0 5 MAY 2005 ASSEMBLY METHOD FOR A VO CE CO L MOTOR BACKGROUND OF THE

| NVENTION (1) Technical Field This invention is concerned w IUhSim;)(rdﬁ%ent S
to the manufacturing nethods for magnetic disk drives, and nore
*partieularly to an inproved nethod for the assenbly of a voice coil _notor
(VCM wused in magnetic disk drives, the conmponents of which can be
fabricated at a | ower cost with greater accuracy.. (2) Description of the
Prior Art Voice coi ASHBVIBLS, MaTHOR égiah MoICLCOleWQ@EORsed for positioni ng
magneti c -heads in magnetic di sk apparatus, are customarily used in numerous
operations because of its structural sinplicity and excell ent perfornmances
‘as a driver for lowinertia, high speed nptions. In a magnetic disk
apparatus, which is requfrefGROBNDHGF AIBFUNYENTI@Nd preci si on novenents of
a magnetic head froma particular disk position to another, using a voice
coil notor needs |ess access tinme than other types of notors, therefore, are
the nost popular and w dely used drivers for positioning magnetic heads in
conputer disk drives. The follow ng five docunents relate to nethods

deal i ng 1Slls,[th i.gﬁlrgov ments to voice coil nmotors used on disk drives

assenbl dd eC&Baeldng 5 051, 669 i ssued Septenber 24, 1991 to Hsiao, et al,
describes a voice coil notor provided with a set of inproved shorted turn.
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This invention is concerned with improvements to the manufacturing methods for
+ magnetic disk drives, and more particularly to an improved method for the assembly of a
voice coil motor (VCM) used in magnetic disk drives, the components of which can be

fabricated at a lower cost with greater accuracy..

(2) Description of the Prior Art

Voice coil motors, an integral driver device used for positioning magnetic heads
in magnetic disk apparatus, are customarily used in numerous operations because of its
structural simplicity and excellent performances as a driver for low inertia, high speed
motions. In a magnetic disk apparatus, which is required to bring about fast and
precision movements of a magnetic head {rom a particular disk position to another, using
a voice coil motor needs less access time than other types of motors, therefore, are the
most popular and widely used drivers for positioning magnetic heads in computer disk
drives.

The following five documents relate to methods dealing with improvements to

voice coil motors used on disk drives assemblies.

U.S.Pat.No.5,051,669 issued September 24, 1991 to Hsiao, et al, describes a

voice coil motor provided with a set of improved shorted turn.



U S. Pat.No 5,193,037 issued March 9, 1993) to Pace, discloses a conpact disk
drive which is significantly reduced in overall length and depth. U S. Pat.No
5,177,381 issued January 5, 199.3 to Jun-seok Sim disclose 8 MRT?M&SCOil
.nmotor which conveys a head of optical or magneto-optical disk or magnhetic
disk® drive as a kind of |inear notor, U S. Pat.No 5,424,591 issued June 13
), 1995 to Kuriyama, shows a conpact disk drive yoke with a plurality of
thin plates coated with a corrosion resistant material. . U S. Pat.No
5,585,981 issued Decenber 17, 1996 to Lee, discloses an inproved voice coi

rnotor fastanirg e\, B8, 53 iscuch avigtchlios koadr to/Race T¥ipd168dslaytoniavadisie coi | not or
~1s assenbled fromseveral parts and is then incorporated into a nagnetic

di sk drdrive whicltisskgnilidandly uskdedin averallienpihang deptiiput er  menory is a device
manufactured with a high degree of precision. Several fastening nethods for
hol ding the parts together are used. Cenerally, fasteners such as screws
were used to enable the conpl eted product to be serviced when defective. As
anti ci pat ed,UB3RaeWers,1 THER3 naied datuaon Sy 3Ki v uheecolnBustdiscloms atvoicaer el y
reject defective assenblies rather than rework themwhich led to a

di f f er enil nictet whiohgometysadead phgpticad hewiagesto-ophiad diskdrmmgachnedisset  of
processi ng probl ens invol ving adhesives which are still being eval uated.
Qut gassirivg 2aadindellinepemetasf f ects on materials within the hard disk drive,
connective strength of the adhesive, curing tinme and adhesive fatigue are a
few of such concerns. -2 05 MAY 2005 FIG | , is a side viewillustrating

a voice coil tor. 10 of the pri.or t,..LS . .
: U.S.Pat.No 5,424,551 issued June ?.{ 199% to Kuriyama, shows a compact disk

drive yoke with a plurality of thin plates coated with a corrosion resistant material. .

U.S.Pat.No 5,585,981 issued December 17, 1996 to Lee, discloses an improved

voice coil motor fastening device for a hard disk drive.

