
WO 01/097221 PCT/US01/19051  DRIVE LEVEL FLOW-FIELD CONDITIONING TO REDUCE
FLOW FIELD TURBULENCE  5 FIELD OF THE INVENTION The present invention
relates to a data storage device. In particular, the present  invention
relates to a flow field conditioning device to reduce flow turbulence in a
flow field  along the disc surface. 10 BACKGROUND OF THE INVENTION Data
storage devices store digital information on a rotating disc. Heads are
supported  relative to the surface of the rotating disc to read data from
or write data to the disc. Rotation  15 of the disc creates an air flow
path or flow-field proximate to the disc surface. For proximity or near
proximity recording, head transducer elements are carried on an air bearing
slider to  form the read/write head. The air bearing slider is supported
relative to the disc surface by a  suspension assembly coupled to an
actuator arm of an actuator assembly. Turbulent air flow  in the flow-field
proximate to the air bearing slider or slider suspension can excite or
vibrate 20 the head and suspension components. Vibration of the head or
suspension components can  excite resonance mode frequencies of the head
suspension assembly increasing head-disc  spacing modulations or introduce
off-track motion to the head which can degrade read-write  operations. The
present invention addresses these and other problems and offers solutions
not previously recognized nor appreciated. 25 SUMMARY OF THE INVENTION The
present invention relates to a flow control device for a data storage
system to  reduce flow induced vibration. The flow control device includes
a plurality of streamline  30 flow passages to reduce turbulent flow in a
flow field along the disc surface. These and various other features as well
as advantages which characterize the present invention will be  1 



WO 01/097221 PCT/US01/19051  apparent upon reading the following detailed
description and review of the associated  drawings. BRIEF DESCRIPTION OF
THE DRAWINGS  5 FIG. 1 is a perspective illustration of a data storage
system including a flow control or  conditioning device. FIG. 2-1 is an
elevational view of an embodiment of a flow gate structure of a flow
control device. 10 FIG. 2-2 is a cross-sectional view of the embodiment of
the flow gate structure of  FIG. 2-1 taken along line 2-2-2-2 of FIG. 2-1.
FIG. 3-1 is a perspective illustration of an embodiment of a flow gate
structure of a  flow control device. FIG. 3-2 is an elevational view of the
embodiment of a flow gate structure of a flow  15 control device as
illustrated in FIG. 3-1. FIG. 3-3 is a cross-sectional view of the
embodiment of the flow gate structure of  FIG. 3-2 taken along line 3-3-3-3
of FIG. 3-2. FIG. 4 is an illustration of an embodiment of a flow gate
structure of a flow control  device. 20 FIG. 5 is an illustration of an
embodiment of a flow control or conditioning assembly  including an inflow
gate and an outflow gate for a head assembly. FIG. 6-1 is a schematic
illustration of an embodiment of a flow control device  including a
plurality of flow passages for redirecting flow. FIG. 6-2 is a schematic
illustration of the flow passages of the flow control device of  25 FIG.
6-1. FIG 7-1 is a schematic illustration of operation of the flow control
device of FIGS. 6- 1-6-2 to direct flow generally inwardly away from a head
suspension assembly. FIG. 7-2 is a schematic illustration of operation of
the flow control device of FIGS. 6- 



