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My invention relates to positive displacement 
pumps and parts thereof, and particularly con cerns diaphragm. pumps. 
A general object of my invention is to provide 

an improved diaphragm pump, and, more specifi 
cally, to improve the reliability and operating 
efficiency of diaphragm pumps. 
A specific object of my invention is to provide 

an improved diaphragm pump of the type having 
a vertically disposed diaphragm, to minimize 
lubrication difficulties in such pumps, and to pro 
vide self-priming characteristics and improved Valve operation thereof. 

It is a further specific object to provide a self 
priming diaphragm. pump wherein the diaphragm 
is not subjected to the pressure of the outlet con 
duit when the pump is idle. 
Another object is to provide a flap of futter 

valve construction, particularly adapted for use 
in positive displacement pumps, which is inex 
pensive, readily fabricated, rugged and wear 
resistant, and which acts rapidly and positively. 
A further Specific object of my invention is to 

provide a diaphragm pump in which the load 
imposed on the driving mechanism is maintained 
approximately constant through a wide range of 
differential pressures across the pump. 
An additional object is to minimize, in a liquid 

pump, erratic operation and wearing effects due 
to Sand or other foreign matter in the liquid. 
The specific embodiment of my invention de 

Scribed herein, and shown in the accompanying 
drawings, comprises a diaphragm pump particu 
larly adapted for pumping water from a shallow 
well and for similar purposes, but it will be 
apparent that several features of my invention 
are adapted to other apparatus and other uses. 
These novel features which I believe to be char'- 
acteristic of my invention are set forth with par 
ticularity in the appended claims. My invention 
itself, however, both as to its organization and 
method of Operation, together with further ob 
jectS and advantages thereof, may best be under 
stood by reference to the following description 
taken in connection ... with the accompanying 
drawings, in which Fig. 1 is a partially section 
alized side elevation of a pump in accord with 
my invention; Fig. 2 is a sectional view taken 
along the line 2-2 of Fig. 1; Fig. 3 is a top view 
of the inlet and outlet valve assembly for the 
pump of Figs. 1 and 2; Fig. 4 is a detail side view 
of a portion of the valve assembly of Fig. 3; Fig. 
5 is a right hand end view of the pump of Fig. 1 
with several of the parts broken away more 
clearly to disclose portions of the drive arrange 
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ment; and Fig. 6 is a top view of a part of the 
drive arrangement taken on line S-6 of Fig. 5 
and comprising members shown in the right hand portion of Fig. 1. 
Referring now to the drawings, Fig. 1 discloses 

a pump comprising a diaphragm operating in, 
and forming the movable wall of, a displacement 
or pump chamber 2 in a casting 3. An inlet, 
vacuum, or Suction chamber and an outlet, dis 
charge, or compression chamber are provided in 
a casting 4, and this casting is attached to the 
casting 3 With the inlet and outlet chambers 
Separated from the pump chamber by a valve 
aSSembly 5. A third major casting 6 is attached 
to the pump chamber casting 3 by means of bolts 
T, and comprises mounting legs 3 and 9 to Sup 
port the whole pump assembly, a trough or basin 
0 partially filled with a quantity of oil if, and 

bearings for a main drive shaft f2. Arms 3 
connect the trough to an annular flange portion 
4, and the flange portion is bolted by bolts 7 to 

the flange 5 of the pump chamber casting 3 to 
clamp the peripheral portion f6 of the circular 
diaphragm between the flanges. A yoke or conn 

5 necting rod is arranged to drive the dia 
phragm in and out of pump chamber 2 through 
the operation of a journal 8 having an eccentric 
bore which is carried on the shaft 2 and rotates 
with the shaft in a bearing i9 in boss 23 of the 
connecting rod T. Shaft 2 is rotated by a suit 
able motor 2, which, through belt 22, drives a 
pulley 23 mounted on the end of shaft, 2. 
Diaphragm may be a fiat sheet or disc of 

rubber, synthetic rubber, leather, or other suit 
able material, and it completely closes the circu 
lar opening in the right hand side of the casting 
3, being there held in place between the fanges 
4 and 5 by means of the bolts . These bolts 

paSS through Suitable openings in the fiange 4 
and in the peripheral portion of the dia 
phragm, and are threaded into bores in the flange 5. 
Connecting rod f is terminates at the dia 

