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inj ector f orVP 4% nal  conbustion engi ne The present invent ?éﬁ’%r'él ates

a fuel injector for an internal conbustion engine, parficularly a two-
stroke crosshead engi ne, having an outer housing with 5 a nounting-~flange
at its back end and an injection nozzle protruding fromthe housing at its
front end, and a fuel passage extending centrally in the injector, the fuel
passage passing fromthe nounting flange through at’ | east one thrust piece,
a central fuel Aubeelainfgespprdferant An§girndile cOEOHSLAAR ERGILAE in t he

i njection nozzle, the spindle guide having a central bore the circularly
cylindrical inner surface of which consti- tutes the QU|g§Fiurface for the

spindle, the fuel tuBBehR¥RAENE AnyentIan iThH ab&= NP nd HRAF DT way

down 15 into th@ofeﬂﬁr§ht99ﬁ810thBﬁs§Ebﬁdbﬁgﬁhbqepa&dlbala&gyaaSdeiﬂ
external dianeter than a back section and at.the tran5|t|§n bet ween Hpe t wo

sections an annStBPkeuFressbead spgdbnel (BAYIRT R ¢PRERT BRUGAREhLAL
injection nozzlg, n@@t&r@CﬂaﬁQen@tguids fraicka ené- hedsi amednj@ctliasi ng
spring, the spindl e, havin cent r 0, h the
front section o?ofﬁ%ef%?gfﬁ%%m‘?séﬁon%eq‘t %%Qgtg % ftgafs%?#;l e se}c;t |dc])n
with a val ve ne&&mh@aﬂsmp@cmmwt@mmlﬁy citarbhes daj escfrac &ien t he
bore of the Sp'P% gﬁbg%gEO dygyﬂdukfgmiEﬂ%5h88n35n§hﬁlhﬂbéckﬂf ol a

front spring gui 03|ng spring, e spri.ng _guide’being | 6cated
in a back spindae @&iﬁ%nopﬁﬁﬁhﬁﬂﬁb P@ﬂﬂ%heab&ﬁﬁﬁﬁa¥h§u§&rﬁﬂ%egw%keand

the closing 1‘°Cpréﬁﬂxaalés§haga 11§d?1é‘ Eei dO N Ehdihd e ehesiing edtriesd | on,

and at the back ‘en he. | ndle nu] ar end surface which |s made

to abut the anrPagl8ur ftdi&e PR %efggfaﬁjk?Yﬁthé EﬁﬁﬁﬂﬁﬁdeBﬁEﬁl

noverment of thecsptalaglyt h?lilﬁdﬁrdlcalgw:ﬂ&ﬂ)esungfame&_sﬁdwhmchaubmsm-t he

e Cbationr doutds “ne°gRia8"Sub A" £B1°RhATBRHLIEN AR 30! Ruptrface
having a front section extending more than halfway down-

15 into the central bore of the spindle guide and having

' a smaller external diameter than a back section and at
the transition between the two sections an annular
surface facing axially in the direction of the injection
nozzle, and a back spring guide for a pre-tensioned

20 closing spring, the spindle having a central bore open
to the back in which the front section of the fuel tube
is inserted: and a front spindle section with a wvalve
needle which cooperates with a stationary seat surface
in the bore of the spindle guide for gpening and closing

25 the injector, and a front spring guide for the closing
spring, the spring guide being_located in a back spindle
.section protruding from the bore of the spindle guide
and the closing spring biassing the spindle forwards in
the closing:direction, and at thé“back end of the.

30 spindle an annular end surface which'is made to abut the
annular surface of the fuel tube by the backward opening
movement of the spindle, the splndle gulde being pressed
forwards in the injector housing by gt least one thrust

bushing abutting an annular surface facing backwards on
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Spi ndl e ghil’va%g'gﬁ’aal(éxt endi ng backwards past the closing spri ri§TRRY00R3

t hrust piece being pressed forwards by the mounting flange at assenbly of
the injector with sinultaneous conpression of the closing 5 spring. Such a
fuel injector is known from DK-B-155757, which describes an injector for
injection of readily ignitable pilot oil2and gaseous fuel. The thrust
bushing here acts as a guide for an external valve slide for 10 openi ng and
cl osi ng the g&hesuppindlét gquiddaahdenextérdingl Badkwards pasa vihae

housi ng for a_yenti an u xt i ntearal l lLong_t he In part
of the inject g\ri%%ér?&gh.gs#xggsp?an@e%%‘%r g%gﬁ?if‘]g$§%§ecl %??Hg gqr?%%e I | ot

oi | is desi gnéormazidsa byl &theyehguntiing Hlasigmr ahcergrrnielyn bdt hthée fuel
tube on the | iaiide«aid it Dol fu Plaf06usPLEAEEEUL AR OF Uit ALESLH! O
prevent the spindle fromgetting caught or I ng worn unevenly eca%se of
al i gnnent | RaBPFA®S -es bet ween the el ongated fuel tube and the bore of the

spindl e guide. 20. guch DX-BudB7503edtd- As OkA8Wn Ftbh Dragshess7gy, fuel
injector in which th closgn.% sgrl,n is received in a,central cayjty in the
slide guide, é\’b&%‘ FEAPeg et dHY §EHor tRIBGFAPPY ofi P3Pl Back

section of thegniitddlgupdeotAbsD drid sy Egeilr.ethe tRhast Velshimgge 25

cl earance bet E‘e%n _tahetrsbotgom sgct ieork of athe sgi ndl £ ang t he .hosre %n t he
slide guide aR@ th&Fronts sBcPldNSofr T (BFCFElRT Vadye.aiss 2%
conpensat el oppeaincaand clgstinge thecgasasuppbyseftieit s | bakk ofnd arlpd et e
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i n whi ch a hoRRéwtdpisn@r&epds, iategralilyelalang thmamaimiradtesef stheles in
the ' injector length. The spindle for opening and closing of

the pilot oil is designed with a relatively large

15 clearance between both the fuel tube on the inside and
the bore of the spindle guide on the ocutside to prevent
the spindle from getting caught or being worn unevenly
hécaﬁse of alignment inaccuracies between the elongated
fﬁelgtube and the bore of the spindle guide.

20  'DK-B-167502 (EP-A 0 606 371) teaches a fuel
injector in which the closing spring is received in a
central cavity in the slide guide, and a central fuel
tube'is formed integrally with the back section of the
slide guide. Also this case requires a relatively large

25 clearance between the bottom section of the spindle and
the bore in the slide guide and the front section of the
fuel tube, respectively, to compensate for manufacturing
tolerances and consequent lack of complete coaxiality
between the fuel tube and the bore in the slide guide.

