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This invention relates to reciprocating pumps
of the type comprising an enclosure -or chamber
cammunicating through intake valves. with =
source of fiuid under an initial pressure, and
through delivery valves with a space constituting
8 receiver for w Buid under a final pressure, the
said chamber including a movable ‘wall to which
a reeciprocating movement is imparted, thereby
ineach successive operating cyele, to expand said

capacity and thus to fill it through said intake :

valves, and then to contract said capacity and
thus to evacuate it through said delivery walves.
The above-mentioned movable wall may, and will
in the ensuing disclosure, be deseribed as a piston:
it 'may indeed be formed as a piston slidable in
a cylindrical enclosure.or compression chamber,
but-it might just as well consist of a deformahie
wall element, such as. g bellows, ete.

One object of my invention is to Pprovide a

pump of this kind in the form of a portable, -

inexpensive and ‘mechanically =simple wunit
adapted to serve, e. g., as an air compressor for
medical uses, spray, aerosol {reatments, {ire in-
flating, refrigerators and the like.

Another -object is the provision of a means for

controlling. the reciprocating movements of the
movable wall of a pump capagcity adapted to im-
prove the operating conditions of said pump and
specifically to increase the frequency of operztion

thereof greatly in excess of the range hereto-

fore attainable in apparatus of the type speci-
fied.

- Various “devices hawve been suggested in this
field, some of them using conventiona] raechani-

cal drive transmissions such as erank-snd-con- -

necting 1ed systems, while others employ tur-
bires. However, the presence of rotary parts,
berrings; pivetal connections, and so forth, makes
such systems comparatively expensive and re.
quires a certain amount of maintenance and
lubrication on the part of the user. Another
type of pump is known, the so-called vibrater
pump; wherein a movable wall of the intake
and compression eapacity is coupled with the
movable armature of an electro-magnet the -elec-
trical supply of which is controlled in known
manner by the movements of the said armature
itself. This type of apparatus necessarily has
a Jow operating frequency owing to the mechai-

cal and electro-magnetical inertia of its COmpo-

nents and is hardly suitable to the construction
of pumps for gaseous fluids, even though it has
been used with some measure of suceess in con.
nection with liquid pumps (e. g. gasoline pumps) .

My present invention provides, ina first aspect,

; field under

2

a drive device for bumps of the type described,
wherein the reciprocating movements of the mov-
able wall of the capacity are produced by an
electro-dynamic motor of the type including &
faovable winding through the airgap of a mag-
netic circeuit, said movable wall being rigidly cou-

ded with said movable winding. Owing to this
arrangemeni, it becemes Dossibie 0 eliminate
all «delicate mechanical members such as shafts,
journals, bearings, and the like, -as well as lubri-
cation. 'The resulting unit iz exceedingly rugged,
very simple to use, reguiring no maintenance by
the user and, in addition, ‘OPENs up a whole range
uf possibilities of fundamental importance in the
consideration.

) The apparatus may be supplied either directly
irom . a .source of substantially sinusoidal alter-~
nating current -of suitable frequency, -or through
the medium of a device for distorting the actuat-
ing current wave form in a way to improve the
efficiency of the pur p.

More specifically, the invention is directed to
& control or drive system characterized by the
fact that the force applied to the movable wall
of the. chamber will be a succession of pulses
spaced by idle intervals.
~ An analytieal investigation into the -operation
of pumps provided with autornatic intake ang
discharge ‘valves, that is valves adapted to open
and close under the sole action of the pressure
differentials established between the operating
capacity on the one hand and the source—and
receiver-spaces on the other, and with due allow-
ance for the inertia and spring-return charac-
teristics of said valves, shows that, as a result of
my imethod, it becomeg Dpossible to increase to
a marked extent the operating frequency (. e.
the number of operating cyeles per unit time)
of a pump without impairing its efficiency: now a
high operating frequency means a smaller cham-
ber for a given discharge capacity and hence i
smalier, lighter and cheaper pump unit.

