for fhe Totors

dr|V|ng stator ‘or driving outer 10 - nmgnetic ring. Such spherical

notors' ov, spher

I cal magnetic couplings are becom ng nore and nore

|nportaqt in modern punp design. The rotors or spherical mptors or-

couplings are

held in position by magnetic forces pressing the rotor

against a stationary nounted ball. 15  The inpellers of punps
forma unit with the driven rotor produce hydraulic thrust counteracting
t he magnetic thrust. \Wen the electricity Is switched off, the magneti c

force = of the drive stator ceases :
caused 20 Qégégiggggéggence of pressure- betmeen
- suction side of the |npeIIer and de, generated by the

hydraul ic thrust,

mredi ately. 1n contrast, ‘the

rotation, slowy decreases with decteasing rpntof the |npeller This
results in these hydraul ic forces =2s : S

10

" DESCRIPTION

The invention relates to bearings '.for 'the jrot‘ors' of

22132 8 STEP .BEARI NG DESCRI PTION - 5 The invention relates to beari g :
of electrical notors or magnetic coupli n%g @?
nbt or, which have spheri cal “magnetic air gaps between a dri and a = -

which

the

electrical motors or ‘magrietic ‘couplings driven by a

motor, which'have spherical"magnetié'air'gape'betmeen:a '

Cdriven rotor and. a dr;vzng stator or dr;vxng outer

magnetlc ring. Such spherical motors or spherical'

i magnetic couplings are becoming more and more important

15

in modern pump design.- The rotors or spherical motors

. or couplings are held in position by_magnetic1£orces

pressing'the rotor against a stationary"mohnted” ball.
The impellers of pumps which form a unit with the

driven rotor-pfoduce'hydroulic'thrust'counteracting the

magneticfthrost. When the electricity is switched off,

' theg magnetlc_' ‘force of the drive stator oeases

20

'lmmediately. In contrast, the_hydraulic-thrust, caused

. ‘by. the difference of pressore between the tsuction side

’of the. impeller and ' its- backside, ‘generated . by the

rotation, slowly decreases-with decreaSing rpm of the |

- impeller. B This ‘results in these hydraullc forces



tending to .lift the inpeller with the rotor away fromthe step bearing
afg er Smﬁtchlng the electricity off. The same change in the direction of
the axial thrust occurs in magnetic couplings, if the hydraul rc forces. 5

can exceed’the fragnetic forces during operation. Therefore it is _
necéssary to support the rotor, not only in the direction of the magnetic

forces during constant operatlon but also to prevent moverment in “the.

opposite direction by a ring-shaped, rotating annular 10  nmenber. ¥
Spherical bearings consisting of a cap and a ball made fromnetal are
known. Metal balls can be brazed on the tip of a-strut. Unfortunately,
metal bearings have the tendency to,seize when dry friction causes very
smal| fractions of the surface to r%ach t he .15 nel ting tenperature of

the metal - cau&ggn&i‘@qlc?% arig_flg:h b 11%: Lysh {:l?%he}cﬂ?r ag%\# g&ai cal _

bearings produce u | i qurd dynam c
principle, . genepgh egtid badring sﬁ&%m%%gnihag &ﬁ&ﬁﬁrcﬂgtveff the_ two

menbers of the 20 beari ng. Spherlcal bearings do not build up such

liquid-film anghet hednef OlchangeUnigi ¢t digtertion oﬁﬂthe%alcenﬁﬂﬂuen“y, -

the probability of seizing is much larger in spherical bearings than in
cylindri cal beavcewyss in magnetic couplings, if the hydraulic. forces

' 5,_ - can ' exceed the magnetic forces during 'operation.ﬁn.ﬂ
-'Therefore it is'necessary*to 'support- the 'rotor,_ ot B
only in the direction ‘of the magnetic forces - during T
constant operation but. algo to prevent movement in the |
opposite direction by a ring-shaped,- rotating annular
10 = member. Spherical bearings. consisting of. a. cap and a:
. ball made_ from metal are known. - Metal . bal_ls_, can be
--brazedu-on_'the._uip of a etruu.*fﬁnfortunAtely,:metal
-bearingSahavefthe tendency to seize when dry friction
causes very:smaii~fractions.of the surface to reach the.u
15 = melting temperature of the metal. causing the cap and .
 the ball to fuse together. Cylindrical bearings
_prcduce a film of lubricating liquid - which, by
r-hydrodynamic._principle, generate high dynamic forces .
| ~ preventing contact between the- .two_ members of the
20 . :bearing. Spherical bearings do_noﬁ buiid up such liquid -
£41ni and’ therefore,'-runn either. dryl or=~“semi—d:y.'
_Consequently,-the probabiiity ofrseiaing'is-much~larger
in spherical bearings than. in cylindrical’ oearings.



-3- This is the reason that metal balls have been replaced by balls made _
fromgCeram c nmater.i als ,such as al um num oxi de, zirconium oxide or silicon

carbihde. The nelting point of these oxides is so high that it will never

5 _ be . reached by heat ‘of friction; the sane applies to'silicon -
car bi de which i'n additon sublines as it has no nelting point-at all. The .
di_sadv{n} age of ceramic balls is.that the ball can 10 - be neither wel ded
nor braZed onto the strut.. It is known to the art to pressfit the ball
into a-hollow strut by pressing the ball into a hol.e slightly deeper than
the radius of the ball, ‘resulting in a useabl e surface smaller than a
hem sphere. These bearings with 15 ceramc balls act only as a step
bearing because they can only bear th® -axial forces in one direction.

This restricts their application .t herical _.rotors-in ap.gIGi ations

~where under ' no A8u aﬁ*@eg-'eﬁ?ﬁ?a&‘; n bajilehaya b@?ﬁ‘e_ placed
over cones Chi s 1 B PRLT gide £opREGHTIE AACOT iahe BIelly 8% ant enihs
rel at.._es to spher g3 e, zirconium oxide or silicon ca:fbide._ ‘The melting
o point of these oxides is so high that it will never
5 - be reached by heat of friction; the same appiigs to
- silicon carbide, which in additon sublimes as it has no
u " melting point at all. | | LEn |

 The ‘disadvantage of ceramic balls is that the ball can.
10 be neithet' -welded nor brazed onto the strut. It is
" known ‘to~the art to pressfit the ball ‘into a'hqnow'
strut by pressing the bail' into a hole slightly deeper
than the radius of the ball, - re_su]:ti,hg.'in a useable
surface smaller than a hemisphere. 'These bearings with
- 15 ceramic ' balls ' act only as a step bearing. because they'.
can only bear. the axial forces -in .one direction. This
. restricts their - applicatidh 'to spherical - rotors in
. appliéatidné where under no i c_i_rcumstﬁnces h’ydrauli_c
forces will nbt exceed the magnetic forces under any

20_ - circumstances.



- fixed to the

beari ngs having a second annul ar bearing nenber. 5 Accordi ng to a
f{rst ‘aspect of' the 'pr esent invention there is provided a centrifugal

punp- not or assenbly conprising:® an i npel l er having a magnetically
interactive rotor; a driving unit for generating a rotating nmagnetic -

field for drivi ng the inpeller; a 10 bearing including a ceramc:- bal | o

having a convex surface which cooperates with a concave surface on thg -
i'npel I er; a support menber attached to a stationary part of the assewﬁly

.. for supporting the ceramc ball; a magnetically perneable wal I, separating -
the rotor from 15 “the driving unit; and nmeans for. restralnlng notion -
of the .concave surface away frqm, the convex surface; wherein the
ceramic ball is partially: encorrpassed by a metal shell and the shell is. .

