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7 Clalms

The present invention relates to pumps for the
injection of a certain amount of liquid fuel into
the cylinders of internal combustion engines. .

One of the objects of the present: invention is

5 to provide a pump of this type in which the time
at which injection is started. is variable accord-
ing to the charge- of fuel and to the speed of
revolution of the engine, so.as to; obtain an ad-
vantageous working of sa.id engine for any charge

10 and any speed of revolution-thereof.

Another object .of- the present mvention is to
provide & pump of the kind above referred.to in
which the position of .the organ.controlling the
beginning of injection depends, for .a given

15 amount of fuel injected, upon the speed of revolu-
tion of the engine, .. .-

_ Other features .of the present invention w1ll
result from the followmg description of . some
specific embodiments thereof, -

20  Preferred embodiments of t.he present inven-
tion will be hereinafter descrrbed With reference
to the accompanying drawings given merely by
way of example and.in.which:- oy

Fig. 1 is an axial sectional view of a ﬁrst em-

25 bodiment of the invention, Fig 1a shows a mod-
ification;

Fig. 2 is a transverse sectional view of said
pump on the line II—IT of Fig, 1

Fig. 3 shows, on an enlarged scale a detail of

30 the pump of Figs. 1 and 2;

Fig. 4 shows a. modiﬁcation of the deta.il illus-
trated by Fig. 3;

Fig.51san a.xial sectional v1ew of a second em-
bodiment;

35 Fig.61is a view,: analogous to Fig 5, showing

: still another embodiment. :

In the embodiment of: Fig 1 the cylmder I of
the pump fits in. &.-bore- provided in & block 2
. the bottom of which is fixed.to.casing. 3.

. 40 casing contains an oil ;bath for:a shaft-4 driven
by an engine and which- drives a-push. piece 6
through & cam 5. -This.push piece is-guided in

a sleeve T screwed to the lower part of block 2. It
is subjected to the action of a return spring 8,

45 which pushes it downwardly and it is connected
to the piston 9 of the pump in such,manner as
to permit a rotation of said pisto about. its axis.

The opposite end of piston.9 is_provided with

a central channel: 10, leadmg to a transverse

50 conduit 11, the respective ends of which open into

a recess l2 and a recess __,-provided,l in. di_am-
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3, the transverse edges of recess §2 are oblique
with respect to the axis of piston 9, while the cor-
responding edges of recess 13 are at right angles
to said axis.

The upper end of cylinder | is closed by & g
plunger {4 subjected to the action of a return
spring 5, which is housed in-the screwed cap
16 of block 2. Plunger 14 is provided with a head
140 which, in the position of rest bears upon an
annular member 7, of well determined thickness. 10

Cylinder | is provided with a delivery conduit
18 connected to the injector (not shown in the
drawings) through a conduit 19, under the con-
trol of check valve 30. The orifice of this pas-
sage 18 is uncovered when the upper edge of the 15
recess (2 of piston 9 moves past said orifice, in the
upward movement of said piston.

Three other passages 21, 22, and 23 provided
in cylinder 1 open into a chamber 24 provided in
block 2, said chamber being connected to & fuel gy
tank (not shown in the drawings). Passage 22
is the suction passage of the pump. It is intended
to cooperate with the upper edge of piston 8.
Passage 21 is a leakage conduit, placed under the
control of plunger {4, Passage 23 is also a leak~ g5
age conduit, the orifice of which is controlled by
the upper edge of the recess 13 of piston 9. The
lower part of said piston is provided with parallel
flat faces 295, fitting against corresponding flat
faces provided in the inner surface of a sleeve gp
26 capable of rotating freely with respect to the
lower part, of reduced diameter, of cylinder f,

'and prevented from moving in the longltudmal
.. direction.
.teeth 27 located above sleeve 1. These feeth are gg
in mesh with a rack 28, screwed on a rod 29
~extending transversely to piston 9 and movable
-.in the direction of its own axis,

Sleeve 21 is provided with external

...If .as shown by Fig. 2, the pump includes a plu-

’ rality of pistons, there is one rack 28 for each

- piston. Each of these racks consists of a cylinder
-having circular grooves of the -desired profile
_formed in the periphery thereof, with flat faces

. 30 cut at 120° from one another, and, close {o

. one end, other flat faces 31, making an angle of 45
. 60°. with the first mentioned flat faces 30. This

. arrangement of racks 28 screwed on a rod 28

. makes it possible to accurately adjust the rela-
.tive position of said racks on said rod.

e flat faces 30, 31 above mentioned facilitate 50

th operation of adjustment, which is performed
by means of a spanner. Once the racks have been
'zadjusted in a predetermined position, they are

ented from moving out of adjustment by

A7

neans o of a plug 32, having a flat face parallel to gg
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one of the faces 30 above mentioned and located
close thereto.

