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, though not exclusively, to a vessel used to contain fluids subjected to high pressures. The

apparatus refers particularly to a type of drill bit used to create holes with neck 10 protrusions around
the 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 least one surface of a
panel. BACKGROUND 15 Transportation of items to every corner of the world is required to meet the .
needs of people. A NESSELY ANCARPARKTIS tFORPMANUEACTURINGD BHEVESSEE siNDhde - at a

lowered temper q.qi%é% mwﬁkﬁyﬁﬂ%i?ﬁgwmrefrigeration systems for the transport of

such items for a long owever, 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, envirorFiELTIRDEHSYVEBRLON Wear-and-tear at joints and the like. When such components falil,
the damages_payable for the spoilt 25perishable items in a twenty-foot container are significant. One
such comporient which fails regularly is the receiver-drier vessel that is part of the refrigeration system.
This is the storagehiiikeptienseiiarntochygesahemnanrarst s fesmandRadng haesed fBHfthe
refrigerant. Besidpstiag pfoRisiuscenionech38ssr Eheavesseimaiicps qiiaftulariglationgto toe
receiver-drier vedxe usstn%I1 S Lr)o%n \}Qsesel used to contain fluids subjected to high pressures. The
apparatus refers particularly to a type of drill bit used to create holes with neck
pu 10  protrusions around the holes on at least one surface of a panel. The method of
K} manufacturing the vessel refers particularly to the drilling of holes with neck

protrusions around the holes on at least one surface of a panel.

BACKGROUND

15
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.

20  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

25  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

30 earlier, a common problem in relation to the receiver-drier vessel stems from the
~ serviceability of the inlets and outlets of the vessel. '



serviceability of the inlets and outlets of the vessel. 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. 5This would affect the
cooling capability of the refrigeration system and may jeopardize all the items being stored in the
container. Thus far, there are only drill bits and methods of drilling that enables the boring of a hole
with an extruded neck portion for thin sheets of material, such as, for example, 10 metal and plastic.
Currently, neck portions on circumferences of holes are separate pieces welded to surfaces. This
mﬁani hthat tf;e Vel h_J%B&Eiv@fﬂii{(@ﬁ&éﬁs‘éiealﬂﬂiessmidﬁhalsmbnm wrdkogletsate fixoteepronounced
when the surface to which the pe rtion | | VENTION
There is providec? %%M\épgn%faqgégﬁgoss‘%ﬁ)' orrﬁi%qé%:égﬂ%geﬁf ﬁ%ﬂ%%n%ﬁ%%%ﬂ%ﬁéﬁgﬁyﬁlet for the
ingress of the fluie-aitasbreisel the @i EoahEe yaesgbiohBRIRIRRANGE WEAERF HFRIES essel. The
vesge: may b(ej S%l@da@%asfigmgé tlﬂﬂdfﬁébiaﬁmm(tmﬁs\ﬁﬂtmémdld&@{nﬂhEMSaetimaiatained ata
predetermined prgssure, e inlet and.the qut ay.h, i r m the vessel
forming neckspor i 'ﬁs‘?ﬁg@;& % rt?gﬁr%?%{rr'gna ila%rEIEgQ riéfd%é%ﬂ%%ggﬁ%%%ﬁ ﬂﬁdeﬁ roma
ductile metal sheiepp#rdipecadidberiiemedeingisiersd BUER sQMt%xample, copper, mild steel, aluminum,
lead and stainless steel. The thickness of 25 the ductile metal sheet may be at least 1 mm.

Thus far, there are only drill bits and methods of drilling that enables the boring of a
hole with an extruded neck portion for thin sheets of material, such as, for example,
10 metal and plastic. Currently, neck portions on circumferences of holes are separate

o,
e’

pieces welded to surfaces. This means that the welding joints are lines of
weaknesses. These lines of weakness are more pronounced when the surface to

which the neck portions are welded is not flat.
15 SUMMARY OF INVENTION

There is provided an elongated 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 vesse! 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

