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Description 

Field of the invention 

5 This invention relates to disk drives with an actuator locking system. 

10 

15 

20 

25 

Background of the invention 

It Is common in magnetic disk drives to have a landing region on the disk or disks that Is separate from 
the data recording region. When power to the disk drive Is switched off, the read/write head Is moved to and 
retained In this landing area, helping to safeguard the data stored on the disk. The actuator which supports 
the head Is then locked so that the head cannot stray Into the data recording area, even In the event of an 
external shock or vibration. 

US-A- 4647997 discloses a disk drive according to the preamble of Claim 1, Including an actuator locking 
system having a rotatable vane, a latch finger coupled to the vane, and a spring. The vane Is positioned so as 
to receive air flow caused by the rotation of the disk, whilst the spring biases the vane In a direction opposite 
to the force of the air flow pressure. When the air flow Is strong enough to move the vane against the bias 
force of the spring, the latch finger is disengaged from a notch In the actuator, thereby allowing the actuator 
to move the head across the data recording region of the disk. When disk stops rotating, the air flow is no 
longer strong enough to hold the vane against the bias force of the spring and with the head returned to the 
landing area, the latch finger engages the notch, locking the actuator and the head in place. 

To ensure correct disengagement of the latch finger from the actuatOr on power-up, the actuator locking 
system disclosed in US-A- 4647997 has an extra disk for producing sufficient airflow against the vane, this 
disk being in addition to the data storage disk. However, this extra disk represents an undesirable overhead 
on the size and weight of the disk file. 

Disclosure of the Invention 

Accordingly, the Invention provides for a disk drive including at least one data storage disk mounted on a 
30 spindle for rotation, an actuator mounted for rotation, the actuator supporting a head for movement over the 

disk for data transfer therewith, motor means for rotating the disk, and switching and controlling means for the 
motor means; the disk drive further Including an actuator locking system which allows the actuator to be In a 
locked or unlocked state, the actuator locking system comprising a bias means that urges the actuator Into 
the locked state, and a vane positioned so as to receive air flow generated by the rotation of the disk so thaf 

36 the pressure on the vane due to said air flow urges the actuator into the unlocked state; the disk drive being 
characterised in that said switching and controlling means Is adapted to ensure that after power-on, the rotation 
speed of the disk Increases to a first specified rotation speed, such that the pressure on the vane due to air 
flow generated by the rotation of the disk at the first predetermined speed is sufficient to force the actuatot 
into the unlocked state, and after a predetermined criterion has been satisfied, decreases to a second specified 

V 40 rotation speed such that data transfer can commence. 
The Initial high rotation speed of the disks after power-on produces an Increased force of air flow due to 

the faster disk rotation, thereby ensuring that the actuator Is unlocked. Because no special mechanical parts 
are required, the thickness and weight of the disk drive are not Increased. Therefore the use of a high Initial 
rotation speed allows for a smaller simpler disk drive. The benefits of the Invention apply whether or not the 

45 spindle Itself rotates along with disks (disk drives with both stationary and rotatable spindles are well-known 
In the art). 

Preferably, the predetermined criterion is that a predetermined time has elapsed since the power-on of 
the disk drive, although other criteria such as that a predetermined speed has been obtained or that some 
movement of latch has been sensed could also be used. When a predetermined time Is used for establlshlng 

50 the criterion, the switching and controlling means preferably Includes timer means for receiving a start-up signal 
generated In response to the power-on oUhe disk drive and for generating a set time elapsed signal a prede­
termined time after receipt of the start-up signal; sp8ed mode switChlng means for receiving the start-up signal 
and subsequently the set time elapsed signal, and for outputting a high-speed mode signal after receipt of the 
start-up signal until receipt of the set time elapsed signal, and a low-speed mode signal after receipt of the 

55 set time elapsed signal; and speed control means, for receiving the high-speed or low-speed mode signal from 

the speed mode switching means, and for adjusting the rotation speed of the motor means and hence the disk 
In accordance with whether the high-speed or said low-speed mode signal Is being received. The speed mode 
switching means and the timer means can be Implemented in the hardware and software of a microprocessor, 
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or else separate electrical circuits may be provided. 
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It Is preferred that the disk has a landing region separate from the data storage region, such that when 

the actuator Is In the locked state, the head Is located In the landing region. This minimises the possibility of 

accidental loss of data from the disk. 
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The second specified rotation speed is the operating rotation speed at which data transfer between the 

head and the disk 0ccurs. The first specified speed and the predetermined criterion are set so as to ensure 

release of the actuator lock. Essentially, the first specified speed Is set at a disk rotation rate sufficient to ensure 

that the air flow pressure on the vane releases the actuator lock, whilst the predetermined criterion ensures 

thatthe actuator has Indeed been unlocked. For example, If the predetermined criterion ts that a predetermined 

time must have elapsed since power-on, then this predetermined time must be long enough fort he disk rotation 
rate to Increase from zero at power on, when the disk Is stationary, to the first specified speed. After the ae> 

tuator lock has been released, the dl8k drive can be stowed to the second specified speed and read/write op­

erations commence. In one preferred embodiment, the first specified rotation speed Is 4200 rpm and the see> 

ond specified rotation speed is 3600 rpm. The predetermined time ls about 4.5 seconds, with the disk reaching 

the first specified speed after about 4 seconds. For this particular disk drive, rotation at 4200 rpm for an ad-

ditional 0.5 seconds ensures release of the actuator tock. 
The advantages of the present Invention are applicable to any disk drive In which the actuator lock Is re­

leased by airflow, Including not only magnetic disk drives, but also such devices as magneto-optical and optical 
disk drives. 

