CLAIMS

What is claimed is:

1. A power control system comprising:
a controller housing;

a xower switch disposed within the controller housing and configured for
selectively pxpviding power from a power supply to a power load,

a limitex disposed within the controller housing configured for providing a
limit switching funition in response to a threshold limit; and
a controller digposed within the controller housing and configured for
controlling one or moreé\operations of the control system, the controller controlling
the power switch to seleckvely provide the power from the power supply to a
power load, the controller regeiving a first temperature signal and a limiter
receiving a second temperatury signal, both of the first and second temperature
signals being from temperature sansors associated with the power load, the first
and second temperature signals beixg utilized by both the controller to ensure
proper temperature control of the powex load and the {imiter to ensure the safety

of the system.

2. The system of cldn 1 wherein the controller housing

includes a cavity for receiving the power switch, the\imiter and the controller therein and
defines external maximum dimensions defining a volulge of less than or equal to about
24 cubic inches.

3. The system of claim 1 wherein the pdwer switch and limiter

are each configured to selectively provide power to the load ihdependent of the

controlter,
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4. The system of ¢claim 1 wherein the limiter includes a plurality
of \ser definable threshold timits and is configured for receiving one or more user

definale threshold limits from among the plurality of user definable threshold limits.

The system of claim 1 wherein the limiter includes a plurality
of threshold limit\settings and is configured for providing a limit switching function in
response to the two & more of the plurality of threshold limit settings.

e system of claim 1 wherein the limiter is configured for
providing a limit switching funé{jon in response to a timiter control signal and wherein

the controller is configured for geRgrating the limiter control signal in response to the

threshold limit.

7. The system of clajm 1 wherein the limiter is a safety limit
circuit.
8. The system of claim 1 whergin the limiter includes at least

one of a high limit threshold and a low limit threshold,

g. The system of claim 1 wherein the powgr load is a heater,
further comprising a first sensor input for receiving a first temperature ¥gnal from a first
temperature sensor associated with the heater and a second sensor input\Jor receiving

a second temperature signal from a second temperature sensor associateth with the
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ter, wherein the controlier and limiter each receive the first temperature signal and
the 9gcond temperature signal and wherein the limiter provides the limit switching
function Ya response to the first and second temperature signals and the controller
controls the jpwer switch in response to the first and second temperature signals.

10. The system of claim 1 wherein the power load is a heater,
further including a senSpr input for receiving a temperature signal from a temperature
sensor associated with thg heater, and an output for providing power to the heater,
wherein the threshold limit is &\temperature limit, and wherein the limiter provides a limit

switching function in response to e temperature signal.

. The system o claim 10 wherein the sensor input is a first
sensor input for receiving a first temperatdge signai from a first temperature sensor
associated with the heater, further comprising™a second sensor input for receiving a
second temperature signal from a second tempeature sensor associated with the
heater, wherein the limiter receives the first tempaature signal and the second
temperature signal and provides the limit switching functiox in response to the first and

second temperature signals.
12. The system of claim 10 wherein the controler includes a low
temperature alarm module configured for receiving a low tempera

re threshold,

receiving a measured temperature from a temperature sensor, and generating an alarm
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response to the received measured temperature being less than the low temperature

threghold.

The system of claim 1 wherein the limiter includes a
mechanical redgy configured to open in response to the limit threshold and to close in
response to the liMyjt threshold and upon a recycling of the limiter.
14. The system of claim 1 wherein the limit threshold is selected
from the group consisting of & temperature, a pressure, a humidity, and a flow.

185. The syXem of claim 1 wherein the power switch is
configured for selectively providing powgr in response to a switch control signal and the
controller is configured for generating the sYitch control signal.

16. The system of claim wherein the controller includes a
processor and memory, and wherein the controllerNg configured for generating the
switch control signal in response to a control function selexted from the group consisting
of a proportional, integral, derivative (PID) function, an sdaptive PID function, a
proportional function, a proportional/integral function, a proporti

al, integral, and two

derivative control (PIDD) function, a feed forward function, and a feedack function.
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17. The system of claim 1 wherein the power switch includes a
switgh device selected from the group consisting of a contactor, a relay, a solid state

device, R knife switch, a mercury switch, and a cam switch.

18. The system of claim 1 wherein the power switch includes a

relay, further ining an arc reduction relay control circuit disposed within the
controller housing for spntrolling arcing across contact points of the relay.
19. system of claim 1, further comprising a user interface
module having a user interface g using and a controller interface and being configured
to provide a human machine interf to the controller for receiving user input including
a value of the threshoeld limit, the use Nterface module, the controller housing and the
controller being configured for releasable cqupling of the user interface housing to the
controller housing and the user interface modulg and the controlier being configured for
electrically and releasably coupling the user inisrface module to the controller for

communicating between the user interface and the coroller.

