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PUMP SYSTEM AND VALVE ASSEMBLY
THEREFOR

My invention relates to pump systems primarily for
pumping water from a source, under pressure, and
more partictilarly relates to a system of the automatic
type for supplying water at substantially constant pres-
sure«for any demand from service.

Among the objects of my invention are:

I. To provide a novel and improved automatic pump

system and control valve assembly therefor;
. 2. To provide a-novel and improved automatic pump
systenf which is more reliable in operation;

3. To provide a novel and improved valve assembly
‘for an automatic pump system, which can be manu-
factured and assembled more economically, and
which is more reliable in operation.

Additional objects of my invention will be brought
out in the following description of a preferred embodi-
ment of the same, taken in conjunction with the accom-
panying drawings wherein: '

FIG. 1 is a view depicting an automatic pump system
embodying the present invention and designed for sup-
plying water at substantially constant pressure at the
prevailing service demand;

FIG. 2 is a view through a valve assembly constituting
an important component of the system of FIG. 1 de.
picting the same in a condition prevalent when the
water system is in a quiescent state:

FIG. 3 is a view through the valve assembly of FIG.
2, depicting its condition when the system is in a condi-
tion of supplying a demand of service;

FIG. 4 is a view in section through the valve assembly
of FIG. 2 and 3 to more clearly illustrate the relation-
ship between the various component parts thereof;

FIG. 5 is a view in section taken in the plane §—5 of
FIG. 4; und

FIG. 6 depicts representative characteristic curves
depicting the principle underlying the operation of the
present invention.

Referring to the drawings for details of my invention
in its preferred form, the system of FIG. 1 involves a
pump 1, driven by a motor 3, which is drive coupled
thereto in any appropriate manner.

The pump draws water from any suitable source such
as a well by means of a suction line 7 connected at one
end to the suction side of the pump, and extending
down into the well, where it terminates below water
level in a foot valve. The water thus drawn from the
well is discharged through one or more service lines 11
extending from the discharge side of the pump to ser-
vice, and includes a discharge valve 13. If the pump is
of the deep well type, a pressure line 15 carries part of
the pump discharge to an injector pump in the well, all
in accordance with conventional practice.

In accordance with the present invention, there is in-
corporated into the system, switch means assembly 21
which is responsive to the opening of a service line, to
cause the pump to start and promptly deliver water to
service at substantially a constant pressure, in accor-
dance with the prevailing service demand, and so long
as there exists a service demand on the system. Upon
shut-down of the service demand, the switch means as-
sembly is promptly restored to its prior condition, in
the course of which, the motor is de-energized to stop
the pump, which remains ready to start again in re-
sponse to a subsequent demand from service.
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Such switch means assembly 21 involves a combina-
tion of a pressure switch 23, and a variable pressure de-
vice 25 which, in the quiescent condition of the system,
is flow connected thereto.

The pressure switch may be of any conventional type
adapted to close a circuit to a pump motor at a prede-
termined low pressure and open such circuit at a prede-
termined higher pressure.

The variable pressure device 25 may be of any type
which can respond to the pressure in the service line
and transmit such pressure to the pressure switch. In its
preferred form, this variable pressure device involves
an inflatable tube 29 in a housing 31, the inflatable tube
being flow connected to the pump 1 and service line
11, and hydraulically pressure coupled to the pressure
switch 23,

Structurally, the inflatable tube 29 is supported axi-
ally of its housing in spaced relationship thereto, to per-
mit inflation thereof in response to admission of water
under pressure.

Critical to the present invention. is a valve assembly
27 which functionally relates the various mentioned
components of the system to one another. In its pre-
ferred embodiment, this valve assembly involves a
housing 35 having a main flow passageway 37 there-
through, at the input end 39 of which passageway, the
housing is provided for connection to the pump, and at
its other end, the passageway terminates at an opening
41 in the housing for connection to service.

