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My -invention relates to positive displacement ment; and Fig. 6 is a top view of g bart of the
pumps. and parts thereof, and particularly con- drive arrangement taken on line §—g of Fig. 5
cerns diaphragm pumps. ‘ and comprising members shown in the right hand

A general object of my invention is to provide portion of Fig, 1.
an improved diaphragm bump, and, more specifi- 5 Referring now to the drawings, Fig. 1 discloses
cally, to -improve the reliability ‘and operating & pump comprising g, diaphragm | operating in,
efficiency of diaphragm pumps. and forming,the movable wall of, a displacement

A specifie object of my. invention is to provide Or pump chamber 2 In a casting 2. An - inlet,
an improved diaphragm bump of the type having vacuum, or suction chamber and an outlet, dis-
a vertically disposed diaphragm, to minimize 19 charge, or compression chamber are provided in

lubrication difficulties in such bumps, and to pro- a casting 4, and this casting is attached 4o the

" vide self-priming characteristics and improved casting 3 with the inlet and- outlet chambers
valve operation thereof. Séparated from the bump chamber by g valve
It is a further specific object to provide a self- assembly 5. A third major casting 6 is attached
Ppriming diaphragm pump wherein the diaphragm 15 to the bump chamber casting 8 by means of bolts
is not subjected to the pressure of the outlet con-: T, and comprises mounting legs 8 and 8 to sup-
duit when the pump is idle. bort the whole bump assembly, g trough or basin

Another object is to provide a flap. of futter 10 partially filled with 8 quantity of oil 1, gnd
valve construction, barticularly adapted for ‘use bearings for g main drive shaft {2, Arms 3
in positive displacement, bumps, which is inex. 20 connect the trough to an annular flange portion
Pensive, readily fabricated, rugged and wear 14, and the flange portion is bolted by kol
resistant, and which acts rapidly and positively. the flange 15 of the pump chamber casting 3 to

A further specific object of my invention is to clamp the beripheral portion 16 of the circular
~provide g diaphragm bump-in which the load diaphragm between the flanges. A yoke or con-
imposed on the driving mechanism is maintained 95 necting rod (7 is arranged to drive the dig-
approximately constant through a wide range of bhragm in and out of bump chamber 2 through
differential Dressures across the pump. ‘ the operation of a journal g having an eceentric

An additional object is to minimize, in g liquid bore which is earried on the shaft 12 and rotates
pump, erratic operation ‘and wearing effects due with the shaft in g bearing 19 in boss 29 of the

to sand or other foreign matter in ‘the liquid. 30 connecting rod I71. Shaft §2 is rotated by a suit-
The specific embodiment of my invention de- able motor 21, which; through belt 22, drives g

seribed herein, and shown in the accompanying bulley 23 mounted on the end of shaft 3.

drawings, comprises a diaphragm Pump particu- Diaphragm { may be a flat sheet or disc of

larly adapted .for Pumping water from g shallow rubber, synthetic Tubber, leather, or other suit-
well. and - for similar burposes, but it will be 35 able material, ang it completely closes the circu-
apparent that severa] features of my . invention lar opening in the right hand side of the casting

are adapted to other apparatus and other uses. 3, being there held in place between the fanges
_These nove] features which I believe to.be char- 14 and i5 by means of the bolts 7. These bolts
acteristic of my invention are set forth with par- bass through suitable openings in the flange 14

ticularity in the appended claims. My invention 4, and in the peripheral portion € of the dia-
itself, however, both as to its organization and phragm, and are threaded into bores in the
method of operation, together with further ob- flange 15.

