WD 96/ 37945

PCT/ US96/ 06237

ONE- Pl ECE MAGNET RETURN PATH ASSEMBLY - FOR A DI SK DRI VE
ACTUATOR BACKGROUND Field of the Invention
5 The present invention relates to data storage devices, or
di sk drives, for storing digital information, and nore particularly, to

a one-pi ece nmugneE3794st Urn path assenbly for a voice coil Pormsaee23y di sk

drive.
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ONE-PIECE MAGNET RETURN PATH ASSEMBLY
FOR A DISK DRIVE ACTUATOR '

CREGROUND
Field of the Invention
The present invention relates to data storage
devices, or disk drives, for storing digital information, and
more particularly, to a one-piece magnet return path assembly
for a voice coil motor in a disk drive. '

Description of the Prior Art

Disk drives often employ voice coil actuators for
poesitioning the read/write heads of the disk drive over the
surfaces of a disk-shaped storage media. Magnetic flux for
the voice-coil motor is typically generated by a magnetic
circuit comprising a return path assembly and a pair of
magnets. The return path assembly is usually comprised of a
top plate, a bottom plate, and a plurality of standoffs. The

- standoffs hold the top and bottom plates apart at a

predetermined distance to form an air gap for receiving a
coil coupled to one end of the actuator. Magnets are
typically bonded to the inner walls of both the top and
bottom plates. The top and bottom plates, along with the
standoffs, form a flux return path for a magnetic field
generated by the topsand bottom magnets. The magnetic flux
within the air gap between the magnets induces torgue on the
actuator in response to an electric current in the aétuator
coil.

In prior art disk drives of the type described
above, the top and bottom plates and the standoffs are formed
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coi l actuators for positioning the read/ wite heads of the disk drive
over the surfaces of a di sk-shaped storage nedia. Magnetic flux for
the voice-coil notor is typically generated by a magnetic circuit
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of a disk drive, since the various components must be
purchased separately, along with suitable hardware, and then
assembled together in the disk drive. There is a need,

10 therefore, for a more cost-effective magnet return path
assembly for a disk drive that overcomes the disadvantages of
prior art assemblies. The preéent invention satisfies this
need.

SUMMARY OF TEE ON

15 The present invention is directed to a one-piece
magnet return path assembly for a disk drive actuator. The
one-piece magnet return path assembly comprises an upper
plate, a lower plate and a plurality of standoffs extending
between the upper and lower plates and establishing a pre-

20 determined spacing between said upper and lower plates. The
upper and lower plates and the plurality of standoffs are
stamped integrally from a single sheet of magnetically
permeable material. The blank is then bent at predetermined
locations to form the completed one-piece magnet return path

25 assembly. Preferably, the magnetically permeable material
comprises a low carbon steel. The one-piece assembly of the
present invention reduces costs and assembly time in a disk
drive.

The foregoing and other objects, features and
30 advantages of the invention will become evident hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following
detailed description of the preferred embodiment, is better
understood when read in conjunction with the appended

35 drawings. For the purpose of illustrating the invention,



separately froma magnetically perneable material, such as a | ow car bon
steel. These separate conponents are then assenbl ed t oget her using
sui tabl e hardware. U.S. Patent No. 5,313, 124 di scl oses such a prior art
return path assenbly. 5 Unfortunately, these prior art return
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magnet return path assembly of the present invention; and
Figure 4 is a top view of the one-piece magnet
return path assembly of the present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED D 8
Referring to the drawings wherein like numerals
indicate like elements throughout, there is shown in Figure 1
an exemplary disk drive 20 in which the present invention may
be employed. The exemplary disk drive 20 is of the type that
20 receives a removable disk cartridge, however, the present
invention is by no means limited thereto. For example, the
present invention can also be employed in a fixed-disk type
drive.
As shown in Figure 1, the exemplary disk drive 20
25 comprises a chassis 21 on which a number of disk drive
components are mounted. A front panel 24 of the disk drive
20 has a substantially horizontal opening 22 for receiving a
removable disk cartridge (not shown). An eject button 26 is
provided on the front panel for ejecting a disk cartridge
30 from the disk drive 20. A spindle motor 110 is mounted on
« the chassis 21 to provide a means for rotating the storage
media within a disk cartridge.
An actuator arm 32, which forms part of a radial
arm voice coil actuator, is pivotally mounted to the drive
35 chassis 21 at 38. The actuator arm 32 has a plurality of
suspension arms 34 at its distal end that each carry a
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well as the follow ng detail ed description of the preferred enbodi nent,
is better under st ood when read in conjunction with the appended 35
drawi ngs. For the purpose of illustrating the invention,
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- 3- ther ¢) §@Wn i n the drawi ngs an enbodi nent that i scruswessent!|y
preferred, i el ng understood, however, that the i nvention is not
limted to the speci fic methods and instrgnentalities disclosed. In the
draw ngs: 5 Figure 1 shows an exeonary di sk drive in which the

