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| NVENTI ON The present invention relates generally to transfor g 0

and especially to three-phase and or_e-phase cores conprising regularly

mul ti - edgeghdrsgs. BACKGROUND Thr ee-erase transfornmer corpstee®/isgal |y nmade
of transforner plates cut to E | shape for small trans 10 forners and to

rectangul ar plates, which are laid edge to edge, in larger t mm]
They have the drawback that the nagnet=c field has to pass vﬂﬂNﬂ“ﬂwummm
plate to plate and that the pRgpethsvisteldrust go an unnecessar iy hong
way and not al ways al ong a nmagnetic 15 orientation. Designers of
transforner cores have striven to obtain |leas with an essentially circular
Cross-segfEDn becanNyeNfnaN gi ves the best efficiency of the final trans
former. However, there is always a trade-off between 20 efficiency and
product i Bher pgaseepeanyentéadi mg liec asogeoptiantal v transfarsesroor es Wit h
non-%grcular Iegg.ﬁStrip gogeg fﬁr Lhregggpas%giransforpnrs have hitherto
been =i f FPEGFt °F8 RFERGFaBlare - CTRE TSR RO ac P 6t Tie REHE EE TR i ner eased
by cuttipgmptibRagt Oc¥alhablemd cwi-ddyand agnding rings, which are given a
circular cross-section for single-phase transfornmers and sem circul ar
cross-section for three-phase transforners. This nethod results in a great

deal of waskerapfpthe wi nding process is time consum ng. WO 00/1:1753 G
r ~ ~ FAQ ~=Q ~ / SE99101518

Three-phase transformer cores are usually made of

-

transformer plates cut to E I shape for small trans-

10 formers ana to rectangu.ar 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
place 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
legs witn an essentially circular cross-section because
thaz gives the best efficiency of the final trans-
former. However, there is always a trade-ofi between

20 efficiency and production reguirements, leading to non-

optimal transformer cores with non-circular legs.

Strip ccres 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 semi-
circular cross-section for three-phase transformers.
This method results in a great deal of waste and the

winding process is time consuming.
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L; S 4,55i,039 ; Manderson- discloses a nmethcd of manufacturing }ransfor mer
cores using electr' _cal steel strips havir_a approxinmately a | Be,aE ,;3 er.
By se=acting a suitable taper, a hexagonal or higher order ac~roxi ng‘&lf’fl on
of a ci maudboars78r oss section fcr the | egs of the cores is prusisosdsi8However,
the tacered strips are difficult and<time-consuming to produce and the
design is r_ot well adapted to |arge-scale productio:~. In figs. la-c is
shown a prior art three-phase transl0 fornmer core accordi ng to Manderson,
gener al ~1) desi 238 edvdiie Thenccg esbassasgangeahcdebramghapec-as is seen
~n the isonetric viewof fig. ~;, wit. t_:ree |legs intercor_r~ected by yoke
parts. Towifing Yzansferessseereonabloperlertth6aéorsced showes before
final assem.l5 bly. The core conprises tree idgptical ring-shaped parts 12,
13, ar d PR The S T Shapes of WS ehtaRgkar 5 =Fancrrgie ¥ Each

ri ng- shaped qasie gidder ups onexhgbhad. ctWeibBgs wirtbrhexagenaha -
cross-sections, see fig. 1la, thus t;~tall;ng the three legs of a

t hr ee5 phase® 2% raarsf e err dJHes? i agcshapedcpabhs Aeesi aft £&Ely wound from
ConStant\Mfgglfgr JEH&&%&*”&%@@Q?Pt'EEQ 55§g§e52§tr}§§’a%éadl th rhonbic
Cross-sections conprising two a™rgles of 6 egreées and two angles cf 120
degr ees. FEkase rdrmps ik2a-ddes@onsd i tdt prbiechashd ehvg8esTha 25 orientation
of the strips also appears fromfigs. la and _Ib. Qutside ef the basic ring
in each Midfg-"$hdpfFarec tHere2 T4 aRcduBePTPEHGE 196, 13b, 14b of a regul ar
triangul ar cross-section. The outer rings are wound from 30 strips with
const ant |y, decreasidg: Waltdhown 13 FEQ,2Q:7:V0:00L14733PCFLFER0/ 01518 3
Wher _the three rina-shaped parts 12-14 are aut together, see fig. 1b, they
for M. hr detexagmrd degsramaphichMahéetrsan, ssenaerlwndeagg-are wound. A
drawback with this solution.s thatnevgq Si i@ of, 5 transforner requires
its own CUttihg of The STIT Paes AF sBS Eha T otiter3r F2RES 126- 13b are nmde of
strips widdeflecs easd [ rsoddthe {ead-pg Eegwast ewand thraksoefmkes the
trans~ornmer according to Manderson difficult to manufacture. 10 Transformer
cores ar & MISTEIERITHePY vehe ParFew Ag dé8unmtdl ~8: C5FS$63797, US

2, 458, 112, IS 2,498, 747 o 415 2. 400, 184-a0f o S2¢544. 8711~ queye~= the
above nentione probll ens are not overcone by the corés described in these
docun®ent salyl5 ToRJ ECk «OFc dnils Nve-dNTE OB Aldebpectlokihhesprpsént invention is
to provide a transfor rrerwyorf ere~.n_the enerqgy |0$E@5 are mni m sed.
Anot her GB%™ % t%0 prfiff dB* a tranSFOfKEr E6PBS Qi ¥A-58 is easy to

manuf act u gl aviglse fmt ef | abadRstenghBabpen phirectinsst appbawi de a

met hod of manufacturing a transformer that is well adapted for |arge-scale
pro duct ifen.f SUWKRRY GISTHE | NVEPFRONR2E THesEn$eRAEILeRSI sSB&sed on t he
realisation that a, { [._CO i n re r a fti-edged
| ogs v t b & A hat YD e S or Bo o aad o °sOr s P CeaPBEral wi th
constant amaftdfcrmer. The ring-shaped parts are initially wound

from constant width strips to three identical rings
12a, 13a, l4a with rhombic cross-sections comprising
two angles of 60 degrees and two angles of 120 degrees.
These rings 12a-1l4a constitute the basic rings. The

25 orientation of the strips also appears from f£igs. 1la

and 1k.

Outside cf the basic ring in each ring-shaped part
there is an outer ring i2b, i3b, 1l4b of a regular tri-
angular cross-section. The outer rings are wound from

30 strips with constantly decreasing width.



