SPECI FI CATI ON Motor and Hard Disk Drive Loaded WM OThi%/ it of?

Field of the Invention The present invention relates to/acggt Qg%
use with an QA apparatus or an AV appar at us. Background of the
I nvention In a hard disk drive for reading magnetic recording or

content of record while rotating a hard disk at high speed, there is used
a shaft-rotating type notor or such a shaft-fixed type notor as disclosed
in US. Patent No. 4739427 specification. The shaft-fixed type notor
has, as shown in FIG 15, a nmagnetSREGFDHIGAR PN or a rotor 3 rotatably
supported by a fixed shaft |la through ball bearings 2a and 2b, and a
stator wwnding 6 nounted on a stator core 5 so as to face the magnet 4,

for rotationally grivin d_ disk | ac t ol, nd the
shaft center ther erg?{:or &Q%cg%ﬁ%&%r{gﬁ% \&;lgf‘)‘?g?i Qlﬁtér%{g s%%%gt eristic
has the follow ng tendency: When t he nunber of revolutions

I ncreases, the vibration proof characteristic is deteriorated, and the

vi bration pie9§ oeheractgeéstioni s al so deteriorated even when a di sk | oad
I's increased. _
The present invention relates to a motor for use with an

OA apparatus or an AV apparatus.

Background of the Invention

In a hard disk drive for reading magnetic recording or
content of record while roﬁating a hard disk at high speed,
theré is used a shaft-rotating type motor or such a shaft-fixed
type motor as disclosed in U.S. Patent No. 4739427
specification.

The shaft~fixed type motor has, as shown in FIG. 15, a
magnet 4 provided for a rotor 3 rotatably supported by a fixed
shaft la through ball bearings 2a and 2b, and a stator winding
6 mounted on a stator core 5 so as to face the magnet 4, for
rotationally driving hard disks 7 placed on the rotor 3 around
the shaft center thereof.

Generally, Fhe vibration proof characteristic has the
following tendency:

When the number of revolutions incréases, the wvibration
proof characteristic is deteriorated, and the vibration pfoof
characteristic is also deteriorated even when a disk load is

increased.



Naturally, this vibration proof characteristic will be -inproved if a notor
,resonance point is inproved. Therefore, as described above, there is
generally adopted a both ends supported structure in which a proxinmal end
of the fixed shaft la is fixed to a |ower case 8a and a tip end portion is
fixed to an upper case 8b with a machine screw 9 to inprove the resonance
point, or in a cantilever supporting structure, a shaft dianeter is
general ly made | arge. Di scl osure of the Invention The conventi onal
vi bration proofNatheddtvor itdtlisc yibuatinnt preof echaracte i tfic atitl lpksbl ens
regardi ng ball bearing specifications by the follow ng reasons: In
the bal | D@REWVES Jdfcid MOLOToFESORRBFR PILAL| by 1PRIQHTDn TNEASEP e 2Shaf t

di amet er and current .consunption, because,of rolling fr.iction,, and
t her ef or e, %S9 PRRVStetAETe & Hsnﬁﬁaéfifa?‘g‘é?"r%‘? J RO S!S 5 shaft

with a dieggg G.gn1E bee 0, r I ridags of
this class™ rer%)%%pﬁ]{n?écg{reb&t t grég ?sB 58%.?%%?(3%&??%% a{}ﬂeel%ziﬁdj%%gg% ng
beconmes difdigdldidey &SiSticwesNeakeb882HAG ANEip &R YR G d FWSked
capability beconmes | ow when the size of the bal? beari ng becones snal |

When greattd noripyee dfsaAtl8aeied anmacaRAet 5&8éw 0N B dimpRBicssitdrce t o
shock | oad, the support by fluid bearing in place of ball bearings is
advant agexgssonante [poiggncior dnstr gentidever sepportbing i sttucSurat ent No.

5590003. . - 2-
shaft diameter is generally made large.

Disclosure of the Invention

The conventional vibration proof characteristics have not
posed any significant problems regarding ball bearing
specifiéations.by the following feaspns:

In the ball bearing specifications, there is a low
relation between the shaft diameter and current consumption
because of rolling friction, and therefore, the shaft diameter
can be made large for use. Also, a shaft with a diameter of 5
mm or 6 mm has been used so far, and ball bearings of this
class are low-priced, but there is a problem that the ball
bearing becomes difficult to resist a shock because the
resistance to load capability becomes low when the size of the
ball bearing becomes small.

When great importance is attached on compactization and
resistance to shock load, the support by fluid bearing in place
of ball bearings is advantageous, and the specific structure is

described in U.S. Patent No. 5590003.



Heyeinafter, the fluid bearing specifications will be studied. As
~regards the fluid bearing specifications, heretofore, we have been anxious
" to solve the nmaxi num problem i.e., how an increase in |oss caused by
fluid friction should be restricted. For this end, it is nost effective to.
: reduce the shaft dianeter and peripheral speed, and it is inportant to
deal with the matter by the m ninum shaft dianmeter in accordance with a
disk load, the nunmber of revolutions or the |ike. It is an object of
the present invenf¢oainaftgnyithe £1luidi beacripabbpecificationy wid kess as
far as possible, and securing the mninmumvibration proof performance and
reliability %9u@b?¢n|tely deflnlng t he upper and | ower I|n1ts for the

haft di t th.the disk
nunber of Tevol Ut NBrEetHRaS (Gt PRat LA pBeRL AL PR PR ISR TR and

a hard disk 9&' Mg LOQQS éf\ﬁﬁﬂaust rl:o s &{ =t:he a ﬁ\ﬁﬁoégél?ﬂex{to 1‘.3‘ e[mt Cq;ouffan
t he present ' RVent ron, there1s prOV| ed F% ype' not or’
fluid bearingn.sagsh i §a1600 ol &y ftltﬁddkégeft%n sﬁamdose ti&e‘mmd.

shaft has been set so as to satisfy“the relation of [err] ML > d[err] >

ML. A per 8RELSIhdP i© idhandBy @ffeltiile RbegelliceRatsiEt dintdetdrs
provided a shaft-rotating type notor of the fluid bearing specifications,

wherei n the dndnperipbeftal)spéed hand iitedsshiabbrhastbtendsal withasthe

satisfy the relation of [err], M > d[err] > M.

