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i’'s ‘an expl oded perspectlve vi ew of integrated bodies of
., re¥pective mechanisns and conponent parts, a flexible disk drive unit of a _
- first conventional exanple is forned by a frane structure in which a notor
attaching hole 102 |l arger than the dianeter 10 of a rotor 34 of a spindle"
nmotor 3 for driving to rotate a magnetic disk (not shown) is opened in a
frame 101 constituting a base of the unit and the spindle nmotor 3 is
attached fromthe -l ower side of the frane 101. The spindle notor 3 is
nounted on a notor base 111 15 constituted by an iron base printed w nding
board, a I1C 112 for driving the spindle notor 3 and a Hall el enent: for
detectlng magneti c pol es (not shomn) for detectlng a rotational position of
the rotor 34 as a sensor for
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FLEXIBLE DISK DRIVE UNIT AND FRAME THEREFOR

The present invention relates to a flexible disk
drive unit generally callea as FDD and the structure of 'a
frame of the unit which is a majof part of the unit.

5 As shown in Figure 21 that is an exploded perspective
view of integrated bodies of.respective mechanisms and
component parts, a flexible disk drive unit of a first
conventional example is formed by a frame structure in
which a motor attaching hole 102 larger than the diameter

10 of a rotor 34 of a spindle motor 3 for driving to rotate
a magnetic disk (not shown) is opened in a frame 101l
constituting a base of the unit and the spindle motor 3_
is attached from the lower side of the.frame 101. The
spindle.motor 3 is mounted on a motor base 1ll1l

15 constituted by an iron base printed winding board, a IC
112 for driving the spindle motor 3 and a Hall element
for detecting magnetic poles (not shown) for detecting a
rotational position of the rotor 34 as a sensor for
detecting timings in driving the ‘rotor 34 are mounted on

20 the motor base 111 and a pattern for detecting the



o Fetor i's formed thereon. Furt : Tl C58 THULOR - i
used for the spindle motor 3. In this way the spindle motor 3'is previously.
Stintegrated on the notor base 111 of the printed wiring board and the

“notor base 111 is attached to the | ower f2ace of the frame 101 (refer to
Figure 22) In Figure 21, nuneral 120 designates a carriage nechanismminly

constituted by, 2 ¢abhiadd8pkeéd RaskNgnBRAYCLEC theadstd21340iandotmkddand a
~ stepping notor 124 noving the carriage in a radius direction of the
nmagnetic di skenbipenal Fa@t#esi,gaakescaltast brdghlbskdmotoechsnusednai nly
for the spindle motor 3.
In this way the spindle motor 3 is previously
5 integrated on the motor base 11l of the printed wiring
board and the motor base 1lll is attached to the lower
face of the frame 101 (refer to Figure 22) In Figure 21,
numeral 120 designates a carriage mechanism mainly
constituted by a carriage 123 having magnetic heads 121
10 and 122 and a stepping motor 124 moving the cafriage in a
radius direction of the magnetic disk. Numeral 130
designates a cartridge holder mechanism mainly
constituted by a cartridge holder 131 and a slide cam
frame 132 for loading and unloading a disk cartridge (not
15 shown) for inserting into the cartridge holder 131.
Numeral 133 designates a shutter opener. Numeral 140
designates a frame cover and numeral 150 designates a
door mechanism constituted by a door 151, a panel 152
having an inserting and drawing port for a disk cartridge
20 and a knob 153 for taking out the disk cartridge.

Next, a simplified explanation will be given of the
operatioﬁ of this conventional device. An inserted disk
cartridge is held by the cartridge holder 131 and is
loaded at a predetermined position by a cam mechanism of

25 | the slide cam frame 132. Almagnetic disk that is a
record medium accommodated in the disk cartridge is

rotated by the.spindle motor 3 and recording or
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accommodated in the disk cartridge is rotated by the spindle notor and

pinch the magnetic disk from both sides thereof. The

recordi ng or
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carriage 123 is movable in the radius direction of the

magnetic disk and can record or reproduce signals to or

from an arbitrary track. When accuracy of the frame 101

is not ensured at this occasion, positional relationship

among the magnetic disk and the magnetic heads 121 and

122 is not confined in a predetermined range and

therefore, normal recording or reproducing cannot be

performed.

Meanwhile, strength, rigidity and flatness of a frame

in a flexible disk drive unit are extremely important

factors in ensuring the accuracy of the frame. That is,

the ensuring of the strength and the rigidity of the

frame is important in restraining a distortion caused by

attaching in system loading of the

distortion by attaching is caused,

device. When the

a relationship between

a height of the magnetic head on the carriage and a

height of a medium hub face of the

spindle motor is

deteriorated and an error in writing/reading is caused

when it exceeds an allowable wvalue.

The above-mentioned drawback is applicable to the

flatness of the frame deteriorates

~ flatness of the frame. Further, the deterioration in the

the perpendicularity

of a shaft of the spindle motor and causes deterioration

in eccentricity or wow and flutter.

The deterioration in
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strength, rigi ty an atness o rane 1n a f eX|b rrve unit
are extremely LHppetapk éEEQbﬁs'Bneﬁﬁﬂéhnﬁuffﬁc§€ﬁﬂréﬁ¥a9£n&9§ Eé&”ﬁotThat
is, 15 the ensuring of the strength and erigidit frame is
i nportant in rpstpabeiagdaifi etewt bﬁndééy§ﬁdLBYda¢vh§QBiﬂ§ bp eMshRThGoOadi ng
of the device. Wen the

the device.

5 However, the large motor attaching hole 102 is opened
in the frame 6f the first conventional device as
mentioned above and therefore, the strength and the
rigidity of the frame are lowered and considerable
difficulty is accompanied in producing the flatness of

10 the frame which is problematic in ensuring the accuracy.
Furthermore, the frame 101 is laminated on the motor base
111 of the spindle motor 3 as shown in Figure 22 which is
problematic in thinning the device.
To enhance the strength and the rigidity of the frame
15 a construction is proposed in, for example, Japanese
Unexamined Utility Model Publication No. 193566/1986
wherein a spindle motor is directly attached to a frame
in which a hole provided on the frame is made as small as
possible. However, in the construction of this device, a
20 small cylinder portion for constituting a bearing of a
shaft of the spindle motor is integrally formed with the
frame made by aluminum die casting and the spindle motor
is attached to a lower face of the frame via a motor
base. Therefore, fhe frame is interposed between a hub
25 and the rotor of the spindle motor whereby integration of.
the spindle motor is not so much facilitated. Further,

no effect is provided in thinning the device.
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No. 41028/1993 as examples of integrating a spindle motor
from one side of a frame. Both of them are concerning a
5 case of a hard.disk drive unit (HDD) and the objects
thereof are not concerning a flexible disk drive unit
(FDD). It is easy in a HDD to éccommodate a spindle
- motor in a case since disks are fixed whereas the
accommodation is not simple in a FDD since a disk
10 cartridge must be drawn therefrom or inserted thereinto,
which is an essential difference therebetween.
As shown in Figure 33 that is a.broken perspective
view of essential portions, a flexible disk drive unit of
a second conventional example is pro&ided with a frame
15 structure wherein a motor attaching hole 702 larger than
the diameter of a rotor 634 of a spindle motor 603 for
driving to rotate a magnetic disk (not shown) is opened
in a frame 701 constituting a base of the unit and the
spindle motor 603 is attached from the lower side of the
20 frame 701. The spindle motor 603 is mounted on a motor
base 711 constituted by an iron base printed wiring
boérd, a IC 712 for driving the spindle motor 603 and a
Hall element (not shown) for detecting magnetic poles for
detecting a rotational position of the rotor 634 are
25 mounted on the motor base 711 and a pattern for detecting
the rotational speed (not shown) of the rotor 634 is

formed thereon. Further, a so-called brushless rotor is
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- difficulty is acconpanied in producing the flatness of 10 the frame which
“is™problematic in ensuring the accuracy. Furthernore, the frane 101 is

| ami nated on the motor base 111 of the spégndle notor 3 as shown in Figure . -

22 which is problematic in thinning the device. To enhance the strength and

the rigidity [ i s proposed in, for exanple,
Japanese Unexgiﬁég?s&%;%gﬁ%%ﬁaﬂ%n No. 193566/ 1986 wherein a
~spindle motor is difeehly whypchRs $Pidais anEtén @6 Cis phed Rowsyi ded on
the frame is made as small as possible. However, in the construct’ion of
this device, airXe@ratdd conitie mdsd ivdsd 071X WBttdaltprihtedadiditg of a
shaft of the spindle notor is integrally formed with the frane made by

al um num di e desdrdgmhdhidacipndaseild is attached to the lower

5 face of the frame 701l. In Figure 33, numeral 703
designates side wall plates attached to both sides of the
frame 701 by screws 704 and numeral 604 designates a
carriage mechanism mainly constituted by a carriage 643
having magnetic heads 641 and 642 and a stepping motor

10 - 644 for moving the carriage 643 in the radius direction
of a magnetic disk. Numeral 605 designates a main body
substrate provided for controlling the device.

This conventional example is provided with a drawback
wherein the strength and the rigidity of the frame are

15 deteriorated since the large motor attaehing hole 702 is
attached in the frame 701.

For example} Japanese Unexamined Patent Publication
No. 259979/1992 discloses pressing of a sheet metal frame
to achieve thinning of a device. 1In the device described

20 in the publication, two top and bottom stages of drawing
are performed on a bottom plate of a chasis, a motor base
(printed wiring board) is attached on a drawn portion of
the bottom stage from Ehe lower side and a drawn portion
of the top stage covers circuit parts on the board.

25 Howevef, even in this construction a large motor
attaching hole similar to the above example is opened at

the bottom plate portion of the chasis and therefore, the
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Further, no-effect is provided in thlnnlng t he devi ce. -5- There ate
Japanese Unexani ned Patent Publication No. 290163/1989 and Japanese k _
Unexami ned Patent Publication No. 41028~1993 as exanples of integrating a
spindle notor fromone side of a frane. Both of themare concerning a 5
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concerning a flexible disk drive un easy In a
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acconnodatlon is not sinple in a FDD since a

considered in thinning of the devxce, such a frame is

generally formed by die casting or by a method wherein a

5 secondarily cutting is performed on the sheet metal
frame. 1In case of the die casting there is a limit in
thinning and a sécondary cutting step is.necessary to
provide a desired wall thickness. There is a drawback of
high cost in the frame accompanied by the secondary

10 working.

The problem in the present invention is, firstly, in
enhancing the strength and the rigidity of a frame in a
flexible disk drive unit by making a hole opened in the
frame as small as possible.

15 The second problem is in dispensing with a motor base
of a spindle motor, enabling the spindle motor to be
directly attached to the frame from one side thereof and
enabling the device to be thinned.

The third problem is in enhancing accuracy in the

20 perpendicularity of a motor shaft by thinning an
attaching portion of the'spindle motor while maintaining
flatness of the frame. |

The fourth problem is in providing an inexpensive
frame omitting a secondary working such as cutting.by

25 partially thinning the frame in a'pressing step and an
inexpensive flexible disk drive unit.

According to a first aspect of the present invention,
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perspect|ve vi ew of ‘essential portions, a.f i St
second conventional exanple is provided with a frane 15 structure mheTeln a
mot'or attaching hole 702 | arger than the dianeter of a-rotor 634 of a
spindl e notor 603 for driving to rotate-agmagnetic disk (not shown) is
opened in a frame 701 constituting a base of the unit and t-he spindle notor
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nmotor 603 is nmounted on~a notor Ituted by an 1ro

printed wiring boaédsp§n3§é7$3t69rf95'MkﬂglﬁBetépkaéhﬁenﬁtﬁ&gﬁ@@lénd a Hal
el enent (not shown) for detecting nagnetic pdles for detecting a rotatlonal
position of thgigrtor 634 are 25 nounted on'the notor base 711 and a
pattern for detecting the rotational speed (not shown) of the rotor 634 is
formed thereon. Fumhbaerie Readsl bpgobinghtresmagheticsdisk;

5 a carriage attached to a ffame and movable in.a
radius direction of the magnetic disk;
wherein the frame and a métor base constitute a
common member and the spindle motor is of a sensorless
drive system and is directly attached to the frame; and
10 wherein the frame is provided with an attaching hole
for erecting a bearing of the spindle motor of the
sensorless drive system on the frame.
According to a second aspect of the present
invention, there is provided the flexible disk drive unit
15 according to the first aspect, wherein a rotor, a hub and
a stator constituting the spindle motor of the sensorless
drive system are arranged on either one of faces of the
frame.
Here, a sensorless driving systeﬁ in a spindle motor
20 1is a system in which a position 6f a rotor in a DC
brushless motor is detected by inverse electromotive
force signals induced in armature windings which is
described in Japanese Examined Patent Publication No.
25038/1983 as a representative example. However, in the
25 present invention, drive circuits_constructed as below
are utilized with objects of dispensing with a phase lag

of position signals of a rotor, facilitating disposal of
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there is provided the flexible disk drive unit according
to the first or second aspect, wherein the spindle motor
5 of the sensorless drive system comprising:

means for detecting respective phase winding voltages
of a brushless motor driving the rotor by armature
windings of a plurality of phases;

means for correcting respective phase potentials and

10 phases by adding or subtracting correction values each
determined by a resistance and a winding current of each
of the armature windings to and from each phase of
detected winding terminal potentials during actual drive
periods of time;

15 comparing means for comparing levels of the
‘respective detected winding terminal potentials after the
correction; and |

a drive circuit for driving the respective phases of
the armature windings by applying position signals of the

20 rotor detected by the comparing means thereto thereby
driving the spindle motor.

According to a fourth aspect of the present
invention, there is proviaed the flexible disk drive unit
according to the first or.second aspect, wherein the

25 spindle motor of the sensorless drive system comprises:

rotor position signal forming means for detecting

position signals of the rotor from respective phase
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strength and the rigidity of the chasi™s
of a plurality of phases;
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a counter for detecting rising or falling edges of
5 the position signals of the rotor outputted from the
rotor position signal forming means, selecting necessary
edge signals from the respective detected edge signals
thereby forming one output and counting edge signals
thereby forming drive signals applied on the respective
10 phases of the armature windings in starting;
pulse generating means for rendering the one output
from the counter tolbe an input and counting up the
counter in case where the inpuf has not been provided for
a predetermined period of time; and
15 a drive circuit for driving the armature windings by
applying the output of the counter thereto in starting
thereby driving the spindle motor.
According to a fifth aspect of the present invention,
there is provided the flexible disk drive unit according
20 to the first or second aspect, wherein the spindle motor
of a sensorless drive system comprises:
rotor position signal forming means for detecting
position signals of a rotor from respective phases of
armature winding potentials or respective inter-phase
25 voltage differences of a brushless motor driving the
rotor by armature windings of a plurality of phases;

a counter for'detecting rising or falling edges of
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secondary cutting step is necessary to provide a desired wall thickness.:-
There is a drawback of high cost in the-frlane acconpani ed by the secondary
10 working. The problemin the present inventionis, firstly, in enhancing
the strength t + 0b&li aﬂﬁ?i | & § S i unit by
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thereby forming one output and counting edge signals

5 thereby forming drive signals applied on the respective
phases of the armature ﬁindings in starting;
pulse generating means for rendeiing the one output
of the counter to be ah input and counting up the counter
in case where the input has not been provided for a
10 predetermined beriod of time;
steady state rotation detecting means for monitoring
a rotation of the motor by'combinations of the position
signals of the rotor and the output of the counter and
outputting a restart pulse when the rotation is abnormal
15 thereby forming a starting state; and
a drive circuit for driving the armature windings by
applying the output of the counter thereto when the
rotation is abnormal thereby driving the spindle motor.
According to a sixth aspect of the present invention,
20 there is provided the flexible disk drive unit according
to the first or second aspect, wherein a first thickness
of a portion of the frame for attaching the spindle motor
is made thinner than a second thickness of other portion
thereof.
25 According to a seventh aspect of the present
invention, there is provided the flexible disk drive ﬁnit

according to any one of the first aspect, the second
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present invention, 8 there is provideda +1exible disk drive unit
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and novable in s direction hagnefic d
cylindrical member for mounting the bearing of the

spindle motor and a stepﬁed small radius portion fitted
to the attaching hole of the frame and provided at an
5 outer periphery of the cylindrical member in which the
stepped small radius portion is erected by calking an end
portion thereof.
According to an eighth aspect of the present
invention, there is provided a flexible disk drive unit
10 comprising:
a frame made by a sheet metal pressing;
a motor attaching portion forﬁed thin at a bottom
plate portion of the frame by crushing the portion by a
press; and
15 a spindle motor directly attached to the thin motor
attaching portion for driving to rotate a magnetic disk.
According to a ninth aspect of the present invention,
there is provided the flexible disk drive unit according
to the eighth aspect, wherein the bottom plate portion of
20 the frame is provided with a steppéd portion and the
motor attaching portion is provided at a lower portion
thereof.
According to a tenth aspect of the present invention,
there is provided the flexible disk drive unit according
25 to the eighth or ninth aspect, wherein the thin motor
attaching portion is a portion for attaching a stator of

the spindle motor.
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hol e for erectlng a bearlng of the spindle notor of the senso
systemon the frame. According to a second aspect of the present invention,
there is provided the flexible disk driveLainkt 15 according to the first™
aspect, wherein a rotor, a hub and a stator constituting the spindle notor
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frane. Here, a sensorless driving systemin a~spin is a system
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i nverse el ectronotive force signals induced in armature w ndings which is
described in Japesedeéngxesi thd PoyRth EBbhiﬁahlﬁépébt whe2814983 as a
representative exanple. However, in the

plurality of dlstortlon escaplng holes are prov1ded at

5 the motor attaching portion for escaping a distortion in
crushing the portion.

