| MPROVEMENTS | N LAM NATI ONS This invention relates to inproved |am nations’
for el ectronagnetic devices for naking up magnetic cores thereof, to packs
of said lam nations and to nmethods of assenbling "said packs toiQ{’ﬂ‘\SSL,_
magnetic cores. 5 El ectromagnetic devices e.g. transforners and el ectTItT

mot ors commonly have cores made up of individual |amnations which nay take
the formof a butted stack, an intgrleaved stack or a so-called
"Unilam' (registered Trade .Mark) stack (see Patent No's 10 2
GB- A- 1466878, 1466879 amprOVEMENDS IFNVBAMENRTADNSMaYs have been used to
hold the | aminations together to nake a core for the device. They have been
bol t ed together. They have been wel ded together. They have been adhered

t oget her. They have been enclosed within 15 a retaining frame. But al

t hese net hodsThie &pvengiescxsslatery tavolmpPrayed: i dnaminawponent Foand/ or
add to the tine and nunber of operations _needed . to assenble the core. It

has been prop3tREt¥AMPENSHicSpAa¥ices| ohoRoMakd U IAgNSYEC £8TeS ovi de
cut sheet nmetal | anmi.nations that b orce fi,tted together to. avaid

t ransf or mer h€$§ﬁegf'hi§h tQﬁEgéﬁﬁuiﬁthPQF&§§: ti ﬂs.m?ﬁgggsone

of the Ian1g§tégg%mb1@%% sé%gﬂéackga£50¥brm magnetic cores.

Electromagnetic devices e.g. transformers and electric

motors commonly have cores made up of individual

laminations which may take the form of a butted stack,
an interleaved s;ack or a so-called "Unilam"
(registered Trade Mark) stack (see Patent No;é
10 GB-A-1466878, 1466879 and 1466880). A variety of ways
have been ﬁsed to hold the iaminations together to
make a core for the device. They " have been bolfed
together. They have been welded togefher. . They have
been adhered together. They have been enclosed within
15 a ‘retaining frame. But all these methods are costly
because they involve additional-coﬁponents and/or add
to the time and number of .operations needed to

assemble the core.

It has been proposed in Patent Specification No.
20 US-A-4594295 to provide cut sheet metal laminations
that may be force fitted together to avoid transformer
noise at high load/temperature working conditions.
Thus one of the laminations has small narrow

projections that are a force or interference fit into



projections that are a force or interference fit into -2- correspondi ng
recesses of a conplenentary lamnation. But it -is inherent in the force fit
nmet hod of assenbly that the conplenentary parts resist assenbly, and any
resul ting inconpleteness in the nechanical contact 5 between the assenbl ed
parts increases the magnetic reluctance of the device, and.
corresggpding | oss of efficiency. Furthernore the said US Pat.ent does not
rely om=force fitting as sole nmeans for holding the | am nations together
but al so fastens the |am nations glQ by welding as is conventional in
the art. Force fitting Is also described in Specification No's
DE- A- 2744711, 3008598 and 3008599. Qur Pat ent Specification No.
EP- A- 00284%46 deescri b&s and cl ai ns F;\fi/am' 'Q)atioep (_%)atrts fogah\sg itn t he
magnetic cOres o1F 15 tranSFEATErS Ravihd R T HEY andPPa088 488 t hat are
subject tomgpy i efLeffAGSh irPd e force fit method of assembly
that the complementary parts resist assembly, and any
resulting incompleteness in the mechanical contact
5 between the assembled parts increases the magnetic
reluctance of the device, aﬁd corresponding-lpss of
éfficiency. Furthermore the said US 'Patent does not
N rely on force fitting as sole means for holding the
laminations together but also fastens the laminations
10 by'welding as 1is conventional in the art. Force
fitting is also described in Specification No’s
DE-A-2744711, 3008598 and 3008599. Our Patent
Specification No. EP-A-0028494 describes and claims
F-lamination parts for use in the magnetic cores of
15 transformers having projections and recesses that are

subject to an interference fit.
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In one aspect the invention provides a |am nation assenbly f'of an

el ectromagnetic device conprising first and second paéks 'ef :Conpl enentary
| ami nations that fit together and have interfitting formations, 5 t he
formations of one of the packs of |am nations being prolections t hat
are per mnent |y defornmed i nwardly towards the conplenentary fornmations
of the other pack of lamnations so as to permanently fasten the firgl&and
second packs of | am nati ons together. In a further aspect, the

i nvention provides a nethod of ﬁﬁssenbling packs of | am nati ons
of an el ectromagneti c devi ce, ith conprises: providing first and
second packs of conpl enent ar Ianlnatlons 5 that fit together and
have interfi¥tiORf G%ReREi o hb!‘ﬂ?ﬂﬁl?ﬂe PFPé’P-d&ﬁd %cmlﬁ%@%f

| ami nations positively gether

def ormi ng saiP YN i o#félgona’bn %?c%?ﬂagPeFﬁE p&?y§c&f Icé’i.ﬂpfﬁ‘ﬁ’d% to
engage the fgr@éé Oa{(}-?d eégﬁdoﬁggﬁs of cgﬁﬁliemg;xtar%m Tgh{ln%%lons cl amp

the first and“secon
that fit together and have 1nterf1tt1ng formations,

5 | the formations of one of the packs of laminations
being projections that are permanently _deférmed
inwardly towards the.complementary formations_of the
other pack o_f laminatidns so as to éermanently fasten ' \J

the first and seco__n_d packs of 1%mination_s together.

S




packs of |am nations together. In a third aspect the invention provides
first and second packs of |am nations when provided as a set f.or 15
assenbly into a lamnation assenbly for a magnetic device as aforesaid,
said first and second packs of conplenentary |am nations having the ability
to fit together and having interfitting formations, the formations of
one of the packs of |am nations being 20 projections that are
pernanehfly deformable inwardly towards the conplenentary formations of
the other pack of lam nations so as, after assenbly, to permanently fasten
the first and second packs of |aniadtiens together. The invention may
enabl e t he | am nat i ons of el ectromagnetic devices to be

assenbl ed togeimer Eunpheraagpeatxpthei ioventioneprspoides ons amethotdh
mnimal loss in performance. 5 The facility to assenble the

| ami nations frifely td%eepativgabl epackém t @fhe Jamimatierfet hepfandanel d

i n good nechani cal contact by an external _cl in
g electromagnetyc device, whic%ﬁpcd%prises: providing

first and second packs of complementary laminations

5 that fit together and have interfitting formations;
holding the first and second packs of laminations

positiveiy together in mechanicai contact; and

Lg deforming said formations on one or both of the packs
of laminations to engage the formations of the other

10 pack of laminations to clamp the first and second

packs of laminations together.

