
CLAIMS 

What is claimed is: 

1. A power control system comprising: 

a controller housing; 

a •ower switch disposed within the controller housing and configured for 

selectively • oviding power from a power supply to a power load; 

a limite 	disposed within the controller housing configured for providing a 

limit switching fu 	tion in response to a threshold limit; and 

a controller • .posed within the controller housing and configured for 

controlling one or mor- operations of the control system, the controller controlling 

the power switch to selec vely provide the power from the power supply to a 

power load, the controller re eiving a first temperature signal and a limiter 

receiving a second temperatur: signal, both of the first and second temperature 

signals being from temperature st.nsors associated with the power load, the first 

and second temperature signals being utilized by both the controller to ensure 

proper temperature control of the pow- 	load and the limiter to ensure the safety 

of the system. 

2. The 	system 	of cl. 	wherein 	the 	controller 	housing 

includes a cavity for receiving the power switch, th- imiter and the controller therein and 

defines external maximum dimensions defining a volu 	e of less than or equal to about 

24 cubic inches. 

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

are each 	configured to selectively provide power to the load 	i dependent of the 

controller. 
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4. The system of claim 1 wherein the limiter includes a plurality 

of 	ser 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 limi 	settings and is configured for providing a limit switching function in 

response to the two . 	more of the plurality of threshold limit settings. 

6. e system of claim 1 wherein the limiter is configured for 

providing a limit switching fun 	ion in response to a limiter control signal and wherein 

the controller is configured for ge erating the limiter control signal in response to the 

threshold limit. 

7. The system of cl-lm 1 wherein the limiter is a safety limit 

circuit. 

8. The system of claim 1 whe 	n the limiter includes at least 

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

9. The system of claim 1 wherein the po 	er 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 inpu for receiving 

a second temperature signal from a second temperature sensor associate. with the 
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h:-ter, wherein the controller and limiter each receive the first temperature signal and 

the 	-cond temperature signal and wherein the limiter provides the limit switching 

function 	response to the first and second temperature signals and the controller 

controls the .ower 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 sen or input for receiving a temperature signal from a temperature 

sensor associated with th 	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 le temperature signal. 

11. The system . 	claim 10 wherein the sensor input is a first 

sensor input for receiving a first temperat 	e signal from a first temperature sensor 

associated with the heater, further comprising - second sensor input for receiving a 

second temperature signal from a second temp: ature sensor associated with the 

heater, wherein 	the 	limiter receives the first temp, ature signal 	and 	the second 

temperature signal and provides the limit switching functio 	in response to the first and 

second temperature signals. 

12. The system of claim 10 wherein the contr. er  includes a low 

temperature 	alarm 	module 	configured for receiving 	a 	low 	tempera 	re threshold, 

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

thre hold. 

13. The 	system 	of claim 	1 	wherein 	the 	limiter includes 	a 

mechanical re :y configured to open in response to the limit threshold and to close in 

response to the li 	it 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. 

15. The 	sy 	em 	of 	claim 	1 	wherein 	the 	power 	switch 	is 

configured for selectively providing po 	-r in response to a switch control signal and the 

controller is configured for generating the s • itch control signal. 

16. The system of claim 	wherein the controller includes a 

processor and memory, and wherein the controller s configured for generating the 

switch control signal in response to a control function selected from the group consisting 

of a 	proportional, 	integral, 	derivative 	(PIO) function, 	an 	adaptive 	PD 	function, 	a 

proportional function, a proportional/integral function, a proport . 	al, integral, and two 

derivative control (POD) function, a feed forward function, and a fee• sack function. 
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17. The system of claim 1 wherein the power switch includes a 

sw 	h device selected from the group consisting of a contactor, a relay, a solid state 

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

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

relay, 	further 	inc 	ding 	an 	arc 	reduction 	relay control 	circuit disposed 	within 	the 

controller housing for .ontrolling arcing across contact points of the relay. 

19 	 system of claim 1, further comprising a user interface 

module having a user interface 	using and a controller interface and being configured 

to provide a human machine interfa 	to the controller for receiving user input including 

a value of the threshold limit, the user 	'terface module, the controller housing and the 

controller being configured for releasable 	upling of the user interface housing to the 

controller housing and the user interface modu - and the controller being configured for 

electrically and 	releasably coupling the user int • 	ace module to the controller for 

communicating between the user interface and the co 	oiler. 

20. The system of claim 19 wherein 	e 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 inte 	ace module 

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

iden 	ication module for generating a system identification over the data communication 

interfac- 

23. The system of claim 21 wherein the user interface module 

includes at least o 	- 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 	.er notification output in response to the data communication 

interface 	receiving 	a 	power 	control 	system 	identification 	request 	signal 	from the 

secondary system. 

24. The system . 	claim 19 wherein the user interface module 

includes a security module configured to p wide secure access to the user interface 

module by a user. 

25. The system of claim 1, fur ier comprising a first interface 

having a first connector for coupling to an input connecto 	for receiving power from a 

power source and a second interface having a second con -ctor 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 conne 	iir to the housing 

when the input connector is coupled with the first connector and is config 	ed to at least 

partially secure a portion of the output connector to the housing when 	e output 

connector is coupled with the second connector. 
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26. The system of claim 	25 wherein the controller housing 

includes a cam-like edge configured to provide a biasing force to a portion of at least 

one oft - input connector and the output connector coupled to the control system. 

