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-;l - DI SK SPI NDLE MOTOR BACKGRClJND OF THE | NVENTI ON The present invention
reTat es to bearing cartridges, and in particular to bearing car‘ﬂWﬂ@egﬂs
havi- ng a ferrofluid lubricant. The use of ferrofluid bearings as an - :
alternative to ball bearings is disclosed in U 'S. Patent 4,734,606 by the
i nvent:or of the present invention Ferrofl ui-d- beari ngs have provi ded
particul ar advant ages over ball bearings when used in magnetic disk storage .
systens. More specifically, ferrof DiSK SER gMOEOR t 0 produce | ess :
audi bl e noi se than ball bearings. Furtherrmre _the use of ferrofluid
bearings instead of ball beari m; 1[} t roduced by the

I nner ball bearing race, the o ‘ ' -t he bal |l bearings.
Addi tional rel evant  pri orTher presgneinvemion lvelpes ericadng S6idgs 2nd im pAsScydat @nt

3,701, 912. gThe lﬁcQEiHEEarttﬁ@é‘eQ‘fﬁviﬁg 3 &rdtRid MubaBaked bearing for a notor
" The use of ferrofluid bearings as an alternative to ball bearings is
disclosed in U.S. Patent 4,734,606 by the inventor of the prescfxt invention and
incorporated herein by reference. Ferrofluid bearings have provided particular
advantages over ball bearings when used in magnetic disk storage systems. More
10 specifically, ferrofluid bearings tend to produce less audible noise than ball bearings.
' Furthermore, the use of ferrofluid bearings instead of ball bearings eliminates
vibration produced by the inner ball bearing race, the outer ball bearing race and the
- ball bearings.
o o The use of a ferrofluid bearing in a disk spindle motor improves
15 several performance factors of a magnenc disk storage device. Ferrofluid bearings
tend to reduce or attenuate vibration originating in other parts of the disk storage
device. In addition, ferrofluid bearings tend to have lower electrical resistance
_between the outer race and the inner race than ball bearings thereby providing a better
discharge path to more rapidly dissipate any electrostatic charge that builds up on the
20 disk surface. Furthermore, ferrofluid bearings tend to have a larger surface area
between the bearing races over wluch to distribute shock loads, thereby withstanding
: mcchamca! shock better.
The ever increasing demands for greater memory capacity, lower
. production costs, faster memory access times, decreased size and weight of disk
25 storage devices has placed increasing demands on the performance of the disk spindle
motor. There is an increasing need for the bearing cartridges used in disk storage
devices to provide improved performance factors such as reduced drag characteristics.
improved ferrofluid containment and reduced manufacturing costs.

30 _ : S MARY OF THE IN\ ON
| “The present invention is a bearing cartridge that includes a shaft
defining both an axis and a first bearing race. The bearing cartridge includes a hub
that is capable of axial rotation relative to the shaft. The hub-defines a second bearing
_ . race that is coaxially aligned with the first bearing race. One of the shaft and the hub
35 being magnetized to provide a magnetic field. A ferrofluid is-included as well as a
" flux channeling means for channeling magnetic flux provided by the magnetic field.
_ Themagnetxcﬂu;uschanncledbetwecnagapdeﬁnedbythcshaftandthchubsothat
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: Pescription. : paged ..b.... to paged ..30.....
Sheet Has Been Replacec : U'{ Claim(s} :paged. 2\ to paged ..3%._...

L} Drawing{s) :paged ... to paged .......... _
gfg Abstract  :paged .2h...topaged ..>....
DATE OF BECEIPT v

Hlllll




2

pat:\ent 3,701,912 shows a bearing structure with a magnetic |ubricant and )
with pagnetic nmeans to retain the lubricant in the bearing at rest. The use
of a terrofluid bearing in a disk spindle notor inproves several
performance factors of a magnetic disk storage device. Ferrofluid beari ngs
tend o reduce or attenuate vibration origifating in ot her parts of the
di sk storage device. In addition, ferrofluid hearings tend to have | ower
el ectrical resistance bet iagreferins embodimensceslaxmelistatiachid roconeraf¢he shafiandal |
bearings thereby,phayi Gi-lhggn&mlq gidgr discharge path to nore rapidly
di ssi pate any ‘el ectr atic  char hat _buil d on t I sk surface.
Fur t her nor e, ferl?aélﬂ"g‘f‘&}m?' gct" Stlagaﬂ‘é%i‘ﬁgg n@’lff €¥ce area between
the bearing races over V\hllolprdfcrrdimhbodbndns ﬁhomicrtaoadmitheloelcelnpe have
wi t hstandi ng mecghgy a!.rfa%bpaﬁlcnﬁktg%ﬁcmwumeﬂo dd&%&ﬁ&' W5 ﬂﬁeaanqaaw
greater rrermry ca ‘y ‘As\ge gro uction costs, fast g .
Dl s, | decr oat e il TROYEETLRH G Hecyr SiIRPetidp the ShafEoPEes HUSTie CEme ep
i ncreasi ng denartstswenn thé énnpearfdooutamaces.oTht inverdios lpreferablyl ireludes means for

varying the relative axial pqsition of the shaft and the sleeve to vary the performance

" of the bearing formed by the inner and outer races and the ferrofluid lubricant.

10
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a side elevauonal view of a first embodiment of the bearing
cartridge of the present invention with the hub portion shown in section.
Figure 2 is a side elevationa] view of the bca_rmg cartridge shown in
- 15 Figure 1 with the hub and inner bearing races shown in section.
Figure 3 is a side elevational view of another embodiment of the -
_ beanng cartridge of the present invention with the hub shown in section.
- Figure 4 is a side elevational view of the bearing cartridge shown in
Figure 3 with the hub and inner bearing races shown in section.
. 20 Figure 5 is a top plan view of a disk storage system that includes the
. beanng cartridge of the present invention. ’
Figure 6 is a side plan view of an acwator arm supported by the
bearing cartridge shown in Figures3 and 4.
o Figure 7 is a side elevational view of a d:sk spindie motor that includes
25 . the beanng cartridge shown in Flgures l1and 2.
Figure 8 is a side elevational view shown in pértial section of another
embodiment of the disk spindle motor shown in Figure 5. ' N
Figure 9 is a side elevational view shown in pamal secuon of another
~ embodiment of the disk spindle motor shown in Figure 7.

30 _ Figure 10 is a side elevational secuonal view of the prefened
embodiment of the invention, i.e., an improved disk spindle motor , only the central
portion of the motor being depicted.

Figures 11 and 12 are side elevational and end views, respectively, of a
. " permanent magnet cylindrical shaft used in the motor of Figure 10.

- 35 Figures 13 and 14 are side elevational and top views, respectively, of
an annularly shaped non-magnetic combination thrust and journal bearing member
with the outer portion thereof shaped to provide a truncated-comcal bearing surface
for use in the Fxgurc 10 motor.
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devices. It is therefore an object of this invention to provide a novel

di sk spindle nmotor with inproved performance factors such as reduced drag
characteristics, inproved ferrofluid contai nment and redi ced manufacturing
costs. These and other objects are achieved iL,nh an apparatus conprising disk
spi ndke notor el enents and conponents in con®i nati on accor di ng to claim1.

Addi ti onal enbodi nents, anta an nent aken f om t he
subcl ai ms. 2 SUMVARY CF¥ %Med{f% Ev'g‘é’ i? W%&%‘ﬁ? HReqeARlesnd i ng-
cartridge that. icep fatase in thiFigurel &0 motargné Figurealb isan sndrmigweofithe end dapar i ng
race. The bearing cartri dg?lghftciﬂﬁﬁ%xd% é?é’bﬁnonal sectional view of an alternate

embodiment of the Figure 10 motor.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
As shown in Figures 1 and 2, bearing cartridge 10 includes an inner
shaft portion 12 and an outer hub portion 14. A ferrofluid bearing is formed by the
inner shaft portion 12, the outer surface of which forms an inner bearing race, and the
10 outer hub portion 14, the inner surface of which forms an inner bearing race. The
inner bearing race is coaxially aligned with the outer bearing race. The outer hub
portion 14 is capable of rotating relative to inner shaft po'rtion 12 about an axis of
rotation 13 defined by the inner shaft portion 12. '
Inner shaft portion 12 is preferably formed of three pieces, an upper
15 shaft section 16, a lower shaft section 18, and a central shaft section 24. The upper
shaft section 16 and lower shaft section 18 are cylindrical sleeves that are preferably
pressed onto.central shaft section 24. The upper shaft section 16 has a tapered surface
17 that tapers so that it is narrower at its lower end. The lower shaft section 18 has a
e tapered surface 19 that tapers in an opposite direction and is narrower at its upper
20  end. o
The outer hub porﬁon 14 has an upper sleeve 20 and a lower sleeve 22.
-The upper sleeve 20 has an inner surface that has an internal taper which matches the
taper of tapered surface 17 on.upper shaft 16. The lower sleeve 22 has an inner
surface that has an internal taper which matches the taper of tapered surface 19 on
25 lower shaft section 18. Both the upper sleeve 20 and the lower sleeve 22 are.either
press-fit, glued or attached to outer hub portion 14 in some conventional manner so as
to be held permanently in place. Tapered surfaces 17 and 19 have an angle of taper
defined as the angle between the axis of rotation 13 and a line parallel to the tapered
. surfaces 17 and 19, respectively. This taper angle is dependent upon performance
30 characteristics of the bearing. -
Positioned in an upper gap 26 betwecn tapered surface 17 and the inner
.. - tapered surface of upper sleeve 20 is a ferrofluid lubricant. The ferrofluid lubricant
from upper gap 26 is contained by magnetic flux produced by upper permanent
magnet means 30 and lower permanent magnet means 32, respectively. Magnetic
35  flux provided by upper permanent magnet means 30 flows through upper a flux
channeling means 34 that channels flux across a first upper gap 36 and through inner
shaft portion 12, and then back across a second upper gap 38, through an inner flux
channeling means 39, through hub portion 14 and back to uppér permanent magnet
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tthat. is capable of axial rotation relative to the shaft. The hub defines-a .
second bearing race that is coaxially aligned with the first bearing

race, one of the shaft and the hub being magnetized to provide a magnetic
field. Aferrofluid is included as well as a flux channeling neans for-
channel i ng magnetic flux provided by the magdetic field. The magnetic flux
I s channel ed between a gap defined by the shaft and the hub so that a
ferrofluid is n&hmimedmd\qrpei flux tltnnmla{gemraamerﬂwdi mtsecmnsllsemi §haﬁ

attached to one : h L f )
ext ends bet ween #%[éérgﬁ ? J["]d'jl dg@ﬂeltl h‘g ﬁcﬂ?%gﬁﬁ%aﬁlc A‘&{édﬁ%&e Gl ?%ﬁ“c
enbodi nent s, the“#lﬁ'ﬁﬁﬂ?@ééea&mjplphgcélﬁp ﬂP’&é@‘hhave t apered surfaces which
are generally parallel to janesimiiatfginer,Afie ferfofiaild lubridafd ﬁém\d&véé@éa%b@i?Venent

g]:at \tAanslt ﬁgg ?n\;lme‘ftp?'ggfff C'tgFé'?é%Z@ if‘%;g&dovpﬁ"gg’fsﬁ“ ?‘g%'gg{‘]‘it’ ‘ﬁ(‘)‘?‘?&? tes Irone‘ans
for varying'the Megmxcmxdlo\m frgmslﬁw¢r(p¢mncnhmaghaﬁmamrﬁ thivagls b dewer flux vary
the per formance channeling means 42, across first lower gap 44 to lower shaft section 18. through

central shaft section 24, and then back across second lower gap 46, through an inner .

flux channeling means 47, through hub portion 14, through an inner pole piece 48.

10 and back to lower permanent magnet means 32. The lower flux channeling means 42,
lower shaft section 18, central shaft section 24, hub portion 14, and an inner pole
piece 48 are a magnetically permeable material such as magnetic stainless steel, so
that they provide a good flux path. |

In one preferred embodiment, upper permanent magnet means 30is

15 toroidally shaped and coaxially mounted over inner shaft portion 12. Upper

permanent magnet means 30 is attached with an adhesive or glue to the upper portion
-of hub 14. Uppér flux channeling means 34 is preferably a magnetic washer that is

positioned coaxially over uppcr'shaft section 16 and glued or bonded with an adhesive

to the outer portion of upper permanent magnetic means 30. The first upper gap 36 is

20  defined by the outer surface of upper shaft section 16 and the inner surface of upper
flux channeling means 34. A cylindrical upper sleeve 50 encloses the upper hub
portion 14, upper permanent magnet means 30, and upper flux channeling means 34.
The upper sleeve 50 is glu'eii or adhesively bonded to the hub portion 14, permanent
magnet means 30 and upper flux channeling means 34 thereby holding each of these

25 elements in place. - _ | | _

“The inner flux channeling means 39 is formed by a flanged portion on
the inner diameter of hub portion 14. The second upper gap 38 is defined by the
inner surface of flux channclmg means 39 and the outer surface of central shaft
portion 24. _

30 In one preferred embodimcnt, the inner pole piece 48 is a magnetic
washer that is glued or édhesively attached to the lower end of hub portion 14.
Permanent magnet means 32 is a toroid_ally shaped permanent magnet that is
positioned coaxially over lower shaft section 18 and giued or adhesively bonded to
inner pole piece 48. Thc fower flux channeling means 42 is a magnetically permeable

35 washer that is coaxially posmoned over lower shaft section 18 and glued or adhesively

" aunached to the lower permanent magnet means 32. The first lower gap 44 is defined
by the space between the inside diameter of lower flux channclmg means 42 and the
outside diameter of lower shaft section 18. Lower sleeve 54 is a cylindrical sleeve
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of the bearing formed by the inner and outer races and the ferrofluid

| ubri,cant. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a side.elevational
view.of a first embodi ment of the bearing cartridge of the present
invention with the hub portion shown in section. Figure 2 is a side

el evational view of the bearing cartridge skewn in Figure 1 with the hub
and i nner bearing «aces shown in section. Figure 3 is a side elevational

vi ew of anot her mmmany nﬁfuntehe)vbteafdl adijesivelyt tﬁdnd&ﬁto(ﬁaclﬁ b&hﬁﬁlﬁféﬁﬁéle pxece

invention with ts,t]ﬁ %i sF L. iné L evat i ongl
vi ew of the bear| ng car ri e‘llershﬁ | uzgrgi%ahrd he lotk‘% ?‘Hﬁ al am?%ﬁq
bearing races sHdifngrdl %ﬁﬂ’@ﬂilﬂg N"ijﬂ# #7 &5 fpamed W@ﬂwﬂaﬁpvﬂ@wobﬁh%mrsk

storage system Hiaaeter ¢ hiis gsnidhembemd spcifPbdtWvcdidfe Rinet Nex QaBR@RE means 47
vt O, 1988 St i 5810 o B e L SUPPOT (e BY e
As seen in Flgure 1, the magnetic flux produced by upper permanent :
magnet means 30 forms an upper flux path that can be represented by arrows -
identified by reference numeral 58. As can be seen, these magnetic-flux lines pass
through the inner portion of upper sleeve 20 and return back around the outer portion
10 of the sleeve 20. Sleeve 20 is preferably made from a non-maznenc material such as
brass or non- magnetic steel thereby having high reluctance for preventing the
magnetic flux from passing between upper shaft section 16 and upper sleeve 20. Both
the outer flux channeling means 34 and the inner flux channeling means 39 provide a
lower reluctance path between the hub portion 14 and the inner shaft portion 12 than
15 does upper sleeve 20. Therefore, most of the magnétic flux tends to pass through
both the outer flux channeling means 34 and the inner flux channeling means 39
providing a concentration of magnetic flux. This concentration of magnetic flux at
these low reluctance paths between inner shaft portion 12 and outer hub pomon 14
tends to retain ferrofluid lubricant therein and thereby form ferrofluidic seals.
20 ~ The magneuc flux produced by lower permanent magnet 32 forms a
lower flux path that can be represented by arrows identified by the reference numeral
. 60. These magnetic flux lines pass through the inner portion of lower sleeve 22 and
return back around the outer portion of the sleeve 22. The lower sleeve 22 is
preferably made from a material having relatively high reluctance for preventing the
25 magnetic flux from passing between lower shaft section 18 ahd the lower sleeve 22.
Both the inrier flux channeling means 47 and the lower flux channeling means 42
provide a lower reluctance path between the hub portion 14 and the inner shaft
portion 12 than does lower sleeve 22. Therefore, most of the magpetic flux tends to
pass through both the lower flux channeling means 42 and the inner flux channeling
30 means 47, providing a concentration of magnetic flux. This concentration of
' magnetic flux at these low reluctance paths between inner shaft portion 12 and the
outer hub portion 14 tends to retain ferrofluid lubricant therein and thereby form
ferrofluidic seals. ' '
The rotation of outer hub portion 14 relative to inner shaft portion 12
-35 results in ferrofiuid lubricant nearest the outer hub 14 tending to move with the outer
hub, while the ferrofiuid lubricant nearest the inner shaft portion 12 tends to remain
. stationary with the inner shaft portion 12, thereby producing a velocity gradient in the
ferrofluid lubricant. The angixlar acceleration of ferrofluid lubricant niearest the outer
/‘ ’
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Flgure 7 is a side elevatlonal view of a disk spindle notor that includes
the begaring cartridge shown in Figures 1 and 2. Figure 8 is a side
el evat’i onal view shown in partial section of another enbodi ment of the disk

spindl e notor shown in Figure 5. .3 Figure 9 is a side elevational view
showr.in partial - section of aftother embodi nnt of the di sk spindle.notor
shown in Figure 7. ure 10 is a |de el evat sectional yiew of the
preferred enbodi H%fes 'PWeCCPH'!fE%Pc' Qe agling on ‘é‘ﬁ refluad, rigang i Thisi cemrifueal

motor, only the ¢ecd I’cﬁdls patatiseche Gdrrdfludd Jubkican e itepet f426 i iovesia ahl and
12 are side el evﬁﬁ‘l’;ﬂ—ﬂ %hd %Ugva%] q"&tﬁmlonrgQﬁeO&ﬁérw ?lerdcc 8? u;?‘pcr sleeve 20. Ina
similar manner, the centrifugal force acting on ferrofluid lubricant position in lower
5 gap 28 tends to move in a downward and outward direction along the tapered surface
of lower sleeve 22. An upper reservoir 62 collects ferrofluid lubricant that is forced
from upper gap 26, and a lower reservoir 64 collects ferrofluid lubricant forced from
lower gap 28. The ferrofluidic seals tend o contain the ferrofluid lubricant thus
preventing ferrofluid lubricant in upper reservoir 62 from escaping through first upper
10 ~ gap 36, and ferrofluid lubricant in lower reservoir 64 from escaping through the first
lower gap 44.
The tapered surfaces 17 and 19 have a plurality of grooves 66 therein.
These grooves 66 or depressions in the tapcred surface extend the entire length of the
taper and thereby allow each of the outer reservoirs 62 and 64 to communicate with a
15 pair of inner reservoirs 68 and 70, respectively. As outer hub 14 rotates relative to
inner shaft portion 12, ferrofluid lubricant located in upper gap 26 and lower gap 28
is forced into outer reservoirs 62 and 64, respectively, thereby producing a fluid
pressure. The fluid pressure in both outer reservoirs 62 and 64 tends to cause
ferrofluid lubricant to move from outer reservoirs 62 and 64 along groovés 66
20 towards inner reservoirs 68 and 70, respectively. Because the ferrofiuid lubricant
positioned within grooves 66 near the surface of inner shaft portion 12 tends to
remain stationary with the shaft 12, there is little or no angular acceleration of this
fluid and therefore little or no centrifugal force resisting this return flow: of ferrofluid
: lubricant toward the inner reservoirs 68 and 70. In this manner, the rotating tapered
25 surface of outer sleeves 20 and 22 act as centrifugal pumps causing. ferrofluid
' ‘lubricant to move from inner reservoirs 68 and 70 towards outer reservoirs 62 and 64,
and return via the oil return paths or grooves 66. _
The use of a2 non-magnetic upper sleeve 20 and lower sleeve 22 allows
the magnetic flux paths S8 and 60 to enclose or surround the upper and lower sleeves
30 20 and 22 without passing through these sleeves. This arrangement provides
containment of the ferrofluid lubricant to a relatively small area on either side of the
upper and lower gaps 26 and 28. By confining the ferrofluid lubricant to the bearing
surface area, the amount of ferrofluid Iubricant required can be reduced, because the
ferrofluid lubricant is restricted to thc bcanng surface area and the area immediately
35 _ surrounding the bearing surface. Reducmg the amount of ferrofluid lubricant reduces
the wexght of the bearmg cartridge. ’
In addition, the ferrofluid containment of the present invention prevents
the migration of all the ferrofiuid to one end of the bearing cartridge, thus causing
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per manent nma net c Qd’ cal shaft used in the notor of Figure 10. Figures

13 andhigBhegt vatlonal and top views, respectively, of an annularly
shaped n nbi nati on thrust and Journal beari ng nenber with the

out er haped to provide a truncated-conical bearing surface
for u.se |n the Fi gure 10 notor. Figure 15 is_a side elevational view of a
magnetical ly pernmeable end cap for use in th& Figure 10 notor and Figure 16
is an end-view of the end cap. Figure 17 is a side elevational sectional

vi ew of an al termtbean'ng)sxdfacem b@:bnt:tdéy Rihea inactive omestexstendgtipeaiodspf time.

DESCRI PTI ON OF T RBEQ [
bearing cartridge fP I 'ncl u eg nner shg‘??ﬁmg\rq?bdcgm rbmgﬁle#rgﬁgﬁce)fo hub

portion 14. A fJPREFHEFElsmsats P t"?@“il up Fesiimeny dB? W%ﬁ&”?ﬂ%‘?{i nafs¥<€i-on 12,
t he outer:-surf ace of whi clFihallyTsheauseiofi a onimegnatn gppacikeevealarndieweuslecveLzh

portion 14.sthe LRNSE p3MechffideRlic Hik toot Bissiig BLtwelH BE sIBER" Jobrs ¥0%md 28ME
and the inner shaft portion 12. Because both the upper gap 26 and lower gap 28 are
very small, the reluctance would be very low and therefore the maghcti_c' flux
concentration would be very high if the non-magneﬁc sleeves 20 and 22 were not
used. ngh flux concentrations between the inner shaft 12 and the outer hub 14 tends

10 to produce magnetic drag on the bearing cartridge. The use ‘of non-magnetic sleeves
20 and 22 tends to prevent flux from passing between the inner shaft 12 and the outer
hub 14. Instead, the flux path passes through gaps 36, 38, 46 and 44, which are large
enough to prevent any high flux concentrations that can result in excessive magnetic

_ drag.

