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57 ABSTRACT

A programmable, closed-loop control system that provides
for control under normal and seismic conditions. The present

system 1ntegrates monitoring and control functions and
provides for reconiigurable control of these functions. The
seismic monitoring and control system optimally controls
valve-type fluid flow systems. Separate control algorithms
may be programmed by a user to control the system under
both normal and seismic conditions. In its broadest aspects,
the present system comprises a sensor for sensing a prede-
termined condition and for providing output signals 1indica-
tive thereof, a switch, and a programmable controller
coupled to the sensor and switch. The controller includes a
seismic sensor for detecting a seismic disturbance and
providing output signals indicative of the seismic distur-
bance. The controller responds to the output signals from the
sensor and seismic sensor, and provides first control signals
that are applied to the switch 1n the absence of a seismic
disturbance and second control signals that are applied to the
switch 1n the presence of a seismic disturbance to control the
operation of the system. The safety monitoring and control
system may further comprise a host computer coupled to the
controller for programming it in response to operator inputs.
In certain embodiments, the [present system] swirch may
comprise a fluid control valve for controlling the flow of a
fluid therethrough, and a programmable valve actuator
coupled to the fluid control valve and to the controller, for
actuating the valve 1n accordance with programmable con-
trol logic contained therein, and for actuating the valve 1n
response to external control signals applied to the control
logic by the controller. An alarm system may also be coupled
to the programmable controller that 1s activated thereby 1n
the event of an emergency condition detected by the con-
troller.

12 Claims, 6 Drawing Sheets
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CONTROLLER PERFORMS SYSTEM TESTS OF EACH COMPONENT
BY COMPARING OUTPUT SIGNALS FROM EACH OF THE
SENSORS AND LINKS TO PREDEFINED LIMITS OR RANGES

CONTROLLER OUTPUTS REPORTS TO THE HOST COMPUTER AND
TO THE DISTRICT MANAGER ON A USER DETERMINED SCHEDULE

IF THE SEISMIC SENSOR INDICATES A SEISMIC EVENT, IT
SENDS A SIGNAL TO THE CONTROLLER INDICATING SAME
AND THE LEVEL OF THE EVENT

CONTROLLER SENDS AN ALARM SIGNAL TO THE HOST
COMPUTER INDICATING THAT SEISMIC EVENT HAS OCCURRED

SEISMIC SENSOR SENDS A SIGNAL TO THE CONTROLLER TO
CHECK THE PARAMETERS OF EACH SYSTEM COMPONENT

CONTROLLER CHECKS THE PARAMETERS AND REPORTS TO THE
HOST COMPUTER THAT A PARAMETER CHECK IS BEING PERFORMED

77

78

CONTROLLER SENDS A TIMER SIGNAL TO THE HOST COMPUTER
INDICATING THAT NO ACTION WILL BE TAKEN UNTIL A
PROGRAMMED TIME PERIOD HAS ELAPSED

ONCE THE PARAMETERS HAVE BEEN CHECKED, THE
CONTROLLER REPORTS SAME TO THE HOST COMPUTER

IF THERE IS A PROBLEM, IN THAT ONE OR MORE OF THE
PARAMETERS HAS BEEN EXCEEDED, THE CONTROLLER WAITS
UNTIL THE TIMER SIGNAL HAS TIMED OUT AND ACTIVATES AN
EMERGENCY PROGRAM AFTER THE TIME OUT HAS OCCURRED

CONTROLLER SIGNALS THE ACTUATOR TO CLOSE THE VALVE
AND SENDS A REPORT TO THE HOST COMPUTER AND TO THE

DISTRICT MANAGER

Fig. 1b
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SAFETY MONITORING AND CONTROL
SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND

The present invention relates generally to safety monitor-
ing and control systems, and more particularly, to safety
monitoring and control systems that provide {for
programmable, closed-loop control under normal and seis-
mic conditions.

In the past, safety monitoring and control systems for use
in commercial and industrial applications have been devel-
oped piecemeal by using separate subsystems that provide
for separate control or safety monitoring functions. Such
conventional systems are therefore not itegrated, and an
operator must understand the aspects of each subsystem 1n
order to fully control the overall system. Typically, none of
the respective subsystems provide information to other
subsystems, and hence valuable data and information may
not readily be available to the operator or to other sub-
systems to optimally control the overall system. In addition,
the operator must perform additional monitoring and control
functions when data or mmformation 1s required by different
subsystems.

For example, 1n a water distribution system having a
plurality of reservoirs and a supply line distribution system,
in the event of a seismic disturbance that i1s sufficient to
break water supply lines, conventional systems may auto-
matically shut down water service because of a breech 1n a
water supply line. However, there may be a simultaneous
requirement for water service, such as by fire department
personnel, for example, 1n order to fight rites that are also a
result of the seismic disturbance. Consequently, when using
conventional non-integrated control systems, there may be a
conilict that 1s not easily reconcilable and that results in
potential problems.

