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57 ABSTRACT 

A gas burner monitor providing a high level of protec 
tion by virtue of its dual sensing features wherein both 
flame color and combustion products are monitored 
by means of a simple and inexpensive electronic cir 
Cult. 

5 Claims, 3 Drawing Figures 
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FLAME AND CARBON MONOXDE SENSOR AND 
ALARM CIRCUIT 

BACKGROUND OF THE INVENTION 

The number of deaths and the dollar value of prop 
erty loss resulting from faulty gas-burner operation is 
alarmingly high. In most cases, the water heater or fur 
nace has been protected by means of a bi-metal cut-off 
valve which normally shuts off the gas supply if the 
flame is extinguished. Nevertheless, the cut-off valve 
may fail to function properly when the flame is extin 
guished, in which case the gas continues to flow into 
the building until an occupant is overcome or until an 
explosion or fire occurs. Furthermore, such bi-metal 
cut-off valves are not effective in protecting against the 
improper combustion of the gas due to faulty burner 
operation or an inadequate supply of air, and the result 
ing generation of carbon monoxide constitutes an 
equally hazardous and potent threat to life. 
Elaborate means have been provided for the protec 

tion of such occurences. Light and heat-sensitive de 
vices are widely used in industry to detect fires and to 
turn on sprinkling systems to quench the fire. Gassen 
sors have also been developed to detect the presence 
of dangerous gases and to initiate the operation of auto 
matic equipment which terminates the supply of gas. 
Unfortunately, such equipment is too expensive to be 

utilized in the typical family dwelling, especially in the 
case of less well-to-do families and in temporary or va 
cation homes where the majority of such tragedies 
occur as the result of defective gas-burning equipment 
or because of improper installations. 
What is needed is a simple and inexpensive device 

which is capable of detecting such malfunctions and 
which can respond by sounding an alarm or by initiat 
ing the automatic cut-off of the gas supply. 

DISCUSSION OF THE PRIOR ART 

In U.S. Pat. No. 3,750,161 an electronic detection 
circuit senses the presence of flames and reacts by cut 
ting off the fuel supply and initiating the operation of 
a sprinkling system to extinguish the fire. The fire de 
tector and extinguisher system described in this patent 
does not, however, take action until a fire has occured 
and it is not effective against the presence of dangerous 
gases or in the detection of faulty burner operation. 

SUMMARY OF THE INVENTION 

The present invention comprises an extremely simple 
and inexpensive electronic circuit which overcomes the 
disadvantages of the prior art. The circuit incorporates 
a photo sensor and a carbon monoxide detector which 
permits the reliable detection of faulty burner opera 
tion and the sounding of an alarm before a fire, an ex 
plosion or physical harm can occur. 

It is, therefore, an object of this invention to provide 
an improved means of protection against fire or as 
phyxiation resulting from improper gas burner opera 
tion. 
Another object of this invention is to provide as a fea 

ture of such protective means a capability of sensing a 
faulty operation of the burner through the detection of 
improper flame color. 
A further object of this invention is to provide as an 

other feature of such protective means a capability to 
sense improper burner operation through the detection 
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2 
of undesirable combustion products such as carbon 
monoxide. 

Still another object of this invention is to provide the 
improved protective means incorporating the afore 
mentioned dual capabilities in the form of a simple, re 
liable and inexpensive electronic circuit which may 
readily be applied in the most humble circumstances 
where such protection is so urgently needed. 
The foregoing objects are achieved in the present in 

vention by a simple electronic circuit which incorpo 
rates a phototransistor for the detection of improper 
flame color, a carbon monoxide gas sensing element 
and a solenoid actuator for the sounding of an alarm or 
for the initiation of other protective action. 

