- 5 F E B 2004 METHOD AND APPARATUS FOR ENABLI NG COLD TEMPERATURE
PERFORMANCE OF A DISK 5 10 15 ?0 25 BACKGROUND OF THE | NVENTI ON FFa@u@”?
the Invention The present invention relates to a method and appé
enabling cold tenperature performance of a disk. Background of the

I nvention There are enV|ronnentaI I power and
attenpti ng t (S 3 RPAR R 3 TN BV AT l ead to
extensive and often Irrevew  0ss. Armng such
d$trinental environnmental conditions is cold tenperatures. Manufacturers
often warn users of conputer systens, particularly personal conputers and

| apt op ﬁﬁg@g@§6§m%tgFaygEdINgEnqmgNon "col d" or "frozen" systenms until
the unit Safe enperature. Unfortunately, such
war ni ngs are gft n nhfeg +i8h conpletely ignored, by users. Thus, it is
inperativ5%34}—Jﬁfﬁ¥§%f—§u§§—tonputer systens from damage and/or data |oss

resulting fromsuch ill-advised_atte S at rnj "ol d' or "frozen®
syst ems beforéT?ﬁePEﬁ??“Ha%nﬁgaﬁloguggﬁ gnt&%’&b%ﬁ%’ [)a#§nect access

storage devices, or hard drives mndel used in ern conputers. Disk
drive un|agpan¢t@a for gnpbﬁlggzgglg5tempe aturxe perfm) ancg Jp 5

condltlons mhere ap

10 disk.

Backaground of the Invention

There are environmental conditions where applying
power and attempting to spin up a magnetic disk drive
15 storage device can lead to extensive and often
irreversible damage and data loss. Among such
detrimental environmental conditions is cold
temperatures. Manufacturers often warn users of computer
systems, particﬁlarly pérsonal computers and laptop
20 computérs, to avoid turning on “cold” or “frozen” systems
until the unit has warmed up to a “safe” temperature.
Unfortunately, such warnings are often unheeded, or
completely ignored, by users. Thus, it is imperative to
protect such computer systems from damage and/or data
25 loss resulting from such ill-advised attempts at turning
on “cold” or “frozen” systems before the unit has been
sufficiently warmed up.
Direct access storage devices, or hard drives, are

widely used in modern computers. Disk drive units, often
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10 15 20 incorporating stacked, comonly rotated rigid nmagnetic disks for
exanpl e, are used for storage of data in magnetic formon the disk
surfaces. Data may be recorded in radially spaced data informatLng Ermked
arrays on the surfaces of the disks. Transducer heads driven in 5 t
towards and away fromthe drive axis wite data to the disks and read data
fromthe disks. Figure 2. shows an exanple of a data storage disk file 100
that includes a magnetic disk drive unit 102 and interface control unit

114. Magnetic disk drive unit 102 includes at |east one disk 116 having at
| east oney gggg%yd%iﬁqjgggtkgai\Mﬂmmbnﬁﬁ/imt&kﬁdaxh@ydwmﬁﬁﬂﬁtécdisk drive
encl osure ? . "The disk 116 may be nounted for rotation on and by

| nt egr at egééﬁg%‘} L 5SS Y2926 £oit néwsrae oo odatachnnagnetic di sk

surface 1 beé rea romor witten to the disk surface 118 by a

correspondi ng transducer-h '%?ﬂb 228 yhi cha RYmB¢ bEvYebbedead a path
having a Wﬁ&%&ltlé:o et gtihtrjeogégl eéd’:.; otating disk su?f ace 118. Each

transducer head assenbly 128 he. c e p LB apmtagsenbly
130 The. isugpeiedy dacat din curaaniay b MafeRtRoattRe? P

si mul t aneous pivotal novenent by actuat coi | to zqope i W th
arns internahrﬁagm@:Qﬁuﬁhﬁn@#%ﬁﬁﬁﬂﬂﬁ%@nsé§?%ﬁ E?§§%|é1%§%Pig§ §O¥%Egpg

r
actuator coil notor 132 2 -5FEB2004 5 10 15 20 cause th% s%sp%%§ion arm
assenbl i egok3ds0 amieviay uiigorthe drive axis write data to e

disks and read data from the disks.

Figure 2 shows an example of a data storage disk
file 100 that.includes a magnetic disk drive unit 102 and

10 interface control unit 114. Magnetic disk drive unit 102

sncludes at least one disk 116 having at least one

magnetic surface 118 which may be contained within a disk

drive enclosure 122. The disk 116 may be mounted for

rotation on and by integrated spindle motor assembly 126.

15 Information on each magnetic disk surface 118 may be read

from or written to the disk surface 118 by a
corresponding transducer head assembly 128 which may be
movable in a path having a radial component across the

rotating disk surface 118. Each transducer head assembly

20 128 may be carried by a suspension arm assembly 130. The

suspension arm assemblies 130 are bundled together for
simultaneous pivotal movement by actuator coil motor 132

cooperating with an internal magnet and core assembly.

Drive signals applied to the actuator coil motor 132



to position the transducer head assenblies 128 in correspondence with
information storage tracks on the disk surfaces 118 on which ix§¢ERQNKoON
may be witten or read. In particular, disk drive unit 102 has two ngjor
mechani cal nechani snms that may be affected by cold tenperatures. The first
mechani smis actuator coil nmotor 132, where read/wite heads are di sposed,
and the second nechanismis spindle notor assenbly 126. The problem that
col d weat her poses to the spindle notor assenbly 126 is that, since a
torque constant increases as the tenperature r eof r eases,: ease in
the beari mgasea HdreofU HeHHER" mdFh an%%il?ﬁeiggyggf}pgg%i ﬁé} S s
performance and ability to nove or spin the disk drive. Current solutions
for operaticop@fitdick thé vieramsducdnZhead cas denbhpepaldPed™ ncl ude
attaching a resistive heater to the top cover 122 of the disk drive unit
102, whergin dhs et &s wBdh benfofmst Sohvetvkageencapkel @nedhd n captan
sheet. A fﬁernl tor, or equivalent tenperature sensor, may then attached
to the dis rive unj 0 j ace setent matyhpeehy inrasurca anbi ent
t enper at ufFe> lﬁHﬁ#%#%@s enf%%ﬁ@?iﬁg,P%ﬁgbfenperatu?e of the disk drive
unit 102 is neasured before spin-up of the actuator coil 3 - 5 F E B 2004 5
1 15 20 #sesk- 132 or spi ndl e notor assenbly 126. If the neasured

tenperature is below a predeterm ned m ni numt shold, . te rature,
Py T2 E8s1 e HR T

current (eitherlDRanG evlaptd seHs EufF EhE) u» Bpl i heat er,
and the tenperature may be neasured once nore. The steps qgscribed above
are mechanical mechanisms that may be affected by co d

temperatures. The first mechanism is actuator coil motor

132, where read/write heads are disposed, and the second
10 mechanism is spindle motor assembly 126. The problem
that cold weather poses to the spindle motor assembly 126
is that, since a torque constant increases as the
temperature thereof decreases, grease in the bearings
thereof becomes more viscous thereby affecting the

15 performance and ability to move or spin the disk drive.

current solutions for operation of disk drive unit
102 in cold temperatures include attaching a resistive
heater to the top cover 122 of the disk drive unit 102,
wherein the heater may be a resistive wire encapsulated
20 in captan sheet. A thermistor, or egquivalent temperature
sensor, may then attached to the disk drive unit 102 or
adjacent thereto to thereby measure ambient temperature.
During system power up, the temperature of the disk drive

unit 102 is measured before spin-up of the actuator coil



repeated as necessary until the nmeasured tenperature equals or exceeds the
m ni mum threshold tenperature. Then the heater may be turned off Y r
may be applied to the disk drive unit 102. The actuator coil mot ot QMF
and spindle notor assenbly 126, while spinning and read/wite accessing
shoul d then provide sufficient heat dissipation to self-heat the disk
drive. kbmever, If the tenperature of the disk drive unit 102 drops bel ow
a set-limt (i.e., 10 C below the mininumthreshold tenperature for

exanpl e), then the heater nmay once again et e

the di sk Wetos HARt orozpigglis §m8ﬁ”é%EE§H¥QUhéH%€h nﬁﬁ1€ﬁresﬁ£gngaature o
tenperature. This nethod reqU|res a significant anmpunt of power to

conpl et el yehpatatpriehd seiteilosy ai girattatermimiad TOPNHRwBrth¥eSBBLA up of both
the actuator coil motor 132 and the spindle notor assenbly 126. Thus, it

S essent{@hFEQaQ%Q@pom@ﬂﬁ@hﬁnwaﬂﬁﬁn&-aﬁsedutbqrcpﬁﬂs@eaﬁhere@h0|ronnents
on the normal operation of hard disk drives, which until present has been

done by 4 E E " "
b 12Q04 +5, 13, cl 32k 25, MBIl yha@voemipagat urai mgyohe” col d” or
"frozen" gte p?htl' the unit has warmed up to g?"safe" teggerature

S_nce such varni ngs are Qf ten qqﬂg He SOPDHEH LY
: egapeed, by users,
It is | ?3?P58%tonbro {&&T such Lﬁewesystens fr%ﬁ1danage ané/or dat a

| oss resul ti ngﬁgf L?é‘rrgorsr‘%%{]eﬁlﬁa{ﬁ}’adw seld ad qg@lﬁﬁgédtg @ﬂb@gagﬁrécol d" or

"frozen" B§BF Has" veen ci ent war ned up.

equals or exceeds the minimum threshold temperature.
Then the heater may be turned off, and power may be
applied to the disk drive unit 102. The actuator coil

10 motor 132 and spindle motor assembly 126, while spinning
and read/write accessing, should then provide sufficient
heat dissipation to self-heat the disk drive. However,
if the temperature of the disk drive unit 102 drops below
a set-1limit {i.e., 10° C below the minimum threshold

15 temperature for example), then the heater may once again
be turned on until temperature of the disk drive unit 102
equals or exceeds the minimum threéhold temperature.
This method requires a significant amount of power to
completely heat up the entire disk drive unit 102 prior

20 to spin up of both the actuator coil motor 132 and the
spindle motor assembly 126.

