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(57) ABSTRACT 

A system and apparatus for monitoring and control of the 
operation of various types of industrial plants, including 
power plants, nuclear power plants and plants including vari 
ous types of mechanical, electrical and chemical machinery. 
The invention employs modular non-microprocessor based, 
non-Software based digital hardware that enables communi 
cation between sensors and control logic and between the 
control logic and actuators that control a functional aspect of 
each plant. 
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SYSTEMAND APPARATUS FOR PLANT 
MONITORING AND CONTROL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a non-provisional patent application that 
claims priority and benefit to, co-pending U.S. provisional 
patent application serial number 61/357,066 that was filed on 
Jun. 21, 2010 and entitled “System and Apparatus for Plant 
Monitoring and Control', and claims priority and benefit to 
co-pending U.S. provisional patent application Ser. No. 
61/357,792 that was filed on Jun. 23, 2010 and entitled “Sys 
tem and Apparatus for Plant Monitoring and Control'. All of 
the aforementioned patent applications are herein incorpo 
rated by reference in their entirety. 

FIELD OF INVENTION 

0002 The present invention relates to a system and appa 
ratus for monitoring and control of the operation of various 
types of industrial plants, including power plants, nuclear 
power plants and plants including various types of mechani 
cal, electrical and chemical machinery. The invention 
employs non-microprocessor based digital hardware that 
enables communication between sensors and control logic 
and between the control logic and actuators that control a 
functional aspect of each plant. 

BACKGROUND INFORMATION 

0003 Industrial plants are designed to employ various 
instruments for monitoring operation of various equipment 
within the plant. Based upon information provided by the 
instruments, corrective action may be taken to protect the 
integrity each plant when one or more instruments indicate 
potential dangerous operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. The objects and features of the invention can be 
better understood with reference to the claims and drawings 
described below. The drawings are not necessarily to scale, 
and the emphasis is instead generally being placed upon 
illustrating the principles of the invention. 
0005 Within the drawings, like reference numbers are 
used to indicate like parts throughout the various views. Dif 
ferences between like parts may cause those like parts to be 
each indicated by different reference numbers. Unlike parts 
are indicated by different reference numbers. 
0006 FIG. 1 is a simplified diagram illustrating an 
embodiment of a pressurized water nuclear power plant. 
0007 FIG. 2 is the simplified diagram of FIG. 1 including 
locations of a sensor and an actuator. 
0008 FIGS. 3A-3B are simplified diagrams illustrating a 
relationship between sensor and actuator signals, and a moni 
toring and control system. 
0009 FIGS. 3C-3D are simplified diagrams illustrating a 
relationship between sensor and actuator signals, and a moni 
toring and control system in accordance with the invention. 
0010 FIG. 4A is a simplified diagram illustrating a 
generic logic module (GLM). 
0011 FIG. 4B is a simplified diagram illustrating a generic 
logic module backplane. 
0012 FIG. 4C is a simplified diagram illustrating control 
lers and actuators in accordance with the invention. 
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0013 FIG. 5 is a simplified diagram illustrating a spatial 
relationship between locations of sensors, actuators and 
generic logic modules. 

DETAILED DESCRIPTION 

0014 FIG. 1 is a simplified diagram 100 illustrating an 
embodiment of a pressurized water nuclear power plant 102. 
As shown, a reactor containment vessel 110 encloses a pri 
mary cooling loop 112, a nuclear reactor core 114 and a steam 
generator 116. The primary cooling loop includes a primary 
coolant pump 118 and is designed to transfer heat from the 
nuclear reactor core 114 to a steam generator 116. 
0015 The steam generator 116 receives heat from the 
primary cooling loop 112 to generate steam in a secondary 
cooling loop 120. The Steam travels from the steam generator 
116 through the secondary cooling loop 120 and through a 
turbine 122 to cause the turbine 122 to rotate. Rotation of the 
turbine 122 causes rotation of an electrical generator 124 and 
production of electrical power that can be stored and/or trans 
ferred overpower lines to other locations and for various uses. 
0016. The steam that travels through the turbine 122 is 
collected and cooled into a liquid state within a condenser 126 
that is located below the turbine 122. The cooled steam is also 
referred to as condensate that is pumped via a feed pump 128 
through the secondary cooling loop 120 in order to return into 
the steam generator 116 to be re-heated into steam. 
0017. A third cooling loop 130 transfers heat from steam 
collecting within the condenser 126 to a cooling tower 132. A 
pump 134 transfers coolant that collects heat from the con 
denser and transfers the heat to a cooling tower 132. The 
cooling tower 132 transfers heat collected from the coolant of 
the third cooling loop 130 into the atmosphere residing out 
side of the power plant 102. 
0018 FIG. 2 is the diagram of FIG. 1 including placement 
of a sensor 134 and actuator 136 combination. As shown, a 
steam pressure sensor 134 is placed at a location along a 
segment of the secondary cooling loop near an outlet steam 
pipe of the steam generator 116. Hypothetically, if a steam 
leak from the secondary cooling loop occurs, great harm 
could be inflicted upon people and equipment located within 
the power plant 102. Such a steam leak could be detected by 
the sensor 134 as a Sudden lowering of steam pressure within 
the secondary cooling loop. 
0019. The steam pressure sensor 134 is designed to moni 
tor Steam pressure along the secondary cooling loop at a 
location proximate to an outlet of the steam generator 116. In 
accordance with an embodiment of the invention. the steam 
pressure sensor 134 is implemented as a plurality (group) of 
(4) Steam pressure sensors (not shown here) that each monitor 
steam pressure, independent from each other, at the location 
of the steam pressure sensor 134. Sensors can be imple 
mented to measure a variety of measurable operating status 
parameters, including Such as temperature, fluid pressure, 
fluid flow rate at each of various locations within the power 
plant 102. Also, sensors can be implemented as neutron flux 
detectors for measuring neutron flux at various locations rela 
tive to the nuclear reactor core 114. 
0020 FIG. 3A is a simplified block diagram illustrating a 
relationship between sensor signals 208, actuator signals 212 
and a monitoring and control system 210. As shown, a moni 
toring and control system 210 receives signals 208 from one 
or more sensors, such as one or more sensors 134 (See FIG. 
2), and outputs signals 212 to one or more actuators 136 (See 
FIG.2). The monitoring and control system 210 can be imple 
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mented in a manner known in the prior art (See FIG. 3B), or 
alternatively, in accordance with the invention (See FIG.3C). 
0021 FIG. 3B is a simplified block diagram illustrating a 
relationship between sensor signals 208, actuator signals 212 
and a monitoring and control system 210 in accordance with 
the prior art. As shown, the monitoring and control system 
210 includes one centralized logic solving component 216 
that interfaces with one or more input components 214 and 
interfaces with one or more output components 218. 
0022. The one or more input components 214a-214n are 
employed to received signals 208 from a one or more sensors 
134. One or more output components 218a-218m are 
employed to transmit signals 212 to a one or more actuators 
136. The logic solver component 216 acts as a central hub 
(switchboard) through which sensor signals 208 are received 
and processed and from which actuator signals 212 are 
optionally transmitted to actuators 136. 
0023 FIG. 3C is a simplified block diagram illustrating a 
relationship between sensor signals 208, actuator signals 212 
and a monitoring and control system 210 in accordance with 
the invention. This system 210 is also referred to herein as the 
NuPac, DS3 or Digital Star Safety System (DSSS). As shown, 
the monitoring and control system 210 is divided (function 
ally partitioned) into separate generic logic modules (GLM) 
310a-310z. Each generic logic module (GLM) 310a-310Z 
includes a separate logic Solving component 316a-316z . 
Within each GLM 310a-310Z, each logic solving component 
316a-316z interfaces with a respective input component 
314a-314z and interfaces with a respective output component 
318-31.82. 