At an intermediate location, the wall of the main pas-
sageway is formed to provide a valve seat 43 for a valve
45 of the poppet type which is normally urged toward
seating position against pump pressure, by a valve
spring 47,

A first auxiliary or branch passageway 51 leads off
from the main passageway, down stream of the poppet
valve, to an external opening or port 52 in the housing
for connection to the pressure switch. At an intermedi.
ate location along this auxiliary passageway, the pas-
sageway is spanned by pilot valve assembly 53 of the
normally open type, in which the valve is capable of
being hydraulically actuated directly from a normally
open position to a closing position, to block or isolate
the pressure switch from the system. Such hydraulic ac-
tuation is provided for a second auxiliary passageway
57 flow connecting the pump, upstream of the main
poppet valve, to such pilot valve assembly.

The variable pressure device 25 is mounted on a wall
of the housing where it will be in constant communica-
tion with the main flow passageway and thereby always
exposed to pressure conditions in such main passage-
way, down stream of the poppet valve,

In the preferred embodiment of the overall valve as-
sembly 27 as illustrated in the drawings, the housing 35
is formed, preferably, of three component parts, the
first 59 being hollow and essentially closed off by the
second or proximate section 61 and defining the main
flow passageway, beginning with a threaded neck to
which the pump may be flow coupled by suitable fit-
tings, and terminating at the side opening 41 for con-
nection to one or more service lines.

At the inner end of the neck portion of the main pas-
sageway, is the valve seat 43 which is spanned by the
poppet valve 45, this valve having a guide stem 65 ex-
tending into the neck; the stem, preferably, being of X-
section to provide for adequate flow to the valve 45 and
the second auxiliary passageway 57,
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This poppet valve is the main valve of the system, and
is normally biased toward seating position by the spring
47 installed under compression between the poppet
valve and the intermediate section 61 of the housing,
which is formed with a protuberance 69 about which
the spring seats for stability in its installed position.

The poppet valve is provided with by-pass means
which preferably takes the form of one or more notches
73 in the valve periphery, whereby the main passage-
way is never blocked, the by-pass means functioning to
generate a desired pressure drop characteristic during
shutting down'of the service line demand, as will subse-
quently be explained in more detail.

In the wall of this first section is another opening 75
intercepting the main passageway, such opening being
threaded for coupling to the valve assembly housing, of
the variable pressure device 25 of the type described,
thus placing this variable pressure device in continuous
flow communication with the service line or lines, all of
which exist down stream of the main poppet valve.

The second and third sections of the housing are each
recessed in their engaging walls to form a chamber

which is partitioned by a diaphragm 79 clamped be-:

tween the engaging walls of these two sections, such di-
aphragm being preferably of sheet rubber or rubber-
ized fabric having some stretchable properties, This di-
aphragm forms a lower chamber 81 below ‘the dia-
phragm and an upper shallow chamber 83 above the
diaphragm, and preferably is backed up by a backing
plate 85 having a central opening to expose the dia-
phragm to a valve seat 87 at the end of a hollow nipple
89 extending upwardly toward the diaphragm from the
floor of the shallow chamber 81. The diaphragm thus
is adapted to function as a valve component in the pilot
valve assembly. In the open condition of the pilot valve
assembly, the nipple serves to connect this lower cham-
ber to the pressure switch port 52. A valve spring 91
about the nipple normally biases the diaphragm valve
toward open position.

A screen 92 installed above the diaphragm and a
screen 93 installed below the diaphragm, will serve to
screen out sand or other debris which might otherwise
gain access and adversely affect the functioning of the
diaphragm.

As thus far described, and with the system in a quies-
cent state but pressurized by the variable pressure de-
vice 25, opening of a service line valve will cause the
variable pressure device to “collapse,” thus dropping
the prevailing pressure throughout the service line and
the first auxiliary passageway to the pressure switch.
The pressure switch, sensing this drop in pressure, will,
at a preset low value of pressure, say of the order of 20
psi, electrically connect the pump motor in circuit and
start the pump.