The axial position of rod 29 is adjustable ax-
ially, through a lever 33. The latter acts on push
piece 133, which in turn controls the displace-
ments of rod 29, through a spring 34. At the
opposite end of rod 28 there is provided a push
piece 35 which permits of bringing the engine into
idling working, without acting on lever 33, owing
to the provision of spring 34. The displacement

" of rod 29 is limited in this direction by stop ring
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36, the position of which Is varigble in order to
permit of adjusting the idling. )

It may also be desired to bring the engine into
idling working when it reaches a predetermined
speed of revolution. I may, for instance, for this
purpose provide a fork 38 adapted to act on a
collar 3T of rod 28, said fork being controlled
by & centrifugal governor (not shown in the
drawings) operated by the engine.

The control of the injection is effected in the
following manner:

Piston 8 exerts a compression on the liquid fuel
when the upper edge of said piston covers passage
22. The fuel lifts plunger (4 until the latter un-
covers the orifice of the upper passage 21. The
upper edge of the recess 12 of piston 8 then un-
covers the orifice of the passage {8 leading to
the injector. Injection takes place, while plunger
i4 is moving back toward its stop 1. It lasts
until the upper edge of the recess i3 of piston 8
opens the orifice of the lower by-pass conduit 23.

In view of the fact that the active edge of
recess 12 is inclined, it is quite clear that the
time at which injection starts depends upon the
angular position of piston 9 about its axis, which
position can be manually adjusfted, according to
the charge of fuel to be supplied to the engine.
On the other hand, the time that elapses between
the time of opening of the orifice of passage 18
and the time of opening of by-pass passage 23
depends upon the speed of revolution of the
engine.

For a given charge to be supplied to the engine,

it is necessary to turn piston 9 about its axis, in

the direction that corresponds to earlier injec-
tion, through an angle which is the greater as the
speed of revolution of the engine is the higher.
The advance to injection therefore depends both
upon the speed of revolution of the engine and
upon the charge of fuel.

In order to obtain a higher sensitiveness of the
device at small speeds of revolution, and & more

considerable lead to injection for high speeds and

charges, I may, as shown by Fig. 4, give the active
edge of recess 12, a double angle of inclination,
39—40, the smaller inclination corresponding to
small charges of fuel. The active edge of recess
{3 may also be made more or less oblique with
respect to the axis of piston 9.

In the embodiment of Fig. 5, the passage 18
through which fuel is fed to the injector is pro-
vided at the upper end of the cylinder. It is con-
trolled merely by check valve 20. The inlet pas-
sage 22 is controlled by the bottom of an in-
clined notch #1 starting from the upper edge of
piston 8. The axial conduit I8 of the piston ex-~
tends downwardly to the outside of the cylinder
and opens at 42 into the outer face of the piston,
at the end of a transverse branch. Orifice 42
cooperates with a sleeve 43, adapted to turn freely
with respect to the piston and prevented from
moving longitudinally with respect to said piston.
This sleeve is provided with an aperture 44 the
lower edge of which includes a portion oblique
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with respect to the axis of the piston, between
two portions at right angles to said axis.- Sleeve
43 may be displaced longitudinally, for adjust-
ment purposes, by means of nut 45, which is
screwed on the bottom of cylinder {, or through
the interposition of annular elements 46, the
thickness of which varies according to the de-
sired adjustment of the interval between the up-
per face of sleeve 43 and nut 48.

Sleeve 43 is provided with external teeth 41,
in mesh with the teeth of a pinion 48, which is
adapted to turn under the action of a centrifugal
governor or any other device responsive to the
speed of revolution of the engine.

Piston 9§ drives fuel to the injector, through
passage 18, when the bottom of its notch 4f
moves past suction orifice 22. Injection ceases
when orifice 42 is uncovered by the aperture 44
of sleeve 43. In this case also, the beginning of
the injection depends upon the angular position
of piston 9 about its axis. For a predetermined
charge to be injected to the engine, this anguiar
position of piston 8 is itself a function of that
of sleeve 43, which in turn depends upon the
speed of revolution. The lead to injection there-
fore depends upon both the charge of fuel and
the speed of revolution of the engine.

