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Fied Oct. 26, 1961, Set. No. 47,980 
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The present invention relates generally to oscillating 
pumps. More particularly, the present invention relates 
to an improved impeller construction for electro-magnetic 
oscillating pumps. 

Powering an electro-magnetic oscillating pump from 
the conventional 60 cycle A.C. line current creates many 
problems because of the correspondingly high rate of 
oscillation of the pump impeller. 
One of the most difficult problems attendant upon the 

construction of such a pump is the provision of valves 
which can operatively follow the high rate of oscillation of 
the impeller and which will have effective sealing charac 
teristics as well as a long life. 

Furthermore, because the impeller means is driven by 
electromagnetic forces, it has always been made, at least 
in part, of a magnetizable metal. Hence, the prior art 
pumps could not be utilized satisfactorily to pump a 
corrosive liquid. 

Additional difficulties have arisen because of the neces 
sary springs required to reciprocate the oscillating im 
peller between the electro-magnetic exciting impulses. In 
order to maintain the efficiency of the pump the Springs 
sometimes have been tuned to the frequency of the impel 
ling electro-magnetic coil. However, when the oscillat 
ing mechanism is thus in phase with the electro-magnetic 
exciting frequency, the resulting resonance causes the 
oscillating stroke to increase rapidly unless a counter pres 
sure is supplied. The back pressure of the liquid being 
pumped normally supplies the required counter pressure. 
Therefore, if the pump is operated without liquid there 
is a tendency for the oscillating stroke to increase to the 
point of doing considerable damage to the impeller. 
Heretofore, additional spring means or elaborate valving 
in minimum pressure chambers have been provided to 
counter this tendency for an increased stroke. 

It is, therefore, an object of the present invention to 
provide an improved impeller means for an electro-mag 
netic oscillating pump which is not affected by corrosive 
materials. 

It is a further object of the present invention to provide 
such an impeller which incorporates a non-corroding, 
quick-acting, long-lived and effective sealing valve. 

It is a still further object of the present invention to 
provide a simplified oscillating control which does not im 
pair the efficiency of the pump and which substantially 
prevents overtravel of the impeller. 

It is a still further object of the present invention to 
provide an electro-magnetic oscillating pump in which no 
seals are required. --. 

It is a still further object of the present invention to 
provide a high-efficiency, reliable electro-magnetic oscil 
lating pump which is simplified in design and inexpensive 
to fabricate. 
These and other objects of the invention, and further 

advantages thereof, will become apparent in the following 
specification and are accomplished by means hereinafter 
described and claimed. 
One preferred embodiment is shown by way of example 

in the accompanying drawings and hereinafter described 
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in detail without attempting to show all of the various 
forms and modifications in which the invention might be 
embodied; the invention being measured by the appended 
claims and not by the details of the specification. 

In the drawings: 
FIG. 1 is a longitudinal, cross section of an electro 

magnetic oscillating pump utilizing an impeller means 
according to the present invention and showing the im 
peller at the end of the return stroke and just before 
starting the pumping stroke; 

FIG. 2 is a view similar to FIG. 1, showing the impeller 
at the end of the pumping stroke; 

FIG. 3 is an end view of the electro-magnetic oscillating 
pump taken substantially as indicated on line 3-3 of 
FIG. 2; 
FIG. 4 is a detached side elevation of the improved im 

peller means; and 
FIG. 5 is a fragmentary longitudinal cross section of 

the improved impeller means taken substantially on line 
5-5 of FIG. 4, showing the interior construction of the 
impeller in a plane at 90 to that depicted in FIGS. 1 
and 2. s - 

An electro-magnetic oscillating pump according to the 
present invention employs a generally tubular impeller 
means wholly of a non-corrosive, resilient material. One 
end of the impeller forms the outlet of the pump and the 
other the inlet. The outer surface of the medial portion 
of the impeller is encased by a magnetizable sleeve which 
performs the function of a solenoid armature and which is 
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fixed on the tubular impeller. On each side of this sleeve 
the tubular impeller has an axially expansible, or bellows, 
portion, to allow for reciprocable oscillation of the medial 
sleeve-encased portion. Interiorly of the sleeve-encased 
portion of the impeller a winged check valve is formed 
integrally therewith. When the impeller is in operative 
position within a pump a coil spring encircles the impeller 
means axially between the sleeve and the pump frame and 
cooperates with the solenoid to provide the necessary re 
ciprocation or oscillation of the impeller. 

