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ABSTRACT OF THE DISCLOSURE 
A flame detecting apparatus utilizing the ionization 

pattern of a flame gas to modulate a low voltage carrier 
signal impressed between a sender electrode and a re 
ceiver electrode. The result modulated signal at the re 
ceiver electrode is used to gate a gated latching switch, 
such as an SCR, which actuates an output switch to a 
readout device to indicate flame presence, both qualita 
tively and quantitatively. The voltage of the carrier sig 
nal is below the gating thershold of the latching switch 
so that upon flame cessation, the latching switch will not 
gate, thus deactivating the output switch. Upon output 
switch deactivation, flame failure may be indicated by 
any suitable alarm. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

This invention deals with flame detectors and more par 
ticularly with the flame detectors utilizing the ionization 
pattern of flame gases to modulate a low voltage carrier 
signal impressed across the flame. 

In many applications, including home and industry, 
flame combustion of fuels is used as a source of heat. It 
is essential in all such applications, in the interests of 
Safety, that there be at no time an accumulation of un 
burner gases (such as will occur on flame failure) which 
may become ignited due to spurious causes and cause an 
explosion. Therefore, it is necassary to have some means 
for giving an indication of flame failure, and preferably 
having this indication turn off the fuel to the combustion 
chamber. There are available today many types of detec 
tors to indicate flame failure and prevent the buildup of 
this potentially hazardous condition. These flame detec 
tors are usually based on the following scientific prin 
ciples: 
(1) thermostat affect; 
(2) action of light sensitive thermionic tubes; 
(3) differential pressure within a flame; and 
(4) electrical properties of flame gases. 
Each of the flame detectors based on the first three 

above-noted scientific principles is subject to fundamental 
drawbacks. The thermostat has a slow response time be 
cause it is heat sensitive to the point where a finite pe 
riod of time exists between flame cessation and the de 
tection of environmental cooling to yield an indication 
of flame failure. The use of light sensitive thermionic 
tubes for detection has the objections that these systems 
require expensive and delicate ampifying means and are 
frequently rendered inoperative by deposition of soot. 
These devices also require accompanying fault detection 
equipment to insure they are properly operating. 
When using the differential pressure principle for de 

tection (measuring the change in pressure occurring be 
tween a point at which no flame exists and a point at 
which flame is intended to exist), the equipment necessary 
to carry out such a principle is of a mechanically compli 
cated nature and subject to moisture and corrosion fail 
ures. Furthermore, with each of the above principles, the 
detecting equipment is located within the flame environ 
ment and subject to the extreme conditions found there. 
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The fourth principle on which flame detectors have 

been based involves making use of the electrical proper 
ties inherent in flame gases. The known electrical prop 
erties presently used are the (1) thermionic effect, (2) 
thermopile effect, and (3) are discharge effect. 
The thermionic effect involves the heating of two elec 

trodes by a flame. If a potential gradient exists between 
the electrodes, heating lowers the work function of one 
electrode, and there will be emission of electrons there 
from. These electrons travel to the other electrode creat 
ing current flow between the two. This current flow is 
used to operate any suitable device to indicate flame. This 
effect is heat sensitive and will continue to indicate flame 
When in fact flame has ceased to exist if the electrodes 
are sufficiently hot. 
The thermopile effect consists of heating an electrode 

causing a random drift current which results in a fluctu 
ating polarized potential between the ends of the elec 
trode. This drift is applied to the grid of a tube causing 
the tube to fire and send a signal to a device for indicating 
flame. Since only microamperes of current flow, a very 
high impedance device prone to noise is required. 
The arc discharge effect involves applying a high po 

tential between two electrodes which results in an arc 
discharge breakdown in the presence of the ionized flame 
gas between the electrodes. Upon breakdown a large cur 
rent flows between the electrodes. This effect, like the 
thermionic effect, is heat sensitive in that if the eloctordes 
are sufficiently heated, the gap breakdown will be sus 
tained even though the flame is removed. This effect is 
also sensitive to electrode spacing; that is, the electrodes 
must be placed very close to one another in order for 
gap breakdown to occur. The close spacing will cause 
this arrangement to be sensitive to moisture and conta 
minant fouling. 
Atlhough subject to each of the above noted problems, 

