Wc) 01/11759 PCT/ US00/ 22096 | PERVANENT MAGNET COUPLER W TH ADJUSTABLE
AlR GAPS TECHNI CAL FI ELD The present invention relates to nagnetic

coupl ers havyBg;£e8Perati ng permanent magnet rotors and epggikdrsmdgduct or
rotors separate y air gaps. 5 BACKGROUND OF THE | NVENTI ON Per manent
magnet coupl ers of the general type disclosed in U S. Patent No. 5,477,094
have a magnet rotor and conductor rotor interacting to transmt power

bet ween i nput and output shafts. The naghet rotor has a plurality of
circunferentially spaced permanent nmagnets having their opposite poles
separated by air A pir § nts
provi ded by the cﬁﬁﬁw%ﬁﬁ&%ﬁ%&e a&?gﬁg'ggg?é%g?% e magnet
rotor. For many applications it is preferred that the air gaps be readily

adj ustabl e after _ins lLation of the coupler to obtain or vary "soft start"
at start up,ﬁ%?éﬁfﬁﬂf’ initially during start up there is a noticeable
rotational slip betweete figsent Riveitonelafeld 18 uididlic! chuplBd Hading | Bogerdtingl MM I 1
a few seconds as the output shaft builds 15 up speed fromzero to a

maxi mum Les pestanerdtimagnétavtorsand slectegenndedortrotorirsepazated oy aiegaps.oad if the
coupler is matched to the load such that there is a soft start experienced
during start up. Also, there is |less shock to the power transfer system

when soft st FACKSGRODNDVOETHE INVBNTIOND for adjustment of the air gaps
permts a given magnetic 20 coupler to be suitable for maxi num performnmance

in a variety of |oad aRgomprent megnst couplanpof the geneeal typs disclosedeint 8. Ralerier of

magnets int r I, i f dj LS .

instal |l ati ont}gof g’?%gs%’o%ap ceérm?é{(eg}s/&%tﬁgocggﬂiubcf%%%r cer#%;lggﬁp hrg.t?s&rislg W start
of a coupl er beivieb® tiput /idowatpuy sieafts dThe R rdtochds Aearality lof tirduimferestialipad at
the installation is changed. 25 SUMVARY OF THE | NVENTI ON The present

i nventi on ai FBAcEE PETMARERIcMaghely having thel; appesits rRolesysepapted byt air gapssirgm| e t o

gLiGI {Aée Oil H ?Eeg&%%r?ﬁ%%%/e%o?gg%&a&&ﬁéﬂté)Bronde& 5 hOWBhdudfbr bt 3 ppéiaace with

axial sides of the magnet rotor. For many applications it is preferred that the air gaps be

readily adjustable after installation of the coupler to obtain or vary “soft start” at start

up, meaning that initially during start up there is a noticeable rotational slip between the

rotors which gradually reduces to 2 minimum in a few seconds as the output shaft builds

15 wup speed from zero to a maximum. Less starting torque is required to drive a given load

if the coupler is matched to the load such that there is a soft start experienced during

start up. Also, there is less shock to the power transfer system when soft start is
provided.

Providing for adjustment of the air gaps permits a given magnetic

20 coupler to be suitable for maximum performance in a variety of load applications

without a need to change the number of magnets in the magnet rotor. Providing for

such adjustment after installation of the coupler makes it possible to field adjust soft

start of a coupler without removing or disconnecting the coupler if the load at the

instalfation is changed.

25 SUMMARY OF THE INVENTION
The present invention aims to provide an air gap adjustment system that

is simple to utilize in the field after installation of the coupling. In accordance with the



2 present invention, a magnet rotor is nounted on one shaft and a cage
surrounding the nagnet rotor is nounted on a second coaxial shaft. In the
preferreggogygiae@pnents a pair of electro-conductive uni peT/us@zeed by air -
gaps from opposite ends of the magnet rotor are slide-nmounted on the cage
to vary the air gaps. Adjustnent bolts or other S adjustnent devices extend
axially between the cage and the el ectro-conductive units for axially
varying the air gaps responsive to t@ning of the adjustnent devices and
thereby axially noving the electro-conductive units relative to the cage.

BRI EF  DESgzEdehtlinthtioh, 4 agh¥tibbiNsSnounted difoft shafingia a chBe hirfhih@ing thé 2

sectional view through a coupler_ enbodying a first enbodi ment of the

i nvent i onmagnet foigrdnmapmerion mescpast eayiabshes. dn theipse ermsimr@odlwwmanz is a
simlar s

secti onai Ot SR apdleile el wRERORS o B IR dhpoctle Ylihrind Blh®RBh 4
a sectionak shdemohhﬁedughtlm cageploevarg hthe airy gapst hlAdesnﬂm‘indﬂlltﬁBdﬂ other t he

i nvention; ,.and Figure 3 @@f i | transver S ctlon \u ewt en as

i ndi cated*diystpsttd ‘SesE?x?eﬁ =8 %"tﬂ £38e ¥ SPIVENTI ON
20 Refer raﬁaxytﬁr,hﬁge:mraﬁvgaﬁg&sp@sﬁeaemmngaﬂth%ajﬂaimame%es%d%&e unted by
hubs 14, 15 on coaxial input ‘and output sShafts 16, 17, respectively. The

cage 10 haxially monongithe slgetdd- mdwn@emusmtatmtmthbmgew to the hub 14 and has.
an annul ar nounting plate 20 which is held in parallel spaced relation to
the disc 18 by a circunferentially spaced set of spacer bolts 22. Each of