-3- matter by the minimum shaft diameter in accordance with a disk
load, the number of revolutions or the like.

It is an object of the present invention to provide a
motor capable of reducing the loss as far as possible, and
securing the minimum vibration proof performance and
reliability by definitely defining the upper and lower limits
for the minimum shaft diameter in conformity with the disk
load, the service number of revolutions or the like in the
fluid bearing specifications, and a hard disk drive loaded with
this motor.

According to a motor of the present invention, there is
provided a shaft-fixed type motor of the fluid bearing
specifications, wherein the diameter d (mm) of the fixed shaft
has been set so as to satisfy the reiation of a’ - ML > & > Ml.

Also, according to the motor of the present invention,
there is provided a shaft-rotating type motor of the fluid
bearing specifications, wherein the diameter d (mm) of the
fixed shaft has been set so as to satisfy the relation of a?’ -

M2 > d° > M2.



ahere in ML = J1 (N 1000 )[err] Kk[err] Dand M = J2 (N 1000)[err].
“k[err] D, J1 and J2 are coefficients to be experinentally determ ned.
"N(rpm) is a service nunber of revolutions, k is a nunber of disk-shaped
recording nmedia, D (inch) is a dianeter of the disk-shaped recording
:medium and a is a ratio of the maxinumdianeter to the m ni mrum di aneter
of the fixed shaft or the rotor shaft. According to the present

i nvention, the reduction of loss as far as possible, the mnimumvibration
proof perfor man¥keradintile +ofl abiNY1Q0¢h - b ol ndedt2 = J2 - ABBOYHAING t o
a notor spegified in claiml of the present invention, there is provided a
nmot or havi kg "aPradhedn@rd? i areel cofficiants toobsat aFPSrinepbaisyl by a fi xed
shaft and g stator w nding nounted on a stator core to face the foregoing

magnet, fOrtRERAREEnal F(TRR) AR SGFEIES TReTr 8€oFaVALUREeRSIm IR  on
the f ' t i t haft center,..wh i, . _the,d] f
the 11 xeq Bitpe?; % (& RkrEndnda A= I Hoa 40 ob® ( BofRT o A R EARTRE N,
h 9 : Ay . r—orr : ! !
the i ok: sRapEheCdibRISRaBOS ol SEAIL HRdTHH 2 b ACa LM 4 WEeHle OV
been set: mak@min dVAmedéLr£d tNd miMBinen MY amelbr] 8 EhENELRER) §REFE or

——rtn .

K[ err] D, J1 being a coefficient to be experinentally determ ned and. set
to be 0.01&her p206%) shafita being a ratio of the maxi mumdi ameter to the
m ni rum di aneter of the fixed shaft. According to a notor specified

in claim2 of tRecprdinattoi Wherpresent Hayventdopyothdededunbion ahvlers a
el n nagne%s far as possible, the minimum vibration proof performance and
the reliability can be obtained.

According to a motor specified in claim 1 of the present
invention, there is provided a motor having a magnet provided
for a fotor rotatably supported by a fixed shaft and a stator -
winding mounted on a stator core to face the foregoing magnet,
for rotationally driving a disk-shaped recording medium placed
on the foregoing rotor around its shaft center, wherein when
the diameter of the fixed shaft is d (mm), the service number
of revolutions is N (rpm), the number of the disk-shaped
recording media is k, and the diameter of the disk-shaped
recording medium is D_(inch), the folléwing relation hés been
set: a® - Ml > d® > Ml
where M1 = J1 + (N/1000)? - k? -+ D, J1 being a coefficient to be.
experimentally determined and set to be 0.018+20%, and a being
a ratio of the maximum diameter to the minimum diameter of the

fixed shaft.

According to a motor specified in claim 2 of the present

invention, there is provided a motor having a main magnet



-4- provided for a rotor rotatably supported by inserting a
.rotor shaft into the shaft hole in the fixed sleeve forned on the stator
side, and a stator core nounted on the stator side to face the foregoing
mai n magnet, for rotationally driving a disk-shaped recordi ng nmedi um

‘pl aced on the foregoing rotor around its shaft center, wherein when the
di aneter of the foregoing rotor shaft is d (nmm, the service nunber of
revolutions is N (rpnm), the nunber of the disk-shaped recording nedia is
k, and thepxbhuidedrfof a rotdissirotladpbdyr euppdrhgd bpdinsersiny (8 mator t he
following relation has been set: - [err] M > d[err] > M, where M2 = J2
[err] (N 1906t ekngo thg eghaft pols ipeithg Zixedf slepentfermed on the
experinmental |y determ ned. and set to 0.013420%, and a being a ratio of the
maxi mum di SSRYRF $EAE heAMf A IR CATa 0TS TOEOERE OOtk SFAFRE side €0y nard

