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The invention relates to automatic fuel in-
jectors for internal combustion engines.

One of the objects of the present invention is -

to provide an injector of the type above described

in which the metering of the fuel is effected by
varying the stroke of the actuator piston by vary-
ing the amount of checking fluid in a checkin‘g
cylinder. This method of effecting the metering
of the fuel simplifies the high pressure pump
structure and reduces leakage losses therefrom
and in the preferred form in which a checking
piston cooperates with a port in the checking
cylinder provides -a more efficient metering of
the charge since the metering control edge is on
the checking piston, of considerably larger di-
ameter than the pump plunger. It also effective-
ly checks the outward movement of the piston
noiselessly and without shock. ,
A further object of the invention is to provide
means for varying the rate of injection by vary-
ing the rate of discharge of the checking fluid
from the checking cylinder. .
This application is a continuation in part of
my copending application Serial No. 578,695,
filed February 19, 1945, now abandoned, as to
common claimable subject matter relating to the
checking or neutralizing of shocks incident to the
operating piston coming to a stop at the end of its
stroke and to the variable timing of the injec-
tion by an adjustable automatic pressure oper-
ated valve. }
- The invention further consists in the several
features hereinafter set forth and more par-
ticularly defined by claims at the conclusion
hereof.

. Inthe drawings:

Fig. 1is a vertical sectiona] view through a fuel
injector embodying the invention NI

Fig. 2 is a detailed horizontal sectional view
taken on the broken line 2—2 of Fig, 1;

Fig. 3 is a detailed side elevational view of the
checking piston: ’

Fig. 4 is a detailed sectional view showing cer-
tain modifications.

For a non-fixed spray pattern the injector in-
cludes & reciprocatory piston member 5 operat-
ing in a casing formed by a sleeve or cylinder §
and s closed end cylinder 7 and moved outwardly
by the compressed gases in the combustion cham-
ber 8 of the engine and Inwardly by a spring 9,
a variable fluid means for checking the outward
movement of and controlling the stroke of the
member 8, g sprayer mounted in member 5§ and g,
high pressure pump including g relatively sta-
tlonary pump plunger 10 helq by the spring 9
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-ward movement of the
' checking piston 22 forming part of it and notched

agalnst the closed end of the cylinder 7 and work-
ing in & bore {1 in the member 8. :

The cylinder 6 is detachably fitted in the head
12 of the engine and extends through its cooling .
space 13. The cylinder 1 has a differential bore
{4 in which the hub of pinion 5 surrounding a
portion of the piston § is rotatably mounted and
is supported by sleeve 6 and is clamped thereto
by a suitable work holding clamp whose forked
ends 16 are shown. This cylinder has a checking
fluid inlet 17, where a timing valve is used, and
a relief port 8. :

The piston § has an operating piston portion
19 working in the sleeve and provided with pis-
ton rings 20 and a bore 21 threaded at its inner
end and reduced at its outer end to receive gq
pump barrel having the bore i { therein.

The variable fluid check for checking the out-
member 5 includes a

at its upper end to provide control edges 23 and
24 which cooperate with port 18 to control the
amount of checking fluid released from cylinder .
T during the outward movement of member 5.
As soon as member 5 is moved outwardly to a
point where the control edge 24 laps port 18, the
fluid remaining in said eylinder acts to check its
further movement and, edge 24 being inclined,
rotation of member § relative to the port 18 will
cause the lapping of the port sooner or later in
the outward movement of said member and ro-
tation of member 5 to lap either edge 23 or 24
will prevent any appreciable movement thereof.

