1 - - IMPROVED SAWNG WRE SPOOL - - Technical Field [0001] The
invention relates to a spool for winding a fine netal wwre on. Mire
specifically the present invention relates to a spool nmade of netal
sheet for winding a sawing wire on. Background Art [0002] A
conventional spool has a core and two flanges. The two flanges are
e.g. welded to either end oflMPRONER SAWINGVRIRESROQTE the two fl anges
are made of thick nmetal sheets 1 to 6 nmm nade out of carbon steel.

[ 0003] An exanple of a fine netal wire to be wound on said spool is a
sawi ng wTezhnieal Figldvi re has a di aneter of between 0.08 to 0.16 nm

-0.12 mmj he nmost typical dianmeter - although sawing wre of 0.25
i knduoTlo T Brente alatendd Aspog! freindingen fing Metel wire es. Mere
ever-increasin - i r

machi noe. wher o hopee oo eea Ao PraE 108 spRBPMAR'd Hhotd) S G
carrier and abmasding gosawinglwiss ont o t he progressing cut of the
material to be sawn. This type of sawi ng machines is extensively used
to cut silicon ingots for use in the sem conductor industry or for

sol ar celga BladtA¥i Nng. Alternatively, the spool can be used al so
to wind fixed abrasive sawing wire on: then the abrasive particles
are firm§0Gk]t Act@nvendionalspaol baamdcare ardrtwiodiangiesr The itwo dlandesiare e.g.

[ 0004] The spo al.so be d.to w hose rei.nforcement w re on.
Thivs ki nd of el ol dibelie andahe RiR SRPAGe e gle
for reinforci ngf tHiek ARIS. shakee)1 ke sefimamadarivin 8 tadohaftestsed in

hydraulically activated nachinery. Hose wire generally has a dianeter

of 0.16 RRAP A examspleladin | wignteshe weeRdwinzaia gppealisassawingi r e

on a spool, eagh.| - 0 I S 0
under!lying | ayg}rl]rs?.' %ﬁ‘ﬁ%ﬁlg}rﬂ?g@&%ﬁ@%@ggﬁgﬁﬁiﬁ%@%% ﬁ’eﬁw‘%e%igﬁ“%
wi nd the wre @nthehmostigpicabdidnisiet halthoughesawihg asees 0.8 i is khewn to
pressure is transferred to the core of the spool as well as to the

—ftanges.~ Thi-s- FrEbsIIIRRR 569 BENinaraayéag wiesdn puehiagreamnaienpis+n—
2 Sawing wire is used on loose abrasive sawing machines wherein the

sawing wire drags slurry comprising a liquid carrier and abrasive particles
into the progressing cut of the material to be sawn. This type of sawing
machines is extensively used to cut silicon ingots for use in the
semiconductor industry or for solar cell manufacturing. Alternatively, the
spool can be used also to wind fixed abrasive sawing wire on: then the
abrasive particles are firmly attached to the wire and no carrier slurry is
needed.

[0004] The spool can also be used to wind hose reinforcement wire on. This kind
of wire is braided or spiralled around an inner hose body for reinforcing the
hose. Such hoses are amongst other used in hydraulically activated
machinery. Hose wire generally has a diameter of 0.16 mm up fo 0.25 mm
and more.

[0005] When winding layers of wire on a spool, each layer added to the spool
exerts a pressure on the underlying layers. This pressure is proportional to
the force used to wind the wire on the spool and on the number of layers
wound. The pressure is transferred to the core of the spool as well as to

the flanges. This pressure causes both flanges to be pushed outwardly. In



extrenme cases, the forces can be so i Mmense that the flanges separate
fromthe core or, even nore extrene, the core sinply coll apses.