jects and advantageg thereof, may best be under- Connecting rod {7 terminates at the dia-
stood by reference to the following deseription phragm in an enlarged plate 24, of which the
taken in connection . with the accompanying 45 face 25 in contact with the diaphragm is suitably
drawings, in which Fig. 1 is g partially section- beveled from g flat central portion in the direc-
alized side elevation of g bump in accord with tion away from the diaphragm with the edges
my . invention; Fig, ‘2 is a sectional view taken slightly - roundeq ' to prevent cutbing -of the
along the line 2--2 of Pig. 1; Fig. 3 is a top view diaphragm. Facing the plate 24 on the other
of: the inlet and outlet valve assembly for the 59 side of the diahpragm ig a second substantially
bump of Figs. 1 agnd 2; Fig. 4 i a detai] side view similar plate 26 bolted by bolis 27 through the
of a portion of the valve assembly of Fig. 3; Mg, diaphragm to the plate 24. These bolts 27 ex-
5is a right hand end view of the bump of Fig, 1 tend through the flat central portions of the
with - several of the parts broken away more. ... Plates, and ng leakage through the diaphragm
clearly to disclose bortions of the drive arrange-' 55 ean oceur since the diaphragm acts as a gasket,
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or washer for each of the bolts 217 and the bolt
holes in the plates 24 and 26. Starting from the
diaphragm, the connecting rod 17 is shaped or
formed in an upward direction for most of its
length, and terminates in & downward extension
which, in part, comprises boss 20. Accordingly,
boss 20 may be disposed in the path of oil il
in the trough 10 while the connecting rod extends
up and over the retaining wall 28 of the trough,
and any extension of. the wall, such @8 is pro-
vided by the portion 29 of splash cover 30. This
splash cover comprises a hoodlike central portion
31 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 & predeter-
mined desired level of the oil bath {1 through a
pipe elbow 32 closed by a plug 23. 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 12.

Bearing 19 in boss 2g of connecting rod 17T may
comprise a bearing insert, as shown, 0T it may be
simply 2 smooth cylindrical pore extending
through the boss 2§. This bearing {9 cooperates
with the cylindrical surface of journal member
i8, thrq_ugh which extends an eccentric cylin-
drical bore to receive shaft 12. 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 & keyway
or indentation in shaft £2. Accessto the set screw
34 ig provided by means of an opening 35 extend-
ing through the woss 28 and hearing insert {9, the
opening 35 being preferably jarge enough freely
to pass set screw 34. Alternatively, set serew 34
may be sufficiently short to be withdrawable com-
pletely into eccentric journal member 18 to clear
the shaft 12 at the inner end and the surface of
pearing {8 at the outer end. Adjustments to the
set screw are made by rotating shaft 12 until
the set screw aligns with the opening 38§, per-
mitting the insertion of a seb sCrew wrench or
screwdriver, as required, through the opening 35.
This operation is performed after the removal
of the hood portion 31 of splash member 36, the
hood being removably attached thereto by bolts
38.

The opening 3% which serves as the set serew ac~
cess hole further operates to improve the lubrica-
tion of the bearing. Oil from the bath 1 i 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 pearing insert 19. 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 3%5.

Casting 4, which comprises an inlet, vacuum or
suction chamber 37, and an outlet, discharge or
comrression chamber not seen in Fig. 1, is pro-

[

10

15

20

30

40

45

60

65

70

75

vided with an inlet conduit 38 communicating
with the suction chamber 31, and an outlet con-
duit 39 communicating with the corapression
chamber. The inlet chamber is separated from
the pump oY displacement chamber 2 by the in-
et portion 48 of valve plate &1 covering a plu-
rality of inlet valve ports 42 formed in the metal
body member 43 of the valve acsembly. The mov-
able valve plate 4i is spring-loaded into the posi-
tion to seal ports 52 by means of a compression
spring 44 surrounding and bearing against the
head 45 of a halt threaded into a boss 4% formed
as part of the valve body 43. Two such springs,
Dolts, and bosses are provided for the inlet valve
plate of the assembly § and an equal number for
the outlet valve plate. &7. As shown in Fig. i, in
dotted lines, the outlet valve comprises a valve
plate 47, biased toward closing position by com-
pression springs 48 and 48. -

1t will be understood that valve plate 41 isolates
the suction chamber 31 from pums chamber 2
until the pressure in the pump chamber is suffi-
ciently reduced to permit the pressure in ¢ham-
her 37 to overcomie the force of springs 44 and 1o
1ift, in the downward direction, plate 4% from
its seated positicn, thereby to partially uncover
ports &2. The plate 41, on the other hand, re-
mains seated te isolate the compression chamber
from the pump chamber until the pump chara-
ber pressure is sufficient to Uit plate 41 upwardly
against the biasing force of springs 48 and 89 to:
uncover the outlet valve ports.

