
;e3e:Y:TTUtWXdWX60YTYYgC~~ 3 FHB 20D3 WO 00/14753 PCT/SE99/01518  FIELD OF
INVENTION The present invention relates generally to transformer 5 cores
and especially to three-phase and or_e-phase cores comprising regularly
multi-edged legs. BACKGROUND Three-erase transformer cores are usually made
of transformer plates cut to E I shape for small trans 10 formers and to
rectangular plates, which are laid edge to edge, in larger transformers.
They have the drawback that the magnet=c field has to pass via edges from
plate to plate and that the magnetic field must go an unnecessarily long
way and not always along a magnetic 15 orientation. Designers of
transformer cores have striven to obtain leas with an essentially circular
cross-section because that gives the best efficiency of the final trans
former. However, there is always a trade-off between 20 efficiency and
production requirements, leading to non optimal transformer cores with
non-circular legs. Strip cores for three-phase transformers have hitherto
been difficult to manufacture. The efficiency of the core can be increased
by cutting strips to variable 25 width and winding rings, which are given a
circular cross-section for single-phase transformers and semicircular
cross-section for three-phase transformers. This method results in a great
deal of waste and the winding process is time consuming.    WO 00/l:1753 G
r ~ ~ FAQ ~~Q,~ PCT/SE99101518 



L;S 4,55i,039 ;Manderson- discloses a methcd of manufacturing transformer
cores using electr'_cal steel strips havir_a approximately a linea~~ taper.
By se=acting a suitable taper, a hexagonal or higher order ac~roxima 5 tion
of a circular cross section fcr the legs of the cores is produced. However,
the tacered strips are difficult and time-consuming to produce and the
design is r_ot well adapted to large-scale productio:~. In figs. la-c is
shown a prior art three-phase trans10 former core according to Manderson,
general~~y desig :.ated 10. The ccre has a general delta-shape, as is seen
~n the isometric view of fig. ~;, wit. t_:ree legs intercor_r~ected by yoke
parts. T_n fig. la, a crosssectional view of the core .s showr_ before
final assem 15 bly. The core comprises tree identical ring-shaped parts 12,
13, ar_d 14, the gsneral shape of wh_ch appears =ram fig. _. Each
ring-shaped part gills up one half o. twc legs with hexagonal
cross-sections, see fig. 1a, thus t;~tall;ng the three legs of a
three-phase 20 transfcrmer. The ring-shaped parts are initially wound from
constant width strips to three =dentical rings 12a, 13a, 14a with rhombic
cross-sections comprising two a^gles of 60 degrees and two angles cf 120
degrees. These rings 12a-14a constitute the basic rings. The 25 orientation
of the strips also appears from figs. 1a and lb. Outside ef the basic ring
in each ring-shaped part there is an outer ring 12b, 13b, 14b of a regular
triangular cross-section. The outer rings are wound from 30 strips with
constantly decreasing width.   13 FEQ 2Q~~ WO 00/14753 PCT/SE99/01518 3
Wher_ the three rina-shaped parts 12-14 are aut together, see fig. 1b, they
form three hexagonal legs on which the trar_s~ormer windings are wound. A
drawback with this solution is that every size of 5 transformer requires
its own cutting of the strips. Also, the outer rl~lgS 12b-14b are made of
strips with decreasi:~a width, lead-ng to waste and -t also makes the
trans~ormer according to Manderson difficult to manufacture. 10 Transformer
cores are also described in the following docume:!~s: SE 163797, US
2,458,112, US 2,498,747, US 2,400,184 and L'S 2,544,871. ~:oweve~~, the
above mentioned problems are not overcome by the cores described in these
documents. 15 OBJECT OF THE NV~NTION An object of the present invention is
to provide a transformer core where~.n the energy losses are minimised.
Another objec~ is to provide a transformer core, which 20 is easy to
manufacture and avoids material waste. Another object is to provide a
method of manufacturing a transformer that is well adapted for large-scale
pro duction. SUMMARY OF THE INVENTION 25 The invention is based on the
realisation that a transformer core with one or more regularly mufti-edged
legs with more than four edges can be wound of strips of material with
constant width.  