WO 00/ 14753 PCT/ S E99101518 Accord=ng to the invention there is prow=ded a
transforner core, conprising at |east one ieg and at |east one yoke JparRER 2003
wherein the cross-sectior_ of said at least one leg is regularly
mufti-eldeetk7sé th nore tha:: J four edges, character_sedeamsteatsiis: ~e core

is made up of rings rolled fremstriBps of constant width. Further preferred
enbodi nents are defined in the dependent clains. BRI ~~ DESCRI PTI ON OF
DRAVINGS 10 The i r_ver tior_ ~.s now described, by wav of exanple, with

referencg 40 the agcopPanyLghdpay BYscsi AWhichy f s 1J.s an isometric
view of a pr~cr art three-phase transtormer core nmade of rings wth Yhonbic

and tri apguhar, csessisgct ibnsthés fogs. thaeantekiagane lt lagsvernse
cross-sectjons _of the core show. -n Lig. 1 before and after assenbly,
respect | Vet§e Fi1g. C52E-3RMPEoHE AL RIF 8RFok 4 Fhr ee- phase transformer core
according to the inve_ ~_ ton with legs with 20 hexagonal cross-sections;

figs. 2ay afdadbadkewtfANEMEESEoC0$8nSEEt LARS elekhe sokeghown in fig. 2
before and after assenbly, respec tively; figs. 3a and 3b are transverse

cr os§- seerdpptornennr 2guareer haki Pent fneeiphasé thanstodmsr core with | egs

wth he onal _cross-section_b r nd_after, assenbl respect =vel y; ~LJ
WO 00/ 1-1753 %ﬁ75§§5%515i§g§ géé_?ﬁgigrsan§8n8frgEr§FSmﬁ63%a t hr ee- phase
transf org@sr£98 enw ¥ D308t agenak nkeds; wkkfe 4ad Staalikanmy@ese Cross-section
of the core shown in fig. 4, 5 Fig. 5 is a cross-section of a trar_sforner

| eg wit ERent eagesorrey. 26Cpsdangr bssMaaeersnnofis ficadsf 6emer leg with
twel ve qgggégag%g§e 7-9 show an ar=angenent for influencing the |eak~ age
i nductance and f7?~é harmonics in a three-phase trans~foYner; Fig. 1Gis a
~-ansverse cross-section of a three-phase transforner core with specially
shaped ybkenpaotsefocotrapravenglthedsrgneébed fihuxheldokilgwihg shows a
three'pﬁ%§§u%é§P§TOéEE£6§959,“%%h2[22891E8,'%%52,498,747, Us

2,400,184 and US 2,544,871. Eowever, the above men-

tioned problems are not overcome by the cores described

in these documents.

15 CT QF THE INVENTION
An object of the present invention is to provide a
transformer core wherein the energy losses are mini-

mised.

Another object is to provide a transfcrmer core, which

20 1is 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 QF THE T NTION

25 The invention 1is based on the realisation that a trans-
former core with one or more regularly multi-edged legs
with more than four edges can be wound of strips of

material with constant width.



Fi gs. 12-14 show one-phase transforner cores according tc the invention;
and Figs. 15-17 show further inprovenents of the shape of 20 thp3 FEB ﬂmi
transforner core cross-section. DETAI T~ED DESCRI PTI ON OF THE =NVENTI ON

Pr ef er reo oenbseli ments of a three-phase transfornmer core a&cteEd/MNgI o the
invention will now be described. Fig:s 1 has already been discussed in
connection with 25 prior art and will not be explained further. WO
00/14753 H't 3 F EB 2Q 3 PCT/SE99/A 518 In Fig. 3 is shown. a

t hree- chage LEanspOEBBELEOL BvREEQRMI RYLQ the dmventden, Weprally
designated 20. Inits general shape it is simlar tc the prior art

transf or n“éormerecshewcpn‘ofmg.lng it Aeasgemercalledelarat straped&sthut i s

designed in_an Entlrely d f erent. way. The core -s de of t hree
ri ng- shapBEpEPFs 23T -23%N84SdBnpPFsing S Sevd-dtH ﬁgg S come in two

w_dths, bj@agcObnBanegwiwheeghinatiemlarioWddA0s e iede dy-0f ste=ps o=
hal f the width of the broad rings. "also, they 10 cone ir: twe heig:~ts, |ow

or hi gh wherei adghe. | oherkagsrhaed halthﬁh811R§gﬂﬂraﬁlﬁlmﬁdﬂ giP rings.
Unl ess oth mnse sta&gSb %h se eflnltlons wi || be qgeg troughout this

desc= |ct|8 “TRESstri &°pr 8 5%§5I0f made “6F Y & Srtrmer plate. 15 Each
of the ring-sraped parts 22-24 conprises a broad i:lgh basic ring 22a-2~a,

respecti vehychsknpkafet@cthesgodesenicbed 1 (e Mefeet encaHeo dd-g. 1. Thus,
these rings =crmin pairs four of the sides in the hexagonal |egs. _ The
remai ni ngPEREADS FA2ERME | egs are bu=It i:: different 20 ways, see figs. 2a
and 2b. In the first leg 25 in the background, the additional rhonbic
cross-secticn is conposed cT tmo rhonb0|ds The first one, designated 24b.
and bel or BRLRg PBS sHpRE 42 is a broad low ring. The second one,
desig 25 nated 22b and belon |ng to ring-shaped part 22, is a narrow high
ring.t9 n The $B¥BRAIPBg26"PY ERECKILGRE i Y MGY ?ttQﬁ§Wﬁﬂﬁ¢|Wn&ﬂ r honbi ¢
Cross- secggggrgﬁcgongogeg of. -eReahhomboid 3nd Jwo irhoibs.y, .The rhonboid is
filled by the nar 30 rcw high ring 22b bel ongi'ng to the ring-shaped part

22. ~Jr- ~ ~ 2003 WO 00/ 14753 PCT/ SE99/ 01518 7 The rhonbs are gilled by
trao narrdwdl oW EEngs 28bneR3échwliemgiong at @xdve Einig-Yhmsedpea 23. In the

third legt27ntgoyggrlggLelaade gf rwnEQGMQQQ.*nomblc and trian-

gular cross-sections;

15 figs. la and lb are transverse cross-sections of the
ccre shown in fig. 1 before and after assembly, respec-

tively;

fig. 2 1s an isometric view of a three-phase trans-
former core according to the invention 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, re-

spectively;



tional rhonbic cross-section is also conposed o~ one 5 rhonboid and two
rhonbs. The rhonboid is filled by the broad | ow ring 24b bel ongiin® ft[o} 2083
ri ng-shaped part 24. The rhonbs are filled by two narrow | ow rings 23b, 23c
be~. or va» s@i14b€3 t he ring-shaped part 23. The reason that phesgdopgsghaped
part 23 conprises two ~ow narrow 10 Bings ~.nstead of one larger ring is
that this larger ring can not be both narrow and high, as recuired in the
|l eft leg 27, and broad and low, as required in the right |leg 26. Thus,
i nstead tymwo_najr W L] e d -1 pper. .or .| r yokes
connectiHﬁg%heilg%g£g5f§éﬂﬁg§gédY¥§§rght§s€%%g§ %ﬁFS§|Fr%$% built from one
basi ¢ =i nfomhéh @targech hoobagoscsadssegecti on plus one ring wish a
rhonboi dal cross-section or two rings with a small rhonbic cross-section.
This gives all yokes the sanme t 20 total cross-section area. The rhonbic
space out&ide tRe? PRSRRSYEHYS ¢Hafa 8FCEsaPRse hERE FPEG SRSt or dance
with a couple; of basic ~ principles. A second enbodinment will now be
descri be mﬁth reference to figs. 3a and 3b. The core, generally 25
desi gnated 30, has the sane general shape as the first enbodi nent descri bed
aboves Howeyer$ is & hisoesbodtnemt theacoranebdnpmeses etwee tidemin cal
ring-shap%%% arts 32-34, of which the rightnost one 32 will be described.
The ring-$ d parts 32-34 are simlar to the part 23 30 described in
connection. with fig. 2. In the first leg 35, part 32 conprises two narrow
| ow ringse82b.s Cis & Br&ES- 200 V&, 09f 147532 REFLSRAY 151§ 13 wherein ring
32c is wound o~:tside of ring 32b. In the second ieg 36, part 32 has the
t wo ri ngs-v82bve 32@99% aced one beside the other, see fia. 3a. The two ot her
parts 33, 34 are identical to thle first 5 one 32. Thus, the production of
the core as-as rul e be_si £ ~ dependi ng, b d ion vol une,
because éfﬁﬂ%hrég9r#%%fse%pégpégéégg%Z-gg’céh@gégﬁgéé%fgg%l?%%kéane moul d.
A furtheragossndindtidycs satd tekenhdroaditowini agshapd-bpbatsern the | eg parts
60 degrees, forcing a correspond~.ng bendir_a of the yoke parts. The yoke
parts t hem #egquf TR hore space and the bending is not so easy to effect.
Maki ng narrow high rings and turning and bendi ng as nentioned is al so
possi bl e,rhyt i ffscayltxaddbtionalodS- ¥art aBhsSori BCkugeRg pHaese W th
smal l er dm-sions, are al so possible.

