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ACTUATOR ASSEMBLY DEBRIS REDUCTION

Ficld of the I .

This invention relates generally to the field of disc drive data storage
devices, and more particularly, but not by way of limitation, to a method of
forming an actuator within a disc drive,

Background of the Invention

Modern hard disc drives comprise one or more rigid discs that are coated
with a magnetizable medium and mounted on the bub of a spindle motor for
rotation at a constant high speed. Information is stored on the discs in 2 plurality
of concentric circular tracks by an array of transducers ("heads") mounted to a
radial actuator for movement of the heads relative to the discs.

Typically, such radial actuators employ a voice coil motor to position the
heads with respect to the disc surfaces. The heads are mounted via flexures at
the ends of a plurality of arms which project radially outward from an actuator
body. The actuator body pivots about a shaft mounted to the disc drive housing
at a position closely adjacent the outer extreme of the discs. The pivot shaft is
parallel with the axis of rotation of the spindle motor and the discs, so that the
heads move in a plane paralle] with the surfaces of the discs.

The actuator voice coil motor includes a coil mounted on the side of the
actuator body opposite the head arms so as to be immersed in the magnetic field
of a magpetic circuit comprising one or more permanent magnets and
magnetically permeable pole pieces. When controlled DC current is passed
through the coil, an electromagnetic field is set up which interacts with the
magnetic field of the magnetic circuit to cause the coil to move in accordance
with the well-known Lorentz relationship. As the coil moves, the actuator body
pivots about the pivot shaft and the heads move across the disc surfaces.
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Control of the position of the heads is typically achieved with a closed
loop servo system such as disclosed in U.S. Patent No. 5,262,907 entitled HARD
DISC DRIVE WITH IMPROVED SERVO SYSTEM issued November 16, 1993
to Duffy et al. (Duffy '907), and assigned to the assignee of the present
invention. A typical servo system utilizes servo information (written to the discs
during the disc drive manufacturing process) to detect and control the position of
the heads through the generation of a position error signal (PES) which is
indicative of the position of the head with respect to a selected track. The PES
is generated by the servo system by comparing the relative signal strengths of
burst signals generated from precisely located magnetized servo fields in the
servo information on the disc surface.

During track following in which a selected head is caused to follow a
selected track, a servo processor compares the value of the PES to a desired
value indicative of the desired position of the head to the selected track and issues
a digital correction signal to the power amplifier, which in turn provides an
analog current to the actuator coil to adjust the position of the head with respect
to the track. During a seek operation in which a selected head is moved from an
initial track to a destination track, relatively large currents are applied to the coil .
to initially accelerate and then decelerate the head towards the destination track.
The velocity of the head is repeatedly measured and the current applied to the
coil is adjusted in accordance with the difference between the actual velocity of
the head and a velocity profile.

As will be recognized, a continuing trend in the industry is to provide disc
drives at an ever decreasing cost. To this end, efforts are continually being
undertaken to improve not only disc drive storage and transfer rates, but aiso the
manufacturing of the disc drives. In an effort to increase stiffness within the
actuator, tolerance rings are often disposed between the cartridge bearing and the
E-block. However, the tolerance rings often create problems with debris
collection on the surface of the E-block when the corrugations from the tolerance
rings scrape the surface of the E-block and thereby let off flakes of material.
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With continued demand for reduction in cost, there remains a continued
need for improvements in actuator assembly to reduce the amount of debris
collection therein, It is to such improvements that the present invention is
directed.

Summary of the Invention

The present invention is directed to a method of hardening an E-block to
reduce debris collection therein.

As exemplified by preferred embodiments, the method involves first
providing a manufactured E-block for tooling. The E-block has a central bore
with an inner diameter and a bore surface. A hardening member is then provided
with an outer diameter that is larger than the inner diameter of the bore surface.
The hardening member is pressed through the central bore so that the hardening
member compresses and deforms the bore surface. As the hardening member
deforms the bore surface, the bore surface becomes substantially smooth and
hard. The aluminum bore surface therefore provides a substantially smooth, hard
medium upon which a tolerance ring pressingly engages after assembly. The
tolerance ring will be Iess likely to flake off such a substantially smooth and hard
contacting bore surface thereby reducing the collection of debris within the bore.

