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(54) Electromagnetically operated pump
(57)  An electromagnetically operated pump to feed
two-stroke internal-combustion engines with precise
and controlled amounts of oil comprises, in a casing (1):
a cylinder (2); a piston element (3) with a through pipe
(4), axially movable in said cylinder (2); an electromag-
netic coil (11) coaxial to the cylinder (2), to control the
movements of the piston element (3) against the action
of spring means (15, 16, 17, 18); a pumping chamber
(8) for the oil to be fed, coaxial to the cylinder (2) and
close to a first base (7) thereof; and valve means (19,
20) housed in said casing (1) and in said chamber (8),
one of said means (19) cooperating with said piston el-
ement (3). According to the invention, said electromag-
netic coil (11) is an annular coil which surrounds the pis-
ton element (3) and acts frontwards onto a keeper (14)
of ferromagnetic material, close and parallel to the sec-
ond base (9) of the cylinder (2) and connected to the
second end (12) of the piston element (3), said annular
coil (11) projecting from said second base (9) of the cyl-
inder (2).
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Description

[0001] The present invention concerns an electro-
magnetically operated pump to feed two-stroke internal-
combustion engines with precise and controlled
amounts of ail.

[0002] Accordingto known technique, there are many
types of pumps which allow to feed two-stroke internal-
combustion engines with precise and controlled
amounts of ail, strictly correlated with the running of said
engines. Amongst others, use has already been made
since quite some time of electrically operated pumps, in
which an electromagnetic coil controls the piston of a
cylinder in axis therewith, against the action of a spring,
so as to empty at each running cycle a pumping cham-
ber of said cylinder into which the oil to be fed is metered.
[0003] The presentinvention concerns a pump of this
type, the structure of which - while preserving the char-
acteristics of a simple construction, a metering precision
and an easy setting, which are indispensable for the
specific use for which the pump is designed - allows to
considerably reduce its overall dimensions and guaran-
tees an improved reliability thereof.

[0004] For this purpose, the pump according to the in-
vention - of the type comprising, in a casing: a cylinder;
a piston element with a through pipe, axially movable in
said cylinder, an electromagnetic coil coaxial to the cyl-
inder, to control the movements of the piston element
against the action of spring means; a pumping chamber
for the oil to be fed, coaxial to the cylinder and close to
a first base thereof; and valve means housed in said
casing and in said chamber, one of said means cooper-
ating with a first end of said piston element - is charac-
terized in that, the electromagnetic coil is an annular coil
which surrounds the piston element and acts frontwards
onto a keeper of ferromagnetic material, close and par-
allel to the second base of the cylinder and connected
to the second end of the piston element, said annular
coil projecting from said second base of the cylinder.
Preferably, said piston element is of nonmagnetic ma-
terial and said annular coil is housed into a cavity of the
cylinder formed on the front of said keeper in said sec-
ond base of the cylinder.

[0005] In a first embodiment of the pump according to
the present invention, a disk is interposed between said
second base of the cylinder and said keeper, said disk
having a central hole through which said piston element
freely passes. The spring means act between said disk
and said keeper, opposing the movements of the piston
element controlled by said coil, said spring means being
positioned close to the hole of said disk, or close to its
periphery. Alternatively, the spring means are housed
peripherally into the pumping chamber, so as to act di-
rectly on the piston element, in correspondence of its
first end. Said spring means preferably consist of a cy-
lindrical helicoidal spring, coaxial to the cylinder of said
pump.

[0006] According to the invention, the piston element
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is suitably formed - in the different variants of the afore-
described embodiment - with a portion of reduced diam-
eter towards its second end, the extension of said por-
tion contributing to determine the capacity of the pump.
[0007] In a second embodiment of the pump accord-
ing to the present invention, the piston element has in-
stead a constant diameter and the capacity of the pump
depends on the distance between the keeper and the
cylinder, when the keeper is subject merely to the action
of the spring means which oppose the movements of
the piston element controlled by said coil. Such spring
means can consist of a Belleville washer, coaxial to the
cylinder of the pump and interposed between said sec-
ond base of the cylinder and said keeper, or of a cylin-
drical helicoidal spring housed peripherally into the
pumping chamber.

[0008] The invention will now be described in further
detail, with reference to the accompanying drawings, in
which:

[0009] Fig. 1is an axial section view of a first embod-
iment of the pump according to the present invention;
[0010] Fig. 2 shows a detail of the pump of fig. 1, along
the line lI-1l thereof;

[0011] Fig. 3 illustrates a first variant of the embodi-
ment of the pump shown in fig. 1;

[0012] Fig. 4 illustrates a second variant of the em-
bodiment of the pump shown in fig. 1;

[0013] Fig. 5 shows a second embodiment of the
pump according to the present invention, illustrating a
first variant thereof;

[0014] Fig. 6 illustrates a second variant of the em-
bodiment of the pump shown in fig. 5; and

[0015] Fig. 7 shows a detail of the pump of fig. 6, along
the line VII-VII thereof.

