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Method and apparatus for a flame sensing digital primary safety control for fuel burning devices.

AN

@ A flame sensing digital primary safety control for fuel burning devices and method therefor are disclosed. A
photocell senses the presence or apbsence and the condition of the burner flame. A DC control signal for the
primary safety control is generated under a “dark start" condition in the fuel burning device. Once proper
ignition of the fuel has occurred, safety control is transferred to an AC "normal flame" signal that is obtained
from the photocell. The use of an AC safety control signal provides a greater degree of safety for the fuel
burning device because problems with the photocell, such as a shorting of the cell, produce a "fail safe"
condition in contrast to a DC signal operated safety control.
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METHOD AND APPARATUS FOR A FLAME SENSING DIGITAL PRIMARY SAFETY CONTROL FOR FUEL

BURNING DEVICES.

The present invention relates to safety control systems in general and, more particularly, to a flame
sensing digital primary safety control for fuel burning devices.

Fuel burning devices, such as oil fired heaters, require a safety control system in order to terminate fuel
flow 1o the device and to stop ignition in the event that the fuel does not ignite within a predetermined time
period from the start of the heater or if the flame should go out after successful ignition of the fuel. Early
systems used stack gas temperatures to determine if ignition was successful and if ignition continued in a
normal manner. Other burner safety controls have used a photocell to monitor the presence or absence of a
flame under the so-called "dark start" condition and to monitor the continued presence of a flame during
normal operation. Under dark conditions, the photocell resistance was relatively high. Upon ignition, the light
from the burning fuel flame caused a drop in the resistance of the photocell. The increased current flow
produced by the resistance drop was used as a control signal. If the signal did not occur within a
predetermined time period after starting the heater, the heater was shut down. If a proper flame was
established during the predetermined time period, the light from .the flame reduced the resistance of the
photocell and this reduction in resistance produced a DC control signal representing a "normal flame"
condition. In the event that there was a "flame out", the resistance of the photocell increased to its "dark
start" resistance level thereby causing a reduction in current flow. The reduction in current flow was used to
shut down the heater. A representative example of a flame responsive photocel! safety system is disclosed
in US-A-3,672,811.

The use of a direct current (DC) control signal from the photocell presents a number of safety
problems. First, the DC type safety controls lose control when a shorted photocell 11 occurs during normal
operation. Secondly, a strong ambient light condition can override the DC control. Furthermore, DC type
controis are adversely affected by a dirty photocell causing premature turn-off.

In accordance with the invention, a method for controlling electrical power to a fuel burning device afer
ignitiion of the fuel by. an electrically powered fuel ignitor, comprises the steps of generating an AC normal
flame signal representative of and in response to the presence of a normal flame condition of the fuel
burning device; and terminating the application of electrical power to the electrically powered fuel ignitor of
the fuel burning device if the AC normal flame signal is not generated.

The invention also includes apparatus for controiling electrical power to a fuel burning device after
igrition of the fuel by an electrially powered fuel ignitor, the apparatus comprising means for generating an
AC normal flame signal representative of an in response to the presencs of a normal flame condition of the
fuel burning device; and means for terminating the application of electrical power to the electrically powered
fuel ignitor of the fuel burning device if the AC normal flame signal is not generated.

In one construction, the flame snesing digital primary safety control for fuel burning devices utilizes
both DC and AC control signals depending upon the particular point in a burner cycle. A photocell senses
the presence or absence of a flame and the condition of the burner flame. A DC control signal is generated
under a "dark start" condition in the fuel burning device. If proper ignition of the fuel has occured, safety
control is transferred to an AC "normal flame" signal that is obtained from the photocell. The AC "normal
flame" signal is converted into a pulse train that represent the condition of the burner flame. The pulse irain
is monitored during a predetermined and repeated period with respect to the number of pulses occurring
within the time period and the amplitude of the pulses. If the pulse train is not present or pulses are missing
or the amplitude of the pulse train fails to meet a pre-established level, the primary safety control terminates
power to the electrically powered burner ignitor.

The invention will best be understood from a detail description of a preferred embodiment of the
invention, selected for purposes of illustration and shown in the accompanying single Figure which is a
partial block diagram and schematic of the digital primary safety control.

Turning now to the single Figure, there is shown a digital primary safety control 10. The safety control
10 controis the application of electrical power from an slectrical power line having a phase L1 and a neutral
N. The electrical power is applied through the safety control 10 to the electrical load of a fuel burning heater
12 naving a motor 14 and a fuel ignitor 16. The ignitor 16 comprises a conventional ignition transformer and
a spark gap (not shown) for igniting a fluid fuel. The presence, absence and condition of the burner flame is
sensed by a standard.photocell 18 which produces output signals as described below that are representa-
tive of the presence or absence and the condition of the burner flame.