Accordingly, 1t 1s an objective of the present invention to
provide for integrated safety monitoring and control systems
that permit programmable, closed-loop control under normal
and seismic conditions.

SUMMARY OF THE INVENTION

In order to provide for the above and other objectives, the
present nvention comprises a programmable, closed-loop
safety monitoring and control system that provides for
system control under normal and seismic conditions. The
present 1nvention provides for a system that integrates
monitoring and control functions and provides for reconiig-
urable control of these functions. More particularly, the
present invention 1s a seismic monitoring and control system
that controls valve-type systems under normal and seismic
conditions. Separate control algorithms may be programmed
by a user to control the system under both normal and
seismic conditions.

More speciiically, and 1n its broadest aspects, the present
invention 1s a safety monitoring and control system that
comprises a sensor for sensing a predetermined condition
and for providing output signals indicative of the predeter-
mined condition, and a switch. A programmable controller 1s
coupled to the sensor and to the switch and comprises a
seismic sensor for detecting a seismic disturbance and
providing output signals indicative of the seismic distur-
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bance. The programmable controller 1s adapted to respond to
the output signals from the sensor and the output signals
from the seismic sensor, and provide first control signals that
arc applied to the switch 1 the absence of a seismic
disturbance and second control signals that are applied to the
switch 1n the presence of a seismic disturbance so as to
control the operation of the system. The safety monitoring
and control system may further comprise a host computer
coupled to the programmable controller that 1s adapted to
program the programmable controller in response to opera-
for inputs.

In certain embodiments|,] of the safety monitoring and
control system, the switch may [further] comprise a fluid
control valve for controlling the flow of a fluid therethrough,
and a programmable valve actuator coupled to the fluid
control valve and to the programmable controller, for actu-
ating the valve in accordance with programmable control
logic contained therein, and for actuating the valve 1in
response to external control signals applied to the control
logic by the programmable controller. An alarm system may
also be coupled to the programmable controller that 1s
activated thereby 1n the event of an emergency condition
detected by the programmable controller.

In one specific embodiment, the present invention com-
prises a fluid flow safety monitoring and control system for
controlling distribution of a fluid. The system comprises a
reservolr for containing a fluid, and a level sensor coupled
to the reservoir for indicating fluid level. A fluid flow sensor
1s provided for sensing a fluid flow at an output of the system
and for providing an output signal indicative thereof. Avalve
1s coupled between the reservoir and the fluid flow sensor. A
programmable valve actuator 1s coupled to the valve for
actuating the valve 1n accordance with programmable con-
trol logic contained therein, and for actuating the valve in
response to external control signals applied to the control
logic. A programmable controller coupled to the level
sensor, fluid tlow sensor, and programmable valve actuator,
and which comprises a seismic sensor for detecting a
seismic disturbance and providing output signals indicative
of the seismic disturbance. The programmable controller 1s
adapted to respond to output signals generated by the level
sensor, tluid flow sensor, programmable valve actuator, and
seismic sensor, and generate first control signals that are
applied to the programmable valve actuator in the absence of
a seismic disturbance and second control signals that are
applied to the programmable valve actuator 1n the presence
of a seismic disturbance so as to control the distribution of
fluid from the fluid flow system. The host computer may also
be provided as part of the system.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the present mnven-
fion may be more readily understood with reference to the
following detailed description taken in conjunction with the
accompanying drawings, wherein like reference numerals
designate like structural elements, and in which:

FIG. 1 shows a first embodiment of a safety monitoring,
and control system 1n accordance with the present invention
that 1llustrates a water distribution application of the present
mvention;

FIG. 1a shows a second embodiment of a safety monitor-
ing and control system in accordance with the present
INVention,

FIG. 1b illustrates control flow algorithms that may be
used 1n the controller shown 1n FIG. 1;

FIG. 2 shows a second embodiment of a safety monitoring,
and control system 1n accordance with the present invention
that illustrates an industrial application;
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FIG. 3 shows a more detailed 1llustration of a portion of
the safety monitoring and control system of FIG. 1;

FIG. 4 1llustrates a third embodiment of a safety moni-
toring and control system i1n accordance with the present
invention that 1llustrates a residential application; and

FIG. § illustrates a fourth embodiment of a safety moni-
toring and control system in accordance with the present
invention that illustrates a pneumatic control application.

DETAILED DESCRIPTION

Referring to the drawing figures, FIG. 1 shows a first
embodiment of a safety monitoring and control system 10 1n
accordance with the present invention that illustrates a water
distribution application. The safety monitoring and control
system 10 1s comprised of several primary components,
including a host computer 11, a controller 12, a seismic
sensor 20, and an actuator 16a. The host computer 11 may
be a conventional personal computer, for example. The
controller 12 1s known as a FloSafe™ safety and manage-
ment system manufactured by the assignee of the present
invention. It 1s to be understood that the host computer 11
may be adapted to control a plurality of controllers 12, but
only one controller 12 1s shown in FIG. 1 for the purposes
of 1llustration. The host computer 11 1s typically located at
a central station or headquarters and communicates with the
controller 12 over a communications link 11a. The commu-
nications link 11a may be a radio communications link, a
fiber optic communications link, or a hard wired communi-
cations link, as the case may be.

