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Description
TECHNICAL FIELD

[0001] The present disclosure generally relates to
electrical transformers. In particular, it relates to power
distribution transformers, and more particularly, to trian-
gular core transformers manufactured in split core con-
figuration.

BACKGROUND OF THE INVENTION

[0002] Triangular core transformers are known to gen-
erally have lower material usage compared to traditional
planar cores in order to reach the same performance,
namely with respect to the criteria no-load loss, in par-
ticular core loss, and load loss, i.e., in particular winding
loss. The amount of material usage for given losses de-
pends on the way in which the core is realized. Itis known
that wound cores have lower losses in comparison to
stacked cores, the losses of hybrid wound-stacked cores
falling in-between the two. A reduction of the material
usage can be achieved if both the low voltage (LV) and
the high voltage (HV) windings/coils are wound directly
on the core, and if one uses special cross-sections of the
core legs (namely, the so called pizza or diamond
shapes) allowing for more compact transformers.
[0003] The performance of atransformer coreisafunc-
tion of different parameters. To name a few, factors are
the peak magnetic flux density in the core, the applied
frequency, and the irregularities in the magnetic flux path.
For the latter, joints are an important factor. At joints,
physically distinct portions, i.e. segments, of the ferro-
magnetic core abut each other, so that the flux has to
pass a physical gap. Though the gapis usually minimized
by design, and also frequently by exerting a force to min-
imize the gap, gaps typically significantly influence trans-
former losses. Thus, regarding the aspect of the gap in-
fluence, an ideal core would have a closed loop charac-
teristics without any gaps. However, using conventional
winding equipment, this is typically designed to wind the
coil on a transformer leg which has an end, so that a
rotational member of the winding machine can perform
a continuous rotational motion of the leg, and wherein
only after the winding is completed, the yoke is put in
place in order to complete the core. This rotational core
leg motion is however not possible to perform with an
initially closed core. Instead, in that case the conductor
would have to be perpetually transferred from one rota-
tional member to another.

[0004] CN 2007/10037948 discloses a wound triangu-
lar core. Wound triangular cores are made of three sep-
arate and identical core loops. Each core loop is a mag-
netically closed loop without any joints in the magnetic
flux path. The difficulty with such a core is to wind high
voltage (HV) and low voltage (LV) windings on the al-
ready completed core, which - as described above - can-
not be done using traditional tools and requires special
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techniques. Nevertheless, as stated earlier, the main ad-
vantage of this core is the lower no-load loss. In order to
solve the problem of cumbersome LV and HV winding
on the complete core, one can create openings in one of
the top or bottom yokes of each core loop. When the core
loops are put together to form the triangular footprint or
configuration, the windings, which are wound separately,
can be put on the core legs, and the core can then be
closed and clamped.

[0005] Further, there are stacked triangular cores, us-
ing a similar concept as traditional planar cores. WO
2005/027155 A1 discloses a transformer with stacked
triangular core. Therein, legs and yokes are stacked sep-
arately and assembled finally to form the complete trans-
former. The coils in such a core can be wound directly
on the core leg, allowing for further optimization of ma-
terial usage. The yokes in such a core can be straight,
bent, or folded.

[0006] US 2689396 A and US 2952068 A disclose
transformers with hybrid triangular cores. Thereby, the
legs are made of stacked laminations, and the top and
bottom yokes each form a single body made of wound
laminations.

[0007] However, known configurations suffer from ei-
ther a cumbersome winding process in the case of a
closed core, or from an improvable loss characteristics
due to the presence of gaps for the magnetic flux, par-
ticularly when the magnetic flux lines have to significantly
change direction in the vicinity of the gaps.

[0008] Inview of the above, there is a need for a trans-
former design which further improves the loss character-
istics of the known solutions, and further reduces the
weight-per-loss ratio.

SUMMARY OF THE INVENTION

[0009] The problems mentioned above are at least
partly solved by a transformer according to claim 1 and
a method according to claim 9.

