WD 02/ 085573 PCT/ SG02/ 00065 1 ABRASIVE FLU D JET SYSTEM Field of the

i nvention The present invention relates to an abrasive fluid jet cutting
syst em amaoion/0833as t i cul ar al t hough not solely to a systempPCarsGoup@byi ng a
pressurised slurry froma pressurised abrasive slurry containing vessel to
an abrasive-jet nozzle(s) to enable cutting or other abrasive-fluid jet
machi ni ng operations to be carried out. Background and Prior Art Abrasive
fluid jet systens in the art are used in nany applications where precision-
cutting is required. An exanple of such an application is the singulation
of substrates. One type ABRASIVEVELY JEJS3¥STEM | i zes abrasive that is
stored and discharged under pressure froma pressure vessel to mx wth
the driving fluid imedi ately before the nozzle to form an abrasive
slurry. FRUE R e iR8ntiSh achi eved by a venturi effect. The slurry is
normal | y then accelerated through a nozzle to form an abrasive fluid jet
tool for cutting substrat es. Such existing systems require the separate and
|ndepen nt del i of ab r%? ve for ach ofﬂ ng tnoz |l es where a . .

mul t1 - nd g% et MyeRliarh teles, tgeap, abiRale. nulibie! CHELKE AR (g ver y
requir e%aﬁﬂﬂ%%ﬂ%bhﬁ%@o%ly e éy%‘félﬂ%%uE);EI?m@@b%L@fsedCﬁﬂﬁr)@froﬁDée

nozzl es of the multi-nozzle cutting head operating in a |less than ideal
condi t i Pressinisad edrasive skirgosdntgining yessebfo anabhesiverietvrerziele) ta enakief | ui d

is for 29792, a
pressur gﬁﬁ@sel&ngy\%?@sw V@ giétﬁﬁ U\ngwebgt' S?{ggégvggg\é@ %ﬁél uid under
pressure are able to mx prior to be| ng delivered via a conduit to the

nozzle. WD 02/085573_PCT/ S@2/ 00065 2 As increasingly higher |iquid
pr essur Sackgoung and BHAuA, t ake advant age of the

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.



increases in cutting power, liquid conpressibility beconmes an inportant
factor. Wien it is required to stop discharging abrasive slurry and

depr essurwo®8ws73 abr asi ve slurry pressure vessel to pausecCrlssopp@eat i onal
process or to facilitate abrasive regharge, as a result of the high
pressures generated, there remains w%hin the pressure vessel a vol une of
conpressed fluid. Wth conventi onal state of the art systens, as the
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Such undesired discharge may for example occur if the slurry containment
pressure vessel pressurising pump fails. Since the slurry in the pressure vessel is
under high pressure and is compressed by the pump, upon failure of the pump the
compressed slurry will expand and continue, for at least for a short period, to
deliver the slurry through the delivery pipe to continue to discharge an abrasive

slurry from the nozzle.

In designing a solution it is important to avoid problems, including high wear rates
and reliability concerns brought about by the high pressures and the working

medium itself which contains abrasives.

It is an object of the present invention to mitigate the above disadvantages and to

avoid nozzle blockage or to provide the public with a useful choice.



- a vessel including a | ayer of abrasive slurry and a top | ayer conprising
substantially of fluid over the |ayer of abrasive slurry; - a high-pressure
fluid suppby2esns to supply fluid to said vessel; - a fi PST/SGozvdeics

| eading fromthe fluid supply nmeans tg the top layer of fluid in the
vessel, to cause displacenent of abrasive slurry froma discharge conduit
as high-pressure fluid is fed into the vessel; - a second conduit
operatively connected at different points to the fluid flow of the first
conduit and the abrasive slurry fromthe discharge conduit, said second
condui t Sumrhawyi ofdha ifivertionval ve between the operative connection to the
first conduit and the discharge conduit which controls the fluid flow

t hrough the second conduit between the first conduit and the discharge

condui tAcEBﬁﬂﬁgDIV irh Refirkt ubPestatheepresest insedtiemeensibls syat ebrasiveriessieti sed
to displace abrasive slurry through the discharge conduit and the fluid
val ve i sysipencorapesinge- pressuri zation of the systemto allow fluid flow

fromthe first ¢ it 1 h %féfo [ o) 's&gﬁ f the
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open to al | ow vépetantialipwf fibidoogsr thétayeeobatrasivelsiutryt o pressuri se the
systemand the fluid valve | closed for, o erﬁti on, of t.ge fIin, d jet system
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conduit to produce a m xture I d toget ‘wth the abraSive slurry
for ejection thndhglveaselejecausm diapiacementofiahsdsize surey Som afdiseharge
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suppl 'y nmeans _t 0 ts@@oME Scoiduit V) &HatiG81H 0bhnecid SeP 2 hb pothts to the fluid
flow of the first conduit and the abrasive slurry from the discharge
conduit, said second conduit including a fluid valve between the
operative connectidn to the first conduit and the discharge conduit which
controls the fluid flow through the second conduit between the first
conduit and the discharge conduit;

wherein the fluid valve is closed once the system is pressurised to displace

a.brasive slurry through the discharge conduit and the fluid valve is open

upon de-pressurization of the system to allow fluid flow from the first conduit
to the second conduit and to stop discharge of the abrasive slurry.

