;[\ e3ePM " ~<6r T5: METHOD OF FORM NG BLI ND HOLES IN A SHEET OF MATERI AL
Background 1. Field of the Invention The present disclosure relates to a
nmet hod for processing a sheet of nmaterial. 5 Mdire particularly, it relates
to a nmethod of formng blind holes in a sheet of material. 2. Description
of the Related Art A blind hole is a hollow projection opened at one end
and cl osed at ViETHQDEF FORMING Bimod Holks aicSnrdas QpNMATERIADS r angi ng
from | ocking nmechanisns to el ectronic devices. They are useful in
situations where through hol es wou I | ess refined | 0 appearance
than desired. Blind holes are alsoigggﬁﬁiﬁﬁ%fapplications requiring
air-tightness, such as in hard disk drives where airflow may contam nate

t he i nt eri1QrFielll ofhiRe Kivedtighi ve. 1 n such applications, blind holes may be
formed in the casing for nmounting printed circuit boards (PCB), notors, and
sem conductor chips. 15 A conventional nmethod of formng a blind hole

begi ns by dri | [Thggresenh disglpsungatelatesntos h srathodh fasr prapessiogen gt of matesialhr ough

hole ig t I y: i a seal .over t.hat,.end.. On robl em ari si ng
oo B & MBepafRa i PAGEL Y JBethod of fot R oS i R e DERRERE ! S g
of the sheet material. Using a thicker sheet of material wll enable the
const r uct i2onDederiptidaadehic Reladelt Apd €. 20 However, in portable devices, where

wei ght and formfactor are crucial, having a thick sheet of material is not
practical. Another problemarises with the use of seals to clgse the

t hrough hol e. ThBliRq/Boleds ahelew mpiegiangepened athene gdovidrdossd ahtheappgsite seal |
and hence e I an. [ I 0 f.a hard
di sk dri vee;h[(i:[asBiffl E’g.h"!\gr%ﬁaﬂ%g&?%@ﬁ%@&b@g? %’ﬁ#ﬁféﬁ%ﬁgﬂ%ﬁ% nﬂegﬁalexhsﬁxgs {;)Sy‘h%%%fl %I 1 | ng
t he dept h deficel. i Théyngreiusefal &b situasibfe whert thfdugh hold’fenild raidet ¥ lessrrefigdd t he
problens arising fromthis nethod is that the depth of the hole is limted
to t hd0t hi%BReEAISe Hranidegiradheet material. Further, drilled material bits may
be trapped in the blind hole and requiring additional effort to renove. i

Rermoving the d ' ' e 4 A Y ac [ i ng
conpressed air @&hu?lé’l&%EFgélgéeﬁ?ﬂlyﬁggﬁle%F ?gébglﬁlﬁ%?lgglgﬂt%gérsf g&ggas S %g(}aﬂl?neet
mat eri al . divkodtiess whereeditflomnahayredstiadinafe fher fitapr aofbibienthrd drgrebeli B6cHY
conpressing the sheet material against a die having an orifice therein. A
portion ofPPifatigns m%?@?%ﬁyhesfglsnﬁmﬁh%ﬁ%sr%@a moyating prntsd cirewitbayds he
conpr essi . .1ion by enploying a ram press. A post is
t hen forc?ﬁ?%giléfg{éﬁg‘gl%ﬁ%%dﬁ ﬁgog%ﬁ%ded portion of the sheet material so
that the extruded portion fornms a holl ow projection around the post. The

i nsertison of tHecaoehtioml awticdodfl fernig 4 laid leolé begitgby dallmgwi thtoughthole

f or med. V\heglg‘t??e PO‘S is finally wthdrawn, a blind _ hole or hollow

proj ecti oft | Sae gnd o thig; throygh hglegis dan Glesed hy-nlaqiag p seahwyer that
probl em wihbi Al r [(Mota Ry (18 oS ; hod At y be
Porned st Fhe Cor LR SR Mol BhE Al Mk ot SERESE Lol AR B
forcibly ehitknededfi tht sheétematerial. c dJsimfias thlelfeorsiméti of nimariddewidl b ek and
weakened spot in th | osed. end of the blind hole. Another problemis that
t he sheet CREHRFHSH O PEiEdhods.r et ching and stress fromthe conpression,
whi ch may weaken the sheet 15 material or even cause failure. In view of
the fogegoi ng, Hdwdver. i i . ' j of
form ng b ng ApsySh iR EORIIAE oles, WAB Bl Yol e SECALEY, HIVHRY

thick sheet of material is not practical. Another problem arises with the use of seals to

close the through hole. The typical seals or plugs may not provide an air-tight seal, and

hence the seal would not be an adequate seal for a blind hole of a hard disk drive casing.