The pinion {5 is provided with keyways 25 to
receive keys 26 anchored in member B, and is
rotated by a rack 27 slidably mounted in a guide
slot 28 in cylinder 7. )

Where a timing valve is used, a conventiona]
spring closed check valve 29 controls the inlet
of checking fluid from a low pressure fuel supply
line (not shown) to the inlet 11 and through
grooves 30 in the top of the pump plunger to cyi-
inder 7 and through fiats 31 on the barrel to ports
32 therein controlled by the plunger 180, Without
the timing valve checking fluid may be introduced
directly through the port 18. Where the fue] is
gasoline or it is desired to use a lubricant as the
checking fluid, the modification shown in Fig.
4 may be used in which the fuel is admitted
from a supply port 33 in sleeve 6 to a port 34
in the piston 19 connecting with the bore {1 and
controlled by the plunger 0. Fig. 4 also shows
the piston 19 slidably keyed to sleeve § by a re-
movable key 35 for a fixed spray pattern and the .
checking piston 22 as g separate member having
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. 3 :
abutting sealing engagement with the top of the.

piston 19 and held against it by the spring 8.
Piston 22 is rotated by the same means as that
previously described.

The sprayer may be of any suitable construc-
tion and includes the pump discharge vaive. As
shown the sprayer includes a casing sleeve 36, a
valve housing, nozzle, and nut member 31, a valve
38 having a grooved stem, a valve closing spring
38 and a spring holding nut 40. The member 31
nas threaded connection with the threaded end
of bore 21 and acts as a clamping nut to clamp

10

member 36 in sealing engagement with it and the '

jower end of bore 11. The valve head and its seat
form the nozzle. Other forms of sprays such as
differential needle or pintle type nozzle may be
used if desired. The piston portion {8 has wrench
engaging flats 41 thereon to facilitate tightening
or loosening the threaded connection above de-
scribed. .

The loading of spring 8 or spring 39 may be
used to determine the time of injection and port
18 then connect with a source of fuel or checking
flutd supply, but where a considerable range of
timing is required to adapt the device for different
types of engines or to change the time during
running a variable pressure relief valve com-
prising a valve casing 43, a valve 44, and an ad-
justable closing spring 48 is associated with the
relief port (8.

The casing 43 has a passage 46 connecting
port I8 with a valve seat 41 and a guide bore
48 enlarged adjacent the seat and connected by
a return passage #8 in any suitable manner to
the checking fluid supply and has a threaded end
50 for a manually adjustable spring tensioning
nut 5i. Remote controiled spring tensioning
means may also be used, if desired. The loading
of spring 48 acting to close the valve is sufficient
to check the movement of the piston member §
until the desired time for injection, near the end
of the compression stroke, has been reached, and
this time may be varied to suit engine operating
conditions.

The rate at which the checking fluid is dis-
charged from checking cylinder 1 will vary with
engine speed but may be independently varied
by a manually adjustable needle throttle valve
82 which controls passage of the fluid from the
passage 49 to an outlet passage connectable with
the checking fluid supply line. Adjustment of
valve 52 relative to its seat varies the area of the
discharge orifice between said seat and valve and
thus the rate at which checking fluid is released
from the checking cylinder and closing of said
valve will prevent any checking fluid being dis-
charged from said cylinder and stop the opera-
tion of the injector. -

The piston member § is limited in its inward
movement by a suitable stop means, for ex-
ample an inwardly projecting flange 523 at the
lower end of the threaded bore 54 in which the

. sleeve § is mounted.

With the sbove construction, piston portion 18
being exposed to the pressure of the gases in the
combustion chamber 8 of the engine, when this
pressure exceeds the loading of spring 48, port i8
is opened to relief and piston member § moves
outwardly closing off port 32 or 34 and building
up pressure in the high pressure fuel pump cham-
ber formed by bore Il which then acts to over-
come the pressure of spring 39 and opens valve
38 to cause the injection of fuel. The unit pres-
sure imposed on the checking fluid to hold the
operating piston against movement is relatively
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low compered to the fuel infection pressure and
as shown is the same as the engine compression
pressure which simplifies assembly and manu-
facture but may be still less where the diameter
of the piston 22 is made greater than that of the
piston 19. Rotary movement of piston 22 by the
control rod 27 changes the amount of fuel in-
jected, adjustment of the relief valve, when used,
changes the time of injection and adjustment of
valve 52, when used, changes the rate of fuel
injection. .

