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This invention relates to pumping systems and, more 
particularly to a novel control system whereby pumping 
apparatus is operated to transmit a fluid medium under 
varying conditions. 
The invention comprises provisions for bringing a 

pump into operation in response to withdrawal of fluid 
from a discharge system and for bringing one or more 
other pumps into operation in response to increased rates 

The invention also provides a pumping system wherein 
the bringing of pumps: into operation may be placed under 
the sole control of flow conditions in the pump discharge system. 

In a more specific aspect, one embodiment of the in 
vention illustrated herein comprises a pump brought into 
action by a pressure switch in response to a drop in dis 
charge system pressure below a predetermined amount; 
in combination with means responsive to flow of fluid to 

...the discharge system for transferring to rate of flow all 
further control over the bringing into action, maintaining 
in action, and stopping, of one or more punips or pump 
combinations. . . . . . . 

În another embodiment: herein illustrated, a specific 
- feature of the invention-comprises a pump operating con 
tinuously, independently of pressure in the discharge 
system, in combination with provisions for bringing into : 
action and stopping one or more additional pumps under 
control of the rate of flow, to said discharge system. 
A further specific feature, illustrated in a further em 

bodiment of the invention, comprises provisions for bring 
ing into action and stopping: one or more pumps in re 
sponse to rate of flow and also for controlling the opera 
tion of one or more of said pumps in such a manner as 
to maintain a predetermined pressure in the discharge 
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of withdrawal of fluid from said system; and/or stopping 
said pump or pumps in response to decreased rates of 
withdrawal of fluid from said system. 25 

2 
14, which is connected to a source of electrical supply, by 
leads 15 and 16. A drive shaft 17 actuated by prime 
mover 13, actuates the pump 10, which may be of any 
suitable or conventional type such as a centrifugal pump. 
Another prime mover, for convenience here assumed to 

be an electric motor 18, is provided with a controller" or 
starter 19, which is connected through leads 20 and 21 to 
the above-mentioned source of electrical supply. Adrive 
shaft 22 actuated by the prime mover 18 actuates the 
pump 11, which, like pump 10, may be of any suitable or 
conventional type such as a centrifugal pump. 
The discharge conduit 12 communicates through pipe 23 

with a pressure switch 24 of conventional type for respond 
ing to the pressure in said conduit 12. In addition, the 
conduit 12 contains a Venturi tube 25 or other known 

: means for creating changes in conditions as a function of 
the rate of flow. Said conduit 12 discharges into a system 
26, which, if desired, may lead to a conventional storage. 
tank in accordance with customary practice or may have 
various distribution lines connected thereto for conduct 
ing fluid to desired points, or both. 

Pipes 27 and 28 communicate with the upstream side 
and throat, respectively, of the Venturi tube 25, and with 
the interior of a flow meter 29 responsive in conventional 
manner to the differential pressure across the Venturi tube 
25, and positioning a shaft 31-in correspondence with the 
rate of fluid-flow through the conduit 12. A switch arm 
30, which may be secured: to the shaft 31, is thus posi 
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tioned by meter. 29 in accordance with the rate of flow of 
fluid through said conduit 12. - 
While the particular connections for controlling the 

pumps may assume a wide variety of forms, one system 
which may be employed is illustrated in Fig. 1 and may be 
arranged conveniently as follows: 
A conductor 32 extends from one terminal of the con 

troller 14 to a conductor 33 which leads to a source of 
electrical energy, 34. Another conductor 36 extends 
from the other terminal of the controller 14 and is con 
nected by conductor 37 to a contact 38 of a switch 40. 
This conductor may, if desired, include a time-delay 
relay 36 for a purpose later to be noted. Amoyable 
contact 41 of said switch, normally connects the contact 
38 with another contact 39, which, in turn, is electrically 
connected to a wire 42, and thence, through wires. 43 
and 44, to a terminal of the pressure switch 24. The 
opposite terminal of said Switch 24 is connected by a 
wire 35 with the electrical energy source 34. 
The switch arm39, operable by the flow meter 29 in 

accordance with the rate of flow in the conduit 12, is 
50 

system as desired, as a function of the rate of flow of fluid in said discharge system. 
Other features and advantages of the invention will 

beihereinafter described and claimed, 
| In the accompanying drawings: 

fig. 1 is a diagrammatic view showing one form of 
pumping system embodying the invention. , 

Fig. 1a is a diagrammatic view: showing a modifica 
tion of the embodiment illustrated in Fig. 1. . - 

Fig.2 is a diagrammatic view.showing a further alterna 
tive embodiment of the invention. 

Fig. 3 is a diagrammatic view illustrating still another 
embodiment. 

Fig. 3a is a diagrammatic , view showing a modifica 
tion of the embodiment illustrated in Fig. 3. ... ... 

Referring to the drawings, and more particularly to 
Fig. 1 thereof, there are shown pumps 10 and 11, adapted 
to receive fluid from any suitable supply source and to 
discharge said fluid through their outlets into a discharge 

: conduit 12. ,' ', v 

A. prime mover 13, for convenience here assumed to be 
an electric motor, is provided with a controller or starter 
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later to be noted. 

adapted to engage a plurality of stationary (either fixed 
or adjustable) arcuate contacts 46, 47, and 48 of said 
flow meter. The contact 46 is connected by a wire 49 
with the aforementioned wire 43. Contact 47 is connected 
by wire 50 with a coil 51 of the switch 40, which coil in 
turn is connected by wire 52 with the aforementioned wire 
33. Said coil 51, when energized, disengages the movable 
switch contact 41 from contacts 38 and 39, and engages 
said movable contact 41 with another pair of contacts 
53 and 54. The contact 53 is connected through a wire 
55 with one terminal of controller 19, the other terminal 
of which controller is connected through wire 56 with 
wire 32 and thence with the supply wire 33. Contact 
54 is connected to the aforementioned wire 42, and thus 
with wires 43 and 49. Wire 55 may, if desired, have 
included therein a time-delay relay 55 for a purpose 
The arcuate contact 48 of the flow meter 29 iscon 

nected by wire 57 to a coil 58 of a switch 59, said coil 
58 being in turn connected to the supply wire 33. The 
coil 58, when energized, actuates a movable contact 60 into engagement with stationary contacts 6i and 62 of 
said switch 59. Contact, 61 is connected through wire 
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63 to the previously mentioned wire 36, while contact 
62 is connected to the aforementioned wire 42. 
The supply wire 35 from the source of electrical energy 

34 is connected by wire 65 with the movable switch arm 
30 of the flow meter 29. 
When there is no flow in the discharge line conduit 12, 

or a rate of flow below a predetermined value, the switch 
arm 30 of the flow meter is out of engagement with all 
of the arcuate contacts 46, 47, and 48, as shown in Fig. 1. 