As will be described 1n detail hereinbelow, the controller
12 comprises a computer system that controls the system 10
independent of the host computer 11. The controller operates
in two distinct modes, including normal operating mode and
emergency operating mode. These modes are programmable
by a user and may be adapted for different applications other
than the water distribution application shown 1n FIG. 1. The
seismic sensor 20 1s a programmable logic controller that 1s
programmed to operate 1 two distinct modes, including
normal operating mode and emergency operating mode. The
emergency operating mode 1s engaged 1n case of a seismic
event. The actuator 16a 1s also a programmable logic con-
troller that 1s programmed to operate 1n three distinct modes,
including independent operation 1n case of an emergency, in
a controlled mode under control of the controller 12, and 1n
a controlled mode under control of the host computer 11.
The actuator 16a also monitors a selected sensor 19, and 1n
its 1ndependent operating mode acts to operate a valve 16
coupled thereto based upon signals provided by the sensor
19 and 1ts mnternally programmed logic. In the event that the
link between the actuator 16a and the sensor 19 1s
interrupted, the actuator 16a 1s typically programmed to
close the valve 16.

In the disclosed water distribution and control application
shown 1n FIG. 1, the system 10 includes a plurality of tank
reservoirs 14 that each include a respective water level
sensor 14a that provide water level signals 15 that are
indicative of the respective levels of water 1n the reservoirs
14. The respective level signals 15 are coupled to the
controller 12 for use thereby. The seismic sensor 20 provides
for detection of seismic disturbances and provides output
signals that are indicative thereof that are used by the
controller 12, and which are reported to the host computer
11 by the controller 12. One seismic sensor 20 may be used
to provide dam and information that controls many reser-
voirs 14, such as at a tank farm, for example. The seismic
sensor 20 1s also directly coupled to the actuator 16a or valve
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4

controller 16a (CTRL). The seismic sensor 20 may be a
Flo-Loc™ seismic control system manufactured by the

assignee of the present invention and which 1s generally
described m U.S. Pat. Nos. 4,971,094 or 5,058,172, for
example, and which are incorporated herein by reference.

The seismic sensor 20 1s a logic controller that 1s adapted
to control a single valve 16 or up to eight valves 16 or
stations, or execute a complete facility shutdown 1n the case
of a seismic emergency. The seismic sensor 20 employs a
free-motion moving mass to detect seismic events in the
range of 0.05 ¢ to 0.50 g¢. The signal generated from the
seismic sensor 20 may be used to close the valve 16, shut
down motors, or trip an alarm system 27, and the like. The
seismic sensor 20 1s adapted to directly control electrical
motors and relays, or trigger a solenoid to control hydraulic
and pneumatic equipment. The seismic sensor 20 1s also
adapted to receive externally generated signals such as fire
alarm signals, thus providing a trigeer during any emer-
gency. Because the material (fluid, for example) that is
controlled by the system 10 does not flow through the
triggering mechanism (the seismic sensor 20), the seismic
sensor 20 1s safely 1solated from the hazardous materials 1t
controls. The seismic sensor 20 does not react to normal
industrial or vehicular vibrations. The seismic sensor 20 has
adjustable sensitivity for seismic events 1n the range of 0.05
o to 0.50 g; 1t includes status indicator displays for seismic
events (armed or tripped); it incorporates on-site and remote
control capabilities for all functions, including display lights
and switches; 1t may simultaneously control up to eight
stations; and includes battery, solar and AC power supply
capability provided by a self-contained DC [uninterruptable}
uninterrupiible power supply, an AC rechargeable power
supply, or a solar powered power supply.

Each respective tank reservoir 14 1s coupled by way of
respective water supply lines 18 and valves 16 to outlets 18a
that are coupled to users of the water system, such as homes
and businesses. In the disclosed water distribution
application, each of the valves 16 may be on the order of
four feet 1n diameter and must be controlled 1n a manner that
prevents a condition known as “hammering” which 1s
caused by rapidly closing the valve 16. Each of the valves
16 may be an automatic control valve 16 (ACV), as they are
known 1n the art. Each of the automatic control valves 16 1s
comprised of a valve controller 16a (CTRL) or actuator 16a
that 1s an intelligent computer-controlled switch that is
adapted to control the valve 16 1 accordance with either
applied control signals 17 provided by the controller 12 or
by means of internally generated control signals that are
factory programmed, for example. The valve controller 16a
(CTRL) or actuator 16a may be a FloPak™ DC valve
actuator manufactured by the assignee of the present
invention, for example, which 1s adapted to communicate
with the controller 12 and seismic sensor 20 of the system
10. The valve controller 16a (CTRL) or actuator 16a is
adapted to open and close the valve 16 1f certain conditions
arec within preprogrammed ranges. In addition, the valve
controller 16a (CTRL) or actuator 16a is adapted to close the
valve 16 at a speed that prevents hammering of the valve 16.
Each of the valves 16 1s coupled to the controller 12 which
1s adapted to provide control signals 17 thereto that open and
close the respective valves 16. The internally generated
control signals are used when the communications link
between the controller 12 and a valve 16 1s interrupted, and
the control signals 17 generated by the controller 12 are not
received by the valve 16.