Preferably upon starting the system, the fluid valve is open to allow water
flow through the second conduit to pressurise the system and the fluid valve is
closed for operation of the fluid jet system once the vessel is sufficiently
pressurised.

Preferably the high-pressure fluid supply means feeds fluid to the discharge
conduit through a third conduit to produce a mixture of fluid together with the
abrasive slurry for ejection through an ejection means, provided at the end of the
discharge conduit.

Preferably a second fluid valve, provided in the first conduit is to control the

flow of fluid from the high-pressure fluid supply means to the vessel.



Preferably it includes a hopper providing a supply of abrasive slurry to
the vessel, and a punp for drawing fluid fromthe top layer of fluid in
the vesseWp 02Bwrei n t he resulting pressure caused by punmpCmgGoR/moods from
the vessel draws abrasive slurry fromthe hopper into the vessel. In a
second aspect the present invention consists in an abrasive slurry
pressurising system conprising a pressure vessel defining a conpartnent

wi thin which there can be maintained an abrasive slurry volunme and a fluid
substantially absent of abrasive naterial volu ahove sai d, abrasiyve
slurry vol unér%fe@.b@pﬂtﬁn@ﬂdéﬁraabp%ernp'SQtVifﬁ@Q @oﬁwﬁvé)g@r%'vﬂ?éu%ﬁ%éﬁ‘? nment a
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first o pressure vessel define said delivery conduit a
slurry wabake tABdredeltingepsessarecatsed e bumgping fieids fomn ythe ovesset siraws
conpartnent of said pressure vesse|l via a second opening of said pressure
vessel alresiveetlutsy from ghesnappsy I0fa tee/ess8! del i very conduit to a nozzle
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conpartnment via sard ening a pressure control conduit in fluid
connect psswuiisingsysterh lcontprisingst antial |y absent of abrasive said pressure

control conduit includin fluid flow control, .val v r te the
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conpartnent, said third opening provided by said pressure control conduit
ahd | ocaiatetial wohemeiablove said dbrasivedslsiipyoltibeal |y absent from said
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via said first opening, said first opening | ocated to be within said fluid

first opening of said pressure vessel defined b?/ Salé: geﬁvery Condult

a slurry uptake and delivery conduit to deliver the slurry contents of

compartment of said pressure vessel via a second opening of said pressure vessel

defined by said slurry uptake and delivery conduit to a nozzle under the driving

influence of the fluid under pressure entering said-compartment via said first

opening 4
" a pressure control conduit in fluid connection with said fluid substantially
absent of abrasive said pressure control conduit including a fluid flow control valve
to regulate the pressure within said compartment.
Preferably said pressure control conduit is in fluid connection with said
compartment via a third opening of said compartment, said third opening provided
by said pressure control conduit and located to be within said fluid substantially
absent from said abrasive.

Preferably said delivery conduit extends into said compartment to position
said first opening to be within said abrasive slurry.
Preferably said pressure control conduit is in fluid connection with said

compartment via said first opening, said first opening located to be within said fluid

substantially absent from said abrasive.



substantially absent from said abrasive. W 02/ 085573 PCT/ S&2/ 00065 5
Preferably said pressure control conduit is also in fluid connection with
said sl uwoyw2ugtsake and delivery conduit renote from sai dPcaorsgaz/bewent to,
when said fluid flow control valve isin a non closed condition, relieve
pressure within said conpartnent via Ssaid nozzle. Preferably said pressure
control conduit includes an exhaust outlet renote from said conpartnent

to, when sai @réfe%ta}/fsb%"’pfé%@hFé)bor’v‘t?él\(iénhﬁit idaRon®Rukl @sfbctieAVdiH 818,
relieve pressure, thin said conpartnent via exhaust outlet. Preferably
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cl osed egpfpatinfdht vid'saideicdde, fluid conprises predom nantly of water.
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said fluid.

In a further aspect the present invention consists in a method of operating a
system as herein before described comprising;

to said compartment containing said abrasive slurry and said fluid
substantially absent from abrasive material above said abrasive slurry, delivery
fluid under pressure via said delivery conduit, whilst allowing pressure relief from
said compartment to occur via said pressure relief conduit by said fluid flow control
valve being in a non closed condition

when a sufficient pressure is reached within said compartment to allow the
nozzle to operate in a desired material cutting mode, closing said fluid flow control
valve to then urge said pressure relief of said compartment to occur by the delivery
of sIurry'via said slurry uptake and delivery conduit to said nozzle.

In still a further aspect the present invention consist in method of operating
a system as herein before described comprising;

for a compartment containing said abrasive slurry and said fluid
substantially absent from abrasive material above said abrasive slurry, and
operating under pressure from fluid delivered via delivery conduit to thereby
displace slurry from said compartment via said slurry uptake and delivery conduit

to said nozzle



a system as herein before described conprising; for a conpartnent
containing said abrasive slurry and said fluid substantially absent from
abr asi ve watoew8l3 above sai d abrasive slurry, and oper at iPag/SGozierospr essur e
fromfluid delivered via delivery con%uit to thereby displace slurry from
said conmpartnent via said slurry uptake and delivery conduit to said nozzle
WO 02/ 085573 PCT/ SG02/ 00065 6 noving said fluid flow control valve to a