30 A further injector of a somewhat different design
is known from DE-A-2030445, in which a hollow spindle
with a -relatively thin wall thickness slides in the
annular space between a fuel tube and a bore in the
"spindle guide. The back end of the spindle has a very

35 heavily formed front spring guide for the closing



annular spaagobeiugween a fuel tube and a bore in the spindl e gpcPdxofbRspack
end “of the spindle has a very 35 heavily forned front spring guide for the
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3 spring. The opening noverment of the spindle is here [imted by the fact
that at its largest dianeter the back surface of the spring guide hits a
projection in the injector housing. This |nparts a- bendlng nonment to 5 the

thin Spindle mall resul&hng in the wall bendi %& %%- war.d To avoi d the
spindl e gettind PelORSVAY, PRYGREBF e ffantc®i SPFEMS et b en the
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abut nent surfacés o ccur at t ol nt face,
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further di sadvandaqa &frdfis iigrgulredd detid@nPtae! 8psnankngnafl thie
conpression spring._s determ ned by ow far t he_t hrust g gce i s clanped
down into the PRk HHURAIRE I RRREE | 9F vik i af POnEURE| FubBcdS in

the opening pr%’iiﬂr&:s.r.ﬂﬁ xaltwrr‘eaé qfomﬂ;enfa@al lbBiaeetombovEher kaopackuel
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i nj ector prormt &S T ve novenents. oW spin s suffer
and there is therefore a risk of erroneous positioning
of the abutment surfaces of the tubes. Thus, leaks may

15 occur at the joint face, which will result in variations
in the fuel volumes injected. It is a further disadvan-
tage of this injector that the pre-tensioning of the
compression spring is determined by how far the thrust
piece is clamped down into the injector housing.

20 Consequently variations will occur in the opening
pressures of a number of identical injectors.

The known fuel injectors of the type which has a
hollow spindle arranged between a central fuel tube and
a bore in the spindle guide provide the advantage that

25 the mass of the movable spindle is substantially smaller
than is the case with solid spindles, and the relatively
small mass of the movable part of the injector promotes
rapid valve movements. However, hollow spindles suffer
from the disadvantage that they slide  between ' two

30 annular surfaces, which entails-a risk of the spindle
getting caught if the spindle wall becomes deformed. To
counter this and to compensate for said lack of coaxial- '~
ity, the clearance between the spindle and the adjacent
annular surfaces is relatively large, entailing the

35 possibility that the spindle becomes slightly displaced



from t he .djypagugsgiage that they slide between two 30 annul apcghked e
whi ¢h entails a risk of the spindle getting caught if the spindle malf

beconmes deformed. To counter this and to conpensate for said |ack of
coaxial- ity, the clearance between the spindle and the adjacent annul ar
surfaces is relatively large, entailing the 35 possibility that the
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fuel with the same valve and unchanged injection

parameters, such as the delivery pressure and volume of

15 the fuel to the injector, variations will occur in the
volumes of fuel actually injected. Variations will also
occur in the injected fuel volumes from several differ-
ent injectors, although they have identical settings and
are supplied with fuel in the same manner.

20 The object of the present invention is, in a fuel
injector of the type mentioned in the introduction, to
improve the reproducibility of the injected fuel volumes
and to achieve a more exact control of the injection
sequence.

25 In view of this the fuel injector according to the
invention is characterized in that the external diameter
of the back spring guide of the fuel tube is smaller
than the intermnal diameter of the thrust bushing, that
the fuel tube is a separate unit exclusively contacting

30 the valve member located behind it through an abutment
surface which is arranged on the back surface of the
back'spring guide and has an annular surface encircling
the central  fuel passage and being substantially
perpendicular to the longitudinal axis of the injector,

35 and that in .the front spindle section inserted .in the



25 . INn.\{8%deet i s the fuel injector according to the i nggghﬁz(ﬂd}?
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t he

characterized in that the external dianeter of the back sprin

fuel tube is smaller than the internal dianeter of the thrust bushing, that
the fuel tube is a separate unit exclusively contacting 30 the val ve nenber
| ocated behind it through an abutnent surface which is arranged on the  back
surface of the back spring guide and has an annul ar surface encircling the
central fuel passage and being substantially perpendicular to the
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| arger than %h .external ti;ageter of the front seciflo of the fuel tube.
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possi bility ofbyi nheif\g.lidinefricfcion against the cylindrical surfaces,

even a minor restriction of the largest possible

15 clearance between the surfaces provides a noticeable -
reduction of the variations in the leékage volumes. The
more uniform volumes of injected fuel thus obtained
promote a more accurate combustion with the desired
energy development, reduce the fuel consumption of the

20 engine and increase the possibility of limiting the
development of undesired emission products harmful to
the environment, such as NO_., and also the thermal load
on the cylinder members and deposition of combustion
residues on them can be controlled better. This is

25 especially advantageous in large two-stroke diesel
engines that often combust fuel of a very poor quality.

It is a condition for the narrow fits between the
spindle and the fuel tube and the spindle guide bore,
respectively, that the three valve members are precisely

30 aligned mutually when the injector operates. Contrary

- to prior-art injectors even small inaccuracies in the
alignment between the three valve membe_frs or non-uniform
load on the spindle of the present- tulf:ular thin-walled
type will lead to non-uniform wear on the spindle and/or

35 to its becoming caught, for example as a result of small
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conbusti on resi dues on themcan be controlled better. This is 25 especially
advant ageous in | arge two-stroke diesel engines that often conbust fuel of
a very poor quality. It is a condition for the narrow fits between the
spindle and the fuel tube and the spindle guide bore, respectively, that
the three val ve nenbers are precisely 30 aligned nmutually when the injector
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wear on the sphhvee member Iehing t $tbedwnthgtcadtigpt fuedr exbeplanlys a

result of smalbneai}@ PREASQ0L; f the fuel passage extending f
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by the inveéntthR Bpckepmmingigiuhder 0l thioectPHHRY hEPTANTe aREntAWDhehi nd
ittsod_t hatfthﬁnéﬂt&ﬁ tt%hfée kéiﬂ'ﬁdlcé).ntﬁ{t gﬁséfeﬂ?ﬁycbrfoahef infiedeesd pgaac%age
extending from e . back sprin ui de . o e osi-ng _spr.ing an own
“nside the spiRdFBE ARISSERTHPPUSH oh & hen SRR & ST Heh SR TERCk difor

houai nﬁ thfa S@hédépindmeb@uti%serﬁm fluel Itabfﬁpwmdhetgelicdh;vsirtga §pi€]nt)g: uﬁe
with the closin rin an, be nt ed. e [ R rust__bushi ng
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t he inj ectldd heuswsbedi down eseundijtdet dackaend cfinthhe spinstkeduiideh a
vertical cent ' f RS | dlse, s | gui de
and the fuel %ﬁ%?%%gngj#ﬁa%ﬁggc%%% %?‘?%%?W%%ﬁm% l\?!é:)rét{t;%a @gg?ﬂs(rae 15
axis and no caBale oxentad ifh |2 nvenhirgl aapnsrecsxisal Mrewdfdmeupon t he

ot her val ve neibgrseew€ehnNsifs tffindle, the spindle guide and the fuel
tube mean that at the orientation with a vertical centre

15 axis and no load, the parts. will mutually adjust
coaxially whereupon the other valve members are inserted
into the housing and the mounting flange is clamped on.
When the other members are mounted, the valve member
located behind the f.uel tube is inserted into the thrust

20 bushing before the member is moved forwards close to the
fuel tube. This provides an initial guiding of the
member and prevents transverse displacement thereof at
the moment when it is brought into contact with the fuel
tube. At the continued clamping of the injector, the

25 valve member is pressed downwards into abutment with the
upward annular a_':butment ‘surface on the fuel tube so that
owing to the fz_‘icti-on between: the abutment surface and
the valve member, the position of the fuel tube is fixed
correctly with a suitable coaxiality in relation to the

30 spindle guide. It is of importance for the correct
position fixation of the fuel ‘tube that the abutment
surface is subs_téntially perpendicular to the longitudi-
nal axis of the injector so that transverse guide forces
are not applied to the abutment surface at the assembly.