In a third aspect the invention provides first and
second packs of laminations when provided as a set for
15 assembly into a lamination assembly for a magnetic
device as aforesaid, said first and second packs of
complementary laminations having the ability to fit
together and having interfitting formations, the
formations of one of the packs of laminations being
20 projections that are permanently deformable inwardly
towards the complementary formations of the other pack
of laminations so as, after assembly, to permanently
fasten the first and second packs of laminations

together.



force until the deformable portions are nechanically deformed to:-hold the
packs together. The interfitting formations of the first and -second packs

of lamnations my sinply give rise to a frictional clanmping force
when def ormabl e ones of themare defornmed onto non-deformng others of them
but preferably they are profiled so that deformation of said formations
mechani cal |y fastens the first and second packs together. In the -

| atter case, the 10 interfitting formations of the first and secor
packs of Ianlnatlons advantageousgg'have a dovetail or other profile such
that deformation said formations positively urges the first and.

second pac e nonﬁ?aﬂggd}nmhé getgﬁgb%ghe @ﬂ%etawadfi§¥&6¥%agq8 st 15

formed on ¢ orm ng seat formation but formed on a °

def ormabl e %%cft%%xf&l@r ef @gabby¥st heof rea i at.-,%efmﬁltédwg tSgdERyi-ded by a-
clearance fit but it 'may also be provided by a transition fit, |line contact-

bet ween thes yh2nedpemé evepr ifi fokf eopegaltildrse rasd StADER t O
assenbly. Any force needed to assenble the stacks of |am nations

minimal loss in performance.

The fac;llty to assemble the laminations freely
together enables them to be offered together and held

in good mechanical contact by an external clamplng



toget her should be relatively small conpared to the avail abl e cl anpi ng
force. Again, if the nal.e ald female parts are a tight transition fit,
the properties of the product nay be acceptable if the resistance reduces
during the last part of the travel of the first and second packs of 5

| am nations towards the fully abutted position. The above nethod of
assenbly can be wused for |oose |aminations and stacked |ani nations.
Thus a rrgid pack of E-lam nations may be assenbled to a pack of |-

| am nati ons which is flexible g. because the 10 undivided

| am nati ons are held together by a d@mgle peg. Wth this flexibility the
| -l am nations easily acconodate any irregularities in the E-lam nations and

good nechani cfibrcendntidgntie de feiiadfile ﬂé&é%%&%“Qgre;ﬁ@EXﬁ%pﬁg%ﬂﬁéfUse

of two ‘or nore pegs for both 15 E-I'am nations : i ons
is within t#éefommedttonholpt ithealparkseadydenePation of the or-each
torsionally flexible - pack conpri ses, on a common  axis
perpendi cular to the lam nation, a single depression

The interfitting formations of the first and second
packs of laminations may simply give rise to a
frictional clamping force when deformable ones of them

are deformed onto non-deforming others of them but

preferably they are profiled so that deforhation of-
said formations mechanically fastens the first and

second packs together. In the latter case, the

10 interfitting formations of the first and second packs

of laminationsféd#antageously have a dovetail or other
profile suéh that deformation of said formations
poSitivelyx ﬁrges the. first and second packs of
laminations together; ‘The dovetail is .advantageously
15

formed on the non-deforming seat formation but it may

also be'fdrmed on a deformable ear formation.

Preferably the free interfitting is provided by a
clearance f£it but it may also be provided by a
transition fit, line contact bétween the male and
20 female parts offering little resistance to assembly.
Any force needed to assemble the stacks of laminations
togéther should be relativeiy small éompared to the

available clamping force.



20 on one side thereof and a single projection on the other side

t hereof, each |ami nation being coupled to an-adjacent |anination only by
the single projection projecting into the single depression of the

adj acent | am nati on. Various fornms of the invention will now be

descri bed, by way of exanple only, wth reference to the
acconpanyi ng drawi ngs, in which: Figure lais a front view of conpon\;gs of
an 5 el ectrical transformer prior to assenbly, and Figures |Ib, 1c™and 1d

are respectively a central transverse section of a pack of I|-lam nations, a
transverse section of a core and end view of a pack of E-lam nations aIL
bei ng conponents that appear in 1 Figure 1, Figure 2a is a front vi ew of

a transforner assenbled fromthe conponents shown in Figure 1, Figure 2b is
an enl arged detail of one side of the transformer core at an interface

bet ween t he Agaiand i |8 N4 NS e O£ L a ment__of them toget her
and Figure 2c and 2d are end vi ews of %ea%gané%%%%erg ﬁbwqu;EﬂQQ native

core transition fit, the properties of the product may be

acceptable if the resistance reduces during the last

part of the travel of the first and secdnd paéks of

5_ laminations towards the fully abutted position.

The above method of assembly can' be " used for loose
laminations and stacked laminations. Thué a rigid pack
of E-laminations may be assembled to a’ pack of I-
laminations which is flexible e.g. because the
10 uﬁdivided'laminations are held togetﬁer _by a single
peg. With this flexibility the I-laminations eééily
accomodate any irregularities in the-E-laﬁinations and
good mechani¢al and _mégnetic contéct is'obtéihed.
However, .the_ use of £wo or more pegs for both
15 E-laminations and I-laminations is _ wiﬁhin thé -;J

invention.

Obtionally, each lémination of the or each-torsionally
flexible. pack comprises, on é_ 'coﬁmon  axis
perpendlcular to the lamlnatlon,-a éingle depression
20 on one Slde thereof and a single prqjection on the
other 'side thereof, each_lamination beiﬁg .COupled to
an adjacent lamination only by the siﬁgle projection
projecting into the single dépression'of.the adjacent

lamination.