The valve controller 16a or actuator 16a 1s a 24 volt DC
valve actuator suitable for operating any rotational valve 16
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regardless of size. The actuator 16a is driven by two pow-
erful ceramic magnet motors. Built-in batteries switch on
any time AC current 1s interrupted, enabling the actuator 16a
to operate a typical 24 inch butterfly valve 31 through a
minimum of six open/close cycles. Where no AC power 1s
available, the actuator 16a operates on batteries charged by
solar cells. The actuator 16a 1s a dual motor system that
offers the security of redundancy [ands] and increased
unseating torque. The actuator 16a mcludes a manual hand
wheel that provides for valve closure. The actuator 16a
includes priority shutdown modes wherein a seismic event
overrides all others, manual mode overrides remote control
mode, and the remote control mode functions only when the

seismic and manual modes are not engaged.

A plurality of pressure and/or flow sensors 19 are dis-
posed 1n the water supply lines 18 between each of the
valves 16 and a pump station 13. Each of the pressure and/or
flow sensors 19 produce pressure and/or flow signals 21 that
are coupled to the controller 12, and which are indicative of
the relative pressure or flow rate at an outlet 18a of the
system 10. The pump station 13 is typically supplied with
water from a water supply source, such as a local department
of water and power (DWP), for example, which is common
fo many communities.

The controller 12 1s programmable and 1s adapted to
implement predetermined control algorithms 38 that are
programmed by the user and which are designed for the
particular application to which the system 10 1s used. In the
water distribution application of FIG. 1, the controller 12
may 1mplement the control flow algorithms 38 shown in
FIG. 1a, for example. The flow diagram of FIG. 1la 1is
presented to illustrate one possible control scheme for the
water distribution application, but it 1s to be understood that
this 1s only for the purposes of example. Clearly, other
control algorithms 38 may be readily implemented depend-
ing upon the requirements of the system 10. In addition, the
controller 12 1s adapted to report to the host computer 11
regarding predetermined maintenance conditions, such as
operability of each of the valves 16, water level 1 the
reservolrs 14, and flow rates or pressures 1n the supply lines
18 derived from the pressure or flow sensors 19, and the like.

The seismic sensor 20 may be programmed with data
indicative of allowable ranges for a plurality of different
conditions that are a function of the system 10. If a seismic
disturbance 1s such that all conditions are within their
respective ranges, then normal operation 1s allowed to
continue. However, 1f one or more conditions produce data
that 1s outside one or more of the ranges, then signals are
provided to the algorithms 38 of the controller 12 and the
system 10 1s caused to operate accordingly. For example, in
the water distribution application of FIG. 1, if a one of the
pressure or flow sensors 19 indicates a large drop in
pressure, such as may be caused by a break in the supply line
18, the algorithms 38 may be programmed to shut down the
system 10. However, if there 1s a simultaneous requirement
for water service, such as i1s required by fire department
personnel, then the algorithm would not shut down the
system 10 until the need subsided. Each requirement of the
system 1s considered i implementing the algorithms 38
which are described below with reference to FIG. 1b.

Operation of the system 10 will be generally described
with reference to FIG. 1a. The controller 12 1s a stand-alone
safety monitoring controller, and operates independent of
the host computer 11. The seismic sensor 20 functions to
signal the controller 12 to enter 1nto a safety mode whose
task 1s to prevent the loss of water. The controller 12 calls up
the maintenance department when any of the components
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neced preventive maintenance. The district manager can
download partial or full report regarding the status of the
system 10. If a maintenance report has not been performed
as scheduled, the controller sends a second request and at the
same time sends a copy of the report to the district manager.
In an alarm condition, the controller 12 alerts the district
manager, alerts the service department and the system
manufacturer. The controller 12 continuously tests and com-
pares each component to which 1t communicates and stores
the test information until the next report 1s downloaded to
the district manager. The flow sensor senses the quantity of
water passing through the valve 16. The pressure sensor
senses pressure 1n the supply line 18 and provides signals to
the controller 12 to prevent hammering of the supply line 18.

The controller 12 regulates the speed at which the actuator
16a closes the valve 16.