phragm in an enlarged plate 23, of which the 
face 25 in contact with the diaphragm is suitably 
beveled from a flat central portion in the direc 
tion away from the diaphragm with the edges 
slightly rounded to prevent cutting of the 
diaphragm. Facing the plate 24 on the other 
side of the dia.hpragm is a second substantially 
similar plate 26 bolted by bolts 27 through the 
diaphragm to the plate 24. These bolts 2 ex 
tend through the flat central portions of the 
plates, and no leakage through the diaphragm 
can occur Since the diaphragm actS as a gasket 
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Or washer for each of the bolts 27 and the bolt 
holes in the plates 24 and 26. Starting from the 
diaphragm, the connecting rod T is shaped or 
formed in an upward direction for most of its 
length, and terminates in a downward extension 
which, in part, comprises boss 20. Accordingly, 
boss 29 may be disposed in the bath of oil f : 
in the trough 0 while the connecting rod extends 
up and over the retaining wall 28 of the trough, 
and any extension of the wall, such as is pro 
vided by the portion 29 of splash cover 30. This 
Splash cover comprises a hoodlike central portion 
3 which extends up over a portion of the con 
necting rod, and over the otherwise exposed por 
tion of the trough, to prevent the oil from splash 
ing out, to prevent foreign matter, such as water 
Or undesired objects, from entering the oil bath, 
and to prevent accidental contact of external 
objects or parts of a person with this portion of 
the connecting rod. The trough is conveniently filled to a predeter 
mined desired level of the oil bath. through a 
pipe elbow 32 closed by a plug 33. The plug is 
arranged so that when oil is poured into the elbow 
to the level of the top thereof, the oil in the trough 
is brought up to the desired level. This level is 
preferably at about the center of boss 20, and 
shaft, 2. Bearing 9 in boss 20 of connecting rod T may 
comprise a bearing insert, as shown, or it may be 
simply a smooth cylindrical bore extending 
through the boss 28. This bearing 9 cooperates 
With the cylindrical Surface of journal inenber 
f8, through which extends an eccentric cylin 
drical bore to receive shaft 2. The eccentric 
journal member is keyed to the shaft by means of 
a Set Screw 34 threadably engaging in a threaded 
hole in the journal member, preferably at the 
thickest portion thereof. The set screw 34 may 
either bite into the surface of shaft 2, or it may, 
as shown in the drawing, extend into a keyway 
or indentation in Shaft 2. Access to the set screw 
34 is provided by means of an opening 35 extend 
ing through the boss 2 and bearing insert 9, the 
Opening 35 being preferably large enough freely 
to pass set screw 34. Alternatively, set screw 34 
may be sufficiently short to be withdrawable con 
pletely into eccentric journal member 8 to clear 
the Shaft 2 at the inner end and the surface of 
bearing 9 at the outer end. Adjustments to the 
set Screw are made by rotating shaft f2 until 
the set screw aligns with the opening 35, per 
nnitting the insertion of a set Screw Wrench or 
screwdriver, as required, through the opening 35. 
This Operation is perforried after the removal 
of the hood portion 3 of splash member 30, the 
hood being renovably attached thereto by bolts. 
36. The opening 35 which serves as the set screw ac 
ceSS hole further Operates to improve the lubrica 
tion of the bearing. Oil from the bath is free 
to enter or leave the bearing through this open 
ing. The most satisfactory lubrication has been 
found to be obtained when an additional opening 
36' is provided through the lower portion of the 
boss 20 and bearing insert 9. When a lower 
opening is thus provided, oil is pumped through 
the bearing from the lower opening out through 
the upper opening 35. Whether or not opening 
36' is provided, however, increased oil flow 
through the bearing and improved lubrication 
result from the provision of opening 35. 

Casting 4, which comprises an inlet, vacuum or 
Suction chamber 37, and an outlet, discharge or 
Conression chamber not seen in Fig. 1, is pro 
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4. 
vided with an inlet conduit 38 communicating 
with the Suction chamber 3, and an outlet COin 
duit 33 communicating With the compression 
chamber. The inlet chamber is separated from 
the pump or displacement chamber 2 by the in 
let portion 30 of valve plate 4f covering a plu 
rality of inlet valve ports 42 formed in the metal 
body member 33 of the valve assembly. The now 
able valve plate 3 is spring-loaded into the posi 
tion to seal ports $2 by raeans of a compression 
spring 44 surrounding and bearing against the 
head 45 of a bolt threaded into a boSS 43 formed 
as part of tha valve body 43. Two Such Springs, 
bolts, and bosses are provided for the inlet valve 
plate of the assembly 5 and an equal number for 
the outlet valve plate 6. As shown in Fig. 1, in 
dotted lines, the outlet valve comprises a valve 
plate A, biased toward closing position by coin 
pression Springs A8 and 49. 

it will be understood that valve plate 4 isolates 
the Suction chamber 3, from purp chamber 2 
until the pressure in the pump chamber is Suffi 
ciently reduced to permit the pressure in cham-r 
ber 37 to overconne the force of Springs 43 and to 
lift, in the downward direction, plate 4 from 
its seated position, thereby to partially uncover 
ports 42. The plate $7, on the other hand, re 
mains seated to isolate the compression charinber 
from the pump chamber until the pump chara 
ber pressure is sufficient to lift plate 47 upwardly 
against the biasing force of springs &8 and 49 to 
uncover the outlet valve ports. A suitable priming opening to permit the initial 
filling of chamber 3 and preferably conduit 38 is 
provided at the top of the Suction changer 3; and 
may be closed by a plug 50. W 
The motor 2, aS ShoWin in this figure, is mount 