Referring to the drawings, the improved elastomeric 
impeller unit, indicated generally by the numeral 10, is 
adapted to be operatively mounted in an electro-magnetic 
oscillating pump 1. The pump is built upon a generally 
U-shaped frame having a base 2 and spaced apart parallel 
legs 13 and 14. A solenoid housing is is mounted on 
the base 12 adjacent leg 13. The end plates 17 and 18 
of housing 15 are provided with bores 19 and 20, respec 
tively, which are aligned with each other and also with 
smaller diameter bores 2 and 22 in the legs 13 and 14, 
respectively. 
A tubular barreled core 23 having end flanges 24 and 

25 extends between end plates 17 and 18, and the inner 
bore 26 of the core is in registry with the bores 9 and 
20 of end plates 7 and 18. The coil windings 28 of the 
solenoid are wrapped around the radially outer surface 
of barrel core 23 and electrically connected to a source 
of 60 cycle A.C. power supply through a half wave rec 
tifier not shown. 
The improved impeller 19 of non-corrosive elastomeric 

material is received longitudinally within the aligned 
bores 19, 20, 21, 22 and 26. The outlet nipple 29 ex 
tends outwardly beyond leg 13 of the frame sufficiently 
to permit making connection therewith. An annular 
flange 30, which is perpendicular to the longitudinal axis 
of the impeller 10, extends outwardly from the base 
of nipple 29 and engages the outer surface of leg 13. An 
annular buttress flange 3 of smaller diameter than flange 
30 is spaced inwardly therefrom and engages the inner 
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surface of leg 13 so that the leg 13 is gripped firmly be 
tween the two flanges 30 and 31 to anchor the discharge 
end of the impeller to the frame of the pump. 
An annular flange 32 similar to flange 30 extends 

radially outwardly from the base of the intake nipple 33 
at the opposite end of the impeller unit 10 to engage the 
outer surface of leg 14. A notched annular spring-seat 
ing collar 34 girdles the impeller inwardly of flange 32 
and is embraced between flange 32 and opposing buttress 
flange 35 similar to buttress flange 31 but spaced further 
inwardly. The notched portion 36 of the collar 34 is 
preferably received in bore 22. 
An armature sleeve 38 of magnetic material fits close 

ly around the medial portion of the impeller and is fixed 
longitudinally with respect to the impeller by annular 
lips 39 and 40 extending radially outwardly therefrom and 
engaging each end of the sleeve 38. An annular anchor 
flange 41 projects outwardly on one end of sleeve 38 but 
the remainder of the outer surface of sleeve 38 is sliding 
ly received within barrel 26 and bore 20. 
An axially expansible or bellows portion 42 is provided 

in the impeller tube between lip 39 and buttress flange 
35, as well as between lip 40 and buttress flange 31, to 
permit oscillation of the sleeve-encased medial or inter 
mediate portion longitudinally of the impeller axis. Al 
though the bellows portions 42 are shown as being formed 
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of semicircular corrugations 43 they can have varying 
contours, such as a series of angularly disposed folds. 