Further objects and advantages of the invention will 
become apparent as the following description proceeds 
and the features of novelty which characterize this in 
vention will be pointed out with particularity in the 
claims annexed to and forming a part of this specifica 
tion. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention may be more readily described 
by reference to the accompanying drawing in which: 
FIG. 1 is a schematic representation of the detection 

and alarm circuit. 
FIG. 2 is a schematic representation of a variation of 

the alarm portion of the circuit of FIG. 1. 
FIG. 3 is an alternate embodiment of the flame color 

circuit included as a part of the circuit of FIG. 1. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring more particularly to the drawing by char 
acters of reference, FIGS. 1 and 2 disclose a detection 
and alarm circuit 10 for use in monitoring the opera 
tion of a gas burner, the circuit 10 comprising a direct 
current supply circuit 11, a carbon monoxide detection 
circuit 12, a flame color sensing circuit 13, and an 
alarm actuator circuit 14A or 14B. The circuit 10 is 
connected to an alternating current power source 9. 
The direct current supply circuit 11 is a conventional 

half wave rectifier circuit utilizing a step down trans 
former 15, a semiconductor diode 16 and a filter ca 
pacitor 17. Transformer 15 has a primary winding 18 
and a secondary winding 19 with a center tap 20. 
Transformer 15 provides isolation and voltage step 
down between source 15 and circuit 10, the source 
voltage 15 typically operating at 120 volts, 60 hertz and 
the desired secondary voltage being a low value prefer 
ably on the order of 6.3 volts, each side of the center 
tap. Under these conditions a d-c voltage of approxi 
mately 15 volts is provided across filter capacitor 17 
with a polarity as indicated by the positive and negative 
signs. 
The carbon monoxide detection circuit 12 has as a 

key element a gas detection element 22 which is ob 
tainable from Figaro Engineering, Inc. of Toyonaka 
City, Osaka, Japan under the Figaro identification code 
T.G.S. No. 202 or 303. Element 22 has an input resis 
tive leg 23 and an output resistive leg 24. Leg 23 is 
physically separated from leg 24 by a medium, the re 
sistance of which is normally high. In the presence of 
carbon monoxide, however, which penetrates the me 
dium, the resistance between legs 23 and 24 is very sig 
nificantly reduced so that current flow between legs 23 
and 24 is thereby greatly enhanced. 
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In addition to element 22, detection circuit 12 in 
cludes resistors 25 and 26, potentiometer 27 and semi 
conductor diode 28. 

Input leg 23 of element 22 is serially connected with 
resistor 25 across the upper half of secondary winding 
19. An alternating current, i, thus flows through leg 23 
thereby heating element 22, the heat generated con 
tributing to the operation of the element. By virtue of 
resistor 25, which has a relatively large value of resis 
tance as compared with that of input leg 23, the voltage 
potential of leg 23 is essentially that of the positive 
plate of capacitor 17. 
Output leg 24 of element 22 has both ends connected 

to a common point 29 which is tied by means of paral 
lelly connected resistor 26 and potentiometer 27 to the 
negative plate of capacitor 17. Under normal condi 
tions essentially no current flows from secondary leg 24 
through resistor 26 and potentiometer 27. When car 
bon monoxide gas penetrates element 22, however, a 
d-c current i flows from the positive plate of capacitor 
17 to input leg 23, to output leg 24, through resistor 26 
and potentiometer 27 to the negative plate of capacitor 
17. A positive voltage thus developed at movable arm 
29 of potentiometer 27 is delivered via diode 28 to out 
put terminal 30 of circuit 12, the positive voltage atter 
minal 30 being indicative of an abnormally high level 
of carbon monoxide gas detected by circuit 12. Adjust 
ment of potentiometer 27 permits control of the detec 
tion level as appropriate for the application. 
Flame color sensing circuit 13 includes as a key ele 

ment a photo-transistor 32. Transistor 32 has the oper 
ating characteristics of a typical transistor in the sense 
that a positive current flowing from base 33 to emitter 
34 reduces the resistance of a positive current flow 
from collector 35 to emitter 34. In addition to such typ 
ical transistor characteristics, however, photo 
transistor 32 is fabricated in a manner which permits 
exposure of the internal semiconductor element to sur 
rounding light. The design of transistor 32 is such that 
an increasing level or whiteness of light striking the de 
vice produces a reduced level of resistance, anode to 
cathode. The impinging light 36 thus has a similar ef 
fect to or augments the effect of the base emitter cur 
rent. 

