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My invention relates to electric systems of control and,
more particularly, to systems of control for controlling
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and protecting the operation of machines for moving °

fluid under pressure.

This application is a continuation-in-part of applica-
tion Serial No. 294,280, filed June 18, 1952, now aban-
doned, and assigned to the Westinghouse Electric Corpo-
ration.

The majority of modern pipe lines for the transporta-
tion of liquid petroleum and petroleum products utilize
centrifugal pumps. Such pumps move the liquid from
one station to the next, and the third, and so on. The
number of pumps per station and the spacing of the sta-
tions is determined by the hydraulic requirements. For
flexibility of operation, each station usually contains from
two to four pumps, with frequently an additional or spare
pump at each station, all conmected directly in series,
each pump handling the full line' “throughput,” and de-
veloping a part of the total station differential pressure.
The total station differential pressure can, therefore, be
varied in steps in accordance with the number of pump
units operated.

The pressure at the station discharge position in the
pipe line is the sum of: the receiving pressure, or so-
called suction pressure, and the station differential pres-
sure. . The incremental pressure developed by each pump
is subject to variations with pump speed, specific gravity
and viscosity of the fluid being pumped, and to some
extent with the pumping rate depending upon slope of
the head-capacity characteristics for the particular pump
design. For similar reasons, and depending on the con-
tour and distance between stations, which distance varies
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in existing lines between twenty-ﬁve and one hundred -

miles, the suction pressure also varies over a considerable
range.

Practical considerations of pipe strength strength of

valves and valve housings, sirength of the fittings and
the pump cases, etc., require that the station discharge
pressure and the pressure within the pumps and station
piping system be limited to safe working values.
" It is a broad object of my invention to provide electric
means for automatic control of a fluid transporting sys-
tem to prevent the improper operation of such system
pressurewise.

A somewhat more specific object of my invention is
_ the provision of an electric system of control in a pump-
ing station including a plurality of pumps so that only
such number of pumps are operated to keep the fluid
pressure in the system between a certain range.

The objects recited are merely illustrative. Other ob-
jects and advantages will become more apparent from
a study of the following more detailed specification and
the accompanying drawings, in which:

" Figure 1 is a diagrammatic showing of a pumping sta-
tion provided with an embodiment of my invention; and

Fig. 2 is a diagrammatic showing of a pumping sta-
tion provided with a modification of my invention,
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In Fig. 1 the pump P1 has its intake port connected
through the valves 3 and 4 to the supply pipe line SPL.
Pump P1 normally supplies liquid to the intake port of
pump P2, pump P2 supplies pump P3, pump P3 supplies
pump P4, and pump P4 may supply a fifth or spare
pump PS5 if it is used, but more often this pump P4
supplies the throttle valve 15 from which throttle valve
the liquid passes through the open motor-operated shut-
off valve 14 to the discharge pipe line DPL.

Aside from the suctiom, discharge, and bypass valves
for each unit, the number and arrangement of valves and
piping layout is subject to variation to suit the require-
ments of each installation,

Each pump is driven by a motor as the motors M1,
M2, M3, M4 and MS5, respectively. The valves 1 to 14,
inclusive, are all motor-operated shut-off valves for con-
trolling the flow of the liquid. For example, when valves
3 and 14 are closed and valves 1 and 2 are open the
liquid is shunted past the entire pumping station. The
liquid flows from the supply pipe line SPL through the
shut-off valve 1, the reverse flow check valve VB, the
shut-off valve 2 directly to the discharge pipe line DPL.

In Fig. 1 I have shown five pumps and the control
and drive means for each pump. Only four pumps are
necessary for the particular station shown. Any one of
the pumps may thus be considered as a spare. In the
discussion to follow the fifth pump P5 will be considered
as not in use. For this purpose, shut-off valves 12 and
13 are closed, the liquid will thus in operation flow from
the discharge end of pump P4 through valve 11, the by-
pass piping for pump PS5 and the check valve V5 directly
to the throttle valve 15. Since there is no pressure de-
veloped in the pump housing of pump P5 the contacts
45 of the pressure actuated switch 21 will be open.

With some prior art pumping systems, entire reliance
is placed on the throttle valve, as the valve 15 shown in
Fig. 1, for the protection of the discharge pipe line.
This valve 15, it will be noted, is disposed on the down-
stream side of the final pump, namely, pump P5 in Fig.
1, and this valve, by control means responsive to the
outbound line pressure, is effective to prevent this pres-
sure from exceeding a safe maximum.

