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SPECI FI CATI ON | NTERNAL COMBUSTI ON ENG NE HAVI NG FUEL
| NJECTI ON VALVE W TH MECHANI SM FOR REGULATI NG NEEDLE
VALVE SPRI NG FORCE, AND METHOD OF REGULATI NG FUEL

| NJECTI ON VALVE Technical field The present is
applied to internal conbustion engines having fue

i njection valves such as diesel engines and gas

engi nes, and relates to an internal conbustion engi ne
havi ng a fuel injectisgEyaFyeansicih i s conposed such
that a needle valve is pushed up agai nst the | oading
force of needle val ve springs by the pressure of fue
fed under U%géﬁ$essure froma fuel injection
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force of the needl e valve springs, and o of

the adj usting preloading force of the needle val ve
rings. Background art There has been proposed a

Teg itFLofigdtd in which the fuel injection valve of

agﬁlesel en ine is conga sed such that the needle
S
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conbustion chanber fromthe nozzle holes forned in
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effected in two-stage, first

the needle_valve is
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high pressure from a fuel injection pump,

needle valve is opened and the fuel is injected into a
combustion chamber from injection holes formed in the
head cf anozzle chipandwhichisprovidedwithamechanism
for adjusting preloading force of theneedle valve springs,

and a method of the adjusting preloading force of the

needle valve springs.

Background art

thereby the

There has been proposed a variety of arts in which the

fuel injection valve of a diesel engine is composed such
that the needle valve is pushed up against the loading
force of needle valve springs by the pressure of the fuel
fed under high pressure form the injection pump to open
the needle valve to injecte the fuel intc the combustion

chamber from the nozzle holes formed in the head of the




openi ng area at higher pressure, and by this two-stage
injection with | ow and high pressure, inprovenent in
conbusti on and exhaust em ssion is attained. One of
arts like this is disclosed in Japanese Lai d-Qpen
Pat ent Application No.2-81948. In this art, two
springs are provided for |oading one needl e valve
al ong the axis of the needle valve, one is a | ow
noprebs urtei p spr ivhg ransly thiee a3 hehing a thic@le presslkeralve is
spring, and the preloading force of each of the
efsfgﬁ%gé Iintyst-aape, Oifbérentgbraperacly ot Hevw pHessure
IOM/gressure spring supported against the | ower end
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t he 'needle val ve Is noved up i e openi ng ection

alwhen thela pr esstih exteedset he 1piel oadi g hones phddifire
| ow pressure spring to inject the fuel at a |ower
sppréss Aed thadotie mdaedll® vajhepirssfaurtdespmoved wnd nche
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through the intermediary of a shim at its upper end face
is applied at its lower end face against the upper end
of the needle valve by way of & push rod which serves
as a first movable spring seat to push the needle valve
in the opening direction, and the high pressure spring
is supported at its ﬁpper end face against the lower end
face of a push rod supporting member through the
intermediary of a shim and applied at its lower end face
against a second movable spring seat lying on a distance
piece disposed on the top face of a nozzle body, whereby
the needle valve is moved up in the opening direction
when fuel pressure exceeds the preloading force of the
lowpressure spring to inject the fuel at a lower pressure,

and the needle valve is further moved up in the opening

direction when the sum of the loading force of the low




In the prior art, a shinmfirst stage opening pressure
adjusting shin) is inserted between a stationary stop
face and the upper end face of the | ow pressure
spring, and a separate shim (second stage opening
pressure adjusting shim is inserted between the
bottom end face of a push rod supporting nenber
provi ded slidably above the high pressure spring and
p righes wppe s panich § aeeddf tkbe p i Dhapressuf erspr idim. tWemigh
adjusting the preloading force of the |ow pressure
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necessary to _di sassenble the fuel injection valve to
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engine, the relevant 3 0 fuel injection valve nmust be
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Sh&%ﬂ§§ethgeﬁﬂﬂégoénﬁmfg%éoof the low pressure spring
or the shim on the upper end face of the high pressure
spring is replaced by a shim of differing thickness,
whereby it is necessary to disassemble the fuel injection
valve for the displacement.

Therefore, when adjusting the valve opening pressure
or the pressure for further 1lifting up the needle
valve (hereafter the former is referred to as lower valve
opening pressure and the latter as higher valve opening
pressure), 1t 1s necessary to disassemble the fuel
injection valve to replace the first stage opening
pressure adjusting shim or second stage opening pressure
adjusting shim, which 1s vexatious and requires
significant man-hours.

Particularly, when it is required to adjust the valve
opening pressure of a fuel injection valve for a specific

cylinder during operation of the engine, the relevant




change the thickness thereof, and operability and
mai ntai nability of the engine is greatly deteriorated.
Di scl osure of the Invention The present invention was
made in |ight of the problens nentioend above, and
its object is to provide an internal conbustion
engi ne equi pped with a fuel injection valve which is
provi ded with a nmechanismfor adjusting preloading
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enabl i ng i nprovenent in operability and
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val ve openi ng pressure is easi&y adj ustable with high
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the result that tine required to adjust val ve opening
pressure can be drastically reduced, and also to
Diprcdwi shere wedt hidtle off nvadj tiséhng val ve openi ng pressure
of the injection valve. To attain the object, the
pf BSENT © BAVENENGTE TP bposess madée ntreddalheonbiists pmoblems
engi ne i pped with,a fuel injection valve proyided
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injection valve and allow the fuel to be injected
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injection openings provided at a nozzle chip end,
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va83eh HehhB A MSEENGSCTEWHBING Sadjustable with high
accuracy inthe state the fuel injectionvalveis installed
to the <cylinder head of the engine and without
disassembling the fuel injection valve, with the result
that time required to adjust valve opening pressure can
be drastically reduced, and also to provide a method of
adjusting valve opening pressure of the injection valve.

To attain the object, the present invention proposes
an internal combustion engine equipped with a fuel
injection valve provided with a mechanism for adjusting
preloading force of valve springs, a needle valve being
i1ifted up against valve spring force by fuel pressure
supplied under high pressure from an injection pump to
open the injection valve and allow the fuel to be injected
into a combustion chamber of the engine through injection

openings provided at anozzle chipend, whereinsaid fuel




i ndependently. In the invention, it is preferable that

said two valve springs consisting of a first stage

spring and a second stage spring are set to be

different in preloading force by neans of said two

adj usting screw nenbers, a first stage adjusting

screw nenber and a second stage adjusting screw

nmenber, respectively, said first stage and second
insteagei sprvags ebesngr divs pesed ittandem akeny & ke 168N rings

axis of the needle valve, said first stage and second
angt dgec adj usthiing seeervnEEIgr ST beeag Ndifsposed i tandeny the

center axis of the needl e valve. Further,
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lnfoﬁgéﬁo? sgﬁé first stage spring is connected to an
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needle valve is aimays | oaded in its closing
spdiimers i odnby ssa@ing dfrstfsrage ssy@Edagspsand seebnrd second
stage spring is accommpdated in an upwardly open
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DY ST ng tﬁ?kﬁeﬁggmﬁé;+%$&Qggﬁ£§%de? oS st §gef LTSt
st8Rfd g S 9iﬁ8°§§ge§rbﬁ¥ﬁb§aﬁ dnld £S ecéhaggtageugh'jﬁh%ting
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scspn ngnsoe i hate Spedtrieadl ¢, vak¥e d siheaded dde idrid second
closing direction by said second stage spring after
stggicdsPridedy @ hal neg dsspphesdtapdam a Ispegitfie ddrftter axis

fa%%inst th | oadi ng force of said first stage spring.
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Further, to be concrete, it is preferable that said
firstadjustingscrewmemberforadjustingthepreloading
force of said first stage spring is connected to an upper
support of said first stage spring so that said needle
-valve is always loaded in its closing direction by said
first stage spring, said second stage spring 1is
accommodated in an upwardly open hollow of said first
stage adjusting screw member, and said second stage
adjusting screw member for adjusting the preloading force
of said second stage spring is disposed above said first
stage adjusting screw member and connected to said second
stage spring so that said needle valve is loaded in its
closing direction by said second stage spring after said
needle valve is lifted up by a specific 1ift against the

loading force of said first stage spring.




