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DISK SPINDLE MOTOR 

BACKGROUND OF THE INVENTION 

The present invention relates to bearing cartridges. and in panicular co 

5 bearing canridges having a ferrofluid lubricant. 

· The use of ferrotluid bearings as an alternative to ball bearings is 

disclosed in U.S. Patent 4.?34.606 by the inventor of the present invention and 

inco~rate4 herein by reference. Ferrofluid bearings have provided particular 

advantages over ball bearings when used in. magnetic disk ~corage systems. More 

10 specifically. ferrofluid bearings tend to produce less audible noise than ball bearings. 

Furthennore, 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. 

~e use of a ferrofluid bearing in a disk.spindle motor improves 

15 several perfonnance factors of a magnetic disk storage device. Ferrofluid bearings 

tend to reduce or atter:iuate vibration originating in other parts of the disk storage 

device. In addition, ferrofluUI beariiigs tend to have lower electrical resistance 

. between the outer iace 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. Furthennore, ferrofluid bearings tend to have a larger surface area 
between the bearing race5 over which to distribute shock loads,. thereby withstanding 

mechanical shock better. 

The ever increasing dCmands for greater m~moty capacity, lower 

production costs, faster memory access times, decreased size and weight of disk 

25 storage devices has placed hlcre8sing demands on the petfonnance 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 SUMMAAY OF nIE INVENTION 
·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 ~t is coaxially aligned with the first bearing nee. One· of the shaft and the hub 

35 be~ magiietized to provide a inagneric field. A ferrofluid is ;inc~wled as well ~.a 
flux chaoneling means for channcUng magnetic flux provided by the magnetic field. 
·The magnetic fl~ is channeled between a gap defined by the shaft and the hub so that 

a the ferrotluid is mairttained therein. 
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In preferred 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 sleeve. 

In preferred embod~ents. the inner race and the outer race have 

5 tapered surfaces which are generally parallel to one another. As a result~ relative 

axial movement of the sleeve 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 ~haft and the sleeve co vary the performance 

10 

· of the bearing formed by the inner and outer races and the ferrofluid lubricant: 

BRIEF DESCRIPTION OF THE ORA WINGS 

Figure l is a side elevational view of a first embodiment of the bearing 

cartridge of the present invention with the hub ponion shown in section. 
. . 

Figure 2 is a side elevational view of the bearing cartridge shown in 

· 15 Figure 1 with the hub and inner bearing races sho~n in section. 

Figure 3 is a side elevational view of another embodime~ of the 

bearing C8:ftrldge 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 S is a cop 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 acruator ann supported by the 

bearing cartridge shown in Figures 3 and 4. · 

Figure 7 is a ·side elevational view of a disk spindle motor thac includes 

25 . the bearing cartridge shown in Figures 1 and 2. 

Figure 8 is a side elevational view shown in panial section of another 

embodiment of the disk spindle motor shown in Figure 5. 

Figure 9 is a side elevational ·view shown in panial Section of another 

embodiment of the disk spindle motor shown in Figure 7 ~ . 

30 Figure 10 is a side elevational secti<?nal view of the preferred 

embodiment of the invention. i.e., an improved disk spindle motor " only the central 

portion of the motor being depicted. 
Figures 11and12 are·sideelevationalam.end views, ~vely, of a 

·permanent magnet cylindrical shaft used in the motor of Figure 10. 

35. Figures 13 and 14 are side elevadonal and top views, respectively, of 

an anmlarly shaped non-magnetic combination tbIUst and journal bearing member 

with the. outer portion thereof sbapCd to provide a truncated-cOnical bearing surface· 

for use in the Figure 10 motor. · 
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Figure 15 is a side elevational 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 elevatio~I sectional view of an alternate 
embociiment 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 ah 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 s~ft portion 12 about an axis of 

~otation 13 defined by the inner shaft portion 12. 

Inner shaft portion 12 is preferably fonned of three pieces. an upper 

15 shaft section 16. a lower shaft section 18. and a central s~ft section 24. The upper 

shaft section 16 and lower shaft section 18 are cylindrical sl~ves 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 

20 

tapered surface 19 that tape~ in an opposite direction and is narrower at its upper 

end. 

The outer hub ponion 14 bas an upper sleeve 20 and a lower sleeve 22. 

·The upper sleeve 20 has an inner surfice that bas an internal taper which matches the 

taper of tapered surf~ce 17 on.uPJ>er 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 m·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 lme parallel to the· tapered 

surfaces 17 and 19, respectively. _This taper angle is dependent upon perfonnance 

30 characteristics of the bearing. 

Positioned _in an upper.gap 26 between tapered surface 17 and me inner 

tapered surface of upper sleeve 20 is a fem>tluid lubricant. The ferrotluid lubricant 

from upper gap_ 2(j is cont&ined 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 secolid iq>per gap 38. through an inner flux 
channeling means· 39, through hub portion 14 and back to upper permanent ~gnef 
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means.30. The upper flux chalUleling means 34, upper shaft section 16. central shaft 

section 24 and hub ponion 14 are a magnetically permeable material such as magnetic 

stainless steel so as to provide a good flux path. 

In a similar mariner. the ferrofluid lubricant from lower.gap 28 is 

5 contained by magnetic flux produced by lower permanent magnet means 32. 

Magnetic flux flows from lower pennanent magnet means 32 through a lower flux 

channeling means 42, across first IOwer gap 44 co lower shaft section 18. rhrough 

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

flux channeling means 47, through ~ub ponion 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 ponion 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 

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

permanent magnet means 30 is attaChed with an adhesive _or glue co the upper ·portion 

· of hub 14. Upper flux channeling means 34 is preferably a magnetic ~sher that is 

positioned.coaxially over upper 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 peiinanent magnet means 30, and upper flux channeling means 34. 