ed on a platfornin pivotally supported by bolts 53'. 
Belt tension is readily adjusted by pivoting the 
motor and motor deck about botS 52', with the 
bolts slightly loosened, and thereafter tightening 
the bolts to hold the notor in its adjusted posi 
tion. A further understanding of the notor 
mounting Will be had froin a late consideration 
of Fig. 5. Rotation of Shaft 2 aid journal $ in bearing 
9 resulting from motor operation causes the boss 
2 to travel in a circular path. This notion of 
the boss is translated into an horizontal recti 
linear component at the center of face 25 of plate 
2i. The whole plate, and with it, plate 26 and 
the central portion of diaphragm, Will be driven 
back and forth, in and out of chamber 2, to in 
crease and decrease the volune and hence the 
pressure in the channer. A slight tilting in otion 
is also imparted to the plates but this is of Srrall 
consequence and Yay be readily reduced if de 
sired by increasing the distance between shaft 2 
and diaphragin f. The centers of plates 24 and 
26 are preferably at approximately the same 
height above the ground or fool as the Center 
Of Shaft 2. The motor 2, in a typical construction, may be 
rated at one-third horsepower at 1800 revolutions 
per minute, oi a little less, and the ratio of pulley 
diameters may be such as to drive shaft 29 at a 
little more than 600 revolutions per minute. The 
diameter of effective area of the diaphicagin , 
which is, of course, the diameter of the opening 
in chamber 2 covered by the diaphragm, may be. 
about 5 inches, and the diameter of plates 24 and . . 
26, about 4% inches. The stroke of the dia 
phragm, taken at the center, may be of the order 
of one-quarter inch, and in pumping Water from 
a shallow well in which the water level in the 
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well is about 18 feet below the pump and the 
Water is being pumped against a tank pressure of 
between 20 and 40 pounds per square inch, a pump 
With these dimensions constructed in accord with 
my invention will have a capacity of approxi 
mately 6 or 7 gallons per minute. 
Referring now to Fig. 2, which is a sectional 

view taken along line 2-2 of Fig. 1, it will be 
Seen that the suction chamber 37 is separated 
from compression chamber 5 by, a dividing wall 
52, and the bottom of each of the side Walls of 
each chamber conforms to a predetermined 
horizontal plane. A bottom portion 52 of the 
dividing Wall comprises a solid web member 
formed as a part of casting 3 extending under 
valve body member 43 and dividing the upper 
portion of chamber 2 into two compartments. A 
gasket 53 is arranged against the apertured lower 
face of the casting 4, and the body member 43 
of the valve assembly is disposed against the 
lower face of the gasket thereby to be sealed 
against the casting 4. A similar gasket 54 is ar 
ranged between the under side of the valve body 
member 43 and the upper face defined by the 
top of the walls of the pump chamber casting 3, 
including the top of the web member 52'. Bolts 
55 and 56 in connection with suitable lug ex 
tensions serve to hold the castings 3 and 4 tightly 
together against the valve body member and 
gaskets. The remaining portions of the pump 
as seen in Fig. 2, including the positions of the 
inlet and outlet conduits 38 and 39, indicated 
in dashed lines, and plug 50, motor 21, belt 22, 
pulley 23, trough O, bolts 7, flange f 5, diaphragm 
f, and plate 26 are each identified in this figure to 
accord with the above discussion in respect to , Fig.1. 
The construction of the valve assembly is most 

readily understood from a consideration of Fig. 
3, a top view of the assembly, and Fig. 4, a Sec 
tional detail view of a portion of the assembly 
taken along line 4-4 of Fig. 3, taken together 
with the sectional view of Fig. 2. 
The valve body member 43 is essentially a flat 

plate, but it is provided with a cup-shaped inlet 
portion 40 and with protruding bosses 46 and 
57, in the inlet portion, and bosses 58, in the 
outlet portion, only one of which is shown in 
the drawings. The body member is provided 
with three aligned inlet ports 42, three similar 
aligned outlet ports 53, and an inlet valve by 
paSS conduit 6 in the form of a Small opening 
extending through the body member and ar 
ranged to communicate constantly, that is with 
out being closed at any time, between the inlet 
or suction chamber 3 and the pump chamber 2. 
The outlet portion of the valve assembly com 

prises the movable valve plate 47, which is pref 
erably generally rectangular in shape. 
plate seats against a resilient seat member 6, 
which is preferably made of synthetic rubber, 
or the like, and which is preferably of the shape 
of plate 4 but slightly larger in dimensions. 
The resilient member 6 may be affixed to valve 
body member 43 by the use of a suitable adhe 
sive, although it has been found that so long as 
member 6 is not affixed to the movable plate 47 