non cl osed ¢ b ' | ' Imﬁ- urry as the
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In sti a rther aspect the present inventjon,consist in,a nethod o
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Comart?ﬁﬂheﬁg&g%o?\idﬂﬁ. said abrasive slurry and said fluid substantially
absent from abrasive material above said abrasive slurry, and operating

under pr essulrestilrafurther aspdet thecpredent iaverrtian/eoysisionduimethad oher eby

di splace slurry fromsai d conpartnment via said sl.urry uptake and delivery
conau + Soardlidia ST BB b rare drsprPeRuRARNG o1 'Sl trry 1T pressur e
wi thin said gpmpeb mehteddrtaiPRIg0i@ aBFRhedIsRInkCardd 8w flue nozzle to
operate in a desired material cutting node, by noving said fluid fl ow
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above which there is provided (b) a volume conprising of fluid
subst aniq $RiAWOZBl®ent of abrasive slurry;

preventing said displacement of slurry if pressure within said compartment
falls below a pressure to allow the nozzle to operate in a desired material cutting
mode, by moving said fluid flow control valve to a non closed condition.
conduit to the second conduit and to stop discharge of the abrasive slurry.

In still a further aspect the present invention consist in an abrasive fluid jet
system comprising: ,

a) a vessel having a compartment for carrying (a) a volume of abrasive
slurry above which there is provided (b) a volume comprising of fluid
substantially absent of abrasive slurry;

b) a high-pressure fluid supply means to supply fluid to said vessel,

c) a discharge conduit including an inlet opening to locate within said
volume of abrasive slurry and a nozzle

d) a delivery conduit leading from the fluid supply means into said vessel to
under as high-pressure fluid feed therethrough and into the vessel to
induce flow of abrasive slurry into and through said discharge conduit to
said nozzle;

e) a pressure relief conduit in fluid connection with said vessel to
operatively connect between the volume comprising substantially of fluid
and said discharge conduit, said pressure relief conduit including a fluid
valve which controls the fluid flow therethrough



b) a high-pressure fluid supply neans to supply fluid to said vessel; c) a
di scharge conduit including an inlet opening to locate within said vol une
of abrasiwe oglosssry and a nozzle d) a delivery conduit | eadCmgGoz/00w6s he
fluid supply nmeans into said vessel t under as high-pressure fluid feed
t heret hrough and into the vessel to induce flow of abrasive slurry into
and t hrough said discharge conduit to said nozzle; e) a pressure relief

condui t Wh@rélhlfhé f|9%0§|9éh%n%;séhe‘aa¢&hdfm Fh'du‘i:@s rERST GHt pregbureciiasid
bet ween the vol une conprising substantially of fluid and said discharge

condui t vemldtymséalslmhmg elfiowf alterndiive ta smit dievngl @l)faf fiuid vieagaié pighseke
controls I E? qw th ret hrough WO 02/ 085573 PCT/ S&02/ 00065 7 wherein
the fl ur‘ﬂ'evﬁf’@%u' X (ﬂ%ﬁ d condition induces relief of pressure fromsaid
vessel by establishing a flow alternative to said flow of (d) of fluid via
said pressure relief conduit to said nozzle. Brief description of the

Dr awi ngBrief desasiptionofihe {ewinasi agramillustrating a first enbodi ment of
the invention. Figure 2 is a systemdiagramillustrating a second

enbodi nent of the invention. Figure 3 is a systemdiagramillustrating a
third eFipdée mest sistérmealiagreemtiiustratind-a dissteeMbodimaend pé trerindeatioam
illustrating a fourth enbodi nent of the invention. Detailed Description of
the Preferred Enbodi nents of the Invention The present invention relies on
the nat g ale b§ad e%ﬁﬁa%ﬂa‘rﬂ ﬁlu%f?a%r?é‘ﬁ sb%ntﬂ’%trﬁbd?ﬁmeh?éﬂher igSb/dcgce to
enable ¢ resse I ui l'ume to be rel ease nto a discharge conduit
with the design being such that the di scharge |s absent of abrasive. Wth

reference to Figure ich i m|II cat i i rst. embodi nent of
the invEedds ég%mvéﬂa%rlamﬁl&ggagipg QP p‘?ﬁ‘?\wwttﬁ)ﬂov. des a
conpartment for retaining an abrasive sl urry An abra5|ve slurry is a

m xture of an abrasive materi al _ ) _ _
: Figure 4 is a system diagram illustrating a fourth embodiment of the invention.

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 fluid 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.



which is entrained within a fluid such as for exanple water or a liquid
conposition containing water. The vessel 11 contains the abrasive slurry 2
above whiwboaosssyer of liquid 4 is provided. This |iquidpPeTisGotb@esane
liquid used to entrain the abrasive %’;\I‘tldes to provide the slurry but
whi ch above a certain level "L" in the vessel is not mxed wth abrasive.
WO 02/ 085573 PCT/ SGD2/ 00065 8 A source of pressurised fluid 10 which

i ncor popadRfcd ob pRSSBUIsEH 'ﬂgldomhf&ﬁi%ofdd#bfés 3 Qrésﬁ@rlgﬁ‘%sﬁJméffeedt@ﬁ@Ung of
fluid fromthe source 10 is through delivery conduits 1 15. Conduit
15 i s ptothedeesseb1deFeedngfafdiutd fremithe S@pf%ﬁ(éo nthraegh detiverysoaduits 114
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vessel pressurising, con In the configuration of the invention shown
in fi gup@emngt?rfb tﬁjdl“t'tlomrﬂ?é{sbﬁ* ngcesgargtto aypichbirskage fdhertifiakerandr st
openlng %OHB 11 within the fluid only region of the pressure
vessel ove ? A hopper 17 feeds abrasive slurry 2 to the vessel 11

