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Fi.el d-of ntion The present i. el ates to an abrasive flu

jet cutting systemand in particular although not solely to a system for
supplying a pressurised slurry froma pressurised abrasive slurry

contai ning vessel to an abrasive-jet ndzzle(s) to enable cuttina 2r t her
abrasive-fluid jet nmachining operations to be carried out. Backgro HﬁﬂM5
Prior Art Abrasive fluid jet systens in the art are used in many
applications where precision- cutting is required. An exanple of such an

application is the singul at; r ype of abrasive jet
systemutilizes abrasive %gg}}@f\g Egg@ba‘f\%-ﬁ%a{ﬁﬁ ged under pressure from
a pressure vessel to mx with the driving fluid imedi ately before the
nozzle to forman abrasive slurry. Such mxing is achieved by a venturi
ef f ect Figldeofstherinyenttomor mal | y t hen accel erated through a nozzle to form an
abrasive fluid jet tool for cutting substrates. Such existing systens
require the separate and i ndependent delivery of abrasive for each of the

nozzl espphefriesaniiyhiénttaz zemtestid Be Renssilé ﬁQidP?etprcgﬁir@e@ys@-ﬂﬁhand in

i ndependent delivery requires independent control "and incCreases the chances

of  onganticutar elt_ho_zxhermtca‘olelhéorm‘sys‘tennﬁxlgamlmngrq;prmd_rispérsdmmgrdm @ | ess
N e e R

95/ 297 4ttirRy BF B&REH Sbru8ReMuidSetma¥hidfth opkidtidhsWoi kdcamieds@si ve and a
fluid under” pressure are able’to mx prior to being delivered via a conduit

to the nozzle. 1 AMENDED SHEET r ~ Printed: 10-06-2003 DESCPAMD S@020006
Backaground and Prior Art

Abrasive fluid jet systems in the art are used in many applications where precision-
cutting is required. An example of such an application is the singulation of
substrates. One type of abrasive jet system utilizes abrasive that is stored and
discharged under pressure from a pressure vessel to mix with the driving fluid
immediately before the nozzle to form an abrasive slurry. Such mixing is achieved
by a venturi effect. The slurry is normally then accelerated through a nozzle to form

an abrasive fluid jet tool for cutting substrates.

—  Such existing systems require the separate and independent delivery of abrasive
for each of the nozzles where a multi-nozzle cutting head is to be provided. Such
independent delivery requires independent control and increases the chances of
one or more nozzles of the multi-nozzle cutting head operating in a less than ideal

condition.

An alternative configuration of mixing an abrasive with a fluid is for example shown
in WO 95/29792. In the system of WO 95/29792, a pressure vessel is provided
within which an abrasive and a fluid under pressure are able to mix prior to being

delivered via a conduit to the nozzle.
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_|ﬂ§jg}0fl uid under pressure via §,§EO2000€

inlet (6) to an entrainnment vessel (1) in which the fluid can take up
anot her conponent such as an abrasive material. An outlet (51) f nghgﬁ'
vessel leads to a nozzle (54). A jet pdnp (61) has an outlet (64’ ' " 2086
connected via a valve (65) to the junction between the vessel discharge

t ube (5%) and the system out] et (543. When the valve (65) is closed,

pr essurVeeB0£92878 degrsinasda i€ sePRyhYse@skayiedishhiah peesswe ftud suply punp
(61) p es,,via the i 63 &t . i nl et
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nozzle (54). The valve (65) is opened to allow isolation valve (52) to be
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increasingly higher liquid pressures are being used to take advantage of the
i ncr eashssedy prassungegofleid dupgplied tonbeebighvipresguteedoleds (Gt ofpthe gat
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pressures generated, there rémains wthin the pressure vessel a volune of
conpr edlowdng thriodgh\Whe tvessaldischargs tulteatsd ) dd the hezalet (S5¢ystldresyalus (Bhpis
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As increasingly higher liquid pressures are being used to take advantage of the
increases in cutting power, liquid compressibility becomes an important factor.
When it is required to stop discharging abrasive slurry and depressurise the
abrasive slurry pressure vessel to pause the operational process or to facilitate
abrasive recharge, as a result of the high pressures generated, there remains
—  within the pressure vessel a volume of compressed fluid. With conventional state of
the art systems, as the compressed volume is de-pressurised its only route of
escape is through the discharge conduit, the inlet of which is positioned within the
slurry confinement. Hence a volume of slurry continues to be discharged giving rise
to problems with nozzle blockages. Such blockage comes about because the
discharged slurry is under & lower than normal operational pressure and lacks

sufficient momentum to settle in the delivery pipe or nozzle in a manner to avoid

blockage.