dvedeemes Nthid %e%%%?.&ﬂi@ﬁ Pegd Qhel Ne

~present invention: t%ere IS prow ded a centrifugal punp-notor assenbly

conpri si ng: applicERebh Of durdnii¢ badls./BUNSiredakkl to |dplendAcalve rotor;
a driving unit for generating a rotating nmagnetic fiel d for driving the

inpeller; a b&wardggsl ha#inbrg sacondaatmul&mlﬁedﬂnqnmenbmnvex

5 ~ According to ‘a first aspect of the present inirention
o there is provided a. 1.c'.'ent::lrifugal pump-motor assembly L
| comprising: = an impeller . ha_ving a. magnetically
interactive rotor; a driving _unit" for - generating - a _.
| rotating fmag'_netic, ] -ﬁield for - driving the impeller; a
10 | bearing- including a ceramic ball having a 'conver.'
surface which cooperates with a concave surface on. the o
_ | J.mpeller, a’ support member attached to a stationary '.
l, part of the assembly for supporting the ceramic ball, |
magnetically pexrmeable wall ¢+ Separating the rotor from |
15 . the driving um.t- and means for. restraining motion of-
~_ the concave surface away from the convex surface,
_ wherein the ceramic ball is partially encompassed by a
| metal sholl and the shell is fixed to the support
20 | .
N Aécording_ to a second' .-as'pect of the- pre_s,ent invention . |
there is provided a centrifugal.-pump-motor_ a_ssembly' E
comprising: an: impeller having a magne_tit:al-iy



surface whi ch, cooperates with a concave surface on the 5 i npel ler; a
supdort frenber’ attached to a stationary part of the assembly .for
supporting the.ceramc ball; a magnetically pernmeable wall, separating the
rotor. fromthe' driving unit; and neans.for restraining motion of the
concave,surface away fron1the convex surface; 10 wherein the- ceramc
ball hgs a.flattened portion with a stem extending therefrom and ' the
-cerami € ball is retained on the support nenber by press-fitting the stem
into a conplenentary hole in the support nmenber. 15 = According to a third
aspect of the present invention there is provided a centrifugal punp- not or
assenbly conprising: an inpeller having . a nagnetlcally I nteractive
rotor; a driving unit for generati®g-a rotating nagnetlc field for

dr|V|ng t he i npel | pearing  includin ram c. ball haV|ng a
convex surface Mﬁréﬁﬁ ‘é?atré’§°ﬁrt Ha %‘ﬁ@é\ﬂa é’gﬁ Eac °5r9%a| tipe fer;

R i h o o ok
- separ ating the r Qblki L&oq@ce a ggf réo% = a%gﬁeaﬂgv'{ o es&agbg;"ng

motion of the coincave ~“sur e convex ace;
surface- which cooperates with a concave surface on the

5. impeller, a support member attached to a stationary -
o part'of the assembly for supporting ‘the ceramic ball,
N a_' " magnetically permeable walla*separating the rotor from
B - the driving unit; and means for restraining motion of
- the concave surface away from - the' convex surface'
10 wherein the ceramic ball has a flattened portion with a
stem extending -therefrom,--and " the -cerami¢ ~ball is
. petained on the support member by’ press-fitting the

‘stem into a complementary hole in the-support member.

15 fAccordlng to a third aspect of the present invention
| there is’ prov;ded a ‘centrifugal pump-motor assembly
"_comprising:" an ~-impeller "having a magnetically
-'-interactive rotor; a driving unitv for 'generating a

_ rotating magnetic field for driving the impeller; a

-’ .20 - bearing including a ceramic ball having a oonvex*
. - surface which“cooperates with a concave surface on the
'1-_impe11er§'a support'member' attaphed. to a stationary
‘part of the assembly for supporting the ceramic ball; a



wherein the.ceramc ball has a flattened portlon with a5 - stem

ex{endl ng therefrom and a collar element has a hole receiving the stem and
a lug press-fitted into a-hole in the support nenber, the collar el enent
bei ng shaped ' such that the surface of the collar ‘el ement is an extension

of t'he convex surface of the ceranic bal'l. ‘10 According to a fourth aspect - o

of the present invention there is provided a centrifugal  punmp-notorij
assenbly conprising: an inpel ler, having a nagnetically interactiVe
rotor; a driving unit for generating a 15 rotating magnetic field for
~.driving the inpeller; a bearing including a ceramic ball having a
convex surface which cooperates with a concave surface on the inpeller; a

support menber attached to a statTohary part of the assenmbly for supporting.

the ceram c bal}, |€1%a§%mgﬁéé§fél‘y er gsgu %lthesg:%%o? edoh e roi Pf'__ |

fromthe driving ans restrail ion e concave

surface away. fggan dﬁwagnvaméyrmmeamefsrr&é;&ma motdbh 88s an
axi al annular groove - therein and the support menber has a tubul ar
~end portion of ﬂ@émnﬂvecr pagface! igway egeomedthe nt_cbnv;ﬁie_ surface;

: wherei-xi- the ceramic ball has a flattened -'portion- with a-
5  stem extending therefrom, and a collar element. ‘has a

‘hole ‘receiving the stem and a lug press—fitted into a

hole in the support member, the.-.,cpllar__.element_ being N

‘shaped _.___such_ that the surface of the collar elenlent is
| an extéension of the. convex surface of the c_erami_c.ball.' ”
| Accordi’ng to a fourth aspect of ‘the. present invention' h
" there is’ provided a centrifugal pump-motor assembly,
' 'comprisings an impeller, - having a  magnetically
interactive rotor° a driviné unit for generating a
15 rotating magnetic field for  driving -_:t_'he-:'._-impeller; a
'.hearing including ' a ceramic ball having a convex
surface which cooperates with a concave surface on the
impeller, a support member attached to a stationary
- part of the assembly for supporting the ceramic- ball-
20 o magnetically permeable .wall,. separating the rotor from,
" the driv-ing' ynit; and means for restraining motion of
the concave S@uface away  from  the convex surface,

: wherein the ceramic ball has an axial annular groove

v



annul ar groove. 5 According to a fifth aspect of the present
invghtion thefe i's provided a centrifugal punp-notor assenbly conprising:
mpel | er, having  a. nagnetlcalty interactive rotor; a driving wunit
for-- generatimg a:rotating magnetic field for dr|V|ng the.inpeller;_arlO
bearlng including a .ceramic ball having a convex surface which :
cooperates with a concave surface on the inpeller; a support menber
attach®d to a stationary part of the assenmbly for supporting the ceranic
ball; a negnetically -pernmeable wall, separating the rotor from 15 t-he
driving unit; and neans for restraining notion of the concave surface
away fromthe convex surface; mhereln t he support nenber includes a
tubul ar portion, an-axial extren1ty’ “hi ch defines a ri.m the ceramc

ball has a hole thereth and a _scre xt ends ugh, t he .
hole into the tub SFe eﬂgppqlﬁ:e B‘ﬁf"ﬁe r}ﬂﬁsesﬁdtga’é?% erim
- -8- According to a t nv. h.

| ) ;ﬂafvﬁrﬁ %%Eioh S Ad Meheo npeﬁee .

provided a centrP? conprisrng  an
having a magneti . ctlve rotor__ a.driving unit - for generating
paving 2 m assu_ix;g%%n,a,_..- adriving.w

- S - According to a Ififth-aspectvdf thefpresentrinyenticnl

N . there is provided' a centrifugal pump-motor ' assembly
N\ ST ccmprising: -an 3impeller, -having-' a magnetically
' interactive rotor; a;.driving=-unit--fcr~:generating a
-_rotating;-magnetic..field:_fcr-'driving-the%impeller;'a

._ -10 -_ bearing including - a ceramic ball having: a “convex”
- surface which cooperates with a concave: surface on the
"impeller° a support member attached to a stationary
part of the assembly for supporting the céramic ball; a
'magneticaily permeable wall, separating.the-rotor from

15 . the' driVing unit; and means for restraining motion of
-the concave surface ‘away from the convex surface;
" wherein the support memberuincludes a tubular portion,
an axial extremity of which defines a rim, the ceramic
ball has a hole therethrougn and a screw extends
20 --through the hole into the tubular portion :whereby the

) ‘ball is pressed against the rim,



5 ~ rotating rragnetlcfleldfor driving the inpeller; a bearing
irﬁl udi‘ng a ceranic ball having a .convex surface which cooperates with a

cohcave surface on the inpeller; a support nenber "attached to a

stationary part -of the assenbly for supporting the ceramic ball; a 10

-maghetically perneable wall, separating the rotor fromthe dr|V| ng unit;

and neans for restraining notion of the concave -surface away from t\g‘e
convex surface; wherein the ceramc ball has a hol e therethrough