The upper Sleeve 50 is gluCd or adhesively bonded to the hub ponion 14, permanent 

magnet means_ 30 and upper flux channeling means 34 thereby holding each of th~se 

25 elements in place. 

·The inner flux channeling means 39 is focmed by ·a flanged ponion on 

the inner diameter of hub ponion 14. The second upper gap 38 is defmed by the 

inner surface of flux channeling means 39 and the outer surfa~ of central shaft 

ponion 24~ 

30 In one 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 pennanent magnet that is 

positioned coaxially over lower shaft section 18 and giued or adhesively bonded to 

inner pole piece 48. The lower flux channeling means 42 is a magnetically permeable 

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

au.ached to the lower penninent magnet means 32. ~ first lower gap 44 is defmed 

by the space between the "inside diameter of lower flux channeling means 42 and the 

outside diame~r of lower shaft section 18. Lower sleeve 54 is a cylindrical sleeve 
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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 P,Onion on the inner 

diameter of hub ponion 14. The.spacing between the inner flux channeling means 47 

5 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 by arrows . 

identified by reference numeral 5~. As can be se~n. these magnetic.flux lines pass 

through the inner ponion of upper sleeve 20 and return back around the outer ponion 

10 of the sleeve 20. Sleeve 20 is preferably made from a non-magnetic material such as 

brass or non- magnetic steel thereby having high reluccance 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 reluctan~ path between the hub ponion 14 and the inner shaft ponion 12 than 

15 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 ponion 14 

20 

tends to retain ferrofluid lub~cant 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 refere11ce 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 

preferabiy made from a material having relatively high reluctance for preventing the 

25 magnetic flux from passing between lower shaft section 18 and the lower slee.ve 22. 

Both ihe inlier 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 magnetic flux tends to 

pass through both the lower flux channeling means 42 and the inner flux channeling 

30 means 47, providing a concenttation of magnetic flux. This concentration of 

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

outer hub portion 14 tends to retain ferrof1uid lubricant therein ~ thereby form 

ferrofluidic seals. 

The rotation of outer hub portion 14 relative to inner shaft p~rtion 12 

· 35 results in ferrofluid 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 

ferrofluid lubricant. The angular acceleration of ferrofluid lubricant nearest the outer 
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· hub results in a centrifugal force acting on this fcrrofluid lubricant. This centrifugal 

force tends to cause the f errofluid lubricant located in upper gap 26 t~ move in an 

upward and oucward direction along the tapered surface of upper sleeve 20. In a 

similar manner. che centrifugal force acting on ferro fluid lubricant posicion in lower 

5 gap 28 tends co move in a downward arid outward direction along the tapered surface 

of lower sleeve 22. An upper reservoir 62 collects f errofluid lubricant chac is forced 

from upper gap 26, and a l~wer 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 

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

lo_wer .gap 44. 

The capered surfaces 17 and 19 have a plurality o~ grooves 66 therein. 

These grooves 66 or depressions in the tapered surface extend. the entire -length of the 

taper and thereby allow each of che 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 ponion 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 catise 

ferrofluid lubricant to move from outer reserv~irs 62 and 64 along grooves 66 

20 towards inner reservoirs 68 and 70, respectively. Because the ferrofluid 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 chis 

fluid and therefore little or no centrifugal force resisting this rerum 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. ferrotluid 

' lubricant (0 move from inner reservoirs 68 and 70 towards· outer reservoirs 62 and 64. 

and return via the oil rewm paths or grooves 66. 

The use of a non-magnetic upper sleeve 20 and lower sleeve 22 allows 

the magnetic flux pa~ 58 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 eithei" 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 
. . 

fcrrotluid lubricant is restricuid. to the bearing surface area aitd the area immediately 

35 surrounding the bearing surface. Reducuig the amount of ferrofluid lubricant reduces 

the weight of the bearing canndge. 

In addition, the fcrrotluid containment of che present invention prcvencs 

tJ:tc migration of all the ferrotluid to one end of the bearing cartridge. thus causing 

IThis Sheet Has Been Replacec 
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one bearing surface to become dry wheri 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 a non-magnetic upper sleeve 20 and lower sleeve 22 

5 tends co prevent magnetic flux from passing between the sleeve ponions 20 and 22 

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 magnetic flux 

concentration would be very high if the non-magnetic sleeves 20 and 22 were noc 

used. High 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 pam 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 ~lXed in position' relative to each 

other. As an alternative. upper shaft section 16 and lower shaft section 18 may each 

be m~vable 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 together. The preload or 

20 biasing ~ (not shown) is p~yided to prevent the upper shaft section 16 from 

moving axially upward .. Similarly, the.bias means prevents the lower shaft section 18 
. . 

from moving axially downwaro. The ·bias means provides· a preload foree to _axially 

position upper shaft section 16 and lower shaft section 18 relative to the hub portion 

14.so that the separations· 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 adjusanent of 

bearing perfonnance characteristics such as drag and nmout. 

Another embodiment of the present invention. bearing cartridge lOA. 

is illustrated in Figures 3 and 4. Sim~ element identification numbers are used in 

these figures •. as well as throughout this description. to designate siinilar elements. 

30 As in the previous embodiment shown in ~igures 1 and 2~ bearing cartridge lOA 

includes an identical inner· shaft portion· 12A having a central shaft section 24A with 

an upper shaft section 16A and~ lower shaft section 18A positioned at opposite ends 

thereof. The upper shaft section 16A has a tapered surface 17 A. the surface having 

grooves. 66A for providing a ·rewm path for ferrofluid lubricant. Similarly. the lower 

35 shaft section 18A bas tapered surface 19A •. the tapered surface 19A having a series of 

grooves 66A for providing a· return path for ferrofluid lubricant. 

