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WHISPER QUIET ELECTROMAGNETIC FLUID
pPUMP

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention is related to the field of electromag-
netic fluid pumps and in particular to a quiet electro-
magnetic reciprocating piston fluid pump.

2. Description of the Prior Art

Reciprocating piston electromagnetic fluid pumps for
the most part are quite noisy, especially under light
loads due to the reciprocating piston hammering against
the output end of the housing. One approach to reduce
the hammering is to insert a coil spring between the
housing and the piston as taught by Wertheimer et al in
U.S. Pat. No. 3,381,616; Rouquette in U.S. Pat. No.
3,556,684; and Arai in U.S. Pat. No. 4,306,843, Al-
though the springs taught therein reduced the piston’s
hammering force at the end of the pumping stroke, they
were not entirely successful in reducing the noise gener-
ated by these types of pumps. An alternate approach is
taught by Brown in U.S. Pat. No. 4,079,436, in which a
resilient washer is attached to the end of the housing to
absorb the hammering of the piston against the housing
at the end of the pumping stroke. Because of the direct
engagement of the piston with the resilient washer, the
washer had to be made from a rather hard resilient
material (Nylon) so that it would have a satisfactory life
expectancy. Softer rubber washers were subject to dis-
tortion and degradation by the constant hammering of
the piston and their life expectancy was too short for
practical applications.

Brown, in U.S. Pat. No. 4,832,583, discloses a rubber
bumper seal for a low pressure metering pump. The
bumper seal is attached to the end of the piston and
occludes the outlet port at the end of the piston guide
when the solenoid is deenergized and the piston is dis-
placed to its extreme position at the end of the pumping
stroke. The sealing of the port at the end of the piston
guide prevents fluid from being back-siphoned through
the pump.

SUMMARY OF THE INVENTION

The invention is an electromagnetic fluid pump hav-
ing a housing which has an inlet port, an outlet port, and
a cylindrical piston guide connecting the inlet port to
the outlet port. A magnetically susceptible piston is
disposed in the piston guide and means are provided for
reciprocating the piston between a first position adja-
cent the inlet port and a second position adjacent the
outlet port. Valve means associated with the piston
guide and piston provide for unidirectional fluid flow
through the pump in response to the reciprocation of
the piston. A resilient annular rubber bumper is pro-
vided at the end of the piston guide adjacent to the inlet
port and a semi-rigid plastic annular washer is disposed
between the annular rubber bumper and the piston. The
semi-rigid plastic annular washer is displaced by the
piston toward the outlet port as the piston approaches
its second position and applies a uniform compressive
force on the rubber bumper to noiselessly terminate the
displacement of the piston at the end of the pumping
stroke.

The object of the invention is to significantly reduce
the noise generated by the electromagnetic pump
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2
caused by the piston hammering against the end of the
housing.

Another object of the invention is the use of a semi-
rigid, plastic washer between a rubber bumper and the
piston to uniformly distribute the force of the piston on
the rubber bumper.

Still another object of the invention is the use of a soft
rubber bumper, to noiselessly terminate the pumping
stroke of an electromagnetic reciprocating piston fluid
pump.

These and other objects of the invention will become
more apparent from a reading of the detailed descrip-
tion of the invention in conjunction with the drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1is a cross-sectional side view of an electromag-
netic fluid pump embodying the noise absorbing rubber
bumper and semi-rigid plastic washer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A cross-sectional view of the “whisper quiet” elec-
tromagnetic pump is shown in FIG. 1. The “whisper”
electromagnetic pump is structurally similar to the elec-
tromagnetic pump illustrated and described in U.S. Pat.
No. 4,079,436. The electromagnetic pump has an input
housing member 10 which is threaded onto an input
pole member 12¢ and an output housing member 14
which is threaded onto an output pole member 125 in
axial alignment with the input housing member 10. The
input housing member 10 has a cylindrical cavity 16
which is connected to an axially disposed inlet port 18.
The output housing member 14 has a cylindrical cavity
20 which is connected to an axially disposed outlet port
22. The inlet port 18 and outlet port 22 may be threaded
as shown to facilitate the connection of a fluid connec-
tor thereto. The cylindrical cavities 16 and 20 have the
same diameter and are axially aligned with each other.