The primary digital safety control 10 is powered by a half-wave, well filtered, internal power supply

2



10

20

25

30

35

40

45

50

55

EP 0 320 082 A1

comprising a voltage dropping resistor R10, power diode D1, resistor R5, Zener diode Z1 and filter
capacitors C5 and C7. The power supply operates from the AC line power source L1 and provides 5 to 15
volts DC with respect to the power line neutral or common side of the AC power line. VDD is normally 5.8V
during the "ON" state and 13V during a "LOCK-OUT" condition. The operation of the safety control 10 is
governed by a programmable timer identified in the single Figure as 1C-1.

One suitable programmable timer is the MC145418 Programmable Timer manufactured and sold by
Motorola. The Motorola MC14541B Programmable Timer has a 16-stage binary counter, and integrated
oscillator for use with an external capacitor and two resistors, an automatic power-on reset circuit and output
control logic. The timing sequence is initialized by turning on power upon which the power-on reset is
enabled and initializes the counter within the specified VDD range. With power on, an external reset pulse
can be applied. Upon release of the initial reset command, the oscillator will oscillate with a frequency
determined by the externai RC network. The 1B-stage counter divides the oscillator frequency (Fosc) with
the nt" state frequency being fosc2". Alternatively, the oscillator can by synchronized to an external clock
pulse derived from the-power line through R6 to pin 3.

Given this configuration of the ‘programmable time IC-1, normal operation commences upon application
of the AC power from L1 and N (neutral) to the automatic power-up (reset) circuit of IC-1. At this point, the
timer initializes all counters to a time base of zero. At time base zero, the "Q" output at pin 8 of the timer is
at logic "HIGH". If the resistance of the photocell 18 is above the value required for a "dark start" (greater
than 10K ohms), SCR-1 will be turned on by the current through resistor R1 and the Zener STS-1. This
current constitutes a DC "dark start” signal. The turning on of SCR-1 completes the circuit from pin 8 of the
timer 1C-1 through resistor R8 and the LED in optical coupler OC-1 to the neutral of the alternating current
power line. The ‘silicon controlled rectifier SCR-1 is latched "ON" until the cathode-to-anode current is
turned off by the timer IC-1. The SCR turns on the optical coupler OC-1 which operates as follows: Light
from the optical coupler LED causes the triac to turn on thereby allowing alternating current to flow through
R9 and into the gate of the power triac which turns the power on to the heater load 12 comprising motor 14
and the ignitor 16. '

A clock pulse supplied through R6 to pin 3 of the programmable timer IC-1 activates the timer binary
counter. The countdown starts at power-up and continues until the end of the preset timing sequence,
provided that no reset pulse is received at pin 6. If a reset pulse is received, then the programmable timer
IC-1 starts its counting cycle all over again, and the "Q" output at pin 8 remains "HIGH". However, if no
reset pulse is received before the end of the timing sequence, the pin 8 "Q" output becomes "LOW" or at
logic "0". f the "Q" output goes "LOW?", the optical coupler OC-1 is turned off with the result that the
power triac is also turned off thereby terminating electrical power to the electrical load of the heater 12.
Once the programmable time "Q" output goes "LOW", a "lock-out" diode D2 clamps the timer's reset (pin
8) "LOW". This prevents the "Q" output at pin 8 from being turned on again until the AC power has been
removed for a period of approximately 10 seconds.

A chopper transistor Q1 is biased into saturation by resistors R2 and R7. With Q1 saturated, the
collector of Q1 and the reset (pin 6) of the programmable timer IC-1 are held at logic "0" thereby
preventing the timer from being reset except by a signal pulse applied to the base of chopper transistor Q1
that is strong enough to override the bias and turn off Q1. When Q1 is turned off, capacitor C3 quickly
charges to a logic "HIGH" (pin 6) by current flow through resistor R4 and diode D3, thereby resetting the
programmable timer 1G-1.

When a normal combustion flame is seen by the photocell 18, the resulting changes in resistance of the
photocell is such that an AC signal is produced at the junction of a voltage divider consisting of resistor R1
and the photocell 18. This alternating "normal flame" signal is coupled to the base of chopper transistor Q1
through coupling capacitor C-1. When a continuous AC "normal flame™" wavetrain is applied to the base of
chopper transistor Q1, a corresponding continuous train of pulses is applied to the reset (pin 6) of the
programmable timer during the timing interval. The pule train forces the timer to'stay in a "reset"” mode so
that the output "Q" will remain "HIGH" thereby allowing alternating current line power to be applied through
the power triac to the heater electrical load of motor 14 and ignitor 16. However, if the pulses applied to the
reset (pin 6) of the timer become weak or missing for a period of time greater than the timing interval, plus
the time required for capacitor C3 to discharge to 1/2 voltage, the timer IC-1 will "time out” thereby turning
off the electrical power to the burner motor 14 and fuel ignitor 16.

Capacitor C6 and R3 form a "snubber" circuit for both the power triac and the QC-1 triac. Electromag-
netic interference is supressed by capacitors C3, C4 and C8.

