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The present inveniion relates to self-regulating pumps
and in particular to pumps for the injection of fuel into
internal combustion engines.

The pumps with which my invention is concerned in-
clude a discharge conduit the opening of which prevents
the pump from delivering liquid, this discharge conduit
being controlled by valve means urged by resilient means
toward discharge conduit closing position and actuated
to open this discharge conduit by a control fiuid receiv-
ing, owing to the provision of a throttled passage in the

ircuit through which said control fuid is flowing, pres-

sure impulses at a frequency equal to that of the recipro-
cating movement of the pump pisten, the mazmium pres-
sure reached by this control fluid during every impuise
and preferably the rate of increase of the fluid pressure
during each of said impuises being the higher as this
frequency is higher until said maximum fluid pressure is
capable of overcoming the action of said resilient means
and of opening said discharge conduit.

The object of my invention is to provide a pump of
this type which is better adapted to meet the reguire-
ments of practice than those used up to the present time.

For this purpose, according to my invention, I pro-
vide means for braking the return displacements of said
valve means from discharge conduit opening position
toward discharge conduit closing position so that return
displacements take place at a rate independent of the
frequency of reciprocation of said piston per unit of
time and such that, for high values of said frequency,
said discharge congduit is open during the whole of every
compression stroke of said piston.

A preferred embodiment of the present invention will
be hereinafter described with reference to the accom-
panying drawings, given merely by way of example and
in which:

FIGS. 1 and 2 diagrammatically show, in axial section,
a fuel injection pump made according to the present in-
vention, the parts being shown in two relative different
positions in said figures respectively.

The pump shown by the drawings includes a piston 1
driven in such manner, for instance by means of a cam
(not shown), that the movement of the piston is ac-
celerated from the time, at the beginning of its upward
stroke, when fuel starts being compressed and deliversd.
When the upward stroke of piston 1 is obtained by means
of a cam, the downward stroke thereof is obtained by
means of a return spring 2.

Piston 1 reciprocates in a cylinder 3 into which opens,
at da, a feed conduit 4 through which fuel arrives in the
usual manner from an auxiiiary pump (not shown).
‘Furthermore, a delivery conduit 8 provided with a chack-
valve 6 leads out from said cylinder 3. This delivery
conduit 5 conveys the fuel delivered by the pump toward
the injector or injectors (not shown) of the engine fed
by the pump.

A discharge conduit 7 also leads from the top cylinder
3 to the ouiside. This discharge conduit 7 is controlied
by a moving elesment § consisting for instance of a slide
valve.

Piston 1, during its upward stroke and after it has
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closed port 4a, delivers fuel into conduit 5 as long as
slide valve 8 keeps discharge conduit 7 closed. But fuel
delivery through conduit § ceases as soon as slide valve
& opens discharge conduit 7.

In order to control slide valve 8, I apply thereto, on
the one hand a downwardly directed force preferably
produced by a return spring 9, for instance adjustable
by means of a screw 18, and on the other hand the
upwardly directed thrust of a fluid (and in particular a
liquid) receiving pressure impulses at a freguency equal
to ithat of the reciprocating movement of piston 1, this
pressure reaching, during the upward strokes of pisten 1,
peak values which increase, as the speed at which the
pump is driven (i.e.) (the speed of the engine fed by the
pump) increases up to a value for which said pressure
overcomes the resistance of spring 9. Then, for spsed
exceeding this value, the liguid pressure capable of over-
coming the resistance of spring 9 is reached for shorter
upward displacements of piston 1.

In order to produce said pulsating pressure of the liquid
used io actuate slide valve &, I make use of an auxiliary
reciprocating pump including an auxiliary piston 11 fit-
ting slidably in an auxiliary cylinder 12. Cylinder 12 is
provided with a feed conduit 13, also preferably con-
nected with the delivery of a primary pump (not shown)
which may be the same as that which supplies liquid to
conduit 4. A delivery conduit 14, leading from auxiliary
cylinder 12 and containing a check-valve 185, is in com-
munication with one of the ends 33 of a cylinder 16
in which slide valve 8§ is slidably fitted, the pressure of
the liquid in conduit i4 acting against the thrust of re-
turn spring 9 on slide valve 8.

