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METHOD FOR FORMING A DISC STACK ASSE1\1BLY 

Field the Invention 

The claimed invention relates generally to the field of disc drive data 
• 

storage devices and more particularly, but not by way of limitation, to an improved 

5 disc clamp assembly used to secure a number of discs to a spindle motor hub 

assembly in a disc drive disc stack assembly. 

Background 

A disc drive is a data storage devices used to store digital data. A typical 

10 disc drive includes a number of rotatable magnetic recording discs which are 

axially aligned and mounted to a spindle motor for rotation at a constant, high 

speed. A corresponding array of read/write heads access tracks defined on the 

respective disc surfaces to write data to and to read data from the discs. 

A disc clamp assembly is used to clamp the discs (and intervening disc 

15 spacers) to a spindle motor hub. The disc clamp assembly applies an axially 

directed clamping force to the resulting disc stack to secure the discs and spacers to 

the hub. A greater clamping force generally improves the ability of the disc stack 

to resist disc shifting in response to the application of mechanical shocks to the 

disc drive. However, the application of too great a clamping force upon the disc 

20 stack can induce undesired mechanical distortion of the discs. Localized variations 

in the amount of clamping force upon the topmost disc can also induce distortion 

of the discs. 

With the continued industry trend of providing disc drives with smaller 

overal~ sizes and greater amounts of data storage capacity, the size of various disc 

25 drive components has been reduced, including reductions in the thickness of each 
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disc. As the discs become thinner, the maximum amount of clamping force that 

can be applied to secure the discs to a spindle motor hub without causing 

mechanical distortion of the discs is also generally reduced. 

Prior art disc clamp assemblies typically engage a feature of the spindle 

5 motor to exert the clamping force upon the discs. Such engagement can be · 

accomplished through the use of threaded screws which fasten a clamp member to 

the spindle motor hub. The desired clamping force is exerted in relation to the 

torque applied to the screws. Other engagement methodologies have involved the 

use of interference fits between the clamp member and the spindle hub to wedge or 

10 otherwise lock the clamp member in place. These and other prior art disc clamp 

assemblies can readily generate undesired particulate contamination within the disc 

drive. 

Moreover, during installation of such disc clamp assemblies a large axial 

force is applied to the spindle motor hub, which can undesirably result in the 

15 application of large axially directed forces to ball bearing assemblies used to rotate 

the spindle motor hub relative to a central shaft. Such forces can deform or 

otherwise damage the bearing assemblies, inducing runout errors during 

subsequent rotation of the discs. Such errors become increasingly undesirable with 

continued increases in track densities in subsequent generations of drives. 

20 Further, prior art disc clamp assemblies can require significant assembly 

resources to install and correctly set the desired clamping force. Screw-type 

clamps require insertion and torquing of multiple threaded fasteners; interference­

fit type clamps typically require complicated tooling to manipulate the various 

elements to achieve the final clamping configuration. Subsequent removal of the 

25 clamping assembly can also require significant resources and can lead to further 

generation of-particulate contamination. 

U.S. Patent No. 5,101,306 issued to Johnson illustrates such deficiencies 

with the prior art. Johnson '306 discloses a rigid grip ring which engages a spindle 

motor hub. A push-on retaining ring is pressed down over in sliding contact with 

30 the grip ring to a final engagement position within a detent of the grip ring, after 

which the retaining ring bears against the grip ring to apply a clamp force to a disc 

-··--stack. Johnson '306-potentially generates significant particulate contamination, 
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requires relatively complicated tooling to install and subsequently remove the 

retaining ring, and applies significant axially-directed forces upon the spindle 

motor bearing assemblies during both installation and deinstallation of the 

retaining ring. Johnson '306 further appears to require manual (hand) operations to 

5 install and deinstall the clamp and is thus not readily adaptable for use in high 

volume automated assembly environments. 

There is a need, therefore, for an improved disc clamp assembly which 

overcomes these and other deficiencies in the prior art and which applies more 

consistent and controlled axially directed clamping forces upon the discs and the 

10 spindle motor of a disc drive. 