‘acconpdating a screw, .the support nmenber includes-a. 15 rod- I|ke :
portion, -having an end face in "which a substantially conical depression
defines a seat for the. ball, and the ball is retained in the seat by neans
of * the screw. 20 Accorﬁl%grto a seventh aspect of the present

i nventi on there i S row ded a centr| f uga - ot or_assenbl onpr i si ng:_ -
an inpeller, ‘Tﬂ.ﬁ#ﬁ’g ‘gqfn ctPRRPCTH Y 3 étgﬁ?l vi ng

unit - for. gener at NQL Y f | t he
inpeller; a be%%q ncpﬁgv 48k Acer %hgg?‘lbm*!é'"k 8r g”%t'ﬁggx _
surface which C&Shg:‘%tiﬁ% mé@ Py SUr n he

support nenber ta to a stationary f;ﬁGEnQ 4 uh%@'thﬁally

interactive rotor; a driving unit for generating a’

)

5 . rotating magnetic field for driving the impeller; a -

bearing - inclu_ding ‘a’ ceramic - ball having ‘a . convex
“surface which cooperates with a concave surface on the
impeller'; a support member attached to a stationary
part of the assembly for _suéporting'.the ceramic ball; a

10 . magne’tieally' '-'pemeable 'wall ‘ separating the rotor from
the driving unit; and means for restraining -motion- of
the concave surface away from -the -convex surface,
wherein the cerax_nic ball has a: ho_l_e. t:here_through
accomodating. a screw, the support mem_ber inelndes a

15 - rod-like . portion, having an. end fa_c_e in which a
substantially conical depression de‘fines a seat .fdr the
. ball,.and the ball is retained in the seat by means of

: the screw.-

20 . Accbrding to a'-seventh_'aspect of the-present'f i-nve'ntion .
there is provided a centrifugal: pump-motor assembly.
comprising. an impeller, having a gnetically

interactive rotor; 'a driving unit for generating a



per nabl € wal | ;. séparatiing the rotor fromthe driving unit; and neans for
restraining notion of the. concave surface-away from the convex
surface; wherei'n the ceramic” ball has. a radial -blind bore 10 -
therei'n,, and a rod-shaped nenber located in the bore fixedly attaches
the ball’ to the support nmenber. According to -a eighth aspect of the
present Finvention there is. provided a centrifugal- punp-notor assenbly
15  conprising: - an impeller, - having a magnetically interactive
rotor; . a driving. unit for.. generating .a rotating magnetic field for
der|ng the inpeller; a bearlng |nchpd|ng a ceramic ball having ‘a '

- convex surface’ which cooperates WtiH a concave surface on the 20

i mpel ler; a suppogd mg&e Fﬁ% n p%ée er€a
assenbl y f or suppof%lng e ceranl lq”forg ﬁ%gﬁ%#fcgﬁﬁy 2gble mall
separating the r%éumfd OnERadink | \d NGerdiié; Bal m&s.n&orareadﬂvsml ng
notion of = - the concave- Surface away - from the convex surface;
wherein a bolt srsrﬁdeasmedhaéoomm withhe dwidaven sapfacy orentthe i s

'attached to the other end of the bolt and. retained by the support ° ,
and a beari ng” rlrimpeller,' a support member attached to a stationary

5 dg part -of. the assenbly for supporting the ceramc ball; a magnetically

5 f part of the assembly for supporting the ceramic ball,
. , magnetically permeable wall, separating the rotor from .
N\ the driving unit, and means for restraining motion of
| | 'hthe concave surface away from the convex surface-
_ .-:wherein the ceramic 'ball has a radial blind bore
10  therein, and a rod-shaped member located in the bore
£1xedly attaches the ball to the support member.

According to a eighth aspect of the present invention

| " there is provided a centrifugal pump-motor assembly
15. '. comprising. . an "impeller,_ haVing a magnetically
'interactivesrotor; "a driving unit for generating a

rotating magnetic field for driving the impeller- _
._ :bearing including- a ceramic ball ~having a- convex
. "surface which cooperates with a concave surface on the

20' ;i impeller, a support member attached to a stationary
part ‘of the.assembly-for supporting the ceramic ball°
: magnetically permeable wall, separating the rotor from

the driving unit- and means for restraining motion of



5 is attached to the rotating part of the assenbly and has an

aperture smaller than the diameter of the ball and larger than -the diameter
of, the'concave surface, the bearing ring shaped and positioned to ..forme-
a bearing against axial forces acting in a direction anay 10  fromthe
support nenber. According to a-ninth aspect of the present invention there
is provided a method of producing a centrifugal punp-notor- assenbly _
conprising: an inpeller having a 15 magnetically interactive rotor;* a
driving unit for generating .a rﬂttﬂlﬂug magnetic field for driving the

inpel ler; a beagfdGdntalvedi Blrfacs' aildy b%kbm ha‘{éngzd'i‘w%&”v&iirféé&f ace . .
whi ch cooperat es V\Ath a cogeave urface the | Ier port menber
o ithe babbo

attached to a ¥herein sp,; pglt, yis Ak At Qua Ring the
Cﬁl‘ a&n c ball; m@w&yiae&mea wol theseam;atemgf_ g&ﬂehe ridXx fr]?m
the driving unlt an restralnin t n surtace’
away fromthe c 8@ %W%ﬂ%ﬂ%ﬁﬂsﬂ%% %amaﬁiég g‘%@?e
flatteneB portits amtdﬂ:lndstonthatmmq bertfobmtheweacsenbiy band i s
retained on thﬁﬁ’p ?@E@ﬁrebﬂmﬂféis thih! & 5t Tof: €he Ball

corrpllrrentary he sugggrt rrenber a t e: suppo.rt menber 1s
provi ded with MM%’? than £ - cHthe | .icancaye, gurface, 30

shaped that V\/rﬂnatibeahahb | #1AgUnéletbed tahd sywmﬁomrbeb, forw'd ace “of
the shoul der bebeormﬁx M e)inggs' 2lar forces acting in ‘a’ direction away
' 100 - from the support menber. - .- L

: According to a ninth aspect of the present invention_
there is provided a method of producing ‘a centrifugal
pump-motor assembly comprising: ~an. impeller_ having a
15 = magnetically interactive rotor; a driving. unit for
generating a rotating magnetic field for driving the
j.mpeller, a ‘bearing including a’ceramic ball ‘having a
convex surface which cooperates with a.concave surface
on the impeller; a. support member attached to a
20 stationary part of the assembly for supporting the
| ceramic ball; a magnetically permeable wall, separating '
 the rotor from the driving unit; and  means for |
_ restraining motion of the concave. surface away . from the . o~
N convex surface, wherein the ceramic ball has a '
25 flattened portion with a stem extending therefrom, the
lceratnic_ ball is retained on the. support member by press
 fitting the stem into a complimentary hole in the
support member and the support member is provided with
. an annular shoulder, about the complimentary hole, 80
30 = shaped that when the - ball is mounted on the suppon-.'
! . member, a. surface of the shoulder . becomes an extension
o of the convex surface of the ball; said method
' including the production of a bearing from a support
} . member billet, 'a ceramic ball and a stem attached to



of ‘the convex surface of the baII; said nmethod including the production
of a bearing froma support menber billét, a ceramc ball and a stem

attached to - the ball, conprising: (a) grinding a recess on one
hem sphere of the ball haV| g a radi us shorter than the radi us of 'the ball;
(b) deep, drawing the support nenber billet inthe 5 formof a body of

rotatiqn:-with a hollowcylindrical end portion,. V\/nereby t he inner dianeter
of - sai d end portion is slightly smaller than the dianeter of the stem (c)
bendi ng a rimof the end porti-on outwalXly 10 formng a flange (d)

slightly increasin %ﬁ r of the end portion at both sides of
a remaining ring pgh?l on *or gign %ﬁnul ar shoul der; (e) driving the stem

attached to the bal | thabugpinding a regessom @se hemisphere ofi thesbalhce.
SUrface of the {1 anasihgca S‘iﬁmﬁe*’m‘*‘e i endlFpdidy W’“‘E' gL e
spherl cally shaped gur(m:e‘;]?ﬁﬂ 9ﬁ€§ I‘?(%PBo F‘ﬁéb%%ﬁ gt Iin a¥°
5 form of a body of rotation with a hollow cylindrical
end portion, whereby the inner diameter of said end
- portion is slightly smaller than the diameter of the
stem, : -
. (c) bending a rim of the end portion outwardly
S - 10 forming a flange; :
w (d). slightly increasing. the inner diameter of the
' end portion at both sides of a remaining ring portion
'forming an annular shoulder,
(e) driving the stem attached to the ball through
15 the shoulder until the axial surface of the flange sits
- on the surface of the ball; and o
' (£) machining the outer surface of the flange -Te)
. that it becomes spherically shaped whereby the
spherically shaped surface matches the sphere of the
20 ball. :
Embodiments of the invention will now be described, by
-way of example, with reference: to the accompanying