According to a twelfth aspect of the present
invention, there is provided é frame for a flexible disk
drive unit made by a sheet metal pressing and.provided

10 with side walls at both sides thereof comprising:

a thin wéll portion formed at a bottom plate portion
of the frame formed thin by crushing the bottom plate
portion by a press for attaching a spindle motor;

a plurality of distortion escaping holes provided at

15 the thin wall portion for escaping a distortion caused in
the crushing; and

a bearing attaching portion having a hole provided at
a central portion of the thin wall portion for attaching
a bearing of the spindle motor.

20 According to a thirteenth aspect of the present
invention, there is provided the frame for a flexible
disk drive unit according to the twelfth aspect, wherein
the plurality of distortion escaping holes are arranged
radially from the hole for attaching the bearing.

25 ' According to a fourteenth aspect of the present
invention, there is provided the frame for a flexible

disk drive unit according to the twelfth aspect, wherein
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According to a fifteenth aspect of the present
5 invention, there is provided the frame for a flexible

disk drive unit according to the twelfth aspect, further

comprising twelve or more of beams supporting the bearing

attaching portion.

According to a sixteenth aspeét of the present

10 1invention, there is provided the frame for.a flexible
disk drive unit according to the twelfth aspect, wherein
a ratio of an inner peripheral dimension to an outer
peripheral dimension of each of beams supporting the
bearing attaching portion is 1 to 2.

15 According to a seventeenth aspect of the present
invention, there is provided the frame for a flexible
disk drive unit according to the twelfth aspect, further
comprising a plurality of second distortion escaping
holes arranged outside of outer peripheries of beams

20 supporting the bearing attaching portion.

According to an eighteenth aspect of the present
invention, there is pfovided the frame for a flexible
disk drive unit according to the seventeenth aspect,
wherein the second distortion escaping holes extend at

25 outer sides of the distortion escaping holes at both

sides of the beams and an interval dimension between an

inner periphery of each of the second distortion escaping
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dimension between a c1rcumferent1a1 end edge of each of

the second distortion escaping holes and an end of an
5 outer periphery of the beam at an extended portion of
each of the second distortion escaping holes is
determined to be 1.5 t where a plate thickness of the
frame is t.
According to the first aspect of the present
10 invention, it is not necessary to mount magnetic pole
detecting elements such as a Hall element and to form a
velocity'detecting pattern on the motor base since the
spindle motor of the sensorless drive system is used and
therefore, it is not necessary that the motor base is
15 constituted by a printing wiring board and the spindle
motor can directly be attached on the frame made of
aluminum or the like. Accordingly, the motor base and
the frame constitute a common member, the attaching hole
of the bearing for the motor can be made smaller and
20 therefore,_the strength and the rigidity of the frame can
be enhanced. Further, the base for attaching the spindle
motor is the same as the frame and therefore, the
relationship between the height of the magnetic heads and
the height of the medium hub face of the spindle motor is
25 easily maintained in a predetermined range.-
According to the second aspect of the present

invention, the rotor, the hub and the stator constituting
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t he rotor outputted fromthe rotor p03|t|on signal form'ng means, selecting -
necessary edge si.gnals fromthe respective detected edge signals thereby
form ng one output and counting edge si-gri# s-thereby formng drive signal s
applied on the respective 10 phases of the armature windings in starting;
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an input and counting up the counter in where the I nput has not

provi ded for aoPreet £f dhéeshdethdtefdrd | MBre @%nl@le motoR &Hn e Ci T cui t
for driving the armature w ndi ngs by applying the output of the counter

thereto in staiftégrated from the one side of the frame and the

opposite face of the frame becomes flat whereby the unit
5 can be thinned. | |
According to the_third aspect of the present
invention, the drive circuit for the spindlé motor
corrects each phase of the detected wiring voltages by a
voltage of the wiring current only during the actual
10 drive periods bf time and the armature is driven by
combinations of signals derived by the comparison result
of the wiring terminal voltages after the correction.
According to the fourth aspect of the present
invention, the necessary signals among the rising or
15 falling edges in the position signal of the rotor are
selected and the armature windings are driven by the
selected necessary signals in starting.
According to the fifth aspect of the present
invention, the necessary signals among the rising or
20 falling.edges in the position signal of the rotor are
selected, the rotation state of the motor is monitored
and the armature windings are driven by the selected
necessary signals when the rotation is abnormal.
According to the sixth aspect of the present
25 invention, the flatness of the frame is provided by
ensuring the strength and the rigidity thereof by making

the thickness of the portion of the frame for attaching
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20 to the first or second aspect, wherein the sp Brrore ke
. sensorl ess drive syster conprises: rotor position signal formng means for -
‘detecting position signals of a rotor fromrespective phases of armature .
wi nding potentials or respective inter—pAgse- 25 voltage differences of a’.
brushl ess nmotor driving the rotor by armature wi ndings of a plurality of
phases; a countyy Jindied MdidW dHiH briaded ikh QRS J¥ the ldtndrosi tion
signals of the rotor outputted fromthe rotor position signal formng
neans, sel ectigyrtiefessarieridge B HdddibdilRg itep T itne Miactathmdge
signals thereby form ng one output and counting edge signals

can be ensured. - '

unit according
O < I 2

'According to the seventh aspect of the present
5 invention, the perpendicularity of the motor shaft'can be
ensured by inserting the stepped small diameter portion
of the cylindrical member into the attaching hole of the
frame and calking the end portion thereof thereby fixing
the bearing.

10 According to the eighth aspect of the present
invention, the frame is made by the sheet metal pressing,
the bottom plate portiop of the frame is partially
crushed thin and the spindle motor is directly attached
to the thinned portion. Therefore, the strength, the

15 rigidity and the flatness of the frame can be ensured
since only the smail attaching hole for the bearing of
the spindle motbr.is dpened in the thinned portion.
Further, the unit can be thinned since the motor base as
in the conventional example is dispensed with and the

20 motor attaching portién is thinned. PFurther, the
integration of the spindle motor is facilitated since the
spindle motor is directly attached from one side of the
frame.

According to the ninth aspect of the present

25 invention, the stepped portion is provided in the bottom

plate portion of the frame and the thin motor attaching

portion is provided at the lower portion whereby the unit
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where the input has not :been provided for a 10 - predeterm ned period”of
time; steady state rotation detecting nmeans for nonitoring a rotation of
the notor by conbinations of the posit+ongs+gnals of the rotor and the

out put of the counter and outputting a restart pulse when the rotation is
abnormal 15 {her ey thihedy a starting state; and a drive circuit for
driving the armature w ndi ngs by applying the output of the counter thereto

when the rotation cecHaiNg o ther dRntl hwpagt! be ehen@res@@itor . According
to a sixth aspect of the present invention, 20 there is provided the

f!exible_diskiawbneiunbtt@@cahdhngaum'bBEt&thisoao&g@aea-aapagng wher ein .a
first thickness of a portion of the frame for attaching the spindle notor

portion for attaching the stator of the spindle motor by

5 which the rigidity of the frame can be ensured.

According to the eleventh aspect of thé present
invention, the distortion caused by crushing can be
escaped by the'distortion escaping holes and therefore,
the flatness and the dimensional accuracy of the thin

10 wall portion (métor attaching portion) can easily be
ensured.

According to the twelfth aspect of the present
invention, the frame for the flexible disk drive unit can
be made by the sheet metal pressing by which necessary

15 accuracies (flatness, dimensional accuracy) necessary for
the frame can be ensured and an inexpensive frame can be
made.

According to the thirteenth aspect of the present
invention, the distortion escaping holes are radially

20 arranged in the radius direction by which the lowering of
the rigidity due to the distortion escaping holes can be
minimized and easy pressing can be realized while
maintaining the flatness.

According to the fourteenth aspect of the present

25 invention, the rigidity of the total of the.frame can be
stabilized by arranging the distortion escaping holes

substantially symmetrically with respect to the axis in



: .Accondgng to a. seventh aspect ef the presenﬁ”inventlon |
- the flexible disk drive unit according to any one of the fi u-,..Tay
second - 12 - aspect and the sixth aspect, further conprising a o
cylindrical menber for nounting the bearing of the spindle notor and a
stepped small radius portion fitted to-+tHe attaching hole of the frame and
provi ded at an 5 outer. periphery of the cylindrical nmenber in which the

stepped snal | Eﬁglgﬁepoaifggtié erected by calking an end portion thereof.
According to an ei ghth aspect ? the present invention, there is provided a

flexible disk drivgcH#Btding to the fifteenth aspect of the present
invention, the rigidity is further'easily ensured by
rendering a number of the beams to twelve or more.

5 According to the sixteenth aspect of the present.
invention, an easy pressing can be performed while
ensuring the accuracy end the rigidity of the frame by.
rendering the ratio of the inner peripheral dimension to
the outer peripheral dimension of the beam to 1 to 2.

10 According to the seventeenth aspect of the present
invention, the pressing can be performed easily while
ensuring the accuracy and the rigidity of the frame by
providing further the second distortion escaping holes
outside of the outer periphery of the beams.

15 According to the eighteenth aspect of the present
invention, the interval dimension between the inner
periphery of the second distortion escaping hole and the
outer periphery of the distortion escaping hole is
determined to be "t” and the extension dimension between

20 the circumferential end edge of the second.distortion
escaping hole and the end of the outer periphery of the
beam at the extended portion of each of the second
distortion escaping holes is rendered to be "1.5 t"
(where t is a plate thickness of the frame) whereby the

25 accuracy and the rigidity of the frame can further be
ensured.

In the drawings:



portwon: fzormed thin at a bat
portion by a press; and 15 . % *%&*SprooeveroL or o y atrachedss
thin notor attaching portion for driving to rotate a nagnetic disk.™ :
According to a ninth aspect of the present invention, there is provided the
flexible disk drive unit according to theei-ghth aspect, wherein the -bottom
pl ate portion of 20 the frame is provided with a stepped portion and the
not or attachi ng pogt| i $ oy} d p e e Accor di ng
to a tenth aspect o?bﬁgg prgée%# ?ﬁsg%??oh?gﬁggrgé?éﬂgﬁggféegi?ﬁe flexible
di sk drive uni§ng6eRgdhNgolal &Crideurd WENa Ofl&m’ﬂe agPeetar T gk t he

thin nmotor attaching portion is a portion for attaching a stator of the
spindl e nbtor.according to a first embodiment of the present invention;

Figure 2 is a front view showing an attaching state
5 of a spindle motor of the first embodiment;

Figure 3 is a sectional view of Figure 2;

Figure 4 is a broken view for explaining attaching of
the spindle motor;

Figure 5 is a front view showing an attaching state

10 of a spindle motor. according to a second embodiment of
the present invention;

Figure 6 is a block diagram showing a total structure
of a third embodiment of the present invention;

Figure 7 is a diagram showing an example of a

15 specific structure of a terminal potential correcting
circuit;

Figure 8 is a diagram showing an example of a
specific structure of a comparing circuit in the third
embodiment;

20 Figure 9 illustrates signal waveform diagrams for
explaining the operation of the third embodiment;

Figure 10 illustrates signal-waveform diagrams for
explaining the operation of the third embodiment;

FPigures 11(a) and 11(b) illustrate a structural

25 diagram of correction switch signal forhing circuit and
signal waveform diagrams;

Figure 12 illustrates diagrams showing a relationship
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‘the nmotor attaching portion for escaping a di stortion in crushlng the- -
portion. According to a twelfth aspect of the présent-invention, there is .
provided a franme for a flexible disk d<\& 4hit. made by a sheet netal

pressi ng and'provided 10 with side walls at both sides thereof conprising:

flhlt EI lr)]ymglrljshl ng '??: é&%%m?%? %@%%?étq‘agln@%y goﬁ r?a-ﬁ. J;)rtgtet ;rcﬁlmrslgf gr e
spindle notor; a pﬁ'ﬂé@két1/30isdé51§136ék0@1£§9&9'Qﬁo@PﬂlQSaptE&l’!éﬂed at
structure of a fourth embodiment of the present
invention;

5 . Figure 14 is a view illustrating a table showing a
relationship among rétation position signals and counter
values; |

Figure 15 illustrates timing charts for explaining
the operation of the fourth embodiment;

10 Figure 16 is a view illustrating a table for
explaining the operation'of a counter circuit in the
fourth embodiment;

Figure 17 is a view illustrating a table showing a
relationship among drive signals and output values of the

15 counter circuit;

Figure 18 is a block diagram showingla total
structure of a fifth embodiment of the present invention;

Pigure 19 is a diagram showing an example of a
specific structure of a switch signal generating circuit

20 in the fifth embodiment;

Figure 20 illustrates timing charts for explaining
the operation of the switch signal gene;ating circuit in
the fifth embodiment;

Figure 21 is an outline broken perspective view

25 showing a total structure of a first conventional
flexible disk drive unit;

Figure 22 is a front view of an attaching state of a
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a thirteenth aspect of the present.invention; there is = -

<. LheET dshing;
ba_qentral portion
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provided the frame for a flexible disk drive unit accordlng to the tmelfth
aspect, wherein the plurality of distor+i2h escaping holes are arranged

radially fro

fourteenth aspgehvehtibRal’ 8pEAR1ENMEBLESN,

a flexible d
- the plural

10

15

20

25

mthe hole for -attaching the bearing. 25 - According to a
there is provided the frame for

I sk drive unit according to fhe twel fth aspect, wherein
ity of rdigatrer 230AseacarbREnNpeespateider ¥18Qdof essential

portions of a flexible disk drive unit according to a
sixth embodiment of the present invention;

‘Figure 24 is a partial seétional view showing an
attaching state of a spindle ﬁotor;

Figure 25 is a sectional view of a frame according to
a seventh embodiment of the present invention;

Figure 26 is a plane view of a motor attaching
portion.according to an eighth embodiment of the present
invention;

Figure 27 is a plane view of a motor attaching
portion according to a ninth embodiment of the present
invention;

Figure 28 is a plane view of a motor attaching
portion according to a tenth embodiment of the presént
invention;

Figure 29 is a plane view of a motor attaching
portion according.to an eleventh embodiment of the
present invention;

Figure 30 is an explanatory view showing a
dimensional relationship of beams according to a twelfth
embodiment of tﬁe present invention;

Figure 31 is an explanatory view showing a second
distortion escaping hole according to a thirteenth
embodiment of the present invention;

Figure 32 is an explanatory view showing a

14




substantially -symretrically:-w
Accordi ng to. a fifteenth . aspes RS D 3
provided the frane for a flexib i sk drive-unjt accor d g~ . :
aspect, further conprising twelve or nore of. beans supportlng the bearlng
attaching portion. According to a sixteenth aspect of the present ‘10
invention, there is provided the franme fo23a~flexible disk drive unit
according to the twelfth aspect, wherein a ratio of an inner .peripheral

di mensi on to aniAuh8loRgl! PR2aRLoAEHERSHRNEAL §8EANGT AERBRLIURPOT Ling { he

bearing attaching portionis 1to ccording to a seventeenth
aspect of the psespih InmeetaeaoramﬁPetbSapfeutéeenEHeeﬁbaaEmEﬁE 8ef LRyl bl e
di sk drive unit according to the twelfth aspect, further conprising a
plurality of speesdndi shoehtdsngsaagi ng hol es arranged outside of outer
peri pheries of beans

Figure 33 is a broken perspective view of essential

5 portions of a second conventional flexible disk drive
ﬁnit.
EXAMPLES
An explanation will be given of embodiments of the
present ;nvention in reference to the drawings. In the
10 following drawings the same notations are ueed to
portions the same with or corresponding to those in the
conventional examples explained in Figure 21 and Figure
33. |
EMBODIMENT 1
15 | Figure 1 is a broken perspective view showing an
outline of a total of a flexible disk drive unit
according to a first embodiment of the present invention.
In Figure 1, numeral 1 designates a frame which is a
member having a section constituted by a bottom plate
20 portion 1l and side wall portions 12 on both sides
thereof in a substantially channel-like shape. Numeral 2
designates an attaching hole for atteching a bearing of a
spindle motor. The frame 1 is made by pressing an
aluminum plate. Although not especially limited, the
25 material and the manufacturing method of the frame are
determined in consideration of the strength, the

rigidity, the flatness of the frame, the manufacturing
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di stortion escapi ng hol es extend at 25 outer S|des of the distortion -
escaplng hol es at both sides of the beans and an interval dlnen5|on betmeen
an inner periphery of each of the second diéstortion escapi ng - 15 - Ty
hol es and an outer periphery of each of the distortion.escaping holes is
determ ned to begl @pd.an extension di nension between a circunferential end
edge of each of the second distortion escaping holes and an end of an 5
outer periphery of A hgiheame Hotdt X! &dad AWdd HecHardash 190t he second

di storti on escaping holes is

cartridge holder mechanism 130 and a frame cover 140 are

installed on the inner face side (upper side in Figure 1)
5 of the frame 1 and“a door mechanism 150 is installed on

the front side. A substrate 4 on which a driving IC (not
shown) of the spindle motor 3 is installed on the outer
face side (lower side in Figure 1) of the frame 1. The
bottom plafe portion 11 of the frame 1 includés a stepped

10 portion 13 for installing the substrate 4 formed in a
special shape as illustrated in'Figuré 1, the spindle
motor 3 is attached on the lower portion and the
substrate 4 is attached on the lower face of the higher
portion. . Further, numeral 160 designates a main body

15 substrate provided for controlling the present unit which
is installed on the inner face side of the frame 1.

