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g NVENTI ON s The present invention relates to arrangenents mm“m“‘ or
the control of a fluid flow More particularly, but not excl mmmmmm\
relates to the switching, or start/stop control, of a flow of a ptgasurised
carrier fluid in which abrasive particles are suspended. One application of
the invention is in the control of an abrasive cutting jet for

suspendi ng abrasive 1 o particles in alfluid, such as water, ﬂmmu“ﬂ@w
applied at high pressure to a nozzle to formthe cutting j et SEAS,

5 The invention has ap d. flow and * *
particularly the contrm e =t erial which can
cause bl ockages and unde5|rable wear and er osi on of control val ve parts.
The use of abrasive materials in a fluid jet is well known, for exanple for
machi ni FYERD OPANMENTEONuch as cutting, drilling and surface finishi ng. In
one known arrangenent, a high pressure carrier fluid, for exanple water, is
punpéd into a vessel containing a slurry of abrasive particles to force a
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forns a wel'l -defined abrasive je 2s Various applications require the jet,
or at | dkwe pattmumlryabutveotcﬁxnhsmlyl, it lteta@esj tetthe switblEng epedart/siop conirolcloéd on
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to drill the next hole. -2 1t is not practical to achieve this by sinply

r epéfit e@mgtlclmm etfluidy suple ahgter.pwiish i tep anpliadrat digh pressureriea npzrie toafosm f or
t he aIt tllu,[% Pepr essurisation and repressurisation of the abrasive
slurry vess el'ays the cessation and re-establishnment of the abrasive
flowat the jet and limts the jet switching frequency. 5

BACKGROUND

15  The invention has application to the control of fluid flow and particularly the control of fluids
containing abrasive material which can cause blockages and undesirable wear and erosion of

control valve parts.

The use of abrasive materials in a fluid jet is well known, for example for machining
20  operations such as cutting, drilling and surface finishing. In one known arrangement, a high
pressure carrier fluid, for example water, is pumped into a vessel containing a slurry of
abrasive particles to force a mixture of the carrier fluid and abrasive particles through a

nozzle which forms a well-defined abrasive jet.

25  Various applications require the jet, or at least the abrasive content in the jet, to be repeatedly
switched on and off. For example, in the sequential drilling of multiple holes the jet, or at
least the abrasive content in the jet, is switched off during repositioning of the nozzle over the

work piece and then switched on again to drill the next hole.



Al so, when the fluid flowis halted the abrasive particles, which are
‘suspended in the noving flow, can settle and cause bl ockages, for exanple
in the flow conduits and nozzle. These bl ockages prevent the easy
re-establishment of the abrasive fluid fl ow and can cause excessive down
time while parts are de-pressurised, dissassenbled, flushed to clear the
bl ockages, re-assenbled and re-pressurised. Wien the outlet nozzle is

bl ocked, the pressure vessel through which the flow is passed to entrain
the abrasive particles nust be depressurised through an alternative route,
usual ly_a val ve connected to.the .pressure yessel.. Thjs valve is subject to
a hi gh HdyPebrasuicble agueys s by SIB’?%@K&?S%‘S yisg/iichivet ?Pl%ﬂ@ggsme ump on

di fferemd aff. aqheSind takenCRt tAS altbrn@REd YeFREUASARMS Sad® FPrésshniddfidn Uf the
abrasive fromthe vessel can 15 pass through the valve. Furthernore, the
use of stahsiessluoy vessel délaysithe a¢ssatiinvandire-goiableshaient dLihk tabrisivetflow aighajrtasi ve
nat ure of th% h{uid w@%chfcauses excessive val ve wear. Present val ves are
not ent ?9%‘1"9‘% CUgiivapiie 5?988’?%9 and cl osi ng agai nst a hi gh-pressure
abrasive flow, or for maintaining a pressure 20 differential across the
val ve during the opening and cl osing operations. One prior art tw way
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damaged as i.t nears.cl osji.ng because the high pressur brasiye slurr
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describe the use of snal iameter flow outlets to cope with arge
pr essur vesd¢lf thyoagit i which thadflawcéntpasietieth jestraipuths tabrasivsupaticles Miusiwbies

rel atively abrasive free befor.e actuati t he val ve.  Thi s, val ve desi
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st oppi ng. and starting the flowis a problem as is the resultant clogging
of the differantigbagiaisdrsisept st opras @pdhaesause palhgessofi gbrasive fromthe wessellcaad.

Fur t her pov. Qf: di aneter val ve outlets nake this arrangenent
unstl}l]ta 3%8? g%ggirdeflow requi rements. to SUMARY OF INVENTION It is an

obj ect of one enbodi nent of the invention to provide a fluid flow control

arrangepent whi ch reduces at | east me of .th rob]. associated with the
ri o a trihermgre, dhe Bl SRlo sl dicertestnbet ﬁé\ﬁﬂ_@h 645 R BRI t o
provi depaufRtRAneild viIaok Eflsbd H@edsiR Jal W&, BrdsétivillvebhiehoBhilel, fufdbiees at

| east sonme of the problens associated with the prior art. In broad terns a
first abpepeniof anfelosingedgainsha hegh-pressyieg abrasivolow, aefoigapintaindes e Podskingg a

f u%i differential across the valve during the opening and closing operations.

One prior art two way wiping action valve operates with slurries at low pressures for turning
a ‘mostly’ abrasive-free water jet on and off. This type of valve is self-lapping so that as it
wears it continues to maintain a seal. However, when controlling high pressure abrasive
25  flows, the valve will quickly become damaged as it nears closing because the high pressure

abrasive slurry discharging through the reducing gap will erode the valve.