In particular, it becomes possible to select an
operating frequency equivalent %o the normal fre-
quency of the power-supply or line network, i. e.
50 cycles per second in most cases in Europe,
and 60 cycles per second in the United States,
and this considerably simplifies the problem of
energy supply to the apparatus of the invention.

The characteristic features and advantages of
the invention, as well as further ohjects there.
of, will appear from the ensuing description,
which relates to one exemplary embediment se-
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lected by way of illustration with reference to
the accompanying drawings, wherein:

Fig. 1 is a diagram of a pump of conventional
type;

Fig. 2 is a graph of the piston motion in such
a pump;

Tig. 3 is a similar graph explanatory of the
method of the invention;

Fig. 4 is a partly diagrammatic axial cross sec-
tion of an air-pump according to the invention;

Fig. 5 is a detail view of a portion of the pump
shown in Fig. 4 in a different position;

Tig. 6 ig an enlarged sectional elevation of the
upper part or valve-box of the pump shown in
Pig. 4 showing the structure of some parts 1
detail;
© Fig. 7 is a corresponding view in plan.

Figs. 8¢, 9a, and 10¢ are respectively diagram-
matic illustrations of different electrical circuits
which may be used with the apparatus of the
invention.

Figs. 8b, 9b, and 10b are respectively illustra-
tions of the wave forms produced by the circuits
of Pigs. 8¢, 9a, and 10a.

As shown diagrammatically in Fig. 1, a conven-
tional lift-and-force pump comprises a chamber
or pump housing i communicating through one
or more inlet or intake valves 2 with a fiuid-
supply space and through one or more outlet or
discharge valves 3 with a receiver-space, and
comprises a piston 4 driven in reciprocation to
either side of a reference level A—A from a ro-
tary drive shaft 5 through a mechanical move-
ment-converting system 8 of the connecting rod
and crankshaft type.

Tn all usual cases, the variations of the dis-
tance & of the piston from its reference level as a
function of time are substantially sinusoidal in
character as illustrated in Fig. 2. In this graph
it is assumed that at an initial instant, the piston
stood at its uppermost position at the start of its
downward or suction stroke, the discharge valve
being open or closed, and that the intake valve
or valves were closed. After the piston has start-
ed on its downward or suction stroke, the dis-
charge valve closes under the action of the pres-
sure prevailing in the receiver space, and possibly
under the additional action of a return spring. A
depression is thus generated in the chamber as
the piston during its suction stroke moves away
from said uppermost position. As the piston
reaches a certain level 1 at the time %1, this suc-
tion becomes high enough to cause the intake
valve to open. At this point the useful part of
the intake stroke sets in, and this useful part
will terminate as the piston reaches its lower
dead centre position, i. e. the level xz, at the time
t2. The piston then starts on its compression
stroke.. The intake valve is closed under the ac-
tion of the internal pressure which builds up, and
possibly under the additional action of a return
spring, while the discharge valve opens as soon
ag the piston reaches a certain level z3 at the
time fa. At this point the useful part of the
compression and delivery stroke commences.

Tt is clear that the efficiency of the pump de-
pends essentially on the fraction of the cycle
which is occupied by the idle periods required to
reach the positions x1 and x3, that is, to cause
the operation of the valves especially that of the
intake valve. The inertia of the valves being
imposed by practical considerations, their open-
ing and closure will occur at a predetermined
value of the internal depression, and the fraction
of the cycle required to attain this depression will
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be substantially constant all other factors being
equal, so that if the operating frequency is in-
creased, in the sinusoidal type of operation as-
sumed, then the remaining part of the cyele’s
duration will, from a given instant, become in-
sufficient to allow of the chamber being ade-
quately filled. This will explain the fact that the
efficiency of a pump operating in the sinusoidal
mode of operation, rapidly drops off as the oper-
ating frequency reaches and exceeds 2 definite
value.

In practice, a rate of 900 to 1000 cycles per sec-
ond is an upper limit which is not easily surpassed
with the currently known systems.

