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A VESSEL, AN APPARATUS FOR MANUFACTURING THE VESSEL AND

A METHOD OF MANUFACTURING THE VESSEL FIELD OF INVENTION 5

This invention relates to a vessel, an apparatus for manufacturing the vessel

and a method of manufacturing the vessel. The vessel refers particularly,

thou%h not_exclusively, to a vessel used to contain fluids sub%ected to high
s

FESHleAN ATBARALISs FRRINANY FO S TN filbi{ER%GL AND A
creMETHOBsOAN ANCIF AT PURINGOTHEBMESSBDe holes on at least one
surface of a panel. The method of manufacturing the vessel refers
particularly to the drilling of holes with neck protrusions around the holes on
at HEAMDHRE NMEN M panel. BACKGROUND 15 Transportation of items to
every corner of the world is required to meet the needs of people.
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component which fails regularly is the receiver-drier vesselthat is part of the
refRERIRIBRSSIEH. “T‘FIEO@%%‘ &P BRRYEPERLTi§ AN rigerant, and

also where moisture is removed from the refrigerant. Besides the problems

me&ﬂWlier, a common problem in relation to the receiver-drier

vessel stems from the serviceability of the inlets and outlets of the vessel.
Transportation of items to every corner of the world is required to meet the needs of

people. Frequently, the items to be transported are perishable and require storage

at a lowered temperature.

Containers have had incorporated refrigeration systems for the transport of such
items for a long time. However, the components of such incorporated refrigeration
systems are usually exposed to the elements and these exposed components fail
often due to factors like, for example, environmental degradation, wear-and-tear at
joints and the like. When such components fail, the damages payable for the spoilt

perishable items in a twenty-foot container are significant.

One such component which fails regularly is the receiver-drier vessel that is part of
the refrigeration system. This is the storage tank for the liquid refrigerant, and also
where moisture is removed from the refrigerant. Besides the problems mentioned
earlier, a common problem in relation to the receiver-drier vessel stems from the

serviceability of the inlets and outlets of the vessel.



1 Existing receiver-drier vessels utilise welds at the inlets and outlets to fix

the positions of necks to which relevant pipings are attached. The regular
removal and re-attachment of the pipings from the vessel for maintenance
weakens the welds and causes leakage of refrigerant from cracks in the

welds at the inlets and outlets. 5 This would affect the cooling capability of
theTeTHOR rERISIVEStien XRRPRISyHIHAYaIZR i the itRislS BEAPLliEd ' ttethe
coptaiiensTdfusetas theveicrestmbyrdrgldhigsasnd ateitiosts dhdnbimgahatmoval and
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material, such as, for exam Te, 10 metal and plastic. Currently, neck portions

onIFLEARATIRBSR RbIEY gpEasE fraraterasleciBsiNfeidstaidherarets andsoutlets.
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weakness_are more pronounced when the surface to which the neck portions

R B R ARV RS RN There is provided an

elongated vessel for the containment of fluid, including: at least one inlet for

ther W?éﬁs pteeaflishie dhe vesarl ﬁ%@&?@ﬁ@mmﬁ‘gQHH?éF@blé@rﬁg%ﬁ%’H a
the fluid from the vessel. The vessel m%%ﬁ sealed at a first end and 20 a
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vessel may be formed from a ductile metal sheet of a predetermined
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stannesstiséarici pertisickaesweildetbishwditile metal sheet may be at least 1
mm. Preferably, a first end of the inlet protrudes from an outer surface of the
vessel, and a second end of the inlet protrudes from an inner surface of the
15 ve SSEMMARY| QF INMENTIRNhat a first end of the outlet protrudes from an
outer surface of the vessel, 30 and a second end of the outlet protrudes from

n_nner surface of the vessel.
a 'mere |Ss p?ov(?ded a?l egggated vessel for the containment of fluid, including: at

least one inlet for the ingress of the fluid to the vessel; and at least one outlet for
the egress of the fluid from the vessel. The vessel may be sealed at a first end and
20 a second end with the fluid in the vessel maintained at a predetermined pressure,
and the inlet and the outlet may be annular conduits extruded from the vessel
forming neck portions that add structural strength and rigidity. The vessel may be
formed from a ductile metal sheet of a predetermined thickness such as, for
example, copper, mild steel, aluminum, lead and stainless steel. The thickness of

25  the ductile metal sheet may be at least 1 mm.