0024. In accordance with the invention, the monitoring 
and control system 210 is de-centralized (functionally parti 
tioned) into a plurality of generic logic modules (GLM)310a 
310z. In some embodiments, each GLM 310a-310Z is imple 
mented as a circuit card (See FIG. 4A), also referred to herein 
as a circuit card assembly (CCA), that mechanically and 
electrically interfaces with a specially designed backplane 
(See. FIG. 4B) located within a chassis. The GLM input 
components 314a-314z are employed to received signals 208 
from a one or more sensors 134. The GLM output compo 
nents 318a-3182 are employed to send signals 212 to one or 
more actuators 136. In some embodiments, the GLM input 
components 314a-314z and the GLM output components 
3.18a-3182 are implemented as mezzanine cards which 
mechanically and electronically attach to the GLM circuit 
card (See FIG. 4A). 
0025 Functional partitioning of input/output and logic 
solving functionality provides for design flexibility and 
enhanced redundancy and fault tolerance of the system as a 
whole. Also, GLMs 310a-310Z can be inter-connected (elec 
trically attached) and cascaded in a variety of series and/or 
parallel arrangements. Such arrangements can partition 
monitoring and control functionality to better delineate intu 
itively understandable aspects of monitoring and control 
functionality and to facilitate maintenance, testing and Veri 
fication of designed and installed plant monitoring and con 
trol hardware. 
0026 FIG. 3D is a simplified diagram illustrating an 
embodiment of a relationship between sensors 134a-134d, a 
generic logic module (GLM) 310a-310d and actuators (not 
shown). As shown in FIG. 2 and here, a portion of the sec 
ondary cooling loop 120 is surrounded by (4) steam pressure 
sensors 134a-134data location downstream and proximate to 
the steam generator 116. Each sensor 134a-134d separately 
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and independently communicates a sensor signal 208a–208d 
to one generic logic module (GLM) 310a-310d respectively, 
that is installed within a separate and respective chassis (not 
shown) and electrically attached to a back plane (See FIG. 
4B) within each respective chassis. Each respective generic 
logic module (GLM) 310a-310d can be located in a separate 
location that a minimum distance from the location of other 
generic logic module(s) (GLM) 310a-310d (See FIG. 5). 
(0027. Each GLM 310a-310d processes one respective 
sensor signal 208a-208d independent of the processing of any 
other sensor signal 208a–208d by any other GLM 310a-310d. 
Optionally, based upon processing of a respective sensor 
signal 208a-208d, each GLM 310a-310d can independently 
decide to communicate an actuator signal 212a-212d to an 
actuator 136 (not shown here) to direct performance of an 
action that the actuator 136 is designed to perform. For 
example, in circumstances where a steam leak is detected 
within the secondary cooling loop by a GLM 310a-310d, the 
GLM 310a-310d communicates an actuator signal 212a 
212d to actuator 136 to insert control rods into the nuclear 
reactor core to shutdown the nuclear reaction within the 
nuclear reactor core. Optionally, the GLM can communicate 
another actuator signal to activate an alarm and/or display a 
plant status indicator to a plant operator, for example. 
0028. Each separate and independent communication path 
from a respective sensor 134a-134d to a respective GLM 
310a-310d and to an actuator 136 is referred to as a division 
of monitoring and control. Each Such division acts as a redun 
dant mechanism. The redundancy of each division is designed 
to enable increased reliability for the system as a whole. 
0029 FIG. 4A is a simplified diagram illustrating a side 
view of an embodiment of the generic logic module (GLM) 
310. As shown, the GLM 310 is implemented as a circuit card, 
also referred to herein as a carrier card, that is designed to 
mechanically and electrically attach to a backplane of a chas 
sis (See FIG. 4B). The circuit card has exposed conductive 
contacts (326a-326c) that include electrodes (planar pins) 
that are designed to mechanically and electrically attach to 
the backplane. The GLM 310 also includes a plurality of up 
to (8) Smaller I/O mezzanine circuit card slots which are 
configured to respectively receive mezzanine circuit cards 
322a-322h and a ninth slot which is configured to respec 
tively receive a logic mezzanine circuit card 324. The carrier 
card housing the GLM 310 is about the size of a laptop 
computer while the mezzanine cards 322a-322h that can be 
attached to the GLM 310 are each about the size of a credit 
card. 