t hese spaBR[Efprngmqom@pmHqummcszza and term nal 25 threaded
portions 22b, 22c nerging at annul ar shoul ders 22d. These shoul ders engage

annul ar seats 23 atlntheeIqWiRg¥ure of threaded bores 24 and snooth
SRy LI Rl L, BRI 1
' embodiment of the mventmn and taken along the rotary axis of the coupler;
Figure 2 is a similar sectional view of a second embodiment;
Figure 3 is a detail sectional view taken as indicated by line 3-3 in
Figure 2; ' |
15 Figure4 is a sectional view through a coupler showing a third
embodiment of the invention; and _
Figure 5 is a detail transverse sectional view taken as indicated by line
5-5 in Figure 4.

DETAILED DESCRIPTION OF THE INVENTION

20 Referring to the drawings, a cage 10 and magnet rotor 12 are mounted by
hubs 14, 15 on coaxial input and output shafts 16, 17, respectively. The cage 10 has a
mounting disc 18 secured by bolts 19 to the hub 14 and has an annular mounting plate
20 which is held in parallel spaced relation to the disc 18 by a circumferentially spaced
set of spacer bolts 22. Each of these spacer bolts has a central shank 22a and terminal

25 threaded portions 22b, 22c merging at annular shoulders 22d. These shoulders engage
annular seats 23 at the juncture of threaded bores 24 and smooth counterbores 25

adjacent the outer perimeters of the mounting members 18, 20. Nuts 26 are screwed




3 onto the threaded end portions 22b, 22c of the bolts 22 to hold the
bolts and mounting nenbers 18, 20 together as a rigid unit. A respective
pair of stegpegl psghi ngs 27a, 27b receive the bolt shanks P&?@Sﬂbﬁ:&&'mt i on
as slides for a parr of conductor units 28, 29, conprising a pair of 5

el ectro-conductive rings 30a, 30b, preferably copper, and a pair of
magneti ¢ backing rings 31 a, 31b, preferably mld steel. The

el ector-conductive rings are secured to3the backing rings by screws 32
havi ng shanks threaded into the backing nenbers 31 a, 31 b and having

bevel ed headgns aRltRidaded ehm?mhbw@z@.@@c o8B boltd 2250 ndidithe bOI® ddNHodrags Whi ch
are adj acent the magnet or Corrpl enenting bores 33a, 34a in the rings

30a-30b 10 mmbmh&?;ptmsﬁm@ﬁamguhnmbushu ngs 27a, 27b. The backing rings

31a, 3l b have bevel ed hole 6 arr 0 d ores 37
t hrough the nmounting #%ﬁﬁ% ﬁ.lr &g;%ghg Igggﬁﬁghblgﬁ?gg%ﬁéﬁﬁ ﬁ%*gs 38
ar e t hr eaded22anfoofuhdtion e stides3for anphxmﬁ/amaﬁa&l Sfts 28ads, Sohiprisingea pair of Ot at e
in the beveled holes 36 in the backln% rings 31 a, 31b, responsive to being

turned 155pyel 8%&‘?0@6‘!%% riggs 302, 300, prefsrablyccopperepndem gair of magpetisdhacking To
receive the o] ,

external ly sﬁlg% SJaW t hB&?&%bg)t mfﬁm?%gl ?‘géglg&wzg%d%al rsééo@‘g S n%tstgg% I t
wi Il be appreskmpeiigt bybscrevsBxhaving sharkd thrédiad drfto ﬁiaebaddglgjmbmbm 3bgi3ts 38
are kept in the bevele ol es 36 ,hy the oy el ectro-conductjve rlngs
30a, 30b, z@dthsﬁ’gvngq ssafed 4t e wgag%ﬁ hesh pith the, g faes whic
conduct or Unbr%%d;%@bm A% migharshy lﬁdbdﬁa?lem}nﬁ]%bd%sdi&'a, Ma i the SRR30430b 41

bet ween the el ectro-conductive rings and a set of permanent
magnets 4® par@é’dnikucmymnﬁ@bndgmiﬂa,cﬁ%r 12. These rragnets are mounted in

a set of mating holes.43.a ar, ext e

t hrough a nagnet rot(;lﬁl &m&n jlﬁbﬂ“ﬁb g’ﬂ%‘“ﬁﬁ‘%’?ﬁ a?"a“i;ﬁ toie8 p°5f4 S
mount ed by bwhmah&ﬁdsanborzésvhmr&mgb thé . m&bﬂnglaﬁﬁﬁuebsedscgomfemeh@gelms hubs
14, 15 fixed on the shafts 16, 17 as n_Ij)ressmn coup I|ng3s 46, 46'

ti ght ened i nAgiugimentiols 38 aypsthreaded lmoéh? h?fﬁ%t andcpave bevsled| headst38arkee doupl er
on the Shaftﬁﬁ’t@ rétﬁebwl 213&5'3@ {hk% %@3%‘%%69@ ol % be f@oliﬁltn%f by the

adj ustment b m)un and m)un I'ng ring
15 by application of a tool, to the outer ends of the bolts. To receive the tool, the ends of

the bolts 38 may be slotted, recessed, or externally shaped with flats. The bolts 38 have
pairs of lock nuts 39.