due to the environmental conditions existing in the area 
where flame is to be detected, there is a distinct advan 
tage in using a means incorporating the electrical prop 
erties of the flame gases. The equipment used to indicate 
the existence or nonexistence of the flame may be remote 
ly located from the flame source and is not subject to 
the intense heat and corrosion within the flame chamber. 
The only portion of the devices based on the electrical 
property principles which is subject to the flame environ 
ment are simple metal electrodes used as conductors in 
the flame. 

I have discovered a fourth electrical characteristic of 
flame gases which may be used in flame detecting incorpo 
rating the advantages, while not subject to the negative 
limitations, of the above electrical property effects. A 
flame is a highly ionized gaseous plasma composed of 
equal numbers of positive ions and free electrons with a 
minimum number of negative ions existing therein. The 
free electrons cause the flame gas to be electrically con 
ductive. When a slowly altenrating electromagnetic field 
is impressed across the plasma, the field is modulated by 
the flame gas ionization pattern. By placing two elec 
trodes in the area in which a flame is to exist and impress 
ing a slowly alternating low voltage signal on one of the 
electrodes, in the presence of flame a signal will be re 
ceived at the other electrode. This signal at the second 
electrode will have a modulated wave form (carrier sig 
nal plus a modulated additive). By means of a signal 
translator responsive only to a signal of the magnitude of 
the modulated signal, directing the modulated signal re 
ceived at the second electrode to an output device, there 
may be derived an indication of the existence of flame. 
The frequency of the modulated flame signal will vary as 
the flame pattern, thus giving a qualitative description of 
the flame. A quantitative representation of flame intensity 
is also available since the amplitude of the modulated 
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flame signal varies directly with flame intensity. The 
output device may be used in conjunction with a readout 
device to give a continuous visual indication of flame 
condition and intensity and, furthermore, may have adapt 
ed thereto a suitable alarm means operative to give an 
alarm upon cessation of the flame. The alarm means 
may be either visual or audible or may directly serve to 
cut off fuel flow to the burning device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagrammatic view of the flame detecting 

electrodes with the signals upon each shown respectively 
thereabove; 

FIG. 2 is a diagrammatic view of the electrodes, de 
picting the ionization of the gases therebetween; 

FIG. 3 is a diagrammatic view of the fundamental 
components of the flame detector of this invention; 

FIG. 4 is a schematic diagram showing the circuitry of 
the flame detector of this invention; 

FIG. 5 is a perspective view of the eddy plate with the 
flame detecting electrodes mounted thereon; 

FIG. 6 is a view, partly in section, of the reed relay 
ouput switch used in the detector circuit; and 

FIG. 7 is a view, partly in section, of a modified form 
of the electrode used in this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, FIG. 1 is illustrative 
of the flame gas characteristic upon which my invention 
is based. A carrier signal C of slowly alternating, low 
voltage wave form 10 is imposed through lead 2 on 
electrode 14. The signal, conducted through and modul 
lated by flame 16, is impressed upon electrode 18. The 
modulated signal M received at electrode 18 consists of 
the carrier signal wave form 10 and modulated voltage 
peaks 20. This signal is taken from electrode 18 by 
lead 22. 
As illustrated in FIG. 2, the flame gas existing between 

electrodes 14 and 18 consists of positive ions 24, electrons 
26 and a few negative ions 28. When carrier signal C is 
applied to electrode 14, the gas electrons are modulated 
by the flame gas ionization pattern and travel to elec 
trode 18 on carrier signal C. The electrons travel varying 
distances (for example, d1 d2) to give an additional po 
tential level (modelation) to the imposed carrier C. Peaks 
20, represent the sum of the carrier wave form 10 and 
the modulation additive as caused by this distance of 
travel of the electrons 26. 