In the operation of the system above described, and 
assuming the flow-meter switch arm 30 to be out of en 
gagement with the aforementioned arcuate contacts, it 
may first be noted that, so long as the pressure in the 
discharge line E2 is above a predetermined value, both 
of the pumps i0 and 11 are out of action, since the pres 
sure switch 24 is open. When, however, the pressure 
drops below said predetermined value, the pressure switch 
24 responds and closes a circuit from supply wire 35, 
through wires 44 and 43, switch contacts 39 and 38, wires 
37 and 36, controller 14, wire 32, and wire 33. The 
controller 14 is thereby energized, placing the prime mover 
13 in service to operate the pump 10 and supply fluid 
to the discharge line 12. 
The flow of fluid in said line 12 under the action of 

the pump 10 causes the flow meter to respond and its 
switch 36 to engage the arcuate contact 46. If desired, 
the pressure switch 24 may be of the well-known type 
embodying a conventional holding or "time-delay' means 
(such as a heater or a time clock) for maintaining said 
switch closed for a definite time, regardless of discharge 
pressure, in order to insure that the flow from said pump 
10 will bring said flow meter switch arm 39 into engage 
ment with contact 46. 
Thereupon, the pump 19 controller supply is shunted 

around the pressure switch 24, and the pump operation 
continues exclusively under the control of the rate of 
flow in the line 12. Specifically, upon the engagement 
of Switch arm 3 and contact 45 current flows from the 
energy source 34 through wire 35, wire 65, arm 30, con 

1 tact 46, wires 49 and 43, contacts 39 and 38, wires 37 
and 35, controller 4 and thence through wires 32 and 
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33 to the energy source 34. The pump 10 thus continues . 
in operation independently of the condition of the pressure 
switch 24. 

If, due to increased demand, the withdrawal of fluid 
from the main 26 increases, the rate of flow in the con 
duit 12 likewise increases, with consequent further clock 
wise movement of the arm 30 in Fig. 1. When said 
switch arm 30 engages the contact 47, the coil 51 of 
switch 40 is energized by way of wires 50 and 52. The 
movable contact 41 of said switch 40 is thereupon dis 
engaged from contacts 38 and 39 and is engaged with 
contacts 53 and 54. As a result, the circuit through con 
troller 14 is broken, and pump 10 is thrown out of 
action. Also, a circuit is established through controller 
19 as follows: from source 34 through supply wire 35, 
wire 65, arm 30, contact 46, wires 49 and 43, contacts 
54 and 53, wire 55, controller 9, wire 56, and wires 
32 and 33, back to said energy source 34. It will be 
noted that the contact 46 continues to be engaged by 
arm 36 when the latter is in engagement with contact 47. 
The pump 1, which is of greater capacity than pump 

i0, now comes into action and supplies fluid to the con 
duit 12 and main 26. Should the flow rate in the line 
or conduit 2 increase further, bringing the arm 38 into 
engagement with contact 48, the pump 11 remains in 
action (since the arm 30 remains in engagement with 
contacts 46 and 47) but the pump G is additionally 
brought into action so that both pumps discharge into the 
conduit 2. When the arm 30 engages contact 48 the 
coil 58 of switch 59 is energized by way of wire 57. 
Thereupon the movable contact 60 of switch 59 engages 
contacts 6 and 62. Current can then flow from source 
34 through wires 35 and 65, arm 30, contact 46, wires 
49, 43 and 42, contacts 62 and 61, wires 63 and 36, 
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controller 14, and thence through wires 32 and 33 back 
to the source 34. 

Should the demand now be met so that the flow rate 
increases no further the arm 30 moves no further clock 
wise. It will, of course, be apparent that, if desired, 
additional pumps and flow meter contacts may be pro 
vided so as to throw one or more additional pumps into 
action in case of further flow rate increase in the line 
12. If the flow rate should now decrease sufficiently 
for the arm 30 to move counter-clockwise out of engage 
ment with contact 48, the coil 58 of switch 59 is de 
energized, in consequence of which the circuit through 
the controller 14 is broken at the contacts 61 and 62, 
and the pump 10 is thrown out of action. 
The pump 1 remains in action until, upon decrease in 

flow rate sufficient to disengage arm 30 from contact 47, 
the coil 52 of switch 40 is de-energized, breaking the 
circuit through controller 19 at contacts 53 and 54, and 
establishing a circuit through controller 14 at contacts 
33 and 39. Pump 11 is thus now out of action and pump 
10, of lesser capacity, is in action. Should the flow rate 
now decrease sufficiently to disengage arm 30 from con 
tact 46, current cannot flow to the controller 14 by way 
of arrin 39, but said controller will remain energized if 
at the time the pressure in the line 12 has dropped suffi 
ciently low for the pressure switch 24 to be closed. If 
said pressure in line 12 is above the value for closing 
switch 24, at the time arm 30 disengages contact 46, no 
current can flow through controller 14 and the pump 10 
is thrown out of action until the pressure in line 12 drops 
below the value at which the pressure switch 24 closes. 
The time delay relay 36', which, as above noted, may 

be inserted in the wire 36, is of a well-known standard 
type, and has a terminal continuously connected by wire 
36' to the supply wire 35. Its purpose is to maintain 
the controller i4 energized for an appreciable period of 
time after engagement of flow-meter switch arm 30 with 
contact segment 47, so as to continue pump 10 in opera 
tion until pump 4 comes up to speed. Thus, when, in 
its clockwise movement pursuant to increased flow in 
conduit A2, the switch arm 39 comes into engagement 
with contact 47, the resultant breaking of the circuit 
through contacts 38 and 39 of switch 40 will not imme 
diately terminate the operation of pump 10; but the 
latter will continue in operation, through a flow of cur 
rent from supply wire 35, wire 36', time-delay relay 36, 
controller 14, and wire 32 to supply wire 33. This opera 
tion continues for a period sufficient for pump 11 (which 
is thrown into operation upon engagement of contact arm 
39 with contact 47) to come up to speed, whereupon the 
time-delay relay 36” breaks the circuit through the con 
troller 4 and pump 10 is thrown out of action. Said 
relay 36 does not delay the bringing of the pump 10 
into operation through the engagement of contacts 38 
and 39 by contact 41, or the engagement of contacts: 61 
and 62 by contact 60. Relays of this type, which do not 
delay establishment of a circuit upon engagement of 
control contacts, but which delay disestablishment of 
the circuit upon opening of said contacts, are well-known 
in the art and need not be specifically described. 
The time-delay relay 55, which, is previously noted, 