[0006] In the sawing application nentiqgned, a single wire of dianeter
0.12 mMmin a length of 800 kmis wound %n t he spool . As the dianeter

of the metal wire is small the cumul ati ve nunber of |ayers of wire is
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genuine risk that the renmaining wre |oops néarby e 1 nner sides o
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about 20 to 50mm (see e.g. USD 399857). However, such a spool is sO
heavy that itswiscembia spaplbEis i yerytisagssitageaust frethelatertugesindpeol
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core. After repeated use, the spool becanes, unusable due to further
def or mati on or IesEcageienge.dhere s geryaprisk dhatshe semaiing wig loops
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the stiffness of the flange. An exanple of such a solution is

——described i n Eﬁpﬁ‘?'%ﬂ%' Bl.- However,—the wr nding capacity of sucha——" -

type of goéagﬁjorrg 55ﬁ8e'§2tfficiérﬁ%@1%h & bhd ri@%ﬁ@&viﬁ%{éﬁd &%m@@g@&&t&e,

in JP 20 wherein the oufer side the flange 1s s
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flanges are plastically deformed after only one use cycle. Mreover,

the spool has high ensésotimsiteyiadreaimant @ngitranspertatin.diuerta §1e 0. 120 mm
| ess. Discl . f ' |t '
O enttonto° nESHERRIRly HRGHS RRe0 M <@y A8 sfdnd Spol car

speci fi c obj echobdvditiplasticelfoomnation ¢itheifldages spdahe tore. Wifkttiragedtcae
wire on, such as a saw g{ghwi re, said spool having sufficient

mechani cal st r BA%tHSSHOR] ResAraes HeHSARIAGUsHOSHh¢icdaipangan orkreglage.
gal ning As such this spool fails to ensure an appropriate durability compared to its

high costs.

[0008} Another solution has been sought in making spools with flanges that
comprise different layers of metal sheet that are welded together to
increase the stiffness of the flange. An example of such a solution is
described in EP 1295836 B1. However, the winding capacity of such a
type of spool remains low.

[0009] Still another solution was sought in JP 2006 240 865 wherein the outer
side of the flange is shot peened in order to reduce the deformation of the

flanges due to the side pressure of the wire windings.



—materiat- i-n-ordg9tig0

reusability. It is also an object of the present invention to achieve
a reduction in weight and cost. It is a further object of the
invention to be able to wind even finer, wires - for exanple of
dianmeter 0.08 nm- on in |engt hs of i Soa km or - nore [ 0012] According
to an as of_the invention rovi ded, a, spool net al
Sheet. 1 D0 Qi e PesRWc Gtk sbaslfer subp vwEﬁTﬁrd%Wadw"@%wémmm
fl anges coup! edridqs fhadieor ik ,ﬁé@@hg‘fm iifipudfRiieLurbia; o Bhly HelGed
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each of said flanges conprises tiple areas t extend
radi al from saiothce@sehelflangepned eleabbdlyed&fodheémﬁesanky aimmlar eas
are angul arly enl dlstrlbted arg} ai.d c 0013 J‘Iages
of the spool ¢ r]e{#e )Qla%p% BEsat hegndesigne tBO‘JéS'Ir' A% ‘?%8 \?é‘?%r} r
they can be brazesh pinheridi@ core, or they can be attached with
mechani cal fastening neans to the core. Still another possibility is
that the flanges are foreseen with a collar at the centre hole. The

rimof t |l ar i equently welded to the core. O the collar
can be nyggﬁgug?loéjnyﬁq@o@he core at the end and point wel ded there.
The persqooeKi It is@n dbjedtafaké inntiveitd alodhedieidvabidyedoite pABPERT It
the core to the flange. [0014] Wth 'debossed areas that extend

radial' it is wreaﬁpetvlﬁato jatd of Brsoisyeation wapronileea sheelfor wiitging fine wire

di mension |0 2ol 6665 503 LAThAlle S0 Ao AL b AR el CT e

flange. [0015] € purpos I's'a p rcarion Wih ossed

area’ is nmeant sgangthe® rmimimise defdmhatidresithelfringbesadeech ghiakig cal |y
conpressed. Hence, the areg that i s debossed is,|ower than the area

surrounding it reuygabilitedt | 6‘%@8 qhject of theBtrsenh vention tq geh 'SX%ﬁ‘pI e to
strike the "heady,@ibndn GR| ﬁﬁf‘&fs?'l'i‘t %Wﬁ %Htof'th?e ﬁl@@ﬁﬁ@ﬁﬁ) b&