35 For the same reason there has to be a clearance between
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inserted into the thrust 20 bushing before the nmenber is noved forwards
close to the fuel tube. This provides an initial guiding of the nmenber and
prevents transverse displacenent thereof at the nonment when it is brought
into contact with the fuel tube. At the céhtinued clanping of the injector,
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large enough for the spindle to be longitudinally dis-
placed without any problems.

15 In a further preferred embodiment, there is a-
substantially larger diameter difference between the
inner spindle surface and the outer fuel tube surface
from the back end of the spindle and at least until the
front spring guide, preferably until the front spindle

20 section located in the spindle guide bore, than in the
spindle section positioned in front. For example in the
back spindle area there may be a clearance between the
spindle and the fuel tube which is 0.1 mm larger than
the clearance between the two parts in the front spindle

25 section. The effect of this is that in the longitudinal
ring slits on the outer and inner surfaces of the
spindle in the area along the front spindle section,
approximately the same pressure drop is achieved up
through the slits. The result of this .is that the

30 spindle wall in the front spindle section.does not have

to withstand any radially_actinglpressure difference,
and this renders it possible to manufacture the spindle
with a very small wall thickness in the front spindle

section.
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substantially |arger dianmeter difference between the inner spi ndl e surface
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smal | er wWaP| cemtaiedesspindket berer &iet et chambert ﬁé’@ﬁél muabevaime mass of
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diameter of the front spindle section, which reflects

the fact that the front spindle end wall has a small

wall thickness. A further reduction of the mass in this

15 area can be achieved by the valve needle having a
central bore open to the front in its end surface.
However, the latter possibility only provides a limited
reduction in mass. These various options can be used
individually. If several options are used in combina-

20 tion, it is possible to obtain a spindle with an
extremely low mass in relation to the size of the
injector.

The reduction of the spindle mass provides a
further improvement of both the reproducibility of the

25 injected fuel volume and the exact control of the
injection sequence. This is because the smaller spindle
mass leads to more rapid spindle wmovements at the
opening and closing of the injector and also the spindle
and the valve seat become less worn, because the impacts

30 against the valve seat and the limit stop of the opening
movement are smaller from the lighter spindle. The rapid
valve opening provides an abrupt start to the injection
of fuel, which promotes a good and strong atomization
of the fuel volume first injec_ted and thus a well-

35 defined and rapid ignition of the fuel. Even more



10 central. _spH4) ore to the chanber around the val ve needl '
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section, which reflects the fact that the front spindle end wall has a
smal | wal | thickness. A further reduction of the mass in this 15 area can
be achi eved by the val ve needl e having a central bore open to the front i'n
its end surface. However, the |atter possibility only provides a limted
reducfion in mass. These various options can be used individually. If
several optionesgentised is eabrarid 2nieerericlesingswhbth provbdesn a

spindle with an edRR!tdPVbMste domiation datheastés eﬁetaﬁopagector-

The reduction of the spindl'e mass praovides a further inprovenent of both
t he reproduci bAfi t fued thajocted| durdag uehevFiaringd MOVereRsct undatr ol of

the injection SA@RRAEHtIESud ThREMUSHhL "Bl LY aSPbidbeeSBaSe! 8AHS 1O
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injection that is inje¢ted under optimum conditions.
In a preferred embodiment the external diameter of
15 the abutment surface of the fuel tube on the béck‘
surface of the back spring guide is smaller than the
external diameter of the front section of the fuel tube.
Firstly, the small external diameter of the abutment
surface has the effect that a small angle between the
20 longitudinal axes of the fuel tube and of the valve
member behind it does not result in leakages at the
abutment surface, because the manufacturing roughnesses
of the two cbmpressed surfaces compenséte for any small
misalignment in that the roughnesses are compressed in
25 the side at which the surfaces are closest to each other
and form a sealing abutment at the diametrically
opposite side. Secondly, the small external diameter of
the abutment surface results in. the fact that the
sealing surface pressure between the abutment surfaces
30 always exceeds the current fuel pressure in the fuel
passage. When the injector is closed, the surface
pressure is created between the abutment surfaces by the
backward spring force on the back spring guide and by
the backward force on the fuel tube originating from the
35 fuel pressure on the front end surface of the fuel tube.



Injected at the very last contributes substantially to the formation.of .
em ssi on pVOMIBBEW! such as NOx, it constitutes a heavy ther REF/DKSZM0263 t he
cylinder elenents and soot depositions on themand teads to 10 increased
fuel consunption. The lighter spindle reduces the anount of

di sadvant ageously injected fuel and increases the proportion of the total
fuel volume per injection that is injecygd under optinumconditions. In a
preferred enbodi nent the external dianmeter of 15 the abutnment surface of

the fuel tubeypentke baefectdl fasdrn,t kacbdakispréssugdi gers sosmid er than
t he external gl ter of, the front section the fuel tube. Fir , the
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PCT/ DK97/ 00268alD.Wen the injector is open, the fuel pressure acts on the

In a design which is particularly simple to
manufacture and assemble, the fuel injector is intended
15 for injection of preheated fuel, such as heavy fuel oil,
the valve element located behind the fuel tube is a
valve housing for a fuel circulation valve, and the
annular back end of the thrust bushing abuts a forward
abutment surface at the back end of an annular recess
20 in the front part of the outer valve housing surface
when the injector is assembled, whereby the length of
the thrust bushing determines the pre-tensioning of the
closing spriné. With this design, the thrust bushing in
the mounted valve is located between two annular
25 abutment surfaces on the spindle guide and the valve
housing, reépec;ively,_and'creates a well-defined and
predetermined-dﬁstanéé between the valve seat in the
spindle guide and the front surface of the valve housing
abutting the abutment surface on the fuel tube. As the
30 valve spindle carries.the front sprihg guide and the
fuel tube carries the back spring guide of the closing

spring, the latter is%preAtensicned in an unambiguous °
manner when the injector is ‘assembled, and at the same
time the spindle has a well}defined and predetermined
35‘trave1_or lifting height betweeh the ciosed and the open