~ _ drawings, in which:
| © 25
| Figure 1 is a cross-section of a pump with a magnetic
: 'coupling, : :
. Pigure 2 shows an enlarged design of the bearing with a
shell; '

30 Figure 3 ‘shows an alternative way to’ fasten the shell
| to a strut, R : S :
Figure 4 shows a cross-section of a pump whereby the



odi ments. of the invention wll
to the acconpanyi ng draw ngs,

fer ence

now be described, by way of exanple, with
in which: 25 Figure 1 i's a

cross section of -a-punp with a magnetic coupling; Figure 2 shows an

enl arged, design of the bearing with a shell; 30 ~ Figure 3 shows an
alternative way to fasten the. shell toastrut; Figure 4 shows a ’
cross-section of a punp whereby the - 12 - ball has a groove; Fi g%es 5

- and 6 show de5|gns of balls with a stem ‘Figure 7 shows a de5|gn with &

ball having a hol e;

Figure 9 shows aball with a hole formng a slight undercut; Figur
shows a ball screwed to a strut Flﬁ,ll’es 11la and 11b show a variant of :
Figure 10 with a nut in a hole; -. 10°  -Figures 12a and 12b

- show a var| a”tbQilﬁiﬂ"aegrQo%th a nut . p03| tLoned |n a, sl ot;

10

15

20

Figures 5 and 6 show designs of balls with a stem,. '
Figure 7 shows a design with a ball having a hole'_-

: Figures 8a and’ 8b show a ball with an axial groove

Figures 8a and 8b show a ball wi.th an axial groove; 5

e 10 -

Figure 9 shows a ball with a hole forming a slight :

| undercut, , e

" Pigure 10 shows -a ball’ ‘screwed to'a. strut

Figures lla and 11b show a variant of -Figure 10 with a'
_nut in a_hole; - e S ._-:_-_..___.-'

Figures 12a and 12b shov a variant of Figure 10 with a

.nut positioned in a slot, S s e VT

-nat in a hole°

| Figure 13a and 13b show a variant of Figure 10 .with a..

Figure 14 shows a design with a ball being springloaded' _

by a spring washer, .and e

Figure 15 shows a similar desig'n as in: Figure 14 with a.

: screw type . spring

Figure '1 | illustrates a cross section through a

- centrifugal pump with a housing 1, having an outlet

opening 2 'and inlet opening 3. . The duct 4 leads fluid :

to the eye region 5 of the impeller 6. Th_e _i.mpeller_ 6
with the veins- 7 and the convex niagnetzfs forms a



Flgure 13a.and 13b show a variant of Figure 10 with a nut in a hol; Figure
14 - éﬁoms a design with .a ball being springloaded 15 by a spring washer;
and Figure 15 shows a similar design as in Figure 14 with a screw type
spring. Figure' 1 ‘illustrates a cross section through a * 20
centrifygal puhp with a housing 1, having an outlet opening.2 and inlet
opening 3. The duct 4 leads fluid | to the eye region 5 of the inpeller 6.
The inpéller 6 with the veins 7.and the convex magnet8 forns a - 13 -
~rotating unit. This rotating unit is driven by the concave magnet 9
mounted on the -shaft 10 of the notor 11. Between the convex nmagnet 8 and
‘the concave magnet ‘9 |lies the separatign wall 12 which separates the wet 5
conpartnent 13 from the dry conpartﬂénr 14. The rotating

i Tect on of ' he. Feabing Gnih. Sl ERRERRG AT Ha. SFOTRR Y ot PRy cap
Lol reanes R, Loblor TS BRiafoh B e 56'6F' 00 heor
'. ‘Between the convex magnet 8 and_the concave magnet
_ 9 lies the separation wall 12. which separates the wet.
5~-a -cempartment 13 from the .dry . compartment 14. . The.
-rotating zmpellerhmagnet “unit 6, 7, 8 is attracted by
— _., 3 magnetic forces in the direction of the arrow 15. The
. - fstep bearlng is formed by -the rotating cap 16 and.the
statlonaryﬂball 17. The cap is part ‘of ..the. rotating
10 impeller-magnet unit. The ball is fixed on strut 18
- which forms: a part of the separation wall.  Annular
:bearing member - 19 made from-slightly elastic material
prevents movement of the rotating anit in the direction
opposite to arrow 15. Instead of a rotating concave
'15.. 'magnet.s,_a-stationary stator“with:‘ﬁindings, can also
| produce a rotating magnetic-field;_ The convex magnet 8

will thenﬂbe7substituted_hy a_conwex-armature.:g

. "Figure 2 shows an enla gement of the - reglon encircled
20 . by circle II in Figure 1. The ball is encased by a
. - sheli 20. The rim 21 of said -_:shell_ slightly . overlaps
the equator 22. The spherical ring portion 23 of the
_ ball 17 forms the gliding surface with ‘the _COncaie



which forms a part of the separation wall. Annul ar bearing nmenber 19 made
fr:§m slightly elasti-c material prevents novenent of the rotating unit in-
the direction opposite to arrow 15. Instead of a rotating concave 15.
-magnet 9, a statlonary stator with windings can also produce a rot ating

mignetlc' field. The convex nmagnet 8 will then be substituted by a conyex o

armature. Figure 2 shows an enla gement of the region encircled 20

circle Il in Figure 1. The ball is encased by a shell 20. The rim?2 *'of
said shell = slightly-overlaps the equator 22. The spherical ri ng portion
23 of the ball 17 forns the gliding surface. with the concave - 14 - '

region of the cap 24. The shell 20 has a spherical surface 25 form ng a

~narrow cl earance 26 vvith the armutr beari ng nember 19' If the 'rot ating.

?Ret agnuraerZ% \r/e!ligng%qh%e d#'_eq E‘%ﬂaﬁgﬁf& 'Y arrﬁsri o ca'.l

outer surface o & T. e r ru Wmch |'s
fixed to the st%‘b’%f%y ?a%oglg{‘n n41 ra |n§lg%r?=e?ng6| veF’gﬂ ﬁﬁe

 protrusion 28 '&%%fafosbdrm&%n%‘eftﬁ“ Ikothe rotating unit 6, 1,

| .8 starts to ‘move in the direction opposite to arrow 15,

5  the annular bearing member 19 gets in sliding contact
with the spherical outer surface of the shell 20. The
shell 20 .has. a. protrusi_on_ : _28_. .w_hich_is-.f:..xeti_to the .
strut. by snap aotion or brazing. ° Alternative;ly the
protrusion 28 '-itself could torm the strut. |

10 |
Figure 3 shows a different design whereby the shell 30

- forms a semi-spherical body. 'I'Iu.s body is fixed to the-

struct 18' by brazing material 29.