The invention also provides a method for unlocking an actuator In a disk drive including at least one data 

storage disk mounted on a spindle for rotation, an actuator mounted for rotation, the actuator supporting a head 

for movement over the disk for data transfer therewith, motor means for rotating the disk; the disk drive further 

Including an actuator locking system which allows the actuatorto be In a locked or unlocked state, the actuator 
locking system comprising a bias means that urges the actuator Into the locked state, and a vane positioned 

so as to receive air flow generated by the rotation of the disk so that the pressure on the vane due to the air 

flow urges the actuator Into the unlocked state; the method for unlocking the actuator comprising the following 

steps: 
a) after power-on of the disk drive, increasing the rotation speed of the disk to a first specified rotation 
speed such that the pressure on the-vfilne due to airflow generated by the rotation of the disk Is sufficient 
to force the actuator Into the unlocked state; · ..,,. . 
b) determining that a predetermined criterion has been satisfied, the criterion effectively ensuring that the 

actuator Is in the unlocked state; 
c) reducing the rotation speed of the disk to a second specified rotation speed such that the data transfer 

as can commence. 

45 

Brief Description of the Drawings 

Fig. 1 Is a plan view of a magnetic hard disk drive according to the Invention, showing the actuator locked. 
with the head located In the landing region; ' 
Fig. 2 ls a plan view Of the magnetic hard disk drive Of Fig. 1, but with the actuator unlocked and the head 
located over the data recording region; 
Fig. 3 is a block diagram of the motor switching and controlllng means used in the disk drive ofFlg.1; and 
Fig. 4 Is a graph showing the change with time of the rotation speed of the spindle motor during operation 

of the disk drive of Fig. 1. 

Description 

Figs. 1 and 2 show a magnetic hard disk drive 10 Including a base 12. Attached to the base 12 ls a three-

so phase a.c. spindle motor 140 (not shown in Figs. 1 and 2, but included schematically In Fig. 3). A magnetic 

rigid disk 16 ls driven by the spindle motor 140 through a spindle 14. The disk 16 has a data recording area 

22 between a concentric circle 18 and a.concentric circle 20, and has a landing area 26 between a concentric 

circle 20 and a concentric circle 24 located ra~lally lii'wards of the data recording region. 
A magnetic head 30 for transferring data to and from the disk 16 Is supported by one end of an actuator 

55 32. The actuator 32 is attached to the base 12 through a shaft 36 and ts rotatable about an axis 34. A coil 38 

is fixed to the end of the actuator 32 opposite the head 30, relative to the axis 34. An upper yolk 40 and a 

lower yolk 42 are fixed to the base 12 at specified distances above and below the coll 38 respectively. Per­

manent magnets (not shown) are attached to the sides of both the upper yolk 38 and the lower yolk 42 facing 

the coll 38. The coil 38 and the permanent magnets constitute a voice coil motor, with the current flowing In 
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the coil 38 and the magnetic field of the permanent magnets combining to produce a force to move the actuator 

32. The direction of actuator motion depends on the direction of the current flowing through the coll 38. 

The actuator locking system comprises essentially a notch 60 In the side of the actuator 32 roughly facing 

the disk 16, a latch 62 which cooperates with the notch 60 to hold the actuator 32 with tbe head 30 in the 

landing area 26, and a coll spring 71. The latch 62 is attached to the base 12 through a shaft 66, and Is rotatable 

about an axis 64. The latch 62 has a l_ock member 68 ·on one side of the axis 64 that Is coupled to a vane 70 

on the other side of the axis 64. The vane 70 recei'{es an air flow In the direction of arrow A caused by the 

rotation of the disk 16 In the direction of arrow·D. A c'lilumn 72 adjacent to the shaft 66 supports the coll spring 

71, which Is wrapped around the shaft 66, with one end 74 attached to the vane 70 and the other end 76 at­

tached to the column 72. The coll spring 71 gives the latch 62 a bias force which moves the vane In the direction 

of arrow B - I.e. opposite to the direction of the air flow pressure of arrow A. When the rotation of the disk 16 

slows down or stops, the air flow In the direction of arrow Als not strong enough to supportthe vane 70 against 

the bias force of the spring 71. The locking member 68 therefore swings In the direction of arrow C due to the 

bias force of the coll spring 71, and engages the notch 60 of the actu·ator 32. The actuator 32 ls thereby locked, 

with the head positioned In the landing area 26. 
To ensure that the actuator does Indeed return the head to the landing area when power Is disconnected 

from the spindle motor, a switch (not shown) connects the actuator driving con 38 with the spindle motor 140. 

