CUTTI NG HEADS The present invention relates to cutting
heads that generate abrasive waterjets using abrasive

weoaodziostes carried to a cutting head in a gas, POT/GB20@/004084

vapour or in a liquid. Prior art abrasive waterj et
cutting heads, known as AW cutting heads, discharge
ultra high-pressure water at 4000 bar (400 MPa) or so
through an orifice to forma waterjet travelling at
over twi ce the speed of sound in air. A waterjet is
projected 40 to 80 waterjet jet dianeters across a
chanber to enter a focus tube bore. Abrasive particles
suspended in air are induced into a chanber by a
wat erjet dragging air with abrasive particles into a
focus tube entryway and bore. Monmentumis transferred
froma waterjet to abrasive particles in a focus tube
to produce a cutti ndVETING BEADSe outl et. Transient
events during closing of a shut off valve to stop a
hi gh velocity waterjet cause a nonmentary reversal of
water/air flowin a waterjet orifice that can carry
abrasive particles through an orifice. On restating
wat er flow such particles pass through an orifice at
hi gh speed and can erode an orifice and a particle
i npacting onan orifice edge can cause an orifice to
fail. Catastrophic edge damage al so occurs from
particles reaching an orifice in pressurised water.
What is particularly troublesone is that failures are
unpr edi ctabl e and cause serious financial and
production | osses. A waterjet orifice is located in
Thet present gventioieeelges tp eufting heads dhatesenerere athasive amterjets using
wi thstand ultra high water pressures. Water pressure
abraapegattldsaaoedan aguitfrigdead it g, cminra vepoanat in a liquid.

Prior art abrasive waterjet cutting heads, known as AWJ cutting heads, discharge ultra
high-pressure water at 4000 bar (400 MPa) or so through an orifice to form a waterjet
travelling at over twice the speed of sound in air. A waterjet is projected 40 to 80
waterjet jet diameters across a chamber to enter a focus tube boré. Abrasive particles
suspended in air are induced into a chamber by a waterjet dragging air with abrasive
particles into a focus tube entryway and bore. Momentum is transferred from a

waterjet to abrasive particles in a focus tube to produce a cutting jet at a tube outlet.

Transient events during closing of a shut off valve to stop a high velocity waterjet
cause a momentary reversal of water/air flow in a waterjet orifice that can carry
abrasive particles through an orifice. On restating water flow such particles pass

through an orifice at high speed and can erode an orifice and a particle impacting on
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seal an orifice to a carrier. The nunber of abrasive
particles reaching the vicinity of a waterjet orifice
woam7ms2preat |y reduced by projecting a waterj eCTiGB2006/004084
ten or so jet dianeters along a narrow passageway in a
carrier before a jet enters a chanber. The risk of
an atficsedee q@ardausd es odidivedgo rfgil.aCatattephet edyei ddncgei adso occurs
m nimsed by turning off an abrasive flowto a cutting
frofi e pattisleserehiiiBg baf WrHicst @PRireuidscdatRidretWha as paticularly
cl ear abrasive froma cutting head. Because of
trobfssGine Cil fHal A1k it ANHADLERT Y& Wobdl BorfokUBhARG and
ead chanmber a signiticant tinme delay Is needed to
| ear ;abhrasive froma cutting head. This tine del ay,
pm%%c Pr%()esges\?vi th a tinme delay to establishing abrasive
flow after a waterjet is turned on, prevents prior art
abrasive waterjets being used for nachining operations
t hat regui.res a cutting jet to be turned on and off
A vraggaieti pyifieaig ledsiast iasthe faeisfaehel 4 subsiantial carrign fhat can withstand
applications. US Patent Application 2005/0017091
ultral bighr wigessp@esuAdAl)  Watet ipnggsire adtsito fovee @h oaifice ioatods aawier and
from at nosphere to the passageway downstream of an
sealodnl driftee tb B cOFer The naddetlofdbiasti@ Payiidles ehdhasd W@ vicinity of 2
particles reaching a waterjet orifice. Although
» QV ekt 110,.5U i gt | N}, PF, rasi rk | :
e et SR RIS PR eI O %5
. |hcate ' Ut 1| h versely
ainfOUR S Frioi R T « S PR (5PELERY JRFEGTVe
particles to a cutting head. UK Patent Application No
GB2422566A descri bes a nethod of generating abrasive
waterjets that uses steamas a carrier fluid to )
The tikrafpbrasivetastigl¢redamaaing ¢ vgterigt arides isinpigimisediby srningeft
steamto be condensed in a focus tube. Condensing
an argsave flgw itoa ctuiting head some time before stopping a waterjet so as to clear

abrasive from a cutting head. Because of re-circulation of air and abrasive within a
cutting head chamber a significant time delay is needed to clear abrasive from a
cutting head. This time delay, combined with a time delay to establishing abrasive
flow after a waterjet is turned on, prevents prior art abrasive waterjets beiﬁg used for
machining operations that requires a cutting jet to be turned on and off rapidly and

this excludes their use for many applications.

US Patent Application 2005/0017091 describes an AWJ cutting head in which air is
drawn from atmosphere to the passageway downstream of an orifice in order to avoid
air carrying abrasive particles reaching a waterjet orifice. Although providing such

airflow can prevent abrasive particles reaching and damaging an orifice and its holder



focus tube inlet, may need to be mnimsed in such
cutting heads and this requires a focus tube inlet to
woeoowastizn 20 or so waterjet dianeters of a waPemrjGB2006/004084
generating neans. Abrasive suspended in steamfl ows
over the outlet face of a waterjet generating neans.
it cBmphcaes tierdesigneofpacitiing dsacrmd hdvedsetye affectonlicagmowtt df air
a waterjet generating nmeans particles are carried
avallgisit keeutyodbrisie piadi@éd 1Ot @enRhing neans during flow
transi ents on stopping water flow and when steam
carrying abrasive particles flows to a cutting head
when there is no water flow through a waterj et

af | means. ate abrasiv erjets wi.th.
UK RS TN R B RN He Sl i B L Ph RebFadpe resive
abrasjive particles into _a. high-speed waterjet it is
Watﬁ%@éé%ﬁ?g% Heany 858 Farrieh #ﬁ%fr {Petranspeit apEsIVe Pajfiples to a cutting
flowng to a cutting head rather than dynam cally
head {py thensjeasa ite ibe|cesddnged inaifpepsatiube.a S ondenpitesteaxng prior to a
cutting heads. Entraining abrasive suspended in water
focumtube anlki, glnyspeé do bateningsechmssunb tcuttieg rheedphral thixtretjites a
preci sion machi ni ng because of poor cutting head

foce tfber ik &6 be TRELBEXDTBE kb BFat&fet RlidRétedl df & Wedrtd JagadEng
that use water as the abrasive carrier fluid, 1nduce

meAAY €AIRadivd! isﬁ’sggl)(&"amrp steBtCHAGE (Wég etP@ LRREP 2 BF &F ket

and dense abrasive/water m xture ore mxture enter

. b e..A.requirenent .toavoid adver fluid.
eenfo R Hech iy Becllhf s € WSt g P Sp PRI e
gﬁenerating means to be.wjthin 20 gr SO waterjet .
SCNFALHE BT Ao RIGsCATigsk UPHISSR O e Wekiiish £onprting msans
particles to flow over the outlet of a waterjet
durlg]gnﬂtp\é{tqrzﬁ@wwa% stoppinet walgr iflow and when steam carrying abrasive

particles flows to a cutting head when there is no water flow through a waterjet

generating means.

To generate abrasive waterjets with diameters less than 300um or so by entrainment
of abrasive particles into a high-speed waterjet it is necessary to suspend abrasive
particles in water flowing to a cutting head rather than dynamically carrying particles
in flowing air as used for AWJ cutting heads. Entraining abrasive suspended in water
into a high speed waterjet has not been exploited for precision machining because of

poor cutting head performance.

The geometries of prior art cutting heads that use water as the abrasive carrier fluid,
induce adverse fluid dynamic interactions between a waterjet and dense

abrasive/water mixture before mixture enters a focus tube bore. A requirement to



abrasive particles reaching the inlet side of a

wat erj et generating neans when water flow is stopped
wandMissn7abrasi ve m xture enters a cutting he®dT/GB2006/004084

wi t hout pressurised water flow ng through a waterjet

generating neans. It is particularly inportant that a
avorlutdveng fieidddyuminig isteetiingab Viat dre outkdt Wwies waasjed generating

wat erj et generating neans that is able to pass

meaRB 18 Ve\WRitBiuSHEBS k@ Ratatet IRMetdt 00 B! tubENAleAP MBS Yfises
for these cutting heads is statically suspended in

abraddVeSlarBQe RN Rer BRYuk¥: & ﬁg{gge?j é:{ g%%%’]%g%%@sgje%%ttirg in

a waterjet generating neans

: ead .t he conti nui resence of. abrasive is
sbraly @b I8 FRRbR TN SR PERTELESsR R dRl ey Sater
stopped .nul tiple times per second to carry out dynam._c
ﬂ"wcﬁgl?ﬁeﬂgmép‘%‘f% gbgassve W%éﬁlfe S0ETY # CHENS é’éﬂg mathgpleprassugised
in a dynamc cutting node, controlled penetration of
wateifoyeing Huppghya waikgieeggneratigg means. i ng neans can be an
advantage in that cutting begins instantaneously on
re-starting water flow avoiding distortion, cracking
~and de-lamnation of thin and fragile workpiece
It isvpdréiculail importAdkhaud tithigg Rad ubing) BedssveAvial BfikiBtesdhas a
di stance.of 40 to 80 waterjet dianmeters across a

t BEratify MAds It dbRUB- i |
e oty Ails T S ob e AR ABAIRE foPiERAl Mithout undue
| G.8F Ly 10t ¢ f s. tube substanti.ally nore

weaf il e Bte RhTndsPlftofte SR s R e 2L ARl T ot sepo
a .f ocus be. ,Excess air noving towards a focus tube

be ghXiTed HPBUHENGRG BTl PoncraHab B ety SiapP el
it abrasive particles that erode chanmber walls and _

watgrHoxy.j Wwetead flej contipwing resencref abrpgivie inthengficiplbegayse a cutting

. contain particles

jet can be started and stopped multiple times per second to carry out dynamic

machining operations. When a cutting head is operated in a dynamic cutting mode,
controlled penetration of abrasive into a waterjet generating means can be an
advantage in that cutting begins instantaneously on re-starting water flow avoiding

distortion, cracking and de-lamination of thin and fragile workpiece materials.