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 acccrding

to the invention; and

Figs. 15-17 show further improvements of the shape of

2C the transformer core cross-section.

DETAILED DESCRIPTION OF THE T“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.



A core wth octagonal |egs, generally designated 40, wil_ now be descri bed .
wth reference to figs. 4 and 4a. Ir. an octagonal cross-segﬁgo. see e.g.
the back leg 20 45, the sides turn 45 degrees, which neans fE@hé&Hhave a
rel atweapassbe of 135 degrees to each other. Three rhompeg/speactzisv th an
angl e of 45 degrees, thus get spacesir~ the innernost edges of the |egs of
the core. Qutside of these rhonbs, two squares are filled 25 by rings with
guadratic cross-sections. Finally, a rhonmb fills the rest of the octagonal
cross-secti-on of, the J. Er Jlesg, six crosss ections, three

subsect ?§n§9§dnﬁot§% tsﬁgg’g'r c?sgp'srte“c“t ?%néébT % %?%T?#E%‘ r%#lxgggoi ng to 30 the
second keac4Ginfheor ema ninvgrsuksectdansredhpodesigdared 203 2003 WO

001 14753 PCT/ SE99/ 01518 G the cress-section cf a profiled ring going to the
third | e§S49erPRELe SPEPR 4§ & rofiiaF r=% g-Roriiet?y my t Ner&etond and third
| egs 46, _4,..-THe Lhr, rofjled, ripgs gll,c =0 tWo, rdr ith 5 equal

| eg par?§émi”fi§§% Fﬁ%&g42§{"3a,:hgzﬁﬂg§%§%ﬁéﬁé&ﬂ%g%é%ggigéition a:~d the
yokes pabtis hentiell gthegr ees .arA ssecionsll v i digf d2bend3bgy 44b outside of the firs
ring is quadrat c and follows the fcrmo the first ring 42a44a. 1C Using a
solution fromthe enbadi nents. w=th hexagonal |egs described with reference
tc figsihg §ﬁ6e3}5tﬁ505uf§¥‘F@dﬁﬁ?ﬂ%dﬁﬁ%%éﬁ HECrRAESESect i off of an out er
ring wibh thepyekenpactyehent Jixfegreasse Ades nat i M) Ye: des | nner rhonbs
conpose an i nner r="~g but bent 6C degrees. 15 The next ring nust now give
an out ebrphenbri nagwew egexed rainmarrdwnbiigs tdes otder degrfand be bent
30 degrees. One_type _cf prOsiled ri is to be preferred because it is

di ~f i CUFE B beRd A L] ﬁ&eeé“(%%} s Y a‘gah“?ﬁﬁ' 0T a#5hg with both
an Ut eecmborb and 2@ iantigNnalow hanhidm paste A2, thderdbi ¥ thgd ng 42c has a
rhonmbic cross section ir. the leg parts and is placed outernost in the back
| eg 45 bavei Agi-de “te heiighit Icég‘%@ s er FpnbsIpiesheoi gy parts are

obt ai ne di.spLaci e . 25 strips, of_t i the right at the
right Igé%G g%g“téé {E eetSIQe tlétaltEHlt“h‘gor%tialcvf(p}ﬁe35“4593e ur%%reérlp IJ‘}%L,'the |l egs are
turned aaysmdkesiccalklyc30 déegr e ignd die yokEeyparly eade befit accordi ngly.
The ring is _given such a circunference that'it will lie outside of the

ot her rrhgsS=ormer p-ate.

15 Each of the ring-shaped parts 22-24 comprises a broad
righ basic ring 22a-24a, respectively, similar to those
descriped with reference to fig. 1. Thus, these rings

~Zcrm in pairs four of the sides in the hexagonal legs.
The remaining rhembs in the legs are builc in different

20 ways, see figs. 2a and 2b.

In the first leg 25 in the background, the additional
rhombic cross-secticn is composed of two rhomboids. The
first one, designated 24b and belonging 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 addi-
tional rhombic cross-section is composed of one rhom-
boid and two rhombs. The rhomboid is filled by the nar-

30 row high ring 22b belonging to the ring-shaped part 22.



30 The final result appears in fig. 4. ~ 3 F EB 2003 WD 00/1753
PCT/ SE99/ 0151% - r s 10-sided leg, generally designated 50, w-.4h [nggvﬁﬁ
described wit'. refeYe:~ce to fig. 5. "'he profi-1led rings cont af n i %ur

rings wdéyaesal leg parts. ~ first ring SCa, a second J¢gses48d a third
ring 50c with 5 rhonbic cross-sections in their leg parts are attached to

the 10-sided cross-section. Thus they have the angles 3G 72, and |u3
degrees and their yoke parts bent 24 degrees A fourtr ring 50d having a

rr onboi dT8e~ %a%m%%ctalv%n AM.th ¢ '?ﬁ/ak“ &3 Goq;gl{ ges, lies |nI§/ 10 upor_ t=ne

:first ring parts are t~~rne O War a8’ 24 egrees causing a
48 degreeslba@dﬂ@g taf Llhtes ryi@ig&%ha'ﬁwj fexurd i3 ng ai sc causes the yoke parts
of the the=d ring 5Cc to nake .~ larger bow to give space. fifth ring 50e

has a rhorrblc cross-section fir. its leg 15 éoarts w,th the angle 144
degrees WwRehP Pt tPigs d@Ssi?de t© Hhte 4afitr it if %y 50c,tButddde ring has a

r honbi ¢ seg) 7. .pémﬁg At di outside cf the
fourth r?rﬁlgﬁé(%d %h‘%qfoﬁgjésggse?{qt&on‘lzsyd@% degr €es “The aofr?ows i the
figure i pdboabedt hatl the 2Goaiess-Recttonsodle el fing 4 Wi fifleYert profil ed

rings. There will also be a channe~ 51 suitable for cooling the legs. In an
a=t er na~PY828nBoYi KeRE, ke DEHARRING £ i9he GG IHRRES iRRFL This Zs an

advan~age,when.t he g 0 r Vi t re field go
Dot aeon 35t hem TR apate can o be i dinead ot N S ey ¢ hat ¢ he

upper pa?.Bcobet_ne-gnmgg§05(tl@eobtmgw$lwgwdrh:wm)n CXr 8= sedans with the
angl e 72 egre causi ggp g;a channel s 52a and 52b to be forned. Further

parts of “I'fhg 560 “tOSI e BSHed $H Mg BOE2THT%Eh 30 for s
t he 1gpacesngda.ad=83bosl briss J&Qﬁg%xmza_rigp 1 @dde diree-phase transforner
cores ring can not be both narrow and high, as recuired in

the left leg 27, and broad and low, as regquired in the

right leg 26. Thus, instead two narrow low rings are

used.

