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(54) Hot surface ignition controller for fuel oil burner

(57) A fuel oil burner utilizing a hot surface ignition
with an ignitor that is fully sintered and has essentially
no porosity, a voltage phase regulator circuit for applying
rectified half-wave AC line voltage, full-wave rectified
AC, oreither half-wave or full-wave rectified AC line volt-
age to the ignitor to supply power thereto, and AC line
voltage to a blower motor, an AC-to-DC converter, a DC
voltage preregulator, and a DC voltage regulator for pro-
viding twelve volts DC for operation of a control circuit
that has a first time constant circuit for preheating the
ignitor and maintaining the ignitor at consistent ignition
temperature for a predetermined ignition trial time peri-
od and a second time constant circuit for driving second
and third motor drive circuits. The third motor drive cir-
cuit energizes the start winding of the blower motor and

the second motor drive circuit energizes the main wind-
ing of the blower motor thus starting the motor and pro-
viding fuel to the combustion chamber during a prede-
termined time concurrent with the ignition trial period. At
that time, a third time constant circuit either maintains
the fan blower motor in its energized state, if a flame of
sufficient magnitude and frequency is detected, or de-
energizes the blower motor, if the flame is not detected
in less than one second after the ignitor is de-energized.

A lock-up circuit is provided such that if no flame is
detected, restart is accomplished only by first removing
power and then reapplying power to the unit. The unit
can be restarted in this manner even if there is a flame
in the combustion chamber. Also, a shutdown circuit is
provided if the flame detector shorts during burner op-
eration.
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Description
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

[0001] The present invention relates to the control of
fuel burning devices in general and in particular relates
to afuel oil burner operating with intermittent ignition and
using a hot surface 120 volt ignitor electrode that is sin-
tered to full density with no porosity and that will with-
stand applied voltages in excess of 230 volts AC for
short duty cycles, a circuit for controlling the duty cycle,
and a voltage phase regulator circuit to operate an 85
to 120 volt hot surface ignitor from a 180 to 254 volt AC
source or operate a 60 volt hot surface ignitor from a 60
to 132 volt AC source and providing half wave consistent
output voltage to the ignitor and that further includes a
trial ignition period during which time a blower motor of
the split-phase type, and having a main winding and an
auxiliary start winding, provides both air and fuel to the
combustion chamber. If a flame is not detected in less
than one second, the device is de-energized and start-
ing must be retried.

[0002] Inasecond embodiment, a series-type voltage
regulator circuit is used to operate an 85 to 120 volt hot
surface ignitor from a 180 to 254 volt AC source, to op-
erate a 60 volt hot surface ignitor from a 60 to 132 volt
AC source, or to operate an 85 volt hot surface ignitor
from an 85 to 132 volt AC source and providing full wave
consistent output voltage to the ignitor.

[0003] In the third embodiment of the present inven-
tion, a first circuit is provided that applies full-wave volt-
age to the ignitor only during the preheat and ignition
trial periods for ignition purposes. A second circuit is pro-
vided that applies half-wave voltage to the ignitor con-
tinuously, beginning with the RUN period, for fast re-ig-
nition and to burn any fuel coming in contact with the
ignitor during the RUN period and thus prevents carbon
buildup on the ignitor, especially if heavy fuels, such as
diesel, are used. A third circuit is provided which auto-
matically adjusts the preheat time and the ignition on-
time, depending on the applied line voltage and the cur-
rent draw of the ignitor.

2. DESCRIPTION OF RELATED ART INCLUDING
INFORMATION DISCLOSED UNDER 37 CFR 1.97
AND 1.98

[0004] Portable forced air kerosene heaters typically
comprise an outer housing surrounding a combustion
chamber. Air is forced into the combustion chamber. A
burner is located at one end of the combustion chamber
and the burner normally has a fuel nozzle frequently in-
corporating eductor means providing jets of air to draw,
mix, and atomize the fuel delivered by the nozzle. The
nozzle, together with the eductors, discharges a com-
bustible fuel-air mixture into the combustion chamber.
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An ignitor is provided to ignite the mixture and, after in-
itial ignition, continuous burning occurs. Typically, dur-
ing the continuous combustion, forced air heat currents
issue from the end of the heater opposite the burner and
additional heat radiates from the surface of the heater
housing.

[0005] Portable space heaters of the general type de-
scribed are frequently provided with a direct spark type
of ignitor and a motor. The motor normally runs a fan
supplying air to the combustion chamber and the educ-
tors and operates a fuel pump or air compressor to sup-
ply the fuel to the combustion chamber.

[0006] When the portable space heater is functioning
properly, fuel burning will occur near the end of the com-
bustion chamber at which the burner is located. In the
event of reduced air flow, however, the flame will move
toward the opposite end of the combustion chamber, the
oxygen supply becoming inadequate for proper com-
bustion. Under such a circumstance, it is desirable to
shut down the heater. Inadequate air may result be-
cause of a malfunction of the fan or a blocking of the
passages for air into or out of the combustion chamber.
[0007] It is also desirable to shut down the portable
space heater when there is a flame failure. This can oc-
cur by virtue of faulty ignition, a blockage of the fuel noz-
zle, or exhaustion of the fuel supply.

[0008] Further, the prior art portable heaters utilize a
spark gap for ignition. Some use heating coils that glow
at a particular temperature sufficiently hot to cause ig-
nition.

[0009] Hot surface ignition systems (HSI) have been
used for more than twenty years for gas ignition in units
such as gas clothes dryers, gas ovens, gas fired furnac-
es, and boilers thus replacing and eliminating standing
gas pilot lights. Low voltage ignitors (12 and 24 volts) of
the hot surface type are made from a patented ceramic/
intermetallic material. These ignitors are used in com-
pact low wattage assemblies for ignition of gas fuels.
The element reaches ignition temperature in less than
10 to 15 seconds and utilizes about 40 watts of power.
The ignitor is made from a composite of strong oxidation
resistant ceramic and a refractory intermetallic. Thus hot
surface ignitors have no flame or spark. They simply
heat to the required temperature for igniting a fuel air
mixture. Such ignitors have not been used in oil burning
systems because the ignitor material is porous and oil
entering the porous cavities causes buildup of the ma-
terials that are inimical to the operation of the burner.
[0010] A 120V HSI ignitor has been developed in
which the material is compressed and sintered to full
density leaving no porosity resulting in a high perform-
ance ceramic composite. It can operate at very high
temperatures such as 1,300 to 1,600 degrees Celsius.
This same ignitor can withstand 230-volt operation at a
reduced duty cycle to prevent overheating. The applica-
tion of such high voltage hot surface ignition device is
especially attractive for use in the present invention
wherein fuel oil burning heaters are to be constructed.
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They provide unique advantages over prior art gas
flames, heating coils, and spark gap ignition systems.
However, the temperature of said hot surface ignitor var-
ies with the applied voltage and some variation is found
in normal response variations among the ignitors them-
selves.

[0011] This invention solves this problem by providing
a circuit that responds to both current and voltage ap-
plied to the hot surface ignitor and is also used to oper-
ate a 120-volt ignitor directly on 230 volts or operate a
60-volt hot surface ignitor from a 60 to 132 volts AC
source without a step-down transformer or series con-
nected power dissipating devices.

[0012] In any case, malfunctions in the prior art heat-
ers can cause insufficient orincomplete burning or a fail-
ure to burn issuing fuel thus producing a dangerous con-
dition of highly flammable liquid or noxious fumes. Prior
art devices include a number of safety control circuits
for fuel burning devices that are proposed to avoid the
many and often undesirable results of improper burning
or flame failure.

[0013] Thus, in U.S. Patent No. 3,713,766 (Donnelly
oil burner control 1973), a pretrial ignition period is de-
termined by a bimetallic thermal switch which, after a
predetermined period of time if ignition has not started,
opens and removes the power to the heater.

[0014] Manual resetting of the bimetallic contacts is
required to restart. However, during burner operation, if
the flame for any reason goes out, a new trial period is
automatically reinitiated. This could be dangerous if a
fuel buildup in the combustion chamber is ignited. Fur-
ther, if the photocell detecting the flame is shorted during
operation, the burner will continue to operate because
the circuit cannot detect that the photocell has been
shorted and a shorted photocell condition is similar to
the normal flame condition, which is a very low photocell
resistance. The control will only detect a shorted photo-
cell at start-up. Further, spark ignition is constantly ap-
plied during each cycle of the line voltage. Finally, there
is an electric spark ignition circuit. Further, this control
does not provide a motor start drive or preregulator or
voltage regulator power supply circuits. In addition, this
control does not provide current or voltage regulation to
the ignitor.

