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(57] ABSTRACT

An electromagnetic plunger-cylinder device including
two alternately energized solenoid coils wound about
the cylinder to reciprocate the plunger therewithin, the
inner end of one coil being wrapped around the inner.
end of the other coil, thereby to-control the stroke or
air gap of the plunger.

5 Claims, 2 Drawing Figures
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- 1
ELECTROMAGNETIC PUMP OR MOTOR DEVICE

The present invention relates as indicated to an elec-
tromagnetic pumping device and, more particularly, to
a pumping device in which air gap is controlled and
pumping force increased over conventional pumps hav-
ing an equivalent size and piston reciprocation rate.

Pumping or compressing of a fluid by reciprocation
of a plunger within a cylinder bore having either closed
or selectively closed ends is well known in the art. One
conventional means of effecting the plunger reciproca-
tion is the helical winding of two distinct solenoid coils
about the cylindrical member, with the inner ends of
the two coils either abutting or being slightly longitudi-
nally spaced apart. Reference may be had to the Strong
et al, U. S. Pat. No. 2,686,280 for a disclosure of such
a conventional electromagnetic piston pump.

This conventional type of pump can be adapted to
given functional requirements by varying the depen-

"dent design parameters of piston stroke length, recipro-

_cation rate, and pumping force. However, certain
structural factors are known that control the interre-
lated parameters for pumps having either abutting or
spaced apart coils,

Considering the pump with abutting coils first, the
length of travel of the piston or plunger, known as air
gap, is always equal to the length of an individual coil.
Thus with a coil of given length, it is impossible to re-
duce the air gap to permit greater. force, and a more
rapid rate of reciprocation can be obtained only by in-
creasing the amount.of ampere-turns in the coil. Such
an increase in ampere turns requires increased current
with additional generation of heat which may result in

destruction of the device or have harmful effects on the "

fluid bemg pumped. In addition, a pump with abutting
coils is known to require a plunger of greater length
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than either of the individual coils. Such plunger be-

cause of its length distorts or stretches the lines of force
in a non-uniform. manner to vary from cycle to cycle
the point of plunger stroke. A reduction of plunger
weight in an attempt to get a better and more uniform
braking effect on the large plunger by the smaller coil
results in reduction of force and speed of reciprocation.
Therefore, any attempt to control air gap or braking ef-
ficiency in a pump with abutting coils of fixed length
leads to design characterlstlcs that render the device
impractical.

In a pump having the coils slightly longitudinally -

spaced apart, the lines of magnetic force must travel
increased distances to pull the plunger therewithin. Ac-

* cordingly, an increase in plunger stroke results in a de-
crease in both effective magnetic force and plunger re-
cnprocatlon rate. Therefore, spacing of the coils is like-
wise an ineffective or |mpract|cal means of controlling
air gap.
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Accordmgly, it is the pnmary object of the present :

invention to provide ‘a positive displacement electro-
magnetic piston pump with increased pumping force
and displacement capabilities .over that available in a
conventional motor and pump tandem of substantially
equal size and piston reciprocation rate. This object is
accomplished through the expedient of controlling air
gap by winding the inner end of one solenoid coil about
the inner end of the other solenoid coil, thereby to
overlap one with respect to the other for a limited lon-
gitudinal extent.
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Another important object of the present invention is
to provide a fluid control system in association with the
electromagnetic piston pump that is responsive to pis-
ton reciprocation simultaneously to draw and pump
such fluid during both forward and return movements
of the plunger.

It is another object of the present invention to pro-
vide an electromagnetic pumping or compressing de-
vice that typically may be used in refrigeration, heating,
cooling, vacuum, air compressing and liquid booster
systems and is manufactured from readily obtainable
materials in high speed, automatic production  pro-
cesses. Furthermore, the reciprocating motion of the
plunger may be adapted to a drive or mechanical mo-
tion device.

These and other objects of the present invention will
become apparent as the following description pro-
ceeds.

To the accomplishment of thc foregomg and related

'ends, the invention, then, comprises the features here-

inafter fully described and particularly pointed out in
the claims, the following description and the annexed
drawing setting forth in detail a certain illustrative em-
bodimerit of the invention, this being indicative, how-
ever, of but one of the various ways in which the princi-
ple of the invention may be employed.

In the drawing:

FIG. 1.is a cross-section of the pumping devnce of the
present invention with the plunger being in a centered
or neiitral position within the cylinder bore; and ..