through condwt 19. A pressure relief conduit 21 is provided to be in fluid
commnléé) |on vmth tg_' volurrg jn vess(gl and be in f|ow contact wth the
fluid ab®BAbTofl4an? ati& eMalh F¢lvent orf gM?%ﬁqloHr‘tﬁSW'ﬁw CoNduithelry | 15
contact cbﬁﬁdﬂr?ffbﬁetﬁ tfﬁ‘ ntioRT sl iHSfdET Y, tﬁé)%ﬂdhltlﬁ Had 'lt'é' Guirél ve 13
control s the ow of ui d across pressure control conduit 21. In nornal
oper at i openihgt2¥g d;ajtmmmtﬂret ppamngyrsttleenvdetselvb‘r wntprretmjﬂu@ermlylregi@ntmf t he
vessel ﬁpd this causes | acement of abrasive slurry 2 via the inlet
openi ng Wegﬁut%ﬁeﬁ%ﬂ'?f%%?jae and delivery conduit 16 to nozzle 12. The

inlet opening is positioned below L and preferably near the bottom of the

vessel 11. The ressure relief conduit 21 can be considered a by pass
condui t A BoBpephs éeadseabrasive slurry 2 to the vessel 11 through conduit 19.

A pressure relief conduit 21 is provided to be in fluid communication with the
volume in vessel and be in flow contact with the fluid 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 bottom 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

achieved by a fluid flow control valve 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



fl ow of volume of the vessel which contains abrasive. The control of the
bypass achieved by a fluid flow control valve which is closable to close
t he conduwo 024855r5 t he configuration of Figure 1, the con@girtSGhzoioss
connected to the top of the vessel 1],where there is no abrasive 2
present. On depressurisation (when for exanple WO 02/ 085573 PCT/ SG02/ 00065
9 the fluid source 10 fails, is or is about to be turned off) the fluid

val ve 1%@%6%@@10@9@% br %laHdPJt ft@@ed@mev)eéff) i VaQEtS &&r@cnh?l

vessel is opened. The volune of the content inside the vessel

remai n conguie2dde thetdelivery apriuit euisideatithe veﬁﬁajp@mpﬁggda%eamﬂmamfe but
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opening 30 of the conduit 16 whose internal dianeter, |ength and nost
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will al BEosripantly,pecayse of the:dgpeily ga sy af Hhe Sy Bedi? iRAds Resi on.

I n t hepRmel apheeslses ere the pressure relief conduit is connected to
t he sl ur@y upt ake an@%\’[gl ivery conduit upstream of - the second opening 30

(and preferabl y outside of said vessel) the conbination of resistance of

slurry t hrough t he .openi 30 and fact, that .the flow of fluid
©hr oughOmralarBh e BessiifeattRoct i SviBakdulfvefa 14 35 rwlfuibe ol oo
back prege e Wil ﬂb@tfrcnﬁréowéehUQnmkxﬁes%@ﬁ110lﬁ+dug¢wor€d1nﬂmtwumvmés the
opening 30, no slurry will travel to the nozzle. closing of the valve

13 t her¥alkp1 13 Open semefitheifbnd fiows wilt eoieri mnﬁwh& stﬂsyrlsﬁh@Sertbevessel
11 to C\%ﬁ%%l %ﬁ“a?e% BEEIPBt f?l ?sbrreaoﬂc\éﬁ ﬁé]:ta%sghgf l‘h'(lI Sértlgpﬁ&k/ncﬂvéq’r%m% In

condui t )
the preferred form where the pressure relief conduit is connected to the slurry

uptake and delivery conduit upstream of the second 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 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.



Wth valve 13 closed, the fluid flow from source 10 enters the vessel 11.
through conduit 14 thus causing displacenent of abrasive slurry into the

i nl et opewDng/ogB7df the uptake and delivery conduit 16 WRETSGOL/0006Xes Wit h
the main flow fromconduit 15 and isufarried to the nozzle through the

upt ake and delivery conduit 16 to the " nozzle 12. WO 02/ 085573

PCT/ S&2/ 00065 10 Abrasive flow can also at any tine be halted by opening

val ve 185l fowPcaRS Hishs at iy tifriﬁ,uib@ valiy@ B3 dpertervaie Pravosedan

alternative and preferred rout rough conduit 21 for the conpressed

fluid. esaudsatamsifloid valveHd isconemntospriovidenan aliesaativesanth pesfpaesli ionte s vi a

the reljef condujt. . condui t S, i ' t ' bove
| ovel Lo ERoM 710 Rt ohadd el UnoD, M otine Cehidi i 1 e DG
val ve lgesaRfsiiéh BRPSEsiOR 410l e RRSfIOPEURIR 1Cl/8ac0 VAT Rad it derdngimi mal
pressure differential hence its service life-tinme wll be generally higher

t han wollledvessehebavedeyr! It hehishgnsures thalithe Rbragve; swey isiedite reash
dui t, 2 : i ci | Qe f th
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2 used.preBstifd giffePantRinhenbe disi seavigariifetines wilhbetdenevalbs bighebdivan heudd " L"
wi |l further be prejudiced not to enter or travel afl on t'h(é conqgit 14 and
enter t9Bepysaupe the ¢aneolgraddition the dnnel dimeter migeedut 2l 3ReYldiRe a