Figure 2 is an outline front view showing a state of
attaching the spindle motor on the frame, Figure 3 is a
sectional view of Figure 2 and Figure 4 is an explanatory

2ol broken view in integrating the spindle motor.

The spindle motor 3 is a DC brushless motor having a
type in which a rotor is disposed at an inner peripheral
portion and a stator is disposed at an outer peripheral
portion as shown in Figure 1 through Figure 4 or a type

25 generally called "outer rotor type" wherein the stator is
disposed at the inner peripheral portion and the rotor is

disposed at the outer peripheral portion as shown in
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vel ocity detecting pattern on the notor base since the spindle nDtor of* t.he"
sensorl ess drive systemis used and therefore, it is not necessary that- the
notor base is 15 constituted by a primrt2gg-wiring board and the-spindle -
mot or can dlrectly be attached on the frame nmade of alum numor the IiKke.

Accordi ngly, g¥ﬂg% ]bearlngﬁg Eﬁ%?d%gﬁﬂ tute a conmon nmenber, the

attachi ng hol e or - the notor can be nade snaller and 20

therefore, the st rﬁngé’tgmmf witH didapdtt the dHa B ey e nhaned.

Further, the base for taching the spindle notor is the sane as the frame

and t her ef or e spitfile It shiis heiivas ddmes disiytidd oy thegtanad ¢ heads
and the height of the nedium hub face of the spindle notor is

composed of a shaft 31, a hub 32 fitted to the shaft 31

5 and a magnet 33 fixed to an outer periphery of the hub 32
and consisted of a ring-like magnet 33 having multiple
magnetized portions, a stator 36 arranged surrounding the
rotor 34 and composed by winding drive coils 35 around a
stator yoke in laminated layers made of a magnetic

10 material, a bearihg 37 supporting the shaft 31 and a
cover 38 covering the stator 36. Further, the hub 32 and
the rotor 34 are integrally formed.

The bearing 37 is composed by attaching a thrust
bearing 372 on an outer pertphery of a cylindrical member

15 371 and a stepped small diameter portion 373 is formed on
an outer periphery of the cylindrical member 371. After

" inserting the stepped emall diameter portion 373 into the
attaching hole 2 of the frame 1, an end portion 374
thereof is calked. In this way the bearing 37 is fixed

20 and vertically erected on the frame 1. Thereby the
perpendicularity of the shaft 31 is maintained.
Thereafter, as shown in Figure 3 and Figure 4, the shaft
31 is inserted into the cylindrical member 371, the rotor
34 is fitted to the shaft 31 around which a stator 36 is

25 arranged and fixed and the cover 38 is put thereover bf
which the integraticn of the spindle motor 3 is finished.

Accordingly, the integration is extremely facilitated
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faces of the frane and therefore the splndle not or can be |ntegrated fron1-
" the one side of ‘the frane and the opposite face of the frane becones fl at _
whereby the unit 5 can be thinned. Accord2@®g-to the third aspect of the = ‘&
present invention, the drive circuit for the spindle notor corrects each '

phase of the de&ﬁetaeéhw gpmaaxel h8gs? @yca V@H:éﬂﬁlgf behgt¥hEhBE Earuj
only during the actual 10" . drive periods o time and the armature 1s driven

by combi nati ongramesigfabm dRei Yedeb¥hbbeogQNPRALS8BrEA§tht and the

rigidity of the frame 1 can be-ephanced and therefore,
the accuracy of the frame is easily ensured since only an
5 extremely small.hole'just for inserting the stepped small
diameter portion 373 of the bearing 37 is opened in the
frame 1. Further, the motor base for a printed wiring
board as in the conventional case is dispensed-with-and
the spindle motor 3 can directly be attached to the frame
10 1l since the spindle motor 3 is of a sensorless drive
system as mentioned later. The attaching base of the
spindle motor 3 shares the same frame by attaching the
spindle motor 3 directly on the freme 1 and therefore, it
is easy to maintain the relationship among the heights of
15 the magnetic heads 121 and 122 and the height of a face
of the medium hub 32 of the spindle motor 3 in a
predetermined range. Also the adjustment of the height
relationship is facilitated. Further, the lower face of
the frame 1 is substantially flat and therefore, the
20 thinning of the present unit can be realized.

Further, the operation of the present unit is the
same as that of the conventional example and the
explanation will be omitted.

EMBODiMENT 2
25 Figure 5 is a sectional view of a portion of a frame
for‘attaching a spindle motor showing a second embodiment

of the present invention.
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four h aspect of -the present.
“rising-or falllng edges |n _ e
sel ected and the armature wi ndings.are driven by the sel ected necessary
signals in starting. According to the fifth aspect of the present .
i nvention, the necessary signals anmong-t@g i sing or 20 falling edges in’
t he position signal of "the rotor are selected, the rotation state of the
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necessary S|gnals ation i normal . According to the sixth
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by ensuring the stren rigirdity thereof by making the thickness
of the port'(”bdﬁo&fﬁéﬁiﬁ”“SﬁéHlEﬂdéﬁﬂyfKthe thickness of the ring-like

motor attaching portion 14 for installing the stator 36
.5 is thinned as illustrated in Figure 1. The frame 1 is
made by pressing an aluminum plate wherein the ring-like
portion 14 is crushed in the pressing. Further, a number
of sector-like openings 15 are punched out by a press to
escape distortion in crushing for ensuring the flatness
10 of the frame 1. The attaching portion for the bearing 37
'is supported by a number of radial ribs 17.
In this way the thickness of the motor attaching
portion 14 is thinned and the flatness of the portion 14
is accurately maintained. Accordingly, it is easy to
15 accurately maintain the perpendicularity of the shaft 31
of the spindle motor 3 attached thereon via the bearing
37.
The following examples are concerning drive circuits
used as the sensorless drive system of the spindle motor
20 (brushless motor) 3.
EMBODIMENT 3
In this embodiment respective phase armature winding
voltages are detected and corrected by applying a
correction voltage that is a product of a load resistance
25 by a current only in an actual load state thereby
providing terminal voltages at correct phases in the

actual load state since a phase lag is caused if the
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the notor shaft can be ensured by |nsert|ng the stepped smal | dlanete '
portion of the cylindrical nenber into thé attaching hole of the frane. and
cal king the end portion thereof thereby-figi-ag the bearing. 10

According to the eighth aspect of the present invention, the frame is nmade

by the sheel mebakoRtess 89, nbbepBoELORE] ol By pOE LO0cRheLNoe  bagE 1

partially crushed thin an e nofor 1's direct attac

thi nned pOft'Oﬁes%EEEQ@@rSrmhﬁﬁrétﬁﬁﬁﬁiﬂ stQ€e1§OEMSadb§YaaBQmﬁ@ agiﬁ%ness
of the franme can be ensured since only the small attaching hole for t

bearing of circuit based on the winding terminal voltages.

In this embodiment, an explanation will be given of
5 the construction and the operation of a drive device of a
brushless motor based on the above-mentioned way of
thinking.
Figure 6 is a block diagram showing a drive circuit
of the third embodiment. 1In Figure 6, numerals 312, 313
10 and 314 designate armature widdings (drive coils of the
stator) of_a brushless motor in three-phase star
connection with ungrounded neutral peoint and numeral 311
designates a bridge circuit supplying predetermined drive
currents to the armature windings 312, 313 and 314 by
15 controlling to flow currents to a group of drive
transistors TRl through TR6. The armature windings 312,
313 and 314 are called U-phase, V-phase and W-pbase for
convenience' sake. Numeral 301 designates a terminal
voltage correcting circuit for outputting corrected
20 terminal voltage signals 30la, 30lb and 30lc by
correcting the terminal voltages, numeral 302 designates
a comparing circuit for providing logical signals 302a,
302b and 302c by comparing levels of the corrected
terminal potentials of the respective phases, numeral 303
25 designates a waveform shaping circuit for providing rotor
position signals 303a, 303b and 303c by shaping waveforms
of the logicai signals 302a, 302b and 302¢ and a rotor
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integration of the spindle notor is facilitated since the splndle nDtorfls
directly attached fromone side of the frane. According to the ninth aspect
of the present 25 invention, the .stepped2gottion is provided in the bottom
pl at e portlon of the frame and the thin notor attaching portion is provided -

at the | ower agigﬂoghgggnxltbsrgﬂhg reuid ?Réa?ﬁP§°§§F?9§ gord'ﬂg

to the tenth a pect o resen vent I on,
confined to oniY-i8ing the above-mentioned circuit means 301, 302 and

303. Numeral 305'designates a ;erminal to which a motor
rotation signai enabling the motor to rotate is inputted,

5 numeral 306 designates a pulse generating circuit,
numeral 37 designates a counter circuit, numerai 308
designates a switch signal generating circuit and a
commutating circuit 309 controls to switch the group of
transistors TR1 through TR6 by outputting drive signals

10 309a through 309f in accordance with states of signals
inputted from the rotor position signal forming circuit
304, the terminal 305, the counter circuit 307 and the
switch signal generating circuit 308. Numeral 310
designateé a resistor and numeral 311 designates a bridge

15 circuit.

Figure 7 shows an example of a specific structure of

the terminal potential correcting circuit 301. in Figure
7, numerals 320 through 334 designate npn transistors,
numeral 335 designates a pnp transistor, numerals 336

20 through 356 designate resistors, numerals 357 through 360
designate constant current sources. The U-phase terminal
potential is inputted to the base of the npn transistor
320, the V-phase terminal potential is inputted to the
base of the npn tranéistor 325, the W—~phase terminal

25 potential is inputted to the base of the npn transistor
330 and a terminal 361 to which a voltage with regard to

a resistance drop of the armature winding is inputted, is
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the distortion escaping holes and therefore, the flatness and th E
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of the terminal potentials are inputted. The corrected

'__'hth aspect of

5 terminal potentials of the respective phases 30la, 301b
and 30lc are outputted from the circuit.
Figure 8 shows an example of a specific structure of
the comparing circuit 302, 1In Figure 8 numerals 370
through 381 désignate resistors, numeral 382 through 384
10 designate differential amplifier circuits, numerals 385
through 387 designate comparators, the corrected U-phase
. terminal potential 30la is inputted to a noninverting
input terminal of the differential amplifier circuit 382
and to an inverting input terminal of the differential
15 amplifier circuit 383 respectively via the resistors 370
and 375, the corrected V-phase terminal potential 30lb is
inputted t6 a noninverting input terminal of the
differential amplifier circuit 383 and to an inverting
input terminal of the differential amplifier circuit 384
20 respectively via the resistors 374 and 379, and the
corrected W-phase terminal potential 30lc is inputted to
a noninverting input terminal of the differential
amplifier circuit 384 and to an inverting input terminal
of the differential amplifier circuit 382 respectively
25 via the resistors 378 and 371. The-ihverting,input
terminals of the differential amplifier circuits 382, 383

and 384 are connected to output terminals of the
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axis in - 19 - the seek direction. According to the fifteenth aspect of
the present invention, the rigidity is iLgIher easily ensured by rendering
a nunber of the beans to twelve or nore. Accordlng to the sixteenth

aspect of the BYEREILALIXELRN: el eé§¥?8§§§5§§ 3°5p85ba IR WLl ©

ensuring the accuracy an 'ty~o Fatio
of the inner pgpLpherak g???n§79na58 381 and respective output

terminals thereof are connected to noninverting input
terminals of the comparators 385, 386 and 387. Further,

5 a reference voltage V_ .. is inputted to the noninverting
input terminals of the differential amplifier circuits
383, 383 ahd 384 and inverting input terminals of the
comparators 385, 386 and 387. The differential amplifier
circuit 382 outputs a differential reference signal of

10 the terminal voitages 301a and 301b with a central

voltage of V

reg* A 1ogical signal 302a is pfovided by

comparing the différential amplifier signal with V_,. by
the comparator 385. Logicél signals 302b and 302¢ are
provided by the same procedure.

15 Figure 9 shows a relationship among terminal voltage
waveforms of respective phases in a nonloading'time, the
logical signals 302a, 302b and 302c¢ outputted from the
comparing circuit 302 and the conducting phase in case
where the terminal potentials are not corrected.

20 Although spike-like voltage variations are caused in the
actual terminal potential waveforms in commutating them,
the variations are 6mitted to simplify the explanation.
In the nonloading time the resistance drop in the
armature windings is almost negligibie since the amount

25 ©of current flow is small. The terminai potential
waveforms are horizontally symmetrical as shown in Figure

9 and the logical signals in a predetermined phase
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t he outer perlpheral - Mg s)c === Accordlng to
“the sevent eent h ‘aspect - of th&:§resen e i e§51ng can be

performed easily while ensuring thé acc ri gi dirt"y ot T R oo
by providing further the second distortion escaping: hol es outsidé’ .
out-er periphery of the beans. 15 According to the elghteenth aspeci

of the present invention, the interval €i3®nsi on between the inner B
peri phery of the second di stortion escaplng hol e and the outer periphery of

t he d'Stort'O”rSESEEbHERQB|ﬁltﬁn?ﬁEeEB£8 g ngg}°¥§aﬁ gt he extension

di mensi on between ecircu erentla e second distortion

escapi ng hol e and MeaneRd1ef, Fhgueut ¢h Eﬁbkv@hﬁrYeQEtEBﬁsHQﬁ”hﬁbn&hﬁhe
extended portion of each of the second distortion escaping-holes’is

rendered to betéimdnhl pvbeneihli watePbiing bHi ekaesespéctieefl pRasesyher eby
the 25 accuracy and the rigidity of the franme can further be ensured.
the logical signals 302a, 302b and 302c outputted from

5 the comparing circuit 302 and the conducting phase in a
loading time. In the loading time the influence of the
resistance drop in the armature windings is not
negligible due to the flowing currents. One of the
compared two terminal voltages is in ﬁhe conducting phase

10 and the other is in the nohconducting phase. For
example, when the current flowing is switched from V+W to
U+W, the terminal potentials of the V-phase and the U-
phase are compared with each other and the V-phase
becomes the conducting phase and the U-phase becomes the

15 nonconductive phase. A voltage of the resistance drop is
superposed on the terminal potential waveform of the V-
phase that is the conducting phase. Meanwhile, only the

inverse electromotive voltage is generated since no

Il

current flows in the U-phase (the power source voltage of
20 the bridge circuit is fixed to Vocr the neutral point is
ungrounded and therefore, the potential of the neutral
point is dropped by the resistance drop and the actually
observed terminal potential waveform is in a form in
which the terminal potential of the U-phase that is the
25- nonconductive phase is dropped). Accotdingly, there
causes a shift at a pbsition.where-the potential levels

of the V-phase terminal potential and the U-phase
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of the provided log1ca1 sxgnal lags behin@ in comparison
with ﬁhe case of the nonloading time as shown by the
signal 302b in Figure 10.

To solve the problem of causing the phase lag a |
voltage of the resistance drop is added to or subtracted

from the terminal potential of the conducting phase, the

levels of the terminal potentials are compared with each

other and thereafter, the logical signals 302a, 302b and
302¢c are provided. For example, with regard to the U-
phase the voltage of the resistance drop is subtracted
therefrom when the current flows from the U-phase to the
V-phase or the W-phase and the voltage of the resistance
drop is added thereto when the current flows from the V-
phase or the W—-phase to the U-phase.

An ekplanation will be given concerning the specific
operation of the terminal potential correcting circuit
301 in reference to the drawings as follows. Although
the terminal potential correcting circuits of three
phaseg of U, V and W are shown in Figure 7, an
explanation will be given here paying attention to the
terminal potential correcting circuit of the U-phase.

Pirstly, consider a case in which the terminal 362
and the terminal 363 are at high level. 1In this
occasion,.the collector potentials of the npn transistor
322 and the npn transistor 354mére at d and therefore,

the emitter potentials of the npn transistor 321 and the
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exanple of a specific structure of a'.conparing

enbodi nent; 20 Figure 9 illustrates signal
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expl ai ning the operation of the third enbodinent; Figure 10 illustrates
-signal waveform di agrans for explaini ng-t3e ﬂperation of- the third
enbodi ment; Figures 11(a) and 11(b) illustrate a structural. 25 diagram of
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gure 12 illustrates diagrans showmng a relationship - 21 -
resistor 337 ;nd the resistor 340. Accqrdingly, the
current flowing in the resistor 335”(resistance-value R,)
is only i, supplied from the constant current source 357

5 and the potential observed at the output terminal of the
U-phase terminal potential correcting circuit is é value
of the input value of the terminal potential correcting
circuit subtracted by the base-emitter voltage (V,,) of
the transistor 320 and the resistance drop voltage in the
10 resistor 336.