15 As previously described, upper shaft section 16, central shaft section
24 and lower shaft section 18 are pressed together or fixed in position relative to each
other. As an alternative, upper shaft section 16 and lower shaft section 18 may each

- be movable relative to the other, and a bias means is used to hold upper shaft section
. 16, central shaft section 24 and Jower shaft section 18 togcther The preload or '

20 biasing means (not shown) is provided to prevent the upper shaft section 16 from
movmg axially upward. Similarly, the bias means prevents the lower shaft section 18
from movmg axlally downward. The bias means provides a preload force to axially

- position upper shaft section 16 and lower shaft section 18 relative to the hub portion
14 so that the scpamtxons between upper gap 26 and lower gap 28 can be adjusted.

25 The adjustment of the separation between gaps 26 and 28 allows for the adjustment of
bearing performance characteristics such as drag and runout.

Another embodiment of the present invention, bearing cartridge 10A,
is illustrated in Figures 3 and 4. Similar element identification numbers are used in
these figures,.as well as throughout this description, to designate siilar elements.

30 As in the previous embodiment shown in Figures 1 and 2, bearing cartridge 10A
includes an identical inner shaft portion 12A having a central shaft section 24A with
an upper shaft section 16A and a lower shaft section 18A positioned at opposite ends
thereof. The upper shaft section 16A has a tapered surface 17A, the surface having
grooves 66A for providing a return path for ferrofluid lubricant. Similarly, the lower

35 shaft section 18A has tapered surface 19A, the tapered surface 19A having a series of
grooves 66A for providing a return path for ferrofluid lubricant.

Bearing cartridge 10A ‘further includes an outer hub pomon 80 that is -

_ ‘capable of rotating relative to inner shaft portion 12A about an axis of rotation 13A



inner bearing race is coaxially aligned with the outer bearing race. The
out er <hub portion 14 is capable of rotating relative to inner shaft portion
12 about an axis of rotation 13 defined by the inner shaft portion 12.

| nner shaft portion 12 is preferably forned of three pieces, an upper shaft
section 16, a |lower shaft section 18, .and a dentral shaft section 24. The
upper shaft section 16 and | ower shaft section 18 are cylindrical.sleeves
that are pref er asicfingt by dednegrtshalt pAEion 124 h dintupgersldesm20y is ppsisiongsber thehaf t
section 16 has a dpp@€CinSide pofloatst olier Wb portiaP80. SSifMaf Abwid sideSe BRAOVET “at

tapers i n an oppdRrkai pLBEBEERHuP Borklh DR whEBRES 8 Boifs Somer sl er
hIUb por t2 Boga14a2@1‘amd_l}bgé¥wq Isé?vmg-&:éi;éme{ AresgasiE. Slhfew edEgiveljHondgherthe e
fa;e)g\f/eof t a'pzr ed dguwr??gg 2’6?7&8?'11 p?‘r S hs‘?fhci%ﬁ%ﬂaﬂﬁco@ﬂf& é‘#@é‘&g‘c@‘q ?\%éefan
i nner surface thathifh@aehes WFé‘?Fﬁ"EP %&WW%@&?@&?“M‘QBéﬁAOfL’QWGF ed
surface 19 on . sleeve 22A has an inner surface that has an internal taper which matches the taper of
the tapered surface 19A on lower shaft section 18A. Tapered surface 17A and the
tapered inner surface of upper sleeve 20A define an upper gap 26A that contains a
10 ferrofluid lubricant. Tapered surface 19A and the complementarily tapered inner
surface of lower slecve 22A define a lower gap 28A which contains a ferrofluid
lubricant. : '
The outer hub portion 80 is made from a high carbon steel, such as
Core 10 and magnetized such that the north-south magnetic orientation is aligned with
15 the axis of rotation. The magnetized outer hub portion 80 provides magnetic flux for
holding ferrofiuid Iubricant in the bearing carridge 10A. An upper flux channeling
means 82 is.attached to the upper end of outer hub portion 80 and a lower flux -
channeling means 84 is attached to the {ower portion of outer hub portion 80: Both
the upper flux channeling means 82 and lower flux channeling means 84 provide a
20 . low reluctance path to inner shaft portion 12 thereby forming a concentration of
magnetic flux lines. Upper flux channeling means 82 and lower flux channeling
" means 84 are preferably magnetically permeable washers that are mounted coaxially
over inner shaft portion 12A to hub portion 80. Upper flux channeling means 82 and
lower ﬂux'channcling means 84 may be glued or adhesively bonded to outer hub,
25  portion 80. In another preferred embodiment, both the upper flux channeling means
82 and the lower flux channeling means 84 are formed from outer hub portion 80.
An upper gap 36A is defined by the outer surface of upper shaft secuon
16A and the inner surface of uppcr' flux channeling means 82. A lower gap 44Ais
_ defined by the outer surface of lower shaft portion 18A atid the inner surface of lower
30 ﬂi_xx channeling means 84. The magnetic flux concentration across both upper gap
36A and lower 44A maintzins ferrofluid lubricant within the gap, thereby forming a
ferrofiuidic seal. These ferrofiuidic seals at upper gap 36A and lower gap 44A tend
to contain the ferrofluid lubricant within bearing cartridge 10A in addition t0
preventing any paiticles within the bearing cartridge from escaping to contaminate the
35 environment surrounding the bearing cartridge. :
- : As illustrated in Figure 4, the arrows represent imagnetic flux produced
' by the magnetized bub portion 80. This magnetic flux flows from the magnetized hub
portion 80 through the lower flux channcling means 84, across lower gap 44A 0
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l.ower shaft section 18. Both the upper sleeve 20 and-the | ower sleeve 22
are either 4 press-fit, glued or attached to outer hub portion 14 in
some conventional manner so as to be held pernmanently in place. Tapered
surfaces 17 and 19 have an angle of taper defined as the angle between the
axis of rotation 13 and a line paraIIeI to tBe tapered surfaces 17 and 19,
respectively. This taper angle is dependent upon performance
characteristics biwerishafbsriom§8A Phsough inmedshiaft semion §pA[ argiatherPack @t ieCipper

t apered surface 2dp S6K. MJ&‘, h rﬁﬁﬂ@'f Eé‘ﬁxf:ﬁE?Z%d Ué?:?% n&zr?c?:%%d gxg) 'S a

ferroflwdlubrlcant 353’;31 f|UId ricant from

contai ned by magR¥TPR &P [Eheppat s e W&B‘b l?)‘ié?’ﬁ%@r# Arﬁl'@m?ﬂc froEMs e and

| ower permanent magmek maeria sich asrwromread prosidy a highgetiatce path from each of the
5 sleeve portions to the inner shaft portion 12, thereby preventing the magnetic flux

lines from becommg shor: circuited. The use of a non-magnetic upper sleeve 20A
‘and a non-magnetic lower sleeve 22A provides a higher reluctance path for magnetic
flux than that of either the upper flux channclmg means 82 or the lower flux
channeling means 84, thereby directing ‘the magncnc flux through the uppcr gap 36A

10 and lower gap 44A forming ferrofluidic seals.

The operation of the bearing cartridge shown in Figures 3 and 4 is
similar to that of bearing cartridge 10 shown in Figures 1 and 2. The rotation of
outer hub portion 80 relative to inner shaft portion 12A tends to force the ferrofluid
lubricant from the upper gap 26A and the lower gap 28A 0 an upper reservoir 62A

15 and a lower reservoir 64A, respectively. Because the upper and lower ferrofluidic
seals prevent ferrofluid tubricant from escaping from upper gap 36A and lower 44A.
ferrofluid lubricant tends to move through grooves 66A to prevent a fluid pressure
buildup in reservoirs 62A and 64A. The centrifugal pump formed by the rotation of
the outer hub 80 relative to the inner shaft portion 12A forces ferroffuid lubricant into

20 upper reservoir 62A and lower reservoir 64A which in turn displaces ferrofluid

' lubricant through grooves 66A into a central reservoir 86. Ferrofluid lubricant in the
central reservoir 86 is free to migrate between upper and lower bearing portions. -

A preload or biasing means (not shown) is provided to upper shaft
section 16A and lower shaft section 18A. The biasing means provides a preload force

25 10 axially position the upper shaft section 16A and lower shaft section 18A relative to
the hub portion 80 so that the separations between upper gap 26A and the lower gap
28A can be adjusted. The preload force is-applied to minimize both upper gap 26A
and lower gap 28A so that greater radial tolerances can be achieved.

Figure § illustrates a disk storage system 90 that incorporates the

30 bearing cartridge of the present invention. Disk storage system 90 includes a chassis
92 that provides a clean environment for the magnetic storage media 94 and the
head/actuator assembly 96. The disk storage system 90 provides data storage and
retriéval on the rotating magnetic storagc media 94. The magnetic storage media 94 is
rotated about a spindle axis 98 by an electric disk spindle motor (not shown).

35 The head actmator assembly 96 includes a magnetic head 100 that is
supported over the magnetic storage media 94 by actuator arm 102 and an actuator
motor 104 for positioning the magnetic head to specific locations or tracks on the
magnetic storage media 94. The actuator motor 104 is preferably a linear motor that is
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flux prOV|ded by upper permanent magnet neans 30 flows through upper a flux
channellng nmeans 34 that channels flux across a first upper gap 36 and

t hrough inner shaft portion 12, and then back across a second upper gap 38,
t hrough an inner fl ux channellng_neans 39, through hub portion 14 and back
to upper permanent magnet neans 30. The uppejo.fl ux channeling nmeans 34.
upper shaft section 16. central shaft section 24 and hub portion 14 are a

magnet i cal |y pet ERABI.C TN ik he UG NcAROFBANEYY 9 SAAER a2 96 50 2 10

provi de a good f ubri cant -
from | ower gap 23°§1%°re@&1ﬂrﬁumwe¥g/h%g}ﬂ(ém the desised Sragki OB BWERRFIC|SiAkRge BediaAent
magnet neans 32. Magnetic Frequerdtlypu rhigastid ssvage Pediagn eiludeR g pRiralitp s 32

t hrough a | ower , 44 't 0

| over “shaf t sect Mt iy o fe HRGRbpfc o LR Duiel B oy bE P oty e
across secord | owmetiags mfsrred fig avgy fdisistackne Each a&the mﬁﬂn@lcl digks veas fierm) the

t hrough hub port 48R sthék rdchre Gh dhisciabodt e spﬁhle aRis®BE - hewsbumé‘rl@swnmp%r .

permanent magnet that i’j.}snussec"l3 m con?unclngx\llv\e;lgthfs&c a dis agurt]&l °d vemcal?y stacked -arrangement
with each head actuator assembly spaced apart from each other and rotating in unison
about pivot axis 106. In this manner, a plurality of magnetic heads are each
10 positioned at different magnetic disks so that a series of locations or tracks are
accessed simultaneously for each magnetic disk in the disk stack.
In the disk storage system 90, the magnetic head typically is positioned
or flies tenths of microns from the surface of the magnetic storage media 94. Because
the mzignctic head 100 flies so close to the disk surface, the air entering the chassis 92
15 must be filtered to prevent ény contaminants, such as dust, from entering the chassis
92. - Contaminants which enter chassis 92, if located on the magnetic storage media
94, may disrupt the magnetic head 100 and eventually a head "crash” or gradual '
damaging of the disk surface may -occur.
Figure 6 illustrates the bearing cartridge 10B of the present invention in -
20 which actuator arms 102 have been integrated to form head/actuator assembly 96.
Bearing cartndge 10B is exactly the same as bearing cartridge 10A except that outer
hub pomon 110 is modified for mounting actuator arms 102.
Bearing cartridge 10B includes inner shaft portion 12B having an upper’
shaft section 16B and a lower shaft section 18B that are pressed onto a central shaft
25 section 24B. The inner shaft portion 12B has a central axis that defines the pivot axis
106A for the head/actuator assembly'96. as shown in Figure 5. The inner shaft
portion 12B is secured within chassis 92 by an upper screw 112 which extends
- through a bore in a top portion 92A of chassis 92 and extends into a threaded bore
" that is centrally located at the upper end of central shaft section 24B. A lower screw
- - 30 114 extends through a bore in the bottom portion 92B of chassis 92 and extends into a
threaded bore that is centrally located at the lower end of central shaft section 24B. In
this manner, inner shaft portion 12B is held securely in place within chassis 92.
A tapered surface 17B on upper shaft section 16B engages a
complementary taper on the inside surface of uppef sleeve 20B of outer hub portion
35 110. Similarly, tapered surface 19B of lower shaft section 18B engages a
* complementarily shaped inner taper of lower sleeve 22B of hub portion 110. A
ferrofluid lubricant is positioned between: these opposing tapered surfaces. The
amount of ferrofluid lubricant or thickness of the lubricant within the upper gap 26B
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| oner shaft section 18, central shaft section 24, hub portion 14, ‘and an .
Tnneg pol e piece 48 are 'a magnetically perneable material such as nagnetic
stainless steel. so that they provide a good flux path. In one preferred
enbodi ment,. upper pernmanent magnet neans 30 is toroidally shaped and
coaxial |y nounted over inner shaft portion _}g. Upper pernanent magnet means
30 is attached with an adhesive or glue to the upper portion of hub 14.

Upper fl ux chan fold=
pggl ti oned coaxi a+ P{gqover p%gar §iﬁa mgéegf%éhﬁ g%? E)ot ﬂgﬁr kﬁaf

an adhesive to Pﬁ'é‘oadﬁgr portion of upper permanent magnetlc means 30. The
first upper gap 36 is def Thebiakiyig fétee Buippliedswith adeckainguiBahatih aistr&biikd on

16 and_the | NCLaShLARSRL 1 HORSE u'ckiily RS Jik 8R0St wibef Mhi e

upper sl eeve 50 “Bnc

means 30, anhd uppBr Thedockdinghid engagesacsios (8o s hawe) Qrpﬁbeﬁpeqr@@wrmf qegtrgll ued -
or adhesively bemggesbriion 24B. Ilvuﬁuaﬁtrdtdoaﬁaﬂylovd@%em Shift 2EDART bdiRadiSlodk and
upper Tl ux channelhcrqlgrea ﬁpg’e‘} S Pgn P %I an n%g%]ast?er ltZB Sl%e spring washer
120 applies a biasing force to upper shaft section 16B thereby limiting the amount of
ferrofluid lubricant within upper gap 26B and lower gap 28B.
10 o The outer hub portion 110 is made from a high carbon steel, such as
Core 10, and magnetized such that the north-south magnetic orientation is aligned
with the axis of rotation 106A. The magnetized outer hub portion 110 provides
maghetic flux to an upper flux channeling means 122 and a lower flux channeling
means 124 that form ferrofluidic seals which contain the ferrofiuid lubricant within
15  the bearing cartridge. As outer hub portion 110 rotates relative to inner shaft portion
12B, ferrofluid lubricant is centrifugally pumped from the upper gap 26B and the
lower gap 28B into outer reservoirs 62B and 64B, respectively, and then back through
ferrofluid return grooves 66B back to central reservoir 86B.
A plurality of motor arms 126 are attached to the linear acmator motor
20 104, shown in Figure 5, for pivoting the h&dlacmatoxj assembly 96 about pivot axis
106A. Motor arms 126 provide a rotational torque to outer hub 110 for selectively
positioning the magnetic heads 100 to the desired track on the magnetic storage media

9.

The bearing cartridge 10B of the present invention makes use of

25 ferrofluidic seals for preventing material from escaping the bearing cartridge and
contaminating the disk surface which may cause a head crash condition. In addition,
the bearing cartridge of the present invention tends to dampen high frequency |
oscillations of the actuator arms that result from rapid acceleration of the actuator -

30 | Figure 7 illustrates a disk spindle motor 130 that incorporates bearing
cartridge 10C of the present invention. Bearing cartridge 10C includes inner shaft
portion 12C having : an upper shaft section 16C and a lower shaft section 18C that are
pressed on to a central shaft section 24C. The inner shaft portion 12C has a central *
axis 98C that defines the spindle axis 98 shown in Figure 5. The inner shaft portion -

35 12C is mounted to motor base 132. :

An outer hub portion 14C is supported by inner shaft portion 12C.

The outer hub portion 14C includes upper sleeve 20C and lower sleeve 22C. Both
upper sleeve 20C and lower sleeve 22C have an inner surface that has a taper that is
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elrenents i n place. 5 The inner flux -channeling neans 39 is forned by a
fl anged portion on the inner dianmeter of hub portion 14.- The second upper
gap 38 is defined by the inner surface of flux channeling neans 39 and the
outer surface of central shaft portion 24. ks one preferred enbodinent, the
i nner ‘pole piece 48 is a magnetic washer that is glued or adhesively

attached to the f Rl . ) lmgp . 2is a
toroidally shapé:égléggnr?g‘%gh% %’gﬁé’%gtshg?&? é%-ggfﬁeg‘%%oa |’g1tfll§?eg\$§arfgl ower
shaft section 1®°Hi#® 1#CQied or adhesively bonded to inner pole piece 48. The

| ower flux channeling nmeans vpper gsapchaningncfeirethlid yubpiesmeadithined therein is defined
by the tapered surface on the inside portion of upper sleeve 20C and tapered surface
5 17C. The ferrofluid lubricant in upper gap 20C is contained by a magnetic flux
produced by upper permanent magnetic means 30C in a2 manner identical to bearing
cartridge 10 shown in Figures 1 and 2. Magnetic flux provided by upper petniancm
magnet means 30C flows through upper a flux channeling means 34C that channels
. flux across a first upper gap 36C and through upper shaft section 18C, through central
10 shaft section 24C, a and the back across a second upper gap 38C, through an inner
flux channéling means 39C, through hub portion 14C and back to upper permanent
magnet means 30C. The upper flux channeling means 34C, inner flux channeling
means 39C, upper shaft section 16C, central shaft section 24C and hub portion 14C
are a magnetically permeable material such as magnetic stainless steel so as to provide
15 - agood flux path. The magnetic flux paths for containing ferrofluid lubricant about
the upper gap 26C is indicated by arrows 58C.
A lower gap 28C, having a ferrofluid lubricant therein, is defined by
the tapered surface on the inner portion of lower sleeve 22C and tapered surface 19C.
The ferrofluid lubricant in lower gap 28C is contained by magnetic flux lines
20 produced by lower permanent magnet means 32C in a manner similar to bearing
. cartridge 10. Magnetic flux flows from lower permanent magnet means 32C through
a lower flux channeling means 42C, across first lower gap 44C to lower shaft section’
18C, through central shaft section 24C, and then back across second lower gap 46C,
through an inner flux channeling means 47C, through hub portion 14C, through an
25 . inner pole piece 48C, and back to lower permanent magnet means 32C. The
magnetic flux path for containing ferrofluid about the lower gap 28C is indicated by
arrows 60C. The lower flux channeling means 42C, lower shaft section 18C, central
shaft section 24C, hub portion 14C, and an inner pole piece 48C are a magnetically
ﬁermeable material such as magnetic stainless steel, so that they provide a good flux
30 path. '

Motor hub 134 is attached to outer hub portion 14C. Motor hub 134 is
preferably made from a light weight material such as aluminum and is press fit over
outer hub portion 14C. Attached to motor hub 134 is the magnetic storage media -
94C. ‘The magnetic storage media 94C is preferably a plurality of magnetic storage

35 . disks that are spaced vertically from each other and fixedly attached to motor hub
134, - | ' .

R Mounted to outer hub portion 14C are motor magnets 136 used to
cause rotation of the oiter hub portion 14C. Motor magnets 136 are permanent
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washer that is coaxially positioned over |ower shaft section 18 and gl ued
or adhesivel y attached to the |ower pernanent magnet means 32. The first

| ower "gap 44 is defined by the space between the inside diameter of |ower
flux channeling nmeans 42 and the outside dianeter of |ower shaft section
18. Lower sleeve 54 is a cylindrical sleeve that is coaxially nmounted over
and adhesively bonded to each of the inner e piece 48. the | ower

per manent- magnet means 32 and the |ower flux channeling.means 42. An inner
flux chanmel i ng FB&RES that producs: Lines of{jux perpendiculdr [ ihe 2 obrriatiog 9BfncFhese

di amet er of hub [festdfdluxIpFoduthd by petortgagned W86 intdrive withiRdgnétid fieldd protddel N9

Teans 47 and theygeakl Y 1?4{.’{838%%!;159'}0&[40(1 f[w&gcrtm F@ﬁ‘fom% Offglor 92P 46.

As seen in Figur 16 ermanent nmagnet
means 30 forms awmﬁwérl3ﬁ|am<wsamnoq thg poles af %orr@mSeléamm@ 419 impure gepported

identified By rebeiistabe 1. aMowst baddS132a8 ild@rSia6uhted BRASSHBINSHIwR ihl UX
| i nes pass through thf I nner portion of upper sleeve 20 and return back
0

around the outer 'on of the sleeve 20. Sleeve 20 is preferably nmade
from a non-magnetic mat er i Bigusu® Hlustgates another embodiment of disk spindle motor 150 that

incorporates a bearing cartridge 10D of the present invention. Bearing cartridge 10D
is similar to bearing carridge 10A shown in Figures 3and 4. Bearing cartridge 10D
10 includes an upper shaft section 16D, a central shaft section 24D and a lower shaft
section 18D. Both the upper shaft section 16D and the lower shaft section 18D are
pressed onto central shaft 24D. The inner shaft portion 12D is supported by a motor
base 132D. '

_ An outér hub portion 14D is supported by inner shaft portion 12D.
15 The outer hub portion 14D includes an upper sleeve 20D and a lower sleeve 22D that
| are press fit, glued or adhesively bonded to outer portion 14D. The upper sleeve 20D .
has an internal taper that i§ complementary to the taper of an outer surface 17D of
upper shaft section 16D. Sxmxlarly, lower sleeve 22D has an inner surface that has a
compiementary taper to an outer surface 19D of lower shaft section 18D. An upper
20 gap 26D is defined by the tapered outer surface 17D of upper shaft section 16D and
the inner tapered surface of upper sleeve 20D. Similarly, a lower gap 28D is defined
_ by the tapered outer surface 19D of lower shaft section 18D and the tapered inner -
* surface of lower sleeve 22D. A ferrofluid lubricant is positioned m both upper gap
| 26D and lower gap 28D. o
25 The ferrofluid lubricant is maintained in the upper gap 26D and the
| lower gap 28D by a magnetic flux that is produced by both the outer hub portion 14D
‘and the inner shaft-portion 12D. The outer hub portion 14D as well as the inner shaft
portion 12D are made from 2 material that is capable of being magnetized, such as a
high carbon steel, and then magnetized north and south. The magnetic north-south
30 . alignment of both the inner shaft portion 12D and the outer hub portion 14D is
generally parallel to an axis of rotation 98D for the disk spmdle motor 150. The
north-south magnetic alignment of the outer hub portion 14D is opposite the magnetic
alignment of the inner shaft portion 12D.
In one preferred embodiment, shown in Figure 8 the outer hub portion
35 14D is magnetized so that the north magnetic pole is toward the jower portion of the
hub, and the south magnetic pole is toward the upper portion of the hub. The inner
shaft portion 12D is magnetized so that the magnetic north is toward the upper portion

of the inner shaft and the magnetic south is toward the lower portion of the inner
. ° . . ___—_/
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brass or non- nmagnetic steel thereby having high reluctance for preventing
t he magnetic flux from passing between upper shaft section 16 and upper
sl eeve 20. Both the outer flux channeling means 34 and the inner flux
channeling nmeans 39 provide a |ower reluctance path between the hub portion.
14 and the inner shaft portion 12 than does klpper sl eeve 20. Therefore,
nﬁst of the magnetic flux tends to pass thr&ugh both the outer fl ux
channel i ng means 34 and _.the inner flux channelin ans 39 provi di
concentration ofshifkghbtiigmanges. themagnetis flux ?dA‘F?‘anE‘F °H‘&@H’é‘$¥’%“‘f’!‘diga@ds
t hese | ow rel uctwiticée Wgh&nd)ﬂﬁmﬂudcd Ib@ thesinndrishafo portiom 1313, qme useibrwdub
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ferrofluidic se
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portion of |ower. sl eeve 2 a |c “é‘f eraﬁ@{ﬁﬂg%p&ﬁ?gﬁg{. - &a{‘ E(aof thé

sl eeve ' 22. The | ower sl ee
relatively hi gh 1281 taahanpp;rfpgmanoémm hwiypartien 14D by an upper- ﬂux channelmg mcans

34D. The magnetic flux passes through outer hub portion 14D to lower flux
" channeling means 42D and back into inner shaft portion 12D. The upper flux .
10 channeling means 34D is attached to the top central portion of outer hub portion 14D.
The upper flux channeling means 34D is made from a magnetically permeable

-(IJ

material thereby allowing flux to pass from inner shaft portion 12D across an air gap
to the upper flux channeling means and the into outer hub portion 14D.

