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injector f ernal conbustion engine The present invengi ?%FS to
a fuel inj 3?: %4% an internal conbustion engine, particul géwﬂggﬁe? e

t wo- str oke dlesel engi ne, having an external housing for 5 mounting in a
cylinder cover and a through-going fuel passage opening out into a nozzle,
and having a valve slider which is longitudinally displaceable in a slider

guide and is acted upon in a direction towakds its valve seat by a

prel oaded conpression_spring and in the 10 opposite direction by the
pressure of the PudiiSih ¥HEGR 0¥ 8gdntermals cosbassdonvengines axi al |y
di spl aceabl e in the housing, being |ocated at one end of the conpression

[ d havi f t f faces omthe spring and,
ogether wi th & 15 st AToRe EOmAOREE L0l THITESS: Fpr 8t SHPIodiBecERber
whi ch connunicaté@rwanhlnhernaélcgmbusgeomrﬁmgmﬁEﬁypﬂrﬁmuﬂlarmy(i large
conpr essi on Spr i RENIASIRQ &E‘Ssé? ér}g ?t ?{éx}i’}zg[aﬁﬂ' %:?Eéif—ﬁgl howards %%gﬁber

extrene pOSItIOI’] V\nthamnlrmm Irs ressure
20 I n such FQUI%iBS dn deseYlinder coser shn@aaenhrmughigmaggfuel

cor respondi ng top&@@&@%s%préaﬁe@ cM?t 11r§§;9§9mo££€eChéﬁ86haizia§1€5h%a&%'

passage to the first as a thrott channel so
that the pressuréhﬁeg‘h@ (’:ﬁé ?Wi‘%‘\’él??lﬂglﬁ*maﬁﬁmﬂél @n S25deke
fuel passage w t quddeechayg. 1Wmtédlmﬁwehnpaed£metimrtfmsa&isdlilﬂmgaaﬂe

injection periodg.the pre u | nc r.essur e.chanmber so
that the first pi s%lﬂ ]B s%;r g.segaaangvaér%@P%% ri rﬁ‘& s%?ﬁingm aﬁ&e
i ncreases thelPorppodite Whiirectilon dprithe qtessurd hef 3theafvelsindehein a

direction towardgyelS $e3sagiliChh  first piston, which is axially
displaceable in the housing, being located at one end
of the compression spring and having a first surface
which faces away from the spring and, together with a
15 stationary component, delimits a first pressure chamber
which communicates with the fuel passage through a
channel, said compression spring biasing the first
piston in a direction towards an extreme position with

a minimum fuel volume in the first pressure chamber.
20 In such an injector described in Danish patent No.
152 619, corresponding to Japanese patent No. 1851989,
the channel from the fuel passage to the first pressure
chamber is designed as a throttle channel so that the
pressure in the chamber follows the current pressure in
25 the fuel passage with a delay. When the fuel pressure
increases during an injection period, the pressure also
increases in the pressure chamber so that the first
" piston is pressed towards the closing spring and
increases the force with which the spring acts on the
30 valve slider in a direction towards its seat, which

increases the closing pressure of the injector.

This remedies the problem that the closing pres-
sure, i.e. the pressure at which the valve slider moves
towards its seat at the end of the delivery period, is



I ncreases the closing pressure of the injector. This renedies the problem

that the closing pres- sure, i.e. the pressure at which the val ve slider
moves to ' seat at the end of the delivery period, p&SpKesitfsgac/ 05425 .
PCT/ WQS)@@gg{gg‘%éusual |y smal |l er than the opening pressure, | .lgs t he

pressure in the fuel passage at which the valve slider is |ifted off its
val ve seat at the beginning of a delivery period. The | ower closing
pressure is due to 5 the fact that in the closed position of the injector,
thelruel pressure acts on an effective aréa of the valve slider which is
smal l er than when the valve_slider is jn its qQpen position, when the
pressure al so Heeably t FRadlegert athe| GREPHDSs e g Srcel - €0 tq"e
t het i nj ector dgquﬁés'gefb | in tdiee R B hpgsdadd ,at whifalr sthepivatlore nekieker
conti nuous adj ust men ve t ug a ipng I akel i ng _th
delivery peri o_d"%ﬁf‘%&glgnjo c oi?gmﬁ’:ag%erran%ér esg?t %lth% gbérgjfﬁr?%%%nglkdgar abl e
wear on the guidelieefuceeviodheThesilowew chosdngegressurs ilsccugs &P
| eakage fromd hg, presser enghafhetneAbhekelinpodi¢idh ACRHE ingdatdieriod,
the conpression spring presses the first piston back to itg extre
position with athﬁrﬁqéingﬁﬁﬁsuﬁﬁ afEs At affective @H&ﬁb@?,tgﬁ)w M€ t he
openi ng pressurgl phet hghisheebobmagleet tAani whenerted vayl viehes lnydkmauis C

| oadi ng of the conpression spr.ing. '
pres su?e in t hefn nPts open po%rn.ltr:{%n,l &Jht'-:r? t né)-V\;')nretsg%[ret Q seCOBESSSH Yhe

gslider area below the seat surface.

In

10 In the injector described in the Danish patent, the
first piston makes continuous adjustment movements
during and immediately following the delivery period of
the injector, which may result in a not inconsiderable
wear on the guide surface of the piston with consequent

15 increased leakage from the pressure chamber. After the
end of each delivery period, the compression spring
presses the first piston back to its extreme position
with a minimum fuel volume in the pressure chamber, so
that the opening pressure of the injector is not

20 influenced by the hydraulic loading of the compression
spring.

It is known that the coﬁpression pressure in the
engine cylinder depends on the engine load so that at
full loads the pressure is substantially higher than at

25 low loads. At full load, for example, the compression
pressure may be at about 120 bar, while at idling load
the compression pressure is at about 40 bar.