[0010] In a first aspect, a triangular transformer is pro-
vided. It comprises at least three coils; a core composed
of three core frames, wherein each core frame is com-
posed of at least two distinct elongated frame sections
comprising layered sheets of a ferromagnetic material,
each frame section having two end portions, wherein
each end portion of a first frame section abuts at least
one end portion of a second frame section at a joint re-
gion, and wherein atleast two normal vectors on abutting
sheets of the abutting end portions have the same direc-
tion; and wherein the at least two normal vectors are sub-
stantially parallel to a lontigudinal axis (A) of the trans-
former, and/or a cross-sectional plane (a) through the at
least one joint region and perpendicular to the abutting
sheets of that at least one joint region is substantially
parallel to the longitudinal axis of the transformer.
[0011] A method of producing a triangular transformer
with a split core is provided. It comprises producing C-
shaped frame sections by laminating sheets of a ferro-
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magnetic material; winding transformer coils onto legs of
the core, each leg composed by at least one C-shaped
frame section; mounting the C-shaped frame sections
together to form the transformer; wherein in at least one
joint region comprising a first end portion of a first frame
section and an abutting second end portion of a second
frame section, the normal vectors of abutting end portions
of abutting sheets have the same direction, and wherein
the at least two normal vectors are substantially parallel
to a longitudinal axis (A) of the transformer, and/or a
cross-sectional plane (a) through the at least one joint
region and perpendicular to the abutting sheets of that
at least one joint region is substantially parallel to a lon-
gitudinal axis of the transformer.

[0012] In conventional transformer cores as described
further above, a grain orientation of the metal of the
sheets is typically perpendicular across the joints be-
tween different parts of the core, for example across the
joints between legs and the yoke. Consequently, when
the magnetic flux lines close their path across the joints,
they effectively need to bend by about 90°. For the delta-
configuration split-core triangular transformers accord-
ing to embodiments, the laminated metal sheets of one
C-shaped frame section are parallel to the corresponding
sheets of the second, abutting C-shaped frame section
at the joint between the sections. As a result, the grain
orientation remains aligned across the joint. This means,
that when the magnetic flux lines close their path across
the joint, they don’t need to bend or change direction/ori-
entation. For the star-configuration split-core triangular
transformer according to embodiments, for example with
30° miter joints, grain orientation across the joints chang-
es by 60°. As a result, when the magnetic flux lines close
their path across the joints, they need to bend by 60°,
which provides for lesser losses than in conventional
cores. See also the comparison results shown in table
1, which are discussed further below.

[0013] The disclosed core configurations according to
embodiments can result in better usage of space and
hence optimally reduced usage of material, especially
when combined with direct-on-the-core winding technol-
ogy. One can further reduce the material usage by mak-
ing use of special core leg cross-sections, typically the
"pizza" and "diamond" shape.

[0014] Further aspects, advantages and features of
the present invention are apparent from the dependent
claims, the description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Afullandenablingdisclosure, including the best
mode thereof, to one of ordinary skill in the art is set forth
more particularly in the remainder of the specification,
including reference to the accompanying figures where-
in:

[0016] Fig. 1 schematically shows a perspective view
of a transformer according to embodiments;

[0017] Fig. 2 schematically shows a top view of the

10

15

20

25

30

35

40

45

50

55

transformer of Fig. 1;

[0018] Fig. 3 schematically shows part of a method for
producing a transformer according to Fig. 1;

[0019] Fig. 4 schematically shows a perspective view
of a part of the transformer of Fig. 1, which is an inter-
mediate product during the production of the transformer;
[0020] Fig. 5 schematically shows a perspective view
of a further part of the transformer of Fig. 1, which is an
intermediate product during the production of the trans-
former;

[0021] Fig. 6 schematically shows a perspective view
of a transformer according to further embodiments;
[0022] Fig. 7 schematically shows a top view of the
transformer of Fig. 6;

[0023] Fig. 8 schematically shows part of a method for
producing a transformer according to Fig. 6;

[0024] Fig. 9 schematically shows a perspective view
of a part of the transformer of Fig. 6, which is an inter-
mediate product during the production of the transformer;
[0025] Fig. 10 schematically shows a perspective view
of a further part of the transformer of Fig. 6, which is an
intermediate product during the production of the trans-
former;