Such undesired discharge may for example occur if the slurry containment

pressure vessel pressurising pump fails. Since the slurry in the pressure vessel is
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blocKage..-Such .undesi red di scharge may_for exanple occur if the slurry =oo . u
c%ﬁﬁéﬁ(ﬁﬁgn %gpgssure vessel pr essuﬁgﬁﬁg{%@ fails. Since the slurry $R020006!

the pressure vessel is 11 2 AMENDED SHEET 12-05-2100 Printed: 10-06-2003
DESCPAMD 02% 3 JUN 2005 under high pressure and is conpressed by the punp,
upon failure of the punp the corrpress@d slurry will expand and *o, tJ}W?\g
for at least for a short period, to deliver the slurry through the deli @y

pi pe to continue to discharge an abrasive, slurry fromthe nozzle. In
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bl ockage or to provide the public with a useful choice. Summary of the

| nvent | BHTY AraNfhe §0zg8pect the present invention may be broadly said to be
a fluid supply systemfor delivery of an abrasive slurry, the fluid supply
systemincluding; a vessel for containing an abrasive slurry at a | ower
layer anddesighipgtasbiuidnyit iebhpsiteat fo aeoid priotleths ainkigheg Higly @eararates
pressuri zing supply conduit having a first.end which is connected to the
vessel afit fé“%@ﬁ@’n@@ﬁ@ﬂ%bé@ﬂ@@ BbPUL dynée ihigh tyessymsr @ddotheéi yarki@ssur e
fluid, 2| [ yerni. i r fluid to the vessel, a slurry uptake
and deﬂpégp§giﬁﬁggwygﬁ§€b&£n§E§$%$&§5Uptake end which is |ocated at the

| ower |ayer of the vessel and a delivery end which is connected to an
abrasi ve_di scharge outlet, for delivery of slurry to the discharge outl et

upon di §PacRieAtoenpigEept dvamtiont foumdigpte ithe ebgvesisadvariages, and to
PressurR di¢hbglietBkhde BRYS Blovtdb the hubiid Wi W BEERA chBidehe higher |ayer of

Summary of the Invention

In a first aspect the present invention may be broadly said to be a fluid supply
system for delivery of an abrasive slurry, the fluid supply system including;

a vessel for containing an abrasive slurry at a lower layer and a substantially
abrasive-free fluid at a higher layer,

a pressurizing supply conduit having a first end which is connected to the

—  vessel and a second end which is for connection to a source of high pressure fluid,
for delivering high pressure fluid to the vessel,

a slurry uptake and delivery conduit having a slurry uptake end which is
located at the lower layer of the vessel and a delivery end which is connected to an
abrasive discharge outlet, for delivery of slurry to the discharge outlet upon
displacement by high pressure fluid delivered to the vessel,

a pressure relief conduit having a first end connected to the higher layer of
the vessel and a second end connected to a pressure relief outlet, the pressure
relief conduit also having a valve for control of fluid flow through the pressure relief

conduit, and
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~a second end connect essure relief outlet, the-
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conduit al so havin e for control of fluid flow
t hrough the pressure relief conduit, and 3 AMENDED SHEET , 12=05-200 P
i nted: 10-06-2003. DESCPAND zS'GOZOOO&4 4 | JUN 7*g5 a second supﬁgy ﬁ&gQg@t
having a first end connected to the pressurizing supply conduit a J co
end connected to the slurry uptake and delivery conduit, wherein the second

end of the s 1d. del i very
Condui ¢ 1 BEBnaRRY COMI hafPBPAISE ehd cdMnetitd 19 the Bréetufifh o1 el
of the qumsy ubaduelanefa €000k bnd&;(ﬁm@ﬁmi rotHeosIUhg usdtuke )anduméiadeeyand
delivery conduit, the pressure relief outlet being prOV|ded by the abrasive

di schar@g il | et. Preferably the first end of the pressuri zi ng suppl y

conduit is |l raf el dofthe
pressure reIW@g%gr@% secﬁﬁg 5%123 tﬂﬁa%‘t% 88 %J&Fﬁiﬁggéa ggaﬂ@c hﬁ V”—y

condui typthRer=RRYdEINRE ebhadit i tHiciHitghathk anerry @btéweeenaessel via the first
end of the pressurizing supply conduit. Alternatively, the first end of the

pressuri zing supply conduit is located at the lower |ayer of the vessel.

The ni drisrraelnd SecdiEetd el ahé phdes i 2etkr oI S sraRERAED AR 2 71 ow
contr olumaky%ndld\ela«eﬁf@@ﬁeu@suﬁ@caresmmwaﬂéfeahﬂém@mblpﬁavmﬂ etHy oadly said
to be a nethod of ivering an abrasive slurry including; supplying high

pr essurabrabiveddiseharoecedidt, the vessel containing an abrasive slurry at a
| ower layer and a substantially abrasive-free fluid at a hi gher |ayer,

Preferably the first end of the pressurizing supply conduit is located at the higher
layer of the vessel. The first end of the pressure relief conduit may be connected
to the pressurizing supply conduit, thereby connecting to the higher layer of the

vessel via the first end of the pressurizing supply conduit.

Aiternatively, the first end of the pressurizing supply conduit is located at the lower

layer of the vessel.

The first end of the pressure relief conduit may be connected directly to the higher.

layer of the vessel. The pressurizing conduit may include a flow control valve.