SeC0“deﬁ;ﬁﬁ?@%f\mﬁ@gftetaﬁu&@\f@ghewm@@eofath%_ewe@)g % fi6ld Riwef @R tngl is

provi d e first e I ment shown in Fi e 1, conduit 21 is not
connect sattling vedoatyi of the, almadiveesivey 2pusesl. yin disavay ang abirasiye gasti¢les in he

conpressed vol une i n vessel he second. fl ui d val ve 23, al S _oper at es
oot R vasteEbav P E witrurdit b Fiehficad hE ter pRuRkdYnaREE CLer,
at  pressgHduietd Rd eAish tHBRLAGEHDH IAFIUYA thEFRAS valke 1@.r esult, wear on val ve
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
DA PLEBIE 23S o, 368 RFerBobithért ofinb HAdefbrP (AP e sddbrb e réiRp U
conduit 21 is provided. Unlike the first embodiment shown in Figure 1, conduit 21 is
not connected to conduit 15, and serves purely as a route of escape for the
compressed volume in vessel 11. The second fluid valve 23 always operates on
clean fluid, and the fluid valve 13 operates less frequently, ie. only at pressurisation
and depressurisation stages. As a result, wear on valve 13 is deéreased. 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



detected by a pressure sensor thereby automatically opening valve 13 to
provide pressure relief within the vessel through the conduit 21. In

si tuat i orwateengssthe fl ow of abrasive slurry is desired t®@ChsGsr/opped but
where the punp pressurising the source 10 continues to operate, the valve
13 may nerely be opened and fluid may continue to flowinto the vessel 11
t hrough the conduit 14 and 15 (if this is not separately closed) but since

the patihnie l19astid Fdl>hMesnfiud B8 IBRESAbAS BinfRiReidlrising BRifle i vessel

i's through the conduit rwll enter a |y exit” above L
t her ebysamserOngndinLigs Wabperate) theeseduilisium bf pregsurdef tendoinprezsedudliuid owar ds
the WD .02/ 085573 PCT/ SA2/ Q065 .11 nozzle 12. This flow will continue as

| ong a0k reRfHH? YRive g eM2inH8PfNyi d  source 10 continues to operate,

the equilibriumof pressure of the conpressed fluid is not reach and the
valve 13 renmins open. A diaphragm punp 18 is used to draw fluid 4 from
condui tA 2tiaphvaigoh puneat! 8sisausest ts deave fluid deBes canduihi2dh which weal@padvs in

abrasive slurry 2 fr ho r. 17 t i | oo | t r
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cl osed,vddiel i aph tas phRictar Bnbsdimeadin Bigurd Rdwnatw fluidivdivehtDagd secomdlui t 20
fromthe vessel creating a vacuumto draw in abrasive slurr fromthe

, _ 2
hopper fluidivalvrigh eosedi theldiaphragp rumpel Safspreed 4o eithdraw %/'H'éi Hyaughn
avoi ds ' | bidd I [ t: j Lhg of
abr asi véeés'ﬁl‘gt ?(gfemﬁgﬁ \Zé% d é&‘%["@gh ag?%%%durﬁ?gldﬁ%’v 'Qr?g) eg% %ngrﬂ,r ?gmgggat es.
By provivshpg Emhthabugh bemdwvie1@out e of | ess resistance for expansion of the
conpressed fluid volune fromwi thin the vessel froma point where no
abrasive is carried to the nozzle and so the invention hel ps prevent

nozzl e bl BGIRORS- oMlikRidhed AhaN46e G sRiriaRoids Mild AL RBRASIIRY CorBbidig at i on

i's shown ereint 1very conduit is positioned to have the first

openi ndesdimgetogenivamtedrdischarging. ofl abrasines te diné ingariet atosy stermapassirisiopeni ng

provi degnc? %etppeessﬁhglsnsgusrtgters.el é;?fprg\(/)lgicri\ldiatn iaﬁerna’tive route of less resistance for
expansion of the compressed fluid volume from within the vessel from a point
where no abrasive is carried to the nozzle 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 hence some slurry (during expansion in volume of the contents of the vessel)

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



required to be positioned above L. The provision of the first opening 24
near the second 30 is that better m xing of the abrasive with the water to
form the wbuweiyssis achi eved nearer the second opening. APCHISGO2N0065
alternative is shown in figure 4 whergihbn the pressure relief conduit
exhausts not into the uptake and delivéery conduit but to a different

| ocation. This is a less preferred option in that the pressure fromthe
fluid in the conduit 21 can not be used to provide a back pressure to
fluid in the uptake and delivery conduit 16 and hence sone slurry sduring
expansi dhei inveotiomelestribed haseineist susgeptihle (e ysdatonsmaypodifigabons @ing/arme