A suitable priming opening to permit the initial
filling of chamber 37 and preferably conduit 38 is
provided at the top of the suction chamber 37 and
may be closed by & plug B0. ~

The motor 21, as shown in this fgure, is mount-
ed on a platform pivotally supported by bolts 59,
Belt tension is readily adjusted by pivoting the
motor and motor deck about boits 50’7, with the
bolts slightly joosened, and thereafter tightening
the bolts to hold the motor in its adjusted posi-
tion. A further understanding of the motor
mounting will be had from a later consideration
of Fig. 5.

Rotation of shaft 12 and journal 18 in bearing
19 resulting from motor operation causes the boss
28 to travel in a circular path. This motion of
the boss is transiated into an horizontal recti-
linsar component at the center of face 25 of plate
24, ‘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-
cregse and decrease the volume and hence the
pressure in the chamber. A slight tilting motion
is also imparted to the plates but this is of small
consequence and may pe readily reduced if de-
sired by increasing the distance petween shaft 28
and diaphragm {. The centers of plates 24 and
26 are preferably at approximately the same-
height above the ground or foor as the center
of shaft 28.

The motor 21,in a typical construction, may he-
rated at one-third horsepower atb 1860 revolutions
per minute, oF & little less, and the ratio of pulley
diameters may be such as to drive shaft 26 at &
1ittle more than 600 revolutions per minute. The
diameter of effective area of the dizphragi £,
which is, of course, the diameter of the opening
in chamber 2 covered by the diaphragm, may be.
about b inches, and the diameter of plates 24 and -
26, about 4% inches. The stroke of the dia-
phragni, taken at the center, may be of the order
of one-quarter inch, and in pumping water from
2 shallow well in which the water level in the,
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well is about 18 feet below the pump and the

Wwater is being bumped against g tanl; bressure of

mately S or 7 gallons per minute,
Referring now
view taken along
seen. that the stuction chamber 37 is separated
- from compression chamber 5i by.a dividing wall
52, and the bottom of each of the side walls of
each - chambper conforms to g predetermined
horizontsl plane, A bottom portion 52’ of the
dividing wajl comprises g solid wep Imember
formed ag a part of
valve body member

face of the easting 4, and the body member 43
of the valve assembly is disposeq against the
lower face of the gasket thereby to be sealed
against the casting 4. A similar gasket 54 is ar-
Tanged between the under side of the valve body

inlet and outlet conduits 38 ang 39, indicated
in dashed lines, ang plug 50, motor 21, belt 22,
bulley 23, trough | 0, bolts 7, flange {5, diaphragm

i, and plate 25 are each identified in this figure to s
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-

taken along line 4—4: of Fig, 3, taken
with the sectional view of Fig. 2.

The valve body member 43 is essentially a flat
vlate, but it is provided with g cup-shaped inlet,
portion 40 ang with protruding bosses

together

with three aligneq inlet ports 42, three

which is preferably ‘made of synthetic rubber,
or-the like, and which is preferably of the shape
of plate 47 but slightly larger in dimensions.
The resilient member 61 may be affixed to valve

rapidity. Ports 89, of course, extend through
both the member 43 and the member §i.
62, as best shown in Fig. 4, extend through the
plate 47 with a free or clearance fit ang through
the resilient seat member 6 > ‘and they are

member 6,
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threaded into suitable tapped openings in bosses
58 of body member 43. Two such bolts 62 are
brovided for the blate. 47, and the compression
springs 48 and 49, as seen in Figs. 1, 2 ang 4, bias

42 ex-
will be under-
to spring 44 ig

this second bortion of the plate.

The bolt head
43 seen in Figs. 1 and 2 which holds Spring 44
against plate 4 is arranged in a pogition under
boss 46, as seen in Fig. 3, and g similar holt heaq,
not shown, ig arranged under boss 87. 'The bolts
for each plate 4i ang 47 are threaded into ‘the
tapped openings to g depth sufficiens to provide
the 'desired broper biasing force against the
blates and are individually adjusted to equalize
the biasing force of each respective spring of
each plate, whereby the plates are lifteq directly
away from their valve seats by the actuating
Bressure, and no substantial amount of tilting
of the plateg oceurs,

The bypass conduit or port 69
to connect or communicate between inlet cham-.
ber 287 and bump chamber 2 ang is further seen
to be small ag compared to the valve borts 42.
In practice, the diameter of the conduit 68 may
be approximately one thirty-secong (&%) of an
inch, while “the borts 42 are of about one-half
inch in diameter. The ratio of the respective
Cross sectional areas of 2 valve port angd of the
bypass port, accordingly, is of the order of 250:1,
These dimensions gre approximate and are set
forth to indicate the orders of magnitude only.