In a second aspect the present invention may be broadly said to be a method of
delivering an abrasive slurry including;

supplying high pressure fluid to a vessel, the vessel containing an abrasive
slurry at a lower layer and a substantially abrasive-free fluid at a higher layer,

delivering high pressure fluid to a slurry uptake and delivery conduit, the
high pressure fluid being connected to the conduit in the vicinity of a slurry uptake
end located at the lower layer of the vessel,

displacing the slurry, by the supplied high pressure fluid, via the slurry

uptake and delivery conduit,
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d@n?n‘{é‘d'ﬂﬂoé ﬂqupr essure fluid to g ??gt'q]e Hﬁgake and delivery conduit, §é~1§20006

hi gh--pressure-flui d being connecte conduit in the vicinity of at
slurry uptake end |located at the |ower |ayer of the vessel, displacing the
slurry, by the supplied high pressure fluid, via the slurry uptgke and

del i very conduit, 4 AVENDED SHEET 12-0%-200 Printed: 10-06-2003 D EJDIP
S@020006 5 7 JUN 2005 diluting the slurry displaced via the slurry uptake

and delivery u I ection
" the vi'cr reTg Mt SLED, b WERR nTbRE RN Geer ol B oy
di | ut ediisd Welivemdd antrabeasd vieatimcbamgctiontihahe vianity ePEIY sargngptekesi ng a |
valve in a conduit connected to the vessel to respectively relieve and

restoreelghessure in the vessel and to thereby stop and start the

di spl acenent t he Pr efe abl. ressure | he
vestel is. refrenatenn dhg HIHREed onfled Sl 7 BT Rl e aR o kb

di scharggoutlet. Preferably the high pressure fluid supplied to the vessel
is introduced at the higher |ayer of the vessel. Alternatively the high
pressure fl Lm;dersiugmricbdlotsmg ayalhs sed copditicoodected tatthenessebter | ayer of

t he vessel pressure reljef na be .via a conduitf, 6 b ch, t he high

or essurEspeeiny e i agsite Alevodediife Frestrand iy herey siomapdoe via a
condul teosfiiFl dispisanRik Bladheehtinaiop ditfelhaRer | aver of the vesser.

Preferé% upo initially supplying~high pressure fluid to the vessel and
del i vering

Preferably pressure in the vessel is relieved via the slurry uptake and delivery

conduit and the discharge outlet.

Preferably the high pressure fluid supplied to the vessel is introduced at the higher

layer of the vessel.

Alternatively the high pressure fluid supplied to the vessel is introduced at the

lower layer of the vessel.

The pressure relief may be via a conduit by which the high pressure fluid is
supplied to the vessel.

—  The pressure relief may be via a conduit which is connected directly to the higher

layer of the vessel.

Preferably, upon initially supplying high pressure fluid to the vessel and delivering
high pressure fluid to the slurry uptake and delivery conduit, the valve is open to
allow fluid flow through the pressure relief conduit to pressurize the system and

thereafter the valve is closed 1o displace and discharge slurry at the abrasive

discharge outlet.
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hlpgmtgae%@raegéd%u dtothe slurry upb@gq;,aﬂgq[gel ivery conduit, the val "%d}@oooe

open-to- -alloew-fluid fl ow through the pressure relief conduit to pressuil

the systemand thereafter the valve is closed to displace and di scharge
slurry at the abrasive discharge outlet. 5 AMENDED SHEET 12-05, 20C
Printed: 10-06-2003 DESCPAMD S&20006 “6 17 JUN 7. S Brief descrigtiﬁﬂnffqﬂ
the Drawings Figure 1 is a systemdiagramillustrating a first enb df "ot
the invention. Figure 2 is a systemdiagramillustrating a second

enbodi nent of the invention. Figure 3 is a systemdiagramillustrating a
third eghodid®iptieh diftBeithe@nhgon. Figure 4 is a system diagram
illustrating a tourth enbodi nent of the invention. Detailed Description of
the Preferred Enbodlnents of the Invention The present invention relies on
t he nat raI endenc ui take th.of . |eas reS|stance to
enabl e é%é‘d%e ’981%3'%58%@9@?53&8%’%%%03?% & HNMEGRONcondui t wi th
t he deS|gn bei ng such that the discharge is absent of abrasive. Wth
reference to Figure 1 which is a diagramillustrating a first enbodi ment of
t he i rhigote Dris atdystemi diagreowiiltiledradingra secord esgxelimebt whitehinveotiodes a
conpartment for retaining an abrasive slurry. An abrasive slurry is a

m xture of an abrasive material which is entrained within a fluid such as
for ex vessel 11
contalﬁﬂgthe gghyﬂ .égHﬁﬁg abovebJ%?ﬂﬁjéﬁpgggﬁéﬂg?wﬁ%§ﬁ¥5ﬂhg?s provi ded.
This liquid 4 |s t he sane I|qU|d used to entrain the abrasive particles to
provide_.the slurr ut ich e.a ce tajn level "L" jn the vessel is not
i ed Viowed eyt douate Rt Bod i ElterBiRiment ahihenvattoRor at o5 o

pressurising punp feeds fluid

Detailed Description of the Preferred Embodiments of the Invention

The present invention relies on the natural tendency for fluid to take the path of
least resistance to enable compressed fiuid volume to be released into a discharge

conduit with the design being such that the discharge is absent of abrasive.

With reference to Figure 1 which is a diagram illustrating a first embodiment of the
invention, there is provided a pressure vessel 11 which provides a compartment for
— retaining an abrasive slurry. An abrasive slurry is a mixture of an abrasive material
which is entrained within a fluid such as for example water or a liquid composition
containing water. The vessel 11 contains the abrasive slurry 2 above which a layer
of liquid 4 is provided. This liquid 4 is the same liquid used to entrain the abrasive
particles to provide the slurry but which above a certain level “L” in the vessel is not

mixed with abrasive.