O formed from a ductile metal sheet of a predetermined thickness such as, for

i
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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
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Pref_erably, 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, 30and 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 second ends of the
outlet may also be bent at an angle of between 70 to 1000 forming an overhang. It is most preferable
Fhat the angle of bend is 90. It should preferable be angled so that the brazing/welding material flows
into .the hole. 5Preferably, the fluid in the vessel is maintained at a maximum pressure of 2400 psi. The
maXIrCTL_Jm PressYERGHAESIRIRIE dRpeUnst emaihatspaserianyielcanteemiiobbiteams el tohtdfbid to be
stored in the vessel is ﬁpr%f%{’%%(ﬂ%i rﬁfglsg%r?asn " Eﬁ%%léstﬁ&qhgr%a b‘%ﬁbﬁ&ﬁé%‘ﬁt“@ﬁ&%mg an

open_ing ina me Sf'B'Q el'io’Inc g:acy |r$ rical extension to enable the apparatus to be gripped in a
housing of a drilpreferablglbeeangies s thas e brezinglwelding rateiR TRRIBIRWe B8 entially with each
othergnd thr? cr:]yllndrlcal extension. It is preferable that the diameters of second ends of each section
coincide with the diameter of the fapgered first ends. qf ' falaR=TaTolN @ba‘;ge ter of a
section subssequegFﬁ??&a??ié &?' i gﬁé‘aﬂﬁl%vée)% g‘n’sﬁo'%lg}s& ?ﬁ%ﬁegﬁgﬁ%?hﬁﬁ%%r of tg?cylindfical
extension. The rilimbaadnsstpsreswmghasees serendnharsthrcmelsaalpiald SERPIRCh T ber of

sections of the apRARATTRINIdidRsEEabY hhappssatispieferable fmfigenbite. |

There is also provided an apparatus for boring an opening in a metal panel
- 10  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. It is preferable that the diameters of
second ends of each section coincide with the diameter of the tapered first ends of
each previous section and the diameter of a section subsequent to the cylindrical
15 extension is larger than the diameter of the cylindrical extension. The number of
sections may be between 2 and 6 inclusive. Preferably, the number of sections of
the apparatus is 4. Preferably, the apparatus is made from carbide.

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 mefal 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



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. 25It 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

30includes 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 pu%ﬂgmw@ppm@m&meugmrabmmadlemmetmpre@aemmmyem drill is run

at a pre-determined F' eed of rorai SQQH Boensdyggirom the metal panel. Preferably, the

opening has necl? protrusions on a sur ace and a second 5 surface of the metal panel. An edge of

the neck protrusion on the first and second surfaces of the metal panel may be bent at an angle of
between 700 to pRGEraliyeineabperiing anglaediberurisibhs lbis prafsrabiéateantite sisecnthe pre-hole

determines the height of i gl 10.RIPSIANS o B ELR RBARLER BR BRI AY Bedial o curved
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I.t is preferable that the size of the pre-hole determines the height of the neck
protrusions. The metal panel to be bored may be fiat, or curved. Preferably, the
metal to be bored is ductile. The metal to be bored may be such as, for example,

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

Itis preferable 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 iniet/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 fo manufacture a preferred

embodiment of the present invention; and



DESCRIPTION OF DRAWINGS In order that the invention may be better understood and readily put

into pra_lctical effect, there shall now be described by way of non-limitative example only preferred 20
'embodllments 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

25 emquiment 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

30present inventrgurkigures 6z5iows enfiensheing’ anraghadatols needftatoringufachrefeagteferred
embodiment of tié(?ngtr)%sent in t%ntion' and Fi lre 7 is a flow chart showing a method of manufacturing

e present inve

a preferred embSHITSH S tRe B Esent Tnuention: DESCRIPTION OF PREFERRED EMBODIMENTS
5 Referring to figure 1, there is provided an elongated vessel 20 that may be used as a receiver-drier
in a refrigeration pEseRFPICIP URIPREFERREDI EMBODMER TSI the ingress of fluid to the vessel 20 and
there is an outlet 24 for the egress of fluid from the vessel 20. The inlet 22 and the outlet 24 may be
annular conduits formed from
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Referring to figure 1, there is provided an elongated vessel 20 that may be used as
a receiver-drier in a refrigeration system for containers. There is an inlet 22 for the
ingress of fluid to the vesse! 20 and there is an outlet 24 for the egress of fluid from
the vessel 20. The inlet 22 and the outlet 24 may be annular conduits formed from

~ 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 second end 28 of the vessel 20. The
first and second ends 26, 28 may be curved, or flat. The shape of the ends may 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 maghnified 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

5



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 second end 28 of the vessel 20. The first and
second ends 26, 28 may be curved, or flat. The shape of the ends may be 15 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. 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 ddgtilgamesq/derge diﬁauuémamy%ib@dimﬂafaﬁrﬂihmﬂlﬂrEi@métBeNeadgé 20. The

higher the ruptur the th|c er ett e r 25 the
present mventlor:z dar?:opper % éfkﬁnciness@sé?rfr%% é?s?écrii) F( '?rcr%{tﬁgﬁ é‘r(g Z%Qwhgﬁcopper may
be of grade C1276° tP@G@e@@W@stWﬁﬂgﬁﬁﬂé’H%sgﬂgéfmaf 9&!’\?3 Bf%ﬂ&?eff@ﬂ‘am@mlet 22 also
has the same crags-segiitaitdBypefplrdicng 20 Polne ia Figiré 2. orpd udehdrgsdh¢ehd@mister surface