Thus, it is essential to overcome the problems posed

by cold weather environments on the normal operation of

hard disk drives, which until present has been done by



SUMMARY COF THE I NVENTION It is, therefore, a principle of object of this
invention to provide a nethod and apparatus for enabling cold tenperps uie
performance of a disk. It is another object of the invention to proVvide a
met hod and apparatus for enabling cold tenperature performance of a disk
t hat sol ves the above-nentioned problens. These and ot her objects of the
present invention are acconplished by the nethod and apparatus for
enabling cold tenperature performance of a disk disclosed herein. In view

of the fact that spi ggﬁérégnngéqnpnh§r T Hiesease agsaemenperature
t her eof W@Eﬁé&é@{éiiégifégént i nvention overcones the higher torque

required due to the jncreased viscasi fvibe-greasgebythigeal i zing the
heating M&tide BYyR Myt ?%ﬂwééﬁééhﬁﬁ.g%ﬁﬁs, the 5 & %0 15 20 25 viscosity

of the grease is reduced, and thergfore t esgnt . i enabl es

sel f - heaSiimgebypudie LRI BIT vr € ??ﬁ)%ﬁﬁ?%??%f §giﬁ?ﬂgggkb?2é spi ndl e

not or assenbly. According to a first exaqgle enbodigegE gh Bhe pr esent

i nvent i odgmogre,l yuruesns( O WE HPPHEASEYE EOrPERET “fay be applied to one

or nore windings of a stator of a disk drive unit, Due to hhe el ectrical

Qgsistanggm@dﬂaﬁ1symiemsmﬁrmm,d$m@@en@@db%rd¢§§?p£P§8 FAPHE 8% ndl e not or

assenbly, and the dissipated heat may be conducted into tgg beari ng and

bearing” greaseuciel 1 ¥ easEsedyat bempwar at t BUEDHDE| Rllm FREEShAd

tenperature, thus providing a safe environnent for normal operation of
“frozen” systems before the unit has been sufficiently

warmed up.

10 SUMMARY OF THE INVENTION

It is, therefore, a principle of object of this
invention to provide a method and apparatus for enabling

cold temperature performance of a disk.

It is another object of the invention to provide a
15 method and apparatus for enabling cold temperature

performance of a disk that solves the above-mentioned

problems.

These and other objects of the present invention are
accomplished by the method and apparatus for enabling
20 cold temperature performance of a disk disclosed herein.
In view of the fact that spindle torque requirements
increase as a temperature thereof decreases, the present
invention overcomes the higher torgue required due to the
increased viscosity of the grease by localizing the

25 heating to the spindle motor assembly. Thus, the
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spi ndl e notor assenbly. The amount of time required for the current,
i ncludi ng any one of a constant DC current AC current and, pul sed corbrkft 2004
to be applied to the windings of the stator of the disk drive unit may be
determned utilizing one of the followng. First, in consideration of a
vol tage neasurenent of the spindle notor assenbly, experinental
measurenents may be nmade on spindle notor assenbly to determ ne the change
in the resistance of the w ndings as they change with tenperature
depending on the change in curre ag N+ e ge¥OReWt hei ng. Such
nMeasur e afely- P st '”:'eag}fena%etg I%é%\n&? (?'n gngo%trol ler of the disk

drive unit and once the given resist € o 2004sk 4@il% 20 25
val ue ispmmaﬁnﬁuinVﬁﬂWEQHS%W%m&%@ %%in??%%lg? Egiﬁgle ﬁntor assenbly may

commence. Secondly, a therm stor may be provided on car. he di sk
drive uniduriFhe aroihtabtéerspinsepde e nestpise APLBraedetblyl

tenperature prior to power up. If the tenperature disk d%'ve unit card is
| ess than thegﬁdgfa&ngtﬁmeshﬁidsteﬁp@mﬁlﬁr@mbPﬁéméBﬁtPélI £ perforns a
table 1ook up for the tenperature that is closest to the neasured

gfnperatg&%séggefﬁg@ﬁ@&éﬁratgﬂalapphreena (BGy r B8Rt OLoPLAESSt at or wi ndi ngs

for the given tinme as specified within the table prior to spin-up of the

spi ndl e not senhl Ve ThSoBPEA- HP bhaesrwnokd Wéndipesi weEntial |y
deterningﬁrg%gﬁﬁeac nn?o%s%y measuring the bearing tenperature

stator of a disk drive unit. Due to the electrical

resistance within the windings, heat may be dissipated 1n

the spindle motor assembly, and the dissipated heat may

10 be conducted into the bearing and bearing grease. The

grease may then warm to a minimum threshold temperature,

thus providing a safe environment for normal operation of

spindle motor assembly.
The amount of time required for the current,

15 including any one of a constant DC current AC current and

pulsed current, to be applied to the windings of the

stator of the disk drive unit may be determined utilizing

one of the following. First, in consideration of a

voltage measurement of the spindle motor assembly,

20 experimental measurements may be made on spindle motor

assembly to determine the change in the resistance of the

windings as they change with temperature depending on the
change in current or voltage on a given winding. Such

measurements may be stored in a table within a controller

25 of the disk drive unit and once the given resistance
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versus tinme of current injection into the wi nding(s) of the spindle notor
stator. Lastly, a closed | oop feedback to the controller may be provided
for the heating cycle. The thermistor attached to the spindl e notor 5812604
be polled when initial power is applied to the disk drive unit. If the
measured tenperature is less than the mninumthreshold tenperature, the
controller may apply a current, including any one of a DC, AC or pul sed
current, to the spindle notor w ndings, and then continuously nonitor the

therm stor tenperature until th r 1 A Bs2Q@d12 10 15 20
t her mi st oM @éifpersat R?*ﬂﬁé%mﬁﬁf@éﬂi%@%@ﬁggglﬁ%§2%§zogngglgénornal spi n-up

of the spindle notor assenbly. A second exanpl e enbodi nent of the present
i nvent i onMot®rsiafigsiok b e 9§ eanpl e enbodi ment descri bed above

except that, instead of applying a current, including any g f DC, AC
or pul sed curr &ucondley, phadeerotsEpr mate Mot BFoﬁéggﬁbW ér Eggﬁiotfgd to
rock the spindle notor assenbly in a "back-and-forth" manner, while

avoi di ng spiendliesif rtiveiginsuch That corbrolderdfizppated efliRes s

wi ndi ngs and, as a result, heat may be dissipated into the grease. The

anpunt of diigke dihiate ddwd phasesratere opkedr t bogpAEeat ¥Pheat ft $Nse
dissipated wthin the windings may be determ ned by the exenplary

met hodol ogigsddasaiidedh abayeivé thi t dcexdmpbel esbotibapnt hef Mid Miesent
invention directly applies a heater to the outside of the spindle notor
assenmbly, .Qn JBY R @dhSErAtive] yihat eghatelleit pemforms a table
look up for the temperature that is closest to the
measured temperature. The controller then applies a
10 current to the stator windings for the given time as
specified within the table prior to spin-up of the
spindle motor assembly.
The spin-up times would be experimentally determined
for each motor by measuring the bearing'temperature
15 versus time of current injection into the winding(s) of
the spindle motor stator.
Lastly, a closed loop feedback to the controller may
be provided for the heating cycle. The thermistor
attached to the spindle motor would be polled when
20 initial power is applied to the disk drive unit. If the
measured temperature is less than the minimum threshold
temperature, the controller may apply a current,
including any one of a DC, AC or pulsed current, to the

spindle motor windings, and then continuously monitor the

25 thermistor temperature until the threshold minimum



spindl e notor assenbly, adjacent to the bearing assenbly. The heater and
therm stor nay be cabled within the sane cable bundle as the HU|t5&kE
phases and neutral, and would be focused to heat only the spindlé IR04
assenbly as quickly and efficiently as possible. 8 BRI EF DESCRI PTI ON COF
THE DRAWNGS 5 10 15 20 25 Figure 1 is a flowhart depicting an exanple
power up routine according to an exanpl e enbodi nent of the present
invention. Figure 2 is a schematic diagramof an exanple of a data storage

i sk 111 SneinBU o LinBertonse SpeLi 0Bah WoWeakaanoexammisbyol  a spindle

not or accordin 0 an exanple enbodi ment of the present

invention. Figure 4 is an.exanp a kN netd<enfiisk, drive storage
devi ce, FHRRI&% W%rﬁiioPaéﬂcgpm#?heéﬁ Séggggke&gﬁggd?ﬁgﬁi é?%the present

invention. Figure 5 is an exanple of .a disk_drive spi IOkt 1 bR
accor dance wi th %%C@&QnﬁFémBﬁEOﬂWﬁﬁﬂfm8Pttﬁg 6?és§htEﬁ?ﬁﬁéﬁ?%on.lFigure 6
Is a flowhart depicting an _exanpl e power 81ﬁ%droutine acc0ﬁ§% g to anot her

exanpl e drbedimeharotot hbe ﬁié§§n?xF59éﬁtF EGte 9F 5 45T owchar t
depicting an exanple power up routine according to another exanple
esbodi mentbwfe tdrecept esbat, | AuehepenOIDEPRLYEAIDESCRPAON OF PREFERRED
EMBODI MENTS Before beginning a detail ed description of the

including any one of a DC, AC or pulsed current, the

phases of spindle motor assembly are excited to rock the

spindle motor assembly in a “back~and-forth” manner,

while avoiding spindle fretting, such that heat is

10 dissipated within the windings and, as a result, heat may
be dissipated into the grease. The amount of time that
the phases are rocked to generate heat to be dissipated
within the windings may be determined by the exemplary
methodologies described above.