The same is true for the embodiment of Fig. 6.
In this case, the suction of fuel takes place dur-
ing the forward stroke of piston 8, through orifice
42 which, during the return stroke of the piston,
constitutes a leakage orifice, placed under the
control of sleeve 43. The upper end of cylinder |
consists, in this case, as in the embodiment of
Fig. 1, of a plunger I4, subjected to the action
of a return spring 1§. The axial passage of pis-
ton 8 is provided with a second transverse branch
49, opening into a recess 58 of said piston. The
upper edge of this recess, which is inclined with
respect to the axis of piston 8 controls the orifice

-of the passage 18 through which fuel is fed to the

injector.

The delivery of the pump begins when the leak-
age orifice 42 comes opposite a solid portion of
sleeve 43. It produces an upward movement of
plunger {4. The beginning of injection takes
place when the upper edge of recess 50 uncovers
the orifice of passage 18. Injection ceases when
piston 14 has come back against its seat. .

All the pumps according to these embodiments
automatically stabilize the speed of revolution of
the engine. This is due to the fact that, when
this speed tends to increase, sleeve 43 moves in
the direction which corresponds to a decrease of
the amount of fuel injected, the reverse action
taking place if the speed of the engine tends to
decrease (Figs. 5 and 6). Similar effects are ob-
tained with the embodiment of Fig. 1, as a con-~
sequence of the variations resulting, for the speed
of movement of piston 9, from variations of the
speed of revolution of the engine.

With the embodiments of Figs. 5 and 6, it is
easy to limit the maximum rate of feed of fuel
by longitudinally displacing sleeve 43, through a
displacement of nut 48 or by changing the thick-
ness of annular elements 4§. .

With the embodiment of Figs. 1 to 4, the same
adjustment is obtained by making use of annular
members 1T of different thicknesses, which modi-
fles the distance between the lower edge of the
plunger and the discharge orifice 21 which it un-
covers during the delivery of the pump.

In the case of engines intended to run at very
high speeds, the arrangement shown by Figs. 1
to 4 may be modified as shown in Fig. 1* so that,
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_ the upper edge of piston 8 which is given. an
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ve . the opening of said delivery. opening by said

at these speeds of revolution, the inclined active
upper edge of recess 12, provided in piston 9, un-
covers the orifice of passage §8 before the orifice
of passage 22 has been covered by the upper in-
clined end of piston 9. This arrangement. is
shown by Fig. 1=. .

The inertia of plunger (4 produces, when. the :.los

orifice of passage 22 is subsequently closed;:a sud-
den rise of the injection pressure. This rise; of
pressure may be useful at very high speeds In
this case, the lead to injection is controlle 3 y
n-

clined shape, as shown at 81 in Fig. 1%,

In & general manner, while I have, in the above .1
description, disclosed what I deem to be practical

and efficient embodiments of the present'
tion, it should be well understood that I d
wish to be limited thereto as there might.k
changes made in the arrangement, disposition,
and form of the parts, without departing from
the principle of the present invention as compre-
hended within the scope of the appended claims.

‘What I claim is: .

1. Tn a pump adapted to work in connection
with an internal combustion engine, for the in-
jection of fuel to said engine, the combination of
a cylinder, a piston movable. in said cylinder,
means for reciprocating said piston in sald cylin-
der, said piston being provided with an axial con-
duit opening into one end face thereof and into
the lateral surface of said piston near the other
end thereof, this last mentioned end of the piston
projecting from sald cylinder and being adapted
to be immersed in fuel, a sleeve surrounding said
last mentioned end of the piston provided with an
aperture having at least one inclined edge adapted
to cooperate with the second mentioned opening
of said axial conduit of the piston, means for
angularly displacing said sleeve- in response to
variations in the speed of revolution of the engine,
a delivery passage in the lateral wall of said cylin-
der, said piston being provided with a recess hav-
ing at least one inclined edge adapted to co-
operate with said passage and communicating
with said axial conduit, a plunger slidable in said
cylinder closing the end thereof that corresponds
to the first mentioned end of said piston, and
elastic means for urging said plunger into said
cylinder, and means for adjusting the angular
position of said piston about its axis in said

en-

13

“cylinder.
9. Tn a pump operating in connection with an

internal combustion engine for injecting fuel to
said engine, the combination of a cylinder open
at both ends, a piston operating in said cylinder
through one of its ends, a spring loaded plunger

‘entering the other end of said cylinder, an inlet

ijn the wall of said cylinder controlled by the
inner end of said piston, said piston having two
cavities in its cylindrical surface, one of said
cavities having at least one edge oblique to the
generatrices of said piston, passage means be-
tween said cavities and the space between said
plunger and said piston, a delivery opening
adapted to cooperate with the oblique edge of
said first mentioned cavity for injection purposes,
a by-pass in the wall of said cylinder adapted to
cooperate with the other cavity in order to dis-
charge the space between said piston and said
plunger so as to stop the injection of fuel, and
means for rotating said piston about its axis, the
edge of the inner end of said piston being oblique
and located at such a distance from the oblique
edge of said first: mentioned cavity of said piston
that said inlet is only covered by said piston after