[0015] In U.S. Patent No. 3,651,327 (Thomson oil
burner control 1972), a fluctuating control signal, due to
flame fluctuation, is rectified and energizes a relay. This
circuit is entirely a DC circuit. It responds only to the
presence or absence of a flame and would require a
separate circuit for a trial ignition period. It has no start-
up circuit or restart circuit, no preheat circuit, and no hot
surface ignition. Again, this control does not provide a
motor start drive or preregulator or voltage regulator
power supply circuits and, further, this control does not
provide current or voltage regulation to the ignitor.
[0016] In U.S. Patent No. 3,672,811 (Horon oil burner
control 1972), if the photocell shorts during operation,
there is no detection of loss of flame. Thus there is no
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shutdown of the fuel flow to the burner or the air blower.
It also uses a spark gap ignition with a continuous spark
being applied. There is no hot surface ignition and it
does not provide a motor start drive or preregulator or
voltage regulator power supply circuits. It also does not
provide current or voltage regulation to the ignitor.
[0017] InU.S. Patent No. 3,741,709 (Clark, common-
ly assigned), if the unit fails to start during an ignition
trial period, a resistance heater opens the contacts of a
thermal breaker unit to remove power. There is no shut-
down of the control system if the photocell shorts. This
control does not provide an ignition preheat period re-
quired for HSI ignition. This control does not provide an
ignition preheat period required for HSI ignition. This
control does not have the separate ignition control circuit
for intermittent ignition. However, this control does con-
tain moving parts. The timings of this control vary greatly
with a change in applied voltage. There is no HSI ignition
and, again, this control does not provide a motor start
drive or preregulator or voltage regulator power supply
circuits. This control also does not provide current or
voltage regulation to the ignitor.

[0018] In U.S. Patent No. 3,393,039 (Eldridge Jr. gas
burner), if the unit fails to start during an ignition ftrial
period, a resistance heater opens the contacts of a ther-
mal breaker unit to remove power. It utilizes only AC volt-
age, uses a mechanical relay to cause continued oper-
ation of the circuit by detecting the heat of the flames,
and has an automatic restart. It is not shut down during
operation if the flame is gone. It simply keeps trying to
ignite the fuel. Further, there is no hot surface ignition
and the control does not provide a motor start drive or
preregulator or voltage regulator power supply circuits,
neither does it provide current or voltage regulation to
the ignitor.

[0019] In U.S. Patent No. 3,537,804 (Walbridge), an
ignitor coil is used rather than a spark gap or pilot flame
for ignition. The temperature of the ignitor coil is sensed
by a photocell and, when the proper temperature is
reached, the fuel valve is opened. It has a trial ignition
in which, if a flame does not occur, a heating element
opens bimetallic contacts to remove power. If the pho-
tocell is shorted during operation, the system simply
tries to restart and does not shut down unless the heat-
ing element in the circuit reaches a predetermined tem-
perature. Again, this device does not provide a motor
start drive or preregulator or voltage regulator power
supply circuits and neither does it provide current or volt-
age regulation to the ignitor.

SUMMARY OF THE INVENTION

[0020] The present invention relates to an improve-
ment to commonly assigned U.S. Patent No. 5,567,144
by Hugh W. McCoy entitled "HOT SURFACE IGNITION
CONTROLLER FOR OIL BURNER" and incorporated
herein by reference in its entirety. In the first embodi-
ment, the present invention adds a 120 or 230 volt half-
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wave power regulator circuit that responds to both the
ignitor current and voltage to operate a 60-volt ignitor
on 120 volts half wave or to operate a 120-volt ignitor
on 230 volts half wave, and includes a preregulator and
regulator power supply circuits and adds a third switch-
ing circuit to power a motor auxiliary start winding. The
invention also includes a fuel oil-type burner having a
hot surface ignitor element that is manufactured to full
density with no porosity. A blower provides air to the
combustion chamber and an AC-to-DC half-wave con-
verter circuit converts AC power to DC voltage output.
A preregulator stores excess voltage for use during the
undriven half cycle. A DC voltage regulator generates a
DC output voltage of approximately 11 volts for operat-
ing a control circuit.

[0021] A first control switch is coupled between the
AC power source and the hot surface ignitor electrode
for selectively providing the half-wave AC power to the
hot surface ignitor electrode. A second control switch is
coupled between the AC power source and the blower
for selectively driving the blower. A third control switch
is coupled between the AC power source and the blower
motor for driving the start, or auxiliary winding, for start-
ing the split-phase type motor, which is used as the units
increase in size.

[0022] A flame detector is associated with the com-
bustion chamber for generating a signal if a flame is de-
tected. A control assembly is coupled to the regulated
DC output voltage and the flame detector for starting
and maintaining the fuel oil burning by initiating an igni-
tor preheat period and an ignition trial period. The con-
trol assembly generates a first signal to the first control
switch to couple the half-wave AC voltage to the hot sur-
face ignitor to preheat the ignitor for a first predeter-
mined period of time known as the ignitor preheat time
period. It also provides heat for a second predetermined
period of time known as the trial ignition time period. It
further generates a second signal to the fan motor for
introducing both air and fuel to the combustion chamber
at the beginning of the trial ignition time period and for
a very short period of time immediately following the trial
ignition time period known as the flame test time period.
It de-energizes the fan blower motor, which removes the
fuelto the burner, if normal ignition does not occur during
the flame test time period.

[0023] Thus the first embodiment of the present in-
vention provides numerous advantages over the prior
art. First, it uses a 120-volt hot surface ignitor element
that can ignite oil without absorbing the oil and inhibiting
the function of the hot surface ignitor. It also provides
circuitry that provides the means for operation of a
60-volt ignitor directly on 120 volts or a 120-volt ignitor
directly on 230 volts and further provides a constant
temperature output over a wide input voltage.

[0024] Second, it provides half-wave AC to a 60-volt
ignitor that provides for wide use of the heaters in areas
where only 100 to 132 volts 50 or 60 hertz alternating
current power is available or it provides a 230-volt half-
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wave AC to a 120-volt ignitor in areas where only 230
volts 50 or 60 hertz alternating current power is availa-
ble. It also provides a circuit for maintaining virtually con-
stant power output to the hot surface ignitor thus provid-
ing a consistent ignition temperature over a wide range
of applied power line voltage. The circuit also provides
AC drive to both the main and start windings of the blow-
er and a well-regulated low voltage DC to the control
circuits that can be formed of compact integrated cir-
cuits.

[0025] In the second embodiment, the operation is
similar to the first embodiment except that the control
assembly generates a first signal to the first control
switch/voltage regulator to couple full-wave DC (con-
verted from AC line voltage) to the hot surface ignitor to
preheat the ignitor for a first predetermined period of
time known as the ignitor preheat time. It also provides
heat for a second period of time known as the trial igni-
tion time period.

[0026] It provides a series voltage regulator which has
a peak voltage at a predetermined level, around 75 %
of normal. By choosing an ignitor with this nominal op-
erating voltage, a constant ignitor output temperature
over a wide range of input voltage can be achieved.
[0027] In the third embodiment of the present inven-
tion, an ignitor current sampling feedback circuit is add-
ed that shortens both the preheat and ignition time pe-
riod when the ignitor current reaches a predetermined
level. The amount of shortening of the time periods is
dependent upon the amount of ignitor current. This cir-
cuit also has a circuit to supply full-wave current to the
ignitor during STARTUP and half-wave AC current, or
pulsating DC current, to the ignitor during continuous
RUN to minimize carbon buildup.

[0028] A control assembly incorporates an ignitor cur-
rent-sensing circuit which automatically shortens the
first and second predetermined time periods dependent
on the ignitor current, thus shortening the preheat and
the ignition trial periods.

[0029] Thus the third embodiment of the present in-
vention provides numerous advantages over the prior
art. First, it has a very simple electronic circuit that has
a self-adjusting ignitor preheat time period, a self-ad-
justing ignition trial period, and a subsequent flame test
in which, if no flame is apparent, the system shuts down
by removing not only the voltage to the ignitor assembly
but also to the fan blower assembly that stops the air
and fuel from being provided to the combustion cham-
ber.