Another method of forming a blind hole is by controlling the depth of drilling into
25  asheet material. Unfortunately, one of the problems arising from this method is that the
depth of the hole is limited to the thickness of the sheet material. Further, drilled material

bits may be trapped in the blind hole and requiring additional effort to remove.
1




Summary of the Invention A nethod of formng a blind hole in a sheet
material and a configuration of sheet material having a blind hole forned
fromthis nethod are provided. The nethod includes punching the sheet
material to define a hollow projection and shearing a | ayer of material 5
fromthe sheet material to forma sealed end over an opening of the hollow
proj ect i orReRpvieg Het debrip foay theoblind hole invsusby aﬁmﬁisb@f byiebing sompiassegi ng

t he hol | ow; | ' I term.ned desjre ianeter of the blind

hol e. An %ﬁ%c&éﬁé@d&?@@gggg!g%%o - WS@%F&F Elait%?‘i'ﬁand 10 thereafter
enl arging the dianeter of the hollow projection to a desired dianeter is to
prevent excessiAmtdricetredhitiogalanethed b Rirfihgdd blMEhSIB DREInsBY @binplossiPRER | Ng a
| ayer of material fromthe sheet material to forma seal ed end over an

openi ng ofShegtanaienial sgaipstcy disthesingtan grifion thereing| A marties| &f the shaghiamstariabisuse of

one or nor. L-aRar i i rogressi.vel ecreasin ianeters to
shear tshe ﬂs? ﬂég mat(a erﬁ?%ﬁh%rslogq%%iq)? ﬂz% ?rglggre&mq ﬁ% fgﬁga%ﬁ?‘tﬁ%iegr]? 10§ (;War ds a
center of enfpoyinedirig mésst e pbalil GnMoRIKLE idseRediittd thefex&@BEd PoIAE of aer

seal s the opening. To render a nore refined appearance, the continuous

| ayer or Shegtamaterd spaifiabherxsudechpertion forme hihelow Frojectipn arouné the pestseal ed

d. 20 A . pal  f d i ng ..t t hod, i.ncl ud
" Segnont Waarsest FE 48 post S(RERRSCRA oS rSuebriaE Wi Bt o e kg S
segment  cah@ped id BndllyevisidRain, HHIRId e SEHIRM projbEsLhdVitd® chbddhde kg

segnent includes a sidewall and a sealed end for defining the blind hole
and WHEr eishest ipateréad i fpragd. Qnegirpbleghwith tes Torapisssieremethodtih gt afredesy o ng

bli nd hol gs; i icul arl t t he. cl d of the blind
ol o i o r aRaPsAR b B BN HaB® et st agh E R e chert BPTER fol o | s
no | onger foRitgy eftnitRd ify thd\erifidy. CRHIS asfothatiddeEmHEE] tHiRlR dndlweak BRSPS the

met hod al |l ows the depth of the blind hole to be greater than the thickness
of the shdetthgcrlosgdeendalof ithe rhdindi held. bynathgs aoblefonisethat dhe shead mefeghl of

materi al s . reduced. Wth a deeper blind hole,.screw threads can be
nmade Iongé’%,8 a}‘%gﬁﬁ ?tpﬁ%u?% aﬁg r%&?ség u&gacoglpresflﬁg’t m‘%gmﬁﬁ" % e‘P%ﬁ, S%ﬁﬁ or or
ot her 18| enitsalbfereniags Bilalee Nade fromthe sheet material. This is
especially desirable in portable devices, where formfactor and secured

fastening are of paranmount inportance. Brief Description of the Draw ngs
The present di d&visyupethgifpregpiagy bagitherefonedissisablno tryvidh enfimiprayeid mepthiek ai | ed

descripti .Nn..cony. tion with the.acconpanying drawings. To facilitate
this desc?ﬁ?gét%éﬁg,Qqu?%d?selpéq\rls%ﬁ%én%fﬂ@r al s designate |ike structural

elements. 5 Fig. 1 is a partial cross sectional view showing a flat pin
punchi ng agai nst a sheet material to forma recessed segnent in the sheet
material. Fig. 2 is a partial cross sectional view showi ng a narrow pin
driven through the sheet nmaterial to forma hollow projection. Fig. 3Ais a
partial cross sectional view showi ng an enlarging pin driven through 10 the
hol |l ow projection. Fig. 3Bis a top view of the sheet material of Fig. 3A
Fig. 4 is a partial cross sectional view showing a first tapered pin
shearing material towards the center of the top opening of the holl ow
projection. Fig. 5is a partial cross sectional view showi ng a second
tapered pin shearing 15 material towards the center of the top opening of

t he hol |l ow projection.