hi gher than the area surro n Ing It owerin
debossed area abl&stolmhylehaaeftrtertrhmsc—dupemamp@ofodlam&nﬁm&mral .orTine
| owering of th rea t)i (gé)k t he consequence of taking away surface
PUH- KM Y8 Ehr essed -ar ea. - {0017] -Li kewise; - - -

debossi ngnaR] nﬂbcél“éﬁﬁ'@ Rﬁéﬂx agﬁé@crdmﬁé Hveptioh MeereBs ?'roﬁ(ﬂ@c?é s%%oﬁmade of

consequence of stanping the netal sheet. During anpin
t hi ckness of t Weetakeshdet forasindingryetal wirenen,rsaid aeocslanwmmng ae:ore and
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visible at theehbdiief ssiddRmhgesicomprisee mildglR deltisted engagitet BRlend rablial
the flanges. The inner sides of the flanges should be as snpoth as

possi bl e in or fieM sje cose.| B aPreieraPigtmhgdisentsaidieleossediareas are t he
side during W ghlB8ry evenly distributed around said core.

[0013] The flanges of the spool can for example be welded to the spool.
Alternatively they can be brazed onto the core, or they can be attached
with mechanical fastening means to the core. Still another possibility is
that the flanges are foreseen with a collar at the centre hole. The rim of the
collar is subsequently welded to the core. Or the collar can be made to
slide into the core at the end and point welded there. The person skilled in
the art may well find other methods to connect the core to the flange.

[0014] With 'debossed areas that extend radial’ it is meant that the debossed
areas have their longer dimension in a direction radial from the core to the
outer rim of the flange.

[0015] For the purpose of this application with ‘debossed area’ is meant an area
in the metal sheet that has been plastically compressed. Hence, the area

that is debossed is lower than the area surrounding it. This as opposed to



[0018] It is known from material science that |locally conpressing a
material may affect the yield stress of the material. For exanple,

conpressing a netal _ strip nmay lead to an increase in tensile yield
strength of the netal strip. Hence, a higher stress is needed before

the metal will ,yield. This is kno in materigl sgience as the

' Bauschi nger ef¥BBPSSINAN S AT PEAMRIRAS EIKRINCCRRAT 4R Qihaherein the
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high a surface sgFaae Whatbrialaa Wrier 8 dam tHERfcprésscgehr €ss used can
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debossed area every 90 degrees. In another enbodi nent the nunber of
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havi ng an outer, dj aneterhq[iﬁ, whereby the free radius of said flanges
is half of D2 HGURNGSS shawld bgas smeothas pressiisdn ardesNol &ylead tohat

sai d debossed %@@Prmh?l"‘}% %&%@grﬁ si?é dhﬁgawlﬁi%pr eferably at

| east 35% nost erably at [east Yo of  sal radius. That is

the | ar g3118]i hes&howndfom heatarialsaerasuthatlacally adinpressiingea matariakbmat

| east 25% prefer at .| east % st .preferably at |east 50% of
—hetree. tadi-ueTeRg VI AR ALIS TRETA e ARG oo BRI 5 — - -

bet ween 5cm andirigdeay 36wl idan e IntBALIR GbIGAIChARBPEREMHMID.1 S

between 2. 5cm and 10cm [0022] The surface area of "sai d debossed-

areas is in tohgncapa dighesstress imaeedadbefose theometaliwill rieldhirhis i known

00231 The- deplH gl SheaE8 55408 B uSRdBr Bl IntasD Ak kS B8 ene
t hi ckness of sahgintkpogiesnn Bausengeodiitheot bsing bolihatyeahisahaoReitugen
2.5 mMmand 6.0 mnthick and the depth of said debossed areas is

between 0.2 mmPakved st logally dehossieg the tangasonnaeof melakshaeinges are
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mm t hi ck and s#iein delregesidtant tatheapresbatenefcthe Qvidedlagoars. 1. 5 nm deep.

[0019] The surface area of one single debossed area is upper limited by the
tooling used: too high a surface area will result in less depth as the press
used can only generate a maximum compressive force. In the lower limit,
the area of one single debossed area should not be too small as otherwise
the material will flow outside the compressed area with a less effective
compression inside the area as a consequence.