27. The 	system 	of claim 	'I 	wherein 	the 	controller 	housing 

includes a mounti 	coupler on an external surface, further comprising a mounting 

bracket configured fo 	fixedly mounting to a surface in a power control operating 

environment, the mounti 	, 	coupler and the mounting bracket being configured for 

releasable mutual engageme 

28. The syste 	of claim 27 wherein the mounting coupler and 

the mounting bracket are configured for 	,ounting the controller housing at a predefined 

distance from the operating environment su 	.ce for enabling ambient airflow about the 

controller housing and creating a thermal separ. on between the controller housing and 

the operating environment surface. 

29. The system of claim 27 when 	the mounting bracket is 

configured for mounting to the operating environment surface 	y 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 -I, further including a pluralit< of visual 

status indicators each configured to provide a different operational status of the s 	-tern. 
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31. The system of claim 30 wherein a first visual status indicator 

is ins cative of an output of the controller, a second visual status indicator is indicative of 

an in-ra , se system operation of the controller, and a third visual status indicator is 

indicative o .n exceeded range of operation of the controller. 

32. The 	system 	of claim 	1 	wherein 	the 	controller 	housing 

includes a plurality o 	thermal venting ports positioned about the peripheral of the 

controller housing and 	infigured for enabling ambient airflow through the thermal 

venting ports and about the li ,  iter and power switch within the controller housing. 

33. A 	power 	control 	system 	for 	a 	thermal 

processing system, the system comprise'.: 

a controller housing; 

an input power interface for recei ng power from a power source; 

an output power interface for providi • power to a power load; 

a temperature sensor interface for rece 	ing a temperature signal from a 

temperature sensor; 

a 	power switch disposed within the controllt 	housing for selectively 

providing, at least a portion of, the received power to the • •wer load in response 

to a power switch temperature limit based on the temperature 	ignal; 

a safety limiter disposed within the controller housing including a plurality 

of threshold temperature limits, the limiter being configured for providing . safety limit 
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witching function in response to two or more of the threshold temperature limits and 

the 	ceived temperature signal; and 

a controller disposed within the controller housing and configured for 

controlling 	e selective providing of power by the power switch. 

34. The system of claim 33 wherein the controller is configured 

for controlling the sel 	tive providing of power by the power switch in response to the 

received temperature sig 	.1 and wherein the two or more of the threshold temperature 

limits includes a high limit thr 	hold and a low limit threshold. 

35. The syst- 	of claim 33, further comprising a user interface 

module having a user interface housing -nd a controller interface and being configured 

to provide a human machine interface to th: controller for receiving user input including 

a value of at least one of the plurality of th -shold safety limits, the user interface 

module, the controller housing and the control: 	being configured for releasable 

coupling of the user interface housing to the controlle 	housing and the user interface 

module and the controller being configured for electrically .nd releasably coupling the 

user interface module to the controller for communicating be, 	een the user interface 

and the controller. 

36. The system of claim 33 wherein the input p. 	er interface 

includes a first connector for coupling to an input connector for receiving the . 3wer from 

the power source and a second connector for coupling to an output connec .r for 
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• •viding the power to the power load, wherein the controller housing is configured to at 

leas 	•artially secure a portion of the input connector to the housing when the input 

connects 	is coupled with the first connector and is configured to at least partially secure 

a portion of 	e output connector to the housing when the output connector is coupled 

with the second 	onnector. 

	

37. 	 The system of claim 33 wherein the controller housing 

includes a mounting cou. -r on an external surface, further comprising a mounting 

bracket configured for fixedl 	mounting to a surface in a thermal power controller 

operating 	environment, 	the 	mo nting 	coupler 	and 	the 	mounting 	bracket 	being 

configured for releasable mutual engam ement. 

	

38. 	 A method of p 	viding power to a heating 

element, the method comprising: 

receiving power from a power source; 

sensing a temperature associated with the he. ng element and 

generating a temperature signal; 

selectively providing, at least a portion of, the receive• sower to the 

heating element in response to the temperature signal; 

comparing the temperature signal to a plurality of safety thre 	olds; 

and 
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limiting 	the selective 	providing of the 	received 	power to the 	heating 

ele 	-nt in response to the comparing; 

placing a power control system in proximity to the heating element, the 

power cont 	system having a controller housing, a power switch disposed within the 

controller hous 'g for selectively providing, at least a portion of, the received power to 

the heating eleme 	in response to the temperature signal, a limiter disposed 

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

providing of the received 'ower to the heating element in response to the comparing, 

and a controller disposed wit` n the controller housing and configured for controlling an 

operation of the power switch. 

39. The method s 	claim 38, further comprising receiving two or 

more user defined safety thresholds wherei' the comparing includes the received two or 

more user defined safety thresholds. 

40. The method of claim 38, fu 	er comprising fixedly mounting 

a mounting bracket to a surface in proximity with the he. ing element and releasably 

coupling a controller housing to the mounting bracket, the con oiler housing containing 

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

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

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

42. The system of claim 33, wherein the power switch and the limiter 

are in electrical 	eries connection between the power source and the power load. 

43. T 	system of claim 38, wherein the power switch and the limiter 

are in electrical series con ection between the power source and the heating element. 
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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 controller 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 manually 

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 least 

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. 

50 



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; 

temperature 	interface first 	input for 	 first a 	 sensor 	 sensor 	receiving a 

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 controller 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. 

35. 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 
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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 claim 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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