Summary of the Invention 

A method is provided for forming a disc stack assembly for use in a disc 

drive. 

15 In accordance With preferred embodiments, the disc stack assembly is 

formed from a spindle motor hub configured for rotation about a motor axis and 

having an annular ring recess, at least one disc, and a disc clamp assembly 

comprising an annular retaining ring and a substantially disc shaped clamp plate. 

The clamp plate includes an inner ring engagement portion, an outer disc 

20 engagement portion, an annular hat flange, and an initial, substantially planar 

shape in an undeformed state. 

The disc stack assembly is preferably formed by loading a number of discs 

onto the spindle motor hub. The clamp plate is supported adjacent the spindle 

motor hub so that a portion of the spindle motor hub projects through the central 

25 opening of the cl~p plate. In this way, the inner ring engagement portion is 

brought adjacent the annular ring recess and the outer disc engagement portion is 

brought adjacent the topmost disc. 

Next, an axially directed force is applied to the clamp plate at a position 

adjacent the inner ring engagement portion to conically deform the clamp plate. 

30 The retaining ring is installed in the annular ring recess of the spindle motor hub. 

The axially directed force upon the clamp plate is thereafter removed so that the 

inner-ting..engagement portion of the clamp plate applies a first moment force 
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against the retainittg ring while the outer disc engagement portion of the clamp 

plate applies a second moment force as an axially directed clamping force upon the 

topmost disc as the clamp plate attempts to return to an undefonned state. 

Preferably, the annular hat flange is supported to hold the outer disc 

5 engagement portion in a clearing, noncontacting relationship with remaining 

portions of the disc stack assembly so that the axially directed force applied to the 

clamp plate is not transmitted to the spindle motor hub. Moreover, the outer disc 

engagement portion is released concurrently with the removal of the axially 

directed force so that substantially no net axially directed force is applied to the 

10. spindle motor hub as the inner ring engagement portion applies the first mom~t. 

force against the retaining ring and the outer disc engagement portion applies the 

second moment force to the topmost disc. 

The method further preferably comprises steps of measuring imbalance of 

the assembled disc stack assembly. The measured imbalance is reduced by 

15 selectively removing material from the hat flange by cutting recesses in the hat 

flange. The measured imbalance is alternatively reduced by attachment of a 

balance weight to the hat flange. 

The method further preferably comprises prior steps of providing the clamp 

plate with a plurality of hook flanges which project from the inner ring. 

20 engagement portion and placing the retaining ring within said hook flanges prior to 

placement of the clamp plate and the annular retaining ring on the spindle motor 

hub. 

These and various other features and advantages which characterize the 

claimed invention will be apparent_ from a reading of the following detailed 

25 description and a review of the associated drawings. 

Brief Description of the Drawings 

FIG. 1 is a top plan view of a disc drive constructed in accordance with 

preferred embodiments of the present invention. 

30 FIG. 2 provides a cross-sectional, elevational view of a disc stack assembly 

of the disc drive of FIG. 1 which includes a disc clamp assembly constructed in 
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accordance with preferred embodiments to clamp a number of discs to a hub of a 

spindle motor. 

FIG. 3 is a perspective view of a clamp plate of the disc clamp assembly of 

FIG.2. 

s FIG. 4 is a perspective view of-an annular retaining ring of the disc clamp 

assembly of FIG. 2. 

FIG. 5 shows a preferred manner in which the disc clamp assembly is 

installed to limit the application of axially directed force upon bearing assemblies 

of the spindle motor. 

10 FIG 6 is a flow chart for a DISC CLAMP ASSEMBLYINSTALLATJO:N" .. 

routine to illustrate a preferred method for install~g the disc clamp assembly of 

FIG. 5. 

FIG. 7 illustrates an alternative embodiment for the annular retaining ring 

in which the ring has a circlip construction. 

15 FIG. 8 provides an elevational, cross-sectional view of the ring of FIG. 7 as 

viewed along li:ne 8-8. 

