Office de la Propriete Canadian CA 2590101 A1 200/7/12/07

Intellectuelle Intellectual Property
du Canada Office (21) 2 590 1 01
Un organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(22) Date de dépét/Filing Date: 2007/05/25 (51) CLInt./Int.Cl. F24H 9/20(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2007/12/07 F23N 5/24(2006.01)
(30) Priorité/Priority: 2006/06/07 (US11/422,764) (71) Demandeur/Applicant:

AOS HOLDING COMPANY, US

(72) Inventeurs/Inventors:
LEE, HYUNGSIK, US:
HUGHES, DENNIS R., US

(74) Agent: SMART & BIGGAR

(54) Titre : APPAREIL DE CHAUFFAGE EQUIPE D'UN CIRCUIT DE COUPURE THERMIQUE POUR TUYAUTERIE A
CARBURANT, ET METHODE D'UTILISATION

(54) Title: HEATING DEVICE HAVING A THERMAL CUT-OFF CIRCUIT FOR A FUEL LINE AND METHOD OF
OPERATING THE SAME

170

- GAS
FROMGASMAN ) Ve | § TO MAIN BURNER

——————— 3 TOPILOT FLAME

300
190 305

310

(57) Abréegée/Abstract:
A thermal cut-off circult for a gas-fired device and method of operating the circuit. The thermal cut-off circuit includes a thermal cut-
off switch and an ambient thermal switch. The thermal cut-off switch Is positioned Iin a combustion chamber and the ambient

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

| SRR RO S 2 _,\‘.s
OPIC - CIPO 191 "




CA 2590101 A1 200/7/12/07

en 2 590 101
13) A1

(57) Abrege(suite)/Abstract(continued):
thermal switch Is preferably positioned in a flow of air entering the combustion chamber. The thermal cut-off circuit ensures a gas
valve Is closed upon detecting a possible incomplete combustion in the combustion chamber.
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ABSTRACT

A thermal cut-off circuit for a gas-fired device and method of operating the circuit. The
thermal cut-off circuit includes a thermal cut-off switch and an ambicnt thermal switch., The
thermal cut-off switch is positioned in a combustion chamber and the ambient thermal switch 1s
preferably positioned in a flow of air entering the combustion chamber. The thermal cut-off
circuit ensures a gas valve is closed upon detecting a possible incomplete combustion in the

combustion chamber.
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HEATING DEVICE HAVING A THERMAL CUT-OFF CIRCUIT FOR A FUEL LINE
AND METHOD OF OPERATING THE SAME

BACKGROUND

0001} The invention relates to heating devices, and particularly, to gas heating devices.

More particularly, the invention relates to safety circuits for controlling gas heating devices.

10002] Gas-fired heating devices, such as water heaters, often include a combustion chamber
and air plenum disposed below a tank, such as a water tank. A gas manifold tube, an 1gnition
source, a thermocouple, and a pilot tube typically extend into the combustion chamber. When
the temperature of the water in the tank falls below a set mimimum, fuel 1s introduced nto the
combustion chamber through the gas manifold tube and a burner element. This fuel is 1gnited by
a pilot burner flame or the ignition source, and the flame 1s maintained around the burner
clement. Air is drawn into the plenum via an air inlet, and mixes with the fuel to support
combustion within the combustion chamber. The products of combustion typically flow through

a flue or heat exchange tube in the water tank to heat the water by conduction.

SUMMARY

[0003] In one embodiment, the invention provides a gas water heater comprising a
combustion chamber including a burner, a gas valve coupled to the burner, a power source, and a
thermal cut-off circuit. The thermal cut-oft circuit includes a thermal cut-off switch and an
ambient thermal switch. The thermal cut-off switch 1s positioned 1in the combustion chamber.
The thermal cut-off switch and the ambient thermal switch arc clectrically connected 1n paralicl

between the power source and the gas valve.

[0004} The thermal cut-off switch 1s configured to open when a temperature 1n the
combustion chamber exceeds a first threshold and the ambient thermal switch 1s configured to

close when a temperature of air exceeds a second threshold.