The tank level sensor 14a functions to keep the tank
reservoir 14 at 1ts highest level. The water chlorination
system tests the pH of the water 1n the tank reservoirs 14 and
adds chlorine as required. An EPA water quality report 1s
cgenerated by the EPA reporting system based upon the water
tests performed before and after chlorination. The actuator
16a controls the valve 16 so that i1t 1s modulated between
open and closed as usage demands. The controller turns on
pumps at the pump station 13 when the water level 1n a
reservolr 14 drops below a predetermined threshold and
turns the pump on when the reservoir 14 is full. The host
computer 11 communicates with the controller. A normal
operation signal 1s communicated between the controller 12
and the actuator 16a and pump station 13. A fail safe signal
1s communicated to the actuator 16a and the pump station 13
1in case of seismic activity and 1f any of the components fail,
and 1if the controller 12 does not have sufficient information
to make a decision. The fail safe signals closes the valve 16
and turns off the pump station 13 and sends an emergency
alarm to relevant personnel.

Referring to FIG. 1b, the exemplary control algorithms 38
implemented 1n the controller 12 are as follows. The control
algorithms 38 include normal and emergency operating flow
paths. In the normal flow path, the controller 12 monitors
various conditions of the sensors coupled thereto, including
flow rate, pressure, chlorination level or pH of the water 1n
the reservoir 14, as 1s provided 1n step 71. The controller 12
performs system tests of each of the components coupled
thereto based on a user determined schedule, as 1s provided
in step 72. These tests comprise a comparison of the output
signals from each of the various sensors and links in the
system 10 to predefined limits or ranges for each component
or condition. The controller 12 outputs reports to the host
computer and to the district manager 42 based on a user
determined schedule, as 1s provided 1n step 73. In the case
of a seismic event wherein the seismic sensor 20 1s activated,
the seismic sensor 20 sends a signal to the controller
indicating that a seismic event has occurred and the level of
the event, as 1s provided m step 74. The controller 12 1n turn
sends an alarm signal to the host computer 11 indicating that
seismic event has occurred, as 1s provided i step 74. The
seismic sensor 20 sends a signal to the controller 12 to check
the parameters of each of the components of the system 10,
as 1s provided 1 step 75. The controller 12 checks the
parameters and reports to the host computer 11 that a
parameter check 1s being performed, as 1s provided 1n step
76. The controller 12 sends a timer signal to the host
computer 11 indicating that no action will be taken until a
programmed time period has been reached, as 1s provided 1n
step 77. Once the parameters have been checked, the con-
troller 12 reports same to the host computer 11, as 1is
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provided 1n step 78. If there 1s a problem, 1n that one or more
of the parameters has been exceeded, for example, the
controller 12 waits until the timer signal has timed out, as 1s
provided in step 79. Then the controller 12 activates an
emergency program after the time out has occurred, as 1is
provided 1n step 80. The controller signals the actuator 16a
to close the valve 16 and sends a report to the host computer

11 and to the district manager 42, as 1s provided 1n step 81.

If the link 11a between the host computer 11 and the
controller 12 1s broken, then the controller 12 operates on its
own. If the link between the controller 12 and the actuator
16a 1s broken, then the actuator 16a operates on its own as
an independent logic controller. The actuator 16a checks
cither the pressure or flow rate data from the pressure/flow
sensor 19 and closes the valve 16 1f the pressure or flow rate
1s outside of the preset range. If the actuator 16a loses
contact with the pressure/flow sensor 19, then 1t closes the
valve 16.

Referring to FIG. 2, it shows a second embodiment of a
safety monitoring and control system 10a 1n accordance with
the present invention that illustrates an industrial application
of the present invention. The safety monitoring and control
system 10a 1s comprised of the host computer 11 and the
controller 12 which includes the seismic sensor 20. Sensor
inputs to the controller 12 are derived from sensors 22
disposed on gas and electrical valves (not shown) at the
industrial site and on machinery (not shown), such as robots,
and the like. The controller 12 1s coupled to such mecha-
nisms as elevators 23, doors 24, escalators 25, and to
controllers 16a of automatic control valves 16, for example.
In addition, the controller 12 may be coupled to an alarm
system 27 and to communications equipment 26 that is
adapted to alert emergency services, such as police and fire
personnel, 1 the case of an emergency. The control algo-
rithms 38 for the safety monitoring and control system 10a
of FIG. 2 are different from those of the system 10 of FIG.
1, and are a function of the application. The programming of

such algorithms 38 1s considered to be routine for those
skilled 1n the art and will not be discussed 1n further detail.

