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2155102 Rotor for a Permanent Magnet GCenerator Field of Use This invention
rel ates ‘to a pernmanent nmgnet generator and nore particul ar LQ/\ng@%otor
construction for such a generator in which magnetic | eakage Irn the

rotor may be adjusted to adjust the operating voltage of the generator.

Background of the Invention The operating=v¥oltage of a permanent nagn S
gener at or Is a function of the coercive force of the 10 nagnets.(f%%%j
coercitve.force tol erance of magnets is typically greater than the /
accept abl e voltage tolerance for the generator. Wth sone magnetic
materials it is possible to demagnetize the nagnets partially, thereby

adj usting the generator voltage. However, with sonme 15 materials, as

samarium cobalt, for exanple, partial demagnetization is not possible. It
is al so known to adjust the reluctance of a nagnetic | eakage path in the

stator, reducing the genelalPre egagé' Ada¥ e #bed vol tage.
This 20 approach, h . of rotors

fromone stator to another. Readjustnent is required if the rotor is
repl aced. Summarygpqhiihese! gyantion A principal feature of the invention is

t hat 25 the r manent nagnet gingrat r has _a_carrier of
nonmagnetic material with anTBt8miRVeBELRRyREBLRECH, BO; A, PREMARENE, pagneL,
carrier to establ gghezakdgnandcmpeehppgtdcudariyt itot ae rotoer constryokiion

path coupl ed for such a generator in which magnetic leakage in the

. 5 ‘rotor may be adjusted to adjust the operating voltage of

A the generator.

Background of the Invention
The operating voltage of a permanent magnet
- generator is a function of the coercive force_df the .
10 . magnets. The coercive force tolerance of magnets is _
typically greater than the acéeptable voltage tolerance
for the generator. With some magnetic materials it is
possible to demagnetize the magnets partially, thereby
adjusting the generator voltage. However, with some
15 materials, as samarium cobalt, for example, partial
demagnetization is not possible. _ _

o/ . It is also known to adjust the reluctance of a
magnetic leakage path in the stator, reducing the
generator operat;ng flux and the generated voltage: This

20 ~approach, howevez,;doeé nbt permit an interchange of
rotors from one stator to another., Readjustment is
:required if the rotor is replaced.

Summary of the Invention
A principal feature of the invention is that
25 the rotor of a permanent magnet generator has a carrier
of nonmagnetic material with an element of magnetic ma-
terial carried by the carrier to establish a magnetic
path parallel with the external magnetic path coupled




with the stator wi ndings. The magnetic . flux in the ex- ternal path is
reduced .by the flux in the parallel path, reduci ng the generated vol t age.
Mor e ticularly, the nonmagnetic cprrier has 5 holes therein which extend
Iong{i@élnally of the rotor. Rods of magnetic.material are inserted in one

or Olri kRO thE! §EatBkAbinaNNGY | Nanermalgrde e dLbe i e | U, The
rods of rragnetlc material, .or ro s on- %Tv,qtlc ter.i al awng,Ufie
same denskt@ynajr pagh,isqreguced |tJ1§,uq 28 el BA%h ntain” -
bal ance ofe8fieingt ehe éaﬁbbateae&butagus that the rotor has a radial nmgnet

a5l Ly mmgnet | 2eaBrk, AEeRn Aty *ehe) BBAEAOTIA Sk th el . g acen

magness. RAolest kbereiat whichs exteadydongdituddnadlyniath :\ml:tm:r.t y of

d h | f
nonmagnet faoBoe Er@%f’ﬁ???ag‘a?éﬁi?gd% 39‘.%5 ey /é'f‘@ o2 Hord'He
| ongi t udi e heles estabiishigg. % the magnets.

Further fgagw(esTRe rbasi a!eahlgaatwd hatﬁad.um l&- mem d 4 he
fol |l owi ng sggc tlcat on apd frgglth dramnn§ 3 rief Descrl tipn of the

Drawi ngs 38 “i al haging, o Ah h a
pernﬁﬂentsyugetrigaméyainrcacr&et hadasltnagnﬂmai&ng;alanuh of

the rotor.
Another feature is that the rotor has a radial
magnet construction with a plurality of uni:ormly spaced Q)
magnets which are radially magnetized. Nonmagnetic
15 spacers are located between adjacent magnets.
A further feature is a tangential design with
a plurality of spaced magnets that are magnetized periph-
erally. A carrier hub of nonmagnetic material is located
radially inside the magnets, with longitudinal holes for
20 magnetic rods radially aligned with the magnets.
Further features of the invention will readily
be apparent from the following specizication and from
the drawings.