15 All upper or lower yokes connecting the legs 25-27 have
different shapes but all are built from one basic ring
with a large rhombic cross-section plus one ring witch a
rhombecidal cross-section or twe rings with a small
rhombic cross-section. This gives all yokes the same

| 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 three 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, ¢



with even nore edges. Fig. 6 shows a 12-sided core, .1 3 FEB 208 WO i
00/ 1-t753 PCT/ SE99/ 01518 1. generally designated 60. T:-~e prcfile? rkggs
are conposed of four rings 60a-d with rhonbic cross-sections with th nawa
es 30, &fp oPPs7siind 120 degrees, which are attached to thepdgsgionashs :
doss-section and are turned 5 15 degrees. Inside of these rings there are
two rings 60e, 6uf with rhonbic cross-sections with the angles 30 and 60
degrees, respectivel,~~, and turned outward 15 degrees. Attached to the
fifth and sixth rings €Qe, ;60f re ~s.spa fQr I4.ng 60g wi th a rhonbic
cross ~C ggé %EH %ﬁgr f%é é%g%@hgg %éé%ée% ?ﬁrﬁé€9€u¥¥ﬁr 4gﬂﬁ%grees. its
ot her | egspabhdi 3ea Gect pagke 3auhaisde haf cie rSingts~"3 20, N HO0f and turned
outward ~S_degrees. Upon the ring 60d there is space for a ring 60h with a
rhonbi ¢ cP63§eSebFFoRSHiLER thE Qgéﬁé'~§§ede@€ee§aand the 15 other -eg part
is arectargie attached to ring 60d and outside ring 60f. The whole

Cr0Ss- SeCkhanci;s bRgR.f bLled. 1Yoke,patts ;g separaled fy gixdng some wider
bows to give space for other yoke parts. e good properties of these

t ransfoor nrenecdreesTban, beh20pmadeaeceven bdét ttae fcoresamm tasarsforlner
application, see_fig. 7. .The | eakage inductar_ce car_ easily be increased
by an addPFiSHQPléég§d29dSPe§gFP§s%BefﬁéeﬁrPﬁgcﬁﬁFﬁhﬁyﬁéWH”séEbhdary

wi ndi ngs gfytheatfanst-aener ngThe ki o rke shraughty f egethele at the top and
bottom The strips 25 car be spread around the entire primary w nding or be
concent r atedmt bheneapkaveilanki ng t he secondary wi nding eccentric. The
nor.-linear nmagnetic properties of iron result in harno:~ics in the
magnetic %ielg§ voltages.and cur 30 rents ‘M .3 F E 8 2~~~ WO 00l 14753
PCT/ SE0S/ D158° 15T APPESGHL EToNal o1 &G Brated PA% Re"canti% Y he core will
rot get apyrABgRet teg bhetd ypdgegperkectbycsyamet ddiale sthding
d~stortior:-free three-phase conditions. Commor. conponents in the phase
vol t ages, PERRerne. ChethRi YAXRaPABES -5 Thes YOHFl Papé S ifafei &S e a centre

| eg. Al sc_a.,.conhipati SstLi et ~-the w.ndi ngs cent~. "2 leg
is possibwgfvl%pgﬁé éﬁgogﬁﬁeﬁ%ﬁaﬁﬁg ggﬁ?&é Fgggkgghg%ééﬁy%éhée rect angul ar
pcl es 80 Mriimst nepsogi véepharhegghtinthreenifgt iames Heheliwigdtdy | ai d on each
other to a quadratic cross-sectipon, see fig.. 8 This is preferab-y

Lri angul afeHF S07 8 c 1S - BRPRAESOPUEY off o e &R pol SEATIPHRY hombi ¢
crossgssecyh@iancef WAkehdlingr e8cdeewiwh kegether i fOldRsa packet with the
strip edges toward each other 15 in a wave form see fig. 9. Three
pac' . ~et s2dFe passibaeéther with small distances to forma leg wit: a
crosssection approximating a triangle. The ends o~ the poles are bent
outvard tg cgach,the yakesonle HBLS the nends possiile spacyls betueen the
pol es are necessary. The 20 spacers do not i1r ‘fluence the magnetic
propertiewibécanwebendepolkebkdomicacrefacleaicedta ¢id¥a4c;ar8Bata. is bent to
each yoke. Also the strips are, at least on one siq§géparaH!el to the
spacers. ACr8H, °G6aAa"8f SEPFHs SEATdPrr afSFofmior € &6i9%,19% 25 usef ul
especi@l | ¥si t thhesgedase:-tignbe Saﬁég%@%,b%\ﬂ_@%n rehe camdte digg, and the
yokes. The spiral car. be made wider at the ends to reduce the a-r gaps to
t he yokeshave a relative angle of 135 degrees to each other.

Three rhombs, each with an angle of 45 degrees, thus
get space 1in the innermost edges of the legs of the
core. Outside of these rhombs, two squares are filled
25 Dby 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 leg 46. The remaining subsections compose



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 i g gﬂgtA
maj or part of the 1 3 FE ~3 2003 WO 00/14753 PCT/ SE99/ 0151 ‘ig'ﬁ% % iC

flux ¢anoppss; fromone profiled ring to another in the ﬁ@ﬂ@d%?gﬁ t'~ey are
touchi ng each other. This enables the rotation of [arge~.~ fluxes in the

yoke triangle. 5 Wth the present invention, it is also possible to provide
a three-phase transformer core with lined up | egs. This has the advant age
that the.transforner i.s narrower than with the delta shaped core. Tris type
of transYorwer s S deal” 1?oo‘r aplpa‘coegrjr%ln‘tcworr‘.n%.%?l??a?% %\%%og%l.réo gig. ~la
shows thegdt nansvelse cross-sed iprooflad trans doineer whg hepet agonal | egs.
Al'l 1egs conprise four rhonbs with an ang=a cf 45 degrees and two squares.
R ngs r §ECAINRY 3t e hdjestserfto | ¢gs- are shown in the figure while those
run: ~i ng between the outer |legs are 15 alnost entirely hidden. In order to

meke transferner, %%%%fgdtjﬂiﬁgiéﬁ# é&g&éf*)é@ﬁtéigy%}wpghbendable and

t hat thé yoke parts can be be pass” each her here are several solu
tions, efjuahi Akcomarcss SO 3ot thend igpH .4 e 49 28s partisowf the rings
are bent outward and the yoke part inward or vice versa. The shape of the
yoke paPfi§ CEASSHSSEF AP 11 159 1k H it 1P¢hest Df I9¥%ER%EF ¢ ¥ef or nati ons

put ot NeLWoa® Loy oks pafls Galh Jave anvshape. < The- prigeiple shown 1n

fig. 11 is to have sharp 25 bends and strai ght yoke parts. e rings can
al so be gpldced ion sgac H adtlers gihd ngermouwndethdehittsst v onglet240 save

materi al. The yokes between the left leg 115 and the centre leg 116 are
built uf®*6f a ring 112a with a rhombic cross 30 section in the leg part, a
ring 112b with a square 1 3 FEg 2B

1C Using a solution from the embodiments with hexagonal
legs described with reference to figs. 2 and 3, two
outer rhombs compose the cross-section of an outer ring
with the yoke parts bent 15 degxrees. Alternatively, two
inner rhombs compose an inner ring but bent 60 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 of profiled ring is to be preferred
because it is difficult 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 ring 42c has a rhombic cross-
section in the leg parts and is placed outermost in the
back leg 45 but inside the raight 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 1s given such a circum-
ference that 'it will lie outside of the other rings.