The wave lengths of the hues of the flame are sensed 
by the photo-transistor. For example, if the photo 
transistor is set to monitor a blue-green flame having 
the wave length of approximately 500 microns, any hue 
noted by the photo-transistor of a greater wave length 
will reduce its anode to cathode resistance. Since a 
white flame reflects all colors and a progressively 
darker flame less color, the photo-transistor is sensitive 
to luminosity. 

In addition to photo-transistor 32, circuit 13 includes 
a potentiometer 37, resistors 38 and 39, capacitor 40 
and diode 42. Transistor 32 is serially connected, 
anode to cathode, with resistor 38 across the d-c volt 
age appearing across filter capacitor 17. 
During normal operation of the gas burner, the light 

striking photo-transistor 32 is not sufficient or of the 
proper wave length to drive transistor 32 into conduc 
tion so that a very low level of voltage exists across re 
sistor 38. Under abnormal conditions, however, the im 
pinging light 36 causes transistor 32 to "turn on 
thereby allowing a relatively large value of current to 
flow from collector 35 to emitter 34 and through resis 
tor 38. The voltage thus developed across resistor 38 is 
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4. 
coupled by means of serially connected resistor 39 and 
diode 42 to output terminal 43 and signals an abnormal 
flame color condition sensed by photo-transistor 32. 

In an alternate embodiment 13A of circuit 13 as 
shown in FIG. 3, it may be desired to rearrange the cir 
cuit 13 to permit thereby the detection of a reduction 
in flame level as resulting from the total or partial ex 
tinction of the flame. In this case, the positions of the 
resistor 38 and the transistor 32 with potentiometer 37 
still connected between collector 35 and base 33 are 
reversed. Transistor 32 is in this case normally con 
ducting in the presence of normal burner operation and 
no voltage is coupled through resistor 39 and diode 42 
to output terminal 43. If the burner is totally or par 
tially extinguished, however, a positive current flowing 
from the positive plate of capacitor 17 through resistors 
38 and 39 and diode 42 to output terminal 43 signals 
the failure or improper operation of the burner. 

In either embodiment of the circuits 13, 13A, the po 
tentiometer 38 connected between collector 35 and 
base 33 of transistor 32 provides a means for biasing 
transistor 32 to render it sensitive to a desired light 
detection level, a lower value of resistance set by po 
tentiometer 37 causing an increased bias current to 
flow from base 33 to emitter 34 and thereby rendering 
the transistor 32 responsive to a lower level of ambient 
light. Capacitor 40 in conjunction with resistor 39 pro 
vides a time delay to prevent short bursts of light from 
producing an undesired output signal at terminal 43. 
Diodes 28 and 42 of circuits 12, 13 and 13A are cou 

pling and blocking diodes which isolate circuit 12 from 
circuit 13 or 13A and prevent interaction between 
these circuits. 
Actuator circuit 4A includes two transistors 44 and 

45 connected in the well known Darlington configura 
tion in series with solenoid coil 46 across which is con 
nected a recovery diode 47. A positive signal at output 
terminal 30 or 43 of circuit 12, 13 or 13A produces a 
positive base emitter current in transistor 44 which in 
turn produces an amplified base emitter current in 
transistor 45. As a result, transistor 45 saturates or ex 
hibits a very low collector to emitter resistance so that 
coil 46 is effectively connected across filter capacitor 
17 through transistor 45 and is thereby energized to op 
erate an alarm or a device for cutting of the gas supply. 
At the termination of the signal from terminal 30 or 

43, transistors 44 and 45 revert to the “off” or high im 
pedance state. Inductive energy stored in coil 46 tends 
to sustain the current in coil 46 as transistors 44 and 45 
“turn off and except for the presence of recovery 
diode 47, a high and possibly destructive voltage would 
appear as a consequence across transistors 44 and 45. 
Diode 47 provides a path for the sustained current to 
flow and allows the stored energy to be dissipated with 
out the generation of such a destructive voltage. 
Under certain circumstances it may be desired that 

the alarm should continue to sound even after the un 
desired condition has ceased to exist until the circuit is 
interrupted. The alternate alarm circuit 14B shown in 
FIG. 2 provides such a feature. 