[0016] With reference to the drawings, the pump ac-
cording to the presentinvention is of the type comprising
- as clearly illustrated - a casing 1 housing a cylinder 2
and a piston element 3, axially movable in the cylinder
2 and crossed by a through pipe 4 connected to pipe
unions 5 and 6 in the casing 1, for the inlet and respec-
tively the outlet of oil. Close to a first base 7 of the cyl-
inder 2, in contact with the casing 1 and along the cor-
responding pipe union 6, there is a pumping chamber 8
to pump the oil to be fed, said chamber also housing
valve means of the pump, as described hereinafter. A
cavity 10 is formed close to the second base 9 of the
cylinder 2, into said cavity there being housed a compact
electromagnetic annular coil 11 which surrounds the pis-
ton element 3 and which is fed with pulse currentin strict
correlation with the running of the two-stroke engine to
be equipped with the pump. The depth of the cavity 10
slightly exceeds the height of the coil 11, so that this lat-
ter can be fully housed therein and be efficiently protect-
ed.

[0017] According to the invention, the piston element
3 is connected, at its end 12 in correspondence of the
base 9 of the cylinder 2, to a keeper 13 parallel and close
to said base 9. The electromagnetic coil 11 acts front-
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wards onto said keeper 13 - which is of ferromagnetic
material - against the action of spring means. The keep-
er 13 draws in its movements the piston element 3, pref-
erably made of nonmagnetic material. Thanks to the ef-
ficiency of the frontward action - with a low magnetic gap
and a magnetic circuit with low reluctance - of the elec-
tromagnetic coil 11 on the keeper 13, the movements of
the piston element 3 of the pump according to the in-
vention can be controlled by means of a coil 11 of very
small dimensions and having a very compact structure.
The efficiency of said action is in fact far higher than that
which could be obtained up to date in the pumps having
coils usually extending along the whole cylinder of the
pump, externally thereof, and acting directly onto a pis-
ton of ferromagnetic material in an axial sense, in mag-
netic circuits with a very high reluctance. The arrange-
ment of the present invention thus allows to considera-
bly reduce the overall dimensions of the pump, providing
an advantage which is particularly important for the ap-
plications pointed out in the introductory part of the
present description, such as feeding oil in two-stroke in-
ternal combustion engines.

[0018] The pump according to the present invention
can be conceived in different embodiments, some of
which are illustrated on the accompanying drawings.
[0019] In afirst embodiment (figs. 1 to 4), a disk 14 is
interposed between the second base 9 of the cylinder 2
and the keeper 13, said disk 14 preferably being of non-
magnetic material and having a central hole through
which freely passes the end 12 of said piston element
3 having a portion 12A of reduced diameter (fig. 2); the
portion of wider diameter of said piston element 3 stops
instead against said disk 14. Spring means act between
said disk 14 and said keeper 13 opposing the move-
ments of the piston element 3 controlled by the coil 11.
In the embodiment of figs. 1 and 2, said spring means
are centrally positioned - in 15 - close to the hole of the
disk 14; whereas, in the variant of fig. 3, they are posi-
tioned - in 16 - close to the periphery of the disk 14. Al-
ternatively, in the variant of fig. 4, said spring means con-
sist of a cylindrical helicoidal spring 17, coaxial to the
cylinder 2 and housed peripherally into the pumping
chamber 8. Instead of acting on the keeper 13 - like the
springs 15 and 16 - the spring 17 acts directly onto the
piston element 3, in correspondence of its first end, op-
posite to that fixed to the keeper 13.

[0020] In a second embodiment (figs. 5 and 6), the
piston element 3 has a constant diameter, it being ob-
tained from a ground bar (thereby reducing the costs in
respect of the previous embodiment).

[0021] Inthe variant of fig. 5, there is no disk 14, while
a simple Belleville washer 18 is interposed between the
second base 9 of the cylinder 2 and the keeper 13, said
washer being coaxial to the cylinder 2. In this variant,
the washer 18 obviously forms said spring means which
oppose the movements of the piston element 3 control-
led by the coil 11. Whereas, in the variant of fig. 6, such
spring means consist of a cylindrical helicoidal spring
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17 - like that of the variant of fig. 4 - coaxial to the cylinder
2 and housed peripherally into the pumping chamber 8.
[0022] In operation, the coil 11 controls, when ener-
gized, the movements of the piston element 3 towards
the chamber 8, while attracting the keeper 13 against
the action of the spring means 15, 16 or 17. Such means
produce movements in the opposite sense when the coil
11 is deenergized. Two ball valves 19 and 20 are pro-
vided, in known manner, in the pipe union 6 in the casing
1, in correspondence of the oil pumping chamber 8, the
valve 19 cooperating with the end of the piston element
3 in correspondence of the base 7 of the cylinder 2. As
better seen hereinafter, when the keeper 13 is attracted
by the electromagnetic coil 11 and the piston element 3
moves towards the pipe union 6, the valve 19 is closed
while the valve 20 opens. Viceversa, when the piston
element 3 is moved back by the spring means 15, or 16,
or 17, the valve 20 closes while the valve 19 opens
again.