it will remain stationary, whereby only the in 
ertia of plate 47 effects the speed of valve opera 
tion. As a result, the valve operates with great 
rapidity. Ports 59, of course, extend through 
both the member 43 and the member 6. BoltS 
62, as best shown in Fig. 4, extend through the 
plate 47 with a free or clearance fit and through 
the resilient seat member 6, and they are 
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6 
threaded into suitable tapped openings in bosses 
58 of body member 43. Two such bolts 62 are 
provided for the plate. 47, and the compression 
Springs 48 and 49, as seen in FigS. 1, 2 and 4, bias 
the plate 47 into the position to cover ports 59. 
When the pressure in chamber 2 increases Suf 
ficiently, plate 47 is lifted away from the surface 
of seat member 6 to permit the escape of 
liquid under the plate 4 into outlet or compres Sion Chamber 5. 
The inlet valve arrangement is similar to that 

of the outlet valve but is oriented to supply liquid 
to chamber 2 from the inlet or suction chamber 
37. Accordingly, valve plate 4f is seated against 
resilient member 63, which may be affixed if 
desired to the underside of the cup-shaped por 
tion 4 of valve body member 43. Ports 42 ex 
tend through the body member 43 and through 
the resilient member 63. Compression spring 44 
biases plate 4f into the seated position against 
the under Surface of member 63 to close the 
inlet valve by covering ports 42. It will be under 
stood that a Second spring similar to spring 44 is 
provided at the diagonal position indicated by 
boss 57 in Fig. 3 to act in the same manner at 
this Second portion of the plate. The bolt head 
45 seen in Figs. 1 and 2 which holds spring 44 
against plate 4f is arranged in a position under 
bOSS 46, as seen in Fig. 3, and a similar bolt head, 
not shown, is arranged under boss 5. The bolts 
for each plate. 4 and 47 are threaded into the 
tapped openings to a depth sufficient to provide 
the desired proper biasing force against the 
plates and are individually adjusted to equalize 
the biasing force of each respective spring of 
each plate, whereby the plates are lifted directly 
away from their valve seats by the actuating 
preSSure, and no substantial amount of tilting of the plates occurs. 
The bypass conduit or port 69 is seen in Fig. 2 

to Connect or communicate between inlet cham-. 
ber 3 and pump chamber 2 and is further seen 
to be Small as compared to the valve ports 42. 
in practice, the diameter of the conduit 60 may 
be approximately one thirty-second () of an 
inch, while the ports 42 are of about one-half 
inch in diameter. The ratio of the respective 
CrOSS Sectional areas of a valve port and of the 
bypass port, accordingly, is of the order of 250:1. 
These dimensions are approximate and are set 
forth to indicate the orders of magnitude only. 

Fig. 2 additionally discloses a 'snifter' valve 
64 in communication with the chamber 2. As 
shown, a valve cap 65 closes this valve. In use 
in a pressure tank water supply system, how 
ever, the cap is replaced by a tube connecting 
the 'snifter' valve to a control which admits air 
into the chamber 2 whenever the Water level in 
the pressure tank of the system rises above a 
predetermined point. When this occurs, air is 
admitted to the valve 64 and is sucked into the 
chamber 2 at each suction stroke of the pump to 
be pumped into chamber 5 and thence to pass 
into, the pressure tank of the system. Such con 
trol of pressure systems is known to those familiar 
With Such systems. The snifter valve itself con 
Veniently comprises a construction substantially 
identical to the valve commonly employed in 
automobile inner tubes and comprises a con 
ventional “valve inside' threaded into the tube 
identified as valve 64. - 

Fig. 5 is a view of the pump, partially cut away, 
taken from the end opposite that shown in Fig. 2. 
In Fig. 5, certain portions of the pump heretofore 
described have been identified by the reference 
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numerals corresponding to those used in Figs. i. 
through 4, and further description of many of 
these parts is not required in connection. With 
this figure since the descriptions heretofore given 
apply in the same manner. The drive arrangement for connecting rod 
is clearly Shown in Fig. 5 to comprise shaft 2 
supported to rotate in bearing inserts 66 and 67, 
which, in turn, are arranged in suitably bored 
bosses extending inwardly from the end walls 
into trough it. Oil is prevented from leaking 
along the shaft 2 out of the trough at opposed 
ends thereof by a sealing plug. 88 and by a shaft 
Oil Seal 63, respectively, the latter being prefer 
ably of the known type making use of a Syn 
thetic rubber member surrounding and held in 
contact with the shaft by means of an annular 
tension Spring. The shaft 2 is lubricated in 
bearings 6 and 37 by means of grooves or ducts 
76 formed on the lower inner surfaces of these 
bearings, the ducts being below the normal level 
of the oil . . The oil. So Supplied is permitted 
to drain back into the oil bath through openings 

bored through the top and bottom portions of 
bearings or bearing inserts 66 and 67 and through 
the bosses carrying these bearings. It has been 
found that the provision of openings is helps to 
retard punlp of oil toward the ends of the shaft, 
thereby to minimize oil leakage through the seals 
88 and $9. Housing 38, including the raised cen 
tral portion 34, prevents contamination of the oil 
passing through upward openings il, and pre 
Wents any of this oil from Splashing out of the 
trough. The trough cover 33 is held in place by 
bolts 2, which thread into the trough body, and 
a gasket 3 is preferably provided under the cover 
to prevent any leakage out under the edges 
thereo. Fig. 6 is a top view taken along the line 6-6 
of Fig. 5 and clearly discloses bosses 4 and 75 
which, respectively, hold bearing inserts S6 and 
6, and which are formed as part of the end walls 
of the casting comprising the trough. 
Openings extend down through the bosses 