Fig. 6 is a partial cross sectional view showing a third tapered pin
shearing material towards the center of the top opening of the holl ow
projection, and form ng a continuous |ayer over the top opening of the

hol | ow projection. Fig. 7 is a partial cross sectional view showing a flat
pi n punching the continuous 20 | ayer over the top opening of the holl ow
projection. Fig. 8 shows a cgﬁgi-sectiETﬁI;viem&of a blind hole formed in a
sheet material. Fig. 9 illust 4 forming a blind hole
according to one enbodi nent. of the present invention. 5 Det ai | ed

Descri ption A Aefispdatt fprpas adiling helesinaetheptamatetiall and @ qoofigwptiomef fisttes i s
provi ded. : Al |y ripElon,. nunerpus speci.fi.c detail.s .are set
Porth in ahfed el shhRacHRERL RN MEREH nib e, i lid falid

di scl osur gunthingitel shb& rhiteted] 36 dofae NBYIRME projdcBioR Afid Shealihh h@slet 6 hblRriart
that the present disclosure may be practiced w thout sone or all of these
speci f fc deamithesshegtmaeridrtoifprmn aseded endepverjanepenipg of dwshablowr projestien twave

not been i hn,detail in order not to unnecessarily obscure the

pr esent dﬁ@%ﬁg%ﬁﬁ%g #b. 1l illustrates a process of formng a recessed
segnent 102 in a sheet material 100. The sheet material 100 is secured

bet ween an upper die 112 and a |ower die 114. A 10 support pin 118 is

pl aced under t Hdieghetbed may alsodnclud®enlergingtbe hollowereiedewsied wedptenting?2 and

to define ghe th of.the.r sed segnent. flat. pi 6 is.used t
punch the (%ﬁ%eed?(ﬁgﬁgt t ?%ﬁi’e ?’BB‘? f‘&%hﬁ"‘t %ﬁg%tﬁg%‘&fr éﬁ‘é’é"&ﬁ% aﬂ%f’g"%w Ot and o
pin 113 t qhéredfor tdARrFiAE QRS AhnSREENthe! KAloWN ptdj&etidRasta BBGRN! BAmdi@Dis A
advant age of the recessed segnent is that tﬁe resulting blind hole has an

i ncr eased PERVERESICRHIVCstietohitigrgd fchippingd thoshestmatsriglur f ace of the sheet
material 100. Fig. 2 illustrates a process of form ng a hollow projection
104 by driving or punching a narrow pin 216 through the recessed segnent

102 fromthe t Gesritid 2G8cObf BRHaNSSH tHRRKGE ﬁiate%ﬁpto oA Rafe@WndioPerdf has

a smaller diameter than that of the flat pin 116. Using a narrow pin to
form a t hroperihg o6 the olloveprogectinn és Sirmeths thiiad diolenigcludes B0 vstpppiagr mbrd he

heet terial, 100,wh th in. 216 1s dri t h the sh
Tater Al TS VRS BRSO St CambierniniSigt Bt SReRRRT AGSbr med
at one endhiff at Mgss! 6€ARS Gtz RAINRRE AL RAvards BOLhHAM APEBI Henidk JMHARABY t e

end, and a sidewall therebetween defining the depth of "the hol I ow
proj ect i oprgiedionDupidindi eaptionowsh dayee aals ethre norenolg, s fkeetrendet er inadre Tefined he

hol | ow projection |04 at 25 this stage, may not have t desired internal

di amet er BBPEEEN GG Pop m}ﬂ“aﬁa@f °5ﬁﬁﬂqﬁ°b9m¥ aaﬁiheef?mlar Ey pychinga fighpin