0030. The (8) I/O mezzanine circuit card slots 322a-322h 
can receive a variety of Input Output I/O mezzanine circuit 
cards that perform the input functions 314a-314z and/or the 
output functions 318a-318z functions shown in FIG.3C. The 
specific types of input and output functionality can be cus 
tomized (mixed and matched) for each configured Generic 
Logic Module (GLM) 310 shown in FIG. 3D. Input and/or 
output functionality or other types of functionality can be 
customized and assigned to any or all of these (8) I/O meZ 
Zanine circuit card slots 322a-322h in a variety of arrange 
ments. Optionally, one or more mezzanine slots 322a-322h 
that are configurable to receive the mezzanine cards can be 
instead assigned to remain empty. 
0031. This I/O functionality provided by each of the mez 
Zanine cards includes, but is not limited to, RS-485 serial 
interface, digital input interface, analog input interface, digi 
tal output and analog output, relay drivers, relays types of 
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interfaces. Processing of temperature input from a tempera 
ture sensing device is also provided. 
0032. These mezzanine card based components also 
include Analog to Digital Converters (ADC) for processing of 
analog signals that are incoming from sensors 134, and 
include digital to analog converters (DAC) for processing of 
analog signals that are outgoing to actuators 136. These types 
of I/O components can be configured to input and process a 
variety of incoming signal types and can be configured to 
generate a discrete output in response to Such types of input. 
The GLM 310 also includes Built InTest (BIT) circuitry that 
enables each GLM to self test during power up and periodi 
cally during operation of the GLM. The I/O (input/output) on 
these mezzanine cards 322a-322h and 324 are designed to 
satisfy class 1E to non 1E isolation. 
0033. An I/O mezzanine card 322a-322h can be config 
ured to perform A/D conversion of an incoming analog signal 
to a digital signal and to transfer digital information repre 
sented by that analog signal to the core FPGA. The core 
FPGA further extracts information received via the incoming 
analog signal and transfers digital information (accurate and 
filtered measurement information) to the application specific 
FPGA. 

0034. The logic mezzanine circuit card 324 includes at 
least one field programmable gate array (FPGA) and prefer 
ably at least two FPGA(s). The field programmable gate array 
(FPGA) is designed to be programmable with the use of 
specialized equipment that is generally not available within a 
power plant. Hence. Such a design reduces a likelihood of 
accidental or intentional FPGA programming modification 
within the confines of the plant. Typically, an FPGA would be 
replaced by another differently programmed FPGA or be 
moved to a location away from a power plant in order to be 
re-programmed, if desired. 
0035. Preferably, the GLM 310 via the logic mezzanine 
circuit card 324, includes a core field programmable gate 
array (CFPGA) and an application specific field program 
mable gate array (ASFPGA). The core FPGA controls inter 
facing with communications hardware, for the purpose of 
processing inbound communications. Such as sensor signal 
input sampling and for the purpose of controlling outbound 
communications to external devices, such as for example, 
actuators, indicators, alarms etc. The core FPGA samples 
incoming signals and performs conversion of electrical prop 
erties of the signal, to represent other units of measurement, 
Such as for example temperature units of degrees Celsius or 
Fahrenheit, or to units of pressure of pounds per square inch. 
In some embodiments, the interface between the core FPGA 
and the application specific FPGA employs time division 
multiplexing and fixed bandwidth allocation. 
0036. The application specific FPGA is configured to per 
form decision making and optimal action in accordance with 
end user defined logic and in accordance with the accurate 
and filtered measurement information received from at least 
one sensor via the core FPGA. Note that a core FPGA may be 
configured to input many sensor signal provided samples of a 
measurement over an interval of time and configured to per 
form a mathematical operation upon those samples. For 
example, in some embodiments, the core FPGA receiving a 
sensor signal computes a mathematical average the most 
recent (10) samples in time. The averaged signal is then 
converted into an engineering unit of measurement, Such as 
degrees Celsius. 
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0037. The application specific FPGA is designed to per 
form some action, Such as by performing transmission of a 
signal 212 to an actuator 136. Such an action could activate an 
alarm, open or close a valve or insert control rods into the 
nuclear reactor core etc. The digital logic residing within the 
application specific FPGA can be customized to perform one 
type of action, Such as insertion of reactor control rods, which 
terminates the operation of the reactor core. This is one type 
of shutdown that is also referred to as a type of “trip'. An 
application specific FPGA can be customized to perform a 
temperature limit related “trip’ or a pressure limit related 
“trip', for example. 
0038 An advantage of using one or more field program 
mable arrays, is that the digital logic content stored within a 
FPGA is less likely to be corrupted as compared to software 
that is stored into memory for controlling a micro-processor. 
Also, a simple deterministic FPGA design allows for hard 
ware-level testing to perform proper verification of the opera 
tion of the digital logic content within the FPGA. 
0039. An advantage to dividing the digital logic content 
between the core FPGA and the application specific FPGA is 
that the type of logic that is stored within the core FPGA is 
likely to be common to many if not all customized GLMs 310, 
regardless of how each particular GLM is configured (cus 
tomized) in accordance with end user defined logic that is 
specific to each GLM 310. The logic content of the core 
FPGA is designed to function like a computer operating sys 
tem, in that it is designed to perform more commonly used 
and/or more generic functions to assist a variety of different 
types of application Software programs, which are analogous 
to the logic content among a plurality of application specific 
FPGA.S. 