FIG. 3 shows in diagrammatic form how I apply the 
flame gas ionization pattern signal modulation principle 
to flame detection. An alternating source 30 generates a 
signal between the ground 32 and electrode 14 through 
lead 12. The signal is transmitted to electrode 18 and 
passed through lead 22 to a signal translator 34. If a flame 
exists, the signal translator 34 will actuate an output 
device 36. When the flame ceases to exist, output device 
36 will no longer be actuated and a suitable alarm means 
38 may be activated. 

FIG. 4 shows one practical flame detecting application 
based on the principles of my invention as discussed 
above. An alternating voltage source 30 (e.g., line volt 
age) applies a low voltage alternating signal to an isola 
tion transformer 40. The purpose of the isolation trans 
former is merely to isolate the circuit from ground. The 
transformer 40 is fused, as at 42, for fail-safe operation. 
The low voltage alternating signal is passed through the 
isolation transformer 40 to the electrode 14 through lead 
12 which is also fused for fail-safe operation as shown at 
44. The circuit contains a suppressor 46 to prevent the 
transmission of line transients through the detecting cir 
cuit. Electrode 14 is mounted on an eddy plate 48 and 
insulated therefrom by insulator 50, as best seen in FIG. 
5. Mounted on the eddy plate 48 in spaced relationship 
therefrom is electrode 18 insulated from the eddy plate 
by insulator 54. The eddy plate 48 is positioned in a 
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4. 
standard oil and gas ignitor horn 52 (best seen in FIG. 4) 
and serves the purpose of positioning the fuel nozzle 70 
and spark plug 72. The electrodes are positioned so that 
they will be enveloped by the flame when a flame exists 
in the horn 52. While two electrodes are shown, other 
configurations may be adopted, such as using one elec 
trode and arranging the horn 52 to serve as the other 
electrode. 
When carrier signal C is applied to electrode 14, this 

electrode acts as a sending probe sending a signal to 
electrode 18, which serves as a receiving probe. The sig 
nal received at electrode 18 is carried by line 22 to a 
signal translating device including an SCR 56 through a 
SCR gate current limiter 58 and an SCR voltage limiter 
60. While this particular circuit specifies an SCR, any 
suitable gated latching switch may be used. The gating 
threshold of the SCR 56 is above the voltage of the 
alternating carrier signal C from the alternating source 
30 impressed on receiving electrode 18. It will, however, 
be gated by a voltage of a magnitude of the modulated 
signal M (carrier wave form 10 plus modulation additive) 
imposed on electrode 18 when a flame exists in horn 52. 
When the SCR 56 is gated, an output switch such as 

reed relay 62 will be activated to send a signal to readout 
device 64. This signal is directly related to flame pattern 
and intensity. The frequency of the modulated flame sig 
nal will vary as the flame pattern, while the amplitude 
of the modulated flame signal varies directly with the 
flame intensity. Therefore, upon presence of a flame, the 
readout device will enable one to determine not only 
existence thereof, but also the flame characteristics 
(qualitatively and quantitatively). 
Upon cessation of flame, SCR 56 will cease to be gated 

and reed relay 62 will be deactivated. Suitable alarm 
means 38 may be connected with reed relay 62 in Such 
a manner so as to be responsive to deactivation of reed 
realy 62. Upon deactivation, the alarm 38 may send Out 
a visual or audible signal and/or may serve to interrupt 
fuel supply to the ignitor horn 52 in any well known 
ale. 
Since an SCR will conduct only during the positive 

half of a conduction cycle, I have included in this circuit 
a relay hold 68 which will store energy during this con 
ductive portion and discharge the stored energy during 
the negative portion of the conduction cycle. In this man 
ner, the reed relay 62 is continuously activated until the 
time when SCR 56 ceases to be gated (i.e., no flame exists 
to modulate carrier signal C) at which time it is de 
activated and triggers alarm 38. 

