
pendent on a variable load resistance

Detailed description of the Figures

[0029] Figure la shows a circuit diagram of the first
embodiment of the stabilized transformer according to
the invention. The transformer comprises three legs 1,
2, 3 which are parallel to each other and magnetically
connected by two yokes 9, 9'. This structure can be made
of an usual El- core. Two secondary windings 5, 6 are
electrically connected with a condenser 7 thus forming a
resonance circuit having two inductances which are rep-
resented by the secondary windings, each located on a
different leg. The magnetic connection between the legs
carrying the secondary windings 5, 6. comprises an air
gap 8. A primary winding 4 is carried by the first leg 1
while the secondary windings 5, 6 are carried by the legs
2 and 3, respectively. One of the legs carrying the sec-
ondary windings 5, 6 is arranged as center leg of the EI-
core.

[0030] Figure 1b shows acircuit diagram of the second
embodiment of the stabilized transformer according to
the invention. The transformer comprises four legs 10,
12, 14, 16 which are parallel to each other and are mag-
netically connected. The legs 10 - 16 have the form of a
rod are of the same length. Each leg has two ends, an
upper end and a lower end, all upper ends are magnet-
ically connected by an upper yoke 50 perpendicular to
the legs and all lower ends are connected by a lower
yoke 52 which is also perpendicular to the legs 10 - 16
and thus parallel to the upper yoke 50 . Regarding the
legs 10 - 16, it can be distinguished between two outer
legs 10, 12 and two inner legs 14, 16.

[0031] A first primary winding 20 with a first number of
turns n, is wound around a first outer leg 10 and a second
primary winding 22 having a second number of turns n,’
is wound around the second outer leg 12. Both primary
windings 20, 22 are electrically connected in series and
an input voltage Up can supplied to the primary windings
20, 22. Driven by this input voltage Up, the first primary
winding 10 generates a magnetic flux in the first outer
leg 20 which is anti-parallel to the magnetic flux produced
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by the second outer winding 22 in the second primary
leg 12. It would also be possible to connect both primary
windings anti- parallel, which would lead to the same ef-
fect. Alternatively, it would be possible to connect two
primary windings in parallel, whereby the primary wind-
ings comprise winding directions, which are opposite to
each other.

[0032] A first 30 and a second 32 secondary winding
are wound around both inner legs 14, 16, respectively,
having the same winding direction. The secondary wind-
ings 30, 32 are connected in parallel to each other, on
one side by.a direct electrical connection and on-the oth-
er side of the secondary windings by a capacitor C, 40.
The-value of the capacitor C is selected in order to form
a resonance circuit with the first and second secondary
windings at the frequency of the output voltage, for ex-
ample the rated (supply) frequency 50 Hz.

[0033] When the input voltage Up is supplied to the
first and second primary windings (20, 22), which are
serially connected, each of them introduced a magnetic
flux in the first (10) and the second (12) outer leg, respec-
tively. Due to the magnetic connection provided by the
upper (50) and the lower yoke (52) and the electrical con-
nection, the fluxes produced by the input voltage are add-
ed in the outer legs (10,12). Also, the flux induced by
current floating through the secondary windings (30,32),
is added in the inner legs (14, 16), when a load is applied
to the secondary windings.

[0034] Between the first and the second inner leg
(14,16), the upper yoke (50) comprises a section having
an air gap (60). At this section, the magnetic guidance
or reluctance differs from the magnetic guidance or re-
luctance of the remaining yoke. Magnetic guidance or
magnetic reluctance denotes the effective permeability
and the therefore the ability of the magnetic connection,
i.e. the yokes, to concentrate the magnetic flux in the
material. This ability is strictly depending on the effective
permeability of the yoke being dependent on the mag-
netic permeability, the geometry of the magnetic connec-
tion and by effects causing a leakage field, e.g. air gaps.
[0035] The difference of magnetic guidance and there-
fore the effective permeability can also be caused by a
yoke section having a wider or narrower cross section.
Especially a tapering region of the yoke causes a higher
flux density and therefore, the material guiding the mag-
netic flux is at an higher saturation level than the remain-
ing yoke material. Also, a section comprising material
having a lower permeability or magnetic material com-
prising a lower level of maximum saturation would cause
the desired dependency of the magnetic connection on
the flux located in the yoke.

[0036] Wheninputvoltage is applied to the two primary
windings (20, 22) a electromagnetic force EMF isinduced
in the first (30) and the second secondary winding (32)
which are adjacent to the primary windings (20, 22).
[0037] Some current is produced in the first (30) and
inthe second (32) secondary winding and in the capacitor
C, 40, by the EMF and therefore an additional self-EMF
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is induced in the two secondary windings 30, 32. This
self-EMF is constructively added to the EMF induced by
the current floating through the primary windings 20, 22
and thus the voltage provided at condenser C, 40 is ad-
ditionally increased. If the voltage provided at condenser
40 is increased, the current applied to the secondary
windings (30, 32) is increased, leading to a resonance
rise of the additional self-EMF. The limitation of the self-
EMF depends on the saturation characteristics of the
magnetic material of the yokes (50, 52) (and the legs)
which are not linear to the inducing magnetic field. In this
way, the voltage Us provided by the secondary windings
30, 32 is not linear to the input voltage Up which is pro-
vided at the primary windings 20, 22, and further the re-
lation of the input and output voltages is characterised
by the saturation process in which the resonance rise of
the resonance circuit compensates for varying loads at
the secondary (i.e. output) windings and for varying input
voltages applied to the primary windings.