20 flow by a three way val ve having; (a) an inlet port, (b) first and
'second outlet ports, (c) a first configuration in which the valve
substantially provides a path for fluid fl ow between the inlet port and the
first outlet port but not between the inlet port and the 25 second outl et
port, (d) a second intermedi ate configuration in which the valve provides
respective paths for fluid flow between the inlet port and each of the
first and second outlet ports; and =4-(e) a third configuration in which
the val ve substantially provides a path for fluid fl ow between the inlet

PPr ot odhisdbusioroblents selheBe im e et SOTEM4IS aad ¥, EoBk123; whih
sequent gadckive ki hidROrARHAN dibdbtel AolvldutleR t()fc)o]p@ QRihehE ildtge hRsird| deftferBRtidls, Of

the three way valve to a source of primary Tluid at a first pressure and
conf i gupiidhg cohieollddrjiebpwmyp to ghanee ithe tows is relativebivaliragjue &ee bafore agiuating thehe

primary fluid.to flow into.the inle or .t hiyQu t he .1.hree way ve and
but 1 r o Hie T e Ot Ry n it (B0 ko FRYOReh SR B RE O TG
at as seeffnebnpslesBUr Eot abfabive seepundioalelsepresrited BY pidign pamips gstoppigg tand
three way valve in the second internediate configuration,,g?) di sconti nui ng
sai d supgrtipgothe £lpw 1§ armyoblemy @s doHsaesinnt glogging ofdhe phrasivel wateral in thed

connect { Hion s %&’ E%)Bkéé iP thetisw lid Rblved! 'Fﬂrﬁxeﬁﬁ?r%, {hgishﬁup(fi%ﬁéﬂéf Galv@ olfiéis it
outlet port, (] permtting the primary flurd to flowinto the rnlet port,
t hr ough thiharradpementunsuitatle fordagenflidw fequiretkentssecond outl et port, 15 (k)
preventing the flow of primary fluid out fromthe first outlet port by

configuring the three way valve in the third configuration, and (1)
di sgont KENVIVAARY OF INMENTIRONauXi lTary fluid connected to said first outlet

port,
It is an object of one embodiment of the invention to provide a fluid flow control arrangement

which reduces at least some of the problems associated with the prior art.

15 Itis an object of a second embodiment of the invention to provide a method of controlling the
flow of a fluid which method reduces at least some of the problems associated with the prior

art.

In broad terms a first aspect of the invention may be said to be a method of controlling a fluid
20 flow by a three way valve having;
(a) an inlet port,
(b) first and second outlet ports,
(c) a first configuration in which the valve substantially provides a path for fluid flow
between the inlet port and the first outlet port but not between the inlet port and the
25 second outlet port,
(d) a second intermediate configuration in which the valve provides respective paths for

fluid flow between the inlet port and each of the first and second outlet ports; and



wher.ein the second and third pressures are higher than the first pressure,
‘and .the primary fluid flowinto the inlet port, through the three way val ve
and out fromat |east one of the 20 outlet ports is substantially
continuously maintai ned during performance of the above nentioned steps. In
a second aspect, the invention may be broadly said to be a nethod of
diverting a flow of primary fluid flowwng into an inlet port of a three way
valve and initially discharging froma425 first outlet port of the three
way valve to divert and discharge froma second outlet port of the three
way val ve while paintaining a continugus flow of said primay flujid into

the inlet (Bbfhird Rt s Frehic ithfy ViR sttsfangain grasides s prsh ffer Hewd flow
sequenti al | ybétwelwﬁleqmé@ﬁoﬁ @d e skdohd outlepdrPBut GBI &g&m&egm@t St &la ert of

the three way valve to a source of the primry flul t a first pressure
and confi gur firgotthet pottr ee way val ve by opening the first outlet port and

closing.the second out| e or.t to permit the prinary flui.d to flowinto the
et " et Bt thS FolRBite ser s st SRR itk (o Bt bt vor t
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second outlet port, (c) configuring the three way val ve by oOpening both
out | et port spressyse end configuringithethred way yatvegunithey tirs configsation o pgymnit theo
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auxi |l i ary fl dirsdoafletpotthi rd pressure to the first outlet port thereby 1 o
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is substantially continuously naintai ned during performance of the
abovenent i onaed autdpam the second outlet port,

15 (k) preventing the flow of primary fluid out from the first outlet port by configuring the
three way valve in the third configuration, and
() discontinuing said supply of auxiliary fluid connected to said first outlet port,
wherein the second and third pressures are higher than the first pressure, and the primary
fluid flow into the inlet port, through the three way valve and out from at least one of the
20 outlet ports is substantially continuously maintained during performance of the above-

mentioned steps.

In a second aspect, the invention may be broadly said to be a method of diverting a flow of
primary fluid flowing into an inlet port of a three way valve and initially discharging from a
25  first outlet port of the three way valve to divert and discharge from a second outlet port of the
three way valve while maintaining a continuous flow of said primary fluid into the inlet port,

the method including the following steps performed sequentially in the order (a) to (f);



20 In a third aspect, the invention nmay be broadly said to be a val ve
rarrangenment for controlling the flow of a fluid, the valve arrangenent
dncluding: a three way valve ( 1) having; (a) an inlet port (2) being
connectable to a source of primary fluid at a first pressure, 25 (b) first
and second outlet ports (4, 7), (c) a first configuration in which the

val ve substantially provides a path for fluid fl ow between the inlet port
(2) and the first outlet port (4) but-fet between the inlet port and the
second outlet port (7), -6 (d) a second internediate configuration in
whi ch the val ve provides respective paths for fluid fl ow between_the inlet
port and dakpomrectingthe)iplet pam @f hectbirke Wax valve fop surce R theenrimanyflyid at a
configuratiog.d i i rQyi: flyid
L ow bet ween i erRE dnl SEntiEicE, L BRLSRRY T pR BN TPRRED I Boril T
i nl et port anbsinpehd secdhd @utléteporptor permiththe paimaey foidatogiome nhtoahs nletnpdrtudi ng:

(f) a first flui | ow condui t 7 onnected to the first outlet port,
the first coHH_ﬂ‘i‘Qﬂ‘ tﬁ?ﬁ\?}l’ﬁ%f’v&yf’ﬁlﬁ’&(‘m‘iﬁz&ﬁfﬁql’éﬂv ff‘fé’i Q}’él%fp‘iré) for controlling the
f1 ovg of a"(bfleéfﬁﬂebﬁlﬁ%’ % iﬁw)fioﬁéuxﬂia??ﬂﬁmdat Brsg&?lﬁrp?es%ﬁ}ewﬁlef&&%d Al fdrt port

(4), (g) a second f ow conduit ( 19) connected to the second outl et
port, the (skcorfiguringdbé¢ thraeywap gradveslec opehingiRothi autlet peits/to paalit therprimary

controlling tyhe flow of an auxiliary fluid.at, a third pressure to the
second out | ebu 0 ?w‘(lﬁ)",ltozlhedm?%fog??/ﬁf"(y_eou_ 8%?&& P'éti]et\ﬁmtth controls the three
way val ve (@Edist&ﬁirfuiﬁgsiaicambpwepa@dnwlﬂui@wnneaieuas saillsetdiRl daley Port and
controller being adapted to:; (i) sequentially chan?e the three way val ve

fromthe fir&ennestng gevnply ehawpdliary duidsat g{hird pressure fo the first outlet port thereby
10 diverting the flow of primary fluid initially flowing into the inlet port, through the

three way valve and out from the first outlet port to instead flow out from the second
outlet port,
(e) preventing further flow of primary fluid out from the first outlet port by closing the
first outlet port,
15 (f) discontinuing said supply of auxiliary fluid connected to said first outlet port,
wherein the second and third pressures are higher than the first pressure, and the primary
fluid flow into the inlet port, through the three way valve and out from at least one of the
outlet ports is substantially continuously maintained during performance of the above-

mentioned steps.

20
In a third aspect, the invention may be broadly said to be a valve arrangement for controlling
the flow of a fluid, the valve arrangement including:
a three way valve (1) having;
(a) an inlet port (2) being connectable to a source of primary fluid at a first pressure,
25 (b) first and second outlet ports (4, 7),

(c) a first configuration in which the valve substantially provides a path for fluid flow
between the inlet port (2) and the first outlet port (4) but not between the inlet port
and the second outlet port (7),



intermedi ate configuration and then to the third configuration, (j)
‘maintain the first auxiliary valve closed and the second auxiliary valve
open at |east immediately prior to and during the change of the
configuration of the three way 20 valve fromthe first to the second
configurations, (k) open the first auxiliary valve and cl ose the second
auxiliary valve when the valve is in the second internediate configuration,
(1) maintain the second auxiliary valvé-closed and the first auxiliary

val ve open during the change of the configuration of the three way val ve
fromthe second internedjate 25 configuration to the,%gird configuration
and (m) cl(@a serond internagdiale go %@nawhlqha% vilye Prayides respestiie naHIsder way

valve has beagicfigeet didiRict Bt thd QR WA OIa secontffukl btk anoONd” and

third aspects of the invention may In e the ow ng options. The
primary fl(a) d thed/comdiguration am whinhabe vaversiubstantallyeprovidena dathrfoaflgid ftover

fluid. 5 The,prinmary .f]Juid may.i ncl ude abrasjyve rticles entrained jn a
b s er 1 aubBephdie e b SR thsiseeana ol iR i nBBfeeEerie T, Aot e oy
be water. Afip@oati& posy be connected to one of the outlet ports for form ng

the primary fluid flowng therefrominto a jet. Optionally, the primary
fluid el atissarmbgenentalyodnelndings entrained in a carrier liquid and the is

le i . .asi i d t ed
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20 The rot ar g firetlavgiliadyvalié (183 Goraontpdlany thel fliovn of @cauxdliarlull £ asetdnd appi ng

flat val ve seat.
pressure to the first outlet port (4),

10 (g) a second fluid flow conduit (19) connected to the second outlet port, the second
conduit having a second auxiliary valve (20) for controlling the flow of an auxiliary
fluid at a third pressure to the second outlet port (7), and

(h) a valve controller which controls the three way valve and the first and second
auxiliary valves,

15  the valve controller being adapted to:

(1) sequentially change the three way valve from the first configuration to the second
intermediate configuration and then to the third configuration,

(j) maintain the first auxiliary valve closed and the second auxiliary valve open at least
immediately prior to and during the change of the configuration of the three way

20 valve from the first to the second configurations,

(k) open the first auxiliary valve and close the second auxiliary valve when the valve is in
the second intermediate configuration,

(I) maintain the second auxiliary valve closed and the first auxiliary valve open during
the change of the configuration of the three way valve from the second intermediate

25 configuration to the third configuration; and

(m)close both first and second auxiliary valves after the three way valve has been

changed to the third configuration.



The -invention may further be said to consist in any alternative conbination
“of parts or features nentioned herein or shown in the acconpanying
drawi ngs. Known equi val ents of 25 these parts or features which are not

expressly set out are neverthel ess deened to be included. _g_ BRIEF
DESCRI PTI ON OF DRAW NGS A preferred enbodi nent and net hods of the invention
wll be further described with reference to the acconpanying figures by way

of exanple only and without intending-fe be 5 limting, wherein; Figure 1
shows a portion of an abrasive cutting jet apparatus including a rotary

val ve, Figure 2 shows an axial plan view of a valve plate and seat of the
rotary Vh§ tu}@t,c?rﬂcqndgwééhlr@ aﬁpﬁc%ﬁgﬂt?dﬂ‘fqng% ;aydpcluds e floyviag epionsn axi al

pl an view of the valve plate and seat of the rotary valve of Figures 1 and
2, in an alternative configuration, Figure 4 shows a schematic |ayout of
parts oTh¢ pematyr fhgd weydotlndaan jteasiapmpatedblentiamed mea cwdier flaidd Fi gure 5 shows
a schematic |layout of parts of the abrasive cutting jet apparatus in an
alternative node. 15 DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT

Ref ey ri Pge p@mbAefIdill yaaclude ¥rhdivdarBOIBS &ftfadiedn hitatrick fGuidnventi on may be
i npl emented in'various forns and nodes. The foll ow ng description of an
enbodi nent and net hods are 20 given by way of exanple only. Figure 1 shows

an arr e f .yalv f controlling the flow of an abrasive fluid to a
cutti ng?%%ga{z%ﬂér li?%u%ﬁlaﬁgjr%é’ysa?\g/r'e cutting jet apparatus. The arrangenent

includes a three way rotary valve 1 having an inlet port 2 which is to be
connected via . an jnlet conduit 3 to a 25 source (not shown) of primry
fluid athaawskigry #%be WA pr i mary fluid may be a liquid or

10
A nozzle may be connected to one of the outlet ports for forming the primary fluid flowing

therefrom into a jet.