An AWJ cutting head projects a waterjet a distance of 40 to 80 waterjet diameters
across a chamber to drag air at sub-atmospheric pressure towards a focus tube inlet.v In
order to drag sufficient air into a focus tube substantially more air is caused to flow
towards a focus tube than enters a focus tube. Excess air moving towards a focus tube
re-circulates energetically in a chamber carrying with it abrasive particles that erode
chamber walls and waterjet orifice holders. Re-circulating air may contain particles

that have become wetted by water droplets. Because of particle wetting, abrasive



that have becone wetted by water droplets. Because of
particle wetting, abrasiveparticles nmay attach to the
wopassaganznal s within an orsfice and its hol depcamB2bms/ 004084
di spl aced through an orifice when water/airfl ow
reverses on turning off water flow The cutting
partpdes orageaitaeh ab tAW\bassapd iwajs heidds anaorifiee and i vieddanad be
chanmber and focus tube wear reduced if air, dragging
dispdifed ShroBolPax biiféewhel Was/MAdy tdversebR tinRgloPCHStet HHE.
driven by a controllable pressure difference. A static
pressure of one bar or so above atnospheric pressure
causes air to accelerate to sonic velocity at the
Efficient_acceleration

. f b : . t of
Tostfide Bl dFb S AT BfLE nes 6 POumBRESH bf ctimp@eand
fookggfat WER Gt P TGRS US4 Bt epiers a focus

m_ni mum necessary for abrasive particles to flow

tubes AP ajcenBolatie pressure Biffarenicet A-statif prepswseipf ong har or so
abrasive particles flowi ng over the outlet of a

abovtiergsphergepressatd cagiserednt, acapldrade ttesandd velgeitpst the ammtadf a
the waterjet generating means when water flowis

focst tnppedre. Bffadtertchcbélsration UP sk ARl iablasive | RRAREs intd £ fEdM8Rube
ot her superhard materials when used for a waterjet

requiRRQhE HistehcEBaRveen AP bhiRe Alal w%nfg&r %e‘?ﬁ:ra@i&% hé&Gs TRIE Blus
di anond may be set in sintered tal wthin a carrier.

' en Sl | .and di nd i s _poor and
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Db 7375785l RobEERophas harT s
carrier ) made of steel or other strong netal.

EenrANRE Megny At disactERting upsteasy 9é theapatetigt eencadtingnmeans when

water flow is stopped.

Diamond has a substantially longer life than other superhard materials when used for
a waterjet generating means. A prior art waterjet orifice made of diamond may be set
in sintered metal within a carrier. Bonding between sintered metal and diamond is
poor and sintered metal is relatively weak in tension so the retention and sealing of a
piece of diamond relies on the support provided to the sintered metal by a carrier
made of steel or other strong metal. Encasin)g diamond or other superhard material in
sintered metal is not saﬁsfactory for abrasive waterjet cutting heads describe in this
patent application because there is insufficient space between a waterjet generating

means and a focus tube to adequately support and protect the sintered metal from

erosion.



sintered netal is not satisfactory for abrasive
wat erjet cutting heads describe in this patent
weappl7vsakron because there iss insufficient spaeeT/GB2006/004084
between a waterjet generating nmeans and a focus tube
to adequately support and protect the sintered netal
Thisr teree peSsevaral udsarttdpes endseing ebleral pratident ageajet rgenerating
being able to provide a waterjet generating neans that
me&AhROSH FRE Abta¢Reaitd &hé}eltsarﬁaeg With6St WrhARY thed ARG heing
the neans being | ocated, attached and sealed to the
locREd, a%g}?afg %d%%ﬁfeh‘%{& thd Quilelof aRALRRT TARRS G %g)qcﬁtiér?it is
escri be ow a waterjet nozzle at s Hot  eas y
oL USRS, PO SROCREF HhBhE, VB LS s
w t hstand water pressures that can exceed 4000par.
parfiglgs 43 aitacheq aadisgald e the Pt fr acamgr 5 8 o mpifhsiandeater
the face of its carrier such that abrasive particles
preggugesghatveen eaerefl Ao ermeyidiipnaly saidrwatejet ganereting mgansomay
a first aspect of the present invention, there is
covpr thei fledoBitnazrtiesual sieatabiasive ppttiestane geventad dromn jJ@haging
of water or abrasive particles suspended in water for
thegRick.n an abrasive waterjet cutting head, conprising
earner neans nountable to the cutting head and having

el ongat e passage nmeans extendi ng therethrough and a
nozzl e el ement conprising a superhard

materi al , seal i ngl nted to.the.carrier. means, by
Acife, Bp GO el of S el AR AT R g o egH dnpezle

profil ed hore extendjng_ therethrough, so connected to
asspiRBlY(fKlaRish do gengiate st OLWPF ob ﬁ'gr&mga@a%w@éﬁswde in water

abrasive particles in water may be passed under
for pise 4 an @bragive vietidh eupimg hegd, comprising carrier means mountable to
the cutting heac_l and having elongate passage means extending therethrough and a
nozzle eiement coniprising a superhard material,sealingly mounted to the carrier
means by soldered or brazed joint means and having an elongate profiled bore
extending therethrough, so connected to the passage means that water or a suspension

of abrasive particles in water may be passed under pressure through the passage

means and the bore to generate said jet.

Preferably, said passage means and said profiled bore each have substantially the

same diameter at a point where they meet.

Advantageously, said profiled bore tapers from a first end connected to the passage

means to a second end adapted to emit the jet.



means and the bore to generate said jet. Preferably,
sai d passage neans and said profiled bore each have
weubst@ankral |y the sane di angter at a poi nt whece/dB2ey6/004084
nmeet. Advant ageously, said profiled bore tapers froma
first end connected to the passage neans to a second
Ateleskt pdapifedidtjeing Mdand Heyjetendisubgagtallpaiokm@lly &ah thngitudinal
joint means may extend substantially normally to a
athHQhé?&%ﬂghnémks of the passage neans. Preferably, an
area of the joint neans is at |east about ten tines a
cross-sectional area of the passage neans at a point
where the passage neans and the bore neet, optionally
at least twe ti.mes said cross-sectiognal area. .
P rﬁ’{ﬁ@b -éﬁlafﬁﬂlég%l?ﬁétr‘ﬁ%ﬁn I%T%Ftcl‘éffsf gPoYh A BMRLH SToRSFerHiaRd area
of 9 to 10. Advantageously the superhard materi al
of cheppassass mMeanfold2 RAUB hBGr 819 RRISREIEcapD RO barlsire aneet,
tungsten carbi de, silicon carbide or alum nium oxide.
optibealligs dedstiventyatirees sald crags-seotipral seaat | east one of
pol ycrystal li ne di anond, nonocrystalline. dianond,
nat ural di anond or di anond produced by chem cal vapour
deposition. Preferably, the nozzle el enent conprises a
PrbieOfby Bk sHHARRA thari0hASs MOBR BElIREH oFBtisnbal . _
Advant ageousl y, said superhard block is provided wth
a coating of a material reactively bonded thereto,
optionally a nmetal such as titaniumor a rare earth

Ac?\}ag{'arl%%usly the superhard material comprises diamond, cubic boron nitride,

boron carbide, tungsten carbide, silicon carbide or aluminium oxide.

The superhard material may comprise at least one of polycrystalline diamond,
monocrystalline diamond, natural diamond or diamond produced by chemical vapour

deposition.

Preferably, the nozzle element comprises a block of diamond or other superhard

material.

Advantageously, said superbard block is provided with a coating of a material
reactively bonded thereto, optionally a metal such as titanium or a rare earth element

such as lutetium.



such as lutetium Sai d superhard bl ock may be
integrally bonded to a support el enent of tungsten

woandrds20r ot her superhard graterial, the supp®Cit/GB2006/004084

el ement being nounted to the carrier neans by said

joint nmeans. Said superhard bl ock may be provided wth
SaliaSipeehaid® dSckOmal dedintegtaaly bondeddbf £ eugpuit slepenhaf dungsten

material, said joint means connecting both the casing
calBRR: ARG iPShSURRABMIdhB!sas¥ort Seklft Bdhig hBtntlB 2 the carrier

The superhard material nmay conprise a coating,
méglpse%)gga?gh)é{”amg'n%npnd coating, supported on a nozzle

el enen ody, optionally with said coating covering an

interior surface of the profiled bore and a surface of

t he nozzle el enent facing away fromthe carrier neans.

The superhard material coating may be grown b .
Saichewpdard blaglomeay be peeviddonth fasies meppy ordtart 3\7’%/9111 §r ¢ qéferent

desi red shape of the profiled bore so as to forma
supdthard Matenipl, tdasl jonhereanhepnmectng dhotiwdle gazing upeankaand the

material or netal deposited on the thick filmto ,
supsrheitd dtodkhe theozzdie nedagsrent body. Preferably, said

J oi nt means conprises a ductile filler netal,

reactively bonded to the nozzle elenent and reactively

or netallically bonded to the carrier neans.