It will be appreciated that since the heads 38a of the adjustment bolts 38

are kept in the beveled holes 36 by the overlying electro-conductive rings 30a, 30b,
20 turning of the bolts 38 results in axial movement of the conductor units 28, 29, thereby

adjusting the width of air gaps 40, 41 between the electro-conductive rings 302, 30b and

a set of permanent magnets 42 presented by the magnet rotor 12. These magnets are

mounted in a set of mating holes 43 arranged in a circular pattern which extend through

a magnet rotor disc 44 of non-magnetic material. The disc 44 is mounted by bolts 46 on
25 thehub 15.

The described coupler has its hubs 14, 15 fixed on the shafts 16, 17 as by
compression couplings 46, 46" tightened in place by screws 46a.  Preliminary to
assembly of the coupler on the shafts 16-17, the backing rings 31, 31b are normally
mounted by the adjustment bolts 38 on the mounting disc 18 and mounting ring 20 after

30 insertion of the bushing 27a, 27b, and then the electroconductive rings 30a, 30b are



30 insertion of the bushing 27a, 27b, and thep the el ectroconductive rings
30a, 30b are WD 01/11759 PCT/ US00/ 22096 4 mounted by the screws. 32 on the
backi ng wbeff7k0 form subassenblies. Next, the hub 14 wmomusebe20saibassenbly
conprising the disc 18 and conductor unit 28 is applied to the shaft 16,
and the other subassenbly conprising the ring 20 and conductor unit 29 is

I nserted over the open end of the shaft 17 to |oosely surround this shaft:
The next step 5 is to install the magnet rotor unit 12 with its hub 15
nounted on the shaft 17. Then the bolts 22 are installed by endw se

i nsert i omotuited by kthet dorewstd2ndn thg baekilye risgsits , foldd subaskemblies. iNwitj thgdu®7a, 27b so

t hat wh th ts 26 i , th 0| bl ith th
Cootuct o4 i 48 Sasdes e CormiRains gise |8 304 Serdapiar URLIE & piied 1o BEos 40, 41
from t heg{IMoNehid f othé s\ﬁbﬁ's@eﬁxiﬂ? cohiphiting Ghé Sngl2d UBA cBidvRtoP uhifR9NBVer, eddy

currents are induced in the el éctro-conductive nenbers 30a, 30b by the
magnet i cinfsérted aver theiopep éndoofithe shaftnidtndecselysuroundrthisshafly Thawmext step ous

backi nenbe la, 31b.. The ti netic gff r eat in the
el ect ro- EIRHW ilg% e %taf,zeéwé “%5%?5%%85‘%%4 & §’ﬁ s@% lf'hzﬁe@g‘ﬁ%luct or
units 28polNd sire MhstdiRd By ndivise GhseftichAhmdagh tRShidinting Mehert 18)20@hdt he 15
conductor units 28, 29 and cage 10, thereby driving the shaft 17 in

r espons e thedbushiags 2T 2V snthet whem thermts 26 are applied; thecage 4@ dy assenbled onal
speed, def4 1d | t4 e sli
Fter st S clubdE uite 25, 25SoRrd 5ty ShE¥ dnd BaGl by Bl 40T T, P
adj ust i ngrogcthewagitfs 4mke it possible to adjust the air gaps after the

coupl er has been jnpstall d erated .under th articul ar .l oad
condi 14 ons experie %%ﬁgﬁwgg‘s&eﬁgy§PPE'?WY8”§$‘?3P‘§‘5‘§€tS§Fee‘“3‘ﬁe§sted by

trial angy gfef Qéctloohidteive WienteRe3G:0 0L Blyaht nBRetRPBIAbfing fbinPhet O be nost
advant ageous for the operating conditions eerrl enced. To assist in

obt ai ni ngnagyetsilanddjonSoedehy the femenssbacking wembermcei Adb.nelfhes respltings  can be
e 0o e SRR o RS i A5 O (1,
t he screuwle conductd¢ anits B8 LALE fistnr the smagmet htori 15 end esdultnint rotationrofgthps and t he
bol ts 153 8 cE)rll t:]:;[o? %%JQS gg,t &4 arlui léz?ge 10, thereby driving the shaft 17 in response to the
rotation of the shaft 16, but at a lesser rotational speed, defined as the slip. The slip at
start up and the ultimate slip after start up is determined by the width of the air gaps 40,
41. The adjusting screws 38 make it possible to adjust the air gaps after the coupler has
been installed and operated under the particular load conditions experienced at that use
20 site. The air gaps are adjusted by trial and error to fine tune the soft start and operating
slips to be most advantageous for the operating conditions experienced.
To assist in obtaining equal adjustment of the screws 38, indexing marks
can be scribed on the support members 18, 20 radiating from the periphery of the
mouths of the bores 37 to register with a longitudinal indicator groove in the screws.
25 Also, gauge strips can be inserted in the air gaps and the bolts 38 tightened until like
pressure is sensed on the gauge strips. Although it is normally preferred to have the air
gaps 40, 41 the same width, this is not essential for effective operation of the coupler.
Figures 2 and 3 illustrate a second embodiment of the invention in which

the specific adjustment mechanism is varied. Otherwise, those parts which are the same

