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- ) 1 A

This invention relates to fuel injection appa-
ratus and more particularly to means for control-
iing and effecting the delivery of fuel under pres-
sure to the cylmders of 8 solid fuel 1njection
engine, |

One of the obj ects of the present inventien is
to provide a novel fuel injection apparatus
whereby pilot injection, that is the injection of

2. small charge of fuel just prior to the injection
ef the main charge to effect more efficient burnu-
ing of the latter, is efficiently achieved.
- Another object is to provide a novel fuel injec-
tion unit embodying' a fuel pump and Injection
nozzle in g unitary structure.

A further object is to provide a novel fuel pump
for obtaining pilot and main injections, which

pump embodies only a single pumping member
Or plunger.

A still further ebJeet is to provide & fuel injec-

tion pump having g novel plunger and cylinder
arrangement for effecting pilot and main injec-
tions in a definite predetermmed reletion to eeeh
other.

Still another object is to pmvide novel appa-

ratus of the above character which is extremely
compact and wherein both pilot and main injec-

tions take place successively during a continu-

ous movement of the plunger in one direction.
'The above and further objects and novel fea-
.30

tures of the invention will more fully appear from
the following detailed description when the same
Is read in connection with the ‘accompanying
drawings. It is to be expressly understood, how-

illustration only and are not intended as s defini-
tlon of the limits of the invention, reference for

this latter purpose being had primarily to the
appended claims.

In the drewinge wherein like reference charac-

ters refer to like parts throughout the several

views,

Fig, 1 Is g sectional elevation view, with parts
broken away, of one type of unit or uni-flow fuel
injector embodying the preseni invention: and

Fig. 2 is a fragmentary view of .8 modification

of the plunger and cylinder err&ngement of the

albove injector.

Heferring to Fig, 1, the present invention is
shown embodied in & unit injector, i. e., 8 unitary
structure wherein a fuel pump and fuel injection
- hozzle are combined. Said injector is operatively
positioned in the head 10 of s cylinder of a solid

fuel Injection engine, said cylinder head having
a recess #! therein for receiving said injector.

The latter preferably eemprisee a main barrel or

(Cl. 103—41)
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housing (2 having a flange 13 formed interme-
diate the ends thereof and secured to cylinder
head 10 by bolts {4 so that the lower end of said
housing extends into recess 1. A nozzle holder

- body 15 having an external shoulder 7T formed

at the upper end thereof is mounted in the lower
end of housing {2 and is secured in operative.
position by a gland nut {6 which screws into said
housing and cooperates with said shoulder, a
gasket' 18 being preferably interposed between
said shoulder and said gland nut. ‘The latter is
effective t0 hold ‘nozzle body (5 in abutting segl-

- ing engagement with the lower end of a. fuel

15

20

pump cylinder 3 to be hereafier described. .

Threaded on the lower end of body {5 is a sleeve
nut 9 which is provided at its lower end with
an internal shoulder 28 for supporting engage-
ment with the flanged upper end 2f{e of 2 nozzle
tip 2, said nozzle having a central bore or duct
26D therein and a plurality of radially extending
orifices Zic e,djecent; the lower end or tip thereof.
The nozzle tip 2f projects into the combustion
chamber of the engine cylinder so that fuel can

" be sprayed from orifices 2{¢ into sald chamber

20

and the shank of said nozzle tip is mounted in a
sleeve 24 which is an integral extension of nut {9
and fits tightly into the lower end of recess {1{.
Sleeve nut (Y seats on g gasket 25 which in turn
engages a shoulder 23 in cylinder head {0 for
preventing gas leakage from the combustion

- chamber, A liner 22 constitutes a portion of the

~ever, that the drawings are for the purpose of

515
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wall of recess [ where the latter extends through
the cooling chamber in cylinder head 8, said
Iiner surrounding sleeve {8 and being supported
&y 165 lower end by internal shouilder 23,
Removably mounted in nut {9 above nozzle
tip 21 is a valve guide 26 that is centrally bored
for slidably receiving the stem or piston portion
of a needle valve 21. The bore througch said
guide member terminates at the lower or inner
end of the latter in a small orifice 28¢ which is
coaxial with passage 21b, and a conical seat 26b
is provided adjacent said orifice for cooperation
with the tapered lower end of needle valve 27.
The latter is thus effective to control the flow of