T@g%@@fﬁﬂ?%ﬁéﬁ’al ltngf d.tolfﬂ;??itse MEAD R r g:ﬁf&i}eﬁa% aN4AfhY Ceoating,

er conprirsing a stlverti um al’l oy,

optjgnally d d with,other tals and/or active rate .
ugfiiel B eiePe et oA ipapd i sBR hraE el ph Thgier
jOi nt_mmeans,nmay conprise an active_sol der conprising a
suifageoidhe profiled %qu ﬁg& asurface of the nozzle element facing away from the

carrier means.

The superhard material coating may be grown by chemical vapour deposition on to a
former having the desired shape of the profiled bore so as to form a thick film, the
former then etched away and superhard material or metal deposited on the thick film

to produce the nozzle element body.

Preferably, said joint means comprises a ductile filler metal, reactively bonded to the

nozzle element and reactively or metallically bonded to the carrier means.

Advantageously, the joint means comprises an active solder compfising a tin-silver-
titanium alloy, optionally doped with other metals and/or active rare earth elements

such as lutetium, erbium and cerium.



all oy, optionally doped wth other netals and/or

active rare earth elenents. The joint neans may
woamvisse7an active braze cogprising a PCT/GB2006/004084

silver-copper-titani um base, optionally doped with

other netals and/or rare earth el enents such as
Theafomtutiee dngi EGApfidenan ddtiee Galder smpEeang apsied-sidbhMminium

conprises a material having a thermal expansion
alfb‘i",ef)ﬁticﬁlhgﬁ Hotdd W #ibthECmbhRlanlor b dhRERRH fimdther

superhard nmaterial of the nozzle el enent.

Advant ageously, said material of simlar thermal

expansi on conprises a lamna to which the nozzle
&l ement is sol dered or brazed, the |am na eingw s

RSO OHT TEATS B SRR A B Gel Aefe FOTBRTIT MR 2SI P EpPRsiiaaium

wWth a solder or braze having a higher nelting )
baseRpsiopally donedawith perer meteds eusl/proiare careclpwents sud! ankafnium

thereto. According to a second aspect of the present
andrpimspnivon, there is provided an abrasive water jet

cutting head conprising a nozzle assenbly as descri bed

in the first aspect above. According to a third aspect

of the present invention, there is provided a nethod

T cRiRAURENT FeROATY CoPRRED Y mhRkiaRha®iPbas | UEMMRI&hansion
jet cutting head conprisi-ng the steps of providing

CO%ﬁEd’lél’ﬁ rSi e@' nl% tHQtugii ﬁ@lcﬁar{lcghdt Qleot?lglt %Lh%rgg?c? erpa'i %¥ it UéC EQZZIG

a nozzle ement conprising a supe material s
elaseoyarmnd, and sealingly nounting the nozzle el enent
¥8the carrier neans by neans of a sol dered or brazed

joint.According to a fourth aspect of the present
invention there is provided a generally

Advantageously, said material of similar thermal expansion comprises a lamina to
which the nozzle element is soldered or brazed, the lamina being soldered or brazed to
a remainder of the carrier means with a solder or braze having a higher melting

temperature than that used to mount the nozzle element thereto.

According to a second aspect of the present invention, there is provided an abrasive
water jet cutting head comprising a nozzle assembly as described in the first aspect

above,

According to a third aspect of the present invention, there is provided a method of
producing a nozzle assembly for an abrasive water jet cutting head comprising the
steps (Sf providing carrier means mountable to the cutting head, providing a nozzle
element comprising a superhard material such as diamond, and sealingly mounting the

nozzle element to the carrier means by means of a soldered or brazed joint.



cylindrical carrier wwth a shaped central passageway
that connects to a shaped bore in a piece of superhard

worb@vosal27t hat is attached and seal ed to sai d eaT/GB2006/004084

by a soldered or a brazed joint in such a manner as to
mnimse the fluid | oading on the piece of superhard
material. The dianmeter of the inlet in said superhard
material is ideally the same as the mating passage in

Ac{oglgi\g\lg b % ﬁﬁﬁﬁ'a@#ec‘c ¥ GhRe HRALNt RGN | tHRHENiS lprhvddddoa geRgally

a nozzife-tocan er joint 1s subjected is due
taq.f . sur.e actin I
cylgﬁgﬁsfld:agwﬁ Sy a,shaped c él%%) U\%éztfazﬁ g éjtglaﬁ%ha FBbre in
i nvol.ve a reactive bond be n th per.hard and
a pidep PEFuRSEES THiRNEL thaéé%%ffa\?@%da?ﬂaﬁé SR B a‘ﬁdeled

filler metal and the carrier._ The fornatlo of s
or { diared feigt wosishissmangss|ayita dnipimias the e Ipayeg op tge piece of
pressure to induce diffusion bonding. The earner may
supleehaed matesial.i Ng nmeans to seal it to a source of
pressurised fluid. The bore in said piece of superhard
material is generally contracting froman inlet that
recei ves pressurised water to an outlet from which

Th¥RfBletdr SF TS MR8 88l d A8p@h At dRat¥419€ idedl1y@icedah Rt asl the tiaging
pressurised water contains substantial nunber of
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e super mat eria

ferabl boron ¢ rblde
cargig} il %Pneﬁs@m Dy i ?@1%?6&%% A & B P ol st area
havi ng a har dness g{eater than or equal to
should a nozzle bore become blocked

Said joint may involve a reactive bond between the superhard and a filler metal and a

reactive/metallic bond between the filler metal and the carrier.

The formation of said joint may comprise applying uniaxial or isostatic pressure to

induce diffusion bonding.
The carrier may have a sealing means to seal it to a source of pressurised fluid.
The bore in said piece of superhard material is generally contracting from an inlet that

receives pressurised water to an outlet from which water is discharged as a high

velocity waterjet.



that of alum nium oxide. According to a fifth aspect
of the present invention there is provided a

woybo7deizeal earner with a | gngitudi nal passageci&Estoosgo4084
fromthe first end of the cylinder to a piece of
superhard material joined and sealed to a surface on

Iftthe pesaiwdensteocotithits Sabstagidd Nafmbef dfoahdiv ipBrticles the jet
passage machined in said superhard naterial and

ledih@HEhoE ForhRRgibridivEatiiisage in the carrier so as
to produce a waterjet or an abrasive waterjet when

pressurised water or a pressurised water/abrasive
particle suspension is fed to the first end of the

carrier. Advant.agequs .he superhard nozz] e material .
Tl s B 15 B A BB E bt IO S Rgetumesien Carbide,
.fungsten carbide, silicon carbide or other materi al
siligonirarbifig, s otherr Wiredardomaigrigl hayinge prdnass erefiterrtbandonegpal to

be in the formof polycrystalline dianmond (PCD),
thatod @bmyisiven dxide di anond, chemi cal vapour deposition

(CVD) di anond or natural dianond. Advant ageously,

pi eces of said superhard material may be pre-coated or

nmetal lised, preferably with a coating containing a

AdBBEdhg $41GNRS adgeb @B HHY Hesdt TN R1iSAdle ¢ BRRMedSHENIRRical
lutetiumthat i's reacti'vely bonded to the superhar

calPRdr &¥itrAd logkﬁgcﬁrzal %Esesagéb %ﬁ&@g%&?ﬁ% {Re eqq[rd! oquthér%){inggr to a piece

pre-coate pour eposit1 on process

L th. tungsten carhide or. qther suitable material that .
of Mobdnid FREAR Fie 6 Sied P sitich 34 Berpoaad g of e said
nozzl e bore,mTy be forned in a_é)i ece of dianond that
cajrier; Ay @&g]ﬂdlg,a passaagmaghiged in said superhard material and aligned with

longitudinal passage in the carrier so as to produce a waterjet or an abrasive waterjet
when pressurised water or a pressurised water/abrasive particle suspension is fed to

the first end of the carrier.

Advantageously the superhard nozzle material is diamond, or optionally cubic boron
carbide, tungsten carbide, silicon carbide or other material with a Mohs hardness of 9

or greater.

The diamond may be in the form of polycrystalline diamond (PCD), monocrystalline

diamond, chemical vapour deposition (CVD) diamond or natural diamond.

Advantageously, pieces of said superhard material may be pre-coated or metallised,
preferably with a coating containing a metal such as titanium or a rare earth element

such as lutetium that is reactively bonded to the superhard material.



tungsten carbi de support or other superhard materi al

support so that the joint is nade to the earner via
woheo7asprrhard material. A nazzle may be a for ret/GB2em®04084

of dianmond that is supported by a hard netal or

superhard material case grown or deposited on to the

di anond with the dianond and/ or case joined to the

nozzle carrier with a reactive joint. Dianond or other

Pi€dén Of Bal dupRha infdte TH Yna)ebeBit6268Ed bF aBchSHRRP Khpour deposition
conprising nmetal or another superhard material and a

. . r‘ .
proGaCh Rl AR ind SiQE pEhATR DA las T I pmation of o
. superhar.d material and nozzle carrier is preferably
JO?%&H%ﬁuﬂngg an active solder or braze material that
reacts with the surface of superhard material to form
a fully bonded transition zone between the superhard
material and a ductile netallic filler material. A
A merzle lbote ey dei forhert ired pirsevidehiariond thag initegraliycbonded to a
filler material and a netallic or superhard carrier.
tuigstanvearlsidd dgipertnayotioo Rapahard imdberiAgupporbss thatdhke Gyiat is made
doped with other netals and/or with active rare earth
to EheCIMRrSvid the Rupsrhdrd n@fedbmn (Lu) , erbium (Er) and cerium
(Ce).Active solders may consi st of Zn-Ag-Al base
al | oys doped with other nmetals and/or with active rare
earth el enents. Active brazes may consist of Ag-Cu-Ti

ase netal s doped, with other al s and/or,active rar )
A B354t TEERE ot SRR Pehy T e R fPaRta B o i B o
sugérﬁglﬂgrsnp%%\éf g%gg%ergg(%l 3/r ggp%?itte%r 01t1 hcg r]thet: %?antlcl)nrcrle\%ith htﬁe ac{ia?rr?ond

and/or case joined to the nozzle carrier with a reactive joint.

