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Description
Field of the Invention

[0001] This invention relates generally to ignition con-
trol on gas or other fuel-fired appliances and, more par-
ticularly, to an ignition control including a microprocessor
safeguard for an ignition system.

Background of the Invention

[0002] Ignition controls are customarily used in con-
nection with gas appliances, such as, for example, resi-
dential gas furnaces, boilers, water heaters and commer-
cial cooking equipment, equipped with direct spark igni-
tion systems. On gas appliances with direct spark igni-
tion, the stream of gas supplied to the burner of the ap-
plianceis directly ignited by a spark. In conventional prac-
tice, the ignition spark is provided by an electronic device,
such as for example an electronic spark generator. While
such direct spark ignition systems generally function
properly to quickly ignite the gas flowing to the burner, it
is critical that the supply of gas to the burner to be prompt-
ly terminated in the event that ignition has not occurred
or has failed to sustain a stable flame.

[0003] Conventional ignition control systems used in
connection with direct spark ignition gas appliances in-
clude a gas valve having an open position and a closed
position, an air blower, anignition source, a flame sensing
device and a microprocessor controller. The flame sens-
ing device is operative to detect the presence of a flame
within the combustion chamber of the gas appliance and
generate a signal indicative of the flame status, i.e. a
flame present signal or a no flame present signal. The
microprocessor controller oversees the ignition process,
as well as controlling the operation of the air blower and
positioning of the gas valve.

[0004] In response to the receipt of a demand signal
indicating that operation of the burner of the gas appli-
ance is desired, the microprocessor controller will initiate
the ignition process. To initiate ignition, the microproces-
sor controller activates the air blower to initiate the supply
of combustion air to the burner of the gas appliance, and
then transmits an activation command signal to the igni-
tion device, and then opens the gas valve to initiate the
supply of gasinto the burner. In response to the activation
command, the ignition device begins to generate a series
of sparks to attempt to ignite the air-gas mixture forming
as the gas flows into the burner. If ignition is successful,
a flame is established.

[0005] The microprocessor controller monitors the
flame sensing device to ensure that a flame has indeed
been established and maintained within the combustion
chamber. The flame sensing device is operative to detect
whetherornota flame is presentin the combustion cham-
ber. If the flame sensing method does detect the pres-
ence of a flame, it emits a "flame present" signal. How-
ever, if the flame sensing method does not detect the
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presence of a flame, it emits a "no flame present" signal.
[0006] In conventional practice, the controller triggers
atimer circuitupon entry into the ignition process. If within
apresettime interval following entry into the ignition proc-
ess, the controller receives a "flame present" signal, the
controller maintains the gas valve in its open position,
resets the timer circuit, and goes into a combustion mon-
itoring mode during which the controller will at periodic
time intervals, check the signal received from the flame
sensing device to verify that the signal received from the
flame sensing device is still a "flame present" signal.
However, if at the lapse of the preset ignition verification
time period, the signal received by the microprocessor
controller from the flame sensing device is a "no flame
present" signal, the controller will close the gas valve,
lockout the gas valve and the ignition device for a prese-
lected lockout time period, and operate the air blower for
a preset period of time to purge the gas appliance of any
gas remaining in the combustion chamber. The controller
will not again initiate an ignition attempt until the lockout
time period has expired.

[0007] Thus, the timer circuit acts as a watchdog to
prevent uncontrolled release of gas into the combustion
chamber when ignition has not occurred within the preset
time period following entry into the ignition process. It is
critical that the ignition control and oversight function be
made as reliable as possible. Failure to terminate gas
flow in the event of an ignition failure or a subsequent
flame failure, would lead to an undesirable build up of
gas within the combustion chamber. For example, U.S.
Pat. No. 4,695,246 discloses an ignition control system
for a gas appliance that includes a single microprocessor
having redundant circuitry.

[0008] The documents WO95/16943A1 and
EP0751350A2 both disclose a dual processor control unit
to control safety relevant functions of an ignition unit in
combination with a flame sensor.

Summary of the Invention

[0009] In an aspect of the invention, an ignition control
according to appended claim 1 is provided for controlling
an ignition process on a fuel-fired appliance, the appli-
ance having a burner. The ignition control includes a fuel
flow control valve having an open position in which fuel
flows to the burner and a closed position in which fuel
flow to the burner is prohibited, an ignition source oper-
atively associated with the burner, a flame detection de-
vice for detecting the presence of a flame at the burner
and transmitting a flame status signal indicating flame or
no flame, and a controller for overseeing the ignition proc-
ess of igniting the fuel supplied to the burner, the con-
troller including a primary processor and a secondary
processor. The primary processor has functional capa-
bility to operate the ignition device, to monitor the flame
status signal from the flame detection device and to ter-
minate the ignition process in the presence of a flame
status signal indicating no flame after a specified period
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of time following an initiation of the ignition process. The
secondary processor has functional capability to monitor
the flame status signal from the flame detection device
and to terminate the ignition process in the event that the
primary processor does not close the fuel flow control
valve in the presence of a flame status signal indicating
no flame after a specified period of time following an in-
itiation of the ignition process. Each of the primary proc-
essor and the secondary processor has functional capa-
bility to position the fuel flow control valve in its closed
position to independently terminate the ignition process.
[0010] In an aspect of the invention, an ignition control
is provided for controlling an ignition process on a direct
spark ignition gas appliance, the gas appliance having a
burner. The ignition control includes a gas valve having
an open position in which gas flows to the burner of the
gas appliance and a closed position in which gas flow to
the burner of the gas appliance is prohibited, an ignition
source operatively associated with the burner of the gas
appliance, a flame detection device operatively associ-
ated with the gas appliance for detecting the presence
of a flame at the burner and transmitting a flame status
signal indicating flame or no flame, and a controller for
overseeing the ignition process of igniting the gas sup-
plied to the burner of the gas appliance, the controller
including a primary processor and a secondary proces-
sor. The primary processor has functional capability to
operate the ignition device, to monitor the flame status
signal from the flame detection device and to terminate
the ignition process in the presence of a flame status
signal indicating no flame after a specified period of time
following an initiation of the ignition process. The sec-
ondary processor has functional capability to monitor the
flame status signal from the flame detection device and
to terminate the ignition process in the event that the
primary processor does not close the gas valve in the
presence of a flame status signal indicating no flame after
a specified period of time following an initiation of the
ignition process. Each of the primary processor and the
secondary processor has functional capability to position
the gas valve in its closed position to independently ter-
minate the ignition process.