Structures; [err] Figure.3 is a front view of the transfornmer during

assenbly. Figures 4a, 4b and 4c are enlarged details of one 5 si de of
the transformer core at an interface between |- and E-lamnations
after attachnment together and showi ng alternative notch profiles; Figures
5a, 5b and 5c are enlarged details of one side 10 of the transforner
core at an interface between an |- and an E-lam nati on show ng the use of
di ffereat notch angles and crinp blade profiles; Figures 6a to 6e are
front views of typical lamnate 15 __. assenblies for a variety of

transforners and chokes assenbl ed~according to the invention; Figure 7 is
a diagrammtic front view of a core of a shaded pole notor assenbl ed
accordi ng to t he 20 i nvention; Figures 8a and 8b are front and side
views of an interleaved stack of |- and E-lam nations according to the
I nvention andVFi ure IS a.gieW/of the 1- and
arious rorms of the invention will now be described,
by way of example only, with reference to the

accompanying drawings, in which:

Figure 1la is a front view of components of an
gJ 5 electrical transforﬁer prior to assembly, and Figures
1b, 1lc and 1ld are respectively a central transverse
section of a pack of I-laminations, .a transverse
section of a core and an end. view of a pack of
E-laminations all being components that appear in

10 Figure 1;.

Figure 2a is a front_view of a transformer assembled
from the components shown in Figure 1, Figure 2b is an
enlarged detail of one side of the ﬁransformer core at
an interface between the I- and E-laminations prior to
15 attachment of them together and Figure 2c and 2d are
end views of the transformer showing alternative core

_ structures;



25 E-lam nations from which the interleaved stack is forned, 10
Figures 9. and 10 are front views of transforper |am nations showng
an alternative formof attachnment; Figures 11, |la and 12, 12a are detai

vi ews showi ng 5 alternative notch and projection profiles for use in.
the lam nations of Figures 9 and 10; and Figures 13 and 13a are detal

views showing a yet further notch and projection profile. 10 In Figure, la
and Figures |b, 1c and 1d a transfor@er 10 has wndings 11 and a core
assenbl ed from an E-lam nation pack 12 and an |-lamnation pack 14. The

| am nations ofpjildifi-d-3 G NBtERGnLIGKedO 8¥e BREU E2ansfor@@et NFurdhg pair
of stanped-in ‘spigot ‘and socket fasteners. The upper extremties of the

E- | am nati ons aafsentietypack 12 are formed on the outer edges thereof wth
dovetail fornmations 16 and the I-lam nations of the pack 14 are forned with
def ormabl e projections or 20 ears 18. The dovetail formations 16 and

the ears 18 Figures 4a, 4b and 4c are enlarged details of one

5 side of the transformer core at an interface between
I- and E—laminations. after attachment together and

showing alternative notch profiles;

Figures Sa, 5b and 5c are enlarged details of one side’ ;;
10 of +the transformer core at an interface between an I-
and an E-lamination showing the use of different notch

angles and'crimp blade profiles;

' Figures 6a to 6e are front views of typical laminate
15 assemblies for a variety of <transformers and chokes

assembled according to the invention;

Figure 7 4is a diagrammatic front view of a core of a
-shaded pole motor assembled according to the .;J

20 -  invention;

Figures 8a and 8b are front and side views of an
interleaved stack of I- and E-laminations according to
the invention and Figure 8c is a view of the I- and
25 E-;aminations from which the interleaved stack is

formed;



are desirably formed on the respective laninations during stamping or

pressing thereof. The si.ze-or length and width of the lugs and the size
and profile of the dovetail groove vary depending on the size, 25

wei ght and stack length of the intended transfornmer assenbly. For
assenbly of the transforner the E-lam nation pack 12 is placed in a

jig, theewindings 11 is placed on the centre linb of the E-laninations
and the* I-lamnation pack is pl.agced onto the E-lam nation pack
and is a |loose fit thereon. Clanpinglgﬁ force Fis applied to urge the
packs 12,14 into good nmechanical contact, which is assisted if the I-pack
18 is torsi onaFiguresexi%| @and dRd aRechEFrRll VieWsacPfalFiansformer

interruption of the neti¢ flux path_ ip the ssegbled ore.and hence
| oss of efficieﬁ@?&“ﬂ?i ql%hﬂ%éb%kﬁ%rﬂ¥f?5ﬂa TR §8F8 ?%)% qéhﬂ?%kﬂwed
by inmpact e.g. of appropriately profiled crinping fingers onto the ears 18
to seat them onto the dovetail formations and to fasten the E- and

:j- I a{n' _n?t ion paghguias 112, B d qaed hez, neghagrealb¥ai1Bodauss sHovwiisy
ovet ai
' 5 alternative notch and projection profiles for use in

the laminations of Figures 9 and 10; and

Figures 13 and 13a are detail views showing a yet
RJ further notch and projection profile.
10
In Figuré la and Figures 1lb, 1lc and 1d a transformer
10 has windings 11 and a core assembled from an
E-lamination pack 12 and an I—laminétion pack 14. The
laminations of the E-lgmiﬁation pack 10 are held
15 together by a pair of stamped—ih 'spigot and socket
fasteners. The upper extremities of the EQIaminations
of the pack 12 are formed on the outer edges thereof
with dovetail formations 16 and the I-laminations of
L/ the pack 14 are formed with deformable projections or
20 ears 18. The dovetail formations 16 and the ears 18
are desirably formed on the reépective laminations
during stamping or pressing thereof. The size or
length and width of the lugs and the size and profile
of the dovetail groove vary depending on the size,
25 weight and stack length of the. intended transformer

assembly. For assembly of the transformer the



formations, the act of deformation also pulls the I-stack 14 firmy
agai nst the. E-stack 12. The resulting attachnment between the

| am nation packs 12, 14 is sufficiently strong and permanent that no 20
additional nethod of attachnent is needed, through adhesive or other
conventional neans of holding the packs together may be enployed | f
desired. The assenbl ed transfornmer has the appearance shown i
Figures 2a and 2c. 25 In a variat\g (Figure 2d) the E—Ianlnat|0n§‘§5
are Ioose rather t han adhered to'one another in a pack and are held

Logetper, b 'R p SR hens 23 80 LUSCREHyTe L sg I AT RS 20 * ¢
| ami nations can fésgpw@easaﬁdéﬁé cbABrBalifBSohehd E-:Qg."afnﬂ‘%{aéi‘)br%‘e Or |
nore i npi ngent pegs I gure shows diagrammatically the transfornmer
winding 11 ancandmi€leé i opsidminddion appeR 3fisdurphgecdéd omtasenttne
t hereof, crinping bl ades 32 having angl ed end faces 34 inpinging on the
projections orEckaminastion pack and is a loose fit thereon. Clamping
5 force F is applied to urge the packs 12,14 into’ good
| mechanicallcontact,-which is assisted if the I-pack 18
is torsionally flexible. Good mechanical contact
avoids inter:uption of the magnetic flux path in the
asseﬁbled core and hence loss of efficiency. ;;
10
An inwards deformation D (Figure 2b) is then caused by
impact e.g. of appropriately profiled-crimping.fingers
.onto the ears _13 to seat them onto the dovetail
formations and to fasten the E- and I-lamination packs
15 12, 14 together mechanically. Because of the dovetail
formations, the act of deformation also pulls the
,I-stack 14 firmly against the E-stack 12. The
.resulfing attachment between the lamination packs 12,
;4 is sufficiently strong and permanent that no ;J
20 additional. method of attachment is needed, through
adhesive or'othér conventional means of holding the
packs together "may, be employed if desired. The
assembled transformer has thé appearance shown in
Figures 2a and 2c. |