The chart of Fig. 3 illustrates a method of con-
trol or drive according to the invention, charac-
terized by the.fact that the displacements im-
posed on the piston, instead of being pursly
sinusoidal in character, rather assume the char-
acter of distorted sinusocids or even that of sepa-
rate pulses with intervening idle periods of sub-
stantial duration occcurring at the lowermost posi-
tion of the piston. In particular, during the bis-
ton’s travel from its upper to its lower position,
i. e. during the suction stroke, the piston is not-
ably accelerated. For a given value of the inertia
of the intake valve or valves, and in order to reach
a similar rate of internal depression as in the cor-
responding sinusoidal mode of operation, the time
t'1 required by said intake valves to open, is found
in such conditions to be reduced as the down-
ward movement of the piston is effected faster.
The piston remains at its lowermost position until
the time #'2 and it may be seen that the time
available for the Slling of the cylinder under the
action of the pressure in the fluid-source space is
correspondingly increased. The instant at which
the intake valves close and also that at which
the discharge valves open, is for example £’3, and
the remainder of the upward stroke of the piston
is that corresponding to the compression and dis-
charge phase. This upward part of the pulses
may have a slope not necessarily identical with
that of the downgoing part.

It is interesting to consider in reference to
Pigures 2 and 3 a wave shape factor s, which will
be defined as follows:

for sinusoidal operation (Fig. 1):
s=(t2—11) /01
for pulse operation (Fig. 2):
§'=(t"2—1t"1)/t"1

Obviously s'>s. Due to the pulse type of opera-
tion, the filling period of the chamber is increased
over that obtained in the sinusoidal mode of op-
eration, for an equal frequency: in other words,
it is possible to obtain a filling period of such a
long duration as may only be realized at a sub-
stantially lower frequency in sinusoidal opera-
tion: or again, for a given efficiency, it becomes
possible to increase the operating frequency and
hence reduce the volume of the pump. The pro-
vision of such a drive using mechanical means
becomes impracticable for comparatively higsh
frequencies. On the other hand, it is exceedingly
simple to provide a drive device according to the
invention, which will now be described in detail
with referénce to the exemplary embodiment of
Pigs. 4 to 7. C

This example relates to an air pump consisting
of a head plate 10 forming the top or valve-box,
of frustoconical sectional configuration, of the
variable-volume capacity or compression cham-
ber 11, and having associated with a flexible wall
element or diaphragm of rubber or equivalent
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Bexible materfal 12 (termed hereinafter the ve-
ciprocable fluid displacement member) -which
provides its lower wall. "This diaphragm may
eonsist of a disc simply cut out of a sheet of rub-
ber, or s specially formed ‘part, e. £. 4 molded cap
as Mustrated. The diaphragm is clamped a its
periphery between the margin or the head plate
19:and & 'metal annulus 43 which in turn is rigidly
mounted-in a general eylindrical casing 44. The
compression-chamber 11 communieates through o
elrcumferential set of apertures 15 sealed by an
amnularintake valve 46 with the atmosphere, and
through g central passage 17 sealed by a discharge
valve 48, with a receiver space not shown. The
details of this section of the pump are visible in
Fig. 7, where it is seen that the intake valve 18
is applied against the orifices 15 by o spring 9
inthe form of a spider wedged at its eorners ina
circular groove 20 formes- for this purpose in the
upper part of chamber i4. 'The intake ‘valve is
preferably provided with splines such as #6¢ at
its under face, and projections such as 18¢ formed
on the spring 19 (e. g. simply punched or struck
out therefrom) engaging into a groove defined
by these splines. As & result of this device, a
kind of self-centring effect is obtained for the
intake valve member, which averts the necessity
of having to mount this member in a guide con-
duit and thereby reducing the pressure losses at

Intake. Tt is further seen that the discharge *

valve member I8 -consists of a spider-shaped
Bange applied over the discharge passage by a
spring 21 abutted against a nut 22 serewad in 2

cylindrical boss or socket 23 serving as a union .

for tonnecting the pump with any loaq apparatus.