Brief Description of the Druwing ' ' .
25 ~ Pigure 1 is a transverse section through a NS

permanent magnet generator with a radial magnet design;
' Figure 2 is a transverse s~ction through a

permanent magnet generator with a tangential magnet
30 design. '



Figure 2 is a transverse section through a pernmanent magnet generator with
a tangential nagnet 30 design. * The drawings illustrate
dragrammatical ly radial and tangenti al perﬁanent magnet generators vwczgzj
provisjon for adjustin Igskqgf qu¥ ihroug@ a Path in_the ﬁgtor, ir
accordance with the i nvaftFEAWLIRES o $ LUBFT &R AL AFEAMPAGAFALAYS, the rotor
shaf ty beari ngaafal ahd tahgentialecpermanentshagnet| gefepaters whehgenerator
stator 10 is_pade. u g§ I DGz ; =;%af3£?+'8n§1&§ Qﬁﬁa“ iLaB§ n@gnetic
mate- rial. gf%?ﬁsﬁgn ?%nﬁg?%n tadina ?_around e §nner gh peri phery
of the statothéandtari obs ag@ongnnganihb thedinvention. whPetadlsopfage i s
I nduced. g The. t i a f ' i b | nal ed in
5 TNehQt QEadar ‘gfﬁa'aflﬁﬁs. ehe foé@rA"‘ﬁ!l:Jg& Seéfiﬁgﬁshg? gHe

bearings and I's driven | Me, NoVer. 17 on t t 16 has four
magnets 18, ZOtoysdrive € #RPWRe t her eon and spaced uniforny around

t he rot?r- The pol ari tyn oFigei@CENth@bgenetatsorr s¥atoedlasisndadat ag. Hub
17 is of a magn

oyl ndrical SETEHARTETRE iny ARG ORh T SRe) (ST LabTe) BRahafs ST HRERE,
rotor. 20 rial. Sloti#icl2eextesdskongptadinallyaapound| the dangri mary
ke (10 PefEnery Of ofia SEALGP Pinbilatitnd e loohRhtn, dne 2hA=!) o
primary pat hiRgstin jehich %h@°¥$ﬂ@?n§§ srdugedeout put voltage is
The rotor 15 includes a shaft 16 which is
. rotatably journaled in bearings and is driven by a prime
I\ mover. A hub 17 on the shaft 16 has four magnets 18, 19,

15 20 and 21 mounted thereon and spaced uniformly around the
rotor. The polarity of adjacent magnets is reversed as
indicated. Bub 17 is of a magnetic material and forms
an inner yoke for the magnets. A cylindrical retaining
ring 24, of nommagnetic material, encircles the rotor.

20 The magnets set up flux in a plurality of
primary paths through the stator, as indicated by the
dashed lines 26. This flux links the windings in slots
12. When the rotor is driven, the flux in the primary
paths cuts across the windings and an output voltage is

25 generated.

If the coercive force of one or more of the
permanent magnets is excessive, the output Gcltage of
the generator will: be too high. In accordance with the
invention, the rotqr)is provided with spacers 28 between

30 adjacent magnets andfheld_in place on the rotor by the
retaining ring 24. Thé'space:s 28 are of a nonmagnetic

. material, as aluminum for example, and serve as carriers
for magnetic elements. Each of the spacers has formed
therein a plurality of longitudinally extending holes 29.

(/



25 generated. If the coercive force of one or nore of the pernmanent
magnets i s excessive, the output voltage of the generator will- be too

hi gh: I n.aecordance with the invention, tshe rotor is provided with spacers °
28 bet weeir30 adj acent magnets and heléﬁ n place on the rotor by the

ret ai ni ng 24. The spacers 28 are of a nonmagnetic material, as

al um nun fgr exanple, and serve as carriers for magnetic el enents. Eacﬁb@f

t he spacers has fornmed therein a plurality of |ongitudinally extending
hol es 29. Rod-1i ke el enents 30 of a magnetic materjal are inserted in
sel ect ed hol es Redefikel elenenta 30unfpat magnekcict datpriaic azesiosented