The objects, advantages and features of the present invention will be
apparent from the following detailed description when read in conjunction with
the drawings and appended claims.

Brief Description of the Drawi

FIG. 1 is a top view of a disc drive of the type in which the present
invention is particularly useful, the disc drive shown with its top cover removed.

FIG. 2 is a partial cross-sectional view of a prior art actuator assembly of
a disc drive.

FIG. 3 is a partial cross-sectional view of a portion of an E-block and the

cartridge bearing showing the. compressed tolerance ring therebetween in the



10

15

20

25

WO 00/19417 PCT/US99/21799

-4-

_ pﬁor art actuator assembly of FIG. 2.

FIG. 4 is a perspective view of the E-block of the disc drive of FIG. 1.

FIG. 5 is a flow chart for an ACTUATOR ASSEMBLY DEBRIS
REDUCTION routine, generally setting forth preferred steps carried out to
reduce the debris within an actuator assembly.

A detailed description of various presently preferred embodiments of the
present invention will commence with reference to FIG. 1 which shows a disc
drive 100 used to store computer data. The disc drive 100 includes a head-disc
assembly (HDA) 101 and a printed wiring assembly (PWA) which is mounted to
the underside of the HDA 101. Although not visible 1n FIG. 1, it will be
understood that the PWA is used to control the operation of the HDA 101.

A top cover (a portion of which is shown at 102) mates with a base deck
103 to provide an environmentally controlled environment for the HDA 101. A
spindle motor (generally designated at 104) is supported by the base deck 103
and rotates a plurality of axially aligned discs 106 at a' constant high speed. A

disc clamp 108 is used to clamp the discs 106 relative to the spindle motor 104.

The disés 106 include recording surfaces (not separately identified in FIG.
1) to which user data are written by way of a rotary actuator 110 (also sometimes
referred to as the E-block), which rotates about a cartridge bearing 112 in
response to the application of current to a coil (113, a portion of which is visible
in FIG. 1) of a voice coil motor (VCM) 114. A tolerance ring 115 is disposed
about the cartridge bearing 112 and the actuator 110. The actuator 110 includes
a plurality of rigid arms 116, each of which supports a corresponding flexible
suspension assembly 118. Each suspension assembly 118 in turn supports a head
120 over one of the respective recording surfaces of the discs 106 by an air
bearing established by air currents set up by the high speed rotation of the discs
106. It will be noted that the suspension assemblies 118 provide spring forces
which urge the heads 120 toward the respective disc surfaces, and the heads 120
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are provided with aerodynamic features that fly the heads 120 over the disc
surfaces in a highly stable manner.

A flex circuit assembly 122 facilitates electrical interconnection between
the actuator 110 and the disc drive PWA. A latch 124 secures the actuator 110
when the disc drive 100 is deactivated, allowing the heads 120 1o safely come to
rest upon landing zones (not separately identified) located at the innermost radii
of the discs 106. The landing zones are preferably texturized to prevent stiction
forces from undesirably adhering the heads 120 to the landing zones.

To facilitate discussion of the problems with debris collection within an
actuator assembly, FIG. 2 provides partial, cross-sectional view of a typical prior
art actaator assembly 130. An E-block 132 forms a bore 134 which receivingly
engages a tolerance ring 136 compressingly disposed about a cartridge bearing
138 to retain the cartridge bearing 138 within the bore 134. The cartridge
bearing 138 has a stationary shaft 140 and an outer sleeve 142 separated at upper
and lower ends thereof by a pair of ball bearings 144. The stationary shaft 140
has openings 146 on both ends to receive fasteners (not shown) for attachment of
the stationary shaft 140 to a base deck (not shown) and to a top cover (not
shown). The openings 146 are internally threaded openings to receive screw
members. Therefore, in the prior att actuator assembly 130, the stationary shaft
140 is rigidly supported by the base deck and the top cover while the sleeve 142
rotates about the stationary shaft 140.

