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The present invention relates to reciprocating piston
pumps, in particular for the injection of fuel into internal
combustion engines.

The pumps with which this invention is concerned are
of the type in which liquid is periodically forced through
a conduit provided in a distributing member rotating in
the pump body (which member will be hereinafter called
“shaft”), said conduit having an outlet orifice at the pe-
riphery of said shaft, which outlet orifice periedically
comes into overlapping relation with at least one distribu-
tion channel provided in the pump body. The pistons of
these pumps are generally disposed in opposed pairs in
suitable radial housings and they are actuated by a cam.

According to a first construction, the housings are
formed in the rotating shaft and the cam is carried by the
pump body. In another modification, the housings are
formed in the pump body and the cam is carried by the ro-
tating shaft.

The object of the present invention is to provide a pump
of this kind which is self-regulating, that is to say capable
of automatically reducing the effective rate of delivery
thereof per cycle as the speed at which the pump is driven
increases.

The pump according to my invention comprises a
metering piston, called “shuttle piston,” housed in the dis-
tribution member, where it controls a discharge, or by-
pass, orifice the clearing of which by the shuttle piston
stops fuel injection, the means for driving the shuttle
piston being arranged in such manner that, for driving
speeds of the pump above a predetermined value, the
shuttle piston clears the discharge, or by-pass, orifice the
earlier during the delivery stroke of the pump piston as
the driving speed of the pump increases beyond said pre-
determined value.

Preferred embodiments of my invention will be here-
inafter described with reference to the accompanying
drawings, given merely by way of example and in which:

FIG. 1 shows in diagrammatic axial section a fuel in-
jection pump made according to a first embodiment of the
invention, the portion of said pump located on the left
and above line ABC being in section by a plane located
at 45° to the section plane of the remainder of the figure.

FIG. 2 is a cross section on the line H—1I of FIG. 1.

FIG. 3 shows a modification of the lower portion of the
pump of FIG. 1.

In the pump illustrated by the drawings, fuel is pe-
riodically forced through conduit 1 provided in a shaft 2
rotating in pump body 3, said shaft being driven by the
engine (for instance at the speed of its cam shaft) to be
fed with fuel by the pump, for instance through a por-
tion 4 of square cross section rigid with said shaft 2.

In the construction shown by FIG. 1, pistons 5 are
each mounted in a radial cylindrical housing 6 provided
in shaft 2 so as to limit a common compression chamber
7. These pistons 5 are actuated by an annular cam 8§
carried by the fixed body 3, the outer ends 5a of the pis-
tons bearing against said cam 8. Shaft 2 rotates directly,
that is to say without any interposition of ball or other
bearings on the walls of a cylindrical housing 9 provided
in body 3. Shaft 2 is prevented by plates 16 and 11 from
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moving axially with respect to fixed body 3. Chamber 7
receives liquid from a feed pump through a circuit includ-
ing a groove 12 provided at the periphery of shaft 2, a
number of longitudinal passages 13 equal to the number
of ¢cylinders to be successively fed with fuel and a channel
14 starting from the periphery of shaft 2 and opening into
said chamber 7. The feed pump is constituted, in the
construction of FIG. 1, by a piston 15 actuated by an
eccentric 16 (forming the inner wall of groove 12) to-
ward which it is urged by a spring 17. This piston 15 is
slidably mounted in a cylinder 18 in communication with
a fuel inlet channel 19 (provided with a check valve 20);
this cylinder 18 communicates with groove 12 through a
channel 21 provided in body 3 and channels 22 provided
in shaft 2 and the number of which is equal to the num-
ber of cylinders of the engine. The channels are made
to cooperate together in such manner that fuel may be
admitted into chamber 7 as soon as the symmetrical pro-
jections of cam 8 permit pistons 5 to move away from’
each other, the centrifugal force under pressure of the
fuel fed to said chamber 7 facilitating this movement of
pistons 5§ from each other.

