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 nethod for processing
a sheet of material. 5 Moire particularly, it relates to a nethod 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 the
opposite end. BIEnHdDOsForweNgG By impiioass IonA $ERrEIrrQriviameraaki ng
mechani snms to el ectronic devices. They are useful in situations where

t hrough holes would render a less refjned 10 appearance than desired.
Blind holes are also useful in appligéﬁggﬁggﬂgguiring air-tightness, such
as in hard disk drives where airflow may contamnate the interior of the

hard drive. | pjedd6theaARPihi§AL | ONS, blind holes may be forned in the casing
for mounting printed circuit boards (PCB), notors, and sem conductor

chips. 15 A conventional nethod of formng a blind hole begins by drilling
a through hol e Tie phesent dintlesiralrcla@ndo endhetifodt foe frbeessiah ahsheet o nidoaiul.
cl osed hy cin d.. One romthis

.a.seal. over that _e rohlemarisin )
met hod is tHSICR CLH%%{» i gl i 2 rgtaod f ﬁorlmng@vérngéogﬁwﬁhﬂﬁe Rhealriak t he
sheet material. Using a thicker sheet of material will enable the

constructi o) @es@ipleRPSN thRlRdMteli Qg 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 close the
t hrough hol e. The blipgiheld is aduillowopropictigs openedrastonpreadiade chosediar theiophositeal |,
and hence the seal | d_not. be .an .adequate seal for a hlind hole of a
nard di ok oty SRl hets drHe AmEEHB B Era ek Rrtidrs Pelppont
control I'i ngieht@s. dgREN aff usdhill lih isftGatidhk Qwhetd 1308 IERSI BRI Alnde N iQS Lialie! V.
one of the problens arising fromthis nethod iS that the
10 appearance than desired.
Blind holes are also useful in applications requiring air-tightness, such as in hard
disk drives where airflow may contaminate the interior of the hard drive. In such
applications, blind holes may be formed in the casing for mounting printed circuit boards

(PCB), motors, and semiconductor chips.

15 A conventional method of forming a blind hole begins by drilling a through hole
in sheet material. One end of the through hole is then closed by placing a seal over that
end. One problem arising from this method is that the depth of the hole is limited to the
thickness of the sheet material. Using a thicker sheet of material will enable the

construction of a deeper blind hole.

20 However, in portable devices, where weight and form factor are crucial, having a
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 a sheet 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



depth of the hole is limted to the thickness of the sheet material.
Further, drilled material bits may be trapped in the blind hole and
requiring additional effort to renove. 1. Renoving the debris fromthe
blind hole is usually acconplished by using conpressed air, which may

| odge flyi nq{ debris on egt‘her parts of the sheet material. Another
convent i onalRGRYithsrdebes dony the Blindikolpdy wsusByianeonimlishedrpy essigngntphessed

heet mater i gl Aga ' | ifice therein. Aportion of th
hect ot or o "R LS B G DR e B BT Bt Compr esei on 1o

forman extruded portion by enploying a rain press. A post is then forcibly

inserted into theémesiter coeenfiondlindihed of femiEBlind B8 bedins 9 chidtestig the
extruded portion fornms a hollow projection around the post.” Thée inseéertion

of the post SRt EwiarabpEaiEst dalie having antaridicgthdreine Avpbitionoyf the shewt mekrialien

the post:isgufi.n it hdeawn, lind hole or hollow projectjon having a

cl osgd end gl{eht ﬁ{eth%swslhg)e}tﬁ%ng?g?? ar’ P1§‘ ?%PPFS%?.IODO%% fg%%}ﬂelrﬁiWieﬁ Poffien nby

conpr essi onemployig 4 gant bﬁatss.aA\r,ﬁfs@%th@ﬁ forcbie ik atdOmd Y é%?‘mﬁ&:f g@ﬂoﬁ‘tof e
en 0 y

side of the conpressed sheet the sheet” material Is rci ext ruded
into the orfiet@aterisf so dedt shergriradedmpyrtibe farmtsha hobaw gidjeviak eredd sioposti n