15 A third example embodiment of the present invention
directly applies a heater to the outside of the spindle
motor assembly, or may be alternatively integrated within
spindle motor assembly, adjacent to the bearing assembly.
The heater and thermistor may be cabled within the same

20 cable bundle as the multiple phases and neutral, and

would be focused to heat only the spindle motor assembly

as gquickly and efficiently as possible.



invention, it should be noted that, when appropriate, 9 5 FEB 2004 5 10 15
20 like reference nunerals and characters may be used to designate

i dentical, corresponding or simlar conponents in differing figure ~ 5 FEB 2004
drawi ngs. Further, in the detailed description to follow, exanple

enbodi nrents and val ues may be given, although the present invention is not
limted thereto. According to a first exanple enbodi nent of the present

i nvention, which may be applied to an exenplary data storage disk file

such as dgfappt praggIGslon idre THIO DRehIIWGS n Fig. 2, a current, including

any one constant DC current, AC current or pulsed current, may
be applied to r 4Mre Wndhigs @f deitaririp 5 mfetdrep be skoweri ve unit

102. Due to thgggﬁégt}rgglaresistance within the w ndings, heat may be

di ssipated in the spindl e tor G 12 Gemsidli idvet  diathemy be
conduct eduPnf 8UEHEE 8§5¥Fﬁgpgﬁ&x%g§fingng}ease. Bearing assembly 127 is

showmn in Fig. 3, which.i s a cross-sectional view of the spindle notor
assenbl y Bp8SenheigrERdd Gy then warmto a minimum threshol d tenperature,

thus providing a safe_ environnment f.or r rati op-@h1 spbpdke notor
aSsenbly 126. TREUARo@nt S (5GHETASf rd;%dr%mfcﬁg %?Jrrearllrﬁﬁto be applied to

the windings of the stator of the disk drive wunit 102 may be determ ned
utilizingdehe etorkeel@isks HEF 2004 5

Figure 3 is a cross-sectional view of an example of
a spindle motor assembly according to an example

embodiment of the present invention.

Figure 4 is an example of a rotating magnetic disk

10
drive storage device, for use in accordance with an
example embodiment of the present invention.

Figure 5 is an example of a disk drive spindle motor
in accordance with an exémple embodiment of the present

15 invention.

Figure 6 is a flowchart depicting an example power
up routine according to another example embodiment of the
present invention.

Figure 7 is a flowchart depicting an example power

20 up routine according to another example embodiment of the
present invention.
DETAILED DESCRIPTION QF PREFERRED EMBODIMENTS
Before béginning a detailed description of the
25 invention, it should be noted that, when appropriate,



10 15 20 following. First, in consideration of a voltage neasurenengé%f
the spindle notor assenbly 126, experimental neasurements may be n& 84%4
spindle notor assenbly 126 to determine the change in the resistance of

t he wi ndi ngs as they change tenperature depending on the change in current
or voltage on a given w nding. Such neasurenents may be stored in a table
within the control wunit 114, and once the given resistance value is
obt ai ned, normal operation of spindle tor, assenbly, 12 comence.
Secondlylikatnﬂfﬁﬁﬂmﬁerﬁﬂm%%@%ﬁo@?ﬂeﬂggﬁaFﬁgréapay 8% gﬁg%g¥§k drive unit
102. Figure 4 shows a drawi ng of the rotating nagn tic dis n e storage
devi ce 1QMsisfromre i IddEgical, feprueePPRIAREoPHafdB victh SR Texanpl e

enbodi ment of --the present invention. Disk drive unit 10§§ i ncl udes
r ot at abl g rflicker ddfng whi ghrardravindsy aFvathed, ¢8 Khs §€ﬁ&%ﬁiﬂ spi ndl e
126A, which may be nmounted on disk drive base 104. Spindlﬁ 126A and di sks
116 are 4q¥d; BYors Pt BdE €1 tov pr e asspls| gmbodimens scaist 7t UGS ERY onal
velocity. Spindle notor assenbly 126 is not shown in Fig. 4. Data may be
recor ded )N Jihee $urs pERSugh 18hef presknt16nvastdanod SadS&nBiif i whi ch nmay
be situated to one side of the disk 116, rotates through an arc about
shaft 10§ ,paraldel to the access of spindle 11 -5FEB2004 5 10 15 20 126A,
driven by el'ectro-nmagnetic notor 107, to thereby

According to a first example embodiment of the
present invention, which may be applied to an exemplary
data storage disk file such as data storage disk file 100
10 shown in Fig. 2, a current, including any one of a small
constant DC current, AC current or pulsed current, may be
applied to one or more windings of stator 135 of the disk
drive unit 102. Due to the electrical resistance within
the windings, heat may be dissipated in the spindle motor
15 assembly 126, and that heat may be conducted into the
bearing and bearing grease. Bearing assembly 127 is shown
in Fig. 3, which is a cross—-sectional view of the spindle
motor assembly 126. The grease may then warm to a
minimum threshold temperature, thus providing a safe
20 environment for normal operation of spindle motor
assembly 126.
The amount of time reguired for the current to be
applied to the windings of the stator of the disk drive

unit 102 may be determined utilizing one of the

10



position the transducer heads 128. The cover 122, shown in Fig. 2, te
with base 104 to enclose and protect the disk and actuator assenblF < EB 2004
El ectronic nodules for <controlling the operation of the drive and

comuni cating wth other devices, including a host conputer, are nounted
on circuit card 112. Circuit card 112 may be nounted outside of the

encl osure fornmed by the base 104 and the cover 122, although the circuit
card 112 may al so be nounted inside of the enclosure, or a portion of the
el ect roni £5; TBY 15 .MOUNLe i Nisi derofiddwms el oslire Wike9IBt her portions

t hereof nounted outside of the enclosure. A plurality of head/ suspension

assenbl i A Hdlphe algiached riet gy engsemaflact2@t or 105. An
aerodynaﬁ?%&§§F%3§i 109 with g%ansducer heads 128 may be | ocated at the

end of each head/suyspension .ass. YnahP & i £de NEY Hpinalpamenbrt o di sk
surface 19¥PeFATS d& {6 Protect tLe<%§isk surface and heads, and to

pronote easier starting of. .the .spi LYrdd9sthareacdead
stop, theassembdy At %’%wrﬁeea%giegsé%r{ﬁ?aﬁggﬁayrbe '$unl oaded" when

the disk drive unit 102 is not in use, and therefore aﬁiH§t8B %g@ may be
rgtated avby Wiomittgs centdrenfchnge IR R e A°BFAFEREI R finger 115
at the end of each suspension 108 engages a respectivye ranp_.surface of
ranp 12 -cbafigE Br2Q0sa reri0 dis VIOl tage il @ 197V R 1P Bhe sPder 109 away
fromthe disk surface 116. Therm stor 120 is nounted outside of _enclosure
fornmed bymbasa rk@drand neoydre 19 red thoughtable n¥1 BR1PotBEy El?i“gr(?&rd 112,
the therm stor may be nounted inside such enclosure. )

unit 114, and once the given resistance value 1is

obtained, normal operation of spindle motor assembly 126

10 may commernce.
Secondly, a thermistor may be provided on the card

of the disk drive unit 102. Figurxe 4 shows a drawing of
the rotating magnetic disk drive storage device 100,
shown in Fig. 2, for use in accordance with an example

15 embodiment of the present invention. Disk drive unit 102
includes rotatable disks 116, which are rigidly attached
to hub assembly or spindle 126A, which may be mounted on
disk drive base 104. Spindle 126A and disks 116 are
driven by spindle motor assembly 126 at a constant

20 rotational velocity. Spindle motor assembly 126 is not
shown in Fig. 4. Data may be recorded on the surfaces
118 of disk 116. Actuator assembly 105, which may be
situated to one side of the disk 116, rotates through an

arc about shaft 106 parallel to the access of spindle

11



Controller 114 may first determne the disk drive card tenperature prior
to power up. If the tenperature disk drive unit card is |less than the

m ni mum threshold tenperature, controller 114 may perform a tabl e < $PKB ¥4
for the tenperature that is closest to the neasured tenperature. Controller
114 may then apply a current to the stator windings for the tine specified
within the table prior to spin-up of the spindle notor assenbly 126. In
general, the therm stor would be polled when initial power is applied to

the disk fsixe 4pkteh0By bl edthe-mamperdicume measitkd tenpeentiye is | ess
than the mni rrumthresﬁ]ol d tenperature, the controller 114 may apply a

current to the,spindle re i ndi s A%¢ t hehe canfd pupps) yshBehht or the
t her i st o?o?éﬁbgBafﬂFetgr%%]i%Idu\geI}t hr%%s Yol'd rii ni‘mum t her ni st or t enper at ur e

has been achieved to thereby enabl ormal spin-up..of the I n not or
assenbl y 11265i‘Ihe2apbllait§dWéﬁ¥*r @ﬁﬁ%ﬁf%&oarﬁp%{:’ € oal‘m; lﬁft%%{ O?hgul sed
current. In Fig. 1, after the power on or start command in 13 - 5 FEB 2004
step 1, tdeskhendi stonat2@ iasdicrbldeswheBl@ctnnie drpi B8 8ir £°6f the di sk
drive unit 102 is less than or equal to O Celsius in step 5. If the

t gnper at Ueent 80106 gt ehet bpr 1@ tCehsiofs t ehal o rand egommunie@bl(8s the 5
status that the heater is off in step 15, and the hard disk drive power-up

routine bggiRSctRest BRv4AReshHoWRGLdingl at evdtenper@aitee, i3reéess than or
equal to O Celsius, the controller 114 receives the return status that the

heater | s,10nDEqt UANed 100 ien cseP 140 and dhethatak dli 512 Wfaglrbue i s heat ed
for a predetermned anmount of tinme in step 20. In step 25, it may once

agai n be determ.ned, whet her e [BLUTE, s d dhan, 9sCehsigus. I f the
t enper at JP%UPgePeQEtFﬁ%ﬁ ] éﬁ%siebgm%ﬁ%eco%tfr% I 23?3?114 ®
and the cover 122, although the circuit card 3112 may also