[0030] Itfurther provides a means of automatically ad-
justing the preheat and ignition trial times to allow a wid-
errange of voltage operation and a wider range of ignitor
current tolerance variations and still provide adequate
ignition temperatures. It also allows the use of high volt-
age AC applied directly to the ignitor and provides AC
drive to both the main and start windings of the blower
and a well-regulated low DC voltage to the control cir-
cuits that can be formed of compact integrated circuits.
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[0031] Thus itis an object of the third embodiment of
the present invention to operate the said ignitor from full-
wave AC voltage during STARTUP and on half-wave
voltage from a half-wave voltage phase regulator during
normal RUN thus being capable of operating on one half
the amplitude of the applied voltage.

[0032] It is another object of the present invention to
provide voltage phase regulation to maintain constant
ignition temperatures.

[0033] Thus the first embodiment of the present in-
vention relates to a fuel oil burner including a fuel oil
combustion chamber, a power source for providing a
nominal voltage of at least 100 volts AC, a hot surface
ignitor element associated with the combustion cham-
ber, the ignitor electrode being sintered to full density
with essentially no porosity, a current and voltage de-
pendent ignitor power regulator circuit coupled to the
power source for averaging the duty cycle of the voltage
supplied to the hot surface ignitor, a fan blower driven
by a split-phase type motor and having both a main and
a start winding for providing fuel oil and air to the com-
bustion chamber, an AC-to-DC converter coupled to the
AC power supply for providing a DC voltage output, a
preregulator circuit coupled between the AC/DC con-
verter and the series voltage regulator circuit to provide
output voltage during the negative going half cycle of
the AC power supply to improve current capacity and
low voltage operation, a voltage regulator circuit to pro-
vide a regulated low voltage DC voltage output, a first
controllable switch coupled between the AC power
source and the hot surface ignitor, a second controllable
switch coupled between the AC power source and the
main winding of said split-phase type of fan blower mo-
tor, a third controllable switch coupled between the AC
power source and the auxiliary start winding of the split-
phase type of fan blower motor, a flame detector asso-
ciated with the combustion chamber for generating an
electrical signal if a flame is detected, and a control as-
sembly coupled to the voltage regulator circuit to receive
the DC output voltage, the flame detector, and the first,
second, and third controllable switches for heating the
hot surface ignitor with the AC voltage for a first prede-
termined preheat time period, energizing a blower mo-
tor, and continuing to heat the hot surface ignitor during
a second predetermined trial ignition time period. The
fan blower motor main winding is energized only at the
beginning of the trial ignition time period and the start
winding of said blower motor also is energized only at
the beginning of the trial ignition time period. However,
the start winding is de-energized at the beginning of the
ignition test time period, which is activated at the end of
the first time constant period. A short flame test time pe-
riod immediately follows the trial ignition time period. If
a flame appears but is insufficient to cause a photocell
to produce an AC signal of proper amplitude and fre-
quency, or if the flame disappears, the unit is shut down
by removing fuel and air to the unit. The control then
locks up preventing a restart from the photocell signal.
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[0034] It is also an object of the second embodiment
of the present invention to provide voltage regulation to
maintain substantially constant ignition temperatures.
[0035] Thus the invention of the second embodiment,
as in the first embodiment, relates to a fuel oil burner
and further includes a first AC-to-DC converter coupled
to the AC power supply for providing a predetermined
full-wave output voltage, a second AC/DC converter
coupled to the AC power supply for providing a half-
wave pulsating DC voltage output for the control circuit,
and afirst controllable switch and combined voltage reg-
ulator coupled between the first AC/DC converter and
the hot surface ignitor.

[0036] It is an object of the third embodiment of the
present invention to provide a circuit similar to the first
embodiment and adding to the electronic circuit a self-
adjusting ignitor preheat time period and a self-adjusting
ignition trial period to allow a wider range of voltage op-
eration and a wider range of ignitor current tolerance
variations and still provide adequate ignition tempera-
tures.

[0037] Itis also an object of the third embodiment of
the present invention to provide full-wave AC voltage to
the ignitor during STARTUP and half-wave DC voltage
to the ignitor during RUN conditions to prolong the life
of the ignitor.

[0038] Thus the third embodiment of the present in-
vention is as the first and second embodiments and fur-
ther includes a control assembly coupled to a voltage
regulator, a flame detector, and first, second, and third
controllable switches for heating the hot surface ignitor
with the AC voltage for a first predetermined preheat pe-
riod, which automatically shortens depending upon the
ignitor current, energizing a blower motor and continu-
ing to heat the hot surface ignitor during a second pre-
determined trial ignition period, which also shortens de-
pending upon the ignitor current, the second controlla-
ble switch energizing the fan blower motor main winding
only at the beginning of the trial ignition period, the third
controllable switch energizing the start winding of the
blower motor only at the beginning of the trial ignition
period and de-energizing it at the beginning of the igni-
tion test period, which is activated by the end of the first
preheat period (the first time constant period). It also
provides full-wave DC voltage for STARTUP and half-
wave AC voltage for normal RUN conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] These and other more detailed objects of the
present invention will be more fully disclosed in the fol-
lowing DETAILED DESCRIPTION OF THE PRE-
FERRED EMBODIMENTS in which like numerals rep-
resent like elements and in which:

FIG. 1 is a schematic block diagram of the novel
invention;
FIG. 2 is a corresponding circuit diagram of a first
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embodiment of the invention;

FIG. 3is a schematic representation of a hot surface
ignitor used in the present invention;

FIG. 4 is a timing table that shows control timings
from start-up to turn-off with "NO" flame detected,;
FIG. 5 is a table that shows control timings from
start-up to normal flame to turn-off due to flame loss;
FIG. 6 is a corresponding block diagram of the sec-
ond embodiment of the present invention;

FIG. 7 is a corresponding circuit diagram of the sec-
ond embodiment of the present invention;

FIG. 8 is a schematic block diagram of the third em-
bodiment of the present invention; and

FIG. 9is a corresponding circuit diagram of the third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] FIG. 1is aschematic block diagram of the nov-
el fuel oil-type burner 10 of the first embodiment illus-
trating the combustion chamber 12 in phantom lines in
which is positioned a hot surface ignitor 14, a blower
motor 16 that not only provides the air for the combus-
tion chamber 12 but also provides the fuel oil, and a
flame sensor or photocell 18. An ignitor power regulator
circuit 69 includes an ignitor driver 20 that is coupled to
the hot surface ignitor 14 to selectively couple AC line
voltage of at least 100 VAC RMS from source 24 on line
25 through the AC/DC converter diode D7 and phase-
type power regulator circuit 20 to the ignitor 14. In like
manner, motor driver switches 22 and 61 selectively
couple the alternating current voltage on line 25 to the
blower motor 16 main and start windings to provide the
fuel and air to the combustion chamber 12.

[0041] The AC voltage source 24 is also coupled
through a switch 27 to a well-known AC-to-DC converter
26 that provides a half-wave DC output voltage signal
to the preregulator 57. The preregulator 57 provides 24
volts maximum to the series regulator 58, and the series
regulator 58 generates an output on line 28. Typically,
the DC voltage on line 28 may be 11.25 volts.

[0042] The description of controller circuit 30 will be
made in conjunction with the timing charts shown in FIG.
4 and FIG. 5. FIG. 4 has the following labels: HSI PRE-
HEAT = 1A TO 1C, AUX "ON" = 2B TO 2C, MOTOR
"ON" =3B TO 3D, NO FLAME =4B TO 4D AND SHUT-
DOWN =3D. FIG. 5 has the following labels: HSI PRE-
HEAT = 1A TO 1C, AUX "ON" = 2B TO 2C, MOTOR
"ON"=3B TO 3F, NORMAL FLAME =4B TO 4E, FLAME
LOSS = 4E TO 4F, AND SHUTDOWN = 3F.

[0043] When the switch 27 is closed and the voltage
from source 24 is applied to the second AC/DC convert-
er 26, which supplies DC voltage to the preregulator 57,
the preregulator 57 limits the voltage at the input of the
voltage regulator 58 to 24 volts. Voltage regulator 58
sets the DC voltage on line 28 and commences charging
a first time constant circuit 32 and a second time con-

10

15

20

25

30

35

40

45

50

55

stant circuit 34 in control assembly 30. For example, the
first time constant circuit 32 may provide a time period
of 6 seconds. This first time constant is represented as
from 1A to 1C in FIGS. 4 and 5 and is labeled "TC1". Its
output is coupled to NAND gate driver 36 whose logic
low output on line 38 reverse biases diode 64, which
allows the input of NAND gate 63 to generate a logic
high output on line 65 that enables IGBT voltage regu-
lator and ignitor driver 20. Driver 20 provides half-wave
pulsating DC voltage output from the first AC/DC con-
verter circuit diode D7 to the hot surface ignitor 14 to
begin to heat it.