di sk drive cifled in claim3 of the _present . ipvention iLncorporates a
not or desc?%%%dt$% g#f?ﬂﬁlQ§aﬂﬁﬁQlWﬁgneEVagéfzr?ﬁ%?%?ﬂ?ig%déFEQEﬁgfhcterized
in that thj ' : l3Sk=S e | i um
B ef DescefeRTbRiped O dloftitld ddiufF 13RI kn>BRECEOEGOLE R LT
a hard di skréindeitsi sigare cdifdr, ahrideia Whed BREOAiameter &t Ghe? IS an

enl arged view show ng essential portions of FIG 1;

foregoing rotor shaft is d (mm), the service number of
revolutions is N.(rpm),-the number of the disk-shaped_recording
media is k, and the diameter of the disk-shaped recording
medium is D (inch), the following relation has been set: «° -
M2 > d° > M2, _
where M2 = J2 + (N/1000)? - k* - D, J2 being a coefficient to be
experimentally determinéd and set to 0.0134*20%, and @ being a
ratio of the maximum diameter to the minimum diameter of the
rotor shaft.

A hard disk drive specifiéd in claim 3 of the present
invention incorporates a motor described in either claim 1 or
claim 2 therein, and is characterized in that this motor

rbtatipnally drives a disk-shaped recording medium.

Brief Description of the Drawings

FIG. 1 is a sectional view showing a hard disk drive using

a shaft-rotating type motor;

FIG. 2 is an enlarged view showing essential portions of

FIG. 1;



- FIG 3 shows the relation between a shaft dianmeter and
a resonance of radial direction according to a first enbodi nent of the
“present invention; FIG 4 shows the relation between the nunber of
revol utions and the resonance of radial direction according to the first
.enbodi nent of the present invention; FIG 5 shows the relation

bet ween a disk dianeter and the resonance of radial direction according to
the first enbodi ment of the present invention; FIG 6 shows the

rel ati on between FP¥e. rurdimwsofthgi sledasndn bhtweesonasiafbfdiamfitar dindedt i on
according to the first enbodi nent of the present invention; FIG 7
shows vi br at Fesoppers <hdasdadr ddrecs ipaf aFeoraing skafd i Gitetaibadinedde

| ar ger; FIG 8 shows vibration proof characteristics after the shaft

di aneter is HhdEhe PrRISHs WS PREasur e; FIG 9 shows the relation
bet ween t he nunb f disks a th haft.,dLa e i ndi [ a range for
F18 4 s e e 2080 pELAER SLne AhEAY 0

t he shaft di anet 0 or Wt er of

revol utions P&goﬁff@?o:{ Mnd the ridsGnahleSBEVEalifg1" 1AL ONLDUNRFUINRE Lo -

nunber of dis and the shaft dianmeter, indicating a specific range Tor
the shaft dtRgefefsoferbsdiaidnty @fatihed prggenivifvert ibnp nunber of

revol utions of 7200 rpm FIG 11 1s a sectional view show ng a hard

di sk drive FIG. 5 shows the relation between a disk diameter and the
resonance of radial direction according to the first embodiment
of the pfgsent invention;

FIG. 6 shows the relation between the number of disks and
the resonance of radial direction according to the first
embodiment of the present invention;

FIG. 7 shows vibration proof chéracteristics before the
shaft diameter is made larger;

FIG. 8 shows vibration proof characteristics after the
shaft diameter is made larger as countermeasufe;

FIG. 9 shows the relation betwéen the number of disks and
the shaft diameter, indicating a range for the shaft diameter
of a shaft-rotating type motor with a number of revolutions of
5400 rpm;

FIG. 10 shows the relation between the number of disks and
the shaft diameter, indicating a specific range for the shaft
diameter of a shaft-rotating type motor with é number of
revolut;ons of 7200 rpm;

FIG. 11 is a sectional view showing a hard disk drive

using a shaft-fixed type motor;



using a shaft-fixed type notor; - 6-

.FIG 12 is an enlarged view show ng essential portions of FIG 11;

FIG 13 shows the relation between the nunber of disks and the shaft
dianeter, indicating a range for the shaft diameter of a shaft-fixed type
notor with a nunber of revolutions of 5400 rpm FIG 14 shows the
rel ati on between the nunber of disks and the shaft dianeter, indicating a
specific range for the shaft dianmeter of a shaft-fixed type notor with a
nunber of reR&Gut 1dnks odn A20Rged virew showing| essestial cparidnmalf vi ew
showi ng a shaft-fixed type notor of the bearing specifications.
Descri pt F&f-otlfhe Enbodi ments Hereinafter, with reference to FIGS. 1

(0,54, the  desar v g0, be s of onch o e 2ccprcl g (g e
Rl T T ey N e

sl eeve 3okSaMBHAEEdEORed rn%t&lolmﬁt% I RmBC kel révol@ti&&Qroﬁhaft 6,
which is inserted - into a shaft hole 5 of the fixed sleeve 3, is nobunted to"

a hub 4, saod -tpg;tip end of the
FIG. 14 shows the relation between the number of disks and
the shaft diameter, indicating a specific range for the shaft
diameter of a shaft-fixed type motor with a number of
revolutions of 7200 rpm; and
FIG. 15 is a sectional view showing a shaft-fixed type

motor of the bearing specifications.

Description of the Embodiments
Hereinafter, with reference to FIGS. 1 to 14, the

description will be made of each embodiment according to the

present invention.

(First ﬁmbodiment)

FIGS. 1 to 10 show a First Embodiment.