i |1 ustrat @sephpk@8&P&;Hdof enlarging the hollow projection 104 to a desired
internal dianmeter of the resulting blind hole. An enlarging pin 316, of the
desired dianmeter, is inserted through the hollow projection 104. Wile the
enlarging pin 316, is driven.or punched through the hqll ow projection 104,
the enl arging pt ﬁhegén?tﬁ? egor%leg atcﬁérﬁg‘ﬁe@tt fretreeRtmeting. F“rfﬁfd&F |3y SSEPSHS t he
shaft of theingnlieh FhisteRing 30;5)%“% ge,lnG t ' i d by
t he upper 111§§an Iowere 114? I es, L?ﬁieﬁ’mat eafc?lgjla %Og@#e%?dgﬁtf%%%@l}giﬂﬁgf t he
bot t om opemiteripl eégndng, windrtiovhgblijdnilé espnicidinchides e bidewnit ndis seafedidnd foept h
of the hol] gw proj.ection (shown in Fi 3A),. 5 Fig. 3B shows a top view of
t he sheet dﬁﬁ’f“é‘giﬂédﬁm%? @_erglﬂth%%%}@eadp%@g}ghgf mat eri al 300, adjacent
to thestop opening of the hollow projection 104, which will be shifted
towards the center of the top opening of the hollow projection 04 to form

t] | i g Fig. | the t ing. Fig. 4
C Pustrates a pYEnedhy bRORAo! ootk nfidq boeS 32 pidRint 9 3oV R ro i o
proj ect i orlokOd ehy 0B SheBlidd hbleSt réRRAMEsr-AER. 4E& i, MRaRIxiRhENGRh oF @r ds

the center of the top opening. The first tapered pin 416 includes a cutting
edge 418 fbipd dileaisineglonger eansimainethbye theathickndssaoft thp shestl thatemalndhstead, Ithed 20 t o

shift a mass, 0 heayed terjal .4 o flowt ds.the. center. of .the top
openi ng of " ‘:’ﬁlﬁ‘r)edc ﬂngso@@epdregﬁ'e%{ €h8 rPl’fggTorleAtq JB?V@’T% %@egﬁ‘fﬁﬁeﬁ ofthe ghect

i nsert3ed heiMeeiF feheirddmes ushre Slehdd cb@ aRl BN of heualcaAdR Sdudhievhal | ow
t5 projection 104 from undue deformation or displacenment, and to flatten

t he sheet angacper blind boleadpmwe threads ecab diet vile fergengresitlting én o ovevsprungdect | on
104. Depending on the desired internalydiameter D3 of the hollow projection
104, further shearing nmay be required to forma continuous |ayer 600 over
the top opening. Figs. 5 and 6 illustrate a process to continue sealing the
top openi ng of the holl ow ‘




20 projection 104 using additional tapered pins having progressively
decreasing dianeters. One or nore narrower tapered pins may be required to
apply additional force to shift sheared material 400 towards the center of
the top opening. In Fig. 5 a second tapered pin 516 having a snaller
dianeter than the first tapered pin 416 is used and in Fig. 6, a third

t aper ed pifast@ligg wif tthe 26Be veotos waldiler démerds ¢o ai basagdate 1@&leAfromr thehdaeéti r st
tapered pin 41 d additional tapered pips,516 and 61.6 have been used, a
cont i nuouénﬁts@f’g—r Ti60° bl st nporkibledevives onlcen Fam 656 260 St

hol I ow pr q,&&lihPfre L oM ndpdrth@. 6) . which is air-tight. The seal ed end
600 may have an uneven surfacé resulting fromthe shearing process. If a

snooth surface is desired, the uneven surface may be snoothed by placing a
support pin 718 under the seal ed end 600 and punching a flat punch pin
716 over the sealed end 600 to conpress the sealed end 600 into a desired
shape (shown in Fig. 7). Fig. 8 shows a side cross-sectional view of a
blind hole forned in a sheet naterial 100 according to the above
description. The sheet material 100 as shown has a thickness 5 of DI. The
blind hole projects froma bottom surface of the sheet material 100 and has
a depth D2, where D2 is greater than D1, and an internal dianmeter D3. The
recessed segnent 102 is forned in a top surface of the sheet material 100
and has an internal diameter D4, where D4 is greater than D3. As
illustrated in Fig. 8, the recessed segnent 102 is integral with the seal ed
end 600 of the blind hole. 10 An advantage of the present invention is that
the depth D2 of the blind hole can be greater than the thickness D of the
sheet material 100. Further, by adjusting the internal dianmeter of the
recessed segnent D4 and the internal dianeter D3 of the blind hole, a
greater depth D2 of the blind hole can be achi eved even though the

