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3,351,288
FUEL INJECTOR
Julius P. Perr, Columbus, Ind., assignor t¢ Cammins En-
gine Company, Inc., Columbus, Ind., a corporation of
Indiana
Filed Mar. 25, 1964, Ser. No. 354,572
18 Claims. (CL 239-—89)

This invention relates generally to fuel injectors for
internal combustion engines and more particularly to a
fuel injector for a compression ignition engine.

The general object of the invention is to provide a
fuel injector having novel means for substantially pre-
venting products of combustion from entering the in-
jector and passing to critical parts thereof or to fuel lines
connected to the injector.

Another object is to provide a fuel injector having a
novel arrangement for the flow of fuel therethrough.

A further object is to provide an injector construc-
tion in which the portions normally subjected to wear
and deterioration can be readily replaced without re-
placement of the whole injector.

Still another object is to provide an injector con-
struction having a plunger of the type operated by a
rocker arm for injecting the fuel into the cylinder, where-
in any side thrust on the plunger from the miovement of
the rocker arm is reduced.

A still further object is to provide an injector con-
struction provided with passages for the flow of fuel
formed by drilling bores in the body of the injector,
the construction being such that none of said bores re-
quire plugging to close an end of any such bore.

Other objects and advantages will become apparent
from the following description taken in connection with
the accompanying drawings, in which:

FIG. 1 is a fragmentary view on a reduced scale of an
internal combustion engine having an injector embodying
the features of the invention;

FIG. 2 is a longitudinal sectional view through the
injector shown in FIG. 1;

FIG. 3 is a transverse sectional view taken on the line
3—3 of FIG. 2;

FIG. 4 is a fragmentary sectional view taken on the
line 4—4 of FIG. 3;

FIG. 5 is a longitudinal sectional view similar to FIG.
2 but taken in a plane differing from that of FIG. 2; and

FIG. 6 is a view similar to FIG. 5 but showing the
parts of the injector in a different position, during opera-
tion, from the position of the parts shown in FIG. 5.

An injector embodying the features of the invention
comprises generally an injector body having a plunger
bore and a nozzle at one end of the plunger bore, through
which fuel is injected into the cylinder of the engine
by a plunger reciprocably mounted in the bore. The body
also has a fuel passage comprising a supply portion
adapted to be connected at one end to a source of fuel
under pressure and at its other end a feed hole con-
necting the passage with the plunger bore, The feed hole
being opened and closed by reciprocation of the plunger.
The plunger adjacent one end and the portion of the
body surrounding such end portion of the plunger is
formed to provide two chambers, one communicating
with the nozzle and the other communicating with the
feed hole, with a restricted conduit or clearance con-
necting the two chambers and substantially preventing
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passage of combustion products from the chamber com-

municating with the nozzle to the chamber communicat~
ing with the feed hole, fuel being forced through said
clearance from the last mentioned chamber to the first
mentioned chamber during a part of the cycle of opera-
tion and tending to flush out any carbon which may have
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collected in the clearance. The body also includes a re-
turn portion of the passage therethrough, which return
portion is adapted to be closed by the plunger when
the feed hole is opened thereby.

The body of the injector is formed by a plurality of
parts arranged so that those parts subjected to greatest
wear may be readily replaced without replacement of
the whole injector, Further, such parts are provided with
drilled bores constituting the above mentioned supply
and return portions. The fact that the body comprises
a plurality of parts permits such bores all to be drilled
from an outer surface of any such part without the
necessity of plugging any such bore at an end thereof,
A part of the return portion is formed merely by pro-
viding a clearance between two of the body parts to
avoid the necessity of a drilled bore for such part of the
return portion.

The plunger for injecting the fuel from the injector
into the cylinder is adapted to be actuated on its injec-
tion stroke by engine operated means including a rocker
arm the movement of which is generally longitudinally
of the plunger but has a component laterally of the
plunger. Such lateral component would tend to cause
unwanted wear on the plunger or in the plunger bore
of the body. For this reason, the plunger has a con-
struction which reduces any lateral thrust on the plunger
itself so that wear from such lateral thrust is avoided.

In FIG. 1 of the drawings there is shown an injector,
indicated generally at 10, mounted in an engine frag-
mentarily shown. The engine of course may have a plu-
rality of cylinders although one one cylinder is shown.
Thus, the engine includes a cylinder head 11, a rock
shaft 12 and a rocker arm 13 adapted to be rocked on
the rock shaft by the usual engine driven means.