[0011] In an embodiment, the primary processor has
functional capability to monitor the operation of the sec-
ondary processor. In an embodiment, the secondary
processor may continuously transmit a status signal to
the primary processor. In an embodiment, the secondary
processor has functional capability to monitor the oper-
ation of the primary processor. Each of the primary proc-
essor and the secondary processor may comprise a mi-
Croprocessor.

[0012] In an aspect of the invention, a method accord-
ing to appended claim 6 is provided for overseeing an
ignition process on a fuel-fired appliance. The appliance
has a fuel burner, a fuel flow control valve, an ignition
source operatively associated with the burner, and a
flame detection device for detecting the presence of a
flame at the burner and transmitting a flame status signal
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indicating flame or no flame. The method includes the
steps of : providing a primary processor for initiating the
ignition process, for monitoring the flame status signal
and for terminating the ignition process in the presence
of a flame status signal indicating no flame after a spec-
ified period of time following the initiation of the ignition
process, and providing a secondary processor for mon-
itoring the flame status signal independently of the pri-
mary processor and for terminating the ignition process
in the event that the primary processor fails to terminate
the ignition process in the presence of a flame status
signal indicating no flame after a specified period of time
following the initiation of the ignition process. The sec-
ondary processor may independently of the primary proc-
essor terminate the ignition process by closing the fuel
flow control valve to preclude the delivery of fuel to the
burner in the event that the primary processor does not
close the fuel control valve in the presence of a flame
status signal indicating no flame after a specified period
of time following an initiation of the ignition process.
[0013] In an aspect of the invention, a method is pro-
vided for overseeing an ignition process on a gas appli-
ance. The gas appliance has a burner, a gas valve, an
ignition source operatively associated with the burner of
the gas appliance, and a flame detection device opera-
tively associated with the gas appliance for detecting the
presence of aflame atthe burner and transmitting a flame
status signal indicating flame or no flame. The method
includes the steps of : providing a primary processor for
initiating the ignition process, for monitoring the flame
status signal and for terminating the ignition process in
the presence of a flame status signal indicating no flame
after a specified period of time following the initiation of
the ignition process, and providing a secondary proces-
sor for monitoring the flame status signal independently
of the primary processor and for terminating the ignition
process in the event that the primary processor fails to
terminate in the presence of a flame status signal indi-
cating no flame after a specified period of time following
the initiation of the ignition process. The secondary proc-
essor may independently of the primary processor ter-
minate the ignition process by closing the gas valve to
preclude the delivery of gas to the burner in the event
that the primary processor does not close the gas valve
in the presence of a flame status signal indicating no
flame after a specified period of time following an initiation
of the ignition process.

[0014] In an embodiment, the method also includes
the step of the primary processor monitoring the opera-
tion of the secondary processor. In an embodiment, the
method also includes the step of the secondary proces-
sor monitoring the operation of the primary processor. In
an embodiment, the method includes the step of the sec-
ondary processor transmitting a status signal to the pri-
mary processor whenever the secondary processor is in
an active state.

[0015] Inanembodiment,the method includes the step
of the secondary processor cycling in sequence through
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aprimary detect mode, anidle mode and a monitor mode.
In an embodiment, the secondary processor may move
from any of the primary detect mode, the idle mode and
the monitor mode directly into a lockout mode.

Brief Description of the Drawings

[0016] Forafurtherunderstanding of the invention, ref-
erence will be made to the following detailed description
of the invention which is to be read in connection with
the accompanying drawing, where:

FIG. 1 is a schematic block diagram of the ignition
control system of the invention;

FIG. 2 is a flow chart of an ignition oversight se-
quence as performed by the secondary processor
of the ignition control system of the invention;

FIG. 3 is a flow chart of the primary detect mode of
the test sequence of FIG. 2;

FIG. 4 is a flow chart of the idle mode of the test
sequence of FIG. 2; and

FIG. 5 is a flow chart of the monitor mode of the test
sequence of FIG. 2;

Detailed Description of the Invention

[0017] Referring initially to FIG. 1, there is depicted, in
block diagram, an ignition control 10 for controlling an
ignition process on a gas appliance 2 having a burner 4.
Although the ignition control 10 will be described herein
with reference to application a gas furnace, such as a
residential or commercial gas furnace, it is to be under-
stood that the ignition control 10 may be used in connec-
tion with a wide variety of gas appliances, including but
not limited to, gas fired boilers, gas fired water heaters,
and gas fired commercial cooking equipment. The igni-
tion control 10 includes a gas valve 20, an ignition source
30, a flame detection device 40 and a controller 50. In
the ignition control 10 of the invention, the controller 50
includes a primary processor 150 and a secondary proc-
essor 250.

[0018] The gas valve 20 has an open position and a
closed position and may be selectively positioned in ei-
ther its open or closed position through the controller 50.
The gas valve 20 is disposed a gas supply line 6 con-
nected in gas flow communication with an external gas
source (not shown), such as for example a utility natural
gas line or a storage tank of liquid natural gas (LNG) or
propane. When the gas valve 20 is positioned in its open
position, gas flows from the external source through the
gas supply line 6 to the burner 4 of the gas appliance 2.
When the gas valve 20 is positioned in its closed position,
gas flow through the gas supply line 6 to the burner 4 of
the gas appliance 2 is prohibited.

[0019] Theignition source 30 is operatively associated
in a conventional manner with the burner 4 of the gas
appliance 2 so as to ignite either the main gas flow to the
burner 4 or a pilot gas flow to the burner 4. Although the
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ignition control 10 will described herein with reference to
ignition of the main gas flow, but it is to be understood
that the ignition control may be readily applied to direct
spark ignition of a pilot gas flow. The ignition source 30
may be an electronic spark generator, such as for exam-
ple a high-energy capacitive discharge spark across a
3,175 mm (1/8 inch) electrode gap 32, although any va-
riety of spark generating igniter, or a hot surface igniter,
or other type of ignition device, may be employed as the
ignition source, as desired.