WO 00/14753 PCT/S E99101518 Accord=ng to the invention there is prow=ded a
transformer core, comprising at least one ieg and at least one yoke part,
wherein the cross-sectior_ of said at least one leg is regularly
mufti-eilaed with more tha:: J four edges, character_sed in teat t:~e core
is made up of rings rolled frem strips of constant width. Further preferred
embodiments are defined in the dependent claims. BRI~~ DESCRIPTION OF
DRAVINGS 10 The i r_ver_tior_ ~.s now described, by wav of example, with
reference to tie accompanying drawings, in which: fig. 1 is an isometric
view of a pr~cr art three-phase transformer core made of rings with Yhombic
and triangular cross-sections; 15 figs. la and lb are transve=se
cross-sections of the core show: -n Lig. 1 before and after assembly,
respectively; fig. 2 is an isome ric view of a three-phase transformer core
according to the inve_^_ton with legs with 20 hexagonal cross-sections;
figs. 2a and 2b are transverse cross-sections of the core shown in fig. 2
before and after assembly, respec tively; figs. 3a and 3b are transverse
cross-sections of an 25 alternative three-phase transformer core with legs
with hexagonal cross-section before and after assembly, respect=vely;   ~LJ
WO 00/1-1753 PCT/SE99/01518 5 F=g. 4 is an isometric view of a three-phase
transformer core with octagonal legs; Fig. 4a is a transverse cross-section
of the core shown in fig. 4; 5 Fig. 5 is a cross-section of a trar_sformer
leg with ten edges; Fig. 6 is a cross-section of a transformer leg with
twelve edges; Figs. 7-9 show an ar=angement for influencing the leak~ age
inductance and t?~e harmonics in a three-phase trans~foYmer; Fig. 1G is a
~-ansverse cross-section of a three-phase transformer core with specially
shaped yoke parts for improving the magnetic flux; 15 Fig. 11 shows a
three-phase transformer core with lined up legs; 



Figs. 12-14 show one-phase transformer cores according tc the invention;
and Figs. 15-17 show further improvements of the shape of 20 the
transformer core cross-section. DETAIT~ED DESCRIPTION OF THE =NVENTION
Preferred embodiments of a three-phase transformer core according to the
invention will now be described. Fig. 1 has already been discussed in
connection with 25 prior art and will not be explained further.   WO
00/I4753 H 't 3 F E B 2Q'3 PCT/SE99/Ol 518 In Fig. 3 is shown. a
three-chase transrormer core according to the inventicn, generally
designated 20. In its general shape it is sim-lar tc the prior art
transformer core showy in fig. 2 with a general delta-shape 5 but is
designed in an entirely dif`erent way. The core ~s made up of three
ring-shaped parts 22, 23, 24 comprising several rings. These come in two
w_dths, b;oaa or narrow wherein t:ne narrow rings are made up of ste=ps o=
half the width of the broad rings. also, they 10 come ir: twc heig:~ts, low
or high wherein the low rings have half the height cf tre nigh rings.
Unless otherwise stated, these definitions will be used troughout this
desc=icticn. The strips are pre=erably made of tra::sfcrmer plate. 15 Each
of the ring-sraped parts 22-24 comprises a broad i:lgh basic ring 22a-2~a,
respectively, similar to those described wit: reference to Fig. 1. Thus,
these rings =crm in pairs four of the sides in the hexagonal legs. _ The
remaining rhcmbs in the legs are bu=It i:: different 20 ways, see figs. 2a
and 2b. In the first leg 25 in the background, the additional rhombic
cross-secticn is composed cT two rhomboids. The first one, designated 24b
and belor_ging to ring-shaped part 24, is a broad low ring. The second one,
desig 25 nated 22b and belonging to ring-shaped part 22, is a narrow high
ring. In the second leg 26 to the right in fig. 2, the additional rhombic
cross-secticn is composed of one rhomboid and two rhombs. The rhomboid is
filled by the nar 30 rcw high ring 22b belonging to the ring-shaped part
22.   ~ J r- ~ ~ 2003 WO 00/14753 PCT/SE99/01518 7 The rhombs are gilled by
trao narrow low rings 23b, 23c belonging to the ring-shaped part 23. In the
third leg 27 to the left in f:~g. 2, the addi 



tional rhombic cross-section is also composed o~ one 5 rhomboid and two
rhombs. The rhomboid is filled by the broad low ring 24b belonging to the
ring-shaped part 24. The rhombs are filled by two narrow low rings 23b, 23c
be~.or_ging to the ring-shaped part 23. The reason that the ring-shaped
part 23 comprises two ~ow narrow 10 rings ~.nstead of one larger ring is
that this larger ring can not be both narrow and high, as recuired in the
left leg 27, and broad and low, as required in the right leg 26. Thus,
instead two narrow low rings are used. 1S All upper or lower yokes
connecting the legs 25-27 have different shapes but all are built from one
basic =ing with a large rhombic cross-section plus one ring wish a
rhomboidal cross-section or two rings with a small rhombic cross-section.