Instead of eccentric 16, I might use a cam having sev-
eral sections but this is not necessary due to the fact that
piston 15 subjected to the action of spring 17 acts as a
pressure accumulator.

In the construction of FIG. 3, pistons 23 are slidable in
cylindrical housings 24 fixed with respect to body 3 and
in which they limit respective compression chambers 25.
Pistons 23 are actuated by a cam 26 carried by shaft 2, the
pistons cooperating with this cam through their ends 23a.

Every chamber 25 receives fuel from a feed pump
through a channel 27 provided in fixed body 3, a groove
28 and a plurality of small channels 29 (giving a large
total cross sectional area of flow for small diameters of
each of said respective channels 29). The feed pump
shown by FIG. 3 is a gear pump; one of the pinions 30
of this pump being fixed on shaft 2 and the other pinion
31 being freely rotatable. The compression chamber of
this pump is located between plate 1¢ and another plate
32. Gear pump 36—31 draws in fuel through inlet chan-
nel 19 and delivers it through channel 33, annular groove
34 and channels 35, 354, 36 and 27, to chambers 25,
pushing back pistons 23 radially in the centripetal direc-
tion against cam 26, which during this portion of its move-
ment permits this centripetal displacement of the pistons.
When cam 26 compels pistons 23 to move radially in the
centrifugal direction, fuel is delivered from chambers 25
through channels 27 and radial conduits 37 provided in
shaft 2, to conduit 1. Channels 37 have been shown in
solid lines and channels 36 in dotted lines to show that
they are located in different planes, channels 27 and 36
coming into communication with one another just after
pistons 23 are at the end of their outer strokes. The num-
ber of radial pairs of channels 37 and 36 is equal to the
number of cylinders of the engine to be fed with fuel.

Channel 35 also communicates with a channel 355
which opens into an annular groove 38 of body 3, this
groove 38 being provided with a discharge channel 39
the opening of which is controlled by a loaded valve 40
so as to limit the flow rate and the pressure of the fuel
delivered by gear pump 30—31.

Whatever be the particular embodiment that is chosen,
a constant amount of fuel is periodically delivered
through conduit 1 on every revolution of shaft 2, the cyl-
inders of the pump reciprocating, on every such revolu-
tion, a number of times equal to the number of cylinders
of the engine,

The pump regulation system essentially includes a
metering shuttle piston 41 movable in a cylindrical hous-
ing 42 formed in shaft 2, said shuttle piston 41 limiting,
on one of its sides, in said housing 42, a chamber 43 of
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variable volume. Spring 45 acts upon shuttle piston 41
in such manner as to tend to reduce this volume. Con-
duit 1, provided with a check-valve 44, opens into said
chamber 43.

As shown by FIG. 1, chamber 43 can deliver fuel
through a channel 48a extending radially in shaft 2, then
in body 3 through longitudinal passages 46b (the num-
ber of which is equal to that of the engine cylinders),
an annular groove 46¢, channels 464, 46e and 46f (chan-
nels 465 and 46f being provided in body 3 and channels
46e in a slide valve 54 which will be hereinafter more
fully referred to), a throttled passage 47 being provided
between channels 464 and 46¢. Channel 46f opens into
a chamber 48 (limited in cylindrical housing 42 by shuttle
piston 41 on the opposed side thereof from chamber 43)
through a groove 49 and a radical channel 5¢ both pro-
vided in shaft 2. From this chamber 48, fuel is delivered
by shuttle piston 41 through a channel 52 opening to the
periphery of shaft 2 and provided with a check vaive 53
into channels 531 leading to the injectors (not shown) of
the engine.

Advantageously, as shown by FIG. 1, means are pro-
vided for varying the dimension of throttled passage 47
as a function of the speed of the engine.

