-1- PACK OF LAM NATI ONS AND FORM NG PRQJECTI ONS AND DEPRESSI ONS 5 The
presént invention in one aspect relates to a pack of Iamluﬂgl&$(§Q5Ap§§ES
i n ag-el ectromagnetic device and also to an individual |am nation for
use in the pack. It further relates to a nethod for nmaking such a pack, and
to apparatus for making the pack. It yet 10 further rel ates to an
el ectromagnetic devi ce conprising the pack. Various nethods have been
proposed to make packs or stacks of |am nations for el ectromagnetic

devices. In 15 one known nmethod, each | am nati on S rigidly
connected to its adjacent lamnation Ry -a plurality of connections. Each
connection, however, disrupts the flux paths. 1In addition, when
two such packs are placed faceatox DFCEAMINATIONS are invariably present
20 between the pole core Taces derined by the . packs. Because of

the disruption of tANDf FORMINGhPROJECTIIONS MENOEPRESSIONS air gaps,
there are problens in neeting el ectromagnetic specifications for devices.
One previously proposed solution to that problemis to 25 use hi gher
quality material but that increases the

5 ~ The present invention in one aspect relates to a pack

of laminations for use in an electromagnetic device

\ and also to an individual lamination for use in the
pack. It further relates to a method for making such a

~pack, and to apparatus for making the pack. It yet

10 further relates to ‘an electromagnetic = device

comprising the pack.

Various methods have been proposed to make packs or
stacks of laminations for electromagnetic devices. In
15 one known method, each lamination is rigidly
‘connected to its adjacent lamination by a plurality of
connect}ons. Each connection, however, disrupts the
flux paths. 1In addition, when two such packs are
placed face to face, air gaps are invariably present
20 between the pole core faces defined by the packs.
Because of the disruption of the flﬁx paths and the
presence of the air gaps, there are probiems in
meeting electromégnetic specifications " for devices.
One previously proposed solution to that problem is to

25 use higher quality material but that increases the



-2- cost. Another previously proposed solution is to use unconnected pl ates
or lamnations but that increases the cost due to the need for expensive

assenbly equipnent. 5 In accordance wth one aspect of t he S
present invention, t here is - provided a pack of | anminati &fs
for use in an el ectromagnetic device in which each Iamnation is generally
pl anar, is of a 10 non-circular shape and is coupled to an

adj acent | am nation by connector nmeans which permts twi sting of the

| am nations with respect to each other about an axis perpendicular to the
pl ane of each |amination whilst - 2etaining connecti on bet ween

adj acent 15 |l am nations in order to retain _the |amnations
assenbl ed t oge€®Sit i n ANRENGEC k PFEVILRYE 1ivh PreROESds sidiudiigmadisy t &gep| e.
Conveniently each lamnation is onnected t an.20 . adjacent
lamination byungongesded PlgkgscCFo ?mlpﬁt&opﬁrgﬁ§r dhgdet ige es

I nvention provides a ck of |aninations far e in_an el.ectromm tic
devi ce, each I§%Fhafp% cgﬁﬁri |ng%$8h g%ééﬂﬁﬁ%ﬁpd%?ﬁﬁﬁﬁﬁﬁﬁﬂqgﬁ%ﬁg%%)the

I am nation, a g %qbgF% Qression in one side 25 thereof and a single
projection ont er side
5 o _
In accordance with one aspect of the present
invention, there is érovided a pack = of ;;
laminations for use in an electromagnetic device in
which each lamination is generally planar, is of a
10 non-circular shape' and is coupled to an adjacent
;amination‘by connector means which permits twisting
of the laminations with respect to each other about an
axis perpendicular to the plane of each lamination
whilst retaining connection lbetween adjacent
15 laminations in order to retain the laminations
assembled together in the pack so that the pack is .
torsionally flexiﬁle. ~
Conveniently each 1lamination is connected to an
20  adjacent lamination by a single connection. 1In a

further aspect of the ‘invention provides a pack of
laminations for ﬁse in an electromagnetic device, each
lamination comprising, on a common axis perpendicular
to the lamination, a single depression in one side

25 thereof and a single projection. on the other side



-3- thereof,” each | am nation being coupled to an adjacent |am nation only
by t4e single.projection projecting into t he singl e depr essi on of
thex,adjacent lanmination. 5 It is known to connect |aninations using
projections 10 on | am nations projecting into depressions on adjacent
| am nati ons. such projections and depressions are punched out of the
| am nations. They have a height or depth of about 50 % or |ess of the

t hi ckness of the | am nation. When the projection/depression punched 15
out of the lam nation has a height/depth of about 50 % of the thickness of
the lam nation, the condition is apprgached at which the
projection/depression will break away fromthe | am nation. The present

i nventors have renéreefl,t haacht lamihatbenabeingageopietiotpr aduad jabent
proj ections/ depressions of height/depth greater than 50 % of the

| ami nati on thi ckbem$natihonn enmbpdi bgnt thet ingdegprojecthenppvpdectidng
and/ or the depth of the depression so produced is about 65 % 25 to
about 70 % of -t héntat erthe t hfithgbes. depression of the adjacent

lamination.

It is known to connect laminations using projections
10 on laminations projecting into depressions on adjacent
laminatibns: such projections and depressions are
punched out of the laminations. They'have a height or
depth of about 50 % or less of the thickness of the
lamination. When Fhe projection/depression punched
15 out of the lamination has a height/depth of about 50 %
of the thickness of the lamination, the condition is
approached at which the projection/depression will
break away from the lamination. The present inventors
have realised that it would be advantageous to produce
20 projections/depressions of height/depth' greater than

50 $ of the lamination thickness.

In an embodiment, the height of the projection and/or
the depth of the depression so produced is about 65 %

25 to about 70 % of the material thickness.