30 as in the first embodiment will be given the same reference numeral. In the second




pressure is sensed on the gauge strips. Although it is normally preferred
to have the air gaps 40, 41 the same width, this is not essential for
effective o%@hi,%g of the coupler. Figures 2 and 3 il ustp@gesos2s9eond
enbodi nent of e invention in which the specific adjustnent nechanismis
varied. O herw se, those parts which are the same 30 as in the first
enbodi rent wll be given the same reference nuneral. In the second WO
01111759 PCTI US00/ 22096 5.enbodi ment a3Sset of adjustnment bolt assenblies
50 are | ocated between the spacer bolts 22 and extend in parallel relation

thereto. Eacémidinimt ABétlof BfhidtmeftbORabitmbles SVME lozated botebén BOBRRAHUIS S1- 52
joined by a sleeve coupler 53. Bolt corrg;)nent 51 has a round head section

51 a, an i nt¥rapdexiepdin pardlicheclption therdyr Each adjustment boltassembly SBepmprises1 ¢ 5
ferably w th. £ at S h '
preferably %&Jkop@gn%)ﬂgsa%@oﬁxgeg bfa' d&Se 5&]@%‘5& @?t {&p@)ﬁﬁ&% R&%rcﬁ.@??r e

Cross-secti on, hown 1'n ure ewW Sé,
conponent 52Zhdadsecionoslxl aheciatbtrmeadiaté ithweadedasection 60, canded ishink sdetiemdad

section 52b, apd shank section 52c preferably . with one or nore _fl at
si des conpl e il s orBee, i siges S oue o5 mibu {’b_ﬁ SHYASS CROR-ReAHRRY
sections 5l bgp i Gs bltRvnSia Fmdé 3.C Diklekise HhE voit cORRRRAT S 1R ound RAY €

coupl er 10 53 has 'a 'l ongi tudi nal through bore 53a shaped to receive and
interfit w téectidgne5Zaham intermedintedhreaded sectivdcS2bpartdna shank sectivh 20 pteferabdyponent s

51-52 are coup] ed together hy the .sleeve coupler 53 the balt conponents
W T tarn | ovihiegeF Ty et Ales nplmgpiing b Sepom e T Tt 4P 61 os
adj acent opp@sdali&d RBbhs 91b-57tEhavk BREmME Bitéiobi BEAFBpFostte RdndS iS@E%v@éouFIeh? shank
sections 51c, 52c and hold the sl eeve agai nst endw se novenent relative to

15 the asocPhhesce lpopitudinnl throvgh ture Sheshppedia regrive ad intfit with ttheoshsok t
corponent s a%e%ﬁox{s%ggeﬁc‘% tw}%ﬁg{yb%ite{&ﬂ B‘Len%rﬁ-%ﬁre% BIEE Rpdfier 5y b PS 56
slotted or oth ape ‘f] g

and their outé€r ends are FWmse s 0 re€elve-a
screwdriver sleevetdoaplert S3kthef bolt sahpmenty sill thamr ini uigson! MSet ackjews tSAp 54’ drel t

assenblies 5Q. Foy. receiyvin he adj ust ment |t conponents 5]1-52 the
mounti ng di _sgméts{ igig ra ﬁrhfrlfgta@@%?épgﬂ%@nésa?fb theHertBanET FgOH ¥ssgohave
sets of regi &%%ﬁ%riﬁ%e&%@%lc,@@ and'R418 the &e&uq&iﬁﬁ%nmg{;gs&%egm&@e%@- 29 are

t hreaded oppositely to match the threaded seéctions S , respectively,
of . t he adjSustheessociatsidt badtompbhdnildhe headi sectionshdl, 62a afithebelh componentsrdre ng

Tenbers 18, 20, Bf Gh' ARlhe@lfa® bASHhs'i8 b ALY, 5858k Feid DGePES are

slotted or otherwise shaped to receive a screwdriver or other tool for selectively turning

the adjustment bolt assemblies 50.
For receiving the adjustment bolt components 51-52 the mounting disc

20 18, conductor units 28-29, and mounting plate 20 have sets of registering holes. The
holes throngh the conductor units 28-29 are threaded oppositely to match the threaded
sections 51b, 52b, respectively, of the adjustment bolt components, and the holes
through the mounting members 18, 20 preferably are sized to slideably receive the bolt
components 51-52.

25 When the adjustment bolt assemblies 50 are in operating position they
are threaded through the conductor units 28, 29, extend outwardly through the mounting
components 18, 20 of the cage 10, and are held against endwise movement relative to
the cage by the C-clips 56. It will be apparent that when the adjustment bolt units 50
are turned the result will be like axial movement of the conductor units 28, 29 along the

30 spacers 22 toward the magnet rotor 12 or away from the magnet rotor, depending upon



conponents 51-52. 25 When the adjustnent bolt .assenblies 50 are in
operating position they are threaded through the conductor units 28, 29,

extend owg'@hgsy t hrough the nounting conponents 18, 2@8cpisédiRegsade 10,
and are hel d agai nst endw se novenent relative to the cage by the C-clips