In the construction that is shown by the drawings, this
throttled passage 47 is formed between a groove 54a of
slide valve 54 in communication with channel 46e and
the edge of channel 465. Slide valve 54 is urged in the
direction which tends to restrict the dimensions of pas-
sage 47 by the pressure of a fluid acting upon its end 54b.
In the opposed direction, slide valve 54 is urged by a
spring 55, advantageously adjustable by means of a screw
56. The fluid pressure acting upon slide valve 54 is
created by a gear pump one of the pinions 57 of which
is driven by shaft 2 and the other pinion 58 of which
is freely rotatable, The compression chamber of this
pump is located between plate 11 and plate 59. The
pump collects fluid from a chamber 66 and feeds it into
a channel 6@ provided with a throttled passage 61 adjust-
able by a slide valve 62 subjected to the opposed actions
of a spring and of a pressure existing in channel 6¢ up-
stream of said throttle passage, this last mentioned pres-
sure being transmitted to the end 545 of slide valve 54
through a conduit 3.

In order to limit the upward strokes of shuttle piston
41, a radial discharge conduit 64 opens into cylinder
42 at an intermediate point thereof, this channel 4 com-
municating with the outside through groove 65 and a
conduit 67 provided in body 3.

This pump works as follows:

When fuel is forced through conduit 1, either by pis-
tons 5 (FIG. 1) or by pistons 23 (FIG. 3), the end of
channel 46a is located opposite a solid portion of the
wall 9 of body 3 so that liquid cannot flow through this
channel. The liquid that is delivered enters chamber 43
and moves piston 41 upwardly while compressing spring
45, The fuel present in chamber 48 flows past check-
valve 53 toward an injector through channels 52 and 51.
Then, shuttle piston 41 clears channel 64 and fuel flows
out from chamber 43 to the outside through channel 64,
groove 65 and channel 67, thus stopping the upward
movement of the shuttle piston and fuel injection. When
fuel ceases to be delivered through conduit %, channel 46a
comes into communication with passage 465 and then
through circuits 46d, 46¢ and 46f, groove 49 and channel
50 with chamber 48. Under the action of spring 45,
shuttle piston 41 moves in the downward direction and
draws out the liquid from chamber 43 into chamber 48,
the downward movement of the shuitle piston being
braked by throttled passage 47. There comes a time, as
the speed of the engine increases, when shuttle piston 41
no longer has time to move down to the end of its down-
ward stroke before the liquid forced through conduit 1
strikes it. The amplitude of the stroke therefore de-
creases as a function of the speed according to a given

10

15

20

30

60

4
law which depends in particular upon the law of variation
of throttled passage 47. The amount forced from
chamber 43 into chamber 48 therefore decreases and
during the next upward stroke of shuttle piston 41, a
smaller amount of fuel is delivered from chamber 48
toward the injectors.

In a general manner, while I have, in the above de-
scription, disclosed what I deem to be practical and effi-
cient embodiments of my invention, it should be well
understood that I do not wish to be limited thereto as
there might be changes made in the arrangement, disposi-
tion and form of the parts without departing from the
principle of the present invention as comprehended within
the scope of the accompanying claims.

This application is a continuation of my prior applica-
tion Ser. No. 811,177, filed May 5, 1959.

What I claim is:

1. In combination, a fixed body provided with a hous-
ing having a cylindrical inner wall, a member having
a cylindrical outer wall fitting slidably against said inner
wall, means for rotating said member in said housing, a
liquid delivery conduit, said member being provided with
a cylindrical recess, a shuttle piston fitting slidably in said
cylindrical recess, so as to define therewith a variable
volume chamber, said shuttle piston being movable longi-
tudinally in said cylindrical recess in one direction in re-
sponse to rises of the pressure in said chamber, means
for urging said shuttle piston in the direction opposed to
that above mentioned, the movements of said shuttle pis-
ton in the first mentioned direction being called outward
strokes thereof and the movements of said shuttle piston
in the second mentioned direction being called return
strokes thereof, means responsive to longitudinal recipro-
cating movement of said shutile piston in said cylindrical
recess for forcing into said delivery conduit, on every re-
ciprocation of said shuttle piston, an amount of lquid
the smaller as the amplitude of two consecutive strokes is
smaller, liquid pumping means for supplying liquid under
pressure to said chamber, said pumping means being con-
trolled by the rotation of said member in said body in
such manner as to produce pressure rises in said chamber
during only first given portions of every rotation of said
member in said body, liquid circuit means in communica-
tion with said chamber for the inflow of liguid under
pressure from said pumping means to said chamber dur-
ing said first portions of the rotation of said member and
for the outflow of liquid under pressure from said cham-
ber during the second portions of the rotation of said
member in said body, said second portions extending be-
tween said first portions of the rotation of said member,
said liquid circuit means including a throttled passage,
a first part of said liquid circuit means being formed in
said rotating member and opening intc the cylindrical
outer wail of said member, a second part of said liquid
circuit means being formed in said fixed body and open-
ing into the cylindrical inner wal] thereof, said respective
liquid circuit parts being shaped and Iccated so as to com-
municate with each other during said second portions of
the rotation of said member and to be out of communi-
cation with each other during said first portions of the
rotation of said member.