- 3A- The invention further prOV|des a nethod of making a pack of

| ami nations for use in an el ectromagnetic device, the nethod conprising:

coupling each lamnation to its adjacent lamnation wusing only a £
[

'."‘

single 5 projection on one side of.the |am nation projecting int'o a
si ngl e depression on the other side of an adjacent |am nation. The

i nvention yet further provides an apparatus for 10 maki ng a pack of
| am nati ons for use in an el ectromagneti c devi ce the apparatus

conprising: neans for form ng, on each |am nation, on a conmon axis

per pendi cul ar to the lamnatienda-a single depression in one side )
thereof and a single projection 15 on the other side thereof, and nmeans
for coupling eahé | anveation t durtbead] prowideanmanmetbodusfnmpakdangyat he
single projection on one side of one |lam nation projecting into the single
depression opackt pf laminationsi déorof usan 1adjaaenelggtromagaﬁtnétuon
The invention yet further provide a lamnation for use in

el ect r omagnet i @evigeyj the methed CP&EFﬁ&%PSnCQHHﬁFpglﬁQChoﬁa&leéﬁﬁBﬁ axi s

per pendi cul ar 19 t0e.25 45kl "ibhIMaeifn ShAThG 4RRLSSF O"elflg7a® o

5 projection on one side of the lamination projecting
into a single depression on the other side of an

adjacent lamination. g)

The invention yet further provides an apparatus for
10 making. a pack of laminations for  use -in an

electromagnétic device the apparatus comprising:

means .fqr 'forming, on each lamination, on a common

axis perpendiculaf to the 1amination, a single

_ depression_in ohe side thereof and a single projection

i5 on the other side thereof, and

means for coupling each lamination to its adjacent -

lamination using ’only the single projection on one

side of one lamination projecting into the single

depression "on. the other side of an adjacent

20 -lamination.

The invention yet further provide a lamination for use
in an electromagnetic device, the lamination
comprising, on a common axis perpendicular to the

25 lamination, a single depression in one side thereof



-3B and a srnglé_projection on the‘bther side thereof, the |anmination being
arrafiged to be coupled to an adjacent [am nation only by the single
proksction projecting into t he single depressi on of t he

adjacent 5 | am nati on. O her aspects of the present invention are set
out in -4- the acconpanying clains to  which attention IS
directed. For a better understanding of the present invention 5 and
to show how the sanme nay be carried into effect reference will now be
made, by way of exanple, to the acconmpanying drawings in which: Fig. 1 is
a perspective view of an electromggnetic 10 device conprising two

| amination packs or stacks, each “pack being in accordance with the

present inventiof,qFLds;3q18 8658883 SRCHhORA LRW-OL;Bart e 15

t he packs of n F?g?l g}, arthe ﬁack inc%ugrngr algarth%gﬁ?ﬁgQ%Fate;
lamination being arranged to be coupled to an adjacent
lamination only by the single projection projecting

into the single depression- of the adjacent

5 lamination.

N\ Other aspects of the present invention are set out in



Fi g. 3 is partial -cross-ssectional vieﬁ/shomﬁng, in greater détail,

the manner of interconnection of 20 | am nations of the pack of Fig.
2; Fig. 4 is a partial cross-sectional view of a single lamnation .4
showi ng further details of a depression and projection; 25 -5- Fig. ° 5
is a cross-sectional view of a partitioning plate; Fig. 6 is a partial
cross-sectional view of the 5 partitioning plate of Fig. 5; Fig. 7
is a partial cross-sectional viewillustrating how a depression and
projection are produced, in accortehce with an aspect of the invention, in
a 10 lam nation; Figs. 8A to 8C schematically. jillusirate, a sequence of
operations fotNfakidRFoR g 1T ofR: a‘fﬂi/‘i% a{:{g@b’g;ong g?‘?o D are

schematic cro -é%ggdnmu vi ews of apparatus for nmeking a pack of

| am nati ons. erring to Fig. 1, the electronagnetic device is e.g.
a choke assenbly which conprises two packs of 20 - " E- shaped"
| am nat i ons each ‘pack conpri si ng

For a better understanding of : the present invention
5 and to show how the same may be carried into effect
reference will now be made, by way of example; to the

accompanyin§ drawings in which:

Fig. 1 is a perspective view of an electromagnetic

10 device comprising two lamination packs or stacks,
each pack being in accordance with the present
invention;
"Fig. 2 is a cross-sectional view of part of one of

15 the packs of Fig. 1, the pack including a
partitioning plate:
Fig. 3 is partial cross-sectional view showing, in v

greater detail, the manner of interconnection of

20 laminations of the pack of Fig. 2;

Fig. 4 is a partial cross-sectional view of a single
1aminétion showing further details of a depression and
‘projection;

25



| am nations*® 5 'stacked on partitidhing plates 6. The faces of the |inbs
of the "E-shaped™ | am nations define pole faces 7. The two .packs are placed
wi tlRtheir pole faces abutting The central linbs of the 25

| am nations are spaced apart by an air gap 8 of -6- predeterm ned
width. An induction coil 9 produces magnetic flux 10 in the lamnations. I|f
the I am nati ons were connected one to another 5 rigidly by a plurality

of connections, there would inevitably be air gaps between the abutting
pole faces 7. Furtherenore the plurabi ty of connections would disrupt the
flux paths. 10 _~ In accordance with an enbodi nent of one aspect of the.
present inventiB&g-in BachSpaBkcregensestifReloNiey OfnRePeEFitdoning
adj acent Ianina#%ggeby only a single connection producing a torsionally
fl exi bl e pack. us, ” when two packs are butted as shown in Fig. 1 15
the torsional flexibility allows at |east the reduction if not the
elimnation of unwanted air gaps between the pole faces 7. In addition the
reduction of theBigunberisf aonpeattians kebesecseclciitionatli ovdewedofes thiee
di sruption of the flux paths. The result

5 partitioning plate of Fig. 5;

Fig. 7 is a partial cross-sectional view illustrating
kx’ how a depression and projection are produced, in
accordance with an aspect of the invention, in a

10 lamination;

Figs. 8A to'8C schematically illustrate a sequence of

operations for making a pack of laminations; and

15 Figs. 9 A to D are scheﬁatic cross-sectional views of

apparatus for making'a pack of laminations.