characterized in that first stage(lower pressure)

val ve opening pressure is adjusted by changi ng by
neans of a first stage adjusting screw nenber

prel oading force of a first stage spring incorporated
in a valve main body to load a needle valve inits
closing direction, and second stage (higher pressure)
val ve opening pressure is adjusted by changing by

neana ek tth seconda gtags: ady Usheng uSCr 6w 8BRReM valve of
prel oadi ng force of a second stage spring

an ntotporat edciombassd dival vengane bbdy fxopoaddsaiwhich is
needle valve . in its closing direction after said
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; ' force. of said first stage spring.
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of the | oading force

According to the invention, opening pressure of the
needle valve can be adjusted by changing the preloading
forceofeaéhofthefirstandsecondstagespringsprovided
tandem along the center axis of the one needle valve,
with the preloading force of each of the springs being
set differently. First stage valve opening pressure, that
is,lowervalveopeningpressure,isadjust@dbychanging
the penetration depth of the first stage adjusting screw
member to change the prelocading force of the first stage
spring. Second valve opening pressure, that is, higher
valve opening pressure{to put it precisely, this is a
~pressure at which the needle valve begins to 1lift up
further from the position the needle valve has been lifted
up by the first stage valve opening), is adjusted by

changing the penetration depth of the second stage



of the first stage spring when the needle valve is
lifted up by a specific lift, i.e. a first stage
valve |ift and the preloading force of the second
stage spring determ nes the second stage(higher
pressure) valve opening pressure. Therefore,
according to the invention, first stage valve opening
pressure can be adjusted steplessly by changing the
adpenset £ Yl er Kept Redbdher bi Edtarif@geheagi ust b REiSC M rce
menber and second stage val ve opening pressure can be
o fatihgstsed ot @ps essky sby ichandiing $he openker abviaen mepidrce
of the second stage adjusting screw menber.
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pressure can be adjusted respectively I ently,
theasidgcoadd sstapt essbhhdy ohasgisigd)he pengitvati @pening
depth of the first stage adjusting screw nmenber or
PIrEfftU B -t he second stage adjusting screw nmenber, so
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Therefore, according to the invention, when adjusting
valve opening pressure of the injection valve, the first
stage(lower pressure) valve opening pressure and the
second stage (higher pressure) valve opening pressure
can be adjusted respectively independently, easily, and
steplessly by changing the penetration depth of the first
stage adjusting screw member or that of the second stage
adjusting screw member, so that it is not necessary to
disassemble the fuel injection valve and replace a shim
or shims by those of differing thickness every time when
adjusting the first stage or second stage valve opening
pressure as is in the case of the prior art disclosed
in the patent literature 1, and time required to adjust

valve opening pressure can be drastically reduced.

Further, according to the embodiment, even if the




of an engine, the fuel injection valve can be adjusted

in valve opening pressure in the state it is installed

to the cylinder head. The first stage(lower pressure)

val ve openi ng pressure or second stage(higher

pressure) valve opening pressure can be adjusted only

by changing the penetration depth of the first stage

adj usting screw nmenber or second stage adjusting
cosierien ornhetcoespetti vedynireo khdtudtheenperabi lihy fuel

and maintainability of the engine can be drastically
injjgpsrtoved Valeenpari a@P LA icheypriroteraturing cheration

invention, it is preferabl.e an annular gap is ,
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count er ore for recerving the periphery, and an
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sai d upper spring support or a |ower spring support
vadfvesaipksecgmorsbagere spriserand ategentrergberepterssure)
recei ving the periphery, thereby accommodati ng
vVadvantiRRy of ISR S UH%E SR hgecand ] Usdcond sl HgeYsphiamgsing
respectively. Wth_thi nstr.uct.i o even if the
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annul ar gap provi ded between either a periphery of an
cappperdse sitdwes 1 §jgr i ng ronppdritn oforgad di sbinr gt tdt &dee prior
pring and a counter bore for receiving the periphery
arind t he annul ar gap provi ded between either 8 a
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preQUM LS MOFReen either a periphery of an upper or lower
spring support of said first stage spring and a counter
bore for receiving the periphery, and an annular gap is
provided between either a periphery of said upper spring
support or a lower spring support of said second stage
spring and a counter bore for receiving the periphery,
thereby accommodating slanting of said first stage and
second stage springs respectively.

With this construction, even if the first stage spring
or second stage spring disposed in tandemwith one another
is slanted owing to insufficient accuracy of the springs
or appurtenant components, the slanting can be
accommodated by the annular gap provided between either
a periphery of an upper or lower spring support of said
first stage spring and a counter bore for receiving the

periphery and the annular gap provided between either




for receiving the periphery. Further, in the
invention, it is preferable that the |ower end of the
| ower spring support of said first stage spring is
appl i ed against the top end of said needle valve; the
upper end of a push rod, with its |lower end
contacting closely to the upper end of the | ower
spring support of the first stage spring, can cone
a patopeHaets swithubhe 1 epweriehdipbbhe dpwel oSt Rpring
support of said second stage spring when said needle
supgloset | gf| Fhtied agcoby atspecidprihigf @nd e appeteendore
of the upper spring support of said first stage
fogpiGige L €180l e BE&IAter¥ihe | ower end of said first
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Upper spring suppor sal d’ sécond Fstage
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adj usting screw nenber, and fur Rer each of the
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vaflyse of hehermsgeres@r Phigasipior trofl  t e Becohd svage end

ring. with th econd stage adjusting screw nenber .
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the upper end of the upper spring support of said second
stage spring 1s applied against the lower end of said
second stage adjusting screw member, and further each
of the contacting face of the push rod with the lower
spring support of the first stage springandthe contacting
famaoftheﬁpperspringsupportofthesecondstageSpring
with the second stage adjusting screw member takes a form
of spherical contact face respectively.

With this construction, byallowing the relatively long
push rod to come into spherical contact with the first
stage spring lower support, the push rodcanbe prevented
fromstickingduetoslantingof the pushrodandoccurrence
of faults in needle valve motion can be avoided. Further,

by allowing the upper support of the second stage spring

to come into spherical contact with the second stage



the second stage adjusting screw nenber and the second
stage spring upper support and second stage spring can
be avoided. In the invention, it is preferable that
the lower end of the |lower spring support of said
first stage spring is applied against the top end of
sai d needl e valve, and the upper end of said push rod
cones into contact wwth the lower end of the | ower
adsiprd nYn guURROréw Ofnectdi<lr Second c kStrageo SPrig s8cBhanastage
surface contact when said needle valve is lifted up
adgy st specisiney ifenbBar ther |t ¢ heuseodna st quyee spr g ween
and its appurtenant, nenbers are renoved fromthe fue
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beprtl®adag force by said two adjusting screw nmenbers,

a first stage adjusting screw nmenber and a second
strageh adj nsteinng sicy ein: neaber e f aregdpeet t Maky rhsaildwer end
first stage and second stage springs being disposed
oft &hdert QY BAg SPHe t@nt ePraxits ©f shedndddi=sl whhye spring
._said.f.irst stage and second stage adjusting screw
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the  "prel oadi ng force sai irst stage spring is
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spring so that said needle valve is always | oaded in

stigge cdsing diy ¢ctdon sby fsaia donshost ajeespsiang, needle
Eaid sec n% snﬁge spring is accommodated in an
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members are removed from the fuel injection valve which
is constructed such that; said two valve springs
consisting of a first stage spring and a second stage
spring are set to be different in preloading force by
said two adjusting screw members, a first stage adjusting
screw member and a second stage adjusting screw member,
respectively, said first stage and second stage springs
being disposed tandem along the center axis of the needle
valve, said first stage and second stage adjusting screw
members being disposed tandem along the needle valve;
and said first adjusting screw member for adjusting the
preloading force of said first stage spring is connected
to an upper support of said first stage spring sc that
saidneedlevalveisalways loadedinitsclosingdirection
by said first stage spring, said second stage spring is