20. The system of claim 19 wherein Yhe user input includes a
display for displaying an operation of the system and a user inp\t device for receiving

manually entered user commands.

21. The system of claim 19 wherein the user interfgce module

includes a data communication interface for communication with a secondary sy
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22. The system of claim 21, further including a system

idenX{ication module for generating a system identification over the data communication

The system of claim 21 wherein the user interface module
includes at least ong of a visual output device and an audio output device and wherein
the at least one of & visual output device and an audio output device are being
configured to generate a Uger notification output in response to the data communication
interface receiving a power\conirol system identification request signal from the
secondary system.

24, The system K claim 19 wherein the user interface module
includes a security module configured to pMQvide secure access to the user interface

module by a user.

25. The system of claim 1, furer comprising a first interface
having a first connector for coupling to an input connectol for receiving power from a
power source and a second interface having a second conngctor for coupling to an
output connector for providing power to the power load, wherein e controller housing
is configured to at least partially secure a portion of the input connedipr to the housing
when the inpuf connector is coupled with the first connector and is configied to at least
partially secure a pertion of the ouiput connector to the housing when

connector is coupled with the second connector.
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26. The system of claim 25 wherein the controller housing
includgs a cam-like edge configured to provide a biasing force to a portion of at least
one of thg input connector and the output connector coupled to the control system.

27. The system of claim 1 wherein the controller housing
includes a mounting coupler on an external surface, further comprising a mounting
bracket configured foNfixedly mounting to a surface in a power control operating
environment, the mounting coupler and the mounting bracket being configured for

releasable mutual engageme

28. The systeNy of claim 27 wherein the mounting coupler and
the mounting bracket are configured for Mqounting the controller housing at a predefined
distance from the operating environment surface for enabling ambient airflow about the
controller housing and creating a thermal separafjon between the controller housing and
the operating environment surface.

29 | The system of claim 27 whe' the mounting bracket is
configured for mounting to the operating environment surfac one or more different
types of mounting fasteners selected from the group consisting of cable tie, a screw, a

bolt, and a DIN rail.

30. The system of claim 1, further including a plural of visual

status indicators each configured to provide a different operational status of the syg
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31. The system of claim 30 wherein a first visual status indicator
is intcative of an output of the cortroller, a second visual status indicator is indicative of
an in-ragge system operation of the controller, and a third visual status indicator is
indicative oNgn exceeded range of operation of the coniroller.

32. The system of claim 1 wherein the controller housing
includes a plurality oX thermal venting ports positioned about the peripheral of the
controller housing and cgnfigured for enabling ambient airflow through the thermal
venting ports and about the lixiiter and power switch within the controller housing.

33. A power confrol system for a thermal
processing system, the system comprisi

a controller housing;

an inpuf power interface for receiNpg power from a power source;

an output power interface for providing power to a power load;

a temperature sensor interface for receNing a temperature signal from a
temperature sensor;

a power switch disposed within the controlleg housing for selectively
providing, at least a portion of, the received power to the Power load in response
to a power switch temperature limit based on the temperaturegignal;

a safety limiter disposed within the controller housing inclkding a plurality

of threshold temperature limits, the limiter being configured for providing
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witching function in response to two or more of the threshold temperature limits and
the ¥gceived temperature signal; and

a controller disposed within the controller housing and configured for
controlling Xe selective providing of power by the power switch.

34. The system of claim 33 wherein the controller is configured
for controlling the seldgtive providing of power by the power switch in response to the
received temperature sighal and wherein the two or more of the threshold temperature
limits includes a high limit thrdghold and a low limit threshold.
35. of claim 33, further comprising a user interface
module having a user interface housing\and a controller interface and being configured
to provide a human machine interface to tha\controller for receiving user input including
a vatue of at least one of the plurality of thrgshold safety limits, the user interface
module, the controlier housing and the control being configured for releasable
coupling of the user interface housing to the controllenhousing and the user interface
moduie and the controller being configured for electricaliyNand releasably coupling the

user interface module to the controller for communicating bewwveen the user interface

and the controlier.

