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and functions to by-pass alternating current 
flowing in the relay circuit. 
Connected to the grid 63 is a grid resistor 90 

having a filter condenser 9 connected in par 
allel therewith. A grid current limiting resistor 
92 is also connected to the grid 63 and this re 
sistor 92 with a further condenser 93 are con 
nected in series parallel relationship with con 
denser 9 . A filter network 95 is associated with 
the anode 66 and comprises a resistor 96 and 
a condenser S. Also associated with this anode 
66 is a tuned resonant circuit 98 comprising a 
condenser SS and a transformer a having a 
primary 3, which is energized by a selected 
harmonic frequency arising in ignition device 20, 
and a secondary 2. The harmonics may, for 
example, be coupled from the ignition device 2 
by means of a current type of pickup transformer 
4 which has one winding in series with one of 

the ignition electrodes. 
Operation 

The apparatus as shown in the drawing is in 
the completely shut down position. When in 
this condition the thermostatic device iO will be 
open circuited and the control relays 40, 70, and 
88, will all be deemergized. With the control re 
lays deemergized the burner apparatus including 
the ignition device 20, pilot valve 21, and main 
valve 23 will also be deemergized so that there 
will be no flame present at the pilot burner 22 
or at the main burner 24. When there is no 
flame present at either of the two burners the 
control discharge device 6 will have a bias there 
on which Willi naintain the current flow through 
the discharge device sufficiently low that neither 
of the relays nor 88 can become energized. 
The Source of biasing Voltage for the discharge 
device S is obtained from the Secondary winding 
52. With the control grid 63 connected through 
resistor 95 to tap 53, with the cathode $2 con 
nected to tap 54 of secondary 52 and with the 
anode 6f connected to the right-hand terminal of 
secondary 52 through conductor 0, relay Ti, 
and conductor , there will be an A. C. bias 
which is negatively phased applied to the control 
grid whenever the right-hand terminal of second 
ary 52 is phased positive with respect to the left 
hand terminal. While the current that does foW 
is insufficient to energize either of the relays 70 or 
89, there will be Some current flow in the circuit 
when the anode is phased positive with respect 
to the cathode. 
As Soon as there is a demand for operation of 

the burner due to a drop in space temperature 
to Some predetermined value, the thermostatic 
device ) will operate to close the contacts and 
2. The closing of these contacts will effect the 
energization of the relay 40 in a circuit that may 
be traced from the right-hand terminal of sec 
ondary 32 through conductor 2, relay winding 
A2, conductor 3, Switch contacts if and 2, con 
ductor if, safety switch contacts S8 and 39, 
safety switch heater 3, and conductors 5 and 

6 back to the left-hand terminal of secondary 
32. ith this energizing circuit for relay 40 
completed the relay winding will move the switch 
blades: 43 and 34 into engagement with their as 
Sociated Switch contacts 45 and 45 respectively. 
When Switch blade 43 engages contact 45 a cir 
cuit is completed from the lower end of resistor 
43 through the switch contact 45, switch blade 
63, and coniuctor 3 to the left-hand terminal 
of Seconcary 32. This connection will have no 
immediate effect upon the operation of the ap 
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paratus. When switch blade 44 engages switch 
contact 46 an energizing circuit is completed to 
the ignition device 20. This circuit may be traced 
from the input power line 26 through conductor 
f2, Switch blade 44, Switch contact 46, con 
ductor 2, conductor 22, Switch blade 73, switch 
contact 8, conductor 23, ignition device 29, 
and conductor 24 to the other input power 
line 2. 
If the ignition device 29 is operating properly 