Secured between anchor flange 41 on sleeve 38 and co 
lar 34 is a reciprocating control helical spring 44. The 
spring assembly, comprising spring 44, the armature sleeve 
38 and the oscillating section of tube 10, has a mechanical 
vibration frequency substantially synchronized with the 
actuation frequency of the coil 28, but is preferably tuned 
so that it is slightly out of mechanical resonance therewith. 
The vibration frequency of the spring assembly may be 
made substantially synchronous with the resonant or actu 
ation frequency of the coil by adjusting the length of the 
spring. By tuning it slightly out of synchronization, 
the magnitude of the stroke of the impeller is augmented 
because of the substantially synchronous frequency of the 
spring assembly, and yet a slight resistance due to the de 
tuning is provided, so that if the impeller is operated with 
out fluid, the maximum stroke is sufficiently limited to 
prevent damage to the impeller. 
A transverse spine support 45 extends diametrically 

across the interior of the impeller at approximately the 
middle, longitudinally of the medial portion of the im 
peller 10. The spine further forms the common base 
about which each of two divergently oriented semielliptical 
wings 47 and 48 can flap or fold to permit unidirectional 
flow through the impeller. 
The best results are obtained when the impeller is 

molded as a single unit with the spine 45 and wings 47 and 
48 integrally formed therewith. To assure precision seat 
ing of the valve wings 47 and 48 against the interior 
side wall of the impeller 10, the wings and the spine are 
integrally molded from a non-corrosive elastomeric ma 
terial, the precise choice of which can best be determined 
by its individual compatibility with the fluid being pumped. 

After the material has been cured, a sharp annular 
knife edge is inserted a sufficient distance into the dis 
charge end of the impeller unit to sever the outer edge 
of the wings 47 and 48 from the integrally molded side 
wall of the impeller up to, but not including the spine 45. 
The precision sealing of the wings against the impeller 
walls assured by such a manufacturing process provides 
an electro-magnetic oscillating pump which is well suited 
for pumping gas and/or liquids. Moreover, the negative 
pressure which can thus be provided on the inlet or suc 
tion side of the pump affords such a pump with self-prim 
ing characteristic. - 

Because the impeller means 10 extends entirely through 
the pump and incorporates both the inlet nipple 33 and 
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4. 
discharge nipple 39 as an integral part thereof, even the 
most corrosive pumped fluids cannot contact any of the 
metallic parts of the device and, moreover, no seals are 
required in the entire pump structure. 
An electro-magnetic oscillating pump of the type dis 

closed herein operates in the following manner: Since 
the armature sleeve 38 is fixed to the medial portion of 
the impeller unit 10, that portion of the impeller is forced 
to move with the sleeve. The motion of the sleeve is 
controlled by the magnetic field created by the solenoid 
windings 28 and the opposing force of the helical spring 
44. When the pump is to be operated the solenoid wind 
ing is energized through a half wave rectifier A.C. power 
supply source which causes the armautre sleeve to be 
alternately pulled into the coil and released against the 
tension of the helical spring 44. These two opposing 
forces combined cause the armature sleeve, and thus the 
portion of the impeller encased therein, to oscillate back 
and forth at 60 cycle frequency. The oscillating move 
ment causes the fluid to be pumped to open and close the 
wings 47 and 48 in a check valve like fashion, thereby 
pumping the fluid. It should be noted that because of the 
rapidity of the oscillation, the efficiency of the wing 
valves and the momentum of the fluid being pumped, the 
fluid does not return the impeller between pumping 
strokes. The volumetric output of the pump can be 
controlled through its effective range by varying the fre 
quency of the power input to the Solenoid. 

If it is desirable to reduce the pulsations of the dis 
charge stream, a surge chamber can be incorporated in 
the discharge line. In most prior art pumps a separate 
check valve would be required between the Surge cham 
ber and the impeller to prevent a reduction of the pump's 
efficiency caused by a slight leakage or reverse flow past 
the impeller valve during the pumping stroke. However, 
the precision seal obtained between wings 47 and 48 and 
the interior side wall of the impeller when the impeller 
is made according to the present invention, prevents any 
such leakage and imparts a full thrust to each volumetric 
increment pumped. - 

It should be readily apparent that from the foregoing 
description a highly efficient electro-magnetic oscillating 
pump can be readily and inexpensively constructed utiliz 
ing an impeller means which prevents contact of the fluid 
being pumped with any of the metallic parts of the pump, 
which does not require additional sealing means, and 
which also accomplishes all the stated objects of the in 
vention. 
What is claimed is: 
1. A tubular fluid impeller for an oscillating pump 

comprising, an inlet, an outlet, two axially expansible 
portions between said inlet and said outlet, a medial por 
tion between said expansible portions adapted to be 
axially oscillated, said medial portion having interior 
walls defining a passage therethrough, a transverse integral 
spine in said intermediate portion, and integral resilient 
wings extending divergently outwardly from said spine 
toward said outlet and adapted to sealingly abut said 
interior walls as said intermediate portion is oscillated 
in the direction of said outlet. 

