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fuel valve in a diesel engine, and a nethod of
worewfasruri ng a nozzle. The present inventi onPCEDRR@S/000657

to a nozzle for a 5 fuel valve in a diesel engine,

particularly a two- stroke crosshead engine, having a

central, |ongitudinal channel communicating with a

nunber of nozzle bores, the nozzle being conposed of

a central nenber with a | ower_ section and of a

jacket, the 10 jacket and the Central nenber-being

brazed together, the j.acket enclosing.at |east .the

| owér %%%%%ngaf & iiu‘%:]gnY?‘i\Venéﬁbear %l?ﬁe%o%%gétn%’ and a
bor esmthoE T w3 desiord esnszrele a nozzl e i n which

a jacket of a ceramic material is brazed or friction-

15 wel ded onto the outer surface of %pe entral '
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nezzuwel thaljackiet ks diesalkukaping,j goketicedaciyga two-
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mat eid-ad1 dbrieske of f the e Aredse angundmpbeedozyl ea central
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axt eredikmy fanduphentaentieal aneebasudeighfazed Ergether,
pri MMy yakkersedicpsshepvardsl gast tdie sloder geddeion of

Thes arts of. the fuel valve ar f steel to

gi véﬁ'ieﬁeC%R’:\trJ?/ae1 i o sﬁ?%zag?ggg%%rgdness. The

| ower mDAE paP® 62 ©ORE niesdwilbes preki dediagalie aln which a
Colr roghan: |p59t ‘%Ptci:el\!gaﬁﬁ?ét RSP deans 3aekd aser fgiction—
wel di ng asma I ng or powder sprayi,ng, er
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%eogrm%gfékilO%a%fsetshetﬂgh%%is% QBaEhes;mall pieces of ceramic
material break off in the areas around the nozzle
holes, where the nozzle has a complex geometry.

EP 0 982 493 Al describes a fuel wvalve with a
nozzle extending far up into the valve housing past

25 the primary valve seat and onwards past the slider
guide. These parts of the fuel valve are made of
steel to give the wvalve seat, etec., suitable
hardness. - The lowermost part ~of the nozzle is
provided with a corrosion-protective coating by means

30 of laser welding, plasma welding or powder spraying,
whereby fully or partially melted material bonds to
the steel in a mixing area. The material in the
mixing area has properties that may cause the
corrosion-resistant alloy to flake off after a

35 certain period of operation. In operation, the nozzle
is exposed to strong thermal, cyclical loads causing
a risk of degradation of the adhesion of the
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corrosion-resistant alloy. In the context of the
w@e@smesits7i nventi on the words braze and brazi nBCEDE2G03/000657

be understood in a broad sense to cover also sol der

and sol dering, and without 5 being restricted to the

use of any particular braze or brazing material.

Braze and brazing are consequently not to be taken as

indicating only high tenperatyre nelting materials

whi ch are activated at tenperatures above 450C, but

apMéé?%égf j#éﬁgékéggegif%?.activated bel ow 450C. It

is an qd ect o present Tnvention to provide a
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fatigue Hronoild 6Angtesial casterf® MPad UsbrEzalg are

alloy as the cket terial. instead of 0, cer C ..
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the QrgaldNgspld oL yaRleri abgodreaysr, abpeies also to
corrosion-resistant allo kes tge j acke mat eri al
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Conpar editi tihs t keen ussbjefct nsufl attieg  peesamitc navenitalon to
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| ower operating tenperature of the _nozzle“on the
surface Bt the€VacRét . thHE r eddth i Elrehalerhéonge nozzle
ver yaddsitd fid ngoal 19y Whkkeneawegucis acB@rbartgerized in that

f rtion of the_heat. depesifed, in the j: it
ﬁ§f§?F5| Fﬁ%ﬁ%ﬂsf?o%gﬁ%acg de%,q%%%ﬁég%ééggﬁﬁftﬁ?%nﬁl1°Y'
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the sngipe ti:aR ;ghar ehN&,) aKebel Seast + 500
nanJ?g%% rgg%gg%g §%§é%§%e %%ﬁé %5 Before the = =
braZf®®y; the corrosion-resistant alloy in the jacket

has advamndaggous! 1 usyfes mpeopeekeSmaterial instead of a
20 ceramic material makes 1t ©possible to obtain a
suitable ductility of the jacket material, which
counteracts the breaking-off of material. Moreover,
the corrosion-resistant alloy makes the jacket
material able to withstand the temperature
25 influences. Compared with the wuse of insulating
ceramic material, the use of the alloy provides the
advantage of a lower operating temperature of the
nozzle on the surface of the jacket. The reason is
that the not very insulating alloy will conduct a
30 laxrger proportion of the heat deposited in the jacket
material inwards to the colder, central member, from
which the heat is delivered to the fuel injected into
the engine combustion chamber.
As the jacket is manufactured as a separate blank
35 before the brazing, the corrosion-resistant alloy in
the jacket has advantageously uniform properties
judged in relation to material applied by welding,
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cause mcrocracks in the area affected by the heat at

the wel di ng. The advantageous properties of the

jacket are retained at the brazing, 5 which provides a

nmechani cally or geonetrically conditioned |ocking of

the jacket in relation to the jcentral menber without

t he naterial-changing melting and/or heat influence
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angl es. ;c!r}eaélgsa J?IE] hy EP&ﬁiﬁ% gy as’t Eﬁagtfl&ft\?le‘i}f ma?crés it

partlcu ance 0zz fe is that
addlnqslﬁilkt]cﬁt‘h@ @B‘ﬁ@éﬁt o gt Ghest n%ﬁl?n%h%‘édoﬁo&&@ c‘ﬂ?zzle
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bettér c¢o ion o ced formati on
of|ﬁﬁé$ﬁ|ﬁgsoonneand§en€ppmiytet@achnmmﬁhasd@ﬂailqy used

nglfcatlon %%EE%%& }%ﬁﬁ%?”ﬁ§5¥ﬁdé%tﬂfgﬁb9¥§ength in the
20 area of the nozzle having a complex geometry because
a number of nozzle bores located within a small area
have been cut into the central, longitudinal channel
at different angles.
The reason why the fatigue strength is of
25 particular importance to the nozzle life is that, in
addition to the conventional thermally based loads on
the nozzle, a considerable increase in the fatigue
loads is expected as a consequence of the use of
higher injection pressures and faster pressure
30 variations than applied so far in order to obtain
more accurate control of the injection and thus
better combustion of the fuel and reduced formation
of polluting compounds.
Opposite each nozzle hole in the central member
35 described in the above publication, DE 100 42 956,
the jacket has a conical hole with a substantially
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the nozzl e holes the surface of the central nenber is

i nfluenced both by the heat and the corrosive

conbustion products in the conbustion 5 chanber. In

one enbodi nent according to the present invention,

the nozzle bores in the transigional area between the
central nenber and the jacket have substantially the
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@zt ffperature of the jacket material around the nozzle

holes and thus in a substantially lower operating
temperature in the sensitive transitional areas of
the nozzle holes between the central member and the
jacket.