Typically, a voice coil motor is assembled from seve_ral parts and is then
incorporated into a magnetic disk drive. A disk drive used as an auxiliary computer
memory is a device manufactured with a high degree of precision. Several fastening
methods for holding the parts together are used. Generally, fasteners such as screws
were used to enable the completed product to be serviced when defective. As
anticipated, however, the inclination within the tndustry was to merély reject defective
assemblies rather than rework them which led to a different fastening method using
adhc;sives. This led to a new set of processing problems involving adhesives which are
still being evaluated. Outgassing and long term et’fects on materials within the hard disk
drive, connective strength of the adhesive, curing time and adhesive fatigue are a few of

such. concerns.



produced by putting together essential parts, as shown in an exphad%g\ Vhﬁ‘%’
in F-10.2, typically including, an arcuate shaped top plate 5 h Ya AUl

upper 2 and |lower surface , a nmatching bottomplate 6, two posts 3 and 4
used for spacing the plates apart, and a pernmanent nagnet 8 di sposed on the
upper surface of the lower plate 6. The parts are usually joined together
by indirect contact, for exanple, using an adhesive 9 interposed between
the respecti vElGak+i§ 2 sisle Bgwallysbiating anoige col 15y Weofdlhie PHSE @hdt s (not

shown "A and 3B show a.top view of the to d .bott | ates 5 and
aor) sEtdERd by pu%erleﬁao%&qrﬁss&ﬂaa‘ 248 B6EPNN 1 Ay eX AT Wt bt Bmagnet 8ls

car | or SHTASARRrAEg: romos Shret foBualat i St 8%@%‘%@ 5, such
of he?“faé’@%%w@b%‘? Iﬁ?aﬁé%‘ﬁ?‘iorﬁ%%gﬁ%@ 4 B A ﬁan‘v’ﬁ‘éen?li*eaggf%gﬁ?%ﬁn-en?l{ s 3150
caused By pagt ARBLIGAILAR.Pbo U, ANEREE o 6005500} go§t@ghtﬁ% sEpgang of the

| ayer o eS|ve oundari es ol di ng the

parts ""'u%@dllg ée&}g? 6@%%{% va%élie%{ %nt@di‘%?@a%%\lé‘%sh{"ea ) 9?rﬂgr poS§dd | eval of

parts for a RY OF THE 1NVENTI |s ere oreaprlmary

obj ect @bnidg th@f«é%?édtl@@ pﬁﬂs R BY ldftectadniatPhIYEMREN fRYSErs (hEshBWQr art
nmet hods for assenb the voice coil notor by mnimzing the hunber of

parts WRGH 3w 4dd JEgimeawhewUfIﬂee fopRha boRgmipkaeDy efidb | resfrsifgny, It is

anot her object of the invention is to provide a nore conpact, space reducing

assenb! ylodgenth the side ets@Qil Thetpermarsent mgm@dsg}mwm hapadedoakhaopve. It is
anot her object of the invention to, reduce foreign material, such as

‘adhesi vesasfacd sfahe tdveer dplate drAyalgied thedrlibgtig dppticatehffatiBesivesitaotit gassi ng
fromthe adhesives, during -3
several long term concerns, such as, outgassing, connective strength, and adhesive
fatigue, there are also other assembly problems using adhesives. Among them are;
contamination caused by poor application of the adhesive, controlling the spread of the
Jayer of adhesive to within the outside boundaries of the parts, holding the parts within

the magnetic field, and managing the storage and retrieval of parts for assembly.

SUMMARY OF THE INVENTION

It is therefore a primary object of the invention to provide an improvement over
the prior art methods for assembly of the voice coil motor by minimizing the number of

parts which will reduce cost while improving the overall design.

It is another object of the invention is to provide a more compact, space reducing

assembly when the voice coil motor is fastened to a hard disk drive.

It is another object of the invention to reduce foreign material, such as adhesives,

from the disk drive so that long term effects from outgassing from the adhesives, during



MAY 2005 curing is reduced and all other associated factors such as
corrosion, contam nation and other potentially harnful factors ng
foregoi ng objects of the invention are acconplished and the dlgh Aﬁéﬁ@@ of
‘the prior art overcone by the provision of a disk drive including a voice
coil nmotor assenbly which is assenbled w thout the use of adhesives. To
acconplish the objects of the present invention, there is provided a design
of a vourte se¢ducadbod all bter asocisise fivt@d sfichoan doensionpeoritanindtivsand achi eved
with a netal injection nolded part that combines the function of several of
t he convthat paratiallydrisful ddcdgorsone. Moreover, features are designed within the
" nol ded part to rel easably secure the nmagnets mﬁthout the use of adhesives
or fasteners. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G is a side view

illustration of a typical voice coil notor assenbl f the prior art. FIG
2 shows a si déc &xpgrnsabigriewt g ipyaation agg aqgompl é‘ﬁﬁ%@rﬁ’é‘ﬁbb% antages of ace.

FIG ' )Ais at view of a | ower te of-FIG w th the permanent magnet
in plat.Prereft 0361)°Bme§33’é{‘? vawwfg"fg ighd ﬂbﬁ)’é‘f’h‘&l"é&%v%?e BNENO[OTF G 4A

illustrates e in one botto Iate nf| uration show ng an expl oded
si de vi %W@P&‘H@Cﬁh%ﬁéﬁ?qi ﬁd Vf—’{h@ {T}l‘gug’n gsnl arged fragnented vi ew of
Detail 4. FIG 4CisatopV|ewofanwer plateof FIG 4A. FIG 4D is a
top view of an upper plate of FIG 4A

To accomplish the objects of the present invention, there is provided a design of a
voice coil motor that is assembled from fewer parts. This is achieved with a metal
injection molded part that combines the function of several of the conventional parts into
one. Moreover, features are designed within the molded part to releasably secure the

magnets without the use of adhesives or fasteners.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a side view illustration of a typical voice coil motor assembly of the prior
art. |
FIG. 2 shows a side exploded view of FIG. 1 with a permanent magnet in place.
-FIG. 3A is a top view of a lower plate of-FIG. 1 with the per-manent magnet in
place.
FIG. 3B is a top view of an upper plate of FIG. 1
FIG. 4A illustrates a three in one bottom plate configuration showing an exploded
side view of the invention.
FIG. 4B shows an enlarged fragmented view of Detail 4.
FIG. 4C is a top view of a lower plate of FIG. 4A.