upt ake and..del i very,condujt throu I N0 /

per scoaPaees o5 Rl itbe shEE AN, Ao BRSRRL i 1 B2 iR ogs dnat e

vari at i gfentiBRdintiuerlsi amssuahdianiaticridi rhbeisatdrize andhematititieas spkichf fatial | y
described and it 'is to be understood that the invention includes all such
vari at i B&in hsdspificand seepaptiinerakaus deeRi9tiaRi ch fall within the spirit
and scope of the above description. WD 02/ 085573 PCT/ SG2/ 00065 13 CLAI M
1. An abrasive fluid jet systemconprising: - a vessel including a |ayer of
abrasive slurry and a top layer conprising substantially of fluid over the
| ayer of abrasive slurry; - a high-pressure fluid supply neans to supply
fluid to said vessel; - a first conduit leading fromthe fluid supply neans
to the top layer of fluid in the vessel, to cause displacenent of abrasive
slurry froma discharge conduit as high-pressure fluid is fed into the
vessel; - a second conduit operatively connected at different points to the
fluid flow of the first conduit and the abrasive slurry fromthe discharge
conduit, said second conduit including a fluid valve between the



operative connection to the first conduit and the discharge conduit which
controls the fluid flow through the second conduit between the first
conduit awo oklgssds scharge conduit; wherein the fluid val vecrsGob/omesi once
the systemis pressurised to displace, q,abrasive slurry through the

di scharge conduit and the fluid valve I's open wupon de-pressurization of
the systemto allow fluid flow fromthe first conduit to the second
conduit and to stop discharge of the abrasive slurry. 2. An abrasive fluid
jet systemaccording to claim 1, wherein upon starting the system the
fluid v&LAMS open to all ow water flow through the second conduit to
pressurise the systemand the fluid valve is closed for operation of the
fluid jet systemonce the vessel is sufficiently pressurised. 3. An

abrasive. fl ujag élﬁbs%qmﬁdi%él@yél@nﬁ?b@ﬂn@ﬁéin@ﬂd 2, wherein the high-pressure
fluid supply nmeans feeds tfluid to the discharge conduit through a third

conduit to produ¥esselinsivding afayernefregivenderiians alep dayelse/BrEsiogry f or

ejection thro j i ' he end of the discharge
conduit. WO 02%@5@2’%2&@2@8@% Iﬂfi\ejg%g?n&%eb%lggriy\’/e fluid jet system
accor di ng t o- any higiepreisstieeflyid aapgdlynmpeshaitarsupplwiiaiceionsaid vesseid f1 ui d

val ve, provided in the fjrst _conduié_I i fj-"to control the flow of fluid from
the hi gh- pressi@ Brst canduid igasing Feahtet iid sePplysBepns &0 thetopdpyer okflyifyi d
jet system ?‘CP%%QQ/eEQ?I?Echaﬂﬁe Alspidte nhERGFHIPEsITE Al iy froWbCA(]séHéﬁnges a
hopper providing a supply of abrasive slurry to the vessel, and a unp for
drawi ng fl ui d foomauitres high-pragsurediuid Isufied into theevegeskel , wherein the

resulting pressure caused hy punpi fluid fro e vessel qr hrasi ve
Surry fromtne Sropparoariuy oReronudl sonnstted, SR UE BBl do WAL o1 ng
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a flui

there can be maintained an abrasive slurry volune an
substantial | y aieehit, o3aidbsaednde conduit including a fluid valve between the

. operative connection to the first conduit and the discharge conduit which
controls the fluid flow through the second conduit between the first
conduit and the discharge conduit;

wherein the fluid valve is closed once the system is pressurised to displace
abrasive sI‘urry through the discharge conduit and the fluid valve is open
upon de-pressurization of the system to allow fluid flow from the first conduit

to the second conduit and to stop discharge of the abrasive slurry.

2. An abrasive fluid jet system according to claim 1, wherein upon starting the
system, the fluid valve is open to allow water flow through the second conduit to
pressurise the system and the fluid valve is closed for operation of the fluid jet
system once the vessel is sufficiently pressurised.

3. An abrasive fluid jet according to claim 1 and 2, wherein the high-pressure
fluid supply means feeds fluid to the discharge conduit through a third
conduit to produce a mixture of fluid together with the abrasive slurry for ejection
through an ejection means, provided at the end of the discharge conduit.



mat eri al vol unme above said abrasive slurry volune a supply of abrasive

m xture connectable to the conpartnent a delivery conduit to deliver fluid
under pre8OWRASISE3 sai d conpartnment via a first openi ng ofPCIBIGH2/proessur e
vessel defined by said delivery condu'& a slurry uptake and delivery
conduit to deliver the slurry Contenti of conpartnent of said pressure
vessel via a second opening of said pressure vessel defined by said slurry

upt ake and dal é(l?rra)éiv%oﬂl%p'été t8mNSEHr§ingNBeany BRe &l tk Nteckdihyugaigss, of the
fluid under pressure entering said conpartnent” via said first “opening a
pr essur wheoeinralsecandifiuid vaivé) picyidsshimethiel st wboduis id to tooird webawmfi al |y

absent gf. abrasjve.said pressure control conduit in¢cluding a fluid flow
cont rol ﬂv@ﬁpw“%%%@gaf%ﬁ%m ﬁ‘é‘dpSPé’QB/u'F‘SaW ?‘?‘Iﬂ}? \é%sfst??'conpart ment. 7. A
abrasive slurry pressurising systemas clained in claim7 wherein said