FIG. 2 is an elevation broken away to show the
plunger at the end of its forward stroke with the arrows
indicating fluid movement on both the compression
and suction sides of the plunger.

Referring now in more detail to the drawmg and ini-
tially to FIG. 1, the pumping or compressing device in-
dicated generally at 10 includes an elongated cylinder
12 having an axial bore 14 therethrough. Such cylinder
preferably is made of non-magnetic materials, such as
300 series stainless steel, ceramics, teflon, copper or
combinations of materials ‘which -minimize friction,
Plunger 16 is slidably received in bore 14 for reciprocal
movement therewithin and is preferably composed of
magnetic material, although a laminate of different
magnetic materials may be used. The exterior surface
of the plunger 16 is coated with a material, such as
chrome plating, ceramics, teflon, etc., that is environ-
mentally suitable for use with the fluid to be pumped.
Annular piston rings 18 are provided to. seal the
plunger 16 to the inner wall of cylinder 12, thereby to
maintain the pressure differential on opposite sides of
the plunger created by reciprocal movement of the
same. However, if the desired compressive force is low
or there is no need for an absolute low or negative pres-
sure zone for purposes of fluid intake, plunger 16 may
be directly fitted into.cylinder 12 with the close manu-
facturing tolerances being sufficient to effect a reason-
able seal between the same, whereby the plunger may
perform reduced compressive and suction functions
without piston rings 18.

The ends of cylinder 12 and consequently bore 14
are closed off and selectively sealed by valve plate as-
semblies indicated generally at 20. Such assemblies are
preferably made of non-mdgnetic materials such as 300
series stainless steel or aluminum and may be press-
fitted into the cylinder 12 and secured by high tempera-

" ture adhesives or attached by conventional fastening
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means. The plunger 16, bore 14, and valve plate assem-
blies 20 define therebetween two chambers 21 and 21A
of varying volume depending upon plunger position.
Referring in detail to the valve plate assembly at the
right end of the pumping device as viewed in FIG. 1,
plate 22 has two offset bores 24 and 26 extending axi-
ally therethrough. Reed or check valves 28 and 29 are
connected to plate 22 by suitable fastening means 30
and cover the inside and outside ends of bores 24 and

26, respectively, thereby normally to block fluid flow’

through the same. An adapter member 34 is connected
to the outside surface of plate 22 and defines inlet pas-
sage 36 and outlet passage 38, such passages being in
fluid communication with bores 24 and 26, respec-
tively.

The left hand valve plate assembly is substantially
identical to that just described and includes plate 42
with axial bores 44 and 46 extending therethrough.
Such bores are normally closed by check valves 48 and
50, respectively. Adapter member 52 defines inlet and
outlet passages 54 and 56 which are selectively in fluid
communication with bores 44 and 46, respectively.

It will be appreciated that conduits or tubing in the
fluid flow system could be attached to the ends of the
adapted members 34 and 52 to complete the sealed and
closed pumping or compressing device. In a typical re-
frigeration application of the device, conduits attached
to inlet passages 36 and 54 emanate from the evapora-
tor, while conduits connected to outlet passages 38 and
56 lead to the condenser.

A solenoid coil 60 of predetermined longitudinal and
radial extent is wound about non-magnetic cylinder 12,
The winding operation can be performed either di-
rectly upon the cylinder or a spool 62 may be posi-
tioned about the cylinder accurately to establish coil
length and diameter. A second electromagnetic sole-
noid coil 64 is formed by winding wire circumferen-
tially about the cylinder 12 between annular end stops
68 and 70. The wire of the second coil is initially wound
from the right hand end- of the cylinder as viewed in

- FIG. 1, and when spool 62 is reached, the wire is wound
up and directly over coil 60 until it abuts stop 70,
thereby to overlap one coil with respect to the other for
a predetermined longitudinal extent. It will be appreci-
ated that both coils may be pre-wound onto spools of
desired size and configuration and then placed about
the cylinder. The coils are adapted alternately to be en-
ergized by an electrical system at a variable rate of cy-
cles per minute dependent upon force and displace-
ment requirements.

A housing 72 of soft steel or the like is connected at
its radially inner ends to cylinder 12 and fully encapsu-
lates both of the solenoid coils. The housing is thus op-
erative to conduct lines of flux toward the cylinder bore
to maximize the force field for each coil.