FIG. 4D is a top view of an upper plate of FIG. 4A



-4 05 MAY 2005 FIG 5A illustrates a three in one top plate configuration
show ng an expl oded side view of the invention. FIG 5B showg] gnr,,grlmg ed
fragnented view of Detail 5. FIG 5Cis atop view of a |lower plate’ FI G
"5A. FIG 5D is a top view of an upper plate of FIG 5A FIG 6A illustrates a
two in one top plate and bottom plate configuration showi ng an expl oded

si de view t J.nvention. EFIG 6B shows an enl arged fra nted vi ew of
et | o TR ENERS Bisein Sie B MAE Saph AL g I8 & CRAodeR o 61) i s a

bottom.yi ew of. .an ugﬁe'r plate of FIG 6A FIG 7A illustrates a four in one
i nt egratedTWOARGHYET%n with an expl oded side view of the invention. FIG

7B shows a nLarged f i_ew,of il .7 FIG 7C shows a top view
ver spect i v 5t 5?&%%%%%9%@%?%@#?%&rvaeth‘éff]B% iI%rc 7A DETAI LED

DESCRI PTI : g%@ NEr A ice coil notor assenbly having
sever al dgsﬁlge'gsgggr???odpﬁgg\ﬁi%ggsl o.r%?étg?ygll(ﬁgy&t he nunber of parts per assenbly

and with seif Bﬁgéiéwigﬁt#%ﬁ?}%ﬁr&l&?g&%%i,s assenbly of a pernanent

magnet i s descri e there is shown an expl oded

si de vi ew iGUBK Akl indnb ¥ PRaleindBBLOR AR BhALGadkd: gRKAGUr ati on of

the invention. ree in one" denotes the integration of posts and 26

Wt h tdheexbRles Yidt 368y oPfhe bdtchapn pl ate 22 by netal injection nol ding.
Hi storically, posts were fastened to the
FIG. 6B shows an enlarged fragmented view of Detail 6.
FIG. 6C is a top view of a lower plate of FIG. 6A.
FIG. 6D is a bottom view of an upper plate of FIG. 6A
FIG. 7A illustrates a four in one integrated configuration with an exploded side
view of the invention.

FIG. 7B shows an enlarged fragmented view of Detail 7.

FIG. 7C shows a top view perspective of the integrated configuration of FIG. 7A.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A voice coil motor assembly having several design configurations for reducing
the number of parts per assembly and with self locking features for fasten-less assembly'
of a permanent magnet is described. With reference to FIG.4A, there -is shown an
exploded side view illustration 20 of a three in one bottom plate 21 configuration of the
invention. “Three in one” denotes the integration of posts 25 and 26 with the top surface
of bottom plate 22 by metal inj e;:tion molding. Historically, posts were fastened to the
top surface of the bottom plate with an adhesive or screws. Detail 4 shown enlarged in
FIG. 4B, illustrates a locking edge profile having a locking angle 33 formed into the side
edges 27 of a slot recess 31 on the top surface of the bottom plate 22. The terminal end

of the slot 24 is not angled.. The locking angle 33 forms a dovetail for holding a




top surface of the bottomplate with an adhesive or screws. Detail 4 shown

enlarged in FIG 413, illustrates a | ocking edge profile havi ﬂg:{ mlyozlﬁ ng
angle 33 forned into the side edges 27 of a slot recess J | o t 649

surface of the bottomplate 22. The termnal end of the slot 24 is not

angl ed.. The |locking angle 33 forns a dovetail for holding a -5 MAY 2005
permanent magnet 30 against the slot recess surface 3 )1 . The side edges 32
of the PEHGHEN! BOSHAPE ASURE tHo Hlet ress shoRea B of he pide s XRjefdhedges, while

h 's f back d ) i b
e el s dron, and ek Al snee e nel peuied Lot
the t f f t d .bot.t | at d 23 fully,
(he Lohguitscencl AR st b anelatse 2 an nemed 1.
t d i i . f | i t i f th
o U2t o R ASSLERTHGLOE KON BBl dReedanyy 32 o1 1e