\J : Referring to Fig. 1, the electromagnetic device is
e.g. a choke assembly which comprises two packs of
20 "E-shaped” laminations each pack coﬁprising

laminations 5 stacked on partitioning plates 6. The
faCés of the 1limbs of the "E-shaped" lamihétions
define pole faces 7. The'two packs are piaced with
their pole faces ébutting. The central limbs of_ the

25 laminations are spaced apart by an air gap 8 of



20 I's increased el ectrical efficiencyw as conpared wth packs of ,
| am-nations which are made of +the sane quality of material:-but wth

| am nations rigidly connected by a plurality of connections. The
.electrical efficiency is conparable with that obtained 25 by the use of
[ oose (unconnected) plates but at |ess cost. -7- Referring to Fig. 2,

each |l am nation conprises a single depression 3 and a single projection 4
aligned on a comopn axis perpendicular to the |am nation. The projection

of one lanination projects ino-the 5 depression of its adjacent
| am nation. A pack of such lamnations 5 is built up on a lam nation 6 _
referred to herein as a partitioning plate 6 which conprises a through-hole

2 in place of th 3% ression %ﬁ&&oj ctiaqn I nat.ion. roj ection
4 of the bOttgﬁleﬁl? Tpgned Wigkhtat Ah 3“83‘&%&@ irz’n 3t ie W&?Lfésrhe
pack of la 'g%ge%%, £1% 1¥CGY MY ani¥inldtigHy enbodi nent  of said one
aspect of t he present invention, 1n which the |amnations are
connected one 15 to. another by only the single projection/depression,
must withstand the stresses applied by subsequent

If the laminations were connected one to another

5 rigidly by a plurality of connections, there would
inevitably be air gaps between the abutting pole fades
" 7. Furtheremore the plurality of connections would ;J

disrupt the flux paths.

10 In accordance with an embodiment of one aspect of the
present inVention,..in each pack, each lamination is
cbnnected to its adjacent lamination by only a single
connection producing a torsionally flexible pack.
Thus, when two packs are butted-as shown in Fig. k

15 the torsional flexibility allows at 1least the
reduction if not the elimination of unwanted air gaps
betWeen the pole faces 7. In addition the_reduétion
of the number of connections between laminations
reduces the disruption of the flux paths. The result

20 - is increased electrical efficiency as compared with
packs of Léminations which are made of the same
quality of material but with .laminations rigidly
connected Dby a plurality of .connections. The
electrical efficiency is comparable with that obtained

25 by the use of loose (unconnected) plates but at less

cost.



production processes, including high tenperature heat treatnent, and

al son radial novenment to provide the packs with the torsional flexibility
whi ch- all ows the 20 magnetic pole faces 7 to butt together w thout
air gaps throughout the pack |ength thus maintaining the predetermned air
gap 8 (when applicable). In order to achieve that, the depressions and
projections of the | am nations have the formshown  in Figs. 3 and 25 4,
-8- The depression 3 in each lamnagiion has a depth P of about 69% of the
thickness T of the material of the Tammnation. The lip of the depression 3

I's radiussed wth.a_.radius . e ess) | cl 5
cylindrical. %ﬁgelrrﬁléi&zﬁ dilg'rﬂa't er” ‘of ?%ééﬁ de)ér“g{s}é?%%o?s &F'gé%%%%ana t he
di aneter of t rrd§§¥ggg : | o5td Oby r hniesigsR88€
fit. The proj ec%ﬁgﬁl%ov\hl 'S %%%r yégf;lL i%‘f)ilgg??éﬁggblo g hei ght
-H which is akputa donffiorPfaxidperdridi@hldri €6NERS. ladinatibr. buke of

the projection 4 is either: a) radiussed with a radius rl-as shown in
the right 15 - prjedtipnti of oforke g.1&nimalticnr | pbejegtsesintbanthee
5 depression of its adjacent lamination. A pack of such
laminations 5 is built up on a lamination 6 referred
to herein as a partitioning plate 6 which comprises a
k/ through-hole 2 in place of the depression 3/projection
4 combination. The projection 4 of the bottom most

10 lamination 5 projects into the hole 2.

The pack ‘of laminations, in accordance with an
embodiment of said one aspect of the present
invention, in wﬁich the laminations are connected one

15 to another by only the single projection/depression,
must withstand the stresses applied by subsequent
production processes, including high temperature heat

k/ o treatment, and also - radial movement to provide.the
packs with the torsional flexibility which allows the

20 magnetic pole faces 7 to butt together without air
gaps throughout the pack length thus maintaining the
predetermined air gap 8 (when applicable). In order

to achieve that, the depressions and projections of

the laminations have the form shown in Figs. 3 and

25 4.



radius R of the lip of the depression; or b) in the shape of a truncated
cone O of simlar size to the radiussed base rl as shown in the.
left 20 hand portion of Fig. 3. The cone O or radius rl does not fgy+
the radius Rat the .lip of the depression thus allowing total ~
engagenent of the projection 4 into the depression 3 25 to prevent air
gaps resulting between the faces of the lam nations in the pack. -9-
Referring to Figs. 3, 5 and 6, the hole 2 in the partitioning plate 6
has the sanme form as the depré&ssion 3 in the | am nati ons except, of
course, that it extends all the way throuy the t he

pl
projection 4 éPe hEeRFESSHORos Iié‘meﬁgﬂ n "iit"é‘a\tkﬁg "‘E:&%‘éﬂ t§ 19%ni ng
pl at e ! n the E%rga% %f tth‘@mgt&cflé %%hi n &I am@at i on.
prOJec |on

Referring to e depreSS|on In each

l'am nation ar Qaﬂﬁ%‘iﬁ% by vie qfipem ideprieadidd @V 18 Fad\essed N
accordance with another aspect of the present invention. Metal strip 1l is

| ocat ed and gwilghed a | gladiius a Rytann@hel5 depresside idkescreimsculdmekei naft er

over a die 14. The die _
5 cylindrical. The internal diameter of the depression

is 1less than the diameter of +the corresponding

projection to produce an interference fit.