[0026] Fig. 11 schematically shows a perspective view
of a transformer according to further embodiments;
[0027] Fig. 12 schematically shows a top view of the
transformer of Fig. 11;

[0028] Fig. 13 schematically shows part of a method
for producing a transformer according to Fig. 11;
[0029] Fig. 14 schematically shows a perspective view
of a part of the transformer of Fig. 11, which is an inter-
mediate product during the production of the transformer;
[0030] Fig. 14 schematically shows a perspective view
of a further part of the transformer of Fig. 11, which is an
intermediate product during the production of the trans-
former;

[0031] Fig. 16 schematically shows sheets of trans-
formers according to the transformer of Fig. 11;

[0032] Fig. 17 schematically shows a magnetic flux in
abutting core sections of a prior art transformer;

[0033] Fig. 18 schematically shows a magnetic flux in
abutting core sections transformers according to embod-
iments;

[0034] Fig. 19 shows a method of clamping a trans-
former according to the transformer of Fig. 11;

[0035] Fig. 20 to Fig. 22 show cross sectional views of
transformers according to embodiments shown in Fig. 1
and Fig. 2;

[0036] Fig. 23 to Fig. 25 show cross sectional views of
transformers according to embodiments shown in Fig. 5
and Fig. 6, and in Fig. 11 and Fig. 12.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Reference will now be made in detail to various
embodiments, one or more examples of which are illus-
trated in each figure. Each example is provided by way
of explanation and is not meant as a limitation. For ex-
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ample, features illustrated or described as part of one
embodiment can be used on or in conjunction with other
embodiments to yield yet further embodiments. It is in-
tended that the present disclosure includes such modifi-
cations and variations.

[0038] Withinthe following description of the drawings,
the same reference numbers refer to the same compo-
nents. Generally, only the differences with respect to the
individual embodiments are described. When several
identical items or parts appear in a figure, not all of the
parts have reference numerals in order to simplify the
appearance.

[0039] The systems and methods described herein are
not limited to the specific embodiments described, but
rather, components of the systems and/or steps of the
methods may be utilized independently and separately
from other components and/or steps described herein.
Rather, the exemplary embodiment can be implemented
and used in connection with many other applications.
[0040] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. In accord-
ance with the principles of the invention, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing. As used
herein, the terms C-shaped and U-shaped are used in-
terchangeably, and are intended to describe a structure
which has basically the shape of the respective letter C
or U. Thereby, the shape is intended to be descriptive
for any bent elongated body which substantially resem-
bles that shape - for example, also a half circle, a half
ellipsoid, or a structure with curves of different radii and
also straight portions is regarded to be C-shaped in this
regard. In particular, the C-shaped structure may have
features which deviate from a perfect rounded structure,
for example edges and corners. Further, various geo-
metrical expressions as used herein are typically related
to a transformer having a longitudinal axis. For the defi-
nition of terms like "top" and "bottom", it is assumed that
this axis is oriented vertically with respect to the surface
of the earth, which is in compliance with the geometry
and configuration of most delta transformers.

[0041] Fig. 1 shows atriangular transformer according
to embodiments, Fig. 2 shows a different viewing angle.
As shown in Fig. 1 and Fig. 2, the transformer 10 has a
delta-footprint, in the following also called delta configu-
ration. The core 10 comprises three core frames 50, 51,
52, which may also be regarded as core loops, as they
provide closed, basically ring-shaped structures for the
magnetic flux during operation of the transformer 10.
Each core frame is composed of two distinct elongated
frame sections 21, 22, 23, 24, 25, 26, which are substan-
tially symmetrical to each other, wherein the end portions
30, 31 may not be exactly symmetrical, but be shaped
to fit to each other like key and slot or groove and tongue.
The frame sections comprise layered sheets 35 of a fer-
romagnetic material, i.e., oriented, non-oriented, cold-
rolled, hot-rolled, amorphous, domain refined, or laser
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scribed steel, or ferrites. At joint regions 40, 41, the two
frame sections 21, 22, 23, 24, 25, 26 of a core frame 50,
51, 52 are in contact with each other. More precisely, two
end portions 30, 31 of the frame sections abut in a joint
region 40 at the bottom of the transformer with respect
to a longitudinal axis A, see Fig. 2, and at a further joint
region 41 at the top of the transformer 10 with respect to
axis A. Thereby, in the embodiment shown, the stacked
layered sheets 35 of the frame sections 21, 22, 23, 24,
25, 26 have different lengths with respect to each other.
Thereby, both end portions 30, 31 of the two frame sec-
tions 21,22, 23, 24, 25, 26, together forming a core frame
50, 51, 52, are adapted such that the abutting end por-
tions 30, 31 are like key and slot, resulting in a tight match
that would not be achievable with, e.g., plane end por-
tions 30, 31.