[0020] The flame detection device 40 is operatively as-
sociated with the gas appliance 2 for detecting the pres-
ence of a flame at the burner 4 and for generating a flame
status signal 45 indicating flame or no flame. The flame
detection device 40 may be any of a variety of conven-
tional device having functional capability to sense the
presence of flame at the burner 4. For example, by way
of illustration, but not limitation, the flame detection de-
vice may be a flame electrode with rectification circuit. In
an embodiment of the ignition control 10, the flame de-
tection device 40 and the ignition source 30 may be cou-
pled into a single device having functional capability to
both ignite the gas flow in response to a command signal
from the controller 50 and also to detect whether a flame
has resulted and generate the appropriate flame signal
45.In an embodiment, the flame detection device 40 may
be a flame rod electrode not associated with the ignition
source 30.

[0021] The controller 50 controls and oversees the
process of igniting the gas supplied to the burner 4 of the
gas appliance 2. As noted before, the controller 50 of the
invention includes a primary processor 150 and a sec-
ondary processor 250. Each of the primary processor
150 and the secondary processor 250 may be a micro-
processor. For example, by way of illustration, but not
limitation, in an exemplary embodiment of the controller
50, the primary processor 150 may comprise the
PIC16C622A microcontroller from Microchip Technolo-
gies and the secondary processor 250 may comprise the
PIC12F629 microcontroller from Microchip Technolo-
gies. The primary microprocessor and the secondary mi-
croprocessor may be mounted on a single pc board.
[0022] The primary processor 150 has functional ca-
pability to operate of the ignition device 30, to drive the
flame detection device 40 and monitor the flame status
signal 45 generated by the flame detection device 40,
and to terminate the ignition process in the presence of
a flame status signal 45 indicating no flame after a spec-
ified period of time following an initiation of the ignition
process. The secondary processor 250 has functional
capability to monitor the flame status signal 45 from the
flame detection device 40 and to terminate the ignition
process in the event that the primary processor 150 does
not terminate the ignition process in the presence of a
flame status signal 45 indicating no flame after a specified
period of time following an initiation of the ignition proc-
ess. Each of the primary processor 150 and the second-
ary processor 250 have functional capability toindepend-
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ently terminate the ignition process by disabling the gas
valve relay 22 thereby forcing the gas valve 20 into its
closed positioned in the presence of a flame status signal
45 indicating no flame after a specified period of time
following an initiation of the ignition process.

[0023] The secondary processor 250 may also have
functional capability to monitor the operation of the pri-
mary processor 150. In an embodiment, the secondary
processor 250 has functional capability to monitor the
drive signal from the primary processor 150 to the flame
detection device 40 and the drive signal from the primary
processor 150 to the gas valve relay 22 as a means of
monitoring the operation of the primary processor 150.
For example, if the flame detection device is active and
generating a flame present flame detection signal 45, but
the signal from the primary processor 150 to the gas valve
relay is a disable signal, the secondary processor 250
will conclude that some form of hardware malfunction
has occurred and will go into lockout, thereby shutting
the system down as a safety precaution.

[0024] The primary processor 150 may also have func-
tional capability to monitor the operation of the secondary
processor 250. For example, the secondary processor
250 may continuously transmit an "I’'m alive" status signal
55 to the primary processor 150. The "I'm alive" status
signal 55 may, for purposes of illustration, but not limita-
tion, comprise a digital signal having a repeating se-
quence of four high beats followed by four low beats.
[0025] The primary processor 150 willmonitor the ther-
mostat 8, which is mounted in the space to be heated by
the gas furnace 2, for a heat demand signal. In response
to the heat demand signal, the primary processor 150
will enable the gas valve relay 22 to open the gas valve
20 and start an ignition time out clock. The primary proc-
essor 150 may also have the functional capability to con-
trol the operation of the air blower 60 for supplying com-
bustion air and purge air to the burner 4 of the furnace
2. If so equipped, the primary processor 150 also starts
the air blower 60 to supply air to the burner to support
ignition and combustion of the gas. The ignition time out
clock defines a preprogrammed time period for ignition
to occur such as, for example, but without limitation, in
the range of 1 to 25 seconds.

[0026] As an example, for an appliance having direct
spark ignition, before the gas valve 20 has been opened,
the primary processor 150 enables the ignition source
30 to produce a series of high voltage sparks at a pro-
grammed interval of about 16 milliseconds. During the
ignition time out clock period, the primary processor 150
monitors the flame signal 45 generated by the flame de-
tection device 40 at preprogrammed intervals of at least
every 16 milliseconds. If a valid "flame present" flame
signal 45 is detected within the time period of the ignition
time out clock, thus indicating successful ignition and a
stable flame, the primary processor 150 cuts power to
the ignition source, thereby terminating sparking, and
leaves the gas valve 20 open and the air blower 60 op-
erating. Unless the flame is subsequently lost, the prima-
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ry processor 150 does not change the status of the gas
valve 20 or the air blower 60 until the primary processor
detects a loss of the heat demand signal from the ther-
mostat 8. Upon completion of the heating cycle, indicated
by loss of the demand for heat signal, the primary proc-
essor 150 immediately closes the gas valve 20 and, after
a preprogrammed purge out period, disables, i.e. cuts
power to, the air blower 60 to terminate air flow to the
burner 4 and goes into an idle mode until a demand for
heat signal is next detected.

[0027] If the flame signal 45 indicates that no flame is
present at the expiration of the ignition time out clock,
the primary processor 150 immediately disables the gas
valve relay 22 to close the gas valve 20. If also designed
to control the blower 60, the primary processor 150 will,
after a preprogrammed purge out period, disable the air
blower 60 to terminate air flow to the furnace 2. The pri-
mary processor 150 will reinitiate the ignition process for
a preselected number of retries until either a successful
ignition has occurred or the maximum number of permit-
ted retries has been reached. If a stable flame is not
present after the last permitted trial for ignition, the pri-
mary processor 150 goes into a lockout mode during
which no further attempts to ignite are permitted. The
lockout period will last until the current demand for heat
signal expires and a new demand for heat signal is de-
tected.

