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SN ABSTRACT

At se ovtlet paction of 2 Infection hole (8) of a fuel imection
vawve (1), throveh removal of a part (AL, 7B) of a wall
terming the injection hole (8), a restriction 1o a spray tlow
is climinaied, thereby, a dellection of the spray oceurs in
whica lne spray s rivh i the side whete this resuicion is
released and is lean at the side that is restricted. [hus, 1he
lgmuon property ot an internal combustion engine is
wiproved, and an vpuiuu spay & eadized wihich weduees
the amount ol unburnt gas components being cxhausted.

63 Claims, 14 Drawing Sheets
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Further, through an adjusiment of the injection hole width
W, the spray cross section Ws (as defined in F1G. 313) can be
adjusted, In that through decreasing W, Ws can be decreased
and througn increasing W, Ws can be increased, thereby, W
can b sl in a range O<W S,

As has been explained above, by adjusting the sive of the
step (L'-L), the deflection amount of the spray (the angle @l
or § as shown i FIG. 3A) can be adjusted. Further, by
adjusting the range (the range for shortening the passage
wall) of removing the passage wall of the injcction hole 8
with wespeat o the circumierential direction therend, the
expansion Ws of Jateral cross section of the spray can be
adiusted.

The nozzde member 7 can be constituied as shown in
I'IGS. 7A tarough 7D,

In the nov.rds member 7' as shown in FIGR. 7A and TR, a
(hick portion 7C is provided around the circumlierential
portion of the hottom lace portion {end Tace portion) 71 of
the nozzle member 7'. Namely, m this instance, by means of
the thick portion 7C vibration noises caused when the ball 6
staks on the seal face 9 4 reduced.

Further, as shown in F1GS. 7C and 712, through provision
ot & substantsaly annular thick portion 77 naving thickoess
or (132-131) tormed at a distance Bl from the center of the
myecnon hole 8, the vibration noise can be recuced.

Further, the novzde member 7 can be constiiuted as shown
m FIGS. 8A and 88,

Apozile member 7" 1s constituted ouly by a bottom face
portion 71" of a housing which accommodates the fuel swil
clement 22 and a part of the valve body 40, and s constituted
by a separglc body [rom s side wall portion 72, The side
wall porting 72" constilules a nozzle guide body [or guiding
te nozzie member 7. The pozzle member 7 is welded
along a joint portion 7D to the side wall porticn {nozzle
guwde body) 72'. Namely, m the present siructure, a portion
which is to be properly varied depending on an engine
volume and an attachment angle of an Injection vaive 15
cuncentrated oniy ai the botlom face portion 710 of the
housing, thereby, the productivity thereof is improved.

An embodiment of an infernal combustion engine will be
explamed with reference o FIGS. 9A through $C.

The piston 69 reaiprocatively disposed in the cyhnder 68
moves up and down 1o the cylinder 68 in response 1o rotation
o 4 clank shafl not shown. On the upper portion of the
cylwder 68 a cylinder bead 63 1s mounted 1o torm a closed
chamber together with the cylinder 68, In the cylinder head
63, an intake mamiold 62 which introduces external air into
the cyhinder 68 via an intuke air flow raie control unit 61
mworporating a throttfe valve anc ag exhaust manitold which
introduces combustion gas bueat iu the cylinder 68 info ag
exbaust unit, are formed.

At the side of 1he intake manifold 62 of the cyhnder head
63 intase valves 64 are provadud, ab the center thereol the
ipmtion unit 63 is provided and at the opposite side of the
mtake valves 64 exhaust valves 66 are respectively pro-
vided. The intake valves 64 and the exhaust valves 66 are
disposed In such 2 manner to exiend info the combustion
chamber 67. Herein, the tuel injection vaive 1 is aftached
near 4 connechng portion of the ntake manifold 62 in the
cylinder head 63, and the axia: line of the fue! injection vaive
1 18 set to direct shightly downward in the combustion
chamber 67 (in such a manner that the same is directed fo
oppusite direction with regard 1o the location of the ignition
unit 65). The aitachment angle v ihereof is usually abowt
=501

Numeral 69 shows the piston, and numeral 69A is a cavity
(8 recess) provided on the piston 69, The cavity 69A is
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provided m the radial direction o the piston 69 over a range
from the side of the exhaust valves 66 pevond the attachment
position of the igniiion unil 68 10 the side of the intake valves
64 {atmost the positica of the Igection hal 8). The injection
hole 8 is divected Wward the cavity 69A pravided on the
piston 69. A blanked arrow 81 in the drawings shows the
flow of intake air and a batched arrow 83 shows the Jow of
exhaust gas respoectively.

The fuel for the infernal combustion cngine 60 i pres-
surized by a pumnp and supplicd ‘o the tucl injection valve 1
and is dircetly injected o the combustion chamber 67 by
the lucl injection valve 1in synchronism with the dming of
the intake aly, 2nd immediately before the firing thereof, is
distributed s shown by the region 80, A mixing of the Jucl
atomized by the injection with the air flow (femble flow) 82
miroduced via L 1otake an mamiold 62 i provoted 1o the
combustion chamber 67.