This gives a11 yokes the same t 20 total cross-section area. The rhombic
space outside of the basic rings could of course be filled in accordance
with a couple of basic ` principles. A second embodiment will now be
described with reference to figs. 3a and 3b. The core, generally 25
designated 30, has the same general shape as the first embodiment described
above. However, in this embodiment the core comprises twee identical
ring-shaped parts 32-34, of which the rightmost one 32 will be described.
The ring-shaped parts 32-34 are similar to the part 23 30 described in
connection. with fig. 2. In the first leg 35, part 32 comprises two narrow
low rings 32b, c   i 3 FE8 200 WO 00/14753 PCT/SE99/01518 3 wherein ring
32c is wound o~:tside of ring 32b. In the second ieg 36, part 32 has the
two rings 32b, 32c placed one beside the other, see fia. 3a. The two other
parts 33, 34 are identical to thle first 5 one 32. Thus, the production of
the core can as a rule be simplified, depending on the p-oduction volume,
because all three ring-shaped parts 32-34 can be made from the same mould.
A further possibility is to make broad low rings and 10 turn the leg parts
60 degrees, forcing a correspond~.ng bendir_a of the yoke parts. The yoke
parts then require more space and the bending is not so easy to effect.
Making narrow high rings and turning and bending as mentioned is also
possible, but difficult. Additional 1S variants, including those with
smaller dm~sions, are also possible. 



A core with octagonal legs, generally designated 40, wil_ now be described
with reference to figs. 4 and 4a. Ir. an octagonal cross-sec~io., see e.g.
the back leg 20 45, the sides turn 45 degrees, which means that they have a
relative angle of 135 degrees to each other. Three rhombs, each with an
angle of 45 degrees, thus get space ir~ the innermost edges of the legs of
the core. Outside of these rhombs, two squares are filled 25 by rings with
quadratic cross-sections. Finally, a rhomb fills the rest of the octagonal
cross-section of the leg. From these.six cross-subsections, three
subsections compose the cross-section of a profiled ring going to 30 the
second lea 46. The remaining subsections compose   1 ~ f r 3 2C03 WO
00I14753 PCT/SE99/01518 G the cress-section cf a profiled ring going to the
third leg 47. There is also a profiled r~rg connecting the second and third
legs 46, 4;. The three profiled rings all conta=n two rings with 5 equal
leg parts. A fi=st ring 42a, 43a, 44a has a rr~ombic cross-section a:~d the
yoke parts bent 15 degrees. A second ring 42b, 43b, 44b outside of the firs
ring is quadrat`c and follows the fcrm o` the first ring 42a44a. 1C Using a
solution from the embodiments w=th hexagonal legs described with reference
tc figs. 2 and 3, two outer rrombs compose the cross-section of an outer
ring with the yoke parts bent i5 degrees. Alternatively, two inner rhombs
compose an inner r=:~g but bent 6C degrees. 15 The next ring must now give
an outer rhomb in one leg and an inner rhomb in the other leg and be bent
30 degrees. One type cf prO~iled ring is to be preferred because it is
di~ficult to bend a ring 60 degrees and one can not avoid a ring with both
an outer rhomb and 20 an inner rhomb. In part 42, the third ping 42c has a
rhombic cross section ir. the leg parts and is placed outermost in the back
leg 45 but inside the right leg 46. These rhombs of the leg parts are
obtained by displacing the outer 25 strips of the ring to the right at the
right leg 46 and to the left at the back leg 45. Furthermore, the legs are
turned asymmetrically 30 degrees and the yoke parts are bent accordingly.
