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v PUMPING APPARATUS

Augustus C. Durdin, Jr., Chica.go,y Ill., assignor
to Chicago Pump Company, Chicago, IlL,, & cor-
poration of Ilinois .

Application April 7, 1934, Serial No. 719,463
5 Claims. (Cl 103—11)

This invention relates to pumping apparatus, It further consists in control means employing
and more particularly to means for sutomatically pressure to vary the size of the discharge outlet
regulating the capacity of one or more pumps, of the pump, and responsive to fluctuations in the
without varying the speed thereof, whereby the inflow of the liquid. :

5 bump or pumps operate ‘to pump lquid from a Tt further consists in control means for regu-
basin or other reservoir at approximately the lating the output of both pumps of a duplex
same rate of pumpage as the inflow of the liquid equipment, in such manner that the capacity of
thereto. : each pump is increased from a minimum to &
In many situations, as for example in sewage maximum, whereby the pumpage will conform
treatment plants, the desideratum is to deliver ' approximately to an increase of inflow from & 10
the sewage to the treatment plant at approxi- minimum to a maximum. , ‘
mately the same rate of flow as the inflow of the 1t further consists in the provision of means
sewage, and attempts have been made to accom- for alternating the operating of the pumps of a
plish this result by varying the speed of the pumps duplex pumping equipment and simultaneously
15 to correspond with the flow of the sewage, but therewith transferring the capacity control so as 13
“ it has been found that this method is not eco- to operate first in connection with the leading
nomical, the control apparatus is very costly and pump. : ) :
is prohibitive except when used in very large It further consists in the several novel features

1

[}

plants. . . of construction, arrangement and combination of
20 One of the objects of this invention is to pro- parts hereinafter fully set forth and claimed. 20
vide automatic control means for pumping appa- - The invention ‘is clearly illustrated in the
ratus, which is simple, practical and economical drawings accompanying this, specification, in
in operation. " which: .
Another object is to provide automatic control Fig. 1 is a view, partly in side elevation and

25 means for pumping apparatus, responsive to the - partly in vertical section of pumping apparatus 25
inflow of liquid, for regulating the capacity of a embodying a simple form of the present inven-
pump or a plurality of pumps, without varying tionin connection with a duplex pumping equip-
the speed thereof, whereby the pumpage shall - ment; . ‘ .
approximately equal the inflow of the liquid. Fig. 2 is a view thereof, partly in plan and

30 . Another object is to provide automatic control partly in horizontal section, with a floor partly 30
means for regulating the capacity of the pump, broken away to show parts located therebelow;
by controlling the size of the discharge outlet of Fig. 3 is a plan, partly broken out, of the flow
the pump, whereby the pumpage approximately regulator of the capacity controlling means for
equals the inflow. S ~ the pumps; ‘

35 = Another object is to provide a duplex pumping Fig. 4 is a diagrammatic view illustrating one 35
equipment with automatic control means whereby form of electrical control for the pump motors,
the rate of discharge is varied from 2 minimum and a transfer valve used in the capacity regulat-
to a maximum flow, proportionate to the rate of ing control, and . ) . .

. inflow, and wherein the capacity of each pump, Fig. 5 is a perspective view of one form of alter-

40 in succession, is gradually increased from amini~ nator used in the apparatus. 40

mum to a maximum. o - . In the accompanying drawings, the invention

Another object is to provide a duplex pumping has been illustrated as applied to a sewage treat-
equipment having a variable capacity, with auto- ment plant, although it is to be understood that
matic means for alternating the operation of the its use is not limited thereto as it may be ap-

45 two pumps of the equipment. ‘ plied in any situation where the desideratum .is 45

Another object is to provide pressure -actuated to pump liquid approximately at the same rate.
_means for varying the capacity of a pump, re- of pumpage as the -inflow to the pumping ap-
sponsive to fluctuations-in the -inflow of the lig- paratus. . .
uid. . : ) . 1Inthe drawings, the referéence character 10 des-

