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seli-contained fire pump control apparatus con-
(211 Appl. No.: 389,860 nected across the power lines has in combination a
manually operated first circuit breaker means that is
[52] US.Cl........... 317/13 R, 307/118, 317/38,  coupled with the power lines. A second circuit
340/418 breaker means is serially coupled with the first circuit
[51] Int.CL i HO02h 9/00 breaker means and includes current responsive means
[58] Field of Search.................... 340/418, 419, 240; to sense the current flowing in the power lines. The
317/13 R, 38; 307/117, 118 latter means opens the second circuit breaker if a pre-
determined current limit is exceeded. A third circuit
(561 References Cited breaker means is serially coupled between the second
UNITED STATES PATENTS circuit breaker and at least one fire pump. The third
: circuit breaker means includes pump output respon-
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FIRE PUMP CONTROL. APPARATUS

This invention relates to control of fire pump appara-
tus and more particularly to an automatic emergency
control for fire pumps in modern high-rise structures.

In has been found that the pumping apparatus for fire
equipment often times remains unused for extended
periods of time. Owing to bearing congealment and
start-up loads, an emergency demand for water pres-
sure may cause excessive currents to flow in the pump
motors and associated wiring. These excessive currents
may cause the wires to exceed their load rating and ex-
cessively heat or ignite.

" Accordingly, the present invention is designed to
overcome these difficulties and allow predetermined
excessive currents to flow to the pumps for predeter-
mined times. In the event the current draw -exceeds
these pre-set limits, the apparatus will be automatically
disconnected from the power lines. This is accom-
plished by having a plurality of sensing means used for
monitoring the amount of current drawn by the pump
apparatus. The output of the sensing means is applied
to a control current that allows for various predeter-
mined current levels to exist in the pump power lines.

The present invention contemplates the use of a sin-
gle enclosed apparatus containing the operative com-
ponents that comprise the current monitors, the isolat-
ing switch, the circuit breaker and current breaker con-
trol circuit, the main contactor, the pressure trans-
ducer, the timer and the power relay.

Thus, in the inventive design current monitors mount
on the bus of the circuit breaker and continually sense
the current flowing through the three-phase incoming
power lines. At overload, the output of the current
monitors rises approximately proportionately to the
overload existing in the circuit breaker bus. The output
of the current monitors is fed to a solid state tripping
system that is designed to allow no more than 12 times
the normal current to flow through the circuit breaker
bus for short time intervals before the apparatus causes
the circuit breaker to automatically trip. Automatic
tripping will disconnect the current applied to the main
contactor or power solenoid. The inventive circuit
breaker will cause the main power lines to be discon-
nected on any current level exceeding 3 times normal
motor running current after a time delay. At the 3 times
normal motor running current level, current will be al-
lowed to flow for 40 ~ 60 seconds before the solid state
tripping system causes the circuit breaker to open. At
the 6 times motor running current level, current will be
allowed to flow for 12 ~ 20 seconds before the solid
state tripping system causes the circuit breaker to open.
At the 9 times motor normal running current level, cur-
rent will be allowed to flow for 3 - 9 seconds before the
solid state tripping system causes the circuit breaker to
open. At any current value exceeding 12 times motor
normal running current (up to rated interrupting ca-

- pacity), the solid state tripping system will cause the
circuit breaker to open in less than one second.

Combined with the above, the present invention pro-
vides for a main contactor or power solenoid. The
power solenoid is serially placed between the circuit
breaker and pump motor or motors. The power sole-
noid is controlled by various means which include an
emergency “start” and “stop” button, an emergency
run handle, and a pressure control device that is re-
sponsive to and monitors the fire pump pressure out-
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put. The pressure control device senses the output
pressure of the various fire. pumps and provides for au-
tomatic connection -and disconnection from the main
power line in the event of a drop in fluid pressure. The
pressure control device includes a timer so that the in-
stantaneous variations of pressure existing in the pump
output will not cause immediate actuation or discon-
nection of the power solenoid and the pump motor will
be able to reach full speed and run for a preset short
time interval.