0040. Furthermore, the logic content within a core FPGA 
is less likely to be frequently revised as compared to that of an 
application specific FPGA, and can be verified once during 
the useful lifetime of many individually configured (custom 
ized) GLMs. However, the logic content of an application 
specific FPGA, typically varies across a population of differ 
ently configured (customized) GLMs and this type of FPGA 
is more likely to be frequently revised and verified, as com 
pared to a core FPGA, over a life time of each of many 
individually configured GLMs. 
0041 FIG. 4B is a simplified diagram illustrating a generic 
logic module (GLM) backplane 410. As shown in this 
embodiment, a plurality of (8) generic logic modules (GLM) 
310a-310h and other hardware 312a-312b are attached (me 
chanically and electrically connected) to a backplane 410. 
These GLMs 310a-310h are divided into a first group (clus 
ter) 4.12a that includes (4) GLMs 310a-310d and divided into 
a second group (cluster) 412b that includes (4) GLMs 310e 
310h. The backplane 410 is designed to provide multiple 
direct electrical connections (communication paths) between 
individual GLMs 310a-310h that are attached to the back 
plane 410 and is designed to provide direct electrical connec 
tions (communication paths) between the GLMs 310a-310h 
and other hardware 312a-312b that is attached to the back 
plane 410. 
0042. This other hardware includes communication cir 
cuit cards (CCC) 312a-312b and power supply modules (not 
shown here). A direct electrical connection, for example 
direct connection 302ab, shown here as one line between 
backplane components, like all other direct connections 302 
shown here, each actually represents (2) transmit and (2) 
received communication paths. The GLMs 310a-310h, com 
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munication circuit cards (CCC) 312a-312b and power supply 
modules attach to the backplane 410 by each being inserted 
into a device interface slot (not shown) provided by the back 
plane 410. 
0043. With respect to the first group (cluster) 412a, the 
communication path 302ad provides a direct connection 
between GLM 310a and GLM 310d. Communication path 
302ac provides a direct connection between GLM 310a and 
GLM 310c. Communication path 302bd provides a direct 
connection between GLM 310b and GLM 310d. Addition 
ally, communication path 310ab provides a direct connection 
between GLM 310a and GLM 310b, which are located adja 
cent to each other. Communication path 310bc provides a 
direct connection between GLM 310b and GLM310C, which 
are located adjacent to each other. Communication path 
310cd provides a direct connection between GLM 310c and 
GLM 310d, which are located adjacent to each other. Hence 
every GLM 310a-310d residing within the first cluster 412a is 
provided a direct connection to every other GLM 310a-310d 
within that first cluster 412a. 

0044) With respect to the second group (cluster) 412b, the 
communication path 302eh provides a direct connection 
between GLM 310e and GLM 310h. Communication path 
302ag provides a direct connection between GLM 310a and 
GLM 310g. Communication path 302?h provides a direct 
connection between GLM 310? and GLM 310h. 
0045. Additionally, communication path 310ef provides a 
direct connection between GLM 310e and GLM 310?, which 
are located adjacent to each other. Communication path310fg 
provides a direct connection between GLM 310f and GLM 
310g, which are located adjacent to each other. Communica 
tion path 310gh provides a direct connection between GLM 
310g and GLM 310h, which are located adjacent to each 
other. Hence every GLM 310e-310h residing within the sec 
ond cluster 412b is provided a direct connection to every other 
GLM 310e-310h residing within that second cluster 412b. 
0046. The backplane 410 also provides for direct connec 
tions between GLMs 310a-310h residing within different 
clusters 412a-412b. Connection 302de provides a direct con 
nection between GLM 310d residing in the first cluster 412a 
and GLM 310e residing in the second cluster 412b. Direct 
connection 302cf provides a direct connection between GLM 
310c residing in the first cluster 412a and GLM 310f residing 
in the first cluster 412a. 

0047. The backplane 410 also provides slots to receive 
communication circuit cards (CCC) 312a-312b. The back 
plane 410 also provides for direct connections (communica 
tion paths) between some individual GLMs 310a-310b and 
310g-310h and the communication circuit cards 312a-312b. 
Direct connection 304ab provides a direct connection 
between GLM 310a and CCC 312b. Direct connection 304ba 
provides a direct connection between GLM 310b and CCC 
312a. Direct connection 304ga provides a direct connection 
between GLM 310g and CCC 312a. Connection 304hb pro 
vides a direct connection between GLM 310h and CCC 312b. 