[06020] In a first embodiment the number of debossed areas is 4, preferably one
debossed area every 90 degrees. In another embodiment the number of
debossed areas is 6 preferably one debossed area at regular 60 degrees
intervals. In a further embodiment the number of debossed areas is
between 4 and 18.



[0024] In a preferable enbodi nent said debossed areas are
substantially rectangul ar in shape, the |onger side of said

rect angul ar shape being in radial direction. In one enbodi nent the

wi dt h of said rectangul ar debossed areds i s between 5 and 20 nm

[ 0025] | al_t ernative enbodi nent sai d debpssed areas are truncated
sectors ﬂﬂggﬂaalé!e 0! SE heopresait BveRian PRAVieSA CPIRNRERG @ Qufter: he
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circular or semcircular cut-outs in the drive plate of the saw ng
machi ne. As t héadiubyEhalliatie tatgest dimeesiopadithe srelr measuted inhradjal at e

hrough act i f .studs,. Jhe stud 6. .heof i t hat
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prevent proper engagenent of the stud in the drive holes. _
Al ternativel y, isahetwassrbgn engrdlsm and thesadigldengthpf said debesseidsreas ish

two opposite, ?%Q%éﬁg{sgyaﬁﬁgﬁg%-outs. The wel ding is done in the

cut-outs from I'S much nore conveni ent than having

to weld [0024]e Therdurfaed areaof sprctsbd3see fard¥sisrin potapmodé tD2%Eesnd Rss
the Draw ngs [ 0027 be described into nore detail

t]ll‘gl';]einventionvm'll ) €
with referencela #heo SEHEAMaNHERCRRIEgLaINEFBISAIT earegindthg ire of
shows a spool ' he invention; [0029] Figure 2 is a side
view of a spoolaﬁgéﬂg%?w*égﬁeto&the I nvention; [0030] Figure 3 is a B-B
cr oss- sef@023)all heideptiobf shid ddbaxsged afeds iguredwaen BOPaM FElgof thed is_a
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2.5 mm and 6.0 mm thick and the depth of said debossed areas is
between 0.2 mm and 1.25 mm. In a specific embodiment said flanges are
between 4.0 mm and 5.0 mm thick and said embossings are between 0.15
and 2.0 mm deep. In a more specific embodiment said flanges are 4.5 mm
thick and said debossed areas are between 0.15 and 1.5 mm deep.

[0024] In a preferable embodiment said debossed areas are substantially
rectangular in shape, the longer side of said rectangular shape being in
radial direction. In one embodiment the width of said rectangular debossed
areas is between 5 and 20 mm.

[0025] In an alternative embodiment said debossed areas are truncated sectors
in shape. The sectors have their tips at the center of the spool flange.
Each of said sectors subtends an angle when seen from the centre of the
spool. The sum of the angles subtended by said truncated sectors is
preferably between 10 and 180 degrees of arc.

[0026] In an embodiment of the present invention one or both of said flanges are
provided with one or two or more protruding drive studs for entrainment of
said spool during use. The drive studs engage with circular or semicircular
cut-outs in the drive plate of the sawing machine. As the drive plate turns,

the spool is driven by the plate through action of the studs. The studs can



invention; [0032] Figure 5 and 6 are side views of a spool according
to specific enbodi nents of the invention; Mde(s) for Carrying Qut

the I nvention [0033] Figure 1 shows a %%rst enbodi nent of a spool 10
according to the invention. The spool conprises a core 12 and two

flanges 14 wel ded.to her end of core The t flan 14
are rovi ded vt geeRestadhe f'ang%@éﬁveymald&qfv*ﬁatﬂ@a Weldndaty
and _ext endi o aglglerdd BLIB2A45 ad HTRPARRIBIES MoSRx Moy

substantial ly rectangul ar in shape. Two protru |ve stu s 18 are
provi ded for eme\aammmer(ﬁngagenwﬂ@lfth@smarm fige deee holes. Alterrfatixalyes
may have a rim_2 to,.the.invention.