25

In a variation (Figure 24) the E-laminations 25 are



bring about the required inward defbrnation t hereof. Various notch and ear

profiles are shown in Figurtes 15 4a-4c. In Figure 4a the notch 16
is a plain dovetail and the ear 18a extends part way e.g. slightly over
half way along it. In Figure 4b the dovetail surface of the notch 16b is
doubly curved. 1In Figure 4c the notch 16c is again angular, but its
| oner face is 20 i nclined away fromrather than parallel to the end

face of>the E-lanination 12 and the eﬁzhl8c extends substantially the
whol e way al ong t he dovet ai | [err]. In Figure 5a the blade

32 has a plain ingeldded s d{aﬂ‘i‘ax’;"]adggfed@é(%ngf ahRbefler34n0a3 Fc‘:ke%r

both defornms the ear inwar “and causes a slight extensiion ereo

i ndi cated by arreae 3theilde %?éﬁh@ﬁtvwn Pocatort hEovmelkiibasd 26 oF ﬂHB?
dovetail notch 16 and a normal 38 to the end surface of the E-lam nati ons

12 i s advant agechablyirmbble diinatlsiringtionsndy armecatiachedr teoalaue pack
needed to bring about secure attachnent of the | am nation packs 12, 14.
Ang| es above and)%e|¥)'v9.amj.nations 27 as described above. The E-

5 laminations can also be stacked 1laminations held

together by one or more impingent pegs.

Figuré 3 shows diégrammatically the transformer
Winding 11 and laminations 12, 14 in a jig 30 during
10 assembly thereof crimping blades 32 having angled end
faces 34 impinging on the projections or ears 18 to

bring about the required inward deformation thereof.

Various notch énd ear profiles are showh' in .Figures

15 4a-4c. In Figure 4a the notch 16 is a plain dovetail

and the ear 18a extends part way e.g. slightiy over

‘half way along it. In Figure 4b the dovetéil surface

of the notch 16b is doubly curved. In Figure 4c the

{ notch 1l6c is égain angular, but its lower face is
20 inclined away from rather than parallel to the end

face of the E-lamination 12 énd the ear 18c extends
substantially the whole way along the dovetail

notch.



10 [err] may be used, the angle’  being selected in any individual
case depending on the size and weight of thetintended core structure.-
The arrangement of Figure 5b is siml|ar except that the end face 34a of the

bl ade 32a is ribbed as shown. In Figure 5c the blade 15. 32b has an
angled line of action to increase the conmponent along the notch 16
and has a convexly curved end- face 36b to nmaxim se crinp and extrusiaon,
pressure on the ear 18. 20 In Ejgure 6 there are shown vario
possible core configurations. In Figure 6a there is showmn a choke core

having a pair of E-lamnations 40 with an air- gap 42 between the central
| i mbs 44. Fi gireFéguzpoRe ihet bdadehde has & Mk Herinpdasurfaren 46

and a 25 -1 anj pati.on 48. I n_Figure 6¢c . a.third c e core_is
[err] forned gﬁ'E— gﬁiﬁ&??&% 8 %ﬁ?ééds QM 9 ﬁ?gﬁ?'h68°§HEW§ a
transformer c f ac.oed -1 i F- ati.on n $ ture it-
wi |l be notedQP atgégg %PM?Egﬂ$gnfﬁéﬁié%s g% hég t %gégﬁch%gig?ggggﬁ
recesses 56 tRadeolthe agt hahdidatiede by AP IV S Tie angle between

5 the working face of the dovetail notch 16 and a normal

38 to the end surface of the E-laminations 12 is

advantageously -above about 5° and . may have whatever
value is needed to bring about secure attachment of
the lamination packs 12, 14. Anglés'above "and below v/

10 5° may be wused, the angle being selected in any

individual case depending on the size and weight of
the intended core.strﬁcture. The arrangement of Figure
5b is similar except that the end face 34a of the
blade 32a is ribbed as shown. 1In Figure 5c the blade
15  32b has an angled 1line of  action té_ increase the
compqnént along the ndt@h 16 and has_a cqﬁvexly curved
end face 36b to maximise crimp and extrusion pressure

on the.ear 18.

20 In Figure. 6 there 'are shown various possible core
configgratioﬁs. In Figure 6a thére:is shown a choke
core having é péir of E—iamination§ 40 with an air-
gap 42 between the central limbs 44. Figufe 6b shows
another choke core formed by a U-lamination 46 and a

25 T-lamination 48. 1In Figure 6c¢ a third choke core 1is



Figure 6e shows a further transformer core formed by a U-lanination 60

and a T-lam nation 62, In this structure, inclined surfaces 64 on the
T-lam nation 62 receive clanping ears 66 on the U-lam nation 60. 10 In
Figure 7 a structure is shown for a shaded pole electric notor having a
rotor 70 that rotates in a stator defined by U lam hations 72. A pole
bobbin 74 on | am nation pack 76 is attached to by clanping ears 15 and
recesses’ as previously described. Inl i gures 8a-8c there is shown an
arrangenment for an interleaved stack -E and | lamnations 80,81. As seen

in Figure 8c whi.ch shows the_cut-Iines bl 0 . _,ssteel_,. sheets the
|-1am nations B82*™f S}[NEXA' Fﬁ?ﬁ“‘%‘ﬁét%?f‘a%ane?ﬁa;ﬁs"%ﬁ?%l%r‘?z‘b e from
sheet by a prggr i-xe fogn u nt i i tlyput T

sides of the E- ?agnﬁégl¥i gns%%ggf%?ggrfso?%e vﬂ nMardé\llce sesal \é\%%[%l cally of
seni-circul ar shapgmifbtionds 82. InSkBAs igtruddire itBhwilvlbemzéea Wi th

the ears and recesses 16,18 in the assenbled interl eaved stack. The
ends 18a of thetbatsoné efetbenlemlinpationsd 588 has the notches or
5 recesses 56 and the other has the clamping ears 58.
| Figure 6e shows é further transformer core formed by a
U-lamination 60 and a T-lamination 62. 1In this
. structure, inclined surfaces 64 on the T-lamination 62
NG receive clamping ears 66 on the U-lamination 60.
10
In Figure 7 a structure is shown for a shaded pole
electric motor having a rotor 70 that rotates in a
stator defined by U~-laminations 72. A pole bobbin 74

~on lamination pack 76 is attached to by clamping ears

15 = and recesses as previously described.