material - oneleARaorabs B AT Gl op Tl PRl vellpp RS kEme LR may

weaken the et is EhalfRtvehilRwiOk bEXE RokaH$B11H@ jon! Hhv¥d t
foregoing, it is therlg?ore deéll rabl e too provi dg@%&}o#p}gbggd d’yvcr:%g%eﬁio%g a(t:)Fhe

f or m ng'%l | gehBrissal iy farnagte ePnemrablénawith2hBuomeressivh méthod fvent i esved or
net hod of f. i lind hol.e.i.n a.sheet material ,and a confjguration, of
et hod of AR AnEL LA RS 1R 8i5HeRE TRt il and, 2 cpnt) gurat op o
The et hod forgblydReud AURENIHEBrifids. THRIRLENH Rayb 8RS aAd BRLLGW: spot
projection and shearing a | ayer of materi al

in the closed end of the blind hole. Another problem is that the sheet material

experiences stretching and stress from the compression, which may weaken the sheet

15 material or even cause failure.

In view of the foregoing, it is therefore desirable to provide an improved method

of forming blind holes in a sheet material.



5 fromthe sheet material to forma sealed end over an opening of the

hol | ow projection to formthe blind hole. The nethod nay al so incl ude
enlarging the hollow projection to a predetermined desired dianeter of the
blind hole. An advantage of first formng a hollow projection and 10
thereafter enlarging the dianmeter of the hollow projection to a desired
dianeter is to prevent excessiQE stretc ng nd _chi ppi ng of the sheet
material. Shearing a |ayer of ey o Ihe, material to forma
seal ed end over an aqpening of the hollow projection to formthe blind hole

i ncl udes the use ‘bfMedind Arfomping a biBdtheprenedshsetmatedwl g peadigesitivr ef yheet
decreasi ng di ; hear. the sheget ter) and shift_a mass. of the
shear ed mat gllrll a: : (%g\llgé gé’%gg%8%%%?11%(?&?%4&%ﬁ%%#“?dga%i’rqwgedhJhedwtﬁ?ﬁ Brldes on
until a conpunchingthealiedt nsRaif & HEHRPERSINEY pfediBRARE s%aﬁﬁ%%l{ie}%frbpﬁl%eriah
appear ance, the continuous |ayer or sealed end nmay be atten by punchi ng
a flat pfn figpethersheetgpatpréal tedorm 26esled ebovarahepeaing of dieedioacpoiedtion td 0
t he presentg‘;@@?%ﬁ ﬁEd udes a segnment having a top surface and a bottom
surface, and’a ing (3%e segnent coupled to the sheet material segnent,
wherein the blind hole segnent includes a sidewall and a seal ed end for
defining the blind hole and wherein the sealed end is airtight. 25 The
present met hod offh¢ srethadgmby elsd indhdeserlaginerthé bollew Ipyojactiocanbageedteratnéde

| osed end of .the. bl ind hol e.i d air-tight, Further, th i
Gepth of "t nassigl SiaBio e SinPhalfo 87 eswirsontide bymia hboskmaissaT the
sheet med er ihgteaftbiNshiAhe HRCdiafRINE @ 'Iﬁ%%ﬁ%&ﬁ% Q?Qaf géﬁ%dbdiérﬁge{;@é B o

be greater than the thickness of the sheet teria require
user. HencepPrega exeassl vowirgbhing indreltippinglof tizashedienatediiced. Wth a deeper
blind hole, screw threads can be nade |onger, resulting in a nore secured

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 includes the use of one or more

15 tapered pins having progressively decreasing diameters to shear the sheet material and
shift a mass of the sheared material towards a center of the opening of the hollow
projection until a continuous layer seals the opening. To render a more refined
appearance, the continuous layer or sealed end may be flattened by punching a flat pin

over the sealed end.