30la = U =~ Vpo = Ryei;- (1)

Consider a case where the terminal 362 and the
terminal 363 are at low level. A potential of V;, is
inputted to the terminal 36l. At this occasion, the

15 <collector potentials of the npn transistor 322 and the
npn transistor 324 are Vie * Vpe (V) and therefore, the
emitter potentials of the npn transistor 321 and the npn
transistor 323 are V;, and currents of V; /R, fléw in the
resistor 337 (resistance value R,) and the resistor 340

20 (resistance value R,). Accordingiy, the current flowing
in the resistor 336 is i, supplied from the constant
current source 357 added by the currents flowing in the
resistor 337 and the resistor 340 and the potential
observed at the output terminal of the U-phase terminal

25 potential correcting circuit is as shown by the following.
equation (2).

30la = U- Vpo - Ryi; - 2-R;-V; /R, (2)
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anong rotation position S|gnals and -counter ‘val ues; Figure 15 i o
timng charts for explaining the operation of the fourth enbodi ment; 103
Figure 16 is a view illustrating a table 3®r-explaining the operatlon of &
counter circuit in the fourth enbodi ment; F|gure 17 i-s a view illustrating

a table showing a WﬁE tkggsg mggggggﬁ kggghﬁ queguhguttﬁalues of the

15 counter circuit; |gure IS a I agra ow ng a total structure

of a fifth e”begkﬂﬁhlofisbh%pé%s%& wvsmt bP”whEhQHﬁe éarﬁnalds@ﬁr%m
showi ng an exanpl e of

at low level and the termlnal 363 is at high level, the

" current of Vi./R, flows in either one of the resistor 337
5 and the resistor 340.and therefore, the potential
observed at the ocutput terminal of the U-phase terminal
potential correcting circuit is as shown by the following
equation (3).
30la = U~ V,, = Ry+i, = R,V /R, (3)

10 Finally, in case where the voltage of the resistance
drop is to be added (when currents flows as V+U, W+U),
the terminal 362 and the terminal 363 are set at high
level whereas in case where the voltage of the resistance
drop is to be subtracted (when currents flow as U+V, U-+W)

15 the terminal 362 and the terminal 363 are set at low
level by which the terminal potential can be corrected.

Further, in case where the U-phase is the
nonconducting phase and the correction is not necessary
(when currents flows V+W, W+V), the terminal 362 is set

20 at high level and the terminal 363 is set at low level,
or the terminal 362 is set at low level and the terminal
363 is set at high level. 1In a similar way, with regard
to the V-phase, in case where the voltage of the
resistance drop is to be added (when currents flow as

25 U+V, W+V), the terminal 364 and the terminal 365 are set
at high level. In case where the voltage of the

‘resistance drop is to be subtracted (when currents flow
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set at low level. In case where the correction is not
necessary (when currents flow aé U*W, W-+U), the terminal
364 is set at high level and the terminal 365 is set at
low 1eve1} or the terminal 364 is set at low level and
the terminal 365 is set at high level.

Further, with regard to the W-phase, in case where
the voltage of the resistance drop is to be added (when
currents flow as U+W, V+W), the terminal 366 and thé
terminal 367 are set at high level. In case where the
voltage of the resistance drop is to be subtracted (when
currents flow as W+U, W+V), the terminal 366 and the
terminal 367 are set at low level. In case where the
correction is not necessary (when currents flow as U-+V,
V+U), the terminal 366 is set at high level and the
terminal 367 is set at low level, or the terminal 366 is
set at low level and the terminal 367 is set at high
level. Figure 1l1(b) shows the relationship among the
conducting phase and the correction switch signals
inputted to the terminals 362 through 367 as mentioned
above summarizingly in timing charts.

Further, Figure ll(a) shows a detailed circuit
diagram of the specific correction switch signal forming
circuit 316 for correcting the detected wiring terminal
potentials by the integration of the éroduct of
resistance by current only during an actually driving

period of time. In this embodiment switching signals
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correcting circuit 301 by combinations of the logical
elements by'using the drive signals 303a, 303b and 303c
5 as the inputs.

Further, as shown in Figure 6 in this embodiment,
current control is performed on the wiring currents
flowing in the arméture by using a current control
circuit 511, a buffer amplifier thereof 512, a resistor

10 513 and a driving transistor 514 and therefore, an output
of the current control circuit 511 is utilized at the
terminal 361 of the correcting circuit 301.

The current control circuit 511 detects an error

between an actual rotation speed and an ordered rotation

15 speed from a logical puise signal 501 and controls the
amounts of currenfs flowing in the armature windings such
that the detected error is nullified.

Further, although the example of applying the
invéntion to the three-phase brushless motor is described

20 in this embodiment, it is apparent that the invention is
applicable to all the brushless motors having a plurality
of phases not limiting to the three-phase. Further, the
means constituted by the transistor circuit in this
embodiment may be constituted by é OP amplifier or a

25 digital IC. |
EMBODIMENT 4

Next, an explanation will be given of the
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32 i s an explanafory V|em/ s n5|onal rel at TOr The
second distortion escapi ng hol e accordi ng to a fourteenth enbodlnent of the
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are used to
stably in a short period of time even in case where a

motor is stopped during operation for some cause and it
is necessary to restart it.

5 Specifically, in restarting, the position signal of
the rotor is detected from the winding potentials of the
respective phases of the brushless motor, rising or
falling edges of the position signal of the rotor are
detected and selected to provide necessary edge signais

10 and further a steady state rotation detecting circuit
monitoring the rotation of the motor with combination of
these signals, is provided. The edge signals are counted
when abnormality is detected and the signals are rendered
to be forcibly applied drive signals for the armature

15 windings of the respective phases in restarting.

Figure 13 shows a total construction diagram of a
drive device of the three-phase brushless motor based on
the above-mentioned way of thinking. The bridge circuit
311, the rotor position signal forming circuit 304, the

20 counter circuit 307 and the pulse generating circuit 306
are the same those. in the above-mentioned third
embodiment and the explanation will be omitted. Numeral
565 designates a steady state rotation detecting circuit
which compares the counter values 307a, 307b and 307c

25 with the position signals 303a, 303b and 303c.

In this embodiment the position signals 303a, 303b

and 303c are also inputted to the commutating circuit
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1 is a broken perspective view homnng
di sk drive unit. according to a first enbodlnent of the pr esent
In Figure 1, nuneral 1 designates a frame which is a nenber having a
section constituted by a bottom plate 26 3go+tion 11 and side wall porti 6ff
12 on both sides thereof in a substantially channel-like shape. Nuneral 2 -=

desi gnates an @h@acmrﬂggygf%ldg'ﬁgd@ac@h@gﬁ?%ﬁﬁir@q% Plcid chiitndlogy ot or.

The frame 1 is nmade by pressing an alum nu t hough not espeC|aIIy

limted, the 2%utiitey ithe @dviehe ignatisadlowal,ngode,hadgef, Bhed,r amyear e
determned in consideration of the strength, "t he rigidity, the "t Fat ness of

the frame, the andnB09E Wy Y combination of the counter values 307a,

307b and 307c whereas in steady state rotation the

5 circuit outputs the drive signals 309a, 309b, 309c,'309d¢
309e and 309f by a combination of the position signals
303a, 303b and 303c. PFurther, the-position signals 303a,
303b and 303c and the counter values 307a, 307b and 307c¢
are also inputted to the steady state rotation detecting.

10 circuit 565. During steady state rotation the steady
state rotation detecting circuit 565 compares the
position signals 303a, 303b and 303c with the counter
values 307a, 307b and 307c when a predetermined period of
time elapses after the counter values have changed.

15 Figure 14 shows an example of a combination of
theoretical logical relationships among the position
signals 303a, 303b and 3030c and the counter values 307a,
307b and 307¢. When an actual combination is not the
combination as shown in Figure 14, a restart pulse 565a

20 1is outputted. The restart pulse 565a is inputted to the
commutating circuit 309.

An explanation will be given of an example in case
where the rotor is stopped by some load in steady state
rotation under such a construction in reference to Figure

25 15. 1In PFigure 15, the rotor has been stopped since a
time point (D). In this case, after a time period t;

that is set in the pulse generating circuit 306 has
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pseudo—pulse (p2) is outputted from a pulse selectlng

 circuit 556, not shown, in the counter circuit 307 as a
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pulse (02) of a pulse series 3078 and the counter values
307a, 307b and 307c are changed from LHL to LLH in view
of an example of logical relationships in Figure 16. As
mentioned above during steady state rotation, the drive
signals 309b, 309b, 309c, 3094, 309e and 309f are
outputted by the combination of the position signals
303a, 303b and 303c and therefore, the conducting phase
is not switched even if the counter values 307a, 307b and
307c are changed. Further, the steady state rotation
detecting circuit 565 compares the position signals 303a,
303b and 303c with the counter values 307a, 307b and 307c
after a predetermined time period t, has elapsed since
the counter values 307a, 307b and 307c changed. 1In this
case, the combination is not the theoretical combination
in Figure 14 and therefore, a restart pulse (g3) is
outputted from the steady state rotation detecting
circuit 565 and the mode of operation is shifted to the
starting mode. As mentioned above in the starting mode,
the drive signals 309a, 309b, 309c¢c, 3094, 309e and 309f
are outputted by the combination of the counter values
307a, 307b and 307c and therefore, the drive signals
309a, 309b, 309c, 3094, 309e and 309f becomes HHLLHL in

view of Figure 17, the current flowing is switched and
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the first embodiment and therefore, the current flowing
is successively switched by the combination of the -

5 counter values 307a, 307b and 307c in accordance with the
relationships shown in Figure 17.
EMBODIMENT 5

Next, an explanation Will be given of a motor drive
circuit having a switch device from starting or

10 reétarting to steady étate operation.

In this embodiment the switching is timewisely set
and the operation is switched to steady state operation
after a certain time period has elapsed.

Figure 18 shows the total construction of a fifth

15 embodiment of the preéent invention. The bridge circuit
311, the rotor position signal forming circuit 304, the
counter circuit 307, the pulse generating circuit 306 and
the steady state rotation detecting circuit 565 are the
same as those in the above-mentioned third embodimgnt and

20 fourth embodiment. Numeral 308 designates a switch
signal generating circuit outputting a switch signal 308a
for switching reference to either one of the counter
values 307a, 307b and 307c and the position signals 303a,
303b and 303c when the commutating circuit 309 outputs

25 the drive signals 309a, 309b, 309c, 3096, 309e and 309f.
An explanation will be given of the switch signal

generating circuit 308 as follows.



‘spi ndl.e-notor 3 i strainl yo-corstisxgi . '
- a huby:32 fitted to the shaft-3 ﬁagnet 33 :
periphery of the hub 32 and consi of a ring-1ike nmagnet 3 _
mul tiple magnetized portions, a stator 36 arranged surroundi ng the rotor 34
and: conposed by wi nding drive coils 35 around a stator yoke in |an nated:

| ayers made of a magnetic 10 naterial, -ad4Rearing 37 supporting the shaft

31 and a cover 38 covering the stator 36. Further, the hub 32 and the rotor

34 are integrally fg{nggs T $H¥Hé i %ﬁyngﬁ%gk- eg{é?gy' tihygist
bearing 372 on an outer pserélhgohery aégeylnfon rica rrel%ner’ ll S%bsaa c#}w
stepped smal | dipaTeieyt A tptﬂ%e375%5a'3 & MRt ¥ itie REVIIHEE L gHfalt he
cylindrical nenber 371. Afteer inserting the stepped snall dianmeter “portion

373 into the algeadtiatd ol reudft tjusa frame bwidtrend gl i3oBa3d4 thereof is
calked. In this way the bearing 37 is fixed 20 and vertically erected on
the frame 1. impudtned t® the commutating circuit 309.

5 Figure 19 shows a structural view of the switch
signal generating circuit 308 in this embodiment. In the
embodiment the sﬁitch.signal generating circuit 308 is
constituted by a timer‘570.

Next, an explanation will be given of the operation
10 of the switch signal generating circuit 308 in this
embodiment in reference to Figure 20. In the embodiment
when the motor rotation signal 305a inputted to the timer
570 is at H, the timer 570 is ON and the commutating
circuit 309 outputs the drive signals 309a, 309b, 309c,
15 3094, 309e and 309f by the combination of the counter
values 307a, 307b and 307c¢ in accordance with the |
relationships shown in Figure 17. Further, after a
predetermined time period t, has elapsed, the switch
signal 308a is changed from L to H and the commutating
20 circuit 309 outputs the drive signals 309a, 309b, 309c,
3094, 309e and 309f by using the combination of the
position signals 303a, 303b and 303c as shown in Figure
17.
Further, when the restart pulse 565a outputted from
25 the steady state rotation detecting circuit 565 is
inputted when the commutating circuit 309 is outputting

the drive signals 309a, 309b, 309c, 3094, 309e and 309f



per pendi cul arity-of-.t he shaft 31 i s ok
JFigure 3-and Figure 4, the shaft 31:1¢ Brteeds i-nf hes ¢
371, the rotor 34 is fitted to the shaft 31 around whi ch a st at oI BE e
arranged and fixed and the cover 38 is put thereover by which the

I ntegration of the spindle notor 3 is finished. Accordingly, the
Integration is extrenely facilitated -2@3since the spindle nmotor 3 can
directly be attached to the frame 1 fromone side thereof. The strength and

the rigidity ofy S?It he\d " i kﬁ%&%@%%lﬂ%d @qtﬁaﬂ@ 303E AOIY g O

the franme is easily ensured since only a extrenely snal hol e j ust for

inserting the siERpedrd™®imel FW] &'s AU tOand T stdie;d:earumlshoa%

opened in the frane 1. Further, the notor base for a printed wring
is changed from the H to L. Thereby, the commutating
circuit 309 outputs the drive signals 309a, 309b, 309c,

5 309d, 309e and 309f by using the counter values 307a,
307b and 307c. Further, the switch signal 308a is again
changed from L to H after the predetermined time period
tys and the commutating circuit 309.outputs the drive
signals 30%a, 309b, 309c,.309d, 309e and 309f by using

10 the combination of the position signals 303a, 303b and
303¢c as shown in Figure 17.

Although the switch signal 308a is set to L in case
where the counter'values 307a, 307b and 307c are referred
and to H in case where the position signals 303a, 303b

15 and 303c are referred in this embodiment, the setting may
be reversed.
EMBODIMENT 6
Figure 23 is a broken perspective view of essential
- portions of a flexible disk drive unit according to a
20 sixth embodiment of the present invention and Figure 24
is a partial sectional view showing an attaching state of
a spindle motor.

In these drawings, numeral 601 designates a frame

made by sheet metal pressing using an aluminum plate or
25 the like of which section constituted by a-bottom plate
portion 611 and side wall portions 612 disposed at both

sides thereof is substantially provided with a channel-
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a sensorless drive systen1as nentioned later. The attachlng baSE Off THErT B e,
spindl e notor 3 shares the sane frane by attaching the spindle mot or .3
directly on the frame 1 and therefore, it is easy to maintain the -

rel ati onship anong the heights of 15 the gmghetic heads 121 and 122 and the

hei ght of a face of the nedium hub 32 of the spindle notor 3 in a

predeterm ned §ap eshé%ﬁo t Reimad] Yskfgn&?%igégeege BEaE?E?téQE§E ngS

facilitated. Furt e | owner ace of rane 'S su tantla y flat

and therefore, hhhe EQrtBtEQbﬁﬂnefatBEaPiﬁ e@ﬁs“&ftaCQﬁlﬂsléeﬂbt6?d603.
Further, the operation of the present unif Is the sane as that of the

conventional exanplaeaggihieecnbtanatoanivi k! pbebetkhileds mYBOD MENTid 25
Figure 5 is a sectional view of a portion of a frane
provided with a type in which the inner peripheral
5 portion is a rotor and the outer peripheral portion is a
stator as shown in Figure 23 and Figufe 24 or a type’
generally called "outer rotor type" in which the inner
peripheral portion is the stator and the outer peripheral
portion is the rotor as shown in Figure 33 both of which
10 are usable.
Explaining with regard to the former type, the
spindle motor 603 is mainly constituted by a rotor 634
composed of a shaft 631, a hub 632 press—-fitted to the
shaft 631 and a ring-like magnet 633 fixed to the outer
15 periphery of the hub 632 and having multiple magnetized
portions, a stator 637 arranged around the rotor 634 in
which drive coils 636 are wound around a stator yoke 635
in laminated layers made of a magnetic material, a
bearing 638 supporting the shaft 631 and a cover 639
20 covering the stator 637. Further, in Figure 23, numeral
604 designates a carriage mechanism and numeral 605
designates a'main body substrate.
A bottom plate portion 611 of the frame 601 includes
a stepped portion 614 and the spindle motor 603 is
25 attached on a lower portion thereof. As shown in Figure
23, a portion formed substantially in a circular shape is

a motor attaching portion 615 formed thinly by subjecting
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“the thickness of the ring-like motor attaching portion 14 f or installing

" the stator 36 5 is thinned as illustrated in Figure 1. The frame 1 is.