to communicate with the bearing surfaces of 
Shaft 42. Holes F6 extend into the trough body 
and are internally tapped to receive the cover 
hold-down bolts. The positions of the set screw 
access opening 35 and of the set screw 34 are fur 
ther shown in Fig. 6. It will be noted that the 
shaft is shown not in the position to provide 
access to the set screw in this view. Fig. 6 also 
shows the oil fill opening 32 and plug 33. 
Arms 3 are partly shown in each of Figs. 5 

and 6, these arms being provided to connect the 
portion of casting 6 which comprises the oil 
trough to the portion of this casting which 
includes the flange f4 for the outer face of the 
diaphragm, as described in connection with Fig. 
1. It Will be understood that the motor pivot 
bolts 58' are threaded into suitable upward ex 
tensions of the arms 3 to support the motor 
In Ounting platform. This arrangement will be 
most readily understood by taking Figs. 1 and 5 
together. In typical Operation of the pump in a shallow 
Well and pressure tank water supply system, an 
extension of pipe or conduit, 38 may lead down a, 
Well into a body of water, of which the level 
should not be ignore than about 22 feet below the 
pump, the conduit terminating below the water 
level in a foot Valve, and an extension of pipe 39 
may be connected to a pressure tank which is to 
be partially filled with water, the remainder of 
the tank above the water to contain a pocket 
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8 
of air under pressure. The pressure in the tank 
may be maintained by the pump at from about 20 
to about 40 pounds per square inch, and suitable 
automatic controls are preferably provided to 
maintain the desired Water level, or pressure, or 
both, in the tank. Such controls may, for ex 
ample, start the pump motor when the tank pres 
Sure drops to a, predetermined mi)inum, Such as 
20 pounds per square inch, shut off the notor 
when the pressure reaches a desired maximum, 
such as 40 pounds per Square inch, and may ad 
mit air to the displacement chainber through 
“Snifter' valve 6A. When the Water level exceeds 
a predetermined height in the tank, whereby the 
pump will force additional air into the tank. 
The pump is prepared for initial operation in 

such a system by removing priming plug 53 and 
filling the inlet or suction chamber 37 and con 
duit 36 with clean water, thereafter replacing 
the plug. As the pump motor StartS operating to 
drive plates 25 and 26 and diaphragm in and 
out of chamber 2, it is necessary that the water 
in chamber 3 be drawn into the pump chamber 
2, since the pump chamber would otherwise con 
tinue full of air and no waive Operation or punp 
action would occur. As the pump starts Opera 
tion, it is necessary, if water is to be drawn into 
the pump or displacement chamber from the suc 
tion chamber through the inlet valve, that the 
pressure in the pump chamber in ust be reduced 
below atmospheric pressure by an aimount slightly 
greater than the head of water above the Well 
level plus the spring biasing force against inlet 
valve plate 4. To fulfill this requirement, the 
pressure in the pump chamber may have to be 
reduced, for example, by almost One-half at 
mosphere. The volumetric change in the pump 
chamber produced by a stroke of the diaphragm, 
however, is a small percentage of the total 
Volume. Accordingly, except for the provision of bypass 
opening 60, it is probable that pumping Would 
not start. This opening provides an escape for 
some of the air originally in the pump chamber 
back into the suction chamber. On a Suction 
stroke, as the pump is started, a very Small 
amount of water is drawn into the pump cham 
ber, although no water may be drawn from the 
well into conduit 38 through the foot valve, as 
permitted by expansion of the air trapped in the 
inlet system, and this will occur even though the 
annount of Such air is very Small. The Water SO 
Sucked in falls to the botton of the pump chain 
ber, and on the following compression stroke 
some air is forced upWardly through bypass con 
duit 63 to bubble up to the top of the Suction 
chamber. At the same time air may or may not 
be pumped through the outlet waive depending on 
the back pressure in the outlet System and the 
Spring bias on the outlet Valve plate. In either 
case, the next, suction stroke will produce in 
creased suction force, that is, a lower absolute 
pressure in the pump chanber, which will suck 
a larger amount of Water from the inlet chanber. 
The increased amount of air in the inlet Systern 
assistS, of course, in this increase, as does the 
Water in the pump chamber. The next compres 
Sion stroke forces additional air through conduit 
6 further to increase the intake of water into 
the pump chamber on the succeeding suction 
Stroke. As more and more water enters the 
pump chamber, the tendency is to pump increas 
ingly great amounts of air into the outlet cham 
ber at each compression stroke, since a greater 
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air pressure is produced when the pump cham 
ber contains more Water. 
As the pump chamber fills more and more 