FIG. 6 shows a typical reed relay 62, such as that shown 
schematically in FIG. 4. An evacuated glass housing 74 
surrounds support terminals 76, 78 of contacts 80, 82. 
When the coil of reed relay 62 (surrounding housing 74 
but not shown) is activated by the gating of SCR 56, 
contacts 80 and 82 will be brought together to close the 
circuit of the readout device 64 and alarm 38. It is to be 
understood, of course, that the reed relay is only one form 
of output device actuating switch which may be used. 
Although the electrodes 14, 18 may be metal probes, 

I have found that standard aviation sparkplugs will more 
efficiently serve as electrodes overcoming the problem 
of parasitic equivalent resistance build-up between the elec 
trodes. Parasitic equivalent resistance build-up refers to 
carbon combustion products which collect between the 
electrodes providing a direct current path to short Out 
the electrodes. As shown in FIG. 7 the standard aviation 
spark plug consists of a housing 86 having an opening 88 
therein. Within the housing is located a ceramic insulator 
90 having an electrode tip 92 extending therefrom. A 
portion of the air 94 flowing in the horn 52 to support 
combustion will pass through opening 88 and blow out 
around extending electrode tip 92. This air circulation 
serves to remove any solid combustion products which 
would otherwise tend to build up on the electrode tip 92 
keeping the tip clean, 
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In view of the above disclosure it can be seen that I have 
developed a flame detector not subject to the extreme 
environmental conditions or the above-enumerated detri 
mental electrocal characteristics which have plagued pre 
vious flame detectors. Utilizing the ionization pattern of 
the flame gas itself, I have invented a low voltage detector 
which may be used through an appropriate readout device 
to transmit an accurate picture of flame pattern and in 
tensity and which is instantly responsive to flame failure 
to trigger a suitable alarm means. The circuitry as shown 
in a typical application is simple and small in size. The 
flame detector of my invention gives a more reliable re 
sponse in a smaller response time at less cost than any 
detector available today. 

It will be understood that various changes in the details, 
materials, and arrangements of parts which have been 
herein described and illustrated in order to explain the na 
ture of the invention, may be made by those skilled in the 
art within the principle and scope of the invention as ex 
pressed in the appended claims. 

I claim: 
1. An apparatus for detecting flame condition compris 

ing: a sender means and a receiver means, a low voltage 
alternating carrier signal imposed on said sender means 
and transmitted to said receiver means, said carrier signal 
being modulated when passed through a flame, a signal 
translator associated with said receiver means to receive 
said signal transmitted to said receiver mean, an output 
means to indicate flame condition, said output means ac 
tuated by said signal translator to indicate flame condition 
when said translator receives said modulated signal and 
actuated by said signal translator to indicate no flame when 
said translator no longer receives said modulated signal. 

2. The apparatus of claim 1 wherein said output means 
includes an output switch, a readout means and an alarm 
means, said signal translator closing said output switch to 
activate said readout means when said modulated signal is 
present and opening said output switch to activate said 
alarm means when said modulated signal is no longer re 
ceived. 

6 
3. The apparatus of claim 2 wherein said signal transla 

tor includes a gated latching switch, said latching Switch 
allowing said output switch to be closed upon the passage 
of current through said latching switch, said current pass 
ing through said latching switch only when a voltage of 
the magnitude generated by said modulated carrier signal 
is received at the gate of said latching switch. 

4. The apparatus of claim 1 wherein said sender means 
and said receiver means are metal electrodes electrically 
insulated and spaced from one another, said electrodes lo 
cated so as to be enveloped by said flame. 

5. The apparatus of claim 4 wherein said sender and 
receiver electrodes are spark plugs, each of said spark 
plugs having a housing, an insulator within the housing 

15 and an extended conductive tip extending from said in 
Sulator, said housing having means provided therein for 
passing air between said housing and said insulator and ex 
tended tip to prevent build-up of combustion products be 
tween said tip and said housing. 

6. The apparatus of claim 1 wherein said signal transla 
tor includes a gated latching switch, said latching switch 
allowing current to flow therethrough only upon reception 
at the gate thereof of a voltage of the magnitude generated 
by said modulated carrier signal. 
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