10 be mounted inside of the enclosure, or a portion of the
electronics may be mounted inside of the enclosure with
other portions thereof mounted ocutside of the enclosure.
A plurality of head/suspension assemblies 130 are rigidly
attached to prongs of actuator 105. An aerodynamic

15 slider 109 with transducer heads 128 may be located at
the end of each head/suspension assembly 108 which may be
adjacent to disk surface 118. In order to protect the
disk surface and heads, and to promote easier starting of
the spindle motor assembly 126 from a dead stop, the

20 slider and transducer head assembly 109 may be “unloaded”
when the disk drive unit 102 is not in use, and therefore
actuator 105 may be rotated away from the center of disk
116 so that a projecting finger 115 at the end of each

suspension 108 engages a respective ramp surface of ramp

12



receives the status that the.disk drive is not ready, and 15 the power-on
routine is ended in step 35. However, if the tenperature is 0 Celisius or
more, as determined in step 25, the hard disk drive power-up ro«§iftg M
step 40 commences. In step 45, a determ nation may be nmade as to whet her
the hard disk drive is ready. If yes, the 20 corresponding status may be
reported to the controller 114, and the power-on routine is ended in step
60. However, if the disk drive is not ready, such status may be reported

to the controller in. 65heanrd idee 10OWeRrayp frraut ivie idiBhded in
step 70. az%s?]ﬂbiﬁe}%ﬁf e?ﬁgia?ﬁg,i he ssi n-up times may be 14 5 10 15 20 25

experinentally determ ned for each t Qr rd 3G e ofoeari ng
t enper at user feegud 16i ne THETEHFFEAL lgﬁj g(?t %ﬁmﬁ%ﬁj d the Wi ndi ngs of the

spindl e notor stator. For exanple, as shown in Figure 6l a cl}%)sed-loop
f eedback &gclbeugentbamkdr bylhamey 164 ﬁm&/i%&’%&% hE L P hg cycl e.
After the power on or start command in step 601, the thermstor 120

i ndi cat essﬂﬂfg)gatbhei&%mer akuee 1aR ,t hdeditdlemaristonumay 12 is | ess than
or equal 1o I'sius in step 605. If the tenperature is greater than 00

Cel sius, the controller recehesidhe status that the heater is off in
s?ep 6153“%Hﬂt?ﬁe193?§e éﬁéE gﬁive power-up routine begins in step 640.

However, iif the te r at is | h Bl Ho Psicedisive, the
control |l er 114C9856533§rt 'r.fléﬁr Bedr %ﬁzrts;tt?s% that the heater is to be turned

on in step 610 for the expected or estimate i suffici ent
heati ng, g@ddthgmperaturepprior to power up. APUe HehpdBatlle

disk drive unit card is less than the minimum threshold

temperature, controller 114 may perform a table look up

10 for the temperature that is closest to the measured
temperature. Controller 114 may then apply a current to

the stator windings for the time specified within the
table prior to spin-up of the spindle motor assembly 126.

In general, the thermistor would be polled when

15 initial power is applied to the disk drive unit 102. If

the temperature measured temperature is less than the

minimum threshold temperature, the contrcller 114 may

apply a current to the spindle motor windings, and then
continuously monitor the thermistor temperature until a

20 threshold minimum thermistor temperature has been
achieved to thereby enable normal spin-up of the spindle
motor assembly 126. The applied current may be any one
of a DC, AC or pulsed current.

In Fig. 1, after the power on oI start command in

13



hard disk drive is heated for the estimated anount of tine, X mnutes, in
step 620. In step 622, a determnation is made as to whether the actﬁal
anmount of tine of heating is less than estimated amount of time X ~15FEB 2004
yes, it may once again be determ ned whether the tenperature is |ess than

O Celsius, as in step 625. Then, if the tenperature is I ess than 00

Cel sius, the determnation is once again nade as to whether the actual
anount of tinme of heating is less than the estinmated 15 - 5 FEB 2004 5 10

15 20 25 anount of ti X. .1f th .at ' ,
then the $EEPpémthﬁpqﬁ&ﬁ??ﬁ&‘Fnigpggﬁgﬁ%AfﬁéﬁﬁﬁﬁﬁﬁﬁfFﬁﬁgt2;”625,Cﬁ'S'“31

determ nation may be nmade as to whether the hard disk drive is_ready. If

yes, the tempeespondi of thet @6 ska@Be e apdrtt 6P4 o3 hEESONtP 3R F 1124 in
step 650, and the power-on-routine is ended in step 660. However, if the
di sk driveghsineb peadglssuehinssaeps Smay Ife thepdramgeenat ute dntrol ler 114
in step 665, and the power-up routine is ended in step 670. But, if the
actual ti ?Q{e?e%bm 0°S cBOk 1 eSS theerohhie cagtermatiet redereves i thet ep 622,
the contr e 14 receives the status that the heater is off in step 623,

and the further stat t the .di rsiV e r | 630 d
t Re pomergB?]t‘r’BuFF‘ﬁg i%z-'een%é(}elr}n l%t?&%@& %Eé;pe(r:l(%'d %ﬁg?ﬁﬁﬁ gﬁggdi ment gp

the present invention is sim]lar.tq t fiJ st I ggorcyaf [
above exceptXt Hat Ve RSMELT VSt réjﬁlg‘llﬁenéjr%% Sl,&lc or %u sgd Hgﬁrg?g%ffjefﬁrel bed

hases of spindle nptor asse
P ifpthe temperature qg;%e%%6f%g% or equal to 0° Celsius,

the controller 114 receives the return status that the
heater is to be turned on in step 10, and the hard disk

10 drive is heated for a predetermined amount of time in
step 20. In step 25, it may once again be determined
whether the temperature is less than 0° Celsius. If the
temperature is less than 0° Celsius, the controller 114
receives the status that the .disk drive is not ready, and

15 the power-on routine is ended in step 35. However, if
the temperature is 0° Celsius or more, as determined in
step 2%, the hard disk drive power-up routine in step 40
commences. In step 45, a determination may be made as to
whether the hard disk drive is ready. If yes, the

20 corresponding status may be reported to the controller
114, and the power-on routine is ended in step 60.
However, if the disk drive is not ready, such status may
be reported to the controller 114 in step 65, and the
power—up routine is ended in step 70.

25 In the alternative, the spin-up times may be

14



excited to rock the spindle notor assenbly 126 in a "back-and-forth"

manner such that heat may be dissipated wthin the w ndings and, as a
result, heat nay be dissipated into the grease. As shown in Fig. 5"5FEBZM4
spindle notor assenbly 126 is a brushless DC notor having an electric
stator with wi ndings and a permanent magnetic rotor. The stator w ndings
are connected in a three 16 -5FEB 2004 5 10 15 20 25 phase we

configuration having a central tap, although other nunbers of phases or

other conf] | Clied% rihind@l tfarCerfdiguietdvbyame possi by et he
Preferabl%%gg%gﬁ%ﬁgé&ggdings 301-309 are arranged with three pol es per

. 1L8Srr of Yer L@ me0fo Midier POl Esinpddtomghinthe nunber

phase cannected in ri
of pol es ?r§3?y¥e$§§rﬁhree phases of the stator w ndings are driven by

respective driye .transistors in. t j eymioF, driver. Al poles of a
gi ven pha%e a¥endingan by A% Wgﬁﬁ?@gQ%%rcuit on the associated phase

line, e.g., poles 301, 304 and gp? ar.e Q ted i n.seLigs) driven by
phase line A Fehe§rmPley \iuISehiin é}r]ngﬁiqr}fe]ﬁee; %’e possﬁ%e tﬁggrovi de
separate drive transistors for the different poles o éhgo apg. phase.
bgure epdkse a [ ' configuration. e
Fhgure 5 fepdbseht §oathgpiceatraldierddilfe LI gur at Th
specific configuration of phases, poles and other matters ig not critical
to the presenhgi byelki.onAfAali dhe NI RF neehahi SHTER" Y déScri bed
herein could be used in a disk drive having any of various spindle notor
confi gur ag{ @pseotpweyer thétistor 120 indicates whether the
temperature of the disk drive unit 102 is less than or
equal to 0° Celsius in step 605. If the temperature is
10 greater than 0° Celsius, the controller 114 receives the
status that the heater is off in step 615, and the haxrd
disk drive power-up routine begins in step 640. However,
if the temperature is less than or equal to 0° Celsius,
the controller 114 receives the return status that the
15 heater is to be turned on in step 610 for the expected or
estimated amount of time for sufficient heating, and the
hard disk drive is heated for the estimated amount of
time, X minutes, in step 620. 1In step 622, a
determination is made as to whether the actual amount of
20 time of heating is less than estimated amount of time X.
If yes, it may once again be determined whether the
temperature is less than 0° celsius, as in step 625.
Then, if the temperature is less than 0° Celsius, the

determination is once again made as to whether the actual

25 amount of time of heating is less than the estimated

15



respect to the present invention, the anmount of tinme that the phases are
rocked to generate heat to be dissipated wthin the w ndings nax_g?
determ ned by the exenplary mnethodol ogi es descri bed above. A thir E@gﬁ%le
enbodi mrent of the present invention, 17 - 5 FEB 2004 5 10 15 20 as shown in
Figure 4, includes a heating elenment 150 that nmay be directly applied to
the outside of the spindle notor assenbly 126, or may be alternatively
integrated within spindle notor assenbly 126, adjacent to the bearing

assenbly, as shown in Fig. 3..Fof._e gaticng 2! amyy by ey i ncl ude
a resi st i3CWeht P gklgﬁe%éntI?hgﬁengsﬁgé?ﬁégﬁénﬁgalIy bonded to stator 135,

shown in Fig. 3, or, another terior ri .Of I ndl or assenbly
126, incl %buﬁnuﬁpeﬁlBﬂﬁeH§§4P°E8ftﬁgr%oggﬁgehggt%ﬁgﬁéﬁggént 150, which
may be a resistive heatin el epent