30 The final result appears in fig. 4.



WO 00/ 34753 PCT/ SE99/ 01518 cross-sacs~cn and both beat ~~.5 degr?%FSQQQQﬁB.
rhcnbmring |i2c turned 57.5 degrees in the leg parts. The rings'Tl2a and
112b iit ito the octahedrons close tc the yoke side ~.vhi=a the rins 112c
its roteweh@/apgpos 5 ing side. The yo.' ~ce between the certamesH®egisis6é 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 |eas 115, 117
a=a m=ror inages to the centre i0 leg 116 sc that the rings running _.

the ce:~trg |80 an85SYBYR fLGerINEyi AESQENELBYS sB143,: 1814, haye their clos
est positions i:~ the right leg 117 However, the ring 1-4c witr~ a square
cross- se~ctlesonikadt Weéthegeparesceuns fogt 5:.e Theogesti Sigranre-rgdrmaped
positron in the rig?t Leg; 15 The regsgn bﬁ“ind that is that the ring 113a
wits a squaPBtetBseisettiont bBEweBh T heBalel SReRES S i & arf Gt er position
on the yoke; Rartsaa~ar eadynr esg8t sbp ahdes t@:keach dhedeftidieg. The
turr_ing of the yokes can be inpossible to achieve. 20 In an alternative
enbodi Fent rhamheavitgsstepthgofsl dni shasedlegspeads Hyies dtsastimah for the

ring 1l4c havj e_shortest yoke. The fold starts.at one end of the yoke
and ends aiothggoiﬁé?*gﬁa,cﬁﬁﬁ éﬁe5§lIT8a9PBF £ gylgﬁﬁ?‘ﬁgﬁk and 118b for

the upper a@djﬁegméigvzllana516\bsgeﬁkeesyakast@@arbgzosgtébqj'a\@tdoed into
several narrow rings. Al so single-phase transfornmers will be nore efficient
if "“hey arlegfveh potygenal AcFesstsettnen§ddrhgving shakempaidansf or ner

i 20 ockadenel, esy AEEh! S SOIEd AL MR M L sane
~ 3 F1C B 2683 ¥¥»0043s4753ng 5Ca. Its leg parts are turned out-

wards 24 degrees, causing a 48 degrees bending of its
vokes. The fourth ring alsc causes the yoke parts of
tne third ring 5Cc to make z larger bow to give space.
A fifch ring S50e has a rhomwbic cross-section in its leg

15 parts with the angle 144 degrees when it lies outside
of the third ring 50c, but the ring has a rhombic
cross-section with the angle 72 degrees when it lies
ocutside of the fourth ring 50d. The yokes are bent only
12 degrees. The arrows i the figure indicate that the

20 cross-sections 50e belong to different profiled rings.
There will also be a channel 51 suitable for cooling
the legs. In an a’ternative embodiment, the channel is
filied with a ring. This 1s an advantage when the rings
co-operate by letting the magnetic 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 rhom-
bic cross-sections with the angle 72 degrees, causing
the channels 52a and 52b to be formed. Further parts of
ring 50c to the right 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 PCT/ SE99/ 01518 gong the cl osest way o~;ts~de ef the wordings. The r ngs
can be t~~ansposed anti yet given an octagonal cress-section. A.fga#t
reduction of the anount ef plate can e.g. be obtained by =copi ng' tp g ﬂWé
| eft cf ing locping rightnmost _._the figure. Ther g
cross-gggpﬁggw%e chanced to a rhonmbi¢:formclose to rectgﬁg§#%%o#%$n1 A
core with two | egs can be nade fromthe three-phase designs by bending the
r :~gs fromone leg together toi formonly ene nore leg. A core is shown
infig. 13 with an qctagonal crgss:-sect~or_ ;n its legs. T:~e turning of

t hree Ieggﬁﬁﬁr?lié’ §%Sd Bf"g@éi ﬁ(r??d {The BErdingS & 9P UethedCMA ring wit” a
rectangul grseR088- $8GH ¢4 ng@ndokne 1Me i inzes sQutsigle; ofe dhatn i ng are not
deforned. 15 Cores with hexagonal |egs need only three rings made of strips
with the wapb whdt Bnglkest Bat 66t agén edge Mldededreawxe whonb adges neet, is

put innernpst in.the re, the turnings wll only be 22.5 degrees except
for the rﬁbﬁﬁchﬁdthg ﬁﬁadpéf“ﬁﬁﬁ hc?@%ﬁﬁ§r‘5éQHn%ﬁﬁj%fﬁE?%ﬁé%ies. .
Repl agj ng1thihsgrhesh whthaa biENgneWet B i$@P% haRR @ddTaldNg- {Kes rhonb, is

nore realistic and is shown in fig. 14. A further inprovenent” is nmade by
|l etting shéest PPpsWithchhoneici cebes-skas liomsr easimgheharnmied 30

cross-sectign, .25 _ egnents _out si.de of .a pol ygonal_ |eg,c be Filled by
a thin rhoh i%orlgﬁér?%?ga §EPPBC VR Laboatoh &% e SHIGIAT ik ¢ he ful |

hei ght of athecsegnrbtaanddwenndhko fiitfs ht atal swi-ath.rirRldssdd), tdwer strips
along the mddle of the rhonb as in fig. 15 nake two sides to one flat 30
si de gi vi Rgeast +FaRBREe £RE &i &8S0F O@hiWels hare HNPTEUIR &1OSAth the core.

wi th sabout.o 2L 3w 9t PaaBfloBLAG1 o boF 4572003 NOBD/CL A75% PICT/ SE99/ 01518 16
hei ght, a fcra at the e ge of “thé i Nher rros: strip makes a trapezoid

Cr OSS- secflegreeas ts biperlbegThercr ass aseektiamglcanutcsaldo de rour _ded

By neans ¢ strLﬁg of copstant width t:~~e |leg parts can 5 be given a
c~~0ss- sebtFo2 ¥hapEtEfoser 8% hEreedapdtypry dir degrasse fYRPM 17, 17a and
17b. The thght:hg9cd&2chBrki 9s 35aWs~£Ll he descrdded ;as, ap axamp~ie with
reference to fig. 17a, wherein a transverse cross-section of that leg is
shown. | retcernpss; sefbienavathi hgs 3nglef 1609 debraBGO aofd rdld widt:: ar _d
to a.height, 9% of |ts width, There are three rings reachin
circd%%cr?%@%icfé%l%?Léeégﬁ?ggef 5F9¢8ur%gﬁcpﬁe §§&q§6§h§%¥%5%5§e been
filed w=tbutrgdet rengateri afhandhsilei psoes-eictda oof itdhe tagsenbl ed core can

15 fill the_other_segnents. Aring 174 can_be placed on the outer sides o=
t he hexagbtlsed- AhgFReP2ehBodF ReAEPRS2SREWRYI A 1G9 FAFS WH&SI n the ring

174 has bggpsr s 5%9 BY¥abEoader o8hEkPS iR Lhe 20 other r—.ngs . Sone cf
t:~e advantages of the inventive transforner core have already been

menti oned. Anong the other advantages can be nentioned: |ower no |oad
| osses, |Bbs @ePghpropessies| afethberert rehedrrineal dagsicagmn &g educ 25 tion

of h%ﬁﬁnnﬁgaedggeﬁobgpee§ygg§tE%mgft%g%s%%%%%§ %EFHQ%A%QE%E'QQQ§6
t ransfor ner, easy nal nt énance etc.
fig. 7. The leakage inductance can 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 can be spread around the entire primary winding or be

concentrated to one place, making the secondary winding

eccentric.