Further the apparatus provides for a manual oper-
ated isolating switch to electrically remove the line
from the load. And, a manually operated circuit
breaker handle provides for the opening or closing of
the circuit breaker contacts on demand.

In the event that a severe emergency arises, the in-
ventive apparatus contemplates the emergency run
handle being manually actuated allowing the mechani-
cal closing of the main contactor independent of any
control circuits. '

It is therefore an object according to the present in-
vention to provide an automatic across the line fire
pump control apparatus.

- It is a further object of the present invention to pro-

vide a completely self-contained apparatus allowing
both automatic and manual operation for controiling
the power applied to fire pumps.

It is a still further object of the present invention to
provide a device that continually monitors the current
flowing through the fire pumps and allows the current
level drawn by the pumps to exceed predetermined lim-
its for predetermined intervals.

Other objects and features of the present invention
will become apparent from the following detailed de-
scription considered in connection with the accompa-
nying drawings. It is to be understood however, that the
drawings are designed for the purposes of illustration
only and not as a definition of the limits of the inven-
tion to which reference should be made to the ap-
pended claims.

In the drawings wherein similar reference characters
denote similar elements through the several views:

FIG. 1 is a prospective view of the self-contained fire
pump control according to the inventive design show-
ing the positioning of various parts;

FIG. 2 is a perspective view of the circuit breaker but
removed from the housing of FIG. 1 and showing a
static sensor connected to a currént monitor;

FIG. 3 is a plot of current versus time showing the re-
lationship thereof; .

FIG. 4 is a block diagram with some components in
the schematic and generally indicating the electrical
interrelation of the static sensor, shunt trip solenoid,
current monitors and the fire pump circuit breaker;

FIG. 5 is a front elevational taken in section and
showing the shunt trip solenoid in combination with the
inventive apparatus; and,

FIG. 6 is a block diagram of the operation of the
components contained in the housing of FIG. 1.

Referring now to the drawings and in particular FIG.
1 there is shown a housing 10 that in the preferred em-
bodiment is supported by means of feet 12. A door 14
is hinged on housing 10. Door 14 contains a plurality
of apertures 16 through which connecting handles 18
and 20 are disposed as shown.

An emergency run handle 22 communicates through
the forward face of housing 10. Also included on the



‘forward face of housing.10,is an optional alarm system

that might comprise visual indicator 24 or a bell 26 or
both. Adjacent to the alarm systém is a “‘stop” button
28, a “‘start” button 30 and.a “power on’ pilot light 32.
The inventive design also contemplates an “alarm si-
lence” device indicated at 24a;

Referring now to FIG. 2 there is shown a circuit
breaker 34 of the present invention. Circuit breaker
bus 34 contains a breaker trip handle 36 that is de-
signed to open and close €lectrical connection between
bus power lines 38, 40 and 42 with bus lines 384, 40a,
and 42a. Referring back to FIG. 1, handle 20 comprises
a circuit breaker lever that is mechanically coupled to
switch tongue 36. Thus, it will be apparent that rotating
handle 20 will cause circuit breaker 34 to open or close
or reset the circuit between lines 38, 40 and 42, with
lines 38a, 40a, and 42a.

A current monitor 44 is positioned about and mduc-
tively coupled to power line 38 and 384 as shown. It is
to be understood, however, that while only one current
monitor is shown, in use, the other power line 40a and
42a will each contain a current monitor.

Referring now. to FIG. 4 there is shown current moni-
tors 44, 46 and 48 positioned about their respective
power lines 38, 40 and 42. The signals, if any, induc-
tively coupled in either or all coils 44, 46 and 48 are ap-
plied to a trip system 50 and hence across an auxiliary
transformer 50a that contains a plurality of windings.
In transformer 50a, the current induced from the moni-
tors is stepped down to the milliampere level. Auxiliary
transformer 50a contains a bridge rectifier circuit 505,
as is common in the art, to convert the AC transformer
output to direct current. The rectified output of auxili-
ary transformer 50q is applied to a power supply and
signal generator 52. Supply and generator.52 provides
power for energizing trip coil 62, which will be de-
scribed hereinafter, and supplied a signal for both a
long delay pickup 54 and an instantaneous trip'56.