In addition to providing a flux path between inner shaft portion 12D

15 . and outer hub portion 14D, upper flux channeling means 34D also provides a
mechanical seal for preventing ferrofluid lubricant from escaping disk spindle motor
150. Upper flux channeling means 34D provides a mechanical seal which requires
less height than the ferrofluidic seals used on disk spindle motor 130 shown in Figure
7, thereby allowing disk spindle motor 150 to be more compact.

20 The lower flux channeling means 42D is an inner flanged portion on
the outer hub portion 14D. A first lower gap 44D is defined by an inner surface of
lower flux channeling means 42D and an outer surface of lower shaft section 18D.
The first lower gap is small relative to the separation of the inner shaft portion 12D
and the outer hub portion 14D thus providing a path for magnetic flux to pass from

25 outer hub portion 14D to inner shaft poftion 12D. The flux concentration across the
first lower gap 44D tends to hold ferrofiuid lubricant therein thus forming a
ferrofluidic seal for prcvcming ferrofluid lubricant from escaping disk spindle motor
150. A mechanical seal 152 is attached to the lower portion of outer hub pcrtion 14D
as an additional m@qns to prevent ferrofluid lubricant from escaping the disk spindle

30 . motor 150. The mechanical seal 152 allows the disk spindle motor 150 to withstand
greater gravity forces without allowing ferrofiuid lubricant to escape therefrom.

The upper sleeve 20D and the lower sleeve 22D are preferably made
from a non-magnetic material, such as bronze, for preventing magnetic flux from
passing bctweén,thc inner shaft portion 12D and either upper slecve 20D or lower

35 sleeve 22D. Thus, upper sleeve 20D and lower sleeve 22D prevent the magnetic flux

L path from "short circuiting” the magnetic flux. '

Mounted to the outer portion of the inner wall of outer hub portion

14D are motor magnets 136D. These motor magnets 136D are permanent magnets
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6 magnetic flux from passing between |ower shaft section 18 and the |ower
sl eeve 22. Both the inner flux channeling neans.47 and the | ower fl ux
channél i ng means 42 provide a |ower reluctance path between the hub portion
14 and the inner shaft portion 12 than does | ower sleeve 22. Therefore,

nost .of the magnetic flux tends to pass thr?ygh both the | ower fl ux
channeling means 42 and the inner flux chanieling means 47, providing a

Chose. | ow r ol uo ik PRV PREnasE HEBORA B Ra Fa PP ot K e St er nub
portion 14 tendsotatior 881 The euararf tagnets| 136D peenide 2 imagnetie flux ¢hat inseradsy withram
fsﬁ;][ f’f :Og'r f': g nsi apnetl el Btk by faBb Wiidirgy 13819 bd daQs dbtatiof blbieendty | nner
_ portion 14D. The stator windings 138D are wound on stator cores 140D which are

5 supported on motor base’ 132D.

Magnetic storage media 94D is auached to the outer portion of outer
hub 14D. The magnetic storage ‘media 94D is a plurality of magnetic storage disks
that are spaced apart in a vertical stack thereby forming the disk stack. ’

_ ~ The outer hub portion 14D is rotated relative to the inner shaft pomon

10 12D by the magnetic flux interactions between the flux produced by permanent
magnet 136D and the flux produced by stator windings 138D. Rotation of outer hub
‘portion 14D in turn rotates the magnetic storage media 94D about the spindle axis
98D. As outer hub portion 14D rotates relative to inner shaft portion 12D, the
ferrofiuid lubricant in upper gap 26D is forced in an upward and outward direction

15 along the inner tapered surface of upper sleeve 20D and the fe_rroﬂuid lubricant in
lower gap 28D is forced outward and downward along the inner tapered surface of
lower sleeve 22D. Ferrofluid lubricant is then forced back through return groove 66D
on tapered surfaces 17D and 19D.

Figure 9 illustrates another cmbodxmcnt of. the present invention, in

20 which bearing cartridge 10E is integrated into disk spindle motor 160. The
previously described disk spmdle motors 130 shown in Fig. 7 and 150 shown in Fig.-
8 both had an air gap that separated motor magnets from the stator- wmdmg that was
oriented in a direction paraliel to the axis of rotation. Thcse types of disk- spmdle

_ motors 130 and 150 are commonly referred to as radial air gap motors. The disk

25 spindle motor.160 shown in Fig. 9 dcﬁncs an air gap between motor magnets 136E
and stator windings 138E that has an orientation perpendicular to the axis of rotation
98E for disk spindle motor 160. Disk spmdle motor 160 is commonly referred to as a

"axial air gap" motor. :
Disk spindle motor 160 includes an outer hub portion 14E having
30 magnetic storage media 94E attached thereto and is supported by bearing cartridge
 10E which in tum is mounted to motor base 132E.
Bearing cartridge 10E includes an inner shaft portion 12E having a
. central shaft section 24E and a lower shaft section 18E. The inner shaft portion 12E
is mounted to base 132E by a lower mounting screw 162 that extends through 2 bore
35 in base 132E and into a threaded bore at the lower énd of inner shaft portion 12E.
: The lower shaft section 18E has a tapered surface 19E. A lower sleeve
22E is either press-fit, glued or adhesively bonded to outer hub portion. 14E. The
lower sleeve 22E has an inner surface that has a complimentary taper to the tapered
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results in ferrofluid |ubricant nearest the outer hub 14 tending to nove
with the outer hub, while the ferrofluid lubricant nearest the inner shaft
portion 12 tends to remain stationary with the inner shaft portion 12,

t hereby producing a velocity gradient in the ferrofluid |ubricant. The
angular acceleration of ferrofluid Iubricant,snearest- the outer hub results
in a centrifugal force acting on this ferrofIU|d | ubricant. This
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reservoir 64 frohutepeipn 14Et IFhedgwer fiux ¢hanmefing means 42E forms a ferrofluidic seal for
' preventing ferrofluid lubricant from escaping. As an additional measure, mechanical

10 seal 152E is attached to outer hub portion 14E for preventing ferrofluid lubricant from
escaping the spindle motor 160. _

Ferrofluid lubricant near the inner surface of lower sleeve 22E is
forced downward and outward by the rotation of outer hub portion 14E. Ferrofluid
lubricant returns through groove 66E on tapered surface 19E.

15 A mechanical seal 164 is securcd by an upper sealing screw 166 that
extends into a threaded aperture on the upper portion of inner shaft portion 12B. The
‘mechanical seal 164 also provides a means for preloading the ferrofiuid bearing.

Magnetic flux is produced by motor magnets 136E, this flux interacting
with magnetic flux produced by stator windings 138E for rotating the outer hub

20 portion 14E relative to the motor base 132E. The stator windings 138E are wound on
stator cores 140E which are in turn mounted to motor base 132E.

In operation, the outer hub portion or rotor of the disk spindle motor is
rotated by the magnetic flux interaction with the magnetic flux produced by the stator
windings which, in turn, are attached to the base portion of the disk spindle motor.

25 As the outer hub portion rotates, the ferrofluid lubricant is circulated through the
ferrofluid bearing by a centrifugal pumping action. A magnetic flux produced by
magnetizing the hub portion provides a magnetic flux which forms ferrofluidic seals
which contain the ferrofiuid lubricant within the disk spindle motor. Mechanical seals
may be provided for additional sealing for high shock applications.

30 As the disk spindle motor rotates, the disk storage media attached
thereto also rotates. The runout of the disk storage device is a measure of the
goodness or fack of eccentricity produced when the magnetic storage media is rotated.
The runout can be adjusted by changing the gap between the tapered surfaces forming
the ferrofiuid bearing. By changing the biasing force or bearing preloading is a

35 method for adjusting the spacing between the tapered surfaces which indirectly adjust
the thickness or amount of ferrofluid between these surfaces. In this manner, the
runout of the disk spindle motor can be adjusted.
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lower gap 44. The tapered surfaces 17 and 19 have a plurality of grooves 66
t hereiin. These grooves 66 or -depressions in the tapered surface extend the -
entire length of the taper and thereby all ow each of the outer reservoirs

62 and 64 to communicate with a pair of inngr reservoirs 68 and 70,
respettively. As outer hub 14 rotates relative to inner shaft portion 12.

ferrof luid lubricant |ocatraeépicserdpiveditiogdpa Ebrofiaid eaisy th@ei paSiculirly Qieped
pressare.  The.f PAg for B Mol BRGNS e S bedblnd che hestpy !,
cause ferrof | ui énventon isayall sugedrip/minianiizaton and cpebemaeyfacuid easily. 8reblyong
grooves 66 towagdtucing MdnufReRingQofts 68 and 70, respectively. Because the
Shaf t porti®n 12 tends i ‘%%li‘éw“r“é (Lt GBS ing? ot e piptebist <iapignent "o
little or no anglitherinvantioh én theiform of ant iipsoved diskd spindle wiogore fThisuniged designr no
centrifugal forgg &8kSid AGvantipss bk M Pridrl RVhrPingddtObdoWndo the inventor and
’ facilitates having very small motors which are cspecially usefu.! in miniature magnetic,
or other disk drive applications. For example, this invention facilitates a disk spindle
10 motor where the thickness or axially length of the motor is only 0.150 inches. =~
In Figure 10 the improved disk spindle motor is designated by reference by
numeral 200 and comprises a permanent magnet cylindrical shaft 202 having a
preselected diameter 202D (see Figure 12) and two ends 202' and 202" *of opposite
magnetic polarity and the center line 202CL of the shaft defining an axis. Thus in
15 Figures 10 and 11 the shaft 202 is shown with end 202" being a north pole and 202"
being a south pole.
The motor further includes a pair of annularly-shaped. non-magnetic
' combination thrust and journal magnetic fluid type bearing members 204A and 204B,
which preferably are of identical construction depicted in Figures 13 and 14. Each
20 bearing member is characterized by having an inner diameter 204D preselected with
respect to shaft diameter 202D to facilitate the assembly of the bearings onto the shaft
as depicted in Figure 10. Those skilled in the art will recognize-that said assembly of
the bearing members 204A and 204B on the-shaft may-be a pressed fit. Ini other cases
- the bearings will be:fixed to the shaft 202 through the use of a cement; one cement
25 . that may be used is the Locktite Company RC/609 adhesive. .
“The bearing members are further characterized by having the outer portion of
* said annular-shape tapered to define a truncated conical bearing surface 204".
The motor further comprises a rotor: 208 (see Figure 10 for a partial showing)
adapted to be assembled with the shaft 202 for rotation relative to the shaft about axis
30  202CL. Rotor 208 has a central anmilar hub 209 having an outer diameter 209" and
" also-having a bore therethrough of a diameter 209** larger than the shaft diameter
202D. Thie hub 209 of rotor 208 is further characterized by having a pair of axially-
spaced apart, oppositely-disposed, conically-shaped recesses 210 and 211. The hub
209 is made of magnetically permeable material at least adjacent to said rotor hub
35 bore.” Rotor 208 has an outer annular hub 208* containing, on the inner periphery’
~ thereof, means such as an annular or drum type permanent magnet 208" having a
cylindrical infier periphery 208" of a preselected diameter. |
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7 lubricant toward the inner reservoirs 68 and 70. In this manner, the
rotatlng tapered surface of outer sleeves 20 and 22 act as centrlfugal
punps’® causing ferrofluid lubricant to nove frominner reservoirs 68 and 70
towards outer reservoirs 62 and 64, and return via the oil return paths or
- grooves 66. The use of -a non-magnetic upper-18{ eéve 20 and | ower sl eeve 22
all ows the .magnetic flux paths 58 and 60 to encl ose or surround the upper
and | ower sl eeves 20 HitOmadidr firtheo vomprisssa par oftuytindyical éndaps206ey el 2068 S

ar r angement provwaﬁb%ﬁmn%gg&%aq aﬁsg.&ggﬁ&ugm wbﬁc.) &Btca Ol 2 cental

relatively small” area on r wer 28.
By confining thecircalar 6apshaped nesessc2i8t “'tQS‘Cl‘H‘bd‘EQSWfr?gd@HF[F‘aE‘ES ‘°t‘ﬁ‘i§"’°

amount of ferr ofdadiedd lofilttid saftt202 e quie cireulargeripiery GUtE et capds alennfischiey
i gggf’yg UbT i GAN ke Suufrdh 25 teehirafing HCantiBobAthat WitRE S07" OR citighyt e ar ea
~ extending circular shoulder portion 206" projects radially out from 207 and hasa
circumferential surface of a preselected diameter. More specifically, ‘the preselected
diameter of shoulder portion 206'* is selected to be slightly less than the cooperating
portion of the rotor hub 208 as is better understood by reference to Figure 10.
10 The end caps are made, at least in part, of magnetic permeable material S0 as
to provide a-continuous low reluctance path for the passage of magnetic flux from the
central portion of the cap radially outward to and through the shoulder portion 206'".
The motor further includés an annularly shaped motor stator and winding
subassembly 214 comprising stator laminations 215 and appropriaie winding 216.
15 Stator 215 has a central axially extending bore 214' of a diameter larger than the
diameter 209" of the rotor hub. : .
The motor furthcr includes a lower base member 218 for suppomng the
subassembly. 214. 'The base member has 2 central means for receiving one of the end
caps. As shown in Figure 10, this central means comprises a cup-shaped recess 219.
20 : Réferring again to Figure 10, it will be noted that the motor further includes
an upper base member 238 having a central cup-like 238" adapted to receive the end
cap 206A.
Referring again to Figure 10, the rotor shaft bearing members and an
appropriate ferrofiuid 217 are assembled together with the bearing members being
25 axially. spaced a_part on shaft 202 with the conical bearing surfaces 204 thereof being
oppositely disposed as shown in Figure 10 and with the surfaces 204" in close nesting
proximity to the conically shaped recesses of the rotor hub. More specifically, as
shown in Figure 10, the bearing surface 204 of bearing 204A is in close nesting -
- proximity to.the conically shaped recess 210 of the rotor hub. Likewise, conical
30 bearing surfacc 204* of bearing of 204B is in close nesting proximity to the conically
shaped recess '211 of the rotor hub.
It will be noted in Figure 10 that the axial length of shaft 202 is sufficient so
that when the bearing members 204A and 204B are positioned, as aforesaid, with
 respect to the rotor hub 209 that the ends 202° and 202" of shaft 202 project outboard
35  from the bearing members 204A and 204B respectively. '
The end caps 206A and 206B are then placed on the ends of the shaft 202 as
shown in Figure 10, i.c., the shaft fitting into the recess 206°.
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surroundi ng the bearing surface. Reducing the anount of ferrofluid

1 ubricant reduces the wei ght of the bearing cartridge. 1n addition, the
ferrofluid containment of the present invention prevents the nmigration of
all the ferrofluid to one end of the bearing cartridge, thus causing one
bearing surface to beconme dry when inactive gger extended periods of tine.
Furthernore. conpartnentalizing the ferrofluid |ubricant reduces the

tendency of magnetic emrmﬁlicd?ﬂ. Stthé. Hn&%ﬁ%&ﬁi&m&'%*hﬁﬂwﬂén%%&gﬂ SR%' ods

of non-use. Fi nal%x t he .u non- magnet | c upper eeve
sl eeve 22 tends tIPRERAN "ﬁ&@ﬁ&‘ mess afpassemplad A ataresal bméﬁlw@umf@ewl .
portions 20 and 2Rrfaces 200¥ is speeed from{ butiptostly @djadedt toBehe 2o e hittobdte ttd de fipPL 1

gap 26 and | over @afofiRn@al siiR28s65Hal 225 tance woul d be very | ow
and thereforg the mag t|c Fﬁ?goﬂ@gﬁra onR'l'\Acgtt?JI d be very high if the
non- magneti c’sl eeves mbjed fofar. e g memyers and snd @A ithe meynsed

between the in neror&haidwc”rbaﬁmﬁlembﬁ zlatse thahthb aitduldr bl of the reto HUoAcdhRGAAL | C
drag on ot he bear 'd?ﬂ)ogairthrdlgg&e 2180t 4RE mBlor 20 TRINEL i)ly 2%k e%ng ¢ap 206B is
_received by the central means 219 of the lower base member and i is held in place by
appropriate means such as an adhesive. One adhesive which is satisfactory is the 3M -
10 Company's AF42 adhesive. The inner periphery 208'*" is concentrically spaced from
' the outer periphery 214" fo the stator 215. When the windings 216 are cncrgized
from an appropriate source of electrical power (not shown), then, as is well
understood by those skilled in the art, a rotating magnetic field is produced to interact
. with the permanent magnet 208'** to cause or produce rotational torque on rotor 208
15 to rotate about axis 202CL relative to the subassembly 214 on base 218.
In Figure 10 the reference character 202F is used to designate a plurality of
small arrows representative of magnetic flux flowing in a closed loop from end 202
- of the permanent magnet 202 into end cap 206A through the cap to the radially
extending shoulder 206" across the gap 225" and thence axially along the hub 209 1o
20 the portion of the rotor hub adjaccnt to the shoulder 206"* . crossing the gap 225°'
~end cap 206B and through same to return to the magnet at end 202'* thereof.
The ferrofluid 217, abovementioned, is disposed in the bearing surfaces
© 204'7210 and 204'7211. The ferrofluid is retained between the end caps due to the
high concentration of magnetic flux in the gaps 225" and 225°°.
25 There are number of advantages associated with the disk spindle motor
- depicted in Figure 10. It will be noted that a single shaft which is a permanent
" magnet provides several functions. It serves as a primary central means for the motor
and concurrently, being a permanent magnet, functions to provide the flux flow for |
providing the above described seals for retaining the ferrofluid. The conical bcannzs
30 provide a combination thrust and journal bearing function.
It has been found that it is desirable to have the axial lcngth of the magneuc
shaft 202 at least twice the diameter of the shaft.
One of the SIgmfimnt advantages of this invention is the relatively small
oumber of parts as compared to prior art spmdlc motors; this, in tum; helps minimize
35 manufacturmg costs. Of great lmportancc is the compact and efficient design
permitted by the applicant’s unique conﬁgurauon As indicated, motors have been
constructed using the applicant's umquc design whére the axxal lcngth of the motor
was only 0.150 inches.
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20 and 22 tends to prevent flux from passing between the inner shaft 12 and
‘the outer hub 14. Instead, the flux path passes through gaps 36, 38, 46 and
44, which are | ar ge, enough to prevent any high flux concentrations that can
result in excessive magnetic drag. As previously described, upper shaft
section 16, central shaft section 24 and | owgy shaft section 18 are pressed
together or fixed in position relative to each other. As an alternatlve

upper shaft section ﬁhﬁﬁg’ éaﬁﬁ’?fovﬁﬂaaf&ulﬁ%ﬁétﬁﬂ a&?es&ﬁ%figgg nl?{é?\?' Iiceélﬁ on

relative to the ot
16, central shaf $19G@pt PEAYideshe fincrionneat betng pfiuxcoliccns from ﬂ@g&ﬂh@em Miagnet

prel oad or bi asi sigfithangrofidiig £m”\fe]uctaﬁcq3pmradhdybﬁmﬁhﬁwﬂ Lhibﬁzﬁﬂﬁ%d:%{?@ft
as .means reven S
section 16 from GRyiqeg. aﬁ%@l}ﬂl% HE VRl gags%ral%u?{o eﬁ%%%l{? ; b fhe 1010 ésbp

the | ower shaft sectlon m novi n
provi des a ar el oshaftrsybassembly utozand petween the Iower and upper base members. Last, but

not least, the end caps provide the above described ferrofluidic seals for the motor.
Figure 17 is a modified embodiment of the invention having many similar
parts to the motor dcpictcd in Figure 10. However, a key difference is that the end
caps of Figure 10 have been replaced by end pieces 306A and 306B which. instead of
10 a recess 206' and 206'" respectively, have axially inwardly extending circular pole
pieces 306AA and 306BB of substantially the same diameter as the diameter of the
permanent magnet 302. The pole pieces are identified by reference numerals 306
and 306''. - The axial length of the permanent magnet 302 and the axial lengths of the
end members 306A and 306B are collectively preselected so that afier the rotor
15 subas's:xhbly is accomplished the axial ends of pole pieces 306" and 306'* respectively
abut against the axial ends.of the magnet 302 at a point within the bearings 304A and
304B. The arrangement of Figure 17 may be especially advantageous for larger
motors having larger axial dimensions.
Although the present invention has bcen described with reference to
20 preferred embodiments, workers skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit and scope of the invention.
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8 position upper shaft'section 16 and | ower shaft sectlon
the hub portion 14 so that the separations between upper H "I
gap 28 can be adj usted. The adjustnment of the separation

and 28 allows for the adjustnmen of bearing perfornmance characteri StICS such
as.drag and runout. Anot her enbodi nent of thy-.present invention, bearing
cartridge 10A, is illustrated in Figures 3 and 4. Simlar el enment

i dentification nw@mqs@fwgg s these figures,.as well as throughout

this descrlptlon nate siml elenents. As in the previous
embodi ment  shownli n ;{dﬁ?lgﬂ"‘fﬁ%mq.(%éﬁ?‘?‘%ﬂ%rtr| dge 10A i ncl udes an

i dentical inner shaft port .on 12A having a central shaft section 24A with
an upper shaft sectiogy 1 c:'n et%ﬁﬁ&ncﬁleﬂ{aﬁ(lﬁbﬁ%lﬂgﬁ'p?és@l@@t@d at

opposi te ends thereof The ] r sha as a tapered surfac
17A, the .squ ace havi figmgties )6 BYR ‘F'IS‘F é&} )rﬂ?A ORPOSUE MagnHis P qﬁ‘rHY e
ferrofluid | ubricant.cesterilinaf202CILt)of sdidskaft defining an axis;.