[0028] As noted previously, the controller 50 includes
a secondary processor 250 in addition to the primary
processor 150. The secondary processor 250 functions
as a safeguard monitor of the ignition process. The sec-
ondary processor 250 has the functional capability to
monitor the flame status signal 45 from the flame detec-
tion device 40 and also has the functional capability to
monitor the operation of the primary processor 150 by
monitoring the flame sensor drive signal and the gas
valve relay drive signal generated by the primary proc-
essor 150. The secondary processor 250 also has the
functional capability to terminate the ignition process in-
dependently of the primary processor 150 in the event
that the primary processor 150 does not close the gas
valve 20 in the presence of a flame status signal 45 in-
dicating no flame after a specified period of time following
an initiation of the ignition process.

[0029] Referring now to FIGs. 2 - 5, the various modes
in which the secondary processor 250 operates in carry-
ing out in its safeguard oversight role with respect to the
ignition process are illustrated in the flow charts shown.
Referring now to FIGs. 2 and 3, when powered up, the
secondary processor 250 operates in one of the following
modes: primary detect mode 220, idle mode 230, monitor
mode 240 and lockout mode 260. At 210, the secondary
processor 250 determines whether it is undergoing a
power up or a reset. When the controller 90 is first pow-
ered up, the secondary processor 250 enters the primary
detect mode. In this mode, the secondary processor 250
verifies whether the primary processor 150 is active by
checking for signal levels on a designated two of its output
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pins. The secondary processor 250 checks for high on
the flame drive pin at 222 and for low on the gas valve
drive pin at 224. If this signal pattern is not present, the
primary processor 150 is not active or malfunctioning and
the secondary processor 250 will set a FindPrimary coun-
ter. The secondary processor 250 will continue to monitor
these I/0 pins and at 226 will decrement the primary de-
tect counter each time a specified time interval has
elapsed. If the primary FindPrimary counter reaches ze-
ro, at 228, the secondary processor 250 will enter the
lockout mode 260. If the signal pattern is present on the
designated I/O pins, the primary processor 150 is verified
active and the secondary processor 250 will transition
into the idle mode 230. If the signal pattern is found, the
secondary processor 250 will also set a static flag to pre-
vent noise induced resets from executing the primary de-
tect mode 220 again. The secondary processor 250 will
also transition to the idle mode 230 after a hardware re-
set. The transition into the idle mode 230 may include a
time delay.

[0030] In the idle mode 230, the secondary processor
250 continuously monitors the gas valve 20 to determine
whether the gas valve 20 is in an open state or a closed
state. In this mode 230, the secondary processor 250
also continuously monitors the flame detection signal 45
to establish whether a flame is present or not. Referring
now to FIG. 4, at 232, if the detected state of the gas
valve 20 is open, the secondary processor transitions to
the monitor mode 240. If, however, the detected state of
the gas valve 20 is closed, the secondary processor 250
at 234 checks the state of the flame detection signal. If
the flame detection signal indicates that a flame is
present, the secondary processor 250 immediately en-
ters the lockout mode 260. The indication that a flame is
present even though the state of the gas valve 20 is de-
tected as closed is an indication that some form of hard-
ware failure has occurred, thereby necessitate a system
shut down as a safety precaution.

[0031] In the monitor mode 240, the secondary proc-
essor 250 will continuously monitor the flame detection
signals 45 from the flame detection device 40 generated
in response to periodic command signals from the pri-
mary processor 150. Referring now to FIG. 5, at 242, the
secondary processor 250 checks the state of the gas
valve 20. If the gas valve 20 is detected to be in its closed
state, the secondary processor 250 transitions back into
the idle mode 230. If the gas valve 20 is detected to be
in its open state, the secondary processor 250 proceeds
at 244 to check the flame detection signal 45. If the flame
detection signal indicates that no flame is present, the
secondary processor 250 sets a FaultTimer at 246. The
secondary processor then loops back through steps 242
and 244 and at 248 decrements the FaultTimer at the
completion of each cycle, which represents a time inter-
val of about 400 microseconds.

[0032] If at 244 the flame detection signal indicates that
flame is present, the secondary processor 250 resets the
FaultTimer at 249. However, if the FaultTimer expires,
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that is reaches zero, the secondary processor 250 im-
mediately enters the lockout mode 260. The FaultTimer
is preset to a time period beyond which the gas valve 20
is not to remain open in the event that a stable flame is
not established in the gas appliance 2. Since the primary
processor 150 continuously tests for the presence of
flame, the secondary processor 250 will reset the Fault-
Timer to this maximum permissible time period each time
a successful flame detection is verified at 244. Thus, the
gas valve 20 is never allowed to remain open beyond the
maximum permissible safe time limit without a positive
flame detection signal being detected by the second
processor 250.

[0033] Upon entering the lockout mode, the secondary
processor 250 immediately disables the gas valve relay
22 thereby forcing the ignition control into a safe state
and also stops transmitting the "I'm alive" signal 55 to the
primary processor 150. Upon loss of the "I'm alive" signal
55, the primary processor 150 forces the gas valve 20
closed and goes into a failure mode. The primary proc-
essor 150 will not reset until the controller 50 undergoes
apower down - power up cycle. The secondary processor
250 will not reset until it again detects that the primary
processor 150 is active as it cycles through the primary
detect mode 210. Additionally, upon entering the failure
mode, the primary processor 150 may signal the exist-
ence of a fatal fault, for example by activating an indicator
light, such as a light emitting diode (LED) 52 on a control
panel 54. For redundancy, the secondary processor 250
may also be provided with the functional capability to
activate the indicator light 52.

[0034] While the present invention has been particu-
larly shown and described with reference to the exem-
plary embodiments as illustrated in the drawing, it will be
recognized by those skilled in the art that various modi-
fications may be made within the scope of the appended
claims. For example, the ignition control and the method
of the invention may be used in connection with combi-
nations of fuel and ignition sources, other than the ex-
emplary gas and spark igniter embodiment described
hereinbefore, such as for example fuel oil and a high
temperature igniter. Further, those skilled in the art will
recognize that various types of flame detection devices,
other than of the flame electrode with rectification circuit
type, may be employed in the ignition control of the in-
vention and in practicing the method of the invention.
[0035] The terminology used herein is for the purpose
of description, not limitation. Specific structural and func-
tional details disclosed herein are not to be interpreted
as limiting, but merely as basis for teaching one skilled
in the art to use the present invention. Those skilled in
the art will also recognize the equivalents that may be
substituted for elements described with reference to the
exemplary embodiments disclosed herein without de-
parting from the scope of the present invention as defined
in the appended claims.