“linder‘a limited®

38

cavity. . R T .
3. In connection with an.internal combustion

. engine having fuel-injection means, a pump for
feeding fuel to said injection means which com~ &

chamber having a spring
all, means for forcing
to said chamber, at
an. amount of -fuel:
- be injected at one 10
e by the. engine and
onnecting said cham-
_means. for a time
peed of sald engine.
nternal combustion 16
means, a pump. for
means which com-
‘ \ber having a spring
ntwardly ylel 1, means for forcing::
ressure; into said chamber, at 20
each stroke of the pump, an amount of fuel
greater than the maximum to be injected at one
stroke, means, operative by said engine, for con-
necting, at each stroke, said chamber with said
fuel injection means, so as to start injection, 26
means, operative by said engine, for discharging
said chamber to the outside, so as to stop injec-
tion, a certain time after the starting thereof, said
time being inversely proportional to the speed of
said engine, and means for adjusting in operation 30
the two last mentioned means so as to permit of
varying both the time of starting of injection and
the duration of injection. .

5. In connection with an internal combustion
engine having fuel injection means, 2 pump for 35
feeding fuel to said injection means which com-~
prises, in combination, a chamber having a spring
loaded outwardly yielding wall, means for forcing
under a limited pressure into said chamber, at
each stroke of the pump, an amount of fuel great-
er than the maximum to be injected at one stroke,
and slide valve means, driven by said engine, for
first connecting, at each stroke, sald chamber
with said fuel injection means, so as to start in-
jection, and subsequently discharging, at a far-
ther point of its stroke, said chamber to the out-
side, so as to stop injection, whereby the dura-
tion of injection is inversely proportional to the
speed of said slide valve means and therefore to
the speed of said engine. -

6. In connection with an internal combustion
engine having fuel injection means, a pump for
feeding fuel to said injection means which com-
prises, in combination, a cylinder, a spring loaded
plunger forming one end of said cylinder, a piston
driven by said engine movable in said cylinder,
a port in the wall of said cylinder communicat-
ing with a source of fuel adapted to cooperate
with the inner end of said piston, a by-pass port
in the wall of said cylinder between said first
mentioned port and the end of said cylinder fit-
ted with said plunger, for the outflow of the ex-
cess of fuel forced between said piston and said
plunger, whereby a too large amount of fuel is
placed under a limited pressure in said cylinder
between said piston and said plunger for each
inward stroke of said piston, said piston being
provided with two cavities in its cylindrical wall,
one of said cavities being nearer the inner end
of the piston than the other, said piston being
provided with a longitudinal passage opening at
one end into its inner end and at the other end
into both of said cavities, a delivery port in the
wall of said cylinder communicating with said
injection means adapted to communicate with 75

bination,
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the first mentioned cavity, and a discharge port
in the wall of said cylinder adapted to cooperate
with the other cavity after said first mentioned
cavity has come opposite said delivery port.
7. In connection with an internal combustion
engine having fuel injection means, a pump for
feeding fuel to said injection means which com-
prises, in combination, a cylinder, a spring loaded
plunger forming one end of said cylinder, & pis-
ton driven by said engine movable in said cyl-
inder with a reciprocating motion at.a speed pro-
portional to that of said engine, a port in the
wall of said cylinder communicating with a
source of fuel adapted to cooperate with the in-
ner end of said piston, a by-pass in the wall of
said cylinder between said first mentioned port
and the end of said cylinder fitted with said
plunger, for the outflow of the excess of fuel
forced between sald piston and said plunger,
whereby a too large amount of fuel is thus placed

2,225,019

under a limited pressure in said cylinder between
said piston and said plunger for each inward
stroke of said piston, said piston being provided
with two cavities in its cylindrical wall, one of
said cavities having at least its edge nearer to 5
the inner end of said piston directed obliquely to
the generatrices of said piston, sald piston being
further provided with a longitudinal passage
opening at one end into its inner end and at
the other end into both of said cavities, a delivery 10
port in the wall of said cylinder communicating
with said injection means adapted to cooperate
with said first mentioned cavity, a discharge port

in the wall of said cylinder adapted to cooperate
with the other cavity after said first mentioned 15
cavity has come opposite said delivery port, and
adjusting means for varying, in service, the angu-
larnnpodﬁonofsnldplstonlbontmuh,inuld
cylinder. '
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