When the valve slider is in its closed position,
the pressure in the engine cylinder spreads through the

30 nozzle holes and further along to the slider area below
the seat surface, i.e. the slider section positioned at
the nozzle side of the wvalve seat. Therefore, the
current compression pressure acts on the valve slider
with a force in the opening direction. The compression

35 pressure rising with the engine load thus leads to a
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engi ne cylinder depends on the engine load so that at full |oads the

pressure isygWpakaptially higher than at 25 low | oads. At fakkpb%§g0$%€r

exanpl e, the conpression pressure nay be at about 120 bar, i ng
| oad the conpression pressure is at about 40 bar. Wen the valve slider is
inits closed position, the pressure in the engine cylinder spreads through
the 30 nozzle holes and further along to the slider area bel ow the seat
surface, i.e. the slider section positioned3at the nozzle side of the valve
seat. Therefore, {he current cqgﬁ{ession pressure acts on the valve slider

with a force in tHERpEhi M FRVITDPTEFRIXD RF dhg dnas gasieciars iat ng
w&?&ggl gggggeslnmt' ddmed | egliné dldads. \@%/%Z&f 't 1 kfuel inject;[or fo:.;

P r e ressure o nown jnjectors a

i ncreased engi ne O%QQI%%_ﬁﬁggd?%&i?ﬁ%ﬂ%‘rm Ps R r%ke
di esel engine, tmawpeftngeyaepier edmay, from dRanphe, adr ddlfimagmi4Rd s  at
idling load togb t 4! Lhae d. r B?ﬁ! ressure at
full |oad does nofz?%r%%ota} tf%glateg%gggt iléﬁa()f T%[%Zlc%vﬁ%f ?aé_) eé]%f art- of t he
i nj ection period.2tAif bl dREANECESadOL PROTRRS PResatPBirating ofj ddtor is

determi ned by it fuBlerithEHy e8siite o Hd einfdtitin BEWHEUPPI Y such a
smal | anmount of fuel that.the flowre iséance in %he nozzl e has no

i nfl uence on the fuel e38Ur SNERR  4PFFo 1TSS, THRE MFSSSHRSUNER the
delivered from t Hevjmotes dits hiegteamiaregl ey lidad OpRTA IRP pressure, as the
10 fuel pumps supply such a small amount of fuel that the

flow resistance in the nozzle has no influence on the
fuel pressure. Contrary to this, the fuel amounts
delivered from the pumps at higher engine loads are so
large that the flow resistance in the nozzle becomes
15 decisive to the fuel pressure in the injector, i.e. the
fuel pressure is in this case substantially higher than
the opening pressure of the injector.
The opening pressure in the known injectors is
determined by the preloading of the compression spring.
20 The manufacture of the springs is subject to certain
production tolerances, resulting in the fact that the
fuel injectors in an internal combustion engine are not
necessarily all set to exactly the same opening pres-
sure. The variations in the opening pressures of the
25 injectors often become more pronounced after a long
period of operation of the engine, as the springs sag
during operation, i.e. loose some of their spring force.
Thus, there are time-determined changes in the opening
pressures of the injectors, which necessitates control
30 and retightening of the compression springs at regular
intervals to maintain satisfactory operation of the
engine. This is labour-consuming and undesirable.
The object of the invention is to provide a fuel
injector which has an increased opening pressure at



| arge that the flow resistance in the nozzle becones 15 decisive to the
fuel pressure in the injector, i.e. the fuel pressure is in this case
subst ant iya befosatggher than the opening pressure of the inj @CTmKISAEBOOpENi NG «
pressure in the known injectors is determned by the preloading of the
conpression spring. 20 The manufacture of the springs is subject to certain
production tol erances, resulting in the fact that the fuel injectors in an

i nternal conbustion engine are not necessgrily all set to exactly the sane
opening pres- sure. The variations in the opening pressures of the 25

I njectors ofte : ced 4 ; | apetation of

t he engi ne, asqf%gggggﬁg%ésggéqgﬁggh opéﬁg?%gﬁéeﬁggfg%%ggggégqe é%gtheir
spring force. Thus, Wiet e this t PREegbt eihi nete¥hantR® ifiqhe iemtoF
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o] e conpression, spr,i ngs requl ar intervals to maintaip satisfactory
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connection with a second 5 piston havin second _surface which_ faces awa
fromthe tion between the first anéJgﬁe second pressure chambers, y

10 that the second pressure chamber has a lérger effective

cross-sectional area than the first chamber, and that

a restricted drain passage connects the second pressure
chamber with a drain. '

At increasing engine loads, as mentioned above, the

15 pressure grows in the fuel passage as a consequence of

the flow resistance in the nozzle. Thus, also the

pressure in the first pressure chamber increases, which

causes displacement of the first piston so that the flow

connection between the first and the second pressure

20 chambers is opened, and an amount of fuel flows into the

second pressure chamber. As this pressﬁre chamber has

a larger effective cross-sectional area than the first

chamber, the pressure build-up in the second chamber

will lead to a return of the first piston to its extreme

25 position with a minimum fuel volume, and at the same

" time the amount of fuel in the second pressure chamber

is confined, as the first piston interrupts the flow

connection between the chambers. As the second piston

is in force-transmitting connection with the spring, the

30 latter will be shortened in step with the filling of the

chambers, whéreby the spring force increases. Apart from

a small amount of fuel drained away, the fuel is kept

confined in the pressure chamber, until the fuel

injector again has to be actuated for renewed injection

35 of fuel, and thus, the increased force of the spring is



spring and constitutes the end wall in a second pressure chanber, that at

novenment | ' tion away fromsaid extrene position the first piston
opens a f|§%§3§h%§§- tion between the first and the second pPELDIIE00300

chanmbers, 10 that the second pressure chanber has a | arger effective
cross-sectional area than the first chanber, and that a restricted drain
passage connects the second pressure chanber with a drain. At increasing
engi ne | oads, as nentioned above, the 15 pra&ssure grows in the fuel passage
as a consequence of the flow resistance in the nozzle. Thus, also the
pressure in the fPasBtpteedur whiphnbeparher casede vhiedh izajﬂ&so:dib@ﬂ:lac&hrrent
of the first pist Bét n n i e i nd the
second pressure é%ﬂ%h gé% %@? ﬁtﬁﬁﬁggg %ﬁgﬁggﬁo H%Pd€ié%éﬁéf§%$%g?%?b t he
second pressure chanbett WRe dHighest Ruassunitaidefthrafual | prepagefdecinge