fuel tube w%@,)a jer backward force, because the fuel pressure acts on
t he whol e front 15f the spindle, and from the spindle thisP6d fogz63
force is transmtted to 5 the fuel tube via the axially facing annul ar
surface on the fuel tube. Preferably, the external and internal dianeters
of the backward abutnent surface of the fuel tube have substantially the
sane di nensions as the external and interna dianeters, respectively, of
the 10 front spindle section, such dinensions prOV|d|ng a conpletely
directly axial pbewtdpnisor (Be ipretiernpionting wahd. the spdesilgn mmgs

particularly si omg%nuf eyl & . tor is
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f or'ward abut urface at the, back eng of an_annul ar recess” 2

front part of t‘ﬂ%ﬁﬁﬁt PGS, PHRE | fFURby  FESUMHERS H | Aj Bagber pre-
assenbl ed, wherebysiba | engt hewilldie tlfirftts.tngbuaehgﬁtdet ee m

t f th cl th the.th t bushi
Pt he mount od SarbadrEaBle abiblificatin’ HmubhE %%saﬁmﬁwn{é’éurcfrﬁée's”%n
t he spindle gw:dIEJandorhtehaalwlme hHoysicmpr pasnectusel yavantb eeallawmpRd
vel | - defi ned “ang p BBl T EERRIIECES MERKALN® BE8! ol

spi ndl e guide and t surtface o e val ve hou3|ng a
abut ment sur%c@wgh@#memmlm @nsl 30hugl veoxypeadl eprimes arlde

front spring guinessng %Besgu%st ¥88 ERL' iRSeLPBrPaGK] ngpg'raalaab@e tPle ”‘e

closing spring, the, 5 re-tensioned”in an una Uous nanner whe
the injector | CORIH ?%B ea\ﬁﬂrh‘i‘t%% affhe SR i Pypi-fensivadng and

wel | - defined anthys edieeicpdifithgd pidsuiete Ofrbinf bheg iiaht chebnsenete
cl osed and thevﬂ?%ﬂilnay occur in valves where the spring pre-tension-
15 ing has to be set by screwing the mounting flange more

or less down on to the injector housing.

A further assembly simplification can be obtained
by the spindle guide, the spindle, the closing spring,
the fuel tube, the thrust bushing and the valve housing

20 of the circulation valve being assembled into a pre-
assembled unit in which the valve housing and the
spindle guide are locked to each other via the thrust
bushing. This renders it possible to supply a complete
and pre-assembled replacement unit for an injector so

25 that replacement of the essential parts can be effected
very rapidly. The locking may, for example, be carried
out by shrinking the thrust bushing on to the spindle
guide and the valve housing or, after pressing the
thrust bushing on to the two injedtor'parts, by carrying

30 out a position fixing of the thrust buéhing in relation
to each of the two other parts by means of a pin
inserted in transverse, associated bores in the thrust
bushing and the part in question.

Suitably, a throughrgoing cavity may.be provided

35 in thg longitudinal direction of the injector between
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The pre-t er@PHMY and the spindie lifting height may, for BKEHREPU0026%
finely adjusted for use of the injector in a specific engine by a change of
the length of the thrust bushing, a shorter length, all 5 other things
being equal, resulting in a higher pre- tension and smaller lifting
height. [t provides a considerable sinp2ification at the assenbly of the
injector that the injector parts just have to be clanped as nmuch toget her
as possi bl e tthebinner t3uriace aft the spdieatqrr dousidgiooaindgthedoukes correct
opening and Glosidige S 5ESUEES valive! HoddURf! Ane Mhfubt eohUAlERg! BRa
consi derabl e variation_of the spring pre-tensioning and thus e openi ng
pressure frorilthespanddet gudsis-hefhe V\ﬁﬁt{htbrapﬂﬂé@ﬂgeﬁ nthel advankage t he
spring pre-t %}ﬁé@%né%t&lﬁbﬁr}omfeé@érbyaﬁgéemhggdéh‘éhaw%éeqoy ange
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of the circul ation,val ve bei asse intQ a pre: asse e nit in
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pre- assenbl e e c j t r.an_Lpjectaqr - epent of
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gui de and thgagptae fgesi ng or, after pressing the thrust bushing on to the.
two injector parts, by caryying 30 out @, position fixing of the thrust
bushing in relati dHt %@Ri?cﬁgt%% ?WEPé;WﬁFtp%ft%h%ylﬂ¥%ﬂ§16P Wibin
inserted in towndeedescrise balled oy Eartheirhd@ethilsiviblisheéfgrandet he part
I n question.  Suit.abl

to the Xra%iﬁé}fo%ﬂrib Oisrll;%wcsavai t]}/onné'&‘ tlpfirparf ,V | gggtional
15 view through a fuel injector according to the invention.
The fuel injector generxally designated 1 has a
mounting flange 2 with an inlet stub 3 to which a high-
pressure pipe from a fuel source, not shown, can be
connected. The fuel source may be, for example, a piston
20 fuel pump, such as of the Bosch type, which is period-
ically actuated by a cam on a camshaft, or a high-
pressure reservoir connected periodically via control
valves to the inlet stub 3. The fuel may be liquid or
gaseous or may be slurries of solid fuels or emulsions
25 containing at least one of these states, and the valve
may also be used for injection of liquid or gaseous
additive media to the combustion, either alone or in
mixtures.
By means of a union nut 5, an ext;_-e"f'rnal housing 4
30 for the injector is clamped to the mount;_l'%ilg flange which
in its turn can be clamped to the engii;fhe cylinder by
means of bolts inserted in holes 6 in the flange. A fuel
passage 34 extends from-a supply openiné;_j_? in the inlet
stub centrally through the injector to an injection
35 nozzle 8, from which fuel can be injec"'i:ed via nozzle
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surfaces of the valve housing,

the thrust bushing and the spindle guide.

The cavity provides the advantage that the stationary injector parts inside
the injector 5 housing are fixed between two points, viz., a forward
surface on the inner surface of the mountidg flange and a backward surface
on the injection_nozzle, which pronotes a rotationpally symretrical |oading
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ing 10 abut axially facing abutment surfaces 13, 14
on the spindle guide and the wvalve housing.
A valve body 15 is inserted in bores in the valve

seous
ns of
o the

housing 11 and is biassed by a relatively weak compres-’

sion spring 16 to the position shown. A protruding
forward abutment surface 17 on the front end of the
valve housing abuts a corresponding backward annular
abutment surface 18 on a protruding section on the back
end of a central fuel tube 19, and the joint face
between the two substantially parallel and plane
abutment surfaces is located in a plane which is
substantial]:y perpendicular to the longitudinal axis of
the injector. '