FIGS. 1 an& 2 show a hard disk drive using a shaft-
rotating type motor of the fluid bearing specifications, and a
fixed sleeve 3 is mounted on a central hole 2 in a bracket 1.
A rotor shaft 6, which is inserted into a shaft hole 5 of the
fixed sleeve 3, is mounted to a hub 4, and the tip end of the
rotor shaft 6 inserted into the fixed sleeve 3 abuts upon a

thrust plate 7 mounted on the proximal end of the fixed sleeve

3.



votor shaft 6 inserted into the fixed sleeve 3 abuts upon a thrust plate 7
nmounted on the proximal end of the fixed sleeve 3.
-T- In the bracket 1, a stator core 8 is nounted with the
foregoing fixed sleeve 3 placed at the center so that the tip end of the
.yoke is placed on the outer periphery side of the stator core 8. On
the hub 4, there is nounted an annular main nagnet 9 through a frame 10 to
face the outer peripheral portion of this stator core 8. In this respect,
there is formedIa theibhtrackgnali & mtegour cogendr asi mgupbed i witbethReen t he
fixed sleeve 3 and the rotor shaft 6, and the clearance is filled wth

| ubri cati nforegpdng fixed|sleensd mliased] asnghe, cepberafa Hidkstha YR
nmounted on the hug 4 m%th,a spacer 12 inteersed t he ebetmg&n. h

Assumi ng t RRE PfietBPa¥RESr 191P13REF o/ Neh PSS PETAPIRAY , S ¥R ST ce
nunber of %Evgl%thggg y I's 5400(rpm, and the nunber of the disk-shaped
recordi ng &3k 3, "and the dianeter of the disk-shaped recording

medi um Di s 3'50$i@ﬁg)hub“@?ntﬁéférfgEﬂddﬂ{egﬁ%ﬂeﬁﬂnhmﬁrdhéﬂﬁtﬁﬁ fe®©fgthe
rotor shaft 6 and the resonance frequency of radial direction was

measured Whirbuie adiczaRbel o dedf fddie 1 Gursiaipler@pasralvporaboe, of helits
exi sted such a relation of f [err] d[err] as shown in FIG 3. Al so,
when t he r atattioan coeewden [t this tiespegondihere fisefoenesd af radiakhl
direction f was neasured, with the service
dynamic pressure generating portion between the fixed sleeve .3
and the rotor shaft 6, and the clearance is filled with
lubricating fluid.
In these FIGS. 1 and 2, two hard disks 11 are mounted on
‘the hub 4 with a spacer 12 interposed therebetween.
 Assuming that the diameter of the rotor shaft 6 is d (mm),
the service number of revolutions N.is 5400(rpm), and the
number of the disk-shaped recording media k is 3, and the
diameter of the disk-shaped recording medium D is 3.5 (inch),
when the relation between the diameter d of the rotor shaft 6
and the resonance frequency of radial direction f was measured |
with the diameter d of.the rotor shaft 6 as a variable, there
existed such a relation of £ * d’ as shown in FIG. 3.
Also, when the relation between it and the resonance
frequency of radial direction £ was measured, with the service
number of revolutions N as a variable, there existed such a
relation of £ < 1/N? as shown in FIG. 4.

Also, when the relation between it and the resonance

frequency of radial direction f was measured, with the diameter



‘nunber of revolutions N as a variable, there existed such a relation of f

[err] 1/Nerr] as shown in FIG 4. Al so, when the relation between it
“and the resonance frequency of radial direction f was neasured, with the
di anet er D of the disk-shaped recording nediumas a vari abl e,

.there existed such a relation of f [err] 1/D as showmn in FIG 5.

Al so, when the relation between it and the resonance frequency of radial
direction f was neasured, with the nunber k of the disk-shaped recording
medi um as Da ofarthgbldd ski-abaped execordiing mediurelagt @oNasiablper EReu2k[err] as

shown in FIG 6. Ther ef or e, froq&the results of FIGS. 3 .to 6, the
r esonance e¥iSdGGe §8FHoR FELRRIOWI Pk i Tnl¥Dcaf BROYRpFRSEES: a3 fol | ows:

f d 1/ N 1/ D [ . A shaft - ti t

motor o The | AR bERFP GRS SFELFH Uh TE s tc AT 4780 POPRERCE i ve
rof | PGS PoPart t

on the. ar e blEg, o, AauST, 81550 Bo 2 Vad MBe e Lo R AREE R 1

the resul toShawn diRkEk®apéd recordii§ nddidd 4 PRARH aB2ES OLHBREE | S
eval uated at the occurrence level for resonance at several hundreds or

| ess Hz ig¥ilstddGuche adiralatiohnofl £5 7,1 /&% | £y edhadin i1 EIG10 6aper ati on
error occurs during excitation is regarded as 100 for display. The
di aneter d of tThenedioge,slfabm Bhef reswlshaff -BIRSat i3ngo Bypshaoresondaser ed
in FIG 8 is larger than that of the shaft- rotating type notor- neasured
in FI G 7.frequencgy ofpFafdal ALeRrEhRn chifal RO PHRFEREES PPGECLFOURY 8, a
peak Pl near 16 cktdmhigp has Qu_;gg inthe lowarea in FIG 7 and a
peak P2 near 3 Hz Ghavé’ fove ea 20 Hz and near 500

A shaft-rotating type motor of the fluid bearing
specifications was caused to rotate a drive mounted with three
3.5-inch_disks.at 5400 rpm, and an axial displacement on the
disk surface when this drive was excited at 0.5G was measured
with the result shown in FIG. 7.

The vibration proof performance is evaluated at the
occurrence level for resonance at several hundreds or less Hz
including the disks. In FIG. 7, a level at which no operation
error occurs during excitation is regarded as 100 for display.

The diameter d of the rotor shaft 6 of the shaft-rotating
type motor measured in FIG. 8 is larger than that of the shaft-
rotating type motor measured in FIG. 7.