The projection 4 which is circularly cylindrical, has
10 a height H which is about 65% of the material
thickness T. The base of the projection 4 is

either:

a) radiussed with a radius rl as shown in the right
15 hand portion of Fig. 3 raditS'rl being less than the

radius R of the 1ip of the depression; or

b) in the shape of a truncated cone <C€l1 of similar N
size to the radiussed base rl as shown in the left

20 hand portion of Fig. 3.

The cone Cl or radius rl does not foul the radius R at
the l1ip -of the depression thus aliowing total
engagement of the projection 4 into the depression 3
25 to prevent air gaps resulting between the faces of the

laminations in the pack.



defines a rrghf circularly cyIindrfcaI opening the lip of which is either:

a) #radiussed with a radius r as shown in the right 20 - hand portion
of Ejg..7;, or b) in the formof a truncated cone C as shown in the |eft
hand"portion of Fig. 7. - 10 - A depression form punch 13 sinultaneously

forns the depression 3 and causes the netal of the strip 1 to be extruded
into the projection formdie 14 past the cone C or radius r. 5 The nor mal
shear stress fracture condition at _about 50% of the netal thickness T is
significantly changed, due to-preseﬁc% of the radius r or cone Cat the lip
of the die 14, roduce the.depression pth P 10 69% t nmet al
thickness T a&gefo%ﬁféfn%oﬁ’? S%l én)‘d;a%’g %r%ﬁqgctlgbn JE{'allegh oéte 6 %gF‘ ttrl}g‘e
thickness T wit hautef¢RSi4d NO- plldiEe 4% di ha8T egRE bahivBeN feepr €asi Ohdept h
P and projection height Hrepresents the conpression and thinning of the
metal during thadeamtession delmgtiéd lamivatidnspaekceple cofie Coorseadi us
into the projection formdie 14 providing a burnished finish to the

that it extends all the way through the plate 6. Thus
5 the projection 4 of the bottom most lamination 5 fits
with the partitioning plate in +the same way as it

would fit with a depression 3 in a lamination.

~ Referring to Fig. 7, the depression 3 and projection 4
10 in each lamination are produced by way of example in
the following manner, in accordance with another
aspect of the present invention.
Metal strip 1 is located and gripped tight in a manner
15 to be described hereinafter over a die 14. The die
defines a right circularly cylindrical opening the lip
of which is either:
v

a) radiussed with a radius r as shown in the right

20 hand portion of Fig. 7; or -

b) in the form bf a truncated cone C as shown in the

left hand portion of Fig. 7.



projection circunference. The internal dlaneter of the prOJectlon formdie
14 is 20 made 0.022mm | arger than the outside dianeter of-the
depression form punch 14. The -action of extruding the netal into the ;g#
'‘projection formdie 14 past the cone C or radius r ensures that the s
depression dianeter is produced 0.004mm smal |l er than the dianeter of the 25
di ameter of the depression punch 13. This produces an interference of

0. 026mm between the fit of thag -- 11 - projection 4 into the
depression 3. The cone C or radius r applied to the lip of the
projection foAm dieprbéstonduddeana g:undtarl?slsamtﬂctméebusnty réxsiass the at t he
base of the projection 4. The resultant cone Cl or radi us rl
produced at tfepression Shang sjamsssrthe netalof éthQ rerimel rt@lite R
produced at the openln of the depression 3, thus, al] ow full en agenent
of the proj ec??‘&’ﬁ“ data fhes argd estden, form rﬂ:‘-%a’pg %ﬁg Sithet t he
net al pl at e é@éPVIde a single 10 connecting feature that can
wi thstand th éf‘&teV|ously shared by nul ti-connecting features.
The ma |nun1flatness deviation B (see e.g. Fig. 3) at the base of the
depression 3 and the nmaxi num fl at ness

The normal shear stress fracture condition at about
50% of the metal thickness T is significantly changed,
due to presence of the radius r of cone C at the 1lip
of the die 14, to produce the depression depth P at
10 69% of the metal thickness T and  the corresponding
projection height at 65% of the thickness T without
fracturing. 'The 4% difference between depression depth
P and projection height H represents the compression
and thinning of the metal during the action of being
15 forced past the cone C or radius into the projection
form die 14 providing a burnished finish +to the

projection circumference.

The_internal diameter of the projection form die 14 is
20 méde 0.022mm larger than the outside diameter of the
depression form punch 14. The éction of extruding the
metal ipto the projection form die 14 past the cone C
or radiué r ensﬁres fhat the depression_ diameter is
produced 0.004mm smaller than the diametér of the
25 diameter of the depression punch 13. This produces an

interference of 0.026mm between the fit of the



15  deviation Bl at the _top of the projection 4 is 0.008mm The
percentages and’ dinmensions nentioned above are obtainable on 0.5nmt hick
semggprocessed and fully 20 processed electrical steel. The
percentages stated are al so obtainable on 0.2mm thi ck 50% ni ckel -iron all oy
metal which may be used to produce transforner pole core packs. - 12 -
The decision to use a cone Cor radius r at the lip of the projection form
die 14 painly depends on the ductili of the metal of the strip 1. Hi gh
ductility material will give simlar~“percentages to those stated 5

when ei ther a GoRg;lceion Aafhts tnbSded#8dsiont8Y ! anEPdicufledueli il ¥
material requires a low angle cone Cto give simlar percentages to those
stated. In ordefadDus efouppliedrts] €abi eiplokr eRet peodeetidn Folth die
spring | oaded stripper pad 18 is used. The pad 18 nay be aided by the use
of a spring | oalkdprpdutes a8aimbilakr pispeconet Blooghrhddulsord iat tthe

projection formng die 14. The ejector 18a would be used
especi al | y wherbasehiof nethe spropectionuded Theorgsulitant cone CGlr @rent
distortion of the | am nati ons. For ) .

5 radius rl produced at the base of the projection 4 is

smaller than the radius R produced at the opening of
the depression 3, thus'ailowing full engagement of the
projéction 4 into depfession 3 ensuring no gaps exist
between the metal plates to provide a single
10 connecting feature that can withstand the stresses

previously shared by multi-connecting features.