It is 49@%& O*y, b Behedio %gexteﬁ%lot Héﬁibggidé waﬁl@?%r@ﬁﬁggﬁgﬁén é\nﬁﬁgzﬂxﬁé \aﬁtﬁ"é{%r ds the

arcuat e the tapered sl ot ecures t I'n the tapered

sl ot t hSiateedMRAv@BENorle@Thr Rehdvhbly Nod@d thie QicWIE RO ofitRE piiSaneht BGRRSI ves  or
other formof fastening. Using fthe three in one voice coil notor design

r educesOtdaginsitiebedilieht fided o thergsiedrsiot B om it apgarém thérees, thhiivrging educi ng
the fastening operations fromfour to one. Top plate 23 requires fastening
means tthe pdremaneitegrgatedwaadstth@ drcute ead ofitheaafroet sterd1 sfcurms Viod megeoi | not or
assenbly having a a three in one top plate configuration as opposed to the
t hr ee  imitlon éheltapdredrsipt thue raoovabyuoeltingit ifi positiedwdthogt the hee ofladhesivesf parts
_per assenbly and with self |ocking features for a fasten-less assenbly of a
" per manempthendoret of fagtehing.eemgribethrer IRloBe vBke collen@oi dessgdnowduces tlexpl oded si de
Vi ew

number of parts inventory from five to three, while reducing the fastening operations

from four to one. Top plate 23 requires fastening means to the integrated part 21.

A second embodiment of a voice coil motor assembly having a a three in one top
plate configuration as opposed to the three in one bottom plate cont;l guration for reducing
the number of parts per assembly and with self locking features for a fasten-less assembly
of a permanent magnet.. With reference to FIG. 5A, there is shown an exploded side view
illustration 40 of a three in one top plate configuration of the invention. “Three in one”
denotes the integration of posts 45 and 46 with the bottom surface of top plate 43 by

| metal injection molding. Historically, posts were-fastened to the top.surface of the
bottom plate with an adhesive or screws. Detail 5 shown enlarged in FIG. 5B, illustrates
a locking edge profile having a dovetail locking angle 53 formed into the side edges 47
of a slot recess on the top surface of the bottom plate 42. The terminal end of the slot 44
is not angled. The locking angle 53 forms a dovetail for holding a permanent magnet 50
against the slot recess surface 51 . The side edges of the magnet match the dovetail
profile of the slot side edges, while the magnet’s front and back arcuate edges are not

required to be dovetailed.. Referring to FIGs. 5C and 5D, illustrating the arcuate outlines



dllustration 40 of a three in one top plate configuration of th% Lnvention.
"Three in one" denotes the integration of posts 45 and 46 withvt eWAYotZ@@g“n
surface of top plate 4° ) by netal injection nolding. Historically, posts
were-fastened to the top surface of the bottomplate with an adhesive or

screws. Detail 5 shown enlarged in FIG 5B, illustrates a |ocking edge
profile having a dovetail Iockin? angle 53 forned into the side edges 47 of
a sl ot oftbe apssugtacen@d topnd boftameldes thandbl fespsgpiudlyed rpncaterbtapetiedi nal end of

the slot 44 is not _apgled. The | ocking angle 51 forns a dovetail for
~ hol di nohayEadeNellTHgREE 20PPea §aITRRIC YRR pispate GERSISUIPAEY 51 . The si de

d f th t tch th tail fil th t sid d ,
cdoes o AHB,TRAN ymLeh Lherdovetally Brolile, of Lhe Slot 5l ds cdves.
dovet oL e TRLHELIA S 0 FL oS Sty SPul Lyt 191,108 st e out i mes
especkluldstee SAGaLEd LaReRlas) b A9 BRSOt L Lepborm 1o an cpen

edges RRk®E it AR WRNRAThc-REBELIRIVAYS} Hisitr fohe o‘f%ftéﬂih‘i‘%]tUsiﬁig@%s of the
tapered slot 5°1. It is therefore apparent that urging the péernmanent nmagnet

t owar dgirddi@ oReGiie@ofitabotsLddsi @seditRs rgneibanol Parts nhentbsesadiveliet thus
removably locking it in place without the use of adhesives or other form of

f ast enthnge, wWisle rgduchres the fasemingoperaionsfioen foor ko omd drhedesiggined Pytas t he
nunber of parts inventory fromfive to three, while reducing the fastening
oper at 4 dresjuireofasfening rheans nethe Thtegiataddmpttateplatedf2. pl ate 43 requires fastening
~means to the integrated bottomplate 42. A third enbodi ment of a voice coil
" nmotor assenbly having a two in one top plate and a two in one bottom plate
configuration, each contributing to the reduction of the
A third embodiment of a voice coil motor assembly having a two in one top plate

and a two in one bottom plate configuration, each contributing to the reduction of the

number of parts per assembly and each plate having self locking features for fasten-less

assembly for permanent magnets. With reference to FIG. 6A, there is shown an exploded

side view illustration of a two in one bottom plate 61 and a two in one top plate 60

configurations of the invention. “Two in one” denotes the integration of post 65 with the

bottom surface of top plate 63 while post 66 is molded to the top surface of bottom plate

62 using metal injection molding. Historically, posts were fastened to the top surface of

the bottom plate with an adhesive or screws. Detail 6 shown enlarged in FIG. 6B,

illustrates an enlarged portion of a locking edge profile having a dovetail locking angle

73 formed into the side edges 67 of a slot recess on the top surface of the bottom plate 62

and the bottom surface of the top plate 63 . The terminal end of the slot 64 is not angled.