The spindle motor 140 rotates by Inertia for a while, producing a counter-electromotive force. This counter-elec­

tromotive force causes a current to flow in the voice coll 38 thereby rotating the actuator 32 to the Inner part 

of the disk 16. This allows the head supported on the end portion of the actuator32 to move towards the landing 

area 26 of the disk 16. 
However, the counter-electromotive force decreases rapidly as the rotation speed of the spindle motor 140 

falls, so that the head 30 cannot be made to reach the landing area 26 using the counter-electromotive force 

alone. Therefore, a flexible cable 82 extending from an electric circuit board 80 on the base 12 to the actuator 

32 is used to bias the actuator. The flexible cable Is arranged so that its curvature diminishes as the actuator 

32 moves the head 30 towards the landing region 26, When the spindle motor 140 has almost stopped, the 

air flow pushing the vane 70 becomes very weak, and the head 30 can be returned to the landing region. The 

locking member 68 Is then engaged with the notch 60 of the actuator 32 by the force of the coll spring 76, 

locking the actuator with the head In th~ _landing region. 
Cooperating with the actuator locking syst~m ls'the switching and controlling means for the spindle motor 

140 rotation speed shown in Figure 3, which comprises a microprocessor (MPU) 100, a speed control circuit 

110, and a driver circuit 120. The MPU produces a motor start-up signal In response to a power-on reset (POR) 

signal resulting from a power-on, and outputs a high-speed mode signal or a low-speed mode signal. The speed 

control circuit 110 detects the actual rotation speed of the spindle motor 140 and calculates the deviation of 

the actual speed from the reference signal speed determined by the high-speed or low-speed mode signal. 

The driver circuit 120 starts the supply of current to the driving windings of the spindle motor 140 upon receipt 

of the motor start-up signal, and supplies currentto the driving windings dependent on the measured deviation 

of the actual speed from the speed reference signal, t~ereby controlling the actual rotation speed ofthe spindle 

motor 140 relative to that indicated by the speed reference signal. 
The MPU 100 includes a motor start-up signal generating means 102, a timer means 104 and a speed 

mode switching means 106, implemented by a combination of the hardware and software of the MPU 100. 

The motor start-up signal generating means 102 generates a motor start-up signal In response to the POR 

signal produced by a power-on. The timer means 104 outputs a set time elapsed signal after a predetermined 

time. For this particular disk drive, the set time elapsed signal occurs 4.5s after receipt of the motor start-up 

signal. The speed mode switching means 106 outputs the high-speed mode signal after receipt of the motor 

start-up signal but before receipt of the set time elapsed signal, and outputs the low-speed mode signal after 

receipt of the set time elapsed signal. The high-speed mode signal outputted by the speed mode switching 

means 106 ls a logical "1" signal or a high-level signal, and the low-speed mode signal is a logical "0" signal 

or a low-level signal. 
The speed corresponding to the low-speed mode !!llgnal from the speed mode switching means 106 Is the 

rotation speed of the spindle motor 14.Q. at which data transfer between the head 30 and the disk 16 occurs. 

The speed corresponding to the high-speed mode!111ignal from the speed mode switching means 106 is the 

rotation speed of the spindle motor 140 at which sufficient air flow is produced by the disk to move the vane 

70 against the bias force of the coil spring 71, thereby disengaging the locking member 68 from the notch 60 

of the actuator 32. For this particular disk drive the low-speed mode corresponds to 3600 rpm, whilst the high­

speed mode corresponds to 4200 rpm. It was determined that a spindle motor rotation speed of 4200 rpm would 

disengage the locking member 68 from the notch 60, even if a coil spring 71 having a spring force of 1.2 gmm 

was used. However, if the spring force of the coll spring 76 were larger still, it would be necessary to increase 
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the speed corresponding to the high-speed mode signal. 
The speed control circuit 110 consists of a speed reference generating circuit 112, a speed detecting circuit 

114, and a speed deviation generating circuit 116. The speed reference generating circuit 112 has a reference 
clock oscillator, and a frequency divider with a frequency dividing ratio that changes In accordance with the 
output from the speed mode switching means 106, or In other words, according to whether a high-speed mode 
signal or a low-speed mode signal Is Indicated; A speed reference signal Is produced comprising a pulse train 
with a frequency corresponding to either 4200 rpm for the high-speed mode signal, or 3600 rpm for the low-
speed mode signal. ~ 

The speed detecting circuit 114 receives the output from position sensor 144U, which Is one of three pos­
ition sensors 144U, 144V and 144W corresponding to the U-phase, the V-phase, and the W-phase ofthe spin­
dle motor 140 respectively. Position sensor 144U outputs pulses In response to the rotation ofthe motor 140, 
so that circuit 114 can determine the rotation speed of the motor 140. The speed detecting signal produced 
by the speed detecting circuit 114 ls a pulse train whose frequency represents the actual rotation speed of the 
motor 140. The speed deviation generating circuit 116 receives both the speed reference signal and the speed 
detecting signal, and outputs a voltage signal representing the frequency difference between these two sig­
nals. 

The driver circuit 120 comprises a drive current generating circuit 122 and a position detecting circuit 124; 
The drive current generating circuit 122 starts the current supply to the driving windings 142U, 142V and 142W 
(corresponding again to the U, V and W phases of the motor respectively) upon receipt of the motor start-up 
signal, and subsequenUy supplies the windings with a current determined by the output of the speed deviation 
generating circuit 116. The position detecting circuit 124 receives the outputs of the position sensors 144U, 
144V and 144W In the spindle motor 140. These specify to which winding (142U, 142Vor 142W) the drive 
current generating circuit 122 current is to be supplied. 

The speed control circuit 110 and the driver circuit 120 may be Implemented, for example, using integrated 
circuits TC9203 and TA7736 respectively, both from the Toshiba Corporation. 