[0036] Therefore, itis intended that the present disclo-
sure not be limited to the particular embodiment(s) dis-
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closed, but that the disclosure will include all embodi-
ments falling within the scope of the appended claims.

Claims

An ignition control (10) for controlling an ignition
process on a fuel-fired appliance, said ignition con-
trol comprising:

afuel control valve (20) having an open position
in which fuel flows to a burner (4) and a closed
position in which fuel flow to said burner (4) is
stopped;

an ignition source (30) operatively associated
with said burner (4);

a flame detection device (40) adapted to detect
the presence of a flame at said burner (4) and
configured to transmit a flame status signal (45)
indicating flame or no flame;

a controller (50) configured to oversee the igni-
tion process of igniting the fuel supplied to said
burner (4), said controller (50) including a pri-
mary processor (150) and a secondary proces-
sor (250):

said primary processor (150) having func-
tional capability to operate the ignition
source (30), to monitor the flame status sig-
nal (45) from the flame detection device (40)
and to terminate the ignition process in the
presence of a flame status signal (45) indi-
cating no flame after a specified period of
time following an initiation of the ignition
process; and

said secondary processor (250) having
functional capability to monitor the flame
status signal (45) from the flame detection
device (40) and to terminate the ignition
process in the event that the primary proc-
essor (150) does not close the fuel control
valve (20) in the presence of a flame status
signal (45) indicating no flame after a spec-
ified period of time following an initiation of
the ignition process;

said secondary processor (250) adapted to
operate inanidle mode (230), monitor mode
(240) and lockout mode (260);

wherein in said idle mode (230), said sec-
ondary processor (250) is adapted to con-
tinuously monitor the state of the fuel control
valve (20) and the flame status signal (45),
said secondary processor (250) configured
to transition from said idle mode (230) to
said monitor mode (240) upon detecting
said fuel control valve (20) is open, check
the flame status signal (45) upon detecting
said fuel control valve (20) is closed, and
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transition from said idle mode (230) to said
lockout mode (260) in the presence of a
flame status signal (45) indicating a flame.

The ignition control (10) as recited in claim 1 further
comprising said secondary processor (250) is con-
figured to monitor the operation of said primary proc-
essor (150) and/or said primary processor (150) is
configured to monitor the operation of said second-
ary processor (250).

The ignition control (10) as recited in claim 1 where
each of said primary processor (150) and said sec-
ondary processor (250) comprises a microproces-
sor.

The ignition control (10) as recited in claim 1 where
each of said primary processor (150) and said sec-
ondary processor (250) comprises a microcontroller.

The ignition control (10) as recited in claim 1 wherein
each of said primary processor (150) and said sec-
ondary processor (250) is configured to position the
fuel control valve (20) in its closed position to inde-
pendently terminate the ignition process.

A method for overseeing an ignition process on a
fuel-fired appliance, the appliance having a fuel burn-
er, a fuel flow control valve (20), an ignition source
(30) operatively associated with the burner (4), a
flame detection device (40) operatively associated
with the burner (4) for detecting the presence of a
flame at the burner and transmitting a flame status
signal (45) indicating flame or no flame; said method
comprising the steps of:

providing a primary processor (150) for initiating
theignition process, for monitoring the flame sta-
tus signal (45) and for terminating the ignition
process in the presence of a flame status signal
(45) indicating no flame after a specified period
of time following the initiation of the ignition proc-
ess;

providing a secondary processor (250) for mon-
itoring the flame status signal (45) independent-
ly of said primary processor (150) and for termi-
nating the ignition process in the event that said
primary processor (150) fails to terminate the
ignition process in the presence of a flame status
signal (45) indicating no flame after a specified
period of time following the initiation of the igni-
tion process;

said secondary processor (250) operating in an
idle mode (230), monitor mode (240) and lockout
mode (260);

wherein in said idle mode (230), said secondary
processor (250) continuously monitors the state
of the fuel control valve (20) and the flame status



10.

1.

12.

13.

13 EP 2 304 331 B1 14

signal (45),

said secondary processor (250) transitioning
from said idle mode (230) to said monitor mode
(240) upon detecting said fuel control valve (20)
is open, said secondary processor (250) check-
ing the flame status signal (45) upon detecting
said fuel control valve (20) is closed, and tran-
sitioning from said idle mode (230) to said lock-
out mode (260) in the presence of a flame status
signal (45) indicating a flame.

The method recited in claim 6 wherein the fuel-fired
appliance is a direct spark ignition gas appliance (2)
having a gas burner and the fuel flow control valve
is a gas valve.

The method as recited in claim 6 or 7 wherein said
secondary processor (250) terminates the ignition
process by closing the fuel flow control valve (20) to
stop the delivery of fuel to the burner (4) in the event
that said primary processor (150) does not close the
fuel flow control valve (20) in the presence of a flame
status signal (45) indicating no flame after a specified
period of time following an initiation of the ignition
process.

The method as recited in claim 7 wherein the steps
of providing a primary processor (150) and of pro-
viding a secondary processor (250) comprise pro-
viding a primary microprocessor and a secondary
microprocessor.

The method as recited in claim 7 further comprising
the step of said secondary processor (250) monitor-
ing the operation of said primary processor (150)
and/or the step of said primary processor (150) mon-
itoring the operation of said secondary processor
(250).

The method as recited in claim 10 further comprising
the step of said secondary processor (250) transmit-
ting a status signal to said primary processor (150)
whenever said secondary processor (250) is in an
active state.

The method as recited in claim 7 further comprising
the step of said secondary processor (250) cycling
in sequence through a primary detect mode, the idle
mode (230) and the monitor mode (240).