As apparent from the compafison between FIGS. 7 and 8; a
peak Pl near 160 Hz which has occurred in the low area in FIG.
7 and a peak P2 near 365 Hz have moved near 220 Hz and near 500
Hz respectively as indicated by peaks Pl' and P2' in FIG. 8 in

which the diameter d of the rotor shaft 6 was made larger.



Hz respectively as indicated by peaks P1' and P2' in FIG 8 in which the
_dianeter d of the rotor shaft 6 was nade | arger. .
-9- These peaks P1, P2, Pl1' and P2' show resonance which
depends upon a stidffness value represented by the dianmeter of the rotor
'shaft 6 or the like, and the resonance is called "resonance of radial
direction". The resonance is divided into tw by a gyroscopic effect; peak
Pl or P1' is caILed a "reverée direction rsyol tion node" an ak P2 or

f i

P2', is called ANSHoPBRXS ot iffy dilr e@PPoR2pdBOV resonapgy ndi cat es
esonance, depeRdsB8p PaCCRtheds Y uel £eBREsERSBU BY (e S ML GOt Ne!

resonance. h Cc waysS pose a

probl em butcogpapenhse 30 6 e 18%% UBHA khePRsEofaREaDl € kel fegiener

because there i'S conpression due to a Servo. I's area, peaks Pl

P1', P2 andrB3on¥hteholr £adfdl &firedtaoarancenel readhahcdi i€cdi®vided into
significantly affect in the problens relating to servo of the drive, and

occurrencegwof byear gygoscopic a0t ;npelake PluptreP1lof iseval Léd cns" Pewdrdene
notor, the nunber k of disks and the shaft dianeter d as paraneters, the
exci t at i onddcestaprat remolut i ohodele and weako@2 Aot Péaustsapylled rdrs was
_experinentahg ogggginggg.dglgégng(%gdgg.(Table 1) is the results.
Peak P3 indicates resonance of the disk packaged. Peaks
P4 and P5 are factors due to another resonance.
All the vibrations which occur do not always pose a
problem, but components 300 Hz or less usually pose a problem
in general because there is compression due to a servo. ‘
In this area, peaks P1l, Pl', P2 and P2' which .are called
“resonance of radial direction“ significantly afféct in the
- problems relating to.servo of the drive, and occurrences of
errors:
Assuming the number of revolutions N of the motor, the
number k of diéks and the shaft diameter d as parameters, the
excitation acceieration at which the drive does not cause ahy

errors was experimentally determined. The following (Table 1)

is the results.

- 10 -



10 -

.SHAFT DI AMETER REVOLUTI ONS Dl SKS

3 3.5 4.0 5.0 5400

4 0.61 1.13 1.46 3.30

1. 90 Fromthis (Table 1),
whi ch

Table 1

3

any errors are not caused when the nunber of
5400 rpm the nunber of disks is k

mm is 1.74 G and when the target excitation

product is assuned as Jerr],

it can be

(3/k)[err] (d/3.5)[err]/ (hV5400)[err] Tabigy s 5
(3/k)[err] (d/3.5)[err] / (N5400)[err] / (E¥3.5) [err] 1.74
the mnimumrequired shaft dianmeter d at the target

NUVBER OF
(mm

1. 09G

5

1. 74G

0.31 .
the excitation accel eration at
revolutions is N =

= 3 and the shaft dianeter is d =
acceleration required as a

expressed as foll ows:

NUMBER OF
rpm
. 60G 5.08G

0. 65

= (Jerr]/l.74)

Jerr]

NUMBER OF | NUMBER OF SHAFT DIAMETER
REVOLUTIONS DISKS (mm)
rpm 3 3.5 4.0 5.0
5400 3 1.09G | 1.74G | 2.60G | 5.08G
' 4 0.61 1.13 1.46 3.30
5 0.31 0.65 0.76 1.90

- 11 -




excitation acceleration err] = 0.5Gis determned by the proportiona
calculation fromthe foregoing, we get: (3/k)[err] (d/3.5)Terr] [/
(N5400)[err] / (D3.5) 1.74 =0.5 d[err] = 0.0134 (N 1000)[err]
k[err] x D Wen the maxi num shaft diameter is set to 1.5 tines as |arge as
the m ni mum shaft dianeter fromtwo viewpoints: howa margin is left for
the upper Iimt for the shaft dianmeter d, and the allowable Ievel is set
to about twice as nuch as the loss at the mninumshaft diameter or |ess
because the bedfomy thiss (TableuBdt.akbhieakkgipabpont aerrlerasi®ns @faM@ich t he
shaft diameter, the maxi numshaft dianmeter is defined to be .as fqllgws:

d[ err] = ‘0. BLTTIRG BRI [GRuUSEe PR BhecpHFDSr sp FVO A& ¥nf Tange
f th di t d b d l | X . '
[0 1b0c) £ hekdo dBr! Sle BB SEHERE T 0= AhES SR ghare Raibide,
1.53 isc? éh?.fa:aﬁ,s o 1hsd el %gh gra' eagpor tdidSiorconfirmed
whet her or " not the target excitation acceleration err? =

- 12 - accelerafiof r&qettdSldLd ProalizRyiBdakbemadnderc of ikeyghubéons
of the notor, the nunber of disks, and the disk dianeter, on the basis of

whi ch the skpféssiednms efolllovms: set, but any of the nmpbtors was appropriate.
The coefficient of 0.0134 satisfied the target excitation acceleration
Jerr] within a(34kfe(df305D12842896400)% / OpeTiFi cal(Gs/1FT€ 9 represents
the m ni nrum and val pes for the shaft_dianmeter which satisfy the

maxi rum _ X
target excitatfdfchcédldradi on (R 2409)=/ 0B 13) changt g Fhe nunmber of the