Fig. 4 shows the change with time of the rotation speed of the spindle motor 140 produced by the motor 
switching and controlling means of Fig. 3. Initially, before time to. the power is off and, as shpwn In Fig. 1, the 
locking member 68 Is engaged In the notch 60, locklng the actuator 32 and holding the head 30 In the landing 
area 26. When the power Is turned on _at time to. the motor start-up signal generating means 102 outputs the 
motor start-up signal to the timer means 104, the sp,.ed mode switching means 106 and the drive current gen­
erating circuit 122. 

Upon receipt Of the motor start-up signal, the speed mode switching means 106 outputs the high-speed 
mode signal 1o the speed reference generating circuit 112. In response to this, the speed reference generating 
circuit 112 outputs the speed reference signal appropriate to the high rotation speed (NH) of 4200 rpm. The 
speed detecting circuit 114 finds a zero rotation speed (I.e. a stationary disk). The speed deviation generating 
circuit 116 produces a voltage signal representing the difference between the speed detection signal and the 
speed reference signal, and then in response to this, the drive current generating circuit 122 supplies an ap­
propriate current to the driving windings to increase the spindle motor 140 rotation speed to the desired value 
of NH = 4200 rpm. 

A time t1 = 4.0s after time to. the spindle motor 140 reaches a rotation speed of NH= 4200 rpm. The air 
flow in the direction of arrow A due to the disk rotation at this high speed moves the vane 70, thereby allowing 
the locking member 68 to disengage from the notch 60 of the actuator 32, and so free the actuator 32. 

After an elapsed time of 4.5s from time to (I.e. at time t2), the timer means 104 outputs a set time elapsed 
signal to the speed mode switching means 106. In response to this, the output of the speed mode switching 
means 106 changes from the high-speed mode signal to the low-speed mode signal. The speed reference gen­
erating circuit 112, upon receipt of the low-speed mode signal, produces a speed reference signal indicating 
the lower rotation speed (NRW) of 3600 rpm, the speed at which the head 30 transfers data to and from the 
disk 16, whereas the speed detecting circuit 114 measures a rotation speed of4200 rpm. Therefore, the speed 
deviation generating circuit 116 outputs a voltage signal representing this deviation of to the _drive current gen­
erating circuit 122, which supplies current to the driving windings 142U, 142V and 142W causing the speed 
of the spindle motor 140 to decrease to NRW = 3600 rpm. At time IG. the rotation speed of the spindle motor 
140 reaches NRwr and data transfer t<>·and from the ... ~lsk can co111mence. 

The 4.5s set time of the timer means 104 (= ~ - i;,) Is the time required for the spindle motor 140 to rise to 
a rotation speed of 4200 rpm, plus the time for which the spindle motor 140 actually rotates at 4200 rpm. The 
rise time to 4200 rpm (I.e. from to to ti) equals about 4.0s, with the remaining 0.5s from ~ to t2 spent rotating 
at4200rpm. 

After data transfer with the disk has been completed, at time 14, the power Is turned off, the rotation speed 
of the spindle motor declines, and the actuator returns the head 30 to the landing region 26. The spindle motor 
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finally comes to a halt at time ti;, and the locking member engages the· notch to hold the actuator firmly In place 

with the head in the landing region. 
Although fort his particular disk drive the high-speed rotation rate following power-on was set at 4200 rpm, 

5 this clearly depends on the force both of the con spring and of the air flow pressure on the vane 70. Experi­

ments by the inventors investigated the variation with rotation ·speed of the force of the air flow experienced 

by the vane 70, and it was found than in each of the cases given below, the listed Initial high rotation speed 

was sufficient to release the latch for the coll spring force shown. 

10 . 

15 

20 

Force of Air Flow 

(Torque) 

1. 7 gmm 

1.8 gmm 

1.95 gmm 

2.08 gmm 

Initial Rotation Set Coil 

Speed Spring Force 

3800 rpm 0.4 - 1.0 gmm 

4000 rpm 0.5 - 1.1 gmm 

4200 rpm 0.6 - 1.2 gmm 

4400 rpm 0.1 - 1.3 gmm 

25 Claims 

1. A disk drive (10) including at least one data storage disk (16) mounted on a spindle (14) for rotation, an 

actuator (32) mounted for rotation, said actuator supporting a head (32) for movement over said disk for 

data transfer therewith, motor means (140) for rotating said disk, and switching and controlling means 

30 (100, 11 O) for said motor means;. 
said disk drive further Including. an actuator locking system (60,62) which allows said actuator to 

be In a locked or unlocked state, said actuator'locklng system comprising a bias means (71) that urges 

said actuator Into said locked state, and a vane (70) positioned so as to receive air flow generated by the 

rotation of said disk (16) so that the pressure on said vane due to said air flow urges said actuator Into 

35 said unlocked state; , 

45 

50 

55 

said disk drive being characterised. in that: 
said switching and controlling means (100, 110) is adapted to ensure that after power-on of said 

disk drive, the rotation speed of said disk Increases to a first specified rotation speed such that the pres­

sure on said vane (70) due to air flow generated by the rotation of said disk (16) at said first specified 

speed Is sufficient to force said actuator (32) into said unlocked state, and after a predetermined criterion 

has been satisfied decreases to a second specified rotation speed such that said data transfer can com­

mence. 

2. A disk drive as claimed In claim 1, wherein said predetermined criterion is that a predetermined time has 

elapsed since said power-on· of the disk drive. 