[0038] Intheembodimentshownin Fig. 1b,the number
of turns in the first primary winding n, is equal to the
number of turns of the second primary winding n,’. The
number of turns ng of the first secondary winding is equal
to the number of turns of the second secondary winding
ng'. In this example, n,’ = ng is assumed for sake of con-
venience.

[0039] The first 30 and the second secondary winding
32 represent two inductances which are connected in
series. Therefore, their inductivity is added and connect-
ed in parallel to capacitor C, 40. The inductivity depends
on the geometry of the secondary windings 30, 32, the
respective legs 14,16 as well as on the numbers of turns
Ny and ng; further, the inductivity depends on other effec-
tive permeability which varies with the degree of satura-
tion of the magnetic material of the legs 14, 16. Also, the
material of the yokes 50, 52 is saturated for high magnetic
fluxes. The combined inductivity of the first and second
secondary windings 30, 32 and the value of capacitor C,
40, is chosento be in resonance for the desired frequency
of the output voltage Us, for example 50 Hz. Assuming
the input voltage Up comprising considerable frequency
portions nearby or at the resonance frequency, the sec-
ondary windings will be excited to a resonance at this
frequency. The amount of energy is exchanged between
the capacitor 40 and inductivity of the secondary wind-
ings 30, 32 is resonance rised and limited by the maxi-
mum magnetic flux at which a complete magnetic satu-
ration of the magnetic material at the yoke section having
the highest flux density is reached. Further, the reso-
nance is attenuated by the load occurring at the output
of the secondary windings 30, 32 and by losses due to
magnetic leakage.

[0040] Assuming an input voltage Up applied at the
primary windings 20, 22 and the load occurring at the
second windings 30, 32 shall be neglectable at the be-
ginning. In this case, that magnetic connection, repre-
sented by the upper and lower yoke, is saturated by the
nearly unattenuated resonance circuit formed by the sec-
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ondary windings 30, 32 and the capacity 40.

[0041] The resonance frequency of the resonance cir-
cuit should be at or nearby the frequency of the input
voltage supplied at the primary windings and therefore
the value of the capacity 40 (or the inductivity of the sec-
ondary windings) should be selected to fulfill this condi-
tion. The output voltage Us at the secondary windings
30, 32 is limited by the maximum degree of saturation of
the yokes 50, 52, especially of the section 60 between
both inner legs 30, 32. With an increased load, the res-
onant circuit is attenuated by the load and therefore has
a decreased influence on the saturation. The saturation
is increasingly influenced by the high flux being intro-
duced by the (load) current floating through the second-
ary windings 30, 32 (and the load). Both effects compen-
sate for each other and consequently a de- or increasing
load is balanced by the in- or decreasing influence of the
resonance circuit resulting in a nearly constant output
voltage Us at the secondary windings 30, 32 for a varying
load.

[0042] The behavior curve of the output voltage Up
depending on a varied load (and therefore depending on
the output current) is influenced by additional air gaps
60, 260, 260’ in one 50 or in both yokes 50, 52, taking
into account the magnetic characteristics of the material
as well as the ferromagnetic loss.

[0043] InFig.2, athird embodiments of the transformer
according to the invention is shown. It also comprises
four legs 110-116 connected with two yokes 150, 152
and comprises two primary windings 120, 122 which are
serially connected and arranged symmetrically at the out-
erlegs (110, 112). Further, two secondary windings also
arranged symmetrically atthe inner legs being connected
in series by a capacitor 140 thus forming an resonance
circuit. Between the inner legs 114, 116, one of the yokes
150are interrupted by an air gap 160.

[0044] In contrast to the embodiment shown in Fig.1,
the secondary windings 130, 132 each comprise an in-
termediate tap 170 at which the output voltage Us is sup-
plied. The resonance circuit is formed by the complete
secondary windings 130, 132 and the capacity 140,
whereas the output voltage Us is provided by only a part
of the secondary windings 130, 132, respectively. The
relationship between the windings comprised by this part
of the respective secondary windings and the number of
turns of the total secondary windings 130, 132 gives a
possibility to determine the relation between the input
voltage Up and the constant output voltage Us. Also, the
influence of the resonance circuit on the balancing be-
tween attenuation of the resonance circuit and saturation
of the yokes 150, 152 can be influenced on this way.
[0045] InFig. 3, a fourth embodiment of the transform-
er according to the invention is illustrated. This embodi-
ment has a similar four-legged structure as the embodi-
ments of Fig. 2, but the secondary windings 230, 232,
234, 236 have been divided into two functional parts
which are not electrically connected. The first functional
partis the resonance circuit formed by the capacitor 240
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and first and second secondary windings 230, 232. The
second functional part of the secondary windings is com-
prised by third and fourth secondary windings,234 and
236, both symmetrically arranged at two inner legs 214,
216. These third and fourth secondary windings 234 and
236, are electrically connected and provide an output
voltage Us. With this structure, the output voltage can be
selected absolutely independent from the characteristics
of the resonance circuit, which is formed by the first and
second secondary windings 230, 232 and capacity 240.
The number of turns of all windings has been chosen to
be symmetrical, i.e. np = np’, ns =ns’ and no = no’. The
number of turn for at least one of the windings can also
be asymetrical, depending on the application and desired
behavior characteristics. Between the inner legs 214,
216, the yokes 250, 252 each comprise an air gap 260,
260’ providing the desired influence on saturation char-
acteristic and on attenuation of the resonance circuit.
[0046] Fig. 4 is a chart illustrating the influence of the
width of an air gap. The dependencies between second-
ary output voltage Us, whichis provided by the secondary
windings 30, 32, 130, 132, 230, 232 of the transformer
according to the invention and the current Is floating
through a load connected with the secondary windings
is shown. For a first range of output current Is, which is
denoted as (A) the voltage remains nearly constant at
the voltage value Uc. In a second range (B), the output
voltage Us rapidly breaks down for a small increase of
output current Is. This behavior can be used for short
circuit protection or for overload situations as well as for
a constant current supply with a working point in range
(B), e.g. for welding machines.