Preferably, a first end of the inlet protrudes from an outer surface of the vessel, and
a second end of the inlet protrudes from an inner surface of the vessel. It is also
preferable that a first end of the outlet protrudes from an outer surface of the vessel,

30 and a second end of the outlet protrudes from an inner surface of the vessel.

Preferably, an edge of the first and second ends of the inlet may be bent at an

angle of between 70° to 100° forming an overhang. The edge of the first and

2



Preferably, an edge of the first and second ends of the inlet may be bent at
an angle of between 700 to 100 forming an overhang. The edge of the first
and 2 second ends of the outlet may also be bent at an angle of between
700 to 1000 forming an overhang. It is most preferable that the angle of bend
is 90. It should preferable be angled so that the brazm%weldlng materi
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eI IS prefe arefrigerant. T IS also provi ed an apparatus
borlng an openlng in a metal panel 10 including: a cylindrical extension to

5 enghdecrapipapamilsi iohe\@dpeias e otsdng erﬁdirmuﬁﬂ&@sﬁméadi‘l)ﬁmo psi.
seq.thons with tﬁperggsnrr%t tnglts Ip05|t (é)?g%ﬁa? t% §tla ny tg\ﬁgll ea%w Sgthertﬂl (()jf o

the cylln(?rlcai"expensmn Is pre IAmeters of'Secdnd @nds o
ea&ﬁ%@btﬂwékwddmée/\ﬁtﬁrwerdthm@@@ﬁsrwq@p@b@oafrm‘tlgﬁ@@bf each
previous section and the diameter of a section subsequent to the cylindrical
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be tapered at an angle of between 100 to 200. T Ses may also be
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20  Preferably, the tapered edges are cutting edges. The edges may be tapered at an
angle of between 10° to 20°. The edges may also be tapered at an angle of
between 14° to 16°. The edges may be tapered at an angle of between 14.8° to

15.2° It is preferable when the edges are tapered at an angle of 15°.

25 It is preferable that the metal to be bored is ductile. The ductile metal may be, for
example, copper, mild steel, aluminum, lead and stainless steel. The metal panel to

be bored may be flat or curved.

A method to bore an opening in a metal panel is also disclosed. The method
30 includes the steps of: boring a pre-hole to mark the position of the opening in the
metal panel; attaching an apparatus for boring in a housing of a drill; running the

drill at a pre-determined speed of rotation; and pushing the apparatus through a
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metal panel; attaching an apparatus for boring in a housing of a drill; running
the drill at a pre-determined speed of rotation; and pushing the apparatus
through a 3 mark made by the pre-hole. Preferably, the drill is run at a
pre-determined speed of rotation for a conduit to be extruded from the metal
panel. Preferably, the opening has neck protrusions on a first surface and a
seRHl BAdGRYCh o PR RISt "BighAPAN e b iR HRRBrORIGEAShsRed of
firso&atidséaandsiddade o kiieidedtibpathel metyl lpadent at an angle of
between 700 to 1000. Preferably, the angle of bend is 90. It is preferable that
the size of the pre-hole determines the height of the neck 10 protrusions.
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be Juerask isfddetiestdineametaliebgebsr etk meskhs stlidioaso hotheXfasiRied second
co r, mild steel, aluminum, lead and,stajnless steel. It is preferabl t the o
Ao G DRI b AR B8 50l 2000 Bree1s CERERTP N A
DRAFENCS theordelethhbend inddition may be better understood and readily
put into practical effect, there shall now be described by way of non-limitative

example only preferred 20 embodiments of the present inventjon, the
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inlet/outlet of a preferred 25 embodiment of the present invention; Figure 3
sh6ARPE topIdiatReds al sriteme e 2R RAETR S € bresent invention; Figure

4 shows a perspective view of a preferred embodiment of the present
mvl?%t'&%;ferable that the pre-determined speed of rotation is at least 3000 rpm.