The maximum flatness deviation B (see e.g. Fig. 3) at

the base of the depression 3 and the maximum flatness
15, deviation Bl at fhe' top of the projection 4 is
| 0.008mm. ' |

The percentages and dimensions mentioned above are
_obtainable on 0.5mm thick semi-processed and ' fully
20 processed electrical steel. The percentages stated
are also obtainable on 0.2mm thick 50% nickel-iron
alloy metal which may be used to produce transformer

pole core packs.



exanple, the ejector 18-a would be used when the thickness T of the netal
strip 1is less than 0.21nm The presence of the ejector 18a makes no
substantial difference to the maxinum flatness deviation B 20 3/
pentioned hereinabove. The hole 2 in the partitioning plate 6 is made ™
using a hole piercing punch of the same dimensions as the depression form
punch 13 and the form and di nensions 25 of the hole 2 are the sane as
the formand di nmensions of the deﬁgfssion 3 except that its depth is equal
to - 13 - the thickness of the erial. The projection 4 of the bottom

most | ami nati g ddd s A Med Nedo Codnd NeedpCEbYshlersaReLHBNRED BE 11

would fit with epressi on ferring I gs

partitioning aitf)é e Yl ddELdRN £isih 0NG1 &1 e15t AREALYT OdepbaasebAl thbr i p 1
in a series of stages | to v. Fig. 8 shows, by way of exanple, the

production of 4untilityno@]kheumgtathiOthe stakpbndti oHdghf duchddity a pack
as shown in Fig. 1. such a.gack t he single connection feature on each

Ianlnatlon|fsqﬁt?qﬂ?%xﬁ&*¥aﬁﬁv Pl aRPepRentages to those stated

5 when either a cone C or a radius r is used. Low to
medium ductility material requires a low angle cone C

to give similar percentages to those stated.

In order to remove the projection 4 from the die 14, a
10 spring loaded stripper pad 18 is used. The pad 18 may
be aided by the use of a spring loéded -ejector 18a
which projects through fhe bore in the projection
forming die 14. The ejector 18a would be used
especially when a thin metal strip 1 is used in order
15 to prevent distortion pf-'the laminations.- For
example, the ejéctor 18a would be used when the
thickness T of the metal strip 1 is less than O0.21mm.
The presence of the ejector 18a makes no substantial ;;
difference to the maximum flatness deviation B

20 -mentioned hereinabove.

The hole 2 in the partitioning plate 6 is made using a
hole piercing punch of the same dimensions as the
depression form punch 13 and the form and dimensions
25 of the hole 2 are the same as the form and dimensions

of the depression 3 except that its depth is equal to



Referring to Figs. 8A and 8B, at stage 1 locating 15 hol es 19

di spktaced fromthe centre of the netal strip 1 are punched.. These holes
areused as described hereinafter for accurately locating the netal
st{|p over the die 14. In addition, when a portion of the netal stripis to
be used as a partitioning plate the 20 hole 2 of the partitioning plate
Is also punched out at stage 1. Stage 2 is a idle station. At stage
'3 the depression 3 and projection 4_ng_produced. Stage 4 is an idle
station. At stage 5 the E-shaped lamnation is stanped out of the
strip. 25 The pthéuthieknisages itHaimatdrihin Fgs. frdjectlon 4 ldf- are
carried out usin a single multi-stage progression tool as schematically
illustrated in [ %Qﬂ‘ 9I!!°S¥ef1@ﬂrl+fmfit@ B fitg with the helep? ites a

mal e punch 5 and femal e die assenbly 27 secured in -an
aut omati c power eﬁ?é’ﬁ‘ymiﬁyet h&E3Mol BaRGTet A5 stdlp "P‘Pzd gribbedttyntry
between a die ph@%gegglggpa§trlpper plate 21. 10 At stage 1 the

| ocating holes are produced by means not shown in Fig. 9A
The holes 2 for the :

Referfing td- Figs. 8A to 8C, the partitioning plate
and the laminations are stamped from the metal strip 1
in a series of stages_i to v. Fig. 8 shows, by way of
example, the production of partitioning plates and
10 laminations for use in a pack as shown in Fig. 1. 1In
such a pack the single connection feature on each

lamination is at the centre of the lamination.

Referring to Figé.lSA and 8B, at stage 1 1locating
15 holes 19' displaced from the centre of the metal strip
1 are'punched. These holes are used as described .
hereinafter for laccurately locating the metal strip
over the die 14. 1In addition, when a portion of the
mgtal étrip is to be used as a partitioning plate the
20 hole 2 of the partitioning plate is also punched out
- at stage 1. Stage 2 is a idle station. At stage 3
the depressiéﬁ 3 and projection 4 are produced. Stage
4 is an idle station. At stage 5 the E-shaped
Iamihation_is'stamped out of the strip.
25

The production stages illustrated in Figs. 8A to 8C



partitioning plates are stanped out of thé'netal strip 1 by a'puﬁch 11

whi ch cooperates with a die 12 best shown in Fig. 9B The .die 11 +is
actuat ed when 15 required to punch the holes by a cam 20 oper-ated byﬁan
el ectro-preunati c arrangenent (not shown). Stage 2, as nentioned above, is
an idle stage. 20 Stages 3 and 4 require to be considered together.