may be included in the wire 55, is of the same type as 
relay 36, and has a terminal connected through wires 
55' and 36' to supply wire 35. Its purpose is to main 
tain the controller 19 energized for an appreciable period 
of time after disengagement of flow-meter switch arm 30 
from contact segment 47, so as to continue pump 1 in 
operation until pump 10 comes up to speed. Thus, when, 
in its counter-clockwise movement pursuant to decreased 
flow in conduit 12, the switch arm 30 leaves contact 47, 
the resultant breaking of the circuit through contacts 53 
and 54 of switch 40 will not immediately terminate the 
operation of pump 11; but the latter will continue in op 
eration, through a flow of current from supply wire 35, 
wire 36', wire. 55'., time-delay relay 55, controller 19, 
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and wire 56 to supply, wire.33. This operation continues 
for a time sufficient for pump, 10 (which was thrown into 
operation upon disengagement of arm 30 from contact 
47) to come up to speed, whereupon the time-delay re 
lay 55 breaks the circuit through the controller 19 and 
throws pump 11 out of action. Said relay 55' does not 
delay the bringing of pump 1 into operation upon en 
gagement of contact 41 of switch 40, with contacts 53 
and 54. 
In Fig. 1a I have shown a modification of the arrange 

ment illustrated in Fig. 1. Fig. 1a is: the same as Fig. 1 
insofar as the parts to the left of line A-A in Fig. 1 are 
concerned, but differs with respect to certain parts at the 
right of said line A-A. More particularly, in Fig. 1a 
the pressure switch 24 of Fig. 1 is omitted, and the con 
tact segment 46 is extended so as to be engaged by the 
flow-meter switch arm 30 even at zero flow rate. Thus, 
the pump 10 is in operation irrespective of the pressure 
in the line: This is advantageous. where no storage 
reservoir is available. 

Otherwise, the operation of the arrangement shown in 
Fig. 1a is the same as above described with respect to . 
Fig. 1 When the flow rate increases sufficiently to bring 
arm 30 into engagement with contact segment 47, the coil 
51 of switch 40 is energized, bringing pump 11 into opera 
tion, and causing pump. 10 to be thrown out of action 
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after an interval determined by relay 36". When arm 30, . 
in response to further increase in flow rate, engages con 
tact segment 48, pump. i0 is thrown into operation 
(through energization of coil 58 of switch 59) while pump 
11 remains in operation. Upon decrease in flow rate, 
arm 30 moves counter-clockwise, and when said arm 
moves out of engagement with segment 48, the pump 

30 

10 is again thrown out of action (by deemergization of 
coil 58). Continued counterclockwise movement of arm 
30, sufficient to disengage said arm from segment 47, de 
energizes coil 51 of switch 40, so that pump, 10 is again 
in operation, and pump 11 is caused to be thrown out 
of operation after an interval determined by relay 55'. 
Pump 10 then, remains in operation, regardless of pres 
sure in the conduit 12, until the flow rate again increases 
sufficiently to cause said pump to be thrown out of ac 
tion: pursuant to engagement of the flow-meter arm, 39 
with segment 47. - 

In the embodiment illustrated in Fig. 2, no pressure 
switch is employed. A pump 70 is continuously operated 
to maintain, a predetermined minimum pressure in the 
discharge line. 71. For that purpose the prime mover, or 
motor 72 which, operates said pump 70, through shaft 
73, is controlled by a manually operated switch 74, which, 
when closed, establishes operation of said motor 72 from 
supply lines 75, 76 and connecting wires 77, 78. Thus, 
so long as said manual switch is closed, the pump;70 
continues to supply fluid to the conduit 71 and system 79. 
This is of particular utility where no storage reservoir is 
available and pressure is to be maintained in the system 
regardless of demand. ? 
The discharge conduit 71, like conduit 12, has a Venturi 

section 25 or other flow-responsive means...as previously 
noted. Pipes 89, and 81 are connected to the upstream 
and throat portions, respectively, of said Venturi section 
and, if desired, may communicate, directly with the in 
terior of a flow meter 29, which may be the same as flow 
meter 29, in its response to the rate of flow of fluid in 
conduit 71. Switch arm. 30', which may be secured to 
shaft. 31' of flow meter 29, may thus be positioned in 
correspondence with the rate of flow in said conduit 

In the embodiment illustrated in Fig. 2, however, the 
pipes 80 and 81 are, shown communicating with a sum 
mation apparatus of well-known conventional type for 
totalizing the rates of flow in different conduits and op: 
perating a flow meter in correspondence with the sum of 
said flow rates. In the example illustrated, said summa tion apparatus is also in communication with pipes 80, 
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81, connected respectively, to the upstream, and throat 
portions of a Venturi section 25 of another, conduit 71 
through which fluid is also supplied to the system, 79. 
Thus, said summation apparatus totalizes the rates of flow 
in said conduits 71 and 71 and actuates the flow meter 29 
correspondingly, in well known manner, so that the posi 
tion of the switch arm 30 represents the sum of said 
flow rates. 
A pump 82 is operated by a prime mover or motor-83, 

through a shaft 84. Said motor 83 is rendered effective 
to actuate said pump, by a controller or starter 85, which 
may be connected to the supply line.75, 76, through wires 
86 and 87. A third pump 88, is operated through shaft 
89 by prime mover. 90, rendered effective to actuate 
said pump through controller or starter. 91, which may 
be connected to said supply line.75, 76. 
A terminal of each of the controllers, 85. and 91 is 

shown connected to a wire 92, which leads to a source 
of electrical energy 93. As shown, controller 85 is con 
nected to wire 92 through, a wire 94, while controller 
91 is directly connected to, said wire 92. Another wire, 
95, from said source 93, is connected to switch arm 30' 
of the flow meter 29'. 
While the connections for controlling the operation of 

5 the pumps 82 and 88 from the flow.meter may be widely 
varied, one system of connections which may be em 
ployed is illustrated in Fig. 2 and may be conveniently 
arranged as follows: 
The switch arm. 30 of the flow meter is adapted to 

engage either fixed or adjustable arcuate contacts 96, 97 
and 98 of said flow, meter, during clockwise movement 
of said arm in response to increasing flow rates. The 
contact 96 is connected by a wire-99 to a contact i00 
of a switch 10. The contact 100 is one of a pair of con 
tacts 00, 102, which normally are engaged by movable 
contact. 103 of said switch. Contact 102 is...connected 
by wire 104 with another terminal of the controller 85. 
If desired, a time-delay relay. 104. may be included in 
said wire 104. A coil 101 of said switch, 101, when 
energized, disengages the movable contact 103 from con 
tacts 100, 102, and engages said movable contact with 
another pair. of contacts 105, 106. Contact. 105 is con 
nected to the aforementioned wire 99, while contact 106 
is connected through wire 107 with one of the terminals 
of controller. 91. A time-delay relay. 107 may be in 
cluded in said wire 107. 
One terminal of the coil 101 is connected through wire 

108 with supply wire 92, while the other terminal of said 
coil is connected through wire 109 with arcuate contact 
97 of the flow: meter 29”. 