Bearing caitridge lOA ·funher includes an outer hub ponion 80 that is 

capable of rotating relative to inner shaft ponion 12A about an axis of ro~tion 13A. 
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defined by the inner shaft p<>nion 12A. An upper sleeve 20A is positioned on che. 

upper inside portion of outer hub portion 80~ Similarly. lower sleeve 2.2A (s 

posicioned on the lower inside porcion of.outer hub porcion 80. Boch clie upper sleeve 

20A and the lower sleeve 22A arc either press-fit. glued or adhesively bonded to the 

. 5 outer hub porcion 80. The inside surface of upper sleeve 20A has an imernat caper 

which matches che taper of tapered surface 17 A o_f upper shaf[ section 16A. Lower 

sleeve '11A has an inner surface that has an internal taper which matches the caper of 

the' capered surface l 9A on· lower shaft section 18A. Tapered surface 17 A and the 

tapered inner surface of upper sleeve 20A define an upper gap 26A thac concains a 

10 ferrofluid lubricant. Tapered surface 19A and the complemcntarily tapered inner 

surface of IO\~er sleeve 2M def me a lower gap ·28A which contains a f errofluid 

lubricant. 

The ourer hub_portion 80 is mad;e_ from a high carbon sreel. such as 

Core 10 and magnetiz.ed such that the north-south magnetic orientation is aligned wich 

15 the axis of rotation. The magnetized· ourer hub portion 80 provides magnetic flux for 

holding ferrofl1:1id lubricant in thc,bearing cartridge lOA. An upper flu.x channeling 

means 82 is. attached. to the -upper end of outer 1:mh portion 80 and a lower flux 

channeling means 84 is attached to the lower portion of outer hub poJ;tion 80~· Both , . . . 

the ·upper flux channeling mea.Ds .82 and lower flux cbannelmg·mcans 84 provide a 

20 . low reluctance path tO inner shaft ponion 12 thereby fooning ·a co~cion of 

magnetic flux lines. Upper flux cl>annc1ing means 81. ~ lower flux channeling 

means 84 are pref~ly magnedcally penneable ~ers thac are mounted coaxially 

over inner shaft portion 12A to hub portion 80. Upper flux channeling means 82 and 

lower flux channeling means 84 may be glued or adhesively bonded to ouu:r hub. 

25 portion 80. In another preferred embodiment, both the upper flux channeling means 

82 and the lower flux dianneJing means 84 are foancd from outer bub ponion 80. 

An upper gap 36A is defined by the outer surface of upper shaft section 

~6~ and the inner surface of upper flux qmnncling ~ 82. A lower gap 44A ·is 

defined by the outer surface of lower shaft ponion 18A and the inner surface of l~wer 

30 flux channeling means 84. lhe magnetic flux concenaation across both upper gap 

36A and lower 44A maintains ferrofluid lubricant within the gap. thereby forming a 

fcrrofluidic seal. These fcrrofluidic seals at upper .gap 36A and lower gap 44A tend 

to contain the ferrofluid lubricant within bearing ~dge 1 OA in addition co 

preventing any particles within the bearing cartridge from escaping to contaminate the 

35 ~vironment surro~ing the bearing cartridge. 

As illustrated in Figure 4. th~ arroWs rcpccscnc magnetic flux. produced 

by the magnetized hub portion.80. This magnetic flux flows from the magnecized hub 

portion 80 lbrough the lower ~ux clwmeling means 84. across lower gap 44A _to 
~~~~~~~~~ 
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lower·shaft section ISA. through inner shafc section 12A. and then back across upper 

gap 36A. Chrough upper flux channeling means 82 and back to magnetized hub 

portion 80. The upper sle• ve 26A and the lower sleeve 28A are made from a non­

magnetic material such as i>ronze to provide a high reluctance path from each of the 

5 _sleeve ponions co the inner shaft portion 12. thereby preventing the magnetic flux 

lines from becoming shori circuited. The use of a non-magnetic upper sleeve 20A 

. and a non-~agnetic l~wer slee~e 22A provides a higher reluctance path for magnetic 

flux lhan chat of either the.upper flux channeling means 82 or the lower flux 

channeling means 84, thereby directing.the magnetic flux through the upper gap 36A 

10 and lower gap 44A forming ferrofluidic seals. 

The operation of the bearing canridge 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"sbaft portion 12A rends to force the ferrofluid 

lubricant from the upper gap 26A and the lower gap 28A to an upper reservoir 62A 

15 and a lower reservoir 64A. respectively. Because the upper and lower ferrofluidic 

seals prevent ferrofluid lubpcant .from escaping from uppe~ 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 foaned by the rotation of 

the outer hub 80 relative to the inner .shaft ·ponion 12A forces ferrofluid lubricant into 

20 upper reservoir 62A and lower ~oir 64A which in ruin displaces ferrofluid 

lubricant through grooves 66A into a central reservoir 86- Ferrofluid lubricant in the 

central ~oir 86 is free to migrate between upper and lower bearing ponions- · 

A preload or biasing means (not shown} is provided to upper shaft 

section 16A and lower shaft section ISA. The biasing means provides a preload force 

25 to axially position the upper shaft section 16A and lower shaft section 18A relative co 

the hub ponion 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 5 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. ne disk storage system 90 provides data storage an~ 

retrieval On. the rotating magnetic ~rage media 94. The magnetic storage media 94 is 

rotated. about a spindle axis 98 by an electric disk spindle motor (noc show~). 

35 The head acmator assembly 96 includes a magnetic head 100 that is 

supported over the magnetic storage media 94 by acwator arm 102 and an acruat~r 

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 mocor that is 
~~~~~~~~~~-
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capable of pivoting the head actuator assembly 96 abouc a pivot axis 106 for 

positioning the magnetic head 100 to the-desired crack on magnetic storage media 94. 