‘The tumble flow 82 Dows through the side of (ke eylinder
head 63 o the side of the exhaust valves 66, changes the
flow direchon below 1ne exhiqust valves 66 toward ine side
of the piston 69, and is introduced o the side of the tuel
mjeciion valve 1 aieng the curved Cace of the cavily §9A so
as 1o carry the spray upward. The spray deflected wward the
fgnition anit 63 further directed wward the ign.ton anit 63
by the tumble dow 82. Un the other hand, the spray directed
toward the cavity 69A is leansed, thereby, an cxcess fusl
spray ward the piston 69 15 prevenied. Accordhingty, the
deposinon of Lac fuch spray on the piston 69 can be reduced.
Thereafter, toe air fuel mixwre s compressed during a
compression stroke, s firedt staply by the ignition umt 65,
thereby, a staoic combustion 18 realized wiuch suppresses an
¢xhaust atnount vl unburnt gas. Through cutng a part ox the
spray, ¢ pressure Giflerence between the wside and the
outsicke of tne spray is eliminated, theeehy, the spray con-
figuration bardly changes in response to a pressure vacation

+ inside the cyhnder 68, resultanily, a spray can be provided

which shows a desirable combustion stapikity in a broad
range of cngine rpm.

In the in-cylinder gasoline injection engine, a tumble low
s generaled 10 Loe combustion chamber, therelore, 2 com-
busiion of iean air tvel mixwure can be realized without
significantly modicymg the cylinder head configuration of a
convenional cngine.

According 1o the facl imecton valves of the above
respeetive embodiments, at an outlet port of the injection

5 hole, through removinz a part of a wall face foroung the

injechion hele a restnction (o a spray How is released anc a
deJecting spray 15 fornied m which ihe air Tnel mixiure of
combusubic acnsity at the side rostriction releascd is rich
and that at side restnicted the ai fuel mixture of combustible
deasity 1s lean. For tlus reason, the How of spray 1s bardiy
disturbed as wil. bappen i a cuse where a pant of the
mjecton bole 1s shicldod. Lhe above feature 1 particularly
advanlageous when Lac Lecl mpeehon vaive mjects el
while applying a swirling force taereto, becanse the applied
swirl energy 1s bardly dissipated.

Lurther, the mel mjecton valves according to the respec-
tive cmbodiments can be realized by cuiring our a part of the
wall forming the ijection hole at the outet port thereof, by
providing astep at the outlet opemng porbion of the injection
vave so that the fength of the injectinng nole varies in the
circumferential direction thereof or by forming a recess at
the nozzle top end face including 4 part of the wall face
furmmg the imjeenon hole. When jcoking al these embsodi-
menis from another pomt of vicw, a part of the wall (aec
forming the mjecton hole 15 provided by extending oward
down stream side (at the top end side of the nozzle body) in
comparison with the other portion thereot,
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5. A fuel imjection valve according w cfam 1, whercn a
spray is injected 10 such a manner that the spray injected
trom the igjection hole comprises a rich spray component
around two unaginary sides usiag the injection hole s their
apex on a crons seehional plane inchading the conler axial Fne
of the injection hole and in parallel with the center axial Hne,
and the distance the spray is injected around one side among
the two sides is shorter than the distance the spray is injected
to the ather side, wihile in the side range where the distance
the spray reaches is short, a spray crose sectional plane
porpendicular o the center axial line of injection hole
contains a fuel lean portion.

6. A fuel injectinn valve according to claim 1, wheeein the
fuel passage applics a swirling force to fuel at the upstream
side of the valve scat.

7. A Tuel injection sysem compricing a {uel injection
valve which operales to inject fuel directly inio a cylinder,
a pump which pressurives the fuel and supplies the same o
the tuel injection valve and a control unit which controls fuel
mjection by means of the firel injection valve, wherein as
sand el impection vaive the Tuel injection valve according 1o
claim 1 is uscd.

§. An miemal combustion engine comprising a cy.inder,
8 pistog which performs a reciprocating moation in the
vylnder, an air latake means which introduces air fnm the
eyiinder, an oxhaust means which exhausts bumt gas from
ihe cylinder, a fucl injection valve which direetly injocts fucl
into the cylinder and an iguition wait which igaites a muxture
2as formed of the air introduced into the cylinder by the air
Intake mcans aad the fucl injected into the cylinder by the
Luci mjeciaon valve, wherein as said fucl injection valve the
{ucipjection valve according to clam 1 is used, and the fucl
mjection valve is arranged 10 such a manoer that a stortened
portion of a passage wail forming the injection hole through
provision of a step is directed w the side of the 1gmuon vt

9. An internal combustion cngine according to claim &,
wherem a detlection spray is formed in which the spray s
rich at the side ol the ignition unit and the spray is Jean a1
the side of the pision.