Said wire 108 is also connected to a terminal of a coil 
110' of a switch 110, the other terminal of which coil 
is connected by wire 111 with arcuate contact 98 of the 
flow meter. Said-coil. 110', when energized, shifts...a 
movable contact 112 into engagement with stationary con 
tacts 113, 114 of said switch. The contact 113 is con 
nected through wire. 115 to contact. 102, and thus, to 
wire 104; while the contact. 114 is connected through wire 
116 to contact. 106, and thus to wire 107. 

in the system, shown in Fig. 2, as previously noted, 
the pump 70 is in operation continuously as long as the 
manual switch - 74, is closed. The switch arm: 30' of 
flow meter 29' is in the position shown as long as the sum 
of the rates of flow of fluid in the conduits 7 and 7" 
is below a certain value. Upon increased, demand for 
fluid in the system, the sum of said flow rates increases 
and the arm 36' moves clockwise. When said arm en 
gages the arcuate contact. 96, current flows from energy 
source 93 through supply wire 95, arm 30', contact. 96, 
wire 99, contacts 100, 03 and 102, wire 104, controller 
85 and wires. 94 and 92, back to said source 93. Con 
troller 85 is thereby energized and motor 83 rendered 
effective to operate the pump 82. Thus said pump is, 
brought into action and supplies fluid to the discharge 
conduit 71. - - - 
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Should the demand for fluid increase and the sum 
of the flow rates in conduits 71, 71 thereby increase 
further, so that the arm 30 engages contact 97, the 
coil 101 of switch 10 is energized by way of arm 36', 
contact 97, and wire 109. Thereby the movable contact 
193 is disengaged from contacts 100 and 102 and is en 
gaged with contacts 85 and 186. As a result cf the 
disengagement of contact 103 from contacts 89 and 
102, pump 82 is thrown out of action. However, cur 
rent now flows from source 93 through supply wire 95, 
arm 3)', contact 96 (which remains engaged by artin 
39') wire 99, contacts 105 and 106, wire i07, controller 
9, and thence through wire 92 back to the source 93. 
Controller 9; is thus now energized and renders motor 
90 effective to operate pump S3. The latter, which is of 
greater capacity than pump 32, thus pulps fluid into 
the discharge conduit 71. 

Should the sum of the rates of flow in conduits 7: 
and 7; increase further, until arm 3i)' engages contact 
98, a circuit is closed through said arm 36', contact. 98, : 
wire 11, and coil 19' of switch 1. The moyable 
contact 2 is thus engaged with contacts 13 and ii 4. 
At the same time the switch arm 36', in moving into en 
gagement with contact 98, moved out of engagement with 
contact 97, thus de-emergizing coil 8 of switch 2, 
with resultant engagement of movable contact 03 with 
contacts (99 and 02. 
Through the contacts 189 and 162 the controller 85 

is energized, while through the contacts 13 and 1:4 the 
controller 9 is energized. Thus both pumps 82 and 
88 are now actuated to supply fluid to the discharge 
liine 7. 
Upon decrease of the sum of the rates of flow of fluid 

in conduits 7 and 7", sufficient to cause arm 30' to 
move counter-clockwise out of engagement with con 
tact 98 and into engagement with contact 97, the coil 
19' of switch iE6 is deemergized, and movable contact 
E2 is disengaged from contacts 13 and ij4. How 
ever, coil 19' is now energized, bringing movable con 
tact G3 out of engagement with contacis 69 and (2 
and into engagement with contacts 85 and 6, so that 
controller 9 remains energized and pump 88 remains 
in action. In consequence of the disengagenent of con 
tact 93 from contacts {0} and {2, controllier 35 is 
deenergized and pump 82 is thrown out of action. Upon 
decrease in the suin of the flow rates in conduits 7 and 
7' sufficient for arm 38' to become disengaged fron 
contact 97, the coil 6t' is deemergized, and movable 
contact 93 is disengaged from contacts 85 and 66 
and is engaged with contacts 59 and it2. In conse 
quence of the disengagement of contact 193 from con 
tacts 95 and 106, the controller 9 is deemergized and 
pump 88 thrown out of action; but due to the engage 
ment of said contact 83 with contacts 188 and 82, the 
controller 85 is energized and the lower capacity puinp 
82 is placed in operation. f the sum of the flow rates 
now decreases further so that arm 38' is disengaged 
from contact 96, the controller 35 is deenergized and 
pump 82 thrown out of action, so that the only pump 
remaining in operation is the pump 70. 

It will, of course, be apparent that, if desired, the 
flow meter 29' may, like flow meter 29 in Fig. 1, respond 
only to the flew rate in one conduit; in which event the 
summation apparatus in Fig. 2 may be omitted and said 
flow meter 29' be connected directly to the pipes 850 and 
8 to respond only to the rate of flow in the conduit 7. 
The time delay relays 94' and 07' may be of the 

same type as the relays 36' and 55' previously referred 
to in connection with Fig. 1. Relay 64 has a terminal 
connected by a wire (4 to the supply wire $5, while 
relay 07' also has a terminal connected to said supply 
wire by a wire 07'. 
The purpose of relay 34 is to maintain controller 

85 energized for an appreciable period of time after en 
gagement of the flow meter switch 38' with contact 97 
so as to continue pump 82 in operation until pump 88 

0. 

30 

40 

55 

60 

8 
comes up to speed. Thus, when, in its clockwise move 
ment the switch arm 30' comes into engagement with 
said contact 97, the resultant breaking of the circuit 
through contacts 80 and 102 of switch 0i will not im 
mediately terminate the operation of pump 82; but the 
latter will continue in operation, through a flow of cur 
rent from supply wire 95, wire 184', time-delay relay 
104", controller 85, and wire 94 to supply wire 92. This 
operation continues for a time sufficient for pump 88 
(which is thrown into operation upon engagement of 
contact arm 3 te' with contact 97) to come up to speed, 
whereupon the time-delay relay 124' breaks the circuit 
through the controller 85 and pump 82 is thrown out of 
action. Said relay 04' does not delay the biringing of the 
pump 82 into operation through the engagement of con 
tacts 90 and t2 by contact 03. - 
The time-delay relay 07' has for its purpose the main 

taining of the controller 9 energized for an appreciable 
period after disengagement of flow-meter Switch arm 30 
from contact 97, in the counter-clockwise movement of 
said switch arm, so as to continue pump 83 in operation 
until pump 82 comes into operation. Thus, when, in 
its counter-clockwise movement, said arnm 30' leaves con 
tact97, the resultant breaking of the circuit through con 
tacts 105 and (6 will not immediately terminate the 
operation of pump 88; but the latter will continue in op 
eration, through a flow of current from supply wire 95, 
wire 97', time-delay relay {7, controller 91, and back 
to supply wire 92. This operation continues for a time 
sufficient for pump 82 (which was thrown into opera 
tion upon said disengagement of arm 30' from contact 
97) to come up to speed, whereupon the time-delay re 
lay 07' breaks the circuit through controller 9 and 
throws pump 88 out of action. Said relay (7' does not 
delay the bringing of pump 88 into action through the 
engagement of contact 03 with contacts 105 and 135, 
or the engagement of contact 2 with contacts i3 and 
14. 

