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15 Claims,

Thiz inventicn relates broadly to pump COn-
(ol mesns. | |
 The mpin object of the invention is to pro-

vide pump confrol meens which will eliminale
¢he Hne gurges that usually cccur during the
siorting and stopping of & pump.

Briefly, the invention comprises & valve con-
meeted in o pine Mne on the discharge side of
:me pump, and control means for both the vaive
and phmp erranged so that the valve will nor-
mally be clogsed Dut will start o open By about
shehtly after or before the pump staris, depend-
Inz unon the nature of the installation), and
=iniehy volve will bezin {0 close before the pump
w stopned and will have reached approximete-
v ite completely cloged position at the time that
the pump is actually stopped. '

Meny water pumplng and distribution systems
now in Use are unsebisfactory because of the
surges whlch occur thereln and Impose gevere
shoekzs uson the system. These shocks are ofien
o7 suificient maznitude to break the pipe oy cause
irreparable damage (o the valve contiolling the
e, Henally, the shocks ave caused by & nega-
e surze n the lne due to the reduction of
waszure when the pump is shut off, coupled
with the momentum of the body of water in the
Hne which tends to move to and fro until equl-
whrinm is established. This negative surge when
rocorded on a pregsure chart will teke the form
? o sories of waves which Indicate fuctuations
in oressure that are bound to preduce an objec-
: hommering cffect upon the entire sys-

=

sionabio

Tha present invention in one of its forms over-
eomes the shove dificulties by requiring the vaive

in the Une b be cloged when the pump is started

snd 40 open graduslly very shortly after the pump
has been started. In this manner pressure is
wullt up in the line against the resistance to
flow offered by the gradually opening valve and,
it iz, therefore, impossible for surging io occur

time thet the pump s started (elther
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in the line at the time of the starting of the

sump. Similarly, when it is desired to shut down
~ or stop the pump, the valve is closed graduglly

and reaches its fully closed position at about the

time that the pump is shut off. Again, no surges
can occur in the line because the valve offers a
rastriction or resistance against which the pump
must work so that a definite pressure is main-
rained in the line, whereby there can be no to
and fro movement of the water in the line Yo
produce the damaging eflect attributed to surg-
ing., | |

d5

yalve instzllation inciuding all of the

between said body and cover.

The aforedescribed gradual cpening and cles- |
ing of the valve, while the pump is operating,
can toke place without eny injury to the valve
or line if a centrifugal pump, ior example, is
employed, which pump Wwill permit 2 certain
amound of “sip” so that no excessive Lressures
can be buils up in the line. While it Is prefer-
able to use ¢ centrifugal pump, nevertheless &
positive displacemens DUMP C2 be used by em-
vioving & convensiional relef valve therewith
which will relieve the pressure on the discharge
side of the puUmD. / |

Accordine to another embodimens of the in-
vention, the valve is opened glichtly before the
numnp 1s started in order (o permit water to prime
the pump, OF to wet the bearings of certaln types
of pumps before sny pumping 13 actuslly at-
This empodiment employs & ¢time de-
loy reley in connectlon with the pump conirol.

Referring now to the drawing: |

g, 1 dlagrammatically {llustratzz 2 pump and
conirois
necessary o practice the principles of the in-

vention,

Fir. 2 15 o enlarged plan view of o pliot disc
that may o used 1o hydraulically control the
opening and closing of tng valve;

Fig. 3 is & scciional view through the pilot disc
taken on the line 8-—3 of Fig. 2, particularly ii-
Tustrating the shape of the exhsust DOYe;

. Tig. & iz 8 view of o fragment of the control
cirenit showing a time delay relay associated with
the motor control switch, |

In Flg. 1 the numeral | generally Indicaies @
ranin valve connected between & centrifugal pump
2 and o siorage ftenZ §, for exampie. Suitable
piping 9 connects the discharge side of the pump
9 with the valve { and similar piping 6 connects
anid valve with the tank 8. The pump 2 is adapi-
ed to be driven by an electric motor 8, whieh is
controlied in @ manner explrined more fully here-
inafter. ‘
- The main valve { includes
0, and & flexible diaphragm i

a body 7, & cover
mearginally secured

The body 1 conl-
tains an inlet chamber 10 and an outlet cham-
per 11. A valve stem i2 I8 conventionally se-

