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ADJUSTABLE Al R GAPS permanent magnet: rotors and el ectro-conductor rotors
separ at ed‘pé‘oﬁi{?s&aps. The present invention relates to mMagpeGsdaRYpde’ S
havi ng cooperating TECHNI CAL FI ELD Per manent nmagnet couplers of the general
type disclosed in U S. Patent No. 5,477,094 have a nmagnet rotor and
conductor rotor interacting to transmt power BACKGROUND OF THE | NVENTI ON
bet ween i nput and output shafts. The magnet rotor has a plurality of
circunferentially spaced pernmanent nmagnets having their opposite poles
separated by air gaps from 10 el ectro-conductive conductor el enents

orovi ded by t NSPRIMANIEST MOGIET K Q3FIJER M THAPIDSIARIE SR GAPSagnet
rotor. For many . applications it is preferred that the air gaps be readily
»adj ustable after installation of the coupler to obtain or vary "soft start"
at start 7pRcHMeAL™EImt initially during start- up there is-a noticeable
rotational slip between the rotors which gradually reduces to a mininmumin
“a few seconds as t heTlapresentsinaiéntiopuiclaties tpSmagnetigetsuplers haviogcooperating

maxi mum Less starting torque,i,s requiyed tq drive a.given load if the
coupl er i ??ﬁ'ﬁ‘?’&ﬁ?é-ﬂ’a%gtrﬂ@f? ﬁ%elgﬂ%&fqﬁfggm{ ﬁog?rés aed g?'lmrsﬁagﬁ “experi enced
during. start up. Al'so, there-is |less shock to the power transfer system
when soft start is provided. Providing for adjustnment of the.air gaps
per mi t 5 a BACKGROYNE OF TEB INVMENHON o be suitabl e for ‘maxi-num‘perf or mance
in a variety of |oad applications w thout a need to change the .nunber of
magnets in the magnetermapent magnst cennlgs ofthe general fype diselasd ik Per- Patent

i nstal | ati@n of,-ha £auP] ﬁaﬁg@*ﬁ%} dndPARBLAbEdidE inthctirio fnsifl powih " |

of a coupl'er "W t'hout renov sconnect 1 ng e coupler at
the inst &letvddndnphisand anpatcshafls FhdiiNgietGbtof Hes h WHEMIyQY dheniferatally

- invention ainms to provide an air_gap adjustnent systemthat is sinple to
utilize i rspaded pérmiagentf megngts axingathels rorposita, poles usparatgd by aawapajg%m “with

the 1 I?O JAéll\Iec gpc%ngf\(l)ctgry ClojleflISltgztor elements- provided by the.conductor rotor on opposite

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

“Totors which gradually reduces 1o a minimum in a few seconds as the output shaft builds =
15 up speed from zéro to a maximum. Less staxting'forque 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 maximﬁm performance in a_variety of load applications:
" withont 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

 installation 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



PCT/ USO0/ 22096 present invention, a magnet rotor is nounted n O‘E@&?@“
and a cage surrounding the magnet rotor is nounted on a sec '
shaft. ferred enbodi nents a pair of electro-cond
spaced byv%#&”ﬁz%s from opposite ends of the nagnet rotor ;’ﬁgﬂﬁ&ﬁi@é
slide-mounted on the cage to vary the air gaps. Adjustnent bolts or ot her
adj ust ment devi ces extend axi al | y between the cage and the
el ectro-conductive units for axially varying the air gaps responsive to
turning of the adjustnent devices and thereby axially noving the i
el ectro-conductive units relative to the cage. BRI EF DESCRI PTI ON OF THE
DRAW NGS  presenh invdntion, agnagned rgtoy i wopntest en eperishaft asd ¢agnas|un@p@dwngfﬂaa

d enbodi 3 | det ai l. d d
e T S maget ey 6 miinfed n' Ledpnd kaprial SR Rhe il a5 °
third Fi gy Qechol®nBudRe inftfad a&é@wahr hfremCSppIsité eﬁ(’l@@ﬂﬂier}ﬁa%lei 6Rk

enbodi nent” of the 1 nvention and taken along the rotary axis of the coupler;
5-5in Fi garees]ﬂc—nﬁuytﬂdeoﬁ the. eagdetonivaryt rthosaie gaps.s e ddjustmbnty belis tark etheas
I ne enbodi nent qf

i ndi cat ed by | e invention; TAI LED, DESCRI PTI ON OF-
THE | NVE %@Uﬂ@tﬁs’r@ﬁ%@d{%ﬂ% Hég cage @jd;é % cYrFoRdsine wisder 12
are nounte