|
Figure 2 is a élngénU W Frr?ﬂe'sgﬁééggﬁﬂg%mtd'%w EH(EWQBBBPS“G et

according to thediyRiidPtut-OME! Phédwelting & Gorleinpie c%o@tﬂﬁbmcthéneter
D1 and the two flanges 14 have an outer dianmeter D2. In the first

enmbodi ment D1 ogtsigswinigh iBanueh Bige ganvamient thea hayindule weldiinghe | anges

is (D2-D1 )/2 i si x debossed areas 16 have a
substantial ly P@?%%%Uﬁglrspgﬁg'pe with a radial dinmension of 40 mmi.e

about 50% of the free radius is debossed. 7 The width of the areas
IS about 8 mm About 3% of the free area is debossed. [0035] Figure 3
is a B-B r& d%%sc‘sraztﬂ%mﬁwr@ﬁ igrtherfdrawingge of Figure 2,

i11ustratg as t el {z\r/@nt olrﬂgﬂ%#e%eﬁéﬁl@ﬁB%e@&a}!%i@g%?erEHS%gfo Ossed

area 16 ness ween o an t he
t hi ckness ' d' abcmmpahylagghawmgsmﬂh&'errg that the steel sheet has been
0% In the fir odi ment .t he t hi ckness of the

conpr ess
ne{rgl sh ®2S]d ighie 12ShoWsA SR EFFeCOF Ingadke inyentigR depressed area
'6' was ﬁ@ @fb@qswﬁdgm ﬁs? c&r@ng’ﬁgﬁ@anghh%ﬁay be

easi er |ce t o nmeasu nesse 'and t hen
derive t Ifm)ﬂiﬂpFinge Jibea B@J@Esmalsmt@ml viawhefrthe Hiangewdfigura@; t he
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i npressed i ntojfatibhange by e.g. an i npact press agai nst an
otherwise flat surface. This is done at normal tenperatures and no

ot her t r §3AnFiguse Sk € arg sidenyiews e spool Begording to specific

embodiments of the invention;

Mode(s) for Carrying Out the Invention

[0033] Figure 1 shows a first embodiment of a spool 10 according to the
invention. The spool 10 comprises a core 12 and two flanges 14 welded to
either end of the core 12. The two flanges 14 are provided with six
debossed areas 16, evenly distributed angularly and extending radial from
the core 12. The debossed areas 16 are substantially rectangular in
shape. Two protruding drive studs 18 are provided for entrainment of the
spool 10 during use. The two flanges may have a rim 20, but this is not
essential to the invention.

[0034] Figure 2 is a side view of the first embodiment of the spool according to
the invention, wherein the core 12 has an outer diameter D1 and the two
flanges 14 have an outer diameter D2. In the first embodiment D1 is 156
mm, D2 is 310 mm. The free radius of the flanges is (D2-D1)/2 i.e. 77 mm.
The six debossed areas 16 have a substantially rectangular shape with a

radial dimension of 40 mm i.e about 50% of the free radius is debossed.



st anpi ng does not show significantly at the inner side of the flange:
al t hough a m nor shade may be visible, there should not be a
protrusion at the inner side of the flange. Such protrusion would be
detrinmental for the winding quality of the fine nmetal wire. [0037]
Figure 3 al so ) at ac to, the core 12
Chrough t o vel TG LbaHEeTaeaRd 28008 Fud ARt o i fref desa g
outer side of tdapoksange. The studs 18 are made of a ring 27 mmin
dianeter and 12 mm high that is welded fromthe inside to the fl ange
14. [003800¥5]glnigure 3 is aaBdB'dwoss-eectifnad vispool thedtemgei afdrigweah illustrating

alternative enbodi t of e in entlon ifferin onI from,t.he first
arbodt aent i EaL e dengh dited ALFHNGE 8 gty eF b Bne
shape. The st udsicRigssmBdevitremolsi i bdingesn 30%ahd 979 efBle&hicRA8sd 2’ BM
hi gh out of which two hal f - noon shaped parts are cut. The wel di ng of

the studs to t ke flangryd4 dmplying Hehdhersicel shesthasthaeraeomprasaad Beodone

preferred enbodornt e ihodiiint e lud PoRlRetrFves 424
of the debossethraragmisthébhicknéss getheldupredder] aneal dogagdermdh nidkingihe
debossed areas 16 shown in the previous figures. [0039] Figure 5