36. The system of claim 33 wherein the input p

includes a first connector for coupling te an input connector for receiving the

the power source and a second connector for coupling to an output connecygr for
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oxpviding the power to the power load, wherein the controller housing is configured to at
least partially secure a portion of the input connector to the housing when the input
connec coupled with the first connector and is configured to at least partially secure
a portion ofhe output connector to the housing when the output connector is coupled
with the secon nnector.

37. The system of claim 33 wherein the controller housing
includes a mounting co gr on an external surface, further comprising a mounting
bracket configured for fixedl ounting to a surface in a thermal power controller

operating environment, the m.nting coupler and the mounting bracket being

configured for releasable mutual engaygment.

38. A method ofp qviding power to a heating
element, the method comprising: |
receiving power from a power source;
sensing a temperature associated with the heXjng element and
generating a temperature signal:
selectively providing, at least a portion of, the receivedh\power to the
heating element in response to the temperature signal;
comparing the temperature signal to a plurality of safety thresqolds:

and
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limiting the selective providing of the received power to the heating
ent in response to the comparing;
placing a power control system in proximity to the heating element, the
power con Q! system having a controller housing, a power switch disposed within the

controller houstyg for selectively providing, at least a portion of, the received power to

the heating elemeN in respense to the temperature signal, a limiter disposed

within the controller hpusing, the limiter being configured for limiting the selective

providing of the received gower to the heating element in response to the comparing,
and a controller disposed withip the controlier housing and configured for controlling an

operation of the power switch.

39. The metho' ctaim 38, further comprising receiving two or
more user defined safety thresholds whereii {he comparing includes the received two or
more user defined safety thresholds. |

40. The method of claim 38, f Xper comprising fixedly mounting
a mounting bracket to a surface in proximity with the hed{ing element and releasably
coupling a controller housing to the mounting bracket, the confoller housing containing

a power switch, a controller and a safety limit configured for piQviding the selective

providing, comparing and limiting.
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41. The system of claim 1, wherein the power switch and the limiter are

trical series connection between the power supply and the power load.

The system of claim 33, wherein the power switch and the limiter
are in electrical’geries connection between the power source and the power load.
43. system of claim 38, wherein the power switch and the limiter

are in electrical series conNgction between the power source and the heating element.



CLAIMS
What is claimed is:
1. A power control system comprising:

a controller housing;

a power switch disposed within the controller housing and configured for
selectively providing power from a power supply to a power load in response to a first
threshold limit based on a sensor signal;

a limiter disposed within the controller housing and configured for
providing a limit switching function in response to a second threshold limit based on the
sensor signal; and

a controlier disposed within the controller housing and configured for
controlling one or more operations of the control system;

wherein the power load is a heater, further comprising a first sensor input
for receiving a first temperature signal from a first temperature sensor associated with
the heater and a second sensor input for receiving a second temperature signal from a
second temperature sensor associated with the heater, wherein the controller and
limiter each receive the first temperature signal and the second temperature signal and
wherein the limiter provides the limit switching function in response to the first and
second temperature signals and the controller controls the power switch in response to
the first and second temperature signals.

2. The system of claim 1 wherein the controller housing includes a cavity for
receiving the power switch, the limiter and the controller therein and defines external

maximum dimensions defining a volume of less than or equal to about 24 cubic inches.
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3. The system of claim 1 wherein the power switch and limiter are each

configured to selectively provide power to the load independent of the controller.

4. The system of claim 1 wherein the limiter includes a plurality of user
definable threshold limits and is configured for receiving one or more user definable

threshold limits from among the plurality of user definable threshold limits.

5. The system of claim 1 wherein the limiter includes a plurality of threshold
limit settings and is configured for providing a limit switching function in response to the

two or more of the plurality of threshold limit settings.

6. The system of claim 1 wherein the limiter is configured for providing a limit
switching function in response to a limiter control signal and wherein the controller is

configured for generating the limiter control signal in response to the threshold limit.

7. The system of claim 1 wherein the limiter is a safety limit circuit.

8. The system of claim 1 wherein the limiter includes at least one of a high
limit threshold and a low limit threshold.

9. The system of claim 1 wherein the power load is a heater, further including
a sensor input for receiving a temperature signal from a temperature sensor associated

with the heater, and an output for providing power to the heater, wherein the threshold
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limit is a temperature limit, and wherein the limiter provides a limit switching function in

response to the temperature signal.

10.  The system of claim 9 wherein the sensor input is a first sensor input for
receiving a first temperature signal from a first temperature sensor associated with the
heater, further comprising a second sensor input for receiving a second temperature
signal from a second temperature sensor associated with the heater, wherein the limiter
receives the first temperature signal and the second temperature signal and provides

the limit switching function in response to the first and second temperature signals.

