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(57) ABSTRACT 
An electromagnetic pump or motor device includes a 
cylinder having a bore selectively sealed at its ends by 
removable valve plate assemblies communicating with 
a fluid system, a piston assembly movable in the bore 
of the cylinder, and spaced solenoid coils removably 
accurately positioned about the cylinder by a central 
radially outwardly projecting annular rib having two 
stop faces against which the inner ends of the coil 
housings abut, said solenoid coils being alternately en 
ergized to produce respective magnetic fields alter 
nately for attracting the piston assembly to reciprocate 
the same in the bore. The piston assembly includes 
two spaced cylindrical pistons joined by a non 
magnetic connecting pin or coupling, the piston as 
sembly being of sufficient length to position a part of 
one piston radially inside the non-energized coil at the 
end of the piston assembly stroke, whereby such one 
piston is in a strong magnetic field for the return 
stroke of the cycle. 

9 claims, 2 Drawing Figures 
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1. 

ELECTROMAGNETIC PUMP ORMOTOR DEVICE 
WITH AXALLY SPACED PSTON MEMBERS 

The present invention relates as indicated to an elec 
tromagnetic pump or motor device and more particu 
larly to an electromagnetic pump having axially spaced 
solenoid coils about a cylinder operative to reciprocate 
a piston assembly having axially spaced piston mem 
bers. Such electromagnetic pump is, in some respects, 
similar to the pump or motor device disclosed in my co 
pending application Ser. No. 170,448, filed Aug. 10, 
1971, now U.S. Pat. No. 3,740,171. 
Pumping or compressing of the fluid by reciprocation 

of a plunger within a cylinder bore having either closed 
or selectively closed ends is well known in the art. One 
of the conventional means of affecting the plunger re 
ciprocation is the helical winding of two distinct sole 
noid coils about the cylindrical member, with the inner 
ends of the two coils being slightly longitudinally 
spaced apart. Reference may be made to the Heftye U. 
S. Pat. No. 581,204; Winsor U. S. Pat. No. 1,840,994; 
Cobe U. S. Pat. No. 1974,262; and Marini, U. S. Pat. 
No. 3,196,797 for disclosures of electromagnetic pis 
ton pumps having axially spaced solenoid coils. 
This type of pump can be adapted to given functional 

requirements by varying the dependent design parame 
ters of piston stroke length, reciprocation rate, and 
pumping force. If such a pump has a relatively small 
piston compared to the axial size of the cylinder and 
coils, the lines of magnetic force for the remote coil 
must travel increased distances to pull the plunger 
therewithin. Accordingly, any increase in the stroke for 
such a piston results in a decrease in both effective 
magnetic force and plunger reciprocation rate. If, how 
ever, the piston is relatively long and extends to a posi 
tion radially within each of the coils, the increased 
weight of the piston and the residual magnetic force 
field present result in reducing piston reciprocation 
rate while also reducing braking efficiency at the end 
of the stroke. 
Accordingly, it is the principal object of the present 

invention to provide a positive displacement electro 
magnetic piston pump, or motor device, having axially 
spaced solenoid coils which increases pumping force 
and displacement capabilities over that available in a 
conventional motor and pump tandem of substantially 
equal size and stroke length. This object is accom 
plished by providing a piston assembly having two axi 
ally spaced piston members joined together by a non 
magnetic spacer or coupling, such piston assembly 
being of sufficient axial extent to maintain at least a 
portion of both pistons radially inside the solenoid coils 
irrespective of the axial position of the piston assembly 
within the cylinder bore. 
Another important object of the present invention is 

to provide a fluid control system in association with the 
electromagnetic piston assembly pump that is respon 
sive to reciprocal movement of the piston assembly si 
multaneously to draw and pump such fluid during both 
forward and return movements of the piston assembly. 

It is another object of the present invention to pro 
vide an electromagnetic pumping or compressing de 
vice that may be readily dismantled for maintenance or 
replacement of any of the parts. Such object is accom 
plished by the provision of removable but nevertheless 
accurately positioned solenoid coils and removable 
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2 
valve plate assemblies operative selectively to close off 
the ends of the cylinder bore. 
Other objects and advantages of the present inven 

tion will become apparent as the following description 
proceeds. 
To the accomplishment of the foregoing and related 

ends the invention, then, comprises the features herein 
after fully described and particularly pointed out in the 
claims, the following description and the annexed 
drawing setting forth in detail a certain illustrative em 
bodiment of the invention, this being indicative, how 
ever, of but one of the various ways in which the princi 
ples of the invention may be employed. 