[0044] Time constant circuit TC1, represented by
block 32, has a time period that lasts for approximately
6 seconds. This time period is shown in FIGS. 4 and 5
to be from 1Ato 1C and is labeled "TC1". The first 3-1/2
seconds of TC1 is a preheat period in which the ignitor
14 is brought to the proper temperature. This time period
is shown in FIGS. 4 and 5 to be from 2A to 2B. At the
same time the first time constant 32 (TC1) begins to
function, the second time constant circuit, TC2, repre-
sented by block 34, begins to function. Its time constant
period is approximately 3-1/2 seconds and is coupled
on line 40 to NAND gate 42. The second time constant
circuit 34 initially causes no output on line 44, which is
coupled through diode 45 to the input of NAND driver
46 and to a third time constant circuit, TC3, represented
by block 48. The third time constant is shown in FIGS.
4 and 5 as being from 4C to 4D and is labeled as "TC3".
When the 3-1/2 second time constant period has ex-
pired, at point 2B, the ignitor 14 has reached the proper
temperature for an ignition trial. This point in time is
shown in FIGS. 4 and 5 to be point "B", which is the start
of the "ignition trial period", and which extends from
point "2B" to "2C". This is the same time period during
which the start winding of the blower motor 16 is ener-
gized, as shown between points 2B and 2C and labeled
as AUX "ON".

[0045] When the output of the second time constant
circuit 34 on line 40 goes low, it causes a high output
from NAND gate 42 on line 44 and through diode 45 to
the third time constant 48 and to the input of NAND gate
46. This causes a low output from NAND driver 46 on
line 47 to the motor main driver circuit 22 to enable it.
This is the time period shown in FIGS. 4 and 5 at point
3B. Main drive circuit 22 couples the AC voltage on line
25 to the blower motor 16 main winding. At the same
time, the logic high on line 44 is coupled to the input of
inverter driver 59 causing a low on line 60, which is cou-
pled to the motor start driver circuit 61, enabling it as
shown in FIGS. 4 and 5 at point 2B. Drive circuit 61 cou-
ples the AC voltage on line 25 to the motor start winding
causing the motor 16 to start, and it commences to pro-
vide fuel oil and air to the combustion chamber 12. After
the first time constant 32 expires, shown in FIGS. 4 and
5, at point "C", the output of NAND gate driver 36 on line
38 is coupled through diode 39 to the input of NAND
gate driver 42 that forces a low output on line 44 to the
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input of inverter driver 59 and which causes a high out-
put on line 60 disabling motor start driver 61 shown in
FIGS. 4 and 5 at point 2C. The motor 16 continues to
run due to power supplied by motor driver circuit 22 to
the main winding, as can be seen at point 3C, in FIGS
4, and 5. At the same time, this same LOW on line 44
couples through diode 45 to the third time constant 48
removing the logic high clamp to time constant 48, al-
lowing it to discharge. The third time constant circuit,
TC3, represented by block 48, and its time period shown
between points "C" and "D" in FIG. 4 and labeled as
"TC3", have a very short time constant period, for ex-
ample, in the range from about 0.5 to 0.8 seconds. If in
that time period no flame is detected, the third time con-
stant circuit 48 discharges causing a high output to be
produced by NAND driver 46 on line 47, which disables
second switch or motor driver circuit 22 and removes
the AC voltage 25 from the main winding of blower motor
16 thus stopping the operation of the system as shown
atpoint 3D in FIG. 4 and labeled "SHUTDOWN?". In such
case, to attempt to restart, the switch 27 must be opened
to initialize all circuits and then be closed to attempt to
restart.

[0046] If, however, a flame has been detected by the
photocell 18 and a proper flame signal is present on line
52, photocell flame control circuit 50 will provide inter-
mittent pulses on line 54 through diode 56 to the third
time constant circuit 48 to maintain its charged state
thus providing the proper output signal from NAND driv-
er 46 on line 47 to cause switch 22 to maintain the AC
voltage applied to the blower motor 16, as shown in FIG.
5 between points 3B and 3F. If time constant circuit 48
does not receive an input from the photocell flame con-
trol circuit 50, as shown in FIG. 5 between points 4E and
4F, which is labeled "TC3" and is also known as the
"flame test period", it will discharge in less than one sec-
ond thus removing power to the blower motor 16, as
shown in FIG. 5 at point "F".

[0047] Thus the advantages obtained over the prior
art, by using the circuit of FIG. 1 as described, is the use
of AC line voltage being applied to the ignitor, the blower
motor main, and auxiliary (start) windings, all under di-
rection from the control assembly 30. Also, the need for
a separate motor start relay or posistor, normally used
for starting split-phase motors, is eliminated. The prob-
lems associated with such motor starting devices are
also eliminated. Also, ignitor power regulator circuit 69
is current and voltage dependent and acts as a first
switch under the control of NAND driver 36 and is com-
prised of feedback 67, driver 63, diode 64, and driver 20
and provides consistent ignitor output temperatures to
insure ignition even at extremely low temperatures over
a wide range of AC line voltages and the normal toler-
ance range of ignitors by averaging the duty cycle of the
voltage supplied to the hot surface ignitor 14, as will be
explained hereafter.

[0048] The series low voltage regulator 58 along with
the preregulator 57 assures improved operation at lower
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AC line voltages, by having less voltage variations of the
output of the low voltage DC supply, which results in
more consistent control timings from time constants
TC1, TC2, and TC3.

[0049] The firsttime constant circuit 32 causes the hot
surface ignitor 14 to be preheated under the control of
NAND driver 36 and, at the end of the preheat period,
the second time constant circuit 34 and NAND driver 42
turns ON both the main and start windings of the blower
motor 16, attime point"B", in FIGS. 4 and 5 and provides
fuel and air. At the end of the ignition trial period, at time
point "C", the first time constant circuit 32 generates a
logic high output through diode 39 and NAND gate 42
removes the logic high on line 44 that both turns OFF
start driver 61 (a second switch) to the start winding of
blower motor 16 and also removes the logic high that
was coupled through diode 45 to time constant 48. The
third time constant 48 is allowed to discharge. It starts
at point "C" and ends at point "E" as seen in FIG. 4. Turn
OFF occurs at point "D" if a flame has not been detected,
but is delayed indefinitely to point "E" if a flame has been
detected as seen in FIG. 5. The third time constant cir-
cuit 48 discharges within the less-than-one-second time
period, TC3, and the output of driver 46 on line 47 opens
a third switch 22 and removes the power to the blower
motor 16. This less-than-one-second discharge time,
TC3, of the third time constant 48 is called a flame test
period.

[0050] Further, the photocell flame control circuit 50
functions in a unique manner, as will be seen hereafter
in relation to FIG. 2. Finally, when the "no flame" condi-
tion is detected by the third time constant 48, the output
signal from driver 46 on line 47, that removes power to
the blower motor 16, as previously described, is also
coupled through a lock-up circuit 49 on line 51 to the
photocell flame control circuit 50 to disable it so that it
cannot be used to provide a false signal to the third time
constant to maintain the operation of the fan blower mo-
tor 16 and perhaps cause accidental injury to service
persons due to accidental restart of fan blower motor 16.
[0051] FIG. 2 discloses the details of the block dia-
grams of FIG. 1 and is a complete circuit diagram of the
present invention.

[0052] As can be seen in FIG. 2, during power-up,
when switch 27 (FIG. 1) is closed, the AC line voltage
at source 24 (FIG. 1) is coupled on line 25 through the
ignition driver 21 and the rectifier D7. Line 25 also is
coupled to the motor driver 22 and the AC-to-DC con-
verter 26, that couples a DC output voltage signal to the
preregulator 57. The preregulator 57 couples 24 volts
maximum to the series regulator 58, and the series reg-
ulator 58 generates an output on line 28. Typically, the
DC voltage may be 11.25 volts on line 28.