cross-sectional arlea héan impedtion PEAIGEris {HEGHSLISAED, 4 4Kl UPad Ind he
second chanbergMiéaée
[

o a return of .the first piston tp its extrene 25
position with & mn rnﬁﬁ%{ﬁﬁs?ﬁﬂlﬁhf &ﬁﬂ'EFeFﬁgrfaﬁB FPﬁE£%¥EFE§ﬁﬁﬁﬁu¥ﬁ
fuel in the secorchamkeswilk ganseraties ac fofricecdn ahetﬁbréir;]rpistpmstmmch
interrupts the fl LPGEL! | b h e _secqgn | st on
Is in force-tran§%¥g%ing %ogﬁggtﬁgﬁe%PPEQSﬁ% 3%??%%:ﬁﬁ%ﬁ?ﬂ)ﬁ%ﬁ§h§5%§$ﬁ be
shortened in stepf-i £hsPhacenent ngfofthendigatnipistomher ebrathd heprf oW

force increases. Apidctionn BetWBbh 2MRUNHhAbdMe! 1 4lr 8haRdaaVWaYe 1hhe el
Is kept confined _in the pressure chanber, until the fuel 1njector agaln has
to be actuate (ﬁr§§ﬁﬂﬁ£deﬁ'@6??0&“3§hﬁ FeePnd JRYeERUEe Chambey d

force of the sprigenemated an increased spring force slightly larger than
the fuel pressure on the effective cross-sectional area
of the first pressure chamber. The increased spring
force will then again return the first piston to its
15 extreme position with a blocked flow connection between
the chambers.

The restricted drain passage provides continuous
drainage of a small amount of fuel from the second
pressure chamber. This ensures that the loading of the

20 spring is also reduced when the engine load and thus the
highest pressure in the fuel passage decreases. If the
load does not decrease, the amount of fuel drained away
will be replaced by new fuel at the next injection
period as the draining away of fuel produces a small

25 lowering of pressure in the second pressure chamber so
that the first piston can again open the flow connec-
tion.

The opening pressure of the fuel injector at a
specific load in the upper load range of the engine

30 depends on the effective cross-sectional area of the
first chamber. As such an area can be manufactured at
very fine tolerances, all the fuel injectors in the
engine will adjust themselves with the same opening and
closing pressures, as the various manufacturing-deter-

35 mined variations in the spring characteristics of the
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mai nt ai ned, which inparts to the fuel injector both a higher opening

pressureagaga@54 i gher closing pressure. If the highest pr Koslodzdone fuel .
passage I'ng e next injection period is higher because the engine 5

| oad increases, the fuel pressure in the first pressure chanmber wl|

generate a force on the first piston which is |arger than the opposite
spring force, which |eads to displacement of the first piston so that the

fl ow connecti on between the chanbers is opened, until the 10 pressure

build-up in the second pressure chanber has erated an |ncre ed spring
force slight |y GRRESAIRT, SRR ISR A5 ShE e Gif hersTt FgELAY durin

Cross- SeCtIOnakhEWﬁpéﬁaﬁingfpesio@rQSBDrBecbquhéizeahbw m@mprﬂyéumwing

force will the r t 0Lt Is tlon
wi th a bl ocked OM/coﬁﬁaﬂ%%%nhﬁt{%eg%e 2&§E%ngg%5§a+§e%§e§§ ted drain
passage provi dedicdnt rAGYESSdriee ndde ohigheat Iftmioum-’eéﬁuraellmr@lhet he
second pressur § Shaiiiis T@hiseraa%%%mtemt tdied 0@%88 Qrutidiatd@a3Aki N9 i s

al so reduced when the engine | oad and_thus the highest pressure in the fuel
passage decr easB¥ing i PRB¥PHLRR Abt theceegine ﬁ@daﬁ'ﬁ‘&ﬁt obyvigkes

dL ai ged. avay wig |sxﬂﬁsf_ﬁﬂ£m18dp§¥tn©\ﬂ furd mwded hEopeperibhieehlomaprialod as
Second pressur SOHERRAY & HHE SRGHERE pi oton can Sgai n open the 11 ow
connec- tion. It is possible to design the flow connection with
10 a side opening which can be covered or uncovered by the
first piston at its displacement, but preferably, the
first piston has a seat section which blocks the flow
connection between the first and the second pressure
chambers by contact with a corresponding seat section
15 on the stationary component. Such seat sections have
proved very reliable in fuel injectors over many years,
and they produce a well-defined closure capable of
resisting large pressure differences.
The drain passage may suitably be of such limited
20 size that the volume drained away at £full engine load
during an engine cycle ranges from one half to one
twentieth of the fuel wvolume in the second pressure
chamber. If the amount drained away becomes greater than
half, it will be difficult, particularly at low engine
25 loads, to achieve the desired increase in the opening
pressure, and in addition, the piston movements will
become large and frequent, as the second pressure
chamber will have to be refilled at each injection
period, also when the engine load is constant. If the
30 volume drained away is less than one twentieth, the
opening pressure will drop unsuitably slowly at a sudden
reduction of the engine load. The said drain ratios
apply at full engine load.
In one embodiment, the effective cross-sectional
35 area of the first pressure chamber may be smaller than