g% (F;'ygge Wﬁgnefreaawemt@aﬁ&&wrﬂ&y &Eo&‘h@n?rmfﬁeadlnlgn‘iﬁlﬂbrﬁﬁtm e
t

magnet return paPf §§8@ngﬁ‘? %‘?‘”ﬁ?ee fﬂ’%&?n?gl ﬁv r}%\(l)gr%& d%% %88}"%&&%’)

Figure 3 is a pér bpedt loadingmeshanismods- Saeébltat%dmdlpét gEnthat h

assermbly of the preasedt hoN&H ML tHed storage media. A voice coil element

5 (not shown) is affixed to the other end 42 of the actuator
arm 32 for controlling the rotational movement of the arm 32.
A magnet return path assembly 50 according to the present
invention is mounted to the chassis 21 and provides a magnet
return path for the voice coil actuator.

10 Figure 2 is a plan view of a blank 51 of a one-
piece magnet return path assembly in accordance with the
present invention. Preferably, the blank 51 is stampea from
a single sheet of magnetically permeable material. In the
present embodiment, the blank 51 is stamped from a single

15 sheet of low carbon steel (e.g. 1006 steel) having a
thickness of approximately 2.5 mm. A finish of zinc chromate
may be applied to the steel blank.

The blank comprises a first plate 52, which defines
a lower plate of the one-piece magnet return path assembly,

20 and a second plate 54, which defines an upper platé of the
return path assembly, as described hereinafter. A plurality
of standoffs 56, 58, 60 are formed integrally with the upper
and lower plates 52, 54 of the blank 51. 1In the present
embodiment, two of the standoffs 56, 58 extend between the

25 upper and lower plates 52, 54. Mounting holes 66 are formed
in the lower plate 52 of the blank 51 to facilitate mounting
of the completed assembly in a disk drive. The upper plate
has cutaway portions 62, 64 to facilitate access to the
mounting holes 66.

30 | According to the present invention, the blank 50 is
bent in predetermined locations to form the completed one-
piece magnet return path assembly of the present invention.
More particularly, in the present embodiment, the blank 51 is
bent at locations "A", "B" and "C". Figure 3 illustrates the

35 resulting one-piece magnet return path assembiy 50. As
shown, the blank 51 is bent at locations "A" and "B" such
that the upper and lower plates 52, 54 of the blank 51 are



Figure 4 is a top view of the one-piece magnet return path assenbly of

t he .present invention. 15 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Referring to the drawi ngs wherein |ike nunerals
indicate |i ke elements throughout, there is shown in Figure 1 an

exenplary disk drive 20 in which the present invention may be enpl oyed.
The exenpl ary wioedodsi ve 20 is of the type that 20 recei ves ormspsosidre

di'sk cartridge, however, the present invention is by no neans limted
thereto. For exanple, the present inventiog can also be enployed in a -
fixed-di sk type drive. As shown in Figure 1, the exenplary
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' other embodiments, the number of standoffs can be increased
10 or decreased.

A progressive die can be used to make the necessary
bende in the blank 51. For example, the progressive die can
be used to bend the lower plate 52 of the blank at locations
"par until the lower plate 52 extends substantially

15 perpendicular to the still planar standoffs 56, 58 and upper
plate 54. A second bending step can then serve to bend the
upper plate 54 upward at locations "B", until it extends
substantially parallel to the lower plate 52. A third
bending step can serve to bend the third standoff at location

20 "C" until it extends perpendicularly between the upper and
lower plates 52, 54. The various bending steps can be
performed in any suitable order.