[0005] In another embodiment the invention provides a thermal cut-oft circuit for use in a
gas water heater. The water heater includes a combustion chamber having a burner, a gas valve,
and a power source. The thermal cut-off circuit includes a thermal cut-oft switch configured to

open an electrical connection between the power source and the gas valve when the temperature
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in the combustion chamber 1s greater than a first threshold. The thermal cut-off circunt further
includes an ambient thermal switch configured to clectrically connect the power source to the gas
valve when an ambient temperature of air is greater than a sccond threshold. A lack of an

clectrical connection between the power source and the gas valve ensures the gas valve 1s closed.

[0006] In another embodiment the invention provides a method of controlling a gas watcer
heater. The water heater includes a combustion chamber, a power source, a gas valve, and a
thermal cut-off circuit. The thermal cut-off circuit has a thermal cut-off switch and an ambicnt
thermal switch. The method includes the steps of providing power to the gas valve, detecting a
first temperature in the combustion chamber, determining if the first temperature exceeds a first
threshold, detecting a second temperature of air entering the combustion chamber, determinng 1t
the second temperature exceeds a second threshold, and ensuring the gas valve 1s closed when
the first temperature exceeds the first threshold and the second temperature does not exceed the

second threshold.

[0007] Other aspects of the invention will become apparent by consideration of the detailed

description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a perspective view of an exemplary construction of a water heater.
[0009] Fig. 2 is a sectional view of the bottom portion of the water heater ot Fig. 1.

[0010] Fig. 3 is a partial block diagram/partial schematic of a first construction of a thermal

cut-oft circuit.

[0011] Fig. 4 is a partial block diagram/partial schematic of a second construction of a

thermal cut-off circuit.

[0012] Fig. 5 1s a partial block diagram/partial schematic ot a third construction of a thermal

cut-oft circuit.

0013} Fig. 6 1s a flow chart of the operation of the thermal cut-oft circuit of Figure 5.
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DETAILED DESCRIPTION

10014} Before any embodiments of the invention are explained 1n detail, 1t 1s to be
understood that the invention 1s not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being
carried out 1n various ways. Also, it 1s to be understood that the phraseology and terminology
uscd herein is for the purpose of description and should not be regarded as hmiting. The usc of
“including,” “comprising,” or “having’ and variations thereof herein 1s meant to encompass the

items listed thereafter and equivalents thercof as well as additional items. Unless specitied or

TY 64 %Y ¢4

limited otherwise, the terms “mounted,” “connected,” “supported,” and “coupled™ and variations
thereof are used broadly and encompass both direct and indirect mountings, connections,
supports, and couplings. Further, “connected” and “coupled™ are not restricted to physical or

mechanical connections or couplings.

[0015] Figs. 1 and 2 show an exemplary construction of a water heater having a non-
powered gas valve/thermostat. As used in reference with Figs. 1 and 2, the term “non-powered
gas valve/thermostat” refers to a gas valve/thermostat that is not powered by the electrical mains.
However and as will become more apparent below, the non-powered gas valve/thermostat 1s
powered by one or more local power sources. Furthermore, 1t 1s contemplated that the gas

valve/thermostat may be connected to the electrical mains in some constructions of the water

heater.

[0016] Figs. 1 and 2 illustrate a storage-type gas-fired water heater 10 that includes a basc
pan 15 for providing the primary structural support for the rest ot the water heater 10, The base
pan 15 may be constructed of stamped metal or molded plastic, for example, and includes a
generally horizontal bottom wall 20, a vertical rise 25 having an air inlet opeming 27, and an
elevated step 30. The water heater 10 also includes a water tank 35, insulation 40 surrounding
the tank 35, and an outer jacket 45 surrounding the insulation 40 and the water tank 35. A skart

50 is supported by the base pan’s elevated step 30 and in turn supports the water tank 35. The
elevated step 30 also supports the insulation 40 and jacket 45.
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[0017] In addition, the clevated step 30 supports a divider 60 that divides the space between
the bottom of the tank 35, skirt 50, and the base pan 15 1nto a combustion chamber 65 (above the

divider 60) and plenum 70 (below the divider 60).