there Will be considerable harmonics present at 
the device and these harmonics are coupled to 
the tank circuit 98 by a pair of conductors 2 
and 28. With the tank circuit 98 tuned to a pre 
selected harmonic of the ignition frequency there 
Will be a relatively high voltage across the ter 
minals thereof and this voltage will be rectified 
by the action of anode 66 cooperating with cath 
ode 62 in a circuit that may be traced from the 
right-hand end of the tank circuit 98 through 
the conductors 30 and f3, anode 66, cathode 
62, resistor 96, back to the left-hand end of the 
tank circuit 98. With the voltage on the tank 
circuit rectified there will be a relatively high 
negative Voltage appearing on the right-hand 
terminal of the tank circuit 98 and this negative 
voltage will also be applied to the grid 65 through 
the conductors 3 and 32. With a negative 
Voltage applied to the grid 65 there will be an in 
crease in the current which normally flows in 
the circuit which includes the grid 64. This cur. 
rent flow circuit may be traced from the sec 
Ondary 52, aSSuining the right-hand terminal 
thereof is positive with respect to the left-hand 
terminal, from tap 55, through conductor 33, 
relay coil 8, conductor 34, grid 64, cathode 62, 
to tap 54. On Secondary 52. If the voltage on grid 
65 is Sufficiently negative the electrons which 
Were previously flowing to the anode 6 are ef 
fectively driven back toward the cathode and 
are collected by the grid 64 so that the grid cur 

50 

55 

60 

65 

70 

75 

rent will increase to a point where the relay 80 
will be energized. 
When the relay 33 becomes energized the 

Switch blade 82 will move out of engagement with 
the associated Switch contact 83 so that the cir 
cuit to the harmonic tank circuit 93 will be 
broken. This will have no immediate effect upon 
the apparatus because of the fact that the con 
denser 97 Will have been charged at the same 
time that the current was flowing through the 
resistor 96 and the charge on this condenser st 
Will remain for a length of time dependent upon 
the size of the condenser and the resistor 96. Also 
actuated when the relay 89 becomes energized is 
a SWitch blade 84 which moves into engagement 
With the SWitch contact 85. This latter switch 
ing Operation effects energization of the pilot 
Valve 2 and this energizing circuit may be traced 
from the input power line 26 through conductor 
f2, Switch blade 43, switch contact 46, conduc 
tor 2, conductor 48, switch contact 85, switch 
blade 34, conductor f4 ?, pilot valve 2 i, and con 
ductor 24 back to the other input power line 
27. When the pilot valve 2 becomes energized 
fuel will fiow to the pilot burner 22 and will be 
ignited by Spark electrodes of the ignition de 
Vice 23. - 

AS Soon as a flane appears at the pilot burner 
22 this fiane will be detected by the photocell 25 
Which Will be effective to place a direct current 
charge On the conienser 3. The charging cir 
cuit for con enter 3.2ay be traced from the left 
hand terminal of secondary 52 through Conduc 
tor 55, photoceli 25, conductor 263, condenser 
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for the control relay 40. When the relay 46 be 
comes deemergized the switch blade 44 Will move 
out of engagement with contact 46 and the igni 
tion device 20 will become deenergized. The ap 
paratus will remain deemergized until Such tine 
as the safety switch device 35 is manually reset 
by pressing the reset button 4 to effect a closing 
of the contacts 38 and 39. As soon as this is 
done the apparatus will attempt to start in the 
normal manner by first checking the operation 
of the ignition device 20. If the fault has still 
not been removed the apparatus will again be 
shut down by the safety switch heater 37 warping 
the bimetal 36 to the right and again opening the 
energizing circuit to the relay 48. 
Operation upon failure to establish combustion. 