25 Preferably, the corrosion-resistant alloy is a
nickel-based alloy, as these alloys are shown by
experience to have good properties in the aggressive
environment prevailing in the combustion chambers of
diesel engines. Applicable alternatives to mnickel-

30 based alloys are cobalt-based alloys, such as
Stellite.

In a suitable embodiment, the brazing material
located between the jacket and the central member is
made of a nickel-based alloy. Nickel-based brazing

35 material allows good adaptation of the brazing
temperature to the temperature conditions occurring
at heat treatment of nozzles according to the
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occurring at operation in the engine. Furthernore,

the nickel-based alloy in the joining surface

functions well together with the nickel -based

corrosion-resistant alloys. 5 The jacket may be

manuf actured by powder netallurgy, for exanple in the

formof a sintered blank or fTom powder brazed
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o F ﬁféé@blgf the fuel wvalve that projects into the
combustion chamber.

It may be desirable to use a brazing material
which contains a component that may react with
undesired compounds with the adjoining materials in

25 the jacket or the central member, or it may be
desirable to obtain a more efficient separation of
the adjoining materials than the separation
obtainable with the brazing material. In these cases
it may be an advantage to design the nozzle so that

30 the inner surface of the jacket and/or the outer
surface of the central member is/are provided with a
diffusion barrier. Such diffusion barrier may, for
example, be nickel, copper, a nickel alloy or a
copper alloy, as both nickel and copper are suitable

35 for forming a dense and stable coating. Alternatives
may be a cobalt coating, a cobalt alloy or a chromium
coating. Particularly preferred is electrolytically
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deposi ted nickel, which forns a very dense coating

Wi th good strength properties and a relatively high

nelting point in relation to the brazing materials

used. The diffusion barrier prgvents or restricts the

5 diffusion of, in particular, small elenents such as

C, bhoron.and silicon so.t.hat they do n j f fr :
an P@fliF%a %+%§?£g Hﬁ?ég}a%oﬁﬁfhi% ﬁ%ﬁﬁéraggg eﬁ%ggt%ng
of whéhel gpedht strenpshf reeodertient endn al keyakively high

|omﬁkl%gﬁbenﬁoﬁﬁttﬁﬁlekéﬂﬁﬁﬁoleuEOEhEUrbfé&ing materials
nozzl es sub

i mprovenent of_t nozzle life of | ecte

to P& “c‘ﬁﬁl%F 4 ORI R pESﬂ?PéF ﬁﬁﬂﬁ%éﬁﬁﬁgks the
haveif fatiiogueost r éngtgnBA wilat, kFeadl gFHOWRES lsgich as
one empodi gent, ans § Nssb,at snog-phecenal, eer 8 dilffuse from

material_1s located 1 nside the end bottom of the
j ackR& Q%QQMN?ﬁeaeﬁﬁa@ﬂnﬁhgqﬁﬁﬁ%%h,W+Bﬂgﬁt&ﬁ%hﬁr content
chamfelthd helémawer snr fiaee fofeet Hormsithadi pg pildey with a

beiﬂ%mggﬁgﬁgﬁ%%%kgquqigiéﬂéﬁ corrosi on-resi stant

al | oy The i'nsul'ating ceramic materi al,
30 | s eReapshPatBarbyiTPECYaRRRE Rk el 2RFZ!S thdfe of

proteit-a¢d r gmhketedr r esi vparoitutaety fhoght heoads, the
conmbusti on chanber. Moreover, the ceramc materjal is
| oc &AL t RRMPREKBEYb IR Hin Pn & ¥ GherBdthe oa of at
strass dievelsipgnvggneral and particularly the fatigue

25 loads are relatively low Wth this |ocation d .
i nsul at i¥h $rentPRedevrBhsGont ?&n$th§cﬁo§§$bF%ramlc

16 explentitalt ha sadvaobagds biissdeeltdiag erite daperposed the
nozzl cti r t r e he 'gghuenf L tudinal
mﬁtﬁ%ﬁ?éghykgg g{aﬁﬁ%aﬂgﬁggggivghfnf?%%Ece on tﬁégﬁou ne

nozAhargedper thes kewried SBytere Uk dihey dBFddiecing piece
mat efdidlg bBmpnether aspestedt My pthsentortwehdhonesistant

¥EL%T¥%yt8fatggt%%%EQEjn%%gagggﬁaggiﬁgugg%§h£@rmgterial

20 is encapsulated by the jacket material and is thus
protected from the corrosive influences from the
combustion chamber. Moreover, the ceramic material is
located at the jacket bottom in an area where the
stress level in general and particularly the fatigue

25 loads are relatively low. With this location and
insulation from the combustion chamber it is possible
to exploit the advantages of shielding the superposed
nozzle sections from the greatest heat influences
without any substantial negative influence on the

30 nozzle properties caused by the use of a ceramic
material.

In another aspect, the present invention relates
to a method of manufacturing a nozzle for a fuel
valve in a diesel engine, particularly a two-stroke

35 crosshead engine, having a central, longitudinal
channel communicating with a number of nozzle bores,



valve in a diesel engine, particularly a two-stroke 35
crosshead engi ne, having a central, |ongitudina
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with a |l ower section being brazed together with a
j acket which encloses at |east the |ower section of
the central nenber. In view of obtaining |onger
nozzle life, the method according to 5 the invention
is characterized in that the jacket material used is
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relevant. Moreover, the temperature i1in the vacuum
furnace can be changed advantageously fast so that
the period at the brazing temperature and the actual
brazing temperature are accurately controlled.

25 In a further development of the method, the wvacuum
brazing is carried out during a hardening heat
treatment. With this combined brazing and hardening -
it is possible to avoid carrying out a special heat
treatment for the brazing. Moreover, a particular

30 advantage i1s obtained in connection with the
manufacture of nozzles in small series, such as from
10 to 200 nozzles per series. The heat treatment is
normally carried out at special workshops which may
have a specified production run planned several weeks

35 in advance. In such a workshop, hardening is
typically carried out every day, while special heat



have a specified production run planned several weeks
35 in advance. In such a workshop, hardening is
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tl ge @l@@pfnt%ﬁna\i@ﬁu%'ﬂi@r aﬁlﬁadawaé@r gem nltgeétS f@:%%(a't&@nt in

o) ou i s .met ho i res_mutual fixi

t he FARKEUTERES HPIEHRT Al ThERb AT CObRe R L RIS T "% innea
mai nfar nhé¢de coextmént yabfedadye. hol es in the jacket
and the gentdal,Jmober yath! ém@ AHiMED28 rB88Rent, the

carried out this wll normally be preferable to 20

R i PR BACBAFiNDut SERRS noPe tFie- e nPEparRreferably
machp hamge@f sbhehnoezzhe kehezalntenides lardderied jacket are