The non-linear magnetic properties of iron result in
harmonics in the magnetic fields, voltages and cur-

30 rents.



Preferred enbodi nents of a transforner core according the invention have
been descri bed. The person skilled r.; ~~~3 2?2~~~ WO 00I11é?${3'mm3
e

PCTI SE991 01518 1? in the art realises that these ca:~ be vari

scope OwoldgRefzhai ; ns ~ 3 F~~ 2a3 WD 00/ 14753 18 PCT/ SEQ&/{¥b&d&1£LAI M5 1.

w=t hin the

A transrner core, conprising at leastzone leg 5 a:~d at | east one yoke
part,

t the corg |s
At ansforner core accord

h a t sairtbatgdeasty ongghea: has1Beaaﬁﬁaarlp@ﬁ:@ss:tsgzctsymaét.ri&a1A

cransforneY core according tc claim2, char actari sad:
t it conpibed TR 1B T AgS. chrea-phafst 6PREL CA6PE -abOBFErn§Ooro cl ai m 3,

har a
wi dth an

whe-ein the cross-section of said at |least one _eg =s regularly
nmufti-edged with nere than fo~;r edges c har a c tari sad:.

3 JBAE, yp; of n%'é %ng Lgd from %Ul IO %0 nst ant. \ﬂn dt h.
n

c-tal n11 r a 985" *s adi nt

nt h
10 2

nt ha

f f
gaén%{rbstnﬁeﬁqg ftahgﬁ Oo?:&g%& C?”R” 362 E:E\l.efe‘dg'xﬁg‘gl% of a first

SI'X Frngs of a secon

¢orresponding to

hal f Bhe_hisxsﬁlwuc%élQﬂfaﬂdnaesebpnd behght tegresponding to half the
first height. 5. A transforner core according toclaim4, char actar

i sadbyafirst g
wheteih %a%?i“‘?%lﬁ@ %ﬁ%p@é E)EF%OE

part,

106

15

20

25

30

r_iﬂ§§s. the wind lngs anc a

centre leg 1s possible.

In one embodiment, the centre leg is made of three rec-
tangular pcles 80 from strips given a height three
times the width, laid on each other to a quadratic
cross-section, see fig. 8. This is preferably triangu-
lar and a custom-made solution contains pcles with a
rhomecic cross-section, c¢f which three are put together
to form a packet with the strip edges toward each other
in a wave form, see fig. 9. Three packets are put to-
ge-her with small distances to form a leg with a cross-
section approximating a triangle. The ends oI the poles
are bent outward to reach the yokes. To make the bends
possible spacers between the poles are necessary. The
spacers do not influence the magnetic properties be-
cause one pole from each packet 8%la-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
useful, especially if there are to be air gaps between
the centre leg and the yokes. The spiral can 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-

scribed in connection with fig. 4. A major part of the

a second SS%ﬁand athird (34) ~i ng25 shaped
o

a

c



a first ring (32a, 33a, 34a) wound fromstrips of a first wwdth to a first
hei ght, the cross-sections of said rings being rhonmbic with two aq%ges of
60 degrees, a second ring (32b, 33b, 34b) wound froma strip bf3 BEB02808cond
wi dt h }ii#d;l y corresponding to half the WO 00/ 14753 drkr50,815TEB 202
PCT/SES%?@@%iS first wwdt, to a secarsd h2ig: ~t essentially corresponding to
half the first height, said second ring having rhonbic cross-section and
bei ng positioned on said first ring ;32a, 33a, 34a), 5 a third ring (32c,
33c, 34c)_ wound. from 1 ri f the second width.to the_secona height, said
second Hﬂﬁfqé%ﬁ?me%gﬁgﬁ ié?%?o%ggge ??oﬁrg% FL%%iﬁgngogf)tioned in one

posi tion Prtsedd {4 rsie riags (B2are 38Rey 3482 edhagenly tacsabdhsecond ring
and in another position on 10 said second ring, said fi=st, second and
third r~#ﬂ&}%r%ﬁﬁﬁﬂ%%r%h%ei%ﬁﬁ%s%@n%feéaﬁﬁ@Fegyuéeﬁh%éetbﬁa¥@k€ransforner
core\MtrE;fgﬁalJegs w t h hexagonal cross-sections is forned. 6. ~
transfornmer cote according to claim2, 15 c har actari sadi nth
at i t conps ises seven rings. 7. Atransforner core according to claim®6,
c h asr aichH thd presend Inyemcfons (22a3, ahssepondibp28ayoapdoa third
(24a) ring 20 wound fromstrips of a first wdth to a first_height, the
cross- sectiths dFRIRs P13 TRt B PP FROFLFE T i YhEEwo1RAGI BB 4F980 degrees

said fi r%ﬁ%%@@%&%ﬁ%gé “QE%?; Of AL NG YOKE- PR Esi.&,oggtgbsae}orm ng a

triangle, a fourth ring (24b)”wound froma strip of said first 25 width to
a second dismghtiEssen iddltya conapspondirag Thibat{peheff trshshei ght, said
fourth ri havi ng rhoqggédal géoss-section and_bei ng positioned on said
third ri n%? #a)LS 1 007 AR BTN B B B 2-L93 PYTPSR89/ 01518 a fifth
ring (22b) wound froma strip of a seco:~d. widt:~ essentially

corregponding 10s haldwd hend i ¢ sdnabdtbe tocsal deztibst ohebghtansaid f_fth
ring raving rhonboi dal c=oss-section and being positioned on said first

ring 5 (ZZpMeT #5iixtICFIFRNIL3bIIR0uUhY: f BEFaCSTPFpSEf ZPHE second width to
sai d second, hel git,, ) sal da'%i% ho{ ! 53]9 Q@%&Qgerﬂﬁbt%Océéﬁéiég‘?t' on and being
posi ti oned on sald:second ing (23a), and

Rings running between adjacent legs are shown in the

figure while those running 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 vparts 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 can 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