Circuit 14B incorporates a controlled rectifier 50, a 
transistor 51, resistors 52 and 53, a reset switch, 54, a 
solenoid coil 55 and a recovery diode 56. A positive 
signal through diode 28 or 42 from circuit 12, 13 or 
13A produces a base emitter current in transistor 51 
which renders transistor 51 conductive between collec 
tor 57 and emitter 58. A resulting current flowing 
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through resistor 52 and transistor 51 flows into gate 59 
of controlled rectifier 50. The gate current triggers rec 
tifier 50 from an “off” condition to an “on' condition 
in which rectifier 50 exhibits a very low value of resis 
tance to current flow from anode 61 to cathode 62. 
With rectifier 50 in the “on' condition, coil 55 is again 
effectively connected directly across capacitor 17 
through rectifier 50 and reset switch 54. By virtue of 
the typical operating characteristics of controlled recti 
fier 50, the “on' condition of rectifier 50 is sustained 
even after the disappearance of a positive signal at 
diode 28 or 42 and after the termination of gate current 
into gate 59. The “off” condition of controlled rectifier 
50 may be restored, however, by the momentary open 
ing of reset switch 54. 
A simple and versatile circuit has thus been shown in 

various embodiments which permit the detection of 
carbon monoxide and the presence or absence of de 
sired or undesired light levels as produced by the nor 
mal or abnormal operation of a gas burner flame or by 
a fire resulting from any cause. By virtue of its simplic 
ity and its low cost, it may readily be applied in homes 
of modest means to reduce significantly the hazard of 
bodily injury, death or property damage due to fire or 
to the improper operation of gas burning equipment. 
Although but a few embodiments of the present in 

vention have been illustrated and described, it will be 
apparent to those skilled in the art thar various changes 
and modifications may be made therein without depart 
ing from the spirit of the invention or from the scope 
of the appended claims. 
What is claimed is: 
1. A gas burner monitor comprising in combination: 
a source of electrical energy having a pair of termi 

nals, 
a carbon monoxide detection circuit, 
a flame color sensing circuit, 
an alarm circuit, 
said carbon monoxide detection circuit comprising a 
gas detection element connected to said source of 
electrical energy and producing a first output signal 
when said detection circuit senses abnormal 
amounts of carbon monoxide around it, 

said gas detection element comprising a resistance 
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6 
means which changes its electrical resistance when 
subjected to the presence of carbon monoxide, 

said color sensing circuit comprising a phototransis 
tor having an anode, cathode and base, said base 
being connected through a variable resistance to 
one terminal of said source and said cathode being 
connected directly to said one terminal of said 
SOurce, 

said emitter being connected through a resistance to 
the other terminal of said source, 

whereby exposure of said photo-transistor to a prede 
termined level of light reduces the resistance of the 
phototransistor between said anode and said cath 
ode to change the base to emitter current flow 
thereby producing a second output signal, 

said variable resistance biasing said phototransistor 
to render it sensitive to a desired light detection 
level, 

an alarm activating circuit, and 
means for connecting said first and second output 

signals to said alarm activating circuit to actuate an 
alarm. 

2. The gas burner monitor set forth in claim 1 
wherein: 

said resistance means reduces in resistance upon in 
crease in wave length of the hue of the light sensed. 

3. The gas burner monitor set forth in claim 1 
wherein: 

said resistance means reduces in resistance upon in 
creased whiteness of the flame. 

4. The gas burner monitor set forth in claim 1 
wherein: 

said resistance means reduces in resistance upon in 
crease in luminosity of the light sensed. 

5. The gas burner monitor set forth in claim 1 in fur 
ther combination with: 
an alarm connected to said alarm circuit, and 
means connected to said alarm circuit for continuing 

its energization after the undesired condition deter 
mined by said detection circuit and said sensing cir 
cuit have ceased to exist and until said alarm circuit 
is interrupted. 
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