Referring to FIG. 3, 1t shows a more detailed 1llustration
of a portion of the safety monitoring and control system 10
shown 1n FIG. 1. The safety monitoring and control system
10 1s shown having a reservoir 14 coupled to the controller
12 so that water level signals 15 are applied thereto. The host
computer 11 1s coupled to the controller 12 and 1s adapted to
control a plurality of water distribution systems and provide
a means for testing and reprogramming the respective con-
trollers 12 thereof. The reservoir 14 1s coupled to a water
supply system 18 that includes a plurality of buttertly valves
31, a pneumatic controller 32 coupled to a first butterfly
valve 31 a, a flexible coupling 33, a first automatic control
valve 16-1, and a feedback path 37 coupled around the first
automatic control valve 16-1. The first automatic control
valve 16-1 may be an altitude valve adapted for control by
the seismic sensor 20. The pneumatic controller 32 may be
an air-to-open, spring-to-close actuator having a hydraulic
override and limit switch, for example. A pressure sensor 19
1s coupled to the water supply system 18 adjacent 1ts outlet
18a, and which 1s coupled to the controller 12 to provide
pressure signals 21 thereto. A flow sensor 19 1s coupled to
the water supply system 18 adjacent the reservoir 14 and 1s
coupled to the controller 12 to provide flow rate signals 21
thereto. The first automatic control valve 16-1 1s coupled by
way ol a solenoid 35 to the controller 12. As 1s indicated in
FIG. 2, a plurality of reservoirs 14, flow sensors 19 and
pressure sensors 19 may be coupled to the controller 12. A
air tank assembly 36 1s coupled through a second automatic
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control valve 16-2 to the pneumatic controller 32. The
controller 12 1s coupled to the second automatic control
valve 16-2 by means of its controller 16a-2. The seismic
sensor 20 provides seismic input data to algorithms 38
implemented by the controller 12. The algorithms 38 are
ogenerally described with reference to FIG. 2 above.

Referring to FIG. 4, 1t 1llustrates a third embodiment of a
safety monitoring and control system 10b in accordance
with the present invention that illustrates a residential appli-
cation of the present invention. In the residential application,
the safety monitoring and control system 10a 1s comprised
of the controller 12 which includes the seismic sensor 20.
The controller 1s coupled to a battery charger and back-up
system 38, which 1s powered by 110 volt AC power. A host
computer 11 may be employed, but i1s not necessarily
required. In some cases, a security system 35 may replace
the host computer 11. A plurality of actuation devices 40
may be employed including a main power sensor 41 typi-
cally coupled to a switch control panel for the residence.
Sensors are provided on a water valve 16a and gas valve 16b
for the residence. A plurality of detection and initiating
devices 50 may also be employed which include a smoke
detector 51, leak detector 52, heat rise detector 53, and panic
button 54. Each of the detection and 1nitiating devices 50 are
coupled to the security system 35 and to the controller 12.
The security system 355 1s typically coupled to a security
station by means of a communication link 53a, generally
provided by a modem and a telephone line. A plurality of
warning and communication devices 60 may also be coupled
to the controller 12 and may include an alarm 27, emergency
lights 56, and to a tape recorder 57 that includes a prere-
corded message that 1s broadcast 1n case of an emergency.
The warning and communication devices 60 are activated by
the controller 12 1n case of an emergency, as 1s dictated by
the algorithms 38 residing therein.

Referring to FIG. 5, 1t illustrates a fourth embodiment of
a safety monitoring and control system 10c¢ 1n accordance
with the present invention that illustrates a pneumatic con-
trol application of the present invention. The safety moni-
toring and control system 10c 1s used with a boiler control
system 60 that includes a boiler control panel 62 and a
plurality of gas valves 63 that supply gas to a plurality of
boilers 64. A host computer 11 1s coupled to the controller
12 and to the boiler control panel 62. An alarm system 27 1s
provided and 1s coupled to the host computer 11 and to the
controller 12. A compressor 71 and pressure regulator 72 are
coupled by way of a reserve air supply solenoid 73 to a
se1smic control solenoid 68. The seismic control solenoid 68
1s coupled to the individual manual exhaust valve 67. A
reserve air supply 74 1s coupled through a pressure regulator
75 to the reserve air supply solenoid 73 and 1s activated in
the case where the compressor 71 has a failure. The boiler
control system 60 also mncludes a master manual exhaust
valve 67, and a plurality of exhaust solenoids 66 and
individual manual exhaust valves 65 that are coupled
between the imdividual manual exhaust valve 67 and the
respective gas valves 63. The controller 12 1s coupled to the
seismic control solenoid 68, the reserve air supply solenoid

73, the pressure regulators 72, 75, and to the alarm system
27.

The control algorithms 38 residing 1n the controller 12 are
adapted to monitor the boiler control system 1n for the
occurrence of a seismic disturbance, and to provide data to
the host computer to indicate the status of the various
components of the boiler control system 60 and whether the
system should be shut down 1n case of an emergency. During
normal operation, the host computer 11 and boiler control
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panel 62 control and manage the boiler control system 60 to
control the flow of gas to the plurality of boilers 64. In the
event of a problem with any of the components that are
monitored by the controller 12, the control algorithms 38
provide output signals that are sent to the host computer 11
indicating the status of the components and whether an
emergency condition 1s present requiring emergency shut-
down of the boiler control system 60, typically achieved by
closing one or more gas valves 63, and venting the air lines
between the compressor 71 or reserve air supply 74 and the
respective pneumatically controlled [bas] gas valves 63.
This 1s achieved through commands sent from the host
computer 11 to the boiler control panel 62 which actuates the
exhaust solenoids 66, or by manually venting the boiler
control system 60 using either the master manual exhaust
valve 67 or the 1individual manual exhaust valve 65.