FIG. 9 illustrates an alternative embodiment for the disc clamp assembly. 

FIG. 10 provides a top plan view of a retaining ring of FIG. 9 which 

includes a pair of opposing, radially extending flanges. 

20 FIG. 11 is a side elevational ·view of the retaining ring of FIG. 10. 

FIG. 12 is a top plan view of a clamp plate of FIG. 9 having a number of 

hook flanges which facilitate retention of the retaining ring with the clamp plate 

during automated assembly. 

FIG. 13 provides an elevationa~, cross-sectional view of the clamp plate of 

25 FIG. 12. 

FIG. 14 is a flow chart for a DISC STACK ASSEMBLY BALANCING 

routine illustrative of preferred steps carried out to .balance the disc stack assembly. 

Detailed Description 

30 FIG. 1 provides a top plan view of a disc drive 100 constructed in 

accordance with preferred embodiments of the present invention. A base deck 102 

and a top cover 104 (shown in partial cutaway) cooperate to form A.sealed housing 
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for the disc drive i 00. A spindle motor 106 rotates a magnetic recording disc 108 

at a constant, high speed. An actuator assembly 110 supports an array of 

read/write heads 112 adjacent the respective disc surfaces. The actuator assembly 

110 is rotated using a voice coil motor 114. 

5 A riovel disc clamp assembly 120 secures the disc lOS-to a hub 122 of the 

spindle motor 106, as shown in FIG. 2. The hub 122 is configured to rotate about 

an interior central shaft 123 of the spindle motor 106 through the use of one or 

more internal bearing assemblies {one of which is shown at 125). It will be noted 

that the internal configuration of the spindle motor 106 is not particularly germane 

10 to the present discussion and therefore various details such as the identification and 

location of spindle coils, permanent magnets, additional bearing assemblies, etc. 

have been omitted for simplicity of illustration. 

The disc clamp assembly 120, the spindle motor hub 122 and the disc 108 

collectively form a disc stack assembly 124. Although the embodiment of FIG. 2 

15 shows only a single disc 108, it will be understood that the spindle motor hub 122 

and disc clamp assembly 120 can readily be modified to accommodate any number 

of discs 108. 

The disc clamp assembly 120 includes a disc shaped clamp plate 126 and 

an annular retaining ring 128 which locks the clamp plate 126 relative to the 

20 spindle motor hub 122. As shown in FIG. 3, the clamp plate 126 has a 

substantially planar shape in an initial, undeformed state and includes an inner ring 

engagement portion 130 that defines and surrounds a central opening 132, an outer 

disc engagement portion, also referred to herein as a disc engagement trough 134, 

and an annular hat flange 136 which projects radially outwardly from the trough 

25 134. As discussed more fully below, notches 137 can be advantageously formed in 

the clamp pla'te 126 by removing material from the hat flange 136 at desired 

locations to correct imbalance in the assembled disc stack assembly 124. 

The inner ring engagement portion 130 of the clamp plate 126 preferably 

includes a number of inwardly directed strain relief flanges 13 8 separated by 

30 recesses 140, which serve to give the central opening 132 a flower shape. The 

clamp plate 126 is preferably formed from a suitable rigid, spring material such as 

stainless steel or aluminum. --- .. - --
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As further shown in FIG. 4, the retaining ring 128 preferably comprises a c­

shaped split-ring with opposing ends 142, 144 that define a gap 146 therebetween. 

The retaining ring 128 is preferably formed from cylindrical shaped stainless steel 

or aluminum wire of uniform cross-section. that is bent into the circular shape 

5 shown. The ring 128 is preferably selected to be sufficiently rigid to resist 

compression between the spindle motor hub 122 and the clamp plate 126 and at the 

same time sufficiently resilient to allow expansion from an original shape to an 

elastically-expanded shape to fit over the spindle motor hub 122. 