accommodated in an upwardly open hollow of said first
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of said second stage spring is disposed above said
first stage adjusting screw nenber and connected to
said second stage spring so that said needle valve is
| oaded in its closing direction by said second stage
spring after said needle valve is lifted up by a
specific lift against the |loading force of said first
stage spring; when carrying out adjustnent of first

stwajy/eapend Mgnpr essoe e tewase, thedadi dsimydcoMbi G age
is carried out by adjusting t he prel oadi ng force of

adgaisk fihgsicseugeespeirnfobye dpans iofg thai dreilrstd shagorce
adj ysting screw nenber. According to the invention,

off pRdd SEARN Yot VRIBPERITAGT PrieskilRO 88 BEONAr HidsH diitrst
Stvé{'gtsé1a gﬁfﬁﬁfn%hgc§%%tﬁe¥nger %%Cngsgglteag%%ggl;%g%dia@ﬁ%?eond

t nenbers are

stﬁ@é“%ﬁ@fﬂhngopEﬁﬁﬂ”ééféan@dl%@”ﬂf@eoyg ?%aded in its
incorporating the first stage spring and it

c lappurg etané cnegrbeby teget I’.‘B@ccymdhstb]@esep@ﬁdlng&gﬁr said
spring and its appurtenant nenbers. Thus, first
n ?tddg%(‘{ablf\ié? bﬁelssﬁit@)d val ey @pé@lenfglfpﬁel;s@rteaa@dnst the

second e her ssure val ve opening pressure,
Logf e THEES: hierioh bid vb %ﬁﬁggesgﬁw b d7PBnC e n

ou%n%o?ﬁ?é‘{ﬁ‘é% %rfef Pg%crv' on, gé n%%gg %@%’%Qg% F't% Lase

sectlon Vi ew o the
thlér%S:Ej’}&stﬂt‘éeiﬂ,l oRhiEhGi2s | Saarsect ional p é/‘%ﬁ§s't'ing the
FIGI.of the second enmbodinent. 11 FIG3 is a
preectddhnal reweas i mdH G fio6tt e ade reprénigothiymertans of

FIG4 is a sectional viewas in FIGI|.of the fourth
said first stage adjusting screw member.

According to the invention, first stage valve cpening
pressure can be carried out with ease in the state the
second stage spring and its appurtenant members are
removed, and second stage valve opening pressure can be
carried out by incorporating the first stage spring and
its appurtenant members together with the second stage
spring and its appurtenant members.

Thus, first stage(lower pressure) valve opening
pressure and second stage (higher pressure) valve opening
pressure of the fuel injection valve can be adjusted with

ease and accuracy.

Brief Description of the Drawings

FIG.1l is.a sectional view of the first embodiment of
the present invention.

FIG.2 is a sectional view as in FIG.l.of the second

embodiment.
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enbodi nent. Best node for enbodi nent of the Invention
A preferred enbodi nent of the present invention wll
now be detailed with reference to the acconpanying
drawi ngs. It is intended, however, that unless
particul arly specified, dinensions, materials,
relative positions and so forth of the constituent
parts in the enbodinents shall be interpreted as

iFrgstraisve eotisphlasy1éw hatime phcthe $£0pBOfLhirg
the present invention. FIG1 is a sectional view of

cmiiped e 8t .enbodi nent of the present invention. FIG 2

is_a sectlonal viewas_ in FIGI.of the second
efbBdinerit , 2 FFE&CE i al sBdeivoriat  ¥ReW! Gasl 4 f Frlzel fsfurth
enbodlnent and FIG4 is a sectional view

emgajts&% rp%:‘i[lg .of the fourth enbodi nent. Referring to

FIG 1 ShOMAng the first enbodi ment of the invention

reference nuneral 1 is a valve nmain body, a main body
Becdveatodei foxcreamipddimeait t 6 ablcerIpeenpieny of the

upper part of the valve nain body 1, a second stage

) s LRy Bed esmheaidareng qsf)rtlaaj pstasmgnt henpesltdadi ngi 11

force of co d st e sp 14 is screwed into the
No¥HpRF p%?? &ﬁ 36 DEF 2tCandla 1BekORRETDOLNY

drh$ 5365 eved Qn tH% O%ﬁﬁeﬂﬁf'ophef}éo r%}&? upRer, part, of .o

the second stage adjusting screw ne 18 to Tock "

paagaﬂmﬂarm@e@p@@qrﬂlé@; ali98n sA AasKeta d8a1 bS sPr lel%%dlve
bet ween the main body cover 2 and l'ock nut 19 for

pOSumupmﬁghnds@w|ﬁqgtn‘sfr@hqﬂm@néﬁuunemtemedtsnﬂn the
screw hole in the upper part of the |lock nut 19.

emh@fjéfl%%%ESnﬁmlal Bej d i HBREPE S¢hi S 1 LMY T afpEe only
no?yaga¥1 1tat égegfzéﬁé g@h%% B% %H@“ﬁ¥¥%£§£mf§9e%@ion
FIG.1 is a sectional view of the first embodiment of
the present invention. FIG.2 is a sectional view as in
FIG.1l.0f the second embodiment, FIG.3 is a sectional view
as in FIG.l.o0f the third embodiment, and FIG.4 is a
sectional view as in FIG.l.of the fourth embodiment.
Referring to FIG.1 showing the first embodiment of the
invention, reference numeral 1 is a valve main body, a
main body cover 2 is screwed-in on the outer periphery
of the upper part of the valve main body 1, a second stage
adjusting screw member 18 for adjusting the preloading
force of a second stage spring 14 is screwed into the
upper part of the main body cover 2, and a lock nut 19
is screwed on the outer periphery of the upper part of
the second stage adjusting screw member 18 to lock it
against independent rotation. A gasket 18a is provided

between the main body cover 2 and lock nut 19 for
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top face of the nozzle chip 3 and bottom face of the

valve main body 1, by neans of a nozzle nut 5 axially

agai nst the valve main body 1, the nozzle chip 3

having a plurality of injection openings 4 at its

headpart. Reference nuneral 8 is a fuel path through

whi ch hi gh-pressure fuel is introduced froma fue

i njection punp. Reference nuneral 7 is a fuel pool in
fluhel-nozghe €bip i3 g nposwvhicchptihey buel s Patbw@ ORENS screw

and which is connected by an annul ar gap between the
hoger i phetpeofurmp tieedhe tvat Vet Beand ¢heniitingr® . peri phery

of the nozzle chip below the fuel_ pool 7 to the valve

SREL SHFFe RBPATE khi pl 8. AR eheeChdferfa rml ¥ cd amped

e Ty e

nozzl e chip of r &ci grocation.

toipS facgasket her p¥izgad heteen athepdezzd® Mlle AN @ valve

cylinder head not shown in the drawi ng. Reference
mafungrealy 91 j sbg fieasts stfage sprihg whitchs sefveslyasgainst
| ow pressure spring and pushes the needle valve 6 by
theneailjeeraedi apdvot » £ ¢ msrz st ageh 5pri hg Miower slpperkity
10 of ich the | ower, end coptact to the top end of
O E AT S A Lo B ST crihBE SaURE Al 50T P8 o3¢ pemeral

g Siage %Qrélng%gaﬂerthégaggrtwﬂcﬂolhl- 4 %%f%ig?,%z.{rgh@ﬂ%l is

supporting the upper e face of t age
insprddgc 8d Themfi rsie 3tagfe cSAIMNYP MURPERSEPPORL22unral
formed into a hollow cylindrical shape and fitted
7 &hidabigli porReivakbhe mwiaw bodyhip andnte3whtishupper fuel
end face is applied against the lower end face of a
Paffy & SPaHe A UstDAGTSCrO RBRSSI G Wi 6F jannular gap

oS Nt LS e 0 el BRILAY 1OLPRL 188, LSt cpes
pek@pdP¢ of the nozzle chip below the fuel pool 7 to
the valve seat in the nozzle chip 3. Reference numeral
la is a fuel leak bore. The needle valve 6 is fitted in
the nozzle chip 3 for reciprocation. Reference numeral
24 is a gasket provided between the nozzle nut 5 and a
cylinder head not shown in the drawing. |

Reference numeral 9isa first stage spring which serves
as a low pressure spring and pushes the needle valve 6
by the intermediary of a first stage spring lower support
10 of which the lower end contact to the top end of the
needle valve 6.