A plurality of magnets 66, 68, 70, 72 are affixed
to the upper and lower plates in a conventional manner using,

25 for example, an adhesive. Figure 4 is a top view of the
completed one-piece agsembly showing the relative placement
of the magnets 66, 70 and 68,72. In the present embodiment,
the magnets are approximately 2.5 mm thick, and the resulting
air gap between the magnets of the upper and lower plates 52,

30 54 is approximately 3.0 mm. The gap between the upper and
lower magnets receives the coil (not shown) of the disk drive
actuator 32 in a conventionalymanner. As best shown in
Figure 4, the cutaway portions 62, 64 of the upper plate 54
provide access to the mounting holes 66 of the lower plate 52

35 to facilitate mounting of the assembly 50 in a disk drive.

As the foregoing illustrates, the present invention
is directed to a one-piece magnet return path assembly for a
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-4- - read/ wite head 36 for recording and reading information to and
fromthe storage nedia of a disk cartridge (not shown). A head | oadi ng

mechani sm 35 facilitates | oading of the magneti ¢ heads onto the storage
media. A voice coil elenent 5 (not shown) is affixed to the other end 42 of
the actuator woswaw4s2 for controlling the rotational novenertT/o$ost0ba37ar m

32. A magnet return path assenbly 50 according to the present
invention is nmounted to the chassis 21 and prgpvi des a nmagnet return path
for the voice coil actuator. 10 ~Figure 2 is a plan view of a bl ank

51 of a one- @i s aAriag eind ebuanmethdd ass aaXing Bamé C oI Thd hanpilecehe
present inventi f e_hL j t r i
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54. Mountingiaol gsafisare formed  in the lower plate 52 of the blank 51
to facilitate nounting



of the conpleted assenbly in a disk drive. The upper plate

portions 62, 64 to facilitate access to the nggntigg hoJunlnﬂﬂnﬁanﬂrH“"
According to the present invention, the blank 50 is bent *in® “ * * *
predeterm ned | ocations to formthe conpl eted one- pi ece nmagnet return
path assenbly of the present invention. More particularly, in the
present enbodwaaa@nushe blank 51 is bent at | ocations "A'PCITEB%/8§237 " C' .
Figure 3 illustrates the 35 resulting one-piece nagnet return path assenbly
50. As shown, the blank 51 is bent at l.ogations "A" and "B" such

that the upper and | ower plates 52, 54 of the blank 51 are WO
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- 5- di sposed in parallel planes, one above the other. The bl ank 51
is bent at location "C' to formthe third standoff 60. The standof fs 56,
58, ,60 extendlbetween thé-uppér CBRJPLEGR MAagNey Hesyrnopath Fgeemly, fox,a,

pr edet er m ned;sRAGEK @GSevaeBuabot hecqptRaing?, 54. In the present

enbodi nment, tge spaci ng bet eglggg.upper and lower plates 52, 54 is
approxi mat el y 8.0 mm FiFEThPes Standoffs 56, 58, 60 are enp]oyed in
t he preseng embodi menta tkowexi plats dheresed dn & plare sphastartially

5 parallel to a plane of said upper plate; and

6 a plurality of standoffs extending between said

7 upper and lower plates and establishing a pre-determined

8 spacing between said upper and lower plates, said upper and
9 lower plates and said plurality of standoffs being formed
10 integrally from a same piece of magnetically permeable

11 material.

12 2. The one-piece magnet return path assembly
13 recited in claim 1 wherein said magnetically permeable
14 material comprises a low carbon steel.

15 3. The one-piece magnet return path assembly
16 recited in claim 1 wherein said plurality of integrally
17 formed standoffs comprises three standoffs.

18 4. The one-piece magnet return path assembly

19 recited in claim 1 wherein a blank of said magnet return path
20 assembly is stamped from a substantially flat sheet of

21 magnetically permeable material, and the blank is then bent
22 in predetermined locations to form said magnet return path

23 assembly.

24 5. The one-piece magnet return path assembly

25 recited in claim 1 further comprising a plurality of magnets
. 26 affixed in opposing relation to the upper and lowér plates

27 and having an air gap therebetween.