The method as recited in claim 12 further charac-
terized in that the secondary processor (250) may
move from any of the primary detect mode, the idle
mode (230) and the monitor mode (240) directly into
a lockout mode (260).
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Patentanspriiche

Zindsteuerung (10) zum Steuern eines Zindvor-
gangs in einem brennstoffbetriebenen Gerat, wobei
die ZUndsteuerung Folgendes umfasst:

ein Brennstoffsteuerventil (20), das eine geoff-
nete Stellung, in der Brennstoff zu einem Bren-
ner (4) strémt, und eine geschlossene Stellung,
in der der Brennstoffstrom zum Brenner (4) un-
terbrochen wird, aufweist;

eine Ziindquelle (30), die in Wirkverbindung mit
dem Brenner (4) steht;

eine Flammenerfassungsvorrichtung (40), die
dazu eingerichtet ist, das Vorhandensein einer
Flamme am Brenner (4) zu erfassen, und dazu
konfiguriert ist, ein Flammenstatussignal (45),
das eine oder keine Flamme anzeigt, zu senden;
eine Steuerung (50), die dazu konfiguriert ist,
den Ziindvorgang des Ziindens des zum Bren-
ner (4) geleiteten Brennstoffs zu Uberwachen,
wobei die Steuerung (50) einen Hauptprozessor
(150) und einen Nebenprozessor (250) ein-
schlieRt:

wobeider Hauptprozessor (150) eine Funk-
tionsfahigkeit zum Betreiben der Ziindquel-
le (30), zum Uberwachen des Flammensta-
tussignals (45) von der Flammenerfas-
sungsvorrichtung (40) und zum Beenden
des Ziindvorgangs bei Vorhandensein ei-
nes Flammenstatussignals (45), das nach
einer bestimmten Zeitspanne nach Einlei-
ten des Ziindvorgangs keine Flamme an-
zeigt, aufweist; und

wobei der Nebenprozessor (250) eine
Funktionsfahigkeit zum Uberwachen des
Flammenstatussignals (45) von der Flam-
menerfassungsvorrichtung (40) und zum
Beenden des Ziindvorgangs in dem Fall, in
dem der Hauptprozessor (150) das Brenn-
stoffsteuerventil (20) bei Vorhandensein ei-
nes Flammenstatussignals (45), das nach
einer bestimmten Zeitspanne nach Einlei-
ten des Ziindvorgangs keine Flamme an-
zeigt, nicht schlielt, aufweist;

wobei der Nebenprozessor (250) dazu ein-
gerichtet ist, in einem Bereitschaftsmodus
(230), einem Uberwachungsmodus (240)
und einem Sperrmodus (260) zu arbeiten;
wobei der Nebenprozessor (250) im Bereit-
schaftsmodus (230) dazu eingerichtet ist,
den Zustand des Brennstoffsteuerventils
(20) und des Flammenstatussignals (45)
durchgehend zu Uiberwachen,

wobei der Nebenprozessor (250) dazu kon-
figuriert ist, bei Erfassen, dass das Brenn-
stoffsteuerventil (20) gedffnet ist, aus dem
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Bereitschaftsmodus (230) in den Uberwa-
chungsmodus (240) Uberzugehen, bei Er-
fassen, dass das Brennstoffsteuerventil
(20) geschlossen ist, das Flammenstatus-
signal (45) zu prifen und bei Vorhan-
densein eines Flammenstatussignals (45),
das eine Flamme anzeigt, aus dem Bereit-
schaftsmodus (230) in den Sperrmodus
(260) tiberzugehen.

Zundsteuerung (10) nach Anspruch 1, ferner umfas-
send den Nebenprozessor (250), der dazu konfigu-
riert ist, den Betrieb des Hauptprozessors (150) zu
Uberwachen, und/oder den Hauptprozessor (150),
der dazu konfiguriert ist, den Betrieb des Nebenpro-
zessors (250) zu Uberwachen.

Zundsteuerung (10) nach Anspruch 1, wobei der
Hauptprozessor (150) und der Nebenprozessor
(250) jeweils einen Mikroprozessor umfassen.

Zundsteuerung (10) nach Anspruch 1, wobei der
Hauptprozessor (150) und der Nebenprozessor
(250) jeweils eine Mikrosteuerung umfassen.

Zundsteuerung (10) nach Anspruch 1, wobei der
Hauptprozessor (150) und der Nebenprozessor
(250) jeweils dazu konfiguriert sind, das Brennstoff-
steuerventil (20) in seine geschlossene Stellung zu
bringen, um unabhangig voneinander den Ziindvor-
gang zu beenden.

Verfahren zum Kontrollieren eines Ziindvorgangs in
einem brennstoffbetriebenen Gerat, wobei das Ge-
rat einen Brennstoffbrenner, ein Brennstoffstrom-
steuerventil (20), eine Zindquelle (30), die in Wirk-
verbindung mit dem Brenner (4) steht, eine Flam-
menerfassungsvorrichtung (40), die in Wirkverbin-
dung mit dem Brenner (4) steht, um das Vorhan-
densein einer Flamme am Brenner zu erfassen und
ein Flammenstatussignal (45) zu senden, das eine
Flamme oder keine Flamme anzeigt, aufweist; wobei
das Verfahren folgende Schritte umfasst:

Bereitstellen eines Hauptprozessors (150) zum
Einleiten des Ziindvorgangs, zum Uberwachen
des Flammenstatussignals (45) und zum Been-
den des Ziindvorgangs bei Vorhandensein ei-
nes Flammenstatussignals (45), das nach einer
bestimmten Zeitspanne nach Einleiten des
Zindvorgangs keine Flamme anzeigt;

Bereitstellen eines Nebenprozessors (250) zum
Uberwachen des Flammenstatussignals (45)
unabhangig vom Hauptprozessor (150) und
zum Beenden des Ziindvorgangs in dem Fall,
in dem das Beenden des Ziindvorgangs durch
den Hauptprozessor (150) bei Vorhandensein
eines Flammenstatussignals (45), das nach ei-
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10.

1.

ner bestimmten Zeitspanne nach Einleiten des
Ziundvorgangs keine Flamme anzeigt, fehl-
schlagt;

wobei der Nebenprozessor (250) in einem Be-
reitschaftsmodus (230), einem Uberwachungs-
modus (240) und einem Sperrmodus (260) ar-
beitet;

wobei der Nebenprozessor (250) im Bereit-
schaftsmodus (230) den Zustand des Brenn-
stoffsteuerventils (20) und des Flammenstatus-
signals (45) durchgehend Uiberwacht,

wobei der Nebenprozessor (250) bei Erfassen,
dass das Brennstoffsteuerventil (20) gedffnet
ist, aus dem Bereitschaftsmodus (230) in den
Uberwachungsmodus (240) Ubergeht, wobei
der Nebenprozessor (250) bei Erfassen, dass
das Brennstoffsteuerventil (20) geschlossen ist,
das Flammenstatussignal (45) Uberpriftund bei
Vorhandensein eines Flammenstatussignals
(45), das eine Flamme anzeigt, aus dem Bereit-
schaftsmodus (230) in den Sperrmodus (260)
Ubergeht.