Jfuel from member 26 into duct 2i{b and hence

into the engine cylinder. Preferably, the .bore

- in member 26 is enlarged immedigtely above valve

50

3

seat 26D -to provide a fuel pressure chamber 28
through which a reduced portion of valve 271 ex-
tends. ¥Fuel supplied under pressure to chamber
28 through a suifable passage 29 in member 26
In & novel manner hereinafter described acts
agalnst the shoulder formed on the valve by the
reduction i the diameter thereof, and is th‘u:s



- movement by gland nut {86.

3 ;
effective to Uft the latter off its seat and permit
the flow of fuel from said chamber through pas-
sages 26a, 21b and 2lc into the engine cylinder.
. Valve 2T is normally held In seated or closed
- position by suitable means comprising resilient
means, such as a coll spring 30, which applies
vielding pressure to the valve through a pres-
sure pin or spindle 31 that freely extends through
the central bore in body 15. The lower end of
spindle or rod 31 is preferably recessed for freely
receiving a pin 27a formed by a reduced portion
at the upper end of valve 21. A collar 32 may
be formed near the upper end of the valve spindle
to serve as a seat for one end of spring 30. The
other end of the spring engages the inner end
of a plug nut or screw 33 which is threaded or
otherwise suitably secured in the upper end of
the bore in nozzle body 5, said bore heing of
enlarged diameter at its upper end to receive
spring 30 and sald plug screw. |

Between the adjacent ends of body 5 and

. valve member 26 there is preferably interposed
- & washer member or plate 34 having a central

- recess therein through which pin 27a of valve
' 271 extends, said washer being adapted to engage
the upper end of the shank of the valve to limit
the upward movement of the latter, A passage

38 extending from the upper end of body 15

- connects with passage 29 in guilde member 26
through an orifice 36 in plate 34. The latter

may be readily replaced if it becomes worn by

the constant hammering of valve 271 there-
against.

- In order to deliver fuel under pressure in &
novel manner to chamber 28 and thence to the
" combustion chamber of the engine cylinder, novel
pumping means are embodied in the injector

2,430,801
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nected axial and radial passeges 48 and 41, re-
spectively. To vary the angular relation between
metering groogve 4% and cut-off or by-pass port
42 and thereby vary the effective pumping stroke
of the piston, suitable means for angularly ad-
Justing plunger 44 are provided and, in the form
shown, comprise a sleeve, 48 loosely surrounding
the upper end of cylinder 37 in the enlarged in-
terior of the upper end of housing 2. Gear
teeth 49 are formed on the lower end of sleeve
48 for cooperation with a rack member (not
shown) in a manner well-known in the art. The

upper end of sleeve 48 is axially slotted at 53 for

slidably receiving a cross bar 5§ rigidly con-
nected to plunger 44, Sleeve 48 seats on an
internal shoulder %3 in housing 12 and is held
against axial movement relative to cylinder 317
by a ring member 52 which engages an externa)
shoulder on said sleeve and is positioned against
an internal shoulder §3a¢ in housing 12, said ring

“member being held on the latter shoulder by a

spring %4 which constitutes an element of the
plunger reciprocating means. The latter com-
prises a tappet cup 85 which is slidably posi-

. tioned in the upper end of housing {2 for en-

gagement with an enlarged head portion 56a of
a member 56 operatively connected to .or-4pw=.-
tegrally formed with the upper end of piston 44.
The latter may be moved downwardly by a cam
actuated tappet lever (not shown) or other suit-
able means which is adapted to engage the closed
end of tappet cup 29 in a manner well under-
stood in the art. The downward movement of

said plunger is_resisted and the upward move-

ment thereof is effected by spring 54 which has
the lower end thereof seated on ring member 52

and the upper end thereof engaging a washer

unit. In the form illustrated, said means com- .