While valve 15 is useful in limiting the downstream
pressure by dissipating the required portion of the total
station pressure, it does not in the least reduce the total
station pressure. The latter reduction must be accom-
plished by a reduction in suction pressure, or in the num-
ber of pump units operating or in the operating speed
of one or more of the pump units where speed control is
available.

End pump has a by-pass check valve as the check valves
V1, V2, V3, V4 and VS5, respectively. With all the
shut-off valves, for the portion of the pumping system
being used, open, which open condition is the normal
condition of these valves, the electric supply lines L, P
and N energized, the circuit breakers C1, C2, C3 and
C4 closed and held closed by the latches 40, 36, 32 and
26, respectively, the pumps P1, P2, P3 and P4 are all op-
erated and fluid flows from the supply pipe line SPL
through these pumps, check valve V5 and valves 15
and 14 to the discharge pipe line.

At the discharge end of the pump line is the throttle
valve 15 and on the downstream side of this valve 15 is
the high-pressure protective switch 23. Each pump at its
discharge conduit is provided with a similar pressure re-
sponsive switch as the switches 17, 18, 19 and 29. The
attachment of these switches t6 the pressure system is such
that switch 17 is responsive to the pressure in the pump
case, at the discharge side, for the pump P1; switch 18 is
responsive to the pressure in the pump case, at the dls-

. charge side, for pump P2, and so on.
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The pressure developed by each pump may be assumed
to be any practical value, however, for purposes of discus-
sion let the assumption be that the station suction pres-
sure; the: pressure at ‘the pressure responswe switch 16,
is°50 p. s. 1. and that each of the pumps in use develops a
pressure-of 200 p. s. i. - The pressures in: the system: for
normal operation thus changes so that at the pressure-re-
sponswe device 16 it is 50 p-s. i., at the- pressure respoi-
sive device 17 it-is 250 p. s.i., at dev1ce 18 it is'450 p. s. i.,
at device 19 it is' 650 p. s. i.,"at devices 20 and 22, since
pump P35 is not in use, it is 850 p. s.i. The throttle valve
is so adjusted that the pressure at device 23 is 800 p. s. .

Pressure responsive device 23 is so selected and so ad-
justed that its contacts open when the pressure in the con=
duit beyond the throttle valve 15, that is, the region be-
tween valves 15 and 14, drops-to 830 p.:s. i. and below,
but are closed for all pressures above 830 p. s. i.. The
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desirable to protect the pumps and piping within the sta-
tion. The allowable pressures within the station are
usually higher than the permissible pressures on the down-
stream line. For the protection of the pumps and station
fittings and pipes I provide the pressure responsive de-
vice 22. This device is selected and so adjusted to effect
closing of its contacts when the pressure acting on it is
at 950 p. s. i. or greater. When such excessive pressure
occurs, the contacts 42 are closed whereupon a circuit is
éstablished from the positively energized conductor 24;
through actuating coil 25 of the latch 26, contacts 27 (or
possibly contacts 33, or 37, or 41, or 45, depending on

© which pump happens to be the last downstream pump),
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pressure responsive devices 17, 18, 19; 20-and 21 are so

selected and adjusted that thelr sw1tch contacts- 41, 37,
33,27 and 45 close when the pressure is at 815 p. s. i. and
above, but remains open for all pressures below 815 p. s. i.

Under the conditions specified, it is apparent. that switch
contacts 27 will be.closed: whereas switch contacts 4§; 41,
37, 33, 45, 42 and 29 will all be open. However, if pump
P4 were-idle. and pump P35 operating , then contacts 45
would be closed at pressures-of §15 o. s i.-and greater and
all the other switch. contacts would be open. L’ms which-
ever pumps are runmng, of the' operating units. only tbe
last downstream one will have its pressurs responswe
switch contacts closed. ' ’ )

If for any reason the throttle valve doss not -operate
proper’y so that the pressure just bejy jond the throttle valve
tises to a value greater than 830 p. s. i., then the pressure
responsive -device 23 will close the contacts 29 and an
energized circuit is immediately established from the p051-
tive line P through conductor 24, actitating coil 25 of the
latch 26, contacts 27 of pressure responsive device 29,
conductor 28, contacts 29, and conductor 30 to the nega-
tive line N.