[0053] When the switch 27 (FIG. 1) is closed and the
voltage from AC source 24 is applied to the second AC/
DC converter 26, DC voltage is supplied to the prereg-
ulator 57 and charges C2. The preregulator 57 limits the
voltage at the input of the voltage regulator 58 to 24
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volts, which is stored in capacitor C2. Resistor R14 sup-
plies voltage to the 12 volt reference voltage zener di-
ode, Z1, and to the base of the voltage regulator tran-
sistor, Q2, which sets the DC voltage to approximately
11.25 volts on line 28.

[0054] As soon as the CMOS logic threshold is
reached, the first time constant circuit 32 and the second
time constant circuit 34 begin to charge. The junction of
capacitor C6 and resistor R9 in the first time constant
circuit 32 is coupled as an input to NAND gate driver 36.
The other inputis at 11.25 VDC. This causes the output
on line 38 to go essentially to ground potential. This
ground potential on line 38 is coupled to the anode of
diode 64 that reverse biases diode 64 and negates any
effect it would have on a positive going voltage on line
66 that is coupled to both inputs of NAND gate 63. NAND
gate 63 inputs are now influenced only by the current
and voltage feedback circuit 67. This enables the ignitor
driver circuit 20 to operate in the following manner.
[0055] During the negative going half cycle, initially
the inputs of NAND gate 63 are slightly negative due to
the drive from voltage divider circuit R22 and R20
through R23. The output on line 65 is at logic high, which
biases ON ignition driver IGBT 21 but diode D7 is re-
verse biased and no current flows from line 25 through
ignitor 14. When the power line voltage swings positive,
diode D7 is now biased ON and current flows from line
25 through ignitor 14, diode D7, ignition driver IGBT 21,
and current sensing resistor R15 to neutral or ground.
The voltage at the junction of divider R22 and R20
swings positive, reversing the charge on capacitor C8,
which is coupled through R23 to line 66 as an input to
NAND gate 63. At the same time, the voltage drop
across the current sampling resistor R15 begins to
charge the time constant circuit (capacitor C9 and R17)
through diode D8 that is also coupled to line 66 through
R19 and that also increases the voltage at input of
NAND gate 63. When the positive going voltage of the
power line increases to a predetermined level, the volt-
age input to NAND gate 63 reaches the logic level and
switches the ignition driver IGBT 21 OFF, which turns
off the ignitor. The value of capacitor C8 is just large
enough to hold the voltage of the AND gate 63 input
above the logic threshold and prevent switching the
NAND gate 63 while the line voltage is reducing from
maximum positive peak value to zero volts but small
enough to discharge during the negative half cycle thus
again applying a logic low to the input of NAND gate 63
and switching its output on line 65 to logic high so IGBT
21 is turned ON at the start of the next positive going
half cycle. Capacitor C9 is large enough to hold a charge
for a much longer time period and its voltage is propor-
tional to the short term average of the current through
the ignitor 14 (the charge on C9 is eventually bled off by
resistor R17). Thus, the turn-off point of the ignitor 14 is
determined both by the positive going line voltage and
the amount of current through the ignitor 14. Therefore,
the current and voltage dependent ignitor power regu-
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lator circuit 67 is a half-wave voltage phase regulator
that averages the duty cycle of the voltage supplied to
the hot surface ignitor 14. With proper selection of com-
ponent values, a near constant power will be provided
to drive ignitor 14. Also, if a low tolerance ignitor is used,
the lower average current will cause the NAND gate 63
to switch OFF IGBT 21 at a higher line voltage level thus
boosting the power applied to the ignitor and bringing
the ignition temperature up to the normal value. Also,
line voltage dips when the blower motor 16 is energized
and blows air over the ignitor, which tends to cool it down
some. The power regulator circuit 67 will keep the ignitor
energized, at its nominal operating power, under re-
duced line voltage thus helping to maintain a constant
temperature output from the ignitor 14. As described
above, half-wave AC line voltage is applied to the ignitor
14 and begins the preheat stage of operation at time
point "A" in FIGS. 4 and 5.

[0056] Atthe same time, the second time constant cir-
cuit 34 starts with 11.25 volts or a logic high at the junc-
tion of C5 and R6 on line 40. This logic high on line 40
is coupled as one input to the second NAND gate 42.
Again, the other input is also at 11.25 VDC. This causes
a low output from NAND gate 42 on line 44. Diode 45 is
reversed biased and does not influence the input to the
third NAND gate 46 or the time constant circuit 48. Also
itis to be noted that initially there is no flame in the cham-
ber 12 and thus no signal from photocell 18 so input cir-
cuit 50 does not charge time constant 48.

[0057] Because this is a low input to NAND gate 46
on line 45, when the second time constant circuit 34 first
starts to decay, a high output is developed on line 47
from NAND gate 46 and coupled to motor driver circuit
22. A high output cannot enable circuit 22 since a ground
is required. However, when the voltage from the second
time constant 34 has decreased to the CMOS level of
its logic threshold, the second NAND gate 42 produces
a high output on line 44 that is coupled through diode
45 as a high input to third NAND gate 46. This causes
a low output on line 47 to the motor driver circuit 22. It
activates the optical circuit 17 that provides a gate volt-
age to triac 15 that conducts and couples the AC line
voltage on line 25 to the fan blower motor main winding,
as shown at point 3B in FIGS. 4 and 5. At the same time
the logic high on line 44 is coupled to the input of the
inverter driver 59, causing a logic low on output line 60.
It activates the optical circuit 19 of motor start driver 61
that provides a gate voltage to triac 62 that conducts
and couples the AC line voltage from triac 15 to the fan
blower motor start winding to activate the fan blower mo-
tor 16, as shown at point 2B in FIGS. 4 and 5. Motor 16
starts, causing fuel and air to be provided to the com-
bustion chamber.

[0058] At the same time that the high output from the
second NAND gate 42 on line 44 through diode 45 is
energizing the third gate 46 and driver 59 to start the fan
blower motor, it is also charging third time constant cir-
cuit 48 containing parallel capacitor C3 and resistor
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R12. As stated earlier, this time constant circuit 48 is
very fast and lasts for a time period from 0.5 to 0.8 sec-
onds. The third time constant circuit 48 starts to dis-
charge essentially at the same time that the first time
constant 32 expires, which is at time point "C" in FIG. 4,
if a flame signal is not detected but is delayed to point
"E", as shown in FIG. 5, if a flame signal is detected.
[0059] When time constant 32 expires, a low signal is
input to the first NAND gate 36, causing a high output
on line 38. This high is also coupled through diode 64
to line 66, which causes a logic low on line 65, which
removes heat to the ignitor 14.

[0060] This high on line 38 is also coupled through di-
ode 39 to line 40 to force NAND gate 42 to have a low
on output line 44, which is coupled directly to inverter
gate 59 to turn OFF the drive to the start winding of blow-
er motor 16 and, through diode to the input of third
NAND gate 46, to release the third time constant 48. If
no flame has been detected by that time, the third time
constant 48 discharges to a low voltage thus causing a
logic high on the output of third NAND gate 46 on line
47 to disable the driver gate 22 and remove the power
to the blower motor 16. Thus the unit is disabled. At the
same time, the disabling output on line 47 from third
NAND gate 46, which is a logic high signal, is coupled
through lock-up circuit 49 comprised of diode D5 and
resistor R13 to produce an output on line 51 that is cou-
pled to the base of the transistor, Q1, in the photocell
flame control circuit 50. This large signal turns ON tran-
sistor Q1 and essentially grounds line 54 to the diode
56 (D3). Thus, the third time constant circuit 48 cannot
be charged through the transistor Q1 in the photocell
flame circuit 50. The circuit is therefore effectively disa-
bled and locked in that state. To restart, power switch
27 has to be opened, all of the circuits initialized, and
the power switch 27 reclosed to commence the start
process all over again.