The ring is given such a circumference that'it will lie outside of the
other rings. 



30 The final result appears in fig. 4.   ~ 3 F EB 2003  WO 00/1753
PCT/SE99/0151$ - r s 10-sided leg, generally designated 50, w~.ll now be
described wit'. refeYe:~ce to fig. 5. "'he profi-1ed rings contain ali four
rings with equal leg parts. ~ first ring SCa, a second =ing 50b and a third
ring 50c with 5 rhombic cross-sections in their leg parts are attached to
the 10-sided cross-section. Thus they have the angles 3G, 72, and lu3
degrees and their yoke parts bent 24 degrees. A fourtr ring 50d having a
rromboid c=~oss-section with the angle 35 degrees lies mainly 10 upor_ t=ne
:first ring SCa. Iis leg parts are t~~rned out wards 24 degrees, causing a
48 degrees bend-ng of its yokes. The fourth ring aisc causes the yoke parts
of the the=d ring 5Cc to make .~ larger bow to give space. fifth ring 50e
has a rhombic cross-section fir. its leg 15 parts w;th the angle 144
degrees when it lies outside c. the third ri:~g 50c, but the ring has a
rhombic cross-section with the angle 72 degrees when it lies outside cf the
fourth ring 50d. The yokes are bent only 12 degrees. The arrows i the
figure indicate that the 2C cross-sections 50e belong to diffeYert profiled
rings. There will also be a channe~ 51 suitable for cooling the legs. In an
a=terna~ive embodiment, the channel is fil'~.ed with a ring. This Zs an
advan~age when the rings co-operate by letting the rr~.agnetic field go
between 25 them. The space can e.g. be disposed of in such a way that the
upper part of the rings 50c obtains new rhombic cross-sections with the
angle 72 degrees, causing the channels 52a and 52b to be formed. Further
parts of ring 50c to the rigrt can be pushed to ring 50e, which 30 forms
the spaces 53a and 53b. It is possible to provide three-phase transformer
cores 



with even more edges. Fig. 6 shows a 12-sided core,   .1 3 FEB 20Q3 WO
00/1-t753 PCT/SE99/01518 1. generally designated 60. T:~e prcfiled rings
are composed of four rings 60a-d with rhombic cross-sections with the ang;
es 30, 60, 90, and 120 degrees, which are attached to the 12-sided
doss-section and are turned 5 15 degrees. Inside of these rings there are
two rings 60e, 6uf with rhombic cross-sections with the angles 30 and 60
degrees, respectivel,~~, and turned outward 15 degrees. Attached to the
fifth and sixth rings 60e, 60f there ~s space for a ring 60g with a rhombic
cross ~C secticn wit: the angle 30 degrees turned outward 45 degrees. its
other leg part is a rectangle outside of the sixt~^ ring 60f and turned
outward ~S degrees. Upon the ring 60d there is space for a ring 60h with a
rhombic cross-section with the angle ~50 degrees and the 15 other -eg part
is a rectargie attached to ring 60d and outside ring 60f. The whole
cross-section is then filled. Yoke parts are separated by giving some wider
bows to give space for other yoke parts. The good properties of these
transformer cores can be 20 made even better for some transformer
application, see fig. 7. The leakage inductar_ce car_ easily be increased
by an additional core 29 of strips between the primary and secondary
windings of the transformer. The strips are brought together at the top and
bottom. The strips 25 car be spread around the entire primary winding or be
concentrated to one place, making the secondary winding eccentric. The
nor.-linear magnetic properties of iron result in harmo:~ics in the
magnetic fields, voltages and cur 30 rents.   'I 3 F E 8 2~~~ WO 00I14753
PCT/SE99/01518 12 A:' add;tional leg placed in the centre of the core will
rot get any magnet~.c field under perfectly symmetrical and
d~stortior:-free three-phase conditions. Commor. components in the phase
voltages, like t.:ne third harmor_ 5 ics, will be influenced by a centre
leg. Alsc a combination cf strips between the windings and a cent~.`2 leg