Optionally, the primary fluid includes abrasive particles entrained in a carrier liquid and the

15 nozzle is for forming an abrasive jet.
A second nozzle may be connected to the other of said outlet ports.

The three way valve may be a rotary valve.
20

The rotary valve may utilise a rotary wiping action with a self-lapping flat valve seat.

The invention may further be said to consist in any alternative combination of parts or
features mentioned herein or shown in the accompanying drawings. Known equivalents of

25  these parts or features which are not expressly set out are nevertheless deemed to be included.



gas, but in one preferred application is typically water in which abrasive
“particles are entrained. -9 The three way valve 1 also has a cutting flow
outl et port 4 which connects via a cutting flow conduit 5 to a cutting
nozzle 6, and a bypass flow outlet port 7 which connects via an bypass fl ow
conduit 8 to a bypass nozzle 9. The three way val ve has control shaft 10
and rotor by which a valve seat 11 is rotated. The val ve seat is biased by
a spring 12 toward a valve 5 plate 13-8hich is provided with three
apertures which correspond to the three valve ports: a central inlet port
aperture 14 and, radially outward fromthe central aperture, two

ci rcunf M%QE$9R§BHQBIYQ&Q%W@S@Ht ures being a cutting flow outl et
aperture 15 and a bypass flow outl et aperture 16. 1 o The control shaft 10
and rotor of the three way valve can be rotated to nove the valve seat 11
over thé apdetred ethbediment pndt mett®dp aif e ninvewsionomill cher ftrthenglesarsbedayithe

best iated,by th i al.npl i h i n, Fi and 3. T
hr ee oot 18 BoirmiY sRASTLoY SRARS S0E B gt 4o A5 e SR ¢
sel fs| appiifigh, Whefdi®t val ve seats. Although in general such a valve can only

operate with_a smal] pressure differential across its faces, this problem
has been oveFige! showpabertianof gn phrasivelrutngich apnaptesinghidingsn wiaravekveout | et
just as that tol i o] j I SC f I | qw. 20
i qur oe 1. 2P <kl B0 RED St B Hale e RS0 i e el 1"
cut t i ngFipend 1 guroat comfigunatidn, ch t he val ve seat 11 occludes the bypass flow

outlet aperture 16, while providing a _path for the primary fluid to flow
bet ween the FHUE JFBPWS 202 Pl el e ralysupbis pat Se3bPt the rofgy chlveedfds ¢ o

the |§Ut TG MOA7 £ if an SRerbhl Bafigudhish,5 show the apparatus with the three
way valve 1 in a Bypass configuration i'n which the valve seat 11 occl udes

the cutting Figwe dghows a aghematic dayoBi ofigirts @f phrecabirahil vegeustingiehafparateshia quei mar y
fluid to flow between the inlet port 2 and the bypass flow outlet port 7.
10 WeR 954 ng bet ween the cutting and bypass configurations discussed

above, the t &L BaHowsh\CEheRRAERESyJUR bPPEHE Gthé BbREIVE ALing j&t appRRARGEA\EI
configuration (not shown). In the internediate configuration, both of the

out | et pbematiysanedt-es 15, 16 are open to provide respective paths for
prinary fluid to flow between the inlet port 2 and each of the outl et

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to the figures it will be appreciated that the invention may be implemented in
various forms and modes. The following description of an embodiment and methods are

20  given by way of example only.

Figure 1 shows an arrangement of valves for controlling the flow of an abrasive fluid to a
cutting nozzle in an abrasive cutting jet apparatus. The arrangement includes a three way
rotary valve 1 having an inlet port 2 which is to be connected via an inlet conduit3 to a
25  source (not shown) of primary fluid at a high pressure. The primary fluid may be a liquid or
gas, but in one preferred application is typically water in which abrasive particles are

entrained.



5 ports 4, 7; i.e. the outlet ports |leading to both the cutting nozzle 6
“and the bypass nozzle 9. As may be best appreciated fromFigure 1, a source
(not shown) of high pressure auxiliary fluid, which in the preferred
application is clean water, is connected to the cutting flow conduit 5 via
a pressurisation conduit 17. The cutting flow pressurisation conduit 17
includes t o a pressurisation control valve 18. A source of high pressure
auxiliary fluid (not shown), which in-9khe preferred application is clean
water and is typically the sanme cl ean water supply connected via
pressurisation conduit 17, is connected to the bypass flow conduit 8 via a
pr essur TBatremway Nalyel alsp happecugiingadew PPl noriek wicnLannests va adingdow

i ncl ude r ' j I id Al rther
bel ow {Ha oS AL ORI dbli by tfons ik oy Which L BERRBR PN e
by di veflowrogntiine 8 go iarteypyssfdazzld 9.1 Dhe thweadivay valvg dhas neiited dhift dbnahbieotoy pass

nozzle. Simlarly, t flow fromthe, cutting .nozzle may be.re-establjshed
by r - dPST RBVE 765 ot BIACR ¢ Qe RENEREES RPRGAGS STHRG 2 UPYERI hIZBE 1 e
f1 ow of HiRfd MRdichliy bgbvfidéarmﬁmﬁ;rsyaﬁénages%ohiepéaﬂr@sﬁeﬁ& t@&e%&@%ﬁdéﬁ}ﬁg: a

wi thout” halting the flow of primary fluid throu t he appar at us.
swi t chi eential  inte¢  pordwapsitufd L4 dands olediaHg  ewtmardhgiroroz fice cemtral oaperbire.edwby a
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pri mar ybpadi lowatidetdpdrilir tdy bet ween the 25 cutting and bypass nozzles. The
sequence of valve operation will be further explained by reference to