Fig. 2 additionally discloses g “snifter” valve
64 in communication with the chamber 2. As
shown, a valve cap 65 closes this valve,
in a pressure tank ‘

is seen in Fig. 2

into the chamber 2 whenever the water level in
the pressure tank of the system riseg above g
bredetermineq point. When thig 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 51 ang 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 itgelf con-
veniently comprises a construction substantially
identical to the valve commonly employed in
automobile inner tubes and comprises g con-
ventional “valve inside” threaded into the tube
identifieq ag valve 64,

Fig. 51is a view of the pump, bartially cut away,
taken from the i i
Fig. 5, certain bortions of the bump heretofore
described have been identifieq by the reference .
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mumerals corvespornding to those uséd in Figs. 1
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 11
is clearly shown in wg, 5 to comprise shaft 12
supported to rotate in bearing inserts &6 and 67,
which, in turn, are arranged in suitably bored
bosses extending inwardly from the end walls
into trough 0. Ofl is prevented from leaking
along the shaft {2 out of the trough at opposed
ends thereoi by & sealing plug §8 and by a shaft
oil seal 89, 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
pearings 8% and ¢1 by means of grooves or ducts
78 formed on the jower inner surfaces of these
pearings, the duets being below the normal level
of the oil {l. The oil so supplied is permitted
to drain back into the oil bath through openings
11 bored through the top and bottom portions af
bearings or bearing inserts 68 and 67 and through
the hosses carrying these bearings. It has been
found that the provision of openings T8 helps t0
retard pump of oil toward the ends of the shaft,
thereby to minimize oil leakage through the seals
62 and §9. Housing 39, including the raised cen-
tral portion 3, prevents contamination of the oit
passing through upward openings Tl, and pre-
vents any of this oil from splashing out of the
trough. The trough cover 36 is held in place by
bolts 72, which thread into the trough body, and
o gasket 13 is preferably provided under the cover
to prevent any leakage out under the edges
thereoi.

Fig. 6 is a top view taken along the line 6—6
of Fig. 5 and clearly disclozes bosses 15 and 1%
which, respectively, hold bearing inserts 56 and
7, and which are tormed as part of the end walls
of the casting comprising the trough.

Openings 11 extend cown through the bosses
to communicate with the bearing surfaces of
shaft 2. Foles T6 extend into the trough hody
and are internally tapped to receive the cover
nold-down bolts. The positicns of the.set screw
access opening 38 and of the set serew 34 are fur-
ther shown in Fig. 6. Tt will be noted that the
shaft is shown pot in the position to provide
access to the set sCrew in this view. Fig. 8 also
shows the oil fill opening 32 and plug 33.

Avms 13 are partly shown in each of Tigs. B
and 6, these arms being provided to connect the
portion of casting & which comprises the oil
trough 1§ to the portion of this easting which
includes the flange {4 for the outer face of the
diaphragm, as described in connection with ¥Fig.
1. It will be understood that the motor pivol
bolts 58’ are threaded into suitable upward ex-
tensions of the arms i3 to support the motor
mounting platiorm. This arrangement will be
most readily understood by taking Figs. 1 and 5
together.

Tn. typical operation of the pump in a shallow
well and pressure tank water supply system, an
extension of pipe or conduit 3% may lead down &
well into a body of water, of which the level
should not be more than about 22 feet below the
pump, the conduit terminating below the water
ievel 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
autornatic controls are preferably provided. to
maintain the desired water Jevel, or pressure, or
both, in the tank. Such controls may, for ex-
ample, start the pump motor when the tank pres-
sure drops to & predetermined minimum, such as
90 pounds per square inch, shut off the motor
when the pressure reaches a desired maximum,
such as 40 pounds per sguare inch, and may ad-
mit air to the displacement chamber through
«snifter” valve 64 when the water 1evel exceeds
a predetermined height in the tank, whereby the
pump will sorce additional air into the tank.