shows a flange ﬁHQWﬁjﬂ Jreasdbh srEdean: da8ay Bejgasiardn pradticeftotmersteed
sectors. The apgiLthi aﬂkne@&e Qﬁaﬂeb?saﬁ‘g)dth%@%r%c}hé ﬁ %}ffﬁl@ ddbolegs ees
ed by sai

of arc. The sumoo es sub ed sectors is
about 180 degr ee&snrfaﬂaerdhaﬁbmeas&m@tbedelpmaﬁthnlciepresséchamaarcﬂmctly

bet drimi b 0040 6
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spool of the invention to a conventional spool only féering rn that
no debossed ar emswganhﬁ an eihgegisarfat pudaemt ThiTfsedeppal sowmale

accordi ng the i mensi ons _an as, descri bed r th .f'r
—emodment PORIGBR AR RR HedhRtt R TRRbroRY st idilin il theg - -
as fol | ows: Onsﬁrlﬁ;’ﬂn Rk rvt lsho® éi‘gﬁlﬁcéﬁtlyﬂhtaﬁ@ﬁrﬁfer%«ﬂélomﬁ'e \éOU”d
at a controlled w nd| ng tension of about 5 Newton and a win
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lengt h. protruding drive studs 18 have a different shape. The studs are made of
solid discs 27 mm in diameter and 12 mm high out of which two half-moon
shaped parts are cut. The welding of the studs to the flange can be done
much easier now as it can be done from the outside into the cut-outs.
Figure 5 and 6 show other preferred embodiments of the invention wherein
the total surface area of the debossed areas 16 is larger than the surface
area of the six debossed areas 16 shown in the previous figures.

[0039] Figure 5 shows a flange having six debossed areas 16 in the form of

truncated sectors. The angle ‘a’ of one debossed area 16 is about 30



[0043] Finally when conparing the deformati on of the flanges as
obt ai ned on the spool of the prior-art as e.g. depicted in USD
441772, there is quite sone inprovenent, |ndeed prior-art spools show
a spreading of the flanges of nore then 10 nntunder t he sane testing
conditions as | t he t stsﬁﬁn the venﬁlon nven
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area between core and rim is debossed.

[0040] Figure 6 shows a specific embodiment of the invention wherein each of the
two flanges comprise eighteen debossed areas 16.

[0041] Tests were performed comparing the spool of the invention to a
conventional spool only differing in that no debossed areas on the flanges
are present. The spools were according the dimensions and debossing as
described for the first embodiment.

[0042] A conventional and an inventive spool were tested as follows: on each
spool a fine wire of diameter 0.14 mm was wound at a controlled winding
tension of about 3.5 Newton and a winding step of 0.15 mm. These are
more stringent conditions than normally applied. Winding was stopped at a
fine wire length of respectively 200, 400 and 800 km. At the stop, the inner

_flange width was accurately measured in axial direction with_.aninsert . ______
gauge at the rim of the spool (at diameter D2). At the rim of the spool, the
deformation is maximal. The resulis shown in Table 1 display a lower
deformation at the ends of the flanges for the spools of the invention when
compared to the conventional spool. Spools wound with 200 km of fine
wire show no deformation compared to a 0.2 mm deformation of a
conventional spool. Spools wound with a 400 km fine wire show one third
less deformation than conventional spools. Spools wound with a 800 km
fine wire show still an improvement all be it somewhat less. It is therefore
conjectured that the results can even be more improved by extending the
debossing over a longer radial length.

[0043] Finally when comparing the deformation of the flanges as obtained on the
spool of the prior-art as e.g. depicted in USD 441772, there is quite some
improvement. Indeed prior-art spools show a spreading of the flanges of
more then 10 mm under the same testing conditions as in the tests on the

conventional and inventive spools.



