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{57] ABSTRACT

A flame detector wherein a pair of diodes are con-
nected in series with opposite directions of conduction
across the respective terminals of an AC power
source, and a light emitting device, such as a discharge
tube, is connected between the point of connection of
the two diodes and a flame rod disposed in a flame to
be detected. With this construction, a predetermined
voltage is applied between a burner and the flame rod,
whichever side of the AC power source is grounded.

6 Claims, 4 Drawing Figures
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1
FLAME DETECTOR

BACKGROUND OF THE INVENTION

The present invention relates to a detector for
flames, and more particularly to a flame detector in
which a light emitting device, such as a discharge tube
or a luminescent diode, is turned on and off in response
to the presence and absence of a flame.

In general, a flame detector exploiting the electric
conductibility or rectification action of a flame detects
the presence of the flame in such way that a voltage of
several hundreds volts is applied between a flame rod
provided within the flame and a burner, a minute cur-
rent caused to flow via the flame between the flame rod
and the burner is amplified by an amplifier circuit of
high input impedance which employs a field-effect
transistor or the like, or a light emitting device, such as
a neon tube, is caused to emit light by the use of the
minute current, and a photoconductive device (such as
a cadmium sulfide cell) is rendered operative by the
emitted light. As a power source for such a detector,
the usual commercial power supply can be directly
used. Since, however, one terminal of the commercial
power supply is generally grounded and a non-
polarized type is often employed for a power plug
socket, an inconvenience results in that no voltage is
applied in one of the directions in which the plug
socket is inserted in the power outlet (because the
burner is generally grounded). For this reason, in the
prior art, the voltage to be applied between the flame
rod and the burner must be supplied through a trans-
former from the power source. The transformer iso-
lates the primary and secondary sides in a DC sense, so
that even when one of the primary side terminals is
grounded, a voltage on the secondary side floats from
ground. An appropriate voltage is accordingly applied
between the flame rod and the burner irrespective of
the direction in which the power plug socket is inserted
in the power outlet.

The provision of the transformer as stated above,
however, has the disadvantages of making the flame de-
tector large in volume, as well as in weight, and high in
cost.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide a novel flame detector which is free from the
disadvantages of the prior art as mentioned above.

Another object of the present invention is to provide
a flame detector which is constructed such that both
terminals of a power source are connected to one ter-
minal of a light emitting device through respective di-
odes, while the other terminal of the light emitting de-
vice is connected to a flame rod.

Another object of the present invention is to provide
a flame detector which employs a composite element
comprising a light emitting element and a photocon-
ductive element integrally coupled, thereby to make
the previously required power transformer unneces-
sary.

Still another object of the present invention is to pro-
vide a flame detector which is constructed such that
two flame rods are disposed in a flame, and that one of
the terminals of a power source is connected through
the first light emitting device to one of the flame rods,
while the other terminal of the power source is con-
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nected through the second light emitting device to the
other flame rod. '
The other objects, features, and advantages will be
apparent from the following detailed description when
read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing an embodiment
of a flame detector of the present invention;

FIG.. 2 is a circuit diagram showing an example of a
flame detecting and control apparatus to which the
flame detector of the present invention is applied; and

FIGS. 3 and 4 are circuit diagrams each showing
other embodiments of the present invention.

DESCRIPTION OF THE PREFERRED
‘EMBODIMENTS

In FIG. 1 showing an embodiment of the present in-
vention, numeral 8 designates an AC power source
which is grounded at either of the terminals A or B
(“OR” in the figure signifies that either terminal is
grounded). Diodes 6a and 6b are connected in series
with opposite directions of conduction across the re-
spective terminals of the AC power source. A voltage
is therefor provided at the juncture C between the di-
odes. Accordingly, whichever terminal A or B is
grounded, the rectified voltage of the AC power source
8 is obtained at the point C through the diode con-
nected to the terminal which is not grounded. Through
a detecting device 5, the voltage is applied between a
flame rod or detecting electrode 3 and a burner 1,
which'is grounded. A current flows between the burner
1 and the flame rod 3 via a flame 2. The detecting de-
vice § is thereby rendered operative (in the embodi-
ment in FIG. 1, a discharge tube is lit). Thus, the pres-
ence of the flame 2 is detected. A protective resistance
4 is provided for the case where the burner 1 and the
flame rod 3 erroneously come into contact.