0048. In some embodiments, the backplane includes a low 
Voltage differential signaling (LVDS) data bus and employs a 
point to point serial data link topology and communication 
between GLM's employing Spacewire and IEEE 1355. Also, 
Standard UART Encoding, wormhole routing and ECC (Er 
ror check correction parity) are employed. This arrangement 
is also referred to herein as a redundant/grouped mesh-star 
LVDS topology. 
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0049. In other embodiments, the above described back 
plane 410 can be expanded to accommodating more than (2) 
clusters of GLMs and/or can accommodate clusters of GLMs 
having less than or greater than (4) GLMs residing within 
each cluster 412 as shown and described here. For example, a 
preferred embodiment includes (4) clusters of (4) GLMs in 
combination with (2) communication circuit cards (CCC). 
0050 FIG. 4C is a simplified diagram illustrating control 
lers 420a-420d and actuators 136a-136d in accordance with 
the invention. As shown, a sensor signal 208a-208d is 
received and processed by a controller 420a-420d. Option 
ally, each controller 420a-420d performs a decision to option 
ally perform an action via an actuator 212a-212b. 
0051 Each controller 420a-420d represents a combina 
tion of a chassis including arear transition module (RTM) and 
a generic logic module (GLM) that are each attached to a 
backplane 410 within the chassis (not shown). The rear tran 
sition module (RTF) (not shown) provides multiple externally 
accessible connectors that are each configured to connect to 
one first end of each attached field wire. A second opposite 
end of each attached field wire is configured to connect to 
either a sensor 134 or to an actuator 136. In some embodi 
ments, the externally accessible RTF connectors are known as 
bulkhead type connectors. 
0052. Describing a typical use scenario in accordance with 
an embodiment of the Subject matter of the invention, a sensor 
generated signal is transmitted from a sensor 134 through a 
field wire to an RTM via an RTM connector (not shown). The 
RTM is electrically attached to a backplane within a chassis of 
a controller 420 and is associated with a generic logic module 
(GLM) 310 residing within the chassis of the controller 420. 
Via the RTM, the signal travels through the backplane of the 
chassis of the controller 420 into the generic logic module 
(GLM) 310 via an input component implemented within a 
meZZanine card that is mechanically and electrically attached 
to the GLM 310 via at least one slot 322a-322h of the GLM 
310 (See FIG. 4A). 
0053. The sensor signal is converted into a digital repre 
sentation and processed by a core field programmable gate 
array (FPGA) that resides on a logic mezzanine circuit card 
that is mechanically and electrically attached to the GLM via 
a slot 324 of the GLM 310 (See FIG. 4A). The core FPGA 
transfers information representing the signal to an application 
specific field programmable gate array (FPGA) which further 
processes the signal and decides upon whether to optionally 
perform Some action in response to the signal. 
0054 When a decision to perform some action is posi 
tively made by the application specific FPGA, a directive for 
transmission of an actuator signal is initiated from the appli 
cation specific FPGA. The actuator signal travels through an 
output component implemented within a mezzanine card that 
is mechanically and electrically attached to the GLM 310 via 
at least one slot 322a-322h of the GLM 310. In some embodi 
ments, the input and output components are located on the 
same mezzanine card 322a-322h. The actuator signal travels 
from the GLM 310 through the backplane to the RTM asso 
ciated with the GLM 310, through an RTM connector and 
through a field wire attached to at least one actuator 136 and 
to preferably two actuators 136a-136b (See FIG. 4C). Note 
that the RTM connector that is associated with, and field wire 
that is attached to the actuator 136 is separate and different 
from the RTM connector that is associated with, and field 
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wire that is attached to the sensor 134. Both of these connec 
tors are attached to the same RTM that is associated with the 
GLM 310. 
0055 Referring back to FIG. 4C, when an actuator signal 
212a, 212b, 212c and/or 212d is generated, each signal 212a 
212d is transmitted from a respective controller 420a-420d to 
both actuator 136a and actuator 136b. These actuator signals 
212a-212d are transmitted in a redundant manner with 
respect to each other. The transmission of only one actuator 
signal 212a-212d is required to cause one or both of the 
actuators 136a-136b to actuate. Only one of the (2) actuators 
is required to actuate to perform the actuator designed action. 
Hence, if only one actuator 136a-136b should fail to actuate, 
the other actuator 136a-136b would perform the actuator 
designed action, Such as for example, the closing of a valve, 
the generation of an alarm, or the insertion of control rods etc. 
0056. In some embodiments, (4) sensors 134 (See FIG. 
3D) are each divided into (4) redundant groups. In some 
embodiments, each of (2) of (4) sensors that detect a violation 
of a pre-determined set point, will sendan sensor signal 212 
indicating such a violation to a controller 420a-420d. Each 
receiving controller 420a-420d is configured to decide to 
send an actuator signal 212 to both actuators 136a-136b to 
perform an actuator designed action in response to the detec 
tion of the violation of the pre-determined set point by at least 
(2) of (4) sensors monitoring the set point. Alternatively, if 
instead, only (1) of (4) sensors detect a violation of a pre 
determined set point, the receiving controller 420a-420d may 
be configured to perform no action, or instead may generate 
an actuator signal 212 that notifies an operator of the (1) 
sensor indicating the violation of the pre-determined set 
point. 
0057 FIG. 5 is a simplified diagram illustrating a spatial 
(geographical) relationship between locations of (4) sensors 
134a-134d and (2) actuators 136a-136b within a power plant 
102 and locations 412a-412d of controllers 420a-420d. The 
controllers 420a-420d each respectively include one of the 
generic logic modules 310a-310d. The controllers 420a-420d 
each respectively reside within one of (4) separate and redun 
dant communication paths for monitoring of operation of the 
power plant 102. 
0058 As shown, locations within the power plant 102 that 
have associated sensors 134a-134d or actuators 134a-134b 
are represented in the center of a cross shaped geographical 
area 410. Locations of each of the (4) controllers 420a-420d 
are respectively represented by locations 412a-412d, which 
are intended to be separated from each other by a minimum 
practical distance, for example in Some circumstances the 
minimum practical distance being 50 meters or more from 
each other. 
0059. As a result of diversifying the location of each con 

