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1. 
The present invention relates to a diaphragm 

pump, and more particularly to such a pump in 
which the actuating mechanism is connected 
to diaphragms through hydraulic transmission 
leaS. 

in reciprocating pumps such as used for Sup 
plying fuel to internal combustion engines, dif 
ficulty is sometimes encountered when pumping 
liquids containing impurities Such as dirt, metallic 
particles, wax, gun, etc. which tend to clog the 
reciprocating parts. It is common practice there 
fore, to provide filters, magnetic Separators etc. 
to remove Solid foreign material, and to form the 
reciprocatory parts with liberal clearances to 
nullify the effect of deposits on the Walls of the 
cylinder and piston, thus reducing to Some extent 
the efficiency of the pump. 

It is an object of the present invention to pro 
vide a reciprocating pump in which the recip 
rocating parts are Sealed and protected fron con 
tact With the liquid to be pumped. 

It is another object to provide such a device 
incorporating flexible diaphragms for propelling 
the liquid, said diaphragms being actuated hy 
draulically so that the pressures on both sides of 
the diaphragms are substantially equal at all 
times, and the diaphragms are accordingly not 
Subjected to localized Stresses, but Serve merely 
as septuns to Separate the liquid to be pumped 
from the liquid Sealed in the pump. 

It is anotheir object to provide Such a device 
in which a small amount of air or other gas is 
sealed in the pump with the actuating liquid, so 
as to form a cushion and promote quiet and steady operation of the pump. 
It is another object to provide such a device 

including a piston, a spring for projecting the 
piston, and an electromagnet for retracting the 
piston and cocking the Spring; which is So ar 
ranged that the Spring actuated Stroke of the 
piston ejects a charge of liquid from the pump 
and dia:WS in a new charge from the Source of 
supply; while the cocking stroke of the piston 
merely transfers a charge of liquid from one 
cavity in the pump to another, so that this stroke 
can take place rapidly irrespective of the rate 
of consumption of the liquid by the device being 
Supplied by the pump. 

Further objects and advantages will be appar 
ent from the following description taken in con 
nection with the accompanying drawing in which 
fig. 1 is a vertical Substantially mid-sectional 
view of a preferred embodiment of the invention, 
the electrical Systern thereof being shown dia grammatically; 
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Fig. 2 is a section taken substantially on line 

2-2 in Fig. 1; 
Fig. 3 is a view similar to Fig. 1. On a reduced 

Scale showing an embodiment of the invention 
arranged for mounting within the Supply tank 
of the liquid to be pumped; 

Fig. 4 is a sectional detail of the electrical ter 
nina. Structure shown in Fig. 3; 
Fig. 5 is a side elevation of the pump shown in 

Fig. 3, illustrating the method of assembly of 
the parts thereof; and 

Fig. 6 is a top view of the Sarrie. 
In Fig. 1 of the drawing there is illustrated a 

substantially cylindrical casing member of mag 
netic material near the lower end of which is 
rigidly mounted a partition and pole piece men 
ber 2 which is also of magnetic imaterial. An 
upper partition member 3 is rigidly mounted in 
the casing near the upper end thereof and a 
pump cylinder is of non-magnetic material is 
rigidly mounted at its ends within the partition 
members 2 and 3, the Various joints between the 
partition member, casing and pump cylinder 
being rendered fluid tight by Suitable means Such 
as by soldering. - 
A piston 5 of magnetic material is slidably 

mounted within the pump cylinder A and is urged 
toward its upper position as illustrated by means 
of a Spring 6 bearing at its upper end against the 
end of a counterbore 8 in the piston, and at its 
other end seating on a perforated bracket men 
ber 9 which is soldered as indicated at to the 
lower end of the casing . A cushioning Spring 
A2 is seated in a counterbore 3 in the upper end. 
of the piston and bears against the element is of 
the upper partition member 3 in order to prevent 
the piston from hammering against the partition 
member When the punp is operated While air bound. 
Means for drawing the piston 5 downwardly so 