Diamond or other superhard material may be encased in a support comprising metal
or another superhard material and a joint made to a carrier via the diamond or other

superhard material and/or its support.

A joint between superhard material and nozzle carrier is preferably formed using an
active solder or braze material that reacts with the surface of superhard material to
form a fully bonded transition zone between the superhard material and a ductile
metallic filler material. A metallic bond is formed between ductile metallic filler

material and a metallic or superhard carrier.

Active solders may consist of Sn-Ag-Ti base alloys doped with other metals and/or

with active rare earth elements such as lutetium (Lu), erbium (Er) and cerium (Ce).



subjected to water pressure. A nozzle carrier may be

provided with neans for it to be sealed to a fl ow
woaoahwstozconnected to a earngr inlet. Accordi NngCT&B2006/004084

si xth aspect of the present invention there is

provided a cutting head assenbly conprising: a

cylindrical nozzle carrier with an internal passage

connecting an inlet to a piece of superhard nmateri al

Aaiveasliess @Ry copadted AVAEUINRE allB@Gope® Wil bihef nefild Af1/or
opposite end to the inlet; said nozzle carrier

witPiBL ke Ba BYnAnRr eci sion di ameter on the outside
surface at the end to which the superhard material is

j oi ned; a shaped bore in said superhard nateri al
accurately | ocated on centreline of precision dianeter
on qutside surface of orifice body; a nmeans to effect
Acive | biazgs sy cpsshet AgCy-db éaﬁe@aﬁa?%gdqy@é 4l piheymgiplseand/or
or suspension of abrasive in water to the nozzle
achwy fereeartirpdernends that mag inclydedif andddrt t i ng head body with
a precision bore into which said nozzle earner body
can be located; said cutting head body provided with a
connection nore or |ess perpendicular to the

A fsinighdnd dirddaik advdrSagebudlyl iobdaitd th@asn BARY thodre£6f ¥ iRkt nozzle
carrier fluid carrying abrasive particles; a superhard

subjeeids td Wher bRgdurd i ts into the opposite end of a
cutting head bore to a _

A nozzle carrier may be provided with means for it to be sealed to a flow conduit

connected to a carrier inlet.

According to a sixth aspect of the present invention there is provided a cutting head
assembly comprising:
a cylindrical nozzle carrier with an internal passage connecting an inlet to a
piece of superhard matérial attached and sealed by joining means to carrier on
the opposite end to the inlet;
said noz;le carrier normally having a precision diameter on the outside surface
at the end to which the superhard material is joined;
a shaped bore in said superhard material accurately located on centreline of
precision diameter on outside surface of orifice body;
a means to effect a fluid seal between a tube feeding pressurised water or

suspension of abrasive in water to the nozzle carrier and the carrier inlet;



nozzle carrier; an insert that sits in cutting head
body bore between a nozzle and a focus tube, with a

wpaszagaeay to connect the putlet of said nozzerigB2ode®o4084

focus tube inlet and a passageway to connect an
abrasive/carrier fluid entry connection in the cutting
heagolegly hé@ wdyasisag eneaysitiebove émotwiscln exid nezzle garriee body
focus tube inlet; and neans to individually |ocate and
secul @ hhetdyozzl e carrier, the insert and the focus
tube in the ¢utting head body. The superhard nozzle

) S BT S 08 gt g

nozz y by sol dering or

br azi in,a.vacuumor inert .gas f.urnace ' . :
o |y RS A Dt B SRR IR S L BhRing
that react with dianond and nozzle carrier substrate

t o enatiyerahdes:cal bonds to form between the netal

all oy and dianond and carrier. The carrier may be a

mat @ sipethasd flvus sibethat Fdeimtmihe kopesite cpéhohp cyifing head bore to a
copper/tungsten alloy that has a sim/lar thernal
expasgeldartied; di anond or ot her superhard material used
for the nozZzle. A thin section of material having a

CONRRfdsbk ehat BigY imButt 8bodly bére detwied lathoiBlt @hd alfoctB)tube,
be sol dered or brazed to a carrier using a higher

mel LG, O;%a%g%@{v%f W EoRLOE RilePseAaf LBR Ak fdte duBelinlet

sol der aze” a nozzle to the material. According to

Sr 251%1/ gbgsgg,czﬁsga&t tﬁggoHtgegcg FBoRRk caftYeE Huli Qnt{‘}h%rﬁlebﬁon in the
cutting head body to a passageway between the nozzle and the focus tube
inlet; and

means to individually locate and secure the nozzle carrier, the insert and the

focus tube in the cutting head body.
The superhard nozzle material is preferably diamond.

A diamond nozzle is preferably attached to a nozzle body by soldering or brazing in a
vacuum or inert gas furnace using a metal alloy containing titanium or other active
elements that react with diamond and nozzle carrier substrate to enable chemical

bonds to form between the metal alloy and diamond and carrier.

The carrier may be a material such as molybdenum, Kovar, Invar or a copper/tungsten
alloy that has a similar thermal expansion to diamond or other superhard material used

for the nozzle.



with a body into which an exchangeabl e waterjet nozzle

assenbly and a focus tube are assenbled to configure a
woubdwosgnzhead t o operate wilsh abrasive parti cl e6T/GB2006/004084

carried in a gas, or in a vapour or in a vapour/gas

m xture, or in aliquid. If abrasive particles flowto

a cutting head as a suspension in a pressurised liquid

the cutting head body, the insert and the focus tube

A 58 @e&%nro@rﬁpa\f&% heviak b%%fpbﬁble GHetingl @GIAREBN b 4 Boafd material
a cutting head. Exanples of nozzles and cutting heads

ma; e@%&ﬁg&g & I%?az@ﬁ 85 %n%rﬂ& ‘% ?ﬂlg‘ﬂ'&f hleﬁﬁl\@' t@ﬁlpgﬁﬁﬁé lsbiger or

erence to

brafif8 Dbl b 1@?@%@@5%@“‘%‘ A %aﬁfekf‘ré."n'ninf’ o

cutting heads; Figure 4 shows a spacer; Figure 5 shows
an abrasive suspension cutting head; Figures 6 and 7
show entrai nnent cutting heads; and Figure 8 shows a
Acqording taa seventhtaspegt REH W@trmmjlomth@@ 1§ yoridgda euiging head
for understanding of the prior AW art, a waterjet
witlh i BddgeintbOdhick ahaxebegestie vetaet doiale atremblsomd & deasgibe
a substantial carrier 102 that is located within a

are @ehdbgl deadfiaey chfihg Hyad e@bpekiéd waith diesicapartieles tdided in
mates and forns a netal to netal seal with a tube 105

: ¢ 4.1 geapkiy): 1
a gifg ET b br h A1 oBo GABMIENAL A ihQ IRfuid | BRublbive particles

ﬂko% alc%lgting llﬂe%dvg@t esrlﬂsl?etnsljo}lQn%aﬁ%%%nsed liquid the cutting head body,

the insert and the focus tube can be removed to allow the nozzle assembly to act as a

cutting head.

Examples of nozzles and cutting heads embodying the present invention will now be
described by way of example and with reference to the accompanying drawings, in

which:

Figures 1a to 1e show nozzle assemblies;

Figures 2 and 3 show entrainment cutting heads;
Figure 4 shows a spacer;

Fighre 5 shows an abrasive suspension cutting head,;
Figures 6 and 7 show entrainment cutting heads; and

Figure 8 shows a prior art cutting head.



t hrough a central passageway 106 in carrier 102 before

traversing a chanber 107 and entering a bore 109 of a
wbaowrmstazbe 108. The drag cadsed by waterjet 1ROT/GB2006/004084

passi ng through chanber 107 causes air draggi ng

abrasive particles with it to enter through passageway
Refdrrihg dinst tb Fijpare 8¢ @l weidatseddingvefrtbs paoid ABVIE &t 4 tetefjeicarifice

tube 108. The quantity of air noving towards focus

100 UH okt &ind kéAled $n BeSRdiR fadehdia §dbdtantifladarG@N 02Nh& is located
bore 109 and the excess air re-circulates within

witfig 'ibcﬁfttlﬂgo Kead C@Jc{%‘y (E;gsgbére@ts hy£ ol "?Hié b&ES 102 nneﬁ’ik andhforms a

unst abl e manner trong swirl conponen S
b ntum | nsf erred
ol Il R 2 aﬁ%sqﬁgff SR S BiSES o ea?? onﬁce 101,
et 113 is made of sapphire, rub
WhEL fgiiire Siyshiiieon Histsym B i GO RICAHO. Skt Pty | Hupasses
but also brittle, so an orifice's edge can be damaged
thigyelpacentedl @esseaevargl O inrratier 6P befarg fravessing Rregawbe | Weand
101 such that a waterjet 110 passes through a narrow
enfsaing agleore 169 saftys forns inedel 408r ethic dimgtdaasedi sk waferjabt 86 b¥Bing
particles reaching the vicinity of an orifice and

thibtgly ehdmhig 107SdaleRiofragBingrabidsbie shfidlagwithansd 8Mbr through
events when water flow is stopped. An advantageous

pas@adwiye 1 Pf aRd it®'be aJcEeléx%teH NS whis Bfnli Ot &f th% I}gcdé’athﬁé 1168, The

generating nmeans 101 on the front face o carrier

qu%@?ta%@@%vﬂ@o%r@! L

|or rt cutting heads is thesize of ece of
b%ﬂ 381759 BB ity B de SPHRiss SRAE cHHembey 1a Gamoine abrasive

ssure con%re33|on | oads so that it is economc to
pa{}g ShingR WsEble panner with) stiong syirt ermpanedisad it focus tube bore

109 momentum is transferred from the waterjet to abrasive particles to produce a

cutting jet 113.