" made by pressing an alun1nun1plate wher ei 5t ke ring-like portion 14 is
crushed in the pre55|ng Further a number of sector-like openings 15 are

P:Jgtcgggso% et %tﬁ'(rae ftbg:tﬁ ?g}elp?rc%’rtcilr g%hfgrc%% te%(ra be%’qur ng ﬁl S
supported by agws%e @Ictrmléy rﬂnbwghrel 24 i3 YAy rtﬂa@-tﬂlwrp%&fu%the
not or attaching
for mounting the stator 637 is a thin wall portion 617.
"As shown in Figure 23 a plurality of distortion escaping
5 holes 618 are previously punched out by a press before
crushing to ensure the flatness of the thin wall portion
617 in crushing. In Figure 23 the distortion escaping
holes 618 are expressed by hatched portions to facilitate
understanding. Further, numeral 619 designates beams in
10 a radius direction to support a bearing attaching portion
616 in a circular shape. The shape, the arrangement etc.
of the distortion escaping holes 618 will be mentioned
later.
As shown in Figure 24, in attaching the spindle motor
15 603, firstly the bearing 638 is vertically fixed on the
bearing attaching portion 616. The bearing 638 is
provided with a structure in which a thrust bearing 982
is attached to an outer periphery of a cylindrical member
981 and a stepped sméll diameter portion 983 is provided
20 at an outer periphery of the cylindrical member 981.
Accordingly, the bearing 638 can vertically be fixed on
the bearing attaching portion 616 by inserting the
stepped small diameter portion 983 into the bearing
attaching hole 613 and thereafter calking an end portion
25 984 thereof. Next, the shaft 631 is presé#fit and fixed
to the rotor 634. Further, the shaft 631 is inserted

into the fixed cylindrical member 981 by which the rotor




portion 14 is thinned and the fl aw®
.mai ntai ned. Accordingly, it is.8 : : i
perpendlcularlty of the shaft 31 of e splndle nDtor 3 at t ache
~via'the bearing 37. The follow ng exanples are concerning drive circuits
used as the sensorless drive systemof the spindle notor 20 (brushless
notor) 3. EMBODI MENT 3 In this enbodi nent4g especti ve phase armature w nding-
vol tages are detected and corrected by applying a correction voltage that

(5 2 product ofag Loaissstelansy efe D dsEULeningdaln B! vl | 0ad

state thereby providin erm na ages correc ases in the actual
| oad state Si NgRafoPhese i@gfife&a&ﬁeghéftﬁfﬁ wall portion 617 and

finally the cover 639 is put over the stator 637.

In this way the spindle motor 603 can directly be
5 attached on the frame 601.

In.this embodiment an inexpensive frame and thinning
of the unit are realized by the stepped portion 614 of
the frame 601 made by sheet metal pressing and the thin
wall portion 617 formed thinly by crushing by a press in

10 a series of pressing steps. Further, the strength and
the rigidity of the frame 601 are ensured since only the
small hole 613 for attaching the bearing 638 is opened in
the motor attaching portion 615. The distortion escaping
holes 618 formed in the motor attaching portion 615 are

15 provided to escape a wall thickness at the surrounding
portions in crushing (distortion in crushing) and the
flatness of the thin wall portion 617 can be ensured
while ensuring the rigidity of the frame by the
distoétion escaping holes 618 thereby facilitating the

20 pressing. Further, the attaching of the spindle motor

| 603 is extremely facilitated since the spindle motor 603
can be attached from one side.of the frame 601.
EMBODIMENT 7 |

Figure 25 is a sectional view of a frame according to

25 a seventh embodiment of the present invention.:

In this embodiment the motor attaching portion 615 is

formed into the thin wall portion 617 by partially



= 28 . gueQLrection.is not -perdo
-ar mtyrezw ndi ngs-.are fornegk = e
term nal voltages. In this enbo - an explanatlon Wil be gl . y
the construction and the operation-of a drive device of a brushless nDtor'
based on the above-nentioned way of thinking. Figure 6 is a block di agram

showing a drive circuit of the third enBodygnent. In Figure 6, nunerals 312,
313 10 and 314 designate armature w ndings (drive coils of the stator) of -

a brushl ess MLofshnhbeyIRASC uPhRl EARACHE PRl tiROBIURECHRRILRA

poi nt and nuner 11 "desi gnat es ge circuit supplying predeterm ned
drive currentsghg b@etﬁE”E&Hh% wondbyoa 2kdshihg %&@p3%ﬁeEéb&5th©0nbh&E|lng
to flow currents to a group of drive transistors TRl through TR6. The

?r mat ure w ndi ggge3d2, the3bottdonlplate pakikednUsphade, mddeh&iatand I phase
or

this embodiment the area of ¢rushing is larger than that
5 - in the first embodiment and therefore, the shape, number

and arrangement of the distortion escaping holes 618 are
closely related to the flatness of the thin wall portion
617. An explanation will be given to the shape, number
and arrangement of the distortion escaping holes 618

10 which are applicable to the sectional shapes of the frame
601 shown in the sixth eﬁbodiment and the seventh
embodiment.
EMBODIMENT 8

Figure 26 is a plane view of a motor attaching

15 portion according to an eighth embodiment of the present
invention.

In this embodiment distortion escaping holes 618
having a square shape are arranged in the circumferential
direction at equal intervals. When the motor attaching

20 portion 615 is crushed by a press, the wall thickness
component of this portion is compressed and flows in a
direction of reducing the distortion escaping holes 618
and therefore, the flatness of the thin wall portion 617
can be ensured. However, the distortion in the

25 circumferential direction is larger than the distortion
in the radius direction and therefore, if is necessary to

determine the shape, number and arrangement of the




conveni'ence’ sake. Numeral 301 desi gnat es#Sitialalenitagcpminmaminnis
~‘circuit for outputting:icorrected 20 terr ' 5 hal-s. 2
and 3010 by correcting the ternminal voltages® al 302 de5|gﬁafﬁ?”a
: conparlng circuit for providing |ogical signals 302a, 302b and 302¢ by '
~conparing levels of the corrected termnal potentials of the respectlve '
phases, numeral 303 25 designates a wavefgr-n shaping circuit for providing
rotor position signals 303a, 303b and 303c by shapi ng maveforns of the

| ogi cal signal g3 %gégtiggzgs Q? gdﬁ%fgg 818 0L8"

formng circuit I'S cons y |nc udrn c?%%la% ve- ntlo ed CIrCUIt

means - 301, 3024 88€08080n \UAPERE éﬁécﬁﬁééﬂ@ﬁéféladiﬁé&f@ﬁ t& whgriya notor

rotation signal enabling the notor to rotate 1s Inputt
ensure the accuracy of the frame.

EMBODIMENT 9
5 In this embodiment, as shown in Figure 27 distortion
escaping holes 618 are formed in a sector shape in
arbitrary size and configuration and are radially
arranged in the radius direction. Beams 619 supporting
the bearing attaching portion 616 are also formed in a
10 sector shape. The distortion in the circumferential
direction in crushing can considerably be escaped by
these distoftion escapihg holes 618 in a sector shape and
therefore, the accuracy of the frame can be ensured.
EMBODIMENT 10
15 In this embodiment, as shown in Figure 28, distortion
escaping holes 618 in a sector shape are.substantially
symmetrically arranged with respect to an axis in a
longitudinal direction of the frame 1 (axis in seek
direction). Thereby, the left and right balance is
20 provided and the rigidity of the total of the frame is
stabilized.
EMBODIMENT 11
In this embodiment, as shown in Figure 29, distortion
escaping holes 618 in a sector shape are arranged
25 substantially symmetrically with respect to-the axis in
the seek direction and a number of beams 619 is 12 or

more. By rendering the number of the beams 619 to 12 or



_a coynter - C|rcy@§fhnuneral 3@8*“"”" s
circuit and a comutating. ci rcui t” 309 .con oup. o
transi stors TRl through TR6 by outputting drive signals 10 309a through
309f in accordance with states of signals inputted fromthe rotor position
signal forming circuit 304, the term nat #95 the counter circuit 307 and
the switch signal generating circuit -308. Nuneral 310 designates a resistor

and numeral 31, QSS'QHétE?eQ BEi gHE 1§Fsbiaua1 dFBGU£€13nSQ§$§p§ngK3ﬂQ|e

of a specific struéture of thé termnal pofential correcting circait 301

In Figure 7, ngygrahs ﬁ@oréaﬁeéahtﬁéﬂeg?sEQB@hérnEQcilﬂﬁ&tﬁhgrEhenunEFa|
335 de5|gnates a pnp transistor, nunmerals 336 20 through 356 designate

resistors, nunehghging’oEhtREORigb@idpsignehe e€ebalast ther Epameources. The
U phase term nal potential is inputted to the base of the npn transistor
EMBODIMENT 12 _

5 In this embodiment, as shown in Figure 30, a ratio of
an inner peripheral diménsion A to an outer peripheral
dimension B of a beam 619 is determined as A:B = 1:2.

The distortion (elongation) at the outer peripheral
portibn of the beam 619 is larger than that of the inner
10 peripheral portion and therefore, the accuracy of the
frame is ensured by such a dimensional relationship
without causing warp or wrinkle in the beams 619.
EMBODIMENT 13
In the embodiment, as shown in Figure 31, second
15 distortion escaping holes 620 are further provided

| outside of the outer peripheries of the beams 619. Each
of the second distortion escaping holes 620 is
concentrically arranged with respect to each of the beams
619, the shape thereof is in a substantially rectangular

20 shape and the length thereof is almost equal to the
dimension of the outef periphery of each of thg beams
619. The distortion in the radius direction of the beams
619 can also be escaped by the second distortion escaping
holes 620 and therefore, eésy pressing can be realized

25 while ensuring the accuracy and the rigidity of the

frame.



- 320, the V-phase terminal potential is inputied to the base &f-i)

transjstor 325, the Wphase termnal 25 potential is inputteg.to
of the npn transistor 330 .and a termnal-361 to which a voltage W
to a resistance drop of the armature winding is-inputted, is -
corinected to the base of the pnp transistor 335. Further, numerals 362
t hrough 367 designate terninals to which ser+ection switch signals for
switching corrections of the term nal potentials are inputted. The
corrected 5 teﬁﬁhgﬁkmﬁﬁ&e jials of the respective phases 30la, 301b and
301c are outputte ron1t e circuit. Figure 8 shows an exanple of a

TEr 5o e o ATLHIS, ShEBaLRRRLS) apghgiltss BLBLY 920 muenrake 370
second distortion escaping holes 620 is extended at outer
sides of the first distortion escaping holes 618 on the

5 both sides of each of the beams 619. Further, when a
dimension of én interval.between the inner periphery 621
of the second distortion escaping holes 620 and the outer

periphery 622 of the first distortion escaping hole 619
is determined as "t", an extension dimension at an
10 extended portion of the second distortion escaping hole
620 between an end edge 623 of the extended portion and
an end 624 of the outer periphery 622 of the beam 619 is
1.5 t (where t is a plate thickness of the frame).
Thereby, the accuracy and the rigidity of the frame éan
15 further be ensured.

As has been explained, a flexible disk drive unit of
the present invention is only provided with an extremely
small attaching hole for erecting the bearing for the
spindle motor on the frame and therefore, the strength

20 and the rigidity of the frame can be enhanced and the
ensuring of the accuracy of the frame is facilitated.

The frame and the motor base can be made a common
member by providing the spindle motor of the sensorless
drive type and the spindle motor can be attached directly

25 to the frame from one side thereof by arranging the
rotor, the hub and the stator on either one of the faces

of the frame and therefore, the integrating operation of
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“circuit 382 and to an inverting.input terninal

s-desi-gnat e gizf-fe
esi.gnat e conpagat @

) dhegporrsetieth I RSN
inputted to a noninverting input term nal of {1
amplifier circuit 383 respectively via the resistors 370 and 375, t he

corrected V-phase terninal potential 304b5ls-inputted to a noninverting
input termnal of the differential anplifier circuit 383 and to an

inverting inputhkespinaleOhotBe Hhllf eheNhighisemthtf b8 thbr REigh884020
respectively via the resistors 374 and 379; and the corrected Wphase

term nal potenthal spRhdlesmbbput had tReamAgRbBYEr headsi apat faeilibakedl the
differential anplifirer circuit 384 and to an inverting input term nal of
the differenti ahdafnktheey, thecthinfiBAgrespehéi uaiy 2&8n beareakizedistors
378 and 371. The inverting input termnals of the differential amplifier
circuits 382, 383 Zhe F3ataeescofintbeefiramecispensucedi andstbe t he
5 perpendicularity of the motor shaft is easily and highly
accurately provided by thinning thé thickness of the
motor attaching portion of the frame. _
The bearing of the motor can be fixed and erected to
the attaching hole of the frame by calking and therefore,
10 the thickness of the motor attaching portion is thinned
and the perpendicularity of the motor can easily and
highly accurately be provided.
The drive circuit used in the spindle motor of the
sensorless drive system does not utilize the neutral
15 point and the position signal is provided by correcting
by the correction determined by the wiring currents of
the armature only during the actual drive period of time
~and therefore, few lead lines are provided and the
correct drive timing with no phase lag can be determined.
20 The rising or falling edge signals of the position
signal are selected and combined by counting them thereby
forming the drive:signal, in the no input period of time
the counting is performed forcibly and the unit is
restarted when the rotation is abnormal and therefore,
25 the unit can be restarted even when the rotation is

abnormal.

The switching between the starting or restarting and
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- noninverting input terminals of the conparators 385, 386 and 387 "
5 a reference voltage [err] is inputted to the noninverting input ternlnals

of the differential anplifier circuits 383, 383 and 384 and inverting input

termnals of the conparators 385, 386 ands38¥¢. The differential anplifier:

circuit 382 outputs a differential reference signal of 10 the term nal

vol tages 301a gpd 3@aRay Ehaeeceahr Bk bekteagﬁeef 1hearbre&ehegm§ﬁbds' gnal
302a is provided by conparing t differential anplifrer signal wth Vref

by the Conparab851385ofLQQMEahnalﬂﬂékéf%@%b and SBEEaEEGnDEQMIQQQmQy bae
same procedure.

shifted to the steady state operation.

The switching between the starting or the restarting
5 and_the steady state can be performed by the counter
values of tﬁe counter and therefore, the operation can
firmly be shifted to the steady state operation.
The position signal to the counter is monitored and
forcibly counted in the no input period of time, the unit
10 1is restarted wheh the rotation is abnormal and therefore,
the unit can be restarted even when the rotation is
abnormal.
As explained above, in the flexible disk drive device
of the present invention, the frame is made by the sheet
15 metal pressing, the bottom plate portion of the frame is
partially crushed.further to be thin, the spindle motor
is directly attached to the thin wall portion and
therefore, only a small attaching hole for the bearing of
the spindle motor is opened at the thin wall portion and
20 therefore, the strength, the rigidity and the flatness of
the frame are ensured. Further, the conventional motor
base is not necessary and the motor attaching portion is
thinned and therefore, the unit can be thinned. Further,'
the spindle motor is difectly attached to the frame from |
25 one side thereof and therefore, the integration of the
spindle motor is facilitated.

The stepped portion is provided at the bottom plate



;;@gspe@Lrve phases |n a. nonloadu,__”_,a 4 REs
302c outputted fromthe conparing circuit 30 o
case where the term nal potentials are not corrected. 20 - Al though
spike-like voltage variations are caused in the actual terninal potentlal
wavefornms in conmutating them the variatgg®ns are omtted to sinplify the
expl anation.  In the nonloading tinme the resistance drop in the armature

windings is aI?B§ElBﬁ95E9ng F%%ﬁge hR€ +AEOWRG 2 hot Bl %@Eﬁgﬂ%nét$WrE

small. The te nal potential wave orns ar e horlzonta
shown'in Figurgg9 %Qﬂi@% hegitgal 1&%@%&5@8?1 %ed%h%&@faed,p%ﬁaeumt 32

- relationship with the rotor can be provi
can further be thinned.

The thin wall portion is confined only to the
5 attaching portion of the stator of the spindle motor and
therefore ,the crushing is facilitated.

The distortion in the cruéhing can be escaped by the
distortion escaping holes and therefore, the flatness and
the dimensional accuracy of the thin wall portion (motor

190 attaching portion) are further ensured.

The frame for the flexible disk drive unit of the
present invention is made by the sheet metal pressing and
therefore, an inexpensive frame can be provided while
ensuring the accuracy (flatness, dimensional accuracy) of

15 the frame.

The distortion escaping holes are arranged radially
in the radius direction to minimize the lowering of the
rigidity by the distortion escaping holes and therefore,
facilitated pressing can be realized while ensuring the

20 flatness and the rigidity. .

The distortion escaping holes are arranged
substantially symmetrically with respect to the axis in
the seek direction and therefore, the balance is improved
and the rigidity of the total of the frame is stabilized.

25 The number of the beams is 12 or more by which the
area of the individual distortion escaping hole can be

reduced and therefore, rigidity can further be ensured.