The locking angle 73 forms a dovetail for holding a permanent magnet 70 against the

slot recess surface 71 and 74. The side edges 72 of the magnet 70 match the dovetail

profile of the slot side edges 67, while the magnet’s front and back arcuate edges are not

necessary to be dovetailed. Referring to FIGs..6C and 6D, illustrating the arcuate

outlines of the top surfaces of top and bottom plates 62 and 63 respectfully. A truncated



-nunber of parts per assenbly and each plate having self |ocking features for
fasten-less assenbly for pernmanent magnets. Wth reference td]BlﬁﬁEqus
there is shown an exploded side viewillustration of a two in one bottom
plate 61 and a two in one top plate 60 configurations of the invention.
"Two in one" denotes the integration of post 65 with tile bottom surface of
top plate 63 while post 66 is nolded to the top surface of bottomplate 62
usi ng FPewd siaijhewnp sievmllgifpEs 34 eregrentangawith as peugigrcadfigdesigned oo t he top
surface of the bottomplate with an adhesive_or screws. Detail 6 shown

~enl ar g&N\Rbly leckiggthe sidq ¢iges af LRETARNEH MREEH 7 ) BB thoFondluppiciissy edge
profil e_having dovet ai I_ | ocki ngle 73 formed . he side edges 67 of
a sl ot o ﬁ@é%r%ﬂsl?ﬁzﬁta&s T4urlf SSBST6FOTE APt pmihghaa RiGs 44389 e bt £ om
surface of the to at e The term nal, e f the . slqot 64 is riot

2ol eq e e atREBt Bhgrd toer S FiretaRn s it Rse i et Pmnant
magnet _7 inst tile L of.. ke S 1 4. T i.de ges 72 of
the nedRer B Eteh bR ot b PES B H 3RE po i rdes o BRI RSET ™ it <

t he Wﬁégeglx%‘;tp%rﬁ% RN oBAGKe %iEé'@éi?m?ﬂggésigfmﬁedREs {HRGGERRALYpdR e

dovet a Ing to FIGs. 6C an ustrating the arcuate outlines

f the; : f ; ; o ITy. A
0 € 16\%930;“ E&@qg\geotg thﬂe@,Rvﬁ'lEjreHP&% g r'flﬂe%f?déﬁi%i, géeﬁgﬁ?sg??ﬁ%mg%a y

t _runcat e s t ap_er ed slo aving s I or ms_ an open entrance
with aﬂ"h@ﬁlﬁé'@fhf%d@%pla& &R 5iGREIn k0re BB YAR YN d Wak idintdemiad BRtgpdges of a

per manent magnet agai nst the confluent sides of the tapered slots 71 and
74 . | platscédigheftiohesiapparent, as shown in FIG 4A and 5A, that wurging the
. permanent magnet towards the arcuate end of the tapered slot 71 secures the
" magnet thus renovably locking it in place without the use of adhesives or
other formof fastening. Using the two in one voice coil notor design
reduces t he Anfortheambfdiipenttod a voice coil motor assembly having a four in one

configuration. With reference to FIG. 7A, a preferred embodiment, showing a side view

of a VCM hollow structure 80. “Four in one” denotes the integration of all four parts

which necessarily include, a bottom plate 82 separated from a top plate 83 by two

vertical members 85 and 86 therein producing the VCM hollow structure 80 formed by

metal injection molding. Detail 7 shown enlarged in FIG. 7B, illustrates a locking edge

profile having a dovetail locking angle 93 cast into the side edges 87 of a slot recess on

the top surface of the bottom plate member 82. The locking angle forms a dovetail for

holding a permanent magnet 90 against the slot recess surface 91. Referring to FIG. 7C,

showing the arcuate outline of the VCM hollow structure. A tapered slot 91 that is

recessed in the bottom plate member and illustrated with hidden lines has side walls

forming a wide entrance opening as compared to the other end . The recessed tapered

slot 91 is designed for removably locking the side edges of a permanent magnet 90

against the confluent sides of the tapered slot 91. It is therefore apparent, as in FIGs 4A,

5A, and 6A, that urging the permanent magnet towards the arcuate end of the open ended

slot would wedge the magnet thus removably locking it in place without the use of

adhesives or other form of fastening. In this forth embodiment, with reference to FIG.

-8-



inventory fromfive to three, while reducing the fastening operations from
four to one. The integrated top plate configuration 60 requires fastening
with the integrated bottom plate configuration 61. A forth @mpq@“w?mﬁ of a
voice coil nmotor assenbly having a four in one configuration. Wth :
reference to FIG 7A, a preferred enbodi ment, showing a side view of a VCM
hol | ow structure 80. "Four in one" denotes the integration of all four parts
whi.ch 7neGRIBAGH bMts bk Yakntidn AR 5&%@1@@ B4 tﬁ@@i@z_ﬁcﬁhﬁﬁﬁ&{ @Iﬁh@ﬁﬁ&p plate 83
by two vertical nenbers 85 and 86 therein producing the VCM hol | ow