respecti ve& m&r‘ﬁagH Rgth]e‘lanr %&ﬁ%&g%ﬁlﬁtl ng Pg{cm: ﬁs%?%’r’eﬁéle%t%ﬁt ér%gyto
the hub 14a>ﬁ:§lﬁ!ﬁ@ﬁng’lﬂmemub&ibnﬂwmdmﬂtsﬁbmﬂet&&mgeh is held in parall el
spaced relation to the disc 18 by a circunferentially spaced set of spacer
bolts 22. Each of ‘these spacer bolts - has a central shank 22a and term nal
25 thread nnul ar shoul ders 22d. These

shoul der s%ﬁﬁﬁtggﬁﬁ%égﬁﬁﬁgwggj uncture of threaded bores 24 and
snoot h- count er bor es [g%he. nt. the outer périnmeters of ,the nmounti-ng
members 18, 20. Nuts 26 are screwed 3 JAN 2094 WO 01/ 11759 PCT/ US00/ 22096
onto th@ threaded efigwelt isoms sédionabjewf thrhaglbodtt@upkertanhml}dngheiﬁmts

and mount} erllgbodlment of the invention 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; ' l

o 15 R F:gm'e4 is a- sechonal view through a coupler showmg a th]l'd -
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 ard has an annular mounting i)late '
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, 22¢ merging at 'anm_xlar shoulders 22d. These shoulders engage

| annular seats 23 at the juncture of threaded borés 24 and smooth counterbores 25

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



menbers 18, 20 together as a rigid unit. A respective pair f3§*ﬁwg§m%
bushi ngs 27a, 27b receive the bolt shanks 22a to function as“sfid or a
pai r of conductor ‘units 28, 29 conprising a pair of 5 electrg-co tive
ri ngs.30aWoW173r ef erabl y copper, and a pair of magnetic bkﬁﬁ”ﬁaﬁgﬁ s 31
a, 31 b, preferably mld steel. The el ectro-conductive rings are secured to
the backing rings by screws 32 having shanks threaded into the backing
menbers 31 a, 31b and having bevel ed hgads seated in the rings 30a, 30b,
flush with the ring faces which are adjacent the magnet rotor 12.° )
Conpl ementing bores 33a, 34a in the rings 30a-30b 10 and 3la-3lb contain

t he bushi wyip the threaded. engtipertiensid 2y 22crrfdhe balts 32 o haldethp bpdis and Hppwntings
arranged to ”%%2 39_ Wit h threa ed1bores 37 through the nounting nenbers
18, 20 of "R g% dogetheg 25 2P ™Mol t s 38 are threaded into the bores 37
and have bevel ed heaflfesp@ivbipir bP stepPbcibstiifpd My, DIUGLEGVE BleEBoIR Ghintlcst he
backi ng rings 3la, 31b, responsive to being turned 15 by application of a

't ool , to 2Re tofuwtionragsshides tfore alpidic of cpodnetoe inits 2Re29.000mptising exigsiraff t he -

bol t 8 b tted, r d, { |1 h d with fl.ats., The
bol 13 3o MRV Souetive g, 3080 30 prgberaly Capper. ol BTE o} b ekmetin hecking, o
t he heads . : 1 _ t al .

e hea Sn%gggféy, .3%?@%?&@&@1%{1& , Sfﬁeseleéf&ggr?’%%%xﬁ?hggsﬁfé’&% 204gS

36.by the o i ng ctro-conductive rings urning of the
bol t s 38 ..backitg Sngsbysaraws 3D havingtshahkd ttecaled duotibhe backiig mehberO3 14, 3dbeby
adjusting the wdth of air gaps,40, 41 between the el ectro-conductive rings:

30a, ﬁon- -and having; bevelgd h@ﬂﬁﬁ%ﬁgﬁ@ inthmangs 39, 50bs ﬂmlbtlxitbyh% Ragfagrsevhicht or
12. T ; ' . ' . . Kp-a = -
chrcul ar AR e SraelBUG 2 Redbn Bl 00 198 523 S Ehal 9808 &

nmagnetlioc - aid SIa-Fb cohfén tieushihgs 2 7ap2.ed by bolts 46..on. 25 the hub 15.

The described coupler has its hubs 14, 15 fixed on the shafts 16, 17 as by
conpr essi‘on” coup! i ngbe backing rings jHiae Adl haye Peyeled hples 3oeamanped topegisteni nar y

to assenbl f the .coupler on the,shafts.16-17 . 1the, bagki rings - 31b
are nor rraﬁ’%‘ &ﬁ%ﬁgﬁ&e‘ﬁ”ﬁ% 3? hg“?\'_d%sq]ﬁpﬂ’tmﬂ%?g smggb‘gﬁ_, {'ieﬁﬁb@gmenﬁgﬁ? g‘liﬂ 18
and nount iAlghstrhdd® béfls 38 bR thdSdedSAtd thebodés INEndHSRY BeRddheads B3a &€ 16 hen

t he el ectroconductive rings 30a, 30b are 13 JAN 2004 WO 01/11759

" PCT/ US00/ gstgeén the beveled holes 36 in the backing rings 31a; 31b, responsive to being turned