Figures 4 and 5 which show the abrasive j et cutting apparatus arranged
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whi ch the sp?nkgsLurr is.c%LIe%%gd(#ﬁ the catch tank. The bypass nozzle 9
i s pl acE¥ FH PRE YAV THOMAIR T T ehat"when the abrasive liquid flowis
diverted fromthe cutting jet to discharge fromthe bypass 5 nozzle, the
di scharged bypass liquid conbines with the spent cutting liquid in the
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Fi gures %ognd 4, the valve seat 11 of the three way val ve 1 occludes the
bypass F ow outlet port 7 so that no abrasive-laden water flows to the
bypass nozzle 6. The presence 15 within the three way val ve of the high
pressure,. abrasive-| aden ter and the absence of apy significant pressure
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at the bypass flow outlet port 7. e abrasive-1aden water flows through

t he t hr &8 thaprimarnuid yo Jowhetweanithe idetfiosid andk the cuthipg flow erlgt peré 4cwhichng
flow co I i ge as an abrasive jet fromthe 20 cutting nozzle
6. Thergggékﬁgea#%ggg§%%g§Ton1the bypass nozzle. Wen the cutting jet is to
be stopped, bypass flow pressurisation valve 20 is opened to pressurise

bypass flow pressyrisatjon conduit 19 with cleap water which then |
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three way valve would be difficult, if not inpossible, and if possible
would require a very large force and would be likely to cause excessive

val ve wear. -12 The pressure of the clean auxiliary water supply is
slightly higher than that of the abrasiveladen liquid supplied via the
inlet conduit 3 to the three way valve. In one arrangenent (not shown),
this clean auxiliary water and the carrier water for the abrasive-I|aden
water are 5 initially derived fromthe sane high pressure water supply, but
the pressure of the clean auxiliary water is slightly higher that that of

t he abrasive-laden water at the inlet port of the three way valve. The

| ess-direct passage that the carrier water nust take, e.g. through a slurry
vessel for the entrainment of abrasive particles in the carrier water,
reduces the pressure of this flow before it reaches the inlet of the three
way valve. 10



The seat 11 of the rotary three way valve is then noved to an internedi ate
‘position (not shown) between the outlet ports, in which position both the
.bypass flow outlet port 7 and the cutting flow outlet port 4 are open. 15
As the bypass flow outlet port 7 of the three way val ve 1 opens, the
slightly higher pressure of the clean auxiliary water applied to the bypass
flow conduit 8 via pressurisation conduit 19 causes a small back flow of
the clean water to flow into the bypasd){flow outlet port 7 to join with the
abrasi ve-laden water flowi ng out fromthe cutting flow outlet port 4. This

back flow all ows, the bypass flow out|et port_ 7 to open in the absence of
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i ncluding ports or apertures that are partly open, in addition to ports or
apertures that are fully open. To conplete the diversion of the abrasive
flow, the seat 11 of the three way valve 1 is now 15 rotated fromthe
internedi ate position to occlude the cutting flow outlet port 4 as shown in
Figures 3 and 5. This prevents any further flow of the abrasive-Iladen water
to the cutting nozzle 9. The abrasive-laden water flows through the three
way val ve, via open bypass flow outletllport 7 and the bypass flow conduit
8, to discharge fromthe bypass nozzle 9. 20 After the valve seat 11 has

closed ecuttln flow ut | 4. he pressurisation valve 18 is
changed aP‘F%ﬁ#“Bféféﬁ {sgharg E‘Eﬁ‘@gﬁﬁl@?@%PH@?QM%EPH@H&HPZ@F 6t qmd ‘}"@f’teét t he
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fromthe bypass nozzle 9. "To re-establish t ing jet, the proc
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is changed to occlude the b pass flow outlet port 7, and the pressurisation
val ve 2fropswhergdleqan b ere'%c?&% as is the case in the preferred
application, the primary flui d conprises abrasive particles entrained in a
l'i quid, bl ockages can occur when the particles settle in a stationary or

sl ow o |tlg: hxirmg’ethenf sliovax ampigirad, ahffow wifthigly preaszwe ewater, iin witieh (abfusseti ng

condui ts. mai nt enan of conti.nuous flow of th ab asi ve- |
f1uid, agma §é‘F‘? %@l%vf d Véaau@%swpﬁlét?%}qw a06f2 g thies ¢vayg £ the
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descri bed above, to close the cutting flow conduit 5 leading to the cutting

nozzl e aredsutiselen valves 18oPA Einvespeetivel pyosstidsating coydwits d TnbH Arebgh closedr e
switching off the punp and allowi ng the systemto depressurise naturally
t hrough the bypass nozzle. This has the advantage that the abrasive slurry

fl ow i s ARGhowh Op PEhresoIRhEd ethy valveRedtg of the three way valve 1 occludes the bypass
flow outlet port 7 so that no abrasive-laden water flows to the bypass nozzle 6. The presence

15  within the three way valve of the high pressure abrasive-laden water and the absence of any
significant pressure in the bypass flow conduit 8 provides a pressure differential which

augments the sealing of the valve seat 11 over the valve plate aperture 16 at the bypass flow

outlet port 7. The abrasive-laden water flows through the three way valve, via open cutting

flow outlet port 4 and the cutting flow conduit 5, to discharge as an abrasive jet from the

20  cutting nozzle 6. There is no discharge from the bypass nozzle.