pressure control conduit is in fluid connection with said conpartnent via a
third 8peni Ay arasivediwadiplasysiem: aceosdingttei any eperfifeprrecedieg dgimsi d

pressur r C ' e t AT ' Lui tially
bsent Tt eflgesef BEber BREICIRS 25 of EpMsE BuBd6 helsSh AR

cl ai medpumpcioaidrawingtiRii¢ fronstledopdaydrud fivid pnitiel iesssl, evgeinithe resulting
conpartnent to position said first opening to be w¢thip said z%bras' ve

sl urry. PieSsObe 688553 byayneing) fhid drom e yessel Haws; ragiversiyrmy iedB dhesi ng
system ' | |.ai m7 wherein said pressure control conduit is in
fluid cgéﬁg%rﬁbggéﬁ]ﬁﬁsgggi d conpartnment via said first opening, said first
openi ng6l ocapadcirasive shimhpressarisinglsystbns cbatpaisirical | y absent from said

o oi ai ms 7 BMSSSUAsesR Sl RaCRA BN T DR TP B 1 n {1 uid
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material volume above said abrasive slurry volume
a supply of abrasive mixture connectable to the compartment
a delivery conduit to deliver fluid under pressure to said compartment via a
first opening of said pressure vessel defined by said delivery conduit
a slurry uptake and delivery conduit to deliver the slurry contents of
compartment of said pressure vessel via a second opening of said pressure vessel
defined by said slurry uptake and delivery conduit to a nozzle under the driving
influence of the fluid under pressure entering said compartment via said first
opening
a pressure control conduit in fluid connection with said fluid substantially
absent of abrasive said pressure control conduit including a fluid flow control valve
to regulate the pressure within said compartment.
7. A abrasive slurry pressurising system as claimed in claim 7 wherein said
pressure control conduit is in fluid connection with said compartment via a third
opening of said compartment, said third opening provided by said pressure control
conduit and located to be within said fluid substantially absent from said abrasive.
8. A abrasive slurry pressurising system as claimed in claim 7 wherein said
delivery conduit extends into said compartment to position said first opening to be

within said abrasive slurry.



control valve is in a non closed condition, relieve pressure wthin said
conpartnent via said nozzle. 11. A abrasive slurry pressurising system as
cl ai med iwoangsssme of clains 7 to 9 wherein said pressur®Ceseoe/oioegondui t
i ncl udes an exhaust outlet renote frojgsaid conpartnment to, when said
fluid flow control valve is in a non closed condition, relieve pressure
within said conpartnent via exhaust outlet. 12. A abrasive slurry

pressurysi ngA%)b?réﬁ%%ﬁJrﬂ} Bi‘é%@drlé|ﬁg%§?¥te9rﬁ‘ﬁs%ia|ﬁﬂb€'IHQ:IeTmtPthe1fel‘Nﬂ§éﬂl n said
fluid flow control valve Is responsive to delivery conduit fluid pressure

gnd i fbsmhurescdnﬁr@woadspm:lnfﬁwd cpnreecionewith seiskgrmaargend visesaig fibdl ow a
I t t I d
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of cl ai §aid dopadige. Wherein fluid conprises predominantly of water. 14. A
abr asi ve slurry pressurising systemas clainmed in any one of claim?7 to 13
wher ei n1@ai dAgihiasgiye sbifit Pressubsing Sé{ﬁteé'ﬂ)ﬁééﬁ'a)@eﬁdﬂ@m%@n%ﬁf glaimed 1A 2hin

said f l\g/hgrenl%gid @r?%? goﬁca{% q ABRAGE ‘s@lsgn‘?ﬂﬁfde{{ﬂrﬁ\%c bR i sﬁ]?égone. of

cl ai nms 0 said co con alni ng sai rasive

slurry aptakeaind ddiviety condut @‘mﬁ@talfn‘qm abmeMmbanmeallbtcasmlvm regticfluial flabove
sai d abraS|ve slurry, deliver ui d under pressure via said dellvei
cur

condui t CORtfal IV§iVea'F5I'6@| ne] gpéggﬁpﬁdli@m '@f“ei"‘? OReSSULe WVt GRIAPERIGE

vi a salﬁ 3}; rellef conduit by said fluid flow control valve being in
a non closed con |tion when a sufficient pressure is reached within said
conpar t frent Acamiad;lw/simw preszatising systeen aselaimesd idexiyrenk nhcleimall to@ ti ng
node, said fluid fl ow control 02/ 08557 1 SG02/ 00065 6 val ve
Lo ¢ henn iRt sadpsatisleanial cpBRLE eulfer ) RERAI IS BPBBLLIOBy o4 e

del i ver yomphrtileit fo, Whéh Saitdiusd HoWeomroptatvansirfig novedyssaendition,0 sai d
nozzle. 16. A nethod of operating a systemas clainmed in any one of clains
7 to 1ldrelieve pressure within said compartment via exhaust outlet.
12. A abrasive slurry pressurising system as claimed in any one of claims 7 to
11 wherein said fluid flow control valve is responsive to delivery conduit fluid
pressure and if such is below a specified pressure corresponding to being below a
desirable system operating pressure, said valve will be in a non closed condition.
13. A abrasive slurry pressurising system as claimed in any one of claim 7 to 12
wherein fluid comprises predominantly of water.
14. A abrasive slurry pressurising system as claimed in any one of claim 7 to 13
wherein said slurry comprises of a an abrasive material entrained within said fluid.
15. A method of operating a system as claimed in any one of claims 7 to 14
comprising;
to said compartment containing said abrasive slurry and said fluid
substantially absent from abrasive material above said abrasive slurry, delivery
fluid under pressure via said delivery conduit, whilst allowing pressure relief from
said compartment to occur via said pressure relief conduit by said fluid flow control
valve being in a non closed condition
when a sufficient pressure is reached within said compartment to allow the