11.  The system of claim 9 wherein the controller includes a low temperature
alarm module configured for receiving a low temperature threshold, receiving a
measured temperature from a temperature sensor, and generating an alarm in
response to the received measured temperature being less than the low temperature

threshold.
12.  The system of claim 1 wherein the limiter includes a mechanical relay
configured to open in response to the limit threshold and to close in response to the limit

threshold and upon a recycling of the limiter.

13.  The system of claim 1 wherein the limit threshold is selected from the

group consisting of a temperature, a pressure, a humidity, and a flow.
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14. The system of claim 1 wherein the power switch is configured for
selectively providing power in response to a switch control signal and the controller is

configured for generating the switch control signal.

15.  The system of claim 14 wherein the controller includes a processor and
memory, and wherein the controller is configured for generating the switch control signal
in response to a control function selected from the group consisting of a proportional,
integral, derivative (PID) function, an adaptive PID function, a proportional function, a
proportional/integral function, a proportional, integral, and two derivative control (PIDD)

function, a feed forward function, and a feedback function.

16.  The system of claim 1 wherein the power switch includes a switch device
selected from the group consisting of a contactor, a relay, a solid state device, a knife

switch, a mercury switch, and a cam switch.

17.  The system of claim 1 wherein the power switch includes a relay, further
including an arc reduction relay control circuit disposed within the controller housing for

controlling arcing across contact points of the relay.

18.  The system of claim 1, further comprising a user interface module having
a user interface housing and a controller interface and being configured to provide a
human machine interface to the controller for receiving user input including a value of

the threshold limit, the user interface module, the controller housing and the controller
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being configured for releasable coupling of the user interface housing to the controller
housing and the user interface module and the controller being configured for
electrically and releasably coupling the user interface module to the controller for

communicating between the user interface and the controller.

19. The system of claim 18 wherein the user input includes a display for
displaying an operation of the system and a user input device for receiving manualily

entered user commands.

20.  The system of claim 18 wherein the user interface module includes a data

communication interface for communication with a secondary system.

21. The system of claim 20, further including a system identification module

for generating a system identification over the data communication interface.

22.  The system of claim 20 wherein the user interface module includes at
least one of a visual output device and an audio output device and wherein the at [east
one of a visual output device and an audio output device are being configured to
generate a user notification output in response to the data communication interface
receiving a power control system identification request signal from the secondary

system.
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23. The system of claim 18 wherein the user interface module includes a
security module configured to provide secure access to the user interface module by a

user.

24.  The system of claim 1, further comprising a first interface having a first
connector for coupling to an input connector for receiving power from a power source
and a second interface having a second connector for coupling to an output connector
for providing power to the power load, wherein the controller housing is configured to at
least partially secure a portion of the input connector to the housing when the input
connector is coupled with the first connector and is configured to at least partially secure
a portion of the output connector to the housing when the output connector is coupled

with the second connector.

25.  The system of claim 24 wherein the controller housing includes a cam-like
edge configured to provide a biasing force to a portion of at least one of the input

connector and the output connector coupled to the control system.

26. The system of claim 1 wherein the controller housing includes a mounting
coupler on an external surface, further comprising a mounting bracket configured for
fixedly mounting to a surface in a power control operating environment, the mounting

coupler and the mounting bracket being configured for releasable mutual engagement.
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27.  The system of claim 26 wherein the mounting coupler and the mounting
bracket are configured for mounting the controller housing at a predefined distance from
the operating environment surface for enabling ambient airflow about the controller
housing and creating a thermal separation between the controller housing and the

operating environment surface.

28. The system of claim 26 wherein the mounting bracket is configured for
mounting to the operating environment surface by one or more different types of
mounting fasteners selected from the group consisting of a cable tie, a screw, a bolt,

and a DIN rail.

29. The system of claim 1, further including a plurality of visual status

indicators each configured to provide a different operational status of the system.

30.  The system of claim 1 wherein the controller housing includes a plurality of
thermal venting ports positioned about the peripheral of the controller housing and
configured for enabling ambient airflow through the thermal venting ports and about the

limiter and power switch within the controller housing.

31. The system of claim 1, wherein the power switch and the limiter are in

electrical series connection between the power supply and the power load.
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32. A power control system comprising:

a controller housing;

a power switch disposed within the controller housing and configured for
selectively providing power from a power supply to a power load;

a limiter disposed within the controller housing configured for providing a
limit switching function in response to a threshold limit; and

a controller disposed within the controller housing and configured for
controlling one or more operations of the control system;

wherein a first visual status indicator is indicative of an output of the
controller, a second visual status indicator is indicative of an in-range system operation
of the controller, and a third visual status indicator is indicative of an exceeded range of

operation of the controller.