15 Figure 4 shows a spherical pump motor unit with inlet :
opening 40, outlet opening 43 forming together with _-
space 42 the wet part. of the pump. motor- -unit.
Magn'etically permeab'le separation wall 44 encases

_ together with the flange portion 45 and the pump

20 housing 46 said wet compartment. ‘l'he impeller 47 with..
‘veins 48 ‘and armature 49 form a rotating unit. _The hub
-portion 50 of the impeller 47 contains the bearing cap-.' |
51. This cap and stationary ball 52 make up the step



ﬁigur 3 shows a different design whereby the shell 30 forns a

sem -§pherical ' body. This body is fixed to the struct 18 by brazing .
materraL 29. 15 - Figure 4 shows a spherical punp notor unit with inlet
opening 40, out'let ¢pening 43 forming together with -space 42 the wet part
~of the punp notor unit. Magnetically perneable separation wall 44

encases together with the flange portion 45 and the punp 20 housi ng
46 sai t compartnment. Thé inpeller 47 with veins 48 and armature 49
forma rotating unit. The hub portion 50 of the inpeller 47 contains the
bearing cap 51. This cap and stationary ball 52 nake up the step - 15 -

bearing.. The ball- 52 has a circular ? oove 53... The rim 54 of the
stationary rmounted shell 55 is sl.i ght é Bent i nward enterlng groove 53. The

~shell 55 is nount gggggﬁ%mﬂé;tbgﬁé poﬁagag &c‘ﬁ grgg‘ygncg he’ '?he

equator 56. Figur I'on of stru consisting~ o
hol | ow body made gimSt 5i Nl thet aeht bRty rwaﬂteasshdlit S!tis5%l|1§’t col l ar

59 whi ch defines the seat. of 10" t he arinul ar axi al surface 60 t'he bal
61 produced by gr bagtngnwaike ihterifg' tgrdovdie 53, 0uNThaorshell - Bgr-rrss.; '

' mounted on - a strut 57.:- The cap 51 reaches beyond the

;nr

. . L e e e
e i . . BT %

5  equator 56.
- Figure 5 shows the end portion of sf#ut 58, = consisting
'of"a _hpl;OW-bbdygmade;Qf.stainleSSte;eel.sheet.metal.

~ Said strut 58 has.a.collar 59 which:defines the seat of

10.  the annular. axial surface.60 oOf. the ball. 61 produced by"

| grinding. ..The. inner part .of the ground portion forms

'a stem. 62. -The inner diameter 63 of the:strut is.

slightly larger than -the stem 62, except 1n the region

of the annular shoulder 64. This -shoulder: 64 holds the

.15 '"_stem 62 by pressfit. The periphery of the collar 59

- : hAS-:a:jspherical_configuration; matching the sphere of
\‘/- | " the ball 61{ The larger diameter of eaidfcollar;SS is .
| 'fidentical_. with the diameter of the ball 61 or
. | prefeiably'elightly smaller 8o thatrthe-surfaceeéo has

20 . a slight axial distance from.the .equator  66. The:
- smallergdiémeter.of the_collarh”59 'matches;athe--inner_

diameter of the annular member 19 shown in Figures 1.



a 5ten1 62.. The inner dianmeter 63 of the strut i's sllghtly | ar-ger
thg stem 62, except iin the region of the annul ar shoul der 64. This
64 hol ds the 15 = stem 62 by pressfit. The periphery of the col

configurati on, mat ching the sphere of the baII 61. The

has a spherical
Iarger di anet er

of said collar 59 is identical wth the dianeter

t han
shoul der
ar 69

of the

bal|l 61 or preferably slightly smaller so that the surface 60 has 20 : a-

slight axial

di stance fromthe equator 66.° The snaller dianeter

collar 59 natches the inner dianeter of the annul ar nenber 19 shown

Figures 1. -

the foll owi ng steps: a) by a grlnd Ig process, -a recess on one hem sphere

16 - and 2. The nethod to produce the device cons

5 of the ball 61 is pr oduced, “b¥® whi ch process a stem62 is fo

b ot Sbody”of 4P t.ﬁlhm??ﬂhéghs#%ﬁ% 18 cBvion” bopadis o

f or mof abody of
by a deep 10
portion is sli

ﬂﬂmﬁn@F yhereby the. inner. .di anet er. of . sald
Eﬂ% er an the dlaneter of t he sten162 : :

.- N e e -

- a) by.-a grindinQ*PTOCGSS:~ahrﬁcess}On:One{hewiSPhere
of the ball 61 is produced, by which process a stem 62

is formed, its lehgth being shorter_than.thefradius.of :
the ball, ' | | |

~'b) a strut 58.-in the form of a body of rotation with a
. hollow cylindrical .- end - portion is produced by a deep -
drawing process, whereby the inner diameter of said end.f

. portion is slightly ‘smaller. than the diameter of. the '

10

15

stem 62,

o?;the

in
I sts of

r med,

8 in the
roduced
end L

c) ‘the rim. of ‘said end portion is bent outwardly -

forming a flange 67a,

d) - the inner diameter. of said. end portion is- slightly‘

increased at'hoth side of an annnlar should 64,

e) . the stem 62 of the-haLl-Gl is driven through said

“ shoulder 64 until ‘the axial surface of the flange 67a

20

eits'On the-fiat annuler.sﬁrface 60 of -the balltsi,'

£f) by toolnmaching for removal of:fchips,- the outer

surface '59' of the collar 67a becomes spherically shaped
' whereby the sphere matches the spﬁeie-of the ball 61.

-«



c) the;r|n1of said end portion is bent outwardly formng a flange 67a, 15
d t i nner di anéter of said end portionis slightly increased at both
sikde of an annul ar should 64, e) the stem62 of the ball 61 is driven
through sajd shouldér 64 until the axial surface of the flange 67a sits
on the flat annular surface 60 of.the ball 61, 20 f) by tool maching for
renoval yof chips, the outer surface 59 of the collar 67a beconmes
spherically shaped whereby the sphere mat ches the sphere of the ball 61.

- 17 - Figure 6 shows the sanme ball configuration, but between the strut
58a and the ball 6l1a-a body of rotation 68 forning a collar nmenber is
arr.anged, which is held hy pressfit |n a hole of the strut 58a. The stem

62a of 5 the ball.6l1la is hel d b'y essfit |n the hole 64a- of t he body
of roation 68. Fig nd. end bore The base
around the blind e g'bﬁ?eg]#gl"'és ‘lﬂ'p i_t@‘mtr}rq% E"i‘& Betvesn

Sorew 73 05 a1 ghppyReil S8R AR %43%&1 Lfincd el 81, %@#ﬁﬂ"f%ﬂsﬁﬂi
~in high fr| ction g 6Rs- a TQElléfrtﬁ'é%be@ibsarranged, vhich is held by
' pressfit in a. hole of the . strut 583.: The stem 62a of
5 the ball.6la is held by pressfit in the hole 64a of the
.'bodY of roation 68. .
Figure 7.shows_a_be11'71'with-a blind_eﬁd.bpre 77. The
 base around the blind end bore 77 rests on . the upper
10 rim. 74. of: thev strut 72. A screw 73 is used as a
~ fixture. The outer diameter of said screw 73 is
-ﬂslighixx- larger,;;han —therﬁrameterkof theﬂhele.:eThis_.
resulte in-high friction Lforcee;'_ The screw 73 is
preferably ,lubrieated with a viscous 1ubriean£,f After
15 mounting the:Lubrieant;eveporates ﬁnderfheat treatment.
\_) ' ' - It . is also ~anticipated te;use'a-tﬁo'cqmporent resin -
~ such as epoxy which hardens and provides high shear
'5f6rces. ' Tb.“prevent contact-between'the epoxy and the
" liquid to be conveyed an O-r:.ng 75 will be placed into
20 .. a groove., The screw.73 may be hollow.



prekerably | ubricated with a viscous lubricant.. After 15 nmounting the
| u§ri cant evapor ates' under heat treatnent. It is also anticipated to use a
t wo Conponent resin- such.as epoxy which khardens and provi des high shear .
forces. . To prevent contact” bet ween the epoxy and the liquid to be conveyed
an Oring 75 will be placed into 20 a groove. The screw 73 may be
- hol | ow. . - 18 - Figure 8a shows a ball 91 with an axi al annular gré@ve
97. The end portion 93 of the struct 92 is forned as a hexagon prOV|d|ng
~high friction-on the surfce of the stem98. Figure 8b shows a -
cross-section through plane GC in Figure 8a. Flgure 9 shows a ball 111
mnth a blind end bore having 10 % slight undercut, its bI|nd end bore in
the region 117 being wider than Fh& opening 119. The hole will be filled .