FIG. 2 is a circuit diagram of flame detecting and
control apparatus which makes use of the flame detec-
tor of the present invention. Referring to the figure, in
case of ignition, a power switch (not shown) is first
turned on to connect the power source 8. Upon con-
nection of the power source 8, a timer 9 is actuated.
Contacts 9 — 1 and 9 - 2 of the timer 9 are so set as to
initially turn on and to turn off after a fixed time. Ac-
cordingly, the power source 8 is connected through the
contact 9 —- 2 to a coil 10 of a standard magnet valve
(not shown), the magnet valve is opened, and a gas is
ejected from the burner 1. Since a transfer contact 16
- 1 of arelay 16 is connected on the side D at this time,
the voltage of the power source 8 is applied onto the
primary side of a high-tension transformer for ignition
11. A high voltage is induced on the secondary side of
the transformer 11, to give rise to a spark discharge be-
tween a discharge electrode for ignition 12 and the
burner 1. The gas is thereby ignited. In the case where
the ignition fails for any cause, the opening of the
contacts 9 - 1 and 9 — 2 of the timer 9 after a fixed time
will close the magnet valve to stop the gas and to arrest
the spark discharge. Whichever terminal A or B of the
power source 8 is grounded, the rectified voltage is pro-
duced at the point C through the diode 6a or 6b, con-
nected to the other terminal which is not grounded.
The voltage is applied through the discharge tube 5 be-
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tween the flame rod 3 and the grounded burner 1.
Therefore, in the case where the ignition is normally
effected with no misfiring, the current flows via the
flame 2 between the flame rod 3 and the burner 1, to
light the discharge tube 5. The resistance of a cadmium
sulfide cell 13 is thereby decreased, transistors 14 and
15 are brought from the *“off™ state into the “on” state,
and the relay 16 is energized.

The changeover contact 16 — 1 of the relay 16 is so
set as to be connected to the side D for the “off” state
of the transistor 15 and to the side E for the *‘on” state.
Accordingly, when the ignition is normally effected and
the relay 16 is energized, the primary side of the ignit-
ing high-tension transformer 11 turns off to stop the

~discharge. If the burning is normally carried out, the
current continually flows via the flame 2 between the
burner 1 and the flame rod 3, to keep the relay 16 ener-
gized. On the other hand, the contacts 9 - 1 and 9 - 2
of the timer 9 are opened by the operation of the timer
after a fixed time, as has been previously stated. In this
case, the magnet valve coil 10 is connected to. the
power source 8 by the contact 16 - 1 of the relay 16,
so that the burning is continued.

In the case where the flame is extinguished by any
cause during the burning, the current between the
flame rod 3 and the burner 1 vanishes. The illumination
of the discharge tube 5 is therefore put out to turn off
the transistor 15, with the result that the contact 16 -
1 of the relay 16 is reset onto the side D. Accordingly,
since the timer 9 has already caused switch 9 - 2 to
open, the magnet valve coil 10 is deenergized, the sole-
noid valve is closed, and the gas supply is stopped. Ref-
erence numeral 17 in FIG. 2 indicates a power source
for operating the transistors 14 and 15 and the relay 16.

FIG. 3 is a circuit diagram showing another embodi-
ment of the present invention, which permits elimina-
tion of the rectifiers 6a and 6b. Numeral 8 designates
an AC power source which is grounded at either of the
terminals A or B (**OR” in the figure signifies that ei-
ther one is grounded). Composite elements 20a and
20b, the former comprising a light emitting element
194 and a photoconductive element 18z and the latter
comprising a light emitting element 195 and a photo-
conductive element 185, are connected across the re-
spective terminals of the AC power source 8. Each of
the light emitting elements 194 and 195 is grounded at
one end, while the output ends of the photoconductive
elements 184 and 18b are connected together at a point
C. Accordingly, whichever terminal A or B is
grounded, an AC voltage from the power source 8 is
obtained at the point C in such a manner that the light
emitting element in the composite element connected
to the terminal which is not grounded emits light to
thereby bring the photoconductive element in the iden-
tical composite element into the conductive state. In
that case, the light emitting element in the composite
element connected to the terminal on the ground side
has no voltage applied thereto, and does not emit light.
Accordingly, the photoconductive element in the iden-
tical composite element exhibits a very high resistance,
and is in the nonconductive state.

When the voitage is applied through a detecting ele-
ment 5 between a detecting electrode or flame rod 3
and a grounded burner 1, a current is permitted to flow
via a flame 2 between the flame rod 3 and the burner
1. The detecting element 5 is thereby rendered opera-
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tive (in FIG. 3, a discharge tube is lit). Thus, the pres-
ence of the flame 2 is detected.