It will be understood that, if desired, the conduit 71 
may be supplied with fluid from one or more pumps under 
the control of the flow meter 29'. For instance, the 
pumps 70 and 82 might discharge into conduit 71" instead 
of into conduit 7; and the conduit 7 might be arranged 
to receive fluid from the pump 88 only. 

In the embodiment shown in Fig. 3, conventional pumps 
130 and 32 deliver fluid to a discharge conduit 32, 
having a Venturi section 133 or other flow-responsive 
means as previously noted. Pipes 134 and 135 are con 
nected to the upstream and throat portions respectively 
of Venturi section 33 and also to the interior of a flow 
meter 136, which may be the same as flow meters 29 
in its response to the rate of flow of fluid in conduit 132. 
The switch arm 37, which may be secured to shaft 

137' of said flow-meter moves clockwise in response to 
increased rate of flow and assumes a position correspond 
ing to the rate of flow and assumes a position correspond 
ing to the rate of flow in the discharge conduit 132. The 
latter communicates with a system i38, which, in turn, 
may be connected to distribution lines, or, if desired, to 
a storage tank in accordance with customary practice, or 
both. 
The pump 30, which may be of the centrifugal or any 

other desired type, is driven through shaft 139 by a prime 
mover 140, which may be an electric motor. The latter 
is thrown into and out of operation by a conventional 
controller or starter 14 adapted to establish and dis 
establish connection between the pump motor 46 and a 
suitable power source, such as a source of electrical power 
supply, connected to said controller by wires 142, 42 
and i43, 43. The control of said starter or controller 
14i may be effected from another energy source, such as 
source 45 of electric energy; for which purpose a ter 
minal of said controller is connected through wires 142', 
143', and 144 to one side of said source, and another 
terminal of said controller is connected through wire 149, 
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pressure-switch 148, wire 147, and wire 146 to the oppo 
site side of said source 145. 
The . embodiment illustrated in Fig. 3 includes provi 

sions for controlling the operation of the pumps in such 
manner (as, for example, by varying their speed) as to 
maintain a predetermined pressure in the discharge sys 
tem, as a function of the rate of flow of fluid in said dis 
charge system. For that purpose, the speed of the prime 
mover 140 may be varied by a speed-controller 150 of 
conventional construction. The latter, as shown, has 
three terminals. One of said terminals is connected 
through a wire 151 to conventional pressure switches 152 
and 153. These switches, like the switch. 148, are con 
nected to the discharge conduit 132 for response to the 
pressure therein, but the pipe connections between said 
switches and said conduit are omitted to avoid unneces sary complication in the drawing. 
Another terminal of said speed controller 50 is con 

nected to said switches. 152 and 153 by a wire i54. The 
third, or common terminal, of the said speed controller 
is connected to the aforementioned wire 144. . . . 
The pump. 131, of centrifugal or other desired type, is 

operated through shaft i56 by a prime mover, such as a 
wound-rotor, electric motor 157. The latter is thrown 
into and out of operation by a conventional controller 
or starter 158, adapted to establish and disestablish con 
nection between the pump motor 157 and an electrical 
power source connected to said controller through wires 
142, 142, and 43, 43'. The control of said starter or 
controller 58 may be effected from the electrical energy 
source 345, through connections presently to be described. 
A wire 159 connects a terminal of controller. 158 to one 
of a set of either fixed or adjustable arcuate contacts 
engageable by the switch arm 137 of the flow-meter 136, 
while another terminal of said controller is connected 
through wires 143' and 144 to said source 145. 
The connections for controlling the pumps and asso 

ciated parts in accordance with the rate of flow of fluid 
in the discharge system may takes any of a variety of 
forms. One convenient system of connections which may 
be employed for the purpose is illustrated in Fig. 3 and 
may conveniently be arranged as follows: 
The arcuate contacts of the flow-meter are designated 

160, 61, 162, 163, 64, and 65, respectively. Contact 
169, is; connected by a wire 166 to the aforementioned 
wire 149. Contact 61 is connected through a wire 167. 
to the pressure switch 152, while contact 162 is con 
nected through wire 168 to the pressure switch 153. 
Contact. 163 is connected to the previously mentioned 
wire 159 which runs to controller 158. - - - - 
The flow-meter contacts 164 and 165 are connected 

respectively, by wires: 170 and 171 to pressure switches 
172 and 173. These: switches, like those numbered 148, 
152, and 153, are connected by suitable piping (not 
shown) to the conduit 132, so as to respond to the 
pressure therein. . . 
The speed of the motor 157 may be varied by a speed. 

controller 175 of conventional type. One of the three 
terminals of said controller is connected through a wire. 
176, with the pressure switch 172, and through wires 176 
and 177 with pressure switch 173. Another terminal of 
said speed controller 175 is, connected through wire-178 
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amount, both of the pumps 130 and 131 are out of action, 
Since the pressure. Switch 148 is open and no current can 
flow to either of the pump-operating motors 140, 157. 
When, however, the pressure in the conduit 132. drops 
below said predetermined amount, the pressure switch-148 
responds and closes a circuit from one side of the source. 
i45, through supply wire 146, wire. 147, pressure switch 
i48, wire 149, controller or starter 141, wires 142' and 
143', and wire 144 to the other side of said source: 145. 
The starter 141 is thereby energized, placing the motor 
440 in service to operate the pump. 130 and supply fluid 
to the discharge system. 
The flow of fluid in the line 132 under the action of 

the pump 130 causes the flow meter 136 to respond and 
its switch arm. 137 to engage. the arcuate contacts 160 
and 61. Engagement of said arm 137 with contact. 160 
shunts the pump 30 controller supply around the pres 
sure switch i48, so that the pump operation continues. 
even though the pressure in the conduit 132 rises suffi. 
ciently for said switch 148 to open. Specifically, upon 
engagement of flow-meter switch arm 137 with contact 
160, current flows from energy source 145 through sup 
ply wire 146, arm 137, contact 160, wire 166, wire 149, 
controller or starter 141, and wires 142", 143', and 144 
back to said source 145. The pump 130 thus continues 
in operation independently of the condition of the pres 
sure switch 148. 
The pressure switch 148, like the previously described 

pressure Switch 24, may, if desired, be of the well-known 
type: embodying a conventional holding or "time-delay" 
means for maintaining said switch closed for a definite 
time regardless of discharge pressure, in order to insure 
that the flow from the pump 130 will bring the flow-meter 
Switch arm 137 into engagement with contacts 160 and 

