
WOOl/01417 PCT/US00/00746 

ACTUATOR BEARING CARTRIDGE FOR DISC STORAGE SYSTEM 

FIELD OF THE INVENTION 

The present invention relates generally to disc storage systems. 

5 More specifically, the present invention relates to an actuator of the type 

used in disc storage systems. 

BACKGROUND OF THE INVENTION 

Disc drives are used to store information, for example 

magnetically or optically. Disc drives have typically found uses with 

10 computer systems to store and retrieve large amounts of data in a fast 

and efficient manner. There has been an ongoing movement in disc 

drives to increase drive capacity and the data transfer rates. 

A disc drive typically includes at least one disc having a recording 

surface which rotates about a spindle motor. A transducing head is 

15 positioned adjacent the recording surface of the disc and is configured to 

read and write information on the disc surface. During operation, 

movement of the disc causes the transducing head to 11fly11 over the disc 

surface at an extremely small spacing. The transducing head is carried on 

an actuator assembly which is used to move the transducing head 

20 radially relative to the disc surface such that various areas of the disc 

surface can be accessed. Some actuator assemblies include a bearing 

cartridge in which a sleeve is configured to rotate relative to a shaft. As 

recording densities have increased, even a small axial misalignment 

between the shaft and the sleeve can cause misalignment of the 

25 transducing head relative to the disc surface. This can be particularly 

problematic when rapid movement of the transducing head causes 

additional force to be applied to the bearing cartridge. This can also 

make the actuator susceptible to external shocks or vibrations. The 
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bearing cartridge typically includes at least two pairs of races, each 

carrying bail bearings to allow rotation between the sleeve and the shaft. 

Misalignment and poor tolerance between the components can lead to 

errors in positioning the head. Examples of two piece sleeves are shown 

5 in, for example, U.S. Patent Nos. 1,418,888, 4,106,827, 4,138,169 and 

4,425,009. These references show sleeves which are in butt contact or 

which require separate raceways for the bearing assemblies. 

The present invention provides a solution to this and other 

problems and offers advantages over the prior art. 

10 SUMMARY OF THE INVENTION 

The present invention relates to bearing cartridges which have a 

shaft and a sleeve which solve the above-mentioned problem~ 

In accordance with one embodiment of the invention, a pivot 

bearing cartridge for use in an actuator assembly includes a shaft. The 

ts shaft includes a first shaft raceway and a second shaft raceway, each 

extending around a circumference of the shaft. A first outer sleeve 

extends around the circumference of the shaft and includes a first sleeve 

raceway generally aligned with the first shaft raceway. A second outer 

sleeve, coupled to the first sleeve, extends around the circumference of 

20 the shaft and includes a second sleeve raceway generally aligned with 

the second shaft raceway. First ball bearings are provided between the 

first shaft and first sleeve raceways and second ball bearings are 

provided between the second shaft and second sleeve raceways. 

These and various other features as well as advantages which 

25 characterize the present invention will be apparent upon reading of the 

following detailed description and review of the associate drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view of a disc storage system including an 

actuator having a bearing cartridge in accordance with the present 

invention. 

s FIG. 2 is a side partial cross-sectional view of the bearing cartridge 

used in the actuator assembly of FIG. 1. 

FIG. 3 is a side cross-sectional view of an inner shaft of the bearing 

cartridge of FIG. 2. 

FIG. 4 is a plan view of a bearing retainer of the bearing cartridge 

10 of FIG. 2. 

· FIG. 5 is an exploded perspective view of sleeves of a bearing 

cartridge in accordance with one embodiment. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

Referring now to FIG. 1, a disc storage system 100 is shown. A 

15 system, like the one shown in FIG. l; includes a housing 103 which 

carries one or more discs 106 therein. Disc 106 rotates about spindle 

motor 104. Disc 106 includes a surface carrying a track 109. A 

transducing head 108 is carried on a slider 120 which is generally aligned 

with track 109. An actuator assembly 110 is operated by a voice coil 

20 motor (VCM) 114 which rotates an armature 116 about a bearing 

cartridge 112. Actuator armature 116 couples to flexure 118 which carries 

slider 120. Transducing head 108 can be moved radially across the 

surface of disc 106 using voice coil motor 114 which causes armature to 

rotate about the pivot bearing cartridge 112. 

25 Referring now to FIG. 2, a side plan view and partial cutaway 

view of pivot bearing cartridge 112 in accordance with the present 

invention is shown. Pivot bearing cartridge 112 includes an inner shaft 
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140 which is configured to couple to housing 103. An upper outer sleeve 

142 extends around a circumference of shaft 140 as does a lower outer 

sleeve 144. An upper ball bearing 146 is formed between upper sleeve 

142 and inner shaft 140 allowing relative rotation therebetween. 