Cen:)é@{; of m;% Her hgn@‘”fﬁtec{' xatip l%@i’ﬁnf Yo e’é@.@ﬁl other,

means mechani ca
exanprer¢rPPRe tfltﬁ e z&es Hep¥es hivgdd BﬁOVﬁéeéentv%qEreupon

25 n’@lﬂ@eboﬁ:ﬁdﬂeﬂe vagkﬁt b}ﬂiz:bf}g péﬁash@@'d@lm&n@f mr@rrled
t e_.pbet we cent.r

the ja ketAlt%ll’o"%OSS?%:l'y ggh%)w I’%ﬁeqautl% sgﬁe %OI X:Lng of

bet weled tj@clf@tkanchn@hiehecgéhra | TREMPRYF . UAn able to

al t epfehi¥ent AHe-600DLDEEY t IFat PBAL HoSed B the jacket
n whi.ch the v

treat nent_.sequen bra2|n of .t he
cont P iborRhahd  Ueket S idar [18d ‘Gut> di TRE been
nozzterbbeds aune, pridvisledviild t herbwedied- b@gepheferable to

N7 zh &viMgereypy e BREZlEnhd S dialderefle -bBnEREng spark

machining of the nozzle holes into the hardened

central member. The mutual fixation may, for example,

be performed by wmeans of mechanical locking, for

example in the form of a short thread on the central

25 member and the jacket, or by pressing one or more

pins into the space between the central member and

the jacket, or possibly by gluing at discrete points
between the jacket and the central member. ‘

An alternative to the combined treatment is a

30 treatment sequence in which the wvacuum brazing of the

central member and the jacket is carried out and the

nozzle bores are provided in the brazed-together

nozzle, whereupon the nozzle is hardened. In this

method the brazing is carried out as an independent

35 heat treatment bonding the nozzle parts together into

a unit, before the nozzle holes are machined into the

still unhardened nozzle, which provides faster



met hod the brazing is carried out as an independent 35

heat treatnent bonding the nozzle parts together into
w@2wuas157bef ore the nozzl e hol es are nmachi ned PEIT/DKLRG18/000657

still unhardened nozzle, which provides faster WO

2004/ 031571 PCT/ DK2003/ 000657 9 machining. If the

brazing tenperature is above the austenitizing

tenperature of the central nmenber, the cooling from

the brazing tenperature to theqmachining tenperature

is carried out so suitably slowy that no 5 hardeni ng

t ak t .
Ve TR o HacHih BaRafel N Skefhoytd' BL02kb08: the
i s catgbenl vaing be@pgvaa@wée heat the caehehel WeEWSIhe the

hard@maﬁthfﬁ@mrtﬁé Bﬁéziﬂgatéﬁpéfatﬁrelaohﬁﬁe machining
treat nent q?gter t he brazi ng4 rrate

appl TEPF5 e %cﬁmﬁ?gz?ﬁﬁ PQ rBaz#:era I W:L%’J that no
breaianfeming | dakelse blagend-e empar angkaceh \;m. cextest at

hi ghet; & héaowﬁ hagdeni R eipesad UhgcRPREhgd if0rf i Afthed,
har denl n ]%iwa I‘OVI des theﬁadvanta ge that the 15

br azFHy tariiot CBEERE | PHEH 413t fheSeparate heat
har deragaigpemihi ch m ght otherwi se give rise to a need

For ref'vme%b'{me &%{?n%gglw angd-hapdening: n a separate

tenpering is pre rried oyt to, adj ust
properdt es tegpatpgnthe %%zezlf e FBBeriRHAZHNM udFH& tH%raZlng
f at igaeesiaengdbl ied, fpar theubvachym thezinon-isaseteferably

teri | |
ma e)f; IthaZhhgf I ur ” EBT e}:l{l}@ %Zc%(zﬁ?lgl ' %‘h nf"??g@fg r 'o% which
the Mohéghf!ﬁclt@tanortfphr]%ame@#@ j EQWEFrﬁfﬁPE??l aﬁPH]sled for

preferabhyrdanpheVi ded Hyppbacdsy the C@awlata@@rrtteﬂrat the

the, | ower__,secti.on facing upward atu lar
et deFe FAn8) S SR e RuReral Dl dHguid at  the
parth@m@mengratwhllah mg.ght |dtdrviitss tSh?eVEhOZI-’éléﬁ to a need

- brazipg rEEeriSiihS. Pl aced above the powder, and the
' out t he

MRS AR SRR kSt e S8 IR

of threféesabhat carsiimdl eopt peo sadjiieh ddre bpropedtdss of

yholher noasheadndfeRidACkehcluding the fatigue strength
of, particularly, the iron-based material.

It is possible to use particulate material for the
manufacture of the jacket, and in that case the whole
jacket or part of the jacket material is preferably

25 provided by placing the central member with the lower
section facing upwards, a tubular holder is placed on
the central member, the particulate material 1is
filled into the holder, brazing material is placed
above the powder, and the brazing is carried out,

30 whereby the powder is brazed together into jacket
material. The advantage of this is that a simple pipe
section can be used as a holder instead of a jacket
blank machined into a thimble-like shape with the
internal geometry that matches the outer geometry of

35 the central member.

The invention will now be described in more detail
below with reference to the highly schematic drawing,



bl ank machined into a thinble-1ike shape with the

internal geonetry that matches the outer geonetry of
w@2ooths1scent ral nenber. The invention will now®@EDK2003/000657

described in nore detail belowwth reference to the

hi ghly schematic draw ng, WO 2004/ 031571

PCT/ DK2003/ 000657 10 in which Fig. 1 is a

| ongi tudi nal sectional view through a nozzle nounted

in aroughly outlined exanple gf the lower end of a

fuel valve 5 Fig 2 is a sectional view through

nozzle t.s a nozzle before brazing, Fig. 3 shows

a sect ?%rough the nozzle of Fig. 2 after brazing

and mactﬁ:rg ngl oisaandprbethdinalFisgcotd onala wies | Bpedugh a

V'eWh&£§I@Sﬂ8ﬁﬁt€8 591t§akoué919fdﬂdlléédﬁeﬁaﬁ her of the
exa | e of p ared for brazing, Figs. 5

and "%%v?ré ]Zé‘kea:ﬁ‘p‘F ' nozzle parts before and

afi er briz ng i—‘sga fettiomwsala iy ttthexagipl sovtlaopates of
parts n3§29§f5§begagfggln nd Fig. 8 shoms a further

enbodi nent encapsul at ed i nsul at | terléi

Fig. 1 dhths & ﬁ]BQ‘ZFea §ERELSP ﬁ“&r af Fig.
f uel 2 vaf tver | i ani hdnt @td ahacloiisg | oh @ngonelevwhotd, 20

my be %Ioggw ggokae SO aﬁ%@ pLeh ek @?Jnsqﬁvgt% that

stroke crosshead engine with nmore than one
o¥P eRENFEGH | AdEE. aTREhEst EEATRH G ﬁef MAF TR | B ek eBrepared
strigdr der@ntisgon the [ongevity of the nozzle, anmong

o aERIES PSRN LG, PR AL B ENPPELBLED pares

25 on heavy" f uel 2011 S h nay ‘even C ain su
The pefotre @m@J@Et%rd@razhm®ugh a central hole at the