b) a pair of annularly shaped non-magnetic combination thrust and journal
~ magnetic fluid-type bearing members (204A,204B), said members each being
10 characterized by having:

1) an mner diameter (204D) preselected with respect to said shaft
dlameter (202D) 10 facxlxtate the assembly of said bearings onto said
~ shaft (202), and
15
(ii)  the outer portion (204') of said annular shape tapered to define
a truncated-conical bearing surface

c) a motor rotor (208) adapted to be assembled with said shaft (202) for
20 rotation relative to said shaft about said axis (202CL), said rotor having a
| central annular hub (209) baving an outer diameter (209') and also having a -
bore (209'') therethrough of a dlameter larger than said shaft diameter (202D),
said hub further being charactenzed_ by having a pair of axially spaced apart,
" oppositely disposed conically shaped recesses (210,211) and said hub being of
25 magnetically permeable material at least adjacent to said rotor hub bore;

d) a pair of cylindrical end caps (206A,206B), each:

6)) having a central circular cup-shaped recess (206') in one end
30 " thereof of a diameter preselected to receive one end of said shaft (202);

(ii)  having a radially extending circular shoulder portion having a
circumferential surface (206'*) and a preselected diameter, and

35 | (iii)  being made, at least in part, of magnetic permeable material to
o include, as a continuous low reluctance path, said shoulder portion and
- the portion of said cap adjacent said cup-shaped recess (206');
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shaft section 18A has tapered surface 19A, the tapered surface 19A havi ng

series.of grooves 66A for providing a return path for ferrﬁlmm"uln“u'ﬂml
Bearing cartridge 10A further includes an outer hub portio ,
capabl e of rotating relative to inner shaft portion 12A° about %n ‘axis &f *

rotation 13A defined by the inner shaft porihon 12A. An upper sleeve 20A is
positioned on the upper inside portion of outer hub portion 80. Simlarly.

| over sleeve 22A is pgsitigngdugfly Etﬂ Mofor sﬂai%%'(ﬁ%)?&f §dz8Pwﬂ{du%%% hub
portion 80. .Both the Uﬁ er sle s| eeve 22A "are elthe

press-fit. glued or ad ‘F‘U‘é‘i"ﬁbﬁr‘?ﬁ\?ﬂg ?&Q‘Wgaﬂﬂfye?x‘mﬁ‘gﬁﬁﬁ {20f ) a diarmeter
i nsi de surface of uppaugesthansaid b0 omesdiameien(209Nal t aper whi ch matches the

taper of tapered surface 17A of upper shaft section 16A. Lower sleeve 22A

has an inner surface that has ap internal % 'g) r which nmatches the taper of
the tapered’surface TOA orft P¥§EP2sE member ) f9R supparting said appulatly shaped mpporang
the tapered inner surstaereandfstsapeinding aebasseribly (234), 84id baseungirber g218)a66 chat

ﬁg%f’"ﬁn a fer ;0{ ;g‘egehiﬁ%iﬁnga%nn{m&h?&l§}’f& ?&@ivﬁ&%@_f&? sifl€nd caps (206B);
said rotor (208), said shaft (202).' and said bearing members (204A,204B) being
10 assembled together with said pair of bearing members being spaced axially apart on
' said shaft 5o that each of said conical bearing surfaces of said bearing members is
disposed, respectively, adjacent and in close nesting proximity to one of said pair of
conically shaped recesses of said rotor hub and so that said each end of said shaft
projects axially outboard from said bearing mcu_tﬁers. each of said ends of said shaft
15 tlwréaftcr_bcing respectively inserted into said circular cup-shaped recess (206°) of
-one of said end caps (206A,206B),

the axial length of said rotor hub (209) being preselected so that when said rotor,
shaft, bearings and end cap members are assembled as aforesaid, each of said

'20  circumferential surfaces (206'°) on said shoulders of said end caps (206A,206B) is
spaced from but closely adjacent to said rotor hub bore to define a pair of annular
gaps (225',225")'thcrebctween. and

the assembled rotor (208), shaft (202), bearing members (204A,204B), and end caps
25 (206A,206B) thence being mounted on said lower base member (218) so that said:

(i) - annular hub (209) of said rotor (208) is concentrically disposed
in said bore of said motor stator subassembly (214), and

30 | (i)  one of said end caps (206B) is received by said central means
* (219) of said base member (218); and ' '

g) . a ferrofluid (217) disposed between said conical bearing surfaces of

said bearing members and said recesses of said rotor hub. .

| 2. Apparatus of claim 1 further characterized by magnetic flux produced by said_
' permanent magnet shaft flowing in a closed low refuctance path (202F) from a first
(202') of said ends of said shaft (202) to its respective one (206A) of said end caps
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surface of |ower sleeve 22A define a | ower gap 28A whi ch cont ains-a
feerfI uid lubricant. The outer hub portion 80 is made mm“m ﬂ
steel, such as Core 10 and magneti zed such that the nort u mm
orientation is aligned with the axis of rotation. The rragnetlied out er* hub

portikon 80 provides magnetic flux for holdirng-ferrofluid |ubricant in the
beating cartridge 10A. An upper flux channeling neans 82.is attached to the

upper end of outgl Msﬂarcht@me%&tanﬁrﬁcé aos*r) thbredt @hﬁﬂﬁﬂiﬂﬁ@ﬁd%@?%ugAf i s

attachedtothe ortlon of out or4 4.0 upper fl ux
channel i ng neans ZW%ECTW 3%@?'?‘1% #@ ﬂggg'& °§f°6\9fa"ég§ (?g

rel uct ance pat h @86Bhmkancg ttaomglmrd ¢ttm of 3aid hwmyaﬂd)ﬂmwgoah%@h@e@m at ebn
of magnetic fl uxgld %gofm@@ﬁaf{ tm) channel i ng means 82 and | ower fl ux

channel i ng 5
3. Apparatus of claim 2 further characterized by said magnetic flux flow (202F)
between said rotor hub (209) and said circumferential s;urfaccs (206'") functioning as -
ferrofluidic seals to retain ferrofluid fluid (217) between said end caps and within said
rotor hub. ' ' ' '

10 .

4, Apparatus of claim 1 further characterized by having an upper base memi)er
(238) for receiving the other of said end cap members (206B).
5. A disk spindle motor (200) comprising:

15 ) a permanent magnet cylindrical shaft (202) having a preselected
' diameter (202D), two ends (202°,202"") of opposite magnetic polarity, and the
center line (202CL) of said shaft defining an axis:

b) a pair of annularly. shaped non-magnetic combination thrust and journal
20 magnetic fluid-type bearing members (204A,204B), said members each being -
characterized by having: ' )

()  an inner diameter (204D) preselected with respect to said shaft
diameter (202D) to facilitate the assembly of said bearings onto said
25 shaft (202), and -

(i)  the outer portion (204") of said annular shape tapered to define
a truncated-conical bearing surface;

30 c) a motor rotor (208) adapted to be assembled with said shaft (202) for
rotation relative to said shaft about said axis (202CL), said rotor having a
central annular hub (209) having an outer diameter (209*) and also having a
bore (209'*) therethrough of a diameter larger than said shaft diameter (202D).
_ said hub further being characterized by having a pair of axially spaced apart.
35 oppositely disposed 6onically shaped recesses (210,211) and said hub being of
magnetically permeable material at least adjacent to said rotor hub bore:

d) - a pair of cylindrical end caps (206A.206B or 306A.,306B), each:

"l fiiiiﬁﬁi i



9 means 84 are preferably magnetcal |y perneabl e washers that are mnounted
‘coaxially over inner shaft portion 12A.to hub portion,

channel i ng neans 82 and | ower flux channeling nmeans 84 - Imﬂ mﬁ HM[
adhesivel y bonded to outer hub portion 80. In another pre *er rce

bot h-t he upper flux channeling neans 82 and2ghe | ower fl ux channel I ng nmeans
84 are fornmed fromouter hub portion 80. An upper gap 36A is defined by the
outer surface of upper shaft section 16A and the inner surface of upper
flux channeling neans 82. A | oyer. ga 44 I S I, out er face

of lower shaft portion 18A)andw§ﬂ§gf‘§?fgﬁ3 gg&’l gﬁ&«%é@&ﬁﬁ thone é‘ﬁﬁé rF?fg
means 84. The magnetic fl @ndeéam@qumcaépbw $haft 202,30 gap 36A and

| ower 44A maintain ferrofluid Iubr| cant within the gap. thereby formng a
ferrofluidig seal. These ferrofluidic |s a er. 6A and | ower gap
44A tend to§ contain the fé&® of Y‘Bgf‘lﬂﬁﬁ@aﬁ’ﬁcnéxﬁ E&Plﬂgs&fﬁﬂ ROLIIQN Rayeng 4 0A
in addition to preventi ngcamymfraemialciuefacef206T nand epriselacted dianwedrr ambje from
escaping to contam nate the

(iii)  being made, at least in part, of magnetic permeable material to
include, as a continuous low reluctance path, said shbuldcr portion and

10 - the portion of said cap adjacent said central means (206°.306AA.
306BB;

€)  an annularly shaped motor stator (215) and stator winding (216)
i subassembly (214) having a central axially-extending bore (214') of a diameter
'15 Tlarger than said hub outer diameter (209°); '

f) a lower base member (218) for supporting said annularly shaped motor

stator and stator winding subassembly (214), said base member (218) also

comprising a central means (219) for reoewmg one of sald end caps (206B or
20 306B);

said rotor (208), said shaft (202,302), and said bearing membérs (204A'.2043 or
304A.304B) being assembled together with said pair of bearing members being spaced
axially apart on said shaft sothat each of said conical bearing surfaces of said bearing

25 members is disposed, mspectively.-adjaocm and in close nesting proximitv to one of
said pair of conically shaped recesses of said rotor hub, each of said ends of said shaft
(202,302) thereafter being respectively abutted against sald central means -
(206°,306A A ,306BB) of one of said end caps,

30 the -axial length of said rotor hub being preselected so that when said rotor, shaft,

- bearings and end cap members are assembled as aforesaid, each of said "
circumferential surfaces on said shoulders of said end caps (206A,206B or
306A,306B) is spaced from but closely adjacent to said rotor hub bore to define a pair
of annular gaps (225°,225'*) therebetween, and

35 .
the assembled rotor 208, shaft (202), bearing members (204A,204B or 304A, 304B).
and end caps (206A,206B or 306A,306B) thence bcmg mounted on said lower base
member (218) so that said: : . _ . .
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envi ronment surroundi ng the bearing cartridge. As |Ilustrated in Figure

the arrows represent magnetic flux produced by the nagneti MIM
80. This magnetic flux flows fromthe nagnetized hub porti't¥ "m p’u
| %

| ower flux channeling neans 84, across |ower gap 44A to Iomer “shhf t¥ sec
18A. ‘through inner shaft section 12A. and thgpn back across upper gap 36A.
t hrough upper flux channeling nmeans 82 and back to magneti zed hub portion
80. The upper sleeve 26A and the | ower sleeve 28A are nade from a non-

magnetic material such as bronze. t ct ance path from
each of the sleeve portiong)to e ﬁ‘ﬂg:&ogﬁgﬁstawp%ﬂrl iﬁ%“ﬁ%“r“ﬁ Hyd‘slmsed
preventing the magnetic fl ulxszlldhelsOfMMGMMgulamnlbl)CGZdéhianéd._ ‘The use
of a non-magnetic upper sleeve 20A and_.a non-nagnetic. | ower sleeve 22A

S T VAR W SR PSR e KT S A R
t hereby directing the nagneteans ¢2I19)<oﬁsh|ddaaghn¢dﬂm (m;&):raxgap 36A and | ower gap
44A formng ferrofluidic seals. -
g) a ferrofluid (217) disposed between said conical bearing surfaces of
_ said bearing members and said recesses of said rotor hub.
10 _ _
6. Apparatus of claim 5 further characterized by magnetic flux proddccd by said
permanent magnet shaft flowing in a closed low reluctance path (202F) from a first
(202') of said ends of said shaft (202) to its respective one (206A) of said end caps
and from said circumferential surface (206'*) thereof to and along said rotor hub
15 (209), thence to said circumferential surface (206'*) of the other of said end caps
' {206B), thence through said other (202“) of said end caps and thence to the other of
said -ends of said shaft (202).

7. Apparatus of claim 6 further charactetized by said magnetic flux flow (202F)

20 between said rotor hub (209) and said circumferential surfaces (206'*) functioning as
ferroﬂmdxc seals o retain ferrofiuid fluid (217) between said end caps and within said
rotor hub.

8. Apparatus of claim 5 further characterized by having an upper base member
25 (238) for receiving the other of said end cap members (206B).

9. Apparai:us of claim $5 further characterized by said end cap central means being
a circular cup-shaped recess (206') of a diameter preselected to receive one end of
saxd shaft. '

30 .
10. = Apparatus of claim 5 further characterized by said end cap central means being
an axially extending cylindrical member (306AA,306BB) concentric with said circular
shoulder portion and having a diameter preselected to facilitate the insertion thereof
into said bearing.

-
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The operation of the bearing cartridge shown in Figures 3 and 4 is simlar
to that of bearing cartridge 10 shown in Figures 1 and 2. The rotation of
outer hup portion 80 relative to inner shaft portion 12A tends to force the
ferrofluid lubricant fromthe upper gap .26A and the | ower gap 28A to an
uppet. reservoir 62A and a-l ower reservoir” 64A. respectively. Because the
~upper and lower ferrofluidic seals prevent ferrofluid lubricant from
escapi ng from upper gap 36A and | ower 44A. ferrofluid lubricant tends to
nove through grooves 66A to prevelt-EaSfuRdBsLedsure buildup in reservoirs
62A and 64A. The centrifugal punp fornmed by the rotation of the outer hub

80 relatlvBIgR gggg gﬁé%ﬁét portion 12A forces ferrofluid lubricant into

upper -rese r reservoir 64A which in turn displaces

ferrofluid 10 ' : '
A disk séindle motor (200) having a permanept magne£ central |
shaft (202). A pair annular, non-magnetic combination thrust and
journal bearings (204A, 204B) having truncated-conical ouﬁer
surfaces (204’) are spaced apax;t on the .shaft (202). The
bearings coact with complementary surfaces (210, 211) on the hub
(209) of a motor rotor (208) . shaft end ‘caps (206A, 206B) connect
the shaft to base means (218) and have radially extending
shoulders (206%) which define aﬁnulér gaps (225.', 225") with the

rotor and function as ferrofluidic seals.

Fig . 1
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| ubri cant through grooves 66A into a central reservoir 86. Ferrofluid
Tubricant in the central reservoir 86 is free to nmigrate between upper and
| ower " beari-ng portions. A preload or biasing neans (not shown) is provided
to upper shaft section 16A and | ower shaft section 18A. The biasing neans
provides a preload force to axially position thé upper shaft section 16A
and | ower shaft section 18A relative t¥l2he hub portion 80 so that the
separations between upper gap 26A and the | ower gap 28A can be adj usted.

The. preload force is applied to mnimze both u /dap 26A and | ower gap
28A so that greater radial tol erances can be achieved. Figure 5 illustrates .
a di sk storage system 90 t hat inpor@P ates the beari (Rﬂté?dge of the
present invention. Disk storage syste ncTudes a cHd3si’€ 92 that
provi des a clean environment for the magpetic storage redi .94 and the
head/ act uat or assenbly 96.- Tmz§¥sk storage system Jr Qe Ppta storage
and retrieval on the rotating gnetic sforage nedi A The gnetic
storage nedia 94 is rotated abou <\iSL' e ax%8 98 b ic disk
spi ndl e notor (not shown). QRN | W V's 7 N
N '/ | AN
BN/ {
\ J
3| 2687
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The head actuator assenbly 96 includes a nmagnetic head 100 that is
*supported over the magnetic storage media 94 by actuator arm 102 and an
actuator notor 104 for positioning the magnetic head to specific |-ocations
or tracks on the magnetic storage nedia 94. The actuator notor 104 is
preferably a linear notor that is capable of pivoting the -head actuator
assenbly 96 about -a pivot axis 106 f [2 positioning the nagnetic head 100 to
the desired track on nagnetic storad@ redi a 94. Frequently, the magnetic
storage nedia 94 includes a plurality of magnetic dISkS that are spaced
apart from each other and arranged in a vertlciLﬁsg sonetinmes referred
to as a "disk stack." Each of the magnetic dis at fornlthe di sk stack
rotate in unison.-about the spindle axis. 98 actuat or assenbly 96
that is used in conjunction wi t WA >h afl sk - : tically stacked
arrangenent with each head actuator 3 y spac:z jart Trom each ot her

and rotating in unison about pivot axis 6] Int AN a-g urality of
i/e/n?s gthat a

magneti ¢ heads are each positioned at d

series of locations or tracks Q<§<S:3
. \ o
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accessed simultaneously for each magnetic disk in the disk stack. In the
'di sk ;storage system 90, the magnetic head typically is positioned or flies
tenths of nmicrons fromthe surface of the nagnetic storage nedia 94.
Because the magnetic head 100 flies so close to the disk surface, the air
entekjng the chassis 92 nust be filtered to prevent any contam nants, such
as dust, fromentering the chassis 923/1€nt am nants whi ch enter chssis 92.
if located on the magnetic storage -nedia 94, may disrupt the nagnetic head
100 and eventually a head "crash" or gradual damagi ng of the disk surface
may occur. Figure 6 illustrates the bearing cértridge 10B of the present
i nvention in which actuator arns 102 have been i$tegrated to form

head/ actuat or assenbly 96. Bearing cartridge 10Blis exactly the sane as.
bearing cartridge 10A except that outer 15A~\_ﬁ, '

_ 44%\\\ —~— /EA
- 644 N b N
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hub portion 110 is nodified for nounting actuator arnms 102. Bearing
‘cartridge 10B includes inner shaft portion 12B having an upper shaft
section 16B and a | ower shaft section 18B that are pressed onto a central
shaft section 24B. The inner shaft portion 12B has a central axis that
defines the pivot axis 106A for the head/actuator assenbly 96. as shown in
Figure 5. The inner shaft portion 12B'i $/18ecured wi thin chassis 92 by an
upper screw 112 which extends through a bore in a top portion 92A of
chassis 92 and extends into a threaded bore that is centrally |ocated at
t he upper end of central shaft section 24B. A | ¢pwer screw 114 extends
through a bore in the bottom portion 92B o /f chagsis 92 and extends into a
threaded bore that is centrally located atf ower end of central shaft
section 24B. In this manner, inner shaft portion 12B is held securely in
"place wthin chassis 92. A tapered surfac r shaft section 16B
engages a conplenentary taper on the insi urfaceg upper sl eeve 20B of
outer hub portion 110. Simlarly, t ed face 1 fl r shaft

P V. taggedfs Yrm

section 18B engages a ///
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conplenentarlly shaped i nner taper of |ower sleeve 22B of hub portion 110.
‘A ferrofluid lubricant is positioned bétween these opposing tapered

sur f aces. The anmount of ferrofluid lubricant or thickness of the |ubricant
wi thin the upper gap 26B and the lower gap 28B is deternined by a biasing
force.that is applied to upper shaft portion 16B. The biasing force is
applied with a lock ring 116 that is inserted into a countersunk bore 118

that is centrall ocated at the upperﬂ@hd of upper shaft section 16B. The
l ock ring 116 e %E Iot (not shown) on the upper portion of central
shaft. portion 24 sitioned coaxially over central shaft 24B and between
'ock washer 116 OTPPE sectiom 168 TS a spring wastrer—126— e
spring washer 120 appl|€§’¢—u asi ng € TO Upper shaft SeciTomi6B
thereby limtling theanpunt of ferrofluid [ | 6B
and | ower gag 28B/The& outer hub n
steel, such gds Cgre/10, and magn netic
orientation i|s alfifgned

0
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with the axis of rotation 106A. The nmagneti zed outer hub portion 110

‘provi des magnetic flux to an upper flux channeling nmeans 122 and a | ower

fl ux ‘thanneling nmeans 124 that formferrofluidic seal s which contain the
ferrofluid lubricant within the bearing cartridge. As outer hub portion 110
rotates relative to inner shaft-portion 12B, ferrofluid lubricant is

centrifugally punped fromthe upper gapWEGB th owerrgap 238B |nto
outer reservoirs 62B and 64B, respectively, dnd th bac hr ough
ferrofluid return grooves 66B back to central ese [ I \ 12 A
pIurallty of notor arms 126 are attached to thelli a udt or notor 104,

shown in Figure 5, for pivoting the head/actLat§£
axis 106A.. Motor arns 126 provide a rotationg r
sel ectively

about pivot
uter hub 110 for
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p05|t|on| ng the magnetlc hedds 100 to the desired track on the magnetic
storage nedia 94. The bearing cartridge 10B of the present invention nakes
use of ferrofluidic seals for preventing material from escaping the bearing
cartridge and contam nating the di sk surface which nmay cause a head crash
condition. In addition, the bearing cartridge of the present invention
tends to danpen high friequency oscil{giions of the actuator arms that
result fromrapid accel gration of the actuator arns. Figure 7 illustrates a
di sk spindle notor 130 &KRat incorporates bearing cartridge 10C of the
present invention. Bear™g cartridge 10C i ncludes inner shaft portion 12C
havi ng an upper shaf} segtion 16C and a | ower shaft Ction 18C that. are
pressed on to a cgntdal ghaft secti 24C. The i rfpe haft portion 12C has
a central axi s 98 at adefines % indl e axis ®8L.Skpwn in Figure 5. The

I..
inner shaft pgsti &EZC i s nount not or base {3

\ U ' /

130
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An outer hub. portion 14C is supported by inner shaft portion 12C. The outer
« hub portion 14C i ncl udes upper sleeve 20C and | ower sl eeve 22C. Both upper
sl eeve 20C and | ower sl eeve 22C have an inner surface that has a taper that
is conplenentary to the tapered surfaces 17C and 19C, respectively, of
i nner shaft portion 12C. An upper gap having a ferrofluid | ubricant
contained therein is defined by the tapered surface on the inside portion
of upper sleeve 20C and tapered surfgge 17C. The ferrofluid |ubricant in
upper gap 20C is contained by a magnetic flux produced by upper permanent
magnetic means 30C in a nmanner identical to bearing cartridge 10 shown in
Figures 1 and 2.gvagnetic flux provided by upper per eht magnet neans 30C

flows through u 1 ux channeldan ans 34C th hahnel s fl ux across a
first upper RP C t hr ough u@ﬁe aft secti o8 t hrough central
shaft secti on24G d the back gc a secoad u pap_38C. through an