One of the features of the digital primary safety conirol is that if the photocell 18 is shorted during
operation, no pulse will appear at the timer reset (pin 6) and shutdown of the heater motor and ignitor will
occur at the end of the timing period. Furthermore, if the photocell circuit is exposed to ambient light during
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normal operation, this light cannot take control of the circuit. This operation is in distinct contrast to the
conventional DC safety control circuits in which a shorted condition or high ambient light level, which occurs
durmng a normal flame condition, will override the DC control after a successful "dark start” and allow the
fusl burning heater to operate in an unsafe mode.

The following Parts List is illustrative of one way of implementing the digital primary safety control of
the present invention.

PARTS LIST

REFERENCE DESCRIPTION

DESIGNATION
C1 Capacitor, 10 F, 25 VDC
C3 Capacitor, .047 F,
C4 Capacitor, .068 F,
C5,C7 Capacitor, 100 F, 16 VDC
c8 Capacitor, .01 F, 16 VDC
STS-1 Zener, .25W, 10V, 5%
Qi Transistor (Motorola MPSa17)
Cc6 Capacitor, .047 F, 600 VDC
R1,R11 Resistor, .25W, 3.3K, 5%
R2 Resistor, .25W, 39K, 5%
R3 Resistor, .25W, 270 OHM, 5%
R4 Resistor, .25W, 22K, 5% )
R5 Resistor, .25W, 270 OHM, 5%
R6 Resistor, .25W, 15 MEG OHM, 5%
R7 Resistor, .25W, 15K, 5%
R8 Resistor, .25W, 270 OHM, 5%
R9 Resistor, .25W, 270 OHM,
R10 Resistor, 10W, 7K, 10%
IC-1° OSCiTimer Digital Logic Chip (Motorola MC14541B)
OC-1 Optical Coupler (Motorola MOCB35A)
Z1 ZENER, 1W, 15V, 10% (Motorcla IN4744)
D1,02,D3 Diode, 1A, 600V
SCR-1 SCR, 30V
PWR TRIAC Triac, 10A, 500V }

Claims

1. A method for controlling electrical power to a fuel burning device after ignition of the fuel by an
electricaily powered fuel ignitor, the method comprising the steps of generating the AC normal flame signal
representative of and in response to the presence of a normal flame condition of the fuel burning device;
and terminating the application of elecirical power to the electrically powered fuel ignitor of the fuel burning
device if the AC normal flame signal is not generated.

2. A method according to claim 1, wherein the application of electrical power to the electrically powered
fuel ignitor of the fuel burning device is terminated if the AC normal flame signal is not generated during a
predetermined time period.

3. A methed according to claim 1 or claim 2, wherein the AC normal flame signal is converted into a
pulse train and the application of electrical power to the electrically powered fuet ignitor is terminated in
response to the pulse train having a predetermined characteristic.

4. A method according to claim 3, wherein the pulse train predetermined characteristic is the amplitude
of the pulse frain.

5. A method according to claim 3, wherein the pulse train predetermined characteristic is the existence
of at least one pulse of sufficient amplitude during a predetermined fime period.
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6. A method according to any one of the preceding claims, further comprising generating a DC dark
start signal representative of and in response to the presence of a dark start condition of the fuel burning
device; applying electrical power to the fuel ignitor of the fuel burning device in response to the DC dark
start signal; and terminating the application of electrical power to the fuel ignitor of the fuel burning device if
the AC normal flame signal is not generated within a first predetermined time period after generation of the
DC dark start signal.

7. An apparatus for controlling electrical power to a fuel burning device after ignition of the fuel by an
electrically powered fuel ignitor (16), the apparatus comprising means for generating an AC normal flame
signal representative of and in response to the presence of a normal flame condition of the fuel burning
device; and means for terminating the application of electrical power to the electrically powered fuel ignitor
of the fuel burning device if the AC normal flame signal is not generated.

8. An apparatus according to claim 8, wherein the terminating means is arranged to terminate the
application of electrical power to the electrically powered fuel ignitor of the fuel burning device if the AC
normal flame signal is not generated during a predetermined time period.

9. An apparatus according to claim 7 or claim 8, wherein the generating means is arranged to convert
the AC normal flame signal into a pulse train; and the terminating means is arranged to terminate the
application of electrical power to the electrically powered fuel ignitor in response to the pulse train having a
predetermined characteristic.

10. An apparatus according to claim 9, wherein the pulse train predetermined characteristic is the
amplitude of the puise frain.

11. An apparatus according to claim 9, wherein the pulse train predetermined characteristic is the
existence of at least one puise of sufficient ampiitude during a predetermined time period.

12. An apparatus according to any one of claims 7 to 11, further comprising means for generating a DC
dark start signal representative of and in response to the presence of a dark- star condition of the fuel
burning device: and means for applying electrical power to the fuel ignitor of the fuel burning device in
response to the DC dark start signal; the terminating means being arranged to terminate the application of
electrical power to the fuel ignitor of the fuel burning device if the AC normal flame signal is not generated
within a first predetermined time period after generation ‘of the DC dark start signal. '
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