eoneti ¢ Trera [ @idbei ol g8 15, ekEABELAhiNY RoERuEOpak dampliins e
st at or mﬁndingsb!Tﬁbﬁn@%ﬁb’do!n¢od@tﬁséd;iaﬁd33hEFF‘léegtWéﬁ? §88c®&-on t he
strength of the.sPRdEt S1880pats 26PuUBhusf r¥@LEEAG tREUMRGARLYR Chelld in
desired. |f the magnets are nmatched e ro of neti.c ,materi al |1 be
10 s triEEEI?‘?ﬁE%fgdpﬁﬁhtﬁﬁarg&ﬂrvﬁggagﬂegagpﬁfdbépa%58d9ta$k‘the
nmagnets are notwimdimgs. thive nubiberaaf kodatusedof ahdetheds 30cakiwvmgnetic
e ngnet 2 s bl TR ek dnsbhoof e fGhRES"hal U Shclpe ot
mass of the rodéoktagegneductioncvhichais dnsiredd i AfaSpeomagnesshaces to
bal ance the rotpfeafféd)' €ne LoasSOE2hEInbESc! R¥LAELAL #111N8Q' -

10 . symmetrically located on the rotor and the rotor .
balanced. If the magnets are not matched; the number and |
location of the rods 30 oflmagnetic-material may not be

. symmetric. In this event additional rzods of a
nonmagnetic material having a mass substantially the same

15 as the mass of the rods of magnetic material are inserted
in appropriate holes to balance the rotor.

Figure 2 illustrates tlie invention as incor-
porated in a permanent magnet generator with a tangential
magnet configuration. The stator of the generator of

20 Pigure 2 may be identical with the statot of Pigure 1.
Common elements are identified with the same reference
numeral and will not be described in detail. The rotor

40 has a shaft 41 on which is mounted a hub 42 of non- W
magnetic material. Pour spaced magnets 43, 44, 45 and 46

25 on the hub are surrounded by retainiag ring 47. The
magnets are magnetized peripherally and the polarity of
adjacent magnets is reversed as indicated. Spacers 50
between adjacent magnets are of a magnetic material and
serve as pole pieces for the rotor. The operating flux

30 path which:links windings in the slots of the stator is
indicated by the dashed lines S1.

The hub of nonmagnetic material has longitud-
inally extending holes 52 aligned radially with each of
the magnets. The flux of the magnetic field in the

v



porated in a permanent magnet generater with a tangential nagnet

configuration. The stator of the genergtor of 20 Figure 2 na bEEL*
i'dentical with the stator of Figure 1. Common el enents are identi W th

10 nele Lo BRERGE U EeaheRR RY! thalStiRg 45361 5AUe Ralflelic aBiE 01O
Four-, spaced rngheis appropriaseshgleg 38 of @hetnerwasraretberr ed by
retaining rig dbecRaesLEalr Ssmnkhzﬁdmﬂ%bﬂl‘l%r ath aRdildaReRol arity

of adj acent nagne S.is° T ver i,cat e cer et ween ,adj acent
magnets are B¥ §hﬁaﬂﬁ§FF 8F§ﬁ nglgeﬁvg a§gﬁ F86b9°ﬂﬁ’ﬁ? €8ot or .
T?etoperstlngofh?a dhe hubpdﬂh vhi parhlliel withi the b?etbtiabowsqﬁ tpe -
stator is indi n | eria
has IOngltud s? Qéxkgﬁdgﬁégﬁgres 2d§%°&Eé§dr§g°XP|3gw??ﬁ5§§5ﬁ° t he
magnet s. Thewithxtbé radiaigmcgnetfcondigurahion. ifatbe magnetscdad by
inserting rogg S 5°E?Haﬁﬂehk8 Hﬁiéhe&'akhh”r %Erhﬁgﬁeﬁﬁbeﬁaii fat he

carrier. The fo trc materl al est a netic |nd|cated
by the dotte83ah8 GBShGG:Fiﬂﬁs434"§ﬁlo§gh3YHB°§€Féaél¥cé9¢5t335938nd t he

hub 42, 1pn pahal retow bauheeaperul 8Hef hdynddshake hot! hatehedyr syhs
dlscussed abov n,con 0 th,the radial gnet confi ratlon |f t he
magnet s 43, 258335 §n8°§§ Pg ﬁ% ﬁ@ﬁgnﬁh§°$3d§%oﬁ Hﬁ %ﬁ% B 53 in
the carrier #2ali ih apprppriatechblas| ofathe aadriarthe.rotor bal anced. |f
the magnets are not mapfhefdoe8¥Me1ux is preferably adjusted by plac-
U ing the rotor, without any rods in the carriers, in a
15 simulated stator test fixture. The magnetic flux from
each of the pole pieces in the tangential configu:ation,
is measured. By comparing the measured flux with that
which is required for the desired voltage output, the
excess flux is determined. An appropriate number of
20 rods of magnetic material is inserted to reduce the flux
' to the desired level. 1If this results in a symmetrical
arrangement of magnetic rods, the rotor adjustment is
completed. If there is a lack of symmetry, additional
rods of a nonmagnetic material are inserted in carrier
- 25 holes as appropriate to achieve symmetry.
. Generator rotors adjusted in this manner may
be interchanged and the desired generator voltage will
be achieved yithout readjustment of the rotors.