I desire it to be understood that this inven-
tion is not to be limited to any particular form
or arrangement of parts except in so far as such
limitations are included in the claims.

What I claim as my invention is:

1, In a fuel injector of the character described,
the combination of an operating piston movable
in response to gases under compression, a casing
in which said piston works including a closed
end cylinder having differential bores and a re-
lief port in one of said bores, a checking piston
carried by said operating piston and working in
the bore having said relief port and in contact
with a checking fluid therein and provided with
an irclined control edge cooperating with said
port to vary the amount of checking fluid with-
in said bore to variably limit the movement of
said pistons, means for angularly shifting said
checking piston relative to said port comprising
a sleeve rotatively mounted in another of said
bores and having a slidably keyed connection with
said checking piston, a fuel pump including a bore
in said operating piston and a pump plunger
working in said bore to discharge fue} therefrom
on the movement of said operating piston by said
gases and held in engagement with the closed
end of said cylinder, a sprayer including a pump
discharge valve mounted in said operating pis-
ton, means for admitting a checking fluid into
the bore of said cylinder having said relief port,
and means for admitting fuel to said pump.

9. In a fuel injector of the character described
the combination of an operating piston movable
in response to gases under compression, a casing
in which said piston works including a closed end
cylinder having differential bores and a relief
port in one of said bores, a checking piston car-
ried by said operating piston and working in the
bore having said relief port and in contact with
a checking fluid therein and provided with an
inclined edge cooperating with said port to
variably limit the movement of said pistons by
varying the amount of checking fluid within said
bore to vary the stroke of said operating piston,
means for angularly shifting said checking pis-
ton relative to said port comprising a sleeve ro-
tatively mounted in another of said bores and
having a slidably keyed connection with said
checking piston, a fuel pump including a bore in
said operating piston and a pump plunger work-
ing in said pump bore to discharge fuel there-
from on the movement of said operating piston
by said gases, & spring to return said pistons to
their inner positions and hold said plunger against
the upper end of said cylinder, means for admit-
ting a checking fluid into the bore of said cylin-

_der having said relief port, means for admitting

fuel to said pump, and a sprayer including &
pump discharge valve mounted in said operating
piston. )

3. In a fuel injector of the character descriled,
the combination of a piston movable in response
to gases under compression, a fuel pump having
its bore in said piston and a pump plunger held
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against longitudinal movement and working in -

sald bore to discharge fue] therefrom on the
movement of sald piston by said gases, a cham-
ber in which sald piston works containing a
checking fluid in contact with a part of said pis-
ton and operable to stop its movement, means
including said piston for controlling the discharge
of checking fluid from said chamber to control
the stroke of said piston and thereby vary the
amount of fuel delivered by said fue] pump, and
an adjustable throttle valve to control the rate

7. In a fuel injector of the character described,
the combination of 8 member including an oper-
ating piston and checking piston movable in re-

- sponse to gases under compression, a fuel pump

10

of discharge of the checking fluid to control the .

rate of fuel injection. :

4. In a fuel injector of the character described,
the combination of a member including an oper-
ating piston and a checking piston movable in
response to gases under compression, a fuel pump
having ifs bore in said operating piston and a
pump plunger held against longitudinal move-
ment and working in said bore to discharge fuel
therefrom on the movement of said member by
sald gases, a chamber in which said member
works containing a checking fluid forming a hy-
draulic stop and having a relief port for said
fluid, said checking piston working in said cham-
ber in contact with said checking fluid and an-
gularly movable relative to said relief port, and
means on said checking piston cooperating with
said relief port to vary the amount of checking
fluid discharged through said port to variably
. limit the movement of said member and thereby

vary the amount of fuel delivered by said fuel
pump. -

5. In a fuel injector of the character described,
the combination of & member including an oper-
ating piston and checking piston movable in re-
sponse to gases under compression, a fuel pump

