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~ APPARATUS AND METHOD FOR
REDUCTION OF IDLE-MODE ACOUSTICS IN A DISC DRIVE

Technical Field
The invention relates generally to disc drives and specifically to reducing

the acoustic noise generated when a disc drive undergoes a seek operation.

Background
Disc drives are data storage devices that store digital data in magnetic form

on a rotating storage medium on a disc. Modern disc drives comprise one or
more rigid discs that are typically coated with a magnetizable medium and
mounted on the hub of a spin motor for rotation at a constant high speed.
Information is stored on the discs in a plurality of concentric circular tracks
typically by transducers ("heads”) mounted to an actuator assembly for movement
of the heads relative to the discs. During a write operation, data is written onto
the disc track and during a read operation the head senses the data previously
written on the disc track and transfers the information to the external environment.

The heads are each mounted via flexures at the ends of actuator arms that
project radially outward from the actuator body or “E” block. The actuator body
typically pivots about a shaft mounted to the disc drive housing adjacent the outer
extreme of the discs. The pivot shaft is paraliel to the axis of rotation of the spin
motor and the discs, so that the heads move in a plane parallel to the surfaces of
the discs.

Typically, such actuator assemblies employ a voice coil motor to position
the heads with respect to the disc surfaces. The voice coil motor typically includes
a flat coil mounted horizontally on the side of the actuator body opposite the
actuator arms. The coil is immersed in a vertical magnetic field of a magnetic
circuit comprising one or more permanent magnets and vertically spaced apart
magnetically permeable pole pieces. When a controlled direct current (DC) 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
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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. The actuator
thus allows the head to move back and forth in an arcuate fashion between an
inner radius and an outer radius of the discs.

The movement of the actuator so that the head moves from one position to
another is called a “seek.” Typically, a seek is controlled by a feed
forward/feedback actuator servo control system. The DC current generated by the
control system is derived from a velocity profile which governs how the actuator
is accelerated from its initial position, the maximum velocity the actuator achieves
and how the actuator is decelerated to compiete its movement at the final position
of the seek. Thus the attributes of the velocity profile determine the overall seek
time. Typically, the acceleration rate, maximum velocity and deceleration rate in
the velocity profile are the maximum allowable by the hardware in order to
minimize the seek time. In a typical disc drive, there is only one velocity profile
that governs actuator movement, 'regardlesé of whether the drive is idle, secking in
response to a user command or 'seeking in response to a command from some
other source such as a network.

Disc drive seek operations create audible noise. The noise created is
related to a number of factors including the overall seek speed, the specific
atrributes of the velocity profile and the disc rotating speed. Disc drive users

| recently have required higher data storage capacities and increased performance in

drive designs resulting in faster seek times, faster disc rotation speeds, higher
actuator assembly velocities and higher rates of acceleration dnd deceleration; all
of which increase the audible noise from the drive.

The increased noise from disc drives has become a perceived problem in
today’s office environment by many users. Normally, the sound of a seeking disc
drive is comforting to users when they have issued a save command or when they
know the drive should be seeking. However, most disc drives today also perform
seeks whicharenotinitiatedbytheuser@ringidleperiodsandﬁvhengiven
network commands. Typical disc drives automatically pérform self-diagnostic and
maintenance seeks during idle peridds and also seek to random positions to
prevent the furrowing or migration of lubricant on the surfaces of the discs. The
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‘noise generat_ed by seeks not lmnatedby a _qutnmand from the user can be .
~annoying to the-usetj because most users do not understand why the drive is

seeking. In fact, noise from idle period seeking and seeking due to commands
unknown to the user have caused some users__to believe that their drive is broken
or malfunctioning.