troller 420a-420d, an occurrence of an accident that damages 
the operation of one controller 420a-420d at one location, for 
example 412a, is less likely to affect operation of the control 
lers 420b-420d which reside at the other locations 412b-412d, 
at least fora Sufficiently long enough period of time to prevent 
performance of a corrective action by an actuator 136a-136b 
via transmission of an actuator signal that is generated from at 
least one of the other controllers 420b-420d. Such action 
could range from activating an alarm to performing a control 
rod insertion (shutdown) of the nuclear reactor core within the 
power plant 102. 
0060 Each controller 420a-420d is configured to operate 
as independently as practical from any other 420a-420d, in 
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order to maximize independence, redundancy and reliability 
of each division of logic control. 
0061. In one embodiment of a configuration of this sys 
tem, each controller 420a-420d receives (4) sensor signals 
208a–208d that are respectively transmitted from each of (4) 
sensors 134a-134d. One or more GLMs 310 within each 
controller 420a-420d are configured to receive and process 
each of the sensor signals 208a–208d. Ifat least one controller 
420a-420d detects that at least (2) of the (4) sensor signals 
208a–208d indicate a set point violation (over limit) value, 
Such as for example, exceeding a temperature limit, that one 
controller 420a-420d is pre-designed to decide upon correc 
tive action and can optionally transmit an actuator signal 212 
to both actuators 136a-136. Typically, if all (4) sensors are 
working properly and all (4) controllers 420a-420d are work 
ing properly, each of the (4) controllers 420a-420d will oper 
ate as designed and each will decide and transmit an actuator 
signal 212a-212d independently of each other. 
0062. These generic logic modules (GLMs) can be inter 
connected (electrically attached) and cascaded in various 
configurations. In some embodiments of the system, a plural 
ity of GLMs 310a-310d can each generate an output that is 
directed (funneled) to one receiving GLM 310e, which is a 
type of a cascading arrangement. 
0063 For example, with respect to the scenario described 
above, each sensor signal 208a–208d can be processed by a 
separate GLM 310aa-310ad (not shown). Each of those sepa 
rate GLMs 310a-310d can respectively decide if any of the 
received sensor signals 208a–208d indicates a set point vio 
lation (over-limit) value and generate an output signal to a 
another fifth GLM 310ae that receives an output signal from 
each of the (4) GLMs 310aa-310ad. Each output signal rep 
resents the result of processing a respective one of the (4) 
sensor signals 134a-134b. If the receiving fifth GLM 310ae 
detects that at least (2) of the (4) GLM output signals indicates 
the set point violation (over-limit) value, then the fifth GLM 
310ae will decide and transmit an actuator signal 212ae to the 
actuators 136a-136b to performat least one corrective action. 
0064. Because each GLM 310 can interface with many 
inputs and many outputs, a first GLM can interface with for 
example, (2) temperature inputs, (2) pressure inputs and a 
flow input from (5) sensors that are each separately located in 
(5) different locations throughout a power plant. A second 
GLM can also have (2) temperature inputs, (2) pressure inputs 
and a flow input from (5) sensors that are each separately 
located in the same (5) different locations throughout a power 
plant as for the first GLM. Hence, each GLM resides within a 
different division and can be configured to operate as a sepa 
rate and redundant communications path between one or 
more sensors 134 and one or more actuators 136 that are 
located at one or more locations relative to the plant 102. 
0065. In some embodiments, the above described system 
and apparatus, including the GLM, the backplane, RTM and 
associated hardware including sensors, actuators, field wiring 
etc. are designed and manufactured in accordance with the 
requirements of USNRC Regulatory Guides (RGs) and Insti 
tute of Electrical and Electronics Engineers (IEEE) standards 
applicable to nuclear power plant (NPP) safety-related appli 
cations. These guides and regulations are referred to in Title 
10 of the Code of Federal Regulation Section 50.55a(h) and 
RG 1.153, which endorses IEEE Standard 603-1991. 
0066. Because the above described system and apparatus, 
also referred to herein as the NuPAC platform, is classified a 
digital device (system and apparatus), the RG 1.152 and IEEE 
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Standard 7 4.3.2-2003 also apply. The development process 
for this system and apparatus also referred to guidance pro 
vided in RGs 1.168, 1.169, 1.170, 1.171, 1.172, and 1.173, as 
well as the Digital Instrumentation and Control Interim Staff 
Guidance (DI&C-ISG) associated with nuclear power plant 
(NPP) digital instrumentation and control (I& C). 
0067 Such design and manufacturing activity is per 
formed under a Title 10 of the Code of Federal Regulations 
Part 50 (10 CFR50) Appendix B-compliant quality program, 
which complies with Nuclear Quality Assurance (NQA)-1- 
1994, RG 1.28, ANSI N45.2-1977, and associated daughter 
standards for basic components. 
0068. In summary, one aspect of the invention provides for 
a generic logic module (GLM) for monitoring and control of 
an industrial plant or power plant, the GLM includes a main 
circuit card that is configured to electrically attach to a back 
plane; the GLM main circuit includes one or more input 
components that are electrically attached (connected) to the 
main circuit card and that are each configured to receive at 
least one first sensor signal from a sensor component; the 
GLM main circuit includes one or more output components 
that are electrically attached (connected) to the circuit card 
and that are each configured to transmit at least one second 
actuator signal to an activator component. 
0069. The GLM main circuit card further includes at least 
one logic solving component that is electrically attached 
(connected) to said main circuit card and that is configured for 
processing (continuously monitoring) said first sensor signal 
and configured for a determination of (as to) if and when to 
transmit said second actuator signal; and where the logic 
Solving component executes digital logic within electronic 
hardware that excludes microprocessor hardware and 
excludes Software, Such as Software stored in random access, 
flash or read only memory. 
0070. In some embodiments, the generic logic module 
includes at least one field programmable gate array (FPGA) 
that is employed to execute at least some of said digital logic. 
Preferably, the generic logic module of claim 1 further 
includes a first core field programmable gate array (FPGA) 
and a second application specific field programmable gate 
array (FPGA) and where the application specific FPGA 
includes digital logic that is configured for end user customi 
Zation of the processing and determination actions and where 
the first core field programmable gate array (FPGA) provides 
Support for the decisions of the second application specific 
field programmable gate array (FPGA). 
0071. In some embodiments, the generic logic module 
(GLM) is configured to monitor and process a first type of 
plant operating status and where a second generic logic mod 
ule (GLM) is configured to monitor and process the first type 
of plant operating status, and where the first GLM and the 
second GLM operate independently and in parallel with 
respect to each other while both GLMs are electrically 
attached to a common backplane. 
0072. In some embodiments, the generic logic module 
(GLM) is configured to monitor and process a first type of 
plant operating status and where a second generic logic mod 
ule (GLM) is configured to monitor and process a second type 
of plant operating status, and where the first GLM and the 
second GLM operate independently and in parallel with 
respect to each other while each of these GLMs is separately 
electrically attached to a common backplane. 
0073. In some embodiments, a first generic logic module 
(GLM) and a second generic logic module (GLM) are each 