The opening pressure of the fuel injector at a specific load in the upper

| oad range of the engi ne 30 depends on the effective cross-sectional area
of the firsvoeéesser. As such an area can be manufactured atpPUBEDKIS((03®
tolerances, all the fuel injectors in the engine will adjust thenselves

wi th the sane opening and cl osing pressures, as the various

manuf acturing-deter- 35 mned variations in the spring characteristics of
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conpression springs and their different sagglng during the operating perlod

will be equalizedHy cpRMMeSael of éﬁ@v%qT é‘%&ﬁ%&i | Thaeifeg%ﬂ%f g, ;5ame

spring force which adhusts to the hi pressure in I njéctors.
This adjustment tikeSPBFaddiautdrati (E&EFEPIHUP’J-% tFeMdper 461 okhef abave
engi ne, and thi s eoinderteespasstubshanit alowaretngan‘net heosasd v Pehé 0Giyal

| adj f t the f
Connect on-w th EFerik, i CEFnincs BuheRe' duentBy BreaRLste i Y « he
first piston aﬁjﬁnﬁaﬂﬁqﬂzﬂ%ﬂﬁuﬂ@dtﬁmlgﬁﬁfbyabhp,mebhahucaﬂ pretlomdiagy a
Seal section whigh hinekspthag f'@ﬁﬁp%ﬁéﬁ SRePmRehides did s 8ad the

second pressure chanbers 8t act corrésponding seat Sectrof 15 on
the stationary cél%r?@rﬁlngsmlé’@at oask Widds they Preseuae Wy Fheeleiffisice in

fuel injectors otdrveTaiBosLaect ibHhl Neyed' OUERe A MRLE - dahinBed GleRsidie
capabl e of reSISEEP% E%E & &ngﬁuégndé3é§£§£§e€he spring force and move
10 the first piston away from its extreme position.
Preferably, the second pressure chamber has an
effective cross-sectional area which is several times
larger than that of the first chamber. The result of
this is that the pressure in the second pressure chamber
15 is a corresponding number of times smaller than the
pressure in the first chamber, when the force of the
second piston acting on the spring and thus on the first
piston egualizes the oppositely directed force of the
fuel acting on the first piston. The large effective
20 cross-sectional area of the second chamber thus results
in closure of the second chamber at an advantageously
low chamber pressure, which results in a relatively
small pressure drop over the drain passage with a
consequent small draining away of fuel from the second
25 pressure chamber. The large area of the second chamber
also yields the advantage that the chamber is filled
with a large fuel volume at a certain displacement of
the second.piséon and a corresponding compression of the
spring. These two circumstances both contribute to the
30 fact that the power of the spring is only changed
slightly while the injector is in its closed position
between two injection periods.
It is possible to position both pistons at the end
of the spring closest to the nozzle, as the component
35 which is stationary in relation to the first piston is



The drain passage may suitably be of such limted 20 size that the vol une
drai ned away at full engine |oad during an engi ne cycle ranges from one
half to one twentieth of the fuel volunme in the second pressure chamger.lf .
the anounWVaSB#HSd away beconmes greater than half, it wil| PEEPEIMPERY ¢
particularly at |ow engine 25 |oads, to achieve the desired increase in the
openi ng pressure, and in addition, the piston novenents will becone |arge
and frequent, as the second pressure chanber will have to be refilled at

each injection period, also when the engime load is constant. If the 30

vol ume drained away is | ess than one twentieth, the opening pressure wll
drop unsuit abl ytieawrgnatitutedden thelvelvensbidene Thrjinesuldaef Fachsai d

drain ratios appl yealighuhik €R&t Nend Gathtddl YRR-tARQRLERRY, t'thaS]ijSEt-i ve
cross-sectional 35 area of the flrst preisure chanber. may be small er than
VO 96/ 05425 ment movements of the wvalve slider. Bar/ /R Oothet he
openi ng area of pilbeonal weikl i det. aEheati esnbire@bet WS thet Makst hef f thet

pi ston will rgnaégdig thgﬁa ovelgxtnene osi.ti.on, at I$w1engiﬁe Igads when
the fuel pres3ufe P§Tdet&findd by StNe 8§8n%ﬂéeBF8§sﬁ Q¥SF rHEUSPRPECt or
produced sol el ymbyemeatsec ignitduls piel nodhablyfcoheideredga Anbadwarn t he

fuel pressure riges atyd fyg%!P%éﬁéﬂxm%*Eéﬁk%ﬁéé&§$gifwﬁ ff&fmga Lpe

effec- tive cross-sectional are e t er result 1n a force
whi ch can over c&he tIRPAPrihgeRdr @€ dme nepeing. This results in the

disadvantage that the flow connection between the two
10 pressure chambers becomes elongated and relatively
difficult to manufacture. In a preferred embodiment
which both avoids these disadvantages and is simple to
manufacture, the fuel injector is formed so that in a
manner known per se the compression spring is mounted
15 between two spring guides which are longitudinally
displaceable on a central thrust member which is
stationary in the housing, that the second piston is
formed in the upper spring guide which is located
opposite the nozzle and has a lower tubular wall which
20 pressure-sealingly encloses the thrust member, and an
upper tubular wall which has a larger internal diameter
than the lower wall and pressure-sealingly encloses the
first piston, and an intermediate member interconnecting
the walls, its upper surface constituting the second
25 surface, that the first piston is annular and is
enclosed between the thrust member and the upper wall
of the second piston and has a lower inward collar the
upper surface of which constitutes the first surface,
which inwardly merges into the seat section, and that
30 the corresponding seat section of the thrust member
faces downwards and is positioned between a through-
going channel to the fuel passage and a lower area of
reduced diameter constituting the flow connection
between the two chambers.



10 the first piston away fromits extrene position. Preferably, the second
pressure chanber has an effective cross-sectional area which is severa

ti mes | ar g0 hat of the first chanber. The result of tREPKEM0FN ¢ he
pressure in the second pressure chanber 15 is a correspondi ng nunber of
times smaller than the pressure in the first chanber, when the force of the
second piston acting on the spring and thus on the first piston equalizes
the oppositely directed force of the fuel asting on the first piston. The

| arge effective 20 cross-sectional area of the second chanmber thus results
in closure of the secdig crairepasisage arkyarhag:'emmw aso\arc Hardegrendlesgs ur e,

whi ch resul ts in pRniifelAt ifkel ¥.x§HBUa Pﬁet?r?éf”s% Bfo%{eéméff ﬂgd:a%g&h%%% €

wi th a consequent snall draining he secon sure

chanber. The | ar {&€aFEGOBA Ph%t%defﬁbp @ﬁ’@nﬁéﬁoﬁﬁsﬁh§%¢ﬁs hute
that the chanber liys foHd e-asirt @a%éa@f@%éﬂs@st\@lmzﬁt PreRfurd %ealln

Spri ng. These Pus A EARER: %eoqa‘{c‘é’ee%n%?a%ﬁéﬁé’?%%@ G2 cdke { RACOR
power of the spr plgstlcm omduyd chhaegefirsdt ghibyonhiand tttee i t\hﬁﬁgﬁr mesbelt,i t S
cl osed position ﬁ% %P)Hnj t?r?ééé’naﬂ {ﬂggs 51 Lttghsbgog gkgfggFﬁg5| tion

bot h pi stons at the pring ¢ osest %0 The’Tio
conponent 35 whi &&kes Whe&ﬁwnmsseﬂr@t-utmgmoatshetf ibisst ‘I}ljuestamqaum; of WD

96/ 05425 fuel drained away will at the sgﬁg/E%QQ/QQQQQCQte the

10 surfaces sliding against each other.