Verfahren nach Anspruch 6, wobei das brennstoff-
betriebene Geréat ein direktes Ziindfunkengasgerat
(2) ist, das einen Gasbrenner aufweist, und das
Brennstoffstromsteuerventil ein Gasventil ist.

Verfahren nach Anspruch 6 oder 7, wobei der Ne-
benprozessor (250) den Ziindvorgang beendet, in-
dem er das Brennstoffstromsteuerventil (20)
schlie3t, um das Leiten von Brennstoff zum Brenner
(4) zu unterbrechen, in dem Fall, in dem der Haupt-
prozessor (150) das Brennstoffstromsteuerventil
(20) bei Vorhandensein eines Flammenstatussig-
nals (45), das nach einer bestimmten Zeitspanne
nach einem Einleiten des Ziindvorgangs keine Flam-
me anzeigt, nicht schlief3t.

Verfahren nach Anspruch 7, wobei die Schritte des
Bereitstellens eines Hauptprozessors (150) und des
Bereitstellens eines Nebenprozessors (250) Bereit-
stellen eines Hauptmikroprozessors und eines Ne-
benmikroprozessors umfassen.

Verfahren nach Anspruch 7, ferner umfassend den
Schritt des Uberwachens des Betriebs des Haupt-
prozessors (150) durch den Nebenprozessor (250)
und/oder den Schritt des Uberwachens des Betriebs
des Nebenprozessors (250) durch den Hauptpro-
zessor (150).

Verfahren nach Anspruch 10, ferner umfassend den
Schritt des Sendens eines Statussignals an den
Hauptprozessor (150) durch den Nebenprozessors
(250), immer wenn sich der Nebenprozessor (250)
in einem aktiven Zustand befindet.
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Verfahren nach Anspruch 7, ferner umfassend den
Schritt des Durchlaufens eines Haupterfassungs-
modus, des Bereitschaftsmodus (230) und des
Uberwachungsmodus (240) hintereinander durch
den Nebenprozessor (250).

Verfahren nach Anspruch 12, ferner dadurch ge-
kennzeichnet, dass sich der Nebenprozessor (250)
aus einem beliebigen des Haupterfassungsmodus,
des Bereitschaftsmodus (230) und des Uberwa-
chungsmodus (240) direkt in den Sperrmodus (260)
bewegen kann.

Revendications

1.

Commande d’allumage (10) pour commander un
processus d’allumage sur un appareil a combustion,
ladite commande d’allumage comprenant :

un robinet de commande de combustible (20)
ayant une position ouverte dans laquelle le com-
bustible s’écoule jusqu’a un brileur (4) et une
position fermée dans laquelle I'écoulement de
combustible jusqu’audit brlleur (4) est arrété ;

une source d’allumage (30) associée de manie-
re opérationnelle audit braleur (4) ;

un dispositif de détection de flamme (40) congu
pour détecter la présence d’'une flamme au ni-
veau dudit brdleur (4) et configuré pour trans-
mettre un signal de statut de flamme (45) indi-
quant une flamme ou une absence de flamme ;
un dispositif de commande (50) configuré pour
surveiller le processus d’allumage du combus-
tible alimentant ledit braleur (4), ledit dispositif
de commande (50) comprenant un processeur
principal (150) et un processeur secondaire
(250) :

ledit processeur principal (150) ayant la ca-
pacité fonctionnelle de faire fonctionner la
source d’allumage (30), de surveiller le si-
gnal de statut de flamme (45) a partir du
dispositif de détection de flamme (40) et de
mettre fin au processus d’allumage en pré-
sence d’un signal de statut de flamme (45)
indiquant I'absence de flamme aprés une
période de temps spécifiée suivant un dé-
marrage du processus d’allumage ; et

ledit processeur secondaire (250) ayant la
capacité fonctionnelle de surveiller le signal
de statutde flamme (45) a partir du dispositif
de détection de flamme (40) et de mettre fin
au processus d’allumage si le processeur
principal (150) ne ferme pas le robinet de
commande de combustible (20) en présen-
ce d’'un signal de statut de flamme (45) in-
diquant 'absence de flamme aprés une pé-
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10

riode de temps spécifiée suivant un démar-
rage du processus d’allumage ;

ledit processeur secondaire (250) étant
congu pour fonctionner en mode veille
(230), en mode surveillance (240) eten mo-
de verrouillage (260) ;

dans laquelle, dans ledit mode veille (230),
ledit processeur secondaire (250) est congu
pour surveiller en continu I'état du robinet
de commande de combustible (20) et le si-
gnal de statut de flamme (45),

ledit processeur secondaire (250) étant
configuré pour passer dudit mode veille
(230) audit mode surveillance (240) lorsqu’il
est détecté que ledit robinet de commande
de combustible (20) est ouvert, vérifier le
signal de statut de flamme (45) lorsqu’il est
détecté que ledit robinet de commande de
combustible (20) est fermé, et passer dudit
mode veille (230) audit mode verrouillage
(260) en présence d’'un signal de statut de
flamme (45) indiquant une flamme.

Commande d’allumage (10) selon la revendication
1, comprenant en outre le fait que ledit processeur
secondaire (250) est configuré pour surveiller le
fonctionnement dudit processeur principal (150)
et/ou le fait que ledit processeur principal (150) est
configuré pour surveiller le fonctionnement dudit pro-
cesseur secondaire (250).

Commande d’allumage (10) selon la revendication
1, dans laquelle chacun dudit processeur principal
(150) et dudit processeur secondaire (250) com-
prend un microprocesseur.

Commande d’allumage (10) selon la revendication
1, dans laquelle chacun dudit processeur principal
(150) et dudit processeur secondaire (250) com-
prend un microcontréleur.

Commande d’allumage (10) selon la revendication
1, dans laquelle chacun dudit processeur principal
(150) et dudit processeur secondaire (250) est con-
figuré pour positionner le robinet de commande de
combustible (20) dans sa position fermée afin de
mettre fin de maniére indépendante au processus
d’allumage.