- Immediately below the abutment surface 18, the fuel
tube has a protruding collar 20 constituting a back
spring guide for a closing  spring 21, which is a
mechanical compression spring of a conventional type.
At the front of the spring guide, the fuel tube con-
tinues in a circularly cylindrical back section 22, the
external diameter of which is sllightly'._I_Smaller than the
internal diameter of the spring. The back section ends
at the front in an annular surface 23 -lpéated in a plane
perpendicular to the longitudinal axis of the injector.
The surface 23 forms a transition between the back



inits turn cgn be clanped to the engine cyl.inder by nmeans of bolts - .
inserted i W39 in the flange. .A fuel passage 34 ext endFPGHBRI0IBp| y

opening 7 in the inlet stub centrally through the injector to an injection
35 nozzle 8, fromwhich fuel can be injected via nozzle WO 97/ 48901
PCT/ DK97/ 00263 13 holes, not shown, into the working chanber of the

I nternal conbustion engine. A spindle guigle 9 is pressed downwards agai nst
the irner surface of the injection nozzle by neans of a 5 thrust bushing
10, a val ve heesitigrl bfanthe fuslistulpe cued 12 fbont | secidwr2vdy dwhiokr
surface of th nt | f e.  The t S LN S, r OXy ely the
sane external %&%%etsﬁa%éfga\% t?/e:r hgt}:;fgi%ﬁpﬁc%n%)‘?ﬁel%ggkgsﬂég?%oggof t he
spi ndl e gui de opemdtawards dthedoack ain 10 spindbe 2@cand to thehfoénthese
parts so that t [ f.aCi anpul-akoQnNd sHoiacassPintbe bushi ng
10 abut axi al Ieﬁggrgjagﬁe%ekpggdr?acesel& 14 on t%%sﬁ%ndf%géﬂtl%% and
the val ve hBu¥otFomoratie boyg 25- The shaxtedistansecd s hargerviinae 15
housi ng 11 angnes 13 @SSRS KYight RtdNe! spivedike conpres- sion spring 16 to
the position shown. A protrudi ng forward abutnent surface 17 on the front
end of the valve hdi§ P % guﬁg?r@s Bﬁdiand:%aﬂa_m‘%ﬁ\#tﬁ‘éﬁ'“%b%nent
surface 18 onoaeprsdtibmgasetrtabaelyt bglhadcizaienhmdr awnefddal 27 uel

tube 19, and the j.aint_ face between the two. substanti al paral Llel and
bi'ane - abut ment 1% GEIE hiracd o Ene PR AR OTEA 1 5pm 6
per pendi cular offo thésl| osectich palthexi spahdilke gujdet dras 28 pressuredi atel y

bel ow the abutcﬁ%%kewésa%ﬁ%g thecdhitlat Witathesn P W Ivili fh col b 20
constituting a bac - . .
: cooperates with a corresponding conical movable valve

seat at the front end of a valve needle 29 on the front
end of the spindle. At the front side of the valve seat,

15 the bore of the spindle guide continues to the central
"bore in the injection nozzle 8.

The spindle 26 has a front spring guide 30 in the
form of a protruding collar, the back of which is
perpendicular to the longitudinal axis of the injector,

20 and the front surface 31 of which is conical. The
closing spring is located between the two spring guides
20 and 30 and inside the thrust bushing 10. At assembly
of the injectér parts, the closing spring is compressed
to a pre-tensioned state. The forward closing force

25 produced by the spring on the front spring guide 30 of
the spindle is of a very accurate magnitude because the
compression of the spring at assembly is determined by
the length of the thrust bushing 10 and the length of
the unloaded closing spring.

30 The diameter of the inner surface of the spindle
is from 2 to 4 um larger than the external diameter of
the front section 24 of the fuel tube, and the external
diameter of the front spindle section 32 inserted in the
spindle guide bore is from 2 to 4 um smaller than the

35 internal diameter of the bore 27. The wall thickness of



sprin uid | osing spring 21, which is a nmechanical c r lon
sBrlng gf agg%ﬁ@ég?ﬁonal type. At the front of the spring QU|§EBW§§§h$ﬁ%I_
tube con- 30 tinues in a circularly cylindrical back section 22, the
external dianmeter of which is slightly snmaller than the internal dianeter
of the spring. The back section ends at the front in an annul ar surface 23
| ocated in a plane perpendicular to the | aBgitudinal axis of the injector.
35 The surface 23 fornms a transition between the back WD 97/ 48901
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ore having in one section a circula y |n rical innef, surface
constituting 3 YuteEnesss a"c}éef%}?n‘{ulr%" s%}‘i(ﬁ‘tf 39¢ EGHrCng the ¥ade@ i on,

t he spindl e guiikeedbs 2o weas@JaEmebanﬁefpaﬁdbauwg tto add dahgStaldienar y
val ve seat that coope]%agﬁ\9 wnth COrr, #Eﬂrgh) |cal ggvable val ve seat
at the front erftffbt & elﬁégﬁ 8129 (IR FTEN PRAGS of >t FENDSSHNG At
the front side tiiet bereal % wdah, t]lﬁet bembdreesd.bm hehsmberd @sguhdee a

continues to tl"f %mﬁll‘aﬁ)‘{]ﬁ er%or #g&_eg o@% Gé:%erﬂ% é'ag‘%lﬁ? (2)? has

a front spring gui udln%
whi ch is pedfernfi ctherseotior 3%n@W1DQ|halthﬂlsmei thelﬂnﬁécp&neszo and t he

front surface 31 of M%dtsracp%@ql pal?gsggl ﬁ&'ébgtézﬁ)&é r&cﬂé t'h@%hﬁglget ween

the two sprin ui des 20 and 30 and Tnsid e thrust
assenbl y P gcgpenlng down through the thrust plece 12 to a central

bore 35 in the valve body 15, where the passage branches
off into several oblique bores 36 opening out into a

15 pressure chamber 38 located about a valve needle 37. At’
the front of the stationary valve seat cooperating with
the valve needle 37 the fuel passage continues centrally
through the front of the wvalve housing 11, past the
abutment surfaces 17 and 18 and further forwards through

20 the fuel tube 19 opening out at the bottom of the bore
25 in the spindle, from where the fuel passage continues
through oblique bores 33, the pressure chamber 28 and
to the nozzié'holes, not shown, in the injection'nozzle
8.

25 Drain holes 39 render it possible for leaked fuel
to be drained away from the. cavity around the closing
spring 21 to a through-going cavity extending in the
longitudinal direction of the injector at the inner
surface of the injector housing 4.

30 Between the injection periqu_there is a certain
supply of preheated fuel at low preséure to the supply
opening 7. This fuel flows out ihtdhthe cavity around
the compression spring 16 via a 51de facing leakage
channel 40 in the front part of the thrust piece 12.