3. A disk drive as claimed in claim 2, wherein said switching and controlling means includes: 

timer means (104) for receiving a start-up signal generated in response to the power-on of sad disk drive, 

and for generating a set time elapsed signal a predetermined time after receipt of said start-up signal; 

speed mode switching means (106) for receiving said start-up slgnal and subsequently said set time 

elapsed signal, and for outputting a high-speed mode signal after receipt of said start-up signal until receipt 

of said set time elapsed signal, and for outputting a low-speed mode signal after receipt of said set time 

elapsed signal; and 
speed control means (110), for receiving said high-speed or low-speed mode signal from said speed mode 

switching means, and for adjusting the rotation speed of said motor means and hence said disk in accor­

dance with whether said high-speed or said low-speed mode signal Is being received. 

4. A disk drive as claimed In claim 3, wherein said predetermined time is approximately 4.5 seconds after 

· power-on of said disk drive. 
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finally comes to a halt at time tt;. and the locking member engages the notch to hold the actuatorflrmly In place 
with the head in the landing region. 

Although for this particular disk drive the high-speed rotation rate following power-on was set at 4200 rpm, 

"·/ 5 this clearly depends on the force both of the con spring and of the air flow pressure on the vane 70. Experi­

ments by the inventors Investigated the variation with rotation speed of the force of the a1r·t1ow experienced 

by the vane 70, and it was found than in each of the cases given below, the listed Initial high rotation speed 

was sufficient to release the latch for tt'!.e coll spring force shown. 

~-· 

'... .... ) 

10 

·15 

20 

Force of Air Flow 

(Torque) 

1. 7 g:mm 

1.8 gmm 

1.95 gmm 

2.08 gmm 

Initial Rotation Set Coil 

Speed Spring Force 

3800 rpm 0.4 - 1.0 gmm 

4000 rpm 0.5 - 1.1 gmm 

4200 rpm o.& - 1.2 gmm 

4400 rpm 0.7 - 1.3 gmm 

25 Clalms 

1. A disk drive (10) including at least one data storage disk (16) mounted on a spindle (14) for rotation, an 

actuator (32) mounted for rotation, said actuator supporting a head (32) for movement.over said disk for 

data transfer therewith, motor means (140) for rotating said disk, and switching and controlling means 

so (100, 110) for said motor means;_ 
said disk drive further Including an actu,tor locking system (60,62) which allows said actuator to 

be In a locked or unlocked state, said actuator'locklng system comprising a bias means (71) that urges 

said actuator Into said locked state, and a vane (70) positioned so as to receive air flow generated by the 

rotation of said disk (16) so that the pressure on said vane due to said air flow urges said actuator Into 

35 said unlocked state; 

4-0 

2. 
45 

3. 

50 

4. 

said disk drive being characterised in that: 
said switching and controlling means (100, 110) is adapted to ensure that after power-on of said 

disk drive, the rotation speed of said disk Increases to a first specified rotation speed such that the pres­

sure on said vane (70) due to air flow generated by the rotation of said disk (16) at said first specified 

speed Is sufficient to force said actuator (32) Into said unlocked state, and after a predetermined criterion 
has been satisfied decreases to a second specified rotation speed such that ·said data transfer can com­
mence. 

A disk drive as claimed in claim 1, wherein said predetermined criterion is that a predetermined time has 

elapsed since said power-on of the disk drive. 

A disk drive as claimed In claim 2, wherein said switching and controlling means includes: 
timer means (104) for receiving a start-up signal generated In response to the power-on of sad disk drive, 

and for generating a set time elapsed signal a predetermined time after receipt of said start-up signal; 
speed mode switching means (106) for receiving said start-up signal and subsequenUy said set time 

elapsed signal, and for outputting a high-speed mode signal after receipt of said start-up signal until receipt 

of said set time elapsed signal, and for outputting a low-speed mode signal after receipt of said set time 

elapsed signal; and · 
speed control means (110), forreceiVitig said high-speed or low-speed mode signal from said speed mode 

switching means, and for adjusting the rotation speed of said motor means and hence said disk In accor­

dance with whether said high-speed or said low-speed mode signal is being received. 

A disk drive as claimed In claim 3, wherein said predetermined time Is approximately 4.5 seconds after 

power-on of said disk drive. 

6 



.• 

v 

\ v 

\..,..i 

5 

10 

15 

20 

25 

30 

35 

45 

BO 

5. 

6. 

7. 

8. 

EP 0 385 696 B1 11111111111111 11111 1111111 1111 
* C L M S * 

A disk drive as claimed in any preceding claim, wherein said actuator locking system further comprises 
a notch (60) in said actuator and a latch (68), said latch engaging said notch to lock said actuator, and 
being mechanically coupled to said vane (70) so that the pressure of airflow on said vane due to the disk 
rotation vane tends to disengage said latch from said notch, thereby unlocking said actuator. 

' 
A disk drive as claimed in any preceding claim, wherein said bias means Is a coil spring (71). 

A disk drive as claimed In any preeeding claim, wherein said ~lsk has a landing region (26) separate from 
the data storage region (22), and wherein whe.f said actuator Is In said locked state, said head Is located 
In said landing region. 