15 by application of a tool, to the outer ends of the bolts. To receive the: tool, the ends of

. “"the boits 38 may be slotted, recessed, or extemnally shaped with flats. The bolts 38 have ~ =
- pairs of lock:nuts: 39, . .. | L
“l It will be appreciated that since the .hcad's= 38a of the' adjustn'lehf bolts 38
. -are kept in the beveled holes 36 by the: overlying electro-conductive rings 30a, 30b,
; 20 . tumning of the bolts 38 results in axial movenicnt of the conductér units 28, 29, thereby.
' adjusting the width of air gaps 40, 41 between the electro-conductive rings 30a, 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 pat_tém which extend through
.. amagnet rotor disc 44 of non-magnetic material. The disc 44 is mounted by bolts 46 on
25 - thehub15. o . L
| The desctibed coupler has its hubs 14, 15 fixed on the shafis 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 ﬁngs 31, 31b are nommally
‘mounted by the adjustment bolts 38 on the mounﬁng disc 18 and mounting ring 20 after
30 insertion of the bushing 27a, 27b, and then the electrdconductive rings 30a, 30b are



mount ed by the screws 32 on the backing rings to form subassenblies. Next,
the hub 14 and the subassenbly conprising the disc 18 .and cbBdddNo20B4ni t
28 is applied to the shaft 16, and the other subassenbly conprising the
ring 20 arO¥AMItor unit 29 is inserted. over the open en@yp 09 af t
17 to loosely surround this shaft-. The next step is to install. the
magnet rotor unit 12 wth its hub 15 nmounted on the shaft 17. Then the
bolts 22 are installed by endw se insertj,on t hrough t he nounting nenbers
18, 20 and _the bushings 27a; 27b so that when the nuts 26 are applied, the
cage 10 is assenbled wth the conductor units 28, 29 supported by the cage
and spacedmbyntgid byghe scit®’s 321on fheobacking risgmist formZubi@enhides. t Nexts btaf hull6 i s
driven by ri ver, .eddy currents. are_i nquce in the . . :

el ectro-coﬁ‘hg%‘i ﬁeg“ngﬁ?ﬁgﬁb ?éﬁ?"%@% disf,d 8 and repsucten ypit 23is anphigd te dhe ¢ he
magnet s ar Of¥ 1.8/ _ _ - Jresylting
magneti c '2?‘ P gcgg’c@gg?gﬁ’tl?%%ﬁhgsé@gg rp%ﬁggﬁgﬁc@%‘ég?e& erg{;%%gt,o}-gﬁg %%E%es‘
repul si on jafertddnevet dredoygiomdustithe sBAR 1290 fooselyt ueroling A skiaft. OThd Rexdep
results_ in rotation of the 15 cqonductor. units 28, 29 and cage 10, thereby

dri vi ng® t Hé t Histall the magnebrator it 12 witheits atal 3 mpvntediondhe shaft 11.6Thenthe at ~ a

| esser rot,akd S y flefli | he slip at stari, upn angd the
| e5ser O 0 SREBq B ChAGHksAhadiin Holep RS bemBhe 15 S0 3HE |0
41.. The afE bathings 374,927 saOihaBiech thdassi 1y ﬁ'etagxpﬁéd,l'tﬁé chlC1@id 2GepBIRf ter
the coupl er has een installed and operated undér the particular [oa

condi t i onswidh plag tanluetdr amits %8 28swpported by tha hageaand gmped by eiraghpsstedilby
trial and rr% to fine tune the soft.start and operating slips to be nost
advant age'o{g‘g’“- PO MARERDer at i ng' condi tions experienced. To assist-in ‘
obtai njgng equal adj UghigRhe Haftl 1isSrivVelbyIPprithE B5oVep! Eg,%e,} 2 iRGusgyr | bed
on the support nenbers 18,‘326l radli at1 ng P’ﬁ%ﬁf{lﬁe pgf’i%g ery otg?%én&n%ﬁat hs
of the boringh8Zldctroreegiisttive mietnbers: 3@m G0bubl i magdétiaflox egiinimgefiom tHee
screws. 25 Al so, uge strips can be inserted in the air.gaps and the bolts
38 ti ght er@RE0GHY apd | Eined bys Sy derreuss backing dﬂmh%Sg%Bgélgt r {1h. reapltingugh
it is nor : &l 4 {Re.. Wwadth, this
s ot esaleiPeAtadrBiied i B3 thclboRlibn diEnbls 1 JB BT FlGb of 5

i || ustr at eah@ conhans anibodgeatiah theanagneebiop1? Sndveésohs in 612686 Gffthe .
adj ust nrent nmechanismis varied. OQherwi.se, those parts which are the sane

30 as bn_tRedyetomwmisBEa2dund caee10pdespint drivivg Barbali icincrrsponsarferte. | n
~the secondoddn S0

start up and the ultimate slip after start up is determined by the width of the air gaps 40,

16, but at a lesser rotational speed, defined.as the slip. The slip at -

. '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 1o registe'r with a longitudinal indicator groove in the serews.