, Jmay be di sposed in t$% e al area

137 in t heomBeREEse néfloﬁgagséﬁﬁry31§8,t¥§ﬁ’_66€ﬁtilr?“#“&y »e éjcehea%i ng
el ement 150 and therm stor woul d be cabled within th% same cabl e bundl e as
the 3 Phaseswhethkeuthal headsdibkgdaive ésnfe§Eat i drf) Y&&d MBul d be
mounted to heat only the spindle notor assenbly as quickly and efficiently
as possideredpbodinh skahpbemepbbdi FERCLELC he FHEs &MNGT Yon is
shown in Figure 7 that shows a power-up routine that utilizes a current
that is Q_eiﬁgi@pﬁtégdﬁo, shadt thheposprrrdhe routdneadsemsidedi 2@ That is, it
is presently possible for spindle notor controllers to nmeasure the anount
of Cur“ﬂgtéﬁaésb§ PEwERLLY #pPtheddtiexcawseeais not ready, such

status may be reported to the controller 114 in step 665,

and the power-up routine is ended in step 670. But, if
10 the actual time of heating is not less then the estimated

time X in step 622, the controller 114 receives the

status that the heater is off in step 623, and the

further status that the disk drive is not ready in step

630, and the power-on routine is ended in step 635.
15 A second example embodiment of the present invention

is similar to the first example embodiment described

above except that, instead of applying a DC, AC or pulsed

current, the phases of spindle motor assembly 126 are

excited to rock the spindle motor assembly 126 in a
20 “back-and-forth” manner such that heat may be dissipated

within the windings and, as a result, heat may be

dissipated into the grease. As shown in Fig. 5, spindle

motor assembly 126 is a brushless DC motor having an

electric stator with windings and a permanent magnetic

23 rotor. The stator windings are connected in a three-

16



spindl e notor assenbly to start. Accordingly, by the 18 5 10 15 20 present
i nvention, after the power on or start conmand in step 701, the therhfkd

120 i ndi cat es whet her the
t han or

t he tenperatur

tenperature of the disk drive unit 102 is |ess

equal to 00 Celsius in step 705. If the tenperature is greater

than O Celsius, then spindle start up and normal operation proceed in step
740, and the power-on routine ends in step 79,0. However, if the
t enperature of the disk drive unit 102 is |less than or equal to O Cel sius,
the heatigpg fﬂgﬁﬂcéﬁihgﬁrétﬁ@mdh@m;ngnd coatrpdt 521261 theMdbat es whet her

of the disk drive wunit 102 is greater than or equal

to a

”‘”'”“”‘%Qq§¥1 Hiod £EDSF As ST by bBherepoRiiSgurhtibest smedr &ure T is

| ess than t
unit 102
deternmn

of f

nmot or asé"érﬁﬂ%’"glsz

I n

e mnimumthreshold tenperature Ti,, heating of the disk drive

éfQQF|3%5?{i€bf%§§og295%3§955bBleDOW@&ewérébwylnetm&turns to the

if the TZTi,,, the heater is turned
step, .725. éﬂﬁgn%%%gﬁf ¥%§§?e8h§1€HrEﬁBEe palRlsi p@rt pHawe spindle

ep 730 by a current sensor therein

(not shown) which is known in art nd.contro 11 nes if |
LA kb B RpEchee st deun

i%s great @onreated FRuFHHEE hr
al | owabl e tammaUMeforsmnmermuw 6 _start '
ﬁo%ﬁgﬁglﬁg-s éﬁ 5864 5 10

Qhof d*@

ich'is nHX|num

| ess t harthenayymbernot petee BRArY2H%- and

10

15

20

25

stator windings are driven by respective drive
transistors in the spindle motor driver. All poles of a
given phase are driven by a common drive circuit on the
associated phase line, e.g., poles 301, 304 and 307 are
connected in series and driven by phase line A. However,
it would alternatively be possible to provide separate
drive transistors for the different poles of the same
phase.

Figure 5 represents a'typical disk drive spindle
motor configuration. The specific configuration of
phases, poles and other matters is not critical to the
present invention. A disk constraining mechanism as
described herein could be used in a disk drive having any
of various spindle motor configurations. However, with
respect to the present invention, the amount of time that
the phases are rocked to generate heat to be dissipated
within the windings may be determined by the exemplary

methodologies described above.

A third example embodiment of the present invention,
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15 20 operation proceed in step 740, and the power-on routine ends'in step
790. However if | is greater than the heating elenment 150 is turned b8 2004
again in step 745, and therm stor 120 determ nes whether the tenperature T
of the disk drive unit 102 is less than or equal to the naxinumthreshold
tenperature T,a" in step 750. If tenperature T is greater than the maxi num
threshold tenperature T,,,,,, an error report is nade to controller 114
in step 755, and the start-up routine ends at step 790. However, if the

tenperature T of the di.sk driyve. uni i t oo Okt efgal thatt he
maxi num t HfeShGPG We%p‘é;rua’ieurqé fnﬁ&qeglsos%t e}?)eé?tg “the current | applied to

the spindle notor assenbly 126 s neasured again_ jn.step 76%4,_ and
cont r ol | emaylbedeigeatdes E11%‘3')]11‘9|CJS o7 éﬁ’(eero% Q O%a%%uﬁ?i‘ﬁ&%&m d current

Imo= in step 765. If | is greater thanl,,,,,, heating of the spindle
mot or asseobby ab2@midnt ikAfes G Mene e AL LR FhEe LY A REEBIREEE ne
returns to step 750. But if | is less than controller 114 turns off the

heating el egRAt 13AndiRemotsy ndiserdilar t124, andfj aoemtal topehation proceed in
step 780, and the power-on routine ends in step 790. By this fourth

eg‘oodi rren%ﬁat he sSRid %'m%l arts QY dENtin IFSErves agoprekadbtajor of spindl e
fri '

ction THfeféror e Hov!des a further”indication that the spindle 20 5
10t ed ¢ habeeRenIo GRS EG e iR Hraceht Lo dheF 5P Euni oh have
been descri bed above, )

element that may be mechanically bonded to stator 135,
shown in Fig. 3, or another exterior portion of spindle
motor assembly 126, including mount flange 134. Further,
i0 the heating element 150, which may be a resistive heating
element, may be disposed in the central area 137 in the
spindle motor assembly 126, shown in Fig. 3. The heating
element 150 and thermistor would be cabled within the
same cable bundle as the 3 Phases and Neutral (assuming a
15 Y configuration), and would be mounted to heat only the

spindle motor assembly as quickly and efficiently as

possible.

A fourth example embodiment of the present invention
is shown in Figure 7 that shows a power-up routine that
20 utilizes a current I that is being applied to start the
spindle motor assembly 126. That is, it is presently
possible for spindle motor controllers to measure the
amount of current that is presently applied to cause a

spindle motor assembly to start. Accordingly, by the

18



may be applied to the various apparatus enbodi nents of the present

I nvention, which have been descri bed above. For instance, the nethod
enbodi ments nay be applied to any conputer to prevent cold tenperatuFéFEBzm4
i nduced damage to a spindle notor assenbly of a direct access storage
device (DASD) thereof. This concludes the description of the exanple

enbodi nents of the present invention. Al though the present invention has
been described with reference to illustrative enbodi nents thereof, it

shoul d begrundertstizodent ha, nafiee bushet perveroanf PEastans SRAMEMbdient s can
be devised by those skilled in the art that will fall within the scope
and spiride @f td1e, PEhactPatmi oforhe20nveditenes wbe&hgar theul arl y,
reasonabl e variations and nodifications are possible in the conmponent

parts and/or. . ar 1?}!&96 of; theqsybieahieombnatki gesar targerant  within
t he scopg%ﬁp%f% oréggpﬁged§§closure, the drawi ngs and the appended

clainms wthout depast t. from Spheit ' LeNrel Rsaddition to
variatioﬁﬁu%%quHéﬁfégih%Qﬁuf?rF?%%‘E%%bong%téggrFgﬁgﬁg%ggrearrangenents,

alternative uses Wil g99.P8 30PASDL £9;n40008 8k Lpdab gt 21 1 2
cperation proceed in step 740, and the power-on routine
ends in step 790. However, if the temperature of the
disk drive unit 102 is less than or equal to 0° Celsius,
the heating element 150 is turned on, and thermistor 120

10 indicates whether the rtemperature T of the disk drive
unit 102 is greater than or equal to a minimum threshold
temperature T,, in step 715. If the témperature T is
less than the minimum threshold temperature Ty, heating
of the disk drive unit 102 continues in step 720, and the

15 power up routine returns to the determination of step
715. However, if the T:T., the heater is turned off in
step 725.

