MAGNETI C COUPLI NG W TH HYSTERESI S, PARTI CULARLY FOR

W NDI NG UNW NDI NG DEVI CES The invention relates to
the field of magnetic 5 couplings with hysteresis,
especially for driving unw nder-rew nder devices wth
a torque mnimally variable over a w de range of
speeds. Document FR 1 602 519 describes an

unwi nderrew nder device enploying such coupl ers. Each
coupl er 10 conprises two coaxial elenments rotating
one relative to the other, specifically an inductor
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W thL hsleheSiaynetd. During unwinding. or rewinding the

drive motor can be kept at normal speed due to the

20 possibilities of sliding the receiver elements or

elements guided relative to the motor elements or
leading elements. According te  this document, the

transmltted torgue varies little. '

Experience does show that at high slip speeqs, :

25 above all when unwindinhg, the transmitted torque grewr
significantly and intrusively with the slip speed, with

an increase exceeding for example ©0% for slip speeds

greater than 2000 rpm. '

The same applies  for the coupler described in-

30 document EP 1.7026 815, which comprises an inductor
element and an armature element suitable for rbtating

one relative to the other, the inductor element having.
several magnetic poles and the armature element one or

more permanent armatures with hysteresis.



Docunment FR-A-2 607 333 |ikew se discloses a coupler
magnetic of the same general type, but focussed on
giving a transmtted torque dgpending much | ess on

slip speed. According to this docunment, the

armat ure subassenbly of the coupler is in part at

| east constituted by a noul ded paste contai ni ng
particles of magnets with hysteresis and an
electrically insulating binder such as epoxy resin,

this paste being held on a support in 10 the form of
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form of %eporatrlm%r%u?:fe sub-assembly significant heating

originating from the fact that the energy dissipated in

the hysteresis. eycles 1s poorly transmitted by

dissipation- facilities due to poor thermal conductivity

20 of the electrically insulating binder, and which

necessitate a wider design for this armature sub_“ '
-assembly to avo:l.d excessive temperatures '

On the other hand, document US & 128 193 describes

a coupler with hysteresis whereof the lnductor eleinent

25 is cons-titﬁted by a series of electromagnetic poles

separated angularly and whereof the armature element is

constituted by a series of permanent armature magnets

with hysteresis, alsc separated angularly. Each of

these permanent magnets is in the form cf a portion of

30 crown made of magnetic material with hysteresis cycles

and is mounted on a radially external crown made of

 plastic in which is embedded a second crown made of

magnetic material ensuring a magnetic bond between the

different permanent magnets. In addition the surface of

35 each permanent magnet au regard.of the inductor element



30 crown made of magnetic material with hysteresis
cycles and is nounted on a radially external crown

made of plastic in which is enbedded a second crown

made of magnetic material ensuring a nmagnetic bond
between the different permanent magnets. In addition

the surface of 35 each pernmanemt magnet au regard of

the inductor elenment 3 conprises a series of radia
slots for channelling the magnetic flux, at the sane
time attenuating the Foucault currents on this

surface al one, and reinforcing the synchronisation
torgque between the arnmature el ement and the inductor
element. On the other surfaces of the et as wel |
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there is provided a magnetic coupler with hysteresis is
comprising an inductor sub-assembly and an armature sub-
assembly suitable for rotating relative to one ancother, the
inductor sub-assembly having a plurality of magnetic poles
and the armature sub-assembly having one or more 'pe;manent
armature magnets with hysteresis, characterised in that the
~or each armature magnet is made in the form of a crown in a
single piece of magnetic material with vertical hysteresis
cycle and comprises through-sleots for attenuatingr radial

currents,



each extending in the direction of the
circunferential spread of the crown. Certain
preferred though non-limting enbodi nents of this
coupler are the followng: a set of slots offset
relative to one another i-s provided in the radial
di mensi on of the crown, between its outer edge and
its inner edge. each slot has an angul ar spread
substantially greater than that of a pole of the

i nduct or sub-assenbly. the sl ots extend
according to circles concentric with the centre of
the crown. the circles are essentially
equi di stant from one anot her, the or each
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and the associated fl an
greater than that of a p le of the inductor sub-assembly.