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 nommally 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.
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WO 01/ 11759 PCT/ US00/ 22096 enbodi nent a set of adjustnent bojat @i‘egml es
.50 are |l ocated between the spacer bolts 22 and extend in pa A | ’*ation
** thereto. E [digt ment bolt assenbly 50 conprises bolt cog&qz,g% -52
j oi ned by'-:‘gﬁrsb?}eue.}ég coupler 53. Bolt conponent 51 has a roun éaég%qion
51 a, an internedi ate threaded section 51 b, and a shank section 51c 5
preferably with one or nore. flat sides 51d such as provi dedby a square
cross-section, for exanple, as shown irns Figure 3. Likew se, the bolt
conponent 52 has a round head section 52a, an. internediate threaded

section 52b.,and a. shank,secti 2c_pr.ef erabl Wi one. or nore flat.
si des corrp'f’gh%‘ﬁ’ﬂcﬂtga §%8£-Edjgéﬁ‘?"§ﬁ°glas¥%@ﬁ§ Ssﬁ?%'%"ée‘{)gﬂ?’ﬁ%“ thesnegerchelts
sections 5 pnbeltel iHeRdlo 0 ARPEILEmbRy%h

*coupl er 10 53 hasea ?f‘g%]aré*flfeﬂgflﬁg?'pt hr Oﬁg%%%{"&?%%@ S ha%sgﬁnit} T e(é(glnglgggsnd
interfit vibalhcerhporeheid-52 gibedby asleeyve saeplaensy. hBblt whmpohdia F1dhds £ eomanent s
51-52 are coypled t .coupl er 53 the balt conponents

osqether_b t he sé;gve. ! _ C |
wi |1 turn 1Rdyseclen Slaeanging wie thygaded, sectipn Sdhqgandi 5 shank segtiothdiles

di i ' . ide of  rhe
Sk oo BRI oA et O SaSHE i3 S8 SRMad by o it RiseahOR,
rel ative, tfor éxarhple, asshooindheRighe!3. LiketviseDthe okt daRdnaf o KRS RbndIRadof

the bolt conponents are foamed with circunferential grooves to receive -

Cclips 5ecahen bimian ipteraediateathrended sestion: Bib, end atshanknsestion H@paqurefepably

receive. a.screwdriver, or -qther tpol f.or selecti.vely turni he _
adj ust rrEntwlooloﬁ s e ?gtss@%? E%P%P%e@ﬂ%isﬁﬂﬂ(t-f‘f’é’bm&(ﬁxﬁsm%?]%56‘5%--‘_”.‘. the
conponent Shivhd&Pseclibns STBUSEY Weredhs SamePitctPout GRIGTHppaiteddnlS SI&vELoupitd
nmounting plate: 20 ha$ve sets ofe r egi ‘stgri ngmhol es.b%te hg'l-'esg%vﬁ%gﬂgwt he
conducklr S3nbassa kagitgdinab throvgintiens. Tiwpsimped ko raceivermnd linterfit withethd esthank
sections 51b, 52h, spectively,. o he adj ust bolt conporents, and the
ol es RGP S5 Whieth s ol gompoheste FESL e copplecclogather By the
sl i deabl y gl&Reeic%anIENS tholC CORPHIRA B i hen oth d@gh at. holt
assenbl'i 'e’ss- 50@%213% ggg%atﬂlngé%osi‘t-?%wﬁtir@mé‘?’é%hrgggg 1 k%j‘g t-aﬁg
conduct or- theeaded A8, radia} heles adjdcent bpposite enddofithesledvecs o wngaga flaosipeveENt s
18, 20 of hw%e 10,55aind %re lg:lell ﬁ.@ga nst endw se novenent relative to
the cage HB9° Bhpkaeetionss lg652¢ angpp sleske peppst eRdwisgmreY emeant relajive torent
bol t it st hed:s t RS Ul L qVi|d:  Desd 1k hal he °
condutL:! P or %lljtﬁ ??sg@i%lged %pgﬁg n"gf't' Eglé?%éag\gaelédé?ﬁs% 52ﬂ2 'Aﬂ?gvm ?t%oelip }rér(glpﬁg]%e[?%_t%? 12 B