is possible. In one embodiment, the centre leg is made cf three rectangular
pcles 80 from strips given a height three 10 times the width, laid on each
other to a quadratic cross-section, see fig. 8. This is preferab-y
triangular ar~d a cus~om-made solution co::tains poles with a rhombic
cross-sectio::, ef which t`~ree are put together to form a packet with the
strip edges toward each other 15 in a wave form, see fig. 9. Three
pac'.~ets are put toaether with small distances to form a leg wit: a
crosssection approximating a triangle. The ends o~ the poles are bent
outward to reach the yokes. To make the bends possible spacers between the
poles are necessary. The 20 spacers do not ir_fluence the magnetic
properties because one pole from each packet 91a-c; 92a-c; 93a-c is bent to
each yoke. Also the strips are, at least on one side, parallel to the
spacers. A rod, wound of strips in spiral form or as coils, is 25 useful,
especially it there are to be air gaps between the centre leg and the
yokes. The spiral car. be made wider at the ends to reduce the a-r gaps to
the yokes. 



The flexibility of building cores like this is good and is shown in fig.
10. The figure shows the core de 30 scribed in connection with fig. 4. A
major part of the   1 3 F E ~3 2003 WO 00/14753 PCT/SE99/01518 13 magnetic
flux can pass from one profiled ring to another in the legs where t'~ey are
touching each other. This enables the rotation of large~.~ fluxes in the
yoke triangle. 5 With the present invention, it is also possible to provide
a three-phase transformer core with lined up legs. This has the advantage
that the transformer is narrower than with the delta shaped core. Tris type
of trans former is ideal for placement or. e.g. train wagons. 10 gig. ~la
shows the transverse cross-section of a trans former with octagonal legs.
All legs comprise four rhombs with an ang=a cf 45 degrees and two squares.
Rings rur_ning between adjacent legs are shown in the figure while those
run:~ing between the outer legs are 15 almost entirely hidden. In order to
make transformer cores of this kind, the leg parts must be bendable and
that the yoke parts can be bent and pass each other. There are several solu
tions, of which one is shown in the figure. The leg 20 parts of the rings
are bent outward and the yoke part inward or vice versa. The shape of the
yoke parts is limited by the limited possibilities of plastic defor mations
but otherwise the yoke parts car. have any shape. The principle shown in
fig. 11 is to have sharp 25 bends and straight yoke parts. The rings can
also be placed on each other giving rounded bends in order to save
material. The yokes between the left leg 115 and the centre leg 116 are
built up of a ring 112a with a rhombic cross 30 section in the leg part, a
ring 112b with a square   1 3 FEg 2Q3 



WO 00/14753 PCT/SE99/01518 cross-sacs~cn and both beat ~~.5 degrees and a
rhcmbm ring li2c turned 57.5 degrees in the leg parts. The rings 112a and
112b iit ito the octahedrons close tc the yoke side ~.vhi=a the rims 112c
its rote ~he oppos 5 ing side. The yo.'~ce between the centre leg 116 and
the r-_ght leg 117 cap only be placed in the centre leg in the remain ing
posyt=ons: 114a-c. The cross-sections of the ~~eft and right leas 115, 117
a=a mi=ror images to the centre i0 leg 116 sc that the rings running _._
the ce:~tre leg are symmetric. The inr_er rings 114a, 114b have their clos
est positions i:~ the right leg 117 However, the ring 1-4c witr~ a square
cross-se~ct~.on zn the leg parts runs to t_~:e c;osest square-shaped
positron in the right leg. 15 The reason be^ind that is that the ring 113a
wits a square cress-section between the outer leas is in an outer position
on the yoke parts a~.ready present in order to reach the left leg. The
turr_ing of the yokes can be impossible to achieve. 20 In an alternative