An example of an embodiment of the invention will
now be explained in further detail below with reference
to the drawing, in which

Fig. 1 shows a partial, longitudinal section

15 through a fuel injector according to the invention,

Fig. 2, on a larger scale, shows a portion of Fig.
1 depicting the compression spring with associated
members, and

Fig. 3 is a diagram of the correlation between the

20 engine load and the opening pressures of injectors of
the known type and those of the invention, respectively.

Fig. 1 shows a fuel injector generally designated
1, having an external housing 2 for mounting in a
cylinder cover. The housing is elongated and at its

25 upper end has a mounting member 3 which projects
sideways and by means of bolts fastened in the cover
presses a contact surface 4 at the lower end of the
housing against a corresponding contact surface formed
in the cover. A fuel pump, not shown, or a similar

22 source of periodic supply of highly pressurized fuel is
connected through a pressure conduit to a fuel inlet §
at the top of the injector, from where a fuel passage
6 passes centrally through the injector down to a nozzle
7 with a central cavity 8, from which nozzle holes, not



then constituted by the valve slider. The result of such a design is that
'lthe ﬁi st ons paLtici pate in the adjust- nent novenents of the valve slider.
n this case t pistons will act as an increase of the mgsy

slider, wWYPOR® EiFI give the injector slower adjustment nnvene’ﬁ%‘%%’&%%ost hi s
I's normal |y considered a disadvan- tage, the first piston may alternatively
be formed at the opposite end of the spring. This results in the

di sadvantage that the flow connection between the two 10 pressure chanbers
beconmes el ongated and relatively difficul#0to manufacture. In a preferred
enbodi nent whi ch_both avoids these di sadvantages and is sinple to |,
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surface, that the firs i ston i,s annul ar,and i s encl osed between the
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a through- slider 13 is received so as to be longitudinally
displaceable in a central guide bore 12’ in the slider
guide, and by its one end encloses a downwardly project-
ing cylindrical section 11’ on the intermediate member.
15 The guide bore centres the slider so that an annular
conical seat surface 14 located at the lower end of the
valve slider and formed as a needle, is coaxial with a
corresponding valve seat on the slider guide 12. When
the valve slider is in its closed position with the seat
20 surface pressed against the valve seat on the slider
guide, the tip of the needle projects into the central
cavity of the nozzle and is here exposed to the engine
cylinder pressure which spreads through the nozzle holes
into the cavity and acts on the valve slider with a
25 force in the opening direction. The lower end of the
valve slider and the slider guide 12 delimit a pressure
chamber 15 which communicates with the fuel passage 6
via oblique bores 16. The downward, annular end surface
of the valve slider, which is inwardly delimited by the
30 needle, is influenced by the fuel pressure in the
chamber 15, as the fuel pressure acts on the valve
slider with a force in the opening direction. The
opening area of the valve slider is substantially
determined by the difference in diameters between the
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and the lower end of which is supported via a lower
spring guide 19 also displaceably guided on the thrust
member 9, by a slotted thrust bushing, the lower end
surface of which is in contact with an upward collar on
the wvalve slider 13. The spring force is thus trans-
mitted via the spring guide 19 and the thrust bushing
20 to the valve slider 13.

An annular first piston 21 is mounted axially
displaceably around the upper section of the thrust
member 9. The internal diameter of the sliding surface
22 (Fig. 2) of the piston is adapted to the opposite
guide surface 23 on the thrust member in such a manner
that the annular slit between the surfaces is suffi-

_ciently narrow for the piston to enclose the thrust

25

30

35

member in a sealing manner. The guide surface 23
terminates downwards in an cylindrical recess worked
into the thrust member and communicating through a
channel 24 with the central fuel passage 6 in the thrust
member. The recess merges downwards into a cylindrical
section 25 of a smaller external diameter than the guide
surface 23. Below the section 25, the thrust member has
an annular conical downward seat section 26.

The first piston 21 has a lower inward collar 27
having a conical upward seat section 26’ which may
pressure-sealingly abut the seat section 26. In the area
abreast of the recess and the cylindrical section 25,
the first piston and the thrust member delimit a first
pressure chamber 28 with an effective cross-sectional

and
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upper spring guide 18 and comprises an annular inter-
mediate member 30 which supports a lower tubular wall
31 and an upper tubular wall 32. The inner side of the
lower wall 31 is pressure-sealingly and longitudinally
displaceably in contact with a cylindrical second guide
surface 33 of the thrust member 9, and the inner side
of the upper wall 32 is in pressure-sealing and axially
displaceable contact with the outer side of the first
piston 21. The first and the second pistons together
with the thrust member 9 delimit a second pressure
chamber 34 of an effective cross-sectional area deter-
mined by the difference in diameters between the
cylindrical inner sides of the lower wall 31 and the
upper wall 32. A cylindrical recess formed in the outer
side of the thrust member and positioned immediately
below the seat section 26 forms a flow connection 35
between the two pressure chambers, when the first piston
has been moved away from the seat section 26.