56. It will be apparent that when the adjustnment bolt units 50 are turned
the result will be Iike axial novenent of the conductor units 28, 29 al ong
the 30 spacers 22 toward the magnet Potor 12 or away fromthe magnet rotor,
dependi ng upon WO 01/11759 PCr/US00/ 22096 6 the turning direction selected

for the @R umkifEircofdr saeqedtibi @ adjastfiRnt M adssendiflics!St Heide, Rfudihe air
gaps 40, 41 is achieved merelhé by progressively turning the bol't

assenbl i adjugmentofsherpir \gaps 4Q,14d is achiened angselyi byemesressively woingtheltiote t he
first 58&@%@& nt, except that the step of applying the adjustnent bolts
38 is elimnated, and the adjustnment bolt units 50, with the Cclips 56
preferably in pl acAssembly iofisthel seecndienibodiment nial peifoempedifiiler tofipstet i on of
assenbly of {he cage by applicajiop,of the spacer balts 22. Installation
of the b6F‘£’°‘§JHWeP'_s wsﬂspfctﬁﬁ th sta%ﬂéavgi}wwhsﬂﬁwgmeﬁbb%i*ﬁ it epUMedtand 1 t hr ough
the condygd Rustiféck batf witd $b, With OOMNEL 56 pftclbiftn fladEPirt BHLGARs pROST L1 0N
abutting the” 10 nounting disc 18, and |1 kew se screw ng the other bolt

c onponentfinaiteprafien compléteonaiflassemblyoefdbe ¢age by applicaonwfithe spaceribalts 22. at a

o T SeRaBie ShOTAR LA R SRS iRl B Rt B L
i nst al | atheOgbn@hctérhitd Wwith MHEDGNBRHSr Wl at 52mi)ﬂﬁmm3g’aF positienvashtiiny et he
y

conductor units 28, 29 untjl the C-clips 56 |ight engage the outer faces
of t hi0 maavntingdise 1%, ang likewise srrewsng thernibes bakt componene3 thyaweh thecathes 53 | s

S 129 SRS WFEBd 508 o s BALRS8hun FiiFBE. 05
ar r angenm0t afteh glidihg e caipling sieeee 531 eopletely onpcthe shankSSlc. SDurfimg thern i n
UEPRTICN N T A YT ER T R 7
rel ative gnfls 28, 290t theld18li ighly ehbagdithd oller RERJF B mbilihg dfikctiB S
enbod Il 5rTe r:atnd anrllou%?irqg lp?gt'e Szf(l)f)uN(:i,‘tr thgas%/eegee 53 is shifted endwise part-way onto the
adjoining shank 52¢ and the set screws 54, 54' are tightened against the shanks 51c, 52c.
With the described arrangement the sleeve 53 causes the bolt components 51, 52 to turn
in unison, the set screws 54, 54' assembly prevents them from separating, and the C-
clips 56 prevent the assembled adjustment bolt unit 50 from moving endwise relative to
20 the cage 10. It will be apparent that in this embodiment an annular shoulder may be
provided on the bolt components 51, 52 in place of the C-clips 56.
Figures 4-5 illustrate a third embodiment in which the gap adjustment
mechanism comprises turnbuckles 70 extending between the conductor units between
the spacer bolts 22. Each tumbuckle 70 has two non-rotating bolt shanks 71-72 formed
25 with threaded opposed end sections 71a-72a screwed into a central coupling sleeve 73.
The threads on the end sections 71a-72a are of opposite hand and are complemented by
the threads in the bore of the sleeve 73 so that when the sleeve is tummed the shanks 71-
72 more in unison toward one another or in the opposite direction depending upon the
direction that the sleeve is turned. The turnbuckle shanks 71-72 can be maintained in

30 fixed engagement with the conductor rotors 28, 29 in any suitable manner. For




provi ded on the bolt conponents 51, 52 in place of the C-clips 56. Figures
4-5 illustrate a third enbodinent in which the gap adjustnent nechanism
conpri ses tg‘;(gglmjg’es 70 extendi ng between the conductor up¢igsdapieseen the
spacer bolt ach turnbuckle 70 has two non-rotating bolt shanks 71-72
formed 25 with threaded opposed end sections 71 a-72a screwed into a
central coupling sleeve 73. The threads on the end sections 7la-72a are of
opposite hand and are conplenented by .tthe threads in the bore of the

sl eeve 73 so that when the sleeve is turned the shanks 71- 72 nore in

uni son towar a0k n the
di rection th%ﬁéﬁgﬁé’g\% (I%gl @B&@Qgﬁ%%&&ngﬁg%ﬂ?ﬁaﬁﬁg 71- @gc’ﬂég‘ﬁ be

mai nt ai ned i condakctdri pofos. e g sughre cdse,vihe fU-tlips Tomdy bever bifuscatedslegg 742 F4bn any

t abl F WO 01/117579 | 74
zgln ?nt gr ??P‘rﬁgﬁr'ﬁtﬁnghéthsgﬁ%‘?’m% n 3& si%( Eﬁqzové? gl?cﬁ”él w r‘}g‘?}? Sere gr§"]we 3ct or
rotors. In 3&5&3 R o AnEshatkSndy: Kavi BSqfe ei%ys-aemx tblﬁrmmmeﬂgegai BAflat 74b

interfittin grooves 7571 n the shanks -72. As shown in Fiqure 5, the
grooved [Sor inhereigesi74c te bsﬂumakensnﬁyhdméeﬁ 7§qﬂébes@;fﬁ‘ﬁ%§6 exdend; throughhthsy ovi de

flat d I

7aa, - 7ab. - Sorai web 744 PENE URPELEN e et g} BUIER b BRSpRdoR pibie 8 | 203

are threadedgk E}I&h}a@m &ridAnRbudki® 706 §1464. OThe' ste0ésST 3tae pféferabl)ﬂfewgdnpisn74 and

turnbuckles 70 1 n ﬁ) ace. The sleeves 73 are preferabl %qdhe ag EFetﬂ .
Wi

exterior shagxericsshape desiredeiving:a wrenpl for pdinstment o5 prrgrevi
radi al hol es_t fe o qi kfxt ensi on
or retracti oﬁe§ e?ﬁoﬁo\éﬁmu,%gessléegﬁsotbtédﬁktg%f)%’%g?é}e yxen té’r?é% i(‘)Ilrrréllijcecrease
the air Q@psto%sp’bﬁswe‘l&érhﬁggbrddcrda&tbcﬂf@psddMO have the nmagnet rotor