A method for unlocking an actuator In a disk drive (10) Including at least one data stage disk (16) mounted 
on a spindle (14) for rotation, an actuator (32) mounted for rotation, said actuator supporting a head (32) 
for movement over said disk for data transfer therewith, motor means (140) for rotating said disk; 

said disk drive further Including an actuator locking system (60, 62) which allows said actuator to 
be In a locked or unlocked state, said actuator locking system comprising a bias means (71) that urges 
said actuator into said locked state, and a vane (70) positioned so as to receive air flow generated by the 
rotation of said disk so that the pressure on said vane due to said air flow urges said actuator into said 
unlocked state; 

said method for unlocking said actuator comprising the following steps: 
a) after power-on of said disk drive, increasing the rotation speed of said disk to a first specified rotation 
speed such that the pressure on said vane due to airflow generated by the rotation of said disk Is suf­
ficient to force said actuator into said unlocked state; 
b) determining that a predetermined criterion has been satisfied, said criterion effectively ensuring that 
said actuator Is In said unlocked state; 
c) reducing the rotation speed of said disk to a second specified rotation speed such that said data 
transfer can commence. 

9. A method for unlocking an actuator as claimed In claim 8, wherein said predetermined criterion Is that a 
predetermined time has elapsed .since said power-on of said disk drive. 

"1' 

Patentanspriiche 

1. Eln Plattenlaufwerk (10), mlndestens elne Datenspelcher platte (16) umfassend, wetche drehbaraufelner 
Spindel (14) montlert ist, elnen Arm (32), der drehbar montlert 1st, wobel der genannte Arm einen Ma­
gnetkopf (30) trigt, der sich fQr den Datentransfer Ober die genannte Platte bewegt, eln Motormlttel (140) 

zum Drehen dergenarinten Platte und Schall- und Regelmlttel (100, 110) fOrdas genaririte Motormlttel; 
der genannte Plattenantrleb umfaBt deswelteren eln Armverrlegelungssystem (60, 62), welches dem ge­
nannten Arm erm6gllcht, slch In einem verrlegelten oder In einem unverrlegelten Zustand zu beflnden, 
wobei das genannte Armverrlegelungssystem ein Vorspannmlttel (71) umfaBt, welches den genannten 
Arm In den genannten verriegelten Zustand zwlngt, und elnen Flilgel (70), der so posltlonlert 1st, daB der 
durch die Drehung der genannten Platte (16) erzeugte Luftstrom auf ihn auftrlfft, so daB der Druck des 
genannten Luftstroms auf den genannten Flilgel den genannten Arm In den genannten nicht verrlegelten 
Zustand zwlngt; 
das genannte Plattenlaufwerk 1st dadurch gekennzeichnet, daB: 
die genannten Schalt- und Regelmlttel (100, 110) gewAhrlelsten, daB nach dem Elnschalten des genann­
ten Plattenlaufwerks die Umdrehungszahl der genannten Platte bis auf eine erste vorgeschrlebene Dreh­
zahl ansteigt, so daB der Druck des Luftstroms auf den genannten FIOgel (70), der durch die Umdrehung 
der genannten Platte (16) mit der genannten ersten vorgeschriebenen Drehzahl erzeugt wire!, ausrelcht, 
um den genannten Arm (32) In den genannten nlcht verriegelten Zustand zu zwlngen, und, nachdem ein 
vorbestlmmtes Kriterlum erfQllt wurcle, bis auf elne zwelte vorgeschrlebene Drehzahl abnlmmt, so daB der 
genannte Datentransfer beglnnen kaon. 

55 2. Ein Plattenlaufwerk nach Anspruch 1, in dem das genannte vorbestimmte Krlterlum darin besteht, daB 
elne vorbestlmmte Zelt sett dem genannten Einscl'!alten des Plattenlaufwerks vergangen 1st. 

3. Eln Plattenlaufwerk nach Anspruch 2, In dem das genannte Schalt- und Regelmlttel folgendes urnfaBt 
eln Zeitgebermlttel (104) filr den Empfang elnes Anfahrsignals, das In Antwort auf das Elnschalten des 
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genannten Plattenlaufwerks erzeugt wurde, und, eine vorbestlmmte Zelt nach Empfang des genannten 
Anfahrsignals, zum Erzeugen elnes Signals "festgesetzte Zelt abgelaufen"; 
Drehzahlmodus-Schallmlttel (106) tor den Empfang des genannten Anfahrslgnals und danach des ge­
nannten Signals "festgesetzte Zelt ablgeauten• und zum Ausgeben elnes Signals •Modus mlt hoher Dreh­
zahla nach dem Empfang des genannten Anfahrsignals, bis zum Empfang des genannten Signals "fest­
gesetzte Zelt abgelaufen•, und zum Ausgeben elnes Signals •Modus mit nledrlger Drehzahln nach Emp­
fang des genannten Signals "festgesetzte Zeit abgelaufen•; und 
Drehzahl-Regelmlttel (110) zum Einpfang des genannten Signals •Modus mit hoher Dreh:iahl" oder "Mo­
dus mlt nledrlger Drehzahl" vom genannten Orehzahlmodus-Schallmittel, und zum Anpassen der Umdre­
hungszahl des genannten Motormlttels und damlt der genannten Platte abhinglg davon, ob das genannte 
Signal •Modus mlt hoher Drehzahln oder das genannte Signal "Modus mlt niedriger Drehzahl" empfangen 
wird. 