nozzle to operate in a desired material cutting mode, closing said fluid flow control



conprising; for a conmpartnent containing said abrasive slurry and said
fluid substantially absent from abrasive material above said abrasive
slurry, awo o2ogesrati ng under pressure fromfluid delivere@Crissozeloovery
conduit to thereby displace slurry fromsaid conpartment via said slurry
upt ake and delivery conduit to said nf2zle noving said fluid flow contro
valve to a non closed condition thereby preventing said displacenent of
slurry as artnent  fal

th i, t hi i d. bel t
a1 1ow ¢ et S eertsald et S i o7 sp Qmeernaet P oty ERERRM very
condui t . oflfurrpviteAiad @ty Gprikedrd delivens ¥ehdin RSsdid abged. i n any one of
clains 7 to 14 conprising;, for a conpartnent containing said abrasive

slurry at safdnetheddf operatinghaisysteyn as slaimedrin gnyipngofalaimst eta # above
sai d abrg@rl 8 iﬁl urry, and operating under pressure fromfluid delivered
via deli é WHdui t to thereby displace slurry fromsaid conpartnent via

said slurry upfakeomparigeent\wonfaicingdsid abissieasidmpend eaigfledent i ng sai d
di spl acenent of slurry if pressure within said conpartnent falls below a

pr essur eSUkstantially ahsenhiom abragivsjariaral ahove saidiatasivasiinar@dut ti ng

node, by, ks | | : : ; : ndi ti on.
condui t ?Fg@t\éhﬁgsu@?gﬂHF%:%H%?@%WA@B%IQ%?%?ggh\gerrgedagpuﬁlrtfg a ?g ive slurry.
18. An atlisplaicealdrrpirdn) sdid cpstpertmentpria saitgsluay uptakesaed déeliverygoaduit
conpartnent .for carrying (a) a volune of abrasive slurry above which there
i s provi@RIY BPZEey 0l ume conprising of fluid substantially absent of

abrasive sl W:‘rgbivir@ sdid Mugthfidw ROBHBPVAIVE téla TR IYsdte @dRditiongHeRiby fluid to
said vessel; c) a“discharge conduit including an inlet opening to | ocate
wi t hi n spiieyenting eaid dsplasearsint of eluuyras thadPrassigavithin said compartment

falls below a pressure to allow the displacement of said slurry via said slurry uptake

and delivery conduit.

17. A method of controlling a system as claimed in any one of claims 7 to 14

comprising;

for a compartment containing said abrasive slurry and said fluid

substantially absent from abrasive material above said abrasive slurry, and
operating under pressure from fluid delivered via delivery conduit to thereby
displace slurry from said compartment via said slurry uptake and delivery conduit
to said nozzle

preventing said displacement of slurry if pressure within said compartment

falls below a pressure {o allow the nozzle to operate in a desired material cutting
mode, by moving said fluid flow control valve to a non closed condition.

conduit to the second conduit and to stop dischargé of the abrasive slurry.

18.  An abrasive fluid jet system comprising:

a) a vessel having a compartment for carrying (a) a volume of abrasive
slurry above which there is provided (b) a volume comprising of fluid
substantially absent of abrasive slurry;

b) a high-pressure fluid supply means to supply fluid to said vessel;

c) a discharge conduit including an inlet opening to locate within said

volume of abrasive slurry and a nozzle;



WO 02/ 085573 PCT/ SG02/ 00065 17 d) a delivery conduit |eading fromthe
fluid supply neans into said vessel to under as high-pressure fluid feed
t her et hr owgh2asss73 nto t he vessel to induce flow of abrasipea/sslomeogsi nt o
and through said discharge conduit to said nozzle; e) a pressure relief
conduit in fluid connection with said Vkssel to operatively cannect
bet ween the vol une conpri sing substantially of fluid and said discharge
conduit, said pressure relief c&ndU|I cluqbngfa fIU| val ve

H &l

controls the ®) ui d@f el &BaHI§gAINg) TrRRe Lf'heSLfHHJY d“@%n%éw{]% sgjd
opened condi tyQiel gl r"a‘s’.'Hl@'Ea -pRdssupé ﬂﬁ@%@dfthé’r@trﬁ%ljgh RISkl 1Ak vessel

establishing a flow alternati to sal | ow of flurd via said
pressure relitefinduoediow obabrasivenslpiry énto and through said discharge conduit to
said nozzle;
e) a pressure relief conduit in fluid connection with said vessel to
operatively connect between the volume comprising su.bstantially of fluid
and said discharge conduit, said pressure relief conduit including a fluid
valve which controls the fluid flow therethrough
f) wherein the fluid valve in an opened condition induces relief of
pressure from said Vvessel by establishing a flow alternative to said flow of

(d) of fluid via said pressure relief conduit to said nozzle.