The central part of the movable wall element 2
{(Fig. 4) is clamped between 2 thin rigid disc 23
and 2 cap 24 formed with a frustoconical flange
25, the profile of this cap member conformingz

substantially to that of the upper part of cham.

ber 1. The cam 24 is secured to the top of a
cylinder 26 made of plastic material or light non-
magnetic alloy, longitudinally slotted and provid-
ing a bobbin or casing for a winding 21 arranged
in the airgap of a magnetic circuit 28 including
& core 29 and a field plate 30; the magnetic fisld
in said -eircuit may be permanent or it may pe
provided by an exciter winding such as 31. It
will be recognized that an electro~-dynamic motor
is-thus provided of the kind used for instance in
loud-speakers, and which in ths present instance
will be adapted to impart a reciprocatory motion
to the movable wall'element {2 of the pump upon
a suitable alternating current being made to flow
through the movable winding 27.

- The movable winding is suspended from and
centred by two spider members 32, 33 outwardly
clamped between clamping rings 34, 35 and the
annulus 13, and inwardly between circular rings
36, 37 provided for this purpose on the free outer
surface of the cylinder 26. These spiders may
each be widely recessed in the way well known in
the art of loud-speaker construction, and they
may be made from ‘plastics or resilient metal or
any other suitable material. When made of re-
silient material, they may participate in assuring
the resilient return action required in the motion
assumed by the movable coil.

Several sets of holes 38, 39, 49, 41 place the
casing in communication with the atmosphere
and prevent the occurrence of any excess pres-
sure outside the .compression chamber of the
pump itself. Similar apertures42 may be formed
in the movable cylinder 26 as well.

‘The motor as a whole is secured in the -casing
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6
iM%, for mstance by a nut 43, while the valve-hox
is secured by holts 44,
The motor thus provided may be supplied in
sinusoidal alternating current, but preferably, ac-

cording to the invention and as stated previously,

& supply of the pulse type is used, whereby all
of the difficulties encountered in apparatus of
conventional and purely mechanical design, are
averted. In either ccase, the movable winding in
the movable wall .12 of the compression chamber
1 will imove between a lowermost position, shown
in Fig. 4, and an uppermost position, which may
be that illustrated in Fig. 5. It is interesting to
note that, owing to the electrodynamic drive of
the invention, it becomes quite practicable and
safe to increase the amplitude of the movements
of the movable wall element to 2 point where
said wall element will strike the ceiling of the
compression chamber, that is, the amplitude of
the drive current may iz chosen equal or greater
than the value for which the stroke of the mov-
able wall element becomes equal to the height di-
mension of the chamber; for the drive is 50 flexi-
ble as to preclude any possibility -of breakage.

The frusto-conical fiange 25 of the cap 24 pro~
vides a support for the free portion of the fexibie
wall element {2 and supports the same during
the pericd of compression when the wall element
has a tendency to be inflated. Owing to this ap-
rangement, the fiexible wall element is practically
subjected 10 no resilient stress ‘whatever, its op-
eration being restricted to a sequence of to-and-
fro buckling movements to either side of its
claraped margin.

A very important advantage «of the device ac-
cording to the invention lies in the possibility of
operating it at the frequency of the network, i. e.
at either 50 cycles or 60 cycles per second (3000
or 2600 per minute), ags the case may be. "This
greatly simplifies the problem of supply. Thus,
the simplest way of providing a pulse-drive device
according to the invention, is to supply it with
simply rectified A.-C., as is shown diagrammati-
cally. in Fig, 8a, Fig. 80 showing the wave form
produced by the arrangement of Fis. 8a. Of
course, any of & wide number of known imeans,
may be used to foreshorten the duration of the
pulses ‘applied; thus, polarized rectifiers (Fig.
16a), shunted rectifiers {(Fig. %), grid-control
thyratrons, saturated transformers and inductors,
etc., may be used. Figs. §b and 10b respectively
show the wave forms produced by the -circuits of
Figs. 9¢ and 10a.

Experience shows that with the use of simply
rectified A.~C., hence with a filling period, i. e. an
idle inter-pulse peried, hardly if at all longer in
duration than one half-cycle, very satisfactory
efficiency factors are already obtained at a rate
of 3000 or 3600 cycles per minute, as supplied by
the usual networks.