Reference numeral 22 is a first stage spring upper
support of hollow cylinder shape supporting the upper
end face of the first stage spring 9. The first stage
spring upper support 22 is formedintoahollowcylindrical

shape and fitted slidably in the valve main body 1, and
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first stage adjusting screw nenber 16 agai nst
i ndependent rotation. Reference nuneral 25 is a
| ocating pin to determne the rotation position of
the nozzle chip 3 relative to the spacer 25a, and 11
is alocating pin to determne the rotation position
of the spacer 25a relative to the valve main body 1.
Ref erence nuneral 14 is a second stage spring which
itsenypes: @serad hi ghepi essppe 1$0f iangh 1 ®atdt hier sbwsd@@hd face
adj usting screw nenber 16 has a threaded part on the
ofout ef insey i phewde t Adiecit amd &t ¥ owesgace ilfsideiich is
mﬂgre t second stage spring 14 is accommodat ed and
e XPg Sl efed E R ALY (HE BEiSero DPERPngC BE St e Bhg Vid maaf iftage
23.1s_a_s nd_stage sprin
P aod Supsor £ S G e LbBor ohd 't AL of R F Ehe

£150008d =3{Ade jY t Mg ddrec@MedBelS] 8 SLCPNY+S{ 88 pendent
spring | ower support supporting the |I'ower end face

rogrd face of the second stage spring 14. The upper end
face of the second stage spring upper support 23 is
APPEREE i RETetTRel I%}gﬁsiseﬁd lfcgzet H ot e N seeofdtermine

dj ing . 18, and the |
e ST HE BERon SPaBe Sh1d e OMer Bghor LFa85Ra Ve to
t h@PRId £4e 208inSt 5H8.a@15§n£a§%dgtfﬁg E?%;ﬁ&oéekg%mine

first stage adjusting screw menber _
thpr elbaadi Dgnfpoee t idfn the SLE08Ha%tedd® SPridYatdvd o the
Fig.1 is shown the state a push rod 12, which is
vaflivtet @el 5hi Batlsly 1n the first stage 14 spring upper

S ggort 22, has pushed up the second stage spring .
|% FrSWSportULsS TRy the +5f 8 8¢ I hetrdsd P vange wheich

+<345ha{ 17 TePh0Y G LoER oLoitndl TSt st oge A ccage
adﬁméﬁﬂﬂ@%crewn@mberIGhaseathreadedpartcn1theouter
periphery thereof and a hollow space inside it where the
second stage spring 14 is accommodated and is screwed
into the upper opening of the valve main body 1. Reference
numeral 23 1s a second stage spring upper support
supporting the upper end face of the second stage spring
14, and13isasecondstagespring lower support suppoerting
the lower end face end face of the second stage spring
14. The upper end face of the second stage spring upper
support 23 is applied against the lower end face of the
second stage adiusting screw member 18, and the lower
end face of the second stage spring lower support 13 is
applied against the bottom face of the hollow of the first
stage adjusting screw member 16 by the preloading force

of the second stage spring 14, In Fig.1 is shown the state

a push rod 12, which is fitted slidably in the first stage
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Is effected. The | ower end face of the push rod 12 is
appl i ed against the upper end face of the first stage
spring |ower support 10 by the preloading force of the
first stage spring 9, and its upper end face cones
into contact with the |ower end face of the second
stage spring |ower support 13 when the needle valve 6
is lifted by a specific lift, i.e. the first stage

spldifdg Tiweeuppappand face }Qistﬂﬁ"@sﬁ'é%lhu@o@hlez sabidestage
| ower end face of the second stage spring |ower

SPRUgpdiovsr srerpbat: 8 hhdthe tlhef plsh ¢ Od HL neonke valve
i nto plane contact i ndicated j%Rbreference nuneral 12a

6 32 A eie" BECRE Loraged §,s)rn0r@0| P f5EppotEags.and second

o) S od,1 forne into a bar sh
Sﬂ%#§¥g§? é’lng¥ﬁ%1 o?é % gt %%f g ?}nén&ﬁﬁﬁlon
isSeppREEtdy.i Ny eshadi @%{H fé&e' %fp%ﬁé bl §sho J|Ke 2 5

the push rod 12 in one piece wth the first stage
apgirieny howemsisupper tughfer | BnthiSacasef tdres namber aftage

the parts is reduced and |abor hour of assenbling can
SP&%%%V%@W6M1ﬁﬁﬁﬂﬁfﬁoﬁ%ﬁnaﬁhﬁmpﬁélmaﬂd@@deHﬂet¢® the

TN e LB i o

coWtdes s i ohy eSSl e U QU & J¥ gﬁreg%%%%q{]c?st%é %&fﬂlng

not shown in the draw ng passes t

1080 é@p@bﬂ’d‘leliﬂuﬁlenpﬂﬂﬁe7ne\%ﬂrét‘h@lﬁreeséﬁui§ Qﬁftﬂ‘e&j by
hi gh- pressure fuel exceeds such a specific pressure

2 apddifigpltinet nebdks ttevalivets agapestlitfie. The upper
orce of the first sta spring 9, the

enfodkdl & e ngrff/etfseuguﬁbftrébd uquﬁﬂqg he doper end face of
Rpte R A B S
the push rod 12 comes into plane contact indicated by
reference numeral 12a with the second stage spring lower
support 13.

Although the push rod 12 is formed into a bar shape
and fitted in the bore of the first stage spring upper
support 22 in thr embodiment, it is possible to make the
push rod 12 in one piece with the first stage spring lower
support 10. Inthis case, the number of the parts is reduced
and labor hour of assembling can be saved.

In operation of an engine provided with the fuel
injection valve like this, high-pressure fuel supplied
from a fuel pump not shown in the drawing under high
pressure through a high-pressure fuel pipe not shown in
the drawing passes through the fuel path 8 to reéch the
fuel pool 7. When the pressure of the high-pressure fuel

exceeds such a specific pressure as lift up the needle
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opening the injection valve to allow the high-pressure
fuel to be injected through the injection openings 4.
This is first stage injection of |ow pressure. Then,
when the fuel pressure further increases and exceeds
a specific pressure as further Iift up the needle
valve 6 against the restoring force of the first stage
spring 9 and second stage spring 14, the needl e val ve
val v 4 urdigl nkitf tted e snbick riher sshosll der thace jther eof 5 e
cones into contact wwth the | ower end face of the
spgpacer®, 254 e amkedbeondlstagel § fjiett ¢ drupfurht gh the upper
pressure is effected through the injection openings
engl ffyeR &dj Jst$ nguval \F@%péai FPTR esslr €0 ¥t wWHah_the
i cover,_2 is remved and the prel oadi force
Lo R Bh e T e die Eor PR e T o BEPu g e ey
opl@tiad g nghkhe n4fd t just ] ! L
pchand% t he pgﬁtffg?ﬁoﬁgggﬁgﬁygfé?%g%ﬁg'W%?F gng%ggi re
fuietl byothe liockecbutl 2Zhmduthe tpesi 1h98cwitdh whbehitthgs 4,
needl e val ve opens at a desired first stage opening
Thaseskur éfirGers openi ig J epeesomr &L Thenpndrweswaen body
Cﬂver 21is scrgred in_again to the main body cover 2
ahd e Prefoddishgl FElc @GS FHESoff SekbRd diaFeases and

exg%}'éc{@.alépiesc 2} #éﬁnggsg_xlnge?%%g Eﬂg‘ ttl{]e%e%%.efg{]dlipsg:t&}gee needle

usti ng screw er ange e penetr 1 on

vadepd 6 ofgd beswerber & andrh aek ddr by dhechack;nute Wage
at a position wth which the needle valve opens at a

spdesiaq el secomEcdbdstdgay®pepitigipressutdchighedle valve
Qpeni ng pressure, to be nore precise Sﬁfressure at
6 Wi dH e Reédifd sl Ve BBGilds the pBomdidierf aept s angrof

cog%g%ﬁﬁgggﬁggég§ggggggﬁﬁ¥%%%%%§wéP éggsfg%%’ot %Hémggécer
25a, and second stage injection of high pressure is
effected through the injection openings 4.