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configured to optionally communicate with each other while 
each of the first and second GLM is separately attached to a 
common backplane. 
0074. In some embodiments, a first generic logic module 
(GLM) and a second generic logic module (GLM) are each 
configured to electrically communicate to each other so that 
an output signal of the first GLM is transferred as an input 
signal to the second GLM while each of the first and second 
GLM is separately electrically attached to a common back 
plane. 
0075. The generic logic module where at least some of 
said input components are implemented as at least one mez 
Zanine circuit card that is electrically attached to the main 
circuit card via at least one slot provided by the main circuit 
card. The generic logic module where at least some of said 
output components are implemented as at least one meZZa 
nine circuit card that is electrically attached to the main circuit 
card via at least one slot provided by said main circuit card. In 
Some embodiments, the generic logic module (GLM) main 
circuit card further includes self test capabilities that executes 
during power up and during operation of the GLM main 
circuit. 
0076. In another aspect, the invention provides for a back 
plane for electronic interface with a plurality of circuit cards, 
the backplane includes a plurality of device interface slots 
that are each configured to receive a circuit card, at least one 
communication slot that is configured to receive a circuit card 
that is configured to enable communication between other 
circuit cards, includes a plurality of communication paths that 
each span between two device interface slots; and where the 
device interface slots are grouped into one or more clusters of 
slots, each of the cluster of slots including a plurality of two or 
more slots; and wherein each circuit card residing within a 
first cluster of slots is provided a direct communication path 
to any other circuit card residing within the first cluster of 
slots. 
0077 Optionally, at least one circuit card residing within 
the first cluster of slots has a direct communication path to a 
circuit card residing within a communication slot. Optionally, 
at least one circuit card residing within the first cluster of slots 
has a direct communication path to a circuit card residing 
within a second cluster of slots. Optionally, at least one circuit 
card residing within said second cluster of slots also has a 
direct communication path to a circuit card residing within 
the communication slot. 
0078. In some embodiments, the backplane is configured 
to mechanically and electronically interface with a main cir 
cuit card of a generic logic module. In this embodiment, each 
of a plurality of generic logic module (GLM) main circuit 
cards operate independently of each other while electroni 
cally attached to the backplane. In this embodiment, a first 
and a second generic logic module (GLM) main circuit cards 
each interface with at least one respective sensor and one 
respective actuator along a first and second communications 
path respectively, through the backplane where each said first 
and second communications pathis separate and independent 
from each other. 
0079. In this embodiment, a first generic logic module 
(GLM) is provided a communications path via the backplane 
to a first rear transition module (RTM), and a second generic 
logic module (GLM) is provided a communications path via 
said backplane to a second rear transition module (RTM), 
while each of the first and second GLM is electronically 
attached to a separate respective device interface slot. In this 
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embodiment, the first and second generic logic module 
(GLM) main circuit cards are each configured to interface 
with a plurality of sensors and a plurality of actuators via each 
of said first and second rear transition modules (RTM) respec 
tively. 
0080 Optionally, a plurality of generic logic module 
(GLM) main circuit cards are each configured to communi 
cate with any other GLM main circuit card that is electroni 
cally attached to a common backplane. 
0081. In another aspect, the invention provides for a sys 
tem and apparatus for monitoring and control of a nuclear 
power plant, the system and apparatus includes a sensor con 
figured to monitor an operational status of a power plant over 
time. Such as a temperature or a pressure or neutron flux over 
time, and configured to communicate a sensor signal repre 
senting a value of said operational status, over time; and 
includes an actuator that is configured to perform an action 
associated with the operational status of said power plant. 
0082. The system and apparatus also includes at least one 
generic logic module that is configured to perform a determi 
nation of an action associated with a combination of one or 
more operational status(s), the determination being depen 
dent upon processing of the sensor signal received from the 
sensor, and configured to communicate an actuator signal to 
the actuator to perform the action; and where the generic logic 
module executes digital logic for processing of the sensor 
signal, and where implementation of the digital logic 
excludes microprocessor based electronic hardware and 
excludes software Such as would be stored in random access 
memory, flash memory or read only memory (ROM). 
0083. In some embodiments, at least one generic logic 
module includes at least one field programmable gate array. 
In some embodiments, a first generic logic module (GLM) 
and a second generic logic module (GLM) are each connected 
to backplane and where each of said first and second GLMs 
operate independently of each other and can each communi 
cate with at least one sensor and at least one actuator through 
(via) the backplane. 
0084. In some embodiments, each of a plurality of generic 
logic module (GLM) main circuit cards interface (communi 
cate) with at least one respective sensor and one respective 
actuator along a communications path through the backplane 
that is separate and independent from a communication path 
employed for interface between another GLM main circuit 
card and another sensor and actuator. 
0085. In another aspect, the invention provides for a sys 
tem for monitoring and control of a nuclear power plant, the 
apparatus comprising, a sensor configured to monitor an 
operational status of a power plant over time, and configured 
to communicate a sensor signal representing a value of the 
operational status over time; an actuator that is configured to 
performan action associated with the operational status of the 
power plant; at least one generic logic module that is config 
ured to perform a determination of an action associated with 
the operational status, the determination being dependent 
upon processing of the sensor signal received from the sensor, 
and configured to communicate an actuator signal to the 
actuator to perform the action; and wherein the at least one 
generic logic module executes digital logic for the processing 
of the sensor signal, and wherein implementation of the digi 
tal logic excludes microprocessor based electronic hardware 
and excludes software. 
I0086. In another aspect, the invention provides for a 
method for monitoring and control of a nuclear power plant, 
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the method comprising steps of providing a sensor config 
ured to monitor an operational status of a power plant over 
time, and configured to communicate a sensor signal repre 
senting a value of the operational status over time, providing 
an actuator that is configured to performan action associated 
with the operational status of the power plant, providing at 
least one generic logic module that is configured to perform a 
determination of an action associated with the operational 
status, the determination being dependent upon processing of 
the sensor signal received from the sensor, and configured to 
communicate an actuator signal to the actuator to perform the 
action, and wherein the at least one generic logic module 
executes digital logic for the processing of the sensor signal, 
and wherein implementation of the digital logic excludes 
microprocessor based electronic hardware and excludes soft 
Wa. 