According to a particularly simple construction illus-
trated by the drawing, the main piston i and the auxil-

5 iary piston 11 form a single unit and cylinders 3 and 12

are in line and coaxial with each other. In this case,
return spring 2 may be housed in cylinder 12, this spring
being common to both of the pisiens 11 and %, which
are driven by the same cam. Feed conduits 4 and 13 are
disposed in such manner as to be simultancously closed
by pistons I and i1 respectively, so that the compression
strokes of said pistons begin simulianeously.

In order to comply with the above stated conditions
concerning the pressure of the liguid delivered by piston
13, this liquid is caused to pass through a throttled pas-
sage controlled by slide valve 8 iiself. An ocutiet con-
duit 17 branching out from conduit 14, for instance from
the poriion i4a thereof located dowastream of cylinder
16, opens into the wall of cylinder 16 opposite a dis-
charge conduit 17¢ in line with conduit 17. Slide valve
§ is provided with a groove 19 located at a lsvel such
that, when slide valve 8 is in its position of rest (wher
the bottom end of said valve is applied against an abut-
ment 29 as shown by FIG. 1), the lower edge of groove
i9 and the opening of conduit 17 into cylinder 6 Limit
between them a throtiled passage 21 through which the
liguid delivered by piston 11 must flow to pass into dis-
charge conduit 7q.

The initial value of the cross-section of this throttled
passage depends upon the position of abutment 29, which
position is preferably adjustable by means of a screw 22.

It will be seen that as soon as the pressure of the liguid
delivered by piston 21 reaches a value sufficient to over-
come the thrust of return spring 9, the area of the cross-
section of throttled passage 21 decreases, and quickly
becomes equal to zero. 1If, at this time, piston 11 has not
yet reached the end of its upward stroke, slide valve 8
is suddenly pushed upward until a second groove 23,
provided in slide valve 8 below groove 19, comss opposite
conduits 17 and 174 and thus enables the liguid still
delivered by piston 11 to flow to the outside. This move-
ment of slide valve § simultaneously brings opposite dis-
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charge conduit 7 a third groove 24 provided in slide valve
8 above groove 19, whereby conduit 7 places cylinder 3
in communication with the outside.-

In order to obtain the return of slide valve 8 to its
position of rest immediately after the beginning of every
downward stroke of pistons i1 and 1, the portion i4a
of delivery conduit 14 is placed in communication, during
every dowaward stroke of piston 2%, with a discharge
condnit 145 by-passing throttled passage 21, this conduit
14k being of course closed during every upward (delivery)
stroke of piston 11.

In order to control this discharge conduit 14b, I ad-
vantageously make use of a slide valve 25 actuated in
synchronism with the reciprocating movement of piston
11 by means of the pressure of the liquid present in
cylinder 12. For this purpose, one of the ends of cylin-
der 26, in which slide valve 25 is. movable, is connected
through a conduit 27 to cylinder 12, or delivery conduit
14. TIn this last case, which is that illustrated by the
drawings, the point of conduit 14 from which conduit
27 branches out is located upstream of check-vaive 18.
A return spring 28 interposed between the upper end of
cylinder 26 and slide valve 25 urges said slide valve
toward its position of rest where it is applied against a
shoulder 26 at the lower end of cylinder 26. In this
position of rest, slide valve 25 opens, through its groove
39, the communication between conduit 14e and dis-
charge conduit 14b. Thus, slide valve 25 is in its posi-
tion of rest during every downward siroke of piston 11
and it is moved away from its position, thus closing the
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communication with discharge conduit 14p, during every .

upward stroke of piston 11.