In said annexed drawing: 
FIG. 1 is an elevation partially broken away and in 

section showing the piston assembly of the invention in 
its centered position; and 
FIG. 2 is an elevation similar to FIG. 1 showing the 

piston assembly at the end of its right-hand stroke. 
Referring now in more detail to the drawings and ini 

tially to FIG. 1, the electromagnetic pump or motor de 
vice of the present invention includes a cylinder indi 
cated generally at 1, the piston assembly indicated gen 
erally at 2, and two solenoid coils indicated at 3 and 4. 
The cylinder has an open ended bore 5 and is made 
from a non-magnetic material, such as nylon, ceramic, 
or Teflon, that is compatible with the fluid being 
pumped. Cylinder 1 has a central, radially outwardly 
extending annular projection or rib 7 which forms two 
annular stop faces 8 and 9. 
Two conventional solenoid coils 3 and 4 are wound 

within annular housings 11 and 12, respectively, with 
the inner diameter of such coils being substantially 
equal to the outer diameter of cylinder 1. The coils are 
accurately but removably positioned in the axially 
spaced relationship shown by sliding the same axially 
inwardly until flange 14 on housing 11 or flange 15 on 
housing 12 abut stop faces 8 or 9, respectively. The coil 
housings are made of laminated magnetic material 
which lamination operates to conduct magnetic lines of 
flux toward cylinder 1 while breaking up any eddy cur 
rents. The housings with included coils may be held in 
assembled or operative condition by any type of non 
magnetic end stops. 18 removably positioned against 
the axially outer walls of the same, whereby upon radial 
wothdrawal of such shoulders coils 3 and 4 may be 
readily removed from the cylinder for maintenance or 
replacement. A conventional electric circuit (not 
shown) is provided alternately to energize coils 3 and 
4 to produce separate magentic fields. 
The respective magnetic fields are operative alter 

nately to attract piston assembly 2 resulting in recipro 
catory axial movement of the same in bore 5. The pis 
ton assembly includes two spaced apart cylindrical pis 
ton members 19 and 20 joined together in axially 
spaced relationship by a connecting pin 21. The pistons 
19 and 20 are of slightly smaller diameter than bore 5 
and are sealed to the inside surface of cylinder 1 for 
sliding movement by piston rings 22 preferably made 
from a Teflon compound or the like. The cylindrical 
pistons are made of a magnetic material having a coat 
ing thereon compatible with the fluid being pumped 
and may be hollow to reduce the weight of the assem 
bly. 
The connecting pin 21 is made from a non-magnetic 

material such as nylon, ceramic or a Teflon compound. 
The length of the connecting pin and thus the spacing 
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between piston members 19 and 20 may be varied in 
accordance with the piston stroke desired and the spac 
ing of the coils. In other words, with a predetermined 
spacing of the coils and a desired piston stroke, the 
length of the connecting pin needed may readily be de 
termined. Such pin or coupling must be of sufficient 
length, however, to result in piston assembly 2 being of 
sufficient axial extent to position a portion of piston 
members 19 and 20 radially inside coils 3 and 4, re 
spectively, irrespective of the position of such piston 
assembly in bore 5. 
The ends of cylinder 1 and consequently bore 5 are 

closed off and selectively sealed by valve plate assem 
blies indicated generally at 25. Such assemblies 25 are 
made from non-magnetic materials and may be press 
fitted into the cylinder or attached by conventional fas 
tening means. The fastening means for the valve plate 
assemblies may be of a permanent or temporary nature, 
the latter type of fastener permitting removal of the 
valve plate assemblies for maintenance purposes. At 
the ends of bore 5, two fluid chambers of variable vol 
ume 26 and 27 are formed by pistons 19 and 20, re 
spectively, cylinder 1, and valve plate assemblies 25. 
Referring in detail to the valve plate assembly at the 

right end of the pumping device as viewed in FIG. 1, 
valve plate 29 has a peripheral inner shoulder 30 which 
receives the end of cylinder 1 properly to seat such 
valve plate with respect to the cylinder. Two diametri 
cally offset bores or passages 31 and 32 extend axially 
through valve plate 29 to communicate at their inner 
ends with fluid chamber 27. Check valves 33 and 34 
are connected to plate 29 by suitable fastening means 
and cover the inside and outside ends of bores 31 and 
32, respectively. Such check valves normally block 
fluid flow through such passages and are effectively op 
positely biased since valve 33 when open permits fluid 
flow into chamber 27 while valve 34 when open per 
mits fluid flow from chamber 27. A T-shape adaptor 
member 36 is connected to the outside surface of plate 
29 and is formed with an inlet passage 37 and an outlet 
passage 38, such passages being in fluid communica 
tion with bores 31 and 32, respectively. 
The left-hand valve plate assembly is substantially 

identical to and a mirror image of the right-hand valve 
plate assembly just described and includes plate 40 
with offset axial bores 41 and 42 extending there 
through. Such bores are normally closed by oppositely 
biased check valves 43 and 44, respectively. Adaptor 
member 46 defines inlet and outlet passages 47 and 48 
which are selectively in fluid communication with 
bores 41 and 42, respectively. 