t hi ckness DI of the sheet material 100 is unchanged. In addition, the blind
hole formed in the present 15 invention is air-tight, which is particularly
inportant in applications where the | eakage of air nust be prevented. The
above-descri bed nethod of formng blind holes is suitable for use in casing
for hard disk drives, where PCBs and notors are nounted to the casing. Fig.
8 further illustrates a PCB board 802 and a nounting screw 804 for nounting
the PCB board 802 20 to the sheet material 100, which nay be processed to
formpart of a casing. Because the interior of a hard disk drive is very
sensitive and nay be easily damaged by particles in the air, the air-tight
seal of the blind holes is extrenely inportant to maintain system
integrity. As an illustration, the sheet material 100 in a hard disk drive
may have a thickness 25 of between about 1 to about 3 nm The resulting
blind hole may have an internal dianeter of about 2.6 mmand a depth of
about 4 to about 5 mm The sheet material 100 of the present disclosure is
typically nmade of a malleable material, which may conprise a netallic

el ement, such as, alumnum iron and steel. Fig. 9 illustrates a flow chart
of a nmethod 900 of formng a blind hole in a sheet a mat erial 100. Met hod
900 begins at a block 904 when a recessed segnent is punched into the sheet
material. Thereafter, a hollow projection is formed in the sheet materi al
in a block 908. If the dianeter of the hollow projection is not
sufficiently large in a block 912, the holl ow projection may be enlarged to
the desired dianeter by driving an 5 enlarging pin into the holl ow
projection in a block 916. After the desired dianmeter of the blind hole is
obt ai ned, nethod 900 proceeds to shear material adjacent to an openi ng of
the holl ow projection and to shift the sheared material towards a center of
the opening to forma continuous | ayer over the opening in a block 920.
This is achieved by using a first tapered pin having a cutting edge for
shearing the material, and having a tapered internal 10 wall to shift the
sheared material to the center of the opening. In a block 924, nethod 900

t hen determ nes whet her a continuous | ayer has been fornmed over the
opening. If the continuous |ayer has not been forned, additional tapered
pin with progressively decreasing dianeters may be used to continue the
shearing process until a continuous |ayer forns a seal ed end over the

hol | ow projection in a block 928. Further processing 15 may be needed to
flatten or conpress the sealed end into a desired shape in a block 932.
Wil e the foregoing description refers to formng a blind hole with
cylindrical configuration with circular cross-section, the described nethod
is equally applicable to form ng blind hole of other geonetrical
cross-sections, such as, an ellipse, a rectangle and a polygon with a
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5 1. Anmethod of formng a blind hole in a sheet material, conprising:
punching the sheet material to define a hollow projection therethough; and
shearing a |layer of material fromthe sheet material to forma seal ed end
over an opening of the hollow projection to formthe blind hole. 10 2. The
method as recited in claim1, further conprising enlarging the holl ow

projection to a predeter MBedf DARIHion df thaDIRviRss as recited in claim
1, wherein the | ayer of na'm‘%l_l‘s’%mr |l ow projection. 15
4. The nmethod as recited in claim3, wherein the |ayer of material is
sheared with a Ther ptesqitndibawsung veillcbé treafilyedgierasst dyt dpefodowinpt éstaadd wal |
wher ein tgﬁ tlﬁgiered internal wal|] is to shear,  the |layer of material towards
a center OfSEHEOB &N ogIunston, With othep persnnagying c fraggngsn o fecilitatonthisi n
the | ayer d}ﬁft}r" ! ! i.h haying a cutting edge
and a tape&r}g%l i ntﬂ ’e!rllﬁéarlefe?/\e/aq%P?%%}%#ég@%giq%%g&gcﬁ% elte L%l\égﬁg'econd pinis |less
than a dianmeter of the first pin. 6. The nethod as recited in claimb5b,
furthers conpri siiggl fslaapdreali angss aetionblbview choRngtdat prep@ithiviachgbinsuisiebi ng a
flat pin over .the sealed end. 7. The nethod as recited in claim1, wherein
a depth ofM#FEAlAp form arscesspdsegment wrthe phest mateirbkness of the sheet
material. 30 8 A sheet material having a top surface, a bottom surface,
and a blind holmgextendiiay LS Ak Aew WL LD, fliowd B CHTRAIRILEh dhe
formed froma method conprising: punching the Sheet nmateriral to ine a
hol | ow pr ches maserial tefoemhachadlow @oftctien. shearing a | ayer of material from
the sheet material to forma seal ed end over an opening of the holl ow
projection to formthe bli. hol e. .9. . The sheet material forpmed froma