Nbaqwh;le Figure 10 shows:-a-.r.eléat.i-onshi p=&iee
ﬂ_waveforms of the respectg&a phases; the lo Elmgt) 2
outputted from5 the conparing circuit. 302 an onduct i ng phas arar
-loading time. In the loading tine the influence of the resistance drop in
the armature windings is not.negligible due to the flow ng currents. One of.
the conpared two terninal voltages is i® §fpe-conducting phase 10 and the -
other is in the nonconducting phase. For exanple when the current flow ng

is swtched from Vil ¢ ¢ H;W otfh%h erlrgnréq.l %\rﬂ}tel Ilsdq etn'}.‘io\ﬁ Q%asc% and t he

U phase are conpare each other and t 1ase becones t

conducting phaggtardpkhe HeEEisalﬁéﬁgﬁﬁﬁ beethe bEQﬁPQQdHQEbYﬁlﬁQaS%o A
vol tage of the resis ance drop i s superposed on the term nal potenti al

wavef orm of theeVi pbasast Raknls theeegordyCthBlaBbaz8cyMoEnehk! €rafal ¥ the
I nverse el ectronotive voltage is generated since no current flows in the

U-phase (the peafr factthee bel eagarel.

5 The second distortion escaping holes are further
provided outside of the outer peripheries of the beéms
whereby the distortion in the radius direction of the
beams can be escaped by the second distortion escaping
hole and therefore, the pressing can be facilitated while

10 ensuring the accuracy and the rigidity of the frame.

The dimension of the interval between the inner
periphery of the second distortion escaping hole and the
outer periphery of the distortion escaping hole is
defined as t and the extension dimension in Ehe extended

15 portion of the second distortion escaping hole between
the edge of the second distortion escaping hole and the
end of the outer periphery of the beam is rendered to be
1.5t (where t is the plate thickness of the frame) and
therefore, the accuracy and the rigidity of the frame can

20 further be ensured.
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AT e p and t he actually observed t e
a forn1|n whi ch the terninal potential of the- U—phase tharﬂisthe—25——~—_

nonconductive phase is dropped). Accordingly, there caus
position where the potential |evels of th&gs/~phase term ngﬂl‘@ Hl‘ﬁ”m
the U-phase - 33 - termnal potential are equal to each

phase of the prewafigl: | ogi cal signal |ags behind-in conparison with the
case of the nonloading tinme as shown by the signal 302b in Figure 10. 5

To solve the probl em pfessbEen@iskeapivecun g ol igeg 0T the resistance
drop is added to or subtracted

a spindle motor for driving to rotate a magnetic

disk;_
5 magnetic heads opposing the magnetic disk;
a carriage attéched to a frame and movable in a
radius direction of the magnetic disk;
wherein the frame and a motor base constitute a
common member and the spindle motor is of a sensorless
10 drive system and is directly attached to the frame; and
wherein the frame is provided with an attaching hole
for erecting a bearing of the spindle motor of the
sensorless drive system on the frame. |
2. The flexible disk drive unit according to Claim 1,
15 wherein a fotor, a hub and a stator constituting the
spindle motor of the sensorless drive system are arranged
on either one of faces of the frame.
3. The flexible disk drive unit according to Claim 1 or
Claim 2, wherein the spindle mbtor of the sensorless
20 drive system comprising:
means for detecting respective phase winding voltages
of a brushless motor driving the rotor by armature
windings of a plurality of phases;
means for correcting respective phase potentials and
25 phases by adding or subtracting correction values each
determined by a resistance and a winding current of each

of the armature windings to and from each phase of



Togi S|gnals 302a, 302b and 10 “302¢ are prOV|ded “For~ exa'”'“

regard to the U phase the voltage of the resistance:

therefromwhen the current flows fromthe U phase to ﬂqﬂm’mimﬂ ﬂE
Wphase and the voltage of the resistaneesgrep is addedt t Iter et on

current flows fromthe V- 15 phase or the Wphase to the U phase.

expl anation wi |deé?fct$d’%rﬁﬂ e A il éﬂaﬁﬁrﬁ{ﬁtd\ao%dguatlh%xl em nal
potential correcting circuit 01 Inre ence to ngs as o1

Al though the t ¢jedfiidds RIE &iniedl correctl ng circuits of three 20 phases of
U V and Ware shown in Figure 7, an explanation will be given here paying
attention to the teioHpeimplningl SOIdRMPdihe i Tenels W teie U phase.
Firstly, consider a case in which the termnal 362 and the term nal 363 are
at high |evel . riespeltitive detected winding terminal potentials after the

5 correction; and
a drive circuit for driving the respective phases of
the armature windings by applying position signals of the
rotor detected by the comparing means thereto thereby
driving the spindle motor.

10 4. The flexible disk drive unit according to Claim 1 or
Claim 2, wherein the spindle motor of the sensorless
drive system comprises:

rotor position signal forming means for detecting
position éignals of the rotor from respective phase

15 winding potentials or inter-phase voltage differences of
a brushless motor driving the rotor by armature windings
of a plurality of phases;

a counter for detecting rising or falling edges of
the position signals of the rotor outputted from the

20 rotor position signal forming means, selecting necessary
edge signals from the respective detected edge signals
thereby forming one output and counting edge signals
thereby forming drive signals applied on the respective

| phases of the armature windings in starting;

25 pulse generating méans for rendering the one output

| from the counter to be an input and_counting up thé

counter in case where the input has not been provided for



“25 occasion,. the. col | ect or= pot g
npn t{ansistor .324-.are. at 0 and" therefore t he” FRR N0t e
npn transi stor 321 and -t he -34- npn transistor 323 are-at 0 i ;
current flows in the resistor 337 and the resistor 340, .Accntdlnqlv -
current flowing in the resistor 336 (resistance value [err]) is only [err]
supplied fromthe constant current soureces¥%Z 5 and the:p Hmmmm#m n
~at the output term nal of the U—phase t erm nal potentlal C ok mn t
is a value of t ﬂEﬁ ntial corretting™irfcurt
e
subtracted by t%:gmlbase efrfr?ltter tag &ferﬂ?é oPaqicﬁe transi stor 320 and the
resistance drop vol4 ageivd ¢ifcdfe £85 & Himptnd SifMature windings by

applying the outpdt of the counter thereto in starting

the = o

thereby driving the spindle motor.

5 5. The flexible disk drive unit according to Claim 1 or
Claim 2, wherein the spindle motor of a sensorless drive
system comprises:

rotor position signal forming means for detecting
position signals of a rotor from respective phases of
10 armature winding potentials or respective inter-phase
voltage differences of a brushless motor driving the
rotor by armature windings of a plurality of phases;
a counter for detecting rising or falling edges of
the position signals of the rotor outputted from the
15 rotor position signal forming means, selecting necessary
edge signals from the respective deteeted edge signals
thereby forming one output and counting edge signals
thereby forming drive signals applied on the respective
phases of the armature windings in starting;
20 pulse generating means for rendering the one output
of the counter to be an input and counting up the counter
in case where the input has not been provided for a
predetermined period of time;
steady state rotation detecting means for monitoring
25 a rotation of the motor by combinations of the position
signals of the rotor and the output of the counter énd

outputting a restart pulse when the rotation is abnormal



Fe I V/ I mmuedtei
. . “ coIIector potentials of th AT wEY LY,
- npn transi stor 324 are [err] + [err] (V) and therefore, _the emitter . . "
" potentials of the npn transistor 321 and the npn transistor 323 are [err]

and currents of [err] flowin the resistc88337 (resistan I )
the resistor 340 20 (resistance value R2). Accordi nga] Cimw,rlmrulﬂﬂﬂll
flowing in thethgggg?oEOSQansa[ggg}t§ﬁgpgt§g Erofyt he constént ‘cufreht *

source 357 added by tThe currents flowng In t & resistor 337 and the

resistor 340 and t hedpaventiizbusksepyedraihetadt BvhatEg Qi‘thﬁgEhBy
U phase termnal 25 potential correcting cifcuit is as shown by fhe

fol |l ow ng equatpphyfdy. therolitput of the counter thereto when the

rotation.is abnormal thereby driving the spindle motor.

5 6. The flexible disk drive unit according to Ciaim 1l or
Claim 2, wheréin a first thickness of a portion of the
frame for attaching the spindle motor is made thinner
than a second thickness of other portion thereof.

7. The flexible disk drive unit acéording to any oﬁe of
10 Claim 1, Claim 2 and Claim 6, further comprising a
cylindrical member for mounting the bearing of the
spindle motor and a stepped small radius portion fitted
to the attaching hole of the frame and provided at an
outer periphety of the cylindrical member in which the
:15 stepped small radius portion is erected by calking an end
portion thereof.
8. A flexible disk drive unit comprising:
a frame made by a sheet metal pressing;
a motor attaching portion formed thin at a bottom
20 plate portion of the frame by crushing the portion by a
press; and
a spindle motor directly attached to the thin motor
attaching portion for driving to rotate a magnetic disk.
9. The flexible disk drive unit according to Claim 8,
25 wherein the bottom plate portion of the frame is provided
with a stepped portion and the motor atﬁaching portion is

provided at a lower portion thereof.



35 When. t he:t er m nal:.362..i:s atwshixgh
J.evelsspr when the term-nal. 362 &8 . T
‘hi gh- Tevel, the current of. Vir/R2 flows in elther one of the resistor
and the reS|stor 340 and therefore, the potenti al obsTﬂ“,ﬂ

termnal of the U-phase terminal potential correctimng Hlﬂﬂﬁuﬂmn
by the foll ow ng equation (3). [err] 10~ 59 - Flnally *intcase MMére*the
vol tage of the resistance drop is to be added (when currents flows as [err]

the terminal 362 anthd he1d. 1l eadi oA e SBii @ladbsiniky do W 9RSe idy Case -

where the voltage of the resistance drop is to be subtracted (when currents

flow as [err] Hiaifhe ! aierdn Ik aid Moddy Hutlchi®y Portien dls laow
| evel by which the terminal potential can be corrected.

portion for attaching a stator of the spindle motor.

11. The flexible disk drive unit according to Claim 8 or
5 Claim 9 wherein a plurality of distortioh escaping holes

are provided at the motor attaching portion for escaping

a distortion in crushing the portion.

12. A frame for a flexible disk drive unit made by a

sheet metal pressing and provided with side walls at both

10 sides thefeof comprising:

a thin wall portion formed at a bottom plate portion
of the framé formed thin by crushing the bottom plate
portion by a press for attaching a spindle motor;

a plurality of distortion escaping holes provided at

15 the thin wall portion for escaping a distortion caused in
the crushing; and

a bearing attaching portion having a hole provided at
a central portion of the thin wall portion for attaching
a bearing of the spindle motor.

20 13. The frame for a flexible disk drive unit according to
Claim 12, wherein the plurality of distortion escaping
holes are arranged radially from the hole for attaching
the bearing. | |
14. The frame for a flexible disk drive unit according to

25 Claim 12, wherein the plhrality of distortion escaping
holes are arranged substantially symmetrically with

respect to an axis in a seek direction.



.:AE~;;herw i n casex
correct.i.on i s noti:H
set 20 at hi gh’ | evel” = ; :
termnal 362 is set at | ow l.evel and the ternlnal ﬂl Ievel
In a simlar way, with regard to the V-phase, in cajmmgm“mml'u Lage of
the resistance drop is to be added (when élur+ents flow & 25 "[eYr]* the

termnal 364 and the term nal 365 are set at high level. In case mhere t he

vol tage of thejsesirhbaReqmdr Bri & EQeE?biHbHiéﬁtGQLG&hﬁﬂlﬁuéEeakalﬁFOWb
as [err] the termnal 364 and the termnal 365 are set at |ow |eve

~ case where thect@imeldi OBut&h8St cORELESBhY (WBEGeCUEr ROLE bEOBeams[err]
t.he termnal 364 is set at high |evel and the termnal 365 is set at

supporting the bearing attaching portion.

16. The frame for a flexible disk drive unit agcording to

5 Claim 12, wherein_a.ratio of an inner peripheral
dimension to an outer peripheral dimension of each of
beams supporting the bearing attaching portion is 1 to 2.
17. The frame for a flexible disk drive unit according to
Claim 12, further comprising a plurality of second

10 distortion escaping holes arranged outside of outer
peripheries of beams supporting the bearing attaching
portion.
18. The frame for a flexible disk drive unit according to
Claim 17, wherein the second distortion escaping holes

15 extend at outer sides of the distortion escaping holes at
both sides of the beams and an interval dimension between
an inner periphery of each of the second distortion
escaping holes and an outer periphery of each of the
distortion escaping holes is determined to be t and an

20 extension dimension between a circumferential end edge of
each of the second distortion escaping holes and an end
of an outer periphery of the beam at an extended portion
of each of the second distortion escaping holes is |
determined to be 1.5 t where é plate thickness of the

25 frame is t.
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D:1ow level [ or the ternminal 364 is set af#
g8 set at high level: Further, wth regard ‘Phas SQmidae]
‘the voltage of the resistance drop is to be" dded (when cur e ik T
[err] the terminal 366 .and the 10 terminal 367 are set at |[hiTyts $rEE] HAS BFEN -
‘case where the voltage of the resistance drop is to be subtract ed RERRARED
currents flow as [err] the termnal 36 and the termmnal 3 are set at

| ow | evel . I n case wher @%ﬁﬁtion i,;s not necessary (when currents
flowas [err] 15 Jerr] %t ternttral 366 °%i s set at high | evet—and—+t+he
termnal 367 is set at lowlevel, or the termnal 366 is set .
and the termnal 367 is set at high level. Figure 11(b) -sho\/F{‘shgghéegwmIB@Q{"?ée laced
rel ati onshi p anong the conduct¥hg pkase and the correction sdm H"HHHI l,
20 inputted to the term ng 362 t hrowgh 3671a5qrrentioned a

summarizingly in.timng gharts. Further,™NiqOre 11(a) shows a detailed
circuit :




@ @m0t he  specisidee00Erection swit'ch -siid e e e W YT S W o o7
>fkng: t he det Bet-ak W rd:ng -t er ni: nal--2% : f.egratio
“of the product of resistance by current only n actuallv U ng

“period of time. In this enbodi nent switching signals - 34 Tg QM%Ff@ébBE_N“
f

Figure 11(b) are sent to the respective termnals 362 throu
termnal potential correcting circuit 3@1 by conbi nations o
el enents by using the drive signals 303a, 303b and 303c 5 as the |nputs
Further, as shown in Figure 6 in this enbodi nent, current control is -

perforned on the wiring curi Il an ] int .arnature by using a current
control circuit 511, a buffJFWL LJ’RHE?there 512, a resistor

| rayam r\'\l

\1\\/\“\ \ \\3\7}2 74 3733335
FIGURE 4 -
T ——11-38 Sheet Has Been Replaced
' ] llll\l\\\lll\l\\\l\llﬂl\
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FIGURE 5




T R

“eirctit 1. The current contr

actual rotation speed and an ordered rotation 15 speed fr:nn@§gﬁggﬁﬁASBEEN

pul se signal 501 and controls the anounts of currents flowtng InREﬁEACED

armat ure wi ndi ngs such thatmthe detect&d error is nullifie

al t hough t he exanpl e of 35 ylng the invention to the three phase brushless
t

nmotor is described 20 i s _ent®di nent, bShqﬁ NF at the
I nvention is appllcabkm tH "brushless a plurality of .
phases not limting t he ge#phase Furt constltuted by
the transistor circuit™)@t} s<erfbodi ment may e constltuted by a

anplifier or a 25 dfgi¥ C. RENBODI MENT 4 Next, an expl anation mnll be
gi ven of the £>
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gﬁﬁﬁt peTVbd of. Vet i
~for some cause and it Qs necessary to res '

restarting, -the position signal of the rotor is detected fr -
potentials of the respective phases of the brushl ess notor, rﬂmsmmaHrL* BEEN
falling edges of th | ghal the rotor are detected anHeseAGEDEd

to provide necessarjcgasg[kgﬁ s 10 gfand further a steady SFarFe—FoEatFor——
detecting circuit nmonitoring the rotation of the notor with comnbi nation of

t hese signals, is provided. The edge signals are counted when abnornality

i s detected and the si gnal re rendered to be forcibl agflle drive

signals for- the armature

7 3 360
342

361
364 se5 | Sheet Has Been e
’ 3a3 T 5 IIIIII I llll
343
326 2
1349
i1y
{329
327 |
344
(R2) (R2)
w 1,330 566 367
350(R1)
J 352| 353 333 355
331 353 3,

301¢c -—

(14




15 wi ndi ngs of the_.respective phases in r-
construction di.agram:of a.drive device of#§ P QeS=lRloL.
based on the above- menti aned way . of thi nking. e bridge CIrCUIt Bfi?ﬁ“ e
rotor position signal formng circuit 304, the 20 counter ARG
the pul se generating circuit 306 are the sane those in the a@ggégﬁgg-kaﬂ JEN ]
third enbodi ment and the expl anation wBl| be omtted. Numer
~designates a steady state rotation detecting circuit which conpares the
counter values 307a, 307b and 307c 25 with the position‘ngngL§_§%3a, 303b
and 303c. In this enbodi nent the position signals 303a, 3b and 303¢ are—

al so |nputted to the commutating circuit 309. I'n starl® BeentRiaglaced
comut ati ng ci rCU|t 309 outruts t he drive signals 309a, 3 ” ﬁﬁr

s0%e " FIGURE

Vref
372
§?376
374 383 386
301b — + .
1] - + 302b
377 \
375
$
380
378 384 387
301c *
302c¢
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aad; 309 bysneGm
Ckn stgady st at - S ; : i
309b, 309c, 309d, 309e and 309f by a Conblnatlon of . the pOSItIOﬂ'ﬁfoh
303a, 303b and 303c. Further, the posi.tion signals 303a, 3 3
the  counter val ues 307a, 307b and 307c are also inputted toufﬂﬂs X’§°
state rotation detecting 10 circuit 56% During steady stdte ro ?hef
steady state rotation detecting circuit 565 conpares the posrttion S|gnals
303a, 303b and 303c with the counter values 307a, 307b and 307c when a
predeterm ned period of tinme elapses after the counter val ues have changed.
15 Figure 14 shows an exanple of a conbination of theoretical |ogical

rel ati onshi ps anong the position signals 303a, 303b_and 3030c and the
counter values 307a, 307b and 307c. Wen an act ual conbl natl on ISFW t he

conbi nati on as shown in Figure 14, a restart pulse 56 ?%d
The restart pul se 565a is |nputted to the I “