-

| ocat ed between two conduct or, eI ts ,30a-,30b, the. c ave t wo
magnet rotors in the phlthoush, ft ‘ﬁﬂ? rfal]@ywheetpg?gﬂogorqg%]dqbegy%a
conductor rogg Tii a-FOBEhERGRAD i HaVe fwd md cF%eﬁrbio?sm@lﬁﬁﬂacElwthe
conduct or rot or You pref erabTy conpri sé two conductor rings nounted on

15_opposi t e sombastonélemerfts endbasinge sondvetotrotat ibplageod tm@@mtor &2+t lndhi§ub 15.
From t he foregoi

enbodi ment s tﬂ% ”r‘?\‘}gﬂ‘i T%‘ﬁe‘ﬂ%@g g%%l;[] gg%?%e‘ﬁh‘%?%f g%&?&“ﬁfgg &8 of

i 'l ust ratj9n gpposite sides of a ferrous disc secured by the bolts 46 to the hub 15.
From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

irtvention. Accordingly, the invention is not limited except as by the appended claims.
20



various nodifications ' m t deviating fromthe spirit and
scope of the inventi ommnﬁul]ﬂmumr e invention is not limted except
as by thwoppersgled clains. €20 1211%1111111111111111111PCT/US$00/2209601/ 11759 -C
L M$ * PCT/US00/22096. 8 CLAIMS 1. An adjustable nmagnetic coupler
conprising: first and second rotary shafts having parallel rotary axis, a
cage nounted on said first shaft and &urrounding said axis; a nagnet rotor,
nount ed on said second shaft and extending radially wthin said cage from
said second shaft, said nmagnet rotor containing pernmanent nagnets; two

el ectro-conductive units novably c@bAIM8 by said cage and spaced by air
gaps fromsaid magnets at opposite ends of the magnet rotor; and gap

adj ust mrent nmeans for controlling the axial.location of said electro-
conductive units axj al | Xnkajustabléndghetictotpléd@mpsmgnagnet rotor to
selectively vary said air gaps. 2. A coupler according to claim1 in which
sai d cage i ncl udes firstprshsesendrotaey shafls hasingpamllelrotary akisel to said axis, and
sai d conductor uni ﬂg,}:g ¥ .S. 3. A coupler
according to cl ai mt“ga%‘ﬁ?,@!‘éc sg%adﬁlg%g% ] u%?‘ﬁwﬁaﬁ'gg %%g%gg’i ncl udes

adj ust ment bol t s extmagienptoreneented i shid sepondiishiafs andl extending tradiallyni t s such
that turning of. the |ust ment bolts_varjes said air gaps by positioning
said con® ,“cf’P‘duFﬁgf’:géiPoﬁ‘? §%ﬁ°ﬂgr?éﬁ%efaéd. magnot @Mp?@?ﬂ’ pg JeHPMg™t 0 cl ai m 2
in which saindisgap adj ustment neans includes turnbuckl es extending between

sai d conductor units for selectively noving said conductor units in unison
in opposite direct tvmslectroneanductiveanty movably eammiet bysaitheage and spacedbyary sai d

a1 08PS- 43P AR o Bl fdthd S bR hAghed ot Gy a1 0 0ap adj ust ment

gap adjustment means for controlling the axial location of said electro-

conductive units axially relative to said cage and magnet rotor to selectively vary said

air gaps.

2. A coupler according to claim 1 in which said cage includes
elongated members extending parallel to said axis, and said conductor units are slidably

mounted on said members.

3. A coupler according to claim 2 in which said gap adjustment
means includes adjustment bolts extending between said cage and said conductor units
such that turning of the adjustment bolts varies said air gaps by positioning said

conductor units along said members.

4. A coupler according to claim 2 in which said gap adjustment
means includes turnbuckles extending between said conductor units for selectively
moving said conductor units in unison in opposite directions toward or away from said

magnet rotor to vary said air gaps.

5. A coupler according to claim 2 in which said gap adjustment

means includes an adjustment bolt unit with threaded sections having their threads of




means i ncludes an adj ustnent bolt } d sections having their
threads of i 211'I1111j 2111111 I IJH“IIH““"“II”"'IIGII 01/11759 L °