As shown in FIG. 4, long delay pickup 54 is coupled
with a long delayed time 58, the output of the latter is
coupled with instantaneous trip 56 and thence applied
to and forms the input.to trip circuit 60. The output of
trip circuit 60 is applied to a solenoid or trip device 62.
Trip.device 62 is contained in and automatiéally oper-
ates breaker 34.

Solenoid or trip device 62 is shown en]arged in FIG.
5. Trip device 62 contains permanent magnets 68 and
a magnetic armature 66 a portion of which, 66a, is dis-

posed between magnets 68. A pulse coil 64 containing |

a plurality of wmdmgs has its input connected across
trip circuit 60 as seen in FIG. 4. The orientation of the
magnetic field of permanent magnets 68 in conjunction
with magnetic armature extensions 66a is such that ar-
mature 66a.urges armature body 66 upwardly when
looking at FIG. 5. A compression spring 70 is carried
along the periphery of a portion of armature 66 extend-
ing outside of trip frame 62. The confining of spring 70
about-armature 66 is such that the co-acting forces of
magnet 68 with magnetlc armature 66 is sllghtly greater
than the compressive force exerted by spring 70 against
armature 66. However, when a current appears in coil
64, the magnetic field excited in pulse coil 64 is di-
rected so as to weaken the magnetxc field exerted on
armature 66a. This will cause spring 70 to force arma-
ture 66 downwardly when looking at FIG. §.

Armature 66 is coupled to a trip bar, schematically
represented by numeral 72 in FIG. 4. Solenoid 62 and
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trip bar 72 is contamed in circuit breaker bus 34 as

_above mentioned, and operates to open the circuit ex-

isting between power lines 38, 40 and 42 with 384, 404,
and 42q.

Referrmg now to FlG 6a schematlc dlagram of the
inventive combination contained in frame 10 is shown.
In addition, FIG. 6 shows the schematic represéntation
of the pump and pump motors connected in accor-
dance with the inventive design. The handle 18 com-
prises a means for control of an isolating switch 74, I[so-

- lating switch 74 is serially connected between power

lines 38,.40, 42 and bus 34. Switch 74 is adapted to iso-
late the combination of power lines 38, 40, and 42 from
a remote power source. It will be seen that the circuit
breaker bus 34 is fed from isolating switch 74.

Handle 20 méchanically coupled with circuit breaker
switch 36 provides manual means for operating and re-
setting circuit breaker 34. In addition to manual means
20 for interrupting the current flowing through circuit
breaker bus 34, tripping system 50 as seen in FIG. 4, in
conjunction with trip- plunger 62 provides automatic
interrupting capability for.circuit breaker 34. This au-
tomatic system is responsive to the amount of current
drawn by the fire pumps..

Electrically: connected with the output leads of cir-
cuit breaker 34 is a main contactor or.power solenoid
76. Electrically coupled with and powered from main
contactor 76 is a pump. motor 78, the output of the lat-
ter mechanically driving pump 80. The pressure exist-
ing at the output of pump 80 is sensed by a pressure
control 82. Pressure control 82 provides a signal when
the. pump output pressure drops.below a preset pres-
sure level. This signal is applied to a minimum period
timer 84 having its output connected to a power relay
86. The output of power relay 86 is coupled to power
solenoid or main contactor 76 as shown. Power sole-
noid 76 contains a contactor armature 88 the operation
of which is controlled by either power relay 86, the op-
eration of which is described below, or emergency run
handle 22. ‘ '

Emergency run handle 22 prov1des a manual means
for electrically isolating power lines. 38a, 404 and 42 a
from pump motor 78. Referring back.to FIG. 1 it will
be seen that emergency run handle 22 extends from

frame 10 and is designed for convenient access.