* the slots extend according to circles concentric
with the centre ¢f the crown. o

* the circles are essentially equidistant from one
ancther. '

7 * the or each armature magnet is made of magnetic
iron—chromium-ceobalt alloy.

* the or each armature magnet has a ratlio between
crown width and thickness greater than approximately 3.

* the or each armature magnet 1is borne by a flange
made of non-magnetic metallic material with high
electric resistivity, in particular greater than 5 pohm.cm,
and with high thermal conductivity. '

* the flange 1s made of stainless steel.-

* there is close surface contact between the or each
armature magnet and the associated flange.

*  there Is a thermally conductive paste befween the
or each armature magnet and the asscciated flange.

* the or each flange has, opposite. the armature
magnet, heat-dissipation fins. 7

* a number of slots per concentric level (Fl- F4§ and
a number of magnetic poles of the inductor subassembly are
not multiples of one another. -

Other aspects, Vaims and advantages of the present
invention will best emerge from the following detailed

description of a preferred embodiment of the latter,



there is a thermally conductive paste between the or
each armature magnet and the associ ated fl ange.

the or each flange has, opposite the arnature magnet,
heat - di ssi pation fins. a nunber of slots per
concentric level (F1- F4) and a nunber of nmagnetic
pol es of the inductor subassenbly are not multiples
of one anot her. O her aspects, ainms and
advant ages of the present invention will best energe
fromthe follow ng detailed description of a
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MA%&Q%%ﬁg%t magnet zones in the form of crowns 4 and 5,

20 and extending in an output shaft 14 able to rotate

petween the rollers 15. The permanent magnets 4 and &
define alternate maghetic pvoles of regular angular
spacing, and for example 24 poles each occupylng' an
angular width of 15°.

25 The two armature parts 7, 8 respectiveiy comprise

two armatures 11 .and 12 mounted on respectivé supports
or flanges 9 and 10. ‘ .
Bach armature 11, 12 is formed by a solid

permanent magnet with hysteresis. An iron-chromium—

30 cobalt alloy, having between 26 and 30% by weight of

35

chromium, from 7 to 10% by weight of cobalt, the
cemplement being iron is preferably selected as magnsl
material. A property of such a magnetic alloy is a
vertical hysteresis cyéle, and in particular residual
induction of preferably between 8000 and 13000 Gauss



25The two armature parts 7, 8 respectively conprise

two armatures 11 and 12 nounted on respective

supports or flanges 9 and 10. g Each armature 11, 12 is
fornmed by a solid permanent nagnet with hysteresis.

An iron-chromum 30 cobalt alloy, having between 26

and 30% by wei ght of chromum from?7 to 10% by

wei ght of cobalt, the conplenent being iron is
preferably selected as magnet nmaterial. A property of
such a magnetic¢ alloy is a vertical hysteresis cycle,
and:Ph 6aFPﬁéGF5FV?eg%%U%I335@n%6®0?f0ﬁetﬁe%ﬁe?%r%%@ygoo

bet neent 8090 and %3000 Joafssanbyf Qfetdreeperda V@'ld 12000

fiekd str of .between 50, and. 800 d
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coepéPtPyestadd.d strength of between 50 and 300
£er st edSSUésu@Qgr{@cgmu%calffaa@alVﬁgrhlém;&I@@:t MeGistivity,

res£séigéi?& greater than or equal to approximately 40
pOhm.cm and more preferably greater than or egual to
approximately 60 uChm.cm.

Another property of this type of magnet is a

10  reversible induction modification coefficient of less
than approximately 0.5%, and more preferably less than
approximately 0.05%.

This type of magnet generates significant torque

with minimal sensitivity to temperature with relativély

15 weak magnetic field inductors. This advantageously
reduces the volume of the inductor magnets and their
thickness in particular. ‘ '

klso, the armature supports 9 and 10 are made of a
material having high electric resistivity, typically

20 greater than 5 pchm.com, such as stainless steel of the
304 series. '

This limits recirculaticn of currents in the
armatufes 11, 12 and thus limits heating as well as
dependence on .torque with relative speed between

25 inductcors and armatures.