Frequencly. the _magnetic storage media 94 includes a plurality of 

magnetic disks that are spaced apan from each other and arranged in a venical stack. 

5 sometimes referred co as a "disk stack." Each of the magnetic disks that form the 

disk stack rotate in unison about the spindle axis 98. The head acruacor assembly 96 

that is used in conjunction with such a disk stack has a venically stacked. arrangemem 

with each head actuator assembly spaced apan from each other and rotating in unison 

about pivot axis 106. In this manner. a plurality of magnetic heads are each 

10 positioned at differenc magnetic disks so that a series of locations or tracks are 

accessed simultaneously for each magnetic disk in che disk stack. 

In the disk storage_ system 90, the magnetic head typically is positioned 

or· mes tenths of"Inicrons from the surface of the magnetic storage media 94. Because 
. . 

the magnetic head 100 flies so close to the disk surface. the air entering the chassis 92 

15 must be filcered·to prevent any contaminants, such as dust, from entering the chassis 

92. · Contamfuants which enter chassis 92, if located on the magnetic storage media 

94, may dis~pt the magnetic head 100 and eventually a head· "crash" or gradual 

danlaging of the disk surface may -occur. 

Figure 6 illustrates the ·bearing cartridge lOB of the present ·invention in . 

20 which acruator arms 102 have beCn integrated to form head/actuator assembly 96. 

Bearing cartridge IOB is e~tly th~ same llS bearing cartridge lOA except that outer 

hub portion 110 is modified for mounting actuator arms 102. 

Bearing cartridge lOB ·includes inner shaft portion 12B having an upper 

shaft section 16B and a lower shaft section lSB that are pressed onto a central shaft 

25 section 24B. The inner shaft portion 12B bas 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 \lpper screw 112 which extends 

through a bore in a tOp ponion 92A of chassis 92 and extends ~~ 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 ~ 

threaded bore that is centrally located at the lower end of central shaft section 24B. In 

this manner, inner shaft ponion 12B is held securely_ in place within chassis 92. 

A tapered surface l 7B on upper shaft section 16B engages a 

complementary taper on the inside surface of upper sleeve 20B of outer hub portion 

35 110. Similarly, tapered surface 19B of lower shaft section 18B engages a 

complementarily shaped iDner taper of lower sleeve 22B of hub ponion 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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and the lower gap 28B is determined by a biasing force that is applied to upper shaft 

ponion 16B. 
The biasing force is applied with a lock ring 116 that is insened into a 

countersunk bore 118 that is centrally located at the upper end of upper shaft section. 

5 16B. The loc_k ring 116 engages a slot (not shown) on the upper ponion of central· 

shaft ponion 24B. Positioned coaxially Qver 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 

ferrotluid lubricant within upper gap 26B and lower gap 28B. 

10 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 ponion 110 provides 

magnetic flux to an upper flux channeling means 122 and a lower flux c~nneling 

means 124 that fonn ferrofluidic seals which contain the ferrofluid lubricant within 

15 the bearing cartridge. As. outer hub portion 110 rotates relative to inner shaft ponion 

12B, ferrofluid lubricant is centrifugally pumped from the upper gap 26B and the 

lower gap 28B into outer reservoirs. 62B and 64B, re5pectively, and then back through 

ferrotluid return grooves 66B back to central reservoir 86B. 

A plurality of motor arms 126 are attached to the linear acruator motor 

20 104, shown in Figure 5, for pivoting the ·head/acwator assembly 96 about pivot axis 

106A. Motor arms 126 provide _a rotational torque to QUter hub 110 for selectively 

positioning the magnetic heads 100 to the desired track on the magnetic storage media 

94. 

'f!le bearing cartridge !OB of the· present invention makes use of 

25 ferrofluidic seals for preventing material fr<?m escapfug 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 acruator 

arms. 
30 Figure 7 illustrates a disk spindle motor 130 that incorporates bearing 

cartridge lOC of the present invention~ Bearing cartridge lOC includes inner shaft 

portion 12C having an upper shaft section 16C and a lower shaft secµon 18C that are 

pressed on to a central shaft section 24C. The inner shaft portion 12C has a central · 

axis 98C that detmeS the spindle axis 98 shown in Figure S. The ~r 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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complementary to the tapered surfaces 17C and 19C, respectively, of inner shaft 

· portion l2C. 

An upper gap having a ferrofluid· lubricant contained therein is defined 

by the tapered surface on the inside ponion of upper sleeve 20C and tapered surface · 

5 l 7C. 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~d2. Magnetic flux provided by upper permanent 

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 baek across a second upper gap .38C, through an inner 

flux channeling means 39C, through hub ponion 14C and back to upper pennanenc 

magnet means 30C. The upper flux channeling means 34C. inner flux channeling 

means l9C9 upper shaft section 16C. central shaft· section 24C and hub ponion 14C 

are a magnetically permeable material such as magnetic stainless steel so as to provide 

15 a good flux path. The magnetic flux paths for containing ferrofluid lubricant about 

the upper gap 26C is indicated by arrows SSC. 

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 ferrotluid 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 t'lux flows from lower permanent magnet means 32C through 

a lower flux channeling means 42C. across fust 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 pqnion 14C. through an 

25 inner pole' piece 48C, and back to lower permanent magnet means 32C. The 

magnetic flux path for containing ferrotluid about the lower gap 28C is indicated by 

arrows 60C. The lower flux channeling means 42C9 lower shaft section 18C, central 

shaft section 24C, hub portion 14~. and an iDner pole piece 48C are a magnetically 
. . 

permeable 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 ponion 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. 

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

cause rotation of the outer hub portion 14C. Moror magnets 136 are permanent 
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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 ponion 14C. Stator 

windings 138 are wound on the poles of stator cores 140 which are fa tum supponed· 

5 on motor base 132. Motor base 132 is in tum mounted to chassis 92, shown in 

Figure 5. 