~ cured to the dlaphragm g and carries g closure

511
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member {3 arranged to engage & seatb 1§ for con-
trolling the flow between chambers 8 and 4.
It will be understocod that the valve stem 2 is

raised and lowered as the valve ! is opened and

closed, respectively. This movement of the valve
stem is-utilized in the present invention to actu-
ale & conventional micro swiich 16 preferably




arranged exteriorly of the main valve . The
valve stem 12 projects outwardly of the cover
8 and carries a roller {6 adapted to engage the
movable contact element {7 of the micro switch
13 as sald stem moves upward. 'The movable

2 384,430

- ranged in the drain conduit 3% and is adapted

contact 17 1s arranged to engage a stationary -

contact {8 of the micro switch 1% to complete a
circult to 8 holding coil 18, the function of which
will be described more. fully later,

'~ The opening and closing of the main valve |
is controlled by a pilot valve P, which in turn
Is actuated by 8 solenoid mechanism generally

10

‘indicated by the letter 8. 'The pilot valve P in- -

cludes a housing 28 containing a chamber 2
adapted to receive operating fluid under pressure.
In the present construction, the chamber 21 is

connected with both the inlet chamber 16 and
the outlet chamber |1 of the main valve . Thus,
a conduit ‘22 extends from the inlet chamber 10
to a pipe T 23, and a conduit 24 connects the
outlet chamber i with said pipe T. A conduit
28 connects the stem of the T 23 with the pres-
sure chamber 2{. A check valve 28 .is arranged
in the conduit 22 and a check valve 21 is arranged
in the conduit 24. The check valves 28 and 21,
as will be obvious from the drawing, are arranged
so that filuid can flow through the conduits 22
and 24 in only one direction, namely, toward the
pressure chamber 21, An adjustable needle valve
28 is arranged in the conduit 28 to control the
rate at which fluid can pass into the chamber 21

and thus control the rate at which the main valve _

| can gradually close.

The connection of the pressure chamber 2} wit.h
both the inlet and outlet chambhers 180 and {1,
respectively, assures the availability of operat-
ing filuild under pressure for closing the valve |
when the pump 2 is idle as well as when the
pump is operating. When the pump 2 is in oper-
ation the higher pressure will prevail in the in-
let chamber 10, whereas, when the pump is
stopped the higher pressure will be in the out-
let chamber 1 so that the conduit arrangement
222428 assures the supply of operating fluid
to the pilot valve from whichever chamber con-
tains the higher pressure. In either event the
areg of the diaphragm subject to the pressure
of the operating fiuld is greater than that ex-
posed to the fluid in the body 7 of ths valve {
so that said valve will always close when de-
sired.

The pilot valve P also includes & base 38 se-
cured to the housing 20 in any conventional man-
ner. The base 30 serves as a closure for the
lower side of the pressure chamber 2{ and slso
provides a seat for a pilot disc ¥I received in
said chamber. The pilot disc 3t is shown in plan
in Fig. 2 and in cross-section in Fig. 3, and has &
straight pressure port 32 and a U-shaped ex-
haust port 33 arranged upon an angle of 60° rel-
ative to each other. Obviously, more than one
pressure port and exhaust port can be used if
desired. A pilot valve shaft 34 is diagrammat-
ically shown connected with the pilot disc 31 for
turning said pilot disc.

One of the legs of the U-shaped port 33 is ar-
ranged axially of the pilot disc 31 and communi-
cates with a drain passage 35 (Fig. 2) in the
base 30. The other leg of said U-shaped port 3%
commmunicates with a passage 36 which is con-
nected by conduit 37 with the main diaphragm
chamber 38 of the valve 1. A drain conduit 39
is connected with the passageway 35 and serves
to conduct spent operating fluid from the pilot
valve P. An adjustable needle valve 40 is' ar-
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to be regulated to control the rate of flow of
spent operating fluid from the diaphragm cham-
ber 38 and thus control the rate at which the
main valve can gradually open.

The solenoid mechanism 8 for actuating the
pilot valve P includes the usual coil 4§ and arma-
ture 46. . One end of the armature 48 is pivotally
connected to 8 link 47 by a pin 48. The link 41
is also pivotally connected.to a crank 48 by a rod
48 which has a portion §8 projecting through
suitable openings in both the link and the crank,
The rod 49 also has a portion ¥! projecting
through an opening in one end of an arm §2, the

opposite end of sald arm being fixedly secured
to the pillot shaft 34, so that upon actuation of

the arm 82, rotary movement will be transmitted
through the pilot shaft 34 to the pilot disc 3.