The supports 92 and 10 are provided on their outer
faces with cecoling f£ins 90, 100 part1C1pat1ng in
evacuation of the heat enqender@d_ 1n the armatures
This heat evacuation is carried out all the bettex

3G since proper thermal conduction is assured between the
magnets 11, 12 and the respective supports 9, 10. This

can be done either by close surface contact between

- these pieces, with appropriate shapiang precision, or if
necessary by adding Dbetween them a high thermal

35 conduction paste.



typically greater than or equal to approximtely 40
pChm cm and nore preferably greater than or equal to
approximately 60 pChmcm Anot her property of this

type of nagnet is a 10 reversible induction

nodi fication coefficient of |ess than approximately
0.5% and nore preferably |ess than approxi mately

0. 05% This type of magnet generates

significant torque with mninmal sensitivity to
tenperature with relatively 15 weak magnetic field
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which these slots are situated are uniformly spaced
between the exterior of the crown and the interior of
the crown. In addition, the slots of one level overlap
with the slots of an adjacent level, given that the
spread of the  slots along  the respective clircles is
preferably cumulatively greater than the spread of
interruptions which separate the slots and ensure
mechanical cchesion of the piece.

In-addition; each slot preferably extends in the
circumferential direction, over a pluralitf of adjacent
poles. .

In the present example six slots per level are
provided, each extending over an angular amplitude of
the order of 40 to 50° with angular offsetting of
around 15° from the slots located at a certain level
relative to those located at a ° level immediately
adjacent, as iliqstrated.- ‘

Because of the material with vertical hysteresis
cycle used for the armature magnets 11, 12, which helps
reduce the'sizerand particularly the thickness of the



In addition, and as shown in Figure 2, each aLmature
magnet 11, 12 has the formof a solid crown housing a
series of through-slots intended to limt the
circulation of radial Foucault currents in these .5
magnets, and thus |limt the heating generated in said
magnet s. These sl ots, having the | east possible
wi dt h, are advant ageously nade according to a cut-out
techni que by a pressurised or laser water jet. In the
present 10 preferred exanple they are arranged on
conbEhdticar creEless unPER Y Spacey bettkeh fhectrically.
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thel%n@:iigek&]e%% OEhé h%mb’odz}ment described hereinabove and
20 illustrated in the diagrams. The expert will know how
to contribute numsrous variants and modifications.

In particular, a coupler can be made with

- a single active face to reduce costs,
especially when the torgue to be transmitted 1is

25 ) not too high;

- a_number of slots per level and a number of
magnetic poles which are not multiples of one
another ;

| - a pumber of fixing screws for the crown of the
30 7 armature.on.its supports {9,10) and a-number of'
magnetic poles which are not multiples of one

another.



B i nductor magnets, because of the barely

el ectrically conductive material utilised for the
nmedia 9, 10, and finally because of the formation of
radial current-limtation slots in the armatures,
extremely thin 5 armatures can be made, typically
with a ratio between the widthe of the crowns in the
radial direction and their thickness according to the
axis greater than 3, w thout causing substantia
heating. Thefl result is that the coupler can be nade
nore economcally, and with a 10 reduced axi al bul k.
Driving the armature sub-assenbly 6 with the output
shaft of an electric notor N%illustrated partially to
the left in Figure 1 is achi by means of a
conventi onal eoupl imagnsthicch deeschet need tho behIStereSlS
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wth a S|nghe active face to reducecost

espeti al 1P liheitd%e Por Gue™t B trma%%er}:ﬁa%edwl S Te
too hygleresas nunber arof cohptissepethievblshng fonpuriepuating

{Tﬁgcﬁ]i%tll C.RQLESs V\hé&é’h a&@ceﬁggnéﬂuhﬁ' Rh&S a@Fe@@n of the
'ano 01rcﬁmferentlal spread of the crown.

2. The magnetic coupler according to claim 1,
characterised in that there is a set of offset slcts one
relative to the other in the radial dimension of the crown,

between its outer edge and its inner edge.

3. The coupler according to any of claims 1 and 2,
characterised in .that each slot has an angular spread
substantially greater than that of a pole of the inductor
sub—asseﬁbly.

4. The coupler according to any of claims 1 to 3
characterised in that the slots extend accerding to circles

concentric with the centre of the crown.