50 . With these and other objects and advantages ignates the terminus of a trunk sewer, usually 50
in view, this invention consists in pumping appa- located several feet underground, and 28 desig-
ratus having control means, responsive to fluc- - natesa conduit, located at some considerable dis-
tuations in the inflow.of liquid, for regulating the tance above the sewer terminus, through which
capacity of a pump so as to conform. to the rate . the sewage is conveyed to a sewage treatment

g5 of inflow, without varying the speed of the pump. plant. or to some other place for disposal. The §§
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' pumping apparatus is housed in g

sure used to extend the diaphragm

2

structure it
desirably composed of masonry, concrete or the
like and having a bump pit 15 for the pumping
apparatus and a motor room thereabove for the
motors and other equipment. The motor room
is usually roofed over and its floor 12 covers the
pit and contains an opening for access to the
pit, the opening being ordinarily closed by a
trap door 16.

The invention is illustrated in connection with
a duplex pumping equipment, and the two pumps
IT thereof are mounted on the floor 158 of the
pit, and connected to two electric motors 31, 31=
by shafts 29 and couplings 30. The pumps shown
are of the centrifugal type and their suction in-
lets 18 communicate with the inlet conduit or
sewer terminus (9, through a basin or other res-
ervoir here shown in the form of a well 14 built
into the structure it, and separated from the pit
by the wall 13. The sewer terminus 10 discharges
into the basin, usually through a screen, and
the inflow to said basin fluctuates considerably
In any given station. The capacity and num-
ber of pumps required is determined by the ap-
broximate minimum and. maximum inflow in-
tended to be handled,

The discharge side of each bump is connected
to a riser 27, which leads to the discharge con-
duit 28, " Desirably a shut-off valve 19 is inter-
posed between each pump and its suction iniet
18 and a shut-off valve 24 is interposed between
the pump and riser 27 whereby the pumps and
associated connectiong may be cut out of service
for the purpose of repairs or for any other pur-
bose. The shut-off valves 19, 24 may be op~
erated from the motor room by extension rods
20, 25 that extend up through the fioor $2 and
have handwheels 2 ,» 26 on their upper ends. A
check valve 22 is employed on the discharge side

of each pump to prevent return flow through

the pump.

Associated with &ach bump; either on its suc-
tion side or its discharge side, and formed as a
separate therefrom, is g
capacity regulating device 23 here shown as in-
terposed in the connections between the dis-
charge side of the bump and.the riser 21. The
capacity regulator is shown in the form of an
elbow having an opening in one side (see Fig.
3) over which is a flexible diaphragm 40, held
in place by a cover 38 bolted to the elbow around
said opening. The diaphragm and cover pro-
vide a pressure chamber 40a into which a fluid
under pressure is admitted to extend the dia-
phragm more or less.to thereby vary the cross

sectional area of the bassage threugh the elbow, -

and as a result vary the rate of flow of liquid
discharged by -the bump, and as a consequence
varying the capacity of the bump. It will be
observed that when the diaphragm is fully ex-
tended, it closes or substantially closes the pas-
sage through the elbow, and that the' size of
said passage may be increased to its full ca-
pacity by ‘Dermitting the diaphragm to collapse,

Compressed air or other fluid under pressure
is used to extend the diaphragm, and in the form
of the invention illustrated, a supply pipe line
43, 41, having a fitting 42 therein, containing a
restricted orifice, conveys the fluid under pres-
sure to the pressure chamber 405, The pres-

somewhat in excess of the pressure set up by
the pump. .

In order to regulate the rate of discharge from
a pump to conform to the rate of inflow to the

. as comprising waste valves

~ other motor. - The floats 33, 332

- increased to

should. be-
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basin 14, control means are provided for regulat-
ing the pressure in the pressure chamber 40s,
whereby to regulate the size of the opening
through the capacity regulator so as to permit
a rate of flow therethrough approximately tha
same as the rate of inflow to the basin, up to
a maximum amount, namely the full capacity
of the pump. The conirol means is here shown
48, 482, one for the
capacity regulator of each bump, these valves
being in the form of float valves located in the
basin 14 and each connected to its associated
capacity regulator by separate pipe lines 41,
44 and 472, 442, The foat valves 48, 48 gre
provided with floats 58, 502 carried by arms 49,
492 and arranged to be lifted to open the pas-
sage through the float valves as the liquid rises
in the basin. It will be observed that as either
float rises, due to the rise of the leve] in the

basin, its associated float valve gradually opens o

the discharge orifice therein, thereby permitting
the fluid under pressure to escape from the as-
sociated pressure chamber 482 and consequently
the diaphragm is collapsed more or less depend-
ing upon the leakage through
When the float is lowered to its extreme low
position, the float valve closes and the pressure
chamber thereupon receives the full amount of
pressure and consequently the passage through

the capacity regulator is closed or substantially o

closed, and when the float is raised to its extreme
upper limit, the leakage through the float valve
is sufficient to permit the complete
the diaphragm under the pressure set up by the
bump,
full capacity,