With reference again to FIG. 2, the spindle motor hub 122 is provided with 

10 a circumferentially extending flange 148 and a recessed wall.150 which cooperate 

to form a recess that retainingly receives the ring 128. The ring 128 displaces the 

inner ring engagement portion 130 of the clamp plate 126 so that, in the installed 

state, the engagement portion 130 exerts an upwardly directed, circumferentially 

distributed moment force upon th~ ring 128, as represented by moment vector 152. 

15 The disc engagement trough 134 applies a corresponding downwardly 

directed, circumferentially distributed moment force upon the disc 108, as 

represented by moment vector 154. Axially directed clamp forces are. applied to 

the disc 108 by the disc engagement trough 134 and an opposing disc support 

flange 156 of the spindle motor hub 122. The inwardly directed flanges 138 (FIG. 

20 3) provide strain relief within the clamp plate 126 and enable the trough 134 to 

provide a more uniform clamping force upon the disc 108. 

A circumferentially extending recess 158 is provided adjacent the recessed 

wall 150 to provide a clearing relationship between the inner ring engagement 

portion 130 of the clamp plate 126 and the spindle motor hub 122. Thus, the 

25 clamp plate 126 does not come into direct contact with the spindle motor hub 122. 

The disc clamp assembly 120 is preferably installed as shown by FIGS. 5 

and 6. FIG. 5 is similar to the view of FIG. 2 and illustrates a first assembly tool 

member 160 which engages the hat flange 136, a second assembly tool member 

162 which engages the clamp plate 126 at a position adjacent the inner ring 

30 engagement portion 130, and a third assembly tool member 164 which engages the 

retaining ring 128. 
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FIG. 6 pro\tides a flow chart for a DISC CLAMP ASSEMBLY 

INSTALLATION routine 170. At step 172, the disc (or discs and intervening 

spacers when multiple discs are used) are loaded onto the spindle motor hub 122. 

The hat flange 134 of the clamp plate 126 is grasped by the first assembly tool 

5 member at step 174 and the clamp plate 126 is placed over the spindle motor hub 

122 at step 176 so that the disc engagement trough 134 is brou~t near in a desired 

clearing relationship with the topmost disc 108. 

At step 178, the retaining ring 128 is placed onto the spindle motor hub 

flange 148. An upwardly directed holding force Fl is applied by the first assembly 

10 tool member 160 to the clamp plate-126 at step 180 to maintain the clearance 

between the disc engagement trough 134 and the disc 108 while a downwardly 

directed deforming force F2 is applied to the clamp plate 126 by the second 

assembly tool member 162 to deform the clamp plate 126, as shown in FIG. 5. 

While maintaining the forces Fl and F2, the third assembly tool member 

15 164 applies a downwardly directed force F3 to the retaining ring 128 at step 182 to 

pass the retaining ring 128 down over the hub flange 148 and into the recess 

defined by the hub ledge 148 and the retaining wall 150 (as shown in FIG. 2). 

Once the retaining ring 128 is in place, the forces Fl and F2 are removed at step 

184 so that the ring engagement portion 130 of the clamp plate 126 engages the 

20 underside of the retaining ring 128 as the disc engagement trough 134 engages the 

top disc 108, thereby applying the final desired axially directed clamp force to the 

disc 108. The routine then ends at step 186. 

While the retaining forces Fl and F2 can be removed separately during the 

operation of step 184, it will be noted that removing the Fl and F2 forces in a 

25 substantially concurrent fashion will tend to prevent the application of substantially 

any axially directed force to the spindle motor hub 122 as the clamp plate 126 is 

placed in the final clamping position. With reference again to FIG. 2, the gradual 

increased application of the moment force 152 upon the retaining ring 148 by the 

inner ring engagement portion as the second assembly tool member 162 is released 

30 will counteract the corresponding gradual increased application of the moment 

force 154 by the trough 134 upon the disc 108 as the first assembly tool member 

160 is released •. -Xhe. for.ce.F3 .required.to pass the retaining ringj 28 over the 
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spindle flange 148 will be minimal; thus, the entire disc clamp assembly 120 can 

be advantageously installed without the transmission of substantially any axially 

directed force to the spindle motor bearing assemblies. 