Figure 8 illustrates another embodiment of disk spindle motor 150 that 

incorporates a bearing canridge 100 of the present invention. Bearing canridge 100 

is similar to bearing camidge lOA shown in Figures 3 and 4. Bearing canridge 100 

10 includes an upper shaft section 160, a centtal shaft section 240 and a lower shaft 

section 180. Both the upper shaft section 160 and the -lower shaft section 180 are 

pressed onto central shaft 240. The inner shaft ponion 120 is supponed ~y a motor 

base 132D. 

An outer hub ponic:>n 140 is supported by inner shaft ponion 120. 

15 The outer hub ponion 140 includes an upper sleeve 200 and a lower sleeve 220 ·thac 

are press fit. glued or adhesively bonded to outer ponion _140. The upper sleeve 200 

has an internal taper that is complementary to the taper of an outer surface 170 of 

upper shaft section 160. ~imilarly, lower sleeve 220 has~ inner surface ~t has a 

complementary taper to an outer surface 19D of lower shaft section 180. An upper 

20 gap 260 is defined by the tapered outet surface 17D of upper shaft section 16D and 

25 

the inner tapered surface· of upper sleeve.200. Similarly. a ~ower gap 280 is defmed 

. by the tapered outer surface 190 of lower shaft section 180 and the tapered inner · 

surfilce of lower sleeve 22D. A ferrofluid lubricant is positioned in both upper gap 

260 and lower gap 280. 

The ferrofl~ici 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 ponio~ 140 

·~the inner.~baft-portion 12D. The outer hub portion 140 as well as the inner shaft 

portion 120 are made from a material that is capable of being magnetized. suclt as a 

high carbon steel, and then magnetized north and south. The magnetic nonh-south 

30 alignment of both the inner shaft portion 12D and the outer hub.ponion 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 ponion 12D. 

In one preferred cm.bodimem, shown in Figure 8, the outer hub portion 

35 140 is magnetized so that the north magnetic pole is toward the lower ponion of the 

hub, and the south magnetic pole is toward the upper portion of the hub~ The inner 

shaft portion 120 is magneti7.Cd so that the magnetic north is toWai-d the upper ponion 

