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This invention relates to, fuel injectors, par-
ticularly hydraulically operdted fuel injectors for
internal combustion engines of the compression-
ignition type. Its principal objects are to pro-

5 vide a fuel injector that will deliver 2 minimum
quantity of fuel during the early stages of the
injection period and thereby prevent sudden
pressure increase in the engine cylinder and con-
sequent heavy running of the engine, that will

10 enable the delivery valve to seat quickly at the
end of the injection period and thus prevent
after injection or nozzle dribble, and that will
embody other advantages hereinafter appearing.
The invention consists in the fuel injector and

15 in the construction, combinations and arrange-
ments of parts hereinafter described and claimed.

In the accompanying drawing, which forms
part of this specification and wherein like sym-
bols refer to like parts wherever they occur,

90 PFig.lisa part side elevation and part central
longitudinal sectional view of a fuel injector em-
bodying my invention,

Pig. 2 is an enlarged central longitudinal sec-
tional view of the outer or discharge end portion

o5 of the injector, the valve being shown closed,

Fig. 3 is a similar view with the valve shown
partly open,

Fig. 4 is a similar view with the discharge valve
shown fully open; and

g0 Fig. b is a view similar to Fig. 2 showing a
modified construction.

In the accompanying drawing, my invention
is shown embodied in a fuel injector for an in-
ternal combustion engine of the Diesel type.

a5 Said injector comprises a main body portion or
holder | having an inlet passageway 2 adapted
to be supplied by a suitable pipe 3 with fluid fuel
under pressure. The holder is provided with a
removable nozzle assembly comprising concen-

4¢ tric cylindrical inner, outer and intermediate
sleeves 4, 5 and 6, respectively, secured together
and to said holder by means of a ring nut 7
threaded on the latter. }

The inner sleeve 4 is provided at its outer end

45 with an outstanding flange 8 that is clamped be-

tween the outer end wall 9 of the outer sleeve 5 .

 and the outer end of the intermediate sleeve 6;
and said inner sleeve is provided at its inner end
with an outstanding flange 10 that bears flat-

50 wise against the outer end of the holder I. The
ring nut 7 is provided at its outer end with an
internal flange i{ that bears against an external
flange {2 at the inner end of the outer sleeve 5,
thereby clamping - the intermediate sleeve 6

55 against the outer end of the holder | and the

external flange 8 at the outer end of the inner
sleeve & between the outer end wall 9 of said
outer sieeve and the outer end of said inter-
mediate sleeve. The fuel passageway 2 in the
holder | opens through its nozzie engaging end &
into an annular groove i3 in the inner end of
the intermediate sleeve 6; and this annular
groove communicates through one or more inlet
ports 14 with the bore of said intermediate sleeve.

The axial bore 15 of the inner sleeve 4 termi- 10
nates at the outer end thereof in an outwardly
flared valve seat 16; and the outer end wall 9
of the outer sleeve 5 is provided with an out-
wardly flared axial hole {1 that constitutes a
continuation of the axial bore 15 of said inner 15
sleeve. Cooperating with the valve seat 16 at
the outer end of the bore 15 of the inner sleeve
4 is a conical valve member or element 18 hav-
ing an inwardly extending stem portion 19 that
is slidably supported in said bore. Said bore is 99
enlarged, as at 15a, intermediate its ends to ac-
commodate a spring 20 that surrounds said stem
with one end seating against the outer end of
the enlarged portion of said bore and with its
other end bearing against a nut 2{ threaded o5
on said valve stem. A second nut 22 is pro-
vided for locking the nut 2{ in adjusted posi-
tion on the valve stem .19. The inner sieeve 4
is provided opposite the enlarged portion 5a
of its valve stem supporting bore 15 with a side 3
opening 158 throush which the valve closing
spring 20 may be inserted and removed. The
inner valve or supporting sleeve 4 is of smaller
outside diameter than the inside diameter of
the intermediate sleeve 6, thereby forming an gs
annular passageway 23 hetween said sleeves.
The valve supporting sleeve 4 is provided just
inside of the flange 8 at the outer end thereof
with a peripheral groove 24 and one or more
radial ports 25 that lead from said groove to the 4q
bore of said sleeve.

The valve I8 is provided with an outwardly
extending head portion 25 that terminates flush
with the outer end of the outer sleeve 5 in the
closed position of the valve, is flared outwardly 45
at an angle corresponding to the flared hole 11
in the end wall 8 of said outer sleeve and is of
smaller diameter than said hole so as to form
therewith an annular discharge orifice 1Ta. The
valve stem 19 is provided inwardly of the valve 50
{8 with an annular groove 27 which, in the closed
position of said valve, cooperates with the stem
supporting bore {5 of the inner sleeve 4 to form
an annular chamber 28 that communicates with
the ports 25 leading from the annular groove 2 -



2

in said sleeve. The portion 29 of the valve stem
19 between the groove 27 and the valve 18 is of

-slightly smaller diameter than the stem sup-

porting bore (5, thereby forming an annular
passageway 30 between the annular chamber 28
and the annular discharge orifice 26 during the

- early part-of the opening movement of said valve
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and during the latter part of its closing move-
ment.