2. In an oscillating impeller pump having a frame and 
oscillating means, an impeller tube having an intermediate 
portion operatively connected to said oscillating means 
and having inlet and outlet ends secured in said frame, 
said tube having axially expansible portions between said 
intermediate portion and said ends, a transverse integral 
spine in Said intermediate portion, integral resilient wings 
extending divergently outwardly from said spine toward 
said outlet end and adapted to open and close as said 
intermediate portion is oscillated, and spring means on 
said frame operatively connected to displace said inter 
mediate portion of said impeller tube in the opposite 
direction to its displacement by said oscillating means, 
said Spring means having an oscillating frequency sub 
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stantially synchronous with the mechanical resonant fre 
quency of said oscillating means. 

3. A tubular fluid impeller for an oscillating pump com 
prising, an inlet, an outlet, two axially expansible por 
tions between said inlet and said outlet, an intermediate 
portion between said expansible portions adapted to be 
axially oscillated, a transverse integral spine in said inter 
mediate portion, and integral resilient wings extending 
outwardly from said spine toward said outlet and adapted 
to open and close as said intermediate portion is oscillated, 

4. An impeller means for an oscillating pump con 
prising, a tubular body of an elastomeric material, one 
end of said tubular body comprising a pump inlet, the 
other end of said tubular body comprising a pump out 
let, two bellows portions in the tubular body between 
said inlet and said outlet, a medial portion between said 
belows portions adapted to be oscillated longitudinally 
of the body, a transverse supporting spine integral with 
said medial portion, and integral wings extending out 
wardly from said spine adapted to open and close against 
the medial portion as said medial portion is oscillated. 

5. An impeller means for an oscillating pump compris 
ing, a tubular body of an elastomeric material, one end 
of said tubular body having a pump inlet, the other end 
of said tubular body having a pump outlet, two bellows 
portions in the tubular body between said inlet and said 
outlet, an intermediate portion between said bellows por 
tions adapted to be oscillated longitudinally of the body, 
a transverse integral supporting spine in said intermediate 
portion, and integral semielliptic wings extending out 
wardly from said spine toward said outlet adapted to open 
and close against the intermediate portion as said inter 
mediate portion is oscillated. 

6. In an electro-magnetic pump having a frame and a 
solenoid, an impeller means, said impeller means com 
prising, a generally tubular body having a passageway 
longitudinally therethrough, an inlet portion at one end 
of said body and an outlet portion at the other end 
of said body, means on said inlet and outlet portions to 
fasten said impeller to said frame, two axially extensibie 
portions in said body between said fastening means, a 
medial portion between said extensible portions adapted 
to be longitudinally displaced toward said outlet portion 
by said solenoid, means to return said medial portion 
after it has been displaced by said solenoid, an integral 
supporting spine across the passageway within said medial 
portion, and integral wings extending divergently out 
ward from said spine, said wings so constructed and 
arranged to close said passageway when said medial por 
tion is displaced toward said outlet portion and open said. 
passageway during return displacement. 

7. In an electro-magnetic oscillating pump having a 
frame and a solenoid, an impeller means, said impeller 
means comprising, a generally tubular body of elasto 
meric material having a passageway longitudinally there 
through, an inlet portion at one end of Said body and 
an outlet portion at the other end of said body, means 
on said inlet and outlet portions to fasten said impeller 
to said frame, two bellows portions in said body between 
said fastening means, a medial portion between said bel 
lows portions, an armature sleeve encircling said medial 
portion, means to fasten said sleeve to said medial por 
tion, said sleeve and medial portion positioned with re 
spect to said solenoid such that energizing said solenoid 
displaces said sleeve and medial portion toward said 
outlet portion, means to return said medial portion after 
it has been displaced by said solenoid, a transverse inte 
gral supporting spine within said medial portion, integral 
semielliptic wings extending divergently outward from 
said spine toward said outlet portion, said wings con 
structed and arranged to close said passage when said 
medial portion is displaced toward said outlet portion 
and open said passageway during return displacement. 