105 R B o 8B R S

resess for the g;prevyhgegﬂd %@rtﬁ;nr d93 8¢ {gﬂé 1 93l ¢ gﬁ% anawet g2an

openi ng angl e equal "or smal than t'he .conple t an
“whi ch mat ches tﬂskagon ‘providing high . frict;on on the surfce of the

_.stem 98. L
. Figure 8b shoﬁs a cross-section t%ggqgh _plane C-C. in
Figure 8a. o “

Figure 9 shows a ball lli-;ith-a'blindﬂeaa Ssre-having

10 a slight undercut, its blind end bore in the region 117
being wider than the opsning 119, The ho‘ie will be
filled with hot. metal. The metal body 118 will then be
-brazed to the end of the strut 112.

15 . gﬁ-Flgure 10 shows a ball with a bore hole and a widened-
| resess.fq;ithe_screw head. The strut 81 has a conical _ : \;;
end portion with an opening angle-equal or.smaller than
" the -somplement- angle to be angle 82 which matches the |
angle of the tangents 83. Ths ‘screw 66 fits 1nto the
20 :_screw hole 85 and the ball is pressed against the rim
84. -



angle Qf the tangents 83. The screw 66 fits into the 20 screw hol e 85
and tfe ball iS5 pressed agai nst the rim 84. - 19 - Figure 1la shows a-
vari ation of the design in Figure 10, whereby a nut - 88a is pressed into a
hol e 100 to hold the screw 86b. 5 Figure 11b shows the view of the
strut from'above. Figure 12a shows a strut with a slot 87, its wi dt h
natchiqgé the width of the nut 88, holding the screw 86a. - 10.
Fi gure b shows a cross-section along the line A-Ain Figure 12a :
- Figure 13a shows a simlar design whereby the - nut 88b 15 is placed
inside-a hol.e 89. The screw head rests on an annul ar plane 113. Figure 13b
shows a cross- section through line B-B in Figure 13a. 20 Figure 14
shows a cross-section through a strufl9125 with a tapering end portion 116.
The ball. 117 rests on the rim118. The ball is pressed against this rim
118 e Figure lla. shows a variation of the design in Figure

" 10, whereby a. nut"-saa'is;pressed intoua:holeaIOO'to .

hold the screw. 86b: . - .7 . e e T

5  PFigure 11b shpwssthe.view of-the strut from above.
'Figure;12a.shbws a strut with a 'siot-'87;' its width
| maﬁéhingeathe. width " of lfhe nut 88, holding the. screw
86a. o v .o e
100 el e
Figure . 12b shows a cross-section along the 1ine APA in
Pigure 12a. -~ . . . . . c oo al

Figure 13a shows a similar design -whereby the- nut 88b
15 - placed inside a hole 89. The screw head rests on an

L S _ *annular plane 113.

'Figure 13b shows a cross-section through line B-B in
- Figure 13a.
..20- : .
Figure .14 shows a cross-section through a strut 115
with a tapering end portion 116. The ball 117 rests on
the rim 118. The ball is pressed against this rim 118



-2Q; by the forces of a prestressed spring washer 119,. which forces are
tfansmtted to-the ball 117 by a screw 120 and the nut 121. The direction
of rotation to fasten said screw 120 is identical to the direction of « .
- 5. .rotation of the bearing cap 122 which is also held in position by '
the bearing ring 123. I'n the case of exorbitant forces acting on the ball
117, as nmy-happen.if a punp is dropped, the ball noves 10 ©away "?onl_
the rim 118 and the spring washer 119 gives way. Innedlately t her eaf f'ér
the ball snaps back into the operation position and will be centered by
the rim118. 15 Figure 15 shows a simlar design as. in Figure .14,
sui tabl e for cyllndrlal- struts 125 whi ch -have a tapering rlnlportlon
126. The spring 127 is forned a$ 20 §crem/type spr|ng, supported by three -

l}:)ﬁﬁr;[]ﬁzt ér2'8ass %x e. ﬂ%?e?nt oéwarpg.'lcagtressed spring washércf%“ fﬁi%% -
' forces are transmitted to the ball 117 by a screw 120.-
and the nut 121. The direction of rotation tozfasten_
said screv 120 is identical to the direction of
5 rotation of. theabearing bap'izzhwhich'is also held in o
position ﬁy the bearing ring 123. B | _.;__ o
. S : :3"w..¢57ﬁ'7'.f - | ';,**’
In the oase. of = exorbitant forces”acting?on.the'ball |
r117;-as.mey-happen if a"pumpiisadropped,:the‘ball"movesf.'.
10 avay from the.rim 118'and the' spring washer 119 gives:
, waya Immediately thereafter the ball snaps hack into
the- operation position and’ will be centered hy the rim

118.

15 Figure 15. shows a similar design as in Figure 14,'

| suitable for cylindrial struts 125 which have a 7_.§_)
_tapering rim portion 126. The spring 127 is formed as
;a screw Ztype_spring, supported by three 1atches 128, -
which ;re_ bent inwardly.



for nerating

a
havi ng a convex surface which cooperates

an i ngael | er having a magnetically interactive rotor; 5 a driving unit
gg a‘rotating magnetic field for driving -the inpeller; ’
pearing including a ceranmc bal

with-a concave surface on the inpeller; 10 a support member attached to
a statlonary part. of the assenbly for supporting the ceramic ball; a

and s for

magnet cal | Yy per nmeabl e wal |, separ ati ng the rotor fromthe drivi ng. unit;
% m
restraini ng I’T'Dt ion of the concave. surface 15 - away fro
y

the convex surface; wherein the ceranic ball is partially enconpassed by a
metal ‘shell and the shell is fixed to ‘the support nenber. 20 2.

centrlfugal punp- not or assenbly accor?ing to claim 1, wherein the shel
enconpasses nore than half of the sur

ace of the ball. - 22 - 3.~

centrifugal punp-notaor - assenblyﬁgggggg:ng to claiml, wherein the ba

. retained within the shell by mean

circul'ar groove about the baI

bet ween.-.t he equat or of the ball and the, <.support .oenbes _|ntQ

AR
10
15
\N/
20 -

'1... A centrifugal pump-motor_assembly comprisings

an.impeller having a magnetically interactive rotor;
a driving unit. for,generating -a rotating magnetic field
for driving: the impeller~;wm:. crru ST

~a bearing.:. including a ceramic hall having a convex

- -surface which cooperates Vith a concave surface on the

impeller;

a support member attached to a stationary part of the
assembly for supporting the ceramic bail;

a magnetically;-permeable wall, separating the rotor

from the driving unit; and

means for restraining motion of . the concave surface

. away from the convex surface;

wherein : the ce:emic_ball.is_partially encompassed by a
metal shell and the shell is fixed to the support
member. . |

2. . A centrifugal. pump-motor assembly according to
cleim 1,  wherein the shell. encompasses more than half

- of the surface of the ball..

———

T

A
I

S

A



5 4 Wwhich t

he edge of the shell is turned. 4. A centrifugal

puMp- not or asserbly conprising: an inpeller having a nagnetiéally

interactive rotor;

a driving unit for generating a rotating magnetic field

.10, . for dr|V|ng the inpeller; a bearing including a ceramc bal
- having.a convex surface-which cooperates with a concave surface on

inpeller; a s
assenbly for s
- separating the
~nmotion of the
wherein the ce
therefrom an
press-fitting

- 23.- 5. A

t he support ne
conplenentary

10 -

upport nenber attached-to a stationary part of the 15

t he
”3

upporting the ceranic ball; a nagnetically perneable wall
rotor. fromthe driving unit and neans for restralnlng

concave surface away fron1the convex surface; 20

ram c ball has a flatégned portion with a stem extending-

d the ceran1c baII retai ned on the support nember

tcrgﬁtfltsuga purrp H‘?&E y gé%ésj‘l'ﬁ‘mg %%‘Pgwgbm&eu n

meqramslpr%&éinwtha 1f“ﬁﬁz%g. '@ithiﬂglgﬁo r?t’ﬁe Support

hol e, sG shaped t hat -when i.s nount

by means - ‘of * a circular groove: about the ball between

-the equator of the ball and ‘the - support member ‘into

--which the edge of the shell is turned.