Turning now to FIG. 3, shown therein is a partial cross-sectional view of
a portion of an E-block 132 and the cartridge bearing 138 showing the
compressed tolerance ring 136 disposed therebetween. It will be understood
from FIG. 5 that the tolerance ring 136 is sandwiched between a groove 148 of
the sleeve 142 and a surface of the bore 134 of the E-block 132. The sleeve 142
and tolerance ring 136 combine to provide an effective outer diameter that is
greater than the bore 134 inner diameter. As such, the sleeve 142 and tolerance
ring 136 combination are press fit into the bore 134 by press fit methodology
well known by one skilled in the art, The press fit compresses corrugations 150
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_ disposed about an outer and inner surface of the tolerance ring 136 as shown in

FIG. 3. The broken lines in FIG. 3 denote the shape of the corrugations 150
before insertion into the E-block 132.

The compression imparted to the corrugations 150 of the tolerance ring
136 beneficially creates sufficient frictional resistance to retain the cartridge
bearing 138 within the bore 134, preventing displacement of the sleeve 142
relative to the E-block 132 in both the axial and radial directions. In this manner
it will be generally understood that the tolerance ring 136 effectively fills a gap
152 between the sleeve 142 and the E-block 132 to fixedly attach the actuator
assembly 130 for rotation.

However, such compression of the corrugations 150 caused by the press
fitting has the effect of burnishing the surface of the bore 134 adjacent the
corrugations 150. The bore 134 is made fro:ﬁ aluminum while the tolerance ring
136 is made from stainless steel. Therefore, the pressure of the corrugations 150
against the bore 134 causés the stainless steel corrugations 150 to scrape the
surface of the bore 134 and 'thereb'y shed flakes of aluminum. The aluminum
flakes then become uapped as debris within the groove 148. The debris is
pushed ahead of the corrugations 150 to collect in crevices 154. Excessive debris
collection within the groove 148 may detrimentally impede the movement of the
sleeve 142 and thereby impede seek performance.

Accordingly, a preferred embodiment of the present invention is
provided, as shown in FIGS. 4-5. FIG. 4isa persf:ective view of the E-block
110 and is provided to facilitate discussion of the method of reducing debris
therein. Provided in FIG. 5, is a flow chart for an ACTUATOR ASSEMBLY
DEBRIS REDUCTION routine 200, detailing the method of tooling the E-block
110 that will reduce the collection of debris. Reference will be made to FIG. 4 in
describing the steps in FIG. 5 to facilitate discussion. Beginning at step 202, the
E-block 110, manufactured by Compart in Chino, CA, USA, is provided before
installation within the disc drive 100. The E-block 110 is made of aluminum and
has a central bore 156 (FIG. 4) which has a bore surface 158. The central bore



WO 00/19417 PCT/US99/21799

10

15

20

25

30

-

156 is provided for insertion of the cartridge bearing 112 (FIG. 1) and tolerance
ring 115 (FIG. 1).

At step 204, a hardening member (not shown) is provided for hardening
and smoothing a bore surface 158. Although it is contemplated that it is within
the scope of the present invention that a variety of hardening members may be
used to harden and smooth the bore surface 158, in the preferred embodiment,
the hardening member is a ball (not shown) with a predetermined hardness, and
is preferably made from tungsten carbide. Such balls are readily available in the
art. The ball has an outer diameter that is larger than an inner diameter of the
bore 156. The ball is then positioned over the bore 156.