8. In an electro-magnetic oscillating pump having a 
frame and a solenoid, an impeller means, said impeller 
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6 
means comprising, a generally tubular body of elasto 
meric material having a passageway longitudinally there 
through, an inlet portion at one end of said body and 
an outlet portion at the other end of said body, means 
on said inlet and outlet portions to fasten said impeller 
to said frame, two bellows portions in said body between 
said fastening means, a medial portion between said bel 
lows portions, an armature sleeve encircling said medial 
portion, means to fasten said sleeve to said medial por 
tion, said sleeve and medial portion positioned with re 
spect to said solenoid such that energizing said solenoid 
displaces said sleeve and medial portion toward said 
outlet portion, a single spring means interconnected be 
tween said sleeve and said frame to return said medial 
portion after it has been displaced by said solenoid, and 
an integral elastomeric check valve within said medial 
portion, said check valve comprising a transverse spine 
and integral semielliptic wings extending divergently out 
ward from said spine toward said outlet portion, said 
Wings constructed and arranged to close said passage 
when said medial portion is displaced toward said outlet 
portion and open said passageway during return displace 
ment. 

9. In an electro-magnetic oscillating pump having a 
frame and a solenoid, energizable at a cyclic frequency, 
an impeller means, said impeller means comprising, a 
generally tubular body of elastomeric material having 
a passageway longitudinally therethrough, an inlet portion 
at one end of said body and an outlet portion at the other 
end of Said body, means on said inlet and cutlet portions 
to fasten said impeller to said frame, two bellows portions 
in said body between said fastening means, a medial por 
tion between said bellows portions, an armature sleeve en 
circling said medial portion, means to fasten said sleeve 
to said medial portion, said sleeve and medial portion 
positioned with respect to said solenoid such that ener 
gizing said solenoid displaces said sleeve and medial por 
tion toward said outlet portion, a single spring means 
interconnected between said sleeve and said, frame to 
return said medial portion after it has been displaced 
by said solenoid, said spring means having an oscillating 
frequency substantially in tune with the frequency of 
said Solenoid, an integral supporting spine across the 
passage within said medial portion, integral semielliptic 
wings exteriding divergently outward from said spine to 
ward said outlet portion, said wings constructed and 
arranged to close said passage when said medial portion 
is displaced toward said outlet portion and open said 
passageway during return displacement. 

10. In an electro-magnetic osciliating pump having 
a frame and a solenoid energizable at a cyclic frequency, 
an impeller means, said impeller means comprising, a 
generally tubular body of elastomeric material having 
a passageway longitudinally therethrough, an inlet por 
tion at one end of said body and an outlet portion at the 
other end of said body, means on said inlet and outlet 
portions to fasten said impeller to said frame, two bel 
lows portions in said body between said fastening means, 
a medial portion between said bellows portions, an 
arnature sleeve encircling said medial portion, means to 
fasten said sleeve to said medial portion, said sleeve and 
medial portion positioned with respect to said solenoid 
such that energizing said solenoid displaces said sleeve 
and medial portion toward said outlet portion, a single 
spring means interconnected between said sleeve and 
said frame to return said medial portion after it has 
been displaced by said solenoid, said spring means, 
armature sleeve and movable tube portion forming a 
Spring assembly, said spring assembly having an oscil 
lating frequency substantially in tune with the frequency 
of said solenoid, and an integral elastomeric check valve 
within said medial portion, said check valve comprising 
a transverse spine and integral wings diverging from 
said spine toward said outlet portion, said wings con 
structed and arranged to close said passage when said 
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medial portion is displaced toward said outlet portion 
and to open said passage during return displacement. 
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