The lower shallow chamber 81 constitutes a portion
of the auxiliary passageway 51, such auxiliary passage-
way including also a section 95 connecting the main
passageway to the shallow chamber, and the section
through the nipple 89 to flow connect the shallow
chamber to the port 52, this port being threaded for
coupling thereto of the pressure switch.

Hydraulic pressure applied to the upper side of the
diaphragm during pumping, is derived directly from the
pump, upstream of the main poppet valve, by way of
the second auxiliary passageway 57 in the wall of the
housing and which, in the specific embodiment illus-
trated, extends from the neck portion, upstream of the
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poppet valve, and terminates at the upper shallow
chamber.

Immediately upon starting up, the pressure devel-
oped by the pump, opens the main poppet valve to sup-
ply service, and at the same time, by way of the second
auxiliary passageway, applies hydraulic pressure di-
rectly to the upper side of the diaphragm. Thus a differ-
ential pressure, comparable to that across the main
valve, will develop across the diaphragm, such differen-
tial pressure being sufficient, under the prevailing con-
ditions, to overcome the resistance of the pilot valve
spring and cause closing of said pilot valve. The pilot
valve, when thus closed, isolates the pressure switch
from the pressure in the system, thereby leaving the
system free to supply service, uninterrupted by pres-
sure changes that might result in pressure rising above
the cut-off pressure setting of the pressure switch.

As the service valve is in the process of being turned
off in the act of closing down a demand for service,
flow across the main valve will be slowed down accord-
ingly. The service pressure will rise, along with that de-
veloped by the pump in accordance with the character-
istic curve of the particular pump. Thus a differential
pressure developed across the main valve will follow a
characteristic curve representing the differences be-
tween the pump pressure and service line pressure at
different flow rates.

Referring to FIG. 6 of the drawings, the uppermost
curve 99 is typical of a pump and depicts the pump
pressure rising in response to restriction of its discharge
as by turning down of a service valve.

" The service line pressure, under comparable condi-
tions, also rises as represented by the curve 101 next
below the pump characteristic curve. Assuming no
notches or other by-pass means about the main poppet
valve, this second curve will, if permitted to continue
without interruption by the pressure switch, gradually
approach but never merge into the pump characteristic
curve, the differences between the two curves being the
differential pressure variations occuring across the
main valve due to flow through this valve. When the

- calibration of the main valve spring 47 exceeds a pre-
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vailing differential pressure, the main valve will seat.

These differential pressures, if plotted, would follow
a curve 103 of very shallow slope, thus necessitating ex-
tremely sensitive and impractical control means to dis-
tinguish between pressure valves along the curve. Since
it is desired that the pilot valive respond to a value of
differential pressure developed as the flow rate ap-
proaches zero, it becomes apparent that the pilot valve
might not be capable of distinguishing pressure values
along this portion of the curve and could respond to
values anywhere along a substantial stretch of this
curve where flow rate might be substantial instead of
insignificant, insofar as normal service demands may be
involved. Accordingly, the system is apt to shut down,
or fail to supply service, when service is desired, as for
example, at a flow rate even as low as a gallon per min-
ute or so.

This drawback is overcome by the by-pass notches in
the main poppet valve, or the equivalent of such
notches, the function of such as previously indicated
being to bring about a sharp drop in the flow across the
main valve before service demand actually ceases, so as
to introduce into the differential pressure curve as it
approaches zero flow, a sharp drop in differential pres-
sure, and by utilizing this narrow portion of the curve,
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the pilot valve can then readily differentiate between a
very narrow differential pressure range in which it is
designed to open, and adjacent higher differential pres-
sures along the curve. Thus the pilot valve can be de-
signed to open, for example, at a diminished flow rate
of the order of one-third gallon or less per minute, and
the pump motor will then be disconnected when the
flow rate in the system has been reduced to that value,
which normally does not represent a normal service re-
quirement. How the notches make this possible will be
evident by again referring to the curves of FIG. 6.