Tt appears hardly necessary to lay stress-on the
advantages provided by the invention; still, T
may again emplasize the ease with which pulses
of known and predetermined wave form may be

5 brovided, the elimination of all delicate mechani-

cal organs (shafts, bearings, reciprocating rods,
and the like) and of lubrication, ete.

‘The ‘inventicn is by no means restricted to the
single form of embodiment illustrated and de-
scribed by way of example. Numerous and di-
verse developments and/or variants may obvious-
1y be conceived. Thus, the inventicn is applicabla
to a pump using o piston or a diaphrasm. In
the case of an apparatus of the typs described,
practically noiseless operation may be-obtained by
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lining the valve members and the upper face of
the disc 23 with a thin coating of rubber or equw-
alent substance.

What I claim is:

1. A fluid pump device comprising a casing, a
head-plate, a recess in said plate, a flexible dia-
phragm, means for peripherally clamping said
diaphragm around said recess, said recess and
said diaphragm defining a variable volume cham-
ber, intake and delivery valve means adapted. to
this chamber, a cap member of a shape con-
formed to that of said recess and secured to a
central portion of said diaphragm outside of said
chamber, a magnet integral with said casing and
providing a magnetic cirenit including an air-
gap, 2 hollow nonmagnetic bobbin adapted to
reciproeate through said air-gap and coupled to
said cap, an electric coil wound on said bobbin to
reciprocate in and through said air-gap and
means for supplying periodical electrlc current to
said coil.

2. A fluid pump device according to clann 1,
comprising resilient spider means extending be-
tween said bobbin and said casing and adapted
to center said coil within said air-gap.

3. A fluid pump device according to claim 1
comprising resilient spider means between said
bobbin and said casing, adapted to center said
coil within said air-gap and to exert a returning
force on said diaphragm in operation.

4, A fluid pump device comprising a casing, a
recessed head plate forming a frustoconical top
or valve-box for said casing tapering towards a
base, a flexible diaphragm peripherally clamped

to said plate, thus defining therewith a variable

volume fluid chamber, a central outlet passage
and a circumferential set of inlet passages being
provided in said base, an annular intake valve
member within said chamber adapted to seal the
openings of said inlet passages thereinto, a spring
in the form of a spider wedged at its corners in a
circular groove formed in said box around said
base and thereby adapted to apply said intake
valve member against said inlet passages, a dis-
charge valve membesr resiliently applied over said
outlet passage, driving means secured on said dia-
phragm over a central portion thereof opposite
to said base, 2 magnet forming a magnetic circuit
including an air-gap, a coil coupled to said driv-

ing means and adapted to reciprocate through ;

said air-gap, and means for supplying periodical
electric current to said coil.

5. A fiuid pump device according to claim 4
wherein said annular intake valve member is pro-
vided with circular splines defining annular
grooves therebetween and projections are pro-
vided ‘on said spring to engage said grooves,
whereby a self centering effect is obtained f01
said intake valve member.

6. A reciprocable fluid pump arrangement,
comprising, in combination, a pump housing;
inlet valve means and outlet valve means com-
municating with the interior of said pump hous-
ing; a reciprocable fluid displacing member oper-
atively connected to said pump housing and being
adapted to carry out intermittent suction and
compression strokes sucking into said pump hous-
ing during said suction strokes fiuid through said
inlet valve means and delivering from said pump
housing during said compression strokes fiuid
through said outlet valve means; a magnetic
structure including a stationary part and a mov-
able part, said movable part being connected to
said reciprocable fluid displacing member and
being arranged at a slight distance apart from
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said stationary part, one of said parts including
an electric coil and the other of said parts in-
cluding a magnetic body so that supply of an
alternating current to said coil will result in a
reciprocating suction and compression movement
of said movable part relative to said stationary
part of said magnetic structure and -in corre-
sponding suction and compression strokes, re-

spectively, of said reciprocable fluid displacing

member; means for producing an alternating cur-
rent having cycles being each composed of a short
and a long cycle portion, the current continuously
changing during said short cycle portion from
one peak value to the opposite peak value, said
short cycle portion heing substantially shorter
than said long cycle portion; and meahs con-
necting said alternating current producing means
to said coil so as to energize said coil for said
suction movement of said movable part during
each long cycle portion of said alternating cur-
rent and. for said compression movement of said
movable part during each short cycle portion of
said - alternating current, thereby onening said
inlet valve means during each of said long cycle
portions and opening said outiet valve means dur-
ing each of said short cycle portions.