As seen in FIG. 6 both “start” button 30 and ‘‘stop™
button 28 are serially connected with a remote power
source. Thus the “‘start’ and “stop’’ button operating
in conjunction with the remote power source co-act to
provide an additional means for control of main con-
tactor 76..

In FIG. 4, power supply and signal generator 52, con-
nected to the output of bridge rectifiers 50b, produces
at its output an analog signal proportional to the magni-
tude of the current sensed by current monitors 44, 46
and 48. One output of generator 52 is connected to
long delay pickup 54 which in a preferred embodiment,
consists of a solid state time delay circuit. Another out-
put of generator 52 is connected to the input of long
delay pick up circuit 54. Pick up circuit 54 is also con-
nected to long delay time circuit 58. The output of long
delay time circuit 58 is connected to trip-circuit 60. An
instantaneous trip circuit 56 is also provided having its
input coupled to generator 52, and its output coupled
to trip circuit 60.

In accordance with the standards set by the National
Fire Protection Association (N.F.P.A.) for certifigal
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‘fxre pumps the instantaneous current applied to the .
“~pump motor is not to exceed 12 times normal, full load
.7 motor current. After a running time of between 14 to

19 seconds, the motor curfent should be below sik

- times. normal, and after 40-60 seconds, the current

*'should be below three times normal load.

‘To.comply with these standards, instantaneous trip
circuit 56, includes on its input, a voltage divider, and
a back-biased diode coupled to its output so that when

.a signal from generator 52 representing a current
greater than 12 times normal is applied to the voltage
divider, the diode will conduct and provide a signal to

' trip circuit 60 so as to open circuit breaker 34. Instan-

- taneous trip circuit 56 operates independently of pick

up circuit 54 and long delay time circuit 58 so that the
pump motor will be disconnected from -its source of

input power anytime the motor current exceed 12

times it full load rating.

When the pump motor is initially operated, the cur-
rent applied to the motor will increase to about 6 times
its full load rating before the motor reaches it operating
speed. As the motor current increases above three
times normal full load current, long delay pick up cir-
cuit 54 will.operate and turn on long delay time circuit
~ 58, Circuit 58 will then set up a current threshold level
. which'decreases from 12 times to_three times full load

motor current, over a time.interval of 40-60 seconds,

as shown in FIG. 3.

FIG. 3 shows a typical log. plot of current versus time
where line 90 represents the current flow to the pump
motor during a time interval. Line 90a has been set for

- 12 times rated current and will always trip the circuit
breaker if the current ever exceeds that value during its
operation. Line 90b represents the transition between
‘instantaneous trip 56 and long delay pickup 54 which

"is set between 12 times rated current to three times
rated current for a period of about 40-60 seconds.

..Long delay time circuit 58 is preferably:constructed
“as a solid state time delay circuit which serves to de-
* crease the motor current trip level over a time interval
of about 40~60 seconds, as in FIG. 3. Circuit 58 will de-
crease the breaker trip level so that after 6-8 seconds
of elapsed time, the trip or threshold current will be
about nine times full load rating. To comply with the
N.F.P.A. standards, the current trip level will decrease

to about six times normal motor currént between

- 14-19 seconds, and will reach three times normal cur-
rent in about 40-60 seconds. After 40-60 seconds, the
trip level is maintained at three times full load motor
current. Under normal motor operating conditions for

non-fire pump use, the motor current should not ex-
ceed '1.25 times full load value for any extended time -

interval. However, for fire pump use, it is more impor-
tant to keep the motor and pump operating to maintain
water pressure, so the standards require the motor cir-
cuit be capable of receiving up to three times its full
load current during its operatlon without bemg discon-
nected. '

To operate the fire pump control, isolating switch 74
and circuit breaker 34 are closed to connect power to
main contactor 76 as shown in FIG. 6. If the pressure
at the output of pump 80 is below a present level, pres-
sure control 82 will produce a signal at the input of
timer 84 so that power relay 86 will be energized Relay.
86 will couple power to the solerioid of main contactor
76 to close the contactor and connect power to pump

motor 78. When the pressure at the output of pump 80
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rises to a level that is preset in pressure control 82, the
control de-energizes timer 84, relay 86 and the sole-
noid. Thus, after a short time delay, contactor 76 opens
to shut off motor 78. If there is a drop in fluid pressure
at the pump output, due to the operation of a sprinkler
head the fire pump control system will automatically
operate to maintain a preset pressure in the sprinkler
system.