s Summary of the Inventlon

Against tlns backdrop the present mventton has been developed 1t has
been determined thet_audible seek noise e__an_be_ reduced by slowing the seeking of
the actuator arrn, although dunng dr_ive operation this no_t desirable because the
users demand fast ré:sponse to theu' commande. However, during periods when
the dnve is idle and awamng commands from the user, nunnmzmg the seck times
is not a priority. Generally, most commands not mmated by the user do not
require minimizing seek times. Also, it has been further determined that different
actuator positions relat:ve to the dxses cause dxffenng amounts of audible noise. In
some cases the audxble notse can vary up 1o 1 deelbel (dB) between different
actuator positions on the d1scs whlch corresponds to a faetor of 10 difference in
the acoustic power generated dependmg on the actuator position. This noise is
additional to the aughble noise generated by the seeking .of the actuator discussed

above. _
The method and apparatus m accordance with the present invention utilizes
the two observatlons mentioned above to m1mm1ze aud1ble noise generated by idle
disc drives due to the seehng and position of the aetuator The method and
apparatus also includes minimizing the audlble nmse for any seekmg not initiated
by the user.

_ Accordingly, an aspect of the mventlon is found m a method of minimizing
audible seek noise m drive for any seeking not mmated by the user. This method
meludes a step of developmg a low-noise velocity profile specxﬁcally de&gned to
reduce the no:se generated by movement of the actuator dunng seekmg This
proﬁle adjusts the aeeeleranon maximum veloclty and deeeleratlon to mxmmme
the noise produced. from the act of movmg the actuator, Next, the low-noise
velocity profile is selected durmg idle penods to govem all movement of the
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actuator. In addition, use of the low-noise velocity profile can be extended to all
movement of the actuator not initiated by the user. |

Another aspect of the invention is found in a method of minimizing audible
noise in an idle disc drive using the observation that different actuator positions
are relatively noisier than others. The method includes a step of rotating the
actuator assembly to a plurality of actuator assembly positions. The actuator
positions may correspond to tracks on the disc but this is not required. Next, a
noise level associated with each actuator assembly position is determined and this
information is used to adjust the drive operation during idle periods to minimize
audible noise from the drive. In the present invention, the information is used in
controlling actuator seeking and position selection during idle periods.

In one aspect of the invention, the noise level information is used during
idle period seeking to adjust the velocity profile of the seck to minimize the
overall noise generated by the seek. This is done by including the position noise
as a part of a function that describes the overall noise cmteﬂ by seeking from one
position to another and includes the noise generated by the act of accelerating,
moving and decelerating the actuator based on the velocity profile. Solving the
function for a minimum produces a velocity profile that minimizes the overall
noise generated during the seek.

In another aspect of the invention, the noise level of each position is used
to determine what actuator positions are used and how long the actuator spends in

- each position during idle periods. One alternate method includes determining a set

of actuator positions that are the least noisy, and using only positions from that set
during idle periods, selecting from that set randomly or by some other method.
The preferred method includes randomly selecting actuator positions during idle
periods from the range of all possible positions, and adjusting the duration that the
actuator is placed in the selected position based on the determined noise level of
that position such that the amount of time the actuator arm assembly spends in the
relatively noisier actuator positions is reduced.

These and other features as well as advantages that characterize the present
invention will be apparent from a reading of the following detéiled description and

a review of the associated drawings.
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Brief Description of the Drawing

FIG. 1 is a plan view of a disc drive _incorporati_hg-a preferred embodiment
of the present inventihn with the disc drive cover partially removed. -
FIG. 2 illustrates a typical velocity profile utilized for a seek operation in a
disc drive. o | S _'

FIG. 3 illustrates a low-noise velocity profile fqr a seek,operaﬁon during
idle periods in accordance with a preferred embodiment of the present invention.

FIG. 4 is a software flow diagram of the preferred embodiment showing
the selection of a low-noise velocity profile when the dﬁve is idle.

FIG. § illustrates a position noise level distribution for a disc drive in

accordance with the preferred embodiment of the present invention.