DESCRIPTION OF DRAWINGS

In order that the invention may be better understood and readily put into practical
effect, there shall now be described by way of non-limitative example only preferred
embodiments of the present invention, the description being in reference to the
accompanying illustrative drawings in which:

Figure 1 shows a cross-sectional view of a preferred embodiment of the present
invention;

Figure 2 shows a magnified cross-sectional view of an inlet/outlet of a preferred
embodiment of the present invention;

Figure 3 shows a top view of a preferred embodiment of the present invention;
Figure 4 shows a perspective view of a preferred embodiment of the present
invention;

Figure 5 shows an apparatus used to manufacture a preferred embodiment of the
present invention;

Figure 6 shows a front view of an apparatus used to manufacture a preferred

embodiment of the present invention; and
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Figure 5 shows an apparatus used to manufacture a preferred embodiment

of the 30 present invention; Figure 6 shows a front view of an apparatus

used to manufacture a preferred embodiment of the present invention; and 4
Figure 7 is a flow chart showing a method of manufacturing a preferred
embodiment of the present invention. DESCRIPTION OF PREFERRED
EMESSIMENTS 5TR&eThAY 8RYIRS 12 tHBF R i YAMSIGatRPreferred
vessah@finteat oidyehwetsed iageatitaceiver-drier in a refrigeration system for
containers. There is an inlet 22 for the ingress of fluid to the vessel 20 and
there is an outlet 24 for the e%ress of fluid from the vessel 20. The inlet 22

anBERCRINEION Qfaf BERRERBREP EMBQRIMEMES from 10 the body of the

vessel 20. The conduits may form neck portions that add structural strength
and rigidity. The vessel is sealed at a first end 26 and a d.end 28 of th
e e B TR PR B e T R R R o8 s
shapecstithe didsmeaieiigarstipnenstierndaycontainens . shzgie soagtirlitgd2 for the
plapgrted dhauvees te Ve SdbiddnaidRRSRER MR IR VEFS6] R BIR¥RSRuid from

refrigerant and may be maintained at a predetermined pressure, such as, for
ex RS S8 s PHEICECLA SR G #4428 RRREEHE Spreukifargid from
240¢ peidyriofttte ngstsrl 2§ Tihe craxinitarmpydesuressk stotage tepeddstnctural
thes{(é%tﬁﬂagr;gqgigﬁggngth of the vessel. 20 The vessel 20 may be
manufactured from a ductile metal, such as, for example, copper, mild steel,
aluminum, lead or stainless steel. The thickness of the ductile metal panel
maghdearssd o sbealsupitieefliglibreed eddbtbecorssenhd @8Tdfeigheisdhg0. The

of RIS AL EBRATURKSHS81RS) HIRLIBVESIErGh: A RIIBY B R BREIME be

determined by size and shape constraints placed on the vessel 20. Fluid that

passes into the vessel 20 may be a refrigerant and may be maintained at a
predetermined pressure, such as, for example, 500 psi. The vessel 20 may be able
to withstand a pressure of 2400 psi prior to rupturing. The maximum pressure of

storage depends on the material yield strength of the vessel.

The vessel 20 may be manufactured from a ductile metal, such as, for example,
copper, mild steel, aluminum, lead or stainless steel. The thickness of the ductile
metal panel may depend on the rupture limit required of the vessel 20. The higher
the rupture limit, the thicker the sheet that is required. In a preferred embodiment of
the present invention, a copper sheet of thickness 2.54mm is used to form the

vessel 20. The copper may be of grade C1220.