prise a pump cylinder 37 mounted in the bore

of housing 12 on the upper end of body {5 and
~ having an external shoulder 38 thereon in en-
gagement with a shoulder in said bore, whereby
said cylinder is rigidly secured against axial
Suitable means,
such as.a set screw (not shown), may also be
provided for holding said cylinder against rotary

movement, One or more fuel inlet ports 39 ex-.

tend radially through the wall of cylinder 31
adjacent the lower end thereof and connect with
an internal annular groove 40 in housing 12
which, in tfurn, communicates with the fuel sup-
ply line through passages #41.
spaced by-pass or metering ports 42 and 43 are
also provided in the wall of cylinder 37 to con-
nect the interior thereof with groove 40. There
~Is mounted in the cylinder bore for reciprocating

A pair of axially

40

81, which, in turn, engages a downwardly facing

shoulder formed by the enlargement of head 56

to transmit upward forces to plunger 44.
Novel means are provided for effecting a pri-

- mary or pilot fuel injection into the combustion

45

50

“movement therein a plunger 44 cooperating with

said inlet and by-pass ports as & slide valve to -
~control the flow of fuel therethroughhin a manner

more fully described hereinafter. A pressure
chamber is thus formed in cylinder 37 between
the lower end of plunger 84 and the upper
- plugged end of nozzie body 15 and fuel conduct-
ing passage 39 opens into said chamber. By
providing a passage 41 on each side of the pump,
one of which communicates with a sump, a con-
tinuous circulation of fuel may be maintained
through annular chamber 40 for cooling the
pump.

To control the point of main fuel by-pass, i. e.,
the termination of main fuel injection, a hehcal
groove 45 is provided in the surface of plunger
44 for cooperation, in a manner well understood
in the art with by-pass port 42, said groove being
coniinuously connected to the pressure chamber
of the pump by suitable passages, such as con-

chamber of the engine cylinder in a predeter-
mined time relation to the main fuel injection
during a continuous down or power stroke of
plunger 44, In the form illustrated, said means
comprise a by-pass or relief passage 58 provided
in cylinder 81, which passage is connected at its
lower end with the pressure chamber of the
pump and at the upper end thereof with a port
8a which opens into the bore of said cylinder.
An axially extending groove 59 is provided in
the surface of plunger 44 and is adapted to over-

lap the upper end of passage 58 at a predeter-

5 5 ~mjned point in the plunger stroke to thereby

connect said passage with an annular peripheral
groove 60 in said plunger. Pilot by-pass port 43

in cylinder 37 is axially spaced above main by-

- pass port 42 and is adapted to connect groove 60

80
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to inlet channe}l 48 for a predetermined part of
the plunger stroke.

To prevent the trapping of fuel which leaks
past valve 21 to the upper end of the bore of

nozzle body 18, a relief passage 61 is provided
between said bore and groove 40,

In operation, when plunger 44 is at top dead
center position prior to the down or power stroke

thereof, the pump pressure chamber and the fuel
conducting passages 35, 29, 28 are filled with fuel

at supply line pressure, port 39 is open and port

- 88a is closed. When plunger 44 moves down-

79

ward to close inlet port 39 the pressure of the
fuel in the pressure chamber is built up after
closure of said porft and is transmitted to cham-
ber 28, raising valve 27 and thereby permitting



- 5 -
fue] to be injected into the combustion chamber
of the engine cylinder through passages 35, 36,
29, 20b and ifc. While port 58a remaing closed
this primary delivery of fuel or pilot injection
continues, but when the lower edge of groove 59

overlaps port 58a the latter is connected through

groove 60 and primary or pilot by-pass port 43
to the fuel supply line, thereby by-passing the
fuel from the pump pressure chamber and ter-
minating pilot fuel injection. Groove 80 is pref-
erably located so as to connect with port 43 before
groove §9 connects with port 58¢ so that the
point at which the lower edge of groove 59 over-
laps port §8a governs the point at which primary
or pilot injection is cut off. This point of cut-

2,480,801
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- off, and therefore the period of pilot injection,

can be varied by making the lower edge of groove
09 helical so that sald groove connects with port
i8a at different points in the plunger stroke for
different angular positions of said plunger.