[0061] If, atthe end of the ignition trial period or during
the flame test period, shown in FIGS. 4 and 5 as starting
at point "C", immediately following the ignition trial peri-
od, a flame is detected by photocell 18, the signal on
line 52 is coupled through capacitor C1 to the base of
transistor Q1 in the photocell flame control circuit 50.
Since photocell 18 produces an AC output voltage, be-
cause of the flickering or fluctuating flames, if the peak-
to-peak amplitude of the output from the photocell 18 is
sufficiently high, the negative going pulses will be ap-
plied through capacitor C1 to the base of Q1 thus turning
it OFF. When it is turned OFF, the 12 volts DC signal on
line 28 is coupled through resistor R4 to the diode 56,
charges capacitor C3, which forms the third time con-
stant circuit 48. Thus during every negative cycle of the
waveform being received from the photocell 18, typically
a 30 hertz dominant frequency, the transistor Q1 will be
shut OFF to allow a DC voltage from a DC voltage power
supply on line 28 through R4 to be used to charge ca-
pacitor C3 that, it will be recalled, is discharging rapidly.
As long as the frequency period is within a sufficient
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range to enable the capacitor C3 to be continuously re-
charged faster than it is discharging during the positive
going half cycle of the flame signal, the blower motor will
remain ON, as shown in FIG. 5 from points 3C to 3E,
during which time the motor main remains "ON".
[0062] In addition, the DC component of the flame sig-
nal from photocell 18 on line 52 is blocked by capacitor
C1 so that ambient light cannot activate the circuit. How-
ever, if the flame is so low that the peak-to-peak ampli-
tude of the signal being passed through C1 is not suffi-
cient to overcome the bias on the base of Q1 and turn
it OFF, then the capacitor C3, and the third time constant
48, will discharge and the unit will be turned OFF. Thus
both frequency and the peak-to-peak amplitude of the
signal detected by the photocell and coupled on line 52
to transistor Q1 must be within a predetermined range
in order for the circuit to continue to keep power to the
blower motor.

[0063] It should be noted that photocell 18 can be re-
placed with a photo detector 17 (FIG. 1) with a transistor
output and further that a fiber optic cable 52 (in FIG. 1)
can be used to couple the light from the chamber 12 to
the photo detector 17 such as a Motorola MFOD72.
[0064] Again, the firsttime constant 32 has atime con-
stant period of approximately 6 seconds. The second
time constant circuit 34 has a time constant period of
approximately 3-1/2 seconds, and the third time con-
stant circuit 48 has a time constant period of approxi-
mately 0.5 to 0.8 seconds. In addition, it can be seen in
FIG. 2 that the output of the NAND gate 46 on line 47,
when it is high and disables the blower motor circuit 22,
is also coupled through the lock-up circuit 49 that in-
cludes diode D5 and resistor R13 to bias the base of
transistor Q1 in the photocell flame control circuit 50 to
preventit from being turned ON by any spurious signals.
Thus the circuit is locked to prevent a restart without re-
moval of the AC voltage through switch 27.

[0065] Thus in summary, on power-up the DC power
supply voltage goes from 0 to 11 volts. As soon as the
CMOS logic threshold is reached, the four NAND gates
36, 42, 46, and 63 are initialized. NAND gates 36 and
63 turn ON the IGBT 21 in the ignitor drive circuit 20,
which delivers half-wave DC voltage to the ignitor as-
sembly 14.

[0066] After approximately 3-1/2 seconds, the ignitor
preheat time, third NAND gate 46 turns ON triac 15 in
the blower motor drive circuit 22 which delivers AC line
voltage to the main winding of the motor 16. NAND gate
42 causes turn ON of triac 62 in the motor start drive
circuit 61, which delivers 120 volts AC RMS to the start
winding of the motor 16. From this point the ignitor 14
remains ON for approximately 2-1/2 more seconds,
which is the ignition trial period, as shown in FIGS. 4
and 5 to be between points "B" and "C", prior to being
turned OFF by the dissipation of the first time constant
circuit 32.

[0067] When the blower motor 16 is turned ON, at
point "B", it delivers air to a siphon nozzle, well known
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in the art, which draws fuel oil up from a supply source
while at the same time the fan attached to the motor
shaft forces secondary combustion air into the combus-
tion chamber assembly. During the ignition trial period,
if all systems are "go", the atomized fuel is lit by the ig-
nitor 14 and a flame will be established in the chamber
12. The photocell 18 is positioned at the back of the
chamber to monitor the flame in the chamber 12. If the
photocell 18 senses an adequate amount of flame in the
chamber, a multifrequency, variable amplitude flame
signal is fed into the photocell flame control circuit 50
and the blower motor drive circuit 22 will remain turned
ON. If for some reason an adequate flame in the cham-
ber is not established, blower motor driver circuit 22 will
be turned OFF by NAND gate 46 within one second after
the ignition trial period has expired by reason of the third
time constant 48. After a "normal shutdown" due to an
out-of-fuel condition, for example, the control goes into
a lock-up mode for safety considerations by the signal
through lock-out circuit 49 at which time the blower mo-
tor cannot be turned ON unless power is removed and
then reapplied through switch 27.

[0068] The second embodiment shown in FIG. 6 and
FIG. 7 is similar to the first embodiment except that ig-
nitor power regulator circuit 69 includes an ignitor driver
20 having a voltage regulator 21 that is coupled to the
hot surface ignitor 14 to selectively couple AC line volt-
age from source 24 on line 25 through a first AC/DC con-
verter 66 to the ignitor 14.

[0069] The output of the first time constant circuit 32
is coupled to NAND gate driver 36 whose output on line
38 is a logic low that is coupled to the input of NAND
gate 63, which generates a logic high output on line 65,
turns OFF the optical isolator in driver 20 and enables
IGBT voltage regulator and ignition driver 20. Driver 20
provides a predetermined full-wave pulsating DC volt-
age output from the first AC/DC converter 66 to the hot
surface ignitor 14 to begin to heat it.

[0070] Also, the voltage ignitor/voltage regulator cir-
cuit 20 provides consistent ignitor or output tempera-
tures to ensure ignition even at extremely low tempera-
tures over a wide range of AC line voltages.

[0071] As soon as the CMOS logic threshold is
reached, the first time constant circuit 32 and the second
time constant circuit 34 begin to charge. The junction of
capacitor C6 and resistor R9 in the first time constant
circuit 32 as shown in FIG. 7 is coupled as an input to
NAND gate driver 36. This causes the output on line 38
to go essentially to ground potential. This ground poten-
tial on line 38 is coupled to both inputs of NAND gate 63
which generates a logic high output and turns OFF the
output of optical circuit OC3 in driver circuit 20 which, in
turn, removes the base to emitter short of transistor 21
to allow the ignition driver IGBT 21 to be biased ON by
resistor R15. Also the line voltage dips when the blower
motor 16 is energized and blows air over the ignitor,
which tends to cool it down some. The first voltage reg-
ulator circuit (zener diode, Z2, in driver circuit 20) will
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keep the ignitor voltage at a constant predetermined
voltage (around 75 % of normal line voltage) thus help-
ing to maintain a constant temperature output from the
ignitor 14. As described above, AC voltage on line 25
through a full-wave bridge rectifier circuit 66 is applied
to the ignitor 14 and begins the preheat stage of opera-
tion at time point "A" in FIGS. 4 and 5.

[0072] At the same time that the high output from the
second NAND gate 42 on line 44 is energizing gate 59
and, through diode 45 is energizing the third NAND gate
46 to start the fan blower motor, it is also charging third
time constant 48 containing parallel capacitor C3 and
resistor R12. As stated earlier, this time constant circuit
48 is very fast and lasts for a time period from 0.5 to 0.8
seconds. The third time constant circuit 48 starts to dis-
charge essentially at the same time that the first time
constant 32 expires, which is at time point "C" in FIG. 4,
if a flame signal is not detected but is delayed to point
"E", as shown in FIG. 5, if a flame signal is detected.
[0073] When time constant 32 expires, a low signal is
input to the first NAND gate 36, causing a high output
on line 38. This high is also coupled through to NAND
gate 63 that causes a logic low on line 65 that turns ON
the output transistor OC2 to remove the bias from IGBT
Q1 and removes drive to the ignitor 14.

[0074] However, if the flame is so low that the peak-
to-peak amplitude of the signal being passed through
C1 is not sufficient to overcome the bias on the base of
Q1 and turn it OFF, then capacitor C3 and the third time
constant 48 will discharge and the unit will be turned
OFF. Again, both frequency and the peak-to-peak am-
plitude of the signal detected by the photocell and cou-
pled on line 52 to transistor Q1 must be within a prede-
termined range in order for the circuit to continue to keep
power to the blower motor.