7. A reciprocable fluid pump arlan'rement
comprising, in combination, a pump housing; in-
let valve means and outlet valve means communi.

¢ cating with the interior of said pump housing; a

reciprocable fluid displacing member operatively
connected to said pump housing and being
adapted to carry out intermittent suction and
compression sirokes sucking into said pump hous-
ing during said suction strokes fiuid through said
inlet valve means and delivering from said pump
housing during said compression strokes fluid
through said outlet valve means; a magnetic
strueture including a stationary part consisting
of a magnetic body, and a movable part connected
to said reciprocable fluid displacing member and
being- arranged at a slight distance apari from
said stationary part, an electric coil arranged on
said movable part so that supply of an aiter-
nating current to said coil will result in a re-
ciproecating suction and compression movement
of said movable part relative to said stationary

part of said magnetic structure and in corre-

sponding suction and compression strokes, re-
spectively, of said reciprocable fluid displacing
member; means for producing an alternating cur-
rent having cycles being each composed of a short
and a long cycle portion, the current continu-
ously changing during said short cycle portion
from one peak value to the opposite peak value,
said short cycle portion being substantially
shorter than said long cycle portion; and means
connecting said alternating current producing
means to said coil so as to energize said coil for
said suction movement of said movable part dur-
ing each long cycle portion of said alternat-
ing current and for said compression movement
of said movable part during each short cycle por-
tion of said alternating current, thereby opening
said inlet valve means during each of said long
cycle portions and opening said outlet valve
means during each of said short cycle portions.

8. In a reciprocable fluid pump, in combina-
tion, walls forming a fluid chamber; a flexible
wall element forming part of said walls of said
chamber, said flexible wall element being re-
ciprocable from a first position into a second
position and vice versa, said first and second posi~
tions of said flexible wall element correspond-
ing, respectively, to the minimum and maximum
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volumes of said. fluid chamber; intake and dis-

charge valves arranged in said walls and open-
ing, respectively, when a partial vacuum and a
positive pressure are set up in said fluid chamber
by a reciprocating movement of said flexible wall

element; driving means rigidly connected with

said flexible wall element; a magnetic circuit
having an air gap; and a movable coil arranged
in said air gap of said magnetic circuit and
rigidly connected to said driving means, said coil
reciprocating in said air gap when said coil is
supplied with an alternating current, whereby
said flexible wall element is imparted s recipro-
cating movement causing said intake and dis-

charge valves to close and.open in a cycle depend--

ing on the wave form of the alternating current
supplied to said coil.

9. In a reciprocable fluid pump, in combina-
tion, walls forming a fluid chamber; s flexibie
wall element forming ps:t of said walls of said
chamber, said flexible wall element being re-
ciprocable from g first position into a second po-
sition and vice versa, said first and second. posi-
tions. of said flexible wall element corrssponding,
respectively, to the minimum and maximum
volumes of said fluid chamber; intake and dis-
charge valves arranged in said walls and open-
ing, respectively, when a partial vacuum and 2
positive pressure are set up in said fluid chamber
by a reciprocating movement of said flexible wall
element; driving means rigidly connected with
said flexible wall element; a.magnetic eircuit hav-
ing an air gap; a movable coil arranged in said
air gap of said magnetic. cirenit. and rigidly con-
nected to said. driving means; and means for
supplying a low frequency current to. said coil so
as to reciprocate the same in said sir gap, where-
by said flexible wall element is imparted a re-
ciprocating movement- causing. said intake and
discharge valves. to. close and apen. in s cycle
depending on the wave form of the low frequency
current supplied to said coil.