FIGS. 7 and 8 illustrate an alternative embodiment for a retaining ring 188 

5 which can be substituted for the retaining ring 128 discussed above. The retaining 

ring 188 has a circular clip, or "circlip" construction, as commonly used with key 

chains and chain fasteners. The circlip 188 has annular body portion 190 with 

recesses 192, 194 to accommodate a sliding member 196. The member 196 is 

preferably biased by an internal spring 198 disposed within the recess 194 to place 

lo the circlip 188 in a closed positiQn so that a distal end of the member_ 196 engages 

the recess 192. 

A tab 200 projecting from the member 196 is actuated along a slot 202 in 

the recess 194 to retract the member 196 along the recess 194 and place the circlip 

188 in an open position. Depending upon the configuration, the circlip 188 can 

15 advantageously reduce the required force F3 to install the circlip 188 on the spindle 

motor hub 122 as compared to the split ring 128. The sliding member 126 can be 

con.figured to bear against the inner ring engagement portion 130 of the clamp 

plate 126 to provide a 360 degree contact surface about the spindle motor hub 122. 

FIG. 9 provides another embodiment of the disc clamp assembly 120. A 

20 retaining ring 204 is provided with an annular body portion 206 and opposing ring 

flanges 208, 210 which project from the body portion 206 as shown in FIGS. 10 

and 11. The ring flanges 208, 210 provide gripping surfaces to facilitate placement 

of the retaining ring 204 onto the spindle motor hub 122, and to ease subsequent 

removal of the ring 204 during rework. 

25 It will be noted that the ring flanges 208, 210 facilitate spreading of the ring 

204 sufficiently to allow passage of the ring over the hub flange 148 without the 

application of any axial load forces to the spindle motor hub 122. 

The disc clamp assembly 120 further includes a clamp plate 212 similar to 

the clamp plate 126 discussed above. As shown in FIGS. 9, 12 and 13, hook 

30 flanges 214 project from the inner disc engagement portion 130 and serve to retain 

the retaining ring 204 with the clamp plate 126. In this way, the retaining ring 204 

can be initially mated with the clamp plate_ 126 prior to assembly so that automated 
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assembly equipmeti.t can more readily locate and manipulate the retaining ring 204 

and clamp plate 212 during installation. 

The ring flanges 208, 210 can further be disposed on opposing sides of a 

selected one of the hook flanges 214 to prevent rotation of the ring 204 with 

s respect to the clamp plate 212 and to facilitate location and engagement of the ring 

flanges 208, 210 by such automated equipment. Although three hook flanges 214 

spaced 120 degrees-apart are shown in the embodiment of FIG. 12, it will be 

understood that other numbers of hook flanges 214 can be used. Equally spacing 

the hook flanges 214 about the central opening 132 is preferable so as to not 

10 undesirably induce imbalance about the spindle motor axis. 

As mentioned above, the hat flange 136 of the clamp plates 126, 212 

advantageously facilitates grasping by the first assembly too~ member 160 during 

installation as well as allows balancing of the resulting disc stack assembly 124. 

·FIG. 14 provides a flow chart for a DISC STACK ASSEMBLY BALANCING 

15 routine 220, illustrative of steps carried out in accordance with preferred 

embodiments. 

At step 222, the disc stack assembly 124 is formed in accordance with the 

foregoing discussion of the various embodiments of the disc clamp assembly 120. 

At step 224, the assembled disc stack assembly 124 is rotated and imbalance is 

20 measured in a conventional fashion using suitable computerized test equipment. 

The resulting imbalance measurement will be expressed as a vector in terms of 

angular direction and mass. 