The bottom side of the collar 27 may have one or
more projections or an annular projection with cuts
keeping the part of the second pressure chamber 34
positioned radially in alignment with the projection in
flow communication with the flow connection 35, when the
projection abuts the upper side of the intermediate
member 30. In an alternative embodiment, not shown, the
projection may be annular, and the inner side of the
lower wall 31 may have a smaller diameter than the inner

tgﬂ'thhaﬁdd8¥nh%§d098r89d encl oses a
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coni cal seat surface 14 |ocated at the | ower end of the val ve slider and

formed as Is coaxial wth a correspondi ng val ve se
¢l i der gui de ?% S&en the valve slider is inits closed posi?%gﬁﬂa%@ﬁm{he

seat 20 surface pressed against the valve seat on the slider guide, the tip
of the needle projects into the central cavity of the nozzle and is here
exposed to the engine cylinder pressure which spreads through the nozzle
holes into the cavity and acts on the valvd3slider -with a 25 force in the
openi ng direction Th%ﬁ% r end_of the valve slider and the slider guide
12 delimt a pre§§9Fe rca513hi eF semuhdtc fthes RA%th efiethgelsegandage 6
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slider with a fowbéchn ise Qnﬁsnl ng’ dthectfilow Tohanepedong mseewlféntltheval ve
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ext er nal d|anetanSPrFﬁélé§P|NGWP§§I3§e%@¢chiqgkse§hﬁ1QQ§naﬂﬁquatOdthﬂeter
of the guide boreemdinifBepyat Wt &ﬂhéjﬁ&eb%ué*bs@hﬁﬁﬁgf%4 N Adhe Sh?EEB@e

direction, i.e. in a dowmward direct,on %Pmar s the 5 val ve seat é
of a conpressi onp§ﬁ?FH§el7ln‘Fﬁ%a%$pe‘rn efrdCof LAY cIFIRRGGE ¥t 38 wE Prsan
upper spring gui défé8tiwanteeadivsiillaceady dhet becbhdugiiswmers %o be

10 moved away from the first piston 21 with simultaneous
uncovering of the full effective cross-sectional area
of the second pressure chamber.

The second pressure chamber 34 is continuously in
contact with a restricted drain passage consisting of

15 a pressure-sealing annular slit between the inner side
of the upper wall 32 and the cyiindrical outer side of
the first piston, and of the pressure-sealing annular
slit between the inner side of the lower wall 31 and the
guide surface 33 on the thrust member.

20 Now follows a description of how the two pistons
automatically generate the desired spring force in the
compression spring 17. When the engine is stopped and
the fuel passage 6 is not pressurized, the two pistons
take the position shown in the drawing where the

25 compression spring 17 with its factory preloading
presses the second piston 29 upwards for abutment
against the first piston 21, which transmits the spring
force to the thrust member 9 through the seat sections
26 and 26’7,

30 When the engine starts and the load increases, the
pressure in the fuel passage 6 rises during each
injection period to a highest pressure which at low
loads corresponds to the opening pressure of the
injector and at higher loads is determined by the flow



and the |ower end of which is supported via a |ower spring guide 19 al so
di spl aceably guided on the thrust 10 nmenber 9, by a slotted thrust bushing,

the | owe rface of which is in contact with an upwaipgrfiiidsaszeen the
val ve slﬁveék%f?.é The spring force is thus trans- mtted via the spring

gui de 19 and the thrust bushing 20 to the valve slider 13. 15 An
annular first piston 21 is nounted axially displaceably around the upper
section of the thrust nmenber 9. The internal dianmeter of the sliding
surface 22 (Fig. 2) of the piston is adapt®d to the opposite guide surface

23 on the thrgst nenber in such a ngapeg %0 that the annular slit hetween
the surfaces i FEIFFTANCE it 1N BPRAWSr P LeRe ISt BFFITEVR AT %™ hr ust
menber in a seahdiFuslnpassabee thuisdeisesl atei28réas imaadrasimo\ioeadsls i n an
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a 25 channel 24 w tw{ﬁéeér#@ra% q?‘utetiﬂe zéggggggg?ﬁgt%e usstcat-'trlrriefr%‘e“zw1 '(I)'Eg

recess nerges(ﬁhmmahdsneht§4aQgﬂﬁhmrgtéﬁtsEE?FEHrQSCbﬁm§e§m%QWﬂaQ§Iernm
di aneter than thgeguitde Sprbacare3. hBpbowddha@Cld ONedbl tdRetdr Usie NENDer

has an annul ar coni cal _downward seat section 26. 30 Thﬁlfirst i ston
21 has a |over GPWRWRFLOI%He 2R FGTECCBAPESR QPREFOMER S RATHT 26
whi ch may pressgpeingakbreby alig fhessepisteat iim @6vedn towardsealsbr east
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cross-sectionall8 and 19, and at the same time the fuel flows via the

10 flow connection 35 into the second pressure chamber
where the pressure is built up to a level which returns
the first piston 21 into contact with the seat section
26, while the second piston 29 remains in the position
in which the spring is given the extra loading.

15 If the pressure in the fuel channel 6 at subsequent
injection periods increases to a higher 1level, the
piston movements are repeated so that the spring 17 is
given a loading which depends in a linear manner on the
maximum pressure in the fuel passage 6.

20 Through the pressure-sealing annular slits, a small
amount of fuel is continuously drained away from the
second pressure chamber, the fuel being passed to a
drain opening, not shown, via the internal cavity in the
housing 2.

25 In this manner, the fuel injector according to the
invention achieves a spring force and thus an opening
pressure which increases with increasing engine loads,
as shown in Fig. 3. This renders it possible to lower
the opening pressure at low engine loads, as the

30 injector automatically generates the high opening
pressure required at full load. Thus the compression
spring can be pre-manufactured with a preloading
yielding an opening pressure at low loads of about 200
bar, which promotes stable‘engine operation at partial

35 loads, and at the same time the opening pressure at full
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determ ned by the difference in dianeters between the section 25 and the
gui de surf ¥A96W03425The ef fective cross-sectional area is posPCIENI§OBH0t he
upper surface of the collar 27, i.e. on a first surface facing anay 5 from
the spring so that the fuel pressure supplied through the channel 24 in the
first pressure chanber acts on the first piston with a dowward force. A
second piston 29 is forned integrally wthishe upper spring guide 18 and
conprises an annular inter- 10 medi ate nmenber 30 which supports a | ower
tubul ar wall 31 dwadan J.mpénghlehuliahamvalm 32he Thaowhneinécond, tm:l.lCQlV\er
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h rust ne
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end surface surrounding the needle.