embodiment, a heavily sloping fold is used instead. This is shown for the
ring 114c having the shortest yoke. The fold starts at one end of the yoke
and ends at the other end, marked by 118a for the lower yoke and 118b for
the upper yoke in fig. 11. 25 Also, the yokes can be subdivided into
several narrow rings. Also single-phase transformers will be more efficient
if `hey are given polygonal cross-sections. Fig. 12 shows a transformer
with an octagonal cross-section 30 composed of rings with the same
cross-sections as in the three-phase transformers but with the return loops
~ 3 F C B 2Q03 WO 00/1.1753 



1 PCT/SE99/01518 gong the closest way o~;ts~de ef the wordings. The r`ngs
can be t~~ansposed anti yet given an octagonal cress-section. A small
reduction of the amount ef plate can e.g. be obtained by =coping up to the
left cf the 5 ring locping rightmost _._ the figure. There must its
cross-section be chanced to a rhombic form close to rectanaular form. A
core with two legs can be made from the three-phase designs by bending the
r`:~gs from one leg together to i form only ene more leg. A core is shown
in fig. 13 with an octagonal cross-sect~or_ ;n its legs. T:~e turning of
three leg-parts is 45 degrees and the bending is 90 degrees. A ring wit^ a
rectangular cross-sectic:~ and the two ri:~gs outside of that ring are not
deformed. 15 Cores with hexagonal legs need only three rings made of strips
with the same width. If that octagon edge where t:~ree rhomb edges meet, is
put innermost in the core, the turnings will only be 22.5 degrees except
for the rhomb in the middle, which ?" must be turned 67.5 degrees.
Replacing this rhomb with a ring, with steps apprcximating the rhomb, is
more realistic and is shown in fig. 14. A further improvement is made by
letting she strips reach the circle, thus increasing the total
cross-section. 25 The segments outside of a polygonal leg can be Filled by
a thin rhombic ring of a strip with about half the width and the full
height of the segment and wound to its total width. Folds in the strips
along the middle of the rhomb as in fig. 15 make two sides to one flat 30
side giving a triangle, the sides of which are in contact with the core.
with about 2/3 width and 8/9   ;i F ~ ~ 2003 WO 00/1.1753 PCT/SE99/01518 16
height, a Lcld at the edge of the innermos: strip makes a trapezoid
CrOSS-sectior_ as ~~~ flg. 16. The cross sect i on car. also be rour_ded .
By means cf strips of constant width t:~~e leg parts can 5 be given a
c~~oss-sectio~ shape closer to the s_~ape of a circle, see fig. 17, 17a and
17b. The right leg 172 in fig. 17 w~~.11 be described as_an examp~ie with
reference to fig. 17a, wherein a transverse cross-section of that leg is
shown. Ir==~ermost, there are rings 173 of e.g. 10 800 of roll widt:: ar_d
to a height of 9% of lts width. There are three rings reaching a
circumscribe3 circle, see fig. 17a. Four of the s=x segments have been
filed w=th magnetic material and strips o~:tside of the assembled core can
15 fill the other segments. A ring 174 can be placed on the outer sides o=
the hexagor_s . Another embodiment is shown in fig. 17b, wherein the ring
174 has been replaced by broader strips in the 20 other r~.ngs . Some cf
t:~e advantages of the inventive transformer core have already been
mentioned. Among the other advantages can be mentioned: lower no load
losses, less weight, less volume, lower electrical leakage, a reduc 25 tion
of harmonics due to the symmetry of the phases of the three-phase
transformer, easy maintenance etc. 



Preferred embodiments of a transformer core according the invention have
been described. The person skilled   r :; ~ ~ ~3 ?~~~ WO 00I1.1753
PCTlSE99I01518 1? in the art realises that these ca:~ be varied w=thin the
scope o~ the clai;ns.   ~ 3 F~~ 2a3 WO 00/14753 18 PCT/SE99/01518 CLAIMS 1.