In a duplex pumping equipment float switches
are usually employed for starting and stopping

the pump motors_and two switches 35, 252 gre

shown for that burpose. The float 33 of the
switch 35 is set at 2 lower elevation than the
float 332 of the switch 353, whereby the switch 35
will close when the liquid in the basin reaches
& predetermined level ang thereby start one of
the pump motors, the other one remaining
idle unless the inflow exceeds the capacity
of the running bump, in which case if the
liquid rises sufficiently it will rajse the float 332
and close the switch 352

to their switches by float rods
casings 32.

In order that the capacity of each Pump may
gradually increase so that the bumpage may cor-

34 contained in

respond to the rate of inflow to the basin, the ;

float valve 482 is set at g higher elevation in the
basin than the float valve 48, As g result, when
the inflow increases to the maximum, the capac-
Ity of the pump which is started first, is gradually
its maximum, the second pump is
then cut in, at first operating at its minimum ca-
pacity, and then gradually increasing until it
runs at full capacity, : :

It will be seen therefore that the first pump to
start operates at its full .capacity before the
secend one is cut in, and that the first bump con-
tinues to run at its full capacity when the second
pump is cut in, until the liquid has been pumped
out of the basin down to a level where the

- second pump has stopped, and then the capacity

of the active pump is decreased
of inflow decreases,

In order to distribute the wear on the two
pumps and their motors, an alternator 81 (see
Fig. 5) may be provided for transferring the

only as the rate

the float valve. .

consequently the latter operates at its -

thereby starting the.
are connected :
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. to ma.hi line L and from main line I3 through

.cir‘cui:‘,, controlled by the pilot switch 35, from one
motor to the other. The alternator may be ar-
ranged to be actuated by time controlled mecha-
pism so that one pump will operate first, for
a predetermined length of time and then the
other pump will operate for the same length of
time. Mechanism for operating the two pumps
during certain predétermined fntervals of time
is clearly
No. 1,780,380 issued to me November 4, 1930.

The alternator shown in the accompanying
drawings is chosen for the purpose of illustration
only and operates to transfer the circuit, con-
trolled by the pilot switch 35, from one motor
to the other so that the motors will be started
alternately at the commencement of successive

-pumping operations.

The alternator shown is provided with twa sets
of movable, spring actuated contactors 52, ‘53,
and 52¢, 53, of which the contactors 52, 52*

‘will close circuits during one cycle, and then the

contactors 53, 532 will close circuits during the
second cycle and so on. Stationary contactors
52, 53x and 527, 537 co-operate with the movable
contactors to close the circuits therethrough. A
shaft 60, journaled in pbrackets on the panel 512
or notched wheels
61, thereon that act on the movable contactors
to swing them back from the stationary con-
tactors, when the teeth or high parts of the
wheels -engage them.. The spaces bvetween the
teeth or high parts of the wheels permit the mov-
able contactors to swing into contact with the
stationary contactors. Conveniently all of the
contactors are mounted on the panel 512, ’
Actuating mechanism comprising holding coils
54, 542, mounted on the panel, an armature 62,
a pawl 63 connected thereto and a ratchet wheel
64 fast on the shaft 60, is provided for inter-
mittently rotating the shaft 60, to thereby re-
verse the position of the movable contactors at
the conclusion of. each cycle of operation of the
A holding coil 54 or 54= is- energized at

the commencement of a eycle of operation and

the armature is attracted, thereby setting the’

pawl in position to engage the ratchet ‘wheel,
and when the holdihg coil
armature is swung back by
engaging the pawl with the ratchet
partially rotating it so as to bring the notches of

each toothed '
occupied by the high places or teeth, thereby

a spring 64 thereby

reversing the positions formerly occupied by the

movable contactors and transposing the cireuits.
The holding coil 54 or 542 holds the actuating

‘mechanism in a set position as long as either of
352 is in closed position, .

the float switches 85 or
but as soon as the float switches 35 or 352 are
opened, either or both of the holding coils are
de-energized and the actuating mechanism for
the alternator transfers the relationship of the
contactors 52, 53 and 52a, 532,
the float switches 35, 35 to the alternator as

shown in Fig. 4, and from the alternator, lines-.
“lead to the starters 37, 87=.