In the presence of the notches, flow across the main
valve continues after seating of the main valve and until
the service valve is fully closed and terminates flow. At
this point the service line pressure equals the pump
pressure. Accordingly from the moment the main valve
seats, the service line pressure curve swings upward
along a section 105 to meet the pump pressure curve
at zero flow. The pressure differential curve, following
seating of the main valve, takes a sharp drop with fur-
ther closing of the service valve, along a section 107
which drops the differential pressure from its prevailing
value at say about three-fourths of a gallon per minute
to zero. By designing the pilot valve spring so as to open
the pilot valve at a differential pressure about half way
down this section of the curve, which may be of the
order of 3 psi representing a discharge flow rate of
about one-third gallon per minute, the pilot valve, obvi-
ously need no longer be of extreme sensitivity, yet will,
nevertheless, function repeatedly at substantially the
same differential pressure and low discharge, thus as-
suring accurate shut down of the system.

Should a particular system incorporate water storage
under pressure on the pump side of the main valve, or
involve substantial piping from the pump to the main
valve, which due to expansion under pump pressure,
would exhibit similar storage characteristics during
nonoperating periods of the pump, delay may be expe-
_ rienced in starting up the ppump in response to a ser-

vice demand. This may be explained by the fact that
upon opening a service valve, the initial demand will
now be supplied, not only by the variable pressure de-
vice 2§, but also from such upstream storage facility, or
piping in expanded condition.

Water from the upstream source must flow through
the by-pass notches, thus creating a pressure differen-
tial which, when applied to the pilot valve diaphragm,
will serve to close the pilot valve and hold it closed until
the source of upstream flow has died off sufficiently.
Such delay would be a function of magnitude of such
storage of water under pressure and would be undersir-
able.

Such delay can be effectively reduced in the pre-
ferred embodiment of my invention, merely by the ad-
dition of a stop in the form of a skirt 111 depending
from the back-up plate about the nipple and adapted to
engage the screen immediately after closing of the pilot
valve, to prevent extension tensioning of the diaphragm
over the valve seat. Why this simple expedient should
reduce the delay in question, may be explained as fol-
lows.

At the time of the prior shut down of the system, the
pressure switch had reacted to a pressure in the system
at least equal to the high pressure setting of the switch,
and remains pressurized as it is in pressure communica-
tion with the variable pressure device.
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Upon subsequently opening a service line valve to
place a demand on the system, such pressure would
drop in accordance with that of the variable pressure
device. However, where upstream storage exists, the
pilot valve will close before a substantial pressure drop
can occur in the pressure switch, and the pressure
switch will become isolated while still pressurized at a
pressure substantially above its low pressure setting.
Accordingly, as the pressure throughout the system de-
creases, it reaches a value sufficiently below that pres-
sure in the pressure switch, when the difference in pres-
sure will enable the minimally tensioned portion of the
diaphragm across the valve seat to be lifted off the
valve seat and permit the switch to drop its pressure
and respond to the service line pressure when it drops
to the lower pressure setting of the switch, to start the
pump motor.

Inasmuch as different system installations may func-
tion at different pressure conditions, any pressure val-
ues indicated are merely for purposes of explanation
and not of limitation.

It will be apparent from the foregoing description
that the invention fulfills all the objects thereof, and
while I have illustrated and described the same in its
preferred form, the invention is subject to alteration
and modification without departing from the underly-
ing principles involved, and I accordingly do not desire
to be limited in my protection to the specific details il-
lustrated and described except as may be necessitated
by the appended claims.