The routine next passes to two alternative pa!b.s, step 226 or step 228. In 

step 226, a circumferentially extending balance weight (such as shown at 230 in 

25 FIG. 13) is selected to add a desired amount of mass at a desired angular 

orientation to'cancel the imbalance measurement obtained in step 224. The 

balance weight 224 can take any number of forms and can be advantageously 

attached to and retained on the hat flange 136 as shown. A particularly 

advantageous balance clip is disclosed by U.S. Patent No. 5,555,144 issued to 

30 Wood et al., assigned to the assignee of the present invention. 

In alternative step 228, the location and amount of mass to be removed 

from the hat flange 136 to cancel the imbalance measurement obtained in step 224 _ _ 

... 
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are determined and the recesses 137 are formed by suitable cutting equipment (not 

shown). To reduce the propagation of contaminating particulates, the cutting 

equipment preferably includes a vacuum and seal system that surrounds the area of 

the hat flange 136 to be cut and evacuates the removed material from the disc stack 

5 assembly 124. Depending upon the application, additional balancing adjustments 

can also be applied to the underside of the spindle motor 106. 

Regardless of the method in which the imbalance is corrected, the balance 

of the disc stack assembly is verified at step 232 and the process ends at step 234. 

It will be noted that if the disc stack assembly 124 is found to still have an 

10 unacceptable amount of imbalance, the respective balancing steps are repeated 

until the disc stack assembly 124 achieves adequate balance or the assembly is 

diverted from the process flow. 

Referring now to FIG. 15, shown therein is yet another preferred 

embodiment of the present invention. In FIG. 15, the clamp plate 126 is provided 

15 with a beveled surface 236 at the inner ring engagement portion 130 which 

provides a line contact with the retaining ring 128 as shown. The beveled surface 

236 generally tends to provide improved circumferential distribution of the clamp 

force on the discs 108. 

For embodiments having the plurality of inwardly directed flanges 138 (see 

20 FIG. 3), each of the flanges 138 is preferably provided with the beveled surface 

236 as shown in FIG. 1 S. It will be noted that the particular length and angle of the 

beveled surface 236 is selected depending upon the requirements of a given 

application. 

It will now be understood that preferred embodiments of the present 

25 invention are directed to a method for forming a disc stack assembly (such as 124) 

of a disc drive (such as 100). The disc stack assembly is preferably formed from a 

spindle motor hub (such as 122) configured for rotation about a motor axis and 

having an annular ring recess (148, 150), at least one disc (such as 108), an annular 

retaining ring (such as 128, 188, 204), and a substantially disc shaped clamp plate 

30 (such as 126, 212) disposed about the spindle motor hub and having an inner ring 

engagement portion (such as 130), an outer disc engagement portion (such as 134), 
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an annular hat flange (such as 136), and an initial, substantially pla,nar shape in an 

undefonned state. 

The disc stack assembly is preferably fonned by steps ofloading the 

number of discs onto the spindle motor hub, the number of discs including a 

5 topmost disc (slich as step 172); supporting the clamp plate adjacent the spindle 

motor hub so that a portion of the spindle motor hub projects through the central 

opening of the clamp plate, so that the inner ring engagement portion is brought 

adjacent the annular ring recess, and so that the outer disc engagement portion is 

brought adjacent the topmost disc (such as step 176); applying an axially directed 

, · · 10 force to the clamp plate at a position adjacent the inner ring engagement portion to 

conically deform the clamp plate (such as step 180); installing the retaining ring in 

the annular ring recess of the spindle motor hub (such as step 182); and removing 

the axially directed force so that the inner ring engagement portion of the clamp 

plate applies a first moment force against the retaining ring while the outer disc 

15 engagement portion of the clamp plate applies a second moment force as an axially 

directed clamping force upon the topmost disc as the clamp plate attempts to return 

to an undefonned state (such as step 184). 

Preferably, the annular hat flange is supported to hold the outer disc 

engagement portion in a clearing, noncontacting relationship with remaining 

20 portions of the disc stack assembly so that the axially directed force applied to the 

clamp plate is not transmitted to the spindle motor hub. Moreover, the outer disc 

engagement portion is released concurrently with the removal of the axially 

directed force so that substantially no net axially directed force is applied to the 

spindle motor hub as the inner ring engagement portion applies the first moment 

25 force against the retaining ring and the outer disc engagement portion applies the 

second moment force to the topmost disc. 