When the cutting jet is to be stopped, bypass flow pressurisation valve 20 is opened to
pressurise bypass flow pressurisation conduit 19 with clean water which then discharges from
bypass nozzle and applies back pressure to the bypass flow outlet port 7 of the three way
25  valve, reducing the aforementioned pressure differential. This reduction in pressure
differential allows the valve seat to be easily moved. Without this back pressure, operation of
the three way valve would be difficult, if not impossible, and if possible would require a very

large force and would be likely to cause excessive valve wear.



nozzl e bl ocks and the abrasive can be flushed clean fromthe three way
valve 1, inlet conduit 15 3 and cutting flow conduit 5 before
“depressurising, whereas traditionally the abrasive |ines would need to be
unbl ocked after each bl ocked nozzle incident. A pressure sensor nmay be used
to determ ne when the cutting nozzle is blocked and to automatically
actuate the flow diversion process to divert the abrasive flowto the
bypass 20 nozzle before shutting dowr i2he punp. The operator then only has
to renmove the nozzle and unblock and replace it. It is to be understood
that the flow diversion process described herein may be performed quickly,
for exanple in only a few seconds: the first pressurisation val ve opening
only 25TROBRBHAE bf YhePQEA! ﬁlxm%?wa@& SbpiyNe sEeitly’ Bhn&Rid 1t of B JuMBR-Way
val ve begi nhs, the changeover of the preSsurisation valves occurring while

t he t hr lademkiquidsuppliadotia the inlet condumitsy togthe thirdevatpy lyatviee dm one grrangeniantineg, and

the fingl shut-off of the second pressurisati.on.valve . occurring imedi ately
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be rapidly sw tched gn and of rior art_ abrasive jet machining
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Fbmeverﬁh%ﬁ?@ﬁﬁﬁg%ﬁﬁﬁkﬁ?ﬂiF§ﬂgﬁﬁﬁh%ﬂﬁ?%ﬂﬁﬁﬁéhﬁ" machi ning soft materials
whegge the high pressure water jet is not likely to cause surface damage as
it noves to the next position. 10 By diverting the abrasive flow as

descr i b&lbe lkeatdil of thagotanothaes etayevalvd isgthemanowsd Abeani mtermsiliatey petitdprp abtwhi | e
the pressurisation.and flow. of. the abrasive fluid is intained.. Wih the
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fl ow r ectih@Bbivduflenporcabrelpes. | ess than 3 seconds which allows high speed
drilling operations to be carried out 15 without risk of secondary surface
damage. In a further arrangenent (not shown), the abrasive flowis swtched
bet yveen r o j L A5t one
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to those skilled in the art are i1ntended to be incorporated 25 within the
scope hellews thedypessi e outlett prat 4w opasainythe gbssnge afany significant abrasive flow

20  therethrough, while at the same time maintaining the flow of the abrasive-laden water
through the already-open cutting flow outlet port4 to discharge as the jet at the cutting

nozzle 6.

When the seat 11 of the three way valve 1 is at the intermediate position (i.e. both the cutting
25  and bypass flow outlet ports 4, 7 are open), the pressurisation valve 20 is changed from open

to closed and the pressurisation valve 18 is changed from closed to opened.



List of features labelled in the Figures: 5to 15 2025123456789
10 11 12 13 14 15 16 17 18 19 20 21 22 Three way rotary valve Inlet port
.Inlet conduit Cutting flow outlet port Cutting flow conduit Cutting nozzle
Bypass flow outlet port Bypass flow conduit Bypass nozzle Control shaft

Val ve seat Valve spring Valve plate Inlet port aperture Cutting flow outl et
aperture Bypass flow outlet aperture Cutting flow pressurisation conduit
Pressurisation control val ve Bypass f4ldw pressurisation conduit
Pressurisation control valve Catch tank Spent fluid -18 CLAIM5 1 A net hod

of controlljng a fluid flow by g . three way valve (.1 ) having; (a) an inlet
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val ve t @ow @let pert df topdiver ity exit ui the dlypassiflovs buthst o8t endareddisehatdedintd thg t he
three way valve in the first configuration to permt the primary fluid to
f1 ow i nE¥ch RakiZh véa thsbwpassgrededh the three way val ve and out fromthe

firgg outlet port, (g) connecting a supply of auxiliary fluid at a second
pressure to the second outlet port, 20 (h) configuring the three way val ve
in the Feedndkflow efndelinanexibayf watar attd ghe cpitingdflew onttichportg gangd withpthey of

auxiliary fluid connected tao saj.d.seco out | et t.,an opnecting, a
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the cutting flow outlet port 4 to close (as will be explained further below) in the absence of
any significant abrasive flow, while maintaining the flow of the abrasive-laden water through
15 the already-open bypass flow outlet port 7 to discharge into the catch tank 21 at the bypass

nozzle 9.

It will be appreciated that the diversion of the abrasive-laden water flow is accomplished
hydraulically by the selective application of back flows of clean auxiliary water at a slightly
20  higher pressure than that of the primary abrasive-laden water flow. The changeover of the
abrasive flow is accomplished while both of the outlet ports of the three way valve are open,
largely avoiding the significant erosion or wear that would otherwise occur if any valve part

had to close or open on a high pressure abrasive flow.

25  The application to the outlet ports of the three way valve of the back pressure provided by the
auxiliary water during the times that the three way valve is to be operated also reduces the
large pressure differentials which would otherwise preclude easy operation of the rotary

valve.