-having its bore in said operating piston and a
pump plunger held against longitudinal move-
ment and working in said bore to discharge fuel
therefrom on the movement of said member by
said gases, a cylinder in which said member works
containing a checking fluid forming a hydraulic
stop and having a relief port for said fluid, said
checking piston working in said chamber in con-
tact with said checking fluid and angularly mov-
able relative to said relief port and having a
control edge cooperating with said relief port
to vary the amount of checking fluid discharged
through said port to variably limit the movement
of said member and thereby vary the amount of
fuel delivered by said fuel pump, and means for
angularly adjusting said checking piston relative
to said relief port.

6. In a fuel injector of the character described,
the combination of & member including an oper-
ating piston and checking piston movable in re-
sponse to gases under compression, a fue] pump
having its bore in said operating piston and g
pump plunger held against longitudinal move-
ment and working in said bore to discharge fuel
therefrom on the movement of said member by
said gases, a cylinder in which said member works
containing a checking fluid forming a hydraulic
stop and having a relief port for said fluid, said
checking piston working in said cylinder in con-
tact with said checking fluid and angularly mov-
able relative to said relief port, means on said
checking piston cooperating with said relief port
to vary the amount of checking fluid discharged
through said port to variably limit the move-
ment of said member and thereby vary the
amount of fuel delivered by said fuel pump, and
a variable timing valve controlling said relief
port to vary the time of injection.
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having its bore in said piston and a pump plung-
er held against longitudinal movement and work-
ing in said bore to discharge fuel therefrom on
the movement of said piston by said gases; a cyl-
inder in which said member works containing a
checking fluid forming a hydraulic stop and hav-
ing g relief port for said fluid, said checking pis-
ton working in said cylinder in contact with said
checking fluid and carried by said operating pis-
ton but radially movable relative thereto to center
itself in said cylinder and angularly movable rela-
tive to said rellef port and said operating piston,
sald checking piston having an inclined control
edge cooperating with said relief port to vary the
amount of checking fluid discharged through said
port to variably limit the movement of said mem-
ber and thereby vary the amount of fue] delivered
by said fuel pump, means for angularly adjusting
said checking piston relative to said relief port,
and & timing valve controlling said relief port to
vary the time of injection.

8. In a fuel injector of the character described,
the combination of an operating piston movable
response to gases under compression, a fuel
pump having a bore in said piston and a pump
plunger held against longitudinal movement and
working in said bore to discharge fuel there-
from on the movement of said piston by said
gases, means controlled by said pump plunger for
admitting fuel into said bore, a cylinder in which
said operating piston works containing a checking
fluid forming a hydraulic stop, a c. ecking piston
working in said cylinder in contact with said
checking fluid and carried by said operating pis-
ton, means for admitting a checking fluid into
said cylinder, said cylinder having a relief port
for said fluid, said checking piston being angu-
larly movable relative to said relief port and
operating piston, and means on said checking pis~
ton cooperating with said relief port to vary the
amount of checking fluid discharged through said
port to variably limit the movement of said pis-
tons and thereby vary the amount of fuel de-
livered by said fuel pump.

9. In a fuel injection system, the combination
with a fuel chamber and g plunger working in
said chamber to form a variable stroke fuel pump,
means for effecting relative reciprocatory move-
ment between said chamber and plunger com-
prising an operating piston operable by a com-
pressible drive means, a variable volume chamber
containing a checking fluid forming a hydraulic
stop in which a part of said piston operates in
contact with said fluid, means for varying the
volume of the checking fluid released from said
checking fluid chamber to variably limit the
stroke of said operating piston and hence the
stroke of said fuel pump, and means for varying
the timing of the release of checking fluid from
said chamber to vary the time of injection.