A source of pressurised fluid 10 which incorporates a pressurising pump feeds fluid
to the vessel 11. Feeding of fluid from the source 10 is through delivery conduits 14
and 15. Conduit 15 is provided to deliver fluid to the uptake and delivery conduit
16 to thereby provide the appropriate dilution to the slurry being displaced through
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t@\”@d‘ﬁ%ﬁggbﬁ 1Feed| ng of fluid f-b'g%dﬂﬁg\@gur ce 10 is through deli ve§§(920006

condui-t's & 5. Conduit 15 is provi deliver fluid to the upt.

and delivery conduit 16 to thereby provide the appropriate dilution to the
slurry being displaced through 6 AVENDED SHEET 112-05-200 Printef:

10- 06- 2003 ' DESCPANMD S@20006 7 1 7 ~PQ~ti 2Th 6 the openi ng 30 %MU%J 2005
dilution may be necessary to avoi d bl ockage of the uptake and delivery

Che  cdhfi giana o i BA Pl Rbe S fRaRo B IEERAEE B dfleiOkRG: '

its outdd dePRaYidisdid. defining a first opening in the vessel 11 within the
fluid only regi on of the pressure vessel (ie above L) A hopper 17 feeds
abrasive slurry 2 to the vessel 11 through conduit 19. A pressure relief
conduit_ 21 i. qrovi da}d to be iin.fluid c m*runieiation with the

vpl yne,in
vessel @RRAWE 4 1% ofb% oMEHe t GGV DG | (RSP bgée?ﬁsué'is'%r%‘%’?%g ILfﬂ i
conf g%ﬁﬂg%a%nfdfgmeeiﬂveﬁt% Ehewncantitirel 5 MOWAHRAiIVHA RAStitdToutrid
delivery onduit 14. A fluid valve 13 controls the flow of fluid across
pr essuraperong rad, dedonnfuat firgll openingoimthle wpssalttilowitbin thee fleigsoriy telgeomp aip
system gelivers pI’ESSL[II’.i sed fluid to the vessel and this causes the
di spl adBRENESDHrEYRSE! (8 AQK&Y) 2 via the inlet opening 30 of the slurry
upt ake and delivery conduit 16 to nozzle 12. The inlet opening is
positioned below L and preferably near the bottom of the vessel 11. The
pr essur & heppef 1 ttarils abasiveasiuby Zmtiadeesst! 4 10 roegs condditil®. t o by pass
the flow of volune of the vessel which contains abrasive. The control of
the bypass is achieved by a fluid flow control valve 13 which is closable

to cloge grhesarnddiidf dnduit 21 e previdedUiatteoih qluidi aihmuhicdtith wardié 14
is connected to the top of the vessel 11 where there is no abrasive 2

pr esentvol@nedigprvesselrarheon onegontaet witinihieefluid absent of abrasive. In the
configuration of figure 1, the flow contact is provided via part of said delivery

conduit 14. A fluid valve 13 controls the flow of fluid across pressure control
conduit 21.

In normal operation of the system the pump system delivers pressurised fluid to the
vessel and this causes the displacement of abrasive slurry 2 via the inlet opening
30 of the slurry uptake and delivery conduit 16 to nozzle 12. The inlet opening is

positioned below L and preferably near the botiom of the vessel 11.

The pressure relief conduit 21 can be considered a by pass conduit to by pass the
flow of volume of the vessel which contains abrasive. The control of the bypass is

achieved by a fluid flow control valve 13_which is closable to close the conduit 21.

In the configuration of Figure 1, the conduit 14 is connected to the top of the vessel
11 where there is no abrasive 2 present. On depressurisation (when for example
the fluid source 10 fails, is or is about to be turned off) the fluid valve 13 connecting
conduit 21 to the delivery conduit 14 outside of the vessel is opened. The volume
of the content inside the vessel 11 will remain compressed but will wish to expand.

Two openings are available but such expansion will have a preference to discharge
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the fluid, source-10 fails, is or is:about 1o be turned off) the fluid valve .=
13.:'K‘é%ﬁfeg?@ﬁgg@onduit 21 to the delaﬁg )éMPgmt 14 outside of the vess¥t020006

is opened. The volunme of the content inside the vessel 11 will remain
conpressed but will w sh to expand. Two openings are avail able But such
expansion will have a preference to di Schar ge 7 AVMENDED SHEET v- SEZMN 25
.......................................... inted: 10-06-2003 DESCPAMD

STty SR Rl R A e AU, ™
di spl acer@né b@Eaﬁ&é‘}éZﬁaﬁk@H éﬂh@%ﬂ‘uﬁ@%&r GiRBRicBeheld dIfsItig reanthibbigh Ghwhose

i nternal dianeter, gth and nost predom nantly because of the déensity and
vi scosieperongt 3® gifuthg beddaitl dadswhasea intdrghkrdihmier,edéngtincesd @ost

tart- nd pre risatio f the. tem fluid I 13 wi initially be
open.  HROOM P GTPEEBRE B0 PG A Y4 bISchEDY Ohdng udy bRS eHPBUgHCB L &
14. WthoREphOw rédleygnded open some of the fluid flow will enter conduit 21.