A non-magnetic cylindrically shaped piston guide 24
is disposed in the cylindrical cavity 20 and extends into
the cylindrical cavity 16. The external surface of the
piston guide 24 is sealingly attached to the output hous-
ing member 14 at an internal end of the output housing
member, as shown, by soldering, brazing, welding, or
any other method known in the art.

A magnetically susceptible hollow piston 28 is slid-
ably disposed in the piston guide 24 and is free to recip-
rocate therein between a first position adjacent to the
outlet port 22 and a second position adjacent to the inlet
port 18. The piston 28 is resiliently biased towards the
first position adjacent to the outlet port by a coil spring
30. A first check valve member 32 is provided at the end
of the piston 28 adjacent to the outlet port 22 and a
second check valve member 34 is provided adjacent to
the inlet port 18. A coil spring 36 disposed between the
second check valve member 34 and a valve guide 38
biases the second check valve member 34 to a closed
position adjacent a valve seat formed at the internal end
of the inlet port 18. As is known in the art, the first and
second check valve members 32 and 34 provide for
unidirectional fluid flow through the pump with the
reciprocation of the piston 28. The valve guide 38 is
biased toward the inlet port 18 by the coil spring 30.

An annular rubber bumper 40 is disposed in the cylin-
drical cavity 20 and abuts an end wall 42 of the cylindri-
cal cavity 20 adjacent to the outlet port 22. An annular
semi-rigid plastic washer 44, preferably made from Ny-
lon, is disposed in the cylindrical cavity 20 between the
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end of the piston guide 24 and the annular rubber bum-
per 40. The internal diameter of the annular semi-rigid
plastic washer 44 is preferably smaller than the internal
diameter of the annular rubber bumper 40 to prevent
deformation of the annular rubber bumper 40 into the
hollow portion of the piston 28 when the annular rubber
bumper is compressed by the piston 28 at the end of the
pumping stroke. As is shown, the external diameter of
the annular rubber bumper 40 is preferably smaller than
the internal diameter of the cylindrical cavity 20 so that
the annular rubber bumper may radially expand in both
directions when compressed by the annular semi-rigid
plastic washer 44. The annular semi-rigid plastic washer
44 also more uniformly applies the pressure exerted by
the piston 28 on the mating surface of the annular rub-
ber bumper 40 and eliminates deformation and wear.
The annular semi-rigid plastic washer 44 also permits
the use of a softer rubber elastomeric material, such as
VITON @®), for the rubber bumper.

A solenoid coil 46 and a detection coil 48 are wound
on a coil spool 50. The coil spool 50 circumscribes the
piston guide 24 in the space between the input and out-
put pole members 124 and 12b. The solenoid coil 46 is
periodically energized by an oscillator circuit 52
mounted on a circuit board 54. The oscillation fre-
quency of the oscillator circuit 52 is controlled by a
control signal induced in the detection coil 48 by the
solenoid coil 46. The oscillator circuit 52 may be a
blocking oscillator of the type shown in U.S. Pat. Nos.
4,079,436 or 3,381,616 or may be any other similar type
of oscillator circuit which produces an output signal
periodically energizing the solenoid coil 46. Electrical
power is supplied to the oscillator circuit 52 and the
solenoid coil 46 by means of an electrical wire 56 having
one end electrically connected to the circuit board 54.
The electrical wire is insulated from the input pole
member by a rubber grommet S§8.