Detailed Description of the Preferred Embodiments
A disc drive 100 constructed in accordance with a preferred embodiment of

“the present inventio_n.is shown in FIG. 1. The disc drive 100 includes a base 102

to which various components of the disc drive 100 are mounted. A top cover 104,

.shown partially cut away, cooperates with the base 102 to-form an internal, sealed

environment for the disc drive in a conventional manner. This assembly is called
a head disc assembly (HDA) 101. The components inch_xde a spin motor 106
which rotates one or more discs 108 at a constant high speed. Information is
written to and read from tracks on the discs 108 through the use of an actuator
assembly 110, which rhtates_ about a bearing shaft assembly 112 positioned
adjacent the discs 108. _ o o

The actuator assembly 110 includes a plurality of actuator arms 114 which
extend over the surfaces of the discs 108, with one or more flexures 116 extending
from each of the actuator arms 114. Mounted at the distal end of each of the
flexures 116 is a head 118 which includes an air bearing slider enabling the head
118 to fly in close proximity above the corresponding: surface of the associated
disc 108. _ .
The spin motor 106 is typically de-energized when the disc drive 100 is not
in use for exbended.periods of time. At such times, the heads 118 are moved over
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park zones 120 near the inner diameter of the discs 108 when the drive motor is
de-energized. The heads 118 are secured over the paik zones 120 through the use
of an actuator latch arrangement 122, which prevents inadvertent rotation of the
actuator arms 114 when the heads are parked.

The radial position of the heads 118 is controlled through the use of a voice
coil motor (VCM) 124, which typically includes a coil 126 attached to the actuator
assembly 110, as well as one or more permanent magnets and return plates 128
which are spaced apart and establish a vertical magnetic field between them in
which the coil 126 is immersed. The controlled application of current to the coil
126 causes magnetic interaction between the permanent magnets 128 and the coil
126 so that the coil 126 moves in accordance with the well known Lorentz
relationship. As the coil 126 moves, the actuator assembly 110 pivots about the
bearing shaft assembly 112 and the heads 118 are caused to move across the
surfaces of the discs 108.

A flex assembly 130 provides the requisite electrical connection paths for
the actuator assembly 110 while allowing pivotal movement of the actator
assembly 110 during operation. The flex assembly includes a printed circuit board
132 to which head wires (not shown) are connected; the head wires being routed
along the actuator arms 114 and the flexures 116 to the heads 118. The printed
circuit board 132 typically includes servo controller circuitry, including a
microprocessor and memory for control software for controlling the write currents
applied to the heads 118 during a write operation and for amplifying read signals
generated by the heads 118 during a read operation. The flex assembly terminates
at a flex bracket 134 for communication through the base deck 102 to a disc drive
printed circuit board (not shown) mounted to the bottom side of the disc drive
100.

FIG. 2 illustrates a typical velocity profile 136 for a typical seek wherein
thie actuator assembly position 182 is plotted on the abscissa and the velocity 188
of the actuator assembly 110 measured at the head 118 is plotted on the ordinate.
The profile 136 illustrates the velocity of the actuator assembly 110 at any given
position as it seeks from an initial position (x;) 138 to a final position (x,) 140.
The actuator assembly 110, starting at the initial position (x,) is accelerated from
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that position to a maxunum velocity (V) 142 at a predetermined rate as shown
by the acceleration portion 144 of the profile 136. Then the actuator assembly
110 is moved at the maximum velocity 142 until the assembly reaches a
predetermined distance 146, (d), away from the final position 140. Then the
actuator assembly 110 is decelerated in accordance with the deceleration portion
148 of the velocity profile 136 so that the assembly comes to rest with the head
118 at the final position 140. ‘Typically, the acceleration portion 144 is the
maximum acceleration achievable by actuator assembly 110. Similarly, the
maximum velocity 142 is typically dictated by the maximum velocity achievable
by the actuator assembly 110.

" A significant amount of research has been devoted to optimizing the
velocity profile 136. A velocity profile 136 can be a mathematical function or a
series of lookup tables and often is some combination of both. The focus of
developing such profiles is minimizing total seek time or minimizing the seck time
while meeting some additional performance criteria such as seek precision,
reproducibility or maxxmum allowable acoustic noise.