The | ocating holes 19' pass through stages 1, 2 and 3 into stage 4. At .
stage 4 pilots 19 are inserted through the locating holes 19' to accurately
| ocate the netal strip 1 which is #i4%o gripped tightly between the 25

stripper plate 21 and d|e |.ate 22. At t preceeding stage 3 as, best
shown in Fig. 38€ GRETdied Fﬁ’r ing§§ e"o Y%% FEIHPB and

causes the .ne I of g t Qﬁh{ﬁgﬁﬁi §$§ ®r radius r
of the prOJec%?bn Fbr%§§§%§éiéh}#¥;% orm epress onq%pand proj ection
4. Once the projection 4 has been 5 formed, the stripper pad 18,
and, if provided, the ejector 18a operate to eject the projection fromthe
die 14. The sRefparingactolFig. Omssk Bocl gunpxiddd ambide poch or 18a
is biassed by a spring 18c. 10 At stage 5 the lam nations 5 are stanped
out oBf the assembly 26 and.female die assembly 27 secured in an

automatic pOwef press. In the tool the metal strip 1

is gripped tightlylﬁetween a die plate 22 and stripper

plate 21. | ' ' HJ

10 At stage 1 the locating holesu 19°' ére produced by'
means ﬁot shown in .Fig. 9A. The holes 2 for the
partitionihé plates are stamped out of the metal strip
1 by a punch 11 which cooperates with a die 12 best
shown. in Fig. 9B. The die II is actuated when

15 | required to punch the holes by a cam 20 operated by an

electro-preumatic arrangement (not shown)
Stage 2, as mentioned above, is an idle stage. o/

20 Stages 3 and 4 requiré to be considered together. The
locating holes 19' pass through stages 1, 2 and'3 into
stage 4. At stage 4 pilots 19 are ihSerfed through
the 1locating holes 19' to accufately locate the metal
strip‘i which is also gripped tightly befween the

25 stripper plate 21 and die plate 22. At the preceeding

stage 3 as best shown in Fig. 9C the die form punch



strip 1 by a bunch 15 whi ch coopérates with a die 16 as best shown in

Fig~. 9D. At the sanme time as punching out the |aninations, the

| amati ons 5 are stacked one upon the other with the projection of each 15
| am nati on proj ecting into the corresponding depression of the
adjacent | am nati on. For that purpose, there is additionally provided a
thrust rod 17 through the punch 15. The thrust rod 17 engages with the
depression on the punched out |am nation. 20 The interference fit of
the projections into the depred3bioens 3 necessitates the pressure

applied- by the unch 15 and _the thrust rod 17 being countered F&% a
simlar counte$°rﬂﬁes§ﬂ?e deprpgsieBunBer apfesauses $her agtadsiofelthe
devel oped by the ment ed restrlct|on bl ocks

23 and 24 and c%ﬁg#ﬁdidtég %hﬁxgﬁ?égéagﬁﬁtpiggsﬁpg off1a e FBGIYUSH T Ofhe 25.
- 16 - The rESttht'gfoﬁéﬁfgéP§§O§H€n§4d§8nﬂg'par?Q§£%4ﬁE§dEE%i§%r§on6

slightly smaller m na n ng
This restricts3 aha pfbgecﬂﬁéﬁaa? Obn&BetHéCFrog’éE%m%O%t Uas Obednl OCK

24 is 5 slightly smal | e than tha of bl ock 23 to

progressdvel y déoemeﬂ,theheousteippeesspaa IBc tawde if provided, the
ejector 18a operate to eject the projection from the
die 14. The stripper pad 18 is biassed by a spring

\ 18b and the ejector 18a is biassed by a spring 18c.

10 At stage 5 the'laminafions 5 are stamped out of the
strip 1 by a punch 15 which cobperates.with a die 16
as best shown in Fig. 9D. At the same time as
punching out the laminations, the laminations 5 are
stacked one upon the'other with the projectién of each

15 lamination projecting into fhe corresponding
depression of the adjacent 1lamination. For that
purpose, there is additionally provided a thrust rod

L 17 through the punch 15. 'The thrust rod 17 engages
with the depression on the punched out lamination.

20 The interference fit of the . projections 4 into the
depressions 3 necessitates the pressure applied by the

" punch 15 and the thrust rod 17 being countered by a
similar counter pressurte. The counter pressure is
progressively developed by the die 16 followed by

25 segmented restriction blocks 23 and 24 and concluded

by the adjustable pressure of a restrictor tube 25.



25 conprises two precision ground halves 25 and 25'' which are spaced
apart transversely of the tube 25 and urged towards each other to reduce:
tthe gap between 10 them The tube halves are urged towards each ot I
by spring pressure devel oped by e.g. sets of disc washers (Belleville

" Washers) 28. The lamnations 5 are stacked up on a partitioning 15

plate 6 as shown in Fig. 9D. The conical or radiussed I[ip of the die 14
is easily redressed during tool seryice with a |low cost fixture

i ncorporating the appropriate r edr eX ing wheel. 20 The pack of |ami nations

whi oh 1S tor SiNAl | e b eilel 6 b TobkE |24 854 | 28ScGRBPES CpaReyE g 2N0L her

by a single connecting eature,- as descri ove, provides an

el ectromagnet i¢hat (v CE1ightly N@M&VESE 25than etkét rismingtionsensya
because of +the reduction of connecting features. Furthernore, the use

of a single partdiftiomingectphatésattr e Mnisi segsthictai ntheat deeont act

area between nei gbouring nagnetic pole core p] ates thus ﬁrogorééonally
reduci ng the rRﬁse"rﬂg%PgrB‘béeﬂ?%‘F'edmec@l’%ﬂ?’érﬁev‘éfop? CRet tBentfhe pol e

core p%@tes. slightly smaller than that of block 23 to
progressively dévelop the counter pressure. The tube
25 compriées two precisién gronnd:halves 25' and 25''
which are spaced épért trans&ersely of the tube 25 and
urged towards each other .to reduce the gap between o/
10 them. The tube halves are urged towards each other by
" spring pressure developed by e.g. sets of disc washers

(Belleville ‘Washers) 28.

The laminations 5 are stacked up on a partitioning

15 plate 6 as shown in Fig. 9D.

The conical_ or radiussed lip of the die 14 is easily
redressed during tool service with a low cost fixture .
incérporating the appropriate redressing wheel.