10018 A cold water inlet tube 75 and a hot water outlet tube 80 extend through a top wall of
the water tank 35. A {lue 85 extends through the tank 35, and water 1n the tank 35 surrounds the

fluc 85. The flue 85 includes an inlet end 90 and an outlet end 95.

[0019] The combustion chamber 65 and plenum 70 space are substantially air-tightly scaled,
except for the air inlet opening 27 and inlet end 90 of the flue 85. Seals 105 between the skirt 50
and the tank 35 and base pan 15 assist in sealing the space. The seals 105 may be, {or example
and without limitation, fiberglass material or a high-temperature caulk material. A radiation
shield 110 sits on the divider 60 within the sealed combustion chamber 65 and reflects radiant

heat up toward the tank 33.

0020] A flame arrester 115 1s affixed in a sealed condition across an opening 120 1n the
divider 60 such that all air flowing from the plenum 70 1nto the combustion chamber 65 should
flow through the flame arrester 115. The air inlet 27, air plenum 70, and opening 120 in the
divider 60 together define an air intake for the combustion chamber 635, and all air flowing into
the combustion chamber 65 through the opening (see arrows 1n Fig. 2) 120 should tlow through
this air intake and the flame arrester 115. It should also be noted that the position and orientation
of the flame arrester 115 are not limited to those shown 1n the drawings, and that substantially
any construction will work provided that the flame arrester 115 acts as the gateway for the air
flowing into the combustion chamber 65 from the plenum 70. Sealing members 125 seal the
periphery of the flame arrester 115 to the divider 60 to reduce the likelihood of air circumventing
the flame arrester 115. In alternative constructions, a single sealing member 125 may be used to
seal the flame arrester 115 with respect to the divider 60, or if the tlame arrester fits snugly
against the divider 60, no sealing members 125 may be needed. The flamc arrester 115 prevents

flame within the combustion chamber 65 from 1gniting flammable vapors outside of the

combustion chamber 65.

10021} With reference again to Fig. 2, the air inlet 27 1s covered by a lint, dust, and ol
(“LDO") filter 130 mounted to the outer surface of the base pan 15. The LDO filter 130 filters
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air flowing into the plenum 70 and reduces the likelihood that the flame arrester 115 will become

occluded by lint or other debris.

[0022] A main burner 155 in the combustion chamber 65 burns a mixture of fuel and air to
create the products of combustion that flow up through the flue 85 to heat the water in the tank
35. The main burner 155 reccives fuel through a gas manifold tube 160 that extends in a scaled
condition through an access door 165 mounted 1n a scaled condition over an access opening in

the skart 50.

[0023] The construction shown (illustrated in Figs. 1 and 2), employs a non-powered gas
valve/thermostat 170 mounted to the water tank 10. A gas main 1735 provides fucl to the input
side of the gas valve/thermostat 170. The gas valve/thermostat 170 includes a water temperature
probe 180 threaded into the tank side wall 35. Connected to the output side of the gas
valve/thermostat 170 are the burner manifold tube 160, a pilot burner 185, a thermocoupic 190,
and a spark igniter 195. The pilot burner 185, thermocouple 190, and spark 1gniter 195 extend

into the combustion chamber 65 in a sealed condition through a grommet in the access door 165.

[0024] The gas valve/thermostat 170 provides a flow of fuel to the pilot burner 185 to
maintain a standing pilot burner flame, and this construction is therctore generally retferred to as
a “‘continuous pilot ignition” system. The spark 1gniter 195 15 used to initiate tlame on the pilot
burner 185 without having to reach into the combustion chamber with a match. A spark 1s
generated by the spark igniter 195 in response to pushing a button on the gas valve/thermostat
170. The thermocouple 190 provides feedback to the gas valve/thermostat 170 as to the presence
of flame at the pilot burner 185. More specifically, the gas valve/thermostat 170 includes an
interrupter valve or some other means for sclectively shutting oft fuel flow to the pilot burner
185 and main burner 155. The interrupter valve 1s biased toward a closed postition. The
interrupter valve is held open by a voltage arising in the thermocouple 190 1n response to the tip
of the thermocouple 190 being heated by the pilot burner flame. 1f the pilot burner 185 loscs 1ts
flame, the thermocouple 190 will cool down and not provide the voltage to the interrupter valve,

and the interrupter valve will close and shut off fuel flow to the pilot burner 185 and main burner