As previously observed, the flow-meter switch arm 137 
engages the contact 16i concurrently with the contact 160. 
Upon engagement of said arm 137 and contact 161 con 
nection is established between the supply wire 146 and 
the wire, 167 which extends to the pressure switch 152. 
If the pressure in the conduit 132 is below a predeter 
mined amount (as, for example, 80 pounds per square 
inch) the pressure switch. 152 closes and thereby estab: 
lishes a connection between wires. 167 and 151. Cur 
rent thus now flows from supply wire 146, arm 137, con 
tact. 161, wire 167, pressure switch 152, and wire 151 
to one of the terminals. of the speed controller 150, and 
thence from the return terminal of said speed controller 
to the return supply wire. 144. The flow. of current from 
wire i5: through the speed controller. 150 to wire 144 
operates, the controller. in conventional manner to in 
crease the speed of the prime mover or motor 140. The 
pump 130 is thereby caused to run faster, thus increasing 
the pressure in the discharge conduit 132. If this pressure 
is... raised above a predetermined amount (such as 84 
pounds per square inch), the pressure switch 152 estab 
lishes a connection between wire 167 and wire 54 so that 
current now.flows through the speed controller 56 from 
wire: 54 to the common or return supply wire 144. 
Thereby, the controller: 150 is caused in conventional 
manner to reduce the speed of the prime mover or motor 

with pressure. switch. 172, and through wires..178; and 
179; with pressure switch, 173; The common or return. 
terminal of controller, 175 is connected through the previ 65 
ously mentioned wires 143' and 144-to-one-side of the: 
electrical energy source. 145. 
The switch arm. 137 of the flow meter is connected to 

the previously mentioned wire 146. When-there is no 
flow. in the conduit. 132, or a flow. rate.below a predeter 
mined amount, the switch arms 137 is in the position: 
shown in Fig. 3, out of engagement with all of the arcu 
ate contacts. 160-65. 
When the switch arm 137 is in the position shown, and 

140, thus causing the pump. 130 to run slower and reduce 
the pressure in the discharge conduit 132. . . 

If the flow rate. in the discharge conduit increases suf 
ficiently for the arm 137 to engage the contact. 62, the 
controller. 141 remains, energized (since, said arm 137 
remains in engagement with contact. 160). However, the 
pressure switch 152 is thrown-out-of action, since the arm. 
137 no longer engages contact. 161. The engagement of 
arm-137 with contact 162 establishes a connection between 
the supply, wire 146 and wire 168, thus bringing pressure . 
switch 153 into action. If the pressure in the discharge. 
conduit 132.is below an increased predetermined value (85 
pounds per square inch, for example). the switch. 153. 

the pressure in the conduit 132 is. above a predetermined 75 establishes. a...connection between wires. 168 and 151 so 
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that current flows from supply wire 146 through arm 137, 
contact 62, wire 168, wire 15, speed-controller 159, 
and return wire 144. As previously noted, the flow of 
current through said speed controller from wire 15 to 
wire 44 increases the speed of operation of the pump 
:30; and this speed increase is maintained so long as the 
pressure in the discharge conduit 32 is below a predeter 
mined increased value (such as 89 pounds per square 
inch). If the pressure in said conduit rises above said 
value, the switch responds by connecting said wire 68 
to wire 154, so that current flows through the speed con 
troller 150 from wire 154 to wire 144, with consequent 
reduction of the pump operating speed. Through the 
pressure switch is3 the pressure in the discharge line is 
maintained at a higher value to overcome the higher pipe 
friction at the increased flow rate, thereby maintaining 
the pressures at down-stream points within desired limits. 
Assume now that the demand for fluid from the coinduit 
32 and main 38 increases still further, with consequent 

increase in flow rate sufficient for the arm 37 to engage 
the contacts 63 and 264. Through the engagement of 
arm 37 with contact 63, current flows from supply 
wire 46, arm ii37, contact 163, and wire 59 to the con 
troller 58 for the pump 3, and thence from said coin 
troller to wire i43' and the return wire 44. The 
controiler or starter 158 now places the prime mover or 
motor 157 in service to actuate the pump 13i, which may 
be of greater capacity than pump 38. 
The engagement of the arm. 37 with contact 64 

connects supply wire 146 with wire 170 which runs to 
the pressure switch 72. The latter connects the wire 
178 to wire 176 so long as the pressure in the discharge 
conduit 132 is below a still higher predetermined value (90 
pounds per square inch, for example) so as to insure 
overcoming increased pipe-friction incident to the higher 
rate of flow. So long as said discharge pressure is below 
said increased amount, current flows from wire i76 
through the speed controller 75 and thence through the 
return wires 43' and 44. Such flow of current through 
said controller i75 operates the latter to increase the speed 
of operation of the prime mover or motor 57, and thus 
of the pump i3. When a predetermined pressure value 
in the discharge line 32 is exceeded (94 pounds per 
square inch, for example), the pressure switch 172 con 
nects said wire 76 to wire 178, so that current now flows 
through the speed controller 75 from wire 78 to wire 
43', with resultant operation of said controiler to reduce 

the speed of the motor 157 and pump 35. 
Upon still further increase in rate of flow of fluid in 

the discharge conduit 132, the flow-meter switch arm 137 
comes into engagement with contact 65. Pumps 130 
and 13 remain in operation, since said arm 137 con 
tinues to engage the contacts ió9 and 63. Since, how 
ever, arm 37 is no longer in engagement with the con 
tact 64, the pressure switch 172 is no longer in action. 
At the same time, the engagement of arm 437 with contact 
65 establishes connection between wires 146 and 17, 
and thus to pressure switch 173, which responds to a 
discharge pressure at a predetermined value still higher 
than any of the previously mentioned pressure switches. 
So long as the pressure in the discharge conduit 132 

is below a predetermined higher value (95 pounds per 
square inch, for example), the pressure switch maintains 
a connection between wire 7 and wire 77, so that cur. 
rent flows by wire 76 through the speed controller 175 
to the return wires 143' and 143. The controller 75 
thus causes the motor 157 and pump 131 to operate at 
increased speed. When a predetermined pressure value 
is exceeded (99 pounds per square inch, for example), 
the pressure Switch 73 connects said wire 7 to wire 
£79, so that current flows by wire 178 through speed 
controller 75 and thence to the return wires 43' and 
144. Thereby the controller 175 reduces the speed of 
the motor 157 and pump 3A. 