20 |
The pack of laminations which is torsionally flexible
with the laminations connected one to another by a
single connecting feature, as. described above,
provides an electromagnetic device of improved

25 electrical efficiency because of +the reduction of

connectihg features. Furthermore, the use of a single



5 _ The torsional flexibility of the pack allows the pole faces of
coupl.ed pole core packs to butt together throughout the | ength of the pack,
t hussavoi ding air gaps which can occur with rigid nulti-connected packs.
That m nim ses the disruption of the magnetic flux 10 paths to allow
i nprove electrical efficiency. The pack of |am nations according to
enbodi nent of the invention of fers reduced costs for provi di ng
conparabl e el ectrical efficiency as cgnpared with rigid packs or packs nade
using |oose plates. - The 15 “rdduced cost results fromthe

avoi dance of thgoﬂﬁséﬁmév ti:?x&‘eqﬁ?.lx\ es%' e%fe' CniHfifladdl the, &@én%

ri gl d packs or romt ance (0] use nore expen5| ve asse

equi pment” in thSréasebei:wEéﬁkSn@.@bd&frl OSagrditds Fd1d&ord P éon
packs made in accordance wth enbodi nents of the |nvent|on are usefu

in many types otheSepropomgmlaydmmmimgiﬁmjﬁmterﬂtﬁchlf @rclldmr sof
chokes, transforners etc. S * - 18 - CLAI M5
eddy currents developing between the pole core plates.
5 | " The torsional flex1b111ty of the pack allows the pole
faces of. coupled pole core packs to butt together
throughout the length 6f the pack; thus avoiding air
4 gaps which can.occur with rigid multi-connected packs.
That minimises the aisfuption of the magnetic flux
10 paths to allew improﬁe electrical efficiency. The
pack of 1laminations according to embbdiment of the
invention offers feduced eosts for providing
comparable electrical efficiency as compared with
rigid packs or packs made using 1loose plates. The
15 reduced cost results from the avoidance of the need
for higher quality electrical steel in the case of
rigid packs or from the avoidance of the use of more
\ expensive assembly equipment in the case of packs made
of loose plates. |
20
The lamination packs made in accordance with.
embodiments of the invention are useful in many types
of eleetro magnetic device and may be used for

stators, chokes, transformers etc.



[

1. A pack of | am nati ons for use in an electronagnetlc
device in which each lamnation is 5 generally -planar,: is of«a

non-circul ar shape and is coupled to an adjacenL_LanLnaLLnn_b¥~QQnnecton@p

means which permits tw sting of the |aminations with respect to each ot her

about an axis perpendicular to the plane of eaﬁ“llltﬂllmlluﬂmm | st
retaining connecti on between 10 adj acent or der to
retain the | ami nations assenbl ed together in the® pdck"so®thht -the pack is

torsionally flexible. 2. A pack -agording to claim 1, wherein each
15 | am nation is connected to an adj acent Ianination_by a single
connection. 3. CLAIMS pack of | am nat i ons for use in an

el ectromagneti c device, each | am nation conprising, on 20 a conmon

axis perpendicular to the lamnation, a single depression in one side

thereof and a sjngle rOJectlon on t olher,side t hereof, each | am nation

bei ng coupl ed tlr an dtlj addfik | arﬁ%atl E/l‘b‘i/s t hef ngI‘Ia'se prid} e on

proj ecting i nt.o the [e5s1 on f t acent.

| ami nati on. elegfro gneﬁ’p‘gc{e‘&‘ccc%rm ndﬁf ql%ﬁ‘% aml te’r%ﬂ ni¥n

each 5 generally planar, is of a non-circular shape and is
coupled to an adjacent lamlnatlon by connector means
whlch permlts twisting of the lamlnatlons Wlth respect
to each other about an axis perpendlcular to the plane o
of each lamination whilst retaining connection between

10 adjacent laminations in order to retain the

laminations assembled together in the pack so that the

pack is torsionally flexible.

2. A pack according to claim .1, wherein each
15 ‘lamination is connected to_an'édjacent lamination by a

single connection.

3. A pack of laminations for use - in an
electromagnetic device, each lamination comprising, on
.20 a common  axis perpendicular to fhe lamination, a
single depression in-one side thereof and a single
projection“Bn the 6ther side thereof, each lamination
being coupled to an adjacent lamination only by the
single prqjection projecting  into the single

25 depression of the adjacent lamination.



| am pation = the  depression and proj ection are circularly
cylindrical. 5 5. A pack according to clalqLﬂ,/mhepekﬁ'rﬁ”’Ease of

therWOJectlon is radiussed. 6. A pack according to claim4 ein the

base of the projection is in the shape of a trun n\‘m “g““\ A pack

according to claim5 or 6, wherein the lip of thefumi“ r-adi-ussed.
8. A pack according to claim3, 4, 5, 6, or * 7°¢ 15 wherein the
depth of the depression is greater than 50% of the | ani nati on t hi ckness

and the height of the projection isjgreater than 50% of the |am nation

t hi ckness but | ess than the depth of the depression. 20 9. A pack

according to clai.m & pakRr eickor@@ndepion cQfaiwhe 3, dephes®ion in S eaddhout
69% of the Ian1nat|on t hi ckness and the prOJectlon hei ght is about 65%

of the |am nati oamihatienss. the - depreb@ion A apack pabjecaiiomat i @re
according to any one of clains 3 to 9, additionally including a
partitioning pl eiecularly cylindikigetlnod of making a pack of |ami nations
for use

5 5. A pack according to claim 4, wherein the base of

the projection is radiussed.

N ' 6. A pack according to claim.4, wherein the base of
the projection is in the shape of a truncated cone.

10 |
7. A pack acco;ding to claim 5 or 6, wherein the lip

of the depression is radiussed.

8. A paék according to claim 3, 4, 5, 6, or 17,

15 wherein the depth’ of the depression is greater than

50% of the lamination thickness and the height of the

v - projection is greater than 50% of thg lamination

thickness but 1ess-than the depth of the depression.