In Figures 8a-8c there is shown an arrangement for an
interleaved stack _of Ejand I'1aminations B0,81. As
seen in Figure 8c which shows the cut—lines. on blank
20 steel sheets the I-laminations 81 nest within the.
E-laminations 80 and éan be cut from sheet by a
progressive forming tool substantially withoutﬁwaste.
The sides of the E§iaminatibns 80 are formed with
recesses 82 typically of.semi-circular shape which, as
25 seen in Figure 8b, alternate with the ears and

recesses 16,18 in the assembled interleaved stack.



pr oduce correspondi ngly curved recesses in the E-nenber 18.

curvature is
the assenbl

sel ected to nminimse disturbance .to the flux path
ed 5. transformer core. The I-lam nations 81 have a

single spigot and socket formation 83 for assenbly into a torsio

fl exi bl e pac
and socket c
upon 10
Figure 9 an
t ransf or ner
ears 94 off
in the end f
the thin mat
100 using 20
Figure 10 a
an E-| am nat

k and the E-lam nation 0O may have nore than one sp
onnector 85 whose nunb and | ocation i-s selected depen

The
in
nal I'y

I got
di ng

the size and other characteristics of the core being ma#. In

|-lamination 90 fits to an E-lam nation 92 to form a
e endmel §a | ofri Hae | @8r9H0185 are hgony&ydidi wrpias) ecke

set .slightly inwards . fromits ends 96 that fit into qgt
RIRduie { neLEEFSTRRIIRGLY 02, CRIYER| y HSEIRPST i ift ngthe

Ul L UG L36GR: 00" BE ARIRRR 3% SHLRYE

- I'nd ~previousl y-descCri

ons or
ches 98 -
nwar ds
rrows

In

diid '%r((gg'gi s{grédtf[éadgl{ygir Id%a P‘;%%Org:j{'eg Tl k1 g Whi ch

lon 1 avi ng an extende 1 recelves

an

abbrew at ed ly+ 08 fSEheP d&be. ThEhE- FaThndhbel oh@2 d1ahaves Pt dfidgid the

i nner side f
face of its

10

15

20

ace of its extended side l'inb 104 and a slot- 108 in the
Gpigots| Gend | "ocket formation 83 for assembly into a

torsionally flexible pack and the E-laminations 80 may

end

have more than one spigot and socket connector 85

whose number and location is selected depending upon
the size and other characteristics of the core being

made.

In Figure 9 an I-lamination 90 fits to Aﬁ E-lamination
92 to form a transformer core. The I-lamination 90
has depending projections or ears 94 offset slightly
inwards from its ends 96 that fit into notches 28 in
‘the end faces of the E-laminations 92. Assembly is by
crimping inwards the thin material of the outer faces

of the notches 98 as shown by arrows 100 using

. crimping blades, of the kinq previously described. In

Figure 10 a “Unilam" (registered Trade Mark) type core
is formed in which an E-lamination 102 having an

extended side 1limb 104 réceives an abbreviated

I-lamination 106. The E-lamination 102 has a slot 103

in the inner side face of its extended side 1limb 104

and a slot 108 in the end face of its other side limb

that receive



that receive [err]. corresponding projections or ears on the
|-lam nations 106. It will be noted that the slots 103, 108 -and the :
correspondi ng l i nes of action of the necessary crinping blades are
directed generally at right angles 5 to one anot her as shown by arrows
110, 112. Details of the possible slot and ear formations,of the |- and
E-lam nations are shown in Figures 11, 1lla and 12,12a which are ,
respecti™vel y before and after 10 deformation. In Figure 1la the
dovetail surface 111-is formed on thgsdefornabl e outer portion of the
slot 98 and in Figure 12a it is formed at 114 on the outer surface of ear
94. 15 It widdredponding gre]ecitiohat ort bersf ant dhiend -Namidara tlieses | bed
above has a nunber of advantages. It enables a core froman
el ect romagnet i c 186y cdt 5idd e npted thptdtheasdotselfshsilif \andrie
| am nati ons can be nade nearly'VW{hout waste. The negggd an be 20 used
" ked

for assenbly oquﬁ£ﬁ§39ﬂﬂ#ﬂﬂic). neR st oPfrer 8&AgNst SMNRASIFLTY -
transformers 0ré¥fﬂ5¥ﬁg*§¥§ﬁé§“@f@ directed geherally at right angles -

5 to one another as shown by arrows 110, 112.

Details of the possible slot and ear formations, of the

I- and E-laminations are shown in Figures 11,'11a- and

et 12,12a which are reépectively before and after
10 deformation. In Figure lla the dovetail surface 111

is formed on the deformable outer portion of the slot

98 and in Figure 12a it is formed at 114 on the outer

surface of ear 94.

15 It will be appreciated that <the fastening system
described above has a number of advantages. It
enables a core from an electromagnetic'device to be
assembled rapidly and inexpensively. The laminations

S can be made nearly without waste. The method can be

20 used for assembly of loose lamination transformers and
stacked lamination transformers or transformers having
laminations which are partly stacked and parfly loose
or inter-leaved 1lamination +transformers. Tests have
shown that the efficiency of an assembled core

25 according to the invention is substantially the same



| am nati ons which are partly stacked and partly | oose or inter-I|eaved

| am nation transforners. Tests have.shown thatt the efficiency of an
assenbl ed core 25 according to the invention is substantially the
samne [err]. as or only slightly less than that of a conventionally
assenbl ed core. Figures 13 and 13a show a yet further profile for a 5
sl ot and ear which can be wused when' high retaining force is requiftged.