20
A sheet material, formed according to the present method, includes a segment
having a top surface and a bottom surface, and a blind hole segment coupled to the sheet
material segment, wherein the blind hole segment includes a sidewall and a sealed end for
defining the blind hole and wherein the sealed end is airtight.
25

The present method of forming blind holes is particularly advantageous as the
closed end of the blind hole is rendered air-tight. Further, the maximum depth of the
blind hole is no longer constrained by the thickness of the sheet material. Instead, the
method allows the depth of the blind hole to be greater than the thickness of the sheet

30 material if required by a user. Hence, cost and weight of materials can be reduced. With

a deeper blind hole, screw threads can be made longer, resulting in a more secured
3



3 fastening of the PCB, notor or other elements to a base plate nmade from
the sheet nmaterial. This is especially desirable in portabl e devices,
where formfactor and secured fastening are of paranount inportance. 4
Brief Description of the Drawi ngs The present disclosure will be readily
understood by the follow ng detailed description in conjunction with the
accomnpanyi nd%/mrém w§she PER, amblor toat @hdrhélsmentestord phicoplatd ilide fesne ten eBeet
nuneral s designate like structural elements, 5 Fig. 1 is a partial cross
sectional Vi %F%a:ﬁ-oxﬁhﬂfglsa?sl?@ééﬂyﬁ{eﬁlfﬁﬁ%hp?f@asb asiess, whemgdam fpsereandsecured
forma reces : I material. Fig. 2 is a partial cross
sect i onal vi%ﬁ?ﬁ%%ﬂ?ﬁgbghﬂg%ggﬁﬁgﬁﬁﬁ%ﬁiven through the sheet material to
forma hollow projection. Fig. 3Ais a partial cross sectional view show ng
an enlarging pin driven through 10 the hollow projection. Fig. 3Bis a top
view of the sheet material of Fig. 3A. Fig. 4 is a partial cross sectional
view showng a first tapered pin shearing material towards the center of
the top opening of the hollow 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 the hollow projection. Fig. 6 is a partial
cross sectional view showng a third tapered pin shearing material towards
the center of the top opening of the hollow projection, and form ng a
continuous | ayer over the top opening of the hollow projection. Fig. 7 is a
partial cross sectional view showing a flat pin punching the continuous 20
| ayer over the top opening of the hollow projection.



Fig. 8 shows a cross-sectional view of a blind hole fornmed in a sheet
material. Fig. 9 illustrates a flow chart of formng a blind hole according
to one enbodi ment of the present invention. 5 Detailed Description A

met hod of processing a sheet material to formblind holes is provided. In
the follow ng description, nunerous specific details are set forth in
order to provide a thoroug l@?yg& gﬂggna i!!thhﬁ Eresent di scl osure. It

wi || be understood, however, 1 , that the present
di scl osure may be practiced without some or all of these specific details.
I n other instancemhe dnt Kay S At i : qibed
in detail in order ngt@kto ugﬁg%‘e%sggl?li F?/qgﬁ[lsl%?g@%ﬂgg%%gggﬁt ﬁjgll%gvéﬁug??r%%leg
Fig. 1 illuslesciptienaimpresspstion wish ntheg aecongmesimed desgngnt 102 fidiitates Higet
mat eri al 1%%.0 The S eet .materi al }0(? S sej,ci%red bet ween an upper die 112
and a | ower SHPEPHPY, kg Tefepencq spuetalsdeyianats like shuaiued clepwats: t he sheet
material 100 to receive the recessed segnent 102 and to define the depth of
the recessed segmptl.isA dk@ll Risd hSvi - el -l
100 fromits top%rfaceﬂ agai nst Sﬁ@“?ﬁlgﬁ%gﬁﬁﬁéﬁj ﬁl%iq)rlllji ?ﬁ%chf%e ‘thg}r{rgr?% g%ée?
recessed se#frnial toProm ebessehwgmentinghé seefl@®@teriAll advant age of t he
recessed segnent is that the resulting blind hole has an increased

proj ection extengg ng, .from%ii e bottogr%J 5.sur$ac,e of the sheet material 100.
Fig. 2 illustrateda BriotBHe gPss ¥ VIEh SPEBARE 5 BT PRl thioughithe ng
or punchi n@le%tm@feﬁ@v\to%ﬂn%lﬁnbﬁg%ﬁgai&be recessed segnent 102 fromthe top
surface of the sheet material 100." The narrow pin 216 has a snaller

di anmeter than that of the flat pin 116. Using a narrow pin to forma

t hrough hol e preligns isxqustslveosstseetianal vigwashdwaz ah eppigneg i driven shreegh

mat eri al, 10 the. narrow pin 216 is driven through the sheet nmaterial
100. Théa0 ho e\é\@vﬁg‘%}@‘g’%&?’&n 104 is defined by a top opening fornmed at one
end in