[0075] Thus, in summary, on power-up of the second
embodiment, the DC power supply voltage goes from 0
to 11 volts. As soon as the CMOS logic threshold is
reached, the four NAND gates 36, 42, 46, and 63 are
initialized. NAND gates 36 and 63 turn ON the IGBT 21
in the ignitor drive circuit 20, which delivers full-wave
rectified AC line voltage to the ignitor assembly 14.
[0076] The third embodiment shown in FIG. 8 and
FIG. 9 is essentially as the first and second embodi-
ments with certain additions and changes. FIG. 8 is a
schematic block diagram of the third embodiment of the
novel fuel oil-type burner 10 illustrating the combustion
chamber in phantom lines in which is positioned a hot
surface ignitor 14. Blower motor 16 not only provides
the air for the combustion chamber 12, but, as stated
previously, also provides the fuel oil to the combustion
chamber in a well-known manner. An ignitor driver 20
forms a first switch that is coupled to the hot surface
ignitor 14 to selectively couple half-wave or full-wave
rectified AC line voltage from source 24 on line 25
through triac 3 (FIG. 9) to the ignitor 14. As can be seen
in FIG. 9, triac 3 is biased ON during the positive half
cycle by diode 66 continuously during normal operations
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and is biased ON during the negative half cycle by op-
tical isolator 23 (OC2) to provide full-wave DC voltage
during STARTUP. Thus, the ignitor 14 is maintained at
half power during normal RUN operations to reduce car-
bon buildup on the ignitor electrode and has full power
applied thereto during start operations. In like manner,
motor driver switches 22 and 61 (FIG. 8 and FIG. 9) form
second and third switches, respectively, that selectively
couple the alternating current voltage on line 25 to the
blower motor 16 to provide the fuel and air to the com-
bustion chamber 12.

[0077] When switch 27 in FIG. 8 is closed and the volt-
age from source 24 on line 25 is applied to the AC/DC
converter 26, which supplies DC voltage to the prereg-
ulator 57, the preregulator 57 limits the voltage at the
input of the voltage regulator 58 to 24 volts as previously
discussed in relation to the other embodiments.

[0078] Time constant circuit, TC1, represented by
block 32 in FIG. 8, has a time period that lasts for ap-
proximately 6 seconds. This time period is shown in
FIGS. 4 and 5 to be from 1A to 1C and is labeled "TC1".
The first 3 seconds of TC1 is a preheat period in which
the ignitor 14 is brought to the proper temperature. This
time period is shown in FIGS. 4 and 5 to be from 2A to
2B and is labeled "TC2". Note that TC2 may be short-
ened by the self-adjusting preheat circuit 67, as deter-
mined by the amount of ignitor current that causes tran-
sistor 69 to conduct. At the same time, the first time con-
stant circuit 32 (TC1) begins to function and the second
time constant circuit, TC2, represented by block 34, also
begins to function. Its time constant period is approxi-
mately 3 seconds and is coupled on line 40 to NAND
gate 42. Note that time constant TC1 is also reduced by
circuit 68, if TC2 is first shortened by circuit 67, because
circuit 68 coupled the outputs 33 and 40 of the two time
constant circuits together. This causes no output on line
44, which includes a diode 45 that is coupled to the input
of NAND driver 46 and a third time constant circuit, TC3,
represented by block 48. The remainder of the circuit
operates as previously described.

[0079] Thus the advantages obtained over the prior
art by using the circuit of FIG. 8 and FIG. 9 as described,
in addition to those previously discussed, includes a cir-
cuit such that the first time constant circuit preheats the
hot surface ignitor 14 and the ignitor current is sampled
by circuit 67 through ignitor return line 15 to shorten
TC2, if the currentis high enough to cause a fast preheat
such as would be accounted at high line voltages and
with low resistance ignitors. The remainder of the circuit
operates as previously described.

[0080] FIG. 9 discloses the details of the block dia-
gram of FIG. 8 and is a complete circuit diagram of the
third embodiment of the present invention. When the
switch 27 (FIG. 8) is closed and the voltage from AC
source 24 (FIG. 8) is applied to the AC/DC converter 26,
DC voltage is supplied to the preregulator 57 and charg-
es capacitor C2. The circuit then operates as previously
described to couple the AC line voltage to the ignitor 14
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and begins the preheat stage of operation at point "A"
in FIGS. 4 and 5.

[0081] At the same time that the high output from the
second NAND gate 42 on line 44 through diode 45 is
energizing the third gate 46 and inverter gate 59 to start
the fan blower motor, it is also charging third time con-
stant circuit 48 containing parallel capacitor C3 and re-
sistor R12. As stated earlier, this time constant circuit
48 is very fast and lasts for a time period from 0.5 t0 0.8
seconds. The third time constant circuit 48 starts to dis-
charge essentially at the same time that the first time
constant 32 expires, which is at time point "C" in FIGS.
4 and 5, if a flame signal is detected, but is lost at point
"E", as shown in FIG. 5, then shutdown occurs at point
"F".

[0082] When time constant 32 expires, a low signal is
input to the first NAND gate 36, causing a high output
on line 38, which turns OFF the negative going half-cy-
cle of power to the ignitor to reduce the power to the
ignitor 14. The ignitor continues to operate at half-wave
and at half-power due to diode 66 driving triac 21. Oth-
erwise, the ignition trial period and the flame test period
operate as discussed previously in relation to the first
and second embodiments.

[0083] As indicated earlier, the first time constant 32
has a time constant period of approximately 5 seconds.
TC1 may be shortened by the self-adjusting preheat and
ignition trial circuits 67 and 68, as determined by the
amount of ignitor current. The second time constant cir-
cuit 34 has a time constant period of approximately 3
seconds, but may be shortened by circuit 67, and the
third time constant circuit 48 has a time constant period
of approximately 0.5 to 0.8 seconds as discussed pre-
viously. The circuit otherwise operates as earlier dis-
cussed.

[0084] In summary, the third embodiment operates
essentially as the first and second embodiments except
that the ignitor 14 is maintained at half power during nor-
mal RUN operations to reduce carbon buildup on the
ignitor electrode and has full power applied thereto dur-
ing start operations. Also, it has a very simple electronic
circuit that has a self-adjusting ignitor preheat time pe-
riod, a self-adjusting ignition trial period, and a subse-
quent flame test period in which, if no flame is apparent,
the system shuts down as indicated previously.

[0085] The corresponding structures, materials, acts,
and equivalents of all means or step plus function ele-
ments in the claims below are intended to include any
structure, material, or act for performing the function in
combination with other claimed elements as specifically
claimed.

Claims
1. A fuel oil-type burner including:

a fuel oil combustion chamber;
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a power source for providing an AC voltage;

a hot surface ignitor electrode associated with
said combustion chamber, said ignitor elec-
trode being sintered to full density with essen-
tially no porosity;

a fan blower driven by a split-phase type of mo-
tor and having both a main and start winding for
providing fuel oil and air to said combustion
chamber;

an AC/DC converter coupled to said AC voltage
for providing a DC voltage output;

avoltage regulator circuit to provide a regulated
low voltage DC voltage output;

a first controllable switch coupled between said
AC voltage and said hot surface ignitor;

a second controllable switch coupled between
said AC voltage and said fan blower motor main
winding;

a third controllable switch coupled between
said AC voltage and said fan blower motor aux-
iliary start winding;

a flame detector associated with said combus-
tion chamber for generating an electrical signal
if a flame is detected; and

a control assembly coupled to said series volt-
age regulator circuit, said flame detector, and
said first, second, and third controllable switch-
es for:

energizing said first controllable switch to
heat said hot surface ignitor with DC volt-
age from said AC voltage for a predeter-
mined preheat time period,;

energizing said second and third controlla-
ble switches to operate said blower motor
with said AC voltage during a predeter-
mined trial ignition time period;
de-energizing the third controllable switch
immediately following said trial ignition
time period to de-energize the start winding
of said blower motor;

causing said motor to continue to run dur-
ing a time period of approximately one sec-
ond, known as the "flame test time period";
and

turning the second controllable switch OFF
to shut down the heater if no ignition occurs
during said flame test time period.

2. A fuel oil burner as in claim 1 wherein said control

assembly includes:

a first time constant circuit for generating a first
signal to said first controllable switch for cou-
pling said rectified DC voltage to said hot sur-
face ignitor to preheat said ignitor for said pre-
determined preheat time period and to cause
said ignitor to maintain said preheat condition
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for the predetermined trial ignition time period;
a second time constant circuit for generating a
second signal to said second and third control-
lable switches to couple said AC voltage to said
blower motor main and start windings begin-
ning with said predetermined trial ignition time
period; and

a third time constant circuit for causing said fan
blower motor to operate only if a flame is de-
tected and to de-energize said fan blower motor
if said flame is not detected within said prede-
termined flame test time period.