One pack of |am nations has an ear havi ng a convex blind face 122whi ch
is deformable into contact with a cbricavity 124 in the ot her pack of
| am nations 126. The convex blind face 122 initially 10 passes face

125 of | ani nat3% PR APLY t$1 tghtl¥niesguthan dhafeof FaGaveRidonalod | y

i nterl ocks theremnté; * C L M S * CLAI MS: 1. A |am nation
assenbly for %&t?%ﬁ%gnetic : o -

Figures 13 and 13a show a yet further profile for a
5 slot and eé: which can be used when high retaining
force 1is iequired. One pack of laminations has an ear
120 having:a gonVex blind face 122 which is deformable
into contadt_with a concavity 124 in the other pack of
laminations 126. The convex blind face 122 initially >,
10 paéses face 125 of lamination 126 with clearance but

after deformation mechanically interlocks therewith.



qévice conpri sing first andi\ second packs - of

5

conpl enment ary

| am nations that fit together "and have-interfitting formations, the

formati ons of one of the packs of. lamnations bein

are permanently def or med I nwar dl y t ovﬁumu I
formations of the other - pack of 10 I cricnli
permaneritly fasten the first and second packs of | am na

Wi

M"Lemant ary
s to

thether. 2.

tions

tions that

The ass%ﬁbly of claim1l wherein the deformation of the projections gives

rise to a clanping force which 15 frictionally hol

ds the

first and

second packs together. 3. The asf@wbly of claim1, where the

deformation of the projections establishes a nechani cal

| ock t

hat 20

holds the firCHAIMSId second packs of |amnations together. [err].
4. The assenbly of claim3, where the interfitting formations of the first

and second packs are profiled so that deformation of

sai d

formati ons

positively urges 'the first and second packs of |amnations
1. A lamination assembly for an electromagnetic

device comprising first and second

" packs of

5 complementary laminations that fit together and have

interfitting formations, the formations of one of the

packs of laminations being projections

that are

towards the

S permanently deformed inwardly
complementary formations of the other pack of
10 laminations so as to permanently fasten the first and

second packs of laminations together.

2. The assembly of claim 1 wherein the deformation of

the projections . gives rise to a clamping force which

15 frictionally holds the first and second packs
together.
3. The assembly of claim 1, where the deformation of
‘the projections establishes a mechanical 1lock that
20 holds the first and second packs of laminations

together.



together. 5. A lam nation assenbfy according to claim3 or 4,

adj acent | anihati BAS BFSEAR1YcOEnF1a40K 3ar e e Eendd® ogdttRFLigting
ar nat | on” asgenbly, accor g g, LO AL PLESEUIAY pacid il prot LS

| east

one

10

15

20

so that deformation of said formations positively

~urges the first and second packs of laminations

together.

5. A lamination assembly according to claim 3 or 4,
where said first pack of laminations includes at least
one externai face with a dovetail formation therein,
‘and said'se¢ond pack of laminations includes at least
one deformable projection thereon and each said
deformable projection is bent inwardly toward and
'permanently endages said respective dovetail formation
and -theréby permanently locks said first and.second

packs of laminations together.

6. A lamination assembly according to any preceding
claim, "whereih each said projection has a width and a

length, with the 1length being greater than the

width.

7. A lamination assembly according to any preceding

claim, wherein adjacent laminations of the first pack

5 wher e
. said first pack of lamnations includes at l'east one external face with a
dovetail formation therein, 10 and -l am nati ons
i ncludes at | east one deformable proj ect i on each sai d
deformabl e projection is bent inwardly t m!‘i\m&m ntly engages said
respective dovetail forndtion and ther ¥ | ocks said first
and second 15 packs of |am nations together 6. A lam nation ass |y
according to any preceding claim wherein each said projection has a width
and a length, wth the length li) jng greater than the 20 wi dt h.
7. A |lam nation assenbly accord'ﬁ% to any preceding claim wherein
adj acent | am nations of the_ first pack [err] are fastened together and

I n at-

&



v

I'ami nations is torsionally flexitle. 9. A lamnation assenbly
according .to claim 8, wherein each |am nation of the or .each torsionally

10 flexible pack is connected to an adj acent “raﬁFHatLgQ;QX‘gnigggle
connection. 10. A lam nation assenbly according to ?gaw 9, wherei ch

| ani nation of the or each tofsionally 15 flexib irm i ses,
on a -~ conmmon axi s perpendicular to the | am nati e, ¢ ression

on one’side thereof and a single projection on the other i dd t her f, each
| am nati on being coupled to an adjacent |am nation only by the singte

proj ection 20 projecting into 32 si ngl e depression of the adjacent

| am nat i on. * C L M S * 11. | am nation assenbly according to

' dbrected P maral yrapeaned braebhos: afu . pRERy e e i trf B "

exterior face géeé dpgﬁgkgare 5?%éeh331@3§5%ﬂ%r.12' A | am nation

assenbly according to rece

8. A lamination assembly according to any preceding

5 claim, wherein - at least one of the packs of
laminations is torsionally flexible.

s 9. A lamination assembly according to «claim 8,

wherein each lamination of the or each torsionally

10 flexible pack is.connected to an adjacent lamination

by a single connection.

10. A lamination assembly according to .claim 9,

wherein each lamination of the or each torsionally
15 flexible pack comprises, on a common axis
perpendicular to the lamination, a single depression

&J, on one side thereof and a single projéction on the
| other side thereof, each lamination being coupled to
an adjacent-lamination only by the single projection

20 projecting into the single depression of the adjacent

lamination.



claim wherein at |east one of the first and second packs includes
E-lam nations. 10 13. A lam nation assenbly according to any preceding
claim wherein at |east one of the first and second packs includes

| -1 ami nations. 15 14. A | am nation assenbumnﬂmnﬂmlmlﬁny preceding .
claim wherein at |east one of the first and s des

U-lam nations. 15. A | amination assenbly accordfng®td afly &f ¢laims 20
1-11, wherein at | east one of the first and second packs incl udesw!
F-1 am nati ons. *» C L M S * 16. A lamnation assenbly

according to any one of clains 1 t?_ 13 wherein said first pack of )
| am nat i ons is a pack of E-lam nat ons and sai d second pack of |aminations

i s a pack. of | am | claim
13 or 16, whelrIel n 5121, pacitign ﬁglranﬂl?é?a %r?galfgﬁt d/ﬁﬂﬁf &5 ?%g%l%ﬁg
about an  @dfm, PEEPEPHI CHhar exE@rnhﬂe.surface of each said

projection is directed inwardly at an angle of at

least 5° to the respective exterior face of the pack

5 of laminations.
12. A lamination assembly according to any preceding -
v
claim, wherein at least one of the first and second
packs includes E-laminations.
10
13. A lamination assembly according to any preceding
claim, wherein at least one of the first and second
packs includes I-laminations.
15 14. A lamination assembly according to ahy preceding
claim, wherein at least one of the first and second
packs includes U-laminations. ' Q_J
15. A lamination assembly according to any of claims
20 '1411, wherein at least one of the first and second

packs includes F-laminations.