The fire pump control system may be manually oper-
ated such as for tests purposes by depressing start but-
ton 28 which is located on the front face of housing 10.
Start button 30 will connect power to the solenoid of
main contactor 76 in order to energize pump motor 78.
The start button bypasses pressure control switch 82 so
that the system can be left turned on if required. Pump
80 generally includes an internal fluid bypass so as to
protect the pump from excessive pressures by allowing
some of th output pressure to be fed back into the input
if the pressure exceeds a present level. Where a plural-
ity of fire pump control systems are used, the start and
stop buttons may be remotely located on a main con-
trol panel in the basement of the building so that main-
tenance personnel can check a plurality of fire pump
control systems located on different floors from a single
control panel. .

The fire pump control system also includes the emer-
gency run handle 22 shown projecting through an
opening on the front face-which mechanically urges the
solenoid of main contactor 76 closed, so that the pump
motor will remain permanently connected to circuit
breaker 34 until the handle is returned to its “off” posi-
tion.

When the pump motor is connected to the power
source by any one of the three previously-mentioned
steps, the current applied to the pump motor in each
electrical phase is sensed by tripping system 50 shown
in detail in FIG. 4. In a preferred embodiment of the in-
vention, instantaneously trip 56 has been set to operate
at 12 times the normal rate of current of pump motor
78 so that if the normally rated pump current in any of
the three power lines 38, 40 or 42 exceeds 12 times the
current rating of the pump motor, instantaneous trip 56
will provide a signal to operate trip circuit 60 and cause
circuit breaker 34 to disconnect the pump motor from
the power lines. Instantaneous trip 56 operates sepa-
rately and independently from delay circuits 54 and 58.
. -While only one embodiment of the present invention

‘has been shown and described it will be apparent to

those skilled in the art that many changes and modifica-
tioris may be made thereto without departing from the
invention’s spirit and scope.

What is claimed is:

1. A self-contained fire pump control apparatus con-
nected across the power lines for prov:dmg power to a
fire pump motor to maintain fluid pressure ina flre pro-
tection system comprising in combination:

a housing containing the apparatus; ‘

-afirst manually operated circuit breaker serially cou-

pled with the power lines for disconnecting power
from the power lines;
second circuit breaker means serially coupled to said
_ first circuit breaker means;

current responsive means coupled to the power lines
and connected to said second circuit breaker
means said current responsive means having a de-
creasing current threshold level in response to the
start of the fire pump motor, the threshold level
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being set-at a large multipie of the full load current
of the motor and decreasing to several times its full
load current to maintain fluid Ppressure for fire pro-
. tection;
" third circuit breaker means serlally coupled between
said second. circuit breaker means and the fire
pump motor; and

‘pressure detection. means coupled to the output of

the fire pump for closing said third circuit breaker
means to connect electrical power to the fire pump

~motor when the fluid pressure drops’below a prede-
termmed pressure level.

. 2. The apparatus as in claim 1 wherein said current
responsive means comprises current monitor means
coupled to the power lines, a static sensor having its
input coupled to the output of said current monitor

—

5

means, a shunt trip solenoid coupled to the output.of |

said static sensor and mechanically connected to open
said second- circuit breaker means, said static sensor
operating said shunt trip solenoid when the current.in
the power line exceeds predeterminied levels.