In the embodiment of my invention shown by the draw-
ings, conduits 4 and 13 open into the respective cylinders
3 and 12 at points such that, during every upward stroke
of pistons 1 and 11, piston 11 closes conduit 13 and starts
compressing liquid and delivering it from cylinder 12
at the same time as piston 1 closes conduit 4 and delivers
liquid from cylinder 3 toward delivery conduit 5.
 Discharge. conduit 145 is throtiled at 31 and the cross-
section of this throttled portion of conduit 145 is advan-
tageously adjustable by means of a screw 32 the end of
which projects more or less into conduit 145 to form said
throttled -portion.

Groove 24 is of a height much greater than that of
discharge conduit 7. Furthermore groove 23 is positioned
in slide valve 8 so as to open discharge conduit 17—17a
and thus to stop the upward movement of slide valve 8
when said slide valve has moved a substantial distance
beyond the position for which its groove 24 starts open-
ing discharge conduit 7.

FIG. 1 shows the parts in the position they occupy when
pistons 1 and 11 are approximately in their lower dead
center position.

This pump works as follows.

Since pistons 11 and I are supposed to undergo an ac-
celeration, during every upward stroke thereof, even
when the engine on which the pump is mousnted runs at a
constant speed, the pressure of the liquid which, during
every upward stroke of piston-11, flows through the
throttled passage 21, rises during said stroke up to a value
which, as long as slide valve 8 is not lifted, ie. for rela-
tively low values of the speed of the engine on which
the pump is mounted, increases when said speed increases.
For a given value of the engine speed, this liquid pres-
‘sure, which acts upon the lower end face of slide valve
8, becomes sufficiently high to overcome the resistance
of spring 9 and slide valve § starts moving upwardly.
This movement further reduces the cross-section area
of throttled passage 21 which, in turn, increases the
liquid pressure acting on the lower end face of valve 8
and further accelerates the reduction of the cross-section
area of throttled passage 21. Full closing of throtiled
passage 21 and upward displacement of slide valve 8 to the
position where it opens discharge conduit 7 are therefore
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practically instantaneous. Slids-valve 8 then remains in
its upper position (FIG. 2) until the end of the upward
stroke of piston 11, groove 23 opening the communication
between conduits 17, 17a by an amount just sufficient to
keep it in this position.

For higher and higher speeds of the engine above the
above mentioned value, this opening of discharge con-
duit 7 takes place for shorter and shorier upward strokes
of piston 13. As long as the opening of discharge con-
duit 7 takes place after inlet conduit 4 has been closed
by piston 1, some amount of fuel is delivered by piston 1
through delivery conduit § toward the injector or injectors
to be fed by the pump but this amount decreases as the
speed of the engine (ie. the frequency of reciprocation
of pistons 1 and 11) increases.

Furthermore, during the return (downward) move-
ments of slide valve & (which then discharges the liquid
present in chamber 16 through conduit 14b, slide valve
25 having been pushed into lower position by spring 28),
the flow of liquid is slowed down by the throttling of
said conduit 14b at 31, thus braking said dowaward move-
ments of slide valve 8. For a given throitling at 31-and -
a given adjustment of spring 9, the time taken by slide
valve to move down from its upper position (shown by
FIG. 2) to a bottom position in which groove 19 opens
passage 21 between 17 and 174 is always the same, ir-
respective of the speed at which the pump is driven.
Therefore, as this speed increases, it reaches a value such
that piston 11 begins its compression (upward) stroke
before slide valve 8 has had time to reach this bottom
position. The ligquid pressure then supplied by piston 11
quickly returns slide valve 8 into the position where dis-
charge conduit 7 is fully opened. Injection is then re-
duced to a minimum. If the engine speed has reached
a value such that piston 11 staris on-its upward stroke
before slide valve 8 has begun to shut off discharge con-
duit 7, said discharge conduit remains constantly open:
There is no longer any injection and a limit speed has
been reached.