3. A fuel oil burner as in claim 2 wherein said control

assembly further includes:

a first drive circuit coupled to said first control-
lable switch;

said first time constant circuit being coupled to
said first drive circuit for generating said first
signal to cause said ignitor to preheat for said
predetermined preheat time period and to con-
tinue heating for said predetermined trial igni-
tion time period;

a second drive circuit coupled to said blower
motor main winding;

a third drive circuit coupled to said blower motor
start winding;

said second time constant circuit being coupled
to said second and third drive circuits for ener-
gizing said blower motor and providing said fuel
oil and air at the beginning of said predeter-
mined trial ignition time period; and

said third time constant circuit being coupled
between said flame detector and said second
drive circuit for maintaining said blower in said
energized state if said flame is detected by said
flame detector no later than the expiration of
said flame test time period.

A fuel oil burner as in claim 3 wherein said control
assembly further includes a circuit which permits re-
start after power down, even if there is a flame in
the combustion chamber, to allow safe burning of
excess fuel that may have collected in the chamber
due to previously unsuccessful ignition tries.

A fuel oil burner as in claim 4 wherein said control
assembly further includes a circuit that provides
shorted flame detector protection during normal op-
eration of the burner.

A fuel oil burner as in claim 5 wherein said voltage
regulator circuit further includes a voltage phase
regulator for providing constant power to the ignitor.

A fuel oil burner as in claim 6 wherein the voltage
phase regulator is a half-wave voltage phase regu-
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lator.

A fuel oil burner as in claim 1 further including a cur-
rent and voltage dependent ignitor power regulator
circuit coupled to the power source for averaging
the duty cycle of the voltage supplied to the hot sur-
face ignitor.

A fuel oil burner as in claim 8 further including:

a second AC/DC convener for changing said
AC power source to pulsating DC voltage for
powering said hot surface ignitor; and

said current and voltage dependent ignitor
power regulator circuit being coupled between
said second AC/DC converter and said hot sur-
face ignitor.

10. Afuel oil-type burner as in claim 1 wherein said con-

trol assembly further includes:

an AC line voltage controller coupled to said
power source for controlling the AC line voltage
being applied to the ignitor, the blower motor
main, and auxiliary start windings thereby elim-
inating the need for a separate motor start relay
or posistor for starting split-phase motors; and
a preregulator circuit coupled between the AC/
DC converter and the voltage regulator circuit
to provide output voltage during the negative
going half cycle of the said AC voltage to im-
prove current capacity and low voltage opera-
tion;

said low voltage regulator circuit being used
along with the preregulator circuit to minimize
voltage variations of the output of the low volt-
age regulator so as to result in more consistent
control timing for each of the time periods.

11. A fuel oil burner as in claim 1 wherein said control

assembly includes:

a first time constant circuit for generating a first
signal to said first controllable switch and said
AC/DC converter to couple said pulsating DC
voltage to said hot surface ignitor to preheat
said ignitor for said predetermined preheat time
period and to cause the ignitor to maintain said
preheat condition for the predetermined trial ig-
nition period of time;

a second time constant circuit for generating a
second signal to said second and third control-
lable switches to couple said AC voltage to said
blower motor main and start windings begin-
ning with said predetermined trial ignition peri-
od of time; and

a third time constant circuit for causing said fan
blower motor to continue to operate only if a
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flame is detected and to de-energize said blow-
er motor if said flame is not detected within said
predetermined flame test time period.

A fuel oil burner as in claim 11 wherein said fuel oil-
type burner further includes:

a rectifier circuit to provide full-wave pulsating
DC circuit; and

an analog voltage regulator coupled to said full-
wave pulsating DC rectifier circuit for providing
constant voltage to the ignitor.

A fuel oil burner as in claim 12 wherein said analog
voltage regulator is a series-type regulator with a
zener reference diode.

A fuel oil burner as in claim 1 wherein said control
assembly includes:

a first time constant circuit for generating a first
signal to said first controllable switch for cou-
pling said AC voltage to said hot surface ignitor
to preheat said ignitor for said predetermined
preheat period of time and to cause said ignitor
to maintain said preheat condition for said pre-
determined trial ignition period of time;

a second time constant circuit for generating a
second signal to said second and third control-
lable switches to couple said AC voltage to said
blower motor main and start windings begin-
ning with said predetermined trial ignition peri-
od of time;

a circuit coupled between said first and second
time constant circuits for reducing said second
and first said time constants, in that order, de-
pending upon the ignitor current;

a third time constant circuit associated with said
second time constant circuit for causing said
fan blower motor to continue to operate if a
flame is detected and to de-energize said fan
blower motor if said flame is not detected within
said predetermined flame test time period; and
a control circuit in said first controllable switch
for maintaining said ignitor at half-wave power
level during said predetermined "flame test"
time period.

A fuel oil burner as in claim 1 wherein said control
assembly includes:

a first time constant circuit for determining the
total time period for which full power is supplied
to said first controllable switch for coupling said
AC voltage to said hot surface ignitor;

a second time constant circuit for determining
said preheat time period and supplying a signal
to said second and third controllable switches
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to couple said AC voltage to said blower motor
main and start windings only during said prede-
termined trial ignition time period;

a third time constant associated with said sec-

26

a second drive circuit coupled to said blower
motor main winding;

said second time constant circuit being coupled
to said second drive circuit for energizing said

ond time constant circuit for supplying a signal 5 blower motor main winding;

to said second controllable switch for causing a third drive circuit coupled to said blower motor

said fan blower motor to continue to operate if start winding;

aflame is detected, and to de-energize said fan said second time constant circuit being coupled

blower motor if said flame is not detected within to said second and third drive circuits for ener-

said predetermined flame test time period; 10 gizing said blower motor main and start wind-

a current-sensing circuit for sensing the current ings and providing said fuel oil and air at the

of said ignitor; and beginning of said trial ignition time period;

a transistor coupled to said second time con- said third time constant circuit being coupled

stant circuit and said current-sensing circuit so between said flame detector and said second

as to decrease said second time constant and 75 drive circuit for maintaining said blower in said

reduce the preheat time period and turn the energized state if said flame is detected no later

blower motor ON to prevent ignitor over-tem- than the expiration of said flame test time peri-

perature as said ignitor current increases. od; and

said third time constant circuit permitting restart

16. A fuel oil burner as in claim 1 wherein said control 20 after power-down even if there is a flame in the

assembly includes:

a first time constant circuit for determining the
total time period for which the AC voltage

combustion chamber, to allow safe burning of
excess fuel that might collect in the chamber
due to previously unsuccessful ignition tries.

source is applied to said first controllable switch 25 18. Afuel oil burner as in claim 1 wherein said AC power
for coupling said AC voltage to said hot surface supply provides at least 100 volts AC RMS.
ignitor;

a second time constant circuit for determining
said preheat time period and supplying a signal,

19. Afuel oil burner asin claim 1 wherein said AC power
supply further includes:

predetermined preheat time period and to con-
tinue heating for said predetermined trial igni-
tion time period;

14

starting at the end of said second time constant, 30
to said second and third controllable switches a first drive circuit coupled to said first control-
to couple said AC voltage to said blower motor lable switch;
main and start windings only during said trial said first drive circuit preventing carbon buildup
ignition time period; on said ignitor electrode by heating said ignitor
a current-sensing circuit for sensing the current 35 continuously with full-wave rectified DC voltage
of said ignitor; during STARTUP sufficiently to evaporate or
a transistor coupled to said second time con- burn off any fuel that might collect on said igni-
stant circuit and said current-sensing circuit so tor electrode during operations, including die-
as to shorten said second time constant to re- sel fuel;
duce the preheat time period and turn the blow- 40 a control circuit coupled to said first controllable
er motor ON to prevent ignitor over-tempera- switch for activating said first controllable
ture as said ignitor current increases; and switch and intermittently providing half-wave
a drive circuit coupled to said first time constant voltage to said ignitor electrode to prevent car-
circuit and that is activated by said current- bon buildup on said ignitor electrode during a
sensing circuit to reduce the total ignition ON 45 normal RUN; and
time including the trial ignition time period. an optical circuit in said first controllable switch
for causing either said intermittent or said con-
17. A fuel oil burner as in claim 1 wherein said control tinuous heating of said ignitor electrode to pre-
assembly further includes: vent carbon buildup on the said ignitor elec-
50 trode.
a first drive circuit coupled to said first control-
lable switch;
said first time constant circuit being coupled to
said first drive circuit for generating said first
signal to cause said ignitor to preheat for said 55
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