1. A generic logic module for monitoring and control of an 
industrial plant or power plant, said module comprising: 

a main circuit card that is configured to electrically attach 
to a backplane; 

one or more input components that are electrically attached 
to said circuit card and that are each configured to 
receive a first sensor signal from a sensor component; 

one or more output components that are electrically 
attached to said circuit card and that are each configured 
to transmit a second actuator signal to an activator com 
ponent; 

at least one logic Solving component that is electrically 
attached to said circuit card and that is configured for 
processing said first sensor signal and configured for a 
determination of if and when to transmit said second 
actuator signal; and wherein 

said logic solving component executes digital logic within 
electronic hardware that excludes microprocessor based 
hardware and software. 

2. The generic logic module of claim 1 further including at 
least one field programmable gate array (FPGA) that is 
employed to execute at least Some of said digital logic. 

3. The generic logic module of claim 1 further including a 
first core field programmable gate array (FPGA) and a second 
application specific field programmable gate array (FPGA) 
and where said application specific FPGA includes digital 
logic that is configured for customization of said processing 
and determination actions. 

4. The generic logic module of claim 3 wherein a first 
generic logic module (GLM) is configured to monitor and 
process a first type of plant operating status and wherein a 
second generic logic module (GLM) is configured to monitor 
and process said first type of plant operating status, and 
wherein said first GLM and said second GLM operate inde 
pendently and in parallel with respect to each other while both 
said GLMs are electrically attached to one common back 
plane. 

5. The generic logic module of claim 3 wherein a first 
generic logic module (GLM) is configured to process a first 
type of plant operating status and wherein a second generic 
logic module (GLM) is configured to process a second type of 
plant operating status, and wherein said first GLM and said 
second GLM operate independently and in parallel with 
respect to each other while each said GLM is separately 
electrically attached to a common backplane. 

6. The generic logic module of claim 1 wherein a first 
generic logic module (GLM) and a second generic logic 
module (GLM) are each configured to communicate with 
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each other while each said GLM is separately electrically 
attached to a common backplane. 

7. The generic logic module of claim 1 wherein a first 
generic logic module (GLM) and a second generic logic 
module (GLM) are each configured to communicate to each 
other so that an output signal of said first GLM is transferred 
as an input signal to said second GLM while each said first 
and said second GLM is separately electrically attached to a 
common backplane. 

8. The generic logic module of claim 1 wherein at least 
Some of said input components are implemented as at least 
one meZZanine circuit card that is electrically attached to said 
main circuit card via at least one slot provided by said main 
circuit card. 

9. The generic logic module of claim 1 wherein at least 
Some of said output components are implemented as at least 
one meZZanine circuit card that is electrically attached to said 
main circuit card via at least one slot provided by said main 
circuit card. 

10. A backplane for electronic interface with a plurality of 
circuit cards, said backplane comprising: 

a plurality of device interface slots that are each configured 
to receive a circuit card; 

at least one communication slot that is configured to 
receive a circuit card; 

a plurality of communication paths that each span between 
two device interface slots; and wherein said device inter 
face slots are grouped into one or more clusters of slots, 
each said cluster of slots including a plurality of slots; 
and wherein each circuit card residing within a first 
cluster of slots is provided a direct communication path 
to any other circuit card residing within said first cluster 
of slots; and wherein 

at least one circuit card residing within said first cluster has 
a direct communication path to a circuit card residing 
within a communication slot; and wherein 

at least one circuit card residing within said first cluster of 
slots has a direct communication path to a circuit card 
residing within a second cluster of slots; and wherein 

at least one circuit card residing within said second cluster 
of slots has a direct communication path to a circuit card 
residing within said communication slot. 

11. The backplane of claim 10 wherein each said device 
interface slot is configured to interface with a main circuit 
card of a generic logic module. 

12. The backplane of claim 11 wherein a first generic logic 
module (GLM) is provided a communications path via said 
backplane to a first rear transition module (RTM), and a 
second generic logic module (GLM) is provided a communi 
cations path via said backplane to a second rear transition 
module (RTM), while each said GLM is electronically 
attached to a separate respective device interface slot. 
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13. The backplane of claim 12 wherein said first and second 
generic logic module (GLM) main circuit cards is each con 
figured to interface with a plurality of sensors and a plurality 
of actuators via each of said first and second rear transition 
modules (RTM) respectively. 

14. The backplane of claim 13 wherein each of a plurality 
of said generic logic module (GLM) main circuit cards oper 
ate independently of each other while electronically attached 
to said backplane. 

15. The backplane of claim 13 wherein each of said first 
and second generic logic module (GLM) main circuit cards 
interface with at least one respective sensor and one respec 
tive actuator along a communications path through said back 
plane that is separate and independent from each other. 

16. The backplane of claim 31 wherein a plurality of said 
generic logic module (GLM) main circuit cards are each 
configured to communicate with any other GLM main circuit 
card that is electronically attached to said backplane. 

17. An apparatus for monitoring and control of a nuclear 
power plant, said apparatus comprising: 

a sensor configured to monitor an operational status of a 
powerplant over time, and configured to communicate a 
sensor signal representing a value of said operational 
status over time; 

an actuator that is configured to perform an action associ 
ated with said operational status of said power plant; 

at least one generic logic module that is configured to 
perform a determination of an action associated with 
said operational status, said determination being depen 
dent upon processing of said sensor signal received from 
said sensor, and configured to communicate an actuator 
signal to said actuator to perform said action; and 
wherein 

said at least one generic logic module executes digital logic 
for said processing of said sensor signal, and wherein 
implementation of said digital logic excludes micropro 
cessor based electronic hardware and excludes Software. 

18. The apparatus of claim 17 wherein said at least one 
generic logic module includes at least one field program 
mable gate array. 

19. The apparatus of claim 17 wherein a first generic logic 
module (GLM) and a second generic logic module (GLM) are 
each attached to backplane and where each of said first and 
second GLMs operate independently of each other and can 
communicate with said sensor and said actuator said back 
plane. 

20. The apparatus of claim 17 wherein each of a plurality of 
said generic logic module (GLM) main circuit cards interface 
with at least one respective sensor and one actuator along a 
communications path that is separate and independent from a 
communication path employed for interface between another 
GLM main circuit card and another sensor and actuator. 
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