Fig. 3B is 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 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 continuous

.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,



the recessed segnent 102, a bottom opening at the opposite end, and a
sidewal | therebetween defining the depth of the holl ow projection 104.
Dependi ng on the requirenents of sheet material 100, the hollow projection
104 at 25 this stage nmay not have the desired internal dianeter D3 (as
shown in Fig. 8 and may require enlarging. Fig. 3Aillustrates a process

of enlarging the hollow projecti A a defc,i red internal dianeter of
the resulting blind hole. An enlgﬁ&%—%—é&m < JUBH the desired dianeter,
is inserted through the hollow projection 104. Wile the enlarging pin 316

is driven or punghegtidar 166Gt .04, i Ln
316 forces 6 the sheet &n%i?g?eirsgﬁg I%%?)lb?\g%?[gﬂq I?Sfﬂf)@%b'gl ﬂéh(s)ﬁ'g? i S{(yfvﬁe%éqg the
enl ar gi ng pifell@ieg Gserigionheusieres speeifier dahilslaf ke Hemumedrdey tbhaovidpes
112 and | owgr 1\%{%‘1 dies, the r?aéerial is forcibly. extruded at the bottom
openi ng of FIFECHRN Y strnginacatithepmesent disclasutsy Jt il basndstond hoswsmer, topng he

hol | ow ps o] giGlik@H €18 RAWMhat ﬁg?%ent?ﬂ?gclosﬁré: 1;9%, b% Era%ﬁg%g\?/ﬁgfuggg%% %évalj? égﬂﬁ% to

sheet material 100 of Fig. aving a la
the top opespesifiofletatie hbl bthar pnajreet,i ool IdbwivbieRsiWobéraliéns Vg ©80 been

towards the,center, of the top opening of the hollow projection 104 to form
a conti nuoﬁ%scflgisztn ‘%’f?éﬂpé)ﬁ&hﬁmﬁ? ymngeesearily gbscueg the peesemsdlissisnrong. Fig. 4
illustrates a process to begin sealing the top opening of the hollow io
projection 104 byiusiiNgidtdsid eed D 140 ter;al war ds
the center of the gut ép oper?i n%kcéfﬁg?ff%?g? arg%ergséeg Sﬁg‘ﬁ%‘i‘ﬂ@%’cﬁ %Jh%(%ts&gtmap
cutting edgEdW1Bhe deetshetarialngOtihsccaheidietweat a1 imler aid 13 dhdpdoeer divtiesnal

wal | 428) to shift.a rrgss f)f dshg%regqnateri al 400 to flow towards the
center of tTEPPHPISILRIThEla68d pader g plerat prasgrisd 0B o Tereiventhe gogassed gspment pi n
422 may be igsgld @hdgt WReR St ' t0 S ] g, of
the holl ow 15 projection 10X§}rro{n}}1%\3§§fggédce§ orﬁ’tétAl ggﬁgﬁrﬁglks%:ug‘%i\é\% r‘f?’?éghed to
flatten thehstiematenmt d00 ftom I80opdjunkentaghine Mot fivMmuaperi pig DIS therhpkhow
projection 104, {Pependi {10% on t he desired

recessed segment on the sheet material 100. An advantage of the recessed segment is

that the resulting blind hole has an increased projection extending from the bottom

15 surface of the sheet material 100,

Fig. 2 illustrates a process 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



internal dianeter D3 of the hollow projection 104, further shearing may be
required to forma continuous |ayer 600 over the top opening. Figs. 5 and