with water, the absolute pressure in the pump 
chamber at each suction stroke becomes lower 
and lower, and when the pump chamber becomes 
perhaps one-half or two-thirds full of water, 
the pumping in of Water through the well foot 
Valve may start even though the well water level 
may be 5 feet below the pump. The remaining 
air in the pump chamber is now rapidly pumped 
out into the outlet System and the pump is com pletely in operation. 
The conduit 60 further operates automatically 

to overcome obstacles which would otherwise 
prevent pumping. For example, if the well level 
is very low, or if the pressure in the outlet sys 
ten or the bias on the outlet valve plate is high, 
Or if the foot valve is leaky, a large pocket of 
air may have formed in the suction chamber 
by the time the pump chamber is filled with 
Water. In this case, the water level in the suc 
tion chamber may drop to the level of conduit 60 
but it will not ordinarily drop below. It is be 
lieved that the reason is that on suction strokes 
occurring after the water level reaches the con 
duit a Substantial amount of air is drawn in 
through the conduit 60 now not covered with 
water. This air, entering in the form of a jet, 
mixeS. With the Water in the pump chamber and 
forms bubbles or pockets of air at the outlet 
valve ports. On compression strokes some air 
and Water are forced back into the Suction cham 
ber through conduit 60 partially replenishing any 
water that may have been Sucked through the 
inlet valve and the air in the pockets around the 
outlet valve ports is pumped into the outlet 
chamber. The net result is to remove at least 
Some air from the suction chamber and to pump 
this air into the outlet chamber, while retaining 
in the Suction chamber at least enough water to 
keep the inlet valve plate thoroughly wet and 
probably enough under most circumstances to 
keep the cup-shaped portion 40 of valve body 4f 
Substantially filled. - 

When sufficient air has thus been pumped from 
the inlet chamber, water will enter from the well 
through conduit 38 to cover conduit 60. As the 
water starts to flow in through conduit 38, the 
Suction chamber will still contain a large volume 
of air. As pump operation continues, however, 
this air mixes with the water entering the pump 
chamber, and after an extended period of opera 
tion, little or no air Will remain in the Suction chamber. 
A further in portant advantage of the conduit 

60 is in removing the starting load on the pump 
motor and in providing only a relatively small 
force on the diaphragm during stand-by periods. 
After a period of pumping, the motor being de 
energized, the pressure in the pump chamber is 
equalized with the suction chamber pressure, dis 
regarding the relatively. Small head of Water in 
the pump and suction chambers themselves, be 
cause of unobstructed conduit 60. The resultant 
pressure, differential on the opposite faces of the 
diaphragm is thus equal to the force necessary 
to maintain the water in conduit 38 above the 
level in the well, assuming that Some leakage may 
occur, through the foot valve. This force is of 
the order of one-half atmosphere or less and is 
equal to the difference between the atmospheric 
pressure on the outer face of the diaphragm and 
on plate 24, and the lower pressure of the water 
in the pump chamber on the other face of the 
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diaphragm and on plate 26. If the difference 
in head between the diaphragm and the Well 
water level is 17 feet, the differential pressure 
will be about 7 pounds per Square inch. Of 
course, if the foot valve does not leak at all, the 
force may be much less or substantially zero. 
PumpS in accord With the invention have dem 

onstrated that starting against a pressure of the 
Order of One-half atmosphere, or less, is a great 
deal more certain than would be starting, for 
example, against a storage tank pressure of 20 
pounds per Square inch. The life of the dia 
phragin is also increased when it is subjected to 
the lower differential pressure during stand-by 
periods. It Will be noted that the differential 
preSSure on the diaphragm during stand-by pe 
riods as given in the above example is With the 
aSSuinption that the foot valve at the lower end 
of the inlet conduit is leaky. As mentioned above, 
if the foot valve does not leak, the differential 
preSSure on the diaphragm, when conduit 60 is 
provided as described, will be appreciably less. 

It is to be further noted that a small pocket 
of air in the suction chamber will permit, together 
with conduit 69, slow Speed operation of the pump 
with very low load on the motor since Water may 
be slowly forced in and out through conduit 60 
to expand and contract the air pocket. Conse 
quently, in my invention, a motor may be em 
ployed having a starting torque much lower than 
that required in pumps so arranged that the first 
motion of the diaphragm on starting may have 
to be against the full Storage tank pressure. 

A. Still further advantage of conduit 6) lies 
in its effect in maintaining more constant the 
load on the pump motor in pumping against 
varying storage tank pressures. For low tank 
preSSures, very little water is forced back through 
conduit 60 from the pump chamber into the suc 
tion chamber on each pressure stroke, since the 
pump chamber pressure increases only to a value 
necessary to force the water through the outlet 
valve against this low pressure, but as the tank 
pressure is increased, the pump chamber pres 
Sure will also increase. At greater pressures, 
however, more water will be forced back through 
the conduit 60. Delivery of water to the outlet 
chamber during each pressure stroke is thus de 
creased, and the portion of each stroke during 
which the motor must operate to overcome the 
full tank pressure is decreased. Accordingly, 
while there is some loss in efficiency, the pump 
Will operate automatically to provide a higher 
maximum delivery rate at low pressures and a 
higher maximum pressure at lower rates without 
overheating or overloading the motor. 
From the foregoing discussion, it will be ap 