The injector 10, embodying the features of the in-
vention, comprises an elongated injector body indicated
generally at 20 and having a plunger bore 21 therethrough,
and a nozzle member or cup 22 having nozzle open-
ing 23 therein through which fuel is injected into the
cylinder of the engine. A plunger, indicated generally
at 26, is reciprocably mounted in the bore 21 for ejecting
a quantity of fuel from a chamber in the body 20 upon
movement of the plunger 26 toward the nozzle.

The injector body 20, in the present instance, com-
prises a generally cylindrical body member or adapter
31, a barrel member 32, and the nozzle member 22 ar-
ranged in end-to-end abutting relation. Thus, the abut-
ing end faces, indicated at 33 and 34, of-the body and
barrel members 31 and 32, respectively, -and the abutting
end faces, indicated at 36 and 37, of the barrel and
nozzle members 31 and 22, respectively, are machined flat
to assure surface to surface contact when the parts are
engaged. .

For holding the parts of the injector body 26 in as-
sembled end-to-end relation, a tubular retainer 40 is
provided. The retainer 40 in the present instance is in-
ternally threaded as at 41 at one end for engagement
with external threads 42 on the end of the body member
31, as viewed in FIGURE 2. The other end of the re-

tainer 40 is provided with an inturned flange 43 defining

an internal shoulder 44 for engaging an annular radially
outwardly extending flange ‘47 on the nozzle member 22,

‘Thus, when the retainer 49 is threaded onto the body

member 31, the end faces 33, 34 and 36, 37 of the parts
of the injector body 20 are held in abutting engagement.

As heretofore mentioned, the injector body 20 is pro-
vided with a bore 21 for receiving the plunger 26. The
bore 21, in the present instance, comprises a portion 56

0 in the body member 31 and a coaxial portion 57 in the

barrel member 32, the portion 56 being of somewhat larger
diameter than the portion 57 so that the upper end of the
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plunger 26 does not contact the wall of the bore 56. The
interior of the nozzle member 22 constitutes a continua-
tion of the plunger bore 21. .

The plunger 26, in the present instance, comprises a
‘fuel injecting and control member 61 and a sleeve 62.
One end, indicated at 63, of the sleeve 62 is secured to
the adjacent end of the plunger member 61 by rolling or

_otherwise forming the end 63 into a circumferential groove _
64 formed on the end of the plunger portion 61. The out-

side diameter of the sleeve 62 is somewhat less than that
of the portion 56 of the plunger bore so that the sleeve
fits ‘Joosely within the bore 56 throughout the range of
movement of the plunger. A flange 66 is secured to the

10

other end of the sleeve 62 to provide an abutment forone "~

end of spring means in the form of a coil spring 67 dis-
posed around the sleeve 62. The other end of the coil
spring 67 bears against a shoulder 68 defined by an en-
larged bore 71 in the end of the body member 31, which
is coaxial with the bore 56. The spring 67 is normally
under compression and thus serves to urge the plunger 26
away from the nozzle. L

" Movement of the plunger 26 toward the nozzle member
22 is effected by the rocker arm 13 acting through an
elongated rod-like member or link 72. In the present
instance, one end, indicated at 73 (FIG. 1), of the link 72
is spherically formed for engaging a complementally
shaped seat at one end of the rocker arm 13, and the other
end, indicated at 74 (FIG. 2), of the link 72 is spherically
formed and engages a complementally shaped seat 76 in
the end of the plunger member 61. Such engagement sub-
stantially” eliminates the imposition of side. thrust on the
plunger member 61. Such side thrust is further reduced
due to the fact that the link 72 is of substantial length
so that the angular movement of the link 72 is relatively
-small.

The reduction of side thrust from the rocking movement
of the rocker arm on the plunger member 61 substantially
reduces wear between the plunger member 61 and the bore

-portion 57, thereby increasing the service life of the in-
jector.