1 - 6-2 to direct flow generally outwardly away from the head suspension
assembly. 2 WO 01/097221 PCT/US01/19051  FIG. 8 is a schematic illustration
of a flow control assembly for controlling flow in a flow field proximate
to discs in a disc stack assembly. FIG. 9 is a schematic illustration of an
embodiment of a flow control device  supported in a gap between adjacent
discs in a disc stack. 5 FIG. 10 is a schematic illustration of an
embodiment of a flow control device  supported in a gap between adjacent
discs in a disc stack. FIG. 11 is a schematic illustration of an embodiment
of a flow control device  supported in a gap between adjacent discs in a
disc stack. FIG. 12 is a perspective illustration of a flow control
assembly for a disc stack  10 including circumferential radially spaced
flow passages formed between fins. FIG 13 is a schematic elevational view
of the embodiment of FIG. 12.  DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS  15 FIG. 1 illustrates an embodiment of a data storage device
100 including a spindle assembly 102 supporting discs 104 adapted to store
digital information. A head assembly  106 supports a plurality of heads 108
relative to surfaces of discs 104 to read information  from or write
information to the discs 104. The spindle assembly 102 includes a spindle
driver 108 (illustrated schematically) which rotates discs 104 about a
spindle axis 110 for  20 read or write operations. Rotation of discs 104
creates an air flow stream or flow field along the disc surface as
illustrated by arrows 112 in FIG. 1. This air flow stream or flow field can
be turbulent  proximate to the head assembly 106. Head assembly 106
includes a head 108 supported by a  resilient suspension assembly 114
coupled to an actuator arm 116 of an actuator block 118. 25 Actuator block
118 is powered by a voice coil motor 119 to move the head assembly 106 for
read/write operations. Turbulent flow proximate to the head assembly 106
can vibrate or  excite the suspension components, actuator arm or head 108.
Excitation of the head and  



suspension components can introduce resonance mode vibration increasing
off-track  movement of the heads and head disc spacing modulation. 3 WO
01/097221 PCT/US01/19051 The present invention relates to a flow field
control or conditioning device illustrated  schematically by block 120 in
FIG. 1 to reduce flow field turbulence. In particular, the  present
invention relates to a flow control device 120 that reduces large scale
vortices in the  flow field to reduce the amplitude of the flow induced
vibration of the head and suspension 5 components. In illustrated
embodiment of FIG. 1, the flow control device 120 includes a  plurality of
streamline flow passages 122. The flow device 120 is supported in the flow
path  or flow field proximate to the disc surface. The streamline flow
passages 122 have a  constant cross-sectional area or dimension to provide
a streamline passage for flow along a  length thereof to smooth turbulence
and provide a more laminar flow field over the 10 suspension components to
reduce excitation or vibration of the head and suspension  components. In
another embodiment, the flow passages of the flow conditioning device can
be formed to direct flow generally inwardly or outwardly away from the
suspension  components as will be described. FIGS. 2-1 and 2-2 illustrate
one embodiment of a flow control device including a 15 flow gate 124-1
supported in the flow field proximate to a disc surface 126. As shown, flow
gate 124-1 is formed of a honeycomb structure 130 supported above the disc
surface 126.  The honeycomb structure 130 forms the plurality of streamline
flow passages 122-1 having a  constant cross-sectional dimension along a
length thereof to provide a more laminar flow in  the flow field. As shown
in FIG. 2-2, the streamline flow passages 122-1 include an inlet 20 132-1
and an outlet 134-1 spaced from the inlet 132-1 and have a constant
cross-sectional  dimension between the inlet 132-1 and outlet 134-1.
Turbulent flow illustrated by arrows  136 flows into the inlet 132-1 along
the flow passages 122-1 and is discharged from outlet  134-1. Turbulent air
which passes through the flow passages 122-1 is discharged as more  