parent that several of the advantages stemming 
from the provision of conduit 6 depend in part 
on the specific location of the conduit above the 
level of the inlet valve and approximately at 
the level of the outlet valve, while others of the 
advantages are at least partially independent of 
its position. For instance, the specific location 
of the conduit is much less important insofar 
as its function, just discussed, of stabilizing the 
motor load is concerned than in its priming func 
tion earlier considered, wherein its location above 
the inlet valve and below the level of the connec 
tion of the inlet conduit With the inlet chamber are of more importance. 
While I have shown only certain preferred en 

bodiments of my invention by way of illustration, 
may modifications will occur 'to those skilled in 
the art, and I therefore wish to have it under 
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Stood that I intend, in the appended claims, to 
cover all such modifications as fall. Within the 
true Spirit and scope of my invention. 
What claim as new and desire to Secure by 

United States Letters Patent is: 1. In a diaphragm pump, means forming a 
pump chamber having a top Wall and a side wall 
comprising a Substantially vertical flexible dia 
phragm, an inlet flap valve and an outlet flap 
Valve in Said top wall, means forming an inlet 
chamber and an outlet chamber each disposed 
above Said pump chamber and arranged for 
periodic alternating communication therewith 
through said respective valves, and a conduit rela 
tively much smaller than said inlet valve in com 
munication between said inlet chamber and said 
pump chamber at least while said inlet valve is 
closed. 2. In a diaphragm pump, the combination in 
accord with claim 1 wherein Said outlet valve and 
Said coinduit, are each located higher than Said 
inlet valve. . 3. In a positive displacement pump, means 
forming a purp chamber having a top Wall and 
a horizontally movable side wall, inlet and outlet 
Valves mounted in the top wall of said chamber, 
a suction chamber separated by said inlet Valve 
fronn Saidpuig channer, and a conduit of much 
Smaller capacity than said inlet valve and in 
bypassing relation thereto. 4. In a diaphrag:t) pump, a pump chamber 
having a top wall including inliet and outlet valve 
ports and a side wall including a movable dia 
phragm, said top Wall being formed to dispose 
said inlet valve port approximately at the level 
Of the top of the movable portion of Said dia 
phragm and to dispose Said outlet Valve port at 
a higher level, a Suction chamber and an outlet 
chamber connunicating With Said pump cham 
ber through said respective valves, inlet and out 
let valve ports, said top wall having a relatively 
restricted opening therethrough in bypassing re 
lation to said inlet Valve port. 5. In a positive displacement pump, a displace 
ment, chainber having a top opening, a valve as 
Sembly comprising a generally flat base plate 
proportioned to cover Said opening and having 
a first portion and a Second cup-shaped portion, 
a port in said first portion, a Second port in Said 
Cup-shaped portion, Said base plate and top open 
ing being arranged to be substantially horizon 
tally disposed to positioia Said ports at different 
respective upper and lower levels, a valve plate 
below said base plate biased to cover said lower 
level port and a second valve plate above said base 
plate bised to cover said upper level port. 

6. In a positive displacement punp, a displace 
ment chamber having a top opening, a valve as 
sembly comprising a generally flat base plate 
proportioned to cover Said Opening and having 
a first portion and a second cup-shaped portion, 
a port in Said first portion, a Second port in said 
cup-shaped portion, said base plate and top open 
ing being 3rranged to be Substantially horizon 
tally disposed to position Said respective ports at 
different respective levels, whereby one said port 
is at an upper level higher than the relatively 
lower level of the other said port, a valve plate 
below Said base plate biased to cover said lower 
level port and a second valve plate above said base 
plate biased to cover Said upper level port, and 
an opening nuch Smaller than said ports extend 
ing through said base plate at the approximate 
level of said upper level port in bypassing relation 
to said lowerievel port. 
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7. In a positive displacement pump, a displace 