[0042] The abutting end portions 30, 31 of two frame
sections comprise end portions of the individual sheets
35. A sheet 35 of a first end portion 30, 31 typically abuts
a sheet of the other frame section, refer to joint region
41 in Fig. 1. Thus, the orientation and direction in space
of abutting sheets 35 of two connected, abutting frame
sections 21, 22, 23, 24, 25, 26 are typically the same.
Differently expressed, the orientation of the at least two
normal vectors on abutting sheets 35 of the abutting end
portions 30, 31 have the same direction. Further, at least
two normal vectors of the abutting sheets are substan-
tially parallel to a longitudinal axis A of the transformer
10. Also, a cross-sectional plane a through the at least
onejointregion 40,41, whichis perpendicular to the abut-
ting sheets 35 of that at least one joint region is substan-
tiallyparallel to a longitudinal axis of the transformer. This
can be seen as a consequence from the split-core, with
the joint regions 40, 41 being in the top and bottom re-
gions of the transformer. InFig. 1, plane a is only depicted
once for illustrational purposes only. Due to the rotational
symmetry of the transformer 10 about axis A, a similar
plane a also exists for all of the three core frames.
[0043] The core frames 50, 51, 52, or split-core loops,
are comprised by two C-shaped frame sections. Thereby,
each of the three legs 70, 71, 72 of the core 20 is a side-
by-side arrangement of two C-shaped frame sections.
This becomes apparent when regarding Fig. 2. For ex-
ample, frame sections 21 and 26 belong to the different
core frames 50, and 51, respectively. Together, they
side-by-side form leg 70, around which coil 60 is wound.
The two core frames 50 and 51 thus together form one
leg 70 of the core 20. In Fig. 2, the top view on transformer
10 having a delta configuration with a longitudinal axis A
also shows, that when two C-shaped frame sections join
each other at joint region 41 at their top end (bottom end
not visible in Fig. 2), they form a top yoke, and the bottom
yokes.

[0044] Fig. 3 shows how a frame section 21, 22, 23,
24, 25, 26 is produced according to embodiments. The
sheet shown in Fig. 3l is produced by cutting the raw
ferromagnetic material to obtain a rectangular sheet. The
sheet is then folded four times by 45° at different folding
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edges, in order to obtain the shape shown in Fig. 3 II. In
order to obtain the end portions 30, 31 shaped as already
described above, the folding edges of the various sheets
are located asymmetrically with respect to the middle of
the longer side of the sheets. With each stacked sheet,
respectively with each laminated further sheet 35, the
position of the folding edges is shifted during the process,
so that the end portion 30, 31 is shaped in the manner
already described, see Fig. 3 VI. A plurality of the inter-
mediate product of Fig. 3 VI is then assembled to yield
a frame section 22, 23, see Fig. 4. In embodiments, the
sheets may also be cut and bent, so that a plain end
section 30, 31 results. In this case, other measures
should be additionally taken in order to ensure stability
of the core 20, respectively the transformer 10.

[0045] Fig. 4 shows a side-by-side arrangement of two
frame sections 22, 23, together forming leg 72. On leg
72, a coil 60, 61, 62 is subsequently wound, typically
comprising a high voltage (HV) coil and a low voltage
(LV) coil. The resulting arrangement is shown in Fig. 5
and herein called phase 66, 67, 68, and forms one part
of the transformer 10 according to embodiments repre-
senting the side-by-side split core transformer. Three of
these phases 66, 67, 68 are subsequently mounted to-
gether in order to form the completed transformer as
shown in Fig. 1and Fig. 2. Typically, the assembled trans-
former 10 is also equipped with a clamping device exert-
ing a force on the core, i.e., the core frames and frame
sections, from an outside direction. This serves for the
purpose of stabilizing the core and transformer during
operation. This is not shown in the present embodiment.
It is referred to Fig. 23, where the clamping is described
with respect to further embodiments.