The crank 48* is pivotally mounted at one
end upon a pin 53. A lug B4 projects laterally
from the crank 48 and.is adapted to engage
a stop pin 8% to limit the clockwise movement
of the crank 48* about the pin §3. The crank 48
also has a longitudinal extension §6, which is
connected to one end of a return tension spring
81. The spring 87 is arranged so as to hold
the lug 54 in engagement with the stop pin §§

"~ when the solenoid coil 48 is de-energized. The

30

pilot disc 31 is shown in the position correspond-
ing to the de-energized condition of the sole-
noid 8, namely, with the pressure port 32 com-

- municating with the passage 38 to maintain the
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‘supplying current to the circuit.

main valve | in its closed position. |
The stroke of the armature 48§ is such as to
cause the arm 82 to engage with a stop pin §2s,
whereby the angular rotation of the pilot disc 3
is limited to about 60° the angle corresponding
to the spacing of the pilot ports 32 and §3. Thus,

‘the ports 32 and 33 are alternately connected

with the passage 38 to successively effect clos-
ing and opening of the main valve |I. When
more than one set of pilot ports 32—33 is used,
a corresponding number of passages 38 will be
needed, all connected with the conduit 31.

- The motor 8, the micro switch 18, the holding
coll 18, and the solenoid coil 45, all previously
are interconnected in an electrical
circuit which will now be described. The nu-
merals 60 and €1 Indicate two main leads for
The lead &8
is. connected to one side of the holding coil 19§,

. which forms an element of a double contact re-

lay 62. The relay 82 includes a first moveble
contact 63 adapted to engage a stationary con-
tact 64 and a second movable contact 85 adapt-
ed to engage a stationary contact .§8. The other
side of the relay coll 18 is connected with a sta-
tionary contact 81 of a main switch 68 having
movable contacts €9 and 18. The other main
lead 81 is connected at 11 with the movable con-
tact 680 of the relay 82 and is also connected
with the stationary contact 76 of the switch 8
by a line 7T2. The switch €8 has a second sta-
tionary contact T8 which is connected by a line
14 with one side of the solenoid coil 45. The other
side of said solenoid coll is connected by a line
18 with the lead §8. |

One side of the micro switch 18 is connected
by a line 168 with the main lead 61 and the other
side of sald micro switch is connected with the
movable contact 63 of the relay 62 by a line 17.

The motor 6 is controlled by an electrically op-
erated switch 18 including three movable con-
tacts 19, three stationary contacts 88, an arma-
ture GI and a coil 82 for effecting actuation of
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the srmature. One side of the coil 82 is con-
nected with the main lead 60 by a line 83 and the
‘other side of said coil is connected by a line 332
with the stationary contact 88 of the relay 62.
Current is supplied to the motor 10 through three
lines indicated at 84. It will be apparent that
when the coil 82 is energized, the armature 8l
will cause engagement of the movable contacts 79
with the stationary contacts 88 so that the circuit
to the motor 8 will be completed. |

The operation of the aforedescribed control ap-
paratus is as follows: The main switch €8 is pref-
erably manusally operated, although it will be
understood that it may be controlled by a -float,
(not shown), or any other suitable mechanism.
The closing of the main switch 88 will compiete
the circuit to the solenoid S, for actuating the
pilot valve P, and to the coil 82, for effecting
actustion of the motor control switch 78. Simul-
tanecusly, the circuit will be completed to the
relay 82 and its holding coil 19. |

The circuit to the solenoid S will be completed
as follows: Current from the main lead 80 will
fow through the line 72, across the contacts 59
and 15 of the switch 68, through line 14 to one
side of the solenoid coil 49, through said coil angd
back through the line 18 to the other main lead
B4

Likewise, the circuit to ihe holding coil i9 is
completed through the main. lead 81, line 72, con-
tncie 07 and 19 of the switch 68, and line 58e
to one side of the holding coil (8, the other side
af eaid coil being directly connected with the
moin lead 50, Of course, energization of the relay
nolding coil 19 cbviously will complete the cir-
culs to the motor control swiich 78, as follows:
current from the main lead 65 will flow through
the rzlay contacts 55 and 85 and line 83 to one
side of the coil 82, and from tine other side of
the coil 82 back to the other mnain lead 88 through
the line 83.