25 laminar flow as illustrated by arrows 138 to reduce turbulence in the
flow field to reduce  flow induced vibration of the head and suspension
components. The flow controller also  reduces pressure and velocity acting
on the suspension components and the head. A  thickness 139 of the flow
gate 124-1 defines a length of the flow passages 122-1 between  inlet 132
and outlet 134. The thickness is designed to provide a flow passage length
which 4 WO 01/097221 PCT/US01/19051  reduces turbulence in the flow field
without introducing unacceptable drag to the rotating  disc due to the
shear force between interfacing surfaces of the flow gate 124-1 and the
rotating disc 104. Drag between the interfacing surfaces can increase power
requirements of  the spindle driver 108. 5 FIGS. 3-1 through 3-3 illustrate
an alternate flow gate embodiment 124-2 formed of  a block structure 140.
As shown the block structure 140 similarly includes a plurality of flow
passages 122-2 having an inlet 132-2 and outlet 134-2 (as illustrated in
FIG. 3-3) to condition  flow to reduce flow induced vibration as previously
described. Alternate flow gate structures  can be used and application is
not limited to the particular embodiments shown. In 10 particular, in the
embodiment illustrated in FIG. 3-1, the flow gate structure is shown
including three rows of flow gates 122-2 and in FIGS. 3-2-3-3, four rows of
flow gates 122-2  are shown, however, application is not limited to any
particular number of passage rows. In  the illustrated embodiment, outer
portion of block structure 140 includes a plurality of  interfacing tips
141 which form open flow passages 122-2 which are not closed by a plate, or
15 other structure. Tips 141 reduce surface area proximate to the disc
surface to reduce shear  force area upon which shear force acts to reduce
drag. In an alternate embodiment illustrated in FIG. 4, flow gate 124-3 is
formed of an  array or a plurality of tubes 142. As shown, the plurality of
tubes 142 form a plurality of  streamline flow passage 122-3 having an
inlet 132-3 and 134-3 to condition air flow in the  20 flow field as
previously described for the alternate embodiments. Flow turbulence in the
flow field increases proximate to the head assembly 106 as  



flow is constricted along the path of the head assembly 106. Turbulent flow
along the head  assembly 106 increases excitation or vibration of the
suspension and head components.  Thus, as illustrated in FIG. 5, flow gates
as previously described can be positioned in the 25 flow field to reduce
flow turbulence upstream of the flow path to the head assembly 106 to
limit excitation of the head assembly 106 (and non repeatable runout
"NRRO") and  downstream of the head assembly 106 to smooth flow turbulence
of flow constricted by the  head assembly 106. 5 WO 01/097221
PCT/US01/19051  As shown in FIG. 5, a first inflow gate 146 is positioned
upstream of the head and suspension assembly and an outflow gate 148 is
positioned downstream of the head assembly  106. Each of the inflow and
outflow gates 146, 148 includes a plurality of streamline flow  passages
122 as previously described to reduce turbulent flow. Inflow gate 146 is
positioned 5 upstream of the head assembly 106 to reduce turbulent flow to
the head assembly 106 and  outflow gate 148 is located downstream of the
head assembly 106 to condition flow  constricted or excited by the head
assembly 106. As shown in FIG. 5, inflow and outflow gates 146, 148 are
supported relative to a  chassis 150 of the disc drive (illustrated
diagrammatically). Head assembly 106 is pivotally  10 supported relative to
the chassis 150 to move heads 108 between an inner position and an outer
position (as shown in FIG. 5) relative to the inner and outer diameters
152, 154 of the  disc 104 to read data from or write data to tracks on the
disc 104. In the one embodiment  shown, a width 156 of gates 146, 148
extends between the inner and outer pivot positions of  the head assembly
106 to provide flow field control for the heads pivotally supported 15
between inner and outer position as shown in FIG. 5 to reduce flow induced
vibration.  Although FIG. 5 illustrates a particular inflow gate 146 and
outflow gate 148, application of  the present invention is not limited to
the particular arrangement of inflow gate 146 and  outflow gate 148 shown
in FIG. 5. Although a particular, orientation is illustrated for inflow
and outflow gates 146, 148, application is not limited to any particular
orientation of the 