(j) permtting the primary fluid to flowinto the inlet port, through the
three way valve and out fromthe second outlet port, 25 (k) preventing the
flow of primary fluid out fromthe first outlet port by configuring the
three way valve in the third configuration, and (1) discontinuing said
supply of auxiliary fluid connected to said first outlet port, -19
wherein the second and third pressures are higher than the first pressure,
and the primary fluid flowinto the i-nldet port, through the three way val ve
and out fromat |east one of the outlet ports is substantially continuously
mai nt ai ned during performance of the abovenentioned steps. 2 A nethod of
diverting a flow of primary fluid flowng into an inlet port (2) of a three
vay val s bish 1b RNhdeRlddddhbd cdthrdf Q@E@hmssmﬁ o Yol lerRUEL Y o8 smaﬁes%é of
the three way valve to ver I SC roma second ou port (7)
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out | et p connect’ing a supply of auxiliary fluid at a second
pressure to the second outlet port, (c) configuring the three way valve by

opening_both outlet ports to permt the primary fluid flow ng into the
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to inst®& flow out fromthe second outl et port, (e) preventing further
fl ow of prlnary fluid out fromthe first outlet port by closing the first
out |l et ;Eort f) discontinuing said supply of auxiliary fluid connected
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Figures 3 and 5. This prevents any further flow of the abrasive-laden water to the cutting

nozzle 9. The abrasive-laden water flows through the three way valve, via open bypass flow

outlet port 7 and the bypass flow conduit 8, to discharge from the bypass nozzle 9.

20  After the valve seat 11 has closed the cutting flow outlet port 4, the pressurisation valve 18 is
changed from open to closed to complete the switching off of the jet at the cutting nozzle 6

by diversion of the primary abrasive flow to discharge from the bypass nozzle 9.

To re-establish the cutting jet, the procedure described above is simply reversed. More
25  particularly, the pressurisation valve 18 is opened, the three way valve is changed to the
intermediate configuration, pressurisation valve 18 is shut and pressurisation valve 20 is
opened, the configuration of the three way valve is changed to occlude the bypass flow outlet

port 7, and the pressurisation valve 20 is closed.



-20.outlet ports is substantially continuously naintained during
performance of the abovenenti oned steps. 3 The nethod as clained in claim1l
~or 2, wherein the primary fluid includes an abrasive s material entrained
inacarrier fluid. 4 The method as clained in claiml or 2, wherein the
primary fluid includes abrasive particles entrained in a carrier liquid. 10
5 The nethod as clained in claim4 wherein the carrier liquidis water. 6
The met hod as claimed in any one of thi preceding clains, wherein the
auxiliary fluids are water. 15 7 The nmethod as clainmed in any one of the
precedi ng clains, wherein a nozzle (6) is connected to one of the outl et
ports (4) for formng the primary fluid flowng therefrominto aj et. 8

The net a i i aj I JF j Va.fhui d .
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| appi nglik¢ldood af vechddadkagd? A val ve arrangenment for controlling the flow of
a fluid, the valve arrangenent 5 including: a three way valve ( 1 ) having;
(a) an inlet port (2) being connectable to a source of primary fluid at a

first pregssenRingddkzkicr dcombs bReR) theottdethaP 04l 1 cdn béactubtet a8 debdried
configuration in which the valve substantially provides a path for fluid
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fluid fHepredsativeenutalie tirohgt thpdypasandza@ach of the first and second outl et
ports; and

This has the advantage that the abrasive slurry flow is not stopped completely when the
nozzle blocks and the abrasive can be flushed clean from the three way valve 1, inlet conduit
15 3 and cutting flow conduit 5 before depressurising, whereas traditionally the abrasive lines

would need to be unblocked after each blocked nozzle incident.

A pressure sensor may be used to determine when the cutting nozzle is blocked and to
automatically actuate the flow diversion process to divert the abrasive flow to the bypass
20  nozzle before shutting down the pump. The operator then only has to remove the nozzle and

unblock and replace it.

It is to be understood that the flow diversion process described herein may be performed
quickly, for example in only a few seconds: the first pressurisation valve opening only
25 momentarily before rotation of the control shaft of the three way valve begins, the
changeover of the pressurisation valves occurring while the three way valve rotor is
traversing, midway between its two limits, and the final shut-off of the second pressurisation

valve occurring immediately after the valve has completed its changeover.



(e) ra third configuration in which the valve substantially provides a path
“for fluid flow 15 between the inlet port and the second outlet port but not
_between the inlet port and the first outlet port, the valve arrangenent
also including: (f) a first fluid flow conduit ( 17) connected to the first
outlet port, the first conduit having a first auxiliary valve ( 18) for
controlling the flow of an auxiliary fluid at a second 20 pressure to the
first outlet port (4), (g) a second fil6d flow conduit ( 19) connected to
the second outlet port, the second conduit having a second auxiliary valve
(20) for controlling the flow of an auxiliary fluid at a third pressure to
the second outlet port (7), and (h) a valve controller which controls the
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third configuration; and (n) claose both first and second auxiliary val ves
after tHemagsasdt meyes QIthensd o 10 changed to the third configuration.

10
By diverting the abrasive flow as described herein, the whole jet exiting the nozzle is rapidly
stopped while the pressurisation and flow of the abrasive fluid is maintained. With the
current invention diversion of the jet flow, nozzle repositioning and jet flow re-establishment
can take less than 3 seconds which allows high speed drilling operations to be carried out

15 without risk of secondary surface damage.

In a further arrangement (not shown), the abrasive flow is switched between two or more
cutting nozzles. Rather than using one cutting and one bypass nozzle as discussed above, two
or more cutting nozzles are used. In this case the abrasive flow is switched to a selected
20  cutting nozzle while the remaining nozzles can be re-positioned ready for the next machining

operation.

The foregoing describes the invention including preferred forms thereof. Alterations and
modifications as will be obvious to those skilled in the art are intended to be incorporated

25  within the scope hereof as defined in the accompanying claims.