At step 206, the hardening member, in the pre.ferred embodiment, the
ball, is passed through the bore 156 to both harden and smooth the bore surface
158. The ball may be pressed through using any means commonly known to one
of ordinary skill in the art. As the ball is pressed through the bore 156, the bore
surface 158 is crushed and simultaneously deformed to provide a substantially
smooth, hardened bore surface 158. The aluminum bore surface 158 therefore
provides a substantially smooth, hard medium upon which the stainless steel
tolerance ring 115 pressingly engages. The aluminum off the bore surface 158
will therefore be Jess likely to flake off since the tolerance ring 115 is likely to
scratch and scrape an already smoothi and hardened surface. The smooth,
hardened bore surface 158 therefore substantially prevents the creation and
collection of debris within the bore 156. The smooth and hardened bore surface
158 then also has the additional benefit of providing ease of insertion of the
cartridge bearing therein. Hardening the bore surface 158 may be repeated
during rework of the E-block 110 after removal of the cartridge bearing 112 and
tolerance ring 115 to further improve the hardness of the bore surface 158 and
therefore further prevent the risk of debris collection. The routine then ends at
step 208.

In an alternative embodiment, a roller burnishing tool (not shown) may be

used to harden and smooth the bore surface 158. The present invention uses the
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_ roller burnishing tool by methodology well known in the art. The roller

burnishing tool has roller bearings which have diameters that are slightly larger
than the inner diameter of the bore 156. Therefore, as with the ball, the roller
burnishing tool is compressingly passed through the bore 156 so that the roller
bearings deform the bore surface 158 to create a substantially smooth, hardened
bore surface 158. -

From the above description, it will be clear that the present invention is
directed to a method of hardening an E-block to reduce debris collection therein.
As exemplified by preferred embodiments, the method involves first providing a
manufactured E-block for tooling. The E-block has a central bore with an inner
diameter and a bore surface. A hardening member is then provided with an outer
diameter that is larger than the inner diameter of the bore surface. The hardening
member is pressed through the central bore so that the hardening member
compresses and deforms the bore surface. As the hardening member deforms the
bore surface, the bore surface becomes substantially smooth and hard. The

- aluminum bore surface therefore provides a substantially smooth, hard medium

upon which a tolerance ring pressingly engages after assembly. The tolerance
ring will be less likely to flake off such a substantially smooth and hard
contacting bore surface thereby reducing the collection of debris within the bore.

It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherent therein. While presently
preferred embodiments have been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those
skilled in the art and which are encompassed in the spirit of the invention

disclosed and as defined in the appended claims.
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Claims:

1. A method of hardening an E- block of an actuator assembly in a disc
drive, comprising steps of:
{(a) providing the E-block having a central bore with an inner diameter:
and
(b) passing a hardening member through the central bore to substantially

harden and smooth a bore surface.

2. The method of claim 1, wherein the passing step (b) further comprises

steps of:

(b1) providing a ball having a predetermined hardness and having an
outer diameter larger than the inner diameter of the central bore;
and

(b2) pressing the ball through the central bore to harden and burnish the

central bore.

3. The method of claim 2, wherein the pressing step (b2) further
comprises a step of simultaneously deforming the bore surface of the central bore

to smooth the bore surface.

4. The method of claim 1, wherein the bore surface is aluminum.

5. The method of claim 1, wherein the passing step (b) further comprises

steps of:

(b1) providing a roller burnishing tool having roller bearings, the roller
bearings have an outer diameter larger than the inner diameter of
the central bore; and

(b2) passing the roller burnishing tool through the central bore to burnish

the central bore.

A
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6. The method of claim 5, wherein the passing step (b2) further

comprises a step of simultaneously deforming the bore surface of the central bore

to smooth the bore surface..

7. A method of burnishing an E- block of an actuator assembly in a disc
5 drive, comprising steps of;

(a) providing the E-block with a central bore having an inner diameter;
and

(b) providing a roller burnishing tool having roller bearings, the roller
bearings have an outer diameter larger than the inner diameter of

10 ' the central bore; and

(c) passing the roller burnishing tool through the central bore to deform

the bore surface and therefore burnish the central bore.

8. The method of claim 7, wherein the bore surface is aluminum.

L

This Sheet Has Been Replaced

TAMERN