32 of the vessel ﬁg %seco d end 4 of tf\_e[zopautéet %gtgl R,rg g%ﬁﬁomg%%@%g ?Wé £ 36 of the

vessel 20. TRe e % 8Fe rmeda(ré fie bo e ves An edge 38 of the
first end 30 may Becbestingly. éﬁﬂW@fﬁﬁW@%ﬁh?@@U@@@@%& Wﬁe&ﬁ%ﬁéﬁ%ﬁt%ﬁe angle of

bend of the and the overhangs for the inlet 22 may be used in a similar manner as well.

Referring to Figure 3, an overhang 42 of the inlet 22 may also be used as an

” 10 anchorage point for the connection of pipings or hoses. Figure 4 shows a first end
ﬂ 44 of the inlet 22. As the ends 44, 30 of the inlet 22 and outlet 24 respectively are
formed (extruded) from the body of the vessel 20, the inherent strength of the ends

is high and consequently, the occurrence of fallure at such regions' may be

minimised. There are no joints and corresponding lines of weakness. This is

15 advantageods when pipings or hoses are regularly connected and removed from

- the inlet 22 and outlet 24.

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 bane! 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 inciusive.
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. '



edge 38 may be 90 or substantially perpendicular as shown in Figure 2. An edge 40 of the second end
34 of the outlet 24 may also be bent at an angle of between 70 to 100 and may form an overhang. The
angle of bend of the edge 40 may be 90 or substantially perpendicular as shown in Figure 2. The
overhangs on the ends 5 30, 34 may be used as anchorage points for the connection of pipings or
hoses. Accordingly, the inlet 22 also has the same structure as described for the outlet 24 and the
overhangs for the inlet 22 may be used in a similar manner as well. Referring to Figure 3, an overhang
42 of the inlet 22 may also be used as an 10 anchorage point for the connection of pipings or hoses.
Figure 4 shows a first end 44 of the inlet 22. As the ends 44, 30 of the inlet 22 and outlet 24
respectively are fofne@dednues df ettty 60 thas ibesiarg3t ttiermeterentaditrisegothef the ends is

high and consequeit U QREUUIANSRS' SHLYISAY 84cH fFAIORS BRPUBRATRIUSERTBfe 2re no

joints and correspo akness. This Is 15 advantageous when pi mgs or hoses are
regularly connedﬁ?ﬁ@ﬁ‘dTé‘Prf@QéEPﬁgfﬁt@@lﬁ@f’é?‘ﬁﬂlﬁsbﬁﬁg@ﬁﬁﬂﬁ@g g atus used to
manufacture a postieRdom D’Izéfﬂ‘rfﬁ&l st edime B4 afdhittnpse Sremb Mndu@@d&m’mm inlet 22 and

e Ay Ak of I RaRDP WU ARURINE 0L AH™A 20 ARRRIAGY et panel

The metal panel may uct fle'm taI such as, for example, copper, mild steel, alumlnum lead or
stainless steel. 'ﬁﬁ@ﬁ]@*ﬁéﬁﬁéﬁ'ﬁfﬂ#ﬁffﬁ@ ﬁ%‘i%}drﬁﬁﬁi @%@ﬁ%?&ﬁ?gﬁcﬁ@ﬂﬁeﬁﬁbﬁrﬁﬁﬂg $@fincludes a
cylindrical eXtenﬂi@nséaoﬂﬁ%ﬁbﬁEﬂﬂlemw tapersah|Fribapppat dist 66dtTHehigpedcond housing of

2 dil. There is PR PSSR I BRI LSRR A Dotuen 2

and 6 mcluswe e nu sec lons’in a rred em odlment Is 4. Each section is fixedly

positioned seq u@?ﬁlaﬁqutﬁ%ﬂ@ﬁ E%FW%TM%F%W’@QEW%@%%J fhay be
,%;rate caideraniansaisanFecouThineta BonotihkeathjidratctioB076rithalsppapered Gbenay be

ed fom 2 SRlE BOROLGRBTr AL ACCUR 78! i U3 BT bapdaress! dameer

ofall the other se Ions and ical extension 62. A first end 66 of the first section 64 is

tapered The tapépstetaseidhe @G%ﬁﬁfﬁﬁr‘%‘?@é@tﬂﬁ'@i’?ﬁ%ﬁ%% Gt edgrias S RINENd 72 of the
first section 64 castifne efafmersrtb < ykodnit @inex@neian foarth Seotioifhotefinst grel tBP efethdirst end 66

ofthe first sectiqn (45 SBsT8RYELIIG 530 76415 dIB AR AL AL BUFHGoRldorgond section

70. A first end e second section 70 is also tapered. The tapered first end 74 of the second
section 70 Afay &Y BEXPE AT BAGEIShe diameter of the tapered first end 74 of the second section
70 is substantially the same as the diameter of a second end 76

‘The first ends 66, 74, 80, 86 of all four 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°.

j 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 rofationat 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.