~oravay 1 fomedwitingstnferutal guopesTt; TeeiiRo0-cipd 56 ANA0RH outer ends are - ~
_ slotted or otherwise shaped to receive a screwdriver or other tool .-fo:_’_scl_e:cti:\‘(t_:ly turning |
- the adjustment bolt assemblies 50. S I
PR ,. .For receiving the, adjustment bolt components 51-52 thc_:_.'m.oun'ting- disc
) 20. 18, conductor units 28-29, and mounting plate 20 have sets of registering hol_és;' The |
holes through the conductor umts 28-29 are thfeaded ,Qppos_itély to match tl_a,g.threaded-
secnons S_I_b, 52b, . respectively, of _tha-_adjnstmf.:nt_bolt_cqmpon_ents, and the h(.)les.'
through the mounting members. 18, 20 preferably are sized to shdeably receive the bolt
. compomemts51-52. . .. .
| 25 ~ When the adjustment bolt asse‘mbiie_s 50 are in op;:raﬁng_pqsition they:
are threaded through the conductor units 28, 29, extend outwardly ﬂuough-;‘th_e‘ mounting
components 18, 20 of the cage 10, and a_re‘_hel‘d against endwise movemént _relativé to
- the cage by the C-clips 56, It, will‘l')e‘gipparent_ that when the adjustment bolt un_ifs 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



WO 01/11759 PCT/ US00/ 22096 the turning directi on selected for, th

adj ustment bolt assenblies. Hence, equal adjustnment of the 43 Eﬁt‘&&ﬂ% 41
is achieved nerely by progressively turning the bolt asse ' : ,
Assermbl y S¥OPHE8Econd enmbodi nent is perforned like the. fi rs{rﬂ%gé&zzo% .
enbodi ment, except that the step of applying the adjustnent bolts 38 is
elimnated, and the adjustnent bolt units 50, with the Cclips 56
preferably in place, are installed as t?e final step after conpletion of
assenbly of _the cage by application of the spacer bolts 22. |Installation
of the bolt units 50 can be done by screwi ng the bolt conponent 51 through
t he condueeonuming disctidnt keletted cfondhet adjusiment dolt assooiblian gddengsoiauabn
abutting the 10 nmounting disc 18,. and. |ikew s crewi ng.the other .bolt
conponent a8mstmgnd @f the HE g@?”n‘i@ ﬁc’érﬂﬂ’ﬂ%ﬁ"S HAFY éfé Rﬁ’%rﬁgsi‘}ﬁ g thae'toi)%l]t
nmaxi mum g Sep,ﬁﬁ{eégﬁm abutting the nounting plate.- 20 after sliding the

coupling STeeve ‘conpl etely onto the shank 51 c. During.the described
instal |l ati on of the Awbhblowpomentscond, embotihmgntarie pafewed ilikeo thehdirst

‘conductor units 28, 29 untjl the Ccljips 56 _lightl n e .the outer faces
of t he Simoembodiment,sexcers tha thegepol mﬁwgth@éwzg?ea\é%ﬁtS%%glssqﬁww%sm?i
shifted endw se part,-way .ont-0 L 2ol Ndd : ' g ws
Sa, 54 ol ipsPEnUeEfRe Wi Rkl S PretiBly Mifodt Srd BIHEY oS ThE

ar r angene i §igp sh&LompddiondFasienitie of tel cage Byapplicatidilof e spacer bolts 22n

uni son, the set” screws 54, 54' assenbly prevents themfrom separating, and

the C cl ipsalfdioprodvheniolt bratsfdseanthieatvngdiy serewsing theibeltigempongnt $hthremeh ng

endwi se relative to 20 the cage 1Q. It w.ll be apparent that ing.thi

enbodi mentheafondvRier W*%#o‘ﬁ&"ag'& %@“98" “BP&P&B&”%?E“‘P@@%’&%‘°&‘O%3&"&%&° 51,

52 i n ypl age; ofinb e GRChiPikdfise SreWingSthé ofher iboltSddrapchet SPikdughiiecithent i n

whi ¢ch the 'gap adj ustnmént mechani sm conpri ses turnbuckles 70 extending

. bet ween t kendwnetumit®9 with the liedrae e maximemsgapcpesition ekutting theambuntingplatk| e
70 has:two non-rotating bolf shanks. 71-72 formed 25 wih.threaded.o sed

end sect i @Rsafferslidmg thercapphing slesve, 53 csameletely GRte Ahe § %SE?B%WP%%%

t hreads .on.th n 1 QRS . - e G - S banda indiictor

conpl enen{agﬁf:rﬁ)fg I&ﬁ%ﬁﬁhlr%gg'se%ﬁ %Z’ﬁﬁ’(’gg’?g%éf ?ﬁg@sﬁesve 7332% ?Eg:'? m\i/\l;lcet(r)lr t he

sl eeve i s yhits8d29 Gimrilstha Tkalipé156 ightlyenpapa thmosen facsaf dhommuatiog disc B i n

the opposite direction depending upgn the_  di reﬁt-i on _that the .sleeve.s

t ur nedS Thadtmowsingkplates AinkNextitheoslesye B3 inpthisd FOgWITE BeytTyRegnic the

 engagerrent, i th e, SRR sel QS s#554' 3% fghiBRY Sl RlEHmRRSTc, 5200 -

*"With the described arrangement the sleeve 53 causes the bolt components 51, 52'to tum

in unison, the set screws 54, 54'-assembly prevents thern from ‘separating, and the C;
" clips 56 prevent the assémbled 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 6omp0neiats‘51‘,52 in place of the C-clips'56. - B

| Figures 4-5 illustrate a third embodiment in which the gap adjiistment
- mechanism comprises turnbuckles 70 extending between the conducior 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 turned the shanks 71-
72 ‘more ini unison toward one another or in the opposite direction depending upon the
direction that the sleeve is turned. The tumbuckle shanks 71-72 can be maintained in