In one reduced to practice embodiment of the present
controller 12 designed for a water distribution application, it
provides for a fluid flow safety and management system that
1s specifically designed to overcome the objection of some
users 1n the water industry of the requirement to shut down
valves immediately after a seismic event, withholding water
needed for firefighting and other emergency uses when there
was no other indication of a problem with the system. The
controller 12 uses logic that combine signals of from one to
cight flow and/or pressure sensors 19 with the signal from
the seismic sensor 20 to ensure that the closure of any valve
16 after a seismic event 1s the result of a large detectable
fluid loss. This 1s determined by reading a change 1n flow
rate that occurs within a preprogrammed time limit. In
addition to the described water distribution application, the
present 1vention 1s applicable to the control and manage-
ment of petroleum and other hazardous fluid materials.

The heart of controller 12 1s the seismic sensor 20 that
employs the free-motion moving mass to detect seismic
events (earthquakes or explosions) in a range of from 0.05
o to 0.50 g. The design of the seismic sensor 20 1s tri-axial,
in that 1t reacts equally to ground motion or aerial shock
wavelronts arriving from any compass direction and 1 all
planes.

When the controller 12 senses a seismic event, the fol-
lowing occurs. Two electronic timing circuits are switched
on. The first timing circuit resets the seismic sensor 20 a few
minutes after the initial seismic event 1s over, enabling the
seismic sensor 20 to sense aftershocks. The second timing
circuit, comprising an intervention timer, begins a preset
countdown period. Any large increase 1 flow rate within
this time period should not logically result from demand
resulting from firefichting demand. If no change 1n flow rate
1s detected within this time period, all valves 16 remain
open. If any sensor 19 detects an increase 1n flow rate above
a preset limit during this time period, the valve 16 controlled
by that particular sensor 19 1s closed.

Even when there 1s no seismic event, the controller 12
constantly guards the system 10. If water levels 1n the
reservolirs 14, flow rates, or pressures deviate beyond preset
limits, a warning signal 1s activated. In addition, a warning
signal 1s provided when the following conditions occur: loss
of signal from any flow or pressure sensor 19, failure of AC
power, or a drop 1n battery voltage below safe limits. If
desired, any of these warning conditions may also be pro-
crammed to 1initiate valve closures. Regardless of

conditions, the controller 12 may be operated manually, both
at the site of a valve 16 and at a central control station. The
controller 12 has RS-232/RS-485 communications capabil-
ity with an upgrade for use of fiber optics, and all timing and
sensor parameters are completely programmable to suit the
requirements of each application.
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Thus there has been described new and improved safety
monitoring and control systems that provides for
programmable, closed-loop control of various types of sys-
tems under normal and seismic conditions. It 1s to be
understood that the above-described embodiments are
merely 1llustrative of some of the many specific embodi-
ments which represent applications of the principles of the
present 1nvention. Clearly, numerous and other arrange-
ments can be readily devised by those skilled in the art
without departing from the scope of the invention.

What 1s claimed 1s:

1. A closed loop safety monitoring and control system
comprising;:

a switching device;

a sensor coupled to the switching device for sensing a
predetermined condition thereof and for providing sen-
sor output signals 1indicative of the predetermined con-
dition;

a programmable controller comprising a seismic sensor
for detecting a seismic disturbance and providing seis-
mic output signals indicative of the seismic
disturbance, wherein the controller 1s coupled between
the sensor and the switching device and forms a closed
loop control system for monitoring and controlling the
switching device, and wherein the controller 1s respon-
sive to the sensor output signals and the seismic output
signals, and provides first control signals that are
applied to the switching device 1 the absence of a
seismic disturbance to provide for closed loop control
of the switching device under normal operating
conditions, and provides second control signals that are
applied to the switching device 1n the presence of a
seismic disturbance to provide for closed loop control
of the switching device under emergency operating
conditions.

2. The closed loop safety monitoring and control system
of claim 1 wherein the seismic sensor comprises a signal
output that 1s directly coupled to the switching device for
actuating the switching device to place it 1in a predetermined
condition 1n the event of failure of the programmable
controller.

3. The safety monitoring and control system of claim 1
[which further] wherein the switching device comprises:

a fluid control valve for controlling the flow of a fluid
therethrough, the sensor sensing the predetermined
condition of the fluid flow; and

a programmable valve actuator coupled to the fluid con-
trol valve and to the programmable controller, for
actuating the valve 1n accordance with programmable
control logic contained therein, and for actuating the
valve in response to [external] the first and second
control signals applied to the control logic by the
programmable controller.