. A centrifugal:pump;motor aesembly«comprising:
an impeller having a magnetically'interactive rotor;

by

a driving unit for generating a rotating magnetic field -

for driving the impeller, .

a bearing including a ceramic ball having a convex-p"

surface which cooperates with a concave surface on the

-.-impeller, _
a support':member attached to a~stationary part of the

15

.20 . -

assembly for supporting the ceramic ball;

a magneticaily”-permeable ‘'wall, separating 'the rotor

_£rom the ‘driving unit; and’

means for restraining motion of .the concave - surface

away from the convex surface;

‘wherein the ceramic ball has a flattened portion with a

stem extending. therefrom, and the ceramic 'ball is

. retained on the support member by-"prese-fitting the

stem into a complementary hole in the”eupport member.

NG

‘-



5 menber, .a surface of the shoul der becones an extension of the convex
surfagé of the ‘bali. 6.- A centrifugal punmp-notor assenbly conprising: an
i rpel ker having a magnetically interactive rotor; 10 a driving unit for
generating- a rotating magnetic field for driving the |npeller a bearing
including a ceramc ball having a convex surface. which coopérates with a
concave_surface on the inpeller; 15 ° a support nenber attached to a
stationary part of the assenbly for supportlng the ceramic ball; a -
magnetically perneable wall, separating the rotor fromthe drlving unit;
and nmeans for restraining motion of the concave . surface 20 away from

t he .convex surface; wherein the ceranmic ball has a flattened protion Wwth a
stem extending therefrom and a colt @3 el enent has a hole receiving the
stemand a lug press-fitted i - 24 - hole .in_.the support nenber,
‘the col lar el-enentbeind SESBEH g&ﬂﬁht

i s an extension of onv rface of th ceran1 bal
centrifugal punp- rﬁ)i% ggsgﬁﬁfﬁy % séﬁ% L 1s provi with an
annplar shouldexr, about the. complementary hole, so
shaped that when the ball is mounted on the support
5 _ member, a surface of the shouldexr becomes an extension'

of the convex surface of the ball. -

6. A céntrifugal pump-moto:.asseﬁbly'camprisingz
_tan impeller having a magngt;chlly-interactiVe rotor;
10 ~a driving unit for generating a rotating magnetic field
for'drivihg the impellet; - |
a Dbearing including éf ceramic 'ball-ﬁaving a convex
surface which cooperates with a concave surface on .the
 impeller; S
15 a support member attached to a. stationary part of the
KW/ _t R &ssembly fortSupporting'the-ceramic ball; .
| a magnetically permeable wall, separating the rotor
_:from the driving unxt,.and B
o means for restraining'motion of -the concave.*sufface
20 _:s.away from the convex surface; |
wherein the ceramlc ball has a flattened protlon with a
" stem extending therefrom, and a collar element has a

hole receiving the stem and a lug press-fitted into a

* [ L M s *
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an |npeller having a magnetically interactive rotor; a driving unit for
generating a rotating magnetic field for driving the inpeller; a bearing.

including a ceramic ball having a convex 10 .surface which cooperates
wi th.a concave. surface on the inpeller; a support nmenber attached to a
stationary part of the assenbly for supportl ng the ceramc ball; a :
magnetically perneable wall, separating the rotor 15 - fromthe dL,V' ng

unit; and means for restraining notion of the concave surface away fromthe_ :

convex surface; wherein the ceram c ball has an axial annular groove
therein and the support -menber has a tubular end. 20 portion of -
pol ygonal cross- -section received into the annul ar groove. .- 25 - 8. A
centrifugal punp-notor assenbly cendti-sing: an inpeller, having a
magnetically interactive rotor; a driving unit for generating a rotating
magnetic fiel'd holedrini rthe heuppext Imembex, the qoblaw ieipment| being a
ceram c ball having a convex-surface which cooperates with a concave.
surface on the shaped such that the surface of the collar element is o

- an extension of the convex surface of the ceramic ball.

5 7. 'A'-c?entrif'ug'all-pump-motor a'ssembly' comprisings |
an impeller, having a magnetically interactive fotor;
a driving unit for generating a rotating magnetic field
for driving the impeller ;o
a bearing. _._*i’n_cluding - 'a cera'm_ic'.' ball havi'ng--- a convex
100 surface Which cooperates with a concave surface on the
impeller, _ | |
a support member attached to a stationary part of the
l.'-assembly_ for support-ing_ the ceramic ball; |
a magn'etically permeable wall, separating the . rotor
15 - from the driving unit; and | o
' ‘means for. restraining motion of the concave surface . v
- awvay from the convex surface; _ |
vherein  the ceramic ball has an axial annular groove'
| therein and - 'the  support 'member has a tubular end -
20 portion of polygonal cross-section received into the B

annular groove

[ IIIJI i



for pporting the ceramic ball; 10 a magnetically perneable wall,
separating the rotor fromthe dr|v1ng unit; and neans for restraining

moti on of. the concave surface away fromthe convex surface; wherein the
suppor t__nmenber i ncl udes a tubul ar portion, 15 an axial extremty of
whi.ch defines a rim the ceramic ball has a hole therethrough and a
screw extends through the hole into the tubular portion whereby the bal
is pressed against the rim .20 9. A centrifugal punp-notor assenbly
according to claim -8, wherei n the screw cooperates W th a
prestressed spring, |ocated mﬁthln thi support nenber, thereby urging the
bal | against -the rim - 26 - Tentrifugal punp-notor- assenbly

according to cl ai.m i_n ort. nenber conprises
cylindrical porti dn an)g/n e%ﬁ'ét Qj B'd‘ﬁﬁ "5?1”5(?‘3%1“& c%%%slifgt'heref rom
the spring is of ei¥¥§$§g¥ _ ?ﬁgg S’ Rad :
cylindrical pofti%% of~the §Upporpan%ﬁg% , I?Kegéﬁﬁ1ls'%%%lne by t he
smal | er o _andriving.unit‘for‘generating a rotating magnetic field

o for driving the impeller; '

s .
inpe%éer; a .support nmenber attached to a stationary part of the assenbly

5 . abearing including a ceramic ball having a convex
_ '_ =.surface which cooperates with a coneeve surface on the
0 imellery o B
- a support member attached to a stationary part of the
- assembly for supporting the ceramic ball; | |
10 a'magnetioaILY' permeable“'wall,- separating the rotor
from the driving unit; and " '"
means for'restraining ﬁotion; of the concave surface ..
away from the convex surface* |
" wherein the support member includes a tubular . portion,
15 an axial extremity of which defines a rim, the ceramic
| ball has a “hole therethrough and a screw extendsi
- through the hole into the tubular portion whereby the
~ball is pressed against the rim.

20 9." A centrifugal pump-motor--assembly according to
| claim 8, wherein the ‘screw ‘cooperates - with a
prestressed spring, located within the support member,

- thereby urging the ball against the rim. -
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dianeter axtal extremty of the taperlng portion of the support menmber. 10
114> A'centrifugal punp- not or assenbly conprising: an inpeller, haV|ng a
madnetically interactive rotor; a driving unit for generating a rotating

"~ magnetic, fiel'd fof driving the inpeller; a bearing including a ceram¢
bal I having a- convex 15 " surface which cooperates with a concave
-surface on the. inpeller; a support nenber .attached to a stationary pa‘; of
‘the assenbly for supporting the ceram c ball; a nagnetically..perneabl e*
wal.l, separating the rotor 20 fromthe dr|V|ng unit; and neans for
restraining moti on of the concave surface | away fron1the convex surface;
wherein the ceramc ball has a ho 8 t her-et hr ough - 27 - acconodating a
screw, the support nenber include¥ rod-1i ke portion, having an end face

andthe bal | i's et o RororfEriibeedo PRSI hilnBi Pl t |

claim. .9, wherein the support: member comprises a

cylindrical portion and a tapering portion extending _.
'coaxially therefrom, the spring is.of the washer type
5 and is retained within the cylindrical portion of the
~ support member, ‘and the £im s defined by the: smaller __
 diameter axial extremity of the tapering portion of the. *___\.)
;'support member . '