St r uctatrvefdnfetiynme phyvisio®bed disRjdeiot imeludibd divpige cBRhatbr Aksghigwn enl arged in
FIG 713, illustrates a | ocking edge profile having a dovetall | ocking

angl e v@3clcasksanttiled vitkost tHe uedgferih8ivesf a sl ot recess on the top surface of
the bottom pl ate nenber 82. The | ocking angle fornms a dovetail for holding
a permanent nmagnet 90 against the slot recess surface 91. Referring to FIG
7C, show ng the arcuate outline of the VCM holl ow structure. A tapered sl ot
91 that is rece¥bdetherinyensiopdes besrpaatievlabngwmvieand deserikedrvatied wit h hi dden
lines has side walls formng a w de Fntrance o] eninq¥as conpared to the

ot her TelsEencytuthe peefegegcmapdimedts thersp =9t1W¥”sb‘d§§%’ B hyoihoseesiesdldny 1 ocki ng
t he side edges of a_permanent et.. 90 against.bhe onf| uent sides of the
t aper &bF 1t et §ATOYS(ChRRZSS i Falfrog %@%kﬁr@w?@ Rads withpedepartingdiom Bigd 6A, t hat
urgin% t he gernagﬁ t na%ﬂet towards the arcuate end of the open ended sl ot
woul d SREHGEY SHPe @W@Pv ¥ renpvably locking it in place without the use of
adhesi ves or other formof fastening. In this forth enbodinment, with
reference to FIG -8 MAY 2005 7A, all the objects of the invention are

+ acconplished and t he di sadvantages of the prior




art’ overconme by the provision of a disk drive including a voice coil notor
assenbly which is assenbled wi thout the use of adhesives. Wile the

i nvention has been particularly shown and described with referfehcdAt @i8he
preferred enbodi nents thereof, it will be understood by those skilled in

the art that various changes in formand details may be nade w thout

departi ng Whatis dleneddgi rit and scope of the invention. -9 0 5 MAY 2005 What
is clained is: I . An interlocking assenbly of a voice coil notor for a bard
di sk drive, said assenbly conprising: an arcuate shaped holl ow structure
formed by netal injection nolding, said hollow structure including a bottom

plate member sapanphReidht bl O Phake SRTRSIor I & A Kisk! asval it menber s

di sposed t herebetween, Said upright nmenbers joining wth inside surfaces of
sai d platgﬁg% er%lr%re di sposed at each end of said hollow structure, a
cess e

tapered r fOr &' nto the inside surface of said bottom pl ate, said

recess ingressing froma nyex edge of sajd bottom plate and narrow ng
whi | e ext endi n@nglr%tﬁglﬂaﬁeg%g OWSHB%W OEB?FL%)(/@e@gﬁ%e,Ct@BinEPl&é‘gered recess
havi ng side edges shaped to tightly interlock with a dovetail shaped
menber, and a f| aidahellow stru¢tarseinclydingem bottommigie meamaher sgpatated tfeom asj de
edges to slidely interlock with said tapered recess of said bottom pl ate of
sai d hol | ow st r uctbppiate member by a pair of upright members disposed therebetween,

said upright members joining with inside surfaces of said plate members

are disposed at each end of said hollow structure, a tapered recess formed

into the inside surface of said bottom plate,

said recess ingressing from a convex edge of said bottom plate and

narrowing while extending through to an opposite concave edge,

said tapered recess having side edges shaped to tightly interlock with a

dovetail shaped member, and

a flat arcuate shaped permanent magnet having dovetail side edges to slidely

interlock with said tapered recess of said bottom plate of said hollow structure.

2. ' The interlocking assembly according to Claim 1 wherein said tapered and
dovetailed recess secures said permanent magnet to bottom plate without use of

fasteners or adhesives.

3. The interlocking assembly according to Claim 1 wherein a desired gap is
formed between said magnet and said top plate thereby producing a more

concentrated magnetic flux.
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2. 'The interl ocking assenbly according to Claiml wherein said tapered and
dovetail ed recess secures said pernmanent magnet to bottom pl atgil]\nyql?og@ﬁuse
of fasteners or adhesives. 3. The interlocking assenbly accordi aim
| wherein a desired gap is fornmed between saird nagnet and said top plate

t hereby producing a nore concentrated magnetic flux. 10 0 5 MAY 2095 4. An
i nterl ockdng assemdriockingaassamlsly afoa voitetooil Mmotor foharlthrdlidisk diivey@aidsai d
assenbly conprising: an arcuate shaped base nenber with a top surface and a
bottom suggsaﬁglymﬁlsh%se menber having a pair of upright colums nolded to
said top surface, said upright columms di sposed at each end of said base

menber, a nol dﬁf?archét@%ﬁ%&édrb%@ﬁémfaé’ﬁﬂﬁﬂ'a? Sifafle LiRPa BUHJASGRE! Ween sai d

upri ght col ums sal ecess ingressing from a convex edge of said base and
narrom ng while e nd| n § si.t e towar ave edﬁﬁ sai {apered
recess having si d&! ﬁs&mglﬂ g‘p e f‘i%?euﬁ’r n?ﬂ?dmo AP ISRy with; a
fl at arcuate shaped_ pernmanent magnet havi ng dovet ail side edges to slidely
interl ock with saUfa@pered recess of said base menber; and an arcuate

shaped cover plate. 5. The interlocking assenbly according to Claim4
wher ei n sai d ar cumidumighpedlumns disposed at each end of said base member, a molded

tapered recess formed on said top surface between said upright columns,
said recess ingressing from a convex edge of said base and narrowing
while extending opposite towards a concave edge,
said tapered recess having side edges shaped to tightly receive and
interlocking with;
a flat arcuate shaped permanent magnet having dovetail side edges to slidely
interlock with said tapered recess of said base member; and

an arcuate shaped cover plate.