net hod as reci tPg%‘n%‘ahlsc‘f Birfipigeross, septional yieay, 25 Ay cRIATERGRIA giriveR tHevgho
proj ecfoi ORhé RolbwPpR§iRtieAM ned diameter. 10. The sheet naterial formed from
a nethod as recited in claim8, wherein the layer of material is adjacent
to the hollow projection. 10 11. The sheet material formed froma nethod as
recited in cl ailig. BB iswiep wiew ofitbe shwpematefialftRig.i3l. i s sheared with a first
pin having a cutting edge and a tapered internal wall, wherein the tapered

internal wall is to .shear the |ayer,.of , materjal.to ds. a cent.er _of .t he
openi ng ﬁg. 2 18 & partial ¢ross ysectlonal view showing a first tapered pin shearing

material towards the center of the top opening of the hollow projection.

Fig. 5 is a partial cross sectional view showing a second tapered pin shearing

15  material towards the center of the top opening of the hollow projection.

Fig. 6 is a partial cross sectional view showing a third tapered pin shearing
material towards the center of the top opening of the hollow projection, and forming a

continuous layer over the top opening of the hollow projection.

Fig. 7 is a partial cross sectional view showing a flat pin punching the continnous

20 layer over the top opening of the hollow projection.
Fig. 8 shows a cross-sectional view of a blind hole formed in a sheet material.

Fig. 9 illustrates a flow chart of forming a blind hole according to one

embodiment of the present invention.




15 12. The sheet material fornmed froma nethod as recited in claim1l,
wherein the |ayer of material is sheared with a second pin having a cutting
edge and a tapered internal wall, wherein a dianeter of the second pin is

| ess than a dianeter of the first pin. 13. The sheet material formed froma
method as recited in claim12, further 20 conprising flattening a surface

of the seal ed end by punching aI)feltﬁitleQi]ﬁgs%\f'ﬁEI'iﬁﬂe seal ed end. 14. The sheet

material formed froma nethod & m 8, wherein a depth of the
blind hole is greater than a thickness of the sheet material. 25 15. A

wor kpi ece havi ng netidd sfprb&dssing GuHBEt Hhtedal B fHRE BlindRbRS idprovidedPTh $ieng: a
segnment having a top surface and a bottom surface; and a blind hol e segnent

coupl ed t dolpEingedaserptionTaImerenst snecifici detalloles S8 ehnisnordends ydewde a

si dewal | ad | def i ni t he i hol nd erein the

seal ed engﬂ‘lﬂg %-I? ?@egﬁ%n.edﬁgrﬁ Ototﬁf% PIpRE ﬁ%ﬁl%feegféwgﬁ bg I“B&‘?’?&?%‘,l’ Ve 1P Pitfe
seal ed sendkilkdi®aRHE that Eledirkaat diSclbdife hRP bS PrdcAE&t withdul sorhB8r MPbKipkgee of
claim 16, wherein the sealed end is fornmed by shearing the top surface of

t he segnerpecifig defils. wit lofhasciastafces] aicth ksywwipeowin operdépishhafe notebidn nd

hole is greater .than a.thi.ckness of the.sheet terial..l0 19. The
wor kpi ecg dggcr%egilrhﬁ%%l?%g?reqoﬁ%? WWW@B%CW% (Pr"T‘SBI?trﬂl%??‘f‘Hlfed di sk casing.
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mML0% | & ()hdti thd G¥tiéng btind hole has an increased projection extending from the bottom
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& () - 3Y% 10%| %‘é)i%ﬁ&s?ré%l sgﬁ &)}ocléés of forming a hollow projection 104 by driving or
punching a narrow pin 216 through the recessed segment 102 from the top surface of the
sheet material 100. The narrow pin 216 has a smaller diameter than that of the flat pin
116. Using a narrow pin to form a through hole prevents excessive stretching and

20 chipping of the sheet material 100 when the narrow pin 216 is driven through the sheet
material 100. The hollow projection 104 is defined by a top opening formed at one end in
the recessed segment 102, a bottom opening at the opposite end, and a sidewall

therebetween defining the depth of the hollow projection 104.