When the minimum required shaft diameter d at the target
excitation-acceleration G, = 0.5G is determined by the
proportional calculation from the foregoing, we get:

(3/k)? (d/3.5) / (N/5400)*/ (D/3.5) - 1.74 = 0.5

& = 0.0134 - (N/1000)% - k? x D
When the maximum shaft diameter is set to 1.5 time§ as large as
the minimum shaft diameter from two &iewpoints:-how a margin is
left for the upper limit for the shaft diameter d, and the
allowable level is set to about twice as much as the loss at
the minimum shaft diameter or less beéause the-bearing loss is
substantially pr0pqrtionalhto-a square of the shaft diameter,
the maximum shaft diameter is defined to be as follows:

d® = 0.0134 - (N/lOOO)i- k* -D - 1.5°
The setting range for the shaft diameter d can be expreséed as
follows:

0.0134 - (N/1000)% - k* - D < d® < 0.0134 + (N/1000)? - k* - D -
1.5° |

On the basis of this relational expression, it was

confirmed whether or not the target excitation acceleration G, =
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di sks when a notor nmounted with 2.5 inch disks is rotated at 5400 rpm
FIG 10 represents the m ni num and maxi num val ues for the shaft dianeter

which satisfy the target excitation acceleration Gerr] = 0.5G by changi ng
the nunber of the disks when a nmotor mounted with 2.5 inch disks is
rotated at 7200 rpm (Second Enbodi nent) FIGS. 11 to 14 show a
(Second Enbodi nent). FIGS. 11 and 12 show a hard disk drive using a

shaft-fixed type notor _of the fluid bearing specifications, and t
proxi mal eRe36f L8 Fﬁihﬂf%%fkty ©ehangimg dde & gwef gg¥elybions tté"l‘:r ew

A e
respect togkhan; LhxedosbaL: 13 a&e%se%%,fa [ seabie! JB9rLkopn2nlianipg

shaft holé"1 oregO|ng isTinserted and a
hub porti Owaglaﬁﬁebﬁfibﬂs freyda té@eéf&x@?& Q:ff 'on@18ar gt isPoed! ORe 20

outwardly tator core Is mounted to the | ower case 15 with the
tip end of thbgeiogﬁcmtaﬁwn%&mﬂﬁmﬂ@ within a range of 0.0134%20%.
- 13 - . The foregoing hub portion 21 integrally nmounted on

the tip end of Spheifacatlypdfl¢ord 2fepfeddnts dather mislimemeadd maximamt ed
wi th an annul ar magnet 24 through a rotor frame 23. In these FIGS 11 and
12, three Matuegi §R5 bhRegshafp %mﬁtﬁftWh§QhH§aq%§ﬁV'éhGZEaﬁBFh spacers 26

i nt er posed t her ebet ween radi al. dyn re sure generatin rtion
i s foPned xcgtatgon acceleratlon Go = 0. & gy ch ngfng thg number é%rgﬁe

disks when a motor mounted with 2.5 inch disks is rotated at
5400 rpm. FIG. 10 repreéents the minimum and maximum values
for the shaft diameter which satisfy the target excitation
acceleration G, = 0.5G by changing the number of the disks when
a motor mounted with 2.5 inch disks is rotated at 7200 rpm.

(Second Embodiment)

FIGS. 11 to 14 show a (Second Embodiment).

FIGS. 11 and 12 show a hard disk drive using a shaft-fixed
type motor of the fluid beaxing specificatioﬁs, and the
proximal end of a fixed shaft 13 is fixed to a lower case 15
with'a_screw 14, A fixed thruét plate 16 is mounted to the tip
end of the fixed shaft 13 with a screw 17. |

A rotary sleeve 18, which is rotatable with respect to the
fixed shaft 13, consists of a barrél portion 20 having a shaft
hole 19 into which the foregoing fixed shaft 13 is inserted,
and a hub portion 21 projecting from the tip end of the barrel
portion 20 outwardly. |

A stator core 22 is mounted to the lower case 15 with' the

tip end of the yoke placed on the outside.

- 13 -



between the fixed shaft 13 and the inner peripheral surface of the barrel
portion 20, and a thrust dynam c pressure generating portion is forned
between the fixed thrust plate 16, a concave portion 27 in the rotary

sl eeve 18, and a rotary thrust plate 28. In the radial dynamc
pressure generating portion, a dynamic pressure generating groove is
formed on the outer peripheral surface of the fixed shaft 13, and the
clearance is filled with [ubricating fluid. In the thrust dynam c pressure
generating portiTthe fdyegoiagphebsportjeme?htinkegpaidyesoangedi gnntlieohiphe
upper surface and on the |lower surface of the fixed thrust plate 16
respecti vel§nd &fd thee h@lrééﬂ-aﬁééfélaﬁezof?f | ek iR ndEleeye A§ feurguated

1 S U A R AT LA S5 4 e A
exper | ment alj e ofyiai fod 3ssuging Lheanuiber £ ol LYol aliansN 4 g ocor,

the nunber sks P afretEre araneters
simlarly aqgquta:{@lca&echof phBErsTab! £ ﬁn&eﬁﬁssém@feﬁetmadl ment). The
followi ng (Ta Shows £he T est

- 14 - A radial dynamic pressure gedéfa®ing portidWBER @brmetiUVBER
OF SHAFT DI AVETER REVOLUTI ONS DI-SKS mm
rpm between the fixed shaft313 and4tPBe inndr (peripheral surface of

the barrel portion 20, and a thrust dynamic pressure generating
portion is formed between the fixed thrust plate 16, a concave
portion 27 in the rotary sleeve 18, and a rotary thrust plate
28.