The pump is prépared for initial operation in
such @ system by removing priming plug 58 and
filling the inlet or suction chamber 37 and con-
duit 38 with clean water, thercafter replacing
the plug. As the pumb motor starts operating to
drive plates 24 and %6 and diaphragm { in and
out of chamber 2, it is necessary that the water
in chamber 3% be drawn into the punp chamber
2, since the pump chamber would ctherwise con-
tinue full of air and no valve operation or pump
action would occur. Ag 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 must be reduced
below atmospheric pressure by an amount slightly )
greater than the head of water above fhe well
level plus the spring biasing force against inlet
valve plate 41. 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 & stroke of the diaphragm,
however, is @ small percentage of the total
volume.

Accordingly, except for the provision of. bypass
opening 68, it is probable that pumping would
not start. This opening provides an escape for

_seme of the air originally in the pump chamber

back into the suction chamber. On a suction
stroke, as the pump ig started, a Very small
amount of water is drawn into the pump cham-
ber, although N0 water may be drawn from the-
well into conduit 38 through the foot valve, as
permitted by expansion of ‘the air frapped in the
inlet system, and this will occur evenl though the
amount of such air is very small. The water so
sucked in falls to the bottom of the pump cham-
per, and on the following compression stroke
some air is forced upwardly through bypass con-
duit 68 to bubble Up to the top of the suection
chamber. Ab the sameé time air may or may not
be purped through the outlet valve 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 chamber, which will suck
a larger amount of water from the inlet chamber.
The increased amount of air in the inlet system
assists, of course, in this increase, as gdoes the
water in the pump chamber. ‘The nexh compres-
sion stroke forces additional air through conduit
60 further to increase the intake of water into
the pump chamber on the succeeding suction
stroke. As Imore 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
ber containg more water. ‘
. As the bummp chamber filg mmore and more
with ‘water, the absolute pressure in the pump
chamber at each suction stroke becomes lower
and lower, ang when the bump chamber becomes
perhaps one-half or two-thirds full of water,
the bumping in-of water

the pump cham-

On' compression strokes some ajr
forced back into the suction cham-
ber through conduiit g partially replenishing any
water that may have been sucked. through the
" inlet valve and the air in the bockets around the
outlet valye ports ig bumped into the outlet

chamber.  The net result is to remove at least

probably
keep the cup-shaped portion 40
substantially fille . )
' - When sufficient air has thus been pumped from

of valve body 41

tion, little or no air will remain in the
chamber,

A further important 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 bumping, the motor being de-

i } in the pump chamber is

to maintain the water in conduit 38 above the
level'in the well, assuming that some leakage may
occur through the foot valve. Thig force is of
the order of one-half atmosphere or less and is
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Pumps in aceord 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 pe starting, for
example, against g storage tank bressure of 20
i The life of the dig~
bhragm is also increased when it is subjected to
the lower differentig] bressure during stand~by
i that the differential
during stand-by pe-
eXample is with the
assumption that the foot valve at the lower end

ployed having g starting torque much lower than
that required in PUmps 5o arranged thag the first
motion of the diaphragm on starting may have
to be against the full storage tank bressure,

bumping against
tank pressures. For low tank
bressures, very little water is forced
conduit 66 from the pump chamber

full tank bressure is decreased.

are of more importance, ) :

While I have shown only certain preferred em-
bodiments of my invention by way of illustration,
may modifications will occur "to those skilled in
the art, and I therefore wish g 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 I claim as new and desire to secure by
United States Letters Patent is: :

1. In a diaphragm pump, means forming &
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
chaimber 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 gaid inlet chamber and said
pump chamber at least while said inlet valve is
closed.

2. In g diaphragm pump,
accord with claim 1 wherein
said conduit are each located higher
inlet valve. .

3. In a positive displacement pump, means
forming a purmp chamber having a top wall and
a horizontally movable side wall, inlet and outlet
valves mounted in the top wall of said chamber,
2 suction chamber separated by said inlet valve
from said punip chamber, and & eonduit of much
smaller capacity than said inlet valve and in
bypassing relation thereto.