In operation, the oscillator circuit 52 in response to
the control signal induced in the detection coil 48 peri-
odically energizes the solenoid coil 46 to generate a
magnetic field. The magnetic field produces a force
urging the piston 28 towards the inlet port 18. The coil
spring 36 holds the second check valve member 34 in
the closed position, but the first check valve member 32
is displaced to the open position, permitting only the
piston 28 to be displaced toward the inlet port 18 against
the force of the coil spring 30. After a period of time
determined by the oscillator circuit 52, the solenoid coil
46 is deenergized and the coil spring 30 urges the piston
toward the outlet port 22. As the piston 28 moves
toward the outlet port, the first check valve member 32
moves to the closed position and a portion of the fluid
trapped between the closed first check valve member 32
and the outlet port 22 is pushed out of the outlet port in
the direction shown by arrow 60. The second check
valve member 34 opens, permitting fluid to enter the
pump through the inlet port 18 as the piston 28 moves
toward the outlet port.

Near the end of the pumping stroke, the piston 28
engages the annular semi-rigid plastic washer 44 and
will then displace the annular semi-rigid plastic washer
44 until it reaches the end of the pumping stroke or
second position. The annular rubber bumper 40 will be
resiliently compressed by the displacement of the annu-
lar semi-rigid plastic washer 44, eliminating the me-
chanical noise generated by the pumps having the struc-
ture as taught by the prior art. As previously indicated,
the annular semi-rigid plastic washer 44 prevents metal-
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to-metal contact at the end of the pumping stroke. The
annular semi-rigid plastic washer also prevents undesir-
able deformation of the annular rubber bumper 40
which could lead to pump failure. The annular semi-
rigid plastic washer 44 also a vlies a uniform force
against the sides of the annular ~bber bumper 40 to
ensure uniform compression and return of the annular
rubber bumper to its original shape and permits the
annular rubber bumper 40 to be made from a softer
resilient material, which accounts for the significant
noise reduction of the “whisper quiet” pump over com-
parable electromagnetic fluid pumps.

It is recognized that this noise reduction concept may
be applied to other reciprocating piston fluid pumps
within the scope of the invention as illustrated in the
drawings, discussed in the specification, and set forth in
the appended claims.

What is claimed is:

1. A fluid pump comprising:

a housing having a cylindrically shaped piston guide,
an inlet port at one end of said cylindrically shaped
piston guide and an outlet port at the other end of
said cylindrically shaped piston guide;

a piston disposed in said cylindrically shaped piston
guide between said inlet and said outlet ports;

means for reciprocating said piston in said cylindri-
cally shaped piston guide between a first position
adjacent to said inlet port and a second position
adjacent to said outlet port;

valve means cooperating with said cylindrically
shaped piston guide and said piston for providing a
unidirectional fluid flow through said cylindrically
shaped' piston guide from said inlet port to said
outlet port in response to said reciprocation of said
piston, said valve means being mounted to said
piston;

a resilient annular bumper provided at the end of said
cylindrically shaped piston guide adjacent to said
outlet port; and

a semi-rigid annular plastic washer disposed between
said resilient annular bumper and said piston, said
semi-rigid annular plastic washer being displaced
by said piston toward said outlet port as said piston
approaches said second position and applying a
uniform compressive force on said resilient annular
bumper whereby any hammering noise associated
with the impact of said semi-rigid annular plastic
washer by said piston as said means for reciprocat-
ing said piston moves said piston from said first
position to said second position is absorbed by said
resilient annular bumper.

2. The fluid pump of claim 1 wherein said plston isa
magnetically susceptible piston and wherein said means
for reciprocating said piston comprises:

a solenoid coil circumscribing said cylmdncal]y

shaped piston guide;

oscillator means for periodically energizing said sole-
noid coil to displace said magnetically susceptible
piston to said first position; and

resilient means for displacing said piston from said
first position to said second position when said
solenoid coil is deenergized.

3. The fluid pump of claim 2 wherein said housing

comprises:

an input pole member;

an output pole member spaced from said input pole
member;
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an input housing member attached to said input pole
member, said input housing member having said
inlet port and a first cylindrical cavity connected to
said inlet port;

an output member attached to said output pole mem-

ber, said output member having said outlet port and
a second cylindrical cavity axially aligned with
said first cylindrical cavity connected to said outlet
port; and

a non-magnetic cylinder having one end disposed in

said second cylindrical cavity and a second end
extending into said first cylindrical cavity, said
non-magnetic cylinder constituting said cylindri-
cally shaped piston guide.