Fuel by-pass through port 43 continues until
the upper edge of groove 60 passes beyond said
port, thereby disconnecting the latter from the
pressure chamber. At this point main injection
begins and continues until the overlapping of heli-
cal groove 4% and main by-pass port 42. By
changing the shape of the upper edge of groove
68, for example, to a helical contour, the point
et which main injection begins can be varied for
different angular positions of the plunger,
Moreover, the duration of the primary and main
injection periods and their timing in relation to
the plunger stroke can be accurately predeter-
mined for a given pump unit by the locations gnd
- contours of the metering edges of grooves 45, B9

20

25

30

and 68 in the plunger and the locations of ports

39, 42, Bla and 8% in the cvlinder. This rda‘tian
betweeﬂ pilot and main injection once estab-
Hished by the asscinbly of the plunger and cylinder
remains constant during use and is not subject
to variation because of wear or misalignment of
parts, as occurs, for example, where two pmt@ﬁs
are used to effect the injections.

A modified Iform of the piston and cylinder
arrangement is shown in Flg. 2 wherein a piston
&da is slidably mounied in a cylinder 7q, the
latiter belng provided with an inlet port 3%a and
main and pllot by-pass poits §2a and 43a, re-
- spectively. A helical groove 882 adapted to con-
trol the pont of cui-cff of main injection is
formed in the surfaoce of plunger &4g and is

connected by passages 46z and 47a to the pump

pressure chamber. Radial passage 4Ta differs
from passage 47 of the previously described em-
nodiment by extendlng to the surface of plunger

4da on opposite sides of passage 86a. To effect
pilot injection grooves Y%z and ble, similar to

grooves $8 and G0, respectively, of the previous

embodiment, m"e provided in the surface of plung-

er 88a and connect with the puinp pressure chame-
ber through radial passage d47a. As a result,
groove 60¢ is in continuous communication with

40

the same length of time and injects the same

quantity of fuel into the engine cylinder for all
loads and angular positions of the plunger., The

- termination of pilot injection and the beginning

of main injection may, however, be varied by .
properly designing the upper and lower edges of
groove 60a.

There is thus provided g fuel mjector embody-
ing novel means for efficiently achieving pilot and
main fuel injections in g predetermined relation
to each other, the timing and duration of said
injections being subject to accurate control.
According to the invention, a single pump plunger
is utilized o obtain the injections and, if desired,
the timing of the pilot as well as the main injec-
tion can be regulated by angular adjustment of
the plunger. The novel structure for attaining

these results is compact and readily assembled

and can be embodied in & unit injector or in a
fuel injection system where the pump and injec-

for comprise separate uriits.

Although only two embodiments of the mven-

tion have been illustrated and described, it is to

be expressly understood that the same ig not lim-
ited thereto. ¥or example, it will now be appar-

ent to those skilled in the art that in the novel

arrangeiment for obtaining pilot injection in Fig,

2, the connection between groove 88g and the

pressure chamber couid be achieved by extending
axlal passage 48 to the plane of said groove and
providing g radial passage in the plunger to con-
nect said axial passage with groove 80a. Varioug
other changes imay pe made in the design and
arrengement of parts without deparfing from the
spirit and scope of the invention. For g dbfini-
tion of the invention, reference will be had pri-

marily to the appended m&mg

What is claimed is: o

1. In o fuel pump, means comprising a pressure
chamber and including & cylinder and a vlunger,
sald plunger belng mounied for reciprocasion in
sald cylinder, means comprising two axilaily
spaced parts in said cylinder, a passage in said
cylinder for continuously connecting one of sald
ports to- said chamber and a passage in spid
plunger for connecting sald vorts to effect a first
fuel by-pass from said chamber during the

- plunger power stroke to terminate a pilot fuel

50

delivery from said chamber, and means compris-
ing 2 third porft in said cylinder and a second
passage in sald plunger for effecting a second
by-pass of fuel during the same plunger power

stroke to terminate the maln fuel delivery from

 said chamber.