|'ami nations. 10 18. A | amination assenbly accor'ding to claim6, wherein
id width. 15

Said length is
19. A | am
descri bed W t

at | east approximately 1.5 tines gr

nation assenbl y substantial ly rei nbef ore

h reference to the acconpanyi némwwpmu”n”“m
transforner, choke or electric notor having a 20 * enbl y
as clarmed in any preceding claim 23. 21. A method of dssé&nbl i ng
packs Ofz | ami nati ons of an el ectromagnetic device, which conprises:

providing first

toget her and have interfitting 5

second packs of
def orm ng said

and second packs of iﬁﬂglenentary | am nations that fit

| am nations positively together in nmechanical contact;
16r mat Rondawinatdon; BES iy taecqrddng dfo | any nrere ong

engage the formations of the

5
N
10
15
\v/
.20

claims 1 to 13, wherein said first pack of laminations
is a pack of E-laminations and said second pack of

laminations is a pack.of I-laminations.

17. A lamination assembly according to claim 13 or
16, wherein said pack of I-laminations is torsionally
flexible about an axis perpendicular to the

laminations.

18. A lamination assembly according to claim 6,
wherein said 1length is at least approximately 1.5

times greater than said width.

19. A  lamination assembly substantially as
hereinbefore described = with reference to the

accompanying drawings.

20. A transformer, choke or electric motor having a
lamination assembly - as claimed -in any preceding

claim.

rmations; holding the first and

and
to



10 other pack of lamnations to clanp the first and second packs
of |aminations together. 22. A nethod: aﬁgﬁg;glﬂg__,g__GLa+n1 21 wherein
the interfitting formations of the first packs :
| am nati ons are profiled so that defor ma m“m\ ﬁﬁﬂt [ ons .
mechani cal ly fastens the first and second p: “.1 m‘“

n

A net hod
according to claim 22, wherein the 20 ceriltflng forymations of the

first and second packs of |am nations are profiled so that deformati®h of
said formati ons positively urges the first and second packs of |am nations
t oget her. * C L M S22 A nethod according to any of
clains 21 to 23, wherein a lanmination of said first pack and a

| anmi nation obisai A sRAMA I ke ISl P ashdk® DL Tamghatsbast oft g patter n
for formng said | am nations 5 bei ng such that one lamnation is

f or med nest edleictiromalgne tritdh etewiccd hathidteycamprisest anped from sai d sheet -
substantially w thout waste. 25. A nethod according to any one of clains 21
to 24, - providing first and second packs of complementary
laminations that fit together and have interfitting
5 formations;
holding the first and second packs of laminations
positively together in methanical contact; and
deforming said formétions on one or both of the -
packs of 1laminations to engage the formations of the

10 other pack of laminations to clamp the first and

second packs of laminations together.

22. A method according to claim 21, wherein the
interfitting formations of the first and second packs
15 of laminations .are profiled so that deformation of
said formations mechanically fastens the first and

second packs together.

23. A method according to claim 22, whefein the
20 interfitting formations of the first and second ' packs
of laminations are profiled so that deformation of
said formations positively urges the first and second

packs of laminations together.



10 including the steps of flastening t oget her. adjacenf [ am nati ons
of the first pack of |am nations and fastening together adjaoent
Iami nations of the second pack of |aminations. 15 A et hod

according to any of <clains 21 to 25, where| ulmnmi Mt) _
| am nations is rigid and the second pack of H{ n“ sionally
fl exi ble- about an axis perpendicular to the* pltanés Bf t he' |.ami nations

wher eby~duri ng assenbly the second pack of 20 Ian1nat|ons flexes to
accomodate irregularities in the first pack of |am nations and good
mechani cal and nmagnetic contact bet@egen the first and second packs is
obt ai ned. 27. A nethod according to claim 26, wherein the

| am antions of phg fimst pRaglodr Gadi:éﬁdﬁ.ﬁk%tlﬁﬁsaﬁi)dofheialﬁtfs tohe tecond
pack are |-lamnations. 5 od of assenbling packs of

| ami nati ons of @hegldel r aTadaiination cecofubsagdti Sikgt apachker @ndbef & e
descri bed wth ref erence to t he acconpanyi ng draw ngs. 10 . 29.
A transforner, dboiaatdon elofct rsaid nosecondhavpagk are stamped from a

single sheet, the pattern for forming said laminations
5 being such that one lamination is formed nested within
the other so that they can be stamped from said sheet

substantially without waste.

'25. A method according to any one of claims 21 to 24,
10 including the steps of fastening together adjacent
laminations of the first pack of laminations and
fastening together adjacent laminations of the second

pack of laminations.

15 26. A method according to any of claims 21 to 25,
wherein the first pack of laminations is rigid and the
second pack of laminations is torsionally flexible
about an axis perpendicular to the planes of the
laminations whereby during assembly the second pack of -

20 laminations flexes to. accommodate irregularities in
the first pack of laminations and good mechanical and
magnetic contact between -the first and second packs

is obtained.



1lam nations assenbled by a nethod as clai‘med in any one of.clains 21 to
28. 30. First and second packs of laninations :-when 15 provi ded
as a set for assenbly into a |am nation assenbly for an :
el ectromagnetic device as clained in any of ' ﬁﬂmﬂum said first s
and second packs of conplenmentary | am nationmmuﬂl ity to fit
together and having interfitting formations,¢ %hé 26 * formations of
one of the packs of Ilamnations being projections that are”bernanéhﬁly
deformabl e i nwardly towards the conplenmentary formati ons of the other pack

of lam nations so as, after assentpgs to permanently fasten the first

and second packs of |am nations together. 31. The first and second packs
of claim 30, other A méthod &ttGrdisgenbby, clagm d@eQr mahieveinf thde
projections gives rise to a clanping force which frictionally holds the
first and sedewigraiciens ogef hethe32fiffst packt axed Esdamisatdckes dEndl ai m

30, wherein 10 after assenbly the deformation of the projections

est abl i shes ehethaof cthe | secondigpadk| axet elamisations.

5 - 28. A method of assembling packs of laminations of an
electromagnetic device substantially as hereinbefore
described with reference to the accompanying

drawings. _ o/

10 .29. A transformer, choke or electric - motor . having
. laminations assembled by a method as claimed in any

one of claims 21 to 28.