In the radial dynamic pressure generéting portion, a
dynamic.bressure generating groove is formed on the outer
peripheral surface of the fixed shaft 13, and the clearance is
filled with lubricating fluid. In the thrust dynamic pressure
generating portion, dynamic préssure generating grooves are
formed on the upper surface and on the lower surface of the
fixed thrust plate 16 respeétively,_and the clearances are
filled with lubricating fluid. _

" In the case of this (Second Embodiment) shaft-fixed type,

- the excitation acceleration at which the drive does not cause
any errors was experimentally obtained assuming the number of
revolutions N of the motor, the number k of the disks and the
shaft diameter 4 aé parameters, similarly as in the case of the
Table 1 (of the First Embodiment). The following (Table 2)

shows the results.
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5400 3 0.80G 1.28G 1.90G 3.73G 4

0.45 0.83 1. 07 2.43 5 0.23 0.48 0.56
1.40 7200 3 0. 45 0.72 1. 07 2.10
4 0.25 0. 47 0. 60 1.37 5 0. 13
0. 27 0.31 0.79 10000 3 0. 13 0.21 0.31 0.61
4 0. 07 0.14 0.17 0. 40 5 0.04
0.08 0. 09 0.23
- 15 - Fromthis (Table 2), the excitation acceleration at which
errors are not caused when the nunber of_ revolutions is N= 5400 rpm the
nunber of disks is k = 3 and the shaft di & isd=35 mm is 1.28 G
and when the target excitation acceleration required as a product is
assuned as err]._it can be expressed as follows:
NUMBER OF NUMBER OF SHAFT DIAMETER
REVOLUTIONS DISKS - (mum )
rpm 3 3.5 4.0 5.0
5400 3 0.80G| 1.28G| 1.90G| 3.73G
4 0.45 0.83 | 1.07 2.43
5 0.23 0.48 0.56 1.40
7200 3 0.45 0.72 1.07 2.10
4 0.25 0.47 0.60 1.37
5 0.13 0.27 0.31 0.79
10000 3 0.13 0.21 0.31 0.61
4 0.07 0.14 0,17 0.40
5 0.04 0.08 0.09 0.23
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(3/k)[err] (d/3.5)[err] / (N5400)[err] / (D3.5) = (Jerr] /1.28)
(3/k)[err] (d/3.5)[err] / (N5400)[err] / (D 3.5 1.28 = derr] Wen the
m nimum required shaft dianeter d at the target excitation acceleration
derr] = 0.5Gis determ ned by proportional calculation fromthe
foregoi ng, we get: (3/k)[err] (d/3.5)[err] / (N5400)[err] / (D 3.5)
[err] 1.28 = 0.5 . dferr]=0.018 (N 1000)[err] k[err] D Wen the
maxi mum shaft dianmeter is set to 1.5 tines as large as _the mni num shaft

di anet er frE¥eBvBhLS e(FRRIR 2) 4 Hdre iexcigakign aacgilaratierfat rdiigthe upper
limt of the shaft dianeter d, cﬁnqﬁ t Q—ﬁﬁal | owabl e_l evel _is, set to about
twice as mEFERES 3% R Case FhRmM thEnPERRRE B akEvetubionts's dedause

i amotor | CRATeaPh AR RS o B R1E o) nfl B Lt et

di aneter, t i ned

dierr] = 0-g&8d[srﬁls(xm%,1099)i.%le, dfl€Whkn thel %55§e&rl-éﬁsféatio1;he setting
as ol | ows: 0.0

range for the shaft dianeter d can be expresse . 018

( %1000) [ er adceképation Dreql@dd las< D RbAuctNiE088kdmel2as 5,1 i%[ e&h] be

On the basis of this relational expression, it was
confirmed wegphessed aotfdhbowsy get excitation acceleration err] = 0.5G
Is satisfied by changi ng the nunber of revolutions of the notor, the
number of the di $é&ék)and/BhB)UVskNASaMRIel, (BA3thE =btGi £1eR8Which the

haf - f th
shaft di ameter d(%?ﬁ)§?hy3?g§37n¥u95460§5/ (D/3:5) - 1.28 = G,

When the minimum required shaft diameter d at the target
excitation acceleration G, = 0.5G is determined by proportional
calculation from the fo:egoing, we get:

(3/k)? (d/3.5)% / (N/5400)*/ (D/3.5) * 1.28 = 0.5

& = 0.018 - (N/1000)% - k* - D
When the maximum shaft diameter is set to 1.5 times as large as
the minimum shaft diameter from two viewpoints: that is, how a
margin is left for the upper limit.of the shaft diameter d, and
the allowable level is set to about twice as much as the loss
at the minimum shaft diameter or less because the bearing loss
is substantially proportional to a square of the shaft
diameter, the maximum shaft diameter is defined to be as
follows:

d* = 0.018 -+ (N/1000)? - k* - D - 1.5°
The setting range for the shaft diameter d can be expressed as
_follgws:

0.018 - (N/1000)2--k’- D < d®>< 0.018 - (N/1000)* - k* - D -
1.5° |
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notors was appropriate. The coefficient of 0.018 satisfied the target
excitation acceleration err] within a range of 0.01820%