Then, in step 730, the current I applied to the
spindle motor assembly 126 is measured in step 730 by a

20 current sensor therein (not shown) which is known in the
art, and controller 114 determines if I is greater than a
maximum threshold current I.., which is maximum allowable

temperature for spindle motor assembly 126 start up. If

I is less than I,,, then spindle start up and normal

19



2312345612 WCAM 1. Anmthod for preventing cold tenperature
i nduced damage to a spindle notor assenbly of a direct access sto ? E '
devi ce (DASD), conprising: neasuring a tenperature of said DASD, apélg 3@ a
current to wi ndings of said spindle notor assenbly for an anount of. tine
required for the tenperature of said spindle notor assenbly to rise to a
m ni mum t hreshol d tenperature for normal operation; and starting spinning
operation of said spindle notor assenbly. 2. A nmethod according to Caim

1, wherein said current is,an r aBnAcoauihent and a
Ul S04 CEPEERL off TAGRATOG ACLETl Hot o0 o 2 OWhrrn oo d

rding to , Wherein said current is

applied to said w ndings of said spindlge not e or a nmount of
time reqeinded ifrors tere 76,51"%-9 SHRWRES nlg fe%%e@%??/gégngn%¥ fg&ﬂ’a \?\nh%di ngs to

reach a predeterm ned value corresponding to the ag lie current. 4. A
net hod ageeiding dlen@rai M2 ivepermed 9 2guP ehl Eeﬁpgﬂpedap sai d
w ndi ngs of said spindle notor 22 - 5 FEB 2004

thermistor 120 determines whether the temperature T of

5 the disk drive unit 102 is less than or equal to the

maximum threshold temperature Tu. in step 750. If

temperature T is greater than the maximum threshold

temperature T,,, an error report is made to controller

114 in step 755, and the start-up routine ends at step
10 790. However, if the temperature T of the disk drive
unit 102 is less than or equal to the maximum threshold

temperature T,, in step 750, the current I applied to the

spindle motor assembly 126 is measured again in step 767,

and controller 114 determines if I is greater than a

15 maximum threshold current I, in step 765. If I is

greater than I, heating of the spindle motor assembly

126 continues in step 770, and the start-up routine

returns to step 750. But if I is less than ..,

controller 114 turns off the heating element 150, then
20 spindle start up and normal operation proceed in step

780, and the powexr-on routine ends in step 790.

By this fourth embodiment, the spindle start current

I serves as an indicator of spindle friction and

therefore provides a further indication that the spindle

20



34561234567123412341 assenbly the amount of tine

required for the electrical resistance on a respective one of said -§FEB 2004
windings to reach a predeterm ned value based on a table stored in a
controller in said DASD. 5. A method according to Claim4, wherein the

val ues of resistance of said w ndings corresponding to current values
stored in said table in said controller are predetermned by measuring
changi ng resi stance values in respective ones of said windings in

accordance with a NgEs kN AN i
! 26 85RYNE o of neumbenbpekataldrage applied to th
respectlmggﬁﬁuﬁﬁﬁfﬁgfyA neth%draccgrd?ngnto Claiﬁlgf mhergin Egid cu?renf

S surad & ef;gier?ta}’“s;ﬁ‘%éﬂ 5o2l nSELd BRLRALRCTRERhoARRER R Gsponds Lo the

the present invention, which have beeén described above,
may be applied to the various apparatus embodiments of

5 the present invention, which have been described above.
For instance, the method embodiments may be applied to
any computer to prevent cold temperature induced damage
to a spindle motor assembly of a direct access storage
device (DASD) thereof.

10 This concludes the description of the example
embodiments of the present invention. Although the
present invention has been described with reference to
illustrative embodiments thereof, it should be understood
that numerous other modifications and embodiments can be

15 devised by those skilled in the art that will fall within
the scope and spirit of the principals of the invention.
More particularly, reasonable variations and
modifications are possible in the component parts and/or
arrangements of the subject combination arrangement

20 within the scope of the foregoing disclosure, the
drawings and the appended claims without department from
the spirit of the invention. In addition to variations
and modifications in the component parts and/or

arrangements, alternative uses will also be apparent to

those skilled in the art.
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DASD in a table stored in a controller of said DASD. 7. A method according
to daimé6, wherein said current is applied to said w ndings for an anmount
of time required for the bearings of said spindle notor assenbly t-05 FER 04
a predeterm ned mnimumthreshold tenperature. 23 2 341231 234567
891 23458 Anethod according to Gaim2, wherein said tenperature

of said DASD is neasured at a thermstor on a card therein. 9. A nethod
according to Caim2, wherein said tenperature of said DASD is neasured at
a therm stor_on Mgald spindl e notor assenbly. 10. A nethod for preventing
cold tenﬂ@id@hﬁé—'lnduced damage to a spindle notor assenbly of a direct

1 1. A method for preventing cold temperature induced
2 damage to a spindle motor assembly of a direct access

3 storage device (DASD), comprising:

4 measuring a temperature of said DASD;

5 applying a current to windings of said spindle motor
6 assembly for an amount of time required for the

7 temperature of said spindle motor assembly to rise to a

8 minimum threshold temperature for normal operation; and

9 starting spinning operation of said spindle motor
10 assembly.

1 2. A method according to Claim 1, wherein said

2 current is any one of a DC current, an AC current and a

3 pulsed current.

1 3. A method according to Claim 2, wherein said

2 current is applied to said windings of said spindle motor
3 assembly for an amount of time required for the

4 resistance on a respective one of said windings to reach
5 a predetermined value corresponding to the applied

6 current.

1 4. A method according to Claim 2, wherein said

2 current is applied to said windings of said spindle motor

22



access storage device (DASD), conprising: neasuring a tenperature of said
DASD; exciting the phases of said spindle notor assenbly for an ag t, of
time required for the tenperature of said spindle notor assenbl y'lrgg:lﬂaizﬁ@
to a mninmum threshold tenperature for nornmal operation; and starting

spi nning operation of said spindle notor assenbly. 11. A nethod according
to Caim110, wherein exciting said phases of said spindle notor assenbly
i ncl udes rocking said phases back-and-forth in a

E'E%C‘;\gbzs-ﬁggh&%&gr gh%cf\fd'lcﬁg]tg&jimgﬁg@él %qgﬁﬁﬁbgdgfm nelder el ectoficspeed. 24 - 5
4 resistance on a respective one of said windings to reach
5 a predetermined value based on a table stored in a

6 controller in said DASD.

1 5. A method according to Claim 4, wherein the

2 values of resistance of said windings corresponding to

3 current values stored in said table in said controller

4 are predetermined by measuring changing resistance values
5 in respective ones of said windings in accordance with a
6 change in an amount of current or voltage applied to the
7 respective winding.

1 6. A method according to Claim 2, wherein said

2 current applied to said windings of said spindle motor

3 assembly corresponds to the measured temperature of said
4 DASD in a table stored in a controller of said DASD.

1 7. A method according to Claim 6, wherein said

2 current is applied to said windings for an amount of time
3 required for the bearings of said spindle motor assembly
4 to reach a predetermined minimum thresheld temperature.

1
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12. A method according to Caim 10, wherein said phases of said spindle
not or assenbly are excited until a bearing assenbly of said spindl e notor
assenbly reaches a mininmumthreshold tenperature. 13. A nethod accvbdEBJ4
to Claim12, wherein said phases of said spindle notor assenbly are
excited until the grease of said bearing assenbly of said spindle notor
assenbly reaches a mninmnumthreshold tenperature. 14. A nethod according to
Claim 10, wherein said tenperature of said DASD is neasured at a
thermi stor on r el 8ind Btbodimceor dhagetim Gadidn 10, wherein
g;i d tenper atata}r ecjgfﬂ%%}?(géD%%%o%s rré‘asur ed at a therm stor on said spindle
tor assenbly. ,16 ~ Pt evRBLEige80bd berperalivwter icrduced
mage t %?Q;'%&H%Fﬁ%fgégggsgﬁ%Pyigfﬁgédirect access storage device
(DASD), co i,.sing.. measuring a tenperature of said DASD, heating said
s4pi ndl e r‘rﬁ‘ﬁtqgc{r t}s%nlgén%ﬁ for an anount of time required for the tenperature
of said spindle notor 25 7 assenbly to rise to a m ninumthreshold
tenperature for 8 normal operation; and 9 starting spinning operation of
a;ﬁi d spindle nptor rﬂ@td}?ééeé@&SrdinéhoAcm’Qihod,aﬁﬁéﬁféii'mg stad. ddl ai m 16,
erein heating ZAsal spindle notor assenbly is perforned for an anount

f 3 ti t hat esponds, it pathe; geRsHEfdeticAReBat Heemdfstxal dbn 4 DASD in
%tabl e rs{Etéé“ee EP%’?%& c‘%ﬁtérlo??er of said DASD. 1 18. A nmethod according to
aim 16, wherein t] 2,sakfhshindl e nmotor assenbly including applying
Scurrentsal WA dgvmrhér}%?ﬁgg ?or ag anount of tine required for the 4
bearings of said spindle notor assenbly to reach a 5 predeterm ned m ni nrum
t hreshol d t enperature.

L 10. A method for preventing cold temperature

2 induced damage to a spindle motor assembly of a direct

3 access storage device (DASD), comprising:

4 measuring a temperature of said DASD;

5 exciting the phasés of said spindle motor assembly

6 for an amount of time required for the temperature of

7 said spindle motor assembly to rise to a minimUm

8 threshold temperature for normal operation; and

9 starting spinning operation of said spindle motor
- assembly.

1 11. A method according to Claim 10, wherein

2 exciting said phases of said spindle motor assembly

3 includes rocking said phases back-and-forth in a

4 clockwise-counterclockwise manner at a predetermined rate

5 of speed.
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1 19. A nmethod according to Caim16, wherein said 2 tenperature of :-said
DASD is neasured at a thermstor on a 3 card therein. 1 20. A ”Eth9¢EBZW4
according to Claim16, wherein said 2 tenperature of said DASD is neasured
at a thermstor on 3 said spindle notor assenbly. 1 26 -5FEB 2004 2 3 4 5
6 78910 11 12 1312 3123456 121. Aprogramfor preventing cold
tenperature induced danage to a spindle notor assenbly of a direct access
storage devi ce (DASD), conpri sing:

1 12. A method according to Claim 10, wherein said

2 phases of said spindle motor assembly are excited until a
3 bearing assembly of said spindle motor assembly reaches a
4 minimum threshold temperature.

1 13. A method according to Claim 12, wherein said

2 phases of said spindle motor assembly are excited until

3 the grease of sald bearing assembly of said spindle motoxr
4 assembly reaches a minimum threshold temperature.