As heretofore mentioned, the injector body 20 is pro-

-vided with a fuel passage therethrough, comprising a
supply portion and a return portion. One end of the sup-
ply portion is adapted to be connected to a fuel supply
line, and one end of the return portion is adapted to be
connected to a fuel return line. Such fuel supply and re-
turn lines, in the present instance, comprise a pair of
-spaced longitudinally extending bores 80 and 81 (FIG.
1), respectively, in the cylinder head 11. The fuel supply
bore 80 has one end connected to a source of fuel under
pressure, such as a fuel pump, and the fuel return bore
81 which may be connected to the low pressure side of
the fuel pump, is provided for returning a portion of the
fuel supplied to the injector to the pump. The fuel supply
and retirn bores 80 and 81 intersect a vertical mounting
bore, indicated generally at 82, in the cylinder head 11,
the bore 82 comprising a series of concentric bores of
.varying diameters. The injector body 20 similarly includes
a series of concentric, varying diameter portions adapted
t6 engage the concentric portions of the mounting bore
82 to thus locate the injector in the cylinder head 11. When
fully seated in its bore 82, the fuel supply and return
‘bores 80 and 81 register with circumferential grooves 84
and 85, respectively, in the body member 31. In order to
prevent fuel leakage between the fuel supply bore 80 and
fuel return bore 81, the body member 31 may include a
plurality of longitudinally spaced grooves 86 for receiving
O-ring seals 87, there being at least one groove and seal
on each side of each of the supply and return grooves 84
.and 85. i

The supply portion of the fuel passage, in the present
instance, comprises a transverse bore 91 (FIG. 2) ex-
tending inwardly from the groove 84, the inner end of
which opens into one end of a longitudinal bore 92. The
bore 92 extends to the end face 33 of the body member
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31, and communicates with one end (FIGS. 4, 5 and 6)
of a longitudinal bore 97 in the barrel member 32, which
is laterally offset from the bore 92. The other end of the
bore 97 is spaced from the end of the barrel member 32
and is connected to a small transverse bore or feed hole
98 in the barrel member, the inner end of the feed hole
98 opening into the portion 57 of the plunger bore 21.
Thus, the supply portion of the fuel passage includes
the transverse bore 91, connected but laterally offset
longitidinal bores 92 and 97, and the feed hole 98.

According to the present invention, the plunger member
61, as viewed in FIG. 6, and. the plunger bore 21, includ-

‘ing ‘that portion thereof in the interior of the nozzle

member 22, is formed to define two chambers. Thus,
the plunger member 61 and the nozzle member 22, when
the plunger member is moved away from the nozzle, are
shaped to provide a space within the plunger bore com-
municating with the nozzle openings 23 and the feed hole
98. Such space, in the present instance, comprises an in-
jection chamber 101 defined by the interior of the nozzle
member 22 and the end of the plunger member 61, and -
another chamber 103 defined by a reduced diameter por-
tion 104 on the plunger member 61 and the adjacent
wall of the plunger bore portion 57. The chambers 101
and 103 are connected by a restricted conduit 106 de-
fined between the reduced diameter portion 164 and the
adjacent wall, indicated at 107, of the interior of the noz-
zle member 22. In the present instance, the reduced di-
ameter portion 104 and wall 107 are cylindrical so that
a clearance therebetween provides the restricted conduit
106. The end of the plunger member 61, indicated at 102,
is tapered to fit a complementally tapered internal surface
108 in the nozzle member 22. The reduced diameter por-
tion 104 also defines a shoulder 111 which is effective to
open and close the feed hole 98 upon movements of the
plunger 26 in its bore.

According to the present invention, the restricted con--
duit or clearance space 106 is small and preferably about
.003 inch in radial width. Such restricted conduit pro-
vides a significant operational advantage in that combus-
tion products, such as carbon particles, which may be
forced through the nozzle openings 23 into the chamber
101 are prevented for the most part from entering the
chamber 103 and feed hole 98. Thus, carbon particles are
deposited upon the adjacent walls of the restricted con-
duit 106, rather than being carried into the chamber 103
or feed hole 98, or even possibly to the supply and return
portions of the fuel passage. The tendency for the carbon
particles to accumulate on the walls of the restricted con-
duit 166 is minimzed by the high velocity flow of fuel
therethrough from the chamber 103 into the injection
chamber 101 upon movement of the plunger 26 foward
the nozzle. Moreover, even though some carbon may
accumulate on the reduced portions 104 and 107, such
accumulation does not substantially affect operation of the
injector. Further, the prevention of accumulation of
carbon particles in the area of the feed hole prevents
scratching or serration of the plunger member 61 'and
hence deterioration of the plunger member 61 in the
area of the shoulder 111 and the plunger bore in the
area of the feed hole 98. Moreover, since the products
of combustion are substantially prevented from passing