10. In a fuel injection system, the combination
with a fuel chamber and a plunger working in
sald chamber to form a variable stroke fuel pump,
means for effecting relative reciprocatory move-
ment between said chamber and plunger com-
prising an operating piston operable by a com-
pressible drive means, a variable volume chamber
containing a checking fluid forming a hydraulic
stop in which a part of said piston operates in
contact with said fluid, means for varying the
volume of the checking fluid releaseq from said
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checking fluid chaxnber to variably limit the stroke

of said operating piston and hence the stroke of
sald fuel pump, and & pressure actuated relief
valve controlling the release of checking fluid
from said chamber, and means for controlling
said relief valve to vary the time of operating
thereof and hence the time of injection.

. ' 11. In a fuel injector of the character described,.
the combination of an operating piston movable

in response to fluid pressure, a fuel pump having
relatively movable parts including a part moved
by said piston, and means for varying the begin-
ning of the movement of said operating piston
comprising a chamber containing a checking
liquid and provided with a relief port, a pres-
sure actuated relief valve controlling passage of
checking liquid from said chamber through said
port, and means controlling said relief valve to
vary the time of opening thereof.

12. In a fuel injector of the character described,
the combination of an operating piston movable
in response to fluid pressure, a fuel pump having
relatively movable parts including a part movable
with said piston, and means for checking the
outward movement of said piston comprising a
chamber containing a checking fluid, a piston
working in said chamber and operatively con-
nected to said operating piston and adapted to
lap said relief port in the outstroke position of
said operating piston to trap a body of checking
Haquid in said chamber. i

13. In a fuel injector of the character described,
the combination of an operating piston movabie

in response to fluid pressure, & fuel pump having’

relatively movable parts including a part movable
with said piston, a chamber containing a check-
ing llquid and provided with a relief port, a check-
ing piston working in said chamber and opera-
tively connected to said operating piston, a pres-
sure actuated relief valve controlling passage of
checking lquid from said chamber through said
relief port, and means for controliing the open-
ing pressure of said relief valve to vary the be-
ginning of the movement of said operating piston,
said checking piston adapted to lap said relief
port in the outstroke position of said operating
piston.

14. In an automatic fuel injector, the combina-
tion of a cylinder, s piston member working in
said eylinder and having an actuating piston por-

_ tion movable in response to fluid pressure and a

- checking piston portion provided with a control

edge, said cylinder providing a chamber for a

" member between the sealing portions formed by

said operating and checking portions thereof to

" angularly adjust said member relative to said

10
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relief port, and a high pressure pump including .
& pump plurniger held against longitudinal move-
ment and a pump chamber associated with said

‘piston member. .

15. In an automatic fuel injector, the combina-
tion with a casing, of 4 piston member operable
in said casing in response to fluid pressure -hav-
ing -an actuating piston portion at one end, a
checking piston portion at the other end work-
ing in & part of said casing containing a check-
ing fluid, and an intermediate portion, said check-
ing piston portion provided with a confrol edge, -
said cylinder having a relief port cooperating -
with said control edge. to vary the amount of
checking fluid in said casing, and an angularly
adjustable member having a slidably keyed con-
nection with the intermediate portion of said

. piston member to adjust said member relative
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checking fiuld and having a relief port cooper- .

ating with said control edge to vary the amount
of checking fluid in said chamber, means ex-
terlor of said cylinder and extending into the
same and operatively connected fo said piston

to said relief port.

16. In a fuel injector, the combination of a
member including an operating piston and check-
ing piston movable in response to fluid pressure,
a fuel pump having relatively movable parts in-
cluding a part moving withsaid member, acylinder
in which said member works containing a check-
ing fluid forming a hydraulic stop and having a
relief port for said fluid, sajd checking piston
working in said chamber in contact with said
checking fluid and angularly movable relative
to said relief port and having a control edge co-
operating with said relief port to vary the amount
of checking fluid discharged through said port
to variably limit the movement of said member
and thereby vary the amount of fuel delivered by
said pump, and me~ns for angularly adjusting
said checking piston relative to said relief port.

. ) LOUIS O. FRENCH.
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