A preferred embodiment of the present invention involves the servo control
system using one or inore alternate velocity profiles, in'additi_on to a typical
minimum seek time velocity profile 136 described above, and includes a means for
storing all the profiles-and a means for selecting a stored profile based on the
source of the seek command.

More partichlarly the preferred embodiment includes the development of a
lIow-noise velocity profile 150 such as is shown in FIG. 3 in addition to a typical
minimum seek time velocity profile 136 described above. The low-noise velocity
profile 150 differs from the typical profile 136 in that its primary purpose is to -
achieve a low audible noise specification at the expens§ of total seek time. As in
FIG. 2, the actuator assembly position 182 is plotted on the abscissa and the
velocity of the actuator measured at the head 118 is plotted on the ordinate. The

profile 150 again illustrates the velocity of the actuator assembly 110 at any given

position as it seeks from an initial position (x,) 139 to a final position (x).141.
The actuator assembly 110, starting at the initial position of x, 139, is
smoothly accelerated from that position to a predetermined low-noise velocity (Vy,)
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152 (which is le_ss that the maximum velocity 142) ata __predetennined rate as
shown in the aceelefation portion 145 of the profile 150. Then the actuator
assembly 110 is moved at the Jow-noise velocity 152, until the assembly reaches a
predetermined distance (d,;) 147 from the final position 141. Upon reaching that
distance 147, the actuator assembly 110 is decelerated in accordance with the
deceleration portion 149 of the velocity profile 150 so that the assembly comes to
rest with the head 118 at the final position 141.

The low-noise velocity profile 150 may be determined through many
different methods such as drive testing, arbitrary selection of a low-noise velocity
152 or reductions in acceleration and deceleration rates, or velocity profile
modeling. The low-noise velocity profile 150 is determined through direct testing
in the preferred embodiment by measuring the audible noise produced during
secks while varying the profile attributes. Note that minimizing the total seck time
is not a prime factor in determining the low-noise velocity profile 150 in the
preferred embodiment discussed.

FIG. 4 presents an exemplary flow diagram of a software routine that may
be used by the servo controller for selection of the low-noise velocity profile for .
secks by the disc drive servo control system such as during routine housekeeping |
operations in accordance with the invention. A similar routine would be used to
position the actuator assembly during idle periods, except that rather than a low
noise velocity profile being selected, a set of low noise positions is selected for
placement of the actuator assembly.

The exemplary routine begins in operation 160, where the servo control
periodically samples for seek and reset commands from the external environment.
Next, control transfers to the query operation 162. In query operation 162 the
presence of a séek or reset command is determined. If a seek or reset command is
present, the servo controller has determined that the drive 100 is not idle and that
the seek or reset should use the minimum seek time velocity profile 136. Control
then transfers to query operation 166.

Query operation 166 determines whether the current velocity profile
loading into memory is the minimum seek time profile 136. If the current profile
in memory is the minimum seek time profile then control transfers to operation
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168 to perform the seek or reset after which control transfers back to the original
operation 160 to resume samplmg for external commands.. However, if query
operation 166 deterjnin‘es that the current profile in memory is not the minimum
seek time profile 156, then the control transfers to operation 170..  Operation 170
loads the minimum seek time profile 136 into memory and transfers control to
operation 168 to perform the seek or reset after which conﬁ'ol transfers back to
operation 160 for samplmg for external seek commands.

If a seek or- resetcommandls notpresentmoperauon 160, the query
operation 162 uansfers_ control to query operation 172.. Query operation 172
determines if a-predete_fmined- period of time has passed since operation 160 has
detected a seek or reset command. If the predetermined time has not passed in
operation 172, then control returns to the original oper_ation_l_ﬁo.- If query

' operation 172 determines.that the predetermined amount of time has passed since

the last seek o reset command was detected, then the drive 100 is idle and
command transfers to query operauon 174.