When adjusting valve opening pressure, first the main
body cover 2 is removed and the preloading force of the
of the first stage spring 9 is adjusted by rotating the
first stage adjusting screw member 16 to change the
penetration depth of the member16 and lock it by the lock
nut 21 at the position with which the needle valve opens
at a desired first stage opening pressure{lower opening
pressure) .

Then, the main body cover 2 is screwed in again to the
main body cover 2 and the preloading force of the of second
stage spring 14 is adjusted by rotating the second stage
adjusting screw member 18 to change the penetration depth

of the memberl18 and lock it by the lock nut 19 at a position

with which the needle valve opens at a desired second

16
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the preloading force of the first stage spring 9 and

the higher opening pressure determ ned by the sum of

the preloading force of the first stage spring 9 and

second stage spring 14 are set as desired. According

to the enbodi mrent, two stages of needle val ve opening

pressure can be adjusted by adjusting the preloading

force of the first stage spring 9 and preloading
stharcecpbntifey Secepd ustagei §peiNGd4n angapgass sakend to be

the axis of one needle valve 6 at positions separate
motr® Pt bt her ,prhestinesk tvalhieclopené nye pdéssurd,vd begins

| ower_val ve openi ng pressure being set by changing the
topgﬁetfr%%ﬁrdédtﬁnt%@l PRe i Adic5ea§e AdiUARAPLECr avea) -

TPHCh i LOWEY, 34, LS R ORI, | PE o8 Rt ed by

first ~Stagé€ 'spring 3 nd” vafve

thRl 83RUr®adihge f o gheSr Ual & er OPERI BYRILSSHELEOS and the
further lifting up of the needle valve) being set by

h ighangi agetheng ppretssat t onddaptimbhetiheb gecard stmger the
adj usting screw nenber 18 for adjusting the
pPredaadinagipaicee of tihe Seesihdstataryes®pinag914nd second

Therefore, according tq the enbadi nent, stepless
St&?jeus?%ﬁpgo?lﬁfh%r??rsﬁot st Ag8 G 'dvieT * pressure) val ve

ogﬁeb%imgsc%%e @ago%ﬁ%&tﬁﬁtagcg@é%@sg eSS R vaive
v I'e adj

al ve opening pressure are possl usting the
opperietqd atg ngs dapteh ehird hee fiastustade BY) USHHRGSGEEW the
menber 16 and second stage 17 adjusting screw nenber
preg gagpedt i Vekge That the whemnsad] askigy wainiengpehi ngand
essyure of the injection valve, the first stage

P ¢ bPEnf ARG Pr Eds e HHEACPRe SSEGhFRELBE V4l peranged
al%%%mtﬂ% 8&§%Sg%eoﬁgnnggd§%] xlflgﬁ%de 6 at positions separate

to each other, the first valve opening pressure, i.e.
lower valve opening pressure being set by changing the
penetration depth of the first stage adjusting screw
member 16 for adjusting the preloading force of the first
stage spring 9, and the second valve opening pressure,
i.e. higher valve opening pressure{for further lifting
up of the needle valve) being set by changing the
penetration depth of the second stage adjusting screw
member 18 for adjusting the preloading force of the second
stage spring 14.

Therefore, according to the embodiment, stepless
adjustment
of the first stage (lower pressure) valve opening pressure
and second stage (higher pressure) valve opening pressure
are possible by adjusting the penetrating depth of the

first stage adjusting screw member 16 and second stage
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respectively independently, easily, and steplessly by

changi ng the penetration depth of the first stage

adj usting screw nenber 16 or that of the second stage

adj usting screw nenber 18. Therefore, it is not

necessary to disassenble the fuel injection valve and

replace a shimor shins with those of differing

t hi ckness every time when adjusting the first stage
adgn stetrgd ssirage mahve opedi ng spreasisuyel1gs is in  the

case of the prior art, and tinme required to adjust

VBN9E dpgeniviig preekbys b iogn vied Wi agt¢cahbypredunede of the
., _Further, according to the enbodi nent, even if the
IndGiffi 1?8 9teGrs 8 Eduitle Sddi 98 theht SotPER PRUBILe S SUTe

ianj ectd R r | £ ' urin .
e B e b P R o £ Shror D o oo
rele adi Usteq iy ¥BEWE QPEN, NY cRIESEYI €aing t i

i? installga to ?he cylin%er hea&&yThe1ﬂr{Eb§%§§§l§ by
chealaiengpeniag ppresswiei and sepohd sttageheal ¥e regenisthge

pressure can be adjusted by changing the penetration
addastthl B ER/E &9 rBembsraged adfustialy sér &Wwenenbepnd artage

secqnd sta%e adjustin £ rew menber 18 respectively,
eErpety 1%

2dg 8% It RE TSer hd maintai nability of the

| be; dr: [ I i ved.
ST S R R oL 1 PR i
infjaditel ogapadfrsSZn$ pepviaded heitmepnotrhepeis phern tHose
the first stage spring | ower support 10 and the
ofper f phreriyng 18 igtkrides wpper y iidee open agljofs t hegspaedrirst
25a for receiving the | ower support 10, and an o
SERRRUI GS6 O of SR 4131 BapOBr TN g sPFEGALRE a5 is in

coBebusen de RerhRUETY i L 0o 28CPR s, SRHR B B8 atjusc
valve opening pressure can be drastically reduced.

Further, according to the embodiment, éven if the
condition éccurs to require adjustment of the fuel
injection valve for a specific cylinder during operation
of an engine, the fuel injection valve can be adjusted
in valve opening pressure iﬁ the state it is installed
to the cylinder head. The first stage valve opening
pressure and second stage valve opening pressure can be
adjusted by changing the penetration depth of the first
stage adjusting screwmember 16 and second stage adjusting
screw member 18 respectively, so that the operability
and maintainability of the engine can be drastically
improved.