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



WO 01/11759 1 3 JAN 2001t PCT/ US00/ 22096 exanple, U-clips 74 can interfit

with the shanks 71-72 and fit over the rimof the conductor 1@t dAY. 780%

such a caa,zgoi/ge,?n U-clips 74 may have bifurcated | egs 74a, 7€ lb Bﬂiﬂé&t' n‘g

W th groo t he shanks 71-72. As shown in Figure 5, e groove
portions of the shanks may have a square cross-section to provide flats
engaged by flat 5 inner edges 74c the bifurcations of the clip |egs 74a,
74b. Screws 76 extend through the center web 74d of the U-clips and are
threaded into the rimof the conductor rotors to fix the clips 74 and

- turnbuckles 70 in place. The sleeves 73 are preferably hexagonal

exterior swample 3-clipsc? @ﬂmgn@rﬁk aith the ﬁh@msu%k-ﬂ%rﬁn ofit gver gervnueﬁ theth

or r ot r acteniieer FEE, R e Bt s ESOBSTE AG T ASE Bilwichis b gaf 2 "
the air gaperfifin m%mm it tﬂés]fh‘iﬁfsenf-m 7:e8 mmhgmseiher BVed

| ocated between two conductor el enents 30a-30b, the cage 10 may have two
magnet r otportionsof tﬂiveshpnlefcmaﬁﬂiam@ squareicrosHsectionite M@wdaﬂdtsacngag@ by flat

Conducty W etessydR IR RS TR Eoe s e Fain oSk 76 cRied shrdiek hoon 15
opposite.. %?‘??‘2“’@"’ 78d be iﬁeogscug;s%d%ﬁ YHRAAEY i1ith &hd it %fﬂﬁ: ddhdubor Q%Brslﬁj

From the going it w appreci ated t hat, ugh. speci

ermbodi mentfsx thé clipse74 andanfiibaklea 76 ih @iaved SBer slonds Hamed prefepablp bepagonal bi
illustration, variqus npdificati on be nmade w t hqut_ deviat.i.ng fromthe
spirit an@xiEgpthape fargecciying awrepeh %&Cﬁv%m‘?@t or arpméo‘flﬁ%ww@@fhalshqﬁﬁ fo

L ted, SXGRRI. ABoPity e ARE e delorldlie ARl or B Bh AN Bimihucdl

adj ustabl e"'m I'c coupl&r conprising iTst secon

havi ngipat@tdspénsivelybéntarg bs dedeaszdhe aﬁtgapedMn said first shaft and
surroundi ng said axis, a nmagnet rotor npunted on said second shaft and
extendi ng radial |y Alitongh itsisi Rfeff‘é{fé' for Baves thegmagres retos Hegated b@ti“@enﬂ‘gwet

rotor cont al net sy ofug Chr uct i v.e
carried by yOR q“ﬁ’gé'afg%e"%ﬁ%’e 10 i §%§e Ir%%%é 5°t|?ﬁsglﬂ %’Fe ggﬁ?fm te
ends of t RgndiRdlenicisQhnd ﬁ@i@g]e conductor rotor in place of the magnet rotor 12. In this.

case the conductor rotor would preferably comprise two conductor rings mounted on

15° opposxte 31des ofa ferrous disc secured by the bolts 46 to the hub 15.

“From' the foregoing it will bc “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
inventioni: Accordingly, the invention is not limited except as by the appended claims.