10. In a reciprocable fluid pump, in combina-
tion, walls forming a fluid chamber; a flexible
wall element forming part of said walls of said
chamber, said flexible wall element being recipro-
cable from = first position into 2 second position
and vice versa, said first and second positicns of
said flexible wall element corresponding, respec-
tively, to the minimum and meximum volumes
of said fluid chamber; intake and discharge
valves arranged in said walls angd opening, re-
spectively, when a partial vacuum and s nosi-
tive pressure are set up in said Auid chamber
by a reciprocating movement of said flexible wall
element; driving means rigidly connected with
said flexible wall element; a magnetic circuit
having an air gap; 2 movable coil arranged in
said air gap of said magnetic circuit and rigidly
connected to said driving means; and means for
supplying a low frequency current to said coil
s0 as to reciprocate the same in said air gap,
said supplying means including a wave form dis-
torting device, whereby said flexible wall element
is imparted a reciprocating movement causing
said intake aund discharge valves to close and
open in a cycle depending on the wave form of
the low fregquency current supplied to said coil.

11. In a reciprocable Auid pump, in combing-
tion, walls forming a fluid chamber; a fexible
wall element forming part of said walls of said
chamber, said flexible wall element being recip-
rocable from a first position into a second posi-
tion and vice versa, said frst and second posi-
tions of said flexible wall element corresponding,
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respectively, to the-minimum and maximum vol-
umes of said fluld chamber; intake and discharge
valves arranged in said walls and opening, re-
spectively, when a partial vacuum and a positive:
pressure are set up in said fiuid chamber by a
reciprocating movement of said flexible wall ele-
ment; driving mesns rigidly connected with said.
flexible wall element; a magnetic eireuis having
an air gap; a movable coil arranged in said air
gap of said magnetic circuit and rigidly con-
nected to said driving means; and means for sup-
vlying a low frequency current to said coil sa
as to reciprocate the- same in said air gap, said
supplying mesns including a rectifying device
distorting the wave form of the low frequency
current, whereby said Aexible wall element is
imparted o reciproeating movement causing said
intake and discharge valves to close and open
In a cycle depending on the wave form of the
low frequency current pplied to said coil.

12. In a reciprocable fluid pump, in combina-
ticn, walls forming a fluid chamber; a flexible.
wall element forming part of said walls of said
chambher, said flexible wall element being recip-
rocable from a first position into a second posi-
tion and vice versa, said first and second positions
of said flexible wall element corresponding, re-
spectively, to the minimum: and maximum vol-
umes-of said fluid chamber; intake and discharge
valves arranged in said walls and opening, re-
spectively, when a partial vacuum and a positive
pressure are set up in caid fluid chamber by a
reciprocating movement of said flexible wall ele-
ment; driving means rigidly connected with said
flexible wall element; a magnetic circuit having
an air gap; a movable coil arranged in said air
gap of said magnetic circuit and rigidly: connect-
ed to said driving means; and means for sup-
plving & Iow frequency current to said coil so as
to reciprceate the same in said air gap, said
supplying means including a wave form distort-
ing device, whereby said flexible wall element, is
imparted a reciprocating movement causing said
intake and discharge valves to- close and open in
a cycle dependine on the wave form of the low
frequency current suprplied to said coil, the dis-
torted - wave form of the alternating current sup-
rlied o said coil consisting of a short cycle por-
tion and a leng cycle partion being substantially
longer than said short cycle portion, said. coil
being, arranged so as to cause said: flexible wall
element to set up a positive pressure during said
short eyele portion and a partial vacuum during
said long eycle portion.