4. The satety monitoring and control system of claim 3

which further comprises:

an alarm system coupled to the programmable controller
that 1s activated thereby in the event of an emergency
condition detected by the programmable controller.
[5. The safety monitoring and control system of claim 1
which further comprises:

a fluid control valve for controlling the flow of a fluid
therethrough; and

a programmable valve actuator coupled to the fluid con-
trol valve and to the programmable controller, for
actuating the valve 1n accordance with programmable
control logic contained therein, and for actuating the
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valve 1 response to control signals applied to the
control logic by the programmable controller.]
[6. The safety monitoring and control system of claim 5
which further comprises:

an alarm system coupled to the programmable controller

that 1s activated thereby 1n the event of an emergency
condition detected by the programmable controller.]

7. A fluid flow safety monitoring and control system for

controlling distribution of a fluid, said system comprising:

a reservoir for containing a fluid;

a level sensor coupled to the reservoir for indicating fluid
level therein;

a fluid flow sensor for sensing a fluid flow at an output of
the system and for providing an output signal indicative
thereof;

a valve coupled between the reservoir and the fluid flow
SENSOT;

a programmable valve actuator coupled to the valve for
actuating the valve 1n accordance with programmable
control logic contained therein, and for actuating the
valve 1n response to external control signals applied to
the control logic; and

a programmable controller coupled to the level sensor,
fluid flow sensor, and programmable valve actuator,
and which comprises a seismic sensor for detecting a
seismic disturbance and providing output signals
indicative of the seismic disturbance, for responding to
output signals generated by the level sensor, fluid flow
sensor, programmable valve actuator, and seismic
sensor, and for generating first control signals that are
applied to the programmable valve actuator in the
absence of a seismic disturbance and second control
signals that are applied to the programmable valve
actuator in the presence of a seismic disturbance so as
to control the distribution of fluid from the fluid flow
system.

8. The fluid flow safety monitoring and control system of

claim 7 which further comprises:

a host computer coupled to the programmable controller
for programming the programmable controller 1n
response to operator inputs and for generating reports
derived from data provided by the programmable con-
troller 1n response to output signals generated by the
level sensor, fluid flow sensor, programmable valve
actuator, and seismic sensor.

9. A fluid flow safety monitoring and control system for

controlling distribution of a fluid, said system comprising:

a pneumatically controlled fluid control valve;

a host computer coupled to the valve for controlling the
distribution of fluid therethrough;

an air supply system for providing air that activates the
pneumatically controlled fluid control valve 1n
response to control signals provided by the host com-
puter;

a seismic control solenoid disposed between the air sup-
ply system and the pneumatically controlled fluid con-
trol valve; and

a programmable controller coupled to the host computer,
the air supply system, and seismic control solenoid, and
which comprises a seismic sensor for detecting a sei1s-
mic disturbance and providing output signals indicative
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of the seismic disturbance, for generating first control
signals that are applied to the seismic control solenoid
and the host computer 1n the absence of a seismic
disturbance and second control signals that are applied
to the seismic control solenoid and the host computer 1n
the presence of a seismic disturbance so as to control
the distribution of fluid from the air supply system.

10. The fluid flow safety monitoring and control system of
claim 9 which further comprises:

an exhaust solenoid coupled between the seismic control
solenoid and the pneumatically controlled fluid control
valve that 1s controllable by the host computer so as to

open and close 1it.
11. The fluid flow safety monitoring and control system of
claim 10 which further comprises:

a reserve air supply system; and

a reserve air supply solenoid coupled between the air
supply system and the seismic control solenoid and
coupled to the programmable controller for coupling
the reserve air supply system into the fluid flow safety
monitoring and control system 1n the event of failure of
the air supply system.

12. A safety monitoring and control system that com-

PIrises:

a sensor for sensing a predetermined condition and for
providing output signals indicative of the predeter-
mined condition;

a switch;

a programmable controller coupled to the sensor and to
the switch and which comprises a seismic sensor for
detecting a seismic disturbance and providing output
signals 1ndicative of the seismic disturbance, for
responding to the output signals from the sensor and the
output signals from the seismic sensor, and for provid-
ing first control signals that are applied to the switch 1n
the absence of a seismic disturbance and second control
signals that are applied to the switch 1n the presence of
a seismic disturbance so as to control the operation of
the system; and

a host computer coupled to the programmable controller
that 1s adapted to program the programmable controller
In response to operator 1inputs.
13. The safety monitoring and control system of claim 12
[which further] wherein the switching device comprises:

a fluid control valve for controlling the flow of a fluid
therethrough, the sensor sensing the predetermined
condition of the fluid flow; and

a programmable valve actuator coupled to the fluid con-
trol valve and to the programmable controller, for
actuating the valve 1n accordance with programmable
control logic contained therein, and for actuating the
valve 1n response to the first and second control signals
applied to the control logic by the programmable
confroller.

14. The safety monitoring and control system of claim 13

which further comprises:

an alarm system coupled to the programmable controller
that 1s activated thereby 1n the event of an emergency
condition detected by the programmable controller.
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