36, 362 are ordinarily placed in the main line to
‘ In Fig. 5 are shown binding posts
from which lines lead to the contactors and hold-
ing coils, and from which the lines lead to the
pilot switches, the holding coils of the starters

‘and the solenoids 55, §5° that operate the valve
- 45 hereafter referred to. .

The starting circuit for motor 31 from pilot
may be traced through line a, con-
tactors 82, 52, ine b, holding coil of starter 31,

shown and described in Letters Patent .

gtarter 37¢ to main line L.

- through line j.

is de-energized the .
wheel and-

wheel into the position formerly

" positions,
valve A8 is open through the pipe 417, port 46e, and -

Lines lead from”

Motor safety switches

regulator of

'3

line ¢, back to the pilot switch. The circuit for
the holding coil 54 may be traced from line a,
to contactor 52%, line d, through holding coil 54,
and line ¢, to main line L and from main line
13, through line ¢, back to pilot switch 35. The
solenoid. 55 is in parallel with the holding coil 54.

-The starting circuit for motor 3i= from pilot

switch 35¢ may be {raced through line k, contac--

tors 522, 522, line g, to holding coil of starter 372
and to main line L, and from main line I3 through
line 1, to pilot switch 382, The circuits through
the holding coil 54 and solenoid 55* can be traced
from the lins g, line i, through holding coil 542,
line 7 to main line L and through line i to solenoid

552, and line j back to main line L. From main

line 13 through line [, to pilot switch 352,
When the contactors are in reverse position,
the starting circuit for the motor 3{* from pilot
switch 36 may be traced through line f, contactors
53s, 532 (when closed) line ¢, holding coil of
From main line L?
through line ¢, k, back tq pilot switch 35, the cir-

10

cui's through holding coil 54 and solenoid 5%% -

run from contactors 532,

" In case pilot. switch 85 is closed the: circuit for
the starter of motor 31 may be traced from pilot
switch 85, through line m, con‘actors 53, 53%,
line b, to holding coil of starter 37 and to main
IneL. From main line L3, through lines [, and n
to pilot switch 35e. Hoding coil 54 and solenoid
55 are also energized without affecting any of
the other mechanism.

When the capacity contrbl mechanism, is used ::

with automatic means for alternating the opera-
tion of the motors, it is desirable that the float
valve 48 which is set at the lowest elevation, shall

53 and Jine i and back :

0

control the capacity regulator of the pump which -

first starts to pump when the liquid rises suffi- .

ciently -to close the pilot switch 35. A duplex
three way valve 45 in the pipe lines 44, 47 and
44=, 479, for the two capacity regulators is pro-
vided for this purpose (see Fig. 4). The valve
has a cylindrical casing 45° which contains a
bore in which is a rocking plug 46 having a stem
56 by which it is rocked. The two pipes 44, §4=
from the capacity regulators, enter the valve cas-
ing from one side thereof and the pipes 41, 41°
enter the casing from the other side. The plug 46
contains two ports 462 which in one position of
the plug, form direct connections between the
pipes 44, 47 and 442, 41¢, and the plug also con-
{ains ports 46® which in another position of the
plug, form connections
and 442, 41, When the plug occupies one of these
the passage from the lower most float

pipe 44 to the capacity regulator 23 shown at the
upper half of Fig. 2, and the passage from the

upper float valve is open through pipe 472 port 462.

and pipe 44> to the other capacity regulator.

_When the plug is shifted to the position shown in~

Fig. 4, the passage is open from the lower float
valve to the capacity regulator. shown at the
lower half of Fig. 2 and the passage from the

upper float valve is open to the other capacity"
- regulator.