Orifice 101 is made of sapphire, ruby or diamond. Sapphire, ruby and diamond are
extremely hard'but also brittle, so an orifice’s edge can be damaged by peirticles
moving at high velocity. Locating orifice 101 such that a waterjet 110 passes through
a narrow passage 106 substantially reduces the risk of abrasive particles reaching the
vicinity of an orifice and travelling upstream of an orifice during transient events

when water flow is stopped.

An advantageous feature of prior art is the location of the waterjet generating means
101 on the front face of a carrier 102 so that water pressure acts to hold and seal the

means to the carrier. A further advantageous feature of prior art cutting heads is the



However, with a waterjet generating neans on the front
face of a carrier it is not possible to prevent
weadveveszo2f | ui d dynam ¢ proceasses in cutting heads/gB20d6m04084
i nduce desirable fluid dynam c processes. Adverse
fluid dynam c processes are so severe that prior art
size rotf pidica e dianoaridt iead onBaltksssufficiaettto foang twatsr peédset dov@lrassion
with abrasive carried in water or in steam It is now
lodlis $6 Hiab & ds bedtomiNgt @ehgih FRARE kiAo 9ZRbE: ABARNAT OM
di anond or other superhard material, wth a shaped
bore that is not readily danaged by abrasive
"particles, is attach and sealed to the outlet of a
ner_+t.0 w thstand water pressures.that can exceed, .
HO e e e sicE G RaBptr o1 bR, Tt dios Phadaie 1t is not
t qsile strength of joining nethods for diapond to
PoRiltla 10 Gresph aavegﬁr‘p Eidafypae drocepsss iRt Beads pitio gpduce
the extreme fatigue |oads fromcyclic water pressures
degjrabls Huidgmamigupropssse. Suiversaefiuid namiczprocesseraare so severe
subjected to water pressure is desirable. Critically,
that cprisr ewre mutrainesstucitiieg headsedo avot dundatign aeffaeiingly anidh abrasive
t hereby increasing the fluid | oading on a joint, the
cajriet fih wakt er inadteatiSt f or m wat er i npervi ous seal between
a carrier and a nozzle. Joining superhard materials to
a metal or other superhard naterial by soldering or
brazing is known in the art. However, the extrene
[ . [ [.tra high ter pressures
It B3R Ut £ SUREE: By gy FRalapSmna S othe
n netrates .int.g a j,oi nt nmeans that expgrinentation is .
S“é)egla%iﬁ Fagera éf%‘ﬁ’am %‘Eﬁﬂe é’PEFeﬂ}aﬁ ds 498 rerdai g%ﬂ%ﬁ@fihb‘d@raswe
for each conbination of waterjet nozzle material wth
pargigles i8ratiagh and avaled EEISPUSt pF fcaitien d Mofhsiand WGl pressures
characteristics but stronger joints can be made with
that can exceed 400MPa. A loading of 400Mpa is ten or so times the tensile strength

of joining methods for diamond to metal or other superhard materials. Taking
account of the extreme fatigue loads from cyclic water pressures a joint area twenty- or
so times the nozzle area subjected to water pressure is desirable. Critically, to prevent
pressurised water entering a joint and thereby increasing the fluid loading on a joint,

the joint material must form water impervious seal between a carrier and a nozzle.

Joining superhard materials to a metal or other superhard material by soldering or
brazing is known in the art. However, the extreme tensile loading caused by ultra
high water pressures and catastrophic increases in loading if water penetrates into a
joint means that experimentation is required to establish soldering and brazing

methods for each combination of waterjet nozzle material with carrier material.



tungsten carbi de and ot her superhard materials and
these materials can be easier to machine to produce
woaeamlis2dor es as wel |l as easiger to sol der or bPrPazT&B2006/004084
Therefore, it is desirable to select a superhard
nozzl e material based on many factors. For
Diainbnd isratfennd jfai itd weprehat@rinind buostidtigat jodits ten Baafade fvith
superhard material using soldering and brazing is

tuSR Gl dabiede BEd otter sSpdiRAdaieMs bh@thest Mdt@dald @4DbHE Qas1e1 to
met hods coul d be used to join other superhard nozzle

in%rtb?hﬁiu'é@n éé‘iom%g a@%fl@@ caddAG's ﬁ%{j Pp&t gé' q“herefo% it is

arit super materi al s are here

hav n har ness . or on t he ths
deg?agﬁ %Eq%{!? ?upﬁ%‘a]ndo i é’af‘gﬁl Onslﬁ t &-nozzl e
asserrbl y enbodyi ng the present invention, a waterj et
nozzle 1 has a carrier 2 with an inlet 3 to passage 4
that contracts to a shaped bore 7 in a piece of
Foyiilysiyrtionigining 41 digmeird td oretal of ta abbthek supediard anateriad using
nozzle 5. The nozzle 5 is joined and sealed to carrier
soldetiyg and biaaing6is describred drut titoisnindersiond thitesiflilat fhihiag dhdiBods
on a joint 6 the outlet dianeter of the flow passage 4

could Heh@sed & fdifbthér Whpdrhdig Wabily nbeerRiko®8RetPoPEndtRE superhard
smal | est practical consistent with water velocities

m#&idng bel ow the erosion velocity of the material of

the carrier 2 and the need to carrying out drilling

and polishing operations to formthe nozzle bore 7.
The joint 6 between a dianond blank 5 and a nozzle
S|n sol der or braze all oy

2 f d
FO{ F Rigpity rsypa%%@ﬁm%‘i%l?aa definedrmaatersgls bangp Bagndssagl or

.a sol de
hlgher on the Mohs scale.

Referring now to Figure la, showing a nozzle assembly embodying the present
invention, a waterjet nozzle 1 has a carrier 2 with an inlet 3 to passage 4 that contracts
to a shaped bore 7 in a piece of diamond material in the form of a blank that forms a
nozzle 5. The nozzle 5 is joined and sealed to carrier 2 by a joint 6. In order to
minimise the fluid loading on a joint 6 the outlet diameter of the flow passage 4 in the
cartier 2 will usually be chosen to be the smallest practical consistent with water
velocities Being below the erosion velocity of the material of the carrier 2 and the

need to carrying out drilling and polishing operations to form the nozzle bore 7.

The joint 6 between a diamond blank 5 and a nozzle carrier 2 is effected using a
solder or braze alloy that is doped with active elements. An example of such a solder

is a tin (Sn)-silver (Ag) alloy with active elements titanium (Ti), gallium (Ga) and



is atin (Sn)-silver (Ag) alloy with active el enments
titanium (Ti), gallium (Ga) andcerium (Ce). An exanple

woho@ais2oee braze is a silvape (Ag)-copper (Cu) aCiraB2006/004084

with titanium (Ti) and other active elenments. The
active elenments react with oxide | ayers and surfaces
ceriti® @d).OVAMRkhhpIg. offective drizei inta kiker ddgeneppee (Ehp piloawith
bondi ng between sol der or braze material, dianond and
titalﬁﬁ’rg}rg?)r argia&ﬁéﬂ Rbive Wehfenf¥ NMTHEEctikO elBRidn@re@dt with oxide layers
undesir abl

e Interfacial conpounds and brittle and ‘

o187~ o] i [ShasAkldaeNE Rn&RlcHEFshddicthetween
andggﬁ%fegﬁ?gﬁégﬁeﬁtéfﬁ?ag%?g@?‘ﬁg I’?gl t|§ng poi ntsC bel owgg%out

4500C, it can be.advant ageous to ry: - t £
soldSB R TRGEFEre SAYGNET Co L AP olie? HhinBR foBhatbn o

tenperatures up to 8500C or. so y be used t.o bring
andssoHC ey P ORISR BT ERALE A PR B ELEnG BYERY or m

a joint that has |lower residual thermally induced ~

stresses than that generated by a brazed joint

(brazing of superhard materials generally invol ves

AltBUgheRlet £am el e defadravis HA0BQRGheltilh @otdy bélew aboudt0°C,
be fully nmachined before the nozzle 5 blank is

it c%{a %ﬁ%}%&ta&%&%% EQ‘?y bﬁ’t’Jﬁﬁ’t JfaCR1RPind cGAE fat Bigh&eeinBeratures. In

rface texture to maxi mse joint strength.

razi ng of batches oRozzles is ral rj
s g B BUL0PH PR OO A8 o

preformcut fromfoil is positjoned betwen a ho{der 2
redugivz dherromrprasiiER S9rm /A EBHCBRS prg lGive fesugy thermally induced

tenperature/tinme cycle is used that ensures good joint
streses pleart thetsgearted; byl anbrezss] joias (tazing of supshard materipls generally

brittle dianond. Brazing provides stronger joints and
invbEePEstidRE tdtbdifttirel absvierm@oeyarond that is thernmally

stabl e at brazing tenperatures above 800. U trasonic

or other vibration nmeans may be used to help in

The carrier 2 can be fully machined before the nozzle 5 blank is attached, with the
joint face on a carrier having a machined surface texture to maximise joint strength.
Brazing of batches of nozzles is normally carried out in a vacuum or inert gas furnace.
A solder or braze preform cut from foil is positioned between a holder 2 and diamond
blank 5. A soldering or brazing temperature/time cycle is used that ensures good joint
properties and minimises residual stresses in the brittle diamond. Brazing provides
stronger joints and is preferred for joining diamond that is thermally stable at brazing
temperatures above 800°. Ultrasonic or other vibration means may be used to help in

achieving a satisfactory joint.