I nner flux channel ans 39C, th 1 hub- pokg i on {4 q back to upper
per manent a\“\ ™M Vﬂm
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magnet neans 30C. The upper flux channeling neans-34C, inner flux
‘channel i ng means 39C, upper shaft section 16C. central shaft section 24C
and hub portion 14C am a magnetically perneable material such as magnetic
stainless steel so as to provide a good flux path. The nagnetic flux paths
for eontaining ferrofluid |ubricant about the upper gap 26C is indicated by
arrows 58C. 13 A | oper gap 28C, ha¥¥Rg a ferrofluid |ubricant therein,
is defined by the tapeﬁgﬁbsurface on the inner portion of |ower sleeve 22C
and tapered surface 19L  Th VW AT, pricapnt in | ower gap 28Cis
cont ai ned by magnetic rrhx il 2 g 5

32C in a manner simlak_to
| ower permanent magnet
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a lower flux channeling nmeans 42C. across first {ower gap 44C to-| ower
shaft, section 18C, through central shaft section 24C, and then back across
second | ower gap 46C, through an inner flux channeling neans 47C, through
hub portion 14C, through an inner pole piece 48C, and back to. | ower

per manent magnet nmeans 32C. The magnetic flux path for containing

ferrof luid about the lower gap 28C is indicated by arrows 60C. The-l ower
flux channeling neans 42C, |ower shaft gsggiion 18C. central shaft section
24C, hub portion 14C, and an inner pole piece 48C are a magnetically
perneabl e materi al such as nagnetic stainless steel, so that they provide a

good flux path. Mdtor hub 134 | tached gt o outer hub portion 14C. Mbtor
hub 134 is preferably nade from i gt ight materi-al such as al um num
and is press fit over .outer hub portjdn 14C. ached to notor hub 134-is

t he magnetic stor di. 4C. Thg” magnet) c storgge nedia 94C is
preferably a pIUrjﬁ?[Eﬁ@iT gneti ¢ storage dis tyat are spaced vertically
fromeach other and fixedly attaghed to or /hub :

202D

FlGol |

R 202
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134. Mounted to outer hub portion 14C are notor nmagnets 136 used to cause
Totation of the outer hub portion 14C. Mtor magnets 136 are pernmanent
magnet's that produce |ines of flux perpendicular to the axis of rotation
98C. These lines of flux produced by notor nagnets 136 interact with
magnetic fields produced by stator wi ndings 138 to cause rotation of the
outer hub portion 14C. Stator w ndi ngs 1128 are wound on the poles of stator
cores 140 which are in tu&_{l supported on notor base 132. Mtor bgse 132 is
in turn nounted to chasgl shown in Figure 5. Figure 8 idl dsgy ates
anot her enbodi nent of dOs spl ndl e mbtor 150 that incorporat®s earing
cartridge 10D of the pr Bearing cartridge 1 ns=smlar to
bearing cartridge 10A s 4. Bearing cartAid 0D M

i ncl udes an up shaft Seefion s o, h'aft sectio d

| ower shaft sect+on 18D. — Q% ower O

shaft section 188 are / &)
- /', L
L

206"
207
(A & B)

‘\‘206-

FlGol5
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pressed onto central shaft 24D. The inner shaft poftfon 12D i s supported 5y

a not or

base 132D

14 An outer

) hub portion 14D is supported by inner
shaft portion 12D. The outer hub portion 14D includes an upper sleeve 20D

and a |lower sleeve 22D that are press fit, glued or adhesively bonded to

out er--portion 14D. The upper sl eeve 20D has an i nternal

taper that is

conpl enentary to the taper of an outer surface 17D of upper shaft section
16D. Simlarly, |ower sleeve 22D hasigmzi nner surface that has a

conpl ementary taper to an outer surface 19D of
upper gap 26D is defined by the tapered outer surface 17D of upper shaft
section 16D and the inner tapered surface of upper sleeve 20D. Simlarly,
| ower gap 28D i s defined

| ower shaft section 18D. An
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by ‘the tapered outer surface 19D of |ower shaft secti-on 18D and the t aper ed
inner surface of |ower sleeve 22D. ‘A ferrofluid | ubricant is positioned i.n
both upper gap 26D and |ower gap 28D. The ferrofluid lubricant is

mai ntained in the upper gap 26D and the | ower gap 28D by- a magnetic flux
that:is produced by both the outer hub portion 14D and. the inner shaft
portion 12D). The outer hub portion 14D as Wel | as the inner-shaft. portion

12D are made froma material that 'EIWB%M rragnetlzed such as a
hi gh carbon steel, and then magnetized north and sout h. |

north-south ali gnrrent of both the inner shaft portion 12 anl?'tghe o%li er hub
portion 14D is generally paral 1Q ion 98D for the disk
spindl e notor 150. The north-s the outer hub
portion 14B i s OppOSTHeSpredtar ﬁﬁgﬁtﬁinlrﬁlaiﬂsltﬂﬂéﬂiﬁfe cofriddes, dndMNe pasiddhat tdB¥atingn
12D. In one preferred embodi nent, shown in Figure 8 the outer hub portion.
14D i s nmagnet | zadridges haying hferspfiuidlubaieasét i c pole is toward the | over
portion of the

The use of ferrofluid bearings as an alternative to ball bearings is disclosed in
U.S. Patent 4,734,606 by.the inventor of the present invention and incorporated
herein by reference. Ferrofluid bearings have provided particular a_.dvanta:ges over
10 ball bearings when used in magnetic disk §torage systcm.;s. More specifically,
‘ferrofluid bearings tend to produce less audible noise than ball bearings.
Furthermore, the use of ferrofiuid bearings instead of ball bearings eliminates
vibration produced by the inner ball bearing_ race. the outer ball bearing race and the
ball bearings.’ Additional relevant prior art are French patent 2,313,592 and US
patent 3,701,912. The former teaches a conically shaped bearing for a motor. Patent .
3.701,912 shows a bearing structure with a magnetic lubricant and with magnetic
| means (o retain the lubricant in the bearing at rest. T
The use of a ferrofluid beanne ina dxsk spindle motor improves sevcral
performance factors of a magnetic disk storage device. Ferrofluid bearings tend to
20 reduce or attenuate vibration originating in other parts of the disk storage device. In
| addition, ferrofiuid bearings tend to have lower elef:rrical‘ resistance berween the outer
| race and the inner race than ball bearings thereby providing a bqur discharge path to
more rapidly dissipate any electrostatic charge that builds up on the disk surface.
. ' Furthermore, ferrofluid bearings tend to have a larger surface area berween the |
25 bearihg races over which to distribuie shock loads. thereby withstanding’ mechanical
shock berer.
The ever increasing demands for greater memory capacity. lower production
. costs, faster memory access tires, ¢éCreasch size _and weight of disk storage devices
has placed increasing demands on the performance of the disk spindle devices, 10
" 30 provide iﬁpmved pc:formancé factors such as reduced drag characteristics. imprO\_red

ferrofluid containment and reduced manufacruring costs.
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hub, and the south magnetic pole is toward the upper portion: of the hub.

The ipner shaft portion 12D is nagnetized so that the nmagnetic north is

toward the upper portion of the inner shaft and the nagnetic south is

toward the | ower portion of the ipner shaft. In this manner, the magnetic

fl ux produced by the outer hub portion 14D gdds with the magnetic fl ux

. broduced by the inner shaft portion 12D. The use of two negnelisgedyppstions
connected so that their magnetic SUMMARYOBIHERMENIIPON of ub"portleon 14D

and the inner shaft ) IRIH4EE i inki8ad¥8i b RidbHREe b

sanme magnetic field gﬂ' h%?%"}mewos Sfem hg/ ht%rjst onle magnet |zéx§gg 6

portion. The magmaxxsat&d alfirq desing tfaccm‘l‘hdqb:anpgaearmaunehfdcs ahub thaha‘fdapable

portion-12D to th per .portion of on 14D an u 1 ux
channel i ng Means® gg%c‘dﬁgf,tgdﬁ ﬁ%g‘ég&ﬁnﬁﬁﬁﬁ"%ﬁq E%/” ‘6n
14D-to lower fl uao&kmzaﬁkmgwmmuﬁmmbacdﬁewue shifﬂ@dd&@&ﬁs b&gtt on
12D. The upper flux channeli n%gmeans 34D1s attached to.the top central

portion of outer MAgRSTEes 10 pFAVide B magneriq fifkd, Arferefivid Aninelndedyasuallas ofux | s
made froma mag ngﬁa'nﬁaﬁgym&% ?&a&x'aﬁnclmz magnetic flux provided by the magnetic field. The -

magnetic flux is channeled between a gap defined by the shaft and the hub-so that a

10 ferrofluid is maintained therein.
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material thereby allowing flux to pass frominner shaft portlon 12D across
‘an air gap to the upper flux channeli ng means and the into outer hub
portion-14D. 15 In addition to providing a flux path between inner shaft

portion 12D and outer hub portion 14D, upp[a';. fl UXAW| SHpgemEans 34D al so
provides a nechani cal seal for preventing ferroflui ubricant from

~escapi ng di sk spi ndtgc mglqgn&égf ﬂ{éﬁ@@f hit} Ebr&s&]@ﬁ&?&d g wemhe gatbt. RRSY] des a
mechani cal * seal which requires |ess L 5 an._the fer gi-thlé (ilxlaq seal s used
on di sk spi ndl beas@esrnd ey GRIMFmRGS ﬁF@fPﬁ’é’ led 25 3ropesqid- a'ilf: S g arBREEHEhd) e

nmot or 150 t o bsurfaee2@Onizapiced From.| bupchosdy adiacehranrbt rofgr etubose aodrfine aan

nner {1 anged par bf QB g RS D RRbkERE 14D. A Tirst.|over gap 44D
i s defined by an
5

! n{]nc asggrablcg rotor shaft. bearing members and end caps are then mouhred
on the fower base member 218 so that the annular hub of the rotor is concenzrically
disposed in the bore 214" of the motor stator subassembly 214. End cap 206B is
| received by the central means 219 of the lower base member and is held in place by
) appropriate means such as an adhesive. One adhesive w_'hich is satisfactor'y is the 3M

10  Company's AF42 adhesive. The inner periphery 208" is concentrically spaced from
the outer periphery 214° fo the stator 215. When the windings 216 are energized
from an appropriate source of electrical power (not shown). then. as is well
understood by those skilled in the art. a rotating magneric field is produced to interac:
with the permanent magnet 208'** to cause or produce rotational torque on rotor 208

15 {0 rotate about axis 202CL relative to the subassembly 214 on base 218.
| In Figure 10 the reference character 202F is used to designate a plurality of
small arrows representative of magnetic flux flowing in a closed loop from end 202"
of the permanent magnet 202 into end cap 206A throuzn the cap to the radially
extending shoulder 206°* across the gap 225" and thence axially alouz the hub 209 to

20  the portion of the rotor-hub adjacent to the shoulder 206" . crossing the gap 225" to
end cap 206B and through same to rewrn to the magnet at end 202" thereof.

. . The ferrofiuid 217. abovementioned. is disposed in the bearing sitrfaces
204°1210 and 204°'/211. The ferrofiuid is retained betwesn the end caps due to the
high concentration of magnetic flux in the gaps 225" and 235,

s There are number of advantages associated with the disk spindle motor
depxcwd in Figure 10. It will be noted that a single shaft which is a permanent
magnet provides several functions. Itservesasa primary central means for the motor
and concurrently. being a permanent magnet, functions to provide the flux flow for
provxdmc the above described seals for retaining the ferrofluid. The conical bearings

30 provide a combination thrust and Journal bearing function.

It has been found that it is desirable to have the axial length of the magnetic
shaft 202 at least twice the diameter of the shaft.

One of the significant advancages of this invention is the re!auvclv small
number of parts as compared to prior art spindle motors: this. in wrn, helps minimize

35 manufacuring costs. Of great importance is the compact and efficient design

' permited by the applicant’s unique configuration. As indicated. motors have be‘n
constructed using the applicant’s unique design where the axial lcn.cth of thc mozor
- was only 97 mm (0.150 inches).
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| ower flux channeli ng means 42D and an outer surface.of |lower shaft section
"18D. Thilm"ﬁ"lulmmulﬂmlel s small relative to the separation of the inner
shaff " p outer hub portion 14D thus providing a path for
magneti c Flix to 'hass from outer hub portion 14D to inner shaft portion
12D.s.The fl ux concentratlon across the firs Iowersg g 4é§) %,Fnds to hold
ferrofluid | ub sformngaferr@l”l PaPc % for
preventing fernofl ui di sk spindle notor 150. A
mechani cal seal1 152[,?%&& lh& gltclim{){)epge Ig sﬁllqportlon of outer hub portion.
14D as an additional neans to prevent ferrofluid |ubricant from escaping
the disk spindl e notapr 15(bcnﬁhenmmnbdaidnsﬂahamm7p&dvm fréseledied didgded| e
motor 150 to vvithst 5ahd-0 l,ui d

| ubricant to escape ﬂﬁ’ re ?%%n{ds%ﬁg%&pe&gé%ge ea%lgg%gnd ‘% V\I/Iécre&’{sn?rh

22D are preferably (K U ¥t eri al such as bronze, for
preventi ng rragnetic fl ux from paSSI ng between the inner shaft portion 12D

and either upper ve 20D or, | eeve 22D. Thus sleeye 20D and
| oner sl eeve 22D per ent & l\ée ¥.S non-mazneuocozﬁbmgf%nﬂrust X a[.?

10 magneuc ﬂmd—type bearing means (204A,204B) each being charactérized by:

) having an inner diameter (204D) preselected with respect 10 said
shaft diameter to facilitate the assembly of said bearings onto said shaft.

and
15
| (ii)  the outer portion (‘.-’.04') of said annularly shaped member having
bearing surface means preselected to provide both thrust and journal
bearing functions; '
20 c) a motor rotor (208) adapted to be assembled with said shaft (202) for

rotation relative to said shaft about said axis (202CL), said rotor having a ceatral
annular hub (209) having an outer diameter (209") and also having a bore
therethrough of a diameter larger than said shaft diameter. said hub further being
characterized by having a pair of axially spaced apart. oppositely disposed

25 ' bearing surface means (210,211) preselected to provide both thrust and journal

" bearing functions and being shaped to receive and to abut in rotary bearing

relationship with said bearing surface means of said annularly shaped member.
and said hub (209) being of magnetically permeable material at least-adjacent 1o
said rotor hub bore (209°*):

30 _ .
d) a pair of cf’lindrical end caps (206A.206B), each:
i) ' having a central means (206™) in one end thereof and adapted to
abut one end of said shaft (202);
- 35 '

(i)  having a radially extending circular shoulder portion having 2
circumferential surface (206™) and a preselected diameter, and
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" the magnetic flux. Mounted to the outer
“portlo ,ﬂm nner vvaII of outer hub portion 14D are notor nagnets 136D.

Theseé are permanent nagnets that have a magnetic
north/s that i s perpendicul ar to }QgsSSHdET Ot ation 98D.
The ot or magnets 136D prow de a magnetlc fIle that interacts with a

magnetic field produced by; ufer
hub portion 141). The stace %ans ’1%2%5‘ &Bpnﬁ"&i&ﬁ@p&ﬁkﬂlé@g}%&i@ oD

whi ch are supported on rmt"éﬁl“ WC%EE’“S%‘Q Yotaace; path, é@‘a li‘ﬂé'g‘{eéi’%B‘P@d
attached to the outer porhh@brﬁénawaercabubja&cﬁ&mdrdtﬁuﬂa@aﬁiﬁmﬁtorage medi a
94D is a p|§,ll’a|lty of magnetic storage disks that are spaced apart in a
vertical stiack thereby form ng the di sk stack. The out.er hub portion 14D is
rotated relative to the i spepnyarly shaped mptonsiator(Zhy) and statep Yndingcsubasgembly

i nteractions between (?fr??lf-ﬂ)%éwﬁé adamaml\p@&mn@momm%m&ﬁ&:&n&g&he
- flux produced by Statﬁ%n noqmr eterl:égé ion of outer hub

10 f) a lower base member (218) for suppon_i.hg said annularly shaped motor
stator and stator winding subassembly (214), said base member also E:ompn’sing
~ acentral means (219) for receiving one of said end caps (206B);

said rotor (208). said shaft (202), and said béaring means (204A,204B) being assembled
15 togéthcr with said pair of bearing means being spaced axiallv apart on said shaft so that
" each of said bearing surface means of said bearing means is disposed. respectively.
adjacent and in close nesting proximity to one of said pair of bearing surface means of
said rotor hub, each of said ends of said shaft thereafter being respectively abutted
‘against said central means (206°) of one of said end caps (206A.206B),

the axial length of said rotor hub (209) being preseiected so that when said rotor, sl}aft.
bearing means and end cap members are assembled as aforesaid. each of said
circumferential surfaces (206°") on said shoulders of said end caps (206:A.206B) is
spaced from but closely adjacent to said rotor hub bore to define a pair of annular gaps

(225°,225°") therebetween, and

the assembled rotor (208): shaft (202), bearing members (204A.204B). and end caps
(206A,206B) thence being mounted on said lower base member (218) so:thgt said:

30 . ) annular hub (209) of said rotor (208) is concentrically disposed in
said bore of said motor stator subassembly (214). and

(i)  one of said end caps (206B) is received by said central means
. (219) of said base member (218); and

2 a ferrofluid (217) disposed between said bearing surface means of said
bearing means (204°) and said recesses (210.211) of said rotor hub. whereby magnetic
flux p_roduc':cd by said permanent inagnct'shaft (202) flows in a closed low reluctance
path from a first of said ends of said shaft to its respective one of said end caps (206A)
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ii
portlon 14D in turn rotates the nmagnetic storage nedia 94D about the
#8pi ndl e axi jmmmﬂ"jmul rImﬂer hub portion 14D rotates relative to inner
‘shaft porti | uid lubricant in upper gap 26D is forced in
an upward and odtward ditection al ong the inner tapered surface of upper

sl eeye 20D and the ferrofluid lubricant in hower g@YEN®BD; §HFB'Fced out war d
and downward al ong.the jnner tapered surface of |ower s|eeve

Ferrof | ui d | ubrindfem saidigirspmiesentiabsusiacsk (208 bibgrsot erpd alopg %@B"%‘dﬁb (209)-
tapered surfacegedctRoanid clidinfirégidl furficé bf e bihed (faidrend bes (:mﬂm:Jktm&t of

‘the present i nv@g&d zflgaxd' %%Ifgnd ngléa[p';' Bé'e tg CPJIIQCE of ?axd %fd? oF ?z{u‘f

di sk spindl e m revi ous
shown in Fdg. 7saithmagmi W hetpeen saxd rotor hub and said cucumfercnual surfaccs

functioning as ferrofluidic seals to retain ferrofluid ﬂuxd (217) between said end caps

and within said rotor hub. e

2. Apparaws of claim | and having an upper base member (238) for receiving the
10 other of said end cap members. )

3. Apparams of claim 1 wherein:

6)] the outer portion of said annularly shaped member of said bearing
means is tapered to define a truncated-conjcal bearing surface (204"): and
15 : (i)  said rotor hub bearing surface means are a pair of spaced apart

oppositely disposed conically shaped recesses (210,211).

This Sheet Has Been Repl Iace(




8 both~+had an air gap that separated notor magnets from the stat omapone P
that was oriented in a direction parallel to the axis of rotation. These
types of disk spindle nmotors 130 and 150 are commonly referred to as radi al
air gap notors. .The di sk spindle notor 160 shown in Fig. 9 defines an air
gap between notor nmagnets 136E and statgr wi ndi ngs 138E that has an
orientation perpendicular to the axis of rotation 98E for disk spindle
notor 160. Di sk spindle notor kSHER ferred to as a "axial air
gap"” notor. Disk spindle notor égx%(u Eg s b’i‘dl?t er hub portion 14E havi ng
magneti c storage nmedia 94E attached thereto and is supported by bearing
cartridge 10E which in turBACKGROUNSIOFOTHRINVERTS@N132E. Beari ng
cartridge 10E includeg,an inner shaft %grt{)c%n 12E h %n a central shaft

. ey

section 24E and a | ondPC BIFSFY 1YsR4qn fRlales o beppng Capx (" BEFFYIAGIo oF | s
mount ed to bemmgikaEdpss mvingwderrofivid fubnigantcr ew 162 t hat extends through a

bore in base 132E andphoiQ F fASMRACELArRRE & AalichRuvOWalRekifds ik nner  shaf t.

ortion 12E. . .
P disclosed in U.S. Patent 4,734,606 by the inventor of the present invention

Ferrofluid bearings have provided particular
advantages over ball bearings when used in magnetic disk storage systems. More
specifically, ferrofluid bearings tend to produce less audible noise than ball bearings.
Furthermore, the use of ferrofluid bearings instead of ball bearings eliminates
vibration produced by the inner ball besring race, the outer ball bearing race and the
ball bearings. Additional relevant prior art are French patent 2, 313, 592 and US

patent 3,701,912. The former teaches a conically shaped bearing for a motor
patent 3,701,912 shows a bearing structure with a magnetic lubricant and with

magnetic means to retain the lubricant in the bearing at rest.

_ The use of a terrofluid bearing in a disk spindle mbtor improves
several performance factors of a magnetic disk storage device. Ferrofluid bearings
tend to reduce or attenuate vibration originating in other parts of the disk storage
device. In addition, ferrofluid bearings tend to have lower electrical resistance
between the outer race and the inner race than ball bearings thcncby providing a better
discharge path to more rapidly dissipate any electrostatic charge that builds up on the
disk surface. Furthermore, fcﬁoﬂuid bearings tend to have a larger surface area
between the bearing races over which to distribute shock loads, thereby withstanding
mechanical shock better. '

The ever increasing demands for greater memory capacity, lower
production costs, faster memory access times, decreased size and weight of disk
storage devices has placed increasing demands on the performance of the disk spindle

devices. It is therefore an object of tilis' invention to provide a novel disk spindle motor
with improved performance factors such as reduced drag characteristics,

improved ferrofluid containment and rediced manufacturing costs.

These and other objects are achieved in an apparatus comprising disk spindle
motor elements and components in combination according to claim 1.

Additional embodiments, advantages and improvements may be taken

e -
ARMT SBERETS a3

from the subclaims.
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The l'ower:shaft section 18E has a tapered surface 19E. A | ower sleeve 22E
Is either press-fit, glued or adhesively bonded to outer hub portion 14E.
The | ower sl eeve 22E has an inner surface that has a conplinentary taper to
the tapered surface 19E. A ferrofluid lubricant is positioned between the
tapered inner surface of |ower sleeve 22B and tapered surface 19E. The
ferrofluid lubricant is contained by magnetic flux produced by outer hub
portion 14E. Quter hub portion 14E is nade froma high carbon steel and
magneti zed .such that the magnetic north/south orientation is parallel to
the axis of rotation 98E. Th ' uter hub portion 14E
passes through inner shaft pgggggﬂgggé?g hg@&@ggﬁghfa|r gap to lower flux
channel i ng means 42E ofb®piesant hxmqoom bmngadegs thas imniudes uxhafhannel i ng

- means 42E f oagfiring ads:hcahlams%aaml gant from

escapi ng. As | nmeasur e rrech [ I eaé E 1.S attac ed to
outer hub pofbfpﬁ @htl:e Mr’@@ﬂ?ﬂ?‘#&"?@r BF[P% &%‘FUB‘?% ing the
spi ndl e not om&ﬂﬁlwcoaxxallyahgnedthhthcfustbcanngwce one oftheshaﬁandmehub

being magnetized to provide a magnetic field. A ferrofluid is-included as well as a
flux channeling means for channeling magnetic flux provided by the magnetic field.
Themagncucﬂuxlschanncledbctwecnagapdcf'med bytheshaftandthchubsothat
a - ferrofluid is maintained therein.