85

said pump chamber 'and pilot injection beging

when inlet port 3%e is closed by the plunger and
terminates when grocve 68g overlaps port 43a.
At the latter point in the stroke, fuel by-pass
begins through passages dba, 47¢, 5%a. 60q and
#3a and continues until the groove §0a moves
beyond port 43z, The point at which the lower
edge of groove 8lle overlaps port d3a thus deter-
mines the point of cut-off for the pilot injection
while the point at which the upper edge of said
groove moves past the lower edge of said port
~is the point gt which main injection begins. In

this embodiment, pilot injection {akes place for

- 86

{0

2. In & fuel pump, means comprising a pres-
SUre chamber and including a cylinder and a
plunger, sald plunger deing mounted for recipro-
cation in sald cylinder and adapted to begin ef-

.fective pumping prior to the main fuel injection
80

to effect a primary injection of fuel, and means
comprising a passage in said cylinder communi-
cating with sald chamber, & port in said cylinder
and a cooperating passage in said plunger for
connecting sald cylinder passage and port to
effect a byv-pass of fuel from said chamber to
terminate the primary fuel 1nject10n prior to the |
beginning of main injection.

3. In a fuel pump, means constituting a pres-

‘sure chamber, said means comprising a cylinder |

and a plunger. a port being provided in said cylin-

- der for admitting fuel to said chamber, said

75

plunger closing said port during the power stroke
thereof to begin effective pumping, means com-
prising two passages in said cylinder and passage
means in said plunger, said second-named means -
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being rendered operative upon the overla'ppihg of

one of said passages and sald passage means dur-
1ing the plunger power stroke after the beginning
of effective pumping to by-pass fuel from said
chamber and thereby interrupt the effective
pumping of said plunger, said plunger thereafter
disconnecting said passage means from the other

of said passages during the power stroke to effect |

e resumption of effective pumping.

4. In & fuel pump of the type comprising a cyl-
inder, g plunger mounted for reciprocation in said
cylinder and means constituting 2 main system
for by-passing fuel irom said cylinder, the com-
bination therewith of means comprising nassages
in said plunger end sald cylinder constituting s
primary by-pass system for interrupting the ef-
fective pumping during the plunger power stroke
to control the duration of a pilot delivery and the
timing of the main delivery of fuel from the cyl-
inder, the opening of said system being deter-
mined by the cooperation of said plunger and one
passage in said cylinder and the closing of said
system being effected by the closing of another
passage in said cylinder by said plunger.

o. In g fuel injection pump having a compres-

sion chamber comprising a cylinder and a

plunger, means for interrupting the pumping dur-
ing the power stroke of the plunger to terminate
a pilot injection, said means comprising a by-
pass port in sald cylinder, a passage in said
plunger and a passage in.said cylinder communi-
cating with the compression chamber, said
plunger passage overlapping said cylinder pas-
sage to connect said compression chamber to said
by-pass port to begin by-pass and said plunger
passage heing adapted to move out of overlapping
relation with said by-pass port to terminate by-
pass and effect the beginning of main injection.

6. In a fuel injection pump having a pressure
chamber comprising & cylinder and a plunger,
means for interrupting the pumping during the
power stroke of the plunger to terminate pilot in-

jection, said means comprising a by-pass port in -

sald cylinder, a passage in said plunger and 2
passage in said cylinder in continuols communi-
cation with sald pressure chamber, said plunger
passage overlapping said cylinder passage to
begin by-pass and moving out of overlapping
relation with said port to terminate by-pass.

7. In a unif injector, a fluid pressure pump and
a nozzle rigidly connected together to form a rigid
- unif, said pump including a cylinder and a
- plunger slidably mounted in said cylinder to de-
fine g pressure chamber, means including g pres-
sure responsive valve connecting said chamber to
said nozzle, and means comprising a plurality of
-~ passages in said plunger and ports in said cylin-
der for successively effecting pilot and main fuel
deliveries from said chamber to said nozzle dur-
ing each power stroke of said plunger.

8. In g unit injector, a cylinder, a plunger slid-
ably mounted in said cylinder to define g pressure
. chamber, a nozzle, means connecting said nozzle
to said chamber, and means for controlling the
delivery of fuel from said chamber to said nozzle
sO as to effect primary and main injections dur-
ing each power stroke, said last-named means
comprising a pair of axially spaced grooves in said
plunger, a passage continuously connecting one
of said grooves to said chamber, a port in said
cylinder and passage means having continuous
communication with said chamber and adapted
to cooperate with the other of said grooves and
said port to control the cut-off point of primary
injection and a second port in said cylinder

3.