The latch 26 thus operates to release the circuit breaker
C4 and in consequence motor M4 is disconnected from

_ the leads L and pump P4 is stopped The pressure differ-
ential produced by pump P4 is thus eliminated from the
pumping station and normally the pressute at device 23
will drop so as to open contacts 29.

In some pumpmg stations, the pumips aré driven by
diesel engines, in others by turbines. For this type of
pumping station, operation of a device. correspondmo to
latch 26 may operate to stop the diesel engine cperating
pump P4 or change the throttle setting to decrease the
pressure differential of pump P4. If a turbive is used, a
similar operation is effected. In amy event, the aim is to
decrease the pressure differential at the pump affected.

Since stoppmg of pump P4 decreases the total pressure
by 200-p. s. i., it follows that ordinarily fio further pump
stoppages occur, but if abnormal operating conditions still
prevail keeping contacts 28 closed ‘then the pressure at
pump P3 will exceed 815 p. s. 1. It follows that pressure
responsive device 19-will close its contacts 33. When this
takes place, a circuit is established fromr positively enér-
gized conductor 24 through the actuating coil 31 of latch
32, contacts 33 to the negatively energized conductor 28:

If the abnormal pressure conditions are still Hot elim-
inated; a third circuit is established from positively ener-
gized conductor 24 through the actuating coil 35 of the
latch 36, and contacts 37 to the negatively enorglved con-
ductor 28.

If the pressure at device 23 is still too high, a further
circuit is established from the positively energized con-
ductor 24 through the actuating coil 39 of latch 4%, and
contacts 41 to the negatively energized conductor 28.

‘From the foregoing it will be apparent that the pumps
P4, P3, P2 and P1 go out of service in the order. named.

In’addition to protecting the outbound ling “when a sta-
tion throttling valve; as valve 15, is used, it is also very
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conductor 28, contacts 42 to the negatively energized con-
ductor 30. Pump P4 is thus shut down.

Since the abnormal pressure conditions may be evi-
denced by a high suction pressure, I provide alternatively
to or in combination with device 22 the pressure respon-
sive device 16. This device is responsive to a pressure
higher than 50 p. s. i., for example a pressure of 100 p. s. i
At this high pressure, device 16 closes its contacts, where-
upon a circuit is established from the positively energized
conductor 24, through the actuating coil 25 of latch 26;
contacts 27, conductor 28, contacts 46 to the negatively
energized conductor 38. )

The pressure values used in the preceding discussion
are, of course, subject to choice in accordance with the
needs of the particular installation, and will vary with the
allowable pressures on the line, station piping, fittings and
pumps, the pressure developed per pumip and the number
of pumps operating in series.

In Fig. 2 1 have shown a modification of my invention
for profech the pump station and plpe line against ex-
cessive pressures. -The spare pump is not shown. For
like parts the same reference characters used in Fig. 1
are used in this Fig. 2.

In this medification the pressure responswe devices
117, 118, 119 and 120 aré each responsive to the pres-
sure differential developed by the pumps P1, P2, P3 and
P4, respectively. Each pressure responsive device is pro-
vided with two sets of contacts.

Assuming for example that each pump develops a pres-
sure differential of 200 p. s. i., the pressure responsive
devices 117, 118, 119 and 129 are so selected and adjusted
that their upper contacts are all closed when the pressure
differential is normal, but when the pressure differential
drops to 125 p. s. i. or lower then the upper contacts open
and the lower contacts close.

If abnormal pressure conditions effect the closmg of
contacts 29, or contacts 42; or contacts 46, then a circuit
is established from the positive line P through conductor
24, actuating coil 39 of the Iatch 46, contacts 141, conduc-
tor 28, the one of the three contacts 29, or 42, or 46 that

- happens to be closed, and conductor 30 to the negatlve
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line N.. Motor M1.is thus stopped and pump P1 is taken
out of service.. -As pump P1 stops, the pressure differen-
tial developed by this pump P disappears and as a result
contacts 241 close. Since contacts 241 are in series with
coil 35 of latch 36 and the contacts 137, it follows that
latch 36 will be tnpped if the abnormal pressure condi-
tions are still present.

Should pump P2 be stopped, the pressure differential
developed by pump P2 disappears and as a result contacts
237 close. Since contacts 237 are in series with coil- 31
of latch 32 and the contacts 133, it follows that pump P3
will be stopped if the abnormal pressiire condmons are
still present.

As pump P3 stops, the pressure differential developed
by pump P3 disappears and in consequence contacts 233
close. Since contacts 233 are in series with coil 25, of
latch 26 and in-series with. contacts 127, it follows that
pump P4 will be stopped if the pressure condltlons are
still present after the stopping of pump P3.