A transrmer core, comprising at least one leg 5 a:~d at least one yoke
part, whe-ein the cross-section of said at least one _eg =s regularly
mufti-edged with mere than fo~;r edges, c h a r a c t a r i s a d i n t h a
t the core is made up of rings rolled from strips of constant width. 10 2.
A t=ansformer core according to c--iaim 1, c h a r a c t a r i s a d i n t
h a t said at least one lea has hexacona 1 cross-sect~.o=~. 3. A
cransformeY core according tc claim 2, c h a r a c t a r i s a d i n t h a
t it comprises nine 15 rings. 4. A transformer core according to claim 3, c
h a r a c t a r i s a d i n t h a t it comprises three rings of a first
width and a first he;.ght and six rings of a second width corresponding to
half the =first width 20 and a second height corresponding to half the
first height. 5. A transformer core according to claim 4, c h a r a c t a r
i s a d b y a first (32), a second (33) and a third (34) ~ing25 shaped
part, wherein each ring-shaped part comprises 



a first ring (32a, 33a, 34a) wound from strips of a first width to a first
height, the cross-sections of said rings being rhombic with two angles of
60 degrees, a second ring (32b, 33b, 34b) wound from a strip of a 30 second
width essentially corresponding to half the   WO 00/14753 lq ~ 3 FEB 20a
PCT/SE99/O1518 first widt, to a second h2ig:~t essentially corresponding to
half the first height, said second ring having rhombic cross-section and
being positioned on said first ring ;32a, 33a, 34a), 5 a third ring (32c,
33c, 34c) wound from a strip of the second width to the secona height, said
second ring having r:~o:nbic cross-section and being positioned in one
position on said first ring (32a, 33a, 34a) adjacent to said second ring
and in another position on 10 said second ring, said fi=st, second and
third r~.ng-shaped part being assembled whereby a three-phase transformer
core with three legs with hexagonal cross-sections is formed. 6. ~
transformer core according to claim 2, 15 c h a r a c t a r i s a d i n t h
a t i t comps ises seven rings. 7. A transformer core according to claim 6,
c h a r a c t a r i s a d b y a firs (22a), a second (23a) and a third
(24a) ring 20 wound from strips of a first width to a first height, the
cross-sections of said rings being rhombic with two angles of 60 degrees,
said first, second and third rings forming yoke parts together forming a
triangle, a fourth ring (24b) wound from a strip of said first 25 width to
a second height essentially corresponding to half the first height, said
fourth ring having rhomboidal cross-section and being positioned on said
third ring (24a),   WO 00/14753 2C ~ 3 F- C B ?_~03 PCT/SE99/01518 a fifth
ring (22b) wound from a strip of a seco:~d. widt:~ essentially
corresponding to half the first width, to said =first height, said f_fth
ring raving rhomboidal c=oss-section and being positioned on said first
ring 5 (22a) , a sixth ring (23b) wound from a strip of the second width to
said second height, said sixth ring having rhombic cross-section and being
positioned on said second ring (23a), and 



10 a sever.~h ring (23c) wound from a strip of the second width to said
second :eight, said seventh ring having rhombic cross-section and being
positioned on said second ring (23a) and on said sixth ring (23b), whereby
a three-phase transformer core with three legs 15 with hexagonal
cross-sections is formed. 8. A transformer core according to claim 1, c h a
r a c t a r i s a d i n t h a t said at least one leg has octagonal
cross-section. 9. A transformer core according to claim 8, 20 c h a r a c t
a r i s a d b y a first, a second, nd a third profile ring, each comprising
three rings (42a, 42b, 42c) with two leg parts and two yoke parts, wherein
a first ring (42a) having rhombic cross-section in its 25 leg parts with an
angle of 45 degrees and with the yoke parts bent 15 degrees in such a
direction that the outer side faces of its leg parts are moved towards each
other,   ~ 3 F E 6 2003 WO 00/l.l?53 PCT/SE99/01518 21 a second ring (42bi
having quadratic cross-sections in its leg parts and being positioned or.