[0047] The behavior of the transformer regarding the
output voltage Us and output current Is in range (B) can
be interpreted as the behavior of a constant current
source. Especially with regard to curve (2), the current
remains nearly constant at a value Ic while the voltage
varies over a wide range between Us and 0. The trans-
former according to the invention operating at this work-
ing range or having a working point at this steep decrease
of output voltage U2 is especially accomodated for weld-
ing applications. With a constant current Ic provided at
the output of the transformer, the electric arc is main-
tained stable and thus less sparks are produced and the
welding result is very homogeneous. In general, for pow-
er supply applications using an electric arc at varying
loads, this characteristic of the transformer according to
the invention provides very stable output characteristics.
The characteristics of this second (shut down or constant
current source) area (B) can be selected by amending
the width of the air gap 60, 160, 260, 260’ whereby curve
(1) shows the behavior for a large air gap, e.g. 3 mm,
curve (2) shows the constant current characteristics for
a narrow air gap, e.g. 2 mm. and curve (3) shows the
characteristics for a very small air gap, e.g. 0.5 mm. Itis
to be noted that the core structure of curve (1) introduces
a higher amount of magnetic leakage flux than the core
structures of curve (2) or (3) for a total flux comprised by
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the respective yokes. Therefore, the core structure of
curve (1) has a higher influence on the attenuation of the
resonance circuit as the magnetic leakage flux forms a
major part of the attenuation effects on the resonance
circuit. Also, the higher leakage flux for reasonable loads
influences the magnetic connection between respective-
ly opposed primary and secondary windings, 20, 36, rsp.
22 and 34 and therefore has an impact on the stabilized
output voltage for high load situations.

[0048] In the case of neglectable load connected with
the secondary windings 30, 32, the stabilized output volt-
age atthe secondary windings is defined by the maximum
saturation of the magnetic material and the magnetic
leakage flux while an increasing load attenuates the res-
onance circuit keeping the voltage constant by the de-
creasing balancing effect between the resonance circuit
and the saturation (i.e. the magnetic connection) of the
yoke section between the two inner legs 14, 16.

[0049] As shown in Fig. 5, the usage of a resonance
circuit also enhances the frequency stability of the trans-
former combined with a wave forming feature as the res-
onance circuit has the characteristics of aband passfilter.
The wave forming feature allows a sinus curve at the
output of the transformer, which is nearly independent
from a symmetrical input wave form or the load at the
secondary windings. Any symmetrical waveform sup-
plied atthe input Uin, (i.e. the primary windings), is formed
and as result, the output voltage Uout of the transformer
comprises a sinusoidal form.

[0050] Fig. 6 shows the output voltage characteristics
of the transformer according to the invention. The curves
show the dependency of the voltage U2 at the secondary
windings on the voltage supplied at the primary windings
20, 22, whichis denoted as U1. When the load connected
with the secondary windings 31, 32 is neglectable and
the input voltage supplied to the primary windings 20, 22
reaches a certain value, which is denoted as (b), the volt-
age at the secondary windings reaches a limit value, de-
noted as (d), which is directly related to the saturation
limit of the magnetic circuit. If the supply voltage at the
primary windings increases above (b), an electromag-
netic force is induced in one of the secondary winding 30
adjacent to the respective primary winding 20 according
to the increased value of the voltage at the primary wind-
ings 20,22. This electromagnetic force is equal to the
resultant vector of the two electromagnetic forces in-
duced in the concerned secondary winding 30 by the
adjacent primary winding 20 and the distant primary
winding 22. For the other secondary winding 32, this proc-
ess is provided in a symmetrical manner in the leg 16
around which the other secondary winding 32 is wound,
induced by the flux of the respective adjacent primary
winding 22 and by the flux of the respective distant wind-
ing 20. It is to be noted that the flux induced in an inner
leg (e.g. 14) by the respective adjacent primary winding
(e.g. 22) is always higher or at least different than the
flux induced by the respective distant winding (e.g. 20)
due to the air gap 60 between the inner legs 14, 16. As
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described above, any means capable of decreasing the
magnetic guidance can be used in the yoke sections be-
tween the two inner legs 14, 16. Consequently, a com-
pensation between saturation produced by the load cur-
rent at the secondary windings and saturation produced
by the resonance circuitis established. Therefore the out-
put voltage is stabilized at a nearly constant level (c) ..
(d), while the input voltage at the primary windings can
vary on a wide range (b) .. (a).

[0051] Due tothe reasonable currentin the resonance
circuit formed by the secondary windings 30, 32 and C,
40, the output voltage at the secondary windings (30, 32)
is provided at a constant value as the current in the res-
onance circuit having a phase difference of nearly + 90°
to the phase of the current through the load has a higher
level than the load current at a small load.

[0052] Reducing the input voltage U1 would lead to
less magnetic flux and thus to a lower level of saturation
regarding the magnetic connection 50, 52, 60. A lower
level of saturation causes a better connection at the yoke
section 60 between the two inner legs 14, 16 as well as
a higher current oscillating in the resonant circuit as the
resonant circuit is less attenuated. Due to this, the level
of saturation is increased until the increased attenuation
by saturation is in balance with the lower flux introduced
by the primary windings 20, 22 due to the lower input
voltage. This balancing effect leads to a stable output
voltage, which is in wide ranges independent from the
input voltage.