Figure 2 shows a magnified cross-sectional view of the outlet 24. The inlet 22 also
has the same cross-sectional view. A first end 30 of the outlet 24 protrudes from the
outer surface 32 of the vessel 20. A second end 34 of the outlet 24 also protrudes
from the inner surface 36 of the vessel 20. The ends 30, 34 are formed (extruded)
from the body of the vessel 20. An edge 38 of the first end 30 may be bent at an

angle of between 70° to 100° and may form an overhang. The angle of bend of the



25 the present invention, a copper sheet of thickness 2.54mm is used to form
the vessel 20. The copper may be of grade C1220. Figure 2 shows a
magnified cross-sectional view of the outlet 24. The inlet 22 also has the

same cross-sectional view. A first end 30 of the outlet 24 protrudes from the

30 outer surface 32 of the vessel 20. A second end 34 of the outlet 24 also
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Accordingly, the inlet 22 also has the same structure as described for the

t 24 and the overhangs for the inlet 22 ma ed in a similar manner
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outlet 24 res ectlve are formed (extruded) from the body of the vessel
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15 Fiqafeantanenys ayhappripiios esé@&@smﬁum@rb/ Yol braprefapay from
emhedhnep ahtheupeesant invention, specifically the inlet 22 and outlet 24 of
the 20 vessel 20. There is shown an apparatus 60 for boring an opening in a

metal panel.
Figure 5 shows an apparatus used to manufacture a portion of a preferred

embodiment of the present invention, specifically the inlet 22 and outlet 24 of the
20  vessel 20. There is shown an apparatus 60 for boring an opening in a metal panel.
The metal panel may be a ductile metal, such as, for example, copper, mild steel,
aluminum, lead or stainless steel. The metal panel may be flat or may even be

curved.

25  The apparatus 60 includes a cylindrical extension 62 of constant diameter to enable
the apparatus 60 to be gripped in a housing of a drill. There is a plurality of sections
on the apparatus 60. The number of sections may be between 2 and 6 inclusive.
The number of sections in a preferred embodiment is 4. Each section is fixedly
positioned sequentially with each other and the cylindrical extension 62. Each

30  section may be separate carbide components that combine to form the apparatus

60 or the apparatus 60 may be formed from a single block of carbide.



The metal panel may be a ductile metal, such as, for example, copper, mild
steel, aluminum, lead or stainless steel. The metal panel may be flat or may
even be curved. 25 The apparatus 60 includes a cylindrical extension 62 of
constant diameter to enable the apparatus 60 to be gripped in a housing of a
drill. There is a plurality of sections on the aptﬁgratus 60. The number of
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substantially the same as the diameter of a second end 68 of a4 second
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15 fodﬂWﬁ%ﬂ&Q g4 utiagedapered. The tapered first end 86 of the fourth
section 78 15 may also be a cutting edge. The first ends 66, 74, 80, 86 of all

foult %trlé)tngnrga)ége_}%p%oe dB%t ap %‘F?our sections may be tapered at angles of

between 10° to 20°. The first ends 66, 74, 80, 86 of all four sections may be tapered
at angles of between 10° to 20°. The range of taper angles may also fall within 14°
20 to 16°. The range of taper angles may even fall within 14.8° to 15.2°. The edges

may also be tapered at an angle of 15°.

The apparatus 60 is shaped as such to allow for the apparatus 60 to bore through a

ductile metal panel at a predetermined rpm of at least 3000 rpm without burls

25  forming from the metal panel. Instead, neck sections are formed (extruded) from the
metal panels. The predetermined speed is material and thickness dependent and
the extrusion effect can be effected properly only with a minimum speed of rotation.
If the rotational speed is less than the predetermined speed, there will be no
extrusion effect or just very poor extrusion. Figure 6 shows portions of the first ends

30 66, 74, 80 and the whole first end 86 when the apparatus 60 is viewed from the

front.



between 10 to 20. The first ends 66, 74, 80, 86 of all four sections may be

tapered at angles of between 10 to 20. The range of taper angles may also

fall within 14 20 to 16. The range of taper angles may even fall within 14.8 to

15.2. The edges may also be tapered at an angle of 15. The apparatus 60 is

shaped as such to allow for the apparatus 60 to bore through a ductile metal
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paﬁpgdésﬂmggtj)e apparatus 60 described earlier. Firstly, a pre-hole is bored in
the metal panel to mark the position where the hole is supposed to be made
(100). The apparatus 60 for boring is then attached in a 5 housing of a drill
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15 mayeies setenpiantiapeiaht ohtenask drousivrs she sRetRoBra0Re Hegssfor
in gufie uevebtietateyaneiiatehstagfsf th&uised for ductile metals such as, for

example, copper, mild steel, aluminum, lead and stainless steel.