gap adjustnent neans for controlling the axial |ocation of said el ectro-
conductive units axially relatgve to said cage and nmagnet rotQthoﬁhigqnf
selectively vary said air gaps. A coupler according to claim 1#n“@hi ¢l*
sai d cage includes elongated nenbers extending parallel to said axis, and
sai d conductor units are slidably nmounted on said nmenbers. A coupler
according to claim2 in which said gap adjustnent neans i ncludes
adj ust mrent bolts extendi ng between said cage and said conductor units such
that turning of the adjustnment bolts varies said air gaps by positioning
said conductor units along said nenbers. A coupler according to claim2 in
“hiChw%an'?%@ adj ust rent nmeans includes turnbuckl es extendi ng between
sai d COAYREEBIEYfits for selectively noving said conductor units in unison
i n opposit b i : away fromsaid nagnet rotor to vary said
air gal?ips. %\n g%ﬁ%ﬁ%'“é@f%%%%ﬂ%o%@%?m 2 in which said gap adjustnent neans
i ncl udes  afisiih 4edone Ritarh Ghdits WaNikg pérdi| rolFeafes caRGhduaRe having their
t hr eads of crogaDBstiseatharickurrsinidthgtshit @disted sections interacting with said
conductor units such that turning of such bolt unit responsively noves the
conduct or @ magseti ratoumogolad ion s@jsherspd sfeft andt extanding Aadigpl er according to
claim1 i n%{in 8Hd sagedirem gaid seppsvi hals sgidhpagiet repr c@ntdingount ed on said first
shaft, a nUMETSIY™AYNE: axi al Iy spaced fromsaid nounting disc, and spacer
e r ™ or B VA BRIREN A Byl Gy Ll ok Al Abboka 201 T OF o2 ¢
magnet rotQrai ailebd Y ndehibp %Sﬁﬁ ,F\?Q-O(Bg.l ﬁét'ré/tﬁr;b’r%' ts are slidably

me 2 e

nmount ed on “said spacer ers. coupler according to claim®é
in which sgipthdi@nehdréshd RN LorlBARE the GRIAPIEABS oftsdid ERttrcset of gap adj ust ment
bol t s ext esdtingvd el @riaa redhtivéas Ndaidn gagdl s0d aadn&in@tdftosai d

el ect r o- cosethgtitelywarymaidar,gagnd a second set of gap adjustnent bolts

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

el ectro-conductive units. A coupl accordin% toclaim7 in which said

er
et 2 | il which, said ' i : :
ot o A S B R SR eren w (1 <ol

aid 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 opposite hand, said threaded sections interacting with said
conductor units such that turning of such bolt unit responsively moves
the conducter units in unison in opposite directions.

8. A coupler according to claim 1 in which said cage comprises a mounting
disc mounted on said first shaft, a mounting ring axially spaced from said
mounting disc, and spacer members extending between said disc and
ring radially outward of said magnet rotor, and in which said electro-
conductive units are slidably mounted on said spacer members.



second set of adjustnment bolts has a threaded engagenent with said

mounting ring. An adjustable nmgnetic coupler conprising, firgt Q$HNS§@gnd
rotary shafts having a rotary axis; a nmounting unit on said fias shartt
and surrounding said axis; a magnet rotor nounted on said second shaft and
cont ai ni ng permanent magnets: el ectro-conductive units slidably carried by
said nounting unit and spaced by air gaps fromsaid nagnets at opposite
ends of the nagnet rotor; and adjustnent bolt units engaging said

el ectro-conductive units for selectively noving themaxially relative to
said nounting unit and nmagnet rotor to thereby control the width of said

air gaps. 10. coupl er according tg claim9 i ich said adjustnment bolt
o 7ol ARG B et P "

el ectr o- co ﬁ%ﬁ_\éﬁc% 5150 ellffele AN A A if',%%gggec%n& fiieaded interfit with
sai d mount bnghsUustrine baRextehdihd bétdedt sadmBulling tisg GRHGHES axi al movenent of
sai d el ect pReCPB@GEEdid M&ctrowBhdustiveluihits. A coupl er according to claim9 in which
said adjustnment bolt units each have two spaced threaded sections
threadably interfitting with respective of said el ectro-conductive units.
sai d 8wo tArceerlrdicewding trrdaimel ingvhish saidind séttad ghmadusihenteby turning of said
adj ust nent PY6| has thifvrepdad eegroeapet wilh) 8aid mouetpgdliss @p@ saidits in unison in
opposi t e dF§eaeq pefifd adisimenl,bollgings @fhreadstngigagsent BiiHEaF conprising: first
and second €0ERF A rotary shafts having a rotary axis: a cage nmounted on
said first shaft and surrounding said rotary axis; a magnet rotor nounted

on sayd segQNMjuSBBIEt madHaiExb N QehpFidl; rdtYandedcBhd rt@yd cage, said magnet
rotor presenits Mgvig Rl ibtar) akiy, §fmPBENROANE sEBURRtHar=ANi di ng two sets of
pol es f aci sigroopfirasdaicedxis; & magast adidrehounel @h isaid sedoad stadftind ot or s axi s; and
first and swmining mondneot orgnets; eectsl-taddiadtive umite widably camiegai d cage for axi al
novement aPiisPF Guauainggund| andt specasiobiiaic PrReefrem saidrimagnete atai d cage spaced by
air gaps f?%‘;&%‘ﬂééf dnashelsrolr: apdiadiusierest it upis ergadiBad rotary gap

controllin said mouh |rr|19 ug‘?g:}f;ﬁ %;cggnegf l@ﬁ?%@@&%@ﬂmﬁyﬁﬁﬁ

said air gaps.

10. A coupler according to claim 2 in which said adjustment bolt units each
have heads rotationally interfitting with said electro-conductive units, and
have shanks having a threaded interfit with said mounting unit whereby
turing of said bolts causes axial movement of said electro-conductive
units.