2. In combination, a fixed body provided with a hous-
ing having a cylindrical inner wall, 2 member having a
cvlindrical outer wall fitting against said inner wall, means
for rotating said member in said housing, a liquid deliv-
ery conduit, said member being provided with a cylin-
drical recess, a shuttle piston fitting slidably in said
cylindrical recess, so as to form therewith a cylindrical
chamber, said shutile piston being movable longitudi-
nally in said cylindrical recess in one direction in response
to rises of the pressure in said chamber, resilient means
interposed between said member and said shuttle piston
for urging said shuttle piston in the opposed direction to
that above mentioned, the movements of said shuttle pis-
ton in said last mentioned direction being called the re-
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turn strokes thereof, means responsive to longitudinal re-
ciprocating movement of said shuttle piston in said cylin-
drical recess for forcing into said delivery conduit, on
every reciprocation of said shuttle piston, an amount of
liquid the smaller as the return siroke of said recipro-
cation is shorter, reciprocating liquid pump means ar-
ranged to work in synchronism with the rotation of said
member in said fixed body for forcing liquid into said
chamber during a given portion of every rotation of
said member in said body, means for closing the com-
munication between said pump means and said chamber
during the periods for which said pump means are not
forcing liquid into said first mentioned chamber, a liquid
outflow circuit for the outflow of liquid from said cham-
ber, said liquid outflow circuit including a throttled pas-
sage, a first portion of said liquid outflow circuit being
formed in said rotating member and opening into the
cylindrical wall of said member, a second portion of said
liquid outflow circuit being formed in said fixed body
and starting from the cylindrical inner wall thereof, said
respective outflow circuit portions being shaped and lo-
cated so as to communicate with each other when said
pump means are not forcing liquid into said chamber and
to be out of communication with each other when said
pump means are forcing liquid into said chamber.

3. In combination, a fixed body provided with a hous-
ing having a cylindrical inner wall, a member having a
cylindrical outer wall fitting against said inner wall, means
for rotating said member in said housing, said member
being provided with a cylindrical recess coaxial there-
with, = shuitle piston fitting slidably in said cylindrical
recess, so as to divide it into a first chamber and a second
chamber, located respectively on opposed sides of said
shuttle piston, said shuttle piston being movable longi-
tudinally in said cylindrical recess in one direction in
response o rises of the pressure in the first chamber, re-
silient means interposed between said member and said
shuttle piston for urging said shuttle piston in the direc-
tion opposed to that above mentioned, the movements of
said shuttle piston in said opposed direction being called
the return strokes thereof, a liquid delivery circuit start-
ing from the second chamber reciprocating liquid pump
means arranged to work in synchronism with the rotation
of said member in said fixed bedy for forcing liquid into
said first chamber during a portion of every rotation of
said member in said body, means for closing the commu-
nication between said pump means and said first cham-
ber during the periods for which said pump means are
not forcing liquid into said first chamber, and a liquid
outflow circuit for the outflow of liquid from said first
chamber, said liguid outflow circuit including a throttled
passage, a first portion of said liquid outflow circuit being
formed in said member and opening into the cylindrical
wall of said member, a second portion of said liquid out-
flow circuit being formed in said fixed body and starting
from the cylindrical inner wall thereof, a third portion of
said outflow circuit connecting said second portion with
said second chamber, said first and second outflow circuit
portions being shaped and located so as to communicate
with each other when said pump means are not forcing
liquid into said chamber and to be out of communication
with each other when said pump means are forcing liquid
into said chamber.