Regardless of which pump starts first
in any cycle of opgration, the lowermost float
valve is always in connection with the capacity
the pump which starts first.

The valve 45 is arranged ‘to operate synchro-
nously with the alternator.

nected to and operated by two electro-magnetic

between the pipes 44, 41> ';

43

(2}

G5

As shown the plug
_ stem 56 has an arm 562 on its outer end, con-

75
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. the float switch 25.

- pilot switch 35 starts motor 3=,
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devices such as the solenoids 55, 552, the lines
of which lead to the alternator. The windings of
the solenoids 55, 552 are connected in parallel
with the holding coils 54 and 542, so that when
either float switch causes the holding coil 54 to
become energized, the solencid §5 is also ener-
gized, and this rccks the valye stem 56 to set the
valve plug in one position, and when the holding
coil 542 jg energized, the solenoid 55= is also
energized and the valve plug is rocked back to its
former position. )

The operaticn of the duplex equipment illus-
trated is substantially as follows:

- Sewage from the trurk sewer [0 enters the
basin 14 and cemmences to fill up the storage
capacity thereof. As the float 33 of the pilot
twitch 35 is set at a lower elevation than the other
cne, the water level soon reaches the place at
which tha lower float will close the circuit through
This will start either motor
31 or 31= depending upon which one is in circuit
through the alternator and its attendant starter
3T or 37a. Fluid under bressure enters through
the supply pipes 43, 41 and passes through the
restricted orifices 42 into the pressure chambers
§0= of the capacity regulators for the two pumps.
As the valve 482 is sot higher than the valve 48
the valve 482 remains closed, and the float 50 of
the lower valve 48 wili he acted upon first by the
rising water level. With the valve 48 closed unti]
its float 50 is lifted, the pressure entering the
pressure chamber of the active bump causes the
diaphragm to be extended to close ,or at least
greatly restrict the flow through the discharge
line and thereby cut down the capacity of the
bump. As the water level rises, the float 50 is
lifted and the valve 48 is partially opened, there-
by permitting the escape of some of the fluid
under -pressure, passing through the restricted
crifice 42, and as the fluid under pressure escapes
in increasing amounts as the valve 48 opens, it
permits the diapnragm to retract and open the
bassage of the dizcharge line broportionately.
When sewage enters the basin in increased quan-
tities, the float 59 rises to open the valve 48
fully, and as this relieves the pressure behind
the diaphragm, the latter Tully retracts and fully
¢pans the discharge passage
rump delivers at its full capacity. :

As the flow throuzh the trunk sewer 10 ap-
breaches its peak load, sewage enters the basin
faster than the active bump can discharge it.
Shortly after the float 59 has fully opened the
valve 48, the level of the water reaches the float

502 of the higher valve 482 and also reaches the
float 332 of the float switch 35¢ thereby starting
the other pump motor, As the water level rises
in the basin, the vaive 48® is gradually opened
and the capacity of the second pump is gradually
increased to its magximum, whereby the second
bump delivers at its. full capacity, if the level
rises sufficiently to fully open the valve 48s,

. As the peak period pbasses, the two pumps
empty the basin, and when the water level falls
to predetermined points, the second pump to
start will gradually reduce its capacity until the
float switch 352 opens the circuit thereto. Then
as the level continues to recede, the pump which
started first, gradually reduces its capacity and
stops when the water reaches a low level and the
fleat switch 35 opens the circuit. The alternator
then transposes contsctors 52 52+ and 53 53a
so that upon the next cycle of operation the
With the trans-

fer in the sequence of operation of the_motors.

so that the active-

' capacity regulating
‘tween the capacity

2,029,765

the transfer in the sequence of operation by the
float valves 48, 482 will be brought about by the
duplex three way valve 45,

The levels indicated by the lines A, B,C,DE
and F in Fig. 1 may serve to indicate the se-
quences in operation under different conditions.
With the bumps at rest and sewage flowing into
the basin during an approach to a maximum in-
the water rises to level C, one pump
starts. As the water appbroaches the level B,
this pump delivers at its full capacity. At level
E the other bump starts and at level A both
pumps operate at full capacity. As the sewage is
withdrawn from the basin, and its level falls to
line P the second pump to start cuts out, and