In a general manner, while I have, in the above descrip-
tion, disclosed what I deem to be practical and efficient
embodiments of my invention, it should be well under-
stood that T do not wish to be limited thereto as -there
might be changes made in the arrangements, disposition
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. 780,452, filed December 15, 1938, for “Im-
provements.in Self Regulating Pumps in Particular for the
Injection of Fuel Into Internal Combustion Engines,” now
abandoned.

What I claim is: :

1. A pump which comprises, in combination, a pump

‘body forming a cylinder, a piston fitting slidably in said

cylinder and having a reciprocating movement therein, a
liquid -delivery conduit leading from one end of said
cylinder, so that liquid ¢an be delivered from said cylin-
der through said delivery conduit during the compression
strokes of said piston, feed conduit means opening into -
said cylinder for filling said cylinder with liquid during
the suction strokes of said piston, a discharge conduit lead-
ing from said cylinder and opening to the outside thereof,
a valve casing mounted in fixed position on a portion of
said “discharge condunit, 2 valve in said casing to control
the discharge of liquid from said cylinder to the outside
thereof through said discharge conduit, whereby opening
of said discharge conduit by said valve during a compres-
sion stroke of said piston prevents the delivery of liquid
through said delivery conduit, resilient means operatively
connected with said valve for constantly urging it toward
discharge conduit closing position, said valve casing and
said valve limiting between them a variable volume cham-
ber such that expansion of the volume thercof urges said
valve toward discharge conduit opening position, a fluid
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control circuit full of fluid and wholly distinct from said
delivery conduit and said discharge conduit, said fluid
control circuit having an inlet and a throttled passage
opening to the outside, said conirol circuit being in com-
munication with said casing so that it includes said vari-
able velume chamber, means cperatively connected with
said piston and in communication with said control cir-
cuit inlet for periodically applying fluid pressure impulses
to the fluid in said control circuit at a frequency equal to
the frequency of reciprocation of said piston so that the
maximum fluid pressure during every impulse increases
as said frequency increases, whereby, for a given value
of said frequency, said maximum fluid pressure becomes
capable of overcoming the action of said resilient means
and of bringing said valve into discharge conduit opening
position, said means for applying pressure fluid impulses
being operatively connected with said piston in such man-
ner as to start each of said pressure impulses with a given
constant phase relation with respect to the beginming of
the corresponding compression stroke of said piston, an
outflow conduit whelly distinet from said delivery con-
duit and said discharge conduit and in communication
with said chamber to permit escape of fluid therefrom dur-
ing the displacements of said valve from discharge con-
duit opening position toward discharge conduit closing
position and = throtiled passage in said outflow conduit
to brake said last mentioned valve displacements so that
they iake place at a rate independent of said frequency
of reciprocation of said pisten.