5 Similarly, a lower ball bearing 148 is formed between lower outer sleeve 

144 and inner shaft 140. 

In accordance with one aspect of the present invention, upper 

outer sleeve 142 is bonded to lower outer sleeve 144. In the particular 

embodiment shown, the bonding occurs between lips 150 and 152 of 

10 upper sleeve 142 and lower sleeve 144, respectively. The lips 150 and 152 

are provided for one preferred embodiment and other techniques can 

also be used in the present invention. The coupling between sleeves 142 

and 144 can be through, for example, welding such as laser welding, 

electron-beam welding or through adhesives such as epoxy. Other 

15 attachment techniques can also be used. This coupling allows the upper 

sleeve 142 and lower sleeve 144 to rotate a single unit relative to inner 

shaft 140. Actuator armature 116 is coupled to upper sleeve 142 and 

lower sleeve 144 allowing rotation relative to shaft 140. 

In another aspect of the present invention, ball bearings 146 and 

20 148 include raceways 160 which are formed directly in sleeves 142 and 

146 and shaft 144. This is in contrast to typical prior art raceways which 

are separate elements coupled to prior art sleeves or shafts. FIG. 3 is side 

cross-sectional view of shaft 140 showing raceways 160 formed in outer 

circun:iference 162 of shaft 140. These raceways 160 can be formed 

25 through machining or molding techniques, for example. Raceways 160 

formed on sleeves 142 and 144 can be fabricated in a similar manner. 
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Referring back to FIG. 2, balls 170 are shown carried in ba11 

bearings 146 and 148. Balls 170 are spaced around the circumference 162 

of shaft 140 and fit in raceways 160. Balls 170 are held in place by bearing 

retainers 172 which extend around circumference 162 of shaft 140. FIG. 4 

5 is a side plan view of bearing retainer 172. Bearing retainer 172 includes 

openings 174 formed therein which are adapted to receive balls 170. 

The present invention reduces the number of components in pivot 

bearing cartridges and allows easier assembly with reduced costs. 

Additionally, the bearing cartridge can be fabricated to have improved 

Io stiffness in comparison to typical prior art designs. This is because the 

bearing cartridge does not require separate raceways to carry the balls of 

the ball bearing. This allows the sleeve and shaft to be thicker wi~hout 

causing the overall width of the bearing cartridge to increase. Fu;rther, 

prior art raceways tend to be a source of stiffness reduction. As the 

15 separate raceways are eliminated in one aspect of the invention, the 

bearing cartridge of the invention has improved stiffness. 

A bearing cartridge in accordance with the present invention can 

be assembled by securing inner shaft 140 in a fixture. Upper outer sleeve 

142 is axially aligned with shaft 140. Sleeve 142 is then radially offset to 

20 load balls 160 which causes sleeve 142 to become radially centered about 

shaft 140. Bearing retainers can be prelubricated and urged into balls 170. 

A similar process can then be followed to load lower sleeve 144 onto 

shaft 140. Any additional components can also be installed such as 

shields. The bearings can be preloaded and lips 150 and 152 can be 

25 bonded together. Bearing preload can be accomplished by pulling 

sleeves 142 and 144 apart after assembly, but prior to welding or 

bonding of lips 150, 152. During the assembly process and prior to 
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coupling lips 150 and 152, one aspect of the present invention allows 

rotation of sleeve 142 relative to sleeve 144. 

FIG. 5 is an exploded perspective view of one embodiment of 

sleeves 142, 1422 and shows the relationship between lips 150, 152. Lip 

5 150 is formed of two lips, 150A having a smaller diameter and lSOB 

having a larger diameter. Lip 150A mates with larger diameter lip 152A 

of lip 150. Similarly, lip 1508 mates with smaller diameter lip 152B. This 

configuration prevents relative rotation of sleeves 142, 144. 

The present invention provides a pivot bearing cartridge 

10 112 for use in an actuator assembly 110. The bearing cartridge 112 

includes a shaft 140 including first and second shaft raceways 160 

extending around a circumference 162 of the shaft 140. First and second 

outer sleeves 142, 144 extend around the circumference 162 of the shaft 

and include first and second sleeve raceways 160 generally aligned with 

15 the raceways 160 on the shaft 140. Balls 170 are provided in the raceways 

160 to allow relative rotation of movement between the shaft 140 and the 

sleeves 142, 144. 

In one aspect of the invention, the raceways 160 comprise 

grooves formed in the shaft 140 and the sleeves 142, 144. The first and 

20 second sleeve~ 142, 144 include respective lips 150, 152 which fit together 

thereby coupling the sleeves together. The sleeves can be coupled at the 

lips through a weld, such as a laser weld or an electron-beam weld. In 

another example, an adhesive is used to attach the sleeves together such 

as epoxy. Bearing retainers 172 are provided to retain the balls 170 in 

25 position in the raceways 160. In another aspect of the invention, at least 

one additional sleeve 142, 144 is provided. The bearing retainer 172 can 
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comprise a ring having openings 174 formed therein which are adapted 

to receive the balls 170. 