In the system shown in Fig. 2, the pump may be pro-
tected against low suctlon préssure by employmg a device
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16A connected to the same point in the piping as 16 but
responsive to low pressure, whose contacts 46A close when
the pressure declines to a value approaching a dangerous
condition, such as 5 p. s. 1. °

From the foregoing discussion of Fig. 2 it is apparent
that I provide a system of control for shutting down sev-
eral units, in which system of control only the minimum
number of units are shut down to attain the necessary cor-
rection in pressure. In practice this is important, to mini-
mize reduction in line flow and to cause the minimum
hydraulic disturbance in the fluid transportation system.
Also the shutdown of the units is progressive always be-
ginning with the upstream operating unit which is shut
down immediately upon an occurrence of abnormal pres-
sure, and then if continuation of abnormal pressure re-
quires shutdown of additional units, the next operating
unit in the direction of upstream is shut down and so on
until pressure conditions have been satisfied. The se-
quence of shutting down units from the upstream end is
desirable to permit subsequent restarting with minimum
pump case pressure. Experience has shown that it is pref-
erable in such series-connected pump installation to start
the downstream pump first and the remaining pumps pro-
gressing upstream, and to shut the units down in reverse
order, -

While I have shown and described but an embodiment
and a single modification of my invention, it is understood
that the invention is capable of various adaptations and
that changes and modifications may be made or substi-
tutions resorted to which come within the spirit of the
invention.

I claim as my invention:

1. In an electric system of control, in combination, a
pair of supply conductors energized from a suitable source
of electric energy, an auxiliary conductor, a selected num-
ber of electromagnetic devices, fluid pressure responsive
switching means -each having normally closed contacts
and normally open contacts, said normally closed contacts
being connected, respectively, in series with said devices
and said normally open contacts being connected in a
series circuit with one end thereof connected to said auxil-
iary conductor and the other end to one of the series cir-
cuits including one set of normally closed contacts and

one device; a second one of said series circuits, including.

one set of normally closed contacts and one device, being
connected across one supply conductor and said auxiliary
conductor; the remaining series circuits, including the nor-
mally open contacts and a device, respectively, having one
set of corresponding ends connected to one supply con-
ductor and the other set of corresponding ends connected,
respectively, between the said normally open contacts, and
further fluid pressure responsive switching means for con-
necting the second supply conductor to the auxiliary con-
_ductor upon the occurrence cf certain pressure effects on
said further fluid pressure responsive switching means.

2. In an electric system of control, in combination, a

‘pair of energized conductors, an auxiliary conductor, three
fluid pressure responsive switches for connecting one ener-
gized conductor to the auxiliary conductor upon occur-
rence of any one of the three fluid pressure conditions
for which said fluid pressure responsive switches are ad-
justed, a plurality of electromagnetic devices and a fluid
"pressure responsive switch for each of said electromag-
netic devices for effecting sequential connection of said
electromagnetic devices across the auxiliary conductor and
the other energized conductor.

3. In an electric system of control, in combination, a
pair of energized conductors, and an unenergized con-
ductor, a normally closed switch and an electromagnetic
device connected in series across one energized conductor
and the unenergized conductor, a fluid pressure responsive
device coupled to said switch and adapted to open said
switch upon a drop of the fluid pressure on the fluid pres-
sure responsive device below a given value, a pair of nor-
mally open switches disposed to connect the second ener-
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gized conductor to the unenergized conductor, and fluid
pressure responsive means for selectively effecting the
closing of one or the other of said normally open switches
upon the applicaticn of a selected high or a selected low
pressure to said fluid pressure responsive means.

4. In an electric system of control, in combination, a
pair of energized conductors, and an unenergized conduc-
tor, a normally closed switch and an electromagnetic de-
vice connected in series across one energized conductor
and the unenergized conductor, a fluid pressure responsive
device coupled to said switch and adapted to open said
switch upon a drop of the fluid pressure on the fluid pres-
sure responsive device below a given value, a first normally
open switch disposed to connect the other energized con-
ductor to the unenergized conductor, a second normally
open switch similarly connected, a second fluid pressure
responsive device adapted to close said first normally open
switch upon the action of a relatively high fluid pressure
on the second fluid pressure responsive device, a third
fluid pressure responsive device adapted to close the second
normally open switch upon the action of a relatively low
fiuid pressure on the third fluid pressure responsive device.