In the second embodiment shown in FIG.2, an annular
gap 31 of radial gap of S; is provided between the periphery

of the first stage spring lower support 10 andtheperiphery
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hol |l ow of the first adjusting screw nenber 16.
According to the second enbodi nent, even if the first
stage spring 9 or second stage spring 14 is slanted
due to poor accuracy of constituent nenbers, the
slanting is accomodated by the annular gap 31
bet ween the periphery of the first stage spring | ower
support and the periphery of the upper side opening
ofot hehepppacern 2bapanti by & het hannwhae rgapad@oketwe@N ving
t he periphery of the second stage spring upper
theygporer 28upmd tthel Peri pher yprofarhelhol lgvp 9P bHieradial
fir%t§ #;stin screw nenber 16, and occurrence of
t

9apaf SR BEFEA B IR Mt £ GRIFEFY éPErltrli’gE gecond
st @qe ?saﬁgffgglﬁp geﬁ t@u#B%rsé % D94 C%%ebtepoavm Frfy ocf the

Ical“I'n construction

hoqrrcwll HEBNkheaNdi £90Shiduent lﬂgrrtéedlseﬁl Riek@ye £ 01 ghose
of the first enbodi nent are denoted by the sane

r 2 epenicien g nuorerlad ss e tnntthemi d tnenhoderment ishawe ifM.rst
FIG 3, the ugper end face 35 of the second stage

steed g Lbper s@ﬁpéﬂ?qgﬁaﬁﬁag?héﬂnﬂmﬁ bhdisagéadg st due
t he second stage a justin €+€crem1 nmenper

toy BT Py ranareat Conials DEFRY g P eRs it s4pnting
1s%‘é§ﬁ¥no‘ﬂ§€b@%@t§fet nu @84 é%g;f%ﬁmﬁé;?n;t%%h%e§§pq{ery

he push rod 12 "an e upper ace
offtnetf stages spiangplrawes 191pPerdudPoareasPhehCakhY phery
shaped respectively to allow spherical contact with
Ofréévemym©r snecloompteingl® Adche dspg dexr thea and by the

dlnEnt @ aIIOMAng the relatively 1ong push rod
a“il.? %‘gsﬁ@ﬁ Be PERiRR et Rt hae sepomd stage

R PR D
of the first adjusting screw member 16, and occurrence
of faults in operation of the needle valve 6, spring 9,
and spring 14 due to the slanting can be avoided.

Otherwise is identical in construction to the first
embodiment, and constituent members similar to those of
the first embodiment are denoted by the same reference
numerals. |

In the third embodiment shown in FIG.3, the upper end
face 35 of the second stage spring upper support 23 and
the lower end face 36 of the second stage adjusting screw
member 18 are spherically shaped respectively to allow
spherical contact with each other, andthe lower end face
38 of the push rod 12 and the upper end face 37 of the
first stage spring lower support 10 are spherically shaped
respectively to allow spherical contact with respect to

one onother.
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rod 12 and occurrence of faults in needl e val ve notion
can be avoided. Further, by allow ng the second stage
spring upper support 23 to come into spherical contact
with the second stage adjusting screw nenber 18,
sticking of the second stage adjusting screw nenber
18 due to out of alignnment between the second stage
adj usting screw nenber 18 and the second stage spring

uppelo rsupPgrdo 28 e @ndosiaend: stage19pf gy thLaB1Re ively

avoided. O herwise is identical in construction to the
lomg stuslentodi h2nto apudecdnstl swértr heabecsngiavt aritlo the

those of the first enbodi nent are denoted by the sane

Tirsflerdit®® TRMEPEI $OVER EHERLE th enbbldP ieWE bshednl 2 ncan
F . ' 4, d
besgge%eﬁggds%%o&g s?&%%ﬁnsc‘grdgg g‘o gﬁgafrggjenéggl%ﬁé:he push

ring upper “suppor nd”secon

roldover syapPekthd afecteppvedittsi $nPaBSsd bl g1%Q motion
renove al so the second stage adjusting screw nenber

cai8)od romotied i r Biremzad] nept aghowihg Ehe decoamd dtage
this state first stage(l ower pressure) valve opening

SPREsE I RPEE ST £ hé 3f itiostc wragenspr ismdiOr and 1 tiarstact
.Sta adj usti,ng screw nenber 16. According to the . )

o PR R BB Ar et S LST PetS BF T4 BEMbetabs  op@iiiing

o fPERRS UEE: LA Q@aé@rcﬁlﬂg% In&“é@rgﬁsﬁeﬁ%der Cé:uc{uaé:ytgyout
the first stage Sprin and”first stage adjustiing

o fserewy neaber dlbcaehhe 1sd atecehd hee §gur thi eebodigmenty oy
in which the second stage spring 14 and 28 4

megdsur t ehanandnméfiverse aredr efmevesl $ponmigheifpe 8t support 23
enmbodi nent, and adj ustnment of both of first stage

angy|ISRF o BPeRitif HreREdnd ahd saBokr stugddes ve opening
‘%Eﬁ%%wﬁse is identical in construction to the first

embodiment, and constituent members similar to those of
the first embodiment are denoted by the same reference
numerals.

In the fourth embodiment shown in FIG.4, the second
stage spring 14, second stage spring upper support 23,
and second stage spring lower supportl3 are removed (it
is permissible to remove also the second stage adjusting
screwmember 18) from the first embodiment shown in FIG.1,
and in this state first stage{lower pressure) valve
opening pressure is set by the first stage spring 9 and
first stage adjusting screw member 16.

According to the fourth embodiment, adjustment of first
stage opening pressure can be carried out with ease and
accuracy by the first stage spring 9 and first stage
adjusting screw member 16 in the state of the fourth

embodiment in which the second stage spring 14 and
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can be carried out in the state the first and second
stage springs 9, 14, and the first and second
adjusting screw nenbers 16, 18 are incorporated in
the fuel injection valve as are in the first
enbodi nent. Herewi th adjustnent of first stage (Il ow
pressure) valve opening pressure and second
stage(hi gh pressure) valve opening pressure can be
apgarriefdanwt nmespeekisvelyre accurahekrd QesW SehisS first
identical in construction to the first enbodinent,
emgee toasti t uemd mesitoes smsivd bdr bbaht bdséiafst tsheadé nsdive
enbodi ments are denoted by the sane reference

OPRUNEt AIRT € ABESIdPRG £6 A Fricsentv3 hventPeR i nshegessure
dj.usti . val ening_pressure Qf. the injection
cafpYet=BRd I ol I Bhelrade prBsdive anll e Shigroe
sp3tiafed o gher | phessWe)r vk Ve, Qe 1y eéﬁ*&@ﬂgﬂ; RE-rew
adj usted respectively independently, easily, an
megtept @ssby My shandimg therpere! rodi ehedepidl of nfjhe-tion
first stage adjusting screw nenber or that of the
vad@eomis se&ge 1adf st itig ser ewbwshipeentand it is not
qgcessar i sassenbl.e the fuel injection valve and
r

to . d
pF & ?orﬂerSBTeglrri e S TR tHoRES o ot Presisiyre) valve
optH TNE5 5 EUSY. LI S WHBR AL UELRE LAe JIL 8L, 3305 a1 ve

or second stage valve opening p _ s 1s’rn
opeashdf phesprivs achn aBd idderiequi Lo tor&@dplstively

val ve opening pressure can be drastically reduced. 21
acpurntates Lyaccording to the invention, adjustment of

val ve openi ng pressure of injection valves can be
POSBPBIE SSi £ LREN N} @Bt ot FRVRET PR$tiAN ebot bhendirst

emgy&fﬁgﬁtbeggd constituent members similar to those of
the first embodiment are denoted by the same reference
numerals.