Ag will be apparent from the foregoing, several

sunictions ocecur simulteneously uponl closing of

the mein switeh 88, Thus, energization of the

solencid coil 45 will actuate the pilot valve P 50

that the srm B2 engages the siop 522 with ns
resilt that the exhaust port 38 is positioned %o
intareonnect the passageways 99 and 35 to permic
e erhaust of spent operating fiuid from the dig-

mhrasm chamber 88 of the main valve through
t1a dvain Kne 83, This will allow the main valve

| ¢ open st 8 gradual rate controlled by the
adiustment of the needie valve 48, 'The circuis
to the motor switch 98 naving been compieted

cimulioneously with the actuation of the sole-

noid 3, the motor § is started and the centrifugal
pump 2 begins (o pump watar or other liguid into
the nine line 4. IEowever, ingsmuch gs the main
velve 1 only begins to open shortly:
munp 8 has started, the pipe line § will be main-
toined under pressure s¢ that no surging can take
place therein. The sradual opening of the main
vaive | will increase the rate atl which water can
Aow through said valve, but the difference be-
tween the volume permitted to flow through said
velve while opening and the capacity of tne pump
iz taken care of by “slippage” In said pump In
the case of a centrifugal pump, Or through 2
~olief valve in the case of & positive displacement
pump. Continued pumping will gradually eilect
flexing of the diaphragm 8 upwardly and force

the spent operating fluid out of the diaphragm -

chamber 38, eventually effecting full opening oi
the main valve. The upward flexing of the dia-

phragm 9 necessarily results in an upward move-

after tne .
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‘and movable contact {1 are
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ment of the valve stem {2 so that the roller 1§
engages the movable contact 1T of the micro
switch 8 causing said contact to engage the sta-
tionary contact I8 and thus complete & second
circuit to the holding coil' 19 of the relay 82,
The completion of this circuit has no effect upon
the circuits already completed. The roller 18
preferably arranged
so that the micro switch 16 is closed upon only &

very slight upward movement of the valve stem -

12, after the valve | starts to open. Hence, the
micro switeh 18 remains closed so long as the
valve | is open, and sald switch will open only
when the main valve is about to completely close
and cut off the flow between the chambers i0
and G§. | | -

when it is desired to close the main valve §,
this can be effected by opening the switch 88,
which will interrupt the circuit to the solenoid S
and return the pilot disc &1 to its initial posi-
tion under the action of the return spring B7V.
This will align the pressure port 82 with the pas-
sage 38 (see Fig. 1) so that operating fluid under
pressure can flow from the chamber 2! through
the conduit 37 into the ‘diaphragm chamber 348
and effect gradual closing of the vaglve §, or in
other words, downward fiexing of the diaphragm
9 with its incidental downward movemens of the
velve stem (2. It will be recalled that the micro
switch 15 is closed and remains closed until the
main valve t has substantially compleiely closed.
This means that the holding coil 62 will remain
energized and continue the mainienance of the

circult to the motor control switch 18, notwith-

standing the fact that the main switch 68 has
neen opened. Thus, the micro switeh 15 remains -
closed, after opening of the switch 68, and com-
pletes the circuit to the switch T8 as follows:
Current will fiow from the line 61 across the relay

40 contacts 65 and 66 to one side of the coil 82 and

60

(2e)
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- gwitch 15 are enclosed and are not

srom the other side of sald coil through the line
a3 to the other main lead 8. When the main
valve | has almost completely closed the stem §2
will have moved downwardly a sufficient distance
to permit the contact’ 17 of the micro switch (8
to disengage the contact 18, and thus effect open-
ing of the micro switch 18 The opening of the
micro switch 15 will, of course, bresk the circuit
to the motor control switeh 78 so that the circuit -
to the motor & will now be interrupted and the
pump 2 will stop. Kere ogain, it will be noted
that the pump 2 has continued to operate against
a sradual restriction of flow due to the closing
setton of the main valve [ and that the pump 2
will continue to operate agalnst such resistance
until the said main valve has substantially com-
pletely closed, any “slippage” necessary to pre-
veni excessive pressure I the line being auto-
matically taken care of by the pump. In this
menner 8ll surging is avoided during the shut-
ting down of the pump and the system operates

“quietly, free from vibrations and shocks.