[0023] Fig. 2 shows a detail of fig. 1, illustrating how
the capacity of the oil being pumped, for each stroke of
the pump according to the invention, may be determined
by varying the distance a-b in fig. 1, namely the ratio
between the length of the portion of wider diameter and
the length of the portion 12A of reduced diameter of the
piston element 3. This obviously also applies to the other
variants of the pump adopting a similar piston element
3 (figs. 3 and 4).

[0024] For what concerns the other embodiment of
the pump according to the invention, illustrated in fig. 5,
and its variant illustrated in fig. 6, wherein the piston el-
ement 3 has a constant diameter, the capacity of the oil
being pumped for each stroke of the pump is instead
determined, as clearly shown in fig. 7, by the distance
a-b between the keeper 13 and the base 9 of the cylinder
2, when said keeper is subject merely to the action of
the spring means 18 or 17 and the coil 11 is deener-
gized.

[0025] Thanks to the special configuration of its orig-
inal magnetic circuit, the aforedescribed pump has a
very simple structure and a highly reliable working but,
above all - as already mentioned - it allows to drastically
limit the dimensions of the electric circuit and of the coil
controlling the movements of the piston element; this
considerably affects the overall dimensions of the pump,
so as to be able to assert that it leads to a miniaturization
thereof. In the first embodiment of fig. 1, and its variants
of figs. 3 and 4, the pump according to the invention can
moreover be easily adapted, with reduced costs, to the
most different requirements of capacity, by simply vary-
ing the axial position of the abutment of the piston ele-
ment 3, formed in two portions of different diameter.
[0026] Inthe simpler embodiment of fig. 5, and its var-
iant of fig. 6, the pump is instead less versatile, but it
involves lower production costs.

[0027] Itis anyhow understood that there can be other
embodiments of the pump, differing from those de-
scribed heretofore, without thereby departing from the
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scope of the present invention.

Claims

Electromagnetically operated pump to feed two-
stroke internal-combustion engines with precise
and controlled amounts of oil - of the type compris-
ing, in a casing (1): a cylinder (2); a piston element
(3) with a through pipe (4), axially movable in said
cylinder (2); an electromagnetic coil (11) coaxial to
the cylinder (2), to control the movements of the pis-
ton element (3) against the action of spring means
(15, 16, 17, 18); a pumping chamber (8) for the oil
to be fed, coaxial to the cylinder (2) and close to a
first base (7) thereof; and valve means (19, 20)
housed in said casing (1) and in said chamber (8),
one of said means (19) cooperating with a first end
of said piston element (3) - characterized in that,
the electromagnetic coil (11) is an annular coil which
surrounds the piston element (3) and acts front-
wards onto a keeper (13) of ferromagnetic material,
close and parallel to the second base (9) of the cyl-
inder (2) and connected to the second end (12) of
the piston element (3), said annular coil (11) pro-
jecting from said second base (9) of the cylinder (2).

Pump as in claim 1), wherein the piston element (3)
is of nonmagnetic material.

Pump as in claim 1), wherein said annular coil (11)
is housed into a cavity (10) of the cylinder (2) formed
on the front of said keeper (13) in said second base
(9) of the cylinder (2).

Pump as in claim 3), wherein said cavity (10) of the
cylinder (2) housing the coil (11) has a depth which
slightly exceeds the height of said coil (11).

Pump as in claim 1), wherein a disk (14) is inter-
posed between said second base (9) of the cylinder
(2) and said keeper (13), said disk (14) having a
central hole through which said piston element (3)
freely passes, between said disk (14) and said
keeper (13) acting the spring means (15, 16) which
oppose the movements of the piston element (3)
controlled by said coil (11).

Pump as in claim 5), wherein said spring means
(15) are positioned close to the hole of said disk
(14).

Pump as in claim 5), wherein said spring means
(16) are positioned close to the periphery of the disk
(14).

Pump as in claims 5) to 7), wherein the spring
means (17) consist of a cylindrical helicoidal spring,
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10.

1.

12.

13.

coaxial to the cylinder (2) of the pump.

Pump as in claims 5) to 8), wherein said disk (14)
is of nonmagnetic material.

Pump as in claims 1) to 9), wherein the piston ele-
ment (3) is formed with a portion of wider diameter
and a portion of reduced diameter (12A) towards its
second end (12).

Pump as in claims 1) to 4), wherein the piston ele-
ment (3) has a constant diameter.

Pump as in claim 1), wherein a Belleville washer
(18) is interposed between said second base (9) of
the cylinder (2) and said keeper (13), coaxial to the
cylinder (2) of the pump, said washer (18) forming
the spring means which oppose the movements of
the piston element (3) controlled by said coil (11).

Pump as in claim 1), wherein the spring means
which oppose the movements of the piston element
(3) controlled by said coil (11) consist of a cylindrical
helicoidal spring (17), housed peripherally into the
pumping chamber (8) and acting directly on the pis-
ton element (3), in correspondence of its first end.
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