4. The fluid pump of claim 3 wherein said second
cylindrical cavity has an annular internal end wall adja-
cent to said outlet port and said resilient annular bumper
is disposed between said annular internal end wall and
said one end of said non-magnetic cylinder.

§. The fluid pump of claim 4 wherein said semi-rigid
annular plastic washer is disposed between said resilient
annular bumper and said one end of said non-magnetic
cylinder.

6. The fluid pump of claim 5 wherem said resilient
annular bumper has an internal diameter and said semi-
rigid annular plastic washer has an internal diameter
smaller than the internal diameter of said resilient annu-
lar bumper.

7. In combination with an electromagnetic fluid
pump having a magnetically susceptible piston disposed
in a non-magnetic piston guide, an inlet port provided at
an opposite end of said piston guide and an outlet port
provided at the other end of said piston guide, a sole-
noid coil circumscribing said piston guide, a detection
coil magnetically coupled to said solenoid coil, an oscil-
lator responsive to the signal induced in said detection
coil by said solenoid coil to periodically energize said
solenoid coil to produce a magnetic field displacing said
piston to a first position adjacent to said inlet port, resil-
ient means for displacing said piston to a second posi-
tion adjacent to said outlet port, and valve means for
providing unidirectional flow of fluid from said inlet
port through said outlet port as said piston travels from
said first position towards said second position, an im-
provement comprising:

an annular rubber bumper disposed between said

outlet port and said opposite end of said piston
guide; and

a semi-rigid annular plastic washer disposed between

said annular rubber bumper and said piston, said
semi-rigid annular plastic washer applying a uni-
form compressive force on said annular. rubber
bumper as said piston approaches said second posi-
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tion whereby any hammering noise associated with
the impact of said semi-rigid annular plastic washer
by said piston as said means for reciprocating said
piston moves said plston from said first position to
said second position is absorbed by said resilient
annular bumper.

8. The improvement of claim 7 wherein said semi-
rigid annular plastic washer is disposed between said
annular rubber bumper and said opposite end of said
piston guide.

9. The improvement of claim 8 wherein said annular
rubber bumper has a first internal diameter, said semi-
rigid annular plastic washer has a second internal diam-
eter smaller than said first internal diameter.

10. An electromagnetic fluid pump comprising:

a housing having an inlet port, an outlet port, and a
cylindrically shaped piston guide disposed between
said inlet port and said outlet port;

a piston disposed in said cylindrically shaped piston
guide, said piston being reciprocal between a first
position adjacent said outlet port and a second
position adjacent said inlet port;

a solenoid coil operative to generate a magnetic field
displacing said piston from said first position to said
second position;

a detection coil magnetically linked to said solenoid
coil to generate a control signal;

blocking oscillator means for periodically energizing
said solenoid coil to generate said magnetic field in
response to said control signal;

resilient means for displacing said piston from said
second position to said first position;

valve means for providing a uniform fluid flow
through said electromagnetic fluid pump in re-
sponse to the reciprocation of said piston in said
cylindrically shaped piston guide, said valve means
being mounted to said piston;

a resilient annular rubber bumper disposed in said
housmg adjacent to said outlet port; and

a semi-rigid annular plastic washer disposed in sald
housing between said resilient annular rubber bum-
per and said piston, said semi-rigid annular plastic
washer beirig displaced by said piston as said piston
approaches said second position and applying a
uniform compressive force on said resilient annular
rubber bumper to noiselessly terminate the dis-
placement of said piston at said second position
whereby any hammering noise associated with the
impact of said semi-rigid annular plastic washer by
said piston as said piston moves from said first
position to said second position is absorbed by said

resilient annular rubber bumper.
¥ ® * % %
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