Depending on the requirements of sheet material 100, the hollow projection 104 at

25  this stage may not have the desired internal diameter D3 (as shown in Fig. 8) and may
require enlarging. Fig. 3A illustrates a process of enlarging the hollow projection 104 to

a desired internal diameter of the resulting blind hole. An enlarging pin 316, of the
desired diameter, is inserted through the hollow projection 104. While the enlarging pin

316 is driven or punched through the hollow projection 104, the enlarging pin 316 forces
6
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of the hollow projection (shown in Fig. 3A).

5 Fig. 3B shows a top view of the sheet material 100 of Fig. 3A having a layer of
material 300, adjacent to the top opening of the hollow projection 104, which will be
shifted towards the center of the top opening of the hollow projection 104 to form a

continuous layer 600 (shown in Fig. 6) to seal the top opening.

Fig. 4 illustrates a process to begin sealing the top opening of the hollow

10 projection 104 by using a first tapered pin 416 to shear material towards the center of the
top opening. The first tapered pin 416 includes a cutting edge 418 for shearing the sheet
material and a tapered internal wall 420 to shift a mass of sheared material 400 to flow
towards the center of the top opening of the hollow projection 104. A lower support pin

422 may be inserted between the lower dies 114 to prevent sidewalls 402 of the hollow

15 projection 104 from undue deformation or displacement, and to flatten the sheet material
100 adjacent the bottom opening of the hollow projection 104. Depending on the desired
internal diameter D3 of the hollow projection 104, further shearing may be required to

form a continuous layer 600 over the top opening.

Figs. 5 and 6 illustrate a process to continue sealing the top opening of the hollow

20  projection 104 using additional tapered pins having progressively decreasing diameters.
One or more narrower tapered pins may be required to apply additional force to shift
sheared material 400 towards the center of the top opening. In Fig. 5, a second tapered

pin 516 having a smaller diameter than the first tapered pin 416 is used and in Fig. 6, a

third tapered pin 616 with an even smaller diameter is used.

25 After the first tapered pin 416 and additional tapered pins 516 and 616 have been
used, a continuous layer 600 of sheet material forms a sealed end 600 over the hollow
projection 104 (shown in Fig. 6), which is air-tight. The sealed end 600 may have an
uneven surface resulting from the shearing process. If a smooth surface is desired, the

uneven surface may be smoothed by placing a support pin 718 under the sealed end 600
7
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600 into a desired shape (shown in Fig. 7).

Fig. 8 shows a side cross-sectional view of a blind hole formed in a sheet material
100 according to the above description. The sheet material 100 as shown has a thickness
5  of D1. The blind hole projects from a bottom surface of the sheet material 100 and has a
depth D2, where D2 is greater than D1, and an internal diameter D3. The recessed
segment 102 is formed in a top surface of the sheet material 100 and has an internal
diameter D4, where D4 is greater than D3. As illustrated in Fig. 8, the recessed segment

102 is integral with the sealed end 600 of the blind hole.

10 An advantage of the present invention is that the depth D2 of the blind hole can be
greater than the thickness D1 of the sheet material 100. Further, by adjusting the internal
diameter of the recessed segment D4 and the internal diameter D3 of the blind hole, a
greater depth D2 of the blind hole can be achieved even though the thickness D1 of the
sheet material 100 is unchanged. In addition, the blind hole formed in the present

15  invention is air-tight, which is particularly important in applications where the leakage of

air must be prevented.

The above-described method of forming blind holes is suitable for use in casing
for hard disk drives, where PCBs and motors are mounted to the casing. Fig. 8 further
illustrates a PCB board 802 and a mounting screw 804 for mounting the PCB board 802

20  to the sheet material 100, which may be processed to form part of a casing. Because the
interior of a hard disk drive is very sensitive and may be casily damaged by particles in

the air, the air-tight seal of the blind holes is extremely important to maintain system

integrity.

As an illustration, the sheet material 100 in a hard disk drive may have a thickness

25 of between about 1 to about 3 mm. The resulting blind hole may have an internal
diameter of about 2.6 mm and a depth of about 4 to about 5 mm. The sheet material 100

of the present disclosure is typically made of a malleable material, which may comprise a

metallic element, such as, aluminum, iron and steel.