6 illustrate a process to continue sealing the top opening of the holl ow
20 projection 104 using additional tapered pins having progressively
decr easi ng d anet or_nore narrower tapered pins may be required to

apply addi tit g}eef H’raE?éla{ (]30% Kadiglly @W@dhédhafhpétheaﬂnmgl@gtp@v\éi@s Sittve th@ﬂh@t of

the top ope Fi 1 in

i anet or ol PoTbopited BYRE B! BPF NG LB P by prachid tfwmbew
taper ed pi neStaded 4t hebbt@wespim dfRhe Hbmﬁbﬁgedn%n 488 3heréBy ﬁifcl;e%gln% d;%t
tapered pin 416 and addjtional tapered pins 616 have bee é’

cont i nuous Pﬁ%r oblow rseiegtirsetshemin 1 Figl 3Abrns a seal ed end 600 over the
hol  ow projection 104 (shown in Flg 6), whichis air- tlght The seal ed

end 600 may haveg rf | t n fr h sh cess

a snoot h surface ?Pg gégshl%\ragaa &)ﬁ ﬁéﬁ%ﬁh P%@/ gg %YST %l ng
a support pintéfik8 3000afjadehetsarl og GRd O&thz N b f Cfk Pi N
716 over the seal ed end 600 to co?rp(rgjeasgl@t he seal g\avpée}%é 166}8(1)@} n‘%’g&g gsllgbr ed

shape (shomﬁhlﬁ?ﬂ I‘—"P‘gafd?)the Ferger of tisolay epesingeofcthe dmllswcpiogattbn tiddvioabra a
blind hoIe according to the above
descri pti on. e S e%?a @Qggr}o“% m%g%aéﬂsto §%8W‘? 'BRSPENIEHK| ckness 5 of DL. The

blind hole projects froma bottom surface of the sheet material 100 and has

a depth D2, wher Bigh2 iilfusgarate é)réd@:@@ tOlbegNdeAhg 'ﬂlteetoﬁabpéiiﬁx?g?%tfethe Ry o%he

recessed segment 102 is formed in a top surface of e sh materla
and has!%n wrﬁtf’éﬂ%ﬂ 04 Qy apig erfirptaperhé pin €6 ﬁ0§hgarreaatema1tthwardﬁ)ﬁle dater ofthe

illustrated e iS.i w.th t
seal ed end 888) P 'e:#n%g.hg’hgl in cfaﬁe%%sgm At}%ﬁlﬁc Bg?faeh 6’%3 B‘igctﬁhgg% shearipe ﬁfﬁ/@ﬁf’q on
i s that themdefbhadda efpetclantebiadthdliod® ©AdhiRe mAsAtRLarkd 8latdre 4@@'&? KR&SS
D1 of the sheet material 100. Further, by adjusting the internal
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 diamieters.
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



di aneter of the recessed segnment D4 and the internal dianeter D3 of the
blind hole, a greater depth D2 of the blind hole can be achi eved even

t hough 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 inportant in applications where the | eakage of air
nust be preAtdachitaa s epachisincybeverrthe kerdedénd 60T gorhprcsdthbakasd esd

sui tabl e for i j r hard. diisk drives, where PCBs and notors are
nmount ed to téﬁgﬁﬁtgé%ﬁg‘?édF@gPegfg?WPﬂ% & L7?I |ustrates a PCB board 802 and a

mounting screw 804 for nounting the PCB board 802 20 to the sheet materi al

100, which may beipriogessadidaurbarmnar valv & FARIIDIe RRERHTE ' or
of a hard disk drive is very sensitive axd may be eas?ly amagg@wiafgrﬁ[

particles i i00@peording to theerbave descihtiors eBhe sifeet metehihl 1 dsathesnilas extitiarsss y

i mportant t [ [ stem. integrity, As illustration, the sheet
mrert al 1087 P AR et NP RierS S5 vhiiol“wirs etdhe sheet mnésil §60 sabhasbou
1 to about Jepn DIh@h&eSL tik bl g e ag: .| rigal i of
about 2.6 mﬂlglr?d a depth of1 %geoautr 4 tgﬂégagg?%Sn%ﬁaLrﬁlgh% ege]tﬂﬁrra?{e%rll%g%gﬁ%o