The present invention, in addition to prevent-
inz line surges during, both the starting and
shutting down of the pump 2. affords the addi-
tional saieguard. of being so arranged that the
operator cannot ordinarily effect closing of the
main valve i, except under the conditions and in
sccordance with the procedure described herein.
In actual practice, the solenoid S and the micro
accessible ex-
nwarranted tampering. The same is
and the motor control switch
to the oper-
When

cept by
true of the relay ©2
18, so that the only thing accessible
ator for control is the main switch €8.
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this main switch is closed or opened, the starting
and shutting down of the pump, respectively,
takes place automatically and in the sequence
described.

Fig. 4 illustrates a slight change that may be
made in the circuit shown in Fig. 1 in order to
provide certain additional advantages in practice.
Here, & time delay relay 88 is shown connected
across the coil 82 of the motor control switch 18.
The time delay relay 88 provides means-for de-
laying the actuation of the motor switch 18 so
that said switch is not actuated until say 5 or 10

seconds after the solenoid 8 has been actuated:

to permit opening of the main valve . In this

manner, the main valve { will be conditioned for

opening slightly before the pump 2 starts. The
‘advantage of this is that water can flow back
through the valve while it is slightly open and

prime the pump in installations where such

priming is necessary, or in installations where

it is highly desirable to wet the pump bearings
before the pump is actually started.

It will be apparent that the principle of start-
‘Ing the pump and gradually opening the valve
with the starting of the pump, and the gradual
closing of the valve just prior to the stopping of
the pump, may be effected by various other eir-
cuits, devices, and mechanisms different from
that disclosed herein. Accordingly, it will be
understood that the present invention is not lim-
- ited to the particular circuits and apparatus dis-
closed herein, and that various alterations and
changes may be made: therein without departing
from the spirit of the invention or the scope of
the annexed claims. -

Iclaim: .

1. In combination, a pump; means for driving
sald pump; a valve upon the discharge side of
sald pump arranged to have fluid pumped there-
through by said pump; and contro] means oper-
atively connected with said pump driving means
and valve arranged to allow said valve to start
opening before said pump driving means starts to
drive said pump. -

2. The combination defined in claim 1, in
which the drive means for the pump is an electric
motor and the control means includes a delayed
action relay for delaying operation of the pump
drive means until after the valve has started to
open.

3. In combination, & pump; means for driving
said pump; a valve upon the discharge side of
sald pump arranged to have fluid pumped there-

through by said pump; and control means eper- ,

atively connected with said pump driving means
and valve arranged to allow said valve to start
opening before said pump starts, and to start
closing of said valve while said pump is running
and to stop said pump as said valve is about to
completely close, -

4. Control means for & motor driven pump,
~and a valve arranged on the discharge side of
sald pump, comprising: means for substantially
simultaneously effecting starting of said pump
and permitting the opening of said main valve,
including a circuit containing electrically oper-
ated pilot valve means for controlling the open-
Ing of said main valve means including an elec-
trically operated switch for completing g circuit
- to sald motor; and means including & main
switch connected in circuit with said electrically
operated pilot valve means and said electrically
operated switch for simultaneously completing
the circuit to said electrically operated pilot valve

G
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means and sald electrically operated motor

switch.
d. In combination, a pump: meansg for driving

sald pump; a fluid pressure operable valve c¢on- -

‘nected with said pump upon the discharge side

thereof; a pilot valve controlling the exhaust and
admission of operating fluid to said main valve
to effect opening and closing of said main valve:
and control means operatively connected with
said pump driving means and said pilot valve ar-
ranged to actuate said pilot valve to permit open-

Ing of sald main valve substantially simultane-

ously with the initiation of the drive of said
pump.

6. In combination, a pump; means for driving
said pump; a main diaphragm valve connected
with sald pump upon the discharge side thereof;
& pilot valve controlling the exhaust and admis-
sion of operating fluid to the diaphragm
chamber of said main valve to effect opening and
closing of said main valve; means for control-
ling the rate of exhaust and admission of said
operating fluig to determine the rate at which
said main valve can operate: and control means
operatively connected with said pump driving
means and said pilot valve arranged to actuate
sald pilot valve to permit opening of said main
valve substantially simultaneously with the initi-
ation of the drive of said pump.

7. In combination, a pump: means for driving
said pump; a fluid pressure operable main valve
connected with the discharge of said pump; a
pilot valve controlling the opening and closing of
said main valve; and control means for said
pump driving means and said pilot valve ar-

- ranged to actuate said pilot valve to permit open-

40

00

ing of sald main valve substantially simultane-
ously with the initiation of the drive of said
pump, and to effect actuation of said pilot valve
to cause said main valve to close and to discon-
tinue the drive of said pump at a time when said
main valve has substantially completely closed.