Solder and braze materials have poor capillary and wetting characteristics on diamond

and wetting is time dependent. The poor wetting characteristic may be used as an



achieving a satisfactory joint. Solder and braze
mat eri al s have poor capillary and wetting

woher7asteri stics on di anondoand wetting i s ti MeCT/GB2006/004084

dependent. The poor wetting characteristic my be used
as ani ndi cator of successful joint formation. The |
indie26it 6Bducbakstul ijsinafenbdear. The donzaeholesi ssoldsr orabrhrmeedist 1s
margi nally larger than the outlet of passage 4. After
macBine8 |nfi’e§#in9ﬂy P @hayhb Sulldtef ?H@G@&f wlftef b quider or trazet cycle
material to formthe critical seal between a joint 6
rd i i Swebh al j9int 6 and
the SR AN G PITRPARIAN fo frfPlle UG I REY Boiekh &8
di anond gnﬂ to yse the(fough growt h surface of the
cartifr PtSAEE BUCHRYP5OR Y face in order to increase
joint bond area. For quality control and to m nim se
costs it is desirable to have only one operation in
producing a joint that can w thstand extrene pressures
It iscadatanitageogs aol toawlisly theigsansiheide offCBP stigragnd apd; te aise fhe rough
meki ng joints with particul ar di anond nozzl e bl anks 5,
grotviiesubfaae ktheslanendms ehajoitt eurfavietin oeder ka mnieasn joay dandarea.
ot her coating that fornms a reacted chem cal bond with
the blank and is wetted during soldering or brazing. .
Alternatively, a blank nay be pre-coated by a chem ca
For%ﬁi@ﬁl&%oﬂﬁ@?éﬂ& 10N RE 8Ssts Wil BedidBRSH @BvE BAIR e oPEration in
other suitable material that aids in the formation of
J: Ol .1.0 rr] E y! e p .
profyfhiyih 5 R Rlapd P RE DRI RN Ridtab PHbRever,

. erjets .under about Omm or so in.dia ro.di d

it PG gioedt A iy 0 PTG Rmea o 4T oy Py Bks
thi ckness and 3 to 6mmin djanmeter are appropriate.

may be pre-coated with a titanium-based or other coating that forms a reacted

chemical bond with the blank and is wetted during soldering or brazing.

Alternatively, a blank may be pre-coated by a chemical vapour deposition process

with tungsten carbide or other suitable material that aids in the formation of a joint to

a carrier.

For generating waterjets up to 400um or so in diameter, and abrasive suspension
waterjets under about 200pm or so in diameter, diamond or other superhard material

blanks of 1 to 3mm in thickness and 3 to 6mm in diameter are appropriate.

The shape of the bore 7 machined in a nozzle blank 5 depends on, the application. A
bore 7 for a nozzle that passes a suspension of abrasive in pressurised water will

typically have a simple rounded or conical inlet, with a length equivalent to four or so



The shape of the bore 7 machined in a nozzle blank 5
depends on the application. A bore 7 for a nozzle that
wpassa@s2@7suspensi on of abrasive in pressuri seg8CTEIB2006/004084
will typically have a sinple rounded or conical inlet,
with a length equivalent to four or sobore dianeters,
bofeotiamettk, fyllewstdy acasas camdtardi diareéter birerten ttenwety diameters
twenty dianmeters long. Friction | osses in each
loh. anet er of bore in the approach to a waterjet nozzle
outlet are 2% or so of the waterpower at a cutting
head inlet. The aimis to balance the friction energy
| osses in a nozzl e agai nst creating materjet
cteristics that e ef ective ent
el BEUE o Bhon TrbeR afhSa % e b R &fafeﬂgﬂg?%mkﬁlgt
9k|net|§ energy fromthe waterjet to the particles in
2% Bicifsol e avafsgpverpga cattinghead, Qllﬁea:ﬂlet%tls Enbalangegthe friction
abrasive as a suspension. in water, the distance
engyay Jesees ia anenzzlecagsinst elteafatmwateﬂdc@@racteb@tlm@xabmwfﬂ@etlw in
few waterjet dianmeters, making it desirable to
enfraERingi abastvh@aﬁ'miafsaihmmfwus:’mba bnd trtmsfating kiretic @Aerg) iffom the
froma nozzle. This is achieved using a conica

watfet toatht ipefichds id 2 feusibe Bk, P¥ELclMn@ hORT Bbd &ltrains abrasive
section of -two or so dianeters before a waterj et

as BQGHeBsiON lih %\;aterTﬁfeSdl&%g%f\yeegeepﬁ(gﬁi Jﬂa{g lafd AWl @Ber may

turbul ent surface due to caV|tat|on an ction.
I C rrlg oacuttJn . a
ol b i %J%tr%%éft%?en pfne B i iiratd o i fen
ent.eri focus t ube. IS, situatjon the near
ety PRI s St retigivzal A Mo 2 TR codoqseptraction
sufficient for the nozzle outlet to withstand water
of éﬁ Qs éohlqygqgisbjaﬁd)aﬁpé],e{ pestien jofrpae 108 so diameters before a waterjet

nozzle outlet. This geometry generates a jet with a turbulent surface due to cavitation

and friction.

For abrasive particles carried in air to a cutting head, a waterjet may travel ten or more
jet diameters before entering a focus tube. In this situation the near parallel outlet
length of a nozzle needs to be just sufficient for the nozzle outlet to withstand water

pressure loads and particle impacts.
Figures 1b, 1c, 1d and 1e show alternative carrier and nozzle arrangements.

Figure 1b shows a nozzle 80 made from diamond formed as an integral layer 81 on a

tungsten carbide or other substrate 82 that is brazed 6 onto carrier/holder 2.



Figures Ib, Ic, Id and Ile show alternative carrier and
nozzl e arrangenents. Figure Ib shows a nozzle 80 nade
wonramdzenond formed as an i2ategral | ayer 8 1 ®QTAEB2006/004084
tungsten carbi de or other substrate 82 that is brazed
6 onto carrier/holder 2.Figure Ic shows a nozzle
Figmadt showga abzde pmsstng bf dipawe nd dBdondBsh sah K010, D, encased
encased in tungsten carbide 84, which is brazed to
in Gdghlef lcarbidd $4, Reith {sheafidaoasicdd AR bot et diHSAESS and the
carbi de 84. The exterior 88 of the tungsten carbide
4 . TN S :
A g L B g B o QU LR o beffibbined
hol der .2 and the bore .0t he. di d.83.t0.be .
to SRR P sl o iatieRErT ORI ighors ein the
ungst en car bi de case 84 be grown-or deposited on
holdsr rancing JoRel 193, Dom despenandt 4¢ bﬁ@%ﬁﬁ% 8 caguaiclamated
used instead of tungsten carbide or simlar superhard
durag brazings . Tk gurastencragidasass 8domay be grovan gedennsitedhon to the
is particularly appropriate for mniature cutting
didveadis83. nAdaiCnetal niag idisbhe cades beasgd ostedé o ungdieq wathéde or

fl ow passage for abrasive in water mxtures to reach a
sithi®&ZuferBtt In@iterials. pi ece of dianond 86 is brazed on its
inlet face to provide a water seal with the majority
of fluid | oads carried by brazed joint 87 on the sides
of the dianond. The di anond may be of rectangul ar or

.ot her, gross-section. Figure le shows a nozzle foermed.
FigS d T8 SRl Atnegdtl fot f Bt ARG s Rt Riptore
superhard materi.al Jayer 90 jn a hore 7 within a _body .
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The | ayer of superhard material 90 nmay extend over the
in yyat¢ranixtures to reach a nozzle outlet. A piece of diamond 86 is brazed on its
inlet face to provide a water seal with the majority of fluid loads carried by brazed

joint 87 on the sides of the diamond. The diamond may be of rectangular or other

cross-section.

Figure le shows a nozzle formed by the deposition or growth of a CVD diamond or
other superhard material layer 90 in a bore 7 within a body 91 that is joined and sealed
to carrier 2 by joint 6. The layer of superhard material 90 may extend over the outlet
face of the body 91 to protect the carrier 2 from erosion by abrasive particles. The

joint 6 may be made to the superhard material 90 as well as to ‘the body 91.