nmetry is achieved by placing rods of a nonmagnetic mate-. rial in
appropr iate holes of the carrier 42. The rotor~LLux~___QL§LgL§9&%_adJusted .
by pl ad g the rotor, without any rods in the carriers, In a si mul ated®
st at or fixture. The magnetic flux from eacmﬁ" ces in the
t angent conflguratlon is measured. By conpa ’I cﬂﬂ flux with
that which is required for the desired voltage olit put ,L t 3 s flux{g
determ ned. An appropriate nunber of 20 rods of magnetic naterlal S
inserted to reduce the flux to they Qgﬁ red level. If this results in a
symetrical -arrangerent -of nagnetrt‘rugs, the rotor adjustnent is
conpleted. If there is-a lack of symetry, additional rods of a nonmagnetic
material are insertediin cArtotbri8or EOEGMMWO?E Ydnezadueve
symet r GEnerai [ rotors adjusted in this manner may be i nterchanged and
t he dest red°3§9€ 8920l tage will be achi eved without readjustment of the -
rotors. Clains 1 & permanent magretnestablighing)anaagrutis

cxt or nalt Lot RS, SROR"paBHOREkeERRD ool did? pR BRI MEle oL b D Pl

therein; 6 stator Windiagsatpléﬂd§FOnénN9éﬁé8Fct#!FCﬂNHI on said rotor; and

8 6 an el engnéagkig@one! neniilghetic Materddl’¥n said
rotor; and . o _ _
8 ‘an element of magnetic material carried by
said carrie:, ‘establishing a magnetic path parallel w»

10 with said exta:nal path to reduce the magnetic field
in the external path and reduce the voltage induced in
12 said stator windings.

2. The permanent magnet generator foto: of
2 claim 1 having multiple magnets, multiple magnetic
' field paths external to the rotor and multiple magnetic
4 paths parallel with said external paths. '

3. The permanent magnet generator rotor of
2 claim 1 in which said carrier has a hole therein ex-
tending longitudinally of the rotor and the magnetic
4 material element is a rod located in said hole.

4. The permanent magnet generator rotor of
2  claim 3 in which plural rods are symmetrically located
' on said rotor.



said carrier, establishing a magnetic path pa ' aid a
.path to reduce the magnetic field in the7ext elequmluimmmuce @
vol tage induced in 12 said stator wi ndin €L per manemt magn
generator rotor of 2 Ia| havin t netic
field paths external to the%ﬁo? ﬁﬂgn%tt P%@egg%g‘fﬁ?“w %J"ﬂ?g: ;)%rgal | el
mnthﬁggldzextenaah pawheh a. raamalpmagaaenconagmuctgonehawdngwicw of 2

cl ai i n whi udi nal l'y
of the rotor Bﬁﬁrgﬁgqgag%e#§§n§%§ Qngkglhﬂﬁisbﬁl9xabB ocategtln sai d
hol e. 4. 4 Theapbrmagnet heing: maeneticed is: gr rafial dérspml@mn aphi ch
plural rods puri rb?abhfriefﬂtéi ﬁanﬁ&bﬁeﬁibohaterzil bhe BR~Tanent
magnet generator roto gll with a radi al naga GP%?§¥{UCtlon
havi ng a #I ur §¥eed. 8?°Ha§ﬁ§t9£s Jagent ma Sab 8% BRI each
magnet belng ﬁiﬁﬂetmaedrl&laba&ﬂgabaﬂrledtbynatalphstabnhyctfsamaﬂ ers of

nonnagnet grla# one be- tween each set of adjacent magnets, an
el enent o naﬁ ﬁ%? o naterlal being carried by at |east one of said 8
carriers. 6. The permanent nagnet generator rotor of 2 claim5 having

plural el errents of magngt ic QﬁgePéﬂuagKt HRghet2getezatorcdotiadxt lbE rotor -
by a pIurallty of said carrie
2 laim 5 having plural elements of magnetic material sym-
'metrically carried on the rotor by a plu:al;ty of said

4 carriers.