The method further preferably comprises steps of measuring imbalance of 

the disc stack assembly (such as step 224), and then selectively removing material 

from the hat flange to reduce said imbalance (such as step 228). Alternatively, 

30 said imbalance is reduced by attachment of a balance weight to the hat flange 

(such as step 230). 
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The method further preferably comprises prior steps of providing the clamp 

plate with a plurality of hook flanges which project from the inner ring 

engagement portion and placing the retaining ring within said hook flanges prior to 

placement of the clamp plate and the annular retaining ring on the spindle motor 

s hub. 

It is to be understood that even though numerous characteristics and 

advantages ofvari6us embodiments of the present invention have been set forth in 

the foregoing description, together with details of the structure and function 

thereof, this detailed description is illustrative only, and changes may be made in 

10 detail, especially in matters of structure and arrangement of parts within the 

principles of the 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 

disc clamp assembly while maintaining the same functionality without departing 

15 from the spirit and scope of the invention. 

In addition, although the embodiments described herein are directed to a 

disc clamp assembly for a disc drive, it will be appreciated by those skilled in the 

art that the disc clamp assembly can be used for other devices to secure a disc 

member to a rotatable hub member without departing from the spirit and scope of 

20 the claimed invention. 
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* C L M S * What is churned is: 

1. A method for forming a disc stack assembly comprising steps of: 

(a) providing a spindle motor hub having an annular recess, a number 

of discs, an annular retaining ring, and a substantially planar, disc 

shaped clamp plate having an annular hat flange, an inner ring 

engagement portion which surrounds a central opening in the clamp 

plate and an outer disc engagement portion between the annular hat 

flange and the inner ring engagement portion; 

10 (b) loading the number of discs onto the spindle motor hub, the number of 

15 

discs including a topmost disc; 

( c) supporting the clamp plate adjacent the spindle motor hub so that a 

portion of the spindle motor hub projects through the central 

opening of the clamp plate, so that the inner ring engagement 

portion is brought adjacent the annular ring recess, and so that the 

outer disc engagement portion is brought adjacent the topmost disc; 

( d) applying an axially directed force to the clamp plate at a position 

adjacent the inner ring engagement portion to conically deform the 

clamp plate; 

20 ( e) installing the retaining ring in the annular ring recess of the spindle 

25 

motor hub; and 

(f) removing the axially directed force of applying step ( d) so that the inner 

ring engagement portion of the clamp plate applies a first moment 

force against the retaining ring while the outer disc engagement 

portion of the clamp plate applies a second moment force as an 

' axially directed clamping force upon the topmost disc as the clamp 

plate attempts to return to an undefonned state. 

2. The method of claim I, wherein supporting step ( c) comprises a 

30 step of contactingly supporting the annular hat flange to hold the outer disc 

engagement portion in a clearing, noncontacting relationship with remaining 
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portions of the disc stack assembly so that the axially directed force applied during 

applying step (d) to the clamp plate is not transmitted to the spindle motor hub. 

3. The method of claim 2, wherein removing step (f) comprises a step 

5 of concurrently releasing the outer disc engagement portion as the axially directed 

force is removed so that substantially no net axially directed force is applied to the 

spindle motor hub as the inner ring engagement portion applies the first moment 

force against the retaining ring and the outer disc engagement portion applies the 

second moment force to the topmost disc. 

10 

15 

4. The method of claim 1, wherein installing step ( e) comprises a step 

of applying a second axially directed force to the retaining ring to pass the 

retaining ring over a portion of the spindle motor and into the annular ring recess. 

5. The method of claim 4, wherein the retaining ring comprises a split 

ring fonned from a cylindrical wire of nominally unifonn cross section which is 

fonned into a substantially c-shape and having opposing ends that define a gap, 

wherein the gap facilitates expansion of the retaining ring to allow passage of the 

retaining ring over the hub flange and into the annular ring recess during installing 

20 step (e). 

6. The method of claim 4, wherein the retaining ring comprises an 

annular body portion and opposing, radially extending ring flanges, and wherein 

the installing step (e) comprises applying a radially directed force upon the ring 

25 flanges to expand the retaining ring so that the retaining ring passes over the 

portions of the spindle motor hub and into the annular ring recess without 

application of substantially any axial force to the spindle motor hub. 