Procédé de surveillance d’un processus d’allumage
surun appareil a combustion, 'appareil ayantun br{-
leura combustible, unrobinet de commande de débit
de combustible (20), une source d’allumage (30) as-
sociée de maniere opérationnelle au brileur (4), un
dispositif de détection de flamme (40) associé de
maniére opérationnelle au brileur (4) pour détecter
la présence d’'une flamme au niveau du brileur et
transmettre un signal de statut de flamme (45) indi-
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quant une flamme ou une absence de flamme ; ledit
procédé comprend les étapes de :

fourniture d’un processeur principal (150) pour
démarrer le processus d’allumage, pour sur-
veiller le signal de statut de flamme (45) et pour
mettre fin au processus d’allumage en présence
d’'un signal de statut de flamme (45) indiquant
l'absence de flamme aprés une période de
temps spécifiée suivant le démarrage du pro-
cessus d’allumage ;

la fourniture d’'un processeur secondaire (250)
pour surveiller le signal de statut de flamme (45)
indépendamment dudit processeur principal
(150) et pour mettre fin au processus d’allumage
si ledit processeur principal (150) ne parvient
pas amettre fin au processus d’allumage en pré-
sence d’un signal de statut de flamme (45) indi-
quant I'absence de flamme aprés une période
de temps spécifiée suivant le démarrage du pro-
cessus d’allumage ;

ledit processeur secondaire (250) fonctionnant
en mode veille (230), en mode surveillance
(240) et en mode verrouillage (260) ;

dans lequel dans ledit mode veille (230), ledit
processeur secondaire (250) surveille en conti-
nu I'état du robinet de commande de combusti-
ble (20) et le signal de statut de flamme (45),
ledit processeur secondaire (250) passant dudit
mode veille (230) audit mode surveillance (240)
lorsqu’il est détecté que ledit robinet de com-
mande de combustible (20) est ouvert, ledit pro-
cesseur secondaire (250) vérifiant le signal de
statut de flamme (45) lorsqu’il est détecté que
ledit robinet de commande de combustible (20)
est fermé, et passant dudit mode veille (230)
audit mode verrouillage (260) en présence d'un
signal de statut de flamme (45) indiquant une
flamme.

Procédé selon la revendication 6, dans lequel I'ap-
pareil a combustion est un appareil a gaz a allumage
direct par étincelle (2) ayant un brdleur a gaz et le
robinet de commande de débit de combustible est
un robinet de gaz.

Procédé selon la revendication 6 ou 7, dans lequel
ledit processeur secondaire (250) met fin au proces-
sus d’allumage en fermant la vanne de commande
de débit de combustible (20) pour arréter 'achemi-
nement de combustible jusqu’au brileur (4) si ledit
processeur principal (150) ne ferme pas le robinet
de commande de débit de combustible (20) en pré-
sence d’'un signal de statut de flamme (45) indiquant
I'absence de flamme aprés une période de temps
spécifiee suivant un démarrage du processus d’al-
lumage.
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Procédé selon la revendication 7, dans lequel les
étapes de fourniture d’un processeur principal (150)
et de fourniture d’'un processeur secondaire (250)
comprennent la fourniture d’'un microprocesseur
principal et d’'un microprocesseur secondaire.

Procédé selon la revendication 7, comprenant en
outre I'étape dudit processeur secondaire (250) sur-
veillant le fonctionnement dudit processeur principal
(150) et/ou I'étape dudit processeur principal (150)
surveillant le fonctionnement dudit processeur se-
condaire (250).

Procédé selon la revendication 10, comprenant en
outre I'étape dudit processeur secondaire (250)
transmettant un signal de statut audit processeur
principal (150) chaque fois que ledit processeur se-
condaire (250) est dans un état actif.

Procédé selon la revendication 7, comprenant en
outre I'étape dudit processeur secondaire (250) fai-
sant un cycle dans 'ordre a travers un mode de dé-
tection principal, le mode veille (230) et le mode sur-
veillance (240).

Procédé selon la revendication 12, caractérisé en
outre en ce que le processus secondaire (250) peut
passer de l'un quelconque du mode de détection
principal, du mode veille (230) et du mode surveillan-
ce (240) directement en mode verrouillage (260).



EP 2 304 331 B1

20
5zt

N P L-150
I i
] i
i I
| |
[ L1y T
ir‘» 5
|_{ gt é“ i
R !
| |
IR AN B |
250




EP 2 304 331 B1

PRIMARY
DETECT
MODE

PRIMARY

|

NO PRIMARY

PROCESSO

g

R

LOCKOUT
MODE

260

_

PROCESSOR FOUND

FUEL VALVE OFF
AND

;

FLAME DETECTED

FUEL VALVE ON
AND

——NQG FLAME DETECTED—

AND
FAULT TIMER EXPIRED

FIG.2

M | 230
IDLE ‘
MoDE | ™
l FUEL
FUEL VALVE ON Vé%EE
MONITOR i
MODE
N
L240



EP 2 304 331 B1

BEGIN

AFanE

URIVE HIGH

DECREMENT
——4 FINDPRIMARY
COUNTER

226“’
ff’}\“\

~FINDPRIMARY ™
S COUNTER = O .
‘ ?

228

YES
PRIMARY NOT FOUND
i

Lockout | 7400

MODE

FIG.3

D s



EP 2 304 331 B1

{ BEGIN

(240
m)/FUEE_ ~ |

> FUEL™S £ MONITOR

I N MODE
1o
234~ AN
AFLAME™_
<. DETECTED
JYES FIG.4
Lockout | 200
MODE
BEGIN
242

= 230
_FUEL™ N ole | 7
< VALVE ON VoL

vE ON - MODE
YES —
7 44 ‘

BN 248
,,«f”@’ii*?}é. NO_ | pecrevent |7
_DETECTED FAULTTIMER

TYES
RESET FAULTTMER |_—249
FLAMEDETECTED SET |
TO FALSE 7248
- " FAULTIIVER ™
2
e
| | 260
FG.5 Lockout |

MODE

15



EP 2 304 331 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 4695246 A [0007] « EP 0751350 A2 [0008]
* WO 9516943 A1 [0008]

16



	bibliography
	description
	claims
	drawings
	cited references