According to the present invention, when adjusting
valve opening pressure of the injection valve, the first
stage(lower pressure) and the second stage{higher
pressure) valve opening pressure can be adjusted
respectively independently, easily, and steplessly by
changing the penetration depth of the first stage
adjusting screw member or that of the second stage
adjusting screw member, and it is not necessary to
disassemble the fuel injection valve and replace a shim
or shims with those of differing thickness every time
when adjusting the first stage or second stage valve
opening pressure as is in the case of the prior art, and
time required to adjust valve opening pressure can be

drastically reduced.
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during operation of an engine, and the adjustnent of
first stage and second stage val ve openi ng pressure
can be carried out only by changi ng the penetration
depth of the first stage adjusting screw nmenber for
adjusting the preloading force of the first stage
spring or second adjusting screwrenber for adjusting
the preloading force of the second stage spring, so
t Rat- tther pparcabitdtygand meentaiwnabtlibhy ofdihetment of
engi ne can be drastically inproved. |Industria
vadsis PESHINY P rEves R Avent Lo grovpdesa Aneisntenrs possible
: sti,on engine equipped with_a fuel injection
o R P O AR oy R dd Y S & ABehbe ShH 6711 ber head
j ' i of f l.e :
o S PG TR BBy R EB P g inr Bl po Bt fos £irst
steRes abhhi tye @AHANR tH @& Nakildd Yopktihey epdic®&uid® can be
whi ch two stages of val ve opening pressure is easily
cagdjissd abhié wirthy hbgh cdcouy vy ithd heestatrmtthenf delpth of
injection valve is installed to the cylinder head of
thenéirgigiste 3ndii i oGl ' Sasconriengetrhéoruafjusting the
ion Vv Iveé g@th the .result that tinme require
open

e i
PrEQGH ULY VATV ofeni W3 pressur 8GR bEPANAR | Chl iy cond

to adjus

adjeAUCEly Ldr SFMRENOE rCF 8k MRy sé@nid“cﬁ%cgg]‘:eﬁ‘&%%%gg)rce

éngi ne equi pped with a fuel “1njectlon ve provi
ofwkhle aeweohdnssagkospadiwg)i 89 cpeel eath ngpd PEBE 1Gfty and
val ve springs, a needle valve being Ilifted up against

maj @l RpPilAg FiopEd by ehedlnpressoeelr sspprrdd whderoved.
hi gh pressure froman injection punp to open the
injection valve and allow the fuel to be injected

s g8is onegani of Lfe engine tiroudt

vhige ei Avediti d8ebrovides an internal combustion engine
equipped with a fuel injection valve which is provided
with a mechanism for adjusting preloading force of each
of two needle valve springs thereby enabling improvement
in operability and maintainability of the engine, in
which two stages of valve opening pressure is easily
adjustable with high accuracy in the state the fuel
injection valve is installed to the cylinder head of the
engine andwithoutdisassembling the fuel injectionvalve,

with the result that time required to adjust valve opening

pressure can be drastically reduced.
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injection valve is provided with two needl e val ve
springs and two adjusting screw nenbers each for
adjusting the preloading force of each of the
adj usting screw nenbers independently. 2. An interna
conmbustion engi ne equi pped with a fuel injection
val ve provided with a nmechani smfor adjusting
prel oadi ng force of valve springs according to claim
Scbpe Wher eilmais®s d two val ve springs consisting of a
first stage spring and a second stage spring are set
1.t drpel @t pirareht conhupsrtd @adeng ifror ceqby prreahsw bf hsai dfuel

._two adj usti screw ., nenbers, a first stage adjusting
ln§&ﬁﬁ&%ﬁd%@&gﬁngﬁ?%%ﬁ%ﬂdwl§@a6em§ﬁhﬁﬁ%ﬁ@ E@Fewdjuéilng
es ; L€ [ Ld.first _ stage secqnd .
pr%?fage lsrﬁpl %gggtée:éﬁégxrcﬁjz‘g%sseékézjﬁ e’mag%lo%%gg?hgagéfnet é)relng
lid@xiesd ofipt hgnaest evuahue, ssaidof ifst st age rand seeend; re

stage adj usting screw nenbers being di sposed tandem
s uglpdrige d hendent éri gixi sref sithe: needheavaliveie8tiAh pump to
i nternal conbustion engi ne equi pped with a fue

OPERj BB HA 1AL Byt de i thl ko wedharfi wed fior be injected
.adjustin rel oading forc f val ve springs according,
B8 € P e fitaa P o e R T iyt SeeBus Ramodr on
opbli il sld o d% ey BLeheading, Larce o SAL APl fuet
stage spring I's connected to an upper support o sai'd’
infjlercsti shagel spri fgpr vifbatwsandcveegdbedual vailv& springs
al ways loaded in its closing direction by said first
angt 4§ spti gt igal ¢ ceevndesttages sprhndgdrs adjusting the
aﬁco datgd in a up@ﬂ£g%% open hollow of said first
PIECEGE WP usPERG S &/ rEh g nAd Fisd iSuE oheir afgembers
: ' | ewrenber f or adj ust i ngt hepr el oadi ngf orce
1n§g%§§%gggg§§%d stage spring is disposed above said _
2.fhpnstinséage 1adi sipbLBE 161 evh FemRere @hdppenneeied 10 ryuel

sai d second

injection valve provided with a mechanism for adjusting
preloading force of valve springs according to claim 1,
wherein said two valve springs consistingof a first stage
spring and a second stage spring are set to be different
in preloading force by means of said two adjusting screw
members, a first stage adjusting screw member and a second
stage adjusting screw member, respectively, said first
stageandsecondstage5pringsbeingdisposedtandemalong
the center axis of the needle valve, said first stage
and second stage adjusting screw members being disposed
tandem along the center axis of the needle valve.

3. An internal combustion engine equipped with a fuel
injection,valve provided with a mechanism for adjusting
prelcocading force of valve springs according to claim 2,

wherein said first adjusting screw member for adjusting
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stage spring so that said needle valve is |oaded in
its closing direction by said second stage spring
after said needle valve is lifted up by a specific
lift against the restoring force of said first stage
spring. 4. An internal conbustion engine equi pped with
a fuel injection valve provided with a nechanismfor
adjusting preloading force of valve springs according
thteo plraillmiinghefetocaroAnrdd B gaprss Movgdedkpring is
between either a periphery of an upper or | ower
COoSY] HgeSupporh wPPsa dupast of syeidpfingtandame spring

counter hore for. recejving the periphery, and an ,
Soaﬁﬁﬁ‘ltaﬁadf[) “iese{alr%v‘f% debetvkbhagist AR ded dar ifrect oFing
- 34l SpL,i; r a sprin suppor t
3 LR B0 (RO 002 P T BUORE] e

spireeej Midg ddmpenihpler Yn hhen ghy ragicp HdWlow of said
slanting of said first stage and second stage springs

fipedpectrioelay ] bst Angi ateemaheabrustireh sengl Be@cond stage
equi pped with a fuel injection valve provided with a
adgeiSahit 8 A F 68 W AR IR E ke r ;rE) BalilAg £ becer ofl ogalieg force

%g%e%gggﬁqégg to _claim erein the | ower end

. 3, wh .
szggéhe Fower? sprfg SHppdd 16t WaikPs94 #PPYe sedgh tirst
s t\%l@fé‘ RY 4iuSs PRI £dr @garggﬁbetrhgﬁﬁfgaﬁ%% @J?éad Hs aricef?%leecond

al ve; "t he upper en a pus its Tower en
steort aqit hggckosehy d G4 1e nppanl et Ofethe 16WRIkd in its
spring support of the first stage spring, can cone
clpgig ¢ shitaeet igint kvt he idowercerd faghespowery sgtieng said
support_ of said ,second stage spring when said needle
negg) e‘ﬁasl‘f?f%%dlbgteﬁyué’ éyeei FPEQiF1C thétupperneifd the

oG e PREL P14 P05 IUPRRY oo AL (LRt Spase
4 .shagel e uehilnG: SEhaWt Rt ngine equipped with a fuel
injection valve provided with a mechanism for adjusting
preloading force of valve springs according to claim 2,
wherein an annular gap 1is provided between either a
periphery of an upper or lower spring support of said
first stage spring and a counter bore for receiving the
periphery, and an annular gap is provided between either
aperipherycﬁfsaidupperspringsupportorealowerspring
support of said second stage spring and a counter bore
for receiving the periphery, thereby accommocdating
slanting of said first stage and second stage springs
respectively.