end of ap¥@l ve hgHsiyBY 2, rbetannskanpsdr fdcendzAk parts

ressed_agai nst a correspondi ng abut nent
f%%ga¥% r%???%de? gover 14 so that the 30 tip of

the nozzFegwi t B nozghewshol ez 4 fuojlers iemboodihent  with
conmbustion, thaahelndw1 9f idhensybiNder and can '
Fig. 1 shows a nozzle, generally designated 1, of
a fuel valve in an internal combustion engine, which
20 may be a four-stroke engine, but is preferably a two-
stroke crosshead engine with more than one fuel wvalve
on each cylinder. The latter engine typically makes
strict demands on the longevity of the nozzle, among
other reasons because the engines are often operated
25 on heavy fuel oil, which may even contain sulphur.
The nozzle projects out through a central hole at
the end of a wvalve housing 2, the annular surface 3
of which may be pressed against ~a corresponding
abutment surface in a cylinder cover 14 so that the
30 tip of the nozzle with nozzle holes 4 projects into
the combustion chamber 15 of the cylinder and can
inject fuel when the fuel valve is open. The fuel
valve has a valve sglider 5 with a valve needle 6 and
a valve seat 7 located, in the valve design shown, in
35 the lower end of a slider guide 8. The slider guide
is pressed down against an upwardly facing surface on
the nozzle 1. The valve needle may carry a secondary



i nject fuel when the fuel valve is open. The fue

val ve has a valve slider 5 wwth a valve needle 6 and
w@2walyes7seat 7 | ocated, in the val ve desi gn sPOIMK2008/000657
35 the I ower end of a slider guide 8. The slider guide

is pressed down agai nst an upwardly facing surface on

the nozzle 1. The valve needle may carry a secondary

WO 2004/ 031571 PCT/ DK2003/ 000657 11 cl osi ng nenber 12
inthe formof a ring which is,.screwed into a bore in
the valve nose 7 via a relatively Iong and thin shaft

13 or, is. ot her unted her h_a secondar.

cl oS Hsht \%O&r 5-f api' (t,ﬁngIﬁ%r%f Otliiﬁe‘—’lnorzlzrll% h%Il%h is
at tEl’CefGeTﬂﬂ ofirntthe aat dmxeat iion ithewevpligownosg 7 v1a a
conngaitdon, i+ h 1 | gs8a fiih @@ fiwoz st r&kels otherwise

crosshead engj nes he secondar [-0sin

v 3 %esalﬁadé ofetaniafy B RN ingter for
albonpine chosingurifacehef nohelé0 Hodrg tai bhe end of the
chanpel,; Wi b, My %\léﬂ—%dﬁgelﬁ’f cbﬂﬁ'ectgbﬁelw:Lt@' Bozzles

is a utﬁllzat|on of the fact that two tool steels run
wel 1598 olRreachver ﬁEFok?hé?rﬁéfﬂeéda@&ﬁld?% { Ph¢ hgecondary
pr e&ﬂrﬁsirrg/emtenmmcamayal sdvhatagedutdy flel mealevesf tool

whi chi have 08 Suehs1iacsecondayy Lol ik, eahekapad of che

I mary Va ve seat
|1@cak@wmmm¢ﬂtﬁéaﬁaz%|lewhlrc@smy ngl e Qemmﬁdrﬁuﬁf tool

vol Léffééln t heifsuel schangek1ibakowvnt hef valhee s€at. dHat two

ssibl e that he n I es are
dlreéFD ?gg%l§u?ow%%g %% nS Qéﬁ ?Egggozzle but
|nsteadTﬂuab@@thﬁeaaﬁ@rﬁh@90¢@e¢hﬁyRﬁﬁ&ﬁnﬁlS@%@%@UOH can
aI ong dde yehohged 1 ‘fkb&f eggace @ilvé@e vﬂ@izczﬁ e ha-{}ée no such

zzl e ha a central ngi t udi
a0 o F bR oS T PEk 5 e b atveseth which
sur ftaoe pﬁmahmynuaiive sEae ey Adardted ohposetn ofthea nozzle,

j ackglqd ZPR: fmde jof B CRLE RN VPSR anh a&ﬂl@yfmq Ofhannel
a centra rber made of an iron-based allo The
j ackglaw E@ﬁst’i’?b‘t’%s Sﬁatl east tife BAFEPHBS: e that

t he ttoz zhezzbet berasearer aintdddedl noxzlenthol es and 80de of
Ry S end MRvar dg,and canstd tute fhe, ol SHAT A%k other
side or dispersed along the whole circumference of
the nozzle.
The nozzle has a central, longitudinal channel 9,
from which the nozzle holes 4 lead out to the outer
25 surface of the nozzle. The nozzle is composed of a
jacket 10 made of a corrosion-resistant alloy and of
a central member 11 made of an iron-based alloy. The
jacket 10 constitutes at least the outermost area of
the nozzle in the area around the nozzle holes and
30 may extend upwards and constitute the outer surface
of the nozzle over the whole part of the nozzle that
projects from the valve housing 2.
The jacket 10 made of the corrosion-resistant
alloy may be made from a particulate starting
35 material, but preferably it is made of cast or
wrought material. Examples of applicable alloys for
use as jacket material may be nickel-based alloys



of the nozzle over the whole part of the nozzle that

projects fromthe val ve housing 2. The jacket 10 nade
W@Booklg15CDr r 0Si on-resi stant all oy may be nadePd¢T/DRR@3/000657

particul ate starting 35 material, but preferably it

I's made of cast or wought material. Exanples of

applicable alloys for wuse as jacket nmaterial nay be

ni ckel - based al | oys WD 2004/ 031571 PCT/ DK2003/ 000657

12 which may, for exanple, by 1\gei ght % and apart from

general ly occurri ng [ npuriti es,” conprise from15 to

30% fromO0.Q 55% C dotl aII

rmr@’%’th h82¥ ol | %ngxg Srient$: T 50/a}€ér‘q5 from

f r omefetral8% Abcchroimg tmps%mlesr,r oﬁ@@beSQO fgpqmp, 15 to

. TromaQ t@e 2%bm fGOG'Q 0+50 P%d @n@/n@lr 6&&3151‘[@1@}9 bfe or
35% b, fromOtol oSL, from0 to.1.5%Y and fromgQ, .
to PO%SFeRt THE Sl f-% ﬁn%orﬁoéflpr?nl?ﬁlg\?d d%l

i B‘plflfriohri &5, tangst Ag, r Emanndertd 5NiTkel frqr@ Antexafpl%e CO:

I S f pl B a 230@1%
7% %}1‘:%@1 2&% ?%1’0/15‘% EPSm o@ l:8W5 ng4%)§1$)/%&S Ta 0 to
may 3 5foMcex a0 h’é‘\?elg’fﬁh gggomsf)r Eﬁgtlh r?ncdgefrom 0
i nt eloval 2650mMre350 Bha t @l14e40 tvRa. b@nflaen unavo:Ldable

n|Cke|§%u%%% all?%§t%%yg%héﬁn9%r F st Agckype . which

by e o and apart ener al occurrin ,
LRpuri t ifes, e@@l’ﬁ@ﬁ?se@ffrﬁﬂﬁ 5afo %-%1" R B aﬁo?ﬂ"@ ot ipwing
0. 55%8and opﬁwn@ﬂ y TRewor svwe Af, the fxl, ooiby C and
con‘pone,nt | ess. th fr 0