7. The permanent magnet generator rotor of
2 claim 1 with a tangential magnet construction, having a
plurality of magnets spaced uniformly about the rotor,
4 each being magnetized in a peripheral direction, mag-
netic pole pieces being adjacent magnets,:and a carrier
6 hub of nonmagnetic material radially inside the magnets.

8.. The permanént magnet generator rotor of
2 claim 7 having plural elements of magnetic material sym—
metrically arranged on said carrier hub.

9. The permanent magnet generator rotor of
2 claim 7 in which the element of magnetic material is
radially aligned with one of said magnets.

Lo oy
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_ 10. The permanent magnet generator rotor of
2 claim 9 in which a plurality of longitudinally extending
+ holes are formed in the carrier hub, there being at
4 least one hole aligned with each magnet, to receive an
element of magnetic material.



7. The pernmanent nmagnet generator rotor of 2 claimi1 with a tangenti al
( truction, having a plurality of‘nagnets , uuu mn& about
4 each being magnetized ip a peripher netic *
pol e piréc€s being adj acent nmagnets, and-.a carrier 6 ub of nonnagnetlc
material radially insi,de t QE£§n at or
rotor of 2 claim?7 r%g'w ngep: urai f?emerﬁ-rs of  nmagnetTc rra erla §§fn :‘d
metricaldy sxompj@ings said carrier hub. 9. The per manent magnet

generator rotor of 2 5 GJygR,7 in which the element of magnetic material is”

radially aligned with one of sal n 10. The pernanent nagnet
generat& rotor of 2 adh 4$4$§hﬁ#§y[ﬂ urality of longitudinally

extending holes are fwrﬁdmuitdse cfiupermarent MdgnetdcomIseid hubl east one

11, A &or sepant g & ienathd HIL O PR GafaciRE 6 Gl 7L

a hub on sairdtoraffor acquplda!q witl statomorinddng®tto oinduce aub 6

establ i g NGl |d in paths external to the rotor for coupling
Wi th stator mnn 1°ngs to |n uce a 8 voltage therein, a peripheral retainer
extending around sai d 2 (PeTiRAATAl retainer extending ar said

10 magnets; | o

~ spacers between adjacent magnets, one of the

12 hub or the spacers being a carrier of nonmagnetic mate-
rial; and -

14 at least one element of magnetic material ‘
carried by said carrier to establish a magnetic path
parallel with said external path to reduce the magnetic

16 field in the external path and reduce the voltage in-
duced in said stator windings.

12, The perﬁanent magnet generator rotor of
2 claim 11 in which said carrier has a hole therein ex-
. tending longitudinally of the rotor and the element of
4 magnetic material is a rod in said hole.

13. The permanent magnet generator rotor of e
2 claim 11 with a radial magnet construction, each of the e
magnets beinq magnctized in a radial direction, the
4 spacers between the magnets being carriers of nonmag-
netic material and the hub being a yoke of magnetic
6 material.



~

spacers between adj acent magnets, one of the 12 eing a
carrier-of nonmagnetic mate- rial; “and 1 l!m n Eﬂaﬂg ement
of magnetic materi al carried by sai d carPier gne rc path

parallel with said ext e‘rf h to reduce the gnet % ﬁ? g t he
external path and reduce the ?’?Fmﬁll.fﬁ%%"'? ﬁri 3?01"" Faf gs 12
The &ﬁam&nt mtl.‘gmwrtmmtxﬁl dnagnet mdnstmc\him, seachcafri er

h e th | t
nes SoTe (e Slipd el WAL 0 o bl ek sy e
gener at or 4 ot dthefspacegshatwean tadiagent anamtbmwﬁcmmtmch of

the magnets bgjaie ARl Snd thinliriy 'Folié pLlidés tamd thdcndd b m«gefsgbet veen
t he magnets bein carrlérs of non netigc terial and the h being a

yoke of mdynetS fefmagne "ﬁﬁ’ﬁ)’é nent magnet generator rotor
of 2 claiml1ll with a tangenti al magnet construction, each of said nmagnets
bei ng magnetized in a peripheral direction, 4 the spacers between adjacent
magnet s. bei ng of magnetic material and form ng pol e pieces and the hub
being the 6 <carrier of nonmagnefic material