In prefcrred embodiments a sleeve is attached to one of the shaft and
the hub. The magnetic flux
path which extends between the shaft and the hub bypasses the slecve.

In preferred embodiments, the inner race and the outer race have
tapered surfaces which are generally parallel to one another. As a result, relative
axial movement of the sléeve with respect to the shaft provides adjustment of the gap
between the inner and outer races. The invention preferably includes means for ‘
varying the relative axial position of the shaft and the sleeve to vary the performance
of the bearing formed by the inner and outer races and the ferrofluid lubricant.

 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side elevational view of a first embodiment of the bearing
cartridge of the present invention with the hub portion shown in section.
Figure 2 is a side elevational view of the bcaring cartridge shown in
Figure 1 with the hub and inner bearing races shown in section.
Figure 3 is a side elevational view of another embodiment of the
bcarihg cartridge of the present invention with the hub shown in section.
Figure 4 is a side elevational view of the bearing cartridge shown in
- Figure 3 with the hub and inner bearing races shown in section.
Figure 5 is a top plan view of a disk storage system that includes the
bearing cartridge of the present invention.
Figure 6 is a side plan view of an actuator arm supported by the -
bcanng cartridge shown in Figures 3 and 4.
- Figure 7 is a side elevational view of a disk spindle motor that includes
the beanng cartridge shown in Figures 1 and 2.
Figure 8 is a side elevational view shown in partial section of another
embodiment of the disk spindle motor shown in Figure 5.
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17 Berrofluid lubricant near the inner surface of |ower sleeve 22E is
forced downward and outward by the rotation of outer hub portion 14E.
Ferrofluid | ubricant returns through groove 66E on tapered surface 19E. A
mechani cal seal 164 is secured by an upper sealing screw 166 that extends
into a threaded aperture on the upper @ortion of inner shaft portion 12B
The mechani cal seal 164 al so provides a neans for preloading the ferrofluid

bearing. Magnetic fl Ué i s gforoduced by not or ygnet s ,136E, this flux
interacting with magnEepe %isasidp elsvatiopal visy showi it Paftial pestipa of abgther,
-rotating thembedimentoflthgdisk spimilelmibtor stoavhiity Bigure Z.he not or base 132E. The

stator W ndings 138E P/ R04rd sfeitbili sBbEFvAQE difyRRai e 10 tur

nounted to notor base
embodiment of the invention, i.e., an improved disk spindle motor , only the central

portion of the motor being depicted.

Figures 11 and 12 are side elevational and end views, respectively, of a
permanent magnet cylindrical shaft used in the motor of Figure 10.

Figures 13 and 14 are side elevational and top views, respectively, of
an annularly shaped non-magnetic combination thrust and journal bearing member
with the outer portion thereof shaped to provide a truncated-conical bearing surface:

for use in the Figure 10 motor.
Figure 15 is a side clevational view of a magnetically permeable end

cap for use in the Figure 10 motor and Figure 16 is an end-view of the end cap.
Figure 17 is a side elevational sectional view of an alternate
embodiment of the Figure 10 motor.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Figures 1 and 2, bearing cartridge 10 includes an inner
shaft portion 12 and an outer hub portion 14. A ferrofluid bearing is formed by the
inner shaft portion 12, the outer surface of which forms an inner bearing race, and the
outer hub portion 14, the inner surface of which forms an cuter bearing race. The
inner bearing race is coaxially aligned with the outer bearing race. The outer hub
portion 14 is capable of rotating relative to inner shaft portion 12 about an axis of
rotation 13 defined by the inner shaft portion 12.

Inner shaft portion 12 is preferably formed of three pieces, an upper
shaft section 16, a lower shaft section 18, and a central shaft section 24. The upper
shaft section 16 and lower shaft section 18 are cylindrical sleeves that are preferably
pressed onto central shaft section 24. The upper shaft section 16 has a tapered surface
17 that tapers so that it is narrower at its lower end. The lower shaft section 18 has a
tapered surface 19 that tapers in an opposite direction and is narrower at its upper
end. | o '

The outer hub portion 14 has an upper sleeve 20 and a lower sleeve 22.
The upper sleeve 20 has an inner surface that has an internal taper which matches the
taper of tapered surface 17 on upper shaft 16. The lower sleeve 22 has an inner
surface that has an internal taper which matches the taper of tapered surface 19.0on
lower shaft section 18. Both the upper sleeve 20 and the lower sleeve 22 are.either

This is the reptacement shegt

Date: 2 3 AUG 1998



In operation, the outer hub portion or rotor of the disk spindle notor is
rotated by the nagnetic flux interaction with the magnetic flux produced by
the stator wi ndings which, in turn, are attached to the base portion of the
di sk spindle notor. As the outer hub portion rotates, the ferrofluid

| ubricant is circulated through the fergofluid bearing by a centrifugal
punpi ng action. A magnetic flux produced by magnetizing the hub portion

provides a nmagnetic flu ' f file4l chinfe SRAiodlintdhnéostt i N t he
ferrof luid P ‘?‘E'aﬁi\’ rﬁ#@%ﬁ%&%@bggﬁgl%qﬁm s I\/En&)anilcal ‘seal s may be
provi ded f orto helti¢ld ipormanesnthin piges J.apqwgwrfg%clﬁ aa‘gb?._hasvataf‘&ﬂg e R ML e (i sk
spindl e rr%] %ﬁﬁat@tﬁesangwﬁ&tg@lgh@wmg&d;mamtmﬂlibherthc'upa;do .

rot at es. e runout- o e di sk, stqar.age devi ce e goodness
or lack of EVEHSE ﬁé‘?‘{ }g'dmvéymﬂgﬁgw@%%%@%és{grg e&r)re lais

rot at ed. Theharacteristics efithodesritigust éd by chanting the gap between the tapered
surfaces formng the stictel ¢ s fg@@_’ 6 Beviveéeh dpaded Quifive 17iand itleeginharr ce or
beari ng prel oading | si)gflmet hgd fﬁg,.%a Lushliﬁgqubt Ee?;s%gk&g)dﬁ% mggmﬁhe

t apered sur SHFfacqOf; ypaey ?&VF? is fsap Ticant.

from upper gap 26 is contained by magnetic flux produced by upper permanent .
magnet means 30 and lower permanent magnet means 32, respectively. Magnetic

_ flux provided by upper permanent magtiet means 30 flows through upper a flux
channeling means 34 that channels flux across a first upper gap 36 and through im_xer
shaft portibn 12, and then back across a second upper gap 38, through an inner flux
channeling means 39, through hub portion 14 and back to upper permanent magnet

means 30. The upper flux channeling means 34, upper shaft section 16, central shaft
section 24 and hub portion 14 are a magnetically permeable material such as magnetic
stainless steel so as to provide a good flux path.

In a similar manner, the ferrofluid tubricant from lower gap 28 is
contained by magnetic flux produced by lower permanent magnet means 32.
Magnetic flux flows from lower permanent magnet means 32 through a lower flux
channeling means 42, across first lower gap 44 to lower shaft section 18. through
central shaft section 24, and then back across second lower gap 46, through an inner
flux channeling means 47, through hub portion 14, through an inner pole piece 48.
and back to lower permanent magnet means 32. The lower flux channeling means 42,

"lower shaft section 18, central shaft section 24, hub portion 14, and an inner pole
piece 48 are a magnetically permeable material such as magnetic stainless steel, so
that they provide a good flux path.

In one preferred embodiment, upper permanent magnet means 30 is
toroidally shaped and coaxially mounted over inner shaft portion 12. Upper
permanent magnét means 30 is attached with an adhesive or glue to the upper portion

-of hub 14. Upper flux channeling means 34 is preferably a magnetic washer that is
positioned coaxially over upper shaft section 16 and glued or bonded with an adhesive
to the outer portioﬁ of upper permanent magnetic means 30. The first upper gap 36 is
defined by the outer surface of upper shaft section 16 and the inner surface of upper
flux channeling means 34. A cylindrical upper sleeve 50 encloses the upper hub
portion 14, upper permanent magnet means 30, and upper flux channeling means 34.
The upper sleeve 50 is gluéd or adhesively bonded to the hub portion 14, permanent
magnet means 30 and upper flux channeling means 34 thereby holding each of these
clements in place.
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t he 4 hi ckness or amount of ferrofluid between these surfaces. In this
manner, the runout of the disk spindle notor can be adjusted. The present
invention is a ferrofluid bearing that is particularly well suited for use
in disk storage applications. The ferrofluid bearing of the present
Invention is well suited to mniaturizasion and can be manufactured easily.
t hereby reduci ng manufacturing costs. As indicated, Figures 10-16 of the

dr awi ngs g_epi ct _theI PThé tﬁmeeﬂ%ﬁmﬁumzmea%fsgib%:%fwwaim Wp%rPSngﬁrrT][Of an
i nproved di sk .spi.ndl e notar Ls yni.gue desi gn has |_‘%f| advant ages
over all prl_ﬁgr‘g%cft W%ﬁ%@ﬁ@ﬁ?%%ﬂﬂ“ﬁ?@“ﬁ%@ﬁ?&g “‘P‘igy thet at es

havi ng ver yingansurfage 106 flux whinpeling means B2 andithk puss sfrface bhicenmal shaftr e nmagneti ¢

or other di ghridhioge applications. For . exanple, this invention facilitates a

di sk spindle notor where the thickness or axially Iength of the notor is
onl'y 3.75mm (0. 150 i nHh@)preferred embodiment, the inner pole piece 48 is a magnetic

washer that is glued or adhesively attached to the lower end of hub portion 14.
Permanent magnet means 32 is a toroidally shaped permanent magnet that is
positioned coaxially over lower shaft section 18 and glued or adhesively bonded to
inner pole piece 48. The lower flux channeling means 42 is a magnetically permeable
washer that is coaxially i)ositioncd over lower shaft section 18 and glued or adhesively
antached to the lower permanent magnet means 32. The first lower gap 44 is defined
by the space between the inside diameter of lower flux channeling means 42 and the
outside diameter of lower shaft section 18. Lower sleeve 54 is a cylindrical sleeve
that is coaxially mounted over and adhesively bonded to each of the inner pole piece
48. the lower permanent magnet means 32 and the lower flux channeling means 42.
An inner flux channeling means 47 is formed by a flanged portion on the inner
diameter of hub portion 14. The spacing between the inner flux channeling means 47
and the central shaft section 24 defines the second lower gap 46.

As seen in Figure 1, the magnetic flux produced by upper permanent
magnet means 30 forms an upper flux path that can be represented b)" arrows
identified by reference numeral 58. As can be seen, these magnetic flux lines pass
through the inner portion of upper sleeve 20 and return back around the outer portion
of the sleeve 20. Sleeve 20 is preferably made from a non-magnetic material such as
brass or non- magnetic steel thereby having high reluctance for preventing the
magnetic flux from passing between upper shaft section 16 and upper sleeve 20. Both
the outer flux channeling means 34 and the inner flux channeling means 39 provide a
lower reluctance path between the hub portion 14 and the inner shaft portion 12 than
does upper sleeve 20. Therefore, most of the magnetic flux tends to pass through
both the outer flux channeling means 34 and.the inner flux channeling means 39
providing a concentration of magnetic flux. This concentration of magnetic flux at
these low reluctance paths between inner shaft portion 12 and outer hub portion 14
tends to retain ferrofluid lubricant therein and thereby form ferrofluidic seals.

The magnetic flux produced by lower permanent magnet 32 forms a
lower flux path that can be represented by arrows identified by the reference numeral
60. These magnetic flux lines pass through the inner portion of lower sleeve 22 and
return back around the outer portioh of the sleeve 22. The lower sleeve 22 is
preferably made from a material having relatively high reluctance for preventing the
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18 Ln Figure 10 the inproved disk spindle notor is designated by reference
by nuneral 200 and conprises a pernmanent magnet cylindrical shaft 202
having a presel ected di aneter 202D (see Figure 12) and two ends 202' and
202" of opposite magnetic polarity and the center |ine 202CL of the shaft
defining an axis. Thus in Figures 10 argl 11 the shaft 202 is shown with end
202" being a north pole and 202" being a south pole. The, notor further

i ncl udes a paignedé flak fionBpasying bowesn lowen stagrsedtion iScmditralowensiédve 22t and

Lre o i dontiiuh gty GRniiRE o R S B GNC0RR ity bl P OO ALY
menber is clupvide adowesdrelyptanes patiybeswesnthe hubipartien &4 axbdpineeshafiect ed with -
respect 10 Shafidn £ GARUBEs 1ORRPNIEre 22C I THetefdre, bR of BitGHApMicOflux RfdsHBar | NgS
onto the shati’ss demered Lo Fiaure 10, thdse skild el l N, At |
recogni ze t &S TEUE i ing means nneling

means 47, providing a concentration of magnetic flux. This concentration of :

magnetic flux at these low reluctance paths between inner shaft portion 12 and the

outer hub portion 14 tends to retain ferrofluid lubricant therein and thereby form

ferrofluidic seals.

_ The rotation of outer hub portion 14 relative to inner shaft portion 12

results in ferrofiuid lubricant nearest the outer hub 14 tending to move with the outer

hub, while the ferrofluid lubricant nearest the inner shaft portion 12 tends to remain

stationary with the inner shaft portion 12, thereby producing a velocity gradient in the

ferrofiuid lubricant. The angular acceleration of ferrofluid lubricant nearest the outer

hub results in a centrifugal force acting on this ferrofluid lubricant. This ccmrifugal

force tends to cause the ferrofluid lubricant located in upper gap 26 10 move in an

upward and outward direction along the tapered surface of upper sleeve 20. Ina

sinilar manner, the centrifugal force a;:ting on ferrofluid lubricant position in lower

gap 28 tends to move in a downward and outward direction along the tapered surface

of lower sleeve 22. An upper reservoir 62 collects ferrofluid lubricant that is forced

from upper gap 26, and a lower reservoir 64 collects ferrofluid lubricant forced from

lower gap 28. The ferrofluidic seals tend to contain the ferrofluid lubricant thus

preventing ferrofluid lubricant in upper reservoir 62 from escaping through first upper

gap 36, and ferrofluid lubricant in lower reservoir 64 from escaping through the first

lower gap 44. :
The tapered surfaces 17 and 19 have a plurality of grooves 66 therein.
These grooves 66 or depressions in the tapered surface extend the entire length of the
taper and thereby allow each of the outer reservoirs 62 and 64 to communicate with a
pair of inner reservoirs 68 and 70, respectively. As outer hub 14 rotates relative to
inner shaft portion 12, ferrofluid lubricant located in upper gap 26 and lower gap 28
is forced into outer reservoirs 62 and 64, respectively, thereby producing a fluid
pressure. The fluid pressure in both outer reservoirs 62 and 64 tends to cause
ferrofluid lubricant to move from outer reservoirs 62 and 64 along groovés 66
towards inner reservoirs.68 and 70, respectively. Because the ferrofiuid lubricant
positioned within grooves 66 near the surface of inner shaft portion 12 tends to
remain stationary with the shaft 12, thete is little or no angular acceleration of this
fluid and therefore little or no centrifugal force resisting this return flow of ferrofiuid
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t he bearing nmenbert 204A and 204B on the shaft may be a pressed fit. In

ot her cases the bearings will be fixed to the shaft 202 through the use of
a cenment; one cenent that may be used is the Locktite Conpany RC/ 609
adhesive. The bearing nmenbers are further characterized by having the outer
portion of said annul ar-shape tapered t@ define a truncated conical bearing
surface 204'. The notor further conprises a rotor 208 (see Figure 10 for a

|oa|rt|t al s Pomba@ama&aaﬁq%b hxtacﬁﬂc@raﬁ%%bhsgowm Ehé%gﬁxﬁﬁh%é r&ﬂ&gf:@;scre@t ?t i OE .
relative to out ,Aax 0, as. a.c annul ar hu
209 havi ng §§r{JP E ?826’323%85 ﬁﬁ“%‘?ft“ 58“5‘85@“[%’!‘& hrough of a
di anet er Zombnmng@mowtl@rmm ingerstegintoinsi68 rmad G0 :@ma: ouféraesemioiR @2 anfl 640t or 208

is further ghffetth&id &edil ?,Fdaly f axially- spaced apart,
opposi tel y-di sposed, conllca Q,r é@ecgses 210 and 211. The hub 209 is

made of magnetical |y HRYEQ5 Péwmasm%upaer sleeye £0 ard lowensicevs 2all9ws ot or  hub
bore. Rot or theGflaghedc fitix pathes8 60 tdlentlode ot RBrroaitheifjengnd RWet BReveINET

Db et ng S22 AN e tnfbhefthel Bk, s rabeintfiprBRGERN e MRgnet

containment of the ferrofluid lubricant to a relatively small area on either side of the
upper and lower gaps 26 and 28. By confining the ferrofluid lubricant to the bearing
surface area, the amount of ferrofluid lubricant required can be reduced, because the
ferrofluid lubricant is restricted to the bcanng surface area and the area immediately
surrounding the bearing surface. Rcducmg the amount of ferrofluid lubricant reduces
the weight of the bearing cartridge.

In addition, the ferrofluid containment of the present invention prevents

the migration of all the ferrofluid to one end of the bearing carridge, thus causing
one bearing surface to become dry when inactive over extended periods of time.
Furthermore. compartmentalizing the ferrofluid lubricant reduces the tendency of
magnetic elements to build up sediment during prolonged periods of non-use.

Finally'. the use of 2 non-magnetic upper sleeve 20 and lower sleeve 22
tends to prevent magnetic flux from passing between the sleeve portions 20 and 22
and the inner shaft pomon 12. Because both the upper gap 26 and lower gap 28 are
very small, the reluctance would be very low and therefore the magnetic flux
concentration would be very high if the non-magnetic sleeves 20 and 22 were not
used. High flux concentrations between the inner shaft 12 and the outer hub 14 tends
to produce magnetic drag on the bearing cartridge. The use of non-magnetic sleeves
20 and 22 tends to prevent flux from passing between the inner shaft 12 and the outer
hub 14. Instead, the flux path passes through gaps 36, 38, 46 and 44, which are large
enough to prevent any high flux concentrations that can result in excessive magnetic
drag.

As previously described, upper shaft section 16, central shaft section
24 and lower shaft section 18 are pressed together or fixed in position relative to each
other. As an'alternative, upper shaft section 16 and lower shaft section 18 may each
be movable relative to the other, and a bias means is used to hold upper shaft section
16, central shaft section 24 and lower shaft section 18 together. The preload or
biasing means (not shown) is provided to prevent the upper shaft section 16 from
moving axially upward. Similarly, the bias means prevents the lower shaft section 18
from moving axially downward. The bias means provides a preload force to axially
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cylindrical inner periphery 208 "' of a preselected-dianeter. The notor
further conprises a pair of cylindrical end caps 206A and 206B shown both
in Figure 10 as well as in Figures 15 and 16. The end caps have a central
circul ar cup-shaped recess 206" in one end thereof of a dianeter

presel ected to receive one end of the sh&ft 202. The circul ar periphery of
the end cap is identified by reference nuneral 207 terminating in an

out board fl aposi é?;ﬁr?ﬁhﬁ sector ASlarl lbwc:esmeﬂﬂtmms:tc!a@i% & the lhablpdaionpor ti on
206" proiect§4%%g#é out . frgE m 207 and e§$ ﬁ rcunf?gentbgl gd;ace of a
presel ect ed fhe sepgrations Detwecs PRy gap #p.And e, 2ap Adip
shoul der por The adjﬂﬁ&icnt of the sepatation berwoen gips 2hand)28 allows forthe adjestogopel ating
ggit [ onlgf t B&rﬁ&t&?fom&%ﬁaﬁéch&cpﬁfcﬁﬂdHE%ﬁh&ﬂd by. r ef e.r.ence to Figure
Another embodiment of the present invention, bearing cartridge 10A,
is illustrated in Figures 3 and 4. Similar element identification numbers are used in
these figures,.as well as throughout this description, to designate similar elements.
As in the previous embodiment shown in Figures 1 and 2, bearing cartridge 10A
includes an identical inner shaft portion 12A having a central shaft section 24A with
an upper shaft section 16A and a lower shaft section 18A positibned at opposite ends
thereof. The upper shaft section 16A has a tapered surface 17A, the surface having
grooves 66A for providing a return path for ferrofiuid lubricant. Similarly, the lower
shaft section 18A has tapered surface 19A, the tapered surface 19A baving a series of
grooves 66A for providing a return path for ferrofluid lubricant.
Bearing cartridge 10A further includes an outer bub portion 80 that is
capable of rotating relative to inner shaft portion 12A about an axis of rotation 13A
defined by the inner shaft portion 12A. An upper slecve 20A is positioned on the
upper inside poction of outer hub portion 80. Similarly, lower sleeve 22A is
positioned on the lower inside portion of outer hub portion 80. Both the upper sleeve
20A and the lower sleeve 22A are cither press-fit, glued or adhesively bonded to the
outer hub portion 80. The inside surface of upper sleeve 20A has an internal taper
which matches the waper of tapered surface 17A of upper shaft section 16A. Lower
slecve 22A has an inner surface that has an internal taper which matches the taper of
the tapered surface 19A on lower shaft section 18A.° Tapered surface 17A and the
zpered inner surface of upper siecve 20A define an upper gap 26A that contains a
ferrofluid lubricant. Tapered surface 19A and the complementarily tapered inner
surface of lower sleeve 22A define a lower gap 28A which contains a ferroftuid
lubricant. _
The outer hub.portion 80 is made from a high carbon steel, such as
Core 10 and magnetized such that the north-south magnetic orientation is aligned with
the axis of rotation. The magnetized outer hub portion 80 provides magnetic flux for
holding ferrofluid lubricant in the bearing cartridge 10A. An upper flux channeling
means 82 is.attached to the upper end of outer hub portion 80 and a lower flux
channeling mezns 84 is-attached to the lower portion of outer hub portion 80. Both
the upper flux channeling means 82 and lower flux channeling means 84 provide 2
. low reluctance path to inner shaft portion 12 thereby forming a conceatration of
magnetic flux lines. Upper flux channeling means 82 and lower flux channeling
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The.end caps are nade, at least in part, of magnetic perneable material so
as to provide a continuous |ow reluctance path for the passage of nmagnetic
flux fromthe central portion of the cap radially outward to and through
t he shoul der portion 206''. The notor further includes an annul arly shaped
notor stator and w ndi ng subassenbly 2149 conprising stator |am nations 215
and appropriate winding 216. Stator 215 has a central axially extending

bore 214 omwnﬁfamtmtfcﬁbljgﬂhgﬂeh&lytpb@duamtﬁﬁ&mmbum&wm hub. The

Sﬁhiési%f*y‘@g%ﬁ&%ﬁﬁgése %ﬁiﬁaéffﬁ%ﬁ%ﬁ#%&ﬁ%@ rng%ghfg.ewg one of
the end ca @@mqlwgmgm may i ar@dhqswerMtommn s a
cup- shapedp{:&eﬁﬁ%omﬁan%{ce H&&d%ﬂﬁb&}m Eéég %&ﬂdﬁch%ﬁélm Bencagd ed that

t he notor t inclu n upper base ne 8 havig a central
cup-1ike 23&%%‘8&"’?& tp@ns$fare formed dupipegonfd-n to

Figure 10, the rotor shafppebgpricads Fefe bf dﬁftﬁitcﬁ&nfacc of upper shaft section
16A and the inner surface of upper flux channcling means 82. A lower gap 44A is
defined by the outer surface of lower shaft portion 18A aiid the inner surface of lower
flux channeling means 84. The magnetic flux conceatration across both upper gap.
36A and lower 44A maintains ferofiuid fubricant within the gap, thereby forming a
fecrofluidic scal. These ferrofluidic seals at upper gap 36A and lower gap 44A tend
to contain the ferrofluid lubricant within bearing cartidge 10A in addition 0
preventing any paiticles within the bearing carridge from escaping to contaminate the
cavironment surrcunding the bearing carridge. _

As illustrated in Figure 4, the arrows represent magnetic flux produced
by the magnetized bub portion 80. This magnetic flux flows fromthe magnetized hub
portion 80 through the lower flux channeling means 84, across lower gap 44A 0
lower shaft section 18A. through inner shaft section 12A, and then back across upper
gap 36A. through upper flux channeling means 82 and back to magnetized hub
portion 80. The upper sleeve 26A and the lower sleeve 28A are made from a non-
magnetic material such as bronze to provide a high reluctance path from each of the
sleeve portions to the inner shaft portion 123, thereby preventing the magnetic flux

~ lines from becoming short circuited. The use of a non-magnetic upper sleeve 20A
and a non-magnetic lower sleeve 22A provides a higher reluctance path for magnetic
flux than that of either the uppér flux channeling means 82 or the lower flux '
channeling means 84, thereby directing the magnetic flux through the upper gap 36A
and lower gap 44A forming ferrofluidic seals.