10 a sever.~h ring (23c) wound froma strip of the second VBdFEBBﬂﬁaaid
second :eight, said seventh ring having rhonbic cross-section an ei ng
positioned on said second ring (23a) and on said sixth ring (23b), whereby
a t hr eewph@sia743r ansformer core with three | egs 15 with haxaganabisis
cross-sections is fornmed. 8. A transformer core according to claiml1, ¢ h a
ractarisadint hat said at |east one | eg has octagonal
cross-section. 9. Atransformer core according to claim8, 20 c har act
ar i s acfhdsysactiestand 5660NHerpdoa . thised peQf e L RGc@ACh conprising
three rings (42a, 42b, 42c) with two leg parts and two yoke parts, wherein
a first r¥hgs (4Ray haviad phohbiegreessiBettiponenpiarss25Theg parts with an
angl e of 45 degrﬁgs ggg %iih the igbg psrtsﬁbegt,lS degrees in such a
direction tHat the ol er sfde-tacds df -Fts°Fag partsarefovéd t owar ds each
other,  thd Joke6s2003wMD 80t he | 2535PCTLEESI9£Q1548 2k ha Sggerd ring (42bi
havi ng quadratic cross-sections in its leg parts and being positioned or.
said Pirsingisydeand a third ring (42c) having rhonbic cress-sections in
its 5 leg parts, a first leg part having 45 degrees lying mainly on said
first ri an sec r aving 5 grees . |l ying on said
second r??%%4%§%%)7g%§?3§f?$§t%gggg%n%egnéhfhﬁﬁé Bg%ffrg%riﬁgg bei ng
assenbl edi whet gbyoal ¢ hteepphasé irapnséorsrEreolegwiththbr eemb@nl-egs with
oct agonal  cross-sections is formed. 10. A transforner. core_according to
claimi1, €% BOF B en%: alt43-G- aT@%i CROFShS§CF19RPd Cat theaseiéne | eg has a
Cross-secy, LE D s edges. , 11. transgor re acear dig o claim 10,
15 ¢ h a.%ﬁﬁngﬁ$ﬁa %g? S ggd B‘% Fy i&gf?ga g@%%%%,%gna%5 gﬁﬁgégprofile
ri nglCeachegonhs i s¢ nghdti vehei ngsgéS0ane)ngi th the kegtpar lsgaprd two yoke
harts, wherein a jir@toripga 50a) :having rhggbkc cro§s<sec;ions inits leg
parts wi tWWERCahYte OF° 367 0ehreeld® 20 4 setdhd FPHG (568 Ra¥Phg rhombic
Cross-secdiOnsos-idss!| eg pactsighth1an angl eushe(é-degheesing third ring
(50c) having rhonbic cross-sections inits leg parts with an angle of 108
degrees, B-4ourihirange(SB0Y) Chass ngerhoddi encEbSs1lsecPahs THNB5 its |eg
parts wt _ang| -3 e Lhg.mai aly th irst ring (50a)
and haviﬂgji égygkgs%%Ttgqgﬁgéegﬁ%ggga#%éEgAggegbeégg gﬁghE 1eg.

15 The reason benhind that is that the ring 113a with a

square crcss-section between the outer legs is in an
outer position on the yoke parts already present in

order to reach the left leg.

The turning 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 1l4c 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 yocke in fig. 11.
25 Also, the yokes can be subdivided into several narrow

rings.

Also single-phase transformers will be more efficient

if they 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



1 3 FE B 2003 WD 00/ 14753 PCT/ SE99/ 01518 a fifth ring (50e) having rhomic

cross-sections ir_i:.s leg parts wwth an angle of 144 degrees d {+€S
ont' ' ~ethirdring (50c) but rhonbic cross-seciton with an Qﬂﬁmék%?bﬁg

degvgegi1ger _ it lies outside the fourt_~ 5 ring (508)T/segvhigscrarnel (51)
suitab=a for cooling the leg outside of the fifth ring (50e), said first,
second and third profile rings being assenbl ed whereby a three-phase
transforner core wit: three legs with ten-sided cross-sections is forned.
'~8ﬁn thansheceer gareoaceondi L (R Glaldidds. orfrar act ar i s a
d b y cool ing channe 1 s (52a, 52b, 53a, 53b) caused by g|-~|ng t he outer
par ~ réhgsheat: Derd”anﬁgosédcﬁna yh@M@4yanw&n;Qﬂﬂagmnalvmt ar: angle of
72 degrees and b |sglacgn% another 0 art(%% f the third ring
t owaf v?ﬁeSFFFPﬁ ri Ag>[50e) TRALH Y6 sgﬂ réﬁ%ﬂ%eleg 13. A
trangtor ger corecaceordiungyt ocekainm 19, 6bft%kr &l dradei sadby
muf ti-edged cross-sections of their legs and profile rings conprising a
f3 rst:lzg ¢hostien of ghtngstwith thikofbiceirer.oShesactiugts Wis h d~. ~fferent
angl es _but in thei é Ieg ﬁarts turne% t he sane acgﬁé and attached to the
muf t FL83G6G°CF4SE- 88cETBRE"nd i Asit 48 ™ *Secohd’ 1er-f rings with
rhonbkecghessaseebiran Wi th different angles, but in their leg 25 parts
turned t he sane angle and attached to the first cluster and so on until
i nnernost there arises space for rings, which in one of their leg parts is
gi vep 80EEo¥SISeétPoledAdCRir REngadief facdhtine frivrRe tidseSs n the ot her |eg
part 0QL14733 P E99/ 01 ansforner core
acco?ialsnan?' Eg Qgéi q aéllr‘“ cgtyog r%%{e s*seéa&%l%énﬂ}'ﬁ ttacgt al e. r=ngs have
A rh@abchﬁneseneembrenlwgthﬁtwerangbe&hmhnﬁajdegmﬁesuﬁnduﬁmo angl es of 120

degrees. 5 1~. A transforner core according tQ claiml, ahar aat ar
s a @8'hOFtaACRAdi CFERAr SEGF&Or76F oFSsﬁﬁﬁﬁ;tﬁﬁ%m&ﬁ?“wﬂﬁmﬁngs br ought

togethercat 4heat-0R @Qd4ﬁh@ebQEB%”b%E E@%(HEHalﬁg5lé\§da“Sf0rner core
accordlng toclaim1, 10 c aractar.i b y an additior_al core

-n tdegceﬁsreAlrnegoWlar Eeagtt@nsuiﬁﬁlGqQﬁS?SQﬂﬂﬁQT arat _y, arranged trree
and re cka e.(-igs. and . whi ¢ e are bent to each yoke.
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coreaccor | ai'm "actari sad

ﬂ5 n tokea wlth~ﬁekagﬁha& okckegselds cone. tH%eeAﬁﬂﬁggﬁde&woﬁore accordi ng
toclaiml1l7, char actari sadint hat ther ings are |ooping
out sFg&2 QspwéFpl SheofalealdfisFmer windings. 20 19. A transforner core

according toclaiml, char actari sadi nt hat the nunber of

'egSIEStEEQ o%QagéntEéaéf95€§E COLR ACERIH N Ghaddm hgc har act ar
i s a I at segnments between 25 the cross-sections of the | egs and

a C|pumns@nebe@sclnolehareogantmyehuunaingﬁthqirwmgelahd/or slightly
broader _st.ri H_AFE, Au, . A& Af A9 { A3 VA CAA
y. Ay)g/ A[S i{%ﬂ eﬁ\(s E\Ec%é E@ Ahe rheomb 10 % 1%&@ w%dlctﬁa‘
. Antiset 6eHEQTheanBo” Y] capeakea] Raplaldals alicial ealae] calwa] cal ca] cha] cta] ¢
Aa]ca]ca]ca]caLca]ca]ca]ca]ca]cAa]cAa]cTa]ca]c alUc a 152]@§NFJVW[|XU(
ring, steps approximating the rhomb, is mo
realistic and is shown in fig. 14. A further improve-

ment is made by letting the 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 con-

tact with the core. With about 2/3 width and 8/9
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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 malntenance etc.