The overlap of coil 64 with respect to coil 60 is al-
ways of sufficient length to permit the elongated
plunger 16 to remain in a field of strong magnetic force
regardless of either its position within bore 14 or the
sequence of energizing the two electromagnetic coils.
Coil 64 may be extended past the defined point of mini-
mum overlap to decrease the cubic displacement and
increase the force. It has been found that overlapping
the coils in the manner described significantly de-
creases the air gap in the bore between the plunger end
and the valve plate assembly. The decrease in air gap
permits a greater pumping force or a greater volumet-
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ric displacement or a variable combination of the two
through an increased reciprocation rate, without a sig-
nificant increase in either overall pump size or current
requirements.

The operation of the electromagnetic pumping de-
vice can best be described in context with FIG. 2. The
energization of coil 64 will cause plunger 16 to become
magnetized and the action of the field in the solenoid
on the poles created on the plunger results in such
plunger rapidly moving within coil 64 and centering in
the field of force. The centering of the plunger within
the field acts as a magnetic damper or brake on plunger
16, with plate 22 (and plate 42) being slightly set back
to preclude contact between plunger and valve plate
assembly.

The forward stroke of the piston effected by energi-
zation of coil 64 compresses the fluid contained within
chamber 21 and pushes the gas thus compressed
through check valve 29 and into the fluid flow system
as indicated by arrows A. The increased pressure of
such fluid is greater than the inlet fluid pressure in pas-
sage 36, whereby check valve 28 remains in the nor-
mally seated position shown. At the same time, the vol-
ume of chamber 21A is proportionately increased by
the plunger movement to develop a low or negative
sealed pressure zone. This low pressure is less than the
pressure in the fluid flow system whereby check valve
48 is opened to allow entry of fluid through inlet port
54 as indicated by arrows B, and the check valve 50 is
seated to preclude delivery of such fluid through pas-
sage 56.

At the completion of the forward stroke, the left
hand end of plunger 16 remains well inside of coil 60
and therefore within a potentially strong magnetic
force field, as shown in FIG. 2. Thus when coil 64 is de-
energized and coil 60 substantially simultaneously en-
ergized, the magnetic force field of coil 60 will quickly
pull magnetized plunger 16 to the left until the center-
ing effect of plunger and coil stops such plunger to
complete the piston cycle. Thus the reciprocal move-
ment of plunger 16 is quickly and smoothly effected
without complicated electrical systems, springs, end
stops or mechanical linkages. The return stroke has the
opposite effect on the valves shown; specifically, check
valves 28 and 50 will open while check valves 48 and
29 will close. This position of the valves enables the de-
vice to draw fluid into chamber 21 through inlet port
36 and to deliver compressed fluid from chamber 21A
to the outlet passage 56.

It will be appreciated from the above description that
an electromagnetic device is provided that increases
pumping force and reciprocation rate by controlling air
gap. Such device may be used in any type of environ-
ment requiring reciprocal movement of a piston and is,
of course, not limited to the specific embodiment
shown. For example, a piston rod or saw blade could be
connected to the plunger to extend axially beyond the
cylinder member.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
lows:

1. An electromagnetic pump or motor device com-
prising a cylinder having a bore therein, a plunger of
magnetic material slidably received in said bore, a first
solenoid coil positioned about said cylinder, and a sec-
ond solenoid coil positioned about said cylinder with a
portion of said second coil overlapping said first coil,
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said coils being alternately energized to produce re-
spective magnetic fields for alternately attracting said
plunger. to reciprocate the same in said bore.

2. The electromagnetic device of claim 1 wherein a
fluid is contained within said bore and said cylinder in-
cludes means at both ends of the bore to discharge said
fluid during a plunger compression stroke and to re-
ceive fluid during a plunger suction stroke.

3. The electromagnetic device of claim 2 wherein
each of said means comprises a valve plate assembly
having two check valves therein, one of said check
-valves being operative to open during the compression
stroke and the other check valve being operative to
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open during the suction stroke.

4. The electromagnetic device of claim 3 wherein the
plunger in its reciprocal movement is stopped at the
end of each stroke by centering on the field of force of
the energized coil, the valve plate assemblies being
slightly set back from the end of the bore to preclude
contact between such assemblies and the plunger.

5. The electromagnetic device of claim 1 wherein the
plunger is of sufficient length regardless of bore posi-
tion to at least partially extend beyond the center of ei-
ther coil, thereby to maintain said plunger in a poten-

tially strong magnetic field.
* * * * *