Ein Plattenlaufwerk nach Anspruch 3, bel dem die genannte vorbestlmmte Zelt etwa 4,5 Sekunden nach 
dem Elnschalten des genannten Plattenlaufwerks llegt. 

Eln Plattenlaufwerk nach jedem dervorangehenden-AnsprOche, In dem das genannte Armverriegelungs-
system deswelteren elne Elnkerbung (60) In dem genannten Arm und elne Sperrkllnke (68) umfaBt, wobel 
die genannte Sperrkllnke In die genannte Elnkerbung elngrelft und den genannten Arm verrlegelt, und 
meChanlsch mlt dem genannten FIOgel (70) gekoppelt 1st, so daB der durch die Drehung der Platte ent-
stehende Druck des Luftstroms auf den genannten FIOgel bewirkt, daB slch die genannte Sperrkllnke aus 
der genannten Einkerbung l0st und hierdurch der genannte Arm enlriegelt wird. 

Eln Plattenlaufwerk nachjedem dervorangehenden Anspruche, in dem das genannte Vorspannmlttel eine 
Schraubenfeder (71) 1st. 

Ein Plattenlaufwerk nach jedem der vorangehenden Anspruche, in dem die genannte Platte elnen Lan-
deberelch (26) hat, dervom Datenspeicherberelch (22) getrennt lst,·und bel dem, wenn der genannte Arm 
slch In dem genannten verrlegelten Zustand befindet, der genannte Magnetkopf sich In dem genannten 
Landebereich beflndet. 

···~ 

Elne Methode zum Entiiegeln elnes Arms.In 8inem PlattenlaUtwerk (10), das mindestens elne Datenspel-
cherplatte (16) umfaBt, die auf einer Spindel (14) drehbarmontlert lst, elnen Arm (32), derdrehbar montlert 
lat, wobei der genannte Arm elnen Magnetkopf (30) lrigt, der sich zum Datentransfer Ober die genannte 
Platte bewegen kann, und ein Motormlttel (140) zum Drehen der genannten Platte; 
wobei das genannte Plattenlaufwerk deswelteren eln Armverriegelungssystem (60, 62) umfaf?.t, welches 
erm6glicht, daB slch der genannte Arm In einem verrlegelten oder elnem nlcht verrlegelten Zustand be-
flndet, wobel das genannte Armverrlegelungssystem eln Vorspannmlttel (71) umfaBt, welches den ge-
nannten Arm in den genannten verrlegelten Zustand zwlngt, und elnen FIOgel (70), der so angeordnet lat, 
daB er einen Luftstrom empfingt, der durch die Drehung der genannten Platte erzeugt wird, so daB der 
Druck des genannten Luftstroms auf den genannten FIOgel den genannten Arm in den genannten entrie.! 
gelten Zustand zwlngt; 
wobei die genannte Methode zum Enlrlegeln des genannten Arms folgende Schritte umfaf?.t 

a) Nach Einschalten des genannten Plattenlaufwerks, ErhOhen der Umdrehungszahl der genannten 
Platte bis zu elner ersten vorgeschriebenen Drehzahl, so dal?. der Druck des durch die Umdrehung der 
genannten Platte erzeugten Luftstroms auf den genannten Fliigel ausreicht, um den genannten Arm 
in den genannten enlriegelten Zustand zu zwingen; 
b) Feststellen, ob eln vorbestimmtes Kriterium erfullt 1st, wobel das genannte Krlterlum wlrksam ge-
wihrlelstet, daB der genannte Arm sich Im genannten entrlegelten Zustand befindet; 
c) Reduzieren der Umdrehungsgeschwlndlgkeit der genannten Platte bis auf eine zwelte vorgeschrle-
bene Umdrehungsgeschwlndlgkeit, so daB der genannte Datentransfer beglnnen kann. 

Elna Methode zum Entriegeln elnes Arms gemiBAnspruch 8, in derdas genannte vorbestlmmte Krlterium 
darin besteht, daB seit dem genannten ~insc_h~lten des genannten Plattenlaufwerks elne vorbestlmmte 
Zelt verstrichen 1st. 
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Revendlcatlons 

1. Unit6 de disques (10) comprenant au mains un dlsque de memorisation de donnees (16) monte sur un 
axe de rotation (14), un actlonneur (32) tournant autour d'un axe et soutenant une ttte (32) qui se deplace 
sur ledlt dlsque pour executer le lransfert des donnees, un dlsposltlf moteur (140) pour faire tourner ledlt 
disque, et un dlspositlf de commutation et de contr61e (100, 110) pour ledlt dlsposltlf moteur; 
ladite unite de dlsques comprenant, de plus, un systeme de verroulllage d'actlonneur (60, 62) qui permet 
de verroulller ou deverroulller l'aCtlonneur, ce systeme de verroulllage d'actlonneur comprenant un dis-
posltif d'lncllnalson unllaterale (71) qui force ledlt'actionneur en position verroulllee et une palette (70) pla-
cee de sorte a recevolrle flux d'alr generll par la rotation du dlt dlsque (16), en sorte que la pression exer-
cee par le flux d'alr sur ladlte palette force l'actlonneur en position deverrouHlee; 
ladite unite de dlaques etant caracterlsee en ce que: 
ledlt-dlsposltlf de commutation et de contr61e (100, 110) est adapte pour assurer, aprils la mlse sous ten-
slon, !'augmentation de la vltesse de rotation du dlt dlsque jusqu'a une premiere vltesse de rotation prll-
determlnee, en sorte que la presslon sur ladlte palette (70) due au flux d'alr genera par la rotation du dlt 
dlsque (16) a ladlte premiere vltesse predeterminee solt sufflsante pour forcer l'actionneur (32) en position 
deverroulllee, puis, lorsqu'un crltere predetermine a eta satlsfait, la reduction de la vltesse de rotation jus-
qu'a une seconde vltesse prlldeterminee a laquelle le lransfert de donnees peut commencer. : 