1 14. A method according to Claim 10, wherein said

2 temperature of said DASD is measured at a thermistor on a
3 card therein.

1 15. A method according to Claim 10, wherein said

2 temperature of said DASD is measured at a thermistor on

3 said spindle motor assembly.

1 16. A method for preventing cold temperature

2 induced damage to a spindle motor assembly of a direct

3 access storage device (DASD), comprising:

4 measuring a temperature of said DASD;

5 heating said spindle motor assembly for an amount of
6 time required for the temperature of said spindle motor
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a code for nmeasuring a tenperature of said DASD, a code for applying a
current to windings of said spindle notor assenbly for an anmount of~ §FER 2004
required for the tenperature of said spindle notor assenbly to rise to a
m ni mum threshol d tenperature for nornmal operation; and a code for starting
spi nning operation of said spindle notor assenbly when the tenperature of
fald Sflnd|$ not or afsenbly has risen to the m ni numthreshold

enperature for normal operation. 22. A program accor di '
wher ei N s@dembliyr ent riisearyp @n@i@ﬂM§mD£ﬂﬁ§£h9ﬁq Eﬁpﬂé%%kﬁf%n ggth;’

pul sed current. 23. A programaccording to Caim22, wherein said code for
agpl yi ng sairdatubpertatdpml;i @ndsaid current to said wndings of said
spindl e notor assenbly for an amobunt of time required for the resistance on
ag respective gpgrefngispiwinidigngpetra tieaciofh grideteindhediovarue
corresponding to the applied current. 27 - 5 FEB 2904 2 345671 2314

§06 [ assembly.

1 17. B method according to Claim 16, wherein heating
2 said spindle motor assembly is performed for an amount of
3 time that corresponds to the measured temperature of said
4 DASD in a table stored in a controller of said DASD.

1 18. A method according to Cléim 16, wherein heating
2 said spindle motor assembly including applying a current
3 to said windings for an amount of time required for the

4 bearings of said spindle motor assembly to reach a

5 predetermined minimum threshold temperature.

1 19. A method according to Claim 16, wherein said

2 temperature of said DASD is measured at a thermistor on a
3 card therein.

1 20. A method according to Claim 16, wherein said

2 temperature of said DASD is measured at a thermistor on

3 said spindle motor assembly.

1
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234123424 Aprogramaccording to Claim23, wherein said current is
applied to said w ndings of said spindle notor assenbly the anount f tine
required for the resistance on a respective one of said w ndings tﬁ%rFef&cm‘
a predeterm ned value based on a table stored in a controller in said
DASD. 25. A program according to Caim24, wherein the values of

resi stance of said wi ndings corresponding to current values stored in said
table in said controller are predeterm ned by neasuring changing

resi stance valugg. ia Iggg@ggini yeropesveht $apdcniladitegpeiratacsor dance with a
change in an anount of” cufrent or voltage applied to the respective

wi ndi ng. -Zﬁod&&ﬁ ocgérﬂgzﬁgcgg.rgl 881 h81 & mbEvLZ2a sweebliyn cfaiad dictretent appl i ed
to’said wiHdings of sard spindle notor assenbly corresponds to the neasured

tenperature of said DASD i,n a or Lhsaigentrol l er of said DASD
274 A pr ot T AT cor aF AYSt e&?g%ml?%?ﬁg/\heggring%gilg%'current is applied to

said wndings for an apount of tipme _r ' ' -
sphndl e not or a%s%%@?yggFom?§§8ﬁ139p?egg#g%%gﬁ& %nkﬁfﬁﬁﬁ${ﬁ?g§%§rdsald

tenperature. 28 - 5 FEB 2004 1 2 3 1 C a: .
6 a code for applying a current to windings of said
7 spindle motor assembly for an amount of time required for
8 the temperature of said spindle motor assembly to rise to
9 a minimum threshold temperature for normal operation; and
10 a code for starting spinning operation of said
11 spindle motor assembly when the temperature of said
12 spindle motor assembly has risen to the minimum threshold
13 temperature for normal operation.
1 22. A program according to Claim 21, wherein said
2 current is any one of a DC current, an AC current and a
3 pulsed current.
1 23. A program according to Claim 22, wherein said
2 code for applying said current applies said current to
3 said windings of said spindle motor assembly for an
4 amount of time required for the resistance on a
5 respective one of said windings to reach a predetermined
6 value corresponding to the applied current.
1
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2312345678910 11 12 1 2 3 28. A programaccording to Claggtg%m4
wherein said tenperature of said DASD is neasured at a therm stor 0n-a
card therein. 29. A program according to Caim22, wherein said

tenperature of said DASD is neasured at a therm stor on said spindle notor
assenbly. 30. A programfor preventing cold tenperature induced damage to
a spindle notor assenbly of a direct access storage device (DASD)
conprising: a code for neasuring a tenperature of said DASD, a code for
exciting the phases of_ said spind| o] f : of time
required for tﬂ% 'té%p%ﬁ%ﬁfﬁ%&%ﬁcgg?ggép?%dﬁggﬁg?gg’aggg%%ﬁénggaPise to a

m ni mum t hreshol d tenperature for pornal ,operation; .and e faqr.starting
sp¥ nni ng @&ﬁﬁﬁﬂﬁnﬂ%ﬁaEﬁﬂkﬁdsb?nﬂ?égnﬁ%Bﬁlggﬁeﬂgl?a eﬁpgﬁ§q%eﬁﬁgf§fure of
said spindle notor assenbly has risen to the m_ninu thresh%ld

4 assembly the amount of time required for the resistance
5 on a respective one of said windings to reach a

6 predetermined value based on a table stored in a

7 controller in said DASD.

1 25. A program according to Claim 24, wherein the

2 values of resistance of said windings corresponding to

3 current values stored in said table in said controller

4 are predetermined by measuring changing resistance values
5 in respective ones of said windings in accordance with a
6 change in an amount of current or voltage applied to the
7 respective winding.

1 26. A program according to Claim 22, wherein said

2 current applied to said windings of said spindle motor

3 assembly corresponds to the measured temperature of said
4 DASD in a table stored in a controller of said DASD.

1 27. A program according to Claim 26, wherein said

2 current is applied to said windings for an amount of time
3 required for the bearings of said spindle motor assembly
4 to reach a predetermined minimum threshold temperature.
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- S FEB 2004

tenperature for nornmal operation. 31. A program according to C ai m 30,
wherein exciting said phases of said spindle notor assenbly includes
rocki ng sai d phases back-and-forth in a 29 - 5 FEB 2004

cl ockwi se-count ercl ockwi se manner at a predetermned rate 5 of speed. 1 32.
A program according to Caim 30, wherein said 2 phases of said spindle
not or assenbly are excited until a 3 bearing assenbly of said spindle

mot or assenbly reaches a 4 mninumthreshold tenperature. ,1 33, A program
aqcording to Cl2di.m 32 prwera e fing piradsekabr. 44i dWRpFRdleSadfor
assenbly are excited until 3 the grease of said bearing assenbly of said
spi ndl e MYke@iperhtagserdyd ysaichdiiaD a srimdanuredrashel BheERperaruPe. 31 34. A
program according to Claim 30, wherein said 2 tenperature of said DASD i s
myasured at, ., tperigigfor on a 3 card therein. | 35. A programaccording to
Cl'aim 30, wherein said 2 tenperature of said DASD is neasured at a
thermstor on 3 said spindle notor assenbly. 1 36. A programfor
preventing cold tenperature 2 induced danage to a spindle notor assenbly of

a.direct 3 ac s st Vi d}g%?, COMPIhSPPY: whHeetade afiar
n&as 2 §¥3£ giégﬁj; DA%D; O e e

uring a termperatu sai 0O -5FEB 2004 56 7 8 9 10

2 temperature of said DASD is measured at a thermistor on

3 said spindle motor assembly.

1 30. A program for preventing cold temperature

2 induced damage to a spindle motor assembly of a direct

3 - access storage device (DASD), comprising:

4 a code for measuring a temperature of said DASD:

5 a code for exciting the phases of said spindle motor
6 assembly for an amount of time required for the

7 temperature of said spindle motor assembly to rise to a

8 minimum threshold temperature for normal operation; and

9 a code for starting spinning operation of said
10 spindle motor assembly when the temperature of said
11 spindle motor assembly has risen to the minimum threshold
12 temperature for normal operation.

1 31. A program according to Claim 30, wherein

2 exciting said phases of said spindle motor assembly

3 includes rocking said phases back-and-forth in a
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11 121 234512345123 acode for heating said spindle notor
assenbly for an anount of tine required for the tenperature of said
spindle notor assenbly to rise to a mninumthreshold tenperature ?éfEBZW‘
normal operation; and a code for starting spinning operation of said
spindl e notor assenbly when the tenperature of said spindle notor assenbly
has risen to the mninmumthreshold tenperature for normal operation. 37. A
program according to Claim 36, wherein said heat is applied to said

spi ndl e Ry gE A SR S0t r @b clsmtmaing 1 nat t Aapr edet esPones £dtehe
measured tenperature of said DASD in a table stored in a controller of

sai d DASD 3§pe%dprogran1according to Caim36, wherein heating said
sgindle nmot or ~assenbly includes applying a current thereto for an anount

of time required for the bearings of said spindle notor assenbly to reach
a predetermned mninumthreshold tenperature. 39. A program according to

CHain136, Wher%f1sﬁﬂ(%rogram according to Claim 30, wherein said

2 phases of said spindle motor assembly are excited until a
3 bearing assembly of said spindle motor assembly reaches a
4 minimum threshold temperature.

1 33. A program according to Claim 32, wherein said

2 phases of said spindle motor assembly are excited until

3 the grease of said bearing assembly of said spindle motor
4 assembly reaches a minimum threshold temperature.