10 of a third section 78. A first end 80 of the third section 78 is also tapered. The tapered first end 80
of the third section 78 may also be a cutting edge. The diameter of the tapered first end 80 of the third
section 78 is substantially the same as the diameter of a second end 82 of a fourth section 84. A first
end 86 of the fourth section 84 is also tapered. 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 four 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 20to 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 suteferaigofFidive dpphsetis Gooiddedra thethgth to dirsel@mepeninenaidt an

predetermined r 8HP I Ehrdfpetead, neck
sections are forgﬁ]&? éé%t#?ggg %o%ﬁ%%'\rﬁge@%ﬁ@%@é&%gﬁﬁﬁ?ﬁ: rﬁw éﬁal and

thickness deperﬁl&ﬁ?‘éﬁ!ﬁtf?e%f%éfbﬁh@ff@@%d??ﬁ% dardnaty e pesany TR speed of
rotation. If the rajapiprsddspeed mades(106) e appiataing 6@ das Jenrin gt live thapilatiechedeitiraision effect

or Just very Qoot giliysiof LS SHMSRRIOFROLIANUERIAPAE R apslbaminole fs

end 86 when the appa atus wed from he front. Referring to F| igere is provided a
method to bore &h ®pEpiAetmines ererdqelretiianil Wﬁ)mglﬁlﬂgﬁé r§§ e Bhdd ?%%%0
described earliethiotigtythe positisrdrithzonestah ghsemebelp ansiars made thethegitehalghwasthe hole is
supposed to be ( gg) The apparatus 60 for boring is then attached in a 5 housing of a drill
(102). The boring of the opening starts with the running of the drill at a pre-determined speed of
rotation (104). The apparatus 60 is then pushed through the position in the metal panel where a mark
n;gde by the precheiingednmadettd @@hel formed using the method have neck protrusions on a

\i first surface and a second surface of the metal panel. An edge of the neck
protrusion on the first and second surfaces of the metal panel may bend at an angle
of between 70° to 100°. The angle of bend may also be substantially perpendicular
or 90°. The size of the pre-hole made in during one of the intermediate stages of the

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 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 featufe‘s disclosed either individually, or in all

25  possible permutations and combinations.



10 Openings in a metal panel formed using the method have neck protrusions on a first surface and a
second surface of the metal panel. An edge of the neck protrusion on the first and second surfaces of the
metal panel may bend at an angle of between 700 t8 1000. The angle of bend may also be substantially
perpendicular or 900. The size of the pre-hole made in during one of the intermediate stages of the 15
method determines the height of the neck protrusions. The method may be used for flat or curved metal
panels. The metrdiMS 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 prgsgEidRYENHRHINY bR EMIRT AR PY.MAaRe Foied:in thentashnplagy concerned
that many variations qr rpgdifi_cations may be made to details of design or construction without departing
from the present invefition. 9 The present invention extends to all features disclosed either individually,
or in all 25possible petravliadiings atrNeoMmisi vaabiesthe2RPAANS to. bRroEHpRRS dies TevshrigiPan opening
with an extruded condytil;inri ragiatpanet kudusiswih exbadydrbesicssiostioneaakigeheaapparatus to be
aripped in a housing ol drll, 8 BWAHD QfiReRLANSWIndAPRe L entts RRYinad sequentially
with each other and the cylindrical extension, the tapered first end of each section Is a cutting edge;
wherein diameters of $2XOASEhHLIHOEIER section coincide with the diameter of the tapered first ends of
each previous sectionvdreccivhignaitdiseotisenvetbenfscof eatiopestivs equeide witththe lamdkeieabextension is

larger than the diametgg @R SYHBCKILR SX48BRIARY RuABARBRAHSAS SRS dilelinrls wherein the

number of sections is beEween 2 and %nc usivc?, g..An aﬂgar.atus qs clai{ned w claim 2, wherein the
. . Sfc lon subsequent to the cylindrical extension Is larger than the diameter of
number of sections is 4.

the cylindrical extension.