20 9. A pack according to claim 8, wherein the depth of
" the depression is about 69% of the lamination
thickness and the projection height is about 65% of

the lamination thickness.



in an electromagnetic device, the nethod conpri sing coupllng each

| am nation to its adjacent |amnation u rojection on one
side of the lam nation projecting into ression on the 10 5 A
ot her side of an adjacent |am nation. qumﬂﬂu §M>[L l‘cy,or ding to claim
11, conprising formng the projection applying a
depreSS|on formpunch to the lam nation to extrude t'he *15 proj ection
into a projection formng die, the die having a lip which is radiussed
or conical. 13. A nethod accordiﬂg20tﬁ claim 12, wherein the
depression is formed with a depth of about 69% of the 20 | am nati on

t hi ckness and the- pro?ed??%h i of f olypinationg %@F@ﬁ@lﬁg BBoRRY 6998 0Pt he

| am nati on thlck ess. $@éatus Lf ng a pack of |am nations
for use in %&%ﬁt oﬁ%g%et 1HoRRLLY %ﬂ% B%ar%tugaﬁgltl°nlng
conpri si ng: % means for form ng, on each |lam nation, on a conmnon
axi s perpendlc%+%. ‘to the | am nation, a single depression I n one
side thereof and a single projection on the other side thereof, and 5

5 11. - A method of making a pack of laminations for use
in an electromagnetic device, the method comprising
coﬁpling each lamination to its adjacent lamination
usirng .only -a single projection on one side of the -,
lamination projecting into a single depression on the

10 other side of an adjacent lamination.

12. A method aécording to claim 11, comprising
forming the projection and'depression by applying a
depfessiqn form punch to the lamination to extrude the
15 ' projection into a projection forming die, the die

having a lip which is radiussed or conical.

13. A method according to claim 12, wherein the
depre531on is formed with a depth of about 69% of the
20 lamlnatlon thlckness and the projection is formed with

a height of about 65% of the lamination thickness.

14. ' Apparatus for making a pack of laminations for
use in an electromagneﬁic device the apparatus

25 comprising:



means for coupllng each [ am nation to |ts adjacent | ami nation wusing only
the ~single projection on one side of one Ian1‘arr0n~pfefeeL+ng_Lnto t he

si nglg depression on t he ot her si de acent 10
| ari nation. 15. Apparatus according to clainlmﬁ,‘aﬂﬁﬂ i m ng neans
i ncludes a projection formng die having lip cl of conica
and neans for 15 extruding the projection into the d|e past the lip.
16. A lamnation for wuse in an electromagnetic device, the
| am nation conprising, on a commobn axig perpendicular to the |am nation,
a single depression 20 in one side thereof and a single projection
on the other siggdmer efr tfarniang hatdrdredut Mami a8, t b el to
an adjacent lamnation only by the single proj ection proj ecting
into the singxdgepeagsmiimfldhe tadj adent | lamiredtion, 2% sintle 17.
A lam nation according to claim 16, wherein the depression and
proj ection ar elepreasgion dim oy |sighy itderedE and d8&ingle o jettiom
according to claim17, wherein the

on the other side thereof, and

5
means for coupling each lamlnatlon to its adjacent
: lamination using only the single projection on one
‘\: 2 . side of one lamination projecting into the single
depression 6n the other side of an adjacent
10 lamination.
15. Apparatus according to claim 14, wherein the
forming means includes a prbjection forming die having
lip which is radiussed of conical, and means for
15 ‘extruding the projection into the die past the lip.
x\; . 16. A lamination for use in an electromagnetic
device, the lamination comprising, on a common axis
perpendicular to the lamination, a single depression
20 in one side thereof and a single prbjection on the

other side thereof, the lamination'beihg arranged to
be cdupled'to an adjacent 'lémination only by the
single = projection projecting into the single
depression of the adjacent lamination.

25



base of the projection is radiussed.

19 A | am nati on accordlng to claim

17, wherein the base of the pLg+e9L+en—+s—rﬁ—%he shape of a truncated 16

cone. 20. A lam nation accordl

wherein the lip of thg

n 19,
depression is radiussed. 15 L“Il“ﬂ 3 i on according to claim 16,
17, 18, 19 or 20, wherein the ression is greater than 50%

of the lamnation thickness and t

t han 50% of the | am nation thlckness but less than the depth of the
depression. 20 22. A |l am nation -aczording to claim21, wherein the depth

of the depression is about 69 % of the | am nation thickness and

the projection Hei gt lanbbotioesedding Yard kaitm okb ¢ hiwhersin 2he
- 23. An electromagnetic device conprising a pack of |amnatjons as
specified in arflepres®ior| aj ne@nd t o 9.P¥PJecticn  ayre pyckircyptarly

| am nati ons
Fig. 3 or

10

15

20

- 25

substantially as hereinbefore described wth reference to

cylindrical.

18. A lamination according to claim 17, wherein the

base of the projection is radiussed.

19. A lamination according to claim 17, wherein the
base of the projection is in the shape of a truncated

cone.

20. A lamination according to claim 18 or 19, wherein

the lip of the depressioh is radiussed.

21. A'laminatiqn according to claim 16, 17, 18, 19 or
20, wherein the depth of the 'depression. is greater
than 50% of the lamination thicknéss and the height of
the proﬂection is greater than 50% of the lamination

thickness but less than the depth of the depression.

22. . A lamination according to claim 21, wherein the
depth of +the depression is about 69 % of the
lamination thickness .and the projection height is

about 65 % of the lamination thickness.

elght of the projection is greater

23

4



with referenceto Figs. 1 to 3. 257 A lanmination substantially as
her ei nbefore 10 . described with reference to Fig. 4. 26.. A et hod

of .“fraking a pack of Ianinat!ﬂﬂ’ ' as herei nbefore
deseri bed with reference to the- , l}ﬂ"ﬂ"’ﬂﬂ""ﬂWﬂgs
. L M S *

- 23 -
23. An electromagnetic device comprising a pack of
laminations as specified in any one of claims 1 to

9.

S 24. A pack of laminations substantially as
hereinbefore described with reference to Fig. 3 or

with reference to Figs. 1 to 3.

/
. 25. A lamination substantially as hereinbefore
10 described with reference to Fig. 4.
26. A method of making. a pack of laminations

substantially as hereinbefore described with reference

to the accompanying drawings.