35 Draln_openlngs 41 in the wvalve hou51ng 11 pass the



of- the inj rts, the closing spring is conpressed to -{ensi oned
state. Thé$§8808§’ closing force 25 produced by the spring gﬁ*@ﬁ%ﬂﬁ%%mt
spring gui de 30 of the spindle is of a very accurate nagnitude because the
conpression of the spring at assenbly is deternmined by the length of the
thrust bushing 10 and the Iength of the unloaded closing spring. 30

The diameter of the inner-surface of the&pindle is from2 to 4 [err]m

| arger than the external dianmeter of the front section 24 of the fuel tube,
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extends from u h
central bore %Eﬁ e va ggaiwggﬁnm%?ée ?ﬁa& ggégg%ﬁ%ranc Jf#% into
several ob}® qﬁé‘obbtbg eemppeasngncﬁnrim d & vhegeapom éhgh’aﬁbﬁe B8iy ocat ed

about a Va'VelBeégE%l%%edAbaEﬂ%aEHQnEancﬁﬁ@ éfﬁttﬁ@aiéékﬁﬁé“%ﬁﬁﬁﬁel
cooperating with t val ve needl e 37 the ssa e continues centrally

through the f#8nt @?e?héh\?alﬁ)ée]hoag?ﬁﬁuﬁ s&&'ﬁa hrough  the fuel

passage down into the pressure chamber 28. When the fuel
pressure here reaches the opening -preésure of the
15 injector, the spindle 26 is actuated by a backward force
larger than the force of the closing spririg 21, which
makes the spindle become displaced backwards until the
annular end surface of the spindle hits the annular
surface 23 on the fuel tube. The surfaée 23 thus acts
20 as a limit stop for the spindle movement and determines
the 1lifting height of the spindle. The spindle displace-
ment opens for fuel access to the injection nozzle,
which starts the injection. When the delivery pressure
of the fuel drops again at the end of the injection, the
25 preésure in the chamber 28 drops suitably so that the
closing spring overcomes the backward pressure of the
fuel on the spindle, whereupon the spindle is returned
to the closed starting position where the valve needle
29 abuts the associated seat and cuts off access to the
30 injection nozzle. : '

For a spindle of the thln-walled de51gn shown, it
is important, to avoid deformations of _..t_:he cylindrical
spindle wall, that the backward e_nd_:-"_surface of the
spindle is in axial extension of theiéYl_j_;-fndrical spindle

35 wall, because this ensures that 'the. "._impact of the



abut nment SLu{Y(ﬁiisﬁﬁ and 18 and further forwards through 20 the fuel tube
19 opening o *fNe bottom of the bore 25 in the spindle, fE&HRANREN8263N0e
fuel passage continues through oblique bores 33, the pressure chanmber 28
and to the nozzle holes, not shown, in the injection nozzle 8. 25

Drain holes 39 render it possible for |eaked fuel to be drained away from
the cavity around the closing spring 21 tQ7a through-going cavity extendi ng
in the longitudinal direction of the injector at the inner surface of the
injector housingpindB8 agair3at weke tsherfiageecRBorlér i dfpatber atiay
certain supply aked fuel at.low pressure to the supply opening 7.
This fuel fIom&g%ﬁgégggokgggggagPt%hgrggﬁﬁgﬁﬁé conpression spring 16 via a
si de-faci ng | eakage Ehahhelre4dsi ma medd ofiwr paitrcolathont bfupreliestaed 2. 35

Dr ai n openi ngs in 1 j 1 : t he- .97/ 1
PCT/ DK97/ 00263 %?%i 9%%?3}3?ng u&@{‘:é%%ﬂ% %’ﬁ%ﬁ%@ﬁ?’i.E*r‘%%&is?gg%rré n
pi pe, not shGwiniBFEPEsCRRePeUELMANAF iAoyt Paissiont of. thie climeiula-

circulation in dfenchasveg Ref il Obasderhl] SthUsteIE&S §Paknlihe el
systemis kept 5 preheated at a suitably high tenperature. As soon as the
fuel pressure St3YS FAg%atlt h@aBedenntoiied a8 a7} ceRt bre pshrast+ he
pressure in thejgessliike At 38 ¢éftfal EHELUAS BoHe/@chREY thu ing

i nfluenced by qﬂggckmaEd for t.hat ovgrcones t he ce 10 fromthe

he - 1.0
conpressi on sprithy 18° “uRBr Slpdi's HEuS LI PES588¢ %égtrféiﬁ LW BGERWE s and

cuts of f thaol ealprky copenéhg4l. wikdn thee dardlrgik gsassages pieatdhet Fuedgh t he
fuel passage dqwy,d nto the pressure chanber 28. When the fuel pressure here

reaches the openlng'fressure of the
t is also possible to expand the injector for use

in connection with injection of several different
fluids, for example by applying the injector elements
15 described above in connection with_an injector of the
type describ’jed in the above _:D_anis'h'patent No. 155757.
Such an injector may, for example, be used for injection
of gas and pilot o0il, or for injection of a fuel and
another fluid modifying the combustion process, such as
20 water, contributing to reduction of the formation of
undesired-emission_products.



15 inject pindle 26 is actuated by a backward forceg}. n the
force of t g Jg g_g_sﬁ?ng_.sp:--i_-n-g~—2—1—,~--wm"ch makes the spindle becgkﬁ’gfngéz’gézg@ed

backwards until the annul ar “ﬂiﬂgméface of the spindle hits the annul ar

surface 23 on thﬁiﬂl Mﬂw . rface 23 thus acts 20 as a limt stop
for the spindle AgWE ) &Y

Fnes the lifting height of the spindle.
The spindl e displ ace- nent opens for fugB access to the injection nozzle,
which starts the injection. Wien the delivery pressure of the fuel drops
again at the end of the inj&# dE thd 25 hledsk Mi$h the chanber 28 drops

suitably so that the gl p§bN9iaPetpEro\e) COBPSahhenbackuar donbastybs of the
fuel on the spindle, whereupon the spindle is returned to the closed

starting positRFHRGhe RAFHECWARLAY ndedF¥o 28 BBk s auRssheadi sngdngeat and

cuts of f accesprifgtie SQcipi RehiPAgGNQZF! RichOa AotiRtRdLefohnkRe (2)
thin-wal | ed desi gn sho ,_[% I S lnRortant .to avor? dgf rmations .of the
cylindrical® & ntff® BRFK. eRfPREn2RpiRRREFLIOBNACEEPal8) o PTPREVSGIPRAI € i s
in axial extehshownthé hbesinh adriica faenudlends avadl a fhetapasskhbies

ensures t hat i f th ! 7/ 489 - -

PCT/ DK97/ 0026§]§)7 %%%é’é’;‘%a?ﬁ??’%\?ﬁs uf‘?agé’ezsl%?\?ﬁt?ﬁparﬁ%e axPst y
directed for gassage hpassiing efrom - ther endunthingeddange dihuconglti et of
preheat ed fuej [ t e -GLOSLNg~REl{ 9¢s of LR r e hnj ector
can be sinplf%?ééftfﬂ%%nggggéﬁ %?Q%ﬁeq%??&ug_?égﬁgﬁmvgﬁég.FF%QLAE?)éase t he
thrust pi @ qg@ﬁﬁﬁeﬁﬁdl wadhauspigdie seidec(dorandl ensimg dm the thrust -
pi ece-1i ke u@%;g&g{bﬁ.ﬁggglgl t hrough bore constituting the section of the