5. In an electric system of control for a fluid pressure

system, in combination, a fluid pressure system in which
the fluid pressure normally rises in steps from a selected
suction pressure to a selected discharge pressure, a pair of
supply conductors energized from a suitable source of
electric energy, an auxiliary conductor, a number of elec-
tromagnetic devices equal to the number of steps of pres-
sure rise in the fluid pressure system, a number of fluid
pressure responsive switches equal to the number of steps
of pressure rise in the fluid pressure system and paired, re-
spectively, with said electromagnetic devices and all of
them being responsive to a selected fluid pressure to con-
nect one supply conductor and the paired electromagnetic
device to said auxiliary conductor, and a pair of switching
means selectively operable in response to an abnormal fluid
suction pressure condition and an abnormal discharge fluid
pressure condition in the fluid pressure sysiem for con-
necting the  auxiliary conductor to the second supply
conductor,
6. In an electric system of control for a fluid pressure
system, in combination, a fluid pressure system in which
the fluid pressure normally rises in steps from a selected
suction pressure to a selected discharge pressure and nor-
mally drops in pressure a selected amount from said nor-
mal discharge presusre to a selected normal output pres-
sure, a pair of supply conductors energized from a suitable
source of electric energy, an auxiliary conductor, a num-
ber of electromagnetic devices equal to the number of
steps of pressure rise in the fluid pressure system, a num-
ber of fluid pressure responsive switches equal to the num-
ber of steps of pressure rise in the fluid pressure system
and paired, respectively, with said electromagnetic devices
and all of them being responsive to a selected fluid pres-
sure to connect one supply conductor and the paired elec-
tromagnetic device to said auxiliary conductor, and a pair
of switching means selectively operable in response to an
abnormal fluid suction pressure condition and an ab-
normal fluid output pressure condition of the fluid pres-
sure system for connecting the auxiliary conductor to the
second supply conductor.

7. In an electric system of control for a fluid pressure
system, in combination, a fluid pressure system in which
the fluid pressure normally rises in steps from a selected
suction pressure to. a selected discharge pressure and nor-
mally drops in pressure a selected amount from said nor-
mal discharge pressure to a selected normal output pres-

_sure, a pair of supply conductors energized from a suitable

source of electric energy, an auxiliary conductor, a num-
ber of electromagnetic devices equal to the number of
steps of pressure rise in the fluid pressure system, a num-
ber of fluid pressure responsive switches equal to the num-
ber of steps of pressure rise in the fluid pressure system
and paired, respectively, with said electromagnetic devices
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and all of them being responsive to a selected fluid pres-
sure to connect one supply conductor and the paired elec-
tromagnetic device to said auxiliary conductor, and three
switching means selectively operable in response to an ab-
normal fluid suction pressure, an abnormal fluid discharge
pressure, and an abnormal fluid output pressure in said
fluid pressure system for connecting the auxiliary conduc-
tor to the second supply conductor.

8. In an electric system of control for a fluid pressure-

system, in combination, a fluid pressure system in which
the fluid pressure normally rises in steps from a selected
suction pressure to a selected discharge pressure and nor-
mally drops in pressure a selected amount from said nor-
mal discharge pressure to a selected normal cufput pres-
sure, a pair of supply conductors energized from a suit-
able source of electric ernergy, an auxiliary conductor, a
number of electromagnetic devices equal to the number of
steps of pressure rise in the fluid pressure system, a num-
ber of fluid pressure responsive switches equal to the num-
ber of steps of pressure rise in the fluid pressure system
and paired, respectively, with said electromagnetic devices
and all of them being responsive to a selected fluid pres-
sure to connect one supply conductor and the paired elec-
tromagnetic device to said auxiliary conductor, and a pair
of switching means selectively operable in response to an
abnormal fluid discharge pressure and an abnormal fluid
outpuit pressure of said fluid pressure system for connect-
ing the auxiliary conductor t6 the second supply con-
ductor.