of the inner shaft and the magnetic south is coward the lower ponion of the. inner 
~~~~~~~~ 
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shafc. In this manner. the magnetic flux produced by the outer hub portion 140 adds 

with the magnetic flux produced by the inner shaft portion 120. The use of two 

magnetized portions connected so that their magnetic flux adds allows the outer hub 

portion 140 and the inner shaft portion 120 to be made smaller while maintaining the 

5 same magnetic field strength as a system having just one magnetized portion. 

The magnetic flux passes from the upper pan of inner shaft portion 

120 to the upper portion of outer hub portion 140 by an upper·flux channeling means 

340. The magnetic flux passes through outer hub portion 140 to lower flux 

channeling means 420 and back into inner shaft portion 120. The upper flux 

10 channeling means-340 is attached to the top central portion of outer hub portion 140. 

The upper flux channeling means 340 is made froi:n a m,agnecically perm~ble 

material thereby allowing flux to pass from inner shaft portion 120 across an air gap 

co the upper flux channeling means and the into outer hub portion 140. 

In addition to providing a flux path between inner shaft ponion 120 

15 - and outer hub portion 140, upper ~ux channeling means 340 also provides a 

mechanicaI seal for preventing ferrofluid lubricant from escaping disk spindle motor 

150. Upper flux channeling means 340 provides a mechanical seal which requires 

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

1, thereby allowing disk spindle motor 150 to be more compacL 

20 The lower flux chan~eUng means 420 is an inner flanged portion on 

thC 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 180. · 

The first lower gap is small relative to the separation of the inner shaft portion 120 

and the outer-hub portion 140 thus providing a path for magnetic flux to pass from 

25 outer hub portion 140 to inner-shaft portion 120. The flux concentration across the 

first lower .gap 44D tends to hold ferrofluid lubricant therein thus forming a 

ferrofluidic_ seal for preventing ferrofluid lubricant from escaping disk spindle motor 

150. A mechanical seal 152 iS attached to the lower. portion of outer hub pcrtion 140 . . 

as an additional means to prevent ferrofluid lubricant from escaping the disk spiiidle 

30 motor 150. The mechanical seal 152 allows the "isk spindle motor 150 to withstand 

greater gravity foICCS without allowing ferrofluid 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 f~m 

passing between.the inner shaft portion 12D and either upper sl~e 20D or lower 

35 sleeve 22D. Thus, upper sleeve 200 and lower sleeve 22D prevent.the magnetic 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. 1bcse motor magnets 1360 are permanent magnets 

:!This Sheet Has Been Replacec · 
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that have a magnetic nonh/south orientation that is perpendicular to the axes of 

rotation 980. The motor magnets 1360 provide a magnetic flux that interacts with a 

magnetic field produced by stator windings 1380 co cause rotation of outer hub 

ponion 140. The stator windings 1380 are wound on stator cores 1400 whicQ are· 

5 supponed on motor base 1320. 

Magnetic storage media 940 is attached to the outer ponion of outer 

hub 140'. The magnetic storage.media. 940 is a plurality of magnetic storage disks 

that are spaced apan in a vertical staclc thereby forming the disk stack. 

The outer hub ponion 140 is rotated relative to the inner shaft ponion 

10 120 by the magnetic flux interactions between the flux produced by permanenc 

magnet 1360 and the flux produced. by stator windings 1380. Rotation of outer hub 

·ponion 140 in rum rotates the magnetic storage media 940 about the spindle axis 

980. As outer hub ponion 140 rotates relative to inner shaft ponion 120, the 

ferrofluid lubricant in upper gap 260 is forced in an upward and outward direction 

15 along the inner tapered surface of upper sleeve 200 and the ferrofluid lubricant in 

20 

25 

. . . . 

lower gap 280 is forced outward and downward along the inner tapered surfac;e of 

lower .sleeve 220. Ferrofluid lubricant is then forced b~.through rerum groove 660 

on tapered surfaces 170 ~ 190. . 

Figure_ 9 illustrates another ~bodiment of. the present invention, in 

which bearing cartriqge lPE is integrated into disk ~in<lle ~otor 160. The 
' . . . . . . 

previo~ly descnbed disk spindle motors 130 shown 'in Fig. 1-and lSQ shown ii!. Fig.· 

8 both:had an air gap that separated-motor_ magnets from the stator.winding that was . 
oriented in~ direction parallel to the axis of rotation. ThCse typeS of disk-spindle 

motors 130 and 150 are co~only referred to as radial air gap motors. The disk 

spindle motor, l® sh~~ in Fig. 9 defines 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 splndle motor 160 is commonly referred to as a 

"axial air ~ap" motor. . 

Disk spindle motor 160 includes an outer hub ·ponion 14E having 

30 magnetic storage media 94E attached thereto and is supponed by bearing canridge . 

lOE which in rum is mounted to motor base 132E. 

Bearing cartridge IOE includes an inner shaft portion 12E having a 

central shaft section 24E and a lower shaft section 18E. The inner shaft ponion 12E 

is mounted to base 132E.by a lower mounting screw 162 that extends through a bore 

35 in base 132E and into a threaded bore at tbe lower end of inner shaft ponion 12E. 

The lower shaft section 18E bas a tapered surface 19E. A lower sleeve 

22E is either press-fit. glued or adhesively bonded to Outer hub p0nion.14E. The 

lower sleeve 22E has an inner ~ace that has a complimentary ti.per to the tapered 
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surface 19E. A ferrofluid lubricant is positioned bCtween the tapered inner surface of 

lower sleeve 22E and tapered surface 19E. 

The ferrofluid lubricant is contained by magnetic flux produced by 

outer hub ponion 14E. Outer hub ponion 14E is made from a high carbon steel and 

5 magnetized such that the magnetic north/south orientation is paralJel to the axis of 

rotation 98E. The magnetic flux from ourer hub ponion 14E passes through inner 

shaft portion 12E and across an air gap to lower flux channeling means 42E on out~r 

hub ponion 14E. The lower flux channeling means 42E fonns a ferrofluidic seal for 

preventing ferrofluid lubricant from escaping. As an additional measure. mechanical 

10 seal 152E is attached to outer hub ponion 14E for preventing ferrofluid lubricant from 

~caping the spindle motor 160. 

15 

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 rerums 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 ponion 12B. The 

mechanical seal 164 also provides a means for preloading the ferrofluid 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 l38E 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 interacQ.on 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 lubricarit 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 ferrofluid. lubrieant within the disk spindle motor. Mechanical seals 

30 

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 chailging the gap between the tapered surfaces forming 

the ferrofluid 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 ainount of ferrofluid between these ·surfaces. In thiS manner. the 

nmout of the disk spindle motor can be adjusted. 

\ 
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Tue present invention is a ferrofluid bearing that is panicularly well 

suited for use in disk storage applications. The fcrrofluid bearing of the presenc 

invention is well suited to miniaturization and can be manufactured· easily. thereby 

reducing manufacturing costs. 

5 As indicated. Figures 10-16 of the drawings depict the preferred-embodiment 

of the invention in the form of an improved _disk spindle motor. This unique design 

has significant advantages over all prior an arrangements known to the inventor and 

facilitates having very small motors which are especially useful in miniature niag~cic. 

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 thC improved d~k spindle motor is designated by reference by 

numeral 200 and comprises a permanent magnet cylindrical shaft 202 having a 

preseleCted diameter 202D (see Figtire 12) and cwo ends 202' and 202"of opposite 

magnetic polarity and the center line 202CL of the shaft defming an axis. Thus in 

15 Figures 10 and 11 the shaft 202 is shown with end 202' bein~ a nonh pole and 202" 

being a south pole. 

The motor -funher includes a. pair of annularly-shaped. ·non-magnetic · · 

combination thrust amdoumal magnetic fluid-type bearing members 204A and 204B. 

which preferably are of identicalconsttuction·depicted in Figures 13 and 14 •. Each 

20 bearing member ls· characterized by having an inner diameter 2040 preselected with 

respect to shaft.diameter 202D to facilitate the asseinbly of the bearings onto the sha!t 
as depicted in Figu~ lO. Those·slcilled in the an wilhecognize·that said ~~bly of 

the bearing meniberS 204A and _204B on the· sb:afi may·be a pressed fit. hi other cases 

the bearings will be' fixed to die shaft 202 through the use· of a cement; one cemen:t 
25 · that may be used is the ·Lpcktite Compariy RC/609 adhe5ive. 

· The bearing members are funher cbaracterized by having the outer ponion of 

· said anmtlar-shape tapered. to define a nuncated conical bearing surface 204' . 

The motor further Comprises a rotor. 208 (see Figure 10 for a panial showing) 

adapted to be assembled with the shaft 202 for rotation tclative to the shaft about axis 

30 202CL. Rotor io8.has a·cemral anmilar hub 209 having an outer diameter 209' and 

also· having a bore therethrough of a diameter 209'' larger than the shaft di.8meter 

202D .. The hub 209 of rotor 208 "is futther characterized by having a pair of axially-
. . 

spaced apatt, 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. mcails such as an annular or drum type permanent magnet 208'' havirig a 

cylindrical iDf1cr periphery 208' •' of a preselected· diameter. : 
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The motor further comprises a pair of cylindrical end caps 206A and 206B 

shown both i~ 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. '.fhe circular periphery of the end cap is identified by 

5 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 

10 

. . . 

circumferential surface of a preselected diameter. More specifically. ·the preselected 

diameter of shoulder portion 206 .. is selected to ~ slightly less than the cooperating 

portion of the rotor bub 208 as is better understood by reference to· Figure 10. 

The end caps are made. at least in pare. of magnetic permeable material so as 

to provide a ·continuous low reluctance path for the passage of magnetic flu_x from the 

central portion of the cap radially outward to and through the shoulder portion 206' .. 

The motor further .includes an annularly shaped motor ~tator and winding 

subassembly 214 comprising stator laminations 215 and appropriate 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 further· includes a lower base member 218 for supporting the 
. . 