The fuel passes through the passageway 2 in the
holder [ into the annular groove 13 in the inner
end of the intermediate sleeve 6, thence through
the ports 14 therein into the annular bassageway
23 between said sleeve and the inner sleeve 4, and
thence through the ports 25 in said inner sleeve
irito the annular chamber 28 where the hydraulic
pressure of the fuel operates to force the valve 18§
off its seat 16. During the early part of the open-
ing movement of the valve, the fuel flows through
the relatively narrow annular passageway 30
formed by the reduced portion 29 of the valve
stem 19 between the valve and the annular groove
27 in said stem and thus causes a minimum quan-
tity of fuel to be discharged and thereby pre-
vents a sudden pressure increase in the cylinder
and consequent heavy running of the engine,

As soon as the outer end wall of the annular
groove 21 clears the inner end of the flared valve
seat 16, the full cross-sectional area of the an-
nular chamber 28 is in communication with the
annular discharge orifice 1Ta and the quantity of
fuel delivered increases as the width of said an-
nular discharge orifice is increased due to the
outward movement of the flared head 26 of the
valve and the flared hole 17 in the end wall 8
of the outer sleeve 5. When the pressure on the
fluid fuel is released, the spring 20 operates to
return the valve to closed position; and, during
this return movement of the valve, the reduced
portion 29 of the valve stem throttles or cuts

down the quantity of fuel discharged and thus

enables the valve to seat quickly at the end of the
injection period so as to prevent after injection
or nozzle dribble. The quantity of fuel delivered
during the minimum injection and the length of
time of such minimum injection are determined
by the diameter and length, respectively, of the
reduced portion 29 of the valve stem.

In the modification shown in Fiz. 5, the outer
end wall of the annular groove in the valve stem
is beveled or radiused, as at 31. so as to prevent

an abrupt change in the quantity of fuel delivered .

when said end wall clears the valve seat; and the
head portion of the valve is tapered, as at 32, and
terminates at its outer end in an outstanding
flange 88 adapted to assist atomization of the fuel

as it leaves the annular discharge or spraying -
-orifice 17b. ’ : -

What I claim is:

1. A fuel injector having a bore provided ad-
jacent to its outer end with an outwardly open-
ing valve seat, and an outwardly opening valve
cooperating with said seat and having a cylindri-
cal axial extension on its inner end slidably sup-
ported .in said bore, said ecylindrical extension
having an annulargroovetherein cooperating with

‘said bore to form a relatively wide annular cham-

ber, said injector having a passageway leading to
said annular chamber for supplying fuel thereto,
the portion of said cylindrical extension between
said valve and said annular groove being of less
diameter than said bore and -cooperating there-

with to form a relatively narrow annular pas- -

sageway that communicates with said relatively
wide annular cl_mmber and is adapted during the

. disposed in the ocuter end

‘than said annular groove and
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opening movement of said valve fo throttle the
fuel discharge until said annular groove enters
said valve seat and places said relatively wide

annular chamber in direct communication there-

with. )

2. A fuel injector having a bore formed adja-
cent to its outer end with an outwardly opening
valve seat, and a spring retracted outwardly open-

ing valve cooperating with said seat and having -

a stem on its inner end slidably supported in
said bore, said stem having an annular groove
therein cooperating with said bore to form an
annular chamber, said injector having a passage-
way leading to said annular chamber for supply-
ing fuel under pressure thereto, the portion of
sald stem between said valve and said annular
groove being of less diameter than said bore but
of greater diameter than said annular groove and
cooperating with said bore to form an annular
bassageway that communicates with said an-
nular chamber and.is adapted during the early
part of the opening movement of said valve to
throttle the fuel discharge until the outer end
wall of said annular groove enters said valve seat
and places said relatively wide annular chamber
in direct communication therewith.

3. A fuel injector having a bore provided in-
wardly of the outer end thereof with an outwardly
opening valve seat therein, and an outwardly
opening valve cooperating with said valve seat
and having a stem on its inner end slidably sup-
ported in said bore and a-head at its outer end

operating therewith to form an annular discharge
orifice, said stem- having an annular groove there-
in cooperating with said bore.to form an annular
chamber, said injector having a bassageway for
supplying fuel under pressure to said annular
chamber, the portion of said stem between said
valve and said annular groove being of less di-
ameter than said bore but of greater diameter

cooperating with

said bore to form an annular passageway between
said annular chamber and sald annular discharge
orifice of smaller cross-sectional area than said
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annular chamber and adapted during the opening

movement of said valve to throttle the fuel dis-
charge until the outer end wall of said annular
8roove enters said valve seat.