[0053] AlsoshowninFig.6isthe dependency between
the input voltage and the output voltage for different load
situations. Curve 1 shows the dependency between Ul
and U2 for a neglectable load, Curve 2 shows the de-
pendency between U1 and U2 for a reasonable load and
curve 3 shows the dependency for a high load which is
higher the loads referring to curves 1 and 2. As described
above, a certain input voltage U1 = b, corresponding to
the output voltage U2 =d, a balanced situation is reached
and for increased voltages , the output voltage remains
nearly constant. It is to be noted that for a wide range
b..a of input voltage U1, the output voltage U2 is varied
over a small range d..c, only. The range in which the
output voltage U2 is nearly constant, starts at a minimum
input voltage U1 that depends on the load connected to
the input (i.e. respective secondary windings) of the
transformer. For a high load (curve 3), this minimum input
voltage is higher than the minimum voltage for a low
(curve 2) or neglectable (curve 1) load connected to the
secondary winding.

[0054] Fig. 7 illustrates the behavior of the transformer
according to the invention for varying loads showing a
diagram of the input current 11 which is applied at the
primary winding(s) and the output current 12 produced
at the secondary windings for a varying load R

[0055] For high loads, equivalent to R in the range of
0 .. Rr, a stable current Is is provided at the output. This
corresponds to the "overload" case shown in Fig.4, range
(B). For loads with aresistance larger than Rr, the current
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is continuously decreasing. Even if not shown in this di-
agramm, the corresponding output voltage at the primary
winding(s) is constant. The range for R > Rris equivalent
to the range (A) in Fig. 4. For a better understanding, of
the characteristics of the transformer, Fig. 7 should be
regarded in connection with Fig. 4, whereby Fig. 4 shows
the output voltage characteristics and Fig. 7 shows the
output current characteristics for a varying load (i.e. for
a varying output current).

[0056] The core of the transformer can comprise lam-
inated, sintered or die casted magnetic material which
saturates for high magnetic fluxes. Materials having dif-
ferent saturation characteristics can be provided for dif-
ferent parts of the transformer, i.e. a material 1 for the
inner legs, a material 1’ for the outer legs, a material 2
for the magnetic connection between both inner legs, re-
ferring to an embodiment with four legs. Magnetic mate-
rials such as Permalloy or other ferrite materials can be
used and may be selected depending on the applied fre-
gquencyrange. The transformer according to the invention
can also be used for high frequency applications, e.g.
with a chopper power supply as the wave forming char-
acteristics of the transformer assure a sinusoidal output
wave form. In the case of high frequency input and output
voltages, the core material used for legs and yokes can
be selected accordingly. The core section of the core is
preferably constant and can be squared, round or of sim-
ilar form. The air gap can be formed by a yoke section
with a reduced length leaving out a gap and thus influ-
encing the magnetic connection. Also, ferromagnetic ma-
terials or a yoke section with a reduced cross section can
be used instead of or in combination with the air gap in
order to achieve the desired magnetic properties.
[0057] Inthe shown embodiments, only one capacitor
is used. Itis also possible to use more than one capacitor
in combination with one or more secondary windings.
The capacitor(s) and the secondary winding(s) form a
resonance circuit which can be done by a parallel or serial
connection or an appropriate combination thereof. Hav-
ing more than one capacity and thus more than one res-
onant circuit, the respective resonant frequencies can
differ from each other while the resonant circuits can os-
cillate at least partly independently.

[0058] Also, magnetic materials comprising a magnet-
ic hysteresis can be used for attenuating the resonance
circuit, thereby transforming parts of energy oscillating
between capacitor and inductivity into magnetic loss and
therefore into heat. Further, the copper resistance of the
windings can lead to a substantial loss of oscillating en-
ergy in the resonance circuit and has also to be taken
into account when the attenuations are regarded, which
have an influence on the resonance circuit.

[0059] The primary and / or the secondary windings
can comprise a number of intermediate taps to simplify
an adjustment of the transformer according to varying
voltage or load conditions and according to different ap-
plications.
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Claims

1.

2.

A transformer comprising :

at least a first (1), a second (2) and a third (3)
leg, all legs being essentially parallel aligned to
each other,

at least a first (4) primary winding,

at least a first (5) and a second secondary wind-
ing (6), and

at least a capacitor (7), wherein

at least the first primary winding (4) is wound
around the first leg (1),

at least the first secondary winding (5) is wound
around the second leg (2),

at least the second secondary winding (6) is
wound around the third leg (3),

and

the capacitor (7) being connected to at least one
winding wound around the second leg (2) and
to at least one winding wound around the third
leg (3) forming a resonance circuit, wherein
the first leg (1), the second leg (2) and the third
leg (3) are arranged in this sequence and
magnetically connected by at least an upper (9)
and alower (9') magnetic connection connecting
the respective ends of the legs,

the first (5) and second (6) secondary winding
being electrically connected such that a flux ex-
cited by the first secondary winding (5) in the
second leg (2) is anti-parallel to a flux excited
by the second secondary winding (6) in the third
leg (3),

the secondary windings (5, 6) providing at least
one output voltage, and

at least one of the upper (9) or lower (9') mag-
netic connection comprising a section (8) locat-
ed between the second (2) and the third (3) leg
having a magnetic guidance different to the
magnetic guidance of the magnetic connection
between the first and the second leg.