Specifically, FIG 13 represents the mnimum and maxi nrum val ues for the
shaft diameter which satisfy the target excitation acceleration Qerr] =
0.5G by changi ng the nunmber of the disks when a notor nounted with 3.5

i nch disks is rotated at 5400 rpm FIG 14 represents the m ni nrum and
maxi nrum val ues for the shaft dianeter which satisfy the target excitation
accel erati on GPerthe-ba&sis df thiangielgttilomaluelspressiohe it skas when a
motor nounted with 3.5 inch disks is rotated at 7200 rpm As

descri bedcapéismed hehepher amtlithe ttendes pxedbationnseeelerationhabl e

of reducing.the |oss,as, muich as possible, and securing the, m ni num
vi brati oanlsﬁo?‘sp%??bfﬁ’a%eb%rﬂ‘apnr‘?éﬂgaﬁqei fpmpRrt RE FEVPLUBERRS RE the

i fi ' b h t P t t L at haft di t
spec. 11 cohupns DRRURIALE oI doat 4 WARRLRPELSh Shals, daeter
| oaded wi Lg% !Sfmfx@{:h@hecﬂ'ﬁﬁ@c} QiUme UG Bdst BELPOUGE SRPSHFPEASN
wi thout sacrificing any relrability.

- 17 - motors was appropriate. The coefficieRkAb¥B0.018 sa¥idPisd i ng

a magnet provided on a rotor rotatably supported on a fixed shaft and
stator w hdrggtnesaitdtion sacceleration G, within a range of 0.018+20%.

Specifically, FIG. 13 represents the minimﬁm and maximum
values for the shaft diameter which satisfy the target
excitation acceleration G, = 0.5G by changing the number of the
disks when a motor mounted with 3.5 inch disks is rotated at
5400 rpm. FIG. 14 represents the minimum and maximum values
for the shaft diameter which satisfy the target excitation
acceleration G, = 0.5G by changing the number of the disks when
a motor mounted with 3.5 inch-disks is rotated at 7200 rpm.

As described above, the motor according to the present
invention is capable of reducing the loss as much as possible,
and securiné the minimum vibration proof performance and
reliability in the fluid bearing specifications because the
motor is set to an appropriate shaft diameter in conformity

- with the conditions for use.

Also, the hard disk drive loaded with this motor is

capable of reducing the power consumption without sacrificing

any reliabilitj.
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stator core so as to face said magnet, and rotationally driving a

di sk-shaped recordi ng nmedi um pl aced on said rotor around the shaft center
t hereof, characterized in that when the dianeter of said fixed shaft
isd (m), the service nunber of revolutions is N (rpm, the nunber of
said disk-shaped recording nedia is k, and the dianeter-of-said-—-

di sk-shaped recording nmediumis D (inch), the follown ion. | |
sati sfied: [err] ML > d[err] > M wher e Nmﬂm lmlgmﬂh ﬂrl"L
Y[err] k[err] D, J1 being a coeffi GIetMS 0 be experi L ed

~and set to 0.01820% and a being set to a ratio of the maxi numdi aneter to
the m ni mum di aneter of said fixed shaft. 2. A notor having a main

t i ded t t at abl ] d by ti t haf t
"o a ottt RoPger BSvEngcd Erdevt pdrhiirdom Leater eheciahd o stator
ot atf onaFy°ared A 3 BL8RalhREEE oA Jhedt LAl R Eb AT ot or

around tE%a%@%onEEnESVaEhEBGQEceCQQ{é“Héﬁﬂé%¥jéda f&%ﬂ%ionallymﬁﬁﬂvi _
di aneter of said rotor shaft is d (mm), the 'service nunber of revolutions -

is N (rpm dilslkeshuplar retogdifly medium placed on said rotor around 4Be-
di sk-shaped recording nedia is k, and the dianmeter, of sai.d disk-shaped
recor di nghddi genterDthenehf, charécténiver) in that
when the diamete: of said fixed shaft is 4 (mm), the
service number of revolutions is N (rpm), the number of said
disk-~shaped recording media is k, and'the diameter of said
disk-shaped recordihg medium is D (inch), the following
relation is satisfied:
al LML > @ > Ml
where M1 = J1 - (N/1000)? - k* - D, J1 being a coefficient to
be experimentally determined and set to 0.018%+20%, and a being
set to a ratio of the maximum diameter to the minimum diameter

of said fixed shaft.

2. A motor having a main magnet provided on a rotor rotatably
supported by inserting a rotor shaft into a shaft hole in a
fixéd sleeve formed on a stator side, and a stator core mounted
on the stator side so as to face said main magnet, and
rotational;y driving a disk-shaped recording medium placed on
said rotor around the shaft center thereof, characterized in
that

when the diameter of said rotor shaft is d (mm), the

service number of revolutions is N (rpm), the number of said

- 18 -



relation is satisfied: [err] M2 > d[err] > M where M2 = J2
(N 1000 )[err] kferr] D, J2 being a coefficient to be experimental |y

determ ned and set to 0.0134 W|ﬂmunr unoset to a ratio of the maxinmum
dianeter to the mininmum dia ﬂﬂ shaft. 3. A hard di sk
drive incorporating a motor defifed-in"claim1 or 2, and rotationally
driving a di sk-shaped recordi ng nedium by said notor.
- 19 -
disk-shaped recording media is k, and the diameter of said
disk-shaped recording medium is D (inch), the following
relation is satisfied:
a® - M2 > & > M2
where M2 = J2 -+ (N/1000)% : k* - D, J2 being a coefficient to
be experimentally determined and set to 0.0134%20%, and «

being set to a ratio of the maximum diameter to the minimum

diameter of said rotor shaft.

3. A hard disk drive incorporating a motor defined in claim 1
or 2, and rotationally driving a disk-shaped recording medium

by said motor.
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