10

L&

5

gdapted to cooperate with said one groove to con-
trol the cut-off of main injection, the beginning
of main injection being determined by the move-
ment of said other groove out of overlapping rela-
tion with sald first-named port.

8. In g fuel injector having a cylinder and a
plunger slidably mounted in szid cylinder-to de-
fine a pressure chamber, & passage in sald cylin-
der continuously connected with sald pressure
chamber, means connecting said passage to the
fuel supply line to by-pass fuel from said chamni-
ber and cut-off pllot injection, said last-named

- means including o passage in szid plunger and g

port in sald cylinder which are disconnected by
the plunger movement to terminate fuel by-pass,
and means for effiecting o second by-pass of fuel

| E‘.o terminate the meain injeci:ion

20
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10. In a fuel pump, means comprising e pres-

sure chamber, sald means including a cylinder

and 2 plun’ger reciprocable in said cylinder,
means comprising & port in said cylinder, g pas-
sage in said plunger adapted to communicate with
sald port and a passage in sald cylinder adapted
to connect said plunger passage with said cham-
ber for efiecting a first fue]l by-pass from said

chamber during the plunger power stroke to ter-

minate a first fuel delivery from said chamber,
and means comprising a port in said cylinder and
a passage in said plunger for effecting a second
by-pass of the fuel from said chamber during the
same plunger power stroke to terminate a sec-
ond fuel delivery from said chamber,

11. In pumping apparatus for delivering a liq-
uid under pressure to & delivery line, means form-
ing a pressure chamber including a cylinder and
a plunger reciprocable therein an inlet port in
sald cylinder adapted to be covered by said
plunger for determining the beginning of the de-
livery of liquid to said line, and cooperating pas-
sages fermed in and by sald cylinder and plunger
for effecting two deliveries of liquid to said line
during . one continuous ‘power stroke of the
plunger, certain of said passages cooperating to
determine the termination of the first delivery
and others of said passages cooperating to deter-
mine the initiation of the second delivery.

12. In pumping apparatus for.delivering a liq-
uld under pressure to a delivery line, means form-
ing a pressure chamber including g cylinder and
a plunger reciprocable therein and cooperating
ports and passages formed in and by said cylindey
and plunger for effecting a temporary by-pass of
liquid from said chamber to interrupt the delivery
of liquid to said line for an interval during an
intermediate part of each pumping stroke of said.
plunger, the beginning of said interval being de-
termined by the movement of certain of said ports
and passages into overlapping relation and the

termination of said interval being determined hy

the movement of others of said ports and pas-
sages out of overlapping relation.

13. In apparatus of the class described, means
forming a pressure chamber including g cylinder
and a plunger reciprocally mounted therein, and
cooperating passages formed in and by said cyl-
inder and plunger for effecting two deliveries of
& liquid from said chamber to a delivery line dur-
ing each pumping stroke of said plunger, the ter-
mination of the first delivery being determined by
movement of a passage in the plunger into over-
lapping relation with a passage in said cylinder
and the beginning of the second delivery being
determined by movement of said passage in the
plunger out of overlapping relation with a differ-
ent passage in said cylinder, at least one of said
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- passages having continuous communication with
said pressure chamber and at least one other of
said passages being in continuous communication
“with a region of low pressure.

14. In pumping apparatus for delivering a liq-
uid under pressure to a delivery line, means form-
ing g pressure chamber, said means including a

cyvlinder and a plunger reciprocable therein, said

plunger and cylinder cooperating to effect two de-
liveries of liquid from said chamber to said line
during each pumping stroke of said plunger, the
interval between said deliveries being determined
by the opening of one passage in the cylinder by
movement of the plunger and the subsequent
closing of another passage in the cylinder by
movement of sald plunger, one of said passages
having communication with said chamber and
the other of said passages having communication
with g region of relatively low pressure.

ALBERT T. BREMSER.
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