Whilst there has been described in the foregoing description preferred
20 embodiments of the present invention, it will be understood by those skilled in the
technology concerned that many variations or modifications may be made to details

of design or construction without departing from the present invention.

The present invention extends to all features disclosed either individually, or in all

25  possible permutations and combinations.



15 method determines the height of the neck protrusions. The method may
be used for flat or curved metal panels. The method is used for ductile
metals such as, for example, copper, mild steel, aluminum, lead and
stainless steel. Whilst there has been described in the foregoing description
preferred 20 embodiments of the present invention, it will be understood by
thdsbAMRd in the technology concerned that many variations or
modifications may be made to detalls of design or construction without
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features disc er individually, or in all 25 possible permutations and
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structural stre th and I’Ifldlt 10 2. An elongated vessel as claimed in claim
1, RASURREADedLan | d from a ductile metal sheet of a

10 predetermined thickness chosen from the group of metals comprising:
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vessel as claimed in claim 2, wherein the thickness of the ductile metal sheet
is értol@a%tdi‘?ﬁﬁ.”Zﬁtﬂrﬁaﬁﬁ%g%t%d’%%ﬁfﬁ@%imﬁ%ﬁ%ﬁe EPeldfrRiowp of
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vessel. 20

15 3. An elongated vessel as claimed in claim 2, wherein the thickness of the

ductile metal sheet is at least 1 mm.

4. An elongated vessel as claimed in any one of claims 1 to 3, wherein a first
end of the inlet protrudes from an outer surface of the vessel.

20
5. An elongated vessel as claimed in any one of claims 1 to 4, wherein a

second end of the inlet protrudes from an inner surface of the vessel.

6. An elongated vessel as claimed in any one of claims 1 to 5, wherein a first

25  end of the outlet protrudes from an outer surface of the vessel.

7. An elongated vessel as claimed in any one of claims 1 to 6, wherein a

second end of the outlet protrudes from an inner surface of the vessel.

30 8. An elongated vessel as claimed in any one of claims 4 to 7, wherein an
edge of the first end of the inlet is bent at an angle of between 70° to 100° forming

an overhang.
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5. An elongated vessel as claimed in any one of claims 1 to 4, wherein a
second end of the inlet protrudes from an inner surface of the vessel. 6. An
elongated vessel as claimed in any one of claims 1 to 5, wherein a first 25

end of the outlet protrudes from an outer surface of the vessel. 7. An

elongated vessel as claimed in any one of claims 1 to 6, wherein a_second,
end-of thé'BURIBPBARALUBSSRLAT LHRIAIRS LLARLOBE thE JRGRR* 46 §: Afherein an
elosiptar vesselcandlaimiast ihamyaine bbataimant dadle whexetinean 2ofye of00°
th%ﬁﬁhg%%fvmﬁam t is bent at an angle of between 700 to 100 forming an
overhang. 9 9. An elongated vessel as claimed in any one of claims 4 to 8,
wherein an edge of the second end of the inlet is bent at an angle of

betwween APOdriddIe fasaiingaancRieiiang ohyl Gndbelnaigaied essaltasein an
claimed ip.any. one o0 cf ims 4 to 9, wherein an_edge,of the first £nd %)6 e .
o S e S S R T r B e Obt ing
elgyavethaassel as claimed in any one of claims 4 to 10, wherein an 10

edge of the second end of the outlet is bent at an angle of between 70 to 100
forming an ov .12. An elongated vessel as claimed in %rgéone of

rhan _
clairhs 8 f%rﬁ(,ﬁ\ﬂ/ﬂ% ' BRSCLARIEWRY 5y, AP Fb AT 4 dQsH] agherein an
clagigel o theyseceraf eraino$ theoolBietvkdrein tiearflaigia thfebebssehig0® to 100°
mqg}mjﬂgg@[)@emgﬁ' num pressure of 2400 psi. 14. An elongated vessel as
claimed in any one of claims 1 to 13, wherein the 20 fluid is a refrigerant. 15.
An apparatus for boring an opening in a metal panel including:
12. An elongated vessel as claimed in any one of claims 8 to 11, wherein the

angle is 90°.