155.
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[0025] The gas valve/thermostat 170 permits fucet to flow to the main burner 155 1n response
10 a water temperature sensor (e.g., the water temperature probe 180) indicating that the water
temperature in the water tank 35 has fallen below a sclected temperature. When tucl flows to the
main burner 155, 1t 1s mixed with air and the mixture 1s 1ignited when it contacts the pilot burncr
flame. Once the water temperature sensor indicates that the water has reached the desired
temperature, the gas valve/thermostat 170 shuts off fuel flow to the main burner 155, and the
water heater 10 is in “standby mode” until the water temperature again drops to the point where

the gas valve/thermostat 170 should again provide fuel to the main burner 155.

10026] The LDO filter 130 filters dirt and debris out of the air as the air passes through the
LDOQ filter 130. The dirt and debris builds up on the LDO filter 130 and eventually can restrict
the flow of air through the LDO filter 130 and into the plenum 70 and the combustion chamber
65. The reduction of air flowing into the combustion chamber 65 can result in the main burner
155 not completely combusting the fuel provided to the main burner 155. The incomplete
combustion can result in the production of carbon monoxide (*CO™) gas. Therefore, 1t1s
desirable to detect when the LDO filter 130 is preventing sufficient air from entering the

combustion chamber 65 to enable complete combustion.

[0027] Incomplete combustion causes a flame produced by the main burner 155 to {latten
and to generate excess heat. Detection of this excess heat can indicate that combustion 1S
incomplete. Fig. 3 is an illustration of a prior art construction of a thermal cut-oft circuit 200 for
detecting excess heat in the combustion chamber 65 and terminating the flow of fuel to the main

burner 155 and pilot burner 185. The thermal cut-off circuit 200 includes a thermal cut-off

switch 205 connected between a negative terminal 210 of the thermocouple 190 and a terminal
215 of the gas valve/thermostat 170. The thermal cut-off switch 205 1s typically mounted 1n the

combustion chamber 65 generally below the main burner 155 as shown in kig. 2.

[0028] The thermal cut-off switch 205 is a normally closed switch which opens when 1t
detects a temperature above a threshold (e.g., 180-220 degrees Celsius). The thermal cut-ott
switch 205 is chosen such that its threshold 1s above the normal operating temperature in the
combustion chamber 65. It is desirable to have a threshold as low as possible 1n order to detect

incomplete combustion as quickly as possible. Under normal operation, the thermocouple 190 15
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located 1n the pilot {lame and provides voltage to the gas valve 170 to hold the interrupter valve
open as explained above. When air flow to the combustion chamber 65 becomes restricted,
because the LDO filter 130 is dirty for example, the flame from the main burner 155 flattens out
and the temperature in the combustion chamber 65 riscs above the threshold of the thermal cut-
off switch 205. The thermal cut-ott switch 205 then opens and the voltage to the gas valve 170
1s blocked causing the interrupter valve to close and shut off fucl to the main burner 155 and the
ptlot burner 185. Since the fuel to the pilot burner 185 1s shut oft, the pilot flame extinguishces
recmoving heat trom the thermocouple 190. Once the combustion chamber 65 cools down below
the threshold, the thermal cut-off switch 205 closes. However, because the thermocouple 190 1s
not being heated by the pilot tlame, the gas valve 170 1s not recerving any voltage and thercfore
cannot hold the interrupter valve open. Accordingly, the pilot flame must be relit before the
water heater 10 can function again. If the LDO filter 130 1s not cleaned, incomplete combustion

will occur again and the thermal cut-oft circuit 200 again closes the interrupter valve.