30 positioned radi al Ty Tmatighsent_with the projection in flow

conmuni cation with th nnectlon 35 when the projection abuts the
upper sid th |nt \gg In an alternativ

shown, th $ S&ti on mayc and t he i nner side O?C?@E&%Womer
wal | 31 may have a smaller di anet & than the inner WD 96/ 05425

PCT/ DK95/ 00300 13 side of the collar 27 so that the part of the second
pressure chanber positioned closest to the flow connec- tion 35 has an
upward effective cross-sectional area whid® is open to the fl ow connection
35 when the 5 projection on the collar 27 abuts the upper side of the

i nter nedi ate nenber 30 and bl oBk& ThE ¥ofinecki bnAtd ¥h# renmining part of

the pressure chanber 34.a Auel SiHiedtdcr p(rle)swze aGrRaTRalln dordulsltaWn
connection 35, this, effectlve\‘l:?;]rP will the se on%&pls on_29 to be 10

moved away fromSHETSr 24 \ﬂt]t?’@ R ART f393" S he
full effective dra)&sng;e(aml oaateana& dhocusingec@id Foessooentimgbem ’éhe

second pressurse c nyo Cte W4t D rig
drain passage co #ﬁ% ?’v% %dr egsﬁ?ig%sgﬂ égghgnnfu alr g? %ggétv\(e n t he
i nner side of tmPapg qm ingp ariépﬂ@ c(yﬂ)llnéMCbFVéngeil ilge oflides first

pi ston, and of t4’@)pfl%?@iﬁ:%d&%h'l@;gd%ﬁ%ééaﬁiétlrb%t E@E&ef@id&‘%z@' de of
t he Iovver wal | %lfu de surf ce 33 0n ”“é t hrust nmenber.. 2
Now fol | ows a déé'b’rr}b h%wa?ﬁ% t WB°Pi $tofs irdction towards its

valve seat by a preloaded compression spring (17) and
10 in the opposite direction by the pressure of the fuel
in the fuel passage, a first piston (21), which is
axially displaceable in the housing, being located at
one end of the compression spring and having a first
surface which faces away from the spring and, together
15 with a stationary component (9), delimits a £first
pressure chamber (28) which communicates with the fuel
passage through a channel (24), said compression spring
biasing the first piston in a direction towards an
extreme position with a minimum fuel volume in the first
20 pressure chamber, c haractexr ized inthat the
spring is in force-transmitting connection with a second
piston (29) having a second surface which faces away
from the spring and constitutes the end wall in a second
pressure chamber (34), that at movement in a direction
25 away from said extreme position the first piston (21)
opens a flow connection (35) between the first and the
second pressure chambers, that the second pressure
chamber (34) has a larger effective cross-sectional area
than the first chamber (28), and that a restricted drain
30 passage connects the second pressure chamber with a
drain.

2. A fuel injector according to claiml, c h a r -
acterized in that the first piston (21) has a
seat section (26’) which blocks the flow connection (35)

35 between the first and the second pressure chambers by



éutonatically generate the desired spring force in the conpreésion spring

17. \When the engine is s H'ﬁﬂ"ﬁnﬂ "ﬂiuﬂ passage 6 is not pressurized,
the two pi S¥BAIHEke the nn t he drawi ng wher ePE€HPK300300
conpression spring 17 with ifs factor’y prel oading presses the second piston
29 upwards for abutnent against the first piston 21, which transmts the
spring force to the thrust nmenber 9 through the seat sections 26 and 26'.
30 Wien the engine starts and the | oadygyncreases, the pressure in the
fuel passage 6 rises during each injection period to a highest pressure

whi ch at | ow | oadsomtaeespbtlsat ackbesppading peassweetdont h@d)njscte and

at higher |oads i rem%ﬂr{’gego'gg?#?&%f | ow WO 96/ 05425

PCT/ DK95/ 00300 1 0zzl e hol es. The nmaxi mum pressure in
the fuel passage thus ¥isés fatel néngastoy auparlingadse Tlaipr essore 20 the

fuel passage 6 Spsaads  haquah dhe ehangel 34, taakhenll asks RTESSME chanber

28, and 5 when the pressure here reaches I evel wher f'orce

on the first pistdn NercorBitere sﬂ-tzé'sé%h%tpr*"r% votuee dpaippds@waiystadh is
noved towards theesyr igigyinkhildad au&qm?r ansed bﬁév\eyeléh@a:s@és Ner&thligigs 18

ond 19, and ot (I RaE AR 408 el PRV AP SISl A qreglicn, o
whi ch returns therfessiregiciambed (3d). contact with the seat section
4. A fuel injector according to any one of claims
10 1-3, charactezrized in that the effective
cross-sectional area of the first pressure chamber (28)
is smaller than the opening area of the valve slider.
5. A fuel injector according to any one of claims
1i-4, characterized in that the second
15 pressure chamber (34) has an effective cross-sectional
area which is several times larger than that of the
first chamber (28).
6. A fuel injector according to any one of claims
1-5, characterized in that in a manner
20 known per se the compression spring (17) is mounted
between two spring guides (18, 19) which are longitudi-
nally displaceable on a central thrust member (9) which
is statiomary in the housing, that the second piston
(29) is formed in the upper spring guide (18) which is
25 located opposite the nozzle (7) and has a lower tubular
wall (31) which pressure-sealingly encloses the thrust
member, and an upper tubular wall (32} which has a
larger internal diameter than the lower wall and
pressure-sealingly encloses the first piston (21), and
30 an intermediate member (30) interconnecting the walls,
its upper surface constituting the second surface, that
the first piston (21} is annular and is enclosed between
the thrust member and the upper wall of the second
piston and has a lower inward collar (27) the upper
35 surface of which constitutes the first surface, which