A transformer comprising :

at least a first (14) and a second (16) inner leg
and a first (10) and a second (12) outer leg, all
legs being essentially parallel aligned to each
other,

additionally at least a first primary winding (20)
and a second (22) primary winding and a first
(30) and a second (32) secondary windings and
at least a capacitor (40), wherein

at least the first primary winding (20) is wound
around the first outer leg (10),

at least the second primary winding (22) is
wound around the second outer leg (12),
atleastthe first secondary winding (30) is wound
around the first inner leg (14),
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at least the second secondary winding (32) is
wound around the second inner leg (16),

and

the capacitor (40) being connected to at least
one winding wound around the firstinner leg (14)
and to at least one winding wound around the
second inner leg (16) forming a resonance cir-
cuit, wherein

the first outer leg (10), the first inner leg (14), the
second inner leg (16) and the second outer leg
(12) are arranged in this sequence and magnet-
ically connected by at least an upper (50) and a
lower (52) magnetic connection connecting the
respective ends of the firstand second inner and
outer legs,

the first (20) and second (22) primary winding
being electrically connected such that a flux ex-
cited by the first primary winding (20) in the first
outer leg (10) is anti-parallel to a flux excited by
the second primary winding (22) in the second
outer leg (12), and

at least one of the upper (50) or lower (52) mag-
netic connection comprising a section (60) lo-
cated between the first (14) and the second (16)
inner leg having a magnetic guidance different
to the magnetic guidance between each of the
outer legs and the adjacent inner leg, respec-
tively.

Transformer according to one of the preceding
claims, wherein
at least one of the secondary windings comprises an
intermediate tap (A, A’; 170) at which the output volt-
age is provided.

Transformer according to claim 1 or 2, comprising a
third secondary winding (234) wound around the first
inner leg (214) and a fourth secondary winding (236)
wound around the second inner leg (216) which are
electrically connected that a flux excited by the third
secondary winding (234) in the first inner leg (214)
is anti-parallel to a flux excited by the fourth second-
ary winding (236) in the second inner leg (212), the
third and fourth secondary winding providing one of
the at least one output voltages and the first and
second secondary winding (230, 232) are connected
electrically with the capacitor (240) thus forming the
resonant circuit.

Transformer according to one of the preceding
claims, whereby the windings providing one of the
at least one output voltages are connected in series
orin parallel.

Transformer according to one of the preceding
claims, whereby the capacitor (40) and the first and
second secondary windings are connected in series
forming the resonance circuit.
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Transformer according to one of the preceding
claims, whereby at least one of the upper (50) and
a lower (52) magnetic connections comprise a yoke
having an air-gap, a section with a cross section dif-
ferent to the remaining yoke, a material having a per-
meability different to the remaining yoke and / or a
saturation dependency on the flux in the section dif-
ferent to the remaining yoke, whereby the section
(60) is located between the legs carrying secondary
windings (14, 16; 5, 6).

Transformer according to one of the preceding
claims, the magnetic connection between the legs
carrying secondary windings (14, 16; 5, 6) having a
dependency on a load connected to at least one of
the secondary windings supplying the output voltage
and on an input voltage which is supplied at least
one of the primary windings (4; 20, 22).

Transformer according to one of the preceding
claims 2 to 8 with one first (20) and one second (22)
primary winding being connected serially or in par-
allel.

Transformer according to one of the claims 2 to 9,
whereby all primary windings have the same winding
direction and / or all secondary windings have the
same winding direction.

Transformer according to one of the preceding
claims comprising at least one magnetic connection
between the legs (5, 6; 14,16) carrying secondary
windings providing a magnetic leakage flux and / or
a ferromagnetic loss .

Transformer according to one of the claims 2 to 11,
wherein at least two primary windings (20, 22) com-
prise the same number of turns (np, np’) and / or at
least two secondary windings (30, 32) comprise the
same number of turns (ng, ng’).

Transformer according to one of the preceding
claims, wherein the legs (2, 3; 14, 16) carrying sec-
ondary windings have a cross section area different
to the cross section area of atleast one leg (1; 10,12)
carrying a at least one primary winding.

Transformer according to one of the preceding
claims, wherein at least one additional primary wind-
ing is wound around one of the inner legs (14, 16)
and electrically connected with the first and second
primary winding (20, 22).

Electrical device comprising a transformer according
to one of the preceding claims.

Electrical device according to claim 15, whereby the
device comprises a welding machine, a electric fur-
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nace or a electrical motor speed control device or an
other devices used for current stabilization, voltage
stabilization, and / or wave filtration.

Patentanspriiche

1. Transformator, der umfafit:

- mindestens einen ersten (1), einen zweiten (2)
und einen dritten (3) Schenkel,

wobei alle Schenkel im wesentlichen parallel zuein-
ander ausgerichtet sind,

- mindestens eine erste (4) Primérwicklung,

- mindestens eine erste (5) und eine zweite Se-
kundarwicklung (6), und

- mindestens einen Kondensator (7), wobei

- mindestens die erste Primarwicklung (4) um
den ersten Schenkel (1) gewickelt ist,

- mindestens die erste Sekundarwicklung (5) um
den zweiten Schenkel (2) gewickelt ist,

- mindestens die zweite Sekundarwicklung (6)
um den dritten Schenkel (3) gewikkelt ist, und

der Kondensator (7) mit mindestens einer Wicklung
verbunden ist, die um den zweiten Schenkel (2) ge-
wickelt ist, und mit mindestens einer Wicklung, die
um den dritten Schenkel (3) gewickelt ist, und einen
Resonanzkreis bildet,

wobei

der erste Schenkel (1), der zweite Schenkel (2) und
der dritte Schenkel (3) in dieser Reihenfolge ange-
ordnetund magnetisch durch mindestens eine obere
(9) und eine untere (9’) magnetische Verbindung ver-
bunden sind, welche die entsprechenden Enden der
Schenkel verbindet,

die erste (5) und die zweite (6) Sekundéarwicklung
derart elektrisch verbunden sind, dal3 ein Flul?, der
durch die erste Sekundarwicklung (5) im zweiten
Schenkel (2) erzeugt wird, antiparallel zu einem FluR
ist, der durch die zweite Sekundéarwicklung (6) im
dritten Schenkel (3) erzeugt wird,

die Sekundarwicklungen (5, 6) mindestens eine Aus-
gangsspannung bereitstellen, und

mindestens eine der oberen (9) oder unteren (9’)
Verbindungen einen Abschnitt (8) umfal3t, der zwi-
schen dem zweiten (2) und dem dritten (3) Schenkel
angeordnet ist, welcher eine magnetische Fihrung
aufweist, die sich von der magnetischen Fihrung
zwischen dem ersten und dem zweiten Schenkel un-
terscheidet.