3. The apparatus as in claim 2 wherein said static sen-
sor comprises an auxiliary transformer including recti-
fier bridges for stepping down and rectifying the cur-
rent output of said current monitor means, a power
supply .and signal generator coupled to the rectified
output of said auxiliary transformer and rectifier brid-
ges, trip means having an input coupled to the output
of said signal generator and an output applied to said
shunt trip solenoid so that when the current exceeds
predetermined levels, said shunt trip solenoid will open
said second current breaker means.

4, The apparatus as in claim 3 wherein sald trip
means includes an instantaneous trip having its input
coupled to the output of said power supply and signal
generator and the output of said instantaneous trip cou-
pled to said shunt trip solenoid, said-trip being set at a
first current threshold level so that when said level is
exceeded, said shunt trip solenoid operates to open said
second circuit breaker means.

5. The apparatus as in claim 4 wherein said trip
means includes a long delay time circuit havmg an
input coupled to said power supply and generator and
its output coupled to said shunt trip solenoid, said delay
time circuit having a decreasing current threshold level
from said first level to a second current level over a pre-
set time interval, said long delay time circuit operating
said shunt trip solenoid when said decreasmg current
threshold level is exceeded.

6, The apparatus as recited in claim 5 wherein said

trip means further comprises a pick up circuit having

its input coupled to said power supply and ‘generator
and-its output coupled to said long delay time circuit,
- said trip means operating said long delay trme circuit
when said second current level is exceeded.

7. The apparatus as in claim 3 wherein said thrrd cir-
cuit breaker means comprises a main contactor-that in-
cludes a power solenoid to open and close the circuit
between at least one fire pump and said second circuit
breaker means.

8. The apparatus as in clalm 7 wherem said main con-
tactor additionally comprises an emergency run handle
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8
mechanically connected to the power solenoid and ex-
tending to the front face of said housing to provide
means'to manually open-and close the contacts of said
main contactor. .

9. The apparatus.as in claim 8 wherein sard pressure
detection means further comprises a pressure .control
transducer having one end coupled to the output of at
least one pump, a timer having an input coupled to the
output. of said transducer and including electrical aver-
aging means for time averaging the instantaneous pres-
sure -variations detected at least one pump . output, a
power.relay whose input is coupled with the output of
said timer, the output of said power relay being coupled
to.the power. solenoid so that when the pump output
pressure exceeds a predetermined level for.a predeter-

_mined time, the signal from said transducer, averaged

by said timer will drrve said power relay to cause the

power solenoid to open the circuit of said main contac-

tor.

10. The apparatus as in clarm 9 wherem said output
responsive means further includes an emergency stop .
button serially connected with the power solenoid to
open the circuit of said main contactor and an emer-
gency start button serially connected between said stop
button and the power solenoid to close the circuit of
said main contactor.

11. The apparatus as in claim 1 wherein said second
circuit breaker means includes a manually operated
tripping switch extending through the front face of said
housing and including mechanical means coupled with-
said second circuit breaker means for opening and clos-
ing the latter means. .

12. The apparatus as in claim 1 wherein said first cir-
cuit breaker means comprises an isolating switch that
includes a circuit breaker for each phase of the power
lines and havirig a ‘manually operated handle control-
ling the operation of said isolating switch, said handle
extending through the front face of said housing.

“13, The apparatus as recited in claim 4 wherein said
first current threshold level is set at twelve times the
full load capacity of the. motor. '

14. A self-contained fire pump control apparatus
connected across the power lines for providing power
toa fire pump motor to maintain fluid pressure in a fire
protection system comprising in combination:

a housing containing the apparatus;

a manually operated switch connected to the power
“lines; '+

a circuit breaker serially connected to the switch and
including a current sensor having a current thresh-
old level for opening the breaker which decreases
~“from-twelve to three times the full load current of
“the pump ‘motor after the motor is operated to
maintain fluid pressure for fire protection;

a solenoid operated main -contactor: serially con- -
nected to said circuit breaker and having its output
for connection to the pump motor;

a pressure- detector coupled to the output of the
pump- for closing the solenoid operated main con-
tactor when the fluid pressure drops below a prede-

termmed pressure level.
: ¥k ok ok ¥
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