Pressurigatl on of the vessel will also occur but this is reduced because of
the partial flow diversion. In the preferred formwhere the pressure relief

conduit_21 is connected tao the sl urr take and del jvery condyit 16
pat T edANGTEHD SB8PRESSHERPIG 30 [P RISIRTaY BPbhovEts VAN BRIk CPEss o
the Conﬁﬁé‘ﬂh!cpﬂﬂgﬁ?{v%éﬁté’c?\%‘ceofo 18%% VelsQ¥f ¥ AHH Boh it Mpwmgm?’@ and

n
the fact that t ow of 1d through the conduit 21 and into t upt ake
and delvales ylcopdunisorté afr tet sicaflbackillpertes wonduit 2 haPressurisattionhef dipe ake

d deli it t th ' 30, w LIt |. to, th
o2z oV SELWILPIR RECH BLhiy i vEBiged Rsraust ol thRarabel Bor PRFEenmiae
flow inhe driaepédibmm WHESSIHELp MRS rdileflQrieRitS21 3s CopPERERITEN thOls|@by asi ve

into the inlet opening 30 of conduit 16. Wth valve 13 closed, the fluid
fl ow f rupteke@andedaliveenconduitHé vestseam 1of théseaghd opening 30 (and preferably

outside of said vessel) the combination of resistance of slurry flow up through the
opening 30 and the fact that the flow of fluid through the conduit 21 and into the
uptake and delivery conduit 16 creates a back pressure in that part of the uptake
and delivery conduit towards the opening 30, no slurry will travel to the nozzle.
Upon closing of the valve 13 there will then be sufficient mass flow into the slurry
pressure vessel 11 to cause a displacement of abrasive into the inlet opening 30 of

conduit 16.

—  With valve 13 closed, the fluid flow from source 10 enters the vessel 11 through
conduit 14 thus causing displacement of abrasive slurry into the inlet opening 30 of
the uptake and delivery conduit 16 where it mixes with the main flow from conduit
15 and is carried to the nozzle through the uptake and delivery conduit 16 to the

nozzle 12.

Abrasive flow can also at any time be haited by opening valve 13. On de-
pressurisation, fluid valve 13 is open to provide an alternative and preferred route
through conduit 21 for the compressed fiuid. Upon expansion of the contents in the
vessel such expansion is via the relief conduit 21. "Conduit 14 has its opening in

the vessel above level L, which ensures that the abrasive slurry is not able to reach
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.openihg he uptake and delive 16 where it mxes with t

main flow fromconduit 15 and is carried to the nozzle through the uptake
and delivery conduit 16 to the nozzl e912 Abr asi ve flow can al Sot/? g,ﬁ/
time be halted by opening valve 13. On“de- pressurisation, fluid v 1310Rs
open to provide an alternative and preferred route through condui t 21 for

t he conpr. ss?d fIBw dd Uﬁon eé_&e{msm:)n of the contents L thoe essel

expansi'6Hd V@NF 43 A9 'BFEFE JRHTH'Y HHeratonblli ¢ Heqh wale! qrg 8 Pn’é"”'Wathe
vessel éﬁagy@ré S‘Hé're#tlal\’ﬁér%b ROSErEse ifatintd ViR éN@raﬂ&Huﬁ/Dei thdwivahbe to
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71 fl mtdemlseebasth&nda$e Ire mcldlitiagy ﬁhellynepeiianeieroﬁf coeadnitnal esheuld beth a
m ni nal sure di fferenti nce,its service life-ti. wll. b ner al |

hi gher Vidota ensinenfoy TR SR, SThe, Gieaning hids Mel vafafERer oY
condui tse%tgap b%be tf?é'%hf’cél\?é‘%mfrrylr ar@g&ed. QnQH%U\R/SytéW asna%nveebg%éaas 9h the

escapi ng is well belowthe settling velocity of the abrasive slurry 2
used. Ithetwassel/\alyomyeabtdswwé fpaherbbemejud|cetdmot/t§seeieramdmella}emg the w | |

further i,C t to eng or t al on conduit 14 and enter
t he corﬁ%\dﬂ“ gcﬁﬁgﬁrﬁﬁe‘:% EIE hRPéjg elﬂ%?’éﬂ’? ﬁ?l ustrates a second
enbodi nent of the i nvention where a separ ate relief conduit 21 is provi ded.

Unli ke the first enbodi ment shown in Figure 1, conduit 21 is not connected
‘to condijgmrelz,i!ltasstdatsera/escpud @Inybaémaernomfttmdﬁvestimpavh&re alsepacatepraded ed

vol une in Ve 11. Th alve 2 ways operaf es on . | ean
Fula, coRdiie s RroyidRar VETRS Bl EmtRaliBert iRl 5 e apriu 2158

pr essurﬁ&aéérﬁfbctéﬂdtod%héﬁﬁ U5 SéhUOQeﬁﬁeégﬁﬁrel‘ﬁsasa o e5ulet of eRiapen fyakie 13
i s decreased. The provision of the second fluid valve 23 is preferred but

not essomprgssedvaumeatn bﬁswie‘rb Bhe |sewoarvidiidivaive 23 atvayseapar@igstdre punp
pressur 'lgérpﬁwdh%nd the fluid valve 13 operates less frequently, ie. only at pressurisation

and depressurisation stages. As a result, wear on valve 13 is decreased. The

provision of the second fluid valve 23 is preferred but not essential.