FIGURE

BN

302a
(Usw)

oL 1T

302c
(WV) ———

CONDUCTING PHASE  [v-Wu ot [usv[WavWeu|vauawju-wusv wey|



gwmmmuaabmﬂg Circuit 309. An exphaui
where the rotor:is stopped:by- s - Jauu il
a construction in reference to Figure 25 15. . In Flgure'15 t

been stopped since a tinme point (D). In this case, after a
that is set in the pulse generating circuit 306 has

; - 40 JE éﬂ'?ﬁﬁéd"snﬁcﬁﬁlN'
a pulse (01), a pseudo-pulse (p2) is ougputted fromthe pul né%ﬁ%ﬁﬁ@ﬂ T

circuit 306. The pseudo-pul se (p2) is outputted froma pul se selecting
circuit 556, not shown, in the counter circuit 307 as a 5 pulse (02) of a
pul se series 307d and the counter values 307a, 307b and 307c are changed

fromLHL to LLH in view of an exanple of |ogical relationships in Figure
16. As

This Sheet Has Been Re’ilaced

FiGure 10 [IANIWWN

SHIFT OF POSITION OF EQUAL VOLTAGE LEVEL
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OF ARMATURE WINDING
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' rremyqaneﬁmevam.. S . ‘
. -309c:+ 3094y 309e :andr309 : ”Gutputtedé e e
f_p05|t|on si gnal s 303a, 303 nd 303c and therefore t he conducti ng* phaserim=s-
~not switched even if the counter values 307a, 307b and 307c [fF 008ding BEEN
" Further, the steady state rotation detecting circuit 565 conpdf3 fhe ,nen

p05|t|on signals 303a, 15 303b and 303@w th the counter vaLE__#_ﬂjﬁzﬁQEHm=ir
and 307c after a predeternmined time period t2 has el apsed since the counter
val ues 307a, 307b and 307c changed. In this.case, the conbination is not
the theoretical conmbination in Figure 14 and therefore, a restart pulse
(g3) is 20 outputted fromthe steady state rotation-detecti.ng cifcuit 5?5
and the node of operation is shifted to the starting node. ma?ﬁ&“’d

above in the starting node, the drive signals 309a, 309b,” 3
and 309f are outputted by the conbination of the counter val
307b and 307c and therefore, the drive signals

3 4 32 32 3
= & B E &
= 2 2 3
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309a, 309b, 309c:. 309d, 309e and- 3
1 he current rovm ng is ‘Switched-amk
Thereafter, the steady state rotatio
mentioned in the first enmbodi ment and therefore the curren
successively switched by thé conmbination of the 5 counter vV ImﬂsSB@EaH/@O?&EN
and 307c in accordance with the-relationghips shown in Figufe 17.REPLACED '
EMBODI MENT 5 Next, an explanation will be given of a notor ‘dFve—crFett———"
having a switch devi ce fromstarting or 10 restarting to steady state
operation. In this enbodinent the switching is timewsely set and the

operation is switched to steady state Hﬁﬁ'-imiiﬁmin’mﬁm
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SRS =;15 enbod|= B e
brldge ci reurt” 311, “the rotor pOSItIOH”§rQﬁﬁFfforn1ng ci rcui o
counter circuit 307, the pulse generating circuit 306 and tkETﬁ‘§§q¥EﬁH§§€BEEN
rotation detecting circuit 565 are the sane as these in the OVETﬁ?@hC@ﬁe _

third enbodi nent and 20 fourth enbodi neprg. Nuneral 308 deskghates-—=
switch signal generating circuit outputting a switch signal 308a f of

swi tching reference to either one of the counter values 307a, 307b and 307c
and the position signals 303a, SO_B"éﬁH‘BOBC‘mhen the conmmutating circuit

309 outputs 25 the drive signa Eeeplacgd9Cc, 309d, 309e and 309f. An
explanation will be given of the ﬂnﬂ

generating circuit 308 as
fol | ows.

FIG.URE. 12

CONDUCTING PHASE ’VéW’UéW’U*V ’W*V,W*U’V*U,V*W

309a

309b ' B

309¢

3094-1

309e

309fJ




peRa _N__uf.ﬁj‘_;ke B .
'apU|S&,5ﬁﬁﬁf I 1 riput i '»q‘ ‘ gener. TRETE
"switch signal 308a is |nputted to the comrutating cirfcuit 309.'5 e .
Flgure 19 shows a structural view of the switch signal genera#xﬂg=G¥FcurTJ=;4:
308-in this enbodinent. In the enbodi nent the switch signal ||gEni€r3t5aig-AS BEEN
circuit 308 is constituted by a tingg 57BL Next, an expl anafli on wREPLAGED
gi ven of the operation 10 -of themsﬁﬁtch si gnal generating Fcart 308 1N

this enbodinment in reference to Fﬁg kp the enbodi nent when the notor
rotation signal 305a inputtedcyo 0is at H, the tlner 570 s ON
and the commutating circuit 38§ #%gi rive sﬂ@ .309c,
15 309d, 309e and 809f by th in tﬁb of t he cou 7a 307b
and 307c in accordaEke with the _|og$ |ps shown | urther,
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s eonmUt at i ng skhe—dri ve

changed fromL to H and-: Lf " 9 gutp
si gnal s 309a, 309b, 309c, .309d, 309e and’ 30 ng the conblnatr§WAMff

the position signals 303a, 303b and- 303c as shown in Flgur

‘when the restart pul se 565a outputted from25 the steady E;EéghhﬁNSBEEN ‘
detecting circuit 565 is inputted when tiffe commutating cir -If 3
outputting the drive Efpgigggagg? 309q 09c, 309d, 309e and 309f - 43

- by the conbi nation i on si'gnal s 303a, 303b and 303c, the tiner

570 is reset and the switch signal 308a is changed fromthe Hto L.

Thereby, the commutating ¢ircujit 309 outputs the drive signals 309a, 309b,
309c, 303a303b303c[307a 307b 307c :
_H H L L L L
H L L H L L
_H L H | L H L
-—-'-l: :_-’ ,:' h ;: . : This Sheet Has Been Replaced
o o - 1111
FIGURE I5
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sore™L UL 4L 1
307b [ ] ] ! 1
307¢ | L |
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309b 7] r lr [ |
309¢ | | | I'
309d — ] g N
i
309e [ {I | |
309f L I
3034 [ | I 1 I
|
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17, Al t hough the switch signal 308a is 348t to L in case wher

o _ . |ne'pef|od to end-the cohnufat]ng Circuit 309—etip: :
g dr|ve S|gnals 309a, 309b, 309c, 309d, 309e and 309f by using B@ﬂSSHéETH S
- conbi nation of the position S|gnals 303a, 303b and 303c as shown |Rbﬁhkﬂﬁ&i _

val ues 307a, 307b and 307c are referred and to Hin case where the position
signal s 303a, 303b 15 and 303c are referred in this enbodi nent, the
setting may be reversed. ENEDﬂQMQIf?%#ngre [2@i s a broken perspective

vi ew of essential portions e disk drive unit according to a 20
si xt h enbodi nent of the present invention and Figure 24 is a parti al '
sectional view showing an attaching state of a spindle notor.

INPUT PULSE NO. [307a 307b 307c¢
0 L L L
i H L L
2 L H L
3 L L H
4 H L H
5 L H H
6 L L L
7 " H L L
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J,gpaal;.hes,emdraw ngs.,. pumer al - 601 desi gna

: pr essi; ng--wsi.ng an -al umi.num pl at e ‘er= . >
constituted by .a bottom plate portlo *Sf de wall porti :
di sposed at both sides thereof is substantlally provi ded wit h—a-
- 44 - like shape. Numeral 613 desi gpates a bearing. &t t achi ng mg%qmm,\s BEEN
attaching a bearing 638 of a splﬂdl & notbk 603. The spi ndl e ot or ﬁ@ﬁLAgEa
DC brushl ess notor and is provided wth _a type in which the HweF—===
peripheral 5 portion is a ro§pr End".t tﬁ | |

stator as shown in Figure 23 d! 40r a by egﬁas al cal | ed
"outer rotor type"E‘ln whi ch Yhai ri pheral “®€t at or and
the outer peri phergl portion |s as shome, “m " bot h of
whi ch 4 O
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; press- i : e magnet 633 flxed tof ST
15 periphery of the hub 632 and havi ng rrultl pl e magneti zed ]
CTilsee CEA@H‘EEN

stator 637 arranged around the rotor-634 in which drive coills

around a stator yoke 635 in | am nated Ia’y%rs made of a magndiic nBEREA

bearing 638 supporting the shaft 631 and a cover 639 20 covering the stator

637. Further, in Fi gur 'Q w‘ﬁgl 604 kgnates a carriage nechani sm and

numeral 605 desi gnat es substra e. A bottomplate portion 611 of

the frame 601 includes a steppedﬁ)rtlon 614 and _the spua’r@% notor 603 is
3,

b
—————l

25 attached on a lower portion thereof. As shown in FiH a portion
formed substantially in E}él rcul

shgpe 1S a ngtor afta portion 615
formed thinly by subjecda —F—> ———E{—ng

| | TIMER |

e e e

FIGURE 20

This Sheet Has Been Re;

W > — e S e

565a ! 7 "

FIGURE 22
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FIGURE 25
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- 45 - it in a crushing step by a press Th a seriSlRgr,
Actually, in Figure 24 only a ring- Ilkéfp@rtlon”f“w
is athin wall
escaping 5. holes 618 are preV|oust punched out by a press B
to ensure the flatness of the thin wall portion 617 in crus ngmssHEETgus&EEN
23 the distortion escaping holes 618 arelexpressed by hat chg poHREﬂuAGED
facilitate understand 619 desi gnat es besrms—F—To—a
radius direction to sﬁggg;ﬁjgauggrlng chlng portion 616 in a circular
shape. The shape, the arrangenent etc. of the distortion escaping holes 618

w Il be nentioned Iater As shgw Figure 24, in attaching the spindle
not or

This Sheet Has Been R
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siest |y the bearing-S3UMIR S cal | {75
#pOr ti on' 616 4 58 pr oW B OEE ST
: a thrust bearing - arrached to an outer periphery of _
~cylindrical nenber 981 and a stepped snall dianeter portio SRRV EEE
20 "at an outer periphery of the cylindrical menber 981. CoeliShgEY HASHREEN
bearing 638 can vertically be fixed on th® bearing attachijfg porRERIAGER by
i nserting the stepped small dianeter portion 983 into the bearrng attachi ng
hol e 613 and thereafter calking an end portion 25 984 thereof: Next, the

shaft 631 is press-fit aneeds fj Qud he 1 0LOrg634. Further, the shaft 631
IS inserted intothefixE,cG'( R:E;I e r&Sl by which the rotor 46
634 is supported by the thrust bearing 982. Then, the

—
TTT—
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FIGURE 24
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wetator, 637 IS flxed on {he th|n wal | - porg=ss:
JLs put over the stator 637. In this weys#
"be 5tattached on the frame 601. In this e
thinning of the unit are realized by the stepped portlon 614
601 made by. sheet netal pressing and the thin wall portion €
thinly by crushing by a press in 10 a s&8ies of pressing ste ==
the strength and the rEgtC;Bﬁ he fr 01 are ensured since only the
smal|l hole 613 for att earin 6 } is opened in the notor

attaching portion 615. The distortion escaping holes 618 fornmed in the

notor "attaching portion 615 &re 15 provi ded T0 escape a*all thickness at

t he surrounding portions in ¢rushing (distortion in crushing)y—ant—the
flatness of the thin wall poftion 617 can be ensured while engysieBQt BS&n Repia

rigidity of the franme by thejdistortion escaping holes 618 th
' T IIIIMIMHIHII

618

FIGURE 27

613 618 619




T Tt m@%ft efsplndle ¥
'the frame 601. ENMBODI MENT 7 F|gure 257

secti onal

according to 25 a seventh enbodi ment of the présent

i nvent i : Eﬁrﬁfh
embodi ment the notor attaching portion. 615 is formed into tﬂeTﬂﬁiﬁJWleAvBctN

portion 617 by partially 47 - crushingonly the upper fadge of FEELAGEPOom

pl ate portion 611 of
face of the bottom

area of crushing is Iargér
t he shape,

t herefore,
hol es 618 are

Vicew of a frafers e

he.frane 601 by a crushing step wher ebythe T ower -

nunber
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cl.osely .relat 6dst-o--t he flatness -of=the ‘thi-n-wal - porti on:
~ explamation wi lil-<Kaedi ven-t o t he' shaper" tttber: and&af"
di-st orti-gn esecapi-ng hol es- 618 10 which _are applicabl e to-t =
shapes of the frane 601 shown in the sixth enbodi nent _.and t| ot
enmbodi ment. EMBODI MENT 8 Figure 26 is a plane view of a notof Tat$ SeRERGABREEN
portion according.to an ei ghth enbodi of the present invignti orBEALAGER s
enbodi ment distortion escaping holes 618 having a square shape—are arranged
in the circunferential direction at equal intervals. Wen the notor
attaching 20 portion 615 is crushed by a press, the wall thickness
conponent of this portion is conpréssgg_ | f1O I n a gdiLection of
reduci ng the distortion escaping hole b&gtﬂﬂgf@gerefofg, he flatness of

t he t-hin—wati—portion 617 can be ensured. However, the distortion in the

This Sheet Has Been Re‘laced ' o

M

i

FIGURE 31

618
616 619

620

618

FIGURE 32




direcwi on and t tiék@Rere; it -

arrangenent of the - 48 .- distorti-onescapi ng holes 6

escgpe the distortion in the circunferential direction to hi anst he
accuracy of ‘the frame. EMBODI MENT 9 5 In this enbodi metTHIRSHEEDWASY BEE

Figure 27 distortion escaping holes 618 gge formed in a sectipr shapeEPiaCED
arbitrary size and configuration and are radially arranged i r—Fre—Fadros
direction. Beans 619 supporting the bearing attaching portion 616 are al so
formed in a 10 sector shape. The distortion in the circunferenti al
direction in crushing can considerably be escaped.by -

\-

F 'G URE : 3 3 ' This Sheet H\
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FCCHUPGCY. Of: ye . ensur :
. enmbodi nent as s Fi gure 28, - capi ng ‘hol es 6
sector- shape are substantlally synnetrlcally arranged with res etmﬁn%r%ikd;D
axis in a longi e frane 1 éaX|s in seek ¢irectRB
Ther eby, theIe%ﬁ%%%@gw&@ BandtherlF' frty of the -
total of the frame is stabilized. ENBCDINENT 11 In this enbodi nent, as
shown in Fi gur ag¥rratstorti on escaping holes 618 in a sector shape are
arranged 25 substantially symetrically with respect to the axis in the
seek direction and m flusiy]ofdhnansr G ki tl A M¥1dEIy DBt inkkdhe
nunber of the beanms 619 to 12 or

for driving to rotate a magnetlc disk; magnetic heads

opposing the magnetic disk; a carriage attached to a
5 frame and movable in a radius direction of the magnetic
disk; wherein the frame and a motor base constitute a
common member and the spindle motor is of a sensorless
drive system and is.diréctly attached to the frame; and
wherein the frame is provided with an attaching hole for
10 erecting a bearing of the spindle motor of the sensorless

drive system on the frame.

i



- 49 - nmore,—the—area-efthe individual distortion escaping hol;@::g.lig____gag_—_;}g_—_-::
reduced t hehiebieef ik B f%%Ltitating'{he ensuring of the rigﬂ ey ety DEeT

total of 'th NT 12:5 In this enbodi nent,| as showﬁlﬁhR- ‘
Fi gure 30, gm&&m nner peri pheral dinension A to.an thDéfe; _____________________ 19%:
peri pher al a beam 619 is determned as A'B = l=2—He——————-:-
distortion (elongation) at the ouher pertﬁﬁeral portion of the-heamB619-is . . .
| arger than that of the inner 19 Beripheral portion and therefDreviSthEsT HAS BED
accuracy of the frame is ensur%ﬂ By sucy a dinmensional relatiofship mEriboTED
causing warp or winkle in tie 3 EMBODI MENT 13 I n the-enbodi ment, - -
as. shown in Figure 31, secoqgw g drtion escaping holes 620 are further
provi ded outside of the oute p@prres of the beans 619. Each
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P A

of the second distortion escaping holes 620 is concentrically arranged with
respett to each of the beans 619, the shape thereof is in a s bﬁ%@ﬂ@i@%éﬁTSHEET
rectangul ar 20 shape and the length thereof is alnost equal tgt