fuel passage S4 thal, cgnneghs LaL0,aiaRly SRR HALD 155 ogpLr
circularly cylindrical inner surface of which consti-
tutes the guide surface for the spindle,
is the fuel'tube having a front section (24) extending
more than halfway down into the central bore of the
spindle guidéfand haVipg a smaller external diameter
than a back section (22) and at the transition between
the two sections an annular surface (23) facing axially
20 in the direction of the injection nozzle, and a back
spring guide k20) for a pre-tensioned closing spring
(21), | | |
the spin&le havihg a central bore (25) open to the
back in which the front section of the fuel tube is
25 inserted, and a front spindle section (32) with a valve
needle (zsl_ﬁﬁibhfcpdperates with a  stationary seat
surface in théiﬁore:of ﬁhe spindle guide for opening and
closing of the;injectof; and a front spring guide (30)
for the closing“spriﬁgf the spring guiae being located.
30 in a back spiﬁdie Seéﬁibn protruding from the bore of
the spindle gpideian@%ﬁhe closing sprigg biassing the

spindle forwards in the closing direction, and at the

back end of théjspihdigi:n annular end S§rface which is
made to abut the anmil ¥ surface (23) of the fuel tube
35 by the backward.qpenihé”movement of the spindle,



el enents 15 descri bed ab with an injector of the type
described in the above Dantsht pat efit 155757. Such an injector may, for
exanpl e, be used for injection of gas and pilot oil, or for injection of a
fuel and another fluid nodifying the contuesti on process, such as 20 water,
contributing to reduction of the formation of undesired em ssion products.
WO 97/ 48901 the spindle guide being press@TTLDKFAXOS26 1tBeP A T

ENT CLA lllnglﬁ%tjcr Mhd W8ind kb?“a‘?.r ]geg dtf Oéné‘”th@‘h%%”%ué‘iﬁ S{16

engl ne, part icu y a two- Stl’ e Cross I ne, havi ng an ter EOUSI ng
(4) with a nouﬁhurﬁglﬂgaﬁ@ea(lmllﬁrﬁu#'f%c%a@@)e @cing BHC?CWFé‘éﬁ on Hoeezl e

(8) protruding sbrl%@lté‘%d‘i%'d}ﬂi %xdérmfﬂfrﬁacﬁ%r&éldpa’?stf. Uethe PEBSEDS ( 34)
extending centrally in7the injector, ) ga$sa ge assm from
e

mount i ng f | ahgEPERAGUgRDE: tP@a%]?r‘b?l'é H%t(lﬁl 81pgpT ﬁsﬁé ‘?%ﬂ’a’F%l tUbe
(19), 10 a spi byl ehe2mpuardng smangbeaguadgeﬁlﬁlyaﬁﬂ ehdi hgjéerdherivhection

nozzl e, the sp| ndlug ui de haV| 'gBa central he.ci rcul ar}lgx
cylindrical infef® ReRBheRi - ute ?he 385(}& IsurFREE'9or the
spi ndl e, 15 c ht herf laelc tmtm thaving a f rorltn sectilmt ( Xhe exdxereimgl nor e
t han hal fway d n e ng a
smal | er exter ngmaliegrret tg?ettﬁgnbéékagggse ?2%82 f%? f@%ﬁr‘jaﬂﬂ?{ i on
bet ween t hel®wosseand bler athannuiie intéanel(zﬁ)anmrngOéxmel yelzoustn t he
direction of tREshAKECYHBY,"PRELCLhE LS RAe (19) is a separate unit

exclusively contacting the valve member located behind

it through an abutment surface (18), which is arranged

e U w e %, “Seot o HAME R

on the back s\irface of the back spring guide and has an

15 annular surface encircling the central fuel passage (34)
and being substantially perpendicular to the longitudi-
nal axis of the injector, and that in the front spindle
section (32) inserted in the spindle guide bore (27) the
spindle (26) has an external diameter being at the most

20 8 um smaller than the internal diameter of the spindle
guide bore, é_:nd an internal diameter being at the most
8 um larger than the external diameter of the front
section (24)‘ of the fuel tube. _

2. A fuel injector according toclaiml, c¢c har -

25 acteriz e d in that the external diameter of the
front spindlé section is from 2 to 4 pm smaller than the
 internal diameter of the spindle gulde bore, and that
the internal diameter of said splndle section is from
2 to 4 pm larger than the external dlameter of the front

30 section of the fuel tube. _

3. A fuel injector according 'tc_:' claim 1 or 2,
characterized in= that:f;:f'om the back end
of the spindle and at least untll the front spring
guide, preferably until - the front sp:.ndle section

35 located in the spindle gu:.de bore, there is a substan- |



the fuel tube is 25 ins spi ndl e section (32) wth a valve
needle (29). which coo a.statlonary seat surface in the bore
of the spindle guide for openlng and closing of the injector, and a front
spring guide (30) for the closing spring9 the spring guide being |ocated 30
in a back spindle section protruding fromthe bore of the spindle guide and
the closing sprakly bilagdery dhamependidd fifenenais batwhenc| W ndnaerect i on,
and at the bagls gl oy 1f %gparga“«ﬂ}]@rbml e PR sha%R ikl §ymede to

abut the annul’ar surface e fuel e 35 by the backmard openlng
novenent of tHe SHFoRE esPindig) 89728901

PCT/ DK97/ 00263 19 4 heaspiayl! ﬂnﬂé’éﬂ@rbﬁbﬂéraiﬁgsed £8yWBhES o N ctLAgmisnj ect or
housi ng by _at. | east oqg t hrust hushin lqg utting_an an ul ar._surface
(13) facing ti'a&cvvard’s i the? i g’u d & end &wEF8tpast the

closing 5 lsprspxgx,ngnguﬁ.ael t(bro;xstohﬂonel@e é@ihdmel m@spraelscseﬂléalmmtby t he
nmounting flan t e_injectLor sinultan reSS|on
of the cIomnﬁ%&ﬁ%? ?fgp X%Q & sTaéf?;g tﬁ%cgness ﬁE th prIERL

ext er nal mzmdmametﬂrthe back sprlng gui de (20) of the fuel tube 10 is
sma ler than the idlefnalefll ARl P! &erapagsaobaﬁ 8fle(48) LBk the

fuel tube g19) IS a separate It exc usive contacting the valve nenber
| ocated b&Ri Ad4+4 t I dugh BarR dblt ferk JSLﬁf%. (38, ®Wach tke afranged on

the back surigfihdle ld€cbisk 692) rlgaguadgmanﬂebaﬁa:@n gRiaRrAdLar taHhf ace
encircling th centr al fuelﬂﬁgs g é§4gh ng flng substantlally
per pendi cul alt% RFRMY FRFE ) ue be

6. A fuel injector according to any one of claims

spring gu for a—pre- tensioned closing spring (21), ndbe .
havi ng a cen?réﬁbbore (gam! lrﬁuﬁaCk I n which the frdﬁﬁngg%WPﬁh of

1-5, characterized in that the length of

15 the oblique bores (33) from the bottom of the central
spindle bore (25) to the chamber around the valve needle
(29) 1is smaller than 35 pef cent of the external
diameter of the front spindle section.