In situation where a flow diversion is required when the pump pressurising the
source 10 fails, a loss in pressure in the conduit 14 or at the pump may be
detected by a pressure sensor thereby automatically opening valve 13 to provide
pressure relief within the vessel through the conduit 21. In situation where the flow
—  of abrasive slurry is desired to be stopped but where the pump pressurising the
source 10 continues to operate, the valve 13 may merely be opened and fluid may
continue to flow into the vessel 11 through the conduit 14 and 15 (if this is not
separately closed) but since the path of least resistance of the pressurised material
within the vessel is through the conduit 21, water will enter and merely exit above L
thereby ensuring only water will exhaust through the conduit 21 out towards the
nozzle 12. This flow will continue as long as the pump pressurising at the fluid
source 10 continues 1o operate, the equilibrium of pressure of the compressed fluid

is not reach and the valve 13 remains open.

9 AMENDED SHEET 12.05-200



s eeq10nfibsr a | oss in pressure fpdhecenduit 14 or at the punp maybe i
_dg?‘lrgég%l'dp Q?aéggr?essure sensor ther eb?-%%%%Wcal Iy opening val ve 13 to)‘é'ét{‘j;‘g0006
provide pressure relief within the vessel through the conduit 21. In

situation where the flow of abrasive burry is desired to be s,o?ﬁamgg;‘

where the punp pressurising the source 10 continues to operate, ° allne

13 may nerely be opened and fluid may continue to flowinto the vessel 11

thr oughat BRoRPOGH' budip 789s IReld fo LPAS HiGia"PrroRCOMAUILLY, ST brelids 81 NCe

the path 0O reststanc € pressurise e vessel

i's thropeHssiuhe deopthives@dl, 1 wathich M {urneirhes iargbrasivel slueyiz frabokepper tiier eby
ensuring only water wi Il exhaust through the conduit 21 out towards the

. . ] h
nozzl e t2yveshels 111 olp e Pasiimtieheabedimeny iadhighee gupthhfbdd vaivg Ag andt he

conpr esSeid dp SR, 08 Pabla B By B s el B, FABIuit™®
SHEET 241fBugh c@riduitt20 fromNihe)6c209%BEGRRAMR SERABQH awlh HbAliveAsirapr agm

punp 18 is used to draw fluid 4 fromconduit 20, which creates a pressure
dr op i nfroes¥e hagpethl €khroHghwondditaMs i n abrasive slurry 2 from hopper 17

to vessel 11. In the particular enbodinent in Figure 2, with fluid valve 13
and second fluid valve 23 cl osed, the diaphragmpunp 18 is used to w thdraw

fluid ghieugh Héo%%?irécig@df ri9sn the Messal agoiiat IDE oMaTBYSHIRY J5rRWds
abrasive slurry 2 rom the hopper 17 through conduit 19. It would be
appr eci lgeging taunweateq disehersgiop i dhrasiyesdrpheskozsie iat wyptesblrsagsunisadi ng

L0 Ut &l SCURI AT AL 28 PRLATAL 0o DRENPERCE Rhe W LEOLERRUE! 0

and depressuri sThg ovidifng an alternative rolte 0

resi st aggeardion Expansobaipresséd gl Nl@seettofd Withiv ahengedseaanirofnt Bi poirhe
vessel froma point where no abrasive is carried to the nozzle and so the

i nvent i WAEHRINSS abraseatis Gritigfetpthr iiggele and so the invention helps prevent
nozzle blockages.

With reference to Figure 3, an alternative configuration is shown wherein the
delivery conduit is positioned to have the first opening submerged in the slurry. In
this configuration a separate opening provided by the pressure relief conduit is
required to be positioned above L. The provision of the first opening 24 near the
second 30 is that better mixing of the abrasive with the water to form the slurry is

achieved nearer the second opening.

. A further alternative is shown in figure 4 wherein the pressure relief conduit
exhausts not into the uptake and delivery conduit but to a different location. This is
a less preferred option in that the pressure from the fluid in the conduit 21 can not
be used to provide a back pressure to fluid in the uptake and delivery conduit 16
and hen;:e some slurry (during expansicn in volume of the contents of the vessel)

may travel into the uptake and delivery conduit through the opening.

The invention described herein is susceptible to variations, modifications and/or

additions other than those specifically described and it is to be understood that the

10 AMENDED SHEET 12-05-200



Wi h g €5 BRCS; 30 Figure 3, an al ter?,%t%g,gAﬁ@fl guration is shown wher eléhogoooe

t he deli-very-conduit is positioned ve..the first opening subnerged.