While, upon engagement of the flow-meter switch arm 
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137 with contacts 363 and i64, the pump 130 may be 
cut out if desired, I have shown the contact segment 60 
as of sufficient extent to be engaged by said arm 137 
throughout its engagement with the other contact Seg 
ments, so that the pump 30 is continuously in operation 
from the time when arm 37 comes into engagement with 
segment 69 in the clockwise movement of said arm until 
said arm 37 is disengaged from said segment 60 in 
the counterclockwise movement of Said arm. Thus, in 
this arrangement the pump 30 is in operation continu 
cusiy as long as the flow rate in conduit E32 equals or 
exceeds that at which arm i37 is brought into engagement 
with contact segment ió0. While neither of the pressure 
switches 52, 53 is in action when the switch arm 137 
engages contacts 163 and 64, the pump 30 continues 
in ops ration at the speed corresponding to the setting of 
the controller 350 when arm 137 left engagement with 
segment 162. Of course, by shortening the length of the 
segment 150, the pump 130 could be thrown out of opera 
tion at any desired point in the clockwise movement of 
the Switch arm 37. 
Upon decrease in flow rate in the discharge conduit 132, 

the arm 37 moves counter-clockwise, disengaging the 
contact 65 and engaging the contact 64. Pressure 
switch 73 is thus thrown out of action and pressure 
switch 72 returned to operation. Upon sufficient further 
decrease in flow rate, the arm 37 moves out of engage 
ment with contacts 163 and 64, and comes into engage 
ment with contact 62. Pressure Switch 172 is now 
thrown out of action, as is also pump 13. However, the 
smaller-capacity purnp 130 remains in operation, due to 
the continued engagement of arm 130 with segment 60, 
and the pressure switch 53 which controls the speed of 
operation of said pump is restored to action by engage 
ment of said arm with segment 162. 

Still further decrease in flow rate causes said arm 37 
to move out of engagement with contact 62 and to en 
gage the contact 61, with the result that pump 130 is 
brought under control of the pressure switch 152 to main 
tain a reduced pressure in the discharge conduit. Upon 
sufficient further decrease in flow rate in said conduit, the 
arm 137 moves out of engagement with both contacts i60 
and 161, so that pressure switch 152 is thrown out of oper 
ation, and current can no longer flow through the con 
troller 141 by way of said arm 137. Pump 130 will thus 
be thrown out of action, unless the pressure in the dis 
charge line 132 is below that at which the pressure switch 
148 responds to establish current flow through said con 
troller 14 by way of wires 147 and 149. Upon such 
response of the switch 148 to discharge line pressure 
the pump 130 will operate to maintain a minimum pressure 
in conduit 132, or to return the flow-meter switch arm 
37 into engagement with contacts 60 and 161. 
Preferably, the segments 161 and 62 are spaced from 

each other by a slight angular gap, so that the switch 
arm 130 will not engage both segments simultaneously. 
Likewise, the segments 162 and 164, also 164 and 165 are 
preferably separated by a slight angular gap for the same 
eaSO. 
In Fig. 3a I have shown a modification of that portion 

of the Fig. 3 arrangement that involves the pressure 
switch control circuits. More specifically in Fig. 3a, the 
switch 72 maintains control of both pump 130 and 131 
when the fiow meter arm 37 is on the segment 64, while 
switch 173 maintains control of both of said pumps when 
said arm 137 is on segment 165. This is effected by con 
necting lines 15 and 154 of speed-controller 150 to the 
lines 77 and 179, respectively, as shown in Fig. 3a. 

In order to prevent pressure switches 152 and 53 from 
attempting to control pump 131 when it is not running 
(i.e., when switch arm 137 is on segment 161 or 162), a 
relay 180 is shown in Fig. 3a, said relay having a coil 
181 connected between the wire 159 and wire 143'. A 
movable contact 182 of said relay 180 is adapted to be 
moved into and out of engagement with a pair of station 
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ary-contacts,183 and 184 on separated parts of the portion 
of wire 43', that leads to the speed controller, 175. As 
long as the flow-meter switch arm 137 is out of engage 
iment with segment 63, current cannot flow through wire 
159 and the coil 181 of relay 180 is deenergized; under 
which icondition the movable contact 182 of said relay is 
out of engagement with contacts 183 and 184. Thus, 
while pressure switch 152 will control the action of the 
speed-controller 50 as long as switch arm 137 engages 
segment 161, and pressure-switch 153 will control the ac 
tion of said speed-controller as long as said arm 137 en 
gages segment 162, neither of said pressure-switches can 
control the pump 131, since contact-182 is out of engage 
ment with contacts 183 and 184 under those conditions. 
When, however, switch arm 137 engages segment 163 and 
164, pressure-switch 172 is thrown into action (through en 
gagement of said arm with segment:164) and the coil 180 
of relay 81 is energized (through engagement of said 
arm 137 with segment 163). Thereupon, the movable 
contact 182, of said relay engages the stationary contacts 
183 and 184, so that the speed-controller 175 for pump 
131 is connected to the wires 143' and 144, and thus be 
comes Subject to control by pressure-switches 172 and 
173. As previously noted, said pressure-switches 172 and 
173 are also connected for the control of the speed of the 
pump 130, since the wires 151 and 154 of the speed-con 
troller 150 are connected to wires 177 and 179 and thus 
to said pressure-switches. 

If desired, in Fig. 3 or Fig. 3a, there may be placed in 
the supply line 146, between the supply source 145 and 
the point of connection of wire 146 to wire 147, a con 
ventional pressure switch, responsive to pressure in the 
suction or supply side of the pumps 130, 131, which switch 
is normally closed but opens when the suction pressure 
falls outside certain limits, as when no fluid supply, or in- ; 
sufficient fluid supply, is available for the pumps. A simi 
lar pressure: switch responsive to supply line suction may 
be provided in either of the systems shown in Figs. 1 
and 2. 

It will be apparent that the number of pumps thrown 
into and out of action may be varied as desired from 
the number shown by way of example in each of Figs. 1, 
ia, 2, 3, and 3a. Also, if desired, various combinations 
offixed and variable speed pumps may be employed. For 
instance, in Fig. 3, the pump 130 might, if desired, be 
operated at fixed speed by simply omitting the variable 
speed controller 150, while retaining the variable-speed 
operation of pump 131. It will also be apparent that, if 
desired, the flow-meter 29 in Fig. 1 or Fig. 1a, or the flow 
meter 136 in Fig. 3, may respond to the sum of flow rates 
in different conduits as illustrated in connection with flow 
meter 29' in Fig. 2. Numerous other variations will be 
apparent, within the scope of the appended claims. 
The terms and expressions which I have employed are 

used as terms of description and not of limitation, and I 
have no intention, in the use of such terms and expres 
sions, of excluding any equivalents of the features shown 
and described or portions thereof, but recognize that vari 
ous modifications are possible within the scope of the in 
vention claimed. 