of the presé&pgmat JOP ds demnddsint g o alnfycensitithe chea mmietiglablle anhhey bdlintenddl ch
iron and steel. Fig. 9

i sg. | 1.i I t | um
11 ust r ot e gt GE e B STeireton Bingpd e HisHHeAN £b1% e Wereed spemoshct
8 material 10Dis iMiROF1H: RAFINSIR003r Bl 38k When a recessed segnent is
punched into the sheet material. Thereafter, a hollow projection is forned

in the sheet material in a bl ock 9(_)8. If the di aneter of the holl ow
proj ectibn i s nof\ngdrdntegecfithy piesergénvientian tsltbatkhe &4@h Dhe thoblirevhaks ejreied | on

the ol Fow BearefnahFinkReostiy bt BFahekemtet nbbalufheqbhraneis e memal
blind hol e dh'me@tét Af MigclrecoBbd QeI 14 AHE A ink@nANGRLR TR b Phe WHAGRN, 4 ©
an opening goreater 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
iltustrates 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 easily 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



t he 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
then det er mpAIAHEPh eYlethod SR hegingsat [adyleek A% wWhern rfeossset sepment fshpunched

ing. If; i h t been forned, addjtional tapered
P Wi o pr 8 due SR8 HARANE LRI AR, PORRLS hRfoedt b sbi maRT e
shearing pradgsck 0%, i If tBe GRRct? WIYEe hd1Bebrd QTR i@n@@s%lfﬁgelﬁﬁﬂlaf%gg Cf; 128%1%

hol  ow projection in a block 928. Further piocessing 15 may "be
flatten or Ebkpridsshallew peicatignemdy ibet enlargad <o rtbel dehiagle diameterbbp dkivBiglan

Wiile the f ' d i ptJ f to f ' bl j hol e with
oL ot SEL B TSRTEA SR L9 L GAD B Fh B b Bt o
met hod is equad hyleaPpbiaarbl! MetRd Joor sHaRIPL Q{éamaﬁeé&f a8k 'Et&%?\[}ﬁrﬁﬁ%ﬁ%
cross-sections, such as, an ellipse, a rectangle an a “pol ygon

plurality othediodlew. progcidhend oribifl ithreshesred indtéréal itowads h cantat b1 thbepapipatent
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proj ection doatiaual 14er 8ChoCbeR! hGARY, € adBiSHd HaperBBpin 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.
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then shearing a |layer of material on one side of the sheet of nmalleable
material to forma seal ed end over an opening of the hollow projection to
formthe blind hole. 10 2. The nethod as recited in claim1, further
conprising enlarging the hollow projection to a predeterm ned dianeter. 3.
The nethod as recited in claim1, wherein the layer of material is adjacent
to the hollow projection. 15 4. The as recited in claim3, wherein
the layer of material is sheared wﬁtﬁﬂ%&ﬂggrst pin having a cutting edge
and a tapered internal wall, wherein the tapered internal wall is to shear
t he | ayer Whatmatkimal ist owards a center of the opening. 20 5. The nethod as
recited in claim4, wherein the |ayer of naterial is sheared with a second
pin having a cuttin d and a, la red | tern , mhereln a .di anet er
of the® sccond p“wﬁeﬁ%egpgf%@%ﬁbéfﬁ Heon ke Ofmally ?%b#%lelaﬁspﬁ c@UPHHA et hod
as recited in Cbﬁi‘ldﬁuﬁgaﬁ&[&vb‘?f J&%@H&lﬁr‘%h?{gthfelsﬁéét%@hﬂﬂleﬁal@Hfaic%%? Al the 25
seal ed end by punching a pin over The sealed end. 7. The nethod as
recited in claithet shwlmga 1|ayea Qf@mth:aifontolne stlciofithansbicet dfangjleeblicamateridian a

thi ckness f81tm gggales&] e:ndt over an opemng oto 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 internal
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 the

25  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.
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