5. 0% “KAT, ! ?ro %f@% R}%yangl%or %{gr&%loem O8 oQI téissi'zcgtzLgULe
t hanst:hiyth (fy;[ oimOtth@ 8i%Alal f foom 0+t 5D, 398 Lo * 440
fro to 0.2% Zr, fromO to 3.0% No, fromO to a

maxi of 2% Hf, fromO to a maximumof 1.5% Y, from
05t o 1%Teandiakedghregdt @ldomentayf eEeemiF tofathe type

mexiyRapef By 0%Sonand fel i@&r@|EQ¢mﬁ@wn%mﬁﬁﬂy1occurrlng

dabj e t
YA g Ler S artlr ato s 20 g b 2 e

hi gio r%5% sCarcel topbbomahby ooer 63511 OrCERdOES déieo ollowing
"ﬁlégﬁﬁﬁﬁéﬁfQFWEg%me?lto less than 1.0% Si, from 0 to

20 5.0% Mn, from 0 to 5.0% Mo and/or W, from 0 to less
than 0.5% B, from 0 to 8.0% Al, from O to 1.5% Ti,
from 0 to 0.2% Zr, from 0 to 3.0% Nb, from 0 to a
maximum of 2% Hf, from 0 to a maximum of 1.5% Y, from
0 to 1% N and an aggregate content of from 0 to a

25 maximum of 5.0% Co and Fe. The alloy may contain
unavoidable impurities, and the remainder is Ni. This
material has a high fatigue strength and extremely
high resistance to both hot corrosion and erosion
influences from the fuel.

30 Other examples of alloys for the jacket material
are stated in Table 1.

35



30 O her exanples of alloys for the jacket materi al
are stated in Table 1. 35 WO 2004/031571

WEDDADKBE03/ 000657 13 Table 1: Al oy Appr oxi PEL/BK2003/000657
anal ysis Thermal (weight% and apart from expansion
general ly occurring coef- inpurities ficient (10-6/C)
I nconel 625 0.1%C 22%>r 9%b 3.5%\b 13.9 0. 4%Al
0. 4%, remainder Ni Inconel 617 0.07% 22%r 12.5%Co
9% 13.8 1.29%A 0.6%i, remgijnder Ni I nconel 725
0. 03%C 210/0 8% 3.5%\b 14.1 1.4%li, 9%e, reminder
Ni Inco 657 0. 1%C 50%r 1.5%\b, 13.4 reminder N
st oL CAREE (01 0 poone 106y Dofe 116 106

remeilider N Hast ehPRgo0lGBC BEkTSiEsYe 5%Co |fBigrmal

G3Q 5.5%w, 1. S%\b(‘zg/ @)S%A(d SRRl metem N Theexpang,lon

thgrnal expansion coe i_ent |s st at ed. above |5 asc

the average | i neanrg?l?]%lfargglr &9 coeffici ent  For

hedting from 20C tm@@ﬂ@;letshat | s it is rel evaﬁﬂtCermt

50QC. Preferably the jacket rrateri al has a higherg-¢/o¢)
menmh

t hdrmal _—_expansion coefficient than the . centrall nmenbet

so [tHHOMHe thazel §ab®Gr oved ST 10 KX i ng.- O FAPg 13- 9
results in the occor4enreo ofs Tlc,ornmrrasmd@m Btir esises in

t he—gentral—nenbe; DAL, f he et
 r g TR raézilcjng ?em e?at %?3 ifu 8/. SJF? tﬁemj‘dac %’tB
matleri al has a o%e?’fbl}ec?rﬁa%‘“exﬁf@ﬁ?llé]ﬁieéo@ﬂfl ci ent

thgmr}]&ﬁqé&at"ﬁzﬁs al[ @dbo9ict hmel%xg_ntb r@MJTenber. Satxﬁbe 14a.ci<het
and the centra er. s e sa to eac
ot Her that the qggl“'%é{%e%%ede ﬁ%%%?elrp&els | dr ger_at

200 Ithammahess57 0.1%C 50%Cr 1.5%Nb, | 13.4
remainder Ni

Hastelloy B2 | 0.01%C 28%Mo 1%Cr 2%Fe | 11.6

1%Co, remainder Ni

Hastelloy = |0.03%C 30%Cr 15%Fe 5%Co | 15.2

G30 5.5%Mo, 1.5%Nb 2%Cu 2.5%W,

remainder Ni

The thermal expansion coefficient is stated above

5 as the average linear thermal expansion coefficient

for heating from 20°C to 500°C, that i1is, it is

relevant for 500°C. Preferably the jacket material

has a higher thermal expansion coefficient than the

central member so that the braze gap grows at

10 heating. This results in the occurrence of

compression stresses 1in the central member in

connection with the cooling from the brazing

temperature to 20°C. If the jacket material has a

lower thermal expansion coefficient than the material

15 of the central member, the jacket and the central

member should be so adapted to each other that the

gap between the two parts is larger at 20°C than the
desired brazing gap.

It is also possible to use cobalt-based alloys,



desired brazing gap. It is also possible to use

cobal t - based al |l oys, WO 2004/ 031571 PCT/ DK2003/ 000657
wazoogsts7es Cel sit 50-P, but they have | ower fRECT/DQKE003/000657

strengths aA of less than 150 MPa, for which reason

they are not preferred materials. Alloy materials to

be used for the central nenber 5 11 of the nozzle nmay

be iron-based alloys, preferably of the tool stee

type. The central nenber may Ei made by conventi ona

nmet hods for tool steel or may be an ESR (Electro Sl ag

Ref i ne r eca T
exarﬁﬂ vﬁ%i}ﬁ%i’ %Beolf’ Itp\kﬁ tff%yde %Y?re Vpeulzzh fgglgue
ext rsxd_fshgtﬁ@armj est tledie e i DNesio MP& t ort oblickt eslason
Al SI..H13 with hea 4 O%Sl 0. 4% M,

G ey i o) BRRR et b e

remnai nder Fe, or the
tooI st @diloy Satergadia Htq Hee weedyEPs bhasgeatrelqmenber

Sl5, 101 498 Mhe 4062618, m£y5%/é CirodSblsede E(Qlogr% Vpréfe¥ably

tool ste V and

d th
GOV 1 PO Grath bREoRos sy T0E: S EhaBogy Fondey o
met atdde dyy possvéhyienah m@Uk@@uécmr exotustealopr may be

wor kslrngSﬁ:PWYeGQQBa'Sﬁ'a@g Ré-—f:él@o@ feddalngl%Me central
2.75% No, 2% W A)ZOI\/handt e remai