13. An elongated vessel as claimed in any one of claims 1 to 12, wherein the

fluid in the vessel is maintained at a maximum pressure of 2400 psi.

14. An elongated vessel as claimed in any one of claims 1 to 13, wherein the

fluid is a refrigerant.

15. An apparatus for boring an opening in a metal panel including:

a cylindrical extension to enable the apparatus to be gripped in a housing of
a drill; and

a plurality of sections with tapered first ends positioned sequentially with
each other and the cylindrical extension;

wherein diameters of second ends of each section coincide with the
diameter of the tapered first ends of each previous section and wherein the
diameter of a section subsequent to the cylindrical extension is larger than the

diameter of the cylindrical extension.

16. An apparatus as claimed in claim 15, wherein the number of sections is

between 2 and 6 inclusive.

10
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a cylindrical extension to enable the apparatus to be gripped in a housing of
a drill; and 25 a plurality of sections with tapered first ends positioned
sequentially with each other and the cylindrical extension; wherein diameters
of second ends of each section coincide with the diameter of the tapered first
ends of each previous section and wherein the diameter of a section
subsequent to the cylindrical extension is larger than the 30 diameter of the
cylirdricahexippsiatuslas Aairapg dralagrasesaimednthelanmmbsr vilsertionthiz 4.
number of sections is between 2 and 6 inclusive. 10 17. An apparatus as
claimed in claim 16, wherein the number of sections is 4. 18. An apparatus as
claifhed if\BIARRAFUR REERITSE 1A &R boguesel duailagesrefylessaye gHtting
appagasls as claimed in any one of claims 15 to 18, wherein the edges are
tapered at an angle of between 100 to 200. 10 20. An apparatus as claimed
in claim 19, wherein the edges are tapered at an angle of between 14 to 16.
211An appareposratyslamwialmed|diramoonehelrslaittie Bdtpedtarehesirdbeaedges

anaANEepE PetwReM Jid -6 itvedn D PR A0 apparatus as claimed in claim

21, wherein the edges are tapered at an angle of 15. 23. An apparatus as
claimed in any one of claims 15 to 22, wherein the metal to 20 be bored is
dufile. 2AnfapppEduatas asiclaithieciairoldidn @Bewinetieinetigeslact|apezeal & an

selg%?edoﬁmg& grpyp pfmetals comprising: copper, mild steel, aluminum,
lead and

21. An apparatus as claimed in claim 20, wherein the edges are tapered at an

angle of between 14.8° to 15.2°.

22. An apparatus as claimed in claim 21, wherein the edges are tapered at an

angle of 15°.

23. An apparatus as claimed in any one of claims 15 to 22, wherein the metal to

be bored is ductile.

24, An apparatus as claimed in claim 23, wherein the ductile metal is selected
from the group of metals comprising: copper, mild steel, aluminum, lead and

stainless steel.

25. An apparatus as claimed in any one of claims 15 to 24, wherein the

apparatus is made from carbide.

26. An apparatus as claimed in any one of claims 15 to 25, wherein the metal

panel is flat.

27. An apparatus as claimed in any one of claims 15 to 25, wherein the metal

panel is curved.