13 The val ve arrangenent as clainmed in claim12, wherein the primary fluid
i ncl udes an abrasive material entrained in a carrier fluid. 15 14 The val ve
arrangenent as clained in claim12, wherein the primary fluid includes
abrasive particles entrained in a carrier liquid. 15 The val ve arrangenent
as claimed in claim14 wherein the carrier liquidis water. 20 16 The val ve
arrangenent as clainmed in any one of clains 12 to 15, wherein the auxiliary
fluids are water. 17 The valve arrangelifent as clained in any one of clains
12 to 16, wherein a nozzle (6) is connected to one of the outlet ports (4)
for formng the primary fluid flowing therefrominto a 25 jet. 18 The val ve
arrangenent as clained in claim17, wherein the primary fluid includes
abrasive particles entrained in a carrier liquid and the nozzle is for
form ng an abrasive jet. - 23 19 The valve arrangenent as clainmed in

cl ai m 1Eisvof fegturestiebedled imthedtgmes:nozzl e (9) is connected to the other of
said outlet ports (7). 20 The val ve arrangenent as clained in any one of

cl aisrs 12 TiRecl®ay vh@fyaiatvet he three way valve is a rotary valve. 21 The

val ve aprangepspt as clained in claim20, wherein the rotary valve utilises
arotary WhRibshdagtion wth a self lapping flat valve seat. 10 .A 2 . AA Al

ALY DA A o®outlethort® E A LA A A A A A3 AL AY A
.As.Ah.gq.dgﬁﬁﬁgggwqgﬁ J W
10 6 Cutting nozzle
7 Bypass flow outlet port
8 Bypass flow conduit
9 Bypass nozzle
10 Control shaft
15 11 Valve seat
12 Valve spring
13 Valve plate
14 Inlet port aperture
15 Cutting flow outlet aperture
20 16 Bypass flow outlet aperture
17 Cutting flow pressurisation conduit
18 Pressurisation control valve
19 Bypass flow pressurisation conduit
20 Pressurisation control valve
25 21 Catch tank
22 Spent fluid
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(§) permitting the primary fluid to ﬂow into the inlet port, through the three way valve
and out from the second outlet port,
25 (k) preventing the flow of primary fluid out from the first outlet port by configuring the
three way valve in the third configuration, and

(1) discontinuing said supply of auxiliary fluid connected to said first outlet port,
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(d) discontinuing said supply of auxiliary fluid connected to said second outlet port and
connecting a supply of auxiliary fluid at a third pressure to the first outlet port thereby
20 diverting the flow of primary fluid initially flowing into the inlet port, through the
three way valve and out from the first outlet port to instead flow out from the second
outlet port,
(e) preventing further flow of primary fluid out from the first outlet port by closing the
first outlet port,
25 (f) discontinuing said supply of auxiliary fluid connected to said first outlet port,
wherein the second and third pressures are higher than the first pressure, and the primary

fluid flow into the inlet port, through the three way valve and out from at least one of the
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5  material entrained in a carrier fluid.

4  The method as claimed in claim 1 or 2, wherein the primary fluid includes abrasive

particles entrained in a carrier liquid.
10 5  The method as claimed in claim 4 wherein the carrier liquid is water.

6  The method as claimed in any one of the preceding claims, wherein the auxiliary fluids

are water.

15 7  The method as claimed in any one of the preceding claims, wherein a nozzle (6) is
connected to one of the outlet ports (4) for forming the primary fluid flowing therefrom into a

jet.

8  The method as claimed in claim 7, wherein the primary fluid includes abrasive particles

20  entrained in a carrier liquid and the nozzle is for forming an abrasive jet.

9  The method as claimed in claim 7 or 8, wherein a second nozzle (9) is connected to the

other of said outlet ports (7).

25 10 The method as claimed in any one of the preceding claims, wherein the three way valve

is a rotary valve.
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a three way valve (1) having;

1! 729409

(a) an inlet port (2) being connectable to a source of primary fluid at a first pressure,

(b) first and second outlet ports (4, 7),

(c) afirst configuration in which the valve substantially provides a path for fluid flow

10

between the inlet port (2) and the first outlet port (4) but not between the inlet port
and the second outlet port (7),

(d) a second intermediate configuration in which the valve provides respective paths for

fluid flow between the inlet port and each of the first and second outlet ports; and

(e) athird configuration in which the valve substantially provides a path for fluid flow

15

between the inlet port and the second outlet port but not between the inlet port and the
first outlet port,

the valve arrangement also including:

(f) a first fluid flow conduit (17) connected to the first outlet port, the first conduit having

20

a first auxiliary valve (18) for controlling the flow of an auxiliary fluid at a second

pressure to the first outlet port (4),

(g) a second fluid flow conduit (19) connected to the second outlet port, the second

conduit having a second auxiliary valve (20) for controlling the flow of an auxiliary

fluid at a third pressure to the second outlet port (7), and

(h) a valve controller which controls the three way valve and the first and second

25

auxiliary valves,

the valve controller being adapted to:

(i) sequentially change the three way valve from the first configuration to the second

intermediate configuration and then to the third configuration,
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(k) open the first auxiliary valve and close the second auxiliary valve when the valve is in
5 the second intermediate configuration,

() maintain the second auxiliary valve closed and the first auxiliary valve open during
the change of the configuration of the three way valve from the second intermediate
configuration to the third configuration; and

(m)close both first and second auxiliary valves after the three way valve has been

10 changed to the third configuration.

13 The valve arrangement as claimed in claim 12, wherein the primary fluid includes an

abrasive material entrained in a carrier fluid.

15 14  The valve arrangement as claimed in claim 12, wherein the primary fluid includes

abrasive particles entrained in a carrier liquid.
15 The valve arrangement as claimed in claim 14 wherein the carrier liquid is water.

20 16 The valve arrangement as claimed in any one of claims 12 to 15, wherein the auxiliary

fluids are water.

17  The valve arrangement as claimed in any one of claims 12 to 16, wherein a nozzle (6) is
connected to one of the outlet ports (4) for forming the primary fluid flowing therefrom into a

25 jet.

18 The valve arrangement as claimed in claim 17, wherein the primary fluid includes

abrasive particles entrained in a carrier liquid and the nozzle is for forming an abrasive jet.
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5 20 The valve arrangement as claimed in any one of claims 12 to 19, wherein the three way

valve is a rotary valve.

21 The valve arrangement as claimed in claim 20, wherein the rotary valve utilises a
rotary wiping action with a self-lapping flat valve seat.
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