11. A coupler according to claim @ in which said adjustment bolt units each
have two spaced threaded sections threadably interfitting with respective
of said electro-conductive units, said two threaded sections being of
opposite hand whereby turning of said adjustment bolt units moves said
electro-conductive units in unison in opposite directions.

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

rofary 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.



sel ectively noving said conductor units axially in opposite directions
relative to said magnet rotor jand cage responsive to turning ﬂﬁhﬁnﬁﬁ%@ﬁ
controlling devices. 10 13. A coupler according to claim12 i fd
gap controlling devices each engage said cage and one of said conductor
units. 14. A coupler according to claim12 in which said gap controlling
devi ces extend between said conductor units and operate by each having

t hreads of opposite hand. 15. A coupler according to claim14 in which said
gap controlling devices conprises a turnbuckle. 16. A coupler according to
claim14 in which said threads of opposite hand interfit with

conpl enenti ng threads in said conductor units. 17. An adjustable nmagnetic
ool B CORRL AL ekl d&w? ﬁgnaﬁrg R ol R SRS Sl orary o, o
axis; a cagg o é Ng said rotary axis;

a magnet rotor nte n sal secon a t and extending radially mnthln
sai d cage, said nagnet rotor presenting a plurality of pernmanent magnets
provi td.ng Awouget scatingad elind aZ imghicp pas ighekyntioingpdéwdekel relation to said
rotary axi sxyterffd bstveem daig emodicttar ourdtsi Endr operate ysédctigaving nmount ed on sai d
cage for attregds ofappesitehancand provi di ng el ectro-conductive el enents in said
cage spaced by air gaps fron1respective ones of said sets of poles; and
turna edg ust eVIC ext.en bet we aid conductor units in
par al 1% r§4n§fﬁ5§ gg,{t?jc'm £ PP G S e BBr ng oper at i ve 1 0
nove said duc in unison in opposite directions responsive to
turning of said deV|ces 18. A coupler according to claim17 in which said
gap af§.ust ARBiplstict@Ry toCaMIMIUSEwAibh 85k HedaaB Bt ofpebite N8Rt W th threaded
secti ons hinterfingitt Eongaahsentiof theppoiaiskia chraincor B d t hr eaded sections acting
such that turning of said adjustnent bolt unit responsively noves said

conductor units in unison in opposite directions
17. 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 rotary axis;

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
turnabie 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 cpposite directions responsive to
turning 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 turning 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 elements spaced by respective air
gaps from respective ones of said sets of poles,

a cage mounted on one of said shafts and having two axially spaced
mounting elements carrying one of said groups,

a rotor mounted on the other one of said shafts and carrying the other
one of said groups,



19 . An adjustable magnetic coupler conprising: tw shafts haV| ng coaxi al
rotary axes, a first group having two sets of nagnet pol es, %edwngmlpup
havi ng two conduct or el enents spaced by respective air gaps from
respective ones of said sets of poles, a cage nounted on one of said shafts
and having two axially spaced nounting elenents carrying one of said
groups, a rotor nounted on the other one of said shafts and carrying the

ot her one of said groups. 13 JAN ?004 13 JAN 2004 and a nmechanismcarried
by said cage for axially noving one of said groups relative to said
nmounting el enents such as to vary said air gaps. 20. An adjustable magnetic
coupl er acc d|n tocal i |c Sldfll’St r?gr pis provi ded by
magnet s pa sdp ﬁar é"?%‘fﬁ? X g 8 %‘ oup is nounted on
sai d cage. 921P°"R 37 I8 gﬁ‘g?séuc gtoclaim19 in

whi chygai day %%EQQ{% %ﬁ%‘ﬂc bSuplEP YeoRfhgD c@lﬂp@@htvﬁcﬁ's‘iﬁsﬂr&f said rotor, and
sai d fristgrogp MBrovided b rhalpets Dyasting tRXighl dad FdiskCasl salis of nmagnets carri ed
by said cegenagtumipeicahtey on yaidseci ated with said nmechanism 22. An

adj ust abl e coupl er according to claim19 in which said mechanismis a
screw operating device. 23. An adjustable coupler according to claim19 in
whi ch?the §f &di Sté%!?rm@ﬂencb UPH[ea%Cé’ 9 @ @@'md@olwwﬁﬁuﬁ@'éd on slide elements
on the cag%ecé %rﬁHFE p%%\tF "’i'(hg AfdriSind sai d mechanismis
a screw gas C’gefjéﬁfgﬁ BiRgeeréndits. 24. An

per

adj ust abl e er acc A m V\:hl ch the screw nechanismis a
t ur nbuckl e type of screw mechanl sm
22. An adjustable coupler according to claim 19 in which said mechanism is

a screw operating device.

23. An adjustable coupler according to claim 18 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.