“di mension of the outer periphery of each of the beans 619. ThE-g& toﬂtQOMAR’EEE
in the radius direction of the heams 619 can al so be escaped -

THIS BRICET HAS B

~distortion escaping hal es 620 an therefoge easy pressing can-he-teatized.
25 whi |l e ensuri n{§s d the rigrdity of the frane. L
EMBODI MENT 14 In t, as shown in Figure 32, each bf sedﬁﬂdA”“
di stortion escapi ' s extended at outer si des of t he=frat——hme

distortion escaping holes 618 on the

FIGURE 11 a
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5 both sides of each of the béans 619. Further, when a dinEﬁS£9QLQLH§p¢MSHE;T ;
i nterval between the inner periphery 621 of the second_dist@rfrbﬁ”é§éébidg_”
. kol e§ 620 and the outer periphery 622 of the first di stortiéi;ngggcabiQMARom

619 is deternined as "t", an extension dihension at an 10 extended. portion . °

of the second distortion escapi ng hole 620 between an end edge 623 of the

- extended portion and a the opter periphery 622 of the beam 619
.i1s 1.5t (wheret is aﬁEF ﬁ?%%ness of the frane). Thereby, the accuracy
‘and the rigidity of the frane can 15 further be ensured: As has been

expl ained, a flexible disk drive unit of the present invention is only
provided with an extrenely small™a{taching hole for ‘erecting the bearing .
for the spindle notor on theg aRd therefore, the strength 20- and the
rigidity of the frame capAie enhanced axd t hd4fsuring of the accuracy of
the frane is facilitatedg? The frane and the)notor base can be nade a common




'rrenber by provi di ng "the spindle notor of the sensorl ess drlvcsr ty’pE”cmd: _
spindl e notor can be attached directly 25 to the franme from dtie -SfgE=n =
‘thereof by arranging the rotor, the hub and the stator on ei ¢ her on
faces of the frame and therefore, the integrating operation plate fsgm?mm
~ the spindle notor and the adjustnent of_2he heights of the spirndle notor
. and the magnetic heads are facilitated and further, the thinning of the

unit ‘'can be realized. The flatness of the frame is ensured and the 5 :
. perpendicularity of the not lﬁélﬁ asi |l ygand highly accurately

provi ded by thinning the th| me nmot attaching portion of the
- frame. The bearing of the motor can be fixed and erected to the attaching
- hol e of thefrane by cal ki ng and- t her ef or e, :

B - A _ogj,i _J}m

FIGURE. 3

34 3132 - 36
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10 the thickness of the notor attaching portion is thinnediandgthe
perpendi cularity of the notor can easily and highly accuraubly be pgg@@?gﬁsa
"The drive circuit used in the spindle notor of the sensorl gs®atri.VeYsys?.
does not utilize the neutral 15 point and the position si .
by correcting by the correction determined by the wiring currents of th
~armature only during the actual diive per3od of time and therefore, few

| ead |ines are provided and the, cgrrect drive timng with no phase |lag can
be determ ned. 20 The risithgtor fadling edge signals of the position

- signal are selected and combhnesl ting themthereby formng the drive
- signal, in the no input peri 10f Y| t'he counting is performed forcibly
and the unit is restarted whgnd h ation is abnormal and therefore, 25
t he uniit can be restarted ¢ e rotation is abnormal. The switching
between the starting or regtartyn — : :
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- 52 - .the steady state can be perforned in a predeterm ned peprpd,#@;f ?'I-'.Mﬂ’%x-m::'f
and therefore, the operation can firmy be shifted to the ste,»ady sta

- .gperation. The switching between the starting or the restartllngatﬁ a%gﬁt{‘fﬁ?nm_,
.Steady state can be.performed by the counter values of the ¢ t—

- therefore, the operation can firmy be shifted to the steady state

. operation. The pomF!@lJeR] to tH% counter I's nmonitored-and forci ny
-counted in the no i*n _ of tifre, the unit 10 is - restarted when the
rotation is abnormal and therefore, the unit can be restarted even when the
rotation is abnormal. As expl ai ned above, in the flexible disk drive device

of the present invention, The f2rdame_i's mBigdy the sh&63

3 g S A3e0

u |
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15 netal pressing, the bottom pl ate portion of the frane is partially
crushed further to be thin, the spindle notor is directly attggfig e T
thin wall portion and therefore, .only a snmall attaching hole foa‘?hégﬁ“ﬁgm."ﬁ“&’
bearing of the spindle notor is opened at the thin wall portidp_ and !
therefore, the strength, the rigidity and the flatness of the Pﬁﬁesglgﬁmm
ensured. -Further, the conventi onal m)tor'bage i s not necessary and the

motor attaching portion is thinned and thes&fore, the unit can be thinned.
Further, the spindle notor is directly attached to the frame from 25 one

side thereof and therefore, the integration of the spindle notor is.
facilitated. The stepped portion is provided at the bottom plate - 53 -

portion of the frame and tthUR(E at-t-acgng portion -

'Vre_f _
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-

is provided at the | ower portion and therefore, the unit can - H EET -
thinned. The thin wall portion is confined only to the 5 . at: ﬁﬂgfégﬁw{b =
. of the stator of the spindle notor and therefore , the crush qgﬂgs 19 MAR 1996

“facilitated. The distortion in the crushing can be escaped by ihe "

- distortion escaping holes and therefore, the flatness and the di nmensional

. accuracy of the thin wall portion (notor 10 attaching portion) are further
-ensured. The frane for the flexible disk drive unit of the present :
invention is made by the sheet netal pressing and therefore, an inexpensive -
frame can be provided while ensuring the adcuracy (flatness, 'dinensional
accuracy) of 15 the frane. The distortion escaping holes are arranged
radially in the radius direction to mnimze the lowering of the rigidity

by the distortion escaping holes and therefore, facilitated pressing can be
realized while ensurlng t he ' S '

FIGURE 9
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~

20 flatness and the rigidity. The distortion escaping hol es -ar €, AT L AD0EA - mures
substantially symetrically with respect to the axis in the qpék‘dﬁ?éﬁrﬂéﬁ“““
and therefore, the balance is inproved and the rigidity of the totalf ngAqugss

frame is stabilized.. 25 The nunber of the beams is 12 oL mire by .~
“which the area of the individual distortion escaping -hole can be reduced
and therefore, rigidity can further be ensured. -54- The ratio of the

i nner peripheral dinension to the outer péLipheraI di mensi on of the beamis
determined to be 1 versus 2 and therefore, the accuracy of the frame can
further be ensured. 5 The second distortion escaping holes are
further provided outside of the outer peripheries of the beans '

FIGURE 10
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wher eby the distortion in the radius direction of the bea R AV PSCRPREET
by the second distortion escaping hole and therefore, the reSS|ng §1§M£
facilitated while 10 ensuring the accuracy and the rigidit} @ﬁv JTHME. M0,
The di nension of the interval between the inner periphery gf—the—secon
-di stortion escaping hole and the outer periphery of the distortion escaplng
hole is defined as t and the extension dinension in the extended 15 portion
of the second distortion escaping hole bé3ween the edge of the second

di stortion escaping hole and the end of the outer periphery of -the beamis -
rendered to be 1.5t (where t is the plate thickness of the frane) and

therefore, the accuracy and the rlgldlty of  the frane can 20 further be
ensur ed. 55 .

FIGURE 11 a
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CiAINB: 1. Aflexible disk drive unit conprising: a spindlel LQT.LD«. — 1k
driving to rotate a magnetic disk; 5 magneti c heads opﬁo Frkf%%%""bHEET
magneti c di sk; a carriage attached to a frane and novabl e i

Bt 2. 9°MAR..1996...

dlrectlon of the magnetic di sk; wherein the frame and a not dr

' constitute a conmon menber arid the spindle notor is of a sensorless 10.

- drive systemand is directly attached to the frame; and wherein the frame
" is provided with an attaching hole for qﬁﬁptlng a bearing of the spindle
~motor of the sensorless drive.-systemon the frane. 2. The flexible disk

- drive unit according to-Caim1l, 15 wherein a rotor, a hub and a stator
~constituting the spindle notor of the sensorless drive systemare arranged
~on either one of faces of the frane 3. The flexible disk drive unit
~according to Caim1l or

— 1 L
_Ef - '
=
2
|
=
i

_ =

o >

_ >
=3 |
%

wl = |

x

> L

© = i

W g O o 08 oY co(rsc'\og
2 m® w0 w3 "9 M O 1090
Y = N= BT L dd 3
o B8 EE 22 22 28 2%
E HH H - - HH HH HH
S EE B EE BE 2R if
8 B BB BHEH HE _E-IE-l_Elg_
s &8 & & & & B



Claim 2, wherein the spindle notor of the sensorless 20 drifvg e+ o
conprising: neans for detecting respective phase wi nding v ?ﬁﬁi%ékﬁigﬂr°”557
brushl ess notor driving the rotor by armature w ndings of al qugﬁr,al]igyMM 1996 '

:. ;:tp-h.asng--...]f- » ---:_-_

phases; neans for correcting respective phase potentials and

~addi ng or subtracting correction values each determ ned by a resistance and
~a winding current of each of the arnat-urelm ndings to and fromeach phase '
of . -56- detected wi nding term nal potertials during actual drive periods:
of time; conparing neans for conparing |levels of the respective detected
‘winding termnal potentials after the 5. correction; and o

FIGURE 12
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e e o e

e

a drive circuit for driving the respective phases of the arﬁﬁggﬁg 138
by applying position signals of the rotoritletected by .the c nparln%d§9ﬂgﬁ 199
thereto thereby driving the spindle notor—310 4. The fl exib|lg,di sk df [

unit according to Claim1l or Claim2, wherein the spindle :
. sensorless drive system conprises: rotor position signal formng neans for
detecting position signals of thqﬂrgior fromrespective phase 15 w ndi ng
potentials or inter-phase voltageﬂdéfferences of- a brushl ess notor driving
the rotor by armature w ndings ofmafpl yra iE& of phases; a counter for

;,detecting rising or falling eﬂﬁe§fo§; ® tion signals of the rotor
outputted fromthe 20 rotor gpsiD OnRSsignal form ng nmeans, selecting
necessary edge sigrfgls fromth ctidvé detected edge signals thereby

: form ng one out put 8nd counting edge \si gnal s thereby forming drive signals
_ , _ .
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ﬁhases of the armature windings in starting; 25 pulse| ﬁ@@[ﬂ%kﬂ@'h 3H _.rE
nmeans for rendering the one output fromthe counter to be aq I nput and
countlng up the counter in case where the input has not been @ggyl ea MAR.EBE

57 - a predeternined period of time; and ‘a drive circuit f1

armature wi ndi ngs by applying the output2of the counter thereto I n startlng
The flexible disk drive unit

according to Graim PN GERE wer of éh

! he spindle notor of a sensorless
drive system conprises: rotor position signal form ng neans for detecting
position signals of a rotor fromrespective phases of 10 armature w nding

potential's or respective el IUHSEN 2 B07a 307b 307¢

H H L |L L L
H L L |H L L
H L H|L H L
L L H|L L H
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voltage dlfferences of a brushl ess notor dr|V|ng t he rotor b r@PUnCBMENTSHEFT
wi ndings of a plurality of phases; a counter for detecting ri si ng
falling edges of the position signals of the rotor out putted faem. ﬁhg MAR 1995
rotor position signal forming neans, selectlng necessary edge—sxgna#s=#?#ﬁﬁ==:;'
. the respective detected edge S|gnals t heddby form ng one output and
. counting edge signals thereby formng drive signals applied on the

respective phases of the armature wi ndings in starting; 20 pul se
generating. means for render ig output-aé_the_counter.to be an i nput
~and counting up the counterFfﬂc; 4:ﬂﬁére thJ_ put has not been provided

for a predetermned period of time, steady state rotation detecting neans

for nonitoring 25 a rotation of t he not or by conbi nations of the position
signals of the rotor and the output of the counter and outputtlng a restart

pulse when the rotation i's abnormal .
INPUT PULSE NO. ‘1307a- 307b 307¢c
o} L L L
1 H L L
2 L H L
3 . L L H
4 H L H
5 L H H
6 L L L
7 H L L

FIGURE 17
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o e e ot

58 thereby forming a starting state; and a drive circuit for ']Gﬁ?EVifk@E?‘tfﬁ@TSHEET

-armature wi ndings by applying the output gf; the counter thereto wheq gmAR 1995

~rotation i's abnornmal thereby driving the spindle notor. 5 6. |[Thatefl.extbl-e- "
- disk drive unit according to Cdaiml or daim2, wherein a fiFsSt—thrCRNESS '
~of a portion of the frame for attaching thegspindle notor is nade thinner

than a second thickness of other portiorfjth@reof. 7. The flexible disk

drive unit according to any one of 10 aifn 1—Clegim 2 and C aim 6,

- further conprising a cylindrical nmenter &ord "ng the bearing of the
- spindle notor and a stepped small r SHPOTYI &N f?tted to the attachi ng
hol e of the frane and proviiled at an er'dmc hery of the cylindrical
menber in which the 15 stﬁﬁ)ped smal | {radi us pnlartion i s erected by cal king
an end - . - ' : _ _ '
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portion thereof. 8. A flexible disk drive unit conprising: d[ﬁﬁﬁﬂexnﬁdﬁ”ﬁ@HEET
a sheet netal pressing; a notor attaching portion forned thin at a ﬁ
20 plate portion-of the frame by crushing the portion by a pmg&s %d“%ﬁ

spindle notor directly attached to the thin nmotor attaching pU+++{%P++ﬁ—————~

~driving to rotate a magnetic disk. 9. The flexible disk drive unit

according to Caim8, 25 wherein the b? omplate portion of the frane is
provided with a stepped portion and th tor attaching portion is prOV|ded

at a lower portion.thereof. = 59 10." The flexible disk drive unit

accordlng to Caim8 or Cla|n19 ‘wherein the thin nmotor attaching portlon

i's a _

FIGURE 19
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portion for attaching a stator of the spindle nmotor. 11. The%‘f‘ﬁ%&#‘gf@'*ﬁ?‘gﬁHEET

‘drive unit according to Claim8 or 5 Claim9 wherein a plurallity of g M&RESS
di storti on escapi ng hol es are provided at‘fhe mot or attachi ngl Baft-on-for
escaping a distortion in crushing the portion. 12. A frane for-a fIexible

di sk drive unit made by a sheet metal pressing and provided with side walls

at both 10 sides thereof conprising: a thinwall portion formed at a

‘bottom pl ate portion!ﬁ'éﬁt;f? for Fhin by crushing the bottom plate
portion by a press for tach a spindl’e notor; a plurality of distortion

- escaping holes provided at 15 the thin wall portion for escaping a

- distortion caused in the cruspbrhg;~Nand a bearing attaching portion having a
hol e provided at a central ¢ thin wall portion for attaching a

beari ng of .t he .spindl e b4{r a flexible disk drive

~unit according to ' : ' '




fysesiabammperiet PR

"~ Gaim12, wherein the plurality of distortion escaping hol es| acetaCEaRHSGHEET -
radially fromthe hole for attaching the bearing. 14. The frihne for g 1995
 MAB. 1996

flexi ble disk drive unit according to 25 daim12, wherein ii watepl. -

of distortion escaping holes are arranged substantially sy Fy—wr £
. respect to an axis in a seek direction. 317 -60- 15. The frane for a

.. flexible disk drive unit according to C7arm 12, further conprising twelve

- or nore of beans supporting the bearing attaching portion. 16. The frane

- for a flexible disk drive unit according to 5 Caim12, wherein a ratio of

“an inner peripheral di maE'GmL?Rag out er ?e3 pheral dimension of each of
attacn -

beans supporting the bearing ng portion is.1 to-2. |

FIGURE 24
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i7. The frame for a flexible disk drive unit according to Cld
‘conprising a plurality of second 10 distortion escaping holé
out si de of outer peripheries of beanms supporting the bearing | :
portion. 18. The frame for a flexible disk drive unit accordlng to Caim
17, wherein the second distortion escap%ﬂg/holes 15 extend at outer sides
of the distortion .escapi ng hol es at botA sides of the beams and an interval
di mensi on between an inner periphery of each of the second distortion
escapi ng -hol es and an outer periphery of each of the distortion escaping -
~holes is determned to be t and an 20 . extensi on di nensi on between a

- circunferential end edge of each of the second distortion escaping hol es
and an end of an outer periphery of the beam at- an ext ended portion of each
of the second distortion escaping holes is determined to be 1.5t where a
pl ate thickness of the 25 frame is t.

—

FIGURE 25
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FLEXIBLE DISK DRIVE UNIT AND FRAME THEREFOR

ABSTRACT

A flexible disk d:ive_unit inclﬁding a spindle motor
for driving to rotate a'magnetic disk; maénetié heads
opposing the magneﬁic disk; a_carriage attached to a |
frame and mbvable in a radius direction of the magnetic'
disk; wherein the frame and a motor base constitute a
common member and the épindle motor is of a sensorless
drive system and is directly attached.to the frame; and

wherein the frame is provided with an attaching hole for

~erecting a bearing of the spindle motor of the sensorless

drive system on the frame.

Figure 1