Fe, ??PN@\?Ycon.FSFm ﬁﬁa@pg% C,be 7 weaRght » g, Vt%er‘”lse
1.03% e iz DY Siich 0adYehit rade dt. heExamgried nder Be. n@ritgoned

exanpl es. dﬁ%ﬂ@#&gY§t%Qi Afﬁ% ﬁﬂﬁrﬁhtﬂegﬁéranéﬂ251s 0.4% C,

ment 1 one

expansi®onSdoef? i4d elfis o 2%t GFed 1 the Sake W& agd the

i n Tednh@iddedabee Zr Athey Al oxierle mIslt y$il® with the
Ther I gh nd, apar expansi ner,al

occu;{??r?’gé%\%e AESI@WD@'H |£s %Itlgg% (f%g ﬁC)g’ %%S 5 Q’Cr,
MU ByaMo1. 3V, 04568, M 3nd r Bhai AgERipgler Fe, Or the

tool steels CPM1V and CPM3V from Crucible Research,

U.S.A., made by powder metallﬁrgy possibly with

subsequent extrusion or working, CPM1lV containing

0.5% C, 4.5% Cr, 1% V, 2.75% Mo, 2% W, 0.4% Si, 0.5%

20 Mn and the remainder Fe, and CPM3V containing 0.8% C,

7.5% Cr, 2.5% V, 1.3% Mo, 0.9% Si, 0.4% Mn and the
remainder Fe.

Other examples of alloys for the central member

are mentioned in Table 2, in which the thermal

25 expansion coefficients are stated in the same way as

in Table 1.
Table 2:

Alloy Approximate analysis Thermal
(weight%) and apart from expansion
generally occurring coef-
impurities ficient

(107¢/°C)

ATSTI H11l 0.4%C 5%Cr 1.3%Mo, 0.5%Vv, {13.1

remainder Fe




WO 2004/ 031571 PCT/ DK2003/ 000657 15 AISI H21 0. 3%
3.5%r 9.5%V 0.5%/, 12.8 remainder Fe AISI A8 0.5%C

WG %0r/01154040/00, 1.29%N 12.1 renai nder Fe Al'SI MXCDDE2D3/000657
4. 3% 5% 69W 2%/, 12.3 renminder Fe AISI 01 0.9%C
0.5%r 0.5%N 13.3 remminder Fe The brazing may, for
exanpl e, be carried out as described below. In the
vari ous enbodi ments and 5 exanples, the sane
reference nuneral s are used fo]rL menbers of the sanme

type. A jacket 10 and a centra rrenber 11 are pl aced
as n l:l m with th heo In\Anr

secw&p]t he cen?r%\F n%n%éﬁ:‘fuT%eSmEEeq ‘&10\7{ $12°8

t hi|nbl e- shaped andremainées H® all of the | ower

SeqUATEr Ligt, Wit i'g%cd SaRI BT BT Of g e 15gn
"t he upper section I' of the central menber. The™ "
outler di aneter of| FRE2LBHF Feection Ilais from0 to

0.5 mmssmed [ er thao.bbe 4.BRenabzdoameter »tviha2.3
j acket so that the{fgmg?nge}SFgap sized fromO to 0.25
mm t he Suriaces and the dianeterslare

pr ef2¥AbIGL so adapPeds€o eachO.db¥Ber thatOthEWgap3sidze
isfin the interval rfpneMha@rO0bemmto 0.1 mnm Brazing

mat eri-al-—14 i s pnlaced-in an thlll ar nnfh 20 nl ong the
eH-a—4—1s—pH

A A~ —h~ mam | P g c T

upper end of the jacket 10 in connection wth the
interface or the gap between the jacket and the

central fEaber-a2ingTheapr azbrg e@én%l@' BBY R&riklacsd: as
in a,snal| gcegs at t e mtégface

Fi g. d%scﬁb]% ShAFF prd) edtihg YRFTARS 15e‘2§°§”t‘2mFHES and
uppeexamples, t tihg askee. ddEerahtar rimegsrlsesarenlysed for

hol dmér%%?é agleng Yt grhal chetor e bgéékée and ad® a central

direct the brazing material into. the gap during
br aZ'PPeAf tldr BESZiPHAENE &6 | 8ROHRY Pé rfefbved, Wi the

exanphekdy garedhag. the 2(1@4«/&3155&*&(&1 D@ﬁOStﬁ@OG&Entrall
member. The jacket 10 is thimble-shaped and encloses
10 all of the lower section 1la, which has a smaller
outer diameter than the upper section 11b of the
central member. The outer diameter of the lower
section 1la is from 0 to 0.5 mm smaller than the
internal diameter of the jacket so that there is a
15 gap sized from 0 to 0.25 mm between the two surfaces,
and the diameters are preferably so adapted to each
other that the gap size 1s in the interval from
0.05 mm to 0.1 mm.
Brazing material 14 is placed in an annular path
20 along the upper end of the jacket 10 in connection
with the interface or the gap between the jacket and
the central member 11. The brazing material may be
placed in a small recess at the interface or, as
shown in Fig. 2, above a small projecting collar 15
25 at the upper rim of the jacket. The collar 15 serves
only to hold the brazing material before brazing and
to direct the brazing material into the gap during
brazing. After brazing the collar may be removed, for
example by grinding.



16 The nozzle blank is placed in a furnace and heated
to the brazing tenperature, at which the brazing

wOoraioe03Elil i s sucked into the gap between the jBCKRBK2003/000657

and the central nenber by nmeans of the capillary 5
effect and wets their surfaces, whereupon the brazing
material 16 solidifies and | ocks the surfaces to each
ot her, see Fig. 3. The brazing tenperature may, for
exanple, be in the interval 9g1925c to 1230C. When
the hardening takes place at a~Separate heat 10
treatne
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fr&nnﬂﬂmnﬁlandoWewﬁlkh@ﬂmﬂﬂﬂﬂtad&ﬂwahérémpqﬂhﬂhégbraz1ng
hi ga T r t
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rraké%t}ﬁrfpo§§?blFéL9¢-o 2hodde Jorazbraztegoeaesurs Wy h for

a Sudstaapbles pr @&l ngn ttezﬁ@erlaittaxezaandfbbg%emsm?gsjzd/i %mooc
Ni cr. z npl contains 19% 0, S

a na@?énrgmtgl% %Q%gg/géqgndte?]ﬁ g mﬁcneder{ Wata% heat
Aprioseaenant br &Riengorerpes attmr@ematlmoc;lszaamﬁeerably in

br azitig 0itéheanogzbe bi@@kctb@ exberpal and inter nal
georretrilg% the nozzl e

n he finis
parti cul hBanst ﬁlgttelrﬁéﬁnorﬁ?{’e RO1 ES9AR 5&1 H%e Rickel
mac kraese i WtLd;ht he lsloatlentandft s ,ouBeér orsuBf acthef rehevant

bl anls gam amz%%teyﬁ%a@nygr@&ﬁ@am %Ofdntsz' ?S@%@ cr,

ape. . Preferably, as shpmn [ nozz
ﬁ | &5 %vgra Medndtant 04 §ﬁetaéfd}39%n¢t hg %t%‘ﬂ Examples
j acleste sluréan:agt maﬂ:leerlarlesa fort hehéentfdrmaloferigal bf cobRomoy

nozzdder £SidA Oy A ? 3 %@é ch%rg:(ﬂ @%\'é Tl&eS §5 The

d|a ter of t e nozz exa
%Jrﬂ%rmt&flfﬁs%&% 5°fm ’f]ali thﬁﬁn WAEN Fh@ “Nicrobraz
geomzﬁles neshi béngsed, f whiishethakdie itozEdeibl @ankomBioose

B Q?rd%W%Lfﬁba %Héﬁ@@iglhargfgﬁs a suitable brazing
temperature and braze composition. Nicrobraz 30, for
example, contains 19% Cr, 10.2% Si, a maximum of
0.06% C and the remainder Ni and has an approximate
brazing temperature of 1190°C.