[0046] Fig. 6 shows atriangulartransformer 10 accord-
ing to furtherembodiments, and Fig. 7 shows arespective
top view. Differing from the transformer 10 described with
respect to Fig. 1 and Fig. 2, in Fig. 6 a so called back-to-
back configuration is shown. Therein, the sheets of which
the core frames 50, 51, 52 are composed, are produced
differently, resulting in a different shape of the resulting
core frames 50, 51, 52 and frame sections 21, 22, 23,
24, 25, 26. In Fig. 6, it is shown that the plane between
two frame sections is vertical. This is further illustrated
in and explained with respectto Fig. 8. Animportant char-
acteristics is to have a constant width along the length
of the individual laminations or sheets 35, which signifi-
cantly simplifies the cutting and stacking procedure.
[0047] Thereby, the angle between the normal vectors
of the laminations of the legs and the yokes, sharing one
frame section, is about 138,6°. This means that the sum
of the two fold angles should typically be 138,6°. The
individual values of the two folding angles can be arbi-
trarily chosen, for example according to the requirement
of cost efficient and practical production. The total
number of folds in both the side-by-side production proc-
ess (transformer shown in Fig. 1 and Fig. 2) and back-
to-back configuration (transformer shown in Fig. 6 and
Fig. 7) concepts are typically the same for the same
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number of laminated sheets.

[0048] Compared to the transformer 10 of Fig. 1, the
orientation and direction in space of abutting sheets 35
of two connected, abutting frame sections 21, 22, 23, 24,
25, 26 are also typically the same. Thus, the orientation
of the at least two normal vectors on abutting sheets 35
of the abutting end portions 30, 31 have the same direc-
tion. However, the normal vectors of the abutting sheets
35 are not parallel to a longitudinal axis A of the trans-
former 10. Yet, a cross-sectional plane a through the at
least one joint region 40, 41, which is perpendicular to
the abutting sheets 35 of that at least one joint region is
typically substantially parallel to the longitudinal axis of
the transformer. Similar as with the transformer of Fig.
1, this can be seen as a consequence from the split-core
concept, with the joint regions 40, 41 being in the top and
bottom regions of the transformer.

[0049] The process of manufacturing the side-by-side
and back-to-back type transformers according to embod-
iments can be summarized as follows: Sheets of the fer-
romagnetic core material are typically cut, or otherwise
manufactured, to bring them to adequate dimensions fit-
ting to the intended dimensions of the core. The resulting
sheets 35 are folded as described before. The folded
sheets are subsequently stacked or laminated in order
to produce the C-shaped frame sections 21, 22, 23, 24,
25, 26 as exemplarily shown in Fig. 8, | to VI. Thereby,
typically the two variants as described above with respect
to Fig. 3 to Fig. 5 on the one hand, or Fig. 8 to Fig. 10
may be employed to make the C-shaped frame sections.
Two of the so produced C-shaped frame sections are
subsequently arranged in the side-by-side or back-to-
back configurations, to form an arrangement which sub-
sequently serves as a transformer leg 70, 71, 72. Thus,
the so produced frame section comprises one transform-
er leg. The portions of the frame sections 21, 22, 23, 24,
25, 26 protruding out of the wound coil 60, 61, 62, typically
form the associated top and bottom half-yokes after as-
sembly of the transformer 10.

[0050] Next, the coils 60, 61, 62, typically each having
a LV and a HV winding part, are wound on the thus-
produced frame section to complete one phase 66 as
shown in Fig. 5 for a side-by-side configuration, and in
Fig. 10 for a back-to-back configuration. This process is
then repeated for the other two phases 67 and 68 (not
shown). The thus produced three phases are joined or
mounted in order to complete the triangular transformer
as shown in Fig. 1 and Fig. 2, or Fig. 6 and Fig. 7, re-
spectively.