Instead of growing CVD diamond or other superhard material within the bore 7, a

thick film may be grown on a former having a desired shape of bore 7, the former



face of the body 9 1 to protect the carrier 2 from
erosi on by abrasive particles. The joint 6 may be nmade
woaod7s2raper hard material 200 as wel |l as to thechaBro/ 004084
1. Instead of grow ng CVD di anond or other superhard
material within the bore 7, a thick filmmy be grown
etched @vdypraiéra havilng spddsid ettahbpesoflepusited oy grpwn on the
formeretched away, and a netal or superhard materi al

outFASET tHERRQ! £t A iIRBbA91t he out side of the thick
filmto formthe body 91. PCD and ot her di anond or

superhard material blanks used for nozzles 5, 80 and
83 may be cut fromsheet naterial with an external

hape .t h i nc] udes featur )

PCr} 208 aubetafunetet SOl el b G BAhbraRls 3, 80 and 83
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particularly suitable formis the conposi car bj de .
parisof passegtevays fer wasive & aPamiesdhrifue Lﬂq&zoe‘}%%e eél&'aﬁlgg doto a
in abrasive waterjet focus tubes by Kennanetal |nc of

watdtj@Meavigg korty, M nnesota, USA. Figure 2 shows a
cutting head for entraining abrasive particles carried
inacarrier fluid. A waterjet nozzle 1 as shown in
any of Figures lato le is located in the body 10 of a
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t 1 and into i ch.-a spacger .and. f
ievhtsr B duShep e piea Bieplador R G i J
body 10 by seal 19 positions the spacer 15 relative to
a passageway 18 in body 10. A gland nut

Figure 2 shows a cutting‘head for entraining abrasive particles carried in a carrier
fluid. A waterjét nozzle 1 as shown in any of Figures la to le is located in the body
10 of a cutting head and sealed against seat 11 on collimation tube 12 by loading
applied in attaching body 10 to collimation tube by thread 13. The cutting head body
10 has a bore 14 that locates outside diameter 8 of waterjet nozzle 1 and into which a
spacer 15 and focus tube 16 are assembled. Locating device 17 sealed to body 10 by
seal 19 positions the spacer 15 relative to a passageway 18 in body 10. A gland nut
21 with thread 22 loads séaling and retaining ring 23 to hold and to seal focus tube 16

in bore 14 of body 10.

Pressurised water source 25 to collimation tube 12 flows via passageways 3 and 4 to
the nozzle bore 7 to generate a waterjet 9. The waterjet 9 passes through chamber 29

formed in spacer 15 and enters inlet 20 and bore 24 of focus tube 16. Abrasive



21 wth thread 22 | oads sealing and retaining ring 23

to hold and to seal focus tube 16 in bore 14 of body
woQoo7RsERrIUr i sed wat er souree 25 to col | i mati oRCTAGB20@A04084

flows via passageways 3 and 4 to the nozzle bore 7 to

generate a waterjet 9. The waterjet 9 passes through
partibiesten calidr dtuicdeiffovs firoegh donnectbne?it gy & passhgt 182 auiting

bore 24 of focus tube 16. Abrasiveparticles in a

heekl¥ddly 80 ifdoWhem®6r 79 AW drhiner bt 00 BA &sduk Abe2i. LA tiRe focus tube
passage 18 in cutting head body 10 into chanber 29 and

| . . . . .
oSt Rt Pheiky RSl ot ot il 01} PaLOF LT T aive
| et 9 to_aprasive rticles ive a.cutting jet.,.25 ..
« cffingyig! f2, B0URTHE B8 aliilft P dovGnGialistified St vore 7 in
al i gnment of bore in nozzle terjet nozzle 1 and .
nogzls watsn et pogdsc [ and IRB@ oo Gou fibe Jds BEIEYRS by st bore axis
axis being concentric with their diameters and their
beiggtepngentde arigh dheir Ididmegers andotheirt ewtsidandiemeters: heinpag elose
14 of body 10. Connection 27 is sealed to the body 10
toléryneeaialth@ BoreFi4goif leody 19h clsnnactianPade sealetitto nige behyd1  byakeal
has a nozzle earner 30 directly attached to a
28col limation tube 12 feeding pressurised water to a
cutting head. The fluid dynam cs of the cutting head
are basically the same as for the cutting head of
Figure 2. The nozzle carrier 30 is extended on its

] drelative,.to.t rrier of Fi gure and
Figh LS St S Eabendsd et p e P 2 ferhy Mcnea o
sections.. The netal to netal seal 39 between the i
a cpllimaigp uhs &ﬁ%ﬂ% PESSTITSRLRISH 4 fi5ting head. nﬂélaeequé dgnamics
contracti%%’bore.in the earner 30. Cutting head bod
of 4 quiting: hepdhasel begicallyzthe sama s ifer theocutiingaheadr efaigae 3.n The
t he
nozzle carrier 30 is extended on its inlet end relative to the carrier 2 of Figure 1 and
has internal threaded 32 and external threaded 31 sections. The metal to metal seal 39
between the carrier 30 and the collimation tube 12 is made to a contracting bore in the
carrier 30. Cutting head body 33 is attached to nozzle carrier 30 by a thread 31 in the

arrangement show. The focus tube 35 is fixed in a carrier 34. Screwing body 33 onto

nozzle carrier 30 with thread 31 holds focus tube carrier 34 and spacer 36 in place.

A flow of abrasive particles in a carrier fluid 26 enters passage 37 at an angle to keep
the connection to the body 33 away from abrasive reflected from workpieces. The

nozzle carrier is sealed to the cutting head body 33 by seal 46.

Figure 4 shows a spacer 40 suitable for the cutting head shown in Figure 3. Spacer 40

has an inlet contraction 41 that connects to passageway 37 in cutting head body 33



arrangenent show. The focus tube 35 is fixed in a
earner 34. Screw ng body 33 onto nozzle carrier 30
waoi2odr/05tmead 31hol ds focus?tube carrier 34 andPepaEB006/004084
36 in place. A flow of abrasive particles in a carrier
fluid 26 enters passage 37 at an angle to keep
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from wor kpi eces. The nozzle carrier is sealed to the
which Widtdrje) Ohftavds frombync@3lelsl tosteans whe 36i Juilat 42 ereher fgature on
spacer 40 suitable for the cutting head shown in
spacdtl U8y hatcBPRRRE SQulkas catingead bodyB3 azidcete the passheet 41
connects to passageway 37 in cutting head body 33and a
Qet.er ' 4. ' ' 139 ¢am be
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body 33 to |ocate the passage 4 1 relative to the

passageway 37. Alternatively passage 37 and chanber 39
can be machined into focus tube e r 34, and fo
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Is particularly suited to generating small dianeter
diameler abiavive watajoist 4 sowce 50 pg presgursed phrasiyeaigs dlows through
abrasi ve/water flows through passageway 53 in
pass&@waly5Btih @ollinhienFuble § Do pasagey Btdzalerwider 62Hohdeorzle
52 to a nozzle 5. Nozzle carrier 52 is retained on

5. N&MAd OBEEOS {RSiRedloR¥oliiagiod thie aNGyShek@d4tand sealed to
collimation tube 5 1 by seal 55. The interface between
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annot accu ate in ad spaces. The dianmeter of the
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when abrasive waterjet 58 is reflected from a workpiece.

Figure 6 shows an entrainment cutting head with a nozzle assembly 59 as shown in
Figure 5 and a spacer 61 suitable for use when the abrasive particle carrier fluid is air.
Diameter 57 on nozzle carrier 52 is concentric with the bore of nozzle 5 and locates
within bore 65 of cutting head body 60 into which spacer 61 and focus tube 16 fit.
Spacer 61 has passage 62 that is aligned with passage 66 in body 60. Passage 66 is

connected to a source 26 of abrasive particles suspended in a carrier fluid.

One or more passages 67 in body 60 connected to passage 66 may be used to bleed off
carrier fluid flow 26 when the carrier fluid flow required into focus tube 16 is

insufficient to transport abrasive particles from a source to passage 66. Passage 66



Figure 6 shows an entrainment cutting head with a
nozzl e assenbly 59 as shown in Figure 5 and a spacer 6

wo 28ari0s202r e for use when tHé abrasive parti cl e PCEGB2e06/004084

fluid is air. Dianeter 57 on nozzle carrier 52 is
concentric with the bore of nozzle 5 and |ocates |
maynbe Hiapedtsr mcEgsoparticle hometieadabiomysage 6/ mnd therelshminimise
spacer 6 1 and focus tube 16 fit. Spacer 6 1 has
abraeagelGZntdraiy dassages 6heBleading ofaesagdifd througophss€e.67
Passage 66 i s connected to a source 26 of abrasive
is pRAichlafll @3valHsReNs esh sdhemtiaalchitRly jblsUbdd. th&NE0@Em MR dameter
passages 67 in body 60 connected to passage 66 may be

Whéﬁstﬁgcglﬁeﬁﬁlggs %Ff carrier fluid fl ow 26 when the

carrier ow required into focus tube 16 is
insufficient to transport abrasive particles froma
source to passage 66. Passage 66nay be shaped to

i ncrease particle no m past passage 67 and thereb
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| ess than 500mmin dianeter when the carrier fluid is.
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al i gnnent of the bores of a nozzle and a focus tube
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tube 35 is located in carrier 74 with an extended
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alignnent to better than 5mm can be achi eved.

The nozzle caniél' 1 is retained by body 72 that is attached to a collar 70 by thread 71.
Collar 70 is attached to collimation tube 12 by thread 73. Thread 71 joining body 72
and collar 70 may be replaced by a quick release interrupted thread or other quick
release mechanism so that by unscrewing collar 70 slightly, to release loading
between nozzle carrier 1 and collimation tube 12, the body 72 can be rotated a part

turn and released.