Preferred emhodiments of a transformer core according

the invention have been described. The person skilled



10## 10## 10## sS&6! 10%H& ()- Y4 109%& () - FLYL09%& () - -

109%&' () - O} ~<dV793s! | F! 109BB& ()-y10%& ()-f10% ()-!S 10%& (),-g

109 ()-L! 3109 ()-b }A<dV793s! Y4l 10%PPPP& () - 210%&' ()-. 10%& ~() AP 100
& ()-'}\E/%gé% 5@<K& ()-10%& () - PCT/SE99/01518

7r P1GL0Y 111098 ()-, 1110938 7) -1 0Y% 10%& ()- 10KK 10KK

10KK! } Y4! TOUKKS. ()-7B@~7?r P1GS! 10958 () -

10968 ()-! Y 109%& ()-910%& ()-g!: ! 109%?2& ()-zf z10%3& ()-[1a?1l 10GE 7

doca el Tood ()15 10076 (1175 S100 57 P BIOW D) W 1607 () 1003

iocah yXeBlof the claims.
10! ~9+! 10%( X'& ()-Y& $10%& ()-!& $10%K" K" & ()-!x& $10WKCKCE ()-! & 10%hb&' (
)- T&10%"F"& ()- !"""""""#uj @ 10! ~$f 10%Z& ()- 10" 10"

10" 9&6! 10% & () - ! 9&6! 109%bb& ()-3s109% & () - 9+! 109& () - Y#! #HHH#H#$$aB] _@
10! ~9s109@& ()- F

109@2& () - 9f z109@& ()-LT109&Z& ()-!p, ! 10%p& ()-,! 1092Z& () - $5900&N&&aBj] @
10! ~&9$F109@& () - 9"109@& ()-!!109%Z& () - 9109%Z& () - 9109%&& () -

11" 10900& ()-y&& 'C ' "(Z(~\:j_@10!!L0! 10%& () -



| LO! 1097278 ()- &+ &109Z&' () - &+ &109&Z& () -

(10%e& ()-1$940%~& ()-2Z(((7)i)j)k)|))xmb@10!1!a &10%& (H P8 200% 1029:;
1002& ()-+ 109Z& ()-&6 109Z&' ()-y9, 52109Z& ()-) (**++7, , wU3nb

| X Fy &! {ouRds) - | ~Fy& 109888 () -1 yFy&l 109008’ () - ! f 10%&P@l781'9§/01518

109 ()- 3! S&10%& ()-, H-T.. 4/ 1/ m nixd wXMB7 | 10 10 10F7 109& ()- 3! F7
10%P5P58&' () - 3! SF3% 10UKKE () - ! | F3% 10%BB& () - ! F3% 10%=8& () - of ~/ / /| 080} A?NB
7 1 10310% ()- glO%&' ()-1F110% & ()-1110% & ()-!10% ()-&$SL0%: ()-
8070=1u112R2} A?MB7 ! ;

101 10%&' () - 310%&' () - 310%&' () - yOTOYR () -1 f&! 1098 ()-!f& 10%]& ()- R22*3" 3s3
3Laa7NB7 | 10191100 & ()- Y+100& ()-9( 109 ()- " 100 ()- &810% ()-2! 9

O%bb&li) yL444&§§%¥%@53ﬁ3r églé (@éﬂé%@%(% aéoleast one leg
5 and at least one yoke part, wherein the cross-section
of said at least one leg is regularly multi-edged with
more than four edges, characterised in
t hat the core is made up of rings rolled from strips

of constant width.

10 2. A transiormer core according to ciaim 1,
characterised in that said at least one

leg has hexaconal cross-section.

3. A ctransfcrmer core according to claim 2,
characterised in that it comprises nine

15 rings.

4. A transformer core according to claim 3,

characterised 1in that it comprises three

rings of a first width and a first height 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 transfiormer core according to claim 4,

characterised by

a first (32), a second (33) and a third (34) ring-

2t 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
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on said first ring {32a, 33a, 34a),

5 a third ring (32c, 33c, 34c¢) wound from a strip of the
second width to the second height, said second ring
having rhombic cross-section and being positioned in
one position on said first ring (32a, 33a, 34a) adja-
cent tc saild second ring and in another position on

10 said second ring,

sa1d first, second and third ring-shaped part being
assemblad whereby a three-phase transformer core with

three legs with hexagonal cross-sections is formed.

6. A transformer core according to claim 2,
15 characterised in that it comprises seven

rings.

7. A transformer core according to claim 6,

characterised by

a firstc (22a), a second (23a) and a third (24a) ring

20 wound from strips of a first width to a £f£irst 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 rhomboi-
dal cross-section and being positioned on said third

ring (24a),
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a sixth ring (23b) wound from a strip of the second
width tc said second height, said sixth ring having
rhombic cross-section and being positioned on said

second ring (23a), and

10 a seventh ring (23c) wound from a strip of the second
width to said second height, 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 acccrding to claim 1,
characterised in that said at least one

leg has octagonal cross-section.

9. A transformer core according to claim 8,

20 characterised by a first, a second, and 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,
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a third ring (42c) having rhombic crcss-sections in its
leg parts, a first leg part having 45 degrees lying
mainly on said first ring (42a} and a second leg part

havirng 135 degrees lying on said seccnd ring (42b),

said first, second and third profile rings being assem-
bled whereby a three-phase transformer core with three

legs with octagonal cross-sections is formed.

10. A transformer core according to claim 1,
characterised in that said at least one

leg has a cross-section with ten edges.

11. A transformer core according to claim 10,
characterised by a first, a second, and a
third profile ring, each comprising five rings (50a-e)

with two leg parts and two yoke parts, wherein

a first ring (50a) having rhombic cross-sections in its

leg parts with an angle of 36 degrees,

a second ring (50b) having rhombic cross-sections in

its leg parts with an angle of 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
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
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said first, second and third profile rings peing assem-

bled whereby a three-phase transformer core with three

legs with tTen-sided cross-sections is formed.

10 n2. A transformer core according to <¢laim 11,
characterised by cooling channels (52a,
52b, 53a, 53b) caused by giving the outer part of the
tnzrd ring (50¢) a rhombic cross-section with an angle

of 72 degrees and by displacing another outer 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 ciaim 10,

characterised by multi-edged cross-sections
of their legs and profile rings comprising a first

20 cluster of rings with rhombic cross-sections with
different angles but in their leg parts turned the same
angle and attached tc the multi-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-section and turning differently from those in the

other leg part.
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5 15. A transformexr core according to claim 1,
characterised by an additicrnal ccre (70) of
strips between windings brought together at the top and

the bottom cf the core.

16. A transformer core according to claim 1,

0 characterised by an additiornal core in the
centre line of at least one strip pole, and if many,
arranged three and three in a package (Zigs. 8 and 9),

which poles are bent tc each yoke.

17. A transformer core according to claim 1,
15 characterised in that the number of

legs is one.

18. A transformer core according to claim 17,
characterised in that the rings are

looring outside a position of transformer windings.

20 19. A transformer core according to claim 1,
characterised in that the number of

legs 1s two.

20. A transformer core according to claim 1,

characterised in that segments between
25 the cross-sections of the legs and a circumscribed

circle are partly filled by thin rings and/or slightly

broader strips.