ment chamber having a generally horizontal 
upper wall, said upper wall being provided with 
an opening, and an inlet chamber, a valve assem 
bly comprising a generally flat base plate cover 
ing Said opening, an inlet port and an Outlet port 
extending through Said base plate, a perforate 
I'esilient sheet member disposed against the lower 
face of Said base plate to register a perforation 
therein with said inlet port, a Second perforate 
resilient sheet member disposed against the upper 
face of Said base plate to register a perforation 
therein with said outlet port, a valve plate for 
each said port biased to seat against said respec 
tive sheet members, Said inlet chamber being 
Separated from said displacement chamber by a 
portion of said base plate partially covered by 
said first sheet member and said inlet port valve 
plate, and an opening within the bounds of said 
portion of Said base plate constantly in communi 
cation therethrough between said inlet chamber 
and Said displacement chamber. 8. In a positive displacement liquid pump, a 
displacement chamber having a top opening, a 
valve assenbly comprising a generally flat base 
plate proportioned to cover Said opening, spaced 
perforations in Said plate forming valve ports, a 
valve plate for each face of Said base plate to 
cover respective distinct Ones of Said ports therein 
and Spring means to bias said valve plates toward 
port covering positions, thereby to form an inlet 
and an outlet Valve, a resiliest sheet member dis 
posed between each said valve plate and said base 
plate and having perforations to register with 
Said ports to afford a resilient valve seat for each 
Said valve plate, Said base plate having a bypass 
Opening through Said base plate adjacent one of 
Saidports therein which is part of said inlet valve, 
Said bypass Opening being continuously open and 
much more restricted than said ports. 9. In a positive displacement pump, a displace 
ment chanaber having a top opening, a valve as 
Sembly comprising a generally flat plate propor 
tioned to cover said opening and having a cup 
shaped portion, an inlet port and an outlet port 
extending through said plate, one of said ports 
being in Said cup-like portion and the other 
Spaced from Said portion, movable valve members 
for said inlet and outlet ports, respectively, means 
to bias Said members toward said plate to cover 
Said respective ports, and resilient sheet means 
disposed between said valve members and said 
plate perforated to register with said ports to 
provide a resilient seat for each said valve mem 
ber at each said port. - 10. In a positive diplacement pump, an open 
top pump chamber and inlet and compression 
chambers, said inlet and compression chambers 
being Open at the bottom and being disposed side 
by Side above Said pump chamber, a valve assem 
bly to be interposed between said pump chamber 
and Said inlet and compression chambers, said 
Valve assembly comprising a metal member shaped 
to lie against the rim bounding the top opening 
of Said pump chamber on one side and against 
the rins of Said inlet and compression chambers 
On the other side, a first portion of said member 
Separating Said compression chamber from said 
pump chamber and a second portion separating 
Said inlet chamber from said pump chamber, said 
first portion having a flat area on said compres 
Siora chamber side and said second portion having 
a flat area on Said pump chamber side, respec 
tive resilient seat members for each said area 
covering at least a portion thereof and respective 
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ly disposed on respective faces of said metal mem 
bers, at least two aligned ports for each Said area, 
each said port extending through said metal mem 
ber and said respective seat member, a movable 
valve member comprising a metal plate for each 
said area, disposed to lie against said respective 
seat members to close said ports, means to Spring 
load said plates into port closing position and ar 
ranged to permit said ports to open in response 
to predetermined differential pressures on said 
respective plates acting in opposition to the re 
spective spring-loading thereof, and a continu 
ously open bypass conduit formed through Said 
metal member communicating between said inlet 
chamber and said pump chamber, Said bypass 
conduit being relatively much more restricted 
than said valveports in said Second portion. 

11. In a positive displacement pump, an open 
top pump chamber and inlet and compression 
chambers, said inlet and outlet chambers being 
open at the bottom and being disposed side by side 
above Said pump chamber, a valve assembly to 
be interposed between said pump chamber and 
said inlet and compression chambers, said valve 
assembly comprising a metal member shaped to 
lie against the rim bounding the top opening of 
said pump chamber on One Side and against the 
rims of said inlet and compression chambers. On 
other side, a first portion of Said member Sep 
arating, said compression chamber from said 
pump chamber and a second portion separating 
Said inlet chamber from said pump chamber, 
said first portion having a flat area, on Said com 
pression chamber side and said second portion 
having a flat area, on Said pump chamber side, re 
spective resilient seat members for each said area, 
covering at least a portion thereof and respec 
tively disposed on respective faces of said metal 
members, at least two aligned ports for each said 
area, each said port extending through said metal 
member and said respective seat member, a mov 
able valve member comprising a metal plate for 
each said area, disposed to lie against said re 
spective seat members to close said ports, means 
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to spring-load said plates into port closing posi 
tion and arranged to permit said ports to open 
in response to predetermined differential pres 
sures on said respective plates acting in opposi 
tion to the respective spring-loading thereof, and 
a continuously open bypass conduit communicat 
ing between said inlet chamber and said pump 
chamber, said bypass conduit being relatively 
much more restricted than said valve ports in said Second portion. 

12. In a positive displacement liquid pump, a 
displacement chamber, outlet valve means for said 
chamber, an inlet System for Said pump Con 
prising a suction chamber to retain a volume of 
the liquid to be pumped, inlet valve means Sep 
arating said suction chamber and said displace 
ment chamber, and a conduit member distinct 
from Said inlet valve means providing a passage 
Way communicating directly between said dis 
placement chamber and said suction chamber in 
bypassing relation to said inlet valve means. 

13. In a diaphragm pump, a pump chamber, 
an inlet valve and an outlet valve closing said 
chamber, an inlet chamber communicating with 
Said inlet valve and having an inlet opening above 
Said inlet valve, said pump chamber being posi 
tioned with respect to said inlet opening to dis 
pose at least a portion of said pump chamber 
below said inlet opening, a restricted, continu 
ously open conduit communicating at a level be 
low Said inlet opening between said inlet chamber 
and Said pump chamber. 
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