through the restricted clearance 106, there is less back

flow of such products through the nozzle openings 23.
The restricted conduit 106 also provides another advan-
tage where a plurality of injectors are employed, such as
in a multi-cylinder engine, wherein the injectors are sup-
plied in common by the supply and return bores 80 and
81 (FIG. 1). Thus, because of the fact that, when the

feed hole 98 is uncovered by the shoulder 111, the supply

portion of the fuel passage in a particular injector will be
in communication with the common supply bore 88, a
pressure wave from the cylinder could be transmitted
through the supply portion of the fuel passage to the
common supply bore and possibly adversely affect the
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metering of fuel in adjacent injectors. The restricted con-
duit 186 to some extent acts as a barrier to the passage
of such pressure wave and thus eliminates this problem.

As a further precaution to the passage of such pressure
waves into the common fuel supply bore 80 valve means
in the form of a check valve may be provided in the sup-
ply portion of the fuel passage, between the feed hole 98
and fuel inlet groove 84. Such valve means, in the present
instance, comprises a ball check valve 114 (FIGS. 3 and
4) mounted in a cavity formed in one of the members
comprising the body, in this instance in the body member
31. Such cavity, in the present instance, is formed by a
bore 116 extending inwardly from the end face 33 of
the body member. A bore 117 coaxial with the bore 116
and of somewhat smaller diameter than the ball 114
extends inwardly from the end face 34 of the barrel mem-
ber 32 and provides a seat for the ball 114. The inner
end of the bore 116 is intersected by a short diagonal
bore 118 which opens in the end face 33 in the registry
with the longitudinal bore 97. The inner end of the bore
117 is intersected by one end of another diagonal bore 119
in the barrel member 32, which extends to the end face
33 in registry with the longitudinal bore 92. Thus, should
the pressure wave, or the affect thereof, pass through the
restricted conduit 106 and progress upstream in the supply
portion of the fuel passage, such wave would cause the
ball 114 to seat and prevent further passage of the wave
in the fuel passage. Such seating of the ball is of course
assisted by gravity acting on the ball 114 when in the
injector is positioned with its nozzle at the lower end
thereof. In some instances, the ball valve 114 may not be
necessary because of the prevention of back flow by the
restricted clearance 106.

In order to supply a metered quantity of fuel through
the feed hole 98 to the injection chamber 101 for injection
into the cylinder, flow control means is provided in the
supply portion of the fuel passage. Such flow control
means in the present instance comprises a plug 121 (FIG.
2) threaded into the outer end of the transverse bore 91.
The plug 121 is provided with a metering orifice 123
therethrough for metering fuel into the supply portion of
the passage in the injector and through feed hole 98, The
plug 121 may be provided with a socket portion 124
adapted to receive a tool to facilitate installation or re-
moval thereof. A screen 126 may be disposed in the groove
84 to prevent foreign particles from entering the fuel pas-
sage.

As heretofore mentioned, the fuel passage also includes
a fuel return portion for returning excess amounts of fuel
to the fuel return bore 81. Such fuel return portion in the
present instance, comprises a transverse bore 131 (FIGS.
5 and 6) connected at its inner end with the longitudinal
bore 97 of the supply portion, preferably coaxial with the
feed hole 98. The transverse bore 131 is spaced from the
end face 36 of the barrel member 32 so that there is a
substantial body of metal radially outside of the metal
between the feed hole 98 and the end face 36. Thus, when
movement of the plunger 26 toward the nozzle openings
23 builds up a high pressure in the chambers 1061 and 103
to effect injection, radially outward expansion of the metal
between the feed hole 58 and the end face 36 is substan-
tially prevented because of the backing provided by the
metal between the transverse bore 131 and the end face
36 and the fact that the longitudinal bore 97 terminates
at a point spaced from the end face 36. The outer end of
the of the transverse bore 131 opens into an annular space
132 provided between the barrel member 31 and the tubu.
lar retainer 40. The annular space 132 thus comprises a
part of the return portion of the fuel passage. An annular
seal, such as an O-ring 133, may be provided to prevent
fuel leakage between the end of the body member 31 and
the tubular retainer 40.

The fuel return portion further includes a transverse
hole or bore 134 (FIG. 2) in the barrel member 32, the
hole 134 extending from the space 132 and intersecting
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the portion 57 of the plunger bore and being spaced from
the transverse bore 131. Thus, the hole 134 has a por-
tion 136 on one side of the bore portion 57 communicat-
ing with the annular space 132, and another portion 137
on the opposite side of the portion 57. The portions 136
and 137 of the transverse hole 134 are adapted to be
connected by a circumferential groove 138 formed in
the plunger member 61, when the plunger is in its fully
advanced position toward the nozzle, as illustrated in
FIGS. 2 and 5. The groove 138 thus comprises another
part of the return portion of the fuel passage.