5. The coupler according to claim 4, characterised
in that the circles are essentially equidistant from one

another.



a nunber of fixing screws for the crown of the
30armature on its supports (9,10) and a nunber of

magneti c poles which are not nultiples of one

another. 9 Cains 1.

Amagnetl ccoupl erwi t hhysteresis conprising an i nductor
sub-assenbly and an aruature subassenbly suitable for
rotating relative to one another, the inductor
sub-assenbly having a plurality of magnetic pol es and

the armature sub-assenbly having one or nore

per manent arnmature magnets with hysteresis,

characterised in that the or each armature rragnet i's
made in the formof a crown in a sin i ece_of

nmagnetic fateri arew P iier FFS%JFdWSFgr%% $ C)‘?&Femsartd to 5,
conpriseactériceghisl obst fidre att eavat dmgtnadi adgnet is made
curre X1 en t r n of the

ci rqur# ﬁt@-IE g %gﬁﬁegggg?i&ﬁe&%rag\lﬁmgﬁéxp . The
magneti.c coupler according to claim1, char act erised

in that there igsha s&iplefr attsalingl ebsapne s elatnyve to 6,
to the1 ot heerl n the r%dl al_,dinension of the crown. . ...
bet ween it s outer edge an |ts i mer ea gney

The c@@pberbﬁ@eeﬁdlm‘mo anythof a@tialfrtectn%ﬁﬁd Zreater than
char agiebksged 1y, tthat each sl ot has an angul ar spread
substantially greater than that of a pole of the

i nduct or sub-assenbly 4. The coupl er according

to any of 8cl ai n8hd tou8,ercharaoctien sedann dthataithe 1 to 7,
sl ot Sch%%@&qléé:&qtldtﬂ& tt@lecbf Ce.la%ﬁ SORERAL FGra t @ bh&e by

centre of t-he crown .. The coupl er accord % _
to claiihaage cll‘t%ﬁleac‘t%rrtc?eaﬁg%ettlﬁat“et;ﬁ]eh& ref-asl aly é"l high
essemﬂbatky:eqﬂkﬂeete&ﬁyjrwmn onaraneilker. grd@ter than 5

pohm.cm, and with high thermal conductivity.

9. The coupler according to claim 8,
characterised” in that the flange 1s made of stainless

steel.

10. ‘The coupler according to c¢laim 8 or 9,
characterised in that there 1is close surface contact
between the or each armature magnet and ‘the associated

flange.

11. The ceupler according Lo ¢laim 8 or 9,
characterised in that a thermally conductive paste 1is
provided between the or each armature magnet and  the

assocliated flangé.

12. The coupler according to any cf claims 8 to 11,
characterised in that opposite the armature magnet the or

each flange has heat dissipation fins.



6. The coupler according to any of clainms 1 to 5,
characterised in that the or each armature nagnet is
made of magnetic iron-chrom um cobalt all oy. 7.
The coupler according to any of clainms | to 6,
characterised in that the or each arnmature magnet has
a ratio between crown w dth and thi ckness greater

t han approxi mately 3. 8. The coupl er according
to any of clainms 1 to 7, characterised in that the or
each armature nmagnet is borne by a flange nade of
non-magnetic netallic material with high electric
resistivity, in particular greater than.-5 nohm cm
and with high thermal_ conductivi.t 9, :
Thecouplerggco ggﬁgtoc ai e % Fg%a%tg?igg "Ofnc%?éﬁs 1 to
t he fl&hgehbsagimdesed igt shat e?sSlU@b@elof slots pp@, cqfmentric
- coupl efeReCORAI NG e £ A A OpothAlaCtei s£41dt_Rr sub-
that there is close surfaiﬁgcon act bet ween the or

each atiElHIE Hfghet AhttHESals dticafBd Frange.

11. The coupl er according to cIa|n18 or 9,
characterised in that a thermally conductive paste is
provi ded between the or each armature magnet and the
associ ated fl ange. The coupl er according-
to any of clains 8 to 11, characterised in that
opposite the armature nmagnet the or each flange has
heat dissipation fins. |11 13. The coupler 'according
to any of clainms 1 to 12, characterised in that a
nunber of slots per concentric _|level and a nunber of
magneti ¢ pol es of the inductor subassenbly are not
mul ti pl es of one another.