7. The method of claim 1, wherein the retaining ring comprises a 

30 circlip configuration comprising an annular body with opposing ends that define a 

gap and a sliding member which retracts into a recess in a selected one of the 
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opposing ends to open the retaining ring and which extends across the gap and into 

a recess in the remaining one of the opposing ends to close the retaining ring. 

8. The method of claim 1, wherein the inner ring engagement portion 

5 of the clamp plate comprises a plurality of inwardly projecting ring engagement 

flanges, wherein the ring engagement flanges contactingly engage the retaining 

ring during removing step (f) to provide stress relief within the clamp plate. 

9. The method of claim 1, further comprising steps of: 

10 (g) measuring imbalance of the disc stack assembly; 

(h) selectively removing material from the hat flange to reduce said 

imbalance. 

10. The method of claim 9, wherein selectively removing step (h) 

15 comprises cutting a recess in the hat flange. 

20 

11. The method of claim 1, further comprising steps of: 

(g) measuring imbalance of the disc stack assembly; 

(h) attaching a balance weight to the hat flange to reduce said imbalance. 

12. The method of claim 1, comprising prior steps of providing the 

clamp plate with a plurality of hook flanges which project from the inner ring 

engagement portion and placing the retaining ring within said hook flanges prior to 

placement of the clamp plate and the annular retaining ring on the spindle motor 

25 hub. 

30 

13. A method for forming a disc stack assembly for use in a disc drive, 

comprising steps of: 

(a) assembling the disc stack assembly by providing a spindle motor hub, 

loading a number of discs onto the spindle motor hub, and installing 

a disc clamp assembly comprising an annular retaining ring and a 

- substantially disc shaped qlamp plate, the retaining ring secured 
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within an annular ring recess of the spindle motor hub to deform the 

clamp plate, the clamp plate applying an axially directed clamping 

force to the number of discs; 

(b) measuring imbalance of the disc stack assembly; and 

5 ( c) selectively removing material from the clamp plate to reduce said 

imbalance. 

14. The method of claim 13, wherein the clamp plate comprises an 

inner ring engagement portion which engages the retaining ring, an outer disc 

10 engagement portion which engages the number of discs, and an annular hat flange 

which extends beyond the outer disc engagement portion, and wherein selectively 

removing step ( c) comprises cutting a recess in the hat flange to remove the 

material from the clamp plate. 

15 15. The method of claim 13, wherein the clamp plate comprises an 

inner ring engagement portion which engages the retaining ring, an outer disc 

engagement portion which engages the number of discs, and an annular hat flange 

which extends beyond the outer disc engagement portion, and wherein assembling 

step (a) comprises steps of: 

20 (ai) supporting the clamp plate adjacent the spindle motor hub so that a 

portion of the spindle motor hub projects through the central 

opening of the clamp plate, so that the inner ring engagement 

portion is brought adjacent the annular ring recess, and so that the 

outer disc engagement portion is brought adjacent the topmost disc; 

25 (aii) applying an axially directed force to the clamp plate at a position 

adjacent the inner ring engagement portion to conically deform the 

clamp plate; 

( aiii) installing the retaining ring in the annular ring recess of the spindle 

motor hub; and 

30 (aiv) removing the axially directed force so that the inner ring engagement 

portion of the clamp plate applies a first moment force against the 

retaining ring while the outer disc engagement portion of the clamp 
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plate applies a second moment force as an axially directed clamping 

force upon the topmost disc as the clamp plate attempts to return to 

an undeformed state. 

The method of claiin 14, wherein supporting step (ai) comprises a 

step of contactingly supporting the annular hat flange to hold the outer disc 

engagement portiotI in a clearing, noncontacting relationship with remaining 

portions of the disc stack assembly so that the axially directed force applied during 

applying step ( aii) to the clamp plate is not transmitted to the spindle motor hub. 