Query operation 174 determines whether any idle-mode seeks, such as
maintenance or self-diagnostic seeks. are necessary. If none are necessary, e.g.,
scheduled, control returns to operation 160.- If the answer is yes, i.c., a
maintenance or a self-dxagnosnc seck is required, then control transfers to query
operation 180.

Query operation 180 determines whether the current veloclty profile loaded
into memory is the low-noise profile 150. If so, then controi transfers to
operation 176 in which the idle-mode seek and diagnostic is performed and after
which control returns to the original operation 160 for sampling for an external
command. If query operation 180 determines that the current profile in memory is
not the low-noise profile 150, then control transfers to operation 178 where the
low-noise profile 150 is loaded into active servo controller memory. Control then
transfers to operation 176 and the idle-mode seek is performed. Control then
returns to the operation 160.

The software flow diagram shown in FIG. 4 may be supplemented and
modified to select the low-noise velocity profile for any or all non-user initiated
seek commands, not just an idle-mode seek command as described above.
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- Another aspect of the invention exploits the observation that different
actuator positioxis;zfé:iative to the rotating disc or discs 108 create differing levels
of noise. FIG. 5 shows an experimentaily determined exemplary position noise
level distribution for a disc drive 100. The actuator assembly position 182 is
again plotted on the abscissa and the measured noise level 184 is plotted on the
ordinate. This example shows that the noise level 184, experimentally measured
as acoustic power, can vary by about a factor of ten between the minimum
acoustic level and the maximum acoustic level. Each disc drive 100 is preferably
tested using a noise detection transducer (not shown) positioned in the disc drive
100 in the preferred method, although any means of measuring the noise level 184
may be used. During testing, the actuator 110 is sequentially placed in each
predetermined position 182, which may or may not correspond to data storage
tracks (not shown) on the discs 108, and the noise level 184 at that position 182 is
measured. _

The noise levels 184 and corresponding positions. 182 are preferably stored
in the drive 100 for repeated use, although this is not necessary. For example, in
one alternate embodiment, the measured noise levels 184 and corresponding
positions 182, collectively feferred to as the position noise level information, are
used to generate 2 mathematical function 186 that approximates the noise level 184
at each position 182. In this alternative, the mathematical function 186 is
subsequently used to reduce audible noise rather than the actual position noise
level information.

FIG. 6 provides an exemplary flow diagram of a routine to measure the

-noise levels 184 in a drive 100. The routine starts in operation 151 where the

operability of an acoustic transducer is determined. Control then transfers to
operation 153 where a new actuator position is sequentially selected. For the first
measurement, the position 182 could correspond to track 000, for example.
Control then transfers to operation 155 where the servo controller seeks to the

‘selected position 182. Control then transfers to operation 157 where the noise

level at position 182 is measured. This measurement may be in two parts, the first
being measurement during the seck and the second, after arriving at the specified
position. The data accumulated during the seek could be culled and compiled to
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determine an optimum velocity profile as discussed above. Control then transfers
to query operation 157. | ' I

Query operation 157 determines, after a predetermined time period,
whether sufficient noise level data has been received. If not, control transfers to
operation 161 where the noise level measuremerit is contimuied for an additional
time period. Control'. tf;en transfers back to operation 157 and then back to query
operation 159. If sufficient noisé level data at the position is collected in query

“operation 159, control then passes to operation 163 where the information is

stored for future use. - Control then transfers to query operation 165.

Query'bﬁcr;tidn 165 determines whether another position is to be tested for
noise level. If so, control transfers back to operation 153 where a new actuator
position is selected. : Then the sequence of operations 155 through 165 is -
repeated.  If no further positions are to be tested, control transfers to return
operation 167. This j)focess of noise level determination is preferably performed
during drive manufacture and initial testing. The noise level position data may be
stored in the partiéular-drive for use during subsequent drive operation to
minimize the noise that the user might hear, especially during idle periods.