7. A fuel injector according to claimé6, ¢ h a r -
20acterized in that the valve needle (29) has
a central bore open to the front in its end surface.

8. A fuei injector according to any one of the
preceding claims, characterized in that
the external diameter of the abutment surface (18) of

25 the fuel tube on the back surface'of'the back spring
guide (20) is smaller than the external diameter of the
front section (24) of the fuel tube.

9. A fuel injector according to any one of the
preceding claims, charactexrized in that

30 the external diameter and the internal diameter of the
backward abutment surface (18) of the fuel tube have
substantially the same dimensions as the external
diameter and the internal diameter, respectively, of the
front spindle section (32).



nal axis of the injector, and that in the front spindle section (32)
i nserted ihwpwglﬁgdlndl e gﬂmﬂ‘mﬂ[ﬂl H e spindl e (26) hasP&ARKSTOPIGA
di anet er being at the nostll 4 Il er than the internal dianeter

of the spindle guide bore, *and am internal dianeter bei ng at the nost 8

[err]m]larger than the external dianeter of the front section (24) of the
fuel tube. 2. A fuel injector according b9 claiml, char - 25act er
i z edin that the external dianmeter of the front spindle sectionis from

2 to 4 [err]msnallep.tharkddie ini&ttet dcasRdehgoftd henyppbidl efguinle bore,
and that the internal diapeter of Sﬁled spi_ndl e secti,on |s§{9rom2 04
[err]m | arger BHERE ﬁggeﬁgg?'ﬂﬁr dfafefef 8f & e Forkt 23§ Section WY he

fuel tube. 3. t#héublel niredarorndeoidiegded £baiinjeoridn of prehearexdit e r
i zed inthat fromthe back end of the .spindl | east, until the
frent spring ‘ilﬁii S Exreq,sa;l??,av%n?pgi e’ q%b% eﬁ%l ?%Fé’ §é"ce[“fe5ht 35
| ocat ed i n thelopandfiecbghiné tivr £udlhénbe dsaasvbbvanhousimd O U
PCT/ DK97/ 00263 ' I ' er_dif - f; '
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spi ndl e surface ‘an outer fuel e surface than 1
section. 4. Adfiethenjtderest abushdngg tiPlangbshe & Epmvasdsabutmentc h a r

acter i zgfracéN14f B tHEe LR EnSPHENEN GthEie1 43 Ve s hg, Hpjdl €
has a conical front surfacg ‘('g%)‘aand the_smal |l est thickness at its |argest
r Cc

di ameter. 5. A¥RF PAFECP WHERGVRS VENOUSENGr SUFARFS YHeR £he ¢ ph a
ract e ngd #npedtorids ddedmbled f idrsipy e It THe Rasuntsnal | er

wal I thickness, (A& NaetedindCtd il $28L+2hs 81088 UBe crosing
spring (21).
11. A fuel injector according to claim 10,
characterized in that the spindle guide,
15 the spindle, the closing spring, the fuel tube, the
thrust bushing and the valve houéing of the circulation
valve are assembled into a pre-assembled unit in which
the valve housing and the spindle guide are locked to
each other via the thrust bushing.
20 12. A fuel injector according to any one of the
preceding claims, characterized in that
a through-going cavity is provided in the longitudinal
direction of the injector between the inner surface of
the injector housing (4) and the outer surfaces of the
25 valve housing, the thrust bushing and the spindle guide.



6. A fuel inpmeobdbpagsaccording to any one of clains 1-5, ¢ h a t.er |
zed inthat the length of 15 the oblique bores (33) fron1tf#cﬁhﬁQQWWWﬁ

the central spindle bore (25) to the ch er around-the val ve needle (29)
is smaller than 35 per cent of the exte?ﬂg di aneter of the front spindle
section. 7. A fuel injector according to claim6, char - 20acter
z ed.in that the valve needle (29) 3 a central bore open to the front

inits end surface. 8. A fuel 4,njegcty ording to any one of the
preceding claims, c har a th i 27 in that the externa
dianeter of the abutnment. surface ( 5 ¥he fuel tube on the back
surface of the back sprismng gui \i mal | er than the external dianeter
of the front section (2 of t 9. ? fueI i njector according to
any. one of the prece ’ | ai s a c/A i zed in that 30
t-he ext ernal dlaneter/4Md t ' 4l ;ﬁ/’ eF’Tor 1 backwar d abut nent
surface (18) of the flugl fu bg ' th sane di-nensions as
the external dianet¢y]an |, aNyoi i, resgpctively, of the
front spindle section432) ! 4 1
PCT/ DK97/ 00263 21 10. A fuel/’ | to any one of the preceding
claims, char acter. i t - g’ njector is intended for
injection of preheated fldl= hig ol l, that the valve el enent
5 | ocated behind the fuel tHg N BN itad,/(11) for a fuel
circulation val ve, and that 6 d of the thrust bushing (10)
abuts a forward abutnent su ck end of an annul ar recess
in the front part of the out I54 rface when the
16
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107injéctor. i s assembl ed, whereby the Iength of the th R ”’ ‘
y g rust bushigmmg eI-I-"' FPS’ (o

~det érm nes the PEF ensi oni ngowxmﬂiwm ORGASVIZATION 11, NS
injector according to claim 10, char Eﬂé t er i z-edin that the \ .
s Eu ndl e GNTERNATIONATCABHIGATION PURBLISHED UNDER, THE PATENT GOREERATIGN TREATY O
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are | pck - h other via the thrys b(us_himgmmaﬂ_’nbucanonmqe: A24 Deedmber 1997 (24.1049% §

| nj eclor—aeeor-di-rg—te—any—one—of —the precgdimytrarms, T T a T a c t—e T
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(57) Abstract
A fuel injector (1) for an intemal combustion engine has an outer housing (4) with a mounting n ?
flange (2) at its back end and an injection nozzle (8) protruding from the housing at its front end, J
and a fuel passage (34) extending centrally in the injector. A spindle (26) is mounted on the outside 6 4 2
of a fuel tube (19) and within a spindle guide (9). A closing spring (21) biasses the spindle forwards I
in the closing direction, and the spindle guide is pressed forwards in the injector housing by a thrust ; ! 7 /
bushing (10). The fuel tube is a separate unit which is in contact with the vaive member positioned A |
behind it via an annular surface (18) which is substantially perpendicular to the longitudinal axis : L5
of the injector. The front spindle section (32) has an outer diameter which is at the most 8 zm 12 -1, \_2
smaller than the inner diameter of the spindle guide bore (27), and an inner diameter which is at -
the most 8 um larger than the outer diameter of the front section (24) of the fuel tube. _
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