26, while the second piston 29 remains in the position in which the spring

is given the extra |lo ﬂ' Ifg| t he pressure in the fuel channel 6
at subsequent injecti ZI IW”"EQH'““MIML% to a higher level, the piston
novenent 0 é%eat ed 0 ¢t hat theSspring 17 is given a | SSA/RKPSORI0R)
depends in a |inear manner on the maxi mum pressure in the fuel passage 6.
20 Through the pressure-sealing annular slits, a small anpunt of fuel
is continuously drained away fromthe second pressure chanber, the fuel
bei ng passed to a drain opening, not shows, via the internal cavity in the
housi ng 2. 25 In this manner, the fuel injector according to the

i nventi on achi émwardlypmemgebointoarndet mesatarserpammgl 36 ‘es,s tamd vibhath

i ncreases wth.inc i ' Sl ' [ ' ders it
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load. Thus thege@ABr ea&LABISREANIL6aPhECEREE- PRESAGE! Y PUaMBt ) BowéL! 0adi ng
yi el di ng an opéni ng pressure._.a Mgl ronot es

%,|OM/|OadS of , about ~ 200 bgg, C
stabl e engi ne BpePaPFoRedHcpdr 8ianeser| GIRStitpHing the LTiME ¢PMRethe
openi ng pressutgont (B8)| betwd€n96h854@5 chambers.
PCT/ DK95/ 00300 15 | gads Es._ highe ' _ Lajectors jch
pr onot es good atoni?ét?o%u%? éﬁééﬁgg%ﬁ¥%g§§¥g%rgékgkhg’i%j%c%?%n peri od.

acterized in that the drain passage consists

of the pressure-sealing annular slits between the two

10 walls (31, 32) of the second piston, and the first ‘

piston (21) and the thrust member (9), respectively.



| nstead of the above central course, the fuel 5 passage 6 may in a

wel | - known manner conprise a nunber of channels which extend in a

st at i onar ywowséesapedi at e nenber al,ong the outer side of the mymbxss/asm wWhi ch
open out in the pressure chanbeL f; via oblique channels in the slider
guide. Wth this design, the opghihg area o 30 the valve slider is

determ ned by the downward annul'ar end
WD 96/ 05425 . PCT/ DK95/ 00300 16 P A
TENTCLAI MS 1. A fuel injegtor (& l) an internal conbustion

engine, particularly a large two-syrokf oy engi ne, having an external
housing (2) for nmounting i indbr cdver h- goi ng fue
passage (6) opening out i a ngzzle (7)"and havi a vial e slider (13)

, g
| ongi tudi nal Iy displaceablieiin a lslider gdﬂde (12), Ywhicl s{ider is acted
upon in a direction towards!lits | ve seaq]by a prellbaded cpnpression
spring (17) and 10 in the T e of the fuel in
the fuel passage, a first piston , |1y displaceable in the
housi ng, being | ocated at one end|of the dqnp essi o spring and having a
first surface which faces away fr¢mthe sdrﬂng and, |together 15 with a
stationary conponent (9), delimts$ a first;pressurejchanber (28) which
communi cates with the fuel passag¢ through p channell (24), said conpression
spring biasing the first piston i a directjon towajds an
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extrenme position with a mninmum fuel volune in the first 20 pressure
chanber, cteri zedinthat the springis in
force-traﬁgﬁ?@¢%ﬁg connection with a second piston (29) hav?ﬁﬂnﬁsgggghd
surface which faces away fromthe spring and constitutes the end wall in a
second pressure chanber (34), that at venment in a direction 25 away from
said extrene position the first pistonjééiziopens a flow connection (35)
between the first and the second press anbers, that the second
pressure chanber (34) has a larger effective cross-sectional area than the
first chanber (28), and that a restricted drain 30 passage connects the
second pressure chanber with a drain. 2. A fuel injector according to claim
1, char - acteri zedinthat ghe first piston (21) has a seat
section (26') which blocks the flow qﬂ' ection (35) 35 between the first

and the second pressure chanbersAN 7 969 05425 17 contact with a
correspondi ng seat section (26) feh|the Ia? ry conmponent. 3. A fuel
i njector according to claim1l o 41 C r t eri zedinthat the
drain passage is 5 of sughg=rt ed|si zg A h vol une drai ned away at
full engine |oad during ¢ g’- e gyclgr omone half to one
twentieth of the fuel vollune ¢ sef ?UFhanber (34). 4. A fuel
i nj ector according to any\g#e/pf cllaim
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10 1-3, char acteri zedinthat the effective cross-sectional
area of the first pressure chanber (28) is smaller than the opening area of
t'he val ve WOS4255 A fuel injector according to any one offCIMKISHO3N0 4
characteri zed in that the second 15 pressure chanber (34) has
an effective cross-sectional area which is several tinmes |larger than that
of the first chanber (28). 6. A fuel i njector according to any one of
clainms 1-5, character. in that in a manner 20 known per
se the conpression spring (17) |s nD CZ%% bet ween two spring guides (18,
19) which are longitudi- nally displa |l e on a central thrust nenber (9)
which is stationary in the housing, that the second piston (29) is forned
in the upper spring guide (18) which is 25 |l ocated opposite the nozzle (7)
and has a |lower tubular wall (31) which pressure-sealingly encloses the

t hrust nmenber, and an upper tubular wall (32) which has a | arger internal
di aneter than the |Iower wall and pressure-sealingly encloses the first

pi ston (21), and 30 an intermnedi ate nenber (30) interconnecting the walls,
its upper surface constituting the second surface, that the first piston
(21) is annular and is encl osed between the thrust nenber and the upper
wal | of the second piston and has a | ower inward collar (27) the upper 35
surface of which constitutes the first surface, which WD 96/ 05425
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inwardly nerges into the seat section (26'),
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(57) Abstract 5

A fuel injector (1) has a through-going fuel passage (6) opening out into a nozzle (7). A
compression spring (17) acts on a longitudinally displaceable valve slider (13) in the closing
direction. A first piston (21) at one end of the compression spring delimits, together with :
a stationary component (9), a first pressure chamber (28) which communicates with the fuel )
passage (6) through a channel (24). A second pressure chamber (34) is delimited by the first H
piston and a second piston (29). When the first piston is pressed away from an extreme position _ !
with a minimum volume in the chamber by the fuel pressure in the first pressure chamber, a flow ;
connection (35) is opened between the two chambers so that pressure is built up in the second {
pressure chamber. The pressure build-up in the chambers generates an automatic loading of i
the compression spring. The oil confined in the second chamber keeps the compression spring

loaded while the fuel injector is in its closed position.
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