20 inflow and outflow gates 146, 148 or any particular width therefor. In
alternate embodiments, the flow conditioning device provides flow
directioning or  flow direction control. In one embodiment illustrated in
FIGS. 6-1-6-2, flow device includes  a flow gate 124-4 which includes a
plurality of flow directing passages 122-4. Passages 122- 4 have a constant
cross-sectional area or dimension and are angled or curved between inlet 25
132-4 and outlet 134-4 to control or shift the direction of flow as
illustrated by arrows 158  through passages 122-4. As illustrated in FIG.
7-1, flow gate 124-4 can be positioned  upstream of the head and suspension
assembly 106 to direct flow generally inwardly toward  the inner diameter
152 of disc 104 away from the suspension assembly to limit interference
with the suspension components to reduce flow induced vibration. In an
alternate 6 WO 01/097221 PCT/USO1/19051  embodiment illustrated in FIG.
7-2, flow gate 124-5 includes angled or curved passages to  direct flow
outwardly toward the outer diameter 154 of the disc away from the head and
suspension assembly to limit interference with the suspension components to
reduce flow  induced vibration. 5 Application of the present invention can
be used to control flow field turbulence for a  disc stack assembly. FIG. 8
illustrates a disc stack assembly including a plurality of discs  104-1,
104-2, 104-3, 104-4 supported by a spindle assembly 102 including a spindle
hub 160  supported for rotation about a spindle shaft 162 via bearings 164
(illustrated schematically).  As shown, discs 104 are stacked on hub 160
and separated by spacers 166 to form a plurality 10 of gaps 168
therebetween. Flow field control is provided in gaps 168 between discs 104
of  the disc stack by a flow control assembly 170 including a flow control
block 172 supporting  a plurality of stack flow gates 174 extending from
the block 172. The stacked flow gates 174  include a plurality of
streamline flow passages as previously described to limit flow induced
vibration of the head and suspension components. 15 The flow control block
172 is supported relative to the chassis of the data storage  device to
support the stacked flow gates 174 in gaps 168 between the discs 104. The
flow  



control assembly 170 is merged with the disc stack prior to assembly of the
disc stack  relative to chassis 150 of the disc drive. In the embodiment
shown, control block 172  includes a first end 176 which secured to a
chassis base 178 of the disc drive (illustrated 20 diagrammatically) and a
second end 180 secured relative to a chassis cover 182 of the disc  drive
(illustrated diagrammatically) to provide flow field vibration control as
described.  Flow control devices for upper and lower disc surfaces for
outer discs 104-1, 104-4,  respectively, can directly coupled to the
chassis cover 182 and chassis base 178. In an embodiment illustrated in
FIG. 9, honeycomb structure 130 is supported in gap  25 168 to form a flow
gate or control device for lower surface of disc 104-1 and upper surface of
disc 104-2. In the embodiment of FIG. 10, flow gate 124-6 includes a
plurality of tubes 142  supported on plate 184. Plate 184 is supported
relative to discs 104 (for example in gap 168).  In the embodiment shown,
plate 184 supports first and second flow gate portions 186-1, 186- 2 to
provide a flow conditioning device for a lower surface of a first disc and
an upper 7 WO 01/097221 PCT/US01/19051  surface of a second disc supported
in stacked relation. The plate 184 forms a blockage in the  flow field to
slow air flow and reduces flow energy in the flow field thereby reducing
excitation on the suspension components and the head. In the embodiment
illustrated in FIG. 11, the flow gate 124-7 includes a plurality of  5 flow
passages 122 formed by fins 188 supported on and extending from plate 190.
In the  embodiment shown, plate 190 supports first and second flow gate
portions 192-1, 192-2 to  provide flow conditioning for a lower surface of
a first disc and an upper surface of a second  disc supported in stacked
relation. The plate 190 also restricts flow passage to reduce  turbulence
energy to provide a more laminar flow along the flow field. Although
particular 10 flow device structures are illustrated in FIGS. 9-11,
application is not limited to the particular  embodiments or arrangements
shown. FIGS. 12-13 illustrates an alternate flow control embodiment. As
shown in FIG. 12- 13, the flow control device extends about the
circumference of a disc. The illustrated device  