I claim: 
1. A pumping system comprising a plurality of pumps, 

a discharge line connected to the outlets of said pumps, 
means responsive solely to the rate of fluid flow through 
said line during operation of one of said pumps for bring 
ing into action another of said pumps, means responsive 
to pressure in said discharge line, means controlled by 
said pressure responsive means for varying the speed of 
one of said pumps, and connections controlled by said 
flow responsive means for bringing said pressure respon 
sive means into operation. 

2. A pumping System comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to the rate of fluid flow through said dis 
charge line, means responsive to pressure in said dis 
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charge line, imeans controlled by said pressure responsive 
means for varying the speed of operation of saidpumps, 
connections: controlled by said flow responsive, means for 
bringing said pressure responsive means into action, and 
connections, controlled by said:flow responsive means for 
bringing one-of said pumps into action in response to 
increase in flow. rate to a predetermined amount during 
-operation of another of saidpumps. 

3. A pumping System comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to the rate of fluid flow through said 
discharge line, means, controlled by said flow responsive 
means for varying the speed of one of said pumps in ac 
cordance with the pressure in said discharge line, means 
controlled by said flow responsive means for bringing a 
second one-of-said pumps into action in response-to-in 
crease.in flow rate to a predetermined amount in said 
discharge line, and means controlled by said flow respon 
sive means for varying the speed of said second pump in 
accordance with the pressure in said discharge line. 

(4. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to the rate of fluid flow through said 
discharge line, a pressure switch for controlling the speed 
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of one of said pumps to maintain, a predetermined pres 
sure in said discharge line, means controlled by said flow 
responsive means for maintaining said pressure switch in 
action for a predetermined range of flow rates, a second 
-pressure. Switch for controlling the speed of said pump 
to maintain a predetermined higher pressure in said dis 
'charge line, means controlled by said flow responsive 
means for cutting out the first pressure switch and bring 
ing into action the second pressure switch in response 
ito increase in flow rate to a predetermined amount, and 
means controlled by said flow responsive means for bring 
ing a second pump into action in response to a further 
increase inflow rate. 

15. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said, pumps, 
imeans responsive to the rate of fluid flow through said 
discharge line, a pressure switch for controlling the speed 
of one of said pumps to maintain a predetermined pres 
sure in said discharge line, means controlled by said flow 
responsive means for maintaining said pressure switch 
in action for a predetermined range of flow rates, a second 
pressure switch for controlling the speed of said pump 
to maintain a predetermined higher pressure in said dis 
charge line, means controlled by said flow responsive 
means for cutting out the first pressure switch and bring 
ing into action the second pressure switch in response to 
an increase in flow rate to a predetermined amount, 
means controlled by said flow responsive means for bring 
ing a second pump into action in response to a further 
increase in flow rate, a third pressure switch for control 
ling the speed of said second pump to maintain a pre 
determined pressure in said discharge line, and means 
controlled by said flow responsive means for bringing said 
third pressure switch into action. - 

6. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to the rate of fluid flow through said 
discharge line, means controlled by said flow respon 
sive means for maintaining one of said pumps in oper 
ation for a predetermined range of flow rates, means 
controlled by said flow responsive means for maintain 
ing another of said pumps in operation for a predeter 
mined higher range of flow rates, and pressure responsive 
means controlled by said flow responsive means for 
varying the speeds of said pumps to maintain different 
pressures in said discharge line for different rates of flow 
therein. 

7. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to the rate of fluid flow through said 
discharge line, electrical contact means controlled by said 
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flow responsive means for maintaining one of said pumps 
in operation for a predetermined range of flow rates, 
electrical contact means controlled by said flow respon 
sive means for maintaining another of said pumps in 
operation for a predetermined higher range of flow rates, 
pressure responsive means, means controlled thereby for 
varying the speeds of said pumps, and electrical contact 
means controlled by said flow responsive means for 
varying the speeds of said pumps to maintain different 
pressures in said discharge line for different rates of flow 
therein. 

8. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to the rate of fluid flow through said 
discharge line, pressure responsive means for regulating 
the speeds of operation of said pumps to maintain pre 
determined pressures in said discharge line, electrical 
contact means controlled by said flow responsive means 
for maintaining the respective pumps in operation 
through predetermined flow rate ranges in said discharge 
means, and means controlled by said flow responsive 
means for rendering said pressure responsive means ef 
fective to regulate the speeds of said pumps. 

9. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to pressure in said line for bringing 
one of said pumps into operation, means responsive to 
rate of flow in said discharge line in excess of a prede 
termined amount for bringing another pump into opera 
tion and stopping the first pump, means responsive to 
pressure in said line for varying the operation of one of 
said pumps to increase the pressure in said line when 
said pressure is below a predetermined amount, and means 
responsive to rate of flow in said discharge line in excess 
of a predetermined amount for bringing the last men 
tioned pressure responsive means into action. 

10. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to pressure in said line for bringing one 
of said pumps into operation, means responsive to rate 
of flow in said discharge line in excess of a predetermined 
amount for bringing another pump into operation and 
stopping the first pump, means responsive to a further 
increase in said rate of flow for again bringing the first 
pump into operation, means responsive to pressure in said 
line for varying the operation of one of said pumps to 
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increase the pressure in said line when said pressure is 
below a predetermined amount, and means responsive to 
rate of flow in said discharge line in excess of a predeter 
mined amount for bringing the last mentioned pressure 
responsive means into action. 

11. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means for bringing one of said pumps into action, means 
responsive to rate of fluid flow in said line for bringing 
another pump into action, normally ineffective means 
responsive to pressure in said discharge line for varying 
the operation of one of said pumps to increase the pres 
sure in said line, and means controlled by said rate of 
fluid flow for bringing said pressure responsive means into 
action. 

12. A pumping system comprising a plurality of pumps, 
a discharge line connected to the outlets of said pumps, 
means responsive to pressure in said discharge line for 
bringing one of said pumps into action, means responsive 
to rate of fluid flow in said line for bringing another pump 
into action, normally ineffective means responsive to 
pressure in said discharge line for varying the operation 
of one of said pumps to increase the pressure in said line, 
and means controlled by said flow rate for bringing the 
last-mentioned pressure responsive means into action. 
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