8. In combination, a pump: means for driving
sald pump; a fluid pressure operable main valve
connected with the discharge side of said pump;
& pilot valve controlling the opening and closing
of said mailn valve: means for controlling the rate
at which. said ‘'main valve can open and close,
respectively; and control means for said pump
driving means and said pilot valve arranged to
actuate said pilot valve to permit opening of said

. main valve substantially simultaneously with the

60

15

initiation of the drive of said pump, and to effect

‘actuation of said pilot valve to cause said main

valve to close and to discontinue the drive of said
pump at a time when said main valve has sub-
stantially completely closed.

9. In combination, a motor driven pump; a
mein valve connected with the discharge side of
sald pump-and including a reciprocable valve
stem; 8 switch arranged to be operated upon
slight upward movement of said valve stem: 8
motor switch arranged to complete a circuit to
the motor for drivimg said pump: and a holding
coil, said valve stem-operated switch being 80
connected in circuit with said holding coil and
motor switch that when said valve stem operated
switch is closed said holding coil maintains &
circuit to said motor switch until said valve stem
reaches substantially its lower limit of movement.

10. In combination, a pump: means for driving
said pump; electrically operated means for con-
trolling said pump drive means: a main valve
connected with the discharge side of said pump;
8 relay coil in circuit with said electrically oper-



- ated means for controlling said pump dﬂée
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means: a pilot valve for controlling the opening

and closing of said main valve; electrically oper-
actuating said pilot valve, said
last-mentioned means being connected in circui!
with sald relay coil and pump drive control
means; and & main switch in said circuit ar-
ranged so that upon closing thereof said pilot
‘actuating means and relay coil are simultane-
ously actuated to effect initiation of operation of
'sgid pump drive means and opening of said main
valve. - o
" 11. In comkt nation, & motor driven pump; an
electrically operated switch for controlling the
operating of sald motor; & main valve connected
with the discharge side of said pump and includ-

ing a reciprocable element movable coincidental
| ning and closing of said main valve;
ed to be closed by said recipro-
said main valve is opened; &
relay operably connected in circuit ‘with the sald
"~ last mentioned switch and said motor control

~ switch, said relay being arranged to complete &
circuit to said motor control switch when ener-
gized; a pilot valve controlling the opening and
. closing of said main valve; & solenoid for actuat-
ing said pilot valve, sald solenoid being operably
connected in circuit with sald reciprocable ele-
" ment-operated switch, relay, and motor switch;
and a main switch in said circuit arranged so that
| thereof said solenoid and holding
actuated to effect open-
 ing of said main valve and the starting of sadd
motor, said reciprocable-element dperated switch
serving to maintain a circuit to said relay after
said main switch is opened and until said main
valve is nearly completely closed. | |

12. In combination, & motor driven pump; an
electrically operated switch for controlling the
operation of said motor; & main valve connected

with the discharge side of said pump and includ-

ing & reciprocable element movable coincidental
with the opening and closing of said main valve;
a switch arranged to be closed by said recipro-
cable element as said main valve is opened; &
relay operably connected in circuit with the sald
last-mentioned switch and said motor control
switch, said relay being arranged to complete &
“eircuit to said motor control switch when ener-
gized; a pilot valve controlling the opening and
- closing of said majin valve; a solenoid for actuat-
ing said pilot valve, said solenoid being operably
connected in circult
ment operated switch, relay, and motor switeh;
and g main switch in said circuit arranged so that
upon closing thereof said solencid and relay are
simultaneously actuated o effect opening of said
main valve and starting of seid motor, said recip-
rocable element-operated switch being arranged
to maintain o circuit to said motor switch
through said relay after
been opened to de-energize said solenocid, and
thereby effect operation of sald pilot valve to
permit opening of said main valve.