[0051] As shown in Fig. 11, a so called star-footprint
(or star configuration) split-core triangular transformer 10
according to embodiments is comprised of three C-
shaped frame sections 21, 23, 25 joined together at their
ends 30, 31 (end-to-end configuration) to form the star
footprint of the core of the transformer 10. Thereby, the
core frames 50, 51, 52 are comprised by two neighboring
frame sections 21, 23, 25 each. This is different from the
embodiments described above, where three pairs of two
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C-shaped frame sections 21, 22, 23, 24, 25, 26 form a
core frame 50, 51, 52 each. In the embodiment of Fig.
11, each C-shaped frame section 21, 23, 25 makes a
complete leg 70, 71, 72, and a top and bottom yoke con-
nected to that leg. The yokes are connected together,
with respect to an axis A, at the center of the transformer.
This is different from the described delta-footprint split
core triangular transformer, in which each C-shaped
frame section only contains half of the corresponding top
and bottom yokes, and each leg is a back-to-back or side-
by-side configuration of two C-shaped sections 21, 22,
23, 24, 25, 26. Further, the cross-sectional area of each
C-shaped frame section in the star-footprint core is ap-
proximately twice that of each C-shaped section in the
delta-footprint core, when transformers with the same
power ratings are compared.

[0052] The process of making a star-footprint split-core
triangular transformer can be summarized as follows. As
shown in Fig. 13, the sheets of ferromagnetic material
are cut and shaped. Subsequently, they are folded, and
the individual laminations are stacked to form one C-
shaped frame section comprising one core leg and two
(top and bottom) yokes as shown in Fig. 14 and Fig. 15.
The shaping process consists of two 30° miter cuts. In
order to facilitate the step-lap joining of the three core
sections, the miters need to be done with differentlengths
for different layers, as is shown in Fig. 16 for five different
sheets 35, which later form five layers of the core section:
From lefttorightin Fig. 16, the relation between the length
ofthe leftend side and the right end side gradually varies.
Then, the LV and HV windings 60, 61, 62 are wound
directly on the core leg 70, 71, 72 to form one of the three
phases 66, 67, 68. The three assembled phases in the
star footprint are then joined to form the star configuration
transformer 10 of Fig. 11 and Fig. 12.

[0053] In Table 1, various parameters are shown for a
of transformers according to embodiments (delta-foot-
print triangular transformer, as shown in Fig. 1, 2, 6, and
7, and star-footprint triangular as in Fig. 11 and Fig. 12),
in comparison to known transformers. It can be seen that
in particular to the total cross section of joints respectively
gaps, the transformers of embodiments are better (less
cross section) than all other variants except the wound,
gapless transformer. However, the latter has severe dis-
advantages due to the winding procedure, as was laid
out above. The same competitive situation can be re-
garded with respect to the bend angles of the magnetic
flux, which is lowest in transformers according to embod-
iments, with the same exception of the wound core.
These angles are shown exemplarily for a known trans-
former in Fig. 17. Typically, the flux line has to bend by
90°. To the contrary, in the lower sketch of Fig. 18, the
flux lines (indicated by the arrow) in a transformer ac-
cording to embodiments such as in Fig. 1 and Fig. 2 are
shown, where the flux lines protrude straight, also over
joints, as exemplarily shown. The upper sketch in Fig. 18
shows the flux lines (indicated by the arrows) in a star
configuration transformer according to embodiments,
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such as of Fig. 11 and Fig. 12. The flux lines have to
bend, but only by 60°, which is better than in the prior art
stacked transformers and thus produces less loss.
[0054] Fig. 19 shows an example for a clamping device
and schematically a method for reinforcing transformers
according to embodiments, starting with a base plate 101
of a clamping device 100. It is noted that most of the
transformers described herein need an external clamp-
ing to be stable. As this is a concept well known to the
skilled person, this was not accounted for in greater de-
tail. Several known clamping techniques can be adapted
to the embodiments described herein using standard
knowledge. In Fig. 19, a star configuration transformer
10is shown, which is stabilized by clamping with a clamp-
ing device 100.