4. In a diaphrag:m pump, 2 pump chamber
having a top wall including inlet and outlet valve
portg and a side wall including & movable dia-
phragm, said top wall peing 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 communicating with said pump cham-
per through said respective valves, inlet and out-
et valve ports, said top wall having a relatively
restricted opening therethrough in bypassing re-
1ation to said inlet valve port.

5. In a positive displacement pump, & displace~
ment chamber having a top opening, a valve as-
sembly comprising & generally flat base plate
proportioned to cover said opening and having
a first portion and a second cup-shaped portion,
s port in sald first portion, a second port in said
cup-shaped
ing bheing arranged to be substantially horizon-
tally disposed to position said ports at different
respective upper and lower levels, a valve plate
pelow said base plate biased to cover said lower
jevel port and & second valve plate above said base
plate bised 1o cover said upper jevel port.

§. In & positive displacement pump, & displace-
ment chamber having a top opening, & valve as-
sembly comprising & generally flat base plate
proportioned to cover said opening and having
g first portion and a second cup-shaped portion,

3 port in said first portion, & second port in said
cup-shaped portion, said base plate and top open-
ing keing arranged to be substantially horizon-
tally disposed to position said respective ports ab
different respective 1evels, whereby one said port
is at an upBer level higher than the relatively
jower level of the other said port, & valve plate

below said base plate biased to cover said lower

the combination in
said outlet valve and
than said

jevel port and a second valve plate above said base i

plate biased to cover said upper fevel port, and
an opening much smaller than said ports extend-
ing through sald pase plate at the approximate
level of said upper Jevel port in bypassing relation
0 said lower level port.

portion, said base plate and top cpen- 5
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7. In a positive displacement pump, & displace-
ment chamber having & generally horizontal
upper wall, said upper wall being provided with
an opening, and an inlet chamber, a valve assem-
bly comprising & generally fiat base plate cover-
ing said opening, an inlet port and an outlet port
extending through said base plate, a perforate
resilient 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, & valve plate for
each said port piased to seat against said respec-
give sheet members, gaid inlet chamber being
separated from said displacement chamber by &
portion of sald base plate partially covered by
said first sheet membper 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
andsaid displacement chamber.

8. In a positive displacement liquid pump, a
displacement chamber having 2 top opening, a
valve assembly comprising & generally fiat base
plate proportioned to cover said opening, spaced
perforations in said plate forming valve ports, &
valve plate for each face of said vase 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, & resilient 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 threugh said base plate adjacent one of
said ports therein which is part of said inlet valve,
said bypass opening being continucusly open and
much more restrieted than said ports.

9. In a positive displacement pump, a displace-
ment chamber having a top opening, a valve as-
sembly comprising a generally fiat 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
peing 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 & resilient seat for each said valve mem=
per at each said port.

10. In a positive diplacement pump, an open
tep pump chamber and inlet and compression
chambers, said inlet and compression chambers
being open at the pottom 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 Iie against the rim bounding the top opening
of said pump chamber on one side and against
the rims of said inlef and compression chambers
on the other side, & first portion of said member
separating said compression chamber from said
pump chamber and & second portion separating
said inlet chamber from said pump chamber, said
Arst portion having a flat area on said compres-
sion chamber side and said second portion having
s flat area on said pump chamber side, respec-
tive resilient 'seab members for each said area
covering atleast a portion thereof and respective-



2,687,806

13
1y 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
sald area disposed to lie ‘against said respective
seat members to close said ports, eans to spring-
load said plates into

ously open bypass

bump chamber, said bypass
conduit being relatively much more - restricted
than said valve ports in said second portion.

11. In 3 positive displacement bump, 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 bump ‘chamber, a valve assembly to

members,
area, each said port extending through said metal
member and said respective seat member, a mov-
able valve member comprising a meta] blate 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 bredetermined differential pres-
Sures on said respective blates acting in opposi-
tion to the respective spring-loading thereof, and
a continuously open bypass conduit communicat-

Inent chamber, and g conduit
from said inlet valve means providing g Passage~

placement chamber and said suction chamber in
bypassing relation to said: inlet valve means.

13. In g diaphragm bump,
an inlet valve and an outlet

tioned with Tespect to said inlet opening to dis-
bose at least a portion of said pump chamber
below ‘said inlet opening, g restricted, continy-
ously open conduit, communicating at g level be-
low said inlet opening between said inlet chamber
and said pump chamber,
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