the slurry. In this configuration a separate opening provided by the
pressure relief conduit is required tﬁ be positioned above L. Thféprﬁvision
of the first opening 24 near the seco 8 30 is that better mxi ng f o He2005
abrasive with the water to formthe slurry is achieved nearer the second
openi ng. A furthe |ternative is..shown in_fiqure 4 wherein.the pressure
relief BURANST MEkRsAl Rt MATGIERS mediieetint aodYertdlignhnhiER o a
di fferemmih%étwmafmls%obé_ofahé%%vero%fs@ﬁgﬁén.optI on in that the pressure
fromthe flurd in the conduit 21 can not e used to provide a back pressure
to fluid in the uptake and delivery conduit 16 and hence sonme slurry
(during expansion in volune of the contents of the vessel) may travel into
t he uptake and delivery conduit through the opening. The invention described
herein is susceptible to variations, nodifications and/or additions other

t han those specifically described and it is to be understood that the 10
AVENDED SHEET , 12-05-20C Printed: 10-06-2003 DESCPAMD S 0200CE 11 ,WsJ
2005 invention includes all such variations, nodifications and/or additions
which fall wthin the spirit and scope of the above description. 11 AMENDED
SHEET 12-05 2006 12-C5-2003 S(0200 12 _17, 2001 CLAIMS 1. A fluid supply
system for delivery of an abrasive slurry, the fluid supply system

i ncluding; a vessel (11) for containing an abrasive slurry (2) at a | ower

| ayer and a substantially abrasive-free fluid (4) at a higher |ayer,

41 AMENDED SHEET 112:05-20¢



apressapdxi ng supply conduit (14) having a first end which is connected &@p200
the vessel and a second end which is for connection to a source of high
pressure fluid (10), for delivering high pressure fluid to the vessel, a
slurry uptake and delivery conduit (16) having a slurry uptake end (30)
which is located at the | ower |ayer of {#e vessel and a deliveryjdthﬂph

is connected to an abrasive discharge outlet (12), for delivery of s u{&@
to the discharge outlet upon displacenent by high pressure fluid delivered
to the vessel, a pressure relief conduit (21) having a first end connected
to the hghpnsl ayer of the vessel and a second end connected to a pressure
relief outlet, the pressure relief conduit (21) also having a valve (13)
for control of fluid flow through the pressure relief conduit, and a second
supply conduit (15) having a first end connected to the pressurizing supply
conduit (14) and a second end connected to the slurry uptake and delivery
condui t 4( 16) , AWngeesuppipesyaeeontoreddiiobnt be Heebrskisdpglyrycandufitid( $bpply
connects to the slurry uptake and delivery conduit (16) in the vicinity of
t he sl usygtaiptiakedsgd (30). 2. A fluid supply systemas clained in claimi1,

the ol urry unt Seacghb neor iy PEh ] Brifel e iRV irh et f doveT iEVEDERER ' ©
bei ng pkovktadidly ddraswbriase Neidliagehal ﬁ?lhefbll@)}e@:f (12). AMENDED SHEET

12-05-2003 S@X2D 13 _17 JUN 2i 5 3. Afluid supply systemas clained in
claim1l or cl:PheSSUngiRG SURPHhECREWIE(1ehhavieg 2 misstherd ywhichiiacanngated to

Condl 419 ShatALREY Shea D et LRXerrphidhtouEsatice dr iyl bbb gunel
suppl y @ardyia), {drdeliveringdaglegrassureefiliowethe ageselpf the vessel .

a slurry uptake and delivery conduit (16) having a slurry uptake end (30)
which is located at the lower layer of the vessel and a delivery end which is
connected to an abrasive discharge outlet (12), for delivery of slurry to the
discharge outlet upon displacement by high pressure fluid delivered to the vessel,

a pressure relief conduit (21) having a first end connected to the higher iayer
of the vessel and a second end connected to a pressure relief outlet, the pressure
relief conduit (21) also having a valve (13) for control of fluid flow through the
pressure relief conduit, and i

a second supply conduit (15) having a first end connected to the
pressurizing supply conduit (14) and a second end connected to the slurry uptake
and delivery conduit (16),

wherein the second end of the second supply conduit (15) connects to the

slurry uptake and delivery conduit (16) in the vicinity of the slurry uptake end (30).

2. A fluid supply system as claimed in claim 1, wherein the second end of the
pressure relief conduit (21) is connected to the slurry uptake and delivery

conduit (16), the pressure relief outlet being provided by the abrasive discharge

outlet (12).

AMENDED SHEET



5. 1A-fdwipdasuppl y systemas clained in claim3, wherein the first end of t@@OQOf
pressure relief conduit (21) is connected to the pressurizing supply condui
(14), thereby connecting to the higher |ayer of the vessel via the first

end of the pressurizing supply conduit. 6. A fluid supply syste S | med
inclaim3 or claim4, wherein the fi rst'dend of the pressure rem;ﬁﬁél@%%ﬁlﬁ t
(21) is connected directly to the higher layer of the wvessel. 7. Afluid

supply system clainmed in, claimg erein the pressusizing. ¢ondui 4)
el udesta {1 Bu BT syPirn esagiarafd I R A SHPORER 1 eri g n e s bl
slurry i gciedbRasufgipRl My RoaBuRr(@Ss I Bchldd 5t iR Righessfler(Fihe Jdiggyessel
containing an abrasive slurry (2) at  a |lower layer and a 'substantially
abrasive-free fluid (4) at a higher layer, delivering high pressure fluid
to a slurry uptake and delivery conduit, (16), the hjgh pressure fluid being
connect &4 to PHEVIEGHERY YEES™ 85 Pﬁ%é”\ﬁdcéhF%WSﬁ 2 %""gf‘?'g tﬁﬁpﬁr&k@r@nef the)