A disc storage system 100 includes a pivot bearing 

cartridge 112 in accordance with the present invention for use in an 

5 actuator assembly 110. The actuator assembly is used to position a 

transducing head 108 over a surface of a storage disc 106. The actuator 

assembly 110 pivots about the bearing cartridge 112. In a disc storage 

system 100, disc means 106 is provided for carrying information. A 

transducing means 108 is provided for reading and writing information 

10 on the disc means 106. An actuator means 110 is used for moving the 

transducing means 108 relative to the surface of the disc means 106. An 

actuator bearing means 112 is used for allowing rotational movement of 

the actuator means 110. 

It is to be understood that even though numerous 

15 characteristics and advantages of various embodiments of the present 

invention have been set forth in the foregoing description, together with 

details of the structure and function of various embodiments of the 

invention, this disclosure is illustrative only, and changes may be made 

in details, especially in matters of structure and arrangement of parts 

20 within the principles of the present invention to the full extent indicated 

by the broad general meaning of the terms in which the appended claims 

are expressed. For example, the particular elements may vary depending 

on the particular application for the bearing cartridge while maintaining 

substantially the same functionality without departing from the scope 

25 and spirit of the present invention. For example, the invention may be 

utilized with any number of sleeves. The additional sleeves can 

optionally include a raceway which would be aligned with an additional 
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raceway in the shaft 140. Typically, any additional sleeves are provided 

in pairs. This cartridge design is applicable to multiple actuator drives 

which have a common shaft. In addition, although the preferred 

embodiment described herein is directed to an actuator bearing for a disc 

5 storage system, it will be appreciated by those skilled in the art that the 

teachings of the present invention can be applied to other systems, like 

motors or devices which employ a bearing, without departing from the 

scope and spirit of the present invention. 
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WHAT IS CLAIMED IS: 

1. A pivot bearing cartridge for use in an actuator assembly, the 

bearing cartridge comprising: 

a shaft including first and second shaft raceways extending 

around a circumference of the shaft; 

a first outer sleeve extending around the circumference of the 

shaft including a first sleeve raceway generally aligned 

with the first shaft raceway; 

a second outer sleeve coupled to the first sleeve and extending 

around the circumference of the shaft, the second sleeve 

including a second sleeve raceway generally aligned with 

the second shaft raceway; and 

first balls in the first shaft and first sleeve raceways and second 

balls in the second shaft and second sleeve raceways. 

15 2. The pivot bearing cartridge of claim 1 wherein raceways comprise 

grooves formed in the shaft, first outer sleeve and second outer sleeve. 

3. The pivot bearing cartridge of claim 1 wherein the first outer 

sleeve includes a first lip and the second outer sleeve includes a second 

lip, the first lip havin~ a diameter less than a diameter of the second lip 

20 whereby the first lip fits within the second lip thereby coupling the first 

sleeve to the second sleeve. 

4. The pivot bearing cartridge of claim 1 wherein the first outer 

sleeve includes a third lip and the second outer sleeves includes a fourth 

lip, the third lip having a diameter greater than a diameter of the fourth 

25 lip whereby the fourth lip fits within the third lip, the first, second, third 

and fourth lips preventing rotation between the first and second sleeves. 

iliiilllfiii 
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5. The pivot bearing cartridge of claim 1 wherein the first sleeve is 

coupled to the second sleeve by a weld. 

6. The pivot bearing cartridge of claim 5 wherein the weld comprises 

a laser weld. 

5 7. The pivot bearing cartridge of claim 5 wherein the weld comprises 

an electron-beam weld. 

8. The pivot bearing cartridge of daim-1 wherein the first sleeve is 

coupled to the second sleeve by adhesive. 

9. The pivot bearing cartridge of claim 8 wherein the adhesive 

to comprises an epoxy. 

10. The pivot bearing cartridge of claim 1 including bearing retainers 

configured to position the first and second balls in the raceway. 

11. The pivot bearing cartridge of claim 1 _including at least one 

additional sleeve coupled to the first sleeve. 

15 12. The pivot bearing cartridge of claim 11 wherein the additional 

sleeve includes a raceway. 

13. The pivot bearing cartridge of claim 10 wherein the bearing 

retainers comprise rings with openings formed therein adapted to 

receive the balls. 

20 14. A disc storage system having an actuator including a pivot 

bearing cartridge in accordance with claim 1. 

15. A disc storage system, comprising: 

a disc configured to carry information to be read by a transducer 

carried on an actuator; and 

25 an actuator bearing means for allowing rotational movement of 

the actuator. 