A longitudinal bore 141 in the barrel member 32 inter-
sects the portion 137 of the transverse hole 134 and com-
municates with another longitudinal bore 142 in the body
member 31, the bore 142 being connected to the inner end
of another transverse bore 143 which op:ns into the
groove 85. Thus, the return portion of the fuel supply
passage comprises the transverse bore 131, annular space
132, transverse hole 134, groove 138 in the plunger por-
tion 161, the longitudinal bores 141 and 142, and trans-
verse bore 143.

The groove 138 is so positioned on the plunger mem-
ber 61 as to close the transverse hole 134, and conse-
quently the return portion of the fuel passage, before the
shoulder 111 uncovers the feed hole 98. The return por-
tion of the fuel passage thus permits a circulating flow of
fuel through the fuel passage in the injector to purge the
passage of air or combustion products so that a solid
flow of fuel is applied to the chamber 103 for delivery
to the injection chamber 101 upon movement of the
plunger 26 toward the nozzle. The provision of the an-
nular space 132, in addition to forming a part of the
return portion of the fuel passage, also provides a cool-
ing effect on the parts of the injector adjacent the space
132 because of the aforementioned fuel circulation there-
through.

The foregoing construction provides certain other ad-
vantages over other injector constructions from the stand-
point of increased service life and economy of manufac-
ture, Thus because of the fact that the injector body 20 is
formed by plurality of parts, those parts which are sub-
jected to the greatest wear may be readily replaced with-
out replacement of the entire injector. Thus, the nozzle
member 22 and the barrel member 32 may be readily re-
placed on removal of the retainer 40.

To facilitate proper alignment of the tapered interior
108 of the nozzle member 22 and the tapered end 162 of
the plunger member 61, the internal surface portions of
the ‘retainer 40 and the complementary peripheral por-
tions of the nozzle member 22 are dimensioned so that
a slight clearance is provided therebetween. Such clear-
ance permits the nozzle member 22 to be shifted with
respect to the barrel member 32 to assure accurate align-
ment of the tapered end 102 and the complementally
tapered surface 108. Such alignment is readily achieved
by causing the plunger 26 to move to its fully advanced
position in the bore 26, as illustrated in FIGS. 2 and 5,
and then positioning the nozzle member 22 on the bar-
rel member 32 with the tapered portions properly en-
gaged and subsequently drawing up the tubular retainer
40. Accurate alignment of the barrel member 32 with
the body member 31 is assured by the provision of a
pair of dowel pins 146 (FIG. 3) oanly one of which is
shown in FIGS. 5 and 6.

The foregoing multiple part construction permits all of
the various bores in the injector to be drilled from an
outside surface thereby eliminating the necessity of plug-
ging the opposite end of any such bore. The overall cost
of the injector is thus reduced and the construction thereof
simplified.

I claim:

1. An injector for injecting fuel into a cylinder of
an internal combustion engine, comprising an injector
body having a plunger bore and a nozzle opening at one
end of said plunger bore, said body also having a fuel
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passage adapted to be connected to a source of fuel under
pressure and having a feed hole connecting said passage
with said bore, and a plunger reciprocably mounted in
said bore for opening and closing said feed hole and mov-
able toward said nozzle opening to eject fuel through said
nozzle opening, said plunger being movable away from
said nozzle opening to provide space within said bore
communicating with said nozzle opening and said feed
hole, said plunger and said bore being formed to provide
a restricted conduit therebetween: located between said
nozzle opening and said feed hole, said space thereby
having a portion adjacent said nozzle opening and another
portion adjacent said feed hole, said conduit being located
between said portions and having a smaller sectional arca
than either of said portions and thereby substantially pre-
venting passage of combustion products from said one
portion to said- other portion.