The operation of the bearing cantridge shown in Figurcs 3and4is

similar to that of bearing cartridge 10 shown in Figures 1 and 2. The rotation of

- outer hub portion 80 relative to inner shaft portion 12A tends to force the ferrofluid
lubricant from the upper gap 26A and the lower gap 28A to an upper reservoir 62A
and a lower reservoir 64A, respectively. Because the upper and lower ferrofiuidic
seals prevent ferrofluid lubricant from escaping. from upper gap 36A and lower 44A.
ferrofluid lubricant tends to move through grooves 66A to prevent a fluid pressure
buildup in reservoirs 62A and 64A. The centrifugal pump formed by the rotation of
the outer hub 80 relative to the inner shaft portion 12A forces ferrofluid lubricant into
upper reservoir 62A and fower reservoir 64A which in turn displaces ferrofluid
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appropriate ferrofluid 217 are assenbl ed together with the bearing nenbers
being axially, spaced apart on shaft 202 with the conical bearing surfaces
204 t hereof being oppositely disposed as shown in Figure 10 and with'the
surfaces 204" in close nesting proximty to the conically shaped recesses
of the rotor hub. Mre specifically, asyghown in Figure 10, the bearing
surface 204 of bearing 204A is in close nesting proximty to the conically

shaped recesgs, 210 e rotor ub. Like | Qhear,i surface 204
of bearing o'?'b ZE@‘P WF’ t(cﬁ’f’ﬂg“ JHQ‘%&FWW $haped
recess 211 mnmmw%ub&wtomgﬁwmwmu@ﬂmmdlb@nmeaﬂ@pMMt he axi al

| ength of shaft 202 'SA rqﬂ%f R Bl 1 % s 204A and
204B are p05|t|onfg‘b as °Sal t espe%’?’t “?ﬁe rtgt 8&%3 209 t hat

the ends 202°%H T bigning A0S Provisies a pecloadforasg
menber s 204Aoanﬂllg%ﬁtibﬂ$mﬁdﬁpbi«/ﬂiaﬁ seéfiaﬂ lendn@liﬁ&r sabAcativi 1BRGRIative 1d hen

placed on thg %ﬁe ﬁgﬁont%%égﬂftﬁc 202 as ihown I n F'a%%an%thclowcr t he shaft

flttlnglnto Ccess
28A can be adjusted. The preload force is applied to minimize both upper gap 26A

and lower'gap 28A so that greater radial tolerances can be achieved.

Figure § illustrates a disk storage system 90 that incorporates the
bearing cartridge of the present invention. Disk storage system 90 includes a chassis
92 that provides a clean environment for the magnétic storage media 94 and the
head/actuator assembly 96. The disk storage system 90 provides data storage and
retrieval on the rotating magnetic storage media 94. The magnetic storage media 94 is
rotated about a spindle axis 98 by an electric disk spindie motor (not shown).

The head acmator assembly 96 includes a magnetic head- 100 that is
supported ‘over the magnetic storage media 94 by actuator arm 102 and an actuator
motor 104 for positioning the magnetic head to specific locations or tracks on the
magnetic storage media 94. The actuator motor 104 is preferably a linear motor that is

capable of pivoting the head actuator assembly 96 about a pivot axis 106 for
positioning the magnetic head 100 to the desired track on magnetic storage media 94.

Frequently, the magnetic storage media 94 includes a plurality of
magnetic disks that are spaced apart from each other and arranged in a vertical stack.
sometimes referred to as a "disk stack.” Each of the magnetic disks that form the
disk stack rotate in unison about the spindle axis 98. The head actuator assembly 96
that is used in conjunction with such a disk stack has a vertically stacked arrangement
with each head actuator assembly spaced apart from each other and rotating in unison
about pivot axis 106. In this manner, a plurality of magnetic heads are each
positioned at different niagnetic disks so that a series of locations or tracks are
accessed simultaneously for each magnetic disk in the disk stack.

In the disk storage system 90, the magnetic head typically is positioned
or flies tenths of microns from the surface of the magnetic storage media 94. Because
the mzignctic head 100 flies so close to the disk surface, the air entering the chassis 92
must be filtered to prevent any contaminants, such as dust, from entering the chassis
92. Gontaminants which enter chassis 92, if located on the magnetic storage media
94, may disrupt the maghctic head 100 and eventually a head "crash” or gradual
damaging of the disk surface may -occur.
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The ‘axial length of the rotor hub is preselected so that when the rotor,
shaft. bearings and end cap nenbers are assenbl ed as aforesaid. each of the
circunferential surfaces 206" is spaced from but closely adjacent to. the
rotor hub bore to define a pair of annular gaps 225" and 225" therebetween.
The assenbled rotor, shaft. bearing nmeggbers and end caps are then nounted
on the | ower base nenber 218 so that the annular hub of the rotor is

ggzcegt Eli cal l 32/ gi s_posmgu;iem illagrabeo tige Gearing m‘mldgelmbbthcslre&emmmwnbl y
member nanglaﬁegkﬁg?qﬁla : at%e%ypé%&?g% e means &ﬁ%ﬁ&%ﬂ@l lhgg\évle\r/eba%?e
adhesi ve mmmgs;amdzcst%@wﬂw qmcm ‘Efﬁ%%l ve. The
i nner peri padporddlP1i0 ismédicEmot tohadidg/achiatstatng 102N
Bearing cartridge 10B includes inner shaft portion 12B having an upper
shaft section 16B and a lower shaft section 18B that are pressed onto a centrai shaft
section 24B. The inner shaft portion 12B has a central axis that defines the pivot axis
106A for the head/actuator assembly 96, as shown in Figure 5. The inner shaft
portion 12B is secured within chassis 92 by an upper screw 112 which extends
through a bore in a top portion 92A of chassis 92 and extends into a threaded bore
that is centrally located at the upper end of central shaft section 24B. A lower screw
114 extends through a bore in the bottom portion 92B of chassis 92 and extends into 2
threaded bore that is centrally located at the lower end of central shaft section 24B. In
this manner, inner shaft portion 12B is held securely in place within chassis 92.
A tapered surface 17B on upper shaft section 16B engages a
comp!emcntaty taper on the inside surface of upper sleeve 20B of outer hub pomon
110. Similarly, tapered surface 19B of lower shaft section 18B engages a
‘complementarily shaped inner taper.of lower sleeve 22B of hub portion 110. A
ferrofluid lubricant is positioned between these opposing tapered surfaces. The

amount of ferrofluid lubricant or thickness of the lubricant within the upper gap 26B
and the lower gap 28B is determined by a biasing force that is applied to upper shaft

portion 16B.

The biasing force is applied with a lock ring 116 that is inserted into a
countersunk bore 118 that is centrally located at the upper end of upper shaft section
16B. The lock ring 116 engages a slot (not shown) on the upper portion of central
shaft portion 24B. Positioned coaxially over central shaft 24B and between lock
washer 116 and upper shaft section 16B is a spring washer 120. The spring washer
120 applies a biasing force to upper shaft section 16B thereby limiting the amount of
ferrofluid lubricant within upper gap 26B and lower gap 28B.

The outer hub portion 110 is made from a high carbon steel, such as
Core 10, and magnetized such that the north-south magnetic orientation is aligned
with the axis of rotation 106A. The magncuzed outer hub portion 110 provides
magnetic flux to an upper flux channclmg means 122 and a lower flux channeling
means 124 that form ferrofluidic seals which contain the ferrofluid lubricant within
the bearing cartridge. As outer hub portion 110 rotates relative to inner shaft portion
12B, ferrofiuid lubricant is centrifugally pumped from the upper gap 26B and the
lower gap 28B into outer reservoirs-62B and 64B, respectively, and then back through
ferrofluid return grooves 66B back to central reservoir 86B.
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t he -outer periphery 214" fo the stator 215. When the w ndings 216 are
energi zed from an appropriate source of electrical power (not shown). then.
as is well understood by those skilled in the art, a rotating magnetic
field is produced to interact with the permanent nagnet 208"' to cause or
produce rotational torque on rotor 208 t&2rotate about axis 202CL rel ative
to the subassenbly 214 on bhase 218. In Figure 10 the reference character

202F is used to desi gihPliralitypfmator agmet pttached tohe lipgar acwtonmioter of
mag“etlgole Ub04{ showinnig ngu:e Sclf@q&@bh anhﬁéaambﬁta@rtaﬁamh b9f96tib%u QSPA)&éd it

magne i . rou e.cap to the.r endi ng
shoul der %acﬁggtso? e g‘?@"%‘ gﬂﬁh‘i’fﬁ’é “%S?l%ﬁfyugqaﬁ ! %?ECHWZOQ to
t he portlon@sﬁlﬁ@ﬂz&mmcé@dadeﬂtomodet@dmmmﬂﬁ)@eucsromlmglxi he gap
225" to endggap 206B and through sanme to return to the nagnet at end 202"

thereof. The ferrofl uj 17, aboverrentloned I s disposed in the bearing
surfaces 204' /210 and'2® dge 108 ofshe pregent dnveation makessise wéen t he end

caps due t o fermefluidig rseamrurq:meaﬁmgmeﬁalrmﬁe&dapmglwmﬁng ReruGdgesand25>’ and
225 contaminating the disk surface which may cause a head crash condition. In addition,

the bearing cartridge of the present invention tends to dampen high frequency
oscillations of the actuator arms that result from rapid acceleration of the actuator
arms.

Figure 7 illustrates a disk spindle motor 130 that incorporates bearing -
cartridge 10C of the present invention. Bearing cartridge 10C includes inner shaft
portion 12C having an upper shaft section 16C and a lower shaft section 18C that are
pressed on to a central shaft section 24C. The inner shaft portion 12C has a central *
axis 98C that defines the spindle axis 98 shown in Figure 5. The inner shaft portion
12C is mounted to motor base 132.

' An outer hub portion 14C is supported by inner shaft portion 12C.
Thc outer hub portion 14C includes upper sleeve'20C and lower sleeve 22C. Both
upper sleeve 20C and lower sleeve 22C have an inner surface that has a taper that is

complémentary to the tapered surfaces 17C and 19C, respectively, of inner shaft
portion 12C.

An upper gap having a ferrofluid lubricant contained therein is defined
by the tapered surface on the inside portion of upper sleeve 20C and tapered surface
17C. The ferrofluid lubricant in upper gap 20C is contained by a magnetic flux
produced by upper permanent magnetic means 30C in a manner identical to bearing
cartridge 10 shown in Figures 1 and 2. Magnetic flux provided by upper penﬁaucm
magnet means 30C flows through upper a flux channeling means 34C that channels
flux across a first upper gap 36C and through upper shaft section 18C. through central
shaft section 24C, a and the back across a second upper gap 38C., through an inner
flux channeling means 39C, through hub portion 14C and back to upper permanent
magnet means 30C. The upper flux channeling means-34C, inner flux channeling
means 39C, upper shaft section 16C, central shaft section 24C-and hub portion 14C
are a magnetically permeable material such as magnetic staml&ss steel 5o as to provide
a good flux path. The magnetic flux paths for containing t‘erroﬂmd lubricant about
the upper gap 26C is indicated by arrows S8C.
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Ther-e are nunber of advantages associated with the disk spindle notor
depicted in Figure 10. It will be noted that a single shaft which is a

per manent magnet provi des several functions. It serves as a primry central
means for the notor and concurrently, being a permanent magnet, functions
to provide the flux flow for providing3the above described seals for
retaining the ferrofluid. The conical bearings provide a conbination thrust

have SEQ“Z'X.ZF""{;”%L“”ME‘ gﬁ@?c SREmpApRutioar it BRNY 0 LT, ¢,
of the shaf °<g purface og;the inner-postio dawwa%@§°&CM§WMﬁﬁaWQ% t he
rel atively emalférrmumwbd&nmnm:r Q&Um&dedb?m&et&fﬂuﬁﬁhﬁm e notors;

the- conpact PRAYEE B ey P@a@%ﬁ%””f oot 39§ ool s b bl (ue” ' °

configurati G&ftﬂdw 502 Magnasi¢, fluxdlowsSrim Mmmmmm&ﬁghm@
appl i cant" Sa%w&tmw&ﬁhﬂéluwiﬁéass I, R¥ds8 fird: SHEr GaPhact BR10Wr Qhaft BRABL Y

3. 75mm (0. JI§8| ?centml shaft section 24C, and then back across second lower gap 46C,
through an inner flux channeling means 47C, through hub portion 14C, through an
inner pole piece 48C, and back to lower permanent magnet means 32C. The
magnetic flux path for containing ferrofluid about the lower gap 28C is indicated by
arrows 60C. The lower fltix channeling means 42C, lower shaft section 18C, central
shaft section 24C, hub portion 14C, and an inner pole piece 48C are a magnetically
permeable material such as magnetic stainless steel, so that they provide a good flux
path.

Motor hub 134 is atrached to outer hub portion 14C. Motor hub 134 is
preferably made from a light weight material such as aluminum and is press fit over
outer hub portion 14C. Attached to motor hub 134 is the magnetic storage media
94C. The magnetic storage media 94C is preferably a plurality of magnetic storage

. disks that are spaced vertically from each other and fixedly attached to motor hub
134. "

Mounted to outer hub portion 14C are motor magnets 136 used to

cause rotation of the ouiter hub portion 14C. Motor magnets 136 are permanent

magnets that produce lines of flux perpendicular to the axis of rotation 98C. These
lines of flux produced by motor magnets 136 interact with magnetic fields produced
by stator windings 138 to cause rotation of the outer hub portion 14C. Stator
windings 138 are wound on the poles of stator cores 140 which are in turm supported
on motor base 132. Motor base 132 is in turn mounted to ch.assxs 92, shown in
Flgurc 5.

Figure 8 illustrates another embodiment of disk spindle motor 150 that
incorporates a bearing cartridge 10D of the present invention. Bearing cartridge 10D
is similar to bearing cartridge 10A shown in Figures 3 and 4. Bearing caruridge 10D
includes an upper shaft section 16D, a central shaft section 24D and a lower shaft
section 18D. Both the upper shaft -scc_tio_li 16D and the lower shaft section 18D are
pressed onto central shaft 24D. The inner shaft portion 12D is supported By a motor
base 132D.
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21 The end caps provide a multi-function as described above. To sumari ze.
the end caps provide the functions of being a flux collector fromthe

per manent magnet shaft then providing a | ow reluctance path radially
outward to and through the radially shoul ders. Secondly, the end caps
function to efficiently nount the rotorygbearing- shaft subassenbly onto and
bet ween the | ower and upper base nenbers. Last, but not |east, the end caps

provi de the above descAsh B@@r hét pottididD & séfpdhied bp indehshaftposiion f2yure 17 is
motor dept ot U TR RS fep ates s pogaisdy A hof s o SR S 0% o
of Fi gure 10arkguass fiteglucdopr adhesively bandetl foioutee poive A4Bn dliwappessieayh 20Dnst ead
of a recess ¥RQn iMBrha? Ber hISR ompitiRbotary IR tibet 8f Ad/ odest@fate/ 17X bENdi NG
circular pol qupct shaft section 16D. Similarly, lower sleeve 22D has an inner surface that has a
complementary taper to an outer surface 19D of lower shaft section 18D. An upper
gap 26D is defined by the tapered outer surface 17D of upper shaft section 16D and
the inner tapered surface of upper sleeve 20D. Similarly, a lower gap 28D is defined
by the tapered outer surface 19D of lower shaft section 18D and the tapered inner
surface of lower sleeve 22D. A ferrofluid lubricant is positioned in both upper gap
26D and lower gap 28D.

The ferroftuid Iubricant is maintained in the upper gap 26D and the
lower gap 28D by a magnetic flux that is produced by both the outer hub portion 14D
and the inner shaft-portion 12D. The outer hub portion 14D as well as the inner shaft
portion 12D are made from a material that is capable of being magnetized, such as a
high carbon steel, and then magnetized north and south. The magnetic north-south
alignment of both the inner shaft portion 12D and the outer hub portion 14D is
generally parallel to an axis of rotation 98D for the disk spindle motor 150. The
north-south magnetic alignment of the outer hub portion 14D is opposite the magnetic
alignment of the inner shaft portion 12D. -

In one preferred embodiment, shown in Figure 8, the outer hub portion
14D is magnetized so that the north magnetic pole is toward the [ower portion of the
hub, and the south magnetic pole is toward the upper portion of the hub. The inner
shaft portion 12D is magnetized so that the magnetic north is toward the upper portion

of the inner shaft and the magnetic south is toward the lower portion of the inner
shaft. In this manner, the magnetic flux produced by the outer hub portion 14D adds .

with the magnetic flux produced by the inner shaft portion 12D. The use of two
magnetized portions connected so that their magnetic flux adds allows the outer hub
portion 14D and the inner shaft portion 12D to be made smaller while maintaining the
same magnetic field strength as a system having just one magnetized portion.

The magnetic flux passes from the upper part of inner shaft portion
12D to the upper portion of outer hub portion 14D by an upper flux channeling means
34D. The magnetic flux passes through outer hub portion 14D to lower flux
channeling means 42D and back into inner shaft portion 12D. The upper flux
channeling means-34D is attached to the top central‘portion of outer hub portion 14D.
The upper flux channeling means 34D is made from 2 magnetically permeable
material thereby allowing flux to pass from inner shaft portion 12D across an air gap
to the upper flux channeling means and the into outer hub portion 14D.
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pi eces 306AA and 306BB of substantially the sane dianeter as the di aneter
of the permanent nmagnet 302. The pole pieces are identified by reference
nuneral s 306' and 306". The axial length of the permanent magnet 302 and
the axial lengths of the end nenbers 306A and 306B are collectively

presel ected so that after the rotor subﬁssenbly I's acconplished the axi al

of the. magnet 307 at & et BANAEFKBGK b M ﬁﬁ%&fﬂﬁﬁ@%‘h@“ﬂmx' o ends
ar r angenent 2% ogtebb.partiop A4 bBPPééE% rayides ar ger not or s
havi ng | ar gewclexical ssil faipgevatng fcrr_oﬂaid@tmcﬁt fiom csmﬁngldkk spiadldhetorot Or
comprising {48 bt ShaRhallE Hheind S415 JE0d28% n@Bhanical seal which requires

less height than the ferrofluidic seals used on disk spindle motor 130 shown in Figure

7, thereby allowing disk spindle motor 150 to be more compact.

The lower flux channeling means 42D is an inner flanged portion on
the outer hub portion 14D. A first lower gap 44D is defined by an inner surface of
lower flux channeling means 42D and an outer surface of lower shaft section 18D.
The first lower gap is small relative to the separation of the inner shaft portion 12D
and the outer hub portion 14D thus providing a path for magnetic flux to pass from
outer hub portion 14D to inner shaft portion'IZD. The flux concentration across the
first lower -gap 44D tends to hold ferrofluid lubricant therein thus forming a
ferrofluidic seal for preventing ferrofiuid lubricant from escaping disk spindle motor
150. A mechanical seal 152 is attached to the lower portion of outer hub pcrtion 14D
as an additional means to prevent ferrofiuid jubricant from escaping the disk spindie
motor 150. The mechanical seal 152 allows the disk spindle motor 150 to withstand
greater gravity forces without allowing ferrofluid lubricant to escape therefrom.

The upper sleeve 20D and the lower sleeve 22D are preferably made
from a nou-magncuc material, such as bronze, for ptcvcnung magnetic flux from
passing between the inner shaft portion 12D and cither upper sleeve 20D or lower
slecve 22D. Thus, upper sleeve 20D and lower sleeve 22D prevent the magncuc flux
path from “"short circuiting” the magnetic flux.

Mounted to.the outer portion of the inner wall of outer hub portion
14D are motor magnets 136D. These motor magnets 136D arc permanent magnets
that have a magnetic north/south orientation that is perpendicular to the axes of
rotation 98D. The motor magnets 136D provide a magnetic flux that interacts with a
magnetic field produced by stator windings 138D to cause rotation of outer hub
portion 14D. The stator windings 138D are wound on stator cores 140D which are
supported on motor base'132D.

Magnetic storage media 94D is attached to the ‘outer portion of outer
hub 14D. The magnetic storage media 94D is a plurality of magnetic storage disks
that are spaced apart in a vertical stack thereby forming the disk stack.