‘when level D is reached the first pump to start

cuts out,
A capacity regulator having a flexible dia-
bhragm has a particular advantage in that there

Is no likelihood for material to collect in the

regulator and interfere with its operation, When
the passage through the regulator is very re-
siricted, solid matter may clog the passage tem-
borarily, but the rise of water in the basin will

Cause the float valve to open, permitting the .

diaphragm to collapse, thereby allowing the
collected material to bass on, after which the
parts function normally again,

While a pressure operated diaphragm device
has been shown for regulating the rate of dis-
charge by each bump, equivalent means such as
a valve operated by pressure or by other power
may be substituted’ therefor, Furthermore, any
number of pumps may be used at one station to
take care of extreme cases. The several pumps
may be caused to operate in sequence upon an
abnormal inflow by arranging the float switches
and float valves at different elevations in the
basin, ]

Furthermore various types of alternators may
be used, or the alternator may be omitted and
ordinary hand’ switches may be used to change
the sequence of operation of the two pumps.

I claim as new and desire to secure by Let-
ters Patent:

1. In duplex bumping -apparatus, s pair of
sequentially operated pumps, each having fluid
pressure operated capacity regulating means,
and sequentially operating waste valves for reg-
ulating the amount of pressure admitted to said
means, pipe connections be-
regulating means and waste
valves, and a valve for connecting the initially
cperated waste valve with the capacity regu-
lating means of the initially operated pump.

2. In duplex pumping apparatus, a pair of
motor operated constant speed pumps, capacity
regulating means asscciated with each pump, au-
tomatic means for causing alternate and sequen-
tial operation of the two pumps, separate se-
quentially operable control means for the ca-
pacity regulating means, responsive to fluctua-
tions of a liquid level in the pumping system in
which the apparatus is -used, and automatic
means for connecting the capacity regulating
means of the pump which starts first in a se-
quence of operation, with the control means
which operates first in sequence.

3. In duplex bumping apparatus, a pair of
motor operated constant speed pumps, pressure
operated capacity regulating means associated
with each pump, each having control means re~
sponsive to the fluctuations of a liquid level in
the pumping system in which the apparatus is
used, one control means ‘Tunctioning at g higher
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level than the other, automatic means for
causing alternate and sequential operation of
the two pumps, and means for connecting the
capacity regulating means of the pump which
starts first in any sequence of operation, with
the control means which is set at the lower level.

4. In pumping apparatus, the combination of -
& pair of motor operated, constant speed pump

units connected to a basin arranged to receive a
fluctuating source of liquid supply, float con-
trolled, minimum to maximum capacify regu-

lating means associated with each pump for

varying the capacity thereof to conform to fluc~

. tuations in the rate of inflow to the basin, said

15

floats being located in the basin, and individual
float switches for starting and stopping the mo-
tors of the pumps, the two floats for one pump
unit being set at a higher liquid level than those
of the other pump unit, whereby one pump unit

i starts when the liquid level reaches one level

and its capacity is increased from minimum to
maximum upon the rise of the liquid level to a
higher level and the other pump starts upon the
rise of the liquid level above said higher level and
its capacity increases from minimum to maxi-

5

mum upon continued rise of the liquid level

‘above said higher level.

5. In pumping apparatus, the combination of
a pair of motor operated, constant speed pump
units connected to a basin arranged to receive a
fluctuating source of liquid supply, fluid pres-
sure operated minimum to maximum capacity
regulating means associated with each pump for
varying the capacity thereof to conform to fluc-
tuations in the rate of inflow to the basin, float
operated waste valves for controlling the ca-
pacity regulating means, the floats being located
in the basin, and individual float switches for
starting and stopping the motors of the pumps,
the two floats for one pump unit being set at a
higher liquid level than those of the other pump
unit, whereby one pump unit starts when the
liquid level reaches one level and its capacity is
increased from minimum to maximum upon the
rise of the liquid level to a higher level and the
other pump starts upon the rise of the Hquid
level above said higher level and its capacity in-

creases from minimum to maximum upon con-

tinued rise of the liquid level above said higher
level. :
AUGUSTUS C. DURDIN, J&.
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