It will be appreciated that conduits or tubing in the 
fluid flow system may be attached to the ends of adap 
tor members to complete the sealed and closed pump 
ing or compressing device. In a typical refrigeration ap 
plication of the device, conduits attached to inlet pas 
sages 37 and 47 emanate from the evaporator, while 
conduits connected to outlet passages 38 and 48 lead 
to the condenser. 
A cycle in the operation of the electromagnetic 

pumping device of the present invention can best be 
described in context with FIG. 2. The energization of 
coil 4 creates a magnetic field causing piston 20 to be 
come magnetized and the action of the field in the sole 
noid on the poles created on piston 20 results in the en 
tire piston assembly moving rapidly to the right in the 
bore to a position in which piston 20 is within coil 4 at 
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4. 
the center of the field of force. The centering of the pis 
ton 20 within the field acts as a magnetic damper or 
brake on the entire piston assembly, with plate 29 being 
slightly set back from the end of the stroke to preclude 
contact between the piston and valve plate assembly. 
The forward stroke of the piston effected by energi 

zation of coil 4 compresses the fluid contained within 
chamber 27 and pushes the fluid thus compressed 
through check valve 34 into the fluid flow system as in 
dicated by arrows A. The increased pressure of such 
fluid is greater than the inlet fluid pressure in passage 
37, whereby check valve 33 remains in the normally 
seated position shown. At the same time, the volume of 
chamber 26 is proportionately increased by the piston 
assembly movement to develop a low or negative 
sealed pressure zone in such chamber. This low pres 
sure is less than the pressure in the fluid flow system 
whereby check valve 43 is opened to allow entry of 
fluid through inlet bore 41 as indicated by arrows B, 
and check valve 44 is seated to preclude delivery of 
such fluid through passage 42. At the completion of the 
forward stroke, a portion of piston 19 remains radially 
inside coil 3 and therefore within a potentially strong 
magnetic force field. 
Thus when coil 4 is deemergized and coil 3 substan 

tially simultaneously energized by the electrical circuit, 
the magnetic force field of coil 3 will quickly pull mag 
netized piston 19 and thus piston assembly 2 to the left 
until the centering effect of piston 19 and coil 3 stops 
such plunger to complete the piston assembly cycle. 
Thus the reciprocal movement of the piston assembly 
is quickly and smoothly effected without complicated 
electrical systems, springs, end stops or mechanical 
linkages. The return stroke of the piston assembly cycle 
has the opposite effect on the valves shown, specifi 
cally, check valves 33 and 44 will open while check 
valves 34 and 43 will close. Such disposition of the 
valves enables the device to draw fluid into chamber 27 
through inlet port 33 and to deliver compressed fluid 
from chamber 26 to outlet passage 44. 
The present invention thus permits rapid cyclical 

movement of the piston assembly since the piston 
members are always positioned in a strong force field. 
Moreover, the spacing of the coils and piston members 
and the non-magnetic cylinder eliminate any "sticking' 
or hesitancy in initiating reverse movement which 
might be caused by residual magnetic force fields. 
The present electromagnetic device may be used in 

any type of environment requiring reciprocal move 
ment of a piston assembly and is, of course, not limited 
to the specific embodiment shown. For example, a pis 
ton 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 compi 
rising a housing having a bore therein, spaced solenoid , 
coils about said housing adapted alternately to be ener 
gized, piston means movable in the bore, said piston 
means including two piston members axially separated 
by a non-magnetic spacer member of sufficient extent 
to position at least a portion of both pistons radially in 
side the solenoid coils irrespective of the axial position 
of the piston means within the bore, whereby, when 
said coils are alternately energized to produce respec 
tive magnetic fields, said piston means is alternately 
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magnetically attracted to reciprocate within said bore. 
2. The pump set forth in claim 1 wherein the coils are 

removable from said housing but are accurately held in 
predetermined axially spaced positions during opera 
tion. 

3. The pump set forth in claim 2 wherein the housing 
has an intermediate, radially outwardly projecting rib 
to form stop faces against which the axially inner ends 
of the two coils abut accurately to position the same. 

4. The pump set forth in claim 1 wherein the housing 
and coils are generally cylindrically formed with the in 
side diameter of the coils being approximately equal to 
the outside diameter of the housing, whereby the coils 
may be slid onto and off of said housing. 

5. The pump set forth in claim 4 further including 
means to position and hold the coils in axially spaced 
relationship during operation. 

6. The pump set forth in claim 5 wherein the means 
to position and hold includes an intermediate out 
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6 
wardly projecting rib on said housing forming axially 
spaced stop faces against which the inner ends of said 
coils abut accurately to position the same. 

7. The pump set forth in claim 6 wherein the means 
to position and hold includes removable stops against 
the outer ends of the coils to maintain accurate posi 
tioning of such coils during operation. 

8. The pump set forth in claim 1 further including 
end plates associated with said housing to close off the 
ends of said bore, said end plates selectively communi 
cating with a fluid intake and delivery system. 

9. The pump set forth in claim 8 wherein each of the 
end plates is removable from the bore and includes two 
oppositely biased check valves, one of such valves com 
municates with the fluid intake line of the system while 
the other valve communicates with the fluid delivery 
line of the system. 

k . . . . 