Transformator, der umfafit:

- mindestens einen ersten (14) und einen zwei-
ten (16) inneren Schenkel, einen ersten (10) und



17

einen zweiten (12) auReren Schenkel, wobei al-
le Schenkelimwesentlichen parallel zueinander
ausgerichtet sind,

- zusétzlich mindestens eine erste Priméarwick-
lung (20) und eine zweite (22) Primarwicklung
und eine erste (30) und eine zweite (32) Sekun-
darwicklung und mindestens einen Kondensa-
tor (40), wobei

- mindestens die erste Primarwicklung (20) um
den ersten auReren Schenkel (10) gewickelt ist,
- mindestens die zweite Primarwicklung (22) um
den zweiten aufReren Schenkel (12) gewickelt
ist,

- mindestens die erste Sekundarwicklung (30)
um den ersten inneren Schenkel (14) gewickelt
ist,

- mindestens die zweite Sekundéarwicklung (32)
um den zweiten inneren Schenkel (16) gewickelt
ist,

und

der Kondensator (40) mit mindestens einer Wicklung
verbunden ist, die um den ersten inneren Schenkel
(14) gewickelt ist, und mit mindestens einer Wick-
lung, die um den zweiten inneren Schenkel (16) ge-
wickelt ist, und einen Resonanzkreis bildet,

wobei

der erste auRere Schenkel (10), der erste innere
Schenkel (14), der zweite innere Schenkel (16) und
der zweite &ufRere Schenkel (12) in dieser Reihen-
folge angeordnet und magnetisch durch mindestens
eine obere (50) und eine untere (52) magnetische
Verbindung verbunden sind, welche die entspre-
chenden Enden der ersten und zweiten inneren und
auleren Schenkel verbindet,

die erste (20) und die zweite (22) Primé&rwicklung
derart elektrisch verbunden sind, daR ein Flul3, der
durch die erste Primarwicklung (20) im ersten auf3e-
ren Schenkel (10) erzeugt wird, antiparallel zu einem
FluR ist, der durch die zweite Primérwicklung (22)
im zweiten &uBeren Schenkel (12) erzeugt wird, und
mindestens eine der oberen (50) oder unteren (52)
Verbindungen einen Abschnitt (60) umfaf3t, der zwi-
schen dem ersten (14) und dem zweiten (16) inneren
Schenkel angeordnet ist, welcher eine magnetische
Fuhrung aufweist, die sich von der magnetischen
Fihrung zwischen jedem der &uf3eren Schenkel und
dem jeweils benachbarten inneren Schenkel unter-
scheidet.

Transformator nach einem der vorhergehenden An-
spriiche, wobei

mindestens eine der Sekundarwicklungen einen
Zwischenabgriff (A, A’; 170) aufweist, an dem die
Ausgangsspannung bereitgestellt wird.

Transformator nach Anspruch 1 oder 2, umfassend
eine dritte Sekundéarwicklung (234), die um den er-

10

15

20

25

30

35

40

45

50

55

10

EP 1559 120 B1

10.

11.

18

sten inneren Schenkel (214) gewickelt ist, und eine
vierte Sekundarwicklung (236), die um den zweiten
inneren Schenkel (216) gewickelt ist, die elektrisch
verbunden sind, so daf ein Fluf3, der durch die dritte
Sekundéarwicklung (234) in dem ersten inneren
Schenkel (214) erzeugt wird, antiparallel zu einem
FluR ist, der durch die vierte Sekundarwicklung (236)
indem zweiten inneren Schenkel (212) erzeugt wird,
wobei die dritte und vierte Sekundarwicklung eine
der mindestens einen Ausgangsspannung bereit-
stellen und die erste und zweite Sekundarwicklung
(230, 232) mitdem Kondensator (240) elektrisch der-
art verbunden sind, daf sie den Resonanzkreis aus-
bilden.

Transformator nach einem der vorhergehenden An-
spriiche, wobei die Wicklungen, die eine der minde-
stens einen Ausgangsspannung bereitstellen, in
Reihe oder parallel geschaltet sind.

Transformator nach einem der vorhergehenden An-
spriiche, wobei der Kondensator (40) und die ersten
und zweiten Sekundarwicklungen in Reihe geschal-
tet sind, um den Resonanzkreis auszubilden.

Transformator nach einem der vorhergehenden An-
spriiche, wobei mindestens eine der oberen (50) und
unteren (52) magnetischen Verbindungen ein Joch
einschlief3t, welches einen Luftspalt, einen Abschnitt
mit einem vom Restjoch abweichenden Querschnitt,
einem Material mit einer vom Restjoch abweichen-
den Permeabilitdt und/oder in dem Abschnitt eine
vom Restjoch abweichende Séttigungsabhéngigkeit
vom FluR aufweist, wobei der Abschnitt (60) zwi-
schen den Schenkeln angeordnetist, welche die Se-
kundarwicklungen (14, 16; 5, 6) tragen.