as to compress or cock the Spring 6 is provided 
in the form of an electromagnet is located in the 
casing surrounding the pump cylinder 4, with 
its lower end seated against the lower partition 
and pole piece member 2, and its upper end in 
engagerinent with an upper pole piege member of 
magnetic material 6 which is rigidly mounted 
in the Casing in any suitable manner and closely 
Surrounds the pump cylinder A. 
An electrical system for actuating the electro 

magnet 5 is provided comprising a battery 
one terminal of which is grounded as indicated 
at 8, the other terminal being connected through 
a manual Switch 9, insulated connector 2 sealed 
in the case , and conductor 22, to one terminal 
of the electromagnet 5. The other terminal of 
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the electromagnet is connected by a lead 23 to 
a contact 24 which is arranged to cooperate with 
a contact 25, grounded at 26, to open and close 
the circuit through the electromagnet. 
The means for actuating the contacts 24, 25 

which are here shown diagrammatically, is the 
Same as that shown and described in the patent 
to Dickey et al. 2,472,067 issued June 7, 1949, so 
that it is believed to be unnecessary to further 
describe this feature since it forms no part of 
the present invention. 
An inlet cap 2 is mounted on the lower end of 

the casing member , the joint therebetween be 
ing rendered fluid tight by a flexible septum 28 
which acts as a gasket to prevent leakage from 
the inlet chamber 29 formed within the cap 27. 
An outlet cap member 3 is similarly mounted 

on the upper end of the casing member f, the 
joint therebetween being packed by the flexible 
septum and gasket member 32, the caps 27 and 
3f being firmly held on the ends of the casing 
member 2, by suitable means such as the tie bolts 
30 illustrated in Fig. 2. The pump cylinder 4 and the spaces or cham 
bers 33 and 34 in the ends of the casing are filled 
with a suitable liquid which is confined by the 
flexible septums 28 and 32 so that the reciprocat 
ing movement of the piston 5 is transmitted hy 
draulically to said septums. 
The inlet cap 27 is provided with a threaded 

socket 35 (Fig. 2) for the reception of an inlet 
conduit from a supply source; and means in the 
form of a manually adjustable needle valve 36 is 
provided for closing the inlet, when desired. The 
inlet opening 35 communicates with the inlet 
chamber 29 through a communicating passage 
37 which is controlled by a check valve 38 ar 
ranged to admit fluid to the inlet chamber but 
prevent reverse flow thereof. A conduit 39 con 
nects the inlet chamber 29 to the pump outlet 
4, which latter is in communication with the 
chamber 42 within the outlet cap 3. A check 
valve 43 is located in the by-pass 39 permitting 
paSSage of fluid from the inlet chamber to the 
outlet but preventing backward flow thereof. 
The inlet cap 27 is provided with a cup-shaped 

closure member 44 forming a sediment bowl 
which may be detached for removal of sediment 
or water in the liquid to be pumped, and which 
is normally held in assembled relation by suit 
able means such as a cap screw 45. A filter screen 
46 is held by a seat member 47 within the sedi 
ment bowl 44 in position to strain out any solid 
matter suspended in the liquid to be pumped as 
it passes from the inlet 35 toward the passage 37 
into the inlet chamber 29. 

In order to quiet the operation of the pump 
and to form an hydraulic accumulator for in 
creasing the effective capacity of the pump, an 
elastic diaphragm member 48 is arranged to form 
the upper wall of the outlet chamber 42, and is 
enclosed by a dome-shaped element 49 forming 
an air chamber above the diaphragm 48 so as to 
cushion the action of the pump. 