13. In a reciprocable fluid pump, in combina-
tion, walls forming a fluid chamber; a flexible
wall element forming part of said walls of said
chamber, said flexible wall element being recip-
rocable from & first position into a second position
and vice versa, said first and second positiong of
said flexible wall element corresponding, respec-
tively, to the minimum and maximum volumes
of said fluid chamber; intake and discharge valves
arranged in said walls and opening, respectively,
when a partial vacuum and a positive pressure
are set up in said fluid chamber by a reciprocat~
ing movement of said flexible wall element; driv-
ing means rigidly connected with said flexible
wall element; a moagnetic circuit having an air
gap; a movable coil arranged in said air gap of
said magnetic circuit and rigidly connected to
said driving means; and means for supplying a
low frequency current to said coil so as to recip-
rocate the same in said air gap, said supplying
means including a wave form distorting device,
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whereby said fiexible wall element is imparted a
reciprocating movement causing said intake and
discharge valves to close and open in a cycle de-
pending on the wave form of the low frequency
current supplied to said coil, the distorted wave
form of the alternating current supplied to said
coil consisting of a short cycle portion and a long
cycle portion being substantially longer than said
short cycle portion, said coil being arranged so
as to cause said flexible wall element to set up a
positive pressure during said short cycle portion
and a partial vacuum during said long cycle por-
tion, said long cycle portion consisting of a first
part having a duration approximately equal to
that of said short cycle portion and a second part
during which the distorted wave form remains
substantially constant.

14. In a reciprocable fluid pump, in combina-
tion, walls forming a fluid chamber; a flexible
wall element forming part of said walls of said
chamber, said flexible wall element being recip-
rocaple from a first position into a second position
and vice versa, said first and second positions of
said flexible wall clement corresponding, respec-
tively, to the minimum and maximum volumes of
said fluid chamber; intake and discharge valves
arranged in said walls and opening, respectively,
when a partial vacuum and a positive pressure
are set up in said fiuid chamber by a reciprocat-
ing movement of said flexible wall element; driv-
ing means rigidly connected with said flexible
wall element; a maghetic circuif having an air
gap; a movable coil arranged in said air gap of
said magnetic circuit and rigidly connected to
said driving means; and means for supplying a
low frequency current to said coil so as to recip-
rocate the same in said air gap, said supplying
means including a rectifying device distorting the
wave form of the low frequency current, whereby
said flexible wall element is imaparted a recipro-
cating movement causing said intake and dis-
charge valves to close and open in a cycle de-
pending on the wave form of the low frequency
current supplied to said coil, the distorted wave
form of the alternating current supplied to said
coil consisting of a short eycle portion and a long
cycle portion being substantially longer than said
short cycle portion, said coil being arranged so
as to cause said flexible wall element to set up
a positive pressure during said short cycle por-
tion and a partial vacuum during said long ecycle
portion.

15. In a reciprocable fluid pump, in combina-
tion, walls forming a fluid chamber; a flexible
wall element forming part of said walls of said
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chamber, said flexible wall element being recip-~
rocable from g first position into a second position
and vice versa, said first and second positions of
said flexible wall element corresponding, respec-
tively, to the minimum and maximum volumes of
said fluid chamber; intake and discharge valves
arranged in said walls and opening, respectively,
when a partial vacuum and a positive pressure
are set up in said fluid chamber by a reciprocat-
ing movement of said flexible wall element; driv-
ing means rigidly connected with said flexible
wall element; a magnetic circuit having an air
gap: a movable coil arranged in said air gap of
said magnetic circuit and rigidly connected to
said driving means; and means for supplying a
low frequency current to said coil so as to recip-
rocate the same in said air gap, said supplying
means including a rectifying device distorting the
wave form of the low frequency current, whereby
said flexible wall element is imparted a recipro-
cating movement causing said intake and dis-
charge valves to close and oren in a cycle depend-
ing on the wave form of the low freguency cur-
rent supplied to said coil, the distorted wave form

5 of the alternating current supplied fo said coil

consisting of a short cycle portion and a long
cycle portion being substantially longer than said
short eycle portion, said coil being arranged so as
to cause said flexible wall element to set up a posi-
tive pressure during said short cycle portion and
2 partial vacuum during said long cyecle portion,
said long cycle porfion consisting of a first part
having a duration approximately ecqual to that
of said short cycle portion and a second part dur-
ing which the distorted wave form remains sub-~
stantielly constant.
SHELLEY PRESENTEY.
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