subassembly. 214. The base member bas a central means for receiving one of the end 

caps. As shown in Figure 10, .this central.means comprises a cup-shaped recess 219. 

20 Referring again to Figure-10, it will-be noted tb8.t the motor further includes 

an upper base member 238 havmg a central cup-like
0

238' adapted to receive the end 

cap 206A. 

Referring again to ·Figure 10, the rotor shaft be2ring mCJllbers and an 

appropriate ferrofluid 217 are assembled together with the "bearing mCIIibers"being 

25 axial~y. spaced 1q1an· on shaft 202 with the conical bearing surfaces 204 thereof ·being 

oppositely disposed as sho~ in Figure _10 and with the surfaces 204' in close nesting 

proximity t~ the c6tiically shaped reccsS:CS of the rotor hub. More specifically, as 

shown in Figure 10. the bearing surface 204 of~ 204A is in close nesting · 

proximity to. the co_nically shaped recess 210 of the rotor hub. Likewise, conical 

30 bearing surface 204' of bearing of 204B is in clo~ 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 ~ 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 ;l06B arc then placed on the ends of the shaft 202 as 

·shown in Figure 10, i.e., the shaft fitting into the recess 206'. 
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The axial length of the. rotor hub is preselected so chat when the rotor. shaft. 
~rings and end cap members are assembled as aforesaid. each of the circumferential 
surfaces 206'' is spa~ from_, but closely adjacent co. the rotor hub bore co define a 
pair of annular gaps 225' and 225" therebecween. 

The assembled rotor, 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 
~isposed 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 
10 Co~pany's AF42 adhesive. The inner periphery 208''' is coricentrically spaced from 

the outer periphery 214'' fo the scacor 215. When the windings 216 are energized 
from an appropriate source of clecaical power (not shown), then. as is. weH 
understood by· those skilled in the an, a rotating magnetic field is produced co interact 
wich the pennanenc magnet 208"' to cause or produce rocatiorial ~orque on rotor 208 

15 co rotate about axis 202CL relative to cbe subassembly 214 on base 218. 

In Figure 10 the reference character 202F is used to designate a pluralicy 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 co the radially 
extending shoulder 206" across the gap 225' and thence axially along the bub 209 to 

20 ih~ portion of the rotor hub adjaceiit to the shoulder 206''. crossing che gap 225'' to 
end cap 206B and through same to return to the magnet at end 202'' thereof. 

The ferrofluid 217, abovememioned, is disposed in the bearing surfaces 
204' 1210. and 204' /211. 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 th~ flux flow for 
providing the above descnl>ed seals for retaining the ferrofluid. The conical bearings 

30 provide a combination thrust and journal bearing function. 
It has been found that it is des~ble to have_ the axial length of the magnetic 

shaft 202 at least twice ·the diameter of cbe shaft. 
One of the significant advantage$ of Ibis invention is the relatively small 

oumber of pans as compared to prior an spindle motors; this. in rum, helps minimize 
35 manufacturing costs. Of great importance is the compaa and efficient design 

permitted by the applicant's u¢que oonfJ.guration. As indicated. motors have been 

constructed using the appli~'s unique design where the axial length of the motor 
was only 0.150 inches. 
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The end caps provide a multi-function as described above. To summarize. the 
end caps provide the funccions of being a ·flux collector from the permanent magnet 
shaft tben providing a low reluctance path radially outward to and through the radially 
shoulders. Secondly. thee~ caps function to efficiently mount the rotor-bearing-

5 shaft subassembly onto and between the lower and upper base members. Last. but 
not lease. 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 depicted in Figure 10. However. a key difference is that the end 
caps of Figure 10 have been replaced by end pi~s 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 pennanent magnet 302 and the axial lengths of the 
e~ members 306A and 306B are collectively preselected so that after the rotor 

15 subassembly is accomplished the axial ends _of pole pieces 306' and 306'' respectively 
abut a~ainst the axial ends of the magnet 302 at a point within the bearings 304A and 
3048. The arrangement of Figure· 17 may be especially advantageous for larger 
motors having larger axial dimensions. 

Although the present invention has been described with reference co 
20 preferred embodiments, workers skilled in the art will recognize that ~hanges may be 

made in form and detail without departing from the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: . 

1. A disk spindle motor (200) comprising: 

a) . 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 

magnetic fluid"'type bearing members (204A.204B). said members each being 

characterized by having: 

(i) . an inlier diameter (2040) preselected with respect to said shaft 

diameter (2020) to facilitate the assembly of said bearings onto said 

shaft (202), and 

(ii) the outer portion (204 ') of said annular shape tapered to define 

a trunca~-cooical bCaring surface; 

c) a, motor rotor (208) adapted to be assembled with said snaft (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 (2020), 

said hub further being characterized_ by having a pair of axially spaced apart, 

oppositely disposed conically 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), each: 

(i) having a ceiitral circular cup-shaped recess (206') in one end 

thereof of a diameter preselected to receive one end of said shaft (202); 

(ii) having a radially extending circu13:f shoulder: portion having a 

circumferential_ surface (206' ') and a preselected diameter. and 

(iii) being made, at least in part, of magnetic permeable material to 

include, as a con~ous low reluctance path, said shoulder portion and 

the portion of said eap adjacent said cup-shaped recess (206'); 

This I if mu IHi1lililii~ 
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e) an annularly shaped motor stator (215) and stator winding (216). 

subassembly (214} having a central axially-extending bore (214') of a diameter 

larger than said hub outer diameter (209'); 

f) a lower base member (218) for supponing said a1U1ularly shaped motor 

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

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

said rotor {208), said shaft (202), and said bCaring members (204A.204B) being 

10 assembled tc:>gether with said pair of bearing members being spaced axially apan on 

said shaft .so that each of said conical bearing surfaces of said ~ting 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 men:ibers, each of said ends of said shaft 

15 thereafter being 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 ~id 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'') therebetween. and 

the assembled rotor (208), shaft (202), bearing members {204A,204B), and end caps 

25 (206A,200B) 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 (ii) one of said end caps (206B) is received by sa.id central means 

(219) of said base member (218); and 

35 

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

said bearing members and said recessCs 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 reluctance path (202F) from a first 

(202') of said ends of said shaft (202) to its ~tive one (206A) of said end caps 
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and from said circumferential surface (206") thereof co and along ~aid rotor hub 

(209). thence to said circumferential surface (206'') of the ocher of said end caps 

(206B). thence through said other of said end caps and thence to the other (202") of 

· said ends of said shaft (202). · 

3. Apparatus of claim 2 further characterized by said magnetic flux flow (202F) 

between said rotor hub (209) and said circumferential surfaces (206'') functionin2 as · 

ferrofluidic seal~ to recain ferrofluid fluid (217} between said end caps and within said 

rotor hub. 

. 
4. Apparatus of claim 1 further characterized by having an upper base member 

(238) for receiving the other of said end cap members (206B). 

S. A disk spindle motor (200) comprising: 

a) a permanent magnet cylindrical shaft (202) having a preselected 

diameter (202D). cwo 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 

magnetic fluid-type bearing members (204A.204B). said members each being. 

characterized by having: 

c) 

(i) an inner diameter (2040) preselected with respect to said shaft 

diameter (202D) to facilitate the assembly of said bearings onto said 

shaft (202). and 

(ii) the outer portion (204 ') of said annular shape tapered to define 

a truncated-Conical bearing surface; 

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 .bub further being cbaracteri7.ed by .having a pair of axially spaced apan. 

oppositely disposed conically sb3ped recesses (210 .• 2l1) and said ·hub being of 

magnetically permeable material at least adjacent to said rotor hub bore; 

. . 

d) a pair otcylindrical end caps (206A.206B or 306A.306B). each: 
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{i) having a central means (206' .306AA.30688) in one end thereof 

and adapted receive one end of said shaft (202.302): 

(ii) ~ving a radially extending circular shoulder ponion having a 

circumferential surface (206 • ·) and a preselected diameter. and 

(iii) being made. at least in pan. of magnetic permeable material to 

include. as a continuous low reluctance path. said shoulder ponion and 

the poni9n of said cap adjacent said central means (206' .306AA . 

30688; 

an amrularly shaped motor stator (215) and stator winding (216) 

subassembly (214) having a central axially-extending bore (214 ') of a diameter 

·larger than said hub outer diameter (209'); 

t) a lower b3$C member (218) for supponing said annUlarly shaped motor 

stator and stator Winding subassembly (214), said base ~ember (218) also 

comprising a central means (219) for receiving one of said end .caps (206B or 

306B); 

said rotor (208), said shaft (202,302), and said bearing members (204A.264B or 

304A.304B) being assemble<hogether with said pair of bearing members being spaced 

axially apan on said shaft so that each of said conical bearing surfaces of said bearing · 

mem~ is disposed, respectively.· adjacent and in close· nesting proximity to one of 

said pair of eonically shaped ·recesses of said rotor hub. Cach of said ends of said shaft 

(202,302) _dlereaftcr being respectively abutted against said central means · 

(206' ,306AA,306BB) of one of said end caps. 

30 the axi3I length of said rotor hub being preselected so that when said rotor. shaft. 

~s 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 anmtlar gaps (225' ,225' ') therebetwecn, and 

35 

the assembl~ roU'>r 208, shaft (202), bearing members (204A,204B or 304A.304B). 

and end caps (206A,206B or 306A,306B) thence beirig mounted on said lower base 

member (218) so thac said: 
~~~~~~~~---=-