. The outer hub poruon 14D is rotated relative to the inner shaft portion
12D by the magnetic flux interactions between the flux produced by permanent
magnet 136D and the flux produced by stator windings 138D. Rotation of outer hub
portion 14D in turn rotates the magnetic storage media 94D about the spindle axis
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a) + a.permanent magnetic cylindrical shaft (202) having a presel ected
di aneter (202D), two ends of opposite nmagnetic polarity (202', 202") and
the center line (202CL) of said shaft defining an axis; b) a pair of
annul arly shaped non-nmagnetic conbi nation thrust and journal magnetic
fluid-type bearing nenbers (204A, 204B}ié each having an inner dianeter
(204D) preselected with respect to said shaft dianeter to facilitate the

assenbly of ¢8D, dw&ﬁé& ﬁlﬂﬁp&ﬂb@ wmw&a@hmvam&%hmlb&homw e (204') of
each of sai d{e 3 J&% Fﬁ“ eiﬁi% raaf first bearin tace means
presel ect ed ﬁ""g HRRCAb I URPRT 2R <00 in4n upward 3rg diFcton;) a
nmot or rotor I logthe wmpwdredcsutfeaan’s:pptrls(ndvamm fertoffuid (uﬁﬁ&)nt}mr avin
central ejﬁf}%ﬁ?‘“’% D ‘i bl aoflolod by GG impedf IR 10
a bore ther PWF’bﬂﬁ‘ﬁ’c@? arafsiddubricangs thep ferredsback dypugh repira geaove 66Bai d hub
havi ng a paion maperek naificys t7R.@aad 19Part, oppositely di sposed second beari ng
Figure 9 illustrates another embodiment of the present invention, in
which bearing cartridge. 10E is integrated into disk spindle motor 160. The
previously described disk spmdlc motors 130 shown inFig. 7 and 150 shown i xn Fig.
8 both had an air gap that separated - motormagnets from the stator. wmdmg that was
oriented in a direction parallel to the axis of rotation. Thcsc types of disk- spmdlc
motors 130 and 150 .are eommonly referred to as radial air gap motors. The disk
spindle motor: 160 shown in Flg 9 deﬁms an air gap between motor magnets 136E
and stator windings 138E that has an on_cntauon perpendicular to the axis of rotation
98E for disk spindie motor 160. . Disk spindle motor 160 is commonly refcrmd toasa
"axial air gap” motor.
Disk spmdlc motor 160 includes an outer hub portion 14E having
magnetic storage media 94E attached thereto and is supported by bearing cartridge
10E which in turn is mounted to motor base 132E.
Bearing cartridge. 10E includes an inner shaft portion 12E having a
central shaft section 24E and a lower shaft section 18E. The.inner shaft portion 12E
is mounted to base 132E.by a l_owc;_.mounﬁng screw 162 that extends through a bore
in base 132E and-into a threaded bore at the lower end of inner shaft portion 12E.
The lower shaft section 18E has a tapered surface 19E. A lower sleeve
22E is cither press-fit, glued or-adhesively bonded to outer hub portion 14E. The '
lower slecve 22E has an inner surface that hias'a complimeatary taper to the tapered

surface 19E. -A ferrofluid lubricant is positioned between the tapered inner surface of
lower sleeve 22E and tapered surface 19E.

The ferrofluid lubricant is contained by magnetic flux produced by
outer hub portion 14E. Outer hub portion 14E is made from 2 high carbon steel and
magnetized such that the magnetic north/south orientation is parallel to the axis of
rotation 98E. The magxictic flux from outer hub portion 14E passes through inner

_ shaft portion 12E and across an air gap to lower flux chaxmeling. means 42E on outer
hub portion 14E. The lower flux channeling means 42E forms a ferrofluidic seal for
preventing ferrofluid lubricant from escaping. As an additional measure, mechanical
seal 152E is attached to outer hub portion 14E for preventing ferrofluid lubricant from
escaping the spindle motor 160. '
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surface recesses (210, 211) preselected to provide both thrust and journal
bearing functions and being shaped to receive and to abut in rotary bearing
relationship with said first bearing surface neans of said annul arly shaped
bearing nmenbers (204A, 204B) and said hub (209) being of magnetically
perneable material at |east adjacent ¥b said rotor hub bore (209"); d) a
pair of cylindrical end caps (206A, 206B), each having a first central

means (206') in one g&EFaﬂma@E, cERth sai d shaft
(202), having rad| g&ﬁ? extendl ng Cl rc cﬁlﬁpigrvk’?gl# o] Z@Ii{
ci rcunf ererf? dewpyardaind nytward by WBF‘@%Bf@L‘?‘ ﬂl‘fg’t g?féo

lubricant returns through groove 66E -on tapered surface 19E.

A mechanical seal 164 is secured by an upper sealing screw 166 that
extends into a threaded aperture on the upper portion of inner shaft portion 12B. The
mechanical seal 164 also provides a means for preloading the ferrofluid bearing.

Magnetic flux is produéd by motor magnets 136E, this flux interacting
with magnetic flux produced by stator windings 138E for rotating the outer hub
pottion 14E relative to the motor base 132E. The stator windings 138E are wound on
stator cores 140E which are in turn mounted to motor base 132E.

In operation, the outer hub portion or rotor of the disk spindle motor is
rotated by the magnetic flux interaction with the magnetic flux produced by the stator
windings which, in turm, are attached to the base portion of the disk spindle motor.
As the outer hub portion rotates, the ferrofluid Iubricant is circulated through the
ferrofiuid bearing by a centrifugal pumping action. A magnetic flux produced by
magnetizing the hub portion provides a ir_xagnctic flux which forms ferrofluidic seals
which contain the ferrofinid lubricant within the disk spindle motor. Mechanical seals
may be provided for additional sealing for high shock applications.

As the disk spindle motor rotates, the disk storage media attached
thereto also rotates. The runout of the disk storage device is a measure of the
goodness or lack of eccentricity produced when the magnetic storage media is rotated.
The runout can be adjusted by changing the gap between the tapered surfaces forming
the ferrofluid bearing. By changing the biasing force or bearing preloading is a
method for adjusting the spacing between the tapered surfaces which indirectly adjust
the thickness or amount of ferrofluid between these surfaces. In this manner, the
runout of the disk spindle motor can be adjusted.

The preseat invention is a ferrofluid bearing that is particularly well
suited for use in disk storage applications. The ferrofiuid bearing of the present
invention is well suited to miniaturization and can be manufactured-easily. thereby
reducing manufacturing costs.
As indicated, Figures 10-16 of the drawings depict the preferred embodiment
of the invention in the form of an improved disk spinélle motor. This unique design
has significant advantages over all prior art arrangements known to the inventor and
facilitates having very small motors which are especially useful 1mmxmatuze magnetic
. or other disk drive applications. For cxample, this invention facilitates a. disk spindle
motor where the thickness or axially length of the motor is only 3.75mm (0.150 inches).
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bei ng nmade, at lease in part, of nmagnetic perneable material to include, as
continuous | ow reluctance path, said shoul der portion and the portion of
said cap adjacent said first central nmeans (206'); e) an annul arly
shaped nmotor stator and stator w nding subassenbly (214) having a central
axially -extending bore (214') of a di¥weter |arger than said hub outer

di aneter (209'); f) a | ower base nenber (218) for supporting said

annul ar |y shaped ik mawmmmmghmammﬁea@ , said

e ke L) o PR oo L R ST bt (200

and said papmdbabédmog:tmdssﬁiﬂmn) amm;cmi; g’ wsm%péapmget her with

said bearin L b @i susmf tpEQid hat each
"l Srose ro! wﬂg” ﬁmﬁer | én;% m i at% w'géw%{ S RECpeing es gh Bl apd o2l T ace
recesses (2bBingalsbpthopolgai d rotor hub (209), each of sai d ends of

The motor further includes a pair of annularly-shaped. non-magnetic
combination thrust and journal magnetic fluid type bearing members 204A and 204B,
which preferably are of identical construction depicted in Figures 13 and 14. Each
bunngmcmbcrxschamctcmdbyhavmganmncrdmmachMD prcsc!ected with
respect to shaft-diameter 202D to facilitate the asscmbly of the bearings, onto the shaft
as depicted in Figure 10. Those skilled in'the art will recognize-that said assembly of
the bearing members 204A .and 204B on thcshaft may bie a pressed fit. Ini other cases
the bearings will be:fixed to the shaft 202 through the use of a cement; one cement
that may be used is the Locktite Company RC/609 adhesive.

“The bearing members arc further characterized by having the outer portion of
_said annular-shape tapered to define a truncated conical bearing surface 204".

Fhe motor further comprises a rotor 208 (see Figure 10 for a partial showing)
adapted to be assembled with the shaft 202 for rotation relative to the shaft about axis
202CL. Rotor 208 has a ceatral annular hub 209 having an outer diameter 209° and
also-having a bore therethrough of a diameter 209** larger than the shaft diameter
202D. Thie hub 209 of rotor 208 is further characterized by having a pai? of axially-
spaced apart, oppositely-disposed, conically-shaped recesses 210 and 211. The hub
209 is made of magneticilly permeable matérial at feast adjacent to said rotor hub
bore. "Rotdr 208 has an outer annular hub 208° containing, on the inner. periphery
thereof, means stch as an annular or drum type peomanent magnet 208°* having a
cylmdnal infier periphery 208 of a preselected diameter.

The motor further comprises a pair of cylindrical end caps 206A and 206B
shown both in Figure 10 as well as in Figures 15 and 16. The end caps have a central
circular cup-shaped recess 206 in one end thereof of a diameter preselected to receive
one end of the shaft 202. The circular periphery of the end cap is identified by
reference numeral 207 terminating in an outboard flat surface 207°. A radially

_ extending circular shoulder portion 206 projects radially out from 207 and has a
circumferential surface of a preselected diameter. More spcciﬁcally,‘mﬁ preselected
diameter of shoulder portion 206'* is selected to be slightly less than thq. cooperating
portion of the rotor hub 208 as is beiter understood by reference to Figure 10.
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sai d'shaft thereafter being respectively abutted against said first central
nmeans (206') by one of said end caps (206A, 206B), the axial length of said
rotor hub (209) being preselected so that when said rotor (208), shaft
(202), bearing nmenbers (204A, 204B) and end caps (206A, 206B) are assenbl ed
as aforesaid, each of said circunferentl9al surfaces (206") on said

shoul ders of said_end caps is spaced frombut closely adjacent to said
rotor hub bore tdhaend fapsarp gade.3f leas inpask 06536‘“{"225“““9 ey sods et ween,
and the asseproviticel edmrintoust Iberelactirt pah forths paisape of aagnbieviRix faémaherenber

210 oAt AL gld By o 45 BB 2
subassenbl y (214hemptor | funhcrmcludx an annularly shaped motor stator and winding

subassembly 214 compnsmg stator laminations 215 and appropriate winding 216.

Stator 215 has a central axially extending bore 214° of a diameter larger than the

diameter 209 of the rotor hub. |

The motor further includes a lower base member 218 for supporting the
subassembly.214. The base member has a central means for receiving one of the end
caps. As shown in Figure 10, this central means comprises a cﬁp-shaped recess 219.

Referring again to Figure 10, it will be noted that the motor further includes
an upper base member 238 having a central cup—llkc 238" adapted to receive the end
cap 206A.

Referring again to Figure 10, the rotor shaft bearing members and an
appropriate ferrofluid 217 are assembled together with the bearing members being
axially. spaced apart on shaft 202 with the conical bearing surfaces 204 thereof being
oppositely disposed as shown in Figure 10 and with the surfaces 204 in close nesting
proximity to the conically shaped recesses of the rotor hub. More specifically, as
shown in Figure 10, the bearing surface 204 of bearing 204A is in close nesting -
proximity to. the conically shaped recess 210 of the rotor hub. Likewise, conical
bearing surface 204" of bearing of 204B is in close nesting proximity to the conically
shaped recess 211 of the rotor hub.

It will be noted in Figure 10 that the axial length of shaft 202 is sufficient so
that when the bearing members 204A and 204B are positioned, as aforesaid, with
respect 1o the rotor hub 209 that the cads 202° and 202" of shaft 202 project outboard
from the bearing members 204A and 204B respectively.

The end caps 206A and 206B are then placed on the ends of the shaft 202 as
shown in Figure 10, i.c., the shaft fitting into the recess 206°.

The axial fength of the rotor hub is preselected so that when the rotor, shaft.
bearings and end cap members are assembled as aforesaid. each of the circumferential
surfaces 206°° is sphced from, but closely adjacent to. the rotor hub bore to define a
" pair of annular gaps 225° and 225°* therebetween.
The asscmbled.rot'or. shaft, bearing members and end caps are then mounted
- on the lower base member 218 so that the annular hub of the rotor is concentrically -
disposed in the bore 214" of the motor stator subassembly 214. End cap 206B is
received by the central means 219 of the lower base member and is held in place by
appropriate means such as an adhesive. One adhesive which is satisfactory is the 3M
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24 one of said end caps (206B) is received by the second central neans
(219) of said base member (218): said conbination of elements further
conprising: Q) a ferrofluid (217) disposed between the first bearing
surface neans of said bearing nenbers (204A, 204B) and the second bearing
surface recesses (210, 211) of said rot4 hub (209), whereby magnetic flux
produced by said permanent magnet shaft (202) flows in a closed | ow

rel uct ance mwzﬁpahy'@mmz‘adtmlvenﬂmhnsqxdplmhazm'fummﬂm@méfm of

said end capg o U Ry & afeener@fad) t her eof
to and al on a‘lﬁ%qr@cﬂpgr ill‘)‘ ?Sﬁgmﬁieiﬁce to said c ?gtljm‘.ere lt?glqgl surface
of the othe an appropriys syurce efslectricalpasss (o shoymdy el a8 iWELy and t hence
to the ot helungéstodd bstheie skifid in(tBOER, a fobitidg MRGMEE fieldfis produbairolaterseen sai d

rotor hub (%g tlland sai g &énccyiﬁse.r. ?onct:a'ugé orp%éu%gﬁatfoﬂﬂ%{q?x@'oﬂ%ﬁ zbg,-r rofluic

seals to ret
to rotate about axis 202CL relative to the subassembly 214 on base 218.

In Figure 10 the reference character 202F is used to designate a plurality of
small arrows representative of magnetic flux flowing in a closed loop from end 202°
of the permanent magnet 202 into end cap 206A through the cap to the radially
extending shoulder 206°* actoss the gap 225* and thence axially along the bub 209 to
the portion of the rotor hub adjacent to the shoulder 206", crossing the gap 225 to
end cap 206B and through same to return to the magnet at end 202** thereof.

The ferrofluid 217, abovementioned, is disposed in the bearing surfaces
204°7210 and 204*/211. The ferrofluid is retained between the end caps due (o the
high concentration of magnetic flux in the gaps 225 and 225"".

There are number of advantages associated with the disk spindle motor
depicted in Figure 10. It will be noted that a single shaft which is a permanent
magnet provides several functions. It servesasa primary central means for the motor
and concurrently, being a pcrmaneat magnet, functions to pmvxdc the flux fiow for
providing the above describéd seals for retaining the ferrofluid. The conical bearings
provide a combination thrust and journal bearing function.

Tt has been found that it is desirable to have the axial length of the magnetic
shaft 202 at least twice the diameter of the shaft. -

One of the sxgmﬁmnt advantages of this invention is the relatively small
number of parts as compared to prior art spuldlc motors; this, in wm; helps minimize
manufacturing costs. Of great importance is the compact and efficient design
permitted by the applicant’s unique i:onﬁguration. As indicated, motors have been
constructed using the applicant's unique design whére the axial length of the motor

was only 3.75mm (0.150 inches).
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ferrofluid fluid (217) between said end caps (206A, 206B) and within said
rotor hub (209). 2. The di sk spindle notor of claim1l, having an upper
base nenber (238) for receiving the other of said end caps (206A). 3.

The di sk spindle notor of claim1l, wherein the outer portion (204') of said
annul arly shaped bearing nenbers (204R1 204B) is tapered to define a

t runcat ed- coni cal éxert bear.i n surface; .and sai %Fgaéé of second_beari ng
surface recesses (Z2fdRdSERs Py °E(SPH‘B£'F'T°9°%§6$€‘H' aeesTapuRBaizgpthet and
opposi tely dl@ﬁGsEﬁjP!@M!dt:hbc funoeions p6 beinpa flok cellecwr fronuiha peimenedifisdnet sai d

first and secas® uit@@frbﬂa LH[B@Cr‘éﬁchﬂ‘éc'Bld{ x'adei %I&R%‘atto‘@%& I&u‘ﬁ@%hggﬁﬂilhso as

to provide bo ctions

h l'&hr u 3(/(/148 rn arl n
spi ndl e m)tors I i i “§‘éﬂ eHjrisndy mquat the gRIgF-beasingur f ace
means have asp#fsmld)asscmbbj ogomdwv@&ﬁmcﬂdmahmuﬁﬁrgaseﬂem&rﬁl Lasy Bihe

L Slrore?f : u Ingr (21b( leabi? ele! RW APEHrodiae theUbble HELNRE PecfitidiP SLarthl Ble £S31. 2Nd an
Flgure 17 is’a modified embodiment of the invention having many similar
parts to the motor depicted in Figure 10. However, a key difference is that the end
caps of Figure 10 have been replaced by end pieces 306A and 306B which. instead of
a recess 206° and 206"" respectively, have axially inwardly extending circular pole
pieces 306AA and 306BB of substantially the same diameter as the diameter of the
permanent magnet 302. The pole pieces are identified by reference numerals 306
and 306", The axial length of the permanent magriet- 302 and the axial lengths of the
end members 306A and 306B are collectively preselected so that afier the rotor
subassembly is accomplished the axial ends of pole pieces 306' and 306'* respectively -
abut against the axial ends of the magnet 302 at a point within the bearings 304A and
304B. The arrangement of Figure 17 may be especially advantageous for larger
motors having larger axial dimensions.
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reser vei+——68)—and het ween a | ower outer (64) and a | ower inner reservoir
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Claims
1. - A disk spindle motor comprising the following elements in combination:
a) a permanent magnetic cylindrical shaft (202) having a preselected

diameter (202D), two ends of opposite magnetic polarity (202°, 202”) and the
center line (202CL) of said shaft defining an axis;

b) a pair of annularly shaped non-magnetic combination thrust and journal

magnetic fluid-type bearing members (204A, 204B), each having an inner
diameter (204D) preselected with respect to said shaft diameter to facilitate the
assembly of said bearings onto said shaft and the outer portion (204°) of each of
said annularly shape members having first bearing surface means preselected to

provide both thrust and journal bearing functions;

c) a motor rotor (208) adapted to be asscmblcd' with said shaft (202) for

rotation relative to said shaft about said axis (202CL), said rotor having 2
central annular hub (209) having an outer diameter (209°) and also having a
bore therethrough of a diameter larger than said shaft diameter, said hub-
having a pair of ' axially spaced apart, oppositely disposed second bearing

surface recesses (210, 211) preselected 10 provide both thrust and journal

bearing functions and being shaped to receive and to abut in rotary bearing
relationship with said first bearing surface means of said annularly shaped
bearing members (204A, 204B) and said hub (209) being of magnetically
permeable material at least adjacent to said rotor hub bore (2097);

d) a pair of cylindrical end cé.ps (206A, 206B), each

having a first central means (206°) in one end

thereof and adapted to abut one end of said shaft (202),

having a radially extending circular shoulder portion with a

circumferential surface (206™) and a preselected diameter, and
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being made, at lease in part, of magnetic permeable material to
include, as continuous low reluctance path, said shoulder portion
and the portion of said cap adjacent said first central means (206%);

e) an annularly shaped motor stator and stator winding
subassembly (214) having a central axially—cncnd_ing bore (214") of a diameter
larger than said hub outer diameter (209');

f) a lower base member (218) for supporting said annularly shaped motor stator and
stator winding subassembly (214), said base member (218) also comprising a second

central means (219) for receiving one of said end caps (206B)

said rotor (208), said shaft (202), and said pair of bearing members (204 A, 204B)
being assembled together with said bearing members being spaced axially apart
on said shaft so that each of said bearing members (204A, 204B) is dispo'sed
respectively adjacent and in close nesting proximity to one of said pair of second
bearing surface recesses (210, 211) of said rotor hub (209), each of said ends of
said shaft thereafter being respectively abutted against said first central means
(206°) by one of said end caps (206A, 206B),

the axial length of said rotor hub (209) being preselected so that when said rotor
(208), shaft (202), bearing members (204A, 204B) and end caps (206A, 206B)
are assembled as aforesaid, each of said circumferential surfaces (206) on said
shoulders of said end caps is spaced from but closely adjacent to said rotor hub

bore to define a pair of annular gaps (225°, 225”) therebetween, and

the assembled elements thence being mounted on said lower base member (218)
so that said

annular hub (209) of said rotor (208) is concentrically disposed

in said bore (214’) of said motor stator and stator winding subassembly
(214) and -
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one of said end caps (206B) is received by the second central
means (219) of said base member (218):

said combination of elements further comprising:

g a ferrofluid (217) disposed between the first bearing surface means of said bearing
| members (204A, 204B) and the second bearing surface recesses (210, 211) of
said rotor hub (209), whereby magnetic flux produced by said permanent magnet
shaft (202) flows in a closed low reluctance path from a first end of said shaft to
its respective one of said end caps (206A) and from said circumferential. surface
(206™) thereof to and along said rotor hub (209), thence to said circumferential
surface of the other end cap (206B), thence through said other end cap and _thencé
to the other end of said shaft (202), said magnetic flux flow between said rotor
hub (209) and said circumferential surfaces functioning as ferrofluic seals to retain
ferrofluid fluid (217) between said end caps (206A, 206B) and within said rotor
hub (209).

2. The disk spindle motor of claim 1, having an upper base member (238) for

receiving the other of said end caps (206A).

3. The disk spindle motor of claim 1, wherein

- the outer portion (204°) of said annularly shaped bearing members (204A, 204B)
is tapered to define a truncated-conical first bearing surface; and

- said pair of second bearing- surface recesses (210, 211) are conically shaped
recesses spaced apart and oppositely disposed on the inner portion of said annular
hub (209), said first and second bearing surfaces being in alignment with each

other so as to provide both thrust and journal bearing functions.

4, The disk spindle motor of claim 3, wherein the said tapered first bearing surface
means have a plurality of grooves (66) therein (Fig. 1) to allow the ferrofluid
(217) to flow back and forth between an upper outer (62) and an upper inner

reservoir (68) and between a lower outer (64) and a lower inner reservoir (70).
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ABSTRACT

DISK SPINDLE MOTOR

a disk-spindle motor (200) having a permanent magnet central
shaft (202). A pair annular, non-magnetic combinafion thrust and
journal bearings (2047, 204B) having truncated-conical outer
surfaces (204’) are spaced apart on the shaft (202). The
beafings coact with complementary surfaces (210, 2I1) on the hub
(209) of a motor rotor (208). shaft end caps (2061, 206B) connect
the shaft to base means (218) and have radially extending
shoulders (206") which define annular gaps (2257, 225") with the

rotor and function as ferrofluidic seals.

Fig . 1
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