Transformator nach einem der vorhergehenden An-
spriiche, wobei die magnetische Verbindung zwi-
schen den Schenkeln, welche die Sekundérwicklun-
gen (14, 16;5, 6) tragen, eine Abhangigkeit von einer
Last, die an mindestens eine der die Ausgangsspan-
nung bereitstellenden Sekundarwicklungen ange-
schlossenist, und von einer Eingangsspannung auf-
weist, welche an mindestens eine der Primarwick-
lungen (4; 20, 22) angelegt wird.

Transformator nach einem der vorhergehenden An-
spriiche 2 bis 8 mit einer ersten (20) und einer zwei-
ten (22) Priméarwicklung, die in Reihe oder parallel
geschaltet sind.

Transformator nach einem der vorhergehenden An-
spriiche 2 bis 9, wobei alle Primarwicklungen die
gleiche Wickelrichtung und/oder alle Sekundarwick-
lungen die gleiche Wickelrichtung aufweisen.

Transformator nach einem der vorhergehenden An-
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spriiche, der mindestens eine magnetische Verbin-
dung zwischen den die Sekundarwicklungen tragen-
den Schenkeln (5, 6; 14, 16) aufweist, die einen ma-
gnetischen Streuflu und/oder einen ferromagneti-
schen Verlust liefert.

Transformator nach einem der vorhergehenden An-
spriiche 2 bis 11, wobei mindestens zwei Primar-
wicklungen (20, 22) die gleiche Anzahl von Windun-
gen (np, np’) und/oder mindestens zwei Sekundar-
wicklungen (30, 32) die gleiche Anzahl von Windun-
gen (ng, ng') aufweisen.

Transformator nach einem der vorhergehenden An-
spruche, wobei die Schenkel (2, 3; 14, 16), welche
die Sekundéarwicklungen tragen, eine Querschnitts-
flache aufweisen, die sich von der Querschnittsfla-
che des mindestens einen Schenkels (1; 10, 12) un-
terscheidet, welcher die mindestens eine Primar-
wicklung tréagt.

Transformator nach einem der vorhergehenden An-
spriiche, wobei um einen der inneren Schenkel (14,
16) mindestens eine zusatzliche Primarwicklung ge-
wickelt und elektrisch an die erste und die zweite
Priméarwicklung (20, 22) angeschlossen ist.

Elektrische Vorrichtung, die einen Transformator
nach einem der vorhergehenden Anspriiche enthélt.

Elektrische Vorrichtung nach Anspruch 15, wobei
die Vorrichtung eine Schwei3maschine, einen Elek-
troofen oder eine Elektromotor-Drehzahlregelungs-
vorichtung oder eine andere Vorrichtung umfal3t, die
zur Stromstabilisierung, Spannungsstabilisierung
und/oder Wellenfilterung verwendet wird.

Revendications

1.

Transformateur comprenant :

au moins une premiére (1), une deuxieme (2) et
une troisieme (3) branches, toutes les branches
étantfondamentalementalignées parallélement
les unes aux autres,

au moins un premier (4) enroulement primaire,
au moins un premier (5) et un deuxieme (6)
enroulements secondaires, et

au moins un condensateur (7), dans lequel

au moins le premier enroulement primaire (4)
est bobiné autour de la premiéere branche (1),
au moins le premier enroulement secondaire (5)
est bobiné autour de la deuxieme branche (2),
au moins le deuxiéme enroulement secondaire
(6) est bobiné autour de latroisieme branche (3),
et

le condensateur (7) étant connecté a au moins
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un enroulement bobiné autour de la deuxieme
branche (2) et a au moins un enroulement bo-
biné autour de la troisieme branche (3) en cons-
tituant un circuit résonant,

dans lequel

la premiére branche (1), la deuxieme branche (2) et
la troisieme branche (3) sont disposées dans cet or-
dre et connectées magnétiquement par au moins
une connexion magnétique supérieure (9) et une
connexion magnétique inférieure (9’) connectant les
extrémités respectives des branches,

les premier (5) et deuxiéme (6) enroulements secon-
daires étant électriquement connectés de maniére
a ce qu'un flux excité dans la deuxiéme branche (2)
par le premier enroulement secondaire (5) soit anti-
paralléle par rapportaun flux excité dans latroisieme
branche (3) par le deuxieme enroulement secondai-
re (6),

les enroulements secondaires (5, 6) délivrant au
moins une tension de sortie, et

au moins I'une des connexions magnétiques supé-
rieure (9) ou inférieure (9°) comprenant une section
(8) située entre les deuxiéme (2) et troisieme (3)
branches, ayant un guidage magnétique différent du
guidage magnétique de la connexion magnétique
entre les premiére et deuxieme branche.

Transformateur comprenant :

au moins une premiére (14) et une deuxieme
(16) branches intérieures et une premiere (10)
et une deuxieme (12) branches extérieures, tou-
tes les branches étant fondamentalement ali-
gnées parallélement les unes aux autres,

de plus au moins un premier enroulement pri-
maire (20) et un deuxieme enroulement primaire
(22) et un premier (30) et un deuxieme (32) en-
roulements secondaires, et au moins un con-
densateur (40), dans lequel

au moins le premier enroulement primaire (20)
est bobiné autour de la premiére branche exté-
rieure (10),

au moins le deuxiéme enroulement primaire
(22) est bobiné autour de la deuxieme branche
extérieure (12),

au moins le premier enroulement secondaire
(30) est bobhiné autour de la premiére branche
intérieure (14),

au moins le deuxieme enroulement secondaire
(32) est bobiné autour de la deuxiéme branche
intérieure (16), et