43 In combineticq, & pump; mMeans for griving
said pump: olectrically operated mMeais for con-
tyoiling said pump drive megns: & maln valve
connected with the discharge side cof sgid punmp,
in circuit with said electricelly operated
means for controiling sald pump drive mesans, &
pilot valve ior controlling the opening and clos-
ing of sald main valve: electrically opnerated
mecns for actusting said pilot valve: a delayed

oction relay in the circuil between said relay coli

and seid pump arive control means, whereby spid

with said reciprocable ele-.

said meln switch hes
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 continue the circult to

18

s

pump drive control means remains de4enefgiz'ed_ _

for & given time interval after said pilot valve -
actuating means is energized so that said pilot
valve is actuated to permit said main valve to
open before said pump 1s driven: and a main
switch arranged in the circuit so that upon clos-
ing thereof, said pilot actuating means and relays

are simultaneously actuated. | S
" 14, In combination, & motor driven centrifuga
pump; & main valve connected with said pump
upon the discharge side of said pump, said main
valve including an inlet chamber, an outlet cham-
ber, diaphragm operated means for controlling
the flow between said chambers, and a recipro-
cable valve stem connected with said diaphragm;
a pilot valve for controlling said diaphragm
valve including & pressure cham-
her connected by conduit means with the inlet
and outlet chambers, respectively, of said main
valve, said conduit means including check valves
providing a one-way flow between said chambers
in said main valve and the pressure chamber in
said pilot valve and also including an adjustable
needle valve between said check valves and pres-
sure chamber for limiting the rate at which oper-

drain conduit connecting said pilot valve with the.
atmosphere; a rotatable pilot disc in sald pressure
chamber having a through port for admitting
operating fluid from said pressure chamber into
the diaphragm chamber of gaid main valve when
said pilot valve is in one position, and an exhaust
port for exhausting spent operating fluid from
said main diaphragm chamber through said drain
conduit to the atmosphere when said pilot disc is
in another position, said drain conduit having
adjustable means therein for varying the rate at
fluid can drain from said main
whereby to allow said main
valve to open at a gradual rate; electrically oper-

ated means for actuating said pilot disc; electri-
cally operated means for completing a circuit to
said pump motor; & holding coll operably con-
nected in circuit with both said electrically oper-
ated means; a micro switch arranged to be actu- .
ated by said valve stem, said micro switch heing
arranged so that it closes upon very slight upward
movement of said valve stem corresponding to &
slightly open position of the main valve; and &
main switch connected in circuit with the micro
switch, the holding coil, the electrically operated
means for said pilot disc, and the electrically -
operated means for completing & circuit to said
motor, the circuit arrangement. being such that
when said main switch 1s closed said electrically
operated means for actuating said pilot disc is
operated to rotate said pilot disc to permit open-
ing of said main valve; and said electrically oper-.
oted means for controlling said motor is actuated

diaphragm chamber,

taneously with the starting of ‘said pump,
circeuit being further arranged So that wheh said
main switch is cpened, sald electrically operated
means for actuating said pilot dise is deenergized,
thereby permitting said nilot disc to return to its
initial position and efiect closing of said meain
valve, said micro swiich being arranged sC theat
it now meintains said holding coil energized tc
seid motor so that sald.
motor drives seid pump until said main valve has
substaentially ‘closed and saild valve stem has
assumed a position permitting said micro switch




6

to open and thus interrupt the circuit to said

holding coil. ,
. 13. In combination, a centrifugal pump; an
electric motor arranged to drive said pump; s

pressure fluid operable main valve connected
with said pump upon the discharge side of said .

pump, said main valve including an inlet cham-
ber, an outlet chamber, a diaphragm for control-
ling the flow between said chamber and a recip-
rocable valve stem connected with said dia-
phragm; a pilot valve for controlling said main
diaphragm valve, said pilot valve including a
pressure chamber connected by conduit means
with the inlet and outlet chambers, respectively,
of said main valve, gaid conduit means including
check valve means providing a one-way flow be-
tween sald chambers in said meain valve and said
pressure chamber in said pilot valve; & conduit
connecting said pilot valve with the diaphragm
chamber of ssid msain valve; a drain conduit for
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2,384,420

spent operating fluld connecting said pilot valve
with the atmosphere; a rotatable, ported pilot
disc in sald pressure chamber for controlling the
flow of operating fluid between said main valve
and sald pllot valve, wherehy said main valve can

be closed by fluid from the inlet or outlet cham-

bers thereof depending upon which of said cham-
bers is subject to the higher pressure: a circuit

“inciuding electrically operated means for effect-

ing rotation of said pilot disc: electrically oper-
ated means in said circuit for completing a circuit
to said pump motor; and 8 main switch connected

in said circuit with said electrically operated

means for operating said pilot disc and said elec-

15 trically operated means for completing a circuit

to said pump meotor for simuitaneously effecting
operation of said pump angd pilot valve associated
with said main valve, |

DONALD G. GRISWOLD.
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