Fig. 9 illustrates a flow chart of a method 900 of forming a blind hole in a sheet

8
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912, the hollow projection may be enlarged to the desired diameter by driving an

5  enlarging pin into the hollow projection in a block 916. After the desired diameter of the

blind hole is obtained, method 900 proceeds to shear material adjacent to an opening of

the hollow projection and to shift the sheared material towards a center of the opening to

form a continuous layer over the opening in a block 920. This is achieved by using a first

tapered pin having a cutting edge for shearing the material, and having a tapered internal

10 wall to shift the sheared material to the center of the opening. In a block 924, method 900

then determines whether a continuous layer has been formed over the opening. If the

continmous layer has not been formed, additional tapered pin with progressively

decreasing diameters may be used to continue the shearing process until a continuous

layer forms a sealed end over the hollow projection in a block 928. Further processing

15  may be needed to flatten or compress the sealed end into a desired shape in a block 932.

While the foregoing description refers to forming a blind hole with cylindrical
configuration with circular cross-section, the described method is equally applicable to
forming blind hole of other geometrical cross-sections, such as, an ellipse, a rectangle and

a polygon with a plurality of sides.

20 Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention. Furthermore,
certain terminology has been used for the purposes of descriptive clarity, and not to limit
the present invention. The embodiments and preferred features described above should

be considered exemplary, with the invention being defined by the appended claims.

25

30
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What is claimed is:

5 1. A method of forming a blind hole in a sheet material, comprising:
punching the sheet material to define a hollow projection therethough; and
shearing a layer of material from the sheet material to form a sealed end over an

opening of the hollow projection to form the blind hole.

10 2. The method as recited in claim 1, further comprising enlarging the hollow

projection to a predetermined diameter.

3. The method as recited in claim 1, wherein the layer of material is adjacent

to the hollow projection.

15
4, The method as recited in claim 3, wherein the layer of material is sheared
with a first pin having a cutting edge and a tapered internal wall, wherein the tapered
mternal wall is to shear the layer of material towards a center of the opening.
20 5. The method as recited in claim 4, wherein the layer of material is sheared

with a second pin having a cutting edge and a tapered internal wall, wherein a diameter of

the second pin is less than a diameter of the first pin.

6. The method as recited in claim 5, further comprising flattening a surface of

25  the sealed end by punching a flat pin over the sealed end.

7. The method as recited in claim 1, wherein a depth of the blind hole is

greater than a thickness of the sheet material.

30 8. A sheet material having a top surface, a bottom surface, and a blind hole
extending therethrough, wherein the sheet material is formed from a method comprising;

punching the sheet material to define a hollow projection therethough; and
10
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opening of the hollow projection to form the blind hole.

9. The sheet material formed from a method as recited in claim 8, ﬁthhef

5  comprising enlarging the hollow projection to a predetermined diameter.

10.  The sheet material formed from a method as recited in claim 8, wherein

the layer of material is adjacent to the hollow projection.

10 11.  The sheet material formed from a method as recited in claim 10, wherein
the layer of material is sheared with a first pin having a cutting edge and a tapered internal
wall, wherein the tapered internal wall is to shear the layer of material towards a center of

the opening.

15 12. The sheet material formed from a method as recited in claim 11, wherein
the layer of material is sheared with a second pin having a cutting edge and a tapered

internal wall, wherein a diameter of the second pin is less than a diameter of the first pin.

13. The sheet material formed from a method as recited in claim 12, further
20 comprising flattening a surface of the sealed end by punching a flat pin over the sealed

end.

14, The sheet material formed from a method as recited in claim 8, wherein a

depth of the blind hole is greater than a thickness of the sheet material.

25
15. A workpiece having a blind hole, comprising:
a sheet material, comprising:
a segment having a top surface and a bottom surface; and
a blind hole segment coupled to the segment, wherein the blind hole
30 segment includes a sidewall and a sealed end for defining the blind hole and

wherein the sealed end is airtight.
11
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5 17.  The workpiece of claim 16, wherein the sealed end is formed by shearing

the top surface of the segment.

18.  The workpiece of claim 16, wherein a depth of the blind hole is greater
than a thickness of the sheet material.

10

19.  The workpiece of claim 15, wherein the workpiece is to form a hard disk

casing.

12