2. The fuel injector according to claim 1, in which said
plunger when moved toward said nozzle opening closes
said feed hole and forces fuel from said other portion
through said restricted conduit to said one portion and
also forces fuel through said nozzle opening. v

3. An imjector for injecting fuel into a cylinder of an in-
ternal combustion engine, comprising an injector body
having a plunger bore and a nozzle opening at one end of
said plunger bore, said body also having a fuel passage
adapted to be connected to a source of fuel under pres-
sure and having a feed hole connecting said passage with
said bore, a plunger reciprocably mounted in said bore for
opening and closing said feed hole and movable toward
said nozzle opening to eject fuel through said nozzle open-
ing, said plunger and said body being formed to provide an
injection chamber between the end of said plunger and
said nozzle opening and to provide another chamber
around said plunger and communicating with said feed
hole when said plunger is moved in one direction, said
body and said plunger also being formed to provide a re-
stricted conduit between said plunger and said body con-
necting said chambers, said conduit substantially prevent-
ing passage of combustion products into said other cham-
ber.

4. An injector for injecting fuel into a cylinder of an
internal combustion engine, comprising an injector body
having a plunger bore and a nozzle opening at one end
of said plunger bore, said body also having a fuel pas-
sage adapted to be connected to a source of fuel under
pressure and having a feed hole connecting said passage
with said bore, a plunger reciprocably mounted in said
bore for opening and closing said feed hole and movable
toward said nozzle opening to eject fuel through said
nozzle opening, said plunger and said body being formed
to provide an injection chamber between the end of said
plunger and said nozzle opening and to provide another
chamber around said plunger and communicating with
said feed hole when said plunger is moved in one direction,
said plunger having a cylindrical portion of reduced- di-
ameter adjacent said one end thereof, and said bore hav-
ing a reduced diameter cylindrical portion cooperating with
said reduced diameter portion of said plunger to provide
a restricted conduit between said plunger and said body
connecting said chambers, said restricted conduit substan-
tially preventing passage of combustion products into said
other chamber.

5. A fuel injector according to claim- 4, in which said
reduced diameter portion of said plunger provides a shoul-
der on said plunger for opening and closing said feed hole.

6. ‘A fuel injector according to claim 5, in which said
injector body includes a barrel member having said plunger
bore and said passage extending therethrough and having
said feed hole therein, and a cup mounted in end-to-end
relation with said barrel member and secured thereto, said
cup having said nozzle opening therein and having its in-
terior dimensioned to provide said restricted conduit.

7. A fuel injector according to claim 6. in which said
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injection chamber is provided in said cup, and said other
chamber is provided in said barrel.

8. A fuel injector according to claim 4, in which said
reduced diameter portion of said plunger is smaller than
the reduced diameter portion of said bore to provide said
restricted conduit.

9. A fuel injector according to claim 4, in which said
reduced diameter portion of said plunger forms said other
chamber with said bore beyond said reduced diameter por-
tion of said bore.

10. An injector for injecting fuel in a cylinder of an
internal combustion engine, comprising an injector body
having a plunger bore and a nozzle opening at one end of
said plunger bore, and a tubular member enclosing a por-
tion of said injector body, said injector body also having
a fuel passage including a supply portion having one end
adapted to be connected to a fuel supply line and a feed
hole at its other end connecting said supply portion with
said plunger bore, and a return portion adapted to be con-
nected to a fuel return line, and a plunger reciprocably
mounted in said plunger bore for opening and closing said. .
feed hole and movable toward said nozzle opening for
ejecting fuel through said nozzle opening, said tubular
member being spaced from and defining a space around
said portion of said injector body and said return portion
being connected to said other end of said supply portion
and including said space.

11. A fuel injector according to claim 10,.in which said
injector body includes a cylindrical barrel member and a
nozzle member, said tubular member comprising a retainer
for securing said nozzle member in end-to-end relation
with said barrel member, said barrel member having-said
supply portion' and said return portion extending there-
through, and a portion of said retainer and said barrel
member providing said space therebetween, said space be-
ing annular in form and extending for the full length of
said barrel member.

12. A fuel injector according to claim 11, in which said
annular space communicates with said other end. of said
supply portion, and said barrel member has a transverse
hole communicating with said annular space and forming
part of said return portion.

13, A fuel injector according to claim 11, in which said
injector body comprises a body member having threads
at one end and said barrel member and said nozzle mem-
ber, said barrel member being interposed between said
body member and said nozzle member, said retainer hav-
ing internal threads at one end engaging the threads on
said body member, and said retainer at its other end hav-
ing an inturned flange engaging said nozzle member and
holding said nozzle member, said barrel member and said
body member in end-to-end relation.