There are a number of alternate methods for determining the position noise
level information.  One alternative to actually measuring the position noise level
information directly in each disc drive is to'model a pérameter such as the noise, -
vibration, air turbulence or some other parameter that is related to the noise level
184 at each position 182 and use the results of the model to approximate the
position noise level information. Another alternative to measuring the position -

" noise level information for each drive 100 is to measure the parameters in a

number of drives 100, statistically analyzing the information and creating
representative position noise level information profiles that may be used for all
like drives 100.

The present invention uses the position noise level information stored in the
disc drive 100 to modify the velocity profile 136 used during all disc drive 100
seeks. More particularly, the present invention uses the position noise level
information in determining a low-noise velocity profile 150 for use during disc
drive idle periods:as discussed above. In the preferréd embodiment, the position
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noise level information is preferably used to create a position noise. energy
generation funcfion’ E,, which is a function of the nbide level (N.) 184 at each
position (x) 182, and the time, t,, spent in each position. Because the noise level
184 is itself a function of position 182, once the position noise level information
has been determined E,, becomes a function of position 182 and time alone. If, as
in the preferred embodiment, the noise level 184 N, is measured as power in units
of joules per second at the point of measurement, then the equation for the energy
function is:
X
E.(x,9=2 N, t,
X=Xy

Solving the position noise energy generation function E,, given position noise level
information and the time spent in each position results in the total position noise
energy generated in joules. _

The position noise generation function E,, is summed with a seek noise
energy function E,,, which describes the noise energy generated during a seek due
to the actator acceleration, movement and deceleration, to create a third, total
noise energy function E,. E,_ can be derived from a predetermined velocity
profile 136 and is a function of the actuator position 182 x, and the time taken to
complete the seek t. The resulting total noise function, E,, is

. X _
E.x.0=2 (E,O+E,(x,1) )
X=X,

and describes the total noise energy generated from the seeking from the initial
actuator position 138 to the final actuator position 140 considering the time spent
at each position 182 during the seek. The optimum time necessary to generate the
least noise energy during the seck may be found by solving for the minimum E,,
for the seek. Depending on the complexity of the seek noise function E,,,
additional variables may be included to optimize various attributes of the velocity
profile to account for the noise levels of the positions moved through during each
seek. ' '
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The position noise level information is preferably used in selecting actuator
positions 182 during idle periods of drive-operation Preferably, a set of actuator
positions 182 is selected as representative. For example, this set may be-
determined based on the position noise level mformatlon for the drive, such as
excluding the n01s1est half or some other portion of the t_otal set of positions 182.
The set used in the'-;:pre.t:'erred embodi.ment. is preferably :thef set of all possible
addressable positions 182 - After determining-' the set, any method of selecting a
position 182 from the eet may be used to.po_sition the abtm_mr assembly, such as a

mathematically ra:i:dom_ selection or some type of sequential selection. In the

. preferred embodiment, a position 182 is chosen from the determined set, i.e. the

set of all possible p'ositione 1'82,. by random selection. "The corresponding noise
level (N,) 184, of that position x 182, is then used to determine the amount of time
(t,), that the actuater will stay in that position 182 before it is moved again
according 1o the foi_lov)ing formula:

| to=t (YN
where t, is a predetermmed reference time and Nyis a predetermmed reference
noise level. As can be seen, the effect of using the formula above is to reduce the
amount time spent-m the noisier positions 182 (because the term Ny/N, will be
smaller for noisierj’pdsitions) relative to the amount of time spent in the quieter
positions 182. Thus the overell noise generated from the selection of idle-mode
actuator positions is reduced, while preventing the ﬁlri'owing or migration of the
lubricant on the suirface's of the discs due to idle—mbde:' actuator placement.