0029] The temperature in the combustion chamber 65 1s influenced by the main burner 155
and the pilot flame. In addition, the temperature 1n the combustion chamber 65 can also be
influenced by the temperature of the ambient air entering the plenum 70. A relatively high
ambient temperature can raise the temperature in the combustion chamber 65. [f the threshold of
the thermal cut-off switch 205 1s chosen too low, using the water heater in the presence of a high
ambient temperature can result 1n the thermal cut-off circuit 200 closing the mterrupter valve
during times when there 1s sufficient air entering the combustion chamber 65 and combustion 1s
complcte (a “false shut-off”’). Choosing a thermal cut-oft switch 205 with a higher threshold can
prevent false shut-offs as a result of high ambient temperatures. However, the higher threshold

can result in incomplete combustion being undetected when the ambient temperature 1s low,

[0030] Fig. 4 is an illustration of a schematic of a construction of a thermal cut-off circuit
300 which prevents the interrupter valve from being closed when there 1s a high ambient
temperature. The thermal cut-off circuit 300 includes a thermal cut-off switch 305 and an
ambient thermal switch 310. The ambient thermal switch 310 1s connected in parallel to the
thermal cut-off switch 305 and i1s mounted in the plenum 70 1n the path of air entering the
combustion chamber 65 (as shown 1n Fig. 2). In some other constructions, the ambient thermal

switch 310 1s mounted external to the water heater 10. The ambient thermal switch 310 1s 4
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normally open switch which closes when it 1s exposed to a temperature above an ambient

threshold (e.g., 95-125 degrees Fahrenheit).

10031} During normal operation, the thermal cut-off circuit 300 functions similar to the
thermal cut-off circuit 200 of Fig. 3. However, when the ambient temperature ¢xceeds the
ambient threshold, the ambient thermal switch 310 closes. If the thermal cut-olf switch 305
detects excess heat in the combustion chamber 65 and opens when the ambient temperaturc 18
high, the ambient thermal switch 310 overrides the thermal cut-off switch 305 and maintains the
electrical connection between the thermocouple 190 and the gas valve 170. Thus, the ambient
thermal switch 310 prevents a false shut off due to high ambient temperature. Because a high
ambient temperature does not cause a false shut off, the threshold of the thermal cut-otf switeh
305 can be chosen closer to the normal operating temperature in the combustion chambcer 65 and

incomplete combustion conditions can be detected relatively quickly.

[0032] Since, when a high ambient temperaturc exists, the ambient thermal switch 310
overrides the thermal cut-off switch 3085, 1f the water heater 10 1s located 1n an arca which
commonly has high ambient temperatures, the effectiveness of the thermal cut-off circuit 300 1s
reduced. For example, if incomplete combustion occurs when a high ambient temperature cxists,
the thermal cut-off circuit 300 does not block the voltage from the thermocouple 190 to the gas
valve 170. Therefore, during periods of high ambient temperature, the thermal cut-otf circuit
300 does not stop the flow of fuel to the main burner 155, even if an incomplete combustion

condition exists.

[0033] Fig. 5 is an 1llustration of a construction of a thermal cut-ott circuit 400 which can
prevent false shut-offs due to high ambient temperature and also ensure the tlow ot tuel to the
main burner 155 is shut off when incomplete combustion occurs during a period of high ambient
temperature. The thermal cut-off circuit 400 includes a first thermal cut-oit switch 405 having a
first temperature threshold (e.g., 180-220 degrees Celsius), a second thermal cut-off switch 410
having a second temperature threshold greater than the first temperature threshold (e.g., 200-240
degrees Celsius), and an ambient temperature switch 415 having an ambient threshold (e.g., 95-
125 degrees Fahrenheit). The first and second thermal cut-ott switches 405 and 410 are mounted

in the combustion chamber 65 below the main burner 155 (as shown in Fig. 2). The ambient
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thermal switch 415 1s mounted in the plenum 70 1n the path of air entering the combustion
chamber 65. However, other locations for the first and second thermal cut-off switches 405 and
410 and the ambient thermal switch 415 are possible. The ambient thermal switch 415 and the
sccond thermal cut-off switch 410 are connected in scries with one another and in parallel with