[0055] Fig. 20 shows a cross-sectional view of a trans-
former 10 according to embodiments as shown in Fig. 1
and Fig. 2, having a side-by-side configuration. The three
legs 70, 71, 72 have an outline resembling a circle, and
accordingly the windings 60, 61, 62 have a round cross
section. In Fig. 21, a similar transformer 10 to that of Fig.
20 is shown, wherein the cross section resembles a circle
segment, or a "pizza slice", hence the type of the cross
section is also called pizza type. Fig. 22 shows a further
transformer 10 similar to that of Fig. 20, wherein the out-
line of the legs 70, 71, 72 resembles a diamond. The
three shapes described before are advantageous with
respect to an efficient material usage per unit of nominal
power rating of the transformer. In order to implement
them, sheets of varying width are employed during the
manufacturing process of the transformer 10.

[0056] Fig. 23 shows a cross-sectional view of a trans-
former 10 according to embodiments as shown in Fig. 6
and Fig. 7, having a back-to-back configuration, or to
embodiments as shown in Fig. 11 and Fig. 12, having a
star configuration. The three legs 70, 71, 72 have an out-
line resembling a circle, and accordingly the windings 60,
61, 62 have a round cross section. In Fig. 24, a similar
transformer 10 to that of Fig. 23 is shown, wherein the
cross section resembles a circle segment, or a "pizza
slice", hence the type of the cross section is also called
pizza type. Fig. 25 shows a further transformer 10 similar
to that of Fig. 24, wherein the outline of the legs 70, 71,
72 resembles a diamond. The three shapes described
before are advantageous with respect to an efficient ma-
terial usage per unit of nominal power rating of the trans-
former.

[0057] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. While various
specific embodiments have been disclosed in the fore-
going, those skilled in the art will recognize that the spirit
and scope of the claims allows for equally effective mod-
ifications. Especially, mutually non-exclusive features of
the embodiments described above may be combined
with each other. The patentable scope of the invention
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is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims if they
have structural elements that do not differ from the literal
language of the claims, orif they include equivalent struc-
tural elements with insubstantial differences from the lit-
eral language of the claims.

Claims
1. Triangular transformer (10), comprising:

- at least three coils (60, 61, 62);

-acore (20) composed of three core frames (50,
51, 52), wherein each core frame (50, 51, 52) is
composed of at least two distinct elongated
frame sections (21, 22, 23, 24, 25, 26) compris-
ing layered sheets (35) of a ferromagnetic ma-
terial, each frame section (21, 22, 23, 24, 25,
26) having two end portions (30, 31), wherein
each end portion (30, 31) of a first frame section
(21, 23, 25; 21, 23, 25) abuts at least one end
portion (30, 31) of a second frame section (22,
24, 26; 23, 25, 21) at a joint region (40, 41), and
the end portions (30, 31) of the layered sheets
(35) each have a normal vector, and two normal
vectors of the abutting end portions (30, 31)
have the same direction; and wherein

- the two normal vectors are substantially paral-
lel to a longitudinal axis (A) of the transformer
(10), and/or

- a cross-sectional plane (a) through the at least
one joint region (40, 41) and perpendicular to
the abutting end portions (30, 31) of the layered
sheets (35) of that at least one joint region (40,
41) is substantially parallel to the longitudinal
axis (A).

2. Thetriangular transformer of claim 1, with a core (10)
having a delta shaped footprint, wherein each frame
section (21, 22, 23, 24, 25, 26) is substantially C-
shaped, the joint regions (40, 41) between abutting
end portions (30, 31) of the frame sections (21, 22,
23, 24, 25, 26) being located at the top and bottom
yokes of the transformer (10).

3. The triangular transformer of claims 1 or 2, wherein
the core (20) comprises three legs (70, 71, 72), and
wherein each leg is formed by two frame sections
(21, 22, 23, 24, 25, 26).

4. The triangular transformer of any preceding claim,
wherein the legs (70, 71, 72) are each formed by a
side-by-side arrangement of two C-shaped frame
sections (21, 22, 23, 24, 25, 26), and wherein the
narrow sides of the layered sheets (35) of the two
C-shaped frame sections (21, 22, 23, 24, 25, 26)
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abut.