5. An internal combustion engine equipped with a fuel
injection valve provided with a mechanism for adjusting
preloading force of valve springs according to claim 3,

wherein the lower end of the lower spring support of said
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t he upper end of the upper spring support of said

second stage spring is applied against the | ower end

of said second stage adjusting screw nenber, and

further each of the contacting face of the push rod

with the lower spring support of the first stage

spring and the contacting face of the upper spring

support of the second stage spring wth the second
figtsage teedj e1stp ngn g o ewprenbed dgkessa taemopl end of said

spherical contact face respectively. 6. An Interna
ne@cﬁnéb%swbﬁeen@uh@e g ppeedwh £ ha aphabl roidnj édts dmwer end
FOVIﬂ th a chani sm f or ad£u5t|n€ _
Coﬁ]r e‘_’f%té P'Hg© %ftQa{:ng SpASTgS e cot dF R E8vaaisRring

[ | o r|n por t

Su%pOs%\?géff%%Fflslt:g\ggggg:&%ngﬁgs{ﬁ%blC?%é agai nst’ Cﬁéxirb pet

w1@hﬂKﬂesﬁbdeﬂﬁﬁﬁﬁeofatﬁ%,FHWbihﬁF%Hmﬂ BEtS%fjsald
push rod cones into contact with the |ower end of

selcpued spa frgsyuppor twheh Saﬁd.ﬁ@HﬂMeSTageeSﬁBImlﬂﬁEd up
pl ane surface contact when said needle valve is
by |af t%}ﬂeaﬁ Toy &l shkei file | pppery end n‘éfhé‘élebfulaﬁpﬂistamglng

ect.d on.val e of an internal conbustian
sH glne ggtlppg WER a%i%?elﬁaﬁﬁq%nlSv%Rﬁ?b?SvﬁﬁiﬂnSt

thW 1 Bwa meehaissauhier radidystiy 'E%]ae?v :g@gttﬂgllg. % %vf Ater,

of valve springs, the needle elrn
thagapnsir waldyeo sSprhaguppeeespy lfmgals@sp@&w e fsHBRld %dacond
under high pressure froman injection punp to open the
stRgfeciP bANgalve %\Iﬁﬂlalelcbv@ghenfsaelth@) bewenj ezt édoifntsmid

t of the engine through injection
Se&é’&#ﬁoug éggﬁc laSEt‘Lng mz2P8 B ehd, 2Rkergi AtRprsteach

ofsgﬁﬁitééﬁ%% tﬂﬁﬁisfé%)b%ﬁ%vghgpgﬁhﬂgfgr Ssuq%b fhe lower
y changi ng by nmeans afrr
sp&@d@éh@@d@ﬁ@WtheflrstStagespringandthecontactlng
faceoftheupperspringsupportofthesecondstagespring
with the second stage adjusting screw member takes a form
of spherical contact face respectively.

6. An internal combustion engine. equipped with a fuel
injection valve provided with a mechanism for adjusting
preloading force of valve springs according to claim 3,
wherein the lower end of the lower spring support of said
first stage spring is applied against the top end of said
needle valve, and the upper end of said push rod comes
intocontactwiththelowerendofthelowerspringsupport
of said second stage spring in plane surface contact when
said needle valve is lifted up by a specific 1ift.

7. A method of adjusting a fuel injection valve of an

internalcombustionengineequippedwithxafuelinjection

valve provided with a mechanism for adjusting preloading
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menber prel oading force of a first stage spring
incorporated in a valve nain body to | oad a needl e
valve in its closing direction, and second
st age(hi gher pressure) val ve opening pressure is
adj usted by changing by neans of a second stage
adj usting screw nenber preloading force of a second
stage spring incorporated in said valve main body to
folrasel séi ¢adeesl| epvdinves i nt hes ned dbé ngadivecheOngaftefted
said needle valve is lifted up by a specific lift
UPag&icnst s Ehea L¥st 6nimign ¢ of eecef byaifdie If insts stagesupplied
sSpring, g. A net hod of adjustjn% a fuel injection
unglR%, 479 BaR T ST O fiaf ZOBMAS L BACEigit REBPpbEd dRam the
infUd 6h oLIAEILON YALYE, RoY ded With g, MeRaa e,
for adjusting preloading force of valve spr|ﬁgs,.a
a neadbesvalote brbRGed i bEedHp adalinsd an¥alMeh SPhRG:-t ion
force by fuel pressure supplied under high pressare
opfemgmad pmjogtitdon punp hozopenchhe iemdect iwhnevalive first
and allow the fuel to be injected into a combustion
S LAEbEP W BE PRE SE ik Wk ba P € RéNgi PFestsivore dpeadigss ted
provi ded _at anozz| echi pend lerein a fuel injection
by AT RS, Fle g Shch & rae FIEa o Thao oV AV ShinfgS e
} Sty g ddrs e ring an on ,
mei?ﬁ%é g%??%g%ﬁ%ﬁ%etf?gkgg &??fe?en?ggﬁgbré?%%g%ng%prlng
i nferngec by teal dnt wovadjws idtigh SE6@W FBNDERS, aankedSite valve
stage adjusting screw nenber and a second stage
inadF%@Hnﬁ}%ﬁiQQ/ Aemeart Loespeanidvebpcosal d §tage (higher
stage and second stage springs being disposed tandem
PTESETY T he ChiEer PERAL P L 43 REHF & 44l 96 6 b AVdCHRrsting
st nd_second ] [ S w_nenbers bein
oY i AR E a8 Pinaam 3T sett nd ey SR EG EXpl RE et ar e
préaloiagdrsaict fdf si adbUsld "t age spring incorporated

in said valve main body to load said needle valve in its
closing direction after said needle valve is lifted up
by a specific lift against the restoring force of said
first stage spring. _

8. A method of adjusting a fuel injection valve of an
internal combustion engine equipped with the fuel
injection valve provided with a mechanism for adjusting
preloading force of valve springs, a needle valve being
lifted up against a valve spring force by fuel pressure
supplied under high pressure from an injection pump to
open the injection valve and allow the fuel to be injected
into a combustion chamber of the engine through the
injectionopenings providedat anozzlechipend, wherein
a fuel injection valve constructed such that; said two

valve springs consisting of a first stage spring and a

26




screw nenber for adjusting the preloading force of
said first stage spring is connected to an upper
support of said first stage spring so that said
needl e valve is always |oaded in its closing
direction by said first stage spring, said second
stage spring is acconmmopdated in an upwardly open
hol |l ow of said first stage adjusting screw nmenber,
s eanch ¢ & tth gecomdi atage cadp st bnge st e reriel nf preloading
adj usting the preloading force of said second stage
fogpia My iseidisposed ubova aiar ¢vrmenbeage adffistitngtage
ew, menber and gonnected to said second stage

29T b 9 tharr SEFE S medd & VYRt STrRagded i 19 scres
ny"So That’ e 3% IR
mefS) G- dlipeeLh oL by, salds gseeand stage. shrl 09 A8 age

sai d needl'e valve | . 1

sp&g&iﬁtbémﬁgf estHsbBedf @GrRioh sabdg fiHStc8hR88 axis of
spring; is deprived of said second stage spring and

thiet snappuret enabtvenenbers, fhestfissbgealaedopatiagd stage
pressure is adjusted by adjusting the prel oading force

adgfl ot BIf FFEL WS IEFP SPF i MY LBY AdaRovedshradem stlong the
ce%& eaf%%lg¥kﬁ&a%%E%&ggﬂ?féé;zgnd said first adjusting
screw member for adjusting the preloading force of said
first stage spring is connected to an upper support of
said first stage spring so that saidneedle valve is always
loadedin itsclosingdirectionbysaid first stage spring,
salid second stage sprihg is accommecdated in an upwardly
open nhollow of said first stage adjusting screw member,
and said second stage adjusting screwmember for adjusting
the preloading force of said second stage spring is
disposed above said first stage adjusting screw member
and connected to said second stage spring so that said
needle valve is loaded in its closing direction by said
second stage spring after said needle valve is lifted
up by a specific lift against the restoring force of said
first stage spring; isdeprivedof said secondstage spring
and its appurtenant members, then first valve opening
pressure is adjusted by adjusting the preloading force
of said first stage spring by means of said first stage

adjusting screw member,
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