the first thermal cut-otf switch 4085,

|0034] Fig. 6 1s a flow chart 1llustrating the operation of the thermal cut-off circuit 400
shown in Fig. 5. If the temperature in the combustion chamber 65 1s less than the first
temperature threshold (block 500), the first thermal cut-oft switch 405 1s closed and the water
heater 10 operates normally. If the temperature 1n the combustion chamber 65 15 greater than the
first temperature threshold (block 500), the first thermal cut-oft switch 4035 1s open. 1f the
ambient temperature 1s less than the ambient threshold (block 505), the ambient thermal switch
415 1s open and the electrical connection between the thermocouple 190 and the gas valve 170 13
open. Because both parallel paths between the thermocouple 190 and the gas valve 170 are
open, the gas valve 170 is not receiving a voltage from the thermocouple 190 and the interrupter
valve closes (block 510) shutting off fuel to the main burner 155 and the pilot burner 185. Since
the fuel to the pilot burner 185 1s shut off, the pilot flame extinguishes removing heat from the
thermocouple 190. Once the combustion chamber 65 cools down below the threshold, the
thermal cut-off switches 405 and 410 close. Howcever, because the thermocouple 190 1s not
being heated by the pilot flame, the gas valve 170 1s not receiving any voltage and therefore
cannot hold the interrupter valve open. Accordingly, the pilot flame must be relit before the
water heater 10 can function again. If the LDO filter 130 1s not cleaned, incomplete combustion

will occur again and the thermal cut-off circuit 400 again closes the interrupter valve.

[0035] If the ambient temperature is greater than the ambient threshold (block 505), the
ambient thermal switch 415 1s closed. If the temperature in the combustion chamber 635 1s lc¢ss
than the second temperature threshold (block 515), the second thermal cut-off switch 410 1s
closed and the thermocouple 190 1s connected to the gas valve 170 and the water heater 10
operates normally. If the temperature in the combustion chamber 65 1s greater than the second
temperature threshold (block 515), the second thermal cut-oft switch 410 1s open. Because both
parallel paths between the thermocouple 190 and the gas valve 170 are open, the electrical

connection between the thermocouple 190 and the gas valve 170 1s open. Therelore, the gas
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valve 170 is not receiving a voltage from the thermocouple 190 and the interrupter valve closes

(block 510) shutting off fuel to the main burner 155 and the pilot burner 185 as described above.

(0036} While the thermal cut-off circuit has been described in relation to a water heater, the
thermal cut-off circuit has application in any gas-fired device including a furnace, a stove, and a
boiler. Further, the thermal cut-off circuit is not limited to gas-fired devices incorporating a pilot
burner and associated circuit. Instead the thermal cut-off circuit can be power by a battery or
external power source and can interrupt the main flow of fuel to the device. In addition, the
thermal cut-off circuit can be used in any device in which a flow of fuel 1s required, including

propane (e.g., barbeque grills) and gasoline (e.g., automobilcs).

10037} Thus, the invention provides, among other things, a thermal cut-oft circuit for deviees
requiring a fuel supply. Various features and advantages of the invention arc set forth in the

following claims.

10
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CLAIMS

1. A gas water heater comprising:
a combustion chamber including a burner;
a gas valve coupled to the burner;
a power source; and
a thermal cut-off circuit comprising
a thermal cut-off switch positioned in the combustion chamber, clcctrically
coupled in a first current path between the power source and the gas valve, the thermal cut-off
switch configured to open when a temperature in the combustion chamber exceeds a first
threshold, and
an ambient thermal switch electrically coupled 1n a second current path having a
parallel relation to the first current path, the ambient thermal switch configured to close when a

temperature of air exceeds a second threshold.

2. The gas water heater of claim 1 and further comprising a second thermal cut-off
switch positioned in the combustion chamber, electrically coupled 1n the second current path.
and electrically coupled in series with the ambient thermal switch, the second thermal cut-off
switch configured to open when the temperature in the combustion chamber exceeds a third

threshold, the third threshold greater than the first threshold.

3. The gas water heater of claim 1 wherein the second threshold i1s lower than the first
threshold.
4. The gas water heater of claim 1 wherein the first thermal cut-off switch is positioned

below the bumer.

5. The gas water heater of claim 2 wherein the second thermal cut-off switch is

positioned below the burner.

6. The gas water heater of claim 1 wherein the ambient thermal switch is positioned in a

plenum.

11
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7. The gas water heater of claim 1 wherein the first threshold 1s about 108-220 degrees
Ccelsius.