5. The interlocking assembly according to Claim 4 wherein said arcuate shaped
base with pair of said upright columns is formed by metal injection molding has
integrated three of four structural elements of a standard voice coil motor and reduced

inventory management.
6. The interlocking assembly according to Claim 4 wherein a desired gap is

formed between said magnet and said top plate thereby producing a more

concentrated magnetic flux.

i1



base with pair of said upright colums is formed by nmetal injection nolding
has integrated three of four structural elenents of a standarﬂdSVMA\ﬁiﬂﬁﬁ)il
not or and reduced inventory managenent. 6. The interlocking assenbly
according to Claim4 wherein a desired gap is fornmed between said nagnet
and said top plate thereby producing a nore concentrated nmagnetic flux. 0 5
MAY 2905 77. AAni integlockingi asseraldy enfld yoioé cailviooe feoa lhanbtlizk drore, aaidar d di sk
drive, said assenbly conprising: an arcuate shaped base nenber forned by
met al i nj akinbly JoRipdistig; sai d base nmenber with a top surface and a bottom
surface, a nolded tapered and truncated recess fornmed centrally on said top

surface, sai d LeGRSRe SAEALAOMEE T ANGPEN R AYR B niflifighase and

narrowi ng whi extending opposite towards a conhcave edge, formng a

truncated recess,.salid r RAaVI] Sl ed Q@Be ti_ght receive
and to interlock Sa%/(\inss?ﬁs;e %%%%gf Wé@c%ﬁgg% Sgﬁgﬁeﬁér%nengu}n@%h& p’ﬁ?\éfing
dovetail side edges to s]idel interlock with said tapered recess of said
base nenber; and avﬁr%f@tdawca%é;w%%\?@?dﬁﬁ Y RBRIAJORSHEF: of ol ded

down-reaching colums, said colums disposed under and at each end of said
base nember, 8. Thisl ragessr ingrdssing feans enbonyenfedgk aifreaid baget ansk nwompingsi ng sai d
arcuate shaped cover plate with said pair of upright colums is forned by
metal injection nohitt egending opposite towards a concave edge, forming a truncated

recess,

said recess having side edges shaped to tightly receive and to interlock

with;

a flat arcuate shaped permanent magnet having dovetail side edges to slidely
interlock with said tapered recess of said base member; and

an arcuate shaped cover plate having a pair of molded down-reaching

columns, said columns disposed under and at each end of said base member.

8. The interlocking assembly of Claim 7 further comprising said arcuate shaped
cover plate with said pair of upright columns is formed by metal injection molding,
thus integrating three of four structural elements of a standard voice coil motor while

reducing inventory management.
9. The interlocking assembly according to Claim 7 wherein said metal injection

molding has provided said tapered recess with self locking attributes for removably

securing said permanent magnet using fasteners or adhesives.
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thus integrating three of four structural elenents of a standard voice coil
motor while reducing inventory managenent. 9. The interl ockind] 55Mﬁ‘ﬁb2(]ﬁ5
according to Claim7 wherein said netal injection nolding has provided said
tapered recess with self locking attributes for renovably securing said
per mmnent magnet using fasteners or adhesives. 12 0 5 MAY 2005 10. The

i nterl ockilAg aJberbteylogliing radsamply ac@irding 10 Glémel rwherelasd desiredagap & f or med
bet ween said magnet and said top plate thereby producing a nore

concent r af@thedadorides bdidXmagdet And i saidkriopcisiatyg thasenbprydading v anee coi |
notor for a hard disk drive, said assenbly conprising: an arcuate shaped
base nenbgpndshirfte@niaRetiMild:ace and a bottom surface, said base menber
having a upright colum nolded to said top surface, said upright colum

di sposed at one end of said base nmenber, a nolded tapered and truncated
recess formed centrally on said top surface, said recess ingressing froma

convex ed of said base and narrowi ng. whil e extendin osi.te taowards a
concave egge, 5y RIS Cglntgrﬁ‘fﬁ?fﬁﬁé‘o‘)fy\% éfglégscf’llslgpwrrf@%@sl??qlg@ﬁ%n%"@ dél(aedges
shaped to tightly receive and to interlock wth; a first flat arcuate
shaped pepssemdlit CORMYIEIS havi ng dovetail side edges to slidely interlock

with said tapered recess of said base nenber;
an arcuate shaped base member with a top surface and a bottom surface,

said base member having a upright colﬁmn molded to said top surface,
said upright column disposed at one end of said bése member, a molded
tapered and truncated recess formed centrally on said top surface,
said recess ingressing from a convex edge of said base and narrowing
while extending opposite towards a concave edge, forming a truncated
recess,
said recess having side edges shaped to tightly receive and to interlock
with;
a first flat arcuate shaped permanent magnet having dovetail side edges to
slidely interlock with said tapered recess of said base member;