4. A fuel injector having a bore having an out-
wardly opening valve seat therein adjacent to the
outer end thereof, and a spring-loaded outwardly
opening valve cooperating with sald valve seat
and having a stem on its inner end slidably sup-
ported in said bore and a head at its outer end
disposed in the outer end of said bore and coop-
erating therewith to form an annular discharge
orifice which increases in width during the out-
wardly opening movement of sald valve, said
stem having an annular groove therein having
an inwardly sloping outer end wall and cooperat-

50

55

ing with said bore to form an annular chamber, -

said injector having g bassageway for supplying
fuel under pressure to sald annular chamber,
the portion of said stem between said valve and
said annular groove being of less diameter than
said bore but of greater diameter than said an-

nular groove, and cooperating with said bore to

form an annular passageway between said anny-
lar chamber and said annular discharge orifice
of smaller cross-sectional area than sald anny-

lar chamber anqg adapted - during the opening -

movement of said valve
of fuel until said outer
groove enters said valve

to throttle the discharge

seat,

70

end wall of said annular
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5. A fuel injector having a bore having a
flared outwardly opening valve seat, and an out-
wardly opening valve cooperating with said seat
and having an inwardly extending stem slidably
supported in said bore and an outwardly extend-
ing tapering head portion that cooperates with
the outer end of said bore to form an annular dis-
charge orifice and terminates in an annular
shoulder, and a spring fcx drawing said valve in-
wardly against said seat, said stem having an
annular groove therein that cooperates with said
bore to form an annular chamber, said injector
having a passageway for supplying fuel under
pressure to said annular chamber, the portion of
said stem between said valve and said annular
groove being of less diameter than said bore but
of greater diamater than said annular groove
and cooperating with said bore to form an annu-
lar passageway between said annular chamber
and said annular discharge orifice of smaller
cross-sectional area than said annular chamber
and adapted during the opening movement of
said valve to throttle the fuel discharge until the
outer end wall of said annular groove enters
said valve seat. .

6. A fuel injector comprising a holder having
a passageway therein, a removable nozzle com-
prising interfitting cylindrical inner, outer and
intermediate sleeves, said inner sleeve having an
outstanding flange at its outer end that over-
laps the outer end of said intermediate sleeve
and said outer sleeve having an outer end por-
tion that overlaps said flange, a sleeve nut
threaded on said holder and cooperating with
said outer sleeve to
sleeve against said holder and to clamp the flange
at the outer end of said inner sleeve between
the outer end of said intermediate sleeve and the
outer end wall of said outer sleeve, said inner and
intermediate sleeves having an annular passage-
way therebetween in communication with the
passageway in said holder and the interior of
said inner sleeve, and a valve for closing the
outer end of said inner sleeve.

7. A fuel injector comprising a ‘holder having
s passageway therein, a removable nozzle com-
prising interfitting eylindrical Inner, outer and

clamp said intermediate -

3

intermediate sleeves, said inner sleeve having an
outstanding flange at its outer end that over-
laps the outer end of said intermediate sleeve
and said outer sleeve having an outer end wall
that overlaps said flange and has an axial hole

therein, a sleeve nut threaded on said holder and

cooperating with said outer sleeve to clamp said
intermediate sleeve against said holder and to
clamp the flange at the outer end of said inner
sleeve between the outer end of said intermediate
sleeve and the outer end wall of said outer
sleeve, said inner and intermediate sleeves hav-
ing an annular passageway therebetween in com-
munication with the passageway in said holder
and the interior of said inner sleeve, and a valve
for closing the outer end of said inner sleeve, said
valve having a head portion disposed in the axial
hole in the outer end wall of said outer sleeve
with an annular clearance space therebetween.

8. A fuel injector comprising & holder, having
a passageway therein, a removable nozzle com-
prising interfitting cylindrical inner, outer and
intermediate sleeves, said inner sleeve having an
outstanding flange at its outer end that overlaps
the outer end of said intermediate sleeve and
said outer sleeve having an outer end wall that
overlaps said flange and has an axial hole there-
in, a sleeve nut threaded on said holder and co-
operating with said outer sleeve to clamp said in-
termediate sleeve against said holder and to clamp
the flange at the outer end of said inner sleeve
between the outer end of said intermediate sleeve
and the outer end wall of said outer sleeve, said
inner and intermediate sleeves having an an-
nular passageway therebetween in communica-
tion with the passageway in said holder and the
interior of said inner sleeve, and a valve for clos-
ing the outer end of said inner sleeve, said valve
having a head portion disposed in the hole in the
outer end wall of said outer sleeve with an an-
nular clearance space therebetween, said valve
having an inwardly extending stem portion slid-
ably supported in said inner sleeve and adapted
to cooperate therewith to form a restricted pas-
sageway therebetween during the early stage of
the opening movement of said valve.

) RAYMOND D. STREBY.
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