9. In an electric system of control for a fluid pressure
system in which the pressures are built up in steps, from
a variable suction pressure, in successive different parts
of the system to 2 variable discharge pressure and drops
in a step from said variable discharge pressure to a vari-
able output pressure and in which system the algebraic
summation of the pressures may vary over a considerable
range, in combination, a pair of supply conductors en-
ergized from a suitable source of electric energy, an auxil-
iary conductor, a sclected number of electromagnetically
operable devices each having an actuating coil with corre-
sponding terminals of said coils being connected to one
supply conductor, an equal number of fluid pressure actu-
ated switches responsive to fluid pressure in different parts
of the system, said switches being connected in series
with said actuating coils to form series circuits, respec-
tively, circuit connections' for connecting said selected
number of series circuits, including a pressure actuated
switch and an actuating coil, respectively, in parallel
across one supply conductor and said auxiliary conduc-
tor, a second selected nuinber of fluid pressure actuated
switches each responsive to a selected fluid pressure at a
given part of the fluid pressure system, as for example,
respectively, a selected suction pressure, a selectéd dis-
charge pressure, and a selected output pressure, connected
in parallel across said anxiliary conductor and the other of
said supply. conductors, wheréby the closure of any one
and only cn€ of the second selected number of pressure
actuated switches will suffice to effect energization of the
particular ‘actuating coil whose series connected pressure
actuated switch is closed determined by the selected
pressurfe response of the switches of the first selected num-
ber of fluid pressure actuated switches.

10. In an electric system of control for a fluid pressure
systemn in which the pressures are at respectively different
variable pressure levels in different parts of the fluid
pressure system, in combination, a pair of energized con-
ductors and an auxiliary conductor, a fluid pressure re-
‘sponsive device and coupled thereto a first electric switch
for connecting one esiergized conductor to the auxiliary
conductor upon occurrence of a certain pressure effect
on said pressure responsive device, two electromagnetic
devices each including an actuating coil, two other fluid
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pressure responsive devices and second and third electric
switches coupled respectively. to said other devices, said
other devices being connected in said different parts of
the fluid pressure system, and being responsive to selected
fluid pressures in said different parts of the fluid pressure
system to effect sequential connection of said coils across
the auxiliary conductor and the second energized con-
ductor. ’

11. In an electric system of control, in combination, a
pair of energized conductors and an unenergized con-
ducter, a normally closed switch and an electromagnetic

‘device, connected in series with said switch, connected

across one energized conductor and the unenergized con-
ductor; a fluid pressure responsive device coupled to said
switch and adapted to open said switch upon a drop of
the fluid pressure on the fiuid pressure responsive de-
vice below a given value, a circuit, including a normally
open switch as the sole switch in said circuit, for con-

“necting the other energized conductor to said unenérgized

conductor, and a second fluid pressure responsive device
coupled to close the normally open switch upon the ap-
plication of fluid préssure of a value falling in a given
pressure range to said second fluid pressure responsive
device. '

12. In an electric system of control for a fluid pressure
system in which the fluid pressure normally rises in steps
from a selected suction pressure to a selected discharge
pressure, in combination, a pair of supply conductors ener-
gized from a suitable source of electric energy, an auxil-
iary conductor, a number of electromagnetic devices equal
in number to the number of steps of pressure rise in
the fluid pressure system, a number of fluid pressure re-
sponsive switches equal in number of the number of
steps of pressure-rise in the fluid pressure system and
paired, respectively, with said electromagnetic devices and
all of them being responsive to a selected fluid pressure
to connect one supply conductor and the paired electro-
magnetic device to said auxiliary conductor, a fluid pres-
sure responsive device responsive to an abnormal fluid
pressure conditién in said fluid pressure system, and a
control switch coupled to said fluid pressure responsive

‘device and together constituting the sole means for con-

necting the auxiliary conductor to the second supply con-
ductor.

13. In an electric system of control for a fluid pressure
system in which the fluid pressure normally rises in steps
from a selected suction pressure to a selected discharge
pressure and normally drops in pressure a selected amount
from said normal discharge pressure to a selected normal
output pressure, in combination, a pair of supply conduc-
tors energized from a suitable source of electric energy,
an auxiliary conductor, a number of electromagnetic de-
vices equal in number to the number of steps of pressure
ris¢ in the fluid pressure system, a number of fluid pres-
sure responsive switches equal in number to the number
of steps of pressure rise in the fluid pressure system and
paired, respectively, with said electromagnetic devices

‘and all of them being respoiisive to a . selected fluid

pressure to connect one supply conductor and the paired
electromagnetic device to said auxiliary conductor, a
fluid pressure responsive device Tesponsive to an abnormal
fluid output pressure condition in said fluid pressure sys-
tem, and a control switch coupled to said pressure re-
sponsive device and together constituting the sole control
means for connecting the auxiliary ¢onductor to the sec-
ond supply conductor. o '
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