I claim:

I. A pump system comprising a pump, an electric
motor in drive connection with said pump, a service
line, a service valve in said service line, a pressure
switch in electric circuit with said motor, and a control
valve assembly comprising a valve housing having an
input opening for flow connection thereto of said
pump, a discharge opening for flow connection to said
service line, and a main flow passageway interconnect-
ing said input opening and said discharge opening, a
main valve spanning said main passageway, means bias-
ing said main valve toward closing position, a first aux-
iliary passageway flow connecting at one end with said
main passageway on the downstream side of said main
valve and terminating in an opening in said housing for
hydraulic pressure connection to said pressure switch,
means coupling said pressure switch to said valve hous-
ing at said last opening, a pilot valve assembly spanning
said first auxiliary passageway and including a valve
seat and a valve means normally biasing said pilot valve
toward open condition, and a second auxiliary passage-
way, said second auxiliary passageway flow connecting
at one end to said main passageway on the upstream
side of said main valve and terminating at said pilot
valve in pressure opposing relationship to said biasing
means, whereby development of hydraulic pressure
against said valve in excess of any opposing pressure
against said valve will close said valve and block said
first auxiliary passageway.

2. A pump system in accordance with claim 1, char-
acterized by by-pass flow means in by-pass relationship
to said main valve to preclude blocking of said main
passageway upon seating of said main valve and intro-
duce a sharp drop in differential pressure across said
main valve upon seating of said valve.
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3. A pump system in accordance with claim 1, char-
acterized by said by-pass means including at least one
notch through said main valve.

4. A pump system in accordance with claim 1, char-
acterized by said pilot valve comprising a diaphragm,
with said biasing means exerting pressure against one
side of said diaphragm valve in the direction of lifting
the same from its seat and said second auxiliary pas-
sageway terminating at the opposite side of said dia-
phragm valve.

$. A pump system in accordance with claim 4, char-
acterized by by-pass flow means in by-pass relationship
to said main valve to preclude blocking of said main
passageway upon seating of said main valve and intro-
duce a sharp drop in differential pressure across said
main valve upon such seating of said valve.

6. A pump system in accordance with claim §, char-
acterized by said biasing means being pressure cali-
brated to cause opening of said pilot valve assembly at
a differential pressure generated following seating of
said main valve.

7. A valve assembly for a pump system, comprising
a housing having a main passageway therethrough, a
main valve spanning said main passageway, means nor-
mally biasing said main valve toward closing position,
a first auxiliary passageway in said housing extending
from said main passageway on one side of said main
valve, to an external opening in said housing adapted
for coupling thereto of a pressure switch, a pilot valve
assembly spanning said first auxiliary passageway and
including a pilot valve, means normally biasing said
pilot valve to open position, and means for transmitting
pressure hydraulically from said main passageway on
the other side of said main valve, to said pilot valve in
opposition to said biasing means, to pressure said pilot
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valve toward closing.

8. A valve assembly for a pump system in accordance
with claim 7 characterized by by-pass means in by-pass
relationship to said main valve to preclude blocking of
said main passageway upon seating of said main valve
and introduce a sharp drop in differential pressure
across said main valve upon seating of said valve.

9. A valve assembly for a pump system in accordance
with claim 7, characterized by said by-pass means in-
cluding at least one notch through said main valve.

10. A valve assembly for a pump system in accor-
dance with claim 7, characterized by said pilot valve
comprising a diaphragm, with said biasing means exert-
ing pressure against one side of said diaphragm valve in
the direction of lifting the same from its seat and said
second auxiliary passagewy terminating at the opposite
side of said diaphragm valve.

11. A valve assembly for a pump system in accor-
dance with claim 10, characterized by means limiting
tensioning of said diaphragm valve following seating
thereof against its seta.

12. A valve assembly for a pump system in accor-
dance with claim 10, characterized by by-pass flow
means in by-pass relationship to said main valve to pre-
clude blocking of said main passagewy upon seating of
said main valve and introduce a sharp drop in differen-
tial pressure across said main valve upon such seating
of said main valve.

13. A valve assembly for a pump system in accor-
dance with claim 12, characterized by said biasing
means being pressure calibrated to cause opening of
said pilot valve assembly at a differential pressure gen-

erated following seating of said main valve.
* * * * *