33. A power control system for a thermal processing system, the system
comprising:
a controller housing;
an input power interface for receiving power from a power source;
an output power interface for providing power to a power load;
a temperature—sensor—interface first sensor input for receiving a first
temperature signal from a first temperature sensor;
a power switch disposed within the controller housing for selectively
providing, at least a portion of, the received power to the power load in response

to a power switch temperature limit based on the first temperature signal;
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a safety limiter disposed within the controller housing including a plurality
of threshold temperature limits, the limiter being configured for providing a safety limit
switching function in response to two or more of the threshold temperature limits and
the first received temperature signal; and

a controller disposed within the controller housing and configured for
controlling the selective providing of power by the power switch;

wherein the power load is a heater, the first sensor input for receiving the
first temperature signal from the first temperature sensor associated with the heater and
a second sensor input for receiving a second temperature signal from a second
temperature sensor associated with the heater, wherein the controller and safety limiter
each receive the first temperature signal and the second temperature signal and
wherein the safety limiter provides the limit switching function in response to the first
and second temperature signals and the controlier controls the power switch in

response to the first and second temperature signals.

34. The system of claim 33 wherein the controller is configured for controlling
the selective providing of power by the power switch in response to the received
temperature signal and wherein the two or more of the threshold temperature limits

includes a high limit threshold and a low limit threshold.

356.  The system of claim 33, further comprising a user interface module having
a user interface housing and a controller interface and being configured to provide a

human machine interface to the controller for receiving user input including a value of at

54




least one of the plurality of threshold safety limits, the user interface module, the
controller housing and the controller being configured for releasable coupling of the user
interface housing to the controller housing and the user interface module and the
controller being configured for electrically and releasably coupling the user interface
module to the controller for communicating between the user interface and the

controller.

36. The system of claim 33 wherein the input power interface includes a first
connector for coupling to an input connector for receiving the power from the power
source and a second connector for coupling to an output connector for providing the
power to the power load, wherein the controller housing is configured to at least partially
secure a portion of the input connector to the housing when the input connector is
coupled with the first connector and is configured to at least partially secure a portion of
the output connector to the housing when the output connector is coupled with the

second connector.

37. The system of claim 33 wherein the controller housing includes a
mounting coupler on an external surface, further comprising a mounting bracket
configured for fixedly mounting to a surface in a thermal power controller operating
environment, the mounting coupler and the mounting bracket being configured for

releasable mutual engagement.
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38. The system of clai‘m 33, wherein the power switch and the limiter are in

electrical series connection between the power source and the power load -

40. A method of providing power to a heating element, the method

comprising:

receiving power from a power source;

sensing a temperature associated with the heating element and
generating a temperature signal;

selectively providing, at least a portion of, the received power to the
heating element in response to the temperature signal;

comparing the temperature signal to a plurality of safety thresholds; and

limiting the selective providing of the received power to the heating
element in response to the comparing;

placing a power control system in proximity to the heating element, the
power control system having a controller housing, a power switch disposed within the
controller housing for selectively providing, at least a portion of, the received power to
the heating element in response to the temperature signal, a limiter disposed within the
controller housing, the limiter being configured for limiting the selective providing of the
received power to the heating element in response to the comparing of the temperature
signal to a plurality safety threshold, and a controller disposed within the controller
housing and configured for controlling an operation of the power switch;

wherein the power load is a heater, further comprising a first sensor input

for receiving a first temperature signal from a first temperature sensor associated with
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the heater and a second sensor input for receiving a second temperature signal from a
second temperature sensor associated with the heater, wherein the controller and
limiter each receive the first temperature signal and the second temperature signal and
wherein the limiter provides the limit switching function in response to the first and
second temperature signals and the controller controls the power switch in response to

the first and second temperature signals.

40. The method of claim 39, further comprising receiving two or more user
defined safety thresholds wherein the comparing includes the received two or more user

defined safety thresholds.

41.  The method of claim 39, further comprising fixedly mounting a mounting
bracket to a surface in proximity with the heating element and releasably coupling a
controller housing to the mounting bracket, the controller housing containing a power
switch, a controller and a safety limit configured for providing the selective providing,

comparing and limiting.

42.  The system of claim 39, wherein the power switch and the limiter are in

electrical series connection between the power source and the heating element.
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