., 
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(i) annular hub (209) of said rotor (208) is concent~ically disposed 

in said bore of said mocor scacor subassembly (214). and 

{ii) one of said end caps (206B.306B) is received by said central 

means (219) of said base member (218): and 

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

said bearing members and said recesses of said rotor hub. 

6. Apparatus of claim S funher characterized by magnetic flux produced by said 

~ent magnet shaft flowing in a closed low reluctance path (20~F) 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 co said circumferential surface (206") of the other·of said end caps 

(206B), thence through said other (207") of said end caps and thence to the other of 

said ·ends of said shaft (202). 

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

20 between said rotor hub (209) and said circumferential surfaces (206'') functioning~ 

ferrofluidic seals to retain ferrofluid fluid (217) between said end caps· and within said 

rotor hub. 

8. Apparatus ·of claim S funher characteri7.ed by having an upper base member 

25 · (238) for receiving the other of said .end cap members (206B). 

30 

9. Apparatus of claim S further characterized by said end cap central means being 

a circular cup-shaped recess (206') of a diame~r preselected to receive one end of 

said shaft. 

10. · Apparatus of claim S further characterized by said end cap central means being 

an axially extending cylindrical member (306AA,306BB) concencric with said circular 

shoulder portion and having a diameter preselected tO facilitate the insertion thereof 

into said bearing. 