| ocat ed : €.V Aad i rry (2), by
t he suppli esgnﬁf'éﬁv%{péggﬁr%@dp Fttﬁlg’ 'Svlﬁgéféﬁeé%rlro 97, éﬂ%)f%kgﬂgrﬁgﬁe (fzsllellﬂ‘very
conduit (16), diluting the slurry displaced via the slurry uptake and
delivery conduit (16) wth fluid geliv red to the conduit (16) at the
connect idn i Pt Hedveerplyt YSeEm re Plﬁ"f“?‘g I GRKR 3. eWHE[S0) thedfisthangi efgthee
di spl acaueandredieligfecordyit (3/1)ats apnrgriadi iveth PeessyzIng rURRlY (comduitatid),
AVENDED tBeEDY r2ndectiog3teabeoigher 12ypUNN the omsisiehgviantheclfiosti egnda ofative
(13) i n @aepsesangeupgly ebndoitduit (21) connect ed

6. A fluid supply system as claimed in claim 3 or claim 4, wherein the first end

of the pressure relief conduit (21) is connected directly to the higher layer of the

vessel. .

7. A fluid supply system as claimed in claim 6, wherein the pressurizing

conduit (14) includes a flow control valve (23).

8. A method of delivering an abrasive slurry including;

supplying high pressure fluid to a vessel (11), the vessel containing an
abrasive slurry (2) at a lower layer and a substantially abrasive-free fluid (4) ét a
higher layer,

delivering high pressure fluid to a slurry uptake and delivery conduit (16),
the high pressure fluid being connected to the conduit (16) in the vicinity of a slurry
uptake end (30) located at the lower layer of the vessel (11),

displacing the slurry (2), by the supplied high pressure fluid, via the slurry
uptake and delivery conduit (16),

diluting the slurry displaced via the slurry uptake and delivery conduit (16)
with fluid delivered to the conduit (16) &t the connection in the vicinity of the slurry
uptake end (30),

discharging the displaced and diluted slurry at an abrasive discharge

outlet (12), and
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to1Rips-gessel (11) to respectively relieve and restore pressure in the SG020(
vessel and to thereby stop and start the displacenent and the discharge of

the slurry (2). 9. A nethod of delivering an abrasive slurry as clainmed in
claim8, wherein the pressure in the vegsel (11) is relieved via,the slurry

upt ake and delivery conduit (16) and the discharge outlet (12). 10 JUN a0

nmet hod of delivering an abrasive slurry as claimed in claim8 or claim9,

wherein the hb ShiREeas Ef‘osfrllg“adva?UQQH%?ﬁwe tgg)orgbéé%r\égﬁ.@k céﬂyaml(ﬁnebhﬂ%@@ at

t he hi gher e vessel I'i vering an abrasive
slurry as Lbéaxe’:mdﬂ l(m)c‘doarefsp@chms!rm!i&vermd résjdmreppmwrre i Ithe d’essigp lared id o
the vessel (11) is introduced. a | oner | ayer of the vessel, 12. A

met hod &PEERAY S1ei #0 lRrhbieagiop qurmam/ara%ﬂaq dicrRaraokihg BTD, (Bdher i n  the
pressure relief is via a conduit (14) by which the high pressure fluid is
supplied to the vessel (11) 13. A nethod of delivering an abrasive slurry

as cl ai ged i naghaihbdler eelivdiriigiad bbravhersimy bRecIPness i eldirl 8 elvhieseinl thed
conduit (21) which is connected directly to the higher |ayer of the vessel
(11). 1pregsuret Hodthe desseldiilhgisarrelipredi vie@ shar siurag epldkeednd dalivene of

cl ai s supplying high pressure fluid to
t he vesgSPdHH3§66m?5J§??HEHﬁ?§ﬁ‘%Peégh?g fluid to the slurry uptake and
delivery conduit (16), the valve (13) is open to allow fluid flow through
the pressure relief conduit (2 pressurize the systemand thereafter

the val V8- (13 m@tthdogfeaeh‘cﬁrm%ana%@aéﬁ@ swr@cmﬁg%m%w gladn 8 1f eBiasPve
di schar %e?gfnl Ble (H]Iap\ pé@%lﬂu%_'%%ﬁphed to the vessel (11) is introduced at the

higher layer of the vessel.

11. A method of delivering an abrasive slurry as claimed in claim 9, wherein the
high pressure fluid supplied to the vessel (11) is introduced at the lower layer of the

vessel.

12. A method of delivering an abrasive slurry as claimed in claim 10, wherein
the pressure relief is via a conduit (14) by which the high pressure fluid is supplied
to the vessel (11).

13. A method of delivering an abrasive slurry as claimed in claim 10 or claim 11,

wherein the pressure relief is via a conduit (21) which is connected directly to the

higher layer of the vessel (11).

14. A method of delivering an abrasive slurry as claimed in any one of claims 8
to 13, wherein, upon ini;(ially supplying high pressure fluid to -the vessel and
delivering high pressure fluid to the slurry uptake and delivery conduit (16), the
valve (13) is open to allow fluid flow through the pressure relief conduit (21) to
pressurize the system and thereafter the valve (13) is closed to displace and

discharge slurry at the abrasive discharge outlet (12).
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