10 ) 1. A centrifngal.pump-mbtor assembly'comprising:'
| an impeller{ naving a magnetically interactive:rotor;
a driv1ng unit for generating a rotating magnetic field
' for driving the impeller;: -
a bearing. 'i_nclud-ing. a ceramic' ball having a -convex
15 surface-.mhich.cooperates'with a concave surface on the
impeller, _ | |
'a support member’ attached to a stationary part of the .
.assembly for supporting the ceramic ball; -
a magnetically permeable wall, separating the rotor
20 . from the driving unit; and |
means for restraining motion of. the concave surface
away- from the convex surface-f”' E |

wherein sthe ceramic. ball - has a. hole therethrough
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12. A centrifugal punp-notor assembly accordlng to claim 11, wherein the
screw®i s al so ‘held by an nut |ocated in a hole within and extendlng ,
per p&adi cular to 10 the rod-like portion, 13. A centrifugal punp-notor
assenbl y Qonprfsingﬁ an inpelter, having a magnetically interactive rotor;
a. driV|Qg unit for generating a rotating magnetic field 15 . for driving
the inpe]ler; a bearing including a ceramc ball having a convex surface
whi ch CBoperates with a concave surface on the inpeller; .a support nember
attached to a stationary part of the 20 assenbly for supporting-the _
ceramic ball; a magnetically perneable - wall, separating the rotor from
the driving unit; and neans for restraining notion of the concave surface
.- 28 - away fromthe convex surfacer herein the ceramic ball has a radial
blind bore therein, and a rod-shaped nenber located in the bore fixedly
. attaches the bal | 3F6oRedatdng) oA FeFRer . ﬁmﬂ4SUPPPE%HﬁﬂﬂﬁﬁgépcéBﬂgsﬁbtor

assenbly according 4 ike portion, having an’ end face in which a
substantially_conicalzdepression defines a seat;for the
ball, and the ball is retained in the seat by means of

5 the screw. . |

— ’ 12. a centrifugal pump-motor assembly accordzng to
| | | claim 11, wherein the screw is also held by an nut
located in a hole within and extend;ng perpendicular to

10 - the rod-1ike portion.

13. A centrifugal pump-motor assembly comprising: -
an impel;er,_having_a_magnetically,interactive'rotor;

| a driving unit for generating a rotating magnetic field

15 . for driving the impeller; .
a _bearing"including a ceramic bail having a convex
surface which cooperates with a concave surface on the
.i.mpeller,. o

_ | a support. member attached to a stationary part of the
.20 o assembly for supporting the ceramic ball,

a magnetically permeable ;wall,_ separating the rotor
from the driving unit; and

means for restraining motion of the concave surface"
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claim 13, wherein the rod-shaped nenber is a screw, the head of the screw
being i‘nsi de the support nmenber. 10 15. A centrlfugal punp- not or
nbly according to claim 14, wherein the screwis hollow 16. A

'centrlfugal punp- not or assenbly according to claim 13, wherein the screwis:
- glued within the blind 15 bore whereby a water tight seal is arranged B
- between the ball and the support nenber. 17. A centrifugal punp- not or
~assenbly according to cIa|n113 wherein the rod-shaped nenber is brazéﬁ’
onto 20. the support nenber. - 29 - 18. A centrifugal punp-notor
assenbly conprising: an inpeller, having a magnetically interactive rotor;
a driving unit for generating a rotating magnetic field for driving the
“inpeller; 5 a bearing includirg2g seranmic ball having a convex surface
whi ch cooperates with a concave surface on the inpeller a support nemnber
attached to a sawayofron ¥he tcanvexhsurfamepl y for supporting the ceramic
“ball; 10 a magnetically perneable wal 1, separating the rotor fromthe.
driving unit; awherein - the ceramic “ball has a radial blind bore

therein, and a rod-shaped member located in the bore .
fixedly attaches - the ‘ball to the support member

14. A centrifugal pump-motor assembly _according to.
' claim 13, wherein the rod-shaped member is a screw, the ';'
‘head of the screw being inside the support member..'_ o

10 15. A centrifugal pump-motbr aseembiy'accdrdind to
| claim 14, wherein the screw'is.hollew. | |
16, A-centrifugal-'pump—motor"assembiy"eccerding.tO"
claim 13, wherein the screw is glued within "the blind

15 - bore whereby a water tight seal is arranged between the
'ball and the support member. |

. 17. A centrifugal pump_motor " assembly according to
.'claim 13, wherein the rod-shaped member is brazed onto -
20 - the support member. h
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means for restraining mot i on of the concave surface away from the convex
surfgée; ‘wherein a bolt is attached at one end to the ball, a 15 spring
renb is attached to the other end of the bolt and retai ned by .t he .support
menber, and a bearinhg ring is. attached to the rotating part of the assenbly
and has an aperture snaller than the dianeter of the ball &and |arger than

- the dlaneter of the concave surface, 20 = ‘the bearing ring shaped and.
p05|t|b‘rfed to form a bearing against axial forces acting in a direction
away fromthe support nenber. -30- 19. A centri fugal punp- not or- assenbly
according to any preceding claimwherein the support body is a strut. 20.

A method of producing a centrifugal punp-notor 5 . assenbly according
to claimb5, including production of -a2%aring froma support menber billet,
a ceramc ball and a stemattached to the ball, conprising::(a) grinding a
recess on one hem &%he&@sntrﬁﬁegshmmmmgraasamwm singan the '

radi us of the ball; hé# “deep dr aw g t he - support nenber bill et
in the formof a b%ﬂyi’me]#@Fat ng & magnetically dnteractive E¥O%PTort i on,

whereby the inneg grfrﬁge gt fa:l': dgeennec:;:ating a rotating magnetic field
"  for driving the impeller; SR
5. . a bearing including a ceramic ball having a convex
| surface which cooper_ate_s ‘with a concave surface on the
impeller' | | '
a support member attached to a stationary part of the
assembly for supporting the ceramic ball; .
10 a magnetically -permeablel wall, separating the rotor_ |
‘from the driving unit; and o
means for restraining motion of the concave surface
away from the convex surface- |
wherein a bolt is attached at one end to the ball ’ ‘a
15 spring member is attached to the ‘other end of: the bolt
" and retained by the support member, and a bearing ring
s attached. to the rotating part of the assembly and
"'h_a_s ‘an aperture sma'ile’r.'than the c_iiameter of the ball
o and larger than the diameter of the concave surface,
20 - the Bearing ring 'shaped: and. positioned to form a
_ bearing against axial forces acting in a direction away

from the support member.
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portion is slightly smaller than the diameter of the stem 15

substantially -as hereinbefore descsrd bed with reference to the
acconpanyi ng draw ngs.

10

15

20

stem;

19. A centrifugal pump-motor assembly according to any
preceding claim wherein the support body is a strut.

(c)

bending a rim of the end portion outwardly forning a flange; "(d)
stightly increasing the ‘inner dianmeter of the end portion at both sides

. of aremaining ring portion-formng an annul ar shoul der; 20 (e)

~driving the stemattached to the ball through. the shoulder wuntil the
axial surface of the flange sits on the surface of the ball; and (f) —
nafhining the outer surface of the flange so 31 - that it beconegb’
spfrerical |y . shaped whereby the spherically shaped surface matches the
sphere of the ball. 5 21. A centrifugal punp-notor assembly

20. . A method of producing a centrifugal pump-motor o

assembly according to claim 5, including production of

a bearing from a support member billet, a ceramic ball'

and a stem attached to the ball, comprising.= |

- (a) grinding a recess on one hemisphere of the ball'-

having a radius shorter than the radius of the ball-

(b) deep drawing the support member billet in the

_ end portion, whereby the inner diameter of said end

'form of a body of rotation with a hollow cylindrical ;

portion is slightly smaller than the diameter of the. _

' 'forming a flange,

(d) slightly increasing the inner diameter of the

(c) bending a rim of the end portion outwardly )

end portion at both sides of a remaining ring portion |

forming an annular shoulder,

(e) driving the stem attached to the ball through.'

'the shoulder until the axial surface of the flange sits

on the surface of the ball; 'and o
(f ) machining the outer surface of the flange SO

QT



- 31 - _
that it becomes spherically shaped vwhereby the
spherically shaped - surface matches the sphere of the

| 21, A centrifugal pump-motor assembly subst:antially -

as - hereinbefore described with reference to the

Iaccompanying drawings
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