2. Unite de dlsques selon la revendlcatlon 1, dans laquelle ledlt critere prlldetermlne consiste en ce qu'une 
durlle predetermlnee se solt ecouiee depuls la mlse sous tension de l'unlte de dlsques • 

3. Unite de dlsques selon la revendicatlon 2, dans laquelle ledlt dlspositlf de commutation et de contr61e 
comprend: 
un dispositlf mlnuteur (104) pouvant recevoir un signal demise en marche genera en reponse a la mise 
sous tension de ladlte unite de disques, et generer un signal de temps de consigne ecoulil lorsqu'une du-
rile predeterminee s'est ecoulee depuls la reception du signal de mlse en marche; 
un dispositif de commutation du mode de vitesse (106) pouvant recevolr ledlt signal de mlse en marche, 
puls ledlt signal de temps de conslgne ecoul6, et transmettre un signal de mode haute-vitesse apres I'll-
caption du dit signal de mise en marche, jusqu'a ·reception du dlt signal de temps de consigne ecoulil, et 
un signal de mode basse-vitesse aprt\s recept\9,n du dlt signal de temps de consigne ecoulil; et 
un dlsposltlf de contrOle de vltesse (110) pouvant recevolr ledlt signal de mode haute-vltesse ou basse-
vltesse transmls par ledlt dlspositlf de commutation du mode de vltesse et regler la vltesse de rotation du 
dit disposltlf moteur, et done du dit dlsque, selon que le signal r99u est un signal de mode haute-vitesse 
ou basse-vitesse. 

4. Unite de disques selon la revendicatlon 3, dens laquelle ladite duree prlldeterminee est d'envlron 4,5 se-
condes a compter de la mise sous tension de ladlte unite de disques. 

5. Unite de dlsques selon l'une quelconque des revendlcatlons precedentes, dans laquelle ledlt systeme de 
verroulllage d'actlonneur comprend, de plus, une encoche (60) sltuees dans ledlt actlonneur et un cllquet 
(68) qui vient s'engager dans ladlte encoche pour verrouiller ledlt actlonneur en place et qui est mecanl-
quement couple Ill ladite palette (70), en sorte que la pression du flux d'air exercee sur ladlte palette, du 
falt de la rotation du dlt dlsque, tende a desengager ledlt cllquet de ladite encoche pour deverroulller ledit 
actionneur. 

6. Unit6 de disques selon rune quelconque des revendlcations precedentes, dans laquelle ledit disposltlf 
d'inclinalson unilatilrale est un ressorta boudin (71). 

7. Unite de dlsques selon l'une quelconque des revendications precedentes, dans laquelle ledit disque a une 
zone de reception (26) distincte de la zone d'enregistrement de donnees (22), et dens laquelle, quand 
ledlt actionneur est en position verroulllee, ladlte ttte est posltlonnee dans ladite zone de reception. 

8. Procede pour deverroulller un acilonn.eur dans une unite de (lisques (10) comprenant au molns un dlsque 
de memorisation de donnees (16) monte sur-uR' axe de rotation {14), un actlonneur{32) toumant autour 
d'un axe et soutenant une ttte {32) qui se deplace sur ledlt disque pour executer le transfert des donnees, 
un disposltif moteur (140) pour faire tourner le dlsque; 
ladlte unite de disques comprenant, de plus, un systeme de verrouillage d'actlonneur (60, 62) qui permet 
de verrouiller ou deverrouiller ledlt actionneur, ce systeme de verroulllage d'actlonneur comprenant un 
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disposltif d'lncllnalson unilaterale (71) qui force ledit actionneur en position verroulllee et une palette (70) 
placee de sorta l recevolr le flux d'airgenere par la rotation du dltdlsque, en sorta qua la presslon exercee 
par le flux d'air sur ladlte palette force l'actionneur en position deverroulllee; ledit 

v 6 procede pour deverrouDler l'actionneur comprenant le &tapes consistant l : 

10 

a) aprts la mlse sous tension, augmenter la vltesse de rotation du disque jusqu'l une premiere vltesse 
de rotation predetermlnee, en sorta qua la pression sur la palette due au flux d'alrgeri6re par la rotation 
du disque l la premiere vltesse predetermlnee solt sufflsante pour forcer l'actlonneur en position d6-
verroulllee; .. 
b) determiner qu'un crltere predetermine a eftl satlsfalt, ce Crltere garantlssant que l'actlonneur est blen 
en position d6verroulll6e; 
c) reduire la vitesse de rotatlon.Jusqu'l une seconde vltesse pr6d6terminee l laquelle le transfert de 
donn6es peut commencer. 

15 9. Proc6de pour deverroulller un actionneur selon la revendlcatlon 8, dans lequel !edit crltere pr6d6termln6 
conslste en ce qu'une dur6e pr6d6termln6e se solt 6coul6e depuls la mlse sous tension de l'unlt6 de dls­
ques. 
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