2. An apparatus as claimed in claim 1, wherein the number of sections is between

2 and 6 inclusive.
3. An apparatus as claimed in claim 2, wherein the number of sections is 4.

4. An apparatus as claimed in any one of claims 1 to 3, wherein the edges are
tapered at an angle of between 10° to 20°.

5. An apparatus as claimed in claim 4, wherein the edges are tapered at an angle
of between 14° to 16°.

6. An apparatus as claimed in claim 5, wherein the edges are tapered at an angle
of between 14.8° to 15.2°.

7. An apparatus as claimed in claim 6, wherein the edges are tapered at an angle
of 15°.
8. An apparatus as claimed in any one of claims 1 to 7, wherein the metal to be

bored is ductile.



4. An apparatus as claimed in any one of claims 1 to 3, wherein the edges are tapered at an angle of
between 10 to 20. 5. An apparatus as claimed in claim 4, wherein the edges are tapered at an angle of
between 14 to 16. 6. An apparatus as claimed in clalfh 5, wherein the edges are tapered at an angle of
between 14.8 to 15.2. 7. An apparatus as claimed in claim 6, wherein the edges are tapered at an angle
of 15. 8. An apparatus as claimed in any one of claims 1 to 7, wherein the metal to be bored is ductile. 10
9. An apparatusas clAMRPHASIAT AN IO Fuhieaietas LSRR APEREGEYD of metals
comprising: copper, nifld seeh altimietais, teatbasidsteopless stk steel, Axluapparatisadsaridimed in any
one of claims 1 to 9, whgteiy thesppparatus is made from carbide. 11. An apparatus as claimed in any
one of claims 1 to 10, wherein the metal panel is flat. 12. An apparatus as claimed in any one of claims 1
to 10, wherein the metal panel is curved. 13. A method to bore an opening with an extruded conduit in a
metal panel, indiBiding’thérsipiierpeaimed PraokslecefmaikiHelpdsiiorrein the apraifiesiis the metal
panel; attaching an appajafusfeaidaiéng in a housing of a drill; running the drill at a pre-determined speed
of rotation;

11. An apparatus as claimed in any one of claims 1 to 10, wherein the metal panel

is flat.

12. An apparatus as claimed in any one of claims 1 to 10, wherein the metal panel

is curved.

13. A method to bore an opening with an extruded conduit in a metal panel,
including 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;
boring the apparatus through a mark made by the pre-hole at the pre-
determined speed of rotation of the drill so as to extrude a conduit from the

metal panel.

14. A method as claimed in claim 13, wherein the opening has neck protrusions on

a first surface and a second surface of the metal panel.

15. A method as claimed in claim 14, 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°.

16. A method as claimed in claim 14, 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°.
17. A method as claimed in either one of claims 15 or 16, wherein the angle is 90°.

18. A method as claimed in any one of claims 14 to 17, wherein the size of the pre-
hole determines the height of the neck protrusions.



boring the apparatus through a mark made by the pre-hole at the predetermined speed of rotation of the
drill so as to extrude a conduit from the metal panel. 14. A method as claimed in claim 13, wherein the
opening has neck protrusions on a first surface and & second surface of the metal panel. 15. A method as
claimed in claim 14, 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. 16. A method as claimed in claim 14, wherein an edge of the neck
protrusion on the secShILIPLAE FPIRET LR A iSHBIS: Lt Bn' ANy HEEVBERRFITH000 . 17. A
method as claimed infeither one of claims 15 or 16, wherein the angle is 90. 18. A method as claimed in
any one of claims 14 to 17, wherein the size of the pre-hole determines the height of the neck protrusions.
1119. A methogloas clgim%j ig] any one f claims 13ft 17é\q/§|?re1i1;| tme m.etﬁ!éoan Ilis fla¥..20. A method
as claimed in any one of Glam& 157 "WhErSIT e Metal pahel is"carved. 2 1M Adiéthod as claimed in
any one of claims 13 @268d9wherein the metal to be bored is ductile. 22. A method as claimed in claim 21,
wherein the ductile metal is selected from the group of metals comprising: copper, mild steel, aluminum,
lead and stainless stegl,ghdy Mo a9 (1A eAdLABK ARCIS"6SERALRIR T WBRTSK b

pre-determined speed of rotation is at least 30y00 rpm.
bored is ductile.

22. A method as claimed in claim 21, wherein the ductile metal is selected from the
group of metals comprising: copper, mild steel, aluminum, lead and stainless

steel.

23. A method as claimed in any one of claims 13 to 22, wherein the pre-determined
speed of rotation is at least 3000 rpm.