2. A pump which comprises, in combination, a pump
body forming a cylinder, a piston fitting slidably in said
cylinder and having a reciprocating movement therein, a
liguid delivery conduit leading from omne end of said
cylinder, so that liquid can be delivered from said cylin-
der through said delivery conduit during the compression
strokes of said piston, feed conduit means opening into
said cylinder for filling said cylinder with liquid during
the suction strokes of said piston, a discharge conduit lead-
ing from said cylinder and opening to the outside thereof,
a valve casing mounted in fixed vosition ¢n a portion of
said discharge conduit, a valve in said casing to control
the discharge of liguid from said cyiinder to the outside
thereof through said discharge conduit, whereby copening
of said discharge conduit by said valve during a compres-
sion strcke of said piston prevents the delivery of liquid
through said delivery condnit, resilient means operatively
connected with said valve for constantly urging it toward
discharge conduit closing position, said valve casing and
said valve limiting between them a variable volume cham-
ber such that expansicn of the volume therecf urges said
valve toward discharge conduit opening position, a fluid
contred circuit fuil of finid and wholly distinet from said
delivery conduit and said discharge cenduit, said fluid
confrol circuit having an inlet and a throitled passage
opening to the cutside, said control circuit being in com-
munication with said casing so that it includes said vari-
able volume chamber, means operatively connected with
said piston and in communication with said control cir-
cuit inlet for periedically applying fluid pressure impulsas
to the fluid in said control circuit at a frequency equal to
the frequency of reciprocation of said piston so that the
rate of increase of the fluid pressure during every fluid
pressure impulse is the higher as said frequency is higher
and that the maximum fluid pressure during every im-
pulse increases as said frequency increases, whereby, for
a given value of said frequency said maximum fluid pres-
sure becomes capable of overcoming the action of said
resilient means and of bringing said valve into discharge
condnit opening position, said means for applying pres-
sure fluid impulses being operatively connected with said
piston in such manner as to start each of said pressure im-
pulses with a given constant phase relation with respsct
to the beginning of the corresponding compression stroke
of said piston, an cutflow conduit wholly distinct from
said delivery conduit and said discharge conduit and in
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communication with said chamber to permit escape of
fluid therefrom during the displacements of said valve
from discharge conduit opening position toward discharge
conduit closing position and a throttled passage in said
outflow conduit to brake said last mentioned displace-
ments so that they take place at a rate independent of said
frequency of reciprocation of said piston.

3. A pump which comprises, in combination, a cylin-
der, a piston fitting slidably in said cylinder and having a
reciprocating movement therein, a liquid delivery con-
duit leading from one end of said cylinder, so that liquid
can be delivered from said cylinder through said delivery
conduit during the compression strokes of said piston,
feed conduit means opening into said cylinder for filling
said cylinder with liquid during the suction strokes of said
pisten, a discharge conduit leading from said end of said
cylinder and opening to the outside thereof, a cylindrical
casing transverse o said discharge conduit and intersecting
it so that a length of said discharge conduit consists of a
portica of said casing, a slide valve fitting slidably in said
cylindrical casing and movable therein to control the dis-
charge of liquid from said cylinder to the outside thereof
through said discharge conduit, whereby opening of said

ischarge conduit by said slide valve during a compres-
sion stroke of said piston prevents the delivery of liquid
through said delivery conduit, resilient means interposed
between said slide valve and said casing for constantly
uiging said slide valve toward discharge conduit closing
position, one end of said cylindrical casing forming a
chamber such that expansion thereof causes said slide
valve to move toward discharge conduit opening position,
means operatively connected with said piston for feeding
into said chamber, during every compression stroke of said
piston, fluid at a flow rate constantly increasing for a time,
the rate of increase of said flow rate being the higher as
the number of reciprocations of said piston per unit of
time is higher, an outlet conduit leading from said cham-
ber and having a length thereof comstituted by a portion
of said casing, said slide valve being provided with a
groove arranged to cooperate with said outlet conduit
and to clear it partly, when said slide valve is in the posi-
tion where the volume of said chamber is minimum, to
such a degree that expansion of the volume of said cham-
ber causes a reduction cf the cross-section area of said
outlet conduit thus cleared by said groove, said slide valve
being provided with ancther groove, arranged to clear
said cutlet conduit when said slide valve is in discharge
conduit opening position, whereby said fluid can then be
discharged to the outside through said outlet conduit, said
casing being so dimensioned that, for a given value of said
frequency of reciprocation of said piston, the fluid fed
into said chamber reaches a pressure capable of over-
coming the action of that resilient means and of bringing
said slide valve into discharge conduit opening position,
an cutilow conduit in communication with said chamber
to permit escape of fiuid therefrom during the return dis-
placements of said slide valve from discharge conduit
opening position toward discharge conduit closing posi-
tion and a throttled passage in said outflow conduit to
brake said return displacements so that they take place
at a rate independent of the number of reciprocations of
said piston per unit of time.