8. The gas water heater of claim 1 wherein the second threshold 1s about 95-125 degrecs
[Fahrenheit.

9. The gas water heater of claim 2 wherein the third threshold ts about 200-240 degrees
Celsius.

10.  The gas water heater of claim 1 and further comprising

a pilot light being operablc to produce a tlame; and
a pilot circuit comprnsing a thermocouple thermally coupled to the pilot light and
clectrically coupled to the gas valve, the pilot circuit being configured to ensure the gas valve 1s

closed in response to the flame extinguishing.
11.  The gas water heater of claim 10 wherein the power source 1s the thermocouplc.

12.  The gas water heater of claim 1 wherein the thermal cut-off circuit ensures the gas

valve 1s closed when a possible incomplete combustion condition exists.

13.  The gas water heater of claim 1 wherein the ambient thermal switch 1s positioned 1n a

path of air entering the combustion chamber.

12
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14. A thermal cut-off circuit for use in a gas appliance including a combustion chambcr, a
burner, a gas valve, and a power source, the thermal cut-off circuit comprising:

a thermal cut-off switch configured to open an electrical connection between the power
source and the gas valve when a tempcerature in the combustion chamber 18 greater than a first
threshold:

an ambient thermal switch configured to electrically connect the power source to the gas

valve when an ambient temperature of air is greater than a second threshold; and

wherein the absence of electrical connections for the thermal cut-off switch and the

ambient thermal switch ensures the gas valve is closed.

15.  The thermal cut-off circuit of claim 14 and further comprising a second thermal cut-
off switch configured to open the electrical connection between the thermocouple and the gas
valve created by the ambient thermal switch when the temperature in the combustion chamber 1s
greater than a third threshold, the third threshold greater than the first threshold, wherein the
absence of electrical connections for the thermal cut-off switch and the second thermal cut-off

switch ensures the gas valve is closed.

16. The thermal cut-off circuit of claim 14 wherein the second threshold 1s lower than the
first threshold.
17. The thermal cut-off circuit of claim 14 wherein the first thermal cut-off switch 1s

positioned below a main burner.

18. The thermal cut-off circuit of claim 15 wherein the second thermal cut-off switch 1s

positioned below a main burner.

19. The thermal cut-off circuit of claim 14 wherein the ambient thermal switch 1s

positioned in a plenum.

20.  The thermal cut-off circuit of claim 14 and further including a pilot light and a pilot

circuit having a thermocouple.

21.  The thermal cut-off circuit of claim 20 wherein the power source 1s the thermocouple.

13
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22.  The thermal cut-off circutt of claim 14 configured to ensurc the gas valve 1s closed in

response 10 an incomplete combustion condition.

23, The thermal cut-off circuit of claim 14 wherein the ambient thermal switch is

positioned 1n a path of air entering the combustion chamber.

14
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24, A method of controlling a gas water heater including a combustion chamber, a power
source, a gas valve, and a thermal cut-off circuit, the thermal cut-off circuit having a thermal cut-
off switch and an ambicnt thermal switch, the method comprising:

providing power to the gas valve;

detecting a first temperature in the combustion chamber,

determining if the first temperature exceeds a first threshold;

detecting a second temperature of air entering the combustion chamber;
determining if the second temperature exceeds a second threshold; and

ensuring the gas valve is closed when the first temperature exceeds the first threshold and

the second temperature does not exceed the second threshold.

25.  The method of claim 24 and further comprising
detecting a third temperature in the combustion chamber;

determining if the third temperature exceeds a third threshold; and

ensuring the gas valve is closed when the third temperature exceeds the third threshold.

26.  The method of claim 24 wherein the water heater further includes a pilot circuit

having a pilot hght and a thermocouple.
27.  The method of claim 24 wherein the power source 1s the thermocouple.

28.  The method of claim 24 wherein the first threshold 1s greater than the second

threshold.

29.  The method of claim 25 wherein the third threshold is greater than the first threshold.

30.  The method of claim 24 wherein the first temperature 1s detected from a position

below a burner.

31.  The method of claim 25 wherein the third temperature 1s detected {rom a position

bclow a burner.

Smart & Biggar
Ottawa, Canada
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FIG. 6
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