10. A tuel injection valve, comprising: a member having
an jection hole, a valve seat located at an upstream side of
the injection hole, a valve body which performs opening and
closing ol a Tuel passage including said injection hole in
cuoperation with the valve scat and a driving means for
diving, toe valve body, wherein an outlet port tace of the
wjecuoa hole 1s formed so as to include a sharp step in the
cenler axral divection o the injection hole.

L1 A fuct injection valve according (o claims 10, wherein
3 spray 1s uyjected a such a manner that the spray injected
ttrom the injection hole comprises a rich spray component
around two umaginary sides using, the imection hale as thewr
apux on a cross seclional plane including the cenier axial Hoe
ol the mjeetion bole and in parallel with the conter axial hne,
and the distance the spray is injected around one side among
the two skles 1s shorter than the cstance the spray is injected
to the other side, while in the side range where the distance
the spray is short, a spray cross scetional plane perpendicular
to the center axial line of injection hole contains a tucl lcan
purtion.

L2. A fuel injection valve according to claim 10, wherein
the tuel passage applies a swarling foree 1o fuel at the
upstream side of the valve seat,

L3, A tucl imection systemn comprising a luel injection
vdive which operates o inject fue! dircatly into a cvlinder,
4 pump which pressurizes the {uel and supphes the same to
the tucl injection valve aod a control unit which controls fuet
injection by means of the el injection valve, wherein as

39

49

2

s

218

14
said fucef injection valve the fuclimection valve according 1o
claim 10 is used.

14. An intvmal combustion eagine comprising a cylinder,
& piston which performs 2 ~eclprocaing motion n the
eylinder, an aiw tnake meuns which intmduees wir into the
cylinder, an exhaust megns which exhausts burnt gas from
the eyhnder, a lucl mjection valve which dircetly njecis fucl
into the cylindor and an iguition woit which igaiics @ miawre
gas lormed of the alr ntroduced o the eylinder by the aix
intake means and the fuel injected inlo the eylinder by the
[uel mjeetion valve, wherein ss said [ucl mjection valve the
fuet injection valve according w ciaim W is used, and the
fucl injection valve is artanged in such a manner that
shortened portion of a passage wall forming the injection
hole through the provision of the step is directed to the side
of the ignition unii.

15, Arn internal combustion engine zccording o claim 44,
wherein a dellection spray is [ormed in which the spray is
rich at the side of the ignition unit and the spray is lean at
the side of the pision,

16. A tuel mjection vaive, comprising: a member having
an mjeenon how, a valve seat focaled al an upstream side of
the injection hol, a vaive body which periomms opening and
closng of @ fuel passage welading sad imecnon fole
cooperation with the valve seat and « dnving means for
drving the vaive body, wherein a sharp step is provided at
an outlet upenmg porton of the injecuon hole so that the
length of a passage wall Jormimg the ijection bule varics
nomigeardy in the ciroumferential direction of tae injection
hole,

17. A tucl myection valve aceording to clamm 16, wherem
4 spray 15 mjevled 1o such a manner thai the spray jecied
from the mpeenon bole cumprises a rich spray component
around two imaginary sides using, toe inject:on hole as their
apex on a cross sectional plane inciuding the ceater axsal line
of the mjecnen hole and in parallei with the cemer axial line,
and the distance the spray is injected around one side among
the two sides 15 snorier tnan the distance 1he spray 1s injected
to the usther side, while in ine side range where the distance
the spray reaches is short, a spray cross sectional plane
perpendicular o the center axial line of injection hole
confains a fuel lean portion.

&, A fucl mjcction valve aceording (o claim 16, wheremn
the facl passage apphies a swirling foree 1o fue] at the
upstrcam side ol the valve scat.

19. A tuel sgjection system compnsing a tuel igjection
vawve which operates to inject tuei directiy 1o a cyuader,
a4 pump which pressunzes the fucl and supplics the same 1o
the fuci injeetion vaive and a control umit which controls fucl
mgcuon oy means of the fuel wjection valve, wherein as
said fuel injection valve the fuel injection valve accoming to
claim 16 s used,

20. An micrnal amount combustion cngine comprsing 4
cyhnder, a piston which perfonms a reciprocating metion m
the cylinder, an air intake means which ntroduces air into
y , an exbaust means which exbausts busnt gas
from the cylinder, a fuel Injection valve which directiy
jeess fuel nto the eylinder and an ignition wnic which
ignites a mixture gas formed of the air introduced into the
cylinder by tne air intake means and the fuel injecied into the
cyunder by the fuel mection valve, wnerein as said fuel
nyection valve the fuel ijection valve according to clam 16
is used, and the fuel Injection valve is arrangea ui SUch a
manncr thit 4 shorienca portion of the passage wall forming
the injection hole through the provision of the step s
directed W the side of the wgmuon uniL.

21 An internal combustion cngine accogcding 1o claun 24,
whierein a deflection spray is formed in which the spray is
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