25 After brazing of the nozzle blank the external and
internal geometries of the nozzle blank can be
finished. This particularly means that the nozzle
holes 4 can be machined into the blank, and the outer
surface of the blank can also be turned or ground to

30 its finished shape. Preferably, as shown in Fig. 3,
the nozzle holes 4 have a constant diameter from the
outer jacket surface to the area of the internal end
of the nozzle holes in or at the central channel 9.
The diameter of the nozzle holes may, for example, be

35 in the interval from 0.5 mm to 1.5 mm.

When the geometric machining is finished, the
nozzle blank may be hardened to a suitable hardness
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menber. The hardening may, for exanple, be, carried
woi4as15a1 t enperature in the .interval from 1BO0GKR@3/000657

1100C with a soaking-tine of from10 to 40 mn. Then a

final heat treatnment is 5 carried out in the form of

one or nore tenpering treatnents, which is of

i mportance to the resulting fatigue strength of the

finished nozzle. The tenpering,may, for exanple, be

carried out with a soaking ti of two hours at a
terrpe % e in tq:e O interval ﬁOC t 0,600C. £
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annu I on to(greven t he brazin
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t he de a that case the braz

pr ef @S hgjsf agg?a%%brﬁ efferat JAE* Y h #H)gna??\téﬁli/alm a
fronf@@@@@o 2L00Corad swresryre f rand 1000Cht 0 al100®cial
Aft edcbashdBef he daeket an 30 the-Lad i) meIber abeive
rgangrlnn%pthe razing naterial 14, the blank is

SJIacae FPLC¥Sr nace, which is evacuated and heated to

t he har dérg ng 4 englerves ura; az(hie:ﬂ'nata'wefo]rocm(tamﬂeof the
lastpf 08139 HdteRiaid ﬁenpgf@{"é”ecl{g i)%éégggr 18Stoarrieq

for 15 mn. at a ,35 tenperature of
par t?'¢ul afR¢ oBFagieg| MatREIRAt Péuéssﬁeé‘ﬁgﬂgraced on top of
a channel 17, which leads in through the upwardly

20 facing end of the jacket 10 to the interface between
the Jjacket and the central member. The brazing
material may be surrounded by a small annular
projection to prevent the brazing material from
running away during brazing.

25 It is also possible to carry out the brazing
concurrently with the hardening, and in that case the
brazing material preferably has a brazing temperature
in the ‘interval from 925°C to 1100°C, and suitably
from 1000°C to 1100°C. After placing the jacket on

30 the central member and arranging the brazing material
14, the Dblank 1is placed in a furnace, which is
evacuated and heated to the hardening temperature,
which may, for example, last for 30 min. at a
temperature of 1025°C or last for 15 min. at a

35 temperature of 1050°C.

For a particular tool steel, the fatigue strength
is adjustable by means of the heat treatment given to



i s adjustable by neans of the heat treatnent given to
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aA of around 500 to 900 MPa in the finished nozzle.

Preferably the fatigue strength o' Ais at least 750

MPa. At the sanme tinme the tool steels 5 have

advant ageousl y hi gh wear resistance and hardness.

I nstead of manufacturing a jagﬁet bl ank as shown in

Fig. 2 with the thinble-like pe vvith an accurate

i nter.nal t he whol e cket art  of the
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10 nedeided . sThesgtRy 6 sonerdihd fors exampl & AMENOM) the
in Fig. 5 _takin f}qa cut-of . pi pe section and pl aci ng
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sect | ,
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AW, thes bﬁ@ﬂi@ﬁ {Iﬁ\t:gi' ghelénltﬁmgpllg\%gg s'%c%lon 1la is

sufficlient_quantit P-f
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ofo jcksts Mgl diel mapd beS dH agiedl aypHednEReibAYR! above as
jacket material. It is furthermore possible to admix
ceramic powder to obtain an insulating effect. The
ceramic powder may, for example, be placed in a layer
at a short distance above the tip of the lower section
25 1lla and then be covered by the powder of the
corrosion-resistant alloys. Graduated mixes of the
_ various powders fnay also be used.
Above the powder, the brazing material 14 is
placed in a sufficient quantity to bond the powder
30 into a dense structure at the brazing. After the
brazing, the holder 18 is located on the outer surface
of the jacket 10 as shown in Fig. 6. The holder 18 is
removed at the final finishing of the nozzle.
In another example the holder 18 is formed as a
35 pipe of jacket material and is placed around the lower
section 1lla as shown in Fig. 7. The holder is here



section 11la as shown in Fig. 7. The holder is here WO

2004/ 031571 PCT/ DK2003/ 000657 19 part of the jacket,
wanpw4nvss7powder only has to be filled in on tPEI/DK2600800657

| ower section 1lla. Wth this design of the hol der and

the. jacket; the need for refinishing is mnimsed. 5

Fig. 8 shows an enbodi nent in which the jacket

contains an insulating piece of ceramc material 20

conpl etely encapsulated in the éacket material. There

may be, for exanple, at |east mm of jacket materi al

on the outer surface_of the mc material _so fhat

10 tH’]aer%oP%os?lb% P8SK&Lanc? f e POYYFE @lyothas to be

di m i shasdl. :uhf onetegsarfy, thae dibwesi eedidon erlamyWwbeh this
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be coriteshddt o new enbodi nents. 25 WO 2004/ 031571

PCT/ DK2003/ 000657 20 P TCLAI

nozzl e for HWIUWTIA Ve C?Jrg%i%}r%%ek?a%ﬁ?ﬁ %e used. The
par thaot bet ymayt e- @traliee:mg),ssfreade&agtpﬂle ah_tmﬂunagi ato the
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Jackrmthdsdh@ | ackeh aad tpeacenyral Thenb&saheiaw may, for

br az&garﬁﬁggt r@é mggg bgchgfckglild %%'p?)%rat éoe;?éfttgf nickel-

phosphorus. Alternatively, the coating may be applied

by spraying. The barrier may, for example, have a

20 thickness in the interval from 5 to 400 um, preferably
from 10 to 100 pm.