In summaﬁ, one aspect of the present inventien may be viewed as a
method of reducin_ﬁ aﬁdible noise in a disc drive (suc_h as 100) having an actuator
assembly (such a_s' 110) positioned in worki.né_arrang_ement with one or more discs
(such as 108) coupled toa spin motor (such as 106). 'I‘l_n’::j method includes the
steps of: ' _ | B o _

(a) rotatmg the actuator assembly (such as 110) to a plurality of
actuator assembly _pos_itiqns (such as in operations 153 and 155);

®) deteimining a noise level associated with each actuator assembly
position (such as in operations 157 through 165); and
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(c)  controlling operation of the actuator assembly utilizing the noise
level and position iitformation determined in step (b) (#iich as in operations 160
through 180). _

‘The controlling step (c) may. include selecting a set of positions having a
noise level less than a predetermined value and positioning the actuator assembly
in a position within the set of positions during drive operation (such as is shown in
FIG. 5). Step (c) may also include calculating a velocity profile (as in FIG. 3)
governing the movement of the actuator assembly utilizing the noise level and
position information determined in step (b).

In particular, the step (b) of determining the noise associated with each
position (such as 182) may include determining a noise level associated with each
actuator assembly position (such as in operations 151 through 167) for a plurality
of disc drives (such as 100), recording the noise level and its corresponding
actuator position for each drive, and utilizing the recorded levels in a statistical or
mathematical analysis to create an average or representative noise level associated
with the set of actuator assembly positions (such as in FIG. 5).

Preferably the invention may be viewed as a method of reducing audible
noise caused by the positioning of an actuator assembly in a disc drive during idle
periods. In this instance the method has the basic steps of rotating the actuator
assembly to a plurality of actuator assembly positions such as in operation 153 and
155, determining a noise level associated with each actoator assembly position
(such as in operation 157 through 159), selecting an actuator assembly position
(such as in operation 178) based on the noise level for each actuator assembly
position, and placing the actuator assembly in the position sefected during idle
periods (such as in operations 174 through 180). Each noise level and its position
may be stored for use by the servo controller (such as in operation 163). Also, a
set of actuator positions may be determined with a noise level below a
predetermined threshold value and the actuator assembly position selected from
within this set of positions. Stated another way, the selection of an actuator idle
position may include determining a set of actuator assembly positions based on the
noise levels determined above and selecting an actuator position from the set thus
determined. The selecting may be done according to a scheme such as sequential
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positions or by randomly selecting an actuator position from the set. Further, the
noise level may be minimized by determining a"duration that the actuator assembly
will remain in that position based on the noise level and position information

previously determined and placing the actuator assembly in the position selected

~ for the duration determined and then moving the actuator assembly to another

position.

Another aspect of the invention may be viewed as a disc drive apparatus
(such as 100) that has an actuator assembly (such as 110) adjacent one or more
rotating data storage discs (such as 108) coupléd to a spin motor (such as 106)
that rotates the discs. The actator assembly (such as 110) is rotatable through a
i-a.nge of positions placing read/write heads (such as 118) at various locations on
the one or more discs. A servo controller is coupled to the actuator assembly
(such as 110) for controlling the 'posit_ioning of the actuator assembly. This servo
controller utilizes noise level information (such as in operations 151 through 167)
in determining an actuator movement contrbl signal. The servo controller
preferably utilizes a set of predétermined actuator positions each having a reduced
noise level to select an idle condition actuator position for the actuator assembly
during drive operation (such as in operations 160 through 180). Preferably the

noise level information is a low noise vélocity profile (such as is shown in FIG.

" 3). Also, the servo controller preferably positions the actuator assembly in one of

the reduced noise level actuator positions between receipt of externally generated
seek commands (such as in operations 160 through 180). The noise level -
information utilized may be experimentally determined (such as in operations 151
through 167). In particular, ' '

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 a presently
preferred embodiment has 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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What is claimed is:

1. A method of reducing audible noise in a disc drive having an
actuator assembly positioned in working arrangement with one or more discs
coupled to a spin motor, the method comprising steps of:

(2) rotating the actuator assembly to a plurality of actuator assembly
positions;

(b) determining a noise level associated with each actuator assembly
position; and

(¢) controlling operation of the actuator assembly utilizing the noise level
and position information determined in step (b).