PCT/ USOQ 2209611859 OPPOSi te hand, sdid®thr edded skctions ipetrRysagizogsg Wit h
sai d conductor units such that turning of such bolt unit responsively
noves the conductor units in unison in opposite directions. 6. A coupler
according to claim1l in which said cagegconprises a nounting disc nounted
on said first shaft, a nounting ring axially spaced fromsaid nounting

di sc, and spacer nenbers extendi ng between said disc and ring radially
outward of SabfAIRaRe aidQhRhdeddtetidnd ekdeting Mt sBICChERIGARN Ghéh/ fhat!Ni 1S
are slidably  nounted on said spacer menbers. 7. A coupler according to
claim6 in wimng of aich dtunitdiesponsively mavesithe condustor vpits ia vnises tn gpposité  gap
adj ust ment bpl ts extendi ng between said nounting disc and one of said

el ectro- condEM%E units, and a second set of gap adjustnent bolts

ext endi ng between said nounting ring and the other one of said

el ectro-conductive wunits. 8. A coupler according to claim7 in which said
first set of gap adj@st mehtcoppier accerdingocipimdldmawhiak said seget compriRessa d

mounting dis nd.said second . : ] ent. ed
engagenant ARG A0e REHRRER A e i Bt ORER gl Rl 48 ol R

conpri si Ng: méintisg daodameemicet meinbéry extenfling HeavdenGsaid dist and/ ring i radially
nmounting unit on _said first shaft qnd syrrounding said axis; . gﬂrﬁ net
rotor nmount WA 95s3d sagpetFotoRAnd 18 Yo PlRFTRCOpdRGiN R SRS a’ﬁég 38;

el ectro-con ite%nlé?dts acet mB@Plry carried by said nounting unit and spaced
by air gaps Trom sai gnhets at opposite ends of the nagnet rotor; and

adj ustment bolt units engaging said el ectro-conductive units for

sel ectively moving them axjal |1 el ALued 8ash B 409 ' dypdlikofmonet

-

means comprises a first set of gap adjustment bolts extending between said mounting
disc and one of said electro-conductive units, and a second set of gap adjustment bolts
extending between said mounting ring and the other one of said electro-conductive

units.

8. A coupler according to claim 7 in which said first set of gap
adjustment bolts has a threaded engagement with said mounting disc, and said second

set of adjustment bolts has a threaded engagement with said mounting ring.

9. An adjustable magnetic coupler comprising:

first and second rotary shafts having a rotary axis;

a mounting unit on said first shaft and surrounding said axis; .

a magnet rotor mounted on said second shaft and containing permanent
magnets;

electro-conductive units slidably carried by said mounting unit and
spaced by air gaps from said magnets at opposite ends of the magnet rotor; and

adjustment bolt units engaging said electro-conductive units for
selectively moving them axially relative to said mounting unit and magnet rotor to

thereby control the width of said air gaps.



t hereby control the wd ps 1111213232222t ererrererritnl
WO 01/11759 CI- MS *iﬂlﬁ@ﬁﬁﬂ&w“ 0 10. A coupler according to cl al m
9 in whighesainde adj ust sS each have heads rptpUsoRasy :
interfitting wth said electro-conductive units,. and have shanks having a
threaded interfit with said nounting unit V\/nereby turning of said bolts ;
causes axial novenent of said electrd@conductive units. 11. A coupler S
according to claim9 in which said adjustnment bolt units each have two
spaced threaded sections threadably interfitting with respective of said f

el ectro-conducti veloini t &, cobplefl aédoRlihg) ¢ JARA P B vhieh Saldeadigstfént BOMOS| t € hand
wher eby turn:e%cg of said adjustnent bolt units noves said el ectro-conductive

units i nuniiheadrhave hexdsgetatienallyr isterfitting witpsaidyglegtey-conduetive W&n@ldl c coupl er
conpri si @Qﬁ“’ ]g%éﬂ axis; a
cage noun edéﬂc?{’lfsts}é?g’%fl rst %?ha‘?\%h éag(??%oén I"hg sal ot ar aX| S; a magnet

rot or nowiditecausss axial d:osanandf&lﬁhélbctchbxﬂuﬁmdmng radially wthin said
cage, said magnet rotor presenting a plurality of permanent nagnets
providing two sets of poles facing oppositely in parallel relation to said
rotors axis; and fjfst ﬁ%uﬁﬁ?%&nﬁﬁ@%‘%ia% 9'HH which! dafdCadtstmemupbicd on said
cage for aX|aI novenment and providing el ectro-conductivé elenents in said
cage spacwmifs kacheiave hugspacéd thmeaded mow@mﬂdﬂy ofterfitting veitht ssmbtlymbfes ; and

rotary ga ntrolli devi.ces .engagi.n I d _conduct or .units r

sel ecti ve$§i %’5 “Sg‘ﬁﬂ c%ﬂ%ué?’grg'(ﬂ?iﬂf’ga%al %?FRPS cing, 98 SAPEsIg; Bﬂ@t i ons

rel ative vikeréby tdmulgaéln@td sdjhSimeRBbIC AR hEwR QAR el&trbQohdlicivé1 gni@f int he gap
control ling devices. 13. A coupler according to claim12 in which said gap
controll |q1©s°né!émé‘£e@¥¥§?‘l°1t§ngage sai d cage and one of said conductor units.
14. A coupler according to claim12 in which said gap controlling devices
extend between said conductor units and operate by each having threads of
opposi te hand. 12.  An adjustable magnetic coupler comprising:

first and second coaxial rotary shafts having a rotary axis;

a cage mounted on said first shaft and surrounding said rotary axis;

a magnet rotor mounted on said second shaft and extending radially

* within said cage, said magnet rotor presenting a plurality of permanent magnets

providing two sets of poles facing oppositely in parallel relation to said rotors axis; and

first and second conductor units slideably mounted on said cage for axial
movement and providing electro-conductive elements in said cage spaced by air gaps
from respective ones of said sets of poles; and

rotary gap controlling devices engaging said conductor units for
selectively moving said conductor units axially in opposite directions relative to said

magnet rotor and cage responsive to turning of the gap controlling devices.