said first ring, and a third ring (42c) having rhombic cress-sections in
its 5 leg parts, a first leg part having 45 degrees lying mainly on said
first ring (42a) and a second leg part having 135 degrees lying on said
second r,;ng (42b), said first, second and third profile rings being
assembled whereby a three-phase transformer core with three 10 legs with
octagonal cross-sections is formed. 10. A transformer core according to
claim 1, c h a r a c t a r i s a d i n t h a t said at least one leg has a
cross-section with ten edges. 11. A transformer core according to claim 10,
15 c h a r a c t a r i s a d b y a first, a second, and a third profile
ring, each comprising five rings (50a-e) with two leg parts ar~d two yoke
harts, wherein a first ring (50a) :having rhombic cross-sections in its leg
parts with an angle of 36 degrees, 20 a second ring (50b) having rhombic
cross-sections in its leg parts with an angle cf 72 degrees, a third ring
(50c) having rhombic cross-sections in its leg parts with an angle of 108
degrees, a fourth ring (50d) having rhombic cross-sections in 25 its leg
parts with an angle of 36 degrees and lying mainly on the first ring (50a)
and having its yoke parts turned outwards 24 degrees, and   



1 3 F E B 20D3 WO 00/14753 PCT/SE99/01518 a fifth ring (50e) having rhomnic
cross-sections ir_ i:.s leg parts with an angle of 144 degrees when it lies
on t'_'_^.e third ring (50c) but rhombic cross-seciton with an ancle of 72
degrees wrer_ it lies outside the fourt_~ 5 ring (50d), and a crarnel (51)
suitab=a for cooling the leg outside of the fifth ring (50e), said first,
second and third profile rings being assembled whereby a three-phase
transformer core wit: three legs with ten-sided cross-sections is formed.
10 '~2. A transformer core accordir_g to claim 11, c h a r a c t a r i s a
d b y cooling channe 1 s (52a, 52b, 53a, 53b) caused by gi-~ing the outer
par` of the t:_~rd ring (50c) a rhombic cross-section. wit:- ar: angle of
72 degrees and by displacing another ou~er leg part 15 of the third ring
toward the fifth ring (50e) when it goes within the complete leg. 13. A
transformer core according to claim 10, c h a r a c t a r i s a d b y
mufti-edged cross-sections of their legs and profile rings comprising a
first 20 cluster of rings with rhombic cross-sections with d~.~fferent
angles but in their leg parts turned the same angle and attached to the
mufti-edged cross-section, and inside a second cluster of rings with
rhombic cross-section with different angles, but in their leg 25 parts
turned the same angle and attached to the first cluster and so on until
innermost there arises space for rings, which in one of their leg parts is
given a cross-sectio^ and turning differently from those in the other leg
part.   ~ 3 FEg D03 WO 00/14753 PCT/SE99/01518 23 la. A transformer core
according to claim 1, c h a r a c t a r i s a d i n t h a t ale. r=ngs have
a rhombic cress-section with two angles of 60 degrees and two angles of l20
degrees. 5 1~. A transformer core according to claim 1, a h a r a a t a r i
s a d b y an additional core (70! of strips betweer_ windings brought
together at the top and the bottom cf the core. 16. A transformer core
according to claim 1, 10 c h a r a c t a r i s a d b y an additior_al core
-n the centre line of at least one strip pole, and if mar_y, arranged trree
and three in a package (-igs. 8 and 9), which poles are bent to each yoke.
17. A ~rar_sformer core according to claim 1, 15 c h a r a c t a r i s a d
i n t h a t t:~e r_umber of legs is one. 18. A transformer core according
to claim 17, c h a r a c t a r i s a d i n t h a t the r ings are looping
outside a position of transformer windings. 20 19. A transformer core
according to claim 1, c h a r a c t a r i s a d i n t h a t the number of
legs is two. 20. A transformer core according to claim 1, c h a r a c t a r
i s a d i n t h a t segments between 25 the cross-sections of the legs and
a circumscribed circle are partly filled by thin rings and/or slightly
broader strips. .A.A{.AsH.AFE.Au,.A&.Af?.AF.A9>S.A{ .A3;y.A,.A.A
y.Ayy.Al.ASA6.A(.AE.AS2.AF@.A
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