14, An injector for injecting fuel into a cylinder of an
internal combustion engine, comprising an injector body
having a plunger bore and a nozzle opening at one end of
said plunger bore, said injector body having a fuel passage
including a supply portion having one end adapted to be
connected to a fuel supply line and a feed hole at its other
end connecting said supply portion with said plunger bore,
said passage also including a return portion adapted to be

connected to a fuel return line-and being connected to

said other end of said supply portion, and a plunger recip-
rocably mounted in said plunger bore for opening and
closing said feed hole and. movable towards said nozzle
oppning for ejecting fuel through said nozzle opening,
said injector body comprising a body member and a barrel

member secured in end-to-end abutting relation to each

other, said supply portion having a part in said body mem-

‘ber and another part in said barrel member, said parts be-

ing laterally offset from each other and communicating
with each other through-a cavity formed in one of said
members and opening at the abutting surfaces of said mem-
bers, and valve means mounted in said cavity to close said

supply portion when subjected to a pressure wave from
said nozzle member, g
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15. A fuel injector according to claim 14, in which
said cavity is formed in said body member and said barrel
member has a hole extending from the abutting surface
of said barrel member and forming a valve seat, and said
valve means comprises a ball mounted in said cavity and
adapted to engage said valve seat.

16. An injector for injecting fuel into a cylinder of an
internal combustion engine, comprising an injector body
having a plunger bore and a nozzle at one end of said
plunger bore, said injector body having a fuel passage in-
cluding a supply portion having one end adapted to be
connected to a fuel supply line and a feed hole at its other
end connecting said supply portion with said plunger bore,
and a return portion adapted to be connected to a fuel
return line and being connected to said other end of said
supply portion, and a plunger reciprocably mounted in
said plunger bore for opening and closing said feed hole
and movable towards said nozzle for ejecting fuel through
said nozzle, said body comprising a generally cylindrical
body member, a barrel member and a nozzle member in
end-to-end abutting relation, and a retainer for securing
said members in said end-to-end relation, said body mem-
ber having a pair of bores extending longitudinally from
the abutting surface of said body member, said barrel
member having a pair of bores extending longitudinally
from the abutting surface of said barrel member, one of
said body and barrel members having a cavity its abutting
surface communicating with one of the bores in said body
member and with one of the bores in said barrel member
and forming said supply portion therewith, the other of
said bores in said body member being aligned with the
other of said bores in said barrel member, said barrel
member also having a transverse bore extending from
the outer peripheral surface thereof to said other bore in
said barrel member and another transverse bore extend-
ing from the outer peripheral surface of said barrel mem-
ber into said one bore in said barrel member adjacent
said feed hole, said retainer enclosing said barrel mem-
ber and being radially spaced therefrom to provide a con-
nection between said transverse bores, said transverse
bores, said space, and said other bores in said barrel
member and said body member constituting said return
portion, each of said bores extending from an outer sur-
face of the member in which it is located whereby the
use of plugs to close the ends of bores is avoided.

17. An injector for injecting fuel into a cylinder of an
internal combustion engine, comprising an injector body
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having a plunger bore and a nozzle at one end of said
plunger bore, said body also having a fuel passage adapted
to be connected to a source of fuel under pressure and
having a feed hole connecting said passage with said bore,
and a plunger reciprocably mounted in said bore for open-
ing and closing said feed hole and movable toward said
nozzle to eject fuel through said nozzle, said plunger bore
having a close fit on said plunger for a portion of the
length of the plunger bore, a sleeve secured at one end to
said plunger and loosely fitting within said plunger bore
beyond said close fitting portion and extending beyond
said body, spring means coacting with said body and said
sleeve for moving said plunger away from said nozzle,
and a link loosely extending through said sleeve and hav-
ing at one end a rocking engagement with said plunger
and having its other end adapted to be engaged by a
rocker arm for moving said plunger toward said nozzle.

18. A fuel injector according to claim 17, in which said
body comprises a body member and a barrel member se-
cured together in end-to-end relation, said plunger bore
extending through both of said members and the portion
of said plunger bore in said barrel having said close fit
on said plunger, the portion of said plunger bore in said
body member being enlarged, said sleeve being located
in said enlarged portion of said body member and extend-
ing beyond the end of said body member and being pro-
vided with a flange beyond said end, said plunger bore
in said body member being further enlarged at said end
to provide a spring receiving cavity, and said spring means
comprising a spring mounted in said cavity around said
sleeve and engaging said flange for moving said plunger
away from said nozzle.
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