5. The triangular transformer of claims 1 to 3, wherein

the legs (70, 71, 72) of the core (20) are each formed
by a back-to-back-arrangement of two C-shaped
frame sections (21, 22, 23, 24, 25, 26), wherein the
two C-shaped frame sections (21, 22, 23, 24, 25, 26)
are arranged such that portions of the abutting
sheets (35) of the two C-shaped frame sections (21,
22, 23, 24, 25, 26) are parallel to each other.

The triangular transformer of claim 1, having a star
footprint, and having three C-shaped frame sections
(21, 22, 23, 24, 25, 26), wherein three end portions
(30, 31) are joined together in, with respect to the
longitudinal axis (A) of the transformer (10), a first
joint region (41) at the top of the transformer, and
three end portions (30, 31) are joined at a second
jointregion (40) at the bottom of the transformer, with
respect to the longitudinal axis (A) of the transformer
(10).

The triangular transformer of any preceding claim,
wherein at least one C-shaped frame section (21,
22, 23, 24, 25, 26) has at least two corners, each
either having a single turn with a 90° angle = 20 %,
or each having at least two bend angles, of which
the sum equals 90° + 20%.

The triangular transformer of any preceding claim,
wherein a horizontal cross-section through at least
one of the coils (60, 61, 62) yields an inner outline
of the coil which is one of: a circle, a circle segment,
or a diamond.

A method of producing a triangular transformer with
a split core (20), comprising:

- producing C-shaped frame sections (21, 22,
23, 24, 25, 26) by laminating sheets (35) of a
ferromagnetic material;

- winding transformer coils (60, 61, 62) onto legs
(70, 71, 72) of the core (20), each leg composed
by at least one C-shaped frame section,

- mounting the C-shaped frame sections togeth-
er to form the transformer (10); wherein in at
least one joint region (40, 41) comprising a first
end portion (30, 31) of a first frame section and
an abutting second end portion of a second
frame section, the normal vectors of abutting
end portions (30, 31) of layered sheets (35) have
the same direction,

and wherein:

-the atleasttwo normal vectors are substantially
parallel to a longitudinal axis (A) of the trans-
former, and/or

- a cross-sectional plane (a) through the at least
one joint region (40, 41) and perpendicular to
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the abutting end portions (30, 31) of the layered
sheets (35) of that at least one joint region (40,
41) is substantially parallel to the longitudinal
axis (A).

The method of claim 9, the transformer having a star
configuration, wherein three frame sections (21, 23,
25) have a 120 degree angle orientation to each oth-
er, such that three abutting first end portions (30) of
the three frame sections (21, 23, 25) are mounted
together in a first joint region (41) at the top of the
transformer, and three abutting second end portions
(31) of the three frame sections are mounted togeth-
er in a second joint region (40) at the bottom of the
transformer with respect to the longitudinal axis (A)
of the transformer.

The method of claim 9, with a core having a delta
configuration, wherein six C-shaped frame sections
are produced by laminating sheets (35), and arrang-
ing two frame sections each to form a leg (70, 71,
72) of the transformer,

- winding coils onto the three legs (70, 71, 72),
- mounting the C-shaped frame sections togeth-
er in a delta configuration, wherein two neigh-
boring C-shaped frame sections are joined to-
gether at their end portions to form one core
frame each.

The method of claim 9, wherein the sheets (35) are
rectangular and have an elongated shape, and are
folded at least two fold lines prior to the laminating.

The method of claim 9, wherein the sheets (35) are
rectangular and have an elongated shape, and are
folded at two fold lines prior to the laminating.

The method of any of claims 9 to 12, wherein at least
one C-shaped frame section (21, 22, 23, 24, 25, 26)
has at least two corners, each either having a single
bend angle with a 90° angle = 20 %, or each having
at least two bend angles, of which the sum equals
90° + 20 %.

The method of any of claims 9 to 14, wherein a hor-
izontal cross section through at least one of the coils
(60, 61, 62) yields an inner outline of the coil which
is one of: a circle, a circle segment, or a diamond.
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