2. The method of claim 1 wherein step (c) comprises steps of:

(c)() selecting a set of positions having a noise level less than a
predetermined value; and

(c)(ﬁ) positioning the actuator assembly in a position in the set of positions
during drive operation.

3. The method of claim 1 wherein the step (c) comprises calculating a
velocity profile governing movement of the actuator assembly utilizing the noise
level and position information determined in step (b).

4. The method of claim 2 wherein determining step (b) comprises
steps of: _

(b)}(©) determining a noise level associated with each actuator asseﬁlbly
position for a plurality of disc drives;

(b)(ii) recording the noise level and its corresponding actuator position for
each drive; : :
(b)(iii) utilizing the recorded levels in step (b)(ii) in a statistical or
mathematical anatysis; and

(b)iv) creating an average or representative noise level associated with the

set of actuator assembly positions.
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5. A method of reducing audible noise caused by positioning of an

of:

actuator assembly in a disc drive during idie periods, the method comprising steps

(a) rotatmg the actuator assembly to a plurality bf actuator assembly-

positions;

position;

() determmmg a noise level associated with each actuator assembly

©) selectmg an actuator assembly position based on the noise level for

each actuator assembly position determined in step (b); aml
@ placmg the actuator assembly in the posmon selected in step (c)

during idle periods.

6.  The method of claim 5 wherein the determining step (b) forther
comprises a step of. stonng each noise Jevel and its con'espondmg actuator

position.

7. The method in claim 5 wherein the selectmg step (c) further

‘comprises steps of:

©(3) determmmg which actuator assembly posmon has a noise level

below a predetenmned value; and

(c)(ii) selecting the actator assembly position det¢rmined in step (c)(D).

8. The method in claim 5 wherein the selection of an actuator idie

position in step (¢} further comprises steps of:

©@ determmmg a set of actuator assembly posmons based on the noise

- levels determined in stcp (b); and

(c)(ii) selecting an actuator position from the set determined in (c)(i).

9. The method in claim 8 wherein selectmg step (c)(ii) comprises

17

" randomly selecting an actuator position from the set determmed in step (c)(i).
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10.  The method in claim 5 wherein steps (c) and (d) comprise steps of:

©® Selecnng an actuator assembly positibn; . :

(c)(ii) determining a duration that the actuator assembly will remain in that
position based on the noise level and position information determined in step (b);
and

(d) placing the actuator assembly in the position selected in step (c)(i)
for the duration determined in step (c)(ii) and then moving the actuator assembly

to another position.

11. A disc drive apparams comprising:

an actuator assembly adjacent one or more rotating data storage discs
coupled to a spin motor that rotates the discs, wherein the actuator assembly is
rotatable through a range of positions placing read/write heads at various locations
on the one or more discs; and

a servo controller coupied to the actuator assembly controlling positioning
of the actuator assembly, wherein the servo controller derives an actuator

movement control signal from noise level information.

12.  The apparatms of claim 11 wherein the servo controller utilizes a set
of predetermined actuator positions each having a reduced noise level to select an
idle condition actuator position for the actuator assembly during drive operation.

13.  The apparatus of claim 12 wherein the noise level information is a

low noise velocity profile.
14.  The apparatus of claim 13 wherein the servo controller positions the
actnator assembly in one of the reduced noise level actnator positions between

receipt of externally generated seek commands.

15.  The apparatus according to claim 12 wherein the noise level

information is experimentally determined.
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16. A disc drive apparatus having a reduced audible noise level during
drive operation comprising:
an actuator assembly adjacent a rotatihg disc for positioning a read/write
head over selected positions over the disc and a servo controller connected to the
5 acmator assembly for controlling the position of the actuator assembly; and
means coupled to the servo controller for selecting actuator positions based

on predetermined noise level information.

19

o