Focus tube 35 inay be retained in focus tube carrier 74 by a shrink fit, adhesive,
brazing or other joining and sealing means. Seal 76 seals the focus tube carrier 72 to
the body 72. Location screw 78 holds a focus tube carrier 74 so that the passage 79 in

focus tube carrier is aligned with passage 80. Passage 80 in body 72 connected to a



The nozzle carrier 1 is retained by body 72 that is
attached to a collar 70 by thread 7 1. Collar 70 is
watb@mssd7t o col limation tude 12 by thread 73. pCinBadoso4084
1 joining body 72 and collar 70 may be replaced by a
qui ck release interrupted thread or g%her qui ck .
sourcg |26 afabrasbisanicidiesss a eratieuidn Jhe dichgynaspe gperagion of this
slightly, to release | oading between nozzle carrier 1
cuttinpchead id gematallgras tdafweiba® withhefetvody todges?. be rot ated a
part turn and rel eased. Focus tube 35 may be retained
in focus tube carrier 74 by a shrink fit, adhesive,
brazing or other joining and sealing neans. Seal 76
seal s the focus tube carrier 72 to the body 72.
Location screw 78 holds a focus tube carrier 74 so
that the passage 79 in focus tube carrier is aligned
wi th passage 80. Passage 80 in body 72 connected to
asource 26 of abrasive particles in a carrier fluid.
The fluid dynam c operation of this cutting head is
generally as described with reference to Figure
2.CLAIM5 1. A nozzle assenbly adapted to generate a
jet of water or abrasive particles suspended in water
for use in an abrasive waterjet cutting head,
conprising carrier neans nountable to the cutting head
and havi ng el ongate passage means extendi ng
t her et hrough and a nozzle el enent conprising a
superhard material, sealingly nounted to the carrier
nmeans by sol dered or brazed joint neans and havi ng an
el ongate profiled bore extendi ng therethrough, so
connected to the passage neans that water or a
suspensi on of abrasive particles in water may be
passed under pressure through the passage neans



and the bore to generate said jet. 2. A nozzle
assenbly as clained in claim1l, wherein said passage
woearsand sai d profiled bd8fe each have subst arCiralB2906/004084
the same dianeter at a point where they neet. 3. A
nozzl e assenbly as clainmed in either claim1 or claim
erein said profiled bore tapers froma first end
connected to the passage neans to a second end adapted
t 0 Aenpzzl¢ assejrbly adaptell togarleeatassishioll ywaist ¢l abmside pparticles
any one of the preceding clains, wherein at |east part
of sasplenldddoinmivate® &srsuse Xh anolasare&mswmetjbtablhtun@ bead | doyhptising
a longitudinal axis of the passage neans. 5. A nozzle

as e&iR} Yndhs Ghini@le kd ﬂ%‘iuﬁﬁﬂg Rhdthe RAesE @ld’h%ate passage
clains, wherein an area of the joint neans is at |'east
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nmeans at € passage neans

mset tiopally at least twenty tines ] -
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|n any one of .t he precedlng cl ai s, wherei
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A nozzl e assenbly as clainmed in any of the preceding

cl aperecteghter dhen paysegs uppenhdhal watcerdrah spgsiosesf abrasive
di anond, cubi c boron nitride, boron carbide, tungsten
Capbnitidlse,s isiwateomay delpaskedamdat pressure throxglddehe Bassde means
nozzl e assenbly as clained in any one of the preceding
cl ahdrthe BoetoSicietatttsaid jet.

A nozzle assembly as claimed in claim 1, wherein said passage means and said
profiled bore each have substantially the same diameter at a point where they

meet.

A nozzle assembly as claimed in either claim 1 or claim 2, wherein said
profiled bore tapers from a first end connected to the passage means to a

second end adapted to emit the jet.

A nozzle assembly as claimed in any one of the preceding claims, wherein at
least part of said joint means extends substantially normally to a longitudinal

axis of the passage means.

A nozzle assembly as claimed in any one of the preceding claims, wherein an

area of the joint means is at least about ten times a cross-sectional area of the



superhard material conprises at |east one of
pol ycrystal li ne di anond, nonocrystalline dianond,

woabeweabo2di anond or di anond®produced by cheni caCTiGE2005004084

10.

11.

deposition. 9. A nozzle assenbly as clainmed in any one
of the preceding clains, wherein the nozzl e el enment
Co,pﬁfqagggn%ﬁnm Pk RINtIPEFSN ©oPas§RgFe e @nthape bore meet,
material. 10. A nozzle assenbly as clainmed in claim@9,
wherEppallyzt deasiipentydimdessiasbicossssepiiowil ded. with a

coating of a material reactively bonded thereto,
optionally a netal such as titaniumor a rare earth

el enent such as lutetium 11. A nozzle assenbly as

cl & ABkld Ass€hblyBs UaiMBE Ll Gl of (B PRESEAE RINAC Kvhiefein the
integrally bonded to a support elenment of tungsten

carsbibé;ﬁar,erma%mﬁlassywhaﬂmﬁégﬁffb% 1gnd the support

el enent is nounted to the carrier neans by said joint
means. 12. A nozzle assenbly as clained in claim?9,
wherei n said superhard block is provided with casing
means of hardbﬁretal or .differegt superhard materi al,
and* 2974 PEieAPes slalpedh ik AR O $k%: Prasedipg Slavgsnwhsrsin the
and sai d superhard block to the carrier neans. 13. A
no29PEhagd SuaBTigl epmprisss wiamend, subicoberonfitride, betov ewitide,
clains, wherein the superhard material conprises a
codurigaign earbade; kilictn ¢arbide opalefrémiabl oxide.di anond coat i ng
or thick film supported on a nozzle el enment body,
optionally with said coating or thick filmcovering or
formng an interior surface of the

A nozzle assembly as claimed in any one of the preceding claims, wherein the
superhard material comprises at least one of polycrystalline diamond,

monocrystalline diamond, natural diamond or diamond produced by chemical

vapour deposition.

A nozzle assembly as claimed in any one of the preceding claims, wherein the

nozzle element comprises a block of diamond or other superhard material.

A nozzle assembly as claimed in claim 9, wherein said superhard block is
provided with a coating of a material reactively bonded thereto, optionally a

metal such as titanium or a rare earth element such as lutetium.

A nozzle assembly as claimed in claim 9, wherein said superhard block is

integrally bonded to a support element of tungsten carbide or other superhard



profiled bore and a surface of the nozzle el ement
facing away fromthe carrier neans. 14. A nozzle

wasseniskgz7as cl ai med i n anylone of the precedi RGT/GB2006/004084

12.

13.

14.

15.

clainms, wherein said joint neans conprises a ductile
filler metal, reactively bonded o the nozzle el enent .
andn%t@aaggpa éh@swpmﬁ@fea}an bsarrwlt?ff)wo%a cpigier meapsby saad Joint
nmeans. 15. A nozzle assenbly as clained in any one of

t hengggcedi ng cl ai ms, wherein the joint neans

conprises an active solder conprising a

tin-silver-titaniumalloy, optionally doped with other
metals and/or active rare earth el ements such as

| Ut/etnblTe a8EdabINaARGhiMeA i MalH. 9, AVAGEH Qi@SESIRAN BSck is
claimed in any one of clains 1 to 14, wherein the
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zi nc-silver- nium al l oy, option
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nozzIl e senbl'y as clraimned |

14, rein the joint means conprises an active braze
cor‘?ﬂf\?’AcangP cé‘”%‘?’fll{}%ﬁ“?copper-t i tani um base, optionally
doped with other netals and/or rare earth el enents

such as hafniumand zirconium 18. A nozzle assenbly

as clained in any one of the preceding clains, wherein
t he\ veaald assemblyres ctaimpd irs&y @enHithe prazbediay tlaignsa wherein the
t hermal expansion coefficient simlar to that of the

d: aupethard rmatiisrcogippiess@ cohtimat@rd Mickofilnt, 1RefBRBEl £ diamond
el enent - . ,
coating or thick film, supported on a nozzle element body, optionally with
said coating or thick film covering or forming an interior surface of the

profiled bore and a surface of the nozzle element facing away from the carrier

means.

A nozzle assembly as claimed in any one of the preceding claims, wherein
said joint means comprises a ductile filler metal, reactively bonded to the

nozzle element and reactively or metallically bonded to the carrier means.

A nozzle assembly as claimed in any one of the preceding claims, wherein the
joint means comprises an active solder comprising a tin-silver-titanium alloy,
optionally doped with other metals and/or active rare earth elements such as

lutetium, erbium and cerium.



woamma220 whi ch t he nozzl elel enent
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18.

19.

20.
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19. A nozzle assenbly as claimed in claim18, wherein
said material of simlar thermal expansion conprises a

brazed, the | am na being sol dered or brazed to ab

enmpi nder of the carrier means wi.ith a solder or braze
3@ REZZe Arsgmely asetlaimsd ik eiparapliclsimnbto d havhergiaghe pint
nount the nozzle el enent thereto. 20. An abrasive
watregans erompuises a1y attvadobdsgoinpriniggas niogsilecredweimbiny allsy,
claimed in any one of the preceding clainms. 21. A
metdpaidnalfy dupedwdthroghe® niedaz hied/ass&eivd ryte Eatth alemekisasi ve
water jet cutting head conprising the steps of
providing carrier nmeans nountable to the cuttinghead,
provi ding a nozzl e el enent conprising a superhard

matg Flb?% ﬁéé‘é}?lbﬂzsasddlﬂ%ﬁ Gn aﬁy A 8?Llaﬂ%§ Y9 E,%ﬁ%ginttﬁg joint

nozz enment e carri nmeans

r brazed
So'rr‘?eearngdco%prlgesaane ac ve Qlaze comprising a silver-copper-titanium base,

optionally doped with other metals and/or rare earth elements such as hafnium

and zirconium.

A nozzle assembly as claimed in any one of the preceding claims, wherein the
carrier means comprises a material having a thermal expansion coefficient
similar to that of the diamond or other superhard material of the nozzle

element.-

A nozzle assembly as claimed in claim 18, wherein said material of similar
thermal expansion comprises a lamina to which the nozzle element is soldered
or brazed, the lamina being soldered or brazed to a remainder of the carrier
means with a solder or braze having a higher melting temperature than that

used to mount the nozzle element thereto.

An abrasive water jet cutting head comprising a nozzle assembly as claimed in

any one of the preceding claims.

A method of producing a nozzle assembly for an abrasive water jet cutting

head comprising the steps of providing carrier means mountable to the cutting

i s sol der e#CWIGB2006/004084
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head, providing a nozzle element comprising a superhard material such as
diamond, and sealingly mounting the nozzle element to the carrier means by

means of a soldered or brazed joint.