4. A combination according fo claim 2 im which said
reciprocating liquid pump means include a cylindrical
housing formed in said member at right angles to the axis
thereof, @ piston fitting slidably in said last mentioned
cylindrical housing, and cam means carried by said fixed
body for moving said last mentioned piston radially in
said last mentioned housing in response to the rotation of
said member in said fixed body, said member being pro-
vided with a conduit connecting said last mentioned hous-
ing with said chamber of said cylindrical recess.
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5. A combination according to claim 3 in which said
reciprocating liquid pump means include a cylindrical
housing formed in said member at right angles to the axis
thereof, a piston fitting slidably in said last menticned
cylindrical housing, and cam means carried by said fixed
body for moving said last mentioned piston radially in
said last mentioned housing in response to the rotation
of said member in said fixed body, said member being
provided with a conduit connecting said last mentioned
housing with said first mentioned chamber of said cylin-
drical recess.

6. A combination according to claim 2 in which said
reciprocating liquid pump means include a cylindrical
housing formed in said fixed body at right angles to the
axis of rotation of said member, a piston fiiting slidably
in said last mentioned cylindrical housing and cam means
carried by said member for moving said last menticned
piston radially in said last mentioned housing in response
to the rotation of said member in said fixed body, said
member and said fixed body being provided with co-
operating conduits for connecting said last mentioned
housing with said chamber of said cylindrical recess.

7. A combination according to claim 3 in which said
reciprocating liquid pump means include a cylindrical
housing formed in said fixed body at right angles to the
axis of rotation of said member, a piston fitting slidably
in said last mentioned cylindrical housing and cam means
carried by said member for moving said last mentioned
piston radially in said last mentioned housing in response
to the rotation of said member in said fixed body, said
member and said fixed body being provided with cooper-
ating conduits for connecting said last mentioned housing
with said first mentioned chamber of said cylindrical
recess.

8. A combination according to claim 2 in which said
throttled passage is provided in szid second portion of
said outflow circuit.

9. A combination according to claim 3 in which said
throttled passage is provided in said second portion of
said outflow circuit.

10. A combination according to claim 2, further com-
prising an auxiliary pump driven at a speed proportional
to the speed of rotation of said member, a delivery cir-
cnit for said auxiliary pump, means for producing in
said last mentioned delivery circuit a pressure propor-
tional to the speed of operation of said auxiliary pump,
said outflow circuit second portion comprising a cylin-
drical housing provided in said fixed body, a slide valve
mounted in said last mentioned cylindrical housing to
form therewith said throttled passage, one end of said
last mentioned cylindrical housing being connected with
said last mentioned delivery circuit to urge said slide
valve in one direction to vary the dimension of said
throttled passage and resilient means for urging slide
valve in the cpposed direction.

11. A combination according to claim 3, further com-
prising an auxiliary pump driven at a speed proportional
to the speed of rotation of said member, a delivery cir-
cuit for said auxiliary pump, means for producing in said
last mentioned delivery circuit a pressure proportional to
the speed of operation of said auxiliary pump, said out-
flow circuit second portion comprising a cylindrical hous-
ing provided in said fixed body, a slide valve mounted
in said last mentioned cylindrical housing, to form there-
with said throttled passage, one end of said last men-
tioned cylindrical housing being connected with said last
mentioned delivery circuit to urge said slide valve in
one direction to vary the dimension of said throttled pas-

76 sage and resilient means for urging said slide valve in

the opposed direction,
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