A capacitor 7 connected in parallel with the detect-
ing element § is effective in the case where the rectifi-
cation action of the flame is utilized. When the imped-
ance of the capacitor 7 is made sufficiently low as com-
pared with the resistances of the protective resistors 4a,
4b, 21a, and 21b, the capacitor constitutes a bypass cir-
cuit for AC components. Therefore, in the case where
an AC current flows through the detecting circuit (in
such case where the flame rod is erroneously
grounded), the detecting device 5 does not operate.
The detecting device 5 is rendered operative only by
the DC component which is produced by the rectifying
action of the flame. It is accordingly possible to prevent
the detecting device from erroneously operating at
such undesirable conditions as grounding of the flame
rod.

FIG. 4 shows a further embodiment of the present in-
vention wherein rectifiers are not required. Referring
to the figure, numeral 8 represents an AC power source
which is grounded at either of the terminals A or B
(*“OR” in the figure means that either one is
grounded). A first circuit in which a detecting elec-
trode or flame rod 3a, protective resistance 4a, and a
detecting device 5a are connected in series, and a sec-
ond circuit in which a detecting electrode or flame rod
3b, protective resistance 4h, and a detecting device 5b
are connected in series, are connected across the re-
spective terminals of the power source 8.

Accordingly, depending on which terminal A or B is
grounded, the voltage of the power source 8 is applied
between the flame rod 3¢ or 3b connected to the termi-
nal not grounded and the grounded burner 1. A current
is accordingly caused to flow via the flame 2 between
the flame rod 3« or 3b and the burner 1, so that the cor-
responding detecting device 5a or 5b is made operative
(in FIG. 4, a discharge tube is lit). In this way, the pres-
ence of the flame 2 is detected. A capacitor 7a or 7b
connected in parallel with the detecting device 5a or 5b
serves as bypass components for AC components, as
described in connection with the embodiment of FIG.
3. Owing to the bypass circuit, in the case where an AC
current flows through the detecting circuit (in such
case where the flame rod is erroneously grounded), the
detecting device is not operated. The detecting device
is operated only by the DC component which is created
by the rectifying action of the flame. It is accordingly
possible to prevent the detecting device from damage
which might result from grounding of the flame rod.

While the embodiments of FIGS. 3 and 4 are de-
scribed in the absence of control circuitry to control
the starting and continuing operation of the burner, it
should be understood that these embodiments may be
used with the control apparatus formed by elements 9
through 17 in FIG. 2 or any other suitable control appa-
ratus.

As described above, the present invention makes it
possible to use the usual commercial power supply as
the power source of the detecting circuit without em-
ploying a power transformer for the detector circuit.
The flame detector of the present invention accord-
ingly has the advantages of being light in weight, low in
cost and capable of reliably detecting a flame by ex-
ploiting the electric conductibility or the rectifying
property induced between the flame rod and the burner
by the presence of the flame. It can be utilized in a vari-
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ety of equipment, such as an oil burner, heavy oil com-
bustion equipment, an instantaneous water boiler and
a gas bath, for example.

What is claimed is:

1. A flame detector comprising a grounded burner,
a flame rod disposed at a placé at which a flame from
the burner is to exist, first and second non-linear im-
pedance means each presenting a low impedance when
a voltage is applied thereto and exhibiting a high im-
pedance when no voltage is applied thereo, an AC
power source having one of its terminals grounded, one
of said terminals of said power source being connected
to one terminal of said first non-linear impedance
means and the other terminal thereof being connected
to one terminal of said second non-linear impedance
means, and a light emitting device for emitting light in
response to the presence to the flame, one of the elec-
trodes of said light emitting device being connected to
said flame rod and the other electrode being connected
in common to the other terminal of each of said first
and second non-linear impedance means.

2. The flame detector according to claim 1, wherein
each of said first and second non-linear impedance
means comprises a diode.

3. The flame detector according to claim 1, wherein
each of said first and second non-linear impedance
means comprises a non-linear photoconductive ele-
ment having a high resistance when not irradiated by

6

light and presenting a low resistance when irradiated by

" light,-and a light emitting element formed integrally
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therewith, said light emitting element being connected
between one terminal of said AC power source and:
ground, said photoconductive element being con-
nected between said one terminal of said AC power
source and said light emitting device,

4. The flame detector according to claim 3, wherein
a capacitor for bypassing AC signal components is con-
nected across the terminals of said light emitting de-
vice.

5. A flame detector comprising a grounded burner,
first and second flame rods disposed at a place at which
a flame from the burner is to exist, an AC power source
one of its terminals grounded, and first and second light
emitting devices for emitting light in response to the
presence of the flame, said first light emitting device
being connected between said first flame rod and one
of the terminals of said AC power source, said second
light emitting device being connected between said sec-
ond flame rod and the other terminal of said AC power
source.

6. The flame detector according to claim 5, wherein
an individual capacitor for bypassing AC signal compo-
nents is connected across both terminals of, and in par-

allel with, each light emitting device.
* * * * *
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