11
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stainless steel. 25 25. An apparatus as claimed in any one of claims 15 to 24,
wherein the apparatus is made from carbide. 26. An apparatus as claimed in
any one of claims 15 to 25, wherein the metal 30 panel is flat. 27. An
apparatus as claimed in any one of claims 15 to 25, wherein the metal panel
is curved. 11 28. A method to bore an opening in a metal panel, including the
steps of: boring a pre-hole to mark the position of the opening in the metal

pagel; atraahetigatoapparatusyéodpinng metalhzushdholudidyiihS stepsiof) the

arill at 2 g A MING SAeed R RaBHON: AR ySHINGING ARPRIAL Sanol

through a mark e by the pre-hole, wherein th srunata
pre-deterAfiAgtiRpaB@rIFGESABPENadRdUICHS et adidled from the metal
panel. 10r2Anifgnieshonl tardsdndeanrminedisgekianetaiqareldas claimed in
claim 28, wherein the opening,has neck protrusipns qnp a first surface and a
second SBRADS PR PRI NPohee RiAdsMadErEy DS RS D Enening in o
metal panehersioldieddlinsoiinatz presieihenginhppeddebfatadianelsk a conduit to

PreJEUSIEN ¥ mﬁifﬁg%tgpsa%the metal panel is bent at an angle of
between 700 to 1000. 31. A method for boring an opening in a metal panel as

claimed in claim 29, wherein an edge of the neck protrusion on the second
sugace oﬂtmeme'tafqtralursir'ng.aﬁ)'bmniagam ammm)fdm@v@smmmm@laﬂﬁ. 28,
A mgthed Rk %&%Q%QQ%H&%MSO@ BREHRE SAHMRE Y &ltREE M R face

claims 30 or 31, wherein the angle is 90.
of the metal panel.

30. A method for boring an opening in a metal panel as claimed in claim 29,
wherein an edge of the neck protrusion on the first surface of the metal panel is

bent at an angle of between 70° to 100°.

31. A method for boring an opening in a metal panel as claimed in claim 29,
wherein an edge of the neck protrusion on the second surface of the metal panel is

bent at an angle of between 70° to 100°.

32. A method for boring an opening in a metal panel as claimed in either one of

claims 30 or 31, wherein the angle is 90°.

33. A method for boring an opening in a metal panel as claimed in any one of

claims 29 to 32, wherein the size of the pre-hole determines the height of the neck

protrusions.

34. A method for boring an opening in a metal panel as claimed in any one of

claims 28 to 33, wherein the metal panel is flat.

35. A method for boring an opening in a metal panel as claimed in any one of

claims 28 to 33, wherein the metal panel is curved.

12
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25 33. A method for boring an opening in a metal panel as claimed in any

one of claims 29 to 32, wherein the size of the pre-hole determines the

height of the neck protrusions. 34. A method for boring an opening in a metal
panel as claimed in any one of 30 claims 28 to 33, wherein the metal panel

is flat. 35. A method for boring an opening in a metal panel as claimed in any
one of claims 28 to 33, wherein the metal panel is curved. 12 36. A method
for&ﬁoringﬁamemmrfqiboaimgeﬁaqummh@mdarrm ipaapy aanelamethimsBotte of
S5ouRI 9B SITGHL B RONED | Budiee 26 fyfpethod for boring an
opening in a metal panel as c alme |n claim 36 erein the ductile metal is
selected from the group of metals comprising: copper, mild steel, aluminum,
leagiyand s«aiﬁmteeb&&f@m@mdd@rrb@rim@tanm@nm dmanaetal panelss,
as cLalmed in one o[ I10 cl |m r % wheureln the pie goentqerrrlgllrrjle er
spee ?atlon IS ameastssa‘f)ﬁ 351 %d)d%r oring anpope ng 6P
a M@BW@'Q@@IW@MdWW@B glafhs 28 to 38 using the apparatus

is claimed in any one of claims 15 to 27. 15 40. An apparatus for boring an
opening in a metalrﬁanel as claimed jn any one of claims 15 to 27 used in

the’fhethdd 48 EPOH (Pﬂ'ﬁﬂf&?é’%‘?'{?%ﬂﬁ@ é‘geltg :%lnféas claimed in any one of

claims 28 to 37, wherein the pre-determined speed of rotation is at least 3000 rpm.

39. A method for boring an opening in a metal panel as claimed in any one of

claims 28 to 38 using the apparatus is claimed in any one of claims 15 to 27.

40. An apparatus for boring an opening in a metal panel as claimed in any one

of claims 15 to 27 used in the method as claimed in any one of claims 28 to 38.

13
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