It has been found in use of pumps as here dis 
closed, that there is a slow drift of the liquid in 
the upper chamber 34 down into the lower cham 
ber 33 due to leakage past the piston 5 under the 
output pressure of the pump. This leakage 
gradually distends the lower diaphragm and 
tends to impede the downward stroke of the pis 
ton and thus reduce the efficiency of the pump. 
A preferred solution of this problem is to pro 

vide a check-valve-controlled passage in the pis 
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4. 
ton to allow the liquid to flow up through the 
piston during the downward travel. 

In Fig. of the drawing such an arrangement 
is shown in the form of a tube 80 having a press 
fit in an axial opening which traverses the solid 
portion of the piston 5, said tube being con 
stricted at its lower end to form a seat against 
Eich a ball valve 8 is pressed by a light Spring 
This ball check valve does not interfere with 

the action of the diaphragm 28 in moving liquid 
up through the by-pass 39 on the downward 
stroke of the piston since the pressure in the inlet 
chamber 29 is at that time the same as in the 
outlet chamber 42, except for the slight amount 
necessary to raise the check valve 43. Conse 
quently the pressure in the chambel's 33 and 34, 
below and above the piston 5 are substantially 
equal, and there is no tendency to lift the ball 
check 8 except for the purpose of compensating 
for leakage past the piston 5 as above set forth. 
In operation, starting with the parts in the 

positions illustrated in Fig. 1, closure of the 
manual switch 9 causes energization of the elec 
tromagnet 5, which draws the piston 5 down 
ward, thus cocking the spring 6 and causing the 
lower septum 28 to expel liquid from the inlet 
chamber 29 past the check valve 43 and through 
the conduit 39 So as to enter the outlet chamber 
42; such entry being permitted by the downward 
movement of the upper septum 32 which corre 
sponds in direction and amount With the move 
ment of the Septum 23. Deenergization of the 
electromagnet 5 by the opening of the contacts 
24, 25 in the usual manner permits the spring 
6 to move the piston 5 upward, dilating the Sep 
tum 32 and retracting the septum. 28. The re 
traction of septum 28 draws a fresh charge of 
liquid from the inlet 35 through the check valve 
38 into the inlet chamber 29, while the simul 
taneous dilation of the septum 32 ejects a charge 
of liquid from the outlet 4 to the device to be 
supplied by the pump. Since the downward 
stroke of the piston 5 as actuated by the electro 
magnet 5 merely serves to transfer the liquid 
to be pumped from the inlet chamber 29 through 
the conduit 39 to the outlet chamber 42, this 
stroke of the piston can always take place quickly 
so that the electromagnet is only energized no 
mentarily. The upward stroke of the piston 5 
under the action of the spring G is controlled by 
the rate of consumption of the liquid by the de 
vice to be supplied. It will be understood that 
the contacts 24, 25 are closed when the piston 
reaches the end of its upward stroke, and are 
opened at the end of its downward stroke, as 
fully set forth in the Dickey et al. Patent 
2.472,067. In Figs. 3 to 6 inclusive there is illustrated an 
embodiment of the invention in which the pump 
is arranged to be mounted Within the Supply 
tank for the liquid to be pumped. The actuating 
parts of the pump itself are the same as in the 
embodiment above described, and are similarly 
numbered, but the iniet and outlet caps are modi 
fied for the intended purpose. The inlet cap 5 
is here provided with a downwardly extending 
threaded socket 58 adapted to receive a conduit 
59 terminating with a funnel-shaped fitting 6 
holding a screen 52 located adjacent the bottom 
of the supply tank 63. 
The outlet cap T is provided with a mounting 

flange 72 arranged to be attached to the top of 
the supply tank 63, with the body of the pump 
extending downwardly through an opening 73 in 
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the supply tank, the flange being secured by suit 
able means Such as cap Screws 4 threaded into a reenforcing ring 75. 
The battery connection is here brought out 

through an insulated connector 6 traversing the 
mounting flange 2 as illustrated in Fig. 4. A 
grounding clip i is preferably provided for in 
Suring electrical connection of the pump with the 
body of the Supply tank in Order to insure com 
pletion of the electrical circuit. 
In Some installations it is desirable to provide 