28 6. A method of making a magnet return path
29 assembly for a disk drive actuator comprising the steps of:
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drive. As the foregoing illustrates, the present invention
is directed to a one-piece nagnet return path asserrbly for a
40 7. The method recited in claim 6 wherein said

41 bending step comprises:

42 bending said blank at a point where said at least
43 one standoff joins said first plate until said first plate
44 extends at substantially a right angle to said at least one
45 standoff; _

46 bending said blank at a point where said at least
47 one standoff joins said second plate until said second plate
48 extends at substantially a right angle to said at least one
49 standoff and parallel to said first plate; and '
50 bending said other standoffs at a point where said
51 other standoffs join one of said first and second plates

52 until the standoff extends perpendicularly between said first
53 and second plates.

54 8. The method recited in claim 6 further
55 comprising the step of attaching a plurality of magnets to
56 the upper and lower plates in opposing relation.

57 9. The one-piece magnet return path assembly
58 recited in claim 6 wherein saidimagnetically permeable .
59 material comprises a low carbon steel.

60 10. The one-piece magnet return path assembly
61 recited in claim 6 wherein said plurality of integrally
62 formed standoffs comprises three standoffs.
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- 6-. disk drive and to a nethod of- making sane. The one-piece magnet
return path assenbly of the present invention reduces costs and
simplifies assenbly of a disk drive. It is under stood that changes may

be made to the enbodi nents 5 described above w thout departing fromthe
broad i nvent iwgogsrogPncepts thereof. Accordingly, the preserfcrusssosizon i s

not limted to the particul ar enbodi ments discl osed, but is i nt ended
to cover all nodifications that are within the spirit and scope of the
I pvention as defined by the appended 1Q_cl ai ns. WD 96/ 37945
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VWHAT IS CLAI MED | S: 1 1. A one-pi ece magnet return path

assenbly for a 2 disk drive actuator, conprising: 3 an upper
plate; 4 ~a lower plate disposed in a plane substantially 5
parallel to a plane of said upper plate; and 6 a plurality of.

standof fs extendi ng between said 7 upper and |ower plates and establishing
a pre-deter mMiWeAPMpaci ng bet ween sai d upper and | ower plRERES6R63I7d Upper
and 9 lower plates and said plurality of standoffs being formed 10
integrally froma sane piece of magnetically perneable 11 nmaterial. 12
2.« The one-piece magnet return path asséﬁ%ﬁy 13 recited in claim1l
wherein said magnetically perneable 14 material conprises a | ow carbon
st eel . 15 3. The one- @Bece nmagnet return path assenbly 16
recited in claim1 wherein said pjurality of integrally 17 formed standoffs
conprises three standgffs: 8- 4. The one-pi ece magnet return
path assenbly 19 reciffed in claim 1l wherewn a bl ank of said magnet return
path 20 assenbly is sfanped froma substanN ally flat sheet of 21
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magrieti cal |y perbtabl ¢ material, and the bl §nk is then bent 22 in
predeterm ned | ocQtiofps to formsaid magnet X\eturn path 23 as
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24 5. The one-pi ece magnet return path assenbly 25 recited in
claim1 further conprising a plurality of magnets 26 affixed in opposing
relation to the upper and | ower plates 27 and having an air gap

t'her ebet ween. 28 6. A nethod of making a magnet return path 29
assenbly for a disk drive actuator conprising the steps of: WO
96/ 37945 WO 96/37945 PCT/ US96/ 0 62CTIus9sna8y

sfanpi ng a one-pi ece bl ank froma sheet of 31 magnetically perneable
material, said blank having a first 32 plate and a second plate and a
plurality of standoffs 33 integrally formpgztherewith, at |east one of said
standoffs 34 extendi ng between the first &dnd second pl ates; 35

bendi ng said blank in predeterm ned |ocations so 36 that said first and
second pl ates are disposed in parallel 37 planes, one above the other, and
sai g standoffs extend 38 between said firs second plates to establish
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39 predeterm ned spaci ng between said first and second pl at es.
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A one-piece magnet retumn path assembly (50) for a disk drive actuator comprises an upper plate (54), a lower plate (52) and a
plurality of standoffs (56, 58, 60) extending between the upper and lower plates (54, 52) and establishing a predetermined spacing between
the plates (54, 52). 'Iheupperandlomrplahes(ﬂ, 52) and the plurality of standoffs (56, 58, 60) are stamped from a single sheet of
Er;oagnencany permeable material that is then bent at predetermined locations to form the completed one-piece magnet return path assembly
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