30. First and second packs of laminations when
15 provided as a set for assembly into a lamination
. assembly for an electromagnetic device as claimed in
any of claims 1-20 or 29, said first and second packs
of complementary laminations having the ability_to fit
together and having interfitting formations, the
20 . formations of one of the packs of laminations  being-
projections that are permanently deformable inwardly
towards the coﬁplementary formations of the other pack

of laminations so as, after assembly, to permanently



second packs of lami nations together. 33. .The first and secorid packs of
¢l aim 30, wherein 15 after assenbly the- jnteLLLLLLﬂgﬁ;;éngéLgns of
tshe first and second packs are profiled so that defor ron of
said formati ons positively urges the first and secMﬁw ,r hgnat i ons
toget her. 20 34. The first and second packs ac} ¢ “”I,wm, 32 or
33, where said first pack of |lam nations includes at I'east Hnes ext er nal
face wi'th a dovetail formation therein, and said second pack of |am nations
i ncludes at | east one deformabl e projection thereon and each * C L
M S * [err]. said deformable projeg{ion is bent inwardly toward and
permanent|ly engages said respective dovetail formation and thereby
per manent | y | oclfastaind thier stfiast semmhd gewdsd of pheks nabfond amdgeiticons 5
35. The first and second packs according to any of clains 30-34, wherein
each said .proj etogetheas a width and a length, with the I ength being
greater than the

31. The first and second packs of claim 30, wherein

5 after assembly, the deformation of the projections
gives rise to a clamping force which frictionally

‘holds the first and second packs together.

32. The first and second packs of claim 30, wherein
10 after assembly the deformation of the projections
establishes a mechanical lock that holds the first and

second packs of laminations together.

33. The first and second packs of claim 30, wherein
15 after assembly the interfitting fprmations of the"
first and second . packs are profiled so that
deformation of said formations positively urges the

first and second packs of laminations together.

20 34. The first and second packs according to claim 32
or 33, where said first pack of laminations- includes
at least one external face with a dovetail formation
therein, and said second pack of laminations includes

at least one deformable projection thereon and each



wi dth. 10 36. The first and second packs according to any of claims-30-35,

wherei n adj acent l.am nations of the first—pack —are fasteped together

and adjacent |am nations of the _second ack are fastened 15

"together. 37. The first and second pacimmﬂﬂﬂﬂummwnuﬂny of clains 30-36,
wherein at |east one of the packs of | sionally flexible.

20 38. -The first. and second packs according to claim 37, wherein each,

| ami nation of the or each torsionally flexible pack is connected to &M

adj acent | am nation by a single connection. 39. The first and second
packs according to claim 38, wherepryeach |anination of the or each
torsionally flexible pack conpri ses, on a conmon axi s

per pendi-cul arsdiay tder dRMEBIES | Projéceionl 6s Beptesakardly towa®d e Side

thereof and a single projection on the other side thereof, each |am nation

bei ng coupl edpdmanently engages said respective dovetail formation :
and thereby permanently locks said first and second

packs of laminations together.

5
35. The first and second packs according ﬁo any 6f
claims 30-34, wherein each said projection has a width
and a length, with the length being greater than the ‘\)
width.

10 |
36. The first and'séCOnd packs according to any of
claims 30-35, wherein adjacent laminations of the
first . pack are fastened together and adjacent
laminations of . the second pack are fastened

15 together.
.37. The first and second packs according to any of ;J
claims 30-36, wherein at least one of the packs of
laminations is torsionally flexible.

20

38. ‘The first and second packs according to claim 37,
wherein each lamination of the or each torsionally
flexible pack is connected to an adjacent lamination

by a single connection.

- k



an adj acent |am nation only by the single projection projecting into the
singl e depressjion of the adjacent |amnation. 10 40.;,, The* first and
second packs according to any of clains 30-39, wherein the external surface
of each said projection is directed-inwardly at —anr—angte of at |least [err]
to the respective exterior face of the pack 15 ' mm 41. The
first -and second packs according to any of clai W“Wﬂ\ma ' t | east
one of the first and second packs includes E-Iam ons. 20 42. "The first
and second packs according to any of clains 30-41, wherein at |east one of
the first and second packs i ncl udes N nat i ons. 43. The first and
second packs according to any of clains 30-40, wherein at | east one of the
first and secoryy pacife i fitrseesnd abdbnat Baa&s accordidfy to I¢Eaihi 88, and
second packs according to any of clains 30-40, wherein at |east one of the
first and = wherein each lamination of the or each torsionally

flexible pack comprises, on a - common axis

perpendicular to the lamination, a single depression

Y

on one side thereof and a single projection on the
other -side thereof, each lamination being cOup;ed to
an adjacent lamination only by the single projection
% projecting into the single depression of the adjacent
lamination.
10
40. The first and second packs according to any of
claims 30-39, wherein the external surface of each

said projection is directed.inwardly at an angle of at

least 5° to the respective exterior face of the pack

15 of laminations.

\_ | 41. The first and second packs according to any of
claims 30-40, wherein at least one of the first and
second packs includes E-laminations.

20
42. The first and second packs according to any  of
claims 30-41, wherein at least one of the first and

second packs includes I-laminations.



.second packs
according to
pack of |am

| am nations is a pack of |-Ilam nations. m‘l“l “l‘sﬂ
according to claim42 15 or 45, mher

I ncl udes F-lam nati ons. 45f The f|rst and second packs
any one 10 of claims 30 sai d
nations is a pack of E-lam nat i ons and sai d EE“OM pack o

first

second packs

| -1 am nations is torsionally flexible about an axl's perpendlcularf‘to

the | am nations. 47. The first and second packs according to clai m 35%

wherein said
said w dth.

20

length is at |least approximately 1.5 tines greater than

294.

43. The first and second packs according to any

‘of claims 30-40, wherein at least one of the first

10

15

20

and second packs includes U-laminations.

44. The first and second.packs-according'to any of
claims 30-40, wherein at least one of the first and

second packs includes F-laminations.

45. The first and second packs according to any one
of claims 30 to 42, wherein said first pack of

laminations is a pack of E-laminations and said second

pack of laminations is a pack of I-laminations.

46. The first and second packs according to claim 42
or 45, wherein said pack of 1I-laminations is
torsionally flexible about an axis perpendicular to

the laminations.

47. The first and second packs according to claim 35,
wherein said length is - at least approximately 1.5

times greater than said width.

]