includes a plurality of radially spaced circumferential flow passages 194
extending about a 15 circumferential of the disc between the inner diameter
and the outer diameter of the disc . In  the embodiment shown, the
circumferential flow passages 194 are formed by circumferential  radially
spaced fins 196. FIG. 12 illustrates an embodiment of a circumferential
flow control  device for a disc stack including discs 104-1, 104-2. As
shown fins 196-1, 196-2 are supported on a base cover 182 and chassis base
178, respectively to form flow passages for  ?0 upper surface of disc 104-1
and lower surface of disc 104-2. Fins 196-3, 196-4 are supported  on plate
198 to form fins for lower surface of disc 104-1 and upper surface of disc
104-2,  respectively. Plate 198 is disc shaped similar to the magnetic
recording discs 104.  Circumferential fins 196 provide streamline flow
passages to "break up" large vortices to  reduce pressure imbalances on the
disc surfaces reducing disc flutter for improved Z5 trackability and reduce
pressure and velocity fluctuations acting on suspension assemblies  and
actuator arms supporting the suspension assemblies. The present invention
relates to a flow control device for a data storage system to  reduce flow
induced vibration. In one embodiment the flow control device includes a
flow  gate (such as 124) including a plurality of streamline flow passages
(such as 122) to reduce  8 WO 01/097221 PCT/US01/19051  turbulent flow in a
flow field along the disc surface. In one embodiment flow gate (such as
124) is positioned upstream of a head suspension assembly and/or down
stream of the head  suspension assembly. In another embodiment, the flow
control device includes a plurality of  circumferential radially spaced
flow passages (such as 194). 5 It is to be understood that even though
numerous characteristics and advantages of  various embodiments of the
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 detail, especially in matters  of structure and arrangement of parts
within the principles of the present invention to the full 0 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 while maintaining substantially the same
functionality without departing from the  scope and spirit of the present
invention. In addition, although the preferred embodiment is  illustrated
for a magnetic disc drive, it will be appreciated by those skilled in the
art that the 5 teachings of the present invention can be applied to other
systems, like optical or magneto- optical systems, without departing from
the scope and spirit of the present invention. ,5 9 WO 01/097221
PCT/US01/19051  WHAT IS CLAIMED IS: 1. A disc drive comprising:  a chassis;
5 at least one disc; a spindle assembly rotationally supporting the at
least one disc relative to the chassis  to form a flow field along a
surface of the at least one disc via rotation of the  at least one disc; a
head assembly including a suspension supporting at least one head
positionable  10 proximate to the disc surface; and a flow controller
supported in the flow field along the disc surface and including a
plurality of streamline flow passages to reduce turbulence in the flow
field.  2. The disc drive of claim 1 wherein the flow controller is one of
a flow gate supported  upstream of flow of the flow field to the head
assembly, or a flow gate supported 15 downstream of flow of the flow field
from the head assembly. 3. The disc drive of claim 1 wherein the flow
controller includes a plurality of flow  gates including an inflow gate to
condition flow to the head assembly and an outflow gate to  condition flow
excited by the head assembly. 4. The disc drive of claim 1 wherein the
plurality of streamline flow passages include  20 circumferential radially
spaced flow passages. 



5. The disc drive of claim 1 wherein the flow controller includes a flow
gate having one  of a honeycomb structure forming the plurality of
streamline flow passages, a block structure  forming the plurality of
streamline flow passages, or an array of tubes forming the plurality  of
streamline flow passages. 25 6. The disc drive of claim 1 wherein the
streamline flow passages are angled between an  inlet and an outlet of the
flow passages to redirect the flow field. 7. The disc drive of claim 6
wherein the streamline flow passages are angled one of  inwardly toward an
inner diameter of the at least one disc or outwardly toward an outer
diameter of the at least one disc. 10 WO 01/097221 PCT/US01/19051  8. In
combination; at least one disc supported by a spindle assembly rotationally
coupled to a chassis and  rotatable to induce a flow field along a surface
of the disc by rotation of the at  least one disc; and 5 a flow device
supported in the flow field and including a plurality of streamline flow
passages to reduce flow turbulence in the flow field. 9. The combination of
claim 8 wherein the plurality of streamline flow passages include  one of a
plurality of radially spaced circumferential flow passages or a flow gate
including  the plurality of streamline flow passages. 10 10. The
combination of claim 8 wherein the streamline flow passages are angled to
redirect the flow field. 11 