means for permitting a slight leakage of the dis 
charged fluid back to the Supply tank So as to 
prevent undesirable Syphoning of the liquid and 
also to prevent the building up of pressure within 
the Supply caused by temperature changes when 
the System is idle. In the present system this 
is accomplished simply by drilling a Small hole 
i8 in the conduit connecting the inlet and out 
let caps of the pump so that liquid may leak 
slowly back into the supply tank. 
In Fig. 3, the functions of the hydraulic ac 

Cumulator diaphragm 48 of Fig. 1 are accom 
plished by trapping and Sealing a suitable quan 
tity of air or other gas in the space 34 below 
the upper diaphragm 32 of the pump. The in 
prisoned gas 79 provides elasticity in the actu 
ation of the diaphragm 32 So as to quiet the 
operation of the pump and Smooth out the flow of the liquid being pumped. 
The operation of this embodiment of the pump 

is the Same as the embodiment first described, 
and further description thereof is, therefore, deemed unnecessary. 
Although but two embodiments of the inven 

tion have been shown and described in detail, 
it will be understood other embodiments are poS 
sible and that various changes may be made in 
the design and arrangement of the parts with 
out departing from the Spirit of the invention. 
I claim: 
1. In a pump a cylindrical casing, a partition 

rigidly mounted near each end of the casing, a 
pump cylinder mounted at its ends in said parti 
tions coaxially with the casing, means for seal 
ing the pump cylinder in the partitions and 
the partitions in the casing, a piston in the pump 
cylinder, means for reciprocating the piston; in 
let and outlet caps fixed to the ends of the cas 
ing, flexible Septuns closing the ends of the 
casing and packing the joints between the cas 
ing and caps, a conduit conducting liquid from 
the inlet cap to the outlet cap, and a pair of 
check valves preventing back-flow of liquid 
through the inlet chamber and conduit. 

2. A pump as Set forth in claim 1 in which 
the piston is provided With an axial passage 
therethrough, and including further a check 
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6 
valve located in said passage and preventing 
backward flow of fluid through the passage when 
the piston is being operated by the spring to 
discharge liquid from the pump. 

3. A pump as set forth in claim 1 in which 
the means for reciprocating the piston comprises 
a Spring which moves the piston in the direc 
tion to draw liquid into the inlet cap and dis 
charge liquid from the outlet cap and electro 
magnetic means for moving the piston in the 
opposite direction, cocking the spring and trans 
ferring liquid from the inlet cap through the 
conduit to the outlet cap. 

4. A pump as Set forth in claim 3 in which the 
outlet cap is provided with a flange and means 
for attaching Said fiange to the wall of a Supply 
tank, and including further a conduit extend 
ing from the inlet cap of the pump to a point 
adjacent the bottom of the supply tank. 

5. In a pump a casing, means including a pair 
of Septuins forming an inlet chamber and an out 
let chamber oppositely located in the casing, a 
cylinder fixedly mounted in the casing interme 
diate Said chambers, a piston slidably mounted 
in the cylinder, means for reciprocating the pis 
ton, Said cylinder being filled with fluid con 
fined by Said Septuns, which fluid transmits the 
motion of the piston to the septums, a conduit 
cGinnecting the inlet chamber to the outlet cham 
ber and a pair of check-valves controlling the 
paSSage of fluid through the inlet chamber and 
conduit; the means for reciprocating the piston 
Comprising a Spring which moves the piston in 
a direction to cause liquid to be drawn into the 
inlet chainber and simultaneously discharged 
from the outlet chamber, and an electromagnet 
which, When energized moves the piston in the 
opposite direction, cocking the spring and caus 
ing the transfer of liquid from the inlet cham 
ber to the outlet chamber. 

JOHN W. DICKEY. 
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