1 34. A program according to Claim 30, wherein said

2  temperature of said DASD is measured at a thermistor on a
3 card therein.

1 35. A program according to Claim 30, wherein said

2 temperature of said DASD is measured at a thermistor on

3 said spindle motor assembly.

1 36. A program for preventing cold temperature

2 induced damage to a spindle motor assembly of a direct

3 access storage device (DASD), comprising:

4 a code for measuring a temperature of said DASD;
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tenperature of said DASD is neasured at a thermstor on a card th [

- FEB2004123123456789101112 13 14is 16 17 18 39?%35&3 >
40. A program according to Caim36, wherein said tenperature of said DASD
is measured at a thermstor on said spindle notor assenbly. 41. A nethod
for preventing cold tenperature induced damage to a spindle notor assenbly
of a direct access storage device (DASD), said nethod conprising:

a code for heating said spindle motor assembly for

5

6 an amount of time required for the temperature of said
7 spindle motor assembly to rise to a minimum threshold

8 temperature for normal operation; and

8 a code for starting spinning operation of said
10 spindle motor assembly when the temperature of said
11 spindle motor assembly has risen to the minimum threshold
12 temperature for normal operation.

1 37. A program according to Claim 36, wherein said
2 heat is applied to said spindle'motor assembly for an

3 amount of time that corresponds to the measured

4 temperature of said DASD in a table stored in a

5 controller of said DASD.

1 38. A program according to Claim 36, wherein

2 heating said spindle motor assembly includes applying a
3 current thereto for an amount of time required for the
4 bearings of said spindle motor assembly to reach 2

5 predetermined minimum threshold temperature.

1 39. A program according to Claim 36, wherein said
2 temperature of said DASD is measured at a thermistor on a
3 card therein.
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measuring a tenperature of said DASD, heating said spindle notor assenbly
to raise the tenperature of said spindle notor assenbly to a minifn
threshol d tenperature for normal operation when the neasured tenﬁgﬁgbdwg
of said DASD is less than 0° Celcius; halting the heating of said spindle
not or assenbly when said spindle notor assenbly has been heated for a
tinme equal to or greater than a predeterm ned threshold anmount of tine,
applying a current to said spindle notor assenbly, neasuring the current
appl i ed to spirdi.e Mtprogsssentyrding conpdlieny Bhe wbazreded séirdent to a
maxi mum threshold current, wherein spinning operation of said spindle

Or CONPRRGRS MRk thE SEREUDESD Clis reaésusebdeas thahermistwaxiarum
threshold current; and re-heating said spindle notor assenbly when the

sured %g&%ﬁ@%§§%£§§Q§og@@ DB threshold current, 32 - 5 F E B 2004

27 23 24 25 26 28 29 30 31 32 33 34 35

1 41. A method for preventing cold temperature

2 induced damage to a spindle motor assembly of a direct

3 access storage device (DASD), said method comprising:

4 measuring a temperature of said DASD;

5 heating said spindle motor assembly to raise the

6 temperature of said spindle motor assembly to a minimum

7 threshold temperature for normal operation when the

8 measured temperature of said DASD is less than 0°

9 Celcius;

10 halting the heating of said spindle motor assembly
11 when said spindle motor assembly has been heated for a
12 time equal to or greater than a predetermined threshold
13 amount of time, applying a current to said spindle motor
14 assembly, measuring the current applied to spindle motor
15 assembly and comparing the measured current to a maximum
16 ' threshold current,
17 wherein spinning operation of said spindle
18 motor commences when the measured current is less than
19 the maximum threshold current; and
20 re~-heating said spindle motor assembly when the
21 measured current exceeds the maximum threshold current,
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36 37 38 39 40 1 2 3 4 5 re-applying a current to said spindle notor
assenbly when a neasured tenperature of the re-heated spindle not o'r5 FEB 2004
assenbly is less than or equal to a nmaxi mumthreshold tenperature, and
re-neasuring the current re-applied to spindle notor assenbly and
conparing the re-neasured current to the maxi numthreshold current,
wherein the re-heating ceases and an error report is issued when the
re-nmeasured tenperature of the re-heated spindle notor assgﬁbl¥ i S greater
than the BNy ity eshobrr¢vtpee atai @, SKHRSE MPLPE hef SPEPAEAtTY of said
spindle notor assenbly continues when the re-nmeasured current exceeds the
i mum t hr gghol €dirt éiper andrsad £l tiee hoe-heetednsPiBdd&i Bot& heat i ng of
sal d spindle notor assenbly, and wherein further re-heating of said spindle

for assendlyoepses When £hen T er neqsat eto car merimusxEBEESIERE maxi mum
t'hreshol d current, and spinning operation of said spindle notor conmences.

A progessor S | fe 1R PEEYERY €REdcuteaner aeupepiliddcdd damage to
gﬁépindle ﬁﬁﬁﬁr%éggﬁﬁﬂiﬁ%f ea %irect gccess storage devi ce (DASD) thereof,

%ﬁ%d pro%%%%ﬁlé“%%%ééig@@eﬁﬁly and comparing the re-measured

27 current to the maximum threshold current,

28 wherein the re-heating ceases and an error

29 report is issued when the re-measured temperature of the
30 re-heated spindle motor assembly is greater than the

31 maximum threshold temperature,

32 wherein further re-heating of said spindle

33 motor assembly continues when the re-measured current

34 exceeds the maximum threshold current, and said method
35 returns to said re-heating of said spindle motor

36 assembly, and

37 wherein further re-heating of said spindle

38 motor assembly ceased when the re-measured current

39 exceeds the maximum threshold current, and spinning

40 operation of said spindle motor commences.

1 42. A processor that is able to prevent cold

2 temperature induced damage to a spindle motor assembly of
3 a direct access storage device (DASD) thereof, said

4 processor comprising:

5
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- 5f EB2004 6 789101112 1314123123456 1234neans for
nmeasuring a tenperature of said DASD, neans for applying a currem:15£t32W4
wi ndi ngs of said spindle notor assenbly for an anount of tine required for
the tenperature of said spindle notor assenbly to rise to- a m ninum
threshold tenperature for normal operation; and neans for starting

spi nning operation of said spindle notor assenbly when the tenperature of
said spindle notor assenbly has risen to the mninmumthreshold

tegperature formesnsafoppeeatiuphng4d. tAnpesessser odcoeid MBS C ai m 42,
wherein said current is any one of a DC current, an AC current and a

7 means for applying a current to windings of said
8 spindle motor assembly for an amount of time required for
9 the temperature of said spindle motor assembly to rise to
10 a minimum threshold temperature for normal operation; and
11 means for starting spinning operation of said
12 spindle motor assembly when the temperature of said
13 spindle motor assembly has risen to the minimum threshold
14 temperature for normal operation.
1 43. A processor according to.Claim 42, wherein said
2 current is any one of a DC current, an AC current and a
3 pulsed current.
1 44. A processor according to Claim 43, wherein said
2 means for applying said current applies said current to
3 said windings of said spindle motor assembly for an
4 amount of time reguired for the resistance on a
5 respective one of said windings to reach a predetermined
6 value corresponding to the applied current.
1 45. A processor according to Claim 43, wherein said
2 current is applied to said windings of said spindle motor
3 assembly the amount of time required for the resistance
4 on a respective one of said windings to reach a
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pul sed current. 44. A processor according to Claim43, wherein said neans
for applying said current applies said current to said w ndings of said
spindl e notor assenbly for an anount of time required for the r es H$E 87004
on a respective one of said w ndings to reach a predeternined value
corresponding to the applied current. 45. A processor according to Caim
43, wherein said current is applied to said wi ndings of said spindle notor
assenbly the anount of tine required for the resistance on a respective
oge of said WRdiNgs dP VRN 1B 3 -orb FERZDD4stobed 2n3ad 56 7 12341
3741 2 3 pregétern1ned val ue based on a table stored in a controller in

S%ld DASDbontroller in said DASD.

1 46. A processor according to Claim 45, wherein the
2 values of resistance of said windings corresponding to

3 current values stored in said table in said controller

4 are predetermined by measuring changing resistance values
5 in respective ones of said windings in accordance with a
6 change in an amount of current or voltage applied to the
7 respective winding.

1 47. A processor according to Claim 43, wherein said
2 current applied to said windings of said spindle motor

3 assembly corresponds to the measured temperature of said
4 DASD in a table stored in a controller of said DASD.

1 48. A processor according to Claim 47, wherein said
2 current is applied to said windings for an amount of time
3 required for the bearings of said spindle motor assembly
4 to reach a predetermined minimum threshold temperature.

1 49. A processor according to Claim 43, wherein said
2 temperature of said DASD is measured at a thermistor on a
3 card therein.
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46. A processor according to Caim45, wherein the values of resistg

said wi ndings corresponding to current values stored in said table’insard
controller are predeterm ned by measuring changing resistance values in
respective ones of said windings in accordance with a change in an anount
of current or voltage applied to the respective wnding. 47. A processor
according to Claim43, wherein said current applied to said w ndings of
said spindle notor assenbly corresponds to the neasured tenperature of
Sg‘i d DASD i ”CI%‘oE abéepﬁfto‘&re%@_oir” iR 18y of 2 5ai 43 PASRerdBn Aaprocessor
according to aim47; wherein said current is applied to said w ndings
for an anount of . time .r (e frr: NEAd i t pdl gnnot or
adsenbl y TE¥BPFEALHTS Sr’fegg'tigr r%hgr:lseDg lns?t %rmmt (?gzthg% dﬂ?%ﬁmpgrggture. 49. A
processor according.to C ai m43,£¥(}%;ei n said tenperature of said DASD is
mBasur ed 3814 FREPAILE BPTEF &5°CAFd *therein. 35 - 5 F E B 2004 1 50. A
processor according to Caim43, wherein said 2 tenperature of said DASD
is neasured at a thermstor on 3 said spindle notor assenbly. 36
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