4. A pump according to claim 1 further including valve
means in said outflow conduit operatively connected with
said piston for closing said outflow conduit during the
compression strokes of said piston and opening said out-
low conduit during the return strokes of said piston.

5. A pump according to claim 1 further including
means carried by said casing for adjusting said resilient
means.

6. A pump according to claim 1 further including
means carried by said casing for adjusting the ¥imit posi-
tion toward which said slide valve is urged by said re-
silient means.

7. A pump according to claim 1 in which said means
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for feeding fluid into said chamber include a cylinder
coaxial with said first mentioned cylinder -and in fixed
position with respect thereto, a piston rigid with said
first mentioned piston and fitting slidably in said second
mentioned cylinder and feed conduit means opening into
said second mentioned cylinder and positioned so that the
comprsssion strokes of both of said pistons occur simul-
taneously, said pump further including a conduit leading
from said second mentioned cylinder to said chamber,
and a check valve in said last mentioned conduit mounted
to open only toward said chamber.

8. A pump which comprises, in combinaticn, a pump
body forming a cylinder, a piston fitting slidabiy in said
cylinder and having a reciprocating movement therein, a

liquid delivery conduit leading from one end of said cyl-

inder, so that Hquid can be deliversd from said cylinder
through said delivery conduit during the compressicn
strokes of said piston, feed conduit means opening into
said cylinder for filling said cylinder with liquid during
the suction strokes of said piston, a discharge conduit
leading from said cylinder and opening to-the outside
thereof, a valve casing mounted in fixed position on a
portion of said discharge conduit, a valve in said casing
to control the discharge of liquid from said cylinder to
the outside thereof through said discharge conduit, where-
by opening of said discharge conduit by said valve during
a compression stroke of said piston prevents the delivery
- of liquid through said delivery conduit, said valve being
so arranged that, when it is moved from its discharge
conduit closing position in the direction to open said
discharge conduit, it can move well beyond the position
where it first opens said discharge conduit while.leaving
said discharge conduit open, as far as a position which
will be called discharge conduit final opening positicn,
resilienit means operatively connected with said valve for
constantly urging it toward discharge conduit closing
position, said valve casing and said valve limiting between
them a variable volume chamber such that expansion
of the volume thereof urges said valve toward discharge
conduit opening position, a fluid contrel circuit full of
fluid and wholly distinct from said delivery conduit and
said discharge conduit, said fluid control circuit having an
inlet and a throtiled passage opening to the outside, said
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control circuit being in communication with said casing
so that it includes said variable volume chamber, means
operatively connected with said piston and in communi-
cation with said contrel circuit inlet for periodically ap-
plying fluid pressure impulses to the fluid in said control
circuit at a frequency equal to the frequency of recip-
rocation of said piston so that the maximoum fluid pressure
during every impulse increase as said frequency increases,
whereby, for a given value of said frequency said maxi-
mum fluid pressure becomes capable of overcoming the
action of said resilient means and of bringing said valve
into discharge conduit final opening position, said means
for applying pressure finid impulses being operatively
connected with said piston in such manner as to start
each of said pressure impulses with a given comstant
phase relation with respect to the beginning of the cor-
responding compression stroke- of said piston, an out-
flow coaduit wholly distinct from said. delivery conduit -
and seid discharge conduit and in communication with
said chamber to permit escape of fluid therefrom during
the displacements of said valve {from discharge coaduit
opening position toward discharge conduit closing posi-
tion and a throttled passage in seid outflow conduit to
brake said last mentioned valve displacements so that
they take place at a rate independent of said frequency
of reciprocation of said piston, whereby for high values
of said frequency, said discharge conduit is open during
the whole of every compression stroke of said position.

9. A pump according to claim 8 wherein said vaive is
a slide valve provided with an annular groove in its inter-
mediate portion so that said discharge conduit is opened
when a portion of said groove is located opposite said dis--
charge conduit, the height of said groove being at least

_twice the diameter of said discharge conduit.
35 .
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