le condensateur (40) étant connecté a au moins
un enroulement bobiné autour de la premiére
branche intérieure (14) et a au moins un enrou-
lement bobiné autour de la deuxieme branche
intérieure (16) en constituant un circuitrésonant,
dans lequel
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la premiére branche extérieure (10), la premiéere
branche intérieure (14), la deuxiéme branche in-
térieure (16) et la deuxiéme branche extérieure
(12) sont disposées dans cet ordre et connec-
tées magnétiguement par au moins une con-
nexion magnétique supérieure (50) et une con-
nexion magnétique inférieure (52) connectant
les extrémités respectives des premiéres et
deuxiémes branches intérieures et extérieures,
les premier (20) et deuxiéme (22) enroulements
primaires étant électriquement connectés de
maniére a ce qu’un flux excité dans la premiere
branche extérieure (10) par le premier enroule-
ment primaire (20) soit antiparalléle par rapport
a un flux excité dans la deuxiéme branche ex-
térieure (12) par le deuxiéme enroulement pri-
maire (22), et

au moins I'une des connexions magnétiques su-
périeure (50) ou inférieure (52) comprenant une
section (60) située entre les premiére (14) et
deuxiéme (16) branches intérieures, ayant un
guidage magnétique différent du guidage ma-
gnétique entre respectivement chacune des
branches extérieures et la branche intérieure
adjacente.

Transformateur selon I'une des revendications pré-
cédentes, dans lequel

au moins I'un des enroulements secondaires com-
prend une prise intermédiaire (A, A’; 170) sur la-
quelle est délivrée la tension de sortie.

Transformateur selon la revendication 1 ou 2, com-
prenant un troisieme enroulement secondaire (234)
bobiné autour de la premiere branche intérieure
(214) etun quatriéme enroulement secondaire (236)
bobiné autour de la deuxiéme branche intérieure
(216), quisont électriquement connectés de maniére
a ce qu'un flux excité dans la premiére branche in-
térieure (214) par le troisieme enroulement secon-
daire (234) soit antiparallele par rapport a un flux
excité dans la deuxieme branche intérieure (212) par
le quatrieme enroulement secondaire (236), les troi-
siéme et quatrieme enroulements secondaires déli-
vrant 'une des au moins une des tensions de sortie
et les premier et deuxieme enroulements secondai-
res (230, 232) sont électriquement connectés avec
le condensateur (240), constituant ainsi le circuit ré-
sonant.

Transformateur selon I'une des revendications pré-
cédentes, dans lequel les enroulements délivrant
I'une des au moins une des tensions de sortie sont
connectés en série ou en paralléle.

Transformateur selon I'une des revendications pré-
cédentes, dans lequel le condensateur (40) et les
premier et deuxieme enroulements secondaires

10

15

20

25

30

35

40

45

50

55

12

EP 1559 120 B1

10.

11.

12.

13.

14.

22

sont connectés en série en constituant le circuit ré-
sonant.

Transformateur selon I'une des revendications pré-
cédentes, dans lequel au moins l'une des con-
nexions magnétiques supérieure (50) et inférieure
(52) comprend un étrier comportant un espace d'air,
une section avec une section transversale différente
de celle du reste de I'étrier, un matériau ayant une
perméabilité différente de celle du reste de I'étrier
et/ou une dépendance de la saturation vis-a-vis du
flux dans la section différente de celle du reste de
I'étrier, dans lequel la section (60) est située entre
les branches portant les enroulements secondaires
(14, 16 ; 5, 6).

Transformateur selon I'une des revendications pré-
cédentes, la connexion magnétique entre les bran-
ches portant les enroulements secondaires (14, 16 ;
5, 6) ayant une dépendance vis-a-vis d’'une charge
connectée a au moins I'un des enroulements secon-
daires délivrant la tension de sortie et vis-a-vis d'au
moins une tension d’entrée qui est délivrée & au
moins I'un des enroulements primaires (4 ; 20, 22).

Transformateur selon I'une des revendications 2 a
8 précédentes avec un premier (20) et un deuxiéme
(22) enroulements primaires connectés en série ou
en parallele.

Transformateur selon I'une des revendications 2 a
9, dans lequel tous les enroulements primaires ont
le méme sens d’enroulement et/ou tous les enrou-
lements secondaires ont le méme sens d’'enroule-
ment.

Transformateur selon I'une des revendications pré-
cédentes, comprenant au moins une connexion ma-
gnétique entre les branches (5, 6 ; 14, 16) portant
les enroulements secondaires en apportant un flux
magnétique de fuite et/ou une perte ferromagnéti-
que.

Transformateur selon I'une des revendications 2 a
11, dans lequel au moins deux enroulements primai-
res (20, 22) comprennent le méme nombre de tours
(ny, ny') et/ou au moins deux enroulements secon-
daires (30, 32) comprennent le méme nombre de
tours (ng, ng).

Transformateur selon I'une des revendications pré-
cédentes, dans lequel les branches (2, 3 ; 14, 16)
portant les enroulements secondaires ont une sur-
face de section transversale différente de la surface
de section transversale d’au moins une branche (1 ;
10, 12) portant au moins un enroulement primaire.

Transformateur selon I'une des revendications pré-
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cédentes, dans lequel au moins un enroulement pri-
maire additionnel est bobiné autour d’'une des bran-
ches intérieures (14, 16) et électriguement connecté
avec les premier et deuxiéme enroulements primai-
res (20, 22).

Dispositif électrique comprenant un transformateur
selon l'une des revendications précédentes.

Dispositif électrique selon la revendication 15, dans
lequel le dispositif comprend une machine a souder,
un four électrique ou un dispositif de commande de
moteur électrique ou un autre dispositif utilisé pour
la stabilisation de courant, la stabilisation de tension,
et/ou le filtrage d'onde.
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