13. A coupler according to claim 12 in which said gap controlling

devices each engage said cage and one of said conductor units.

14. A coupler according to claim 12 in which said gap controlling
devices extend between said conductor units and operate by each having threads of

opposite hand. L
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15. A coupl er according to claim 14 Lﬂﬂmm Hg sai d gap controlling
devi ces co turnbuckle. 16. Ascoup :er ¥acGoreing te in

whi ch said oi’i’?!'g@of opposite hand interfit wth conpl errentl ndgjazé%r eads in
said conductor units. 17. An adjustable magnetic coupler conprising: first
and second coaxial rotary shafts havingja rotary axis; a cage nounted on
said first shaft and surrounding said rotary axis; a nagnet rotor nounted
on said second shaft and extending radi aIIy wi thin said cage, said nmagnet
rotor presenting a plurali anats: i i t ts of
pol es facing opposi ter{/ i pargffg{c%?dgrf at o §t4$1é1| %ﬁ%}ét%%%gxs}ﬁ@; irst and
second cond%ﬁmllm&mwnﬁtﬁawymﬁ%uaﬂed on said cage for axial novenent
and providing el ectroconductive elenents in said cage spaced by air gaps
fromrespective ones of said sets of poles; and turnable gap adjustnent
devices extending betypen gahg %Mﬁ%wcmmnwnlcaas;altmegdswbwow to
said rotary axis, said device ‘gel ng operative to nove said conductor
units in unllﬁﬁdhmeﬁﬁnpn}dwmlﬂemnagthrmdsmsaslpmn@mmmtur ning of said
devices. 18. A coupler according to claim 17 in which said gap adjustnent
devices conprise an adjustment bolt unit with threaded sections having
threads of opposite kand, Aﬁg&qsﬁm;ﬁgm Séipler 8GYHprdidg: Ng such that turning
of said adjustnent bolt wunit responswely noves sal conductor units in
uni son i n opposite dir ect ifistandsecondgoaxifl rosary shadts hayipg e ratary g% er

Cuo sets of magnet pol os. DERGERE0one H oS Bug Sutdghiing S8l 19

axis;

3»

a magnet rotor mounted on said second shaft and extending
radially within said cage, said magnet rotor presenting a plurality of permanent magnets
providing two sets of poles facing oppositely in parallel relation to said rotary axis;

first and second conductor units slideably mounted on said cage
for axial movement and providing electroconductive elements in said cage spaced by air
gaps from respective ones of said sets of poles; and

turnable gap adjustment devices extending between said
conductor units in parallel relation to said rotary axis, said devices being operative to
move said conductor units in unison in opposite directions responsive to tumning of said

devices.

18. A coupler according to claim 17 in which said gap adjustment
devices comprise an adjustment bolt unit with threaded sections having threads of
opposite hand, said threaded sections acting such that tuming of said adjustment bolt

unit responsively moves said conductor units in unison in opposite directions.

19.  An adjustable magnetic coupler comprising:
two shafts having coaxial rotary axes,

a first group having two sets of magnet poles,



a second group having two conductor elenents spaced by respective air gaps
fromrespective ones of said sets of poles, a cage nounted on one of said
shafts aroluwW78%y two axi ally spaced nounting el enents BexUS0AazpIone of
said groups, a rotor mounted on the other one of said shafts and carrying
the other one of said groups, and a nmechanismcarried by said cage for
axially noving one of said groups réRative to said nounting el ements such
as to vary said air gaps. 20. An adjustable magnetic coupler according to
claim19 in which said first group is provided by magnets passing through
said rotor, and sakrdesad@nuip kavingtwosconduntoredernentssyiaceddggespedtive din

adj ust abl e netic coupler cordi.ng to claim119 in which said second
group is %gﬁfc’l@d"’s@ﬁc%'ﬁﬁggﬁ?féa isaféé’fB%e%ai d rotor, and said first group is
provided by two axiaadab¥ nfR@&edCorS 6he oP Said BAARY SndCRIVInE v Yxisify SpdcaPe and
operatively associated with said nmechanism 22. An "adjustabl e coupl er
accor di ngnewntiag glements camying prsofsaidggroynschani smis a screw operating devi ce.

. dj bl ' ' in.which t.h i ed
by the cage is sii AdunyruiEr 8 lcite pEb il shind dglle MBI R, o ©

bet ween «fahid gioupsti ng el ements and said nechanismis a screw nmechani sm

passi ng through said, nounting elenents. 24. An agmjstabl e co;gl er
according to clai m@p4 aj RechAnis qaFiedsby gaid cags fox axiaHy imoving enenefuid e t ype of
SCrew MechanlsSBiative to said mounting elements such as to vary said air gaps.

20.  An adjustable magnetic coupler according to claim 19 in which
said first group is provided by magnets passing through said rotor, and said second

group is mounted on said cage.

21.  An adjustable magnetic coupler according to claim 19 in which
said second group is mounted on opposite sides of said rotor, and said first group is
provided by two axially spaced sets of magnets carried by said cage and operatively

associated with said mechanism.

22.  An adjustable coupler according to claim 19 in which said

mechanism is a screw operating device.

23.  An adjustable coupler according to claim 19 in which the group
carried by the cage is slidably mounted on slide elements on the cage extending between
said mounting elements and said mechanism is a screw mechanism passing through said

mounting elements.

24.  An adjustable coupler according to claim 23 in which the screw

mechanism is a turnbuckle type of screw mechanism.