" an arcuate shaped cover plate with a top surface and a bottom surface,
said cover plate having a down-reaching column molded to said bottom
surface,
said column disposed under and opposite end of said column disposed on
base member;
said cover plate including a molded tapered and truncated recess formed

centrally on surface,
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an arcuate shaped cover plate with a top surface and a bottom surface, said
cover plate having a down-reaching colum nolded to said bottonf $lMAfY8.?%
said colum di sposed under and opposite end of said col um di sposed on ase
menber; said cover plate including a nolded tapered and truncated recess
formed centrally on surface, 13 MAY 290,5 said recess ingressing froma
convex edge of sapaid cigeess ipRresHEngndoman revnivery alise | & 8did eerienplappan t e
towards a concave edge, formng a truncated recess, said recess having side
edges shaped to thahdving rvelti exeeating bppasitt evivaclk a véorichye adge, fomeiagrad f 1 at
arcuat e shaped permanent nagnet havi ng dovetail side edges to slidely
interlock with sajgnhdapidaeeds ecess of said base nenber. 12. The interl ocking
assenbly of Claim 11 further conprising: said arcuate shaped cover plate and
sai d arcuate shap Hgﬂﬁ le; 1€ i I: 3 e formed
by nmetal injecti oﬁﬂc}rg%?sng t %5‘1‘1.%?3‘%3? 5%{\41%8 t?&fﬁ?hmgrféédg?ﬁ‘?‘g:‘&%%@%s of a

standard voice coil, notor thereby reducing inventory managenent. 13. The

|
i nterl ocki ng asseWHPyarﬁlccor ding to daiml | wherein said nmetal injection
nmol di ng has provided a tapered recess with self |ocking attributes for
removabl y a second flat arcuate shaped permanent magnet having dovetail side edges to

slidely interlock with said tapered recess of said base member.

12.  The interlocking assembly of Claim 11 further comprising:

said arcuate shaped cover plate and said arcuate shaped base member, each
with a supporting column, are formed by metal injection molding thus integrating four
structural elements of a standard voice coil motor thereby reducing inventory

management.

13.  The interlocking assembly according to Claim 11 wherein said metal injection
molding has provided a tapered recess with self locking attributes for removably

securing the permanent magnet without the use of fasteners or adhesives.

14. A method for interlocking an assembly of a voice coil motor for a hard disk
drive, comprising the steps of:
providing an arcuate shaped hollow structure formed by metal injection
molding,
said hollow structure including a bottom plate member separated from a

top plate member by a pair of upright members disposed therebetween,

14



securing the permanent nagnet w thout the use of fasteners or adhesives. 14.
A method for interlocking an assenbly of a voice coil notor fof & M gy sk

drive, conprising the steps of: providing an arcuate shaped hol | ow structure
formed by netal injection nolding, said hollow structure including a bottom
pl ate nenber separated froma top plate nenber by a pair of upright nenbers
di sposed t her ebet saidnpright mebyrsZ0ing withdnsige syfrcesrefrbad pljte inmnrgrani t h

i nside surfaces of said plate nenbers are di sposed at each end of said

hol | ow structure, aR digReedat ébead of edidtdllowntraciubes ai tasdrétbresedsffaggedf sai d
bottom pl ate, said recess ingressing froma convex edge of said bottomplate

and narrow ng Whii&1RxheaE ket BF $HEBo iSO PtOPPOSi te concave edge, said
t apered recess having side edges shaped to tightly interlock with a

dovetail shaped e nd provi di af cu h gg p ent magnet
havi ng dovet ai | sfgg gcdegsgslgglggﬁes% icﬁaog"lgya icﬂ{‘%% g((ﬁﬁ(e ?\nﬂ%ﬁﬁsglg a@éﬂrgg%ld:ecess of
said bottomplate of said hollow,  structure. 15. The inter] ocking nmethod of
Claim 14 further BYRPYINGIEe eXiandingLhrough i) aQRPOMite SRICRTSTSEES a hol | ow
structure has integrated four structural elenents of a standard voice coil
nmot or and el i m nasad tapeveshresess beving side redgdsoshaped &y sightlyp antedock1 gith phe
i nterlocking nethod according to Claim14 wherein said netal injection
dovetail shaped member, and
providing a flat arcuate shaped permanent magnet having dovetail side edges
to slidely interlock with said tapered recess of said bottom plate of said hollow

structure.

15.  The interlocking method of Claim 14 further comprising, said metal injection
molding of a hollow structure has integrated four structural elements of a standard

voice coil motor and eliminated inventory management for separate parts.

16.  The interlocking method according to Claim 14 wherein said metal injection
molding of a hollow structure eliminates all failure problems associated with
adhesives, such as, adhesive failure between individual parts, long term effects of

outgassing and, adhesive spillover at the outside edges.
17.  The interlocking method according to Claim 14 wherein said metal injection

molding provides a tapered recess with self locking attributes for removably securing

the permanent magnet without fasteners or adhesives.

15



" nmolding of a hollow structure elinmnates all failure problens associated
with adhesives, such as, adhesive failure between individual @abtMAy | 2009
termeffects of outgassing and, adhesive spillover at the outside edges.
17. The interlocking nethod according to C aim 14 wherein said netal
injection nolding provides a tapered recess wth self |ocking attributes
for renovddly ddeuntestpckingempodeaseordingaton&laini dhovher¢insa dasiresl gap &dhesi ves.
15 MAY 2005 18. The interlocking nmethod according to Caim 14 wherein a
desired gdprmesl foetwezd baidweesgnestaiadd neaid etopapthts atherebp pprotdadiag t hemetry
producing a nore concentrated magnetic flux. 16

concentrated magnetic flux.
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