2.7 1.8 800 5.8 5.6 10 Cains 1. A spool (10) nade of netal sheet
for winding netal wire on, said spool (10) conprising a core (12) and
two flanges (14) coupled to either end of said core (12),
characterised in that the outer side of° each of said flanges (14)

conpri seg 6’%])”“ aﬁ?iebossed areas of plastically conpressed netal
sheet (1 9 nd radial fromsaid core (12) while the i nner

side of said flTange 1S Su stantlallémlat ; nes 00l
according to ¢l kpngth (mer bi n Reformatien fvey Qir ea f%ﬁ@t@ﬁdmfﬁ} ol

evenly distributed around said ﬁ%ﬁtﬁgg?adebo spo c!ietgc;s%%:g@%gfd' ng

any of clains 1 or 2 whergin the AU ssed ar éas
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bet ween 4 and é The spool (10) %CCOI’dI ng to any of clains Ito 3
wherein said (ore Q‘%) has an outer aneter Dl|and said t fl anges

(14) have an oquter dianeter DZ, whereby the Tree radi us of said
flanges (14) is haf®0of 0p nminus D12-%urther characterized-®n that

sai d debossedareas (16) radialty extend over af teast 25% preferabty
at | east 35% |[nost8@eferpbly at | eddk 50% of spid free r&dbus.




5. The spool (10) according to claim4 wherein said free radius of
said flanges (14) is between 5cm and 20cm and the radial |ength of
sai d debossed areas (16) is between 2.2¢m and 10cm 6. The spool (10)
according to any of clainms 1 to 5 wherern the surface area of said
debossed greas (16) is in total nore than 2% and | ess than 40 % of

t he annul@?“’ﬁﬁrface area between said core (12) and the rim (20) of
one of said flanges (14). 7. The spool (10) according to any of
claims 1 to 6, wherein the depth of said debossed areas (16) is
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7, wherein said flanges (14) are between 4.0nm an .
sai d debosseuiltipledsbgas)d arcasied plassically ¢anarassgdonetatisleget (10) tak extend
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11 . The spogdt. (10) according to any of clainms 1 to 10 wherein said

debossed areas (16) are substantially rectangular in shape. 12.The
spool (10) according to claim 11l wherein the width of said
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(16) are trampaaedesedy distribmtedapend said core (12).

3. The spool (10) according any of claims 1 or 2 wherein the number of debossed
areas (16) is between 4 and 18.

4. The spool (10) according to any of claims 1 to 3 wherein said core (12) has an
outer diameter D1 and said two flanges (14) have an outer diameter D2,
whereby the free radius of said flanges (14) is half of D2 minus D1, further
characterized in that said debossed areas (16) radially extend over at least

25% preferably at least 35%, most preferably at least 50% of said free radius.

5. The spool (10) according to claim 4 wherein said free radius of said flanges
(14} is between 5cm and 20cm and the radial length of said debossed areas
(16) is between 2.5cm and 10cm.

6. The spool (10) according to any of claims 1 to 5 wherein the surface area of
said debossed areas (16) is in total more than 2% and less than 40 % of the
annular surface area between said core (12) and the rim (20) of one of said
flanges (14).

7. The spool (10) according to any of claims 1 to 6, wherein the depth of said
debossed areas (16) is between 3% and 50% of the thickness (‘d’) of said

flanges (14).



14. The spool (10) according to claim 13 wherein the sumof the angles
subt ended by said truncated sectors is between 10 and 180 degrees of
arc. 15. The spool (10) according any ¢f the above clainms wherein one
or both of said flanges (14) are provi ed with one or two or nore
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2.5mm and 6.0mm thick and the depth of said debossed areas (16) is between

0.2 and 1.25mm.

9. The spool (10) according to claim 7, wherein said flanges (14) are between
4.0mm and 5.0mm thick and said debossed areas (16) are between 0.15 and

2.0mm deep.

10. The spool (10) according to claim 7, wherein said flanges (14) are 4.5mm thick
and said debossed areas (16) are between 0.15 and 1.5mm deep.

11.The spool (10) according to any of claims 1 to 10 wherein said debossed areas

(16) are substantially rectangular in shape.

_12.The spool (10} according to claim 11 wherein the width of said rectangular =

debossed areas (16) is between 5 and 20mm.

13.The spool (10) according to any of claims 1 to 10 wherein said debossed areas

(16) are truncated sectors in shape.

14. The spool {10) according to claim 13 wherein the sum of the angles subtended
by said truncated sectors is between 10 and 180 degrees of arc.

15. The spool (10) according any of the above claims wherein one or both of said
flanges (14) are provided with one or two or more protruding drive studs (18)

for entrainment of said spool (10) during use.