The nozzle may have other designs than the one

shown in Fig. 1. Details of the various embodiments

and examples may be combined into new embodiments.
25



10 | ower section of the central nenber with nozzle
bores, c har acter i zedinthat the jacket

w0 gooamsls7nf a corrosion-resistant all oy, and tPEr/DKh@®3/000657
central nenber is nade of an iron-based alloy with a
fatigue strength aA of at least 500 MPa. 15 2. A
nozzl e according toclaim2, c¢char acteri ze
d in that the nozzle bores in the transitional area
between the central nmenber angythe jacket have
substantially the sane dianeter in the jacket as in

the central merrbe_g 22¢ 3 Iﬁ@ozzbeaagpqq}[r@ to claim

lor 2 char-acter In that the
corrosion-resistant alloy is a nickel-based alloy. 4.
A nozzl elaczaondznget chama ofreedf vallaendnl 4 odBeset lkenagine,

af‘t% I%lérfye d ’dv&b tsl:@goﬁ@e%ﬁ éh@gd %%ggg{rir'ﬁgwmg a

' Ioc Re Jacket and central
neleCRt B hi cllenpisieding} oychannel nepoBUEHGRHiGg WiFh a
any fiebef eFandzzld bdres g hha hoazQd et I=ingd éoﬁpdsed of

in tQatcén gwolemga%ket% nty of tlggt%%lglet 4S5 of a
made” of SEast - or wWrought e erl A=
accora¢lgtt o Hlpg omecketcl ands theo gentgah amemper t being

e I prZz&4d ’dd@]ettllﬁatrthﬁhéozfé@céts eﬁ’@l@iﬂ.r@s gt least the
s]g(ﬁaiate unit |l ocated_.in he fue
cont

AtRt i oFeBF 3 s pPhdl té Gui S%H%Bﬁ?au il effhewr%ls'l nozzle
pri neeyesal vehseatr ef ct heef well walevel 7inAtisrz| ehe jacket

aCCO{Q' ﬁ\gdéo ANYs 088 PEsSLAL PBsictanf. a1 a a{n& €hbt the
in that the inner _surface V\gas Jg 571
PCT/‘ES?@‘E)’E)% 0B6E52T AF Jrethe°f atRett TORT ecdneal ¥rwith a
surf@&@@&et@@r@ﬁ@tﬁa@ JEeneridsdare gyowmsed with
Egllffus ion barrier, such as a Icf\yer of

ctroldticalty détfdied nitGea*dEI A ndfrl e claim 2,
accocdhng toaanytomerof glaids lito that Stbeh mozzkbec bores

t e fnl 48 @rérﬂsf@fé?éfea‘f%%t r@étv@é@eEhehaéeﬂtrall member

fatigue strengt [east nozzl e
accordi n§heo Ipkhelareci sibstantipBly &the sSamg dipmeter
e r inztlkeedjackébabsaini tkal athbgal member.

20 3. A nozzle according to claim 1 or 2, ¢ h a r -
acterized in that the corrosion-resistant
alloy is a nickel-based alloy.

4. A nozzle according to any one of claims 1 to 3,
characterized in that the brazing

25 material located between the jacket and the central
member is made of a nickel-based alloy.

5. A nozzle according to any one of claims 1 to 4,
characterized in that the whole . .jacket
or part of the jacket i1s made of cast or wrought

30 material.

6. A nozzle according to any one of claims 1 to 5,
characterized in that the nozzle is
formed as a separate unit located in the fuel wvalve
in continuation of a spindle guide containing the

35 primary valve seat of the fuel valve.

7. A nozzle according to any one of claims 1 to 6,
characterized in that the inner surface



pi ece of ceramc material is |located inside the end 10
bott om of the jacket below the end of the central,

wo oovgiosrsdi nal channel, the | ower surface of theCT/DK2003/000657
i nsul ati ng piece being conpletely covered by the
corrosion-resistant alloy of the jacket. 10. A nethod
of manufacturing a nozzle for a fuel 15 valve in a
di esel engine, particularly a two-stroke crosshead.
engi ne, having a central, Iongltudlnal channe
connunlcatlng with a nunber of2hozzl e. bores, a
centrﬁ ohe! nber with a | ower section being braz

e
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with a f%u@u%og%%%n@%oacie% e arvaRre %@ocmmﬁs to 7,
usedcfloratheacentral rnenbes, dandn.?&htaitattlfid‘le:@ﬁﬂfim member
menber and_t he Lacket are brazed gether bg nmeans of
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claim 13, I zedin

br az?lﬁ@n%%eFPH‘F“unéﬁﬁitllé@ f‘“ﬁrtht e VaEhEm 6’|fazl?917gz}r% bores,
prefar adntral bhazbeg maEtdrial lidherbragtbioth eleargt Ubeazed

of m@éﬁgtﬁér' with a jacket which encloses at least the
20 lower section of the central member,
characterized in that the jacket

material used is a corrosion-resistant alloy, that an
iron-based alloy with a fatigue strength ox of at

least * 500 MPa is used for the central member, and

25 that the central member and the jacket are brazed

together by means of vacuum brazing. ‘

~11. A method according to claim 10, char-
acterized in that the wvacuum brazing is
carried out during a hardening heat treatment.

30 12. A method according to claim 11, char-
acterdized in that the central member and the
jacket are put together and fixed in relation to each
other, whereupon the nozzle bores are provided,
whereupon the combined vacuum brazing and hardening

35 is carried out.

13. A method according to claim 10, c har -



hi gher than the hardening tenperature applied for the

10 hardening. 15. A nethod according to any one of
wW@b@uns1s10 to 14, c har act er i z e d iPCI/DER03/000657

the nozzle is tenpered after brazing and hardening,

preferably by nmeans of double or triple tenpering. 15

16. A nethod according to any one of clainms 10-15, ¢

haracteri zedinthat the whole jacket or

part of the jacket material i rovi ded by pl acing

the central nenber with the | r section facing

upwar ds,, that a tubul ar  hol der_ i | aced on.the

centt f tmehert % ratdt hé™p tcdﬁﬁ?e ﬁ%?%?lgFaF§ng of the

filleshtimglo membenldad thiat] dwketi nis neeeriedl gt and the

pl aggd, Ahove,dhes poywer :%%dehﬁt ;Ltrhe a{@mwagazecd together - -

carri ed out’, whereby the powd %r ggether

i nt 9%kt TRIEFYRPD B mgpzle s

5 14. A method accordlng to claim 13, char-

ar ene

acterized in that the brazing material
épplied for the wvacuum brazing is preferably a
brazing material the brazing temperature of which is
higher than the hardening temperature applied for the

10 hardening.

15. A method according to any one of claims 10 to
14, characterized in that the nozzle is
tempered after brazing and hardening, preferably by
means of double or triple tempering.

15 16. A method according to any one of claims 10-15,
characterized in that the whole jacket
6r‘part of the jacket material is provided by placing
the central member with the lower section facing
upwards, that a tubular holder is placed on the

20 central member, that the particulate material 1is
filled into the holder, that brazing material is
placed above the powder, and that the brazing is
carried out, whereby the powder is brazed together
into jacket material.

25

30