If the ignition device 2) should be operating 
properly but fame is not established at the pilot 
burner 22 the present apparatus will periodically 6. 
check the ignition operation a number of times 
and if combustion is not established the apparatus 
will be completely shut down. ASSune again 
that the thernostatic device has just closed 
to indicate a need for burner operation. AS lin 
der starting conditions With normal operation 
the relay 4 will become energized and the con 
tacts 34 and 46 Will close to complete the ener 
gizing circuit to the ignition device 29. Assume 
that there is proper ignition and that the har 
monics therefrom are coupled into the resonant 
tank circuit 98 and a voltage is developed acroSS 
this tank circuit, and across the condenser 9 
which is effective to apply a negative voltage to 
the grid 65. With this negative voltage appear 
ing on grid 65 the current flow in the grid circuit 
64 and relay 8 will increase sufficiently to ener 
gize the relay 8. When the relay 8 becomes 
energized the energizing circuit to the pilot, valve 
is completed by the closing of the switch blade 
84 with contact 85. If there should be no flame 
established at the pilot burner 22 within a pre 
determined time the apparatus will shut off the 
pilot, valve 2 and again check to see if the ignition 
device 2 is operating properly. This operation 
Will be understood when it is noted that when the 
relay 30 becomes energized, the Switch blade 82 
moves out of engagement with contact 83 to open 
the energizing circuit to the harmonic tank cir 
cuit, 98. 
circuit 98, the condenser 99 will discharge effec 
tively immediately through secondary 2 and 
the condenser 9 will discharge through the re 
Sistor 96. The length of time that it takes for 
the condenser 97 to discharge through the re 
sistor 98 will determine the length of time that 
the relay 8 will be energized Without a further 
voltage being applied to the harmonic netWork 
98. Thus, after the condenser 3 has discharged 
the potential on grid 65 will drop and the relay 
80 will become deenergized. When the relay be 
comes deenergized the switch blade 84 will move 
out of engagement with contact 85 and will de 
energize the pilot valve, and the switch blade 82 
Will engage contact 83 to again complete the 
energizing circuit to the tank circuit, 38. When 
the energizing circuit to the tank 93 is again 
completed a check will be made to see if the ig 
nition device 2 is operating properly and if it is 
a voltage will be built up across the tank circuit 
and the condenser 9, which will again bias the 
electrode 65 in a negative direction to effect ener 
gization of the relay 80. When the relay again 
becomes energized the pilot valve 2 will again 

When no signal is applied to the tank 
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8 
be energized and a further attempt will be made 
to establish combustion at the pilot burner 22. 
If iiane is still not established at the pilot 

burner 22 the apparatus will again shut down 
to check the operation of the ignition device 
and this process will continue for a number of 
times until such time as the heater 3 aSSociated 
With the safety SWitch device 35 Warps the bi 
metal 36 toward the right and opens the con 
tacts 38 and 39. The opening of the contacts 
38 and 39 will cause deenergization of the con 
trol relay 40 and a complete shut down of the 
apparatus will result until Such time as the reset 
device 4 is again actuated. 
Thus it will be seen that the apparatus will 

check the ignition and if there is ignition the 
pilot valve will be opened. If no flame is es 
tablished the apparatus Will again check the 
ignition and if still operating properly a fur 
ther attempt Will be made to establish combus 
tion at the pilot burner With this checking and 
igniting attempt being carried on until the 
Safety switch device 35 opens to the energizing 
circuit to the main control relay 46. This ar 
rangement has the advantage of maintaining 
the amount of unburned fuel injected into a 
combustion chamber at a minimum. When there 
is no flame present to consume this fuel. 
As soon as the fault causing the failure of 

combustion at the pilot burner has been cleared 
the apparatus will start in the normal manner 
as described above. 

If there should be a failure of combustion dur 
ing normal operation, the flame detection relay 
FC will become deemergized and will reconnect 
the ignition device 2 into an energizing circuit, 
If combustion is not established Within a pre 
determined time the safety cut off device will 
be effective to shut down the apparatus. Dilling 
the period between the flame failure and the 
shut down by the safety switch 35 the apparatus 
will periodically check the operation of the ig 
nition device 20 as explained above and if the 
ignition device 20 fails for any reason the pilot 

5 valve will be retained in the deemergized posi 
tion so that no further fuel can be fed into the 
combustion chamber. 

Component checking features 
In the Operation considered thus far the ap 

paratus within the housing 5 has been con 
sidered to be operating properly. If, for any 
reason, the apparatus was not operating prop 
erly, and such lack of operation is apt to create 
an unsafe condition, it is desired that the ap 
paratus be shut down. 
One function where it would be desirable to 

maintain the apparatus inoperative would be 
where there is an open or a short circuit Con 
dition existing at the photoelectric device 25. 
in the event there is an open or a short circuit 
in the photocell circuit there will be no recti 
fication present and it will be impossible for 
the condenser 93 to charge to attempt to estab 
lish an effective control signal on the grid 63 
for causing energization of the relay (). Fur 
ther, with a short circuit condition existing at 
the photoelectric device 25 the grid 63 Would 
be effectively connected to the left-hand terminal 
of the secondary 52 by a connection through 
the resistor 92, conductor 36, photo-electric de 
vice 25, and conductor i5. This would have 
the effect of applying a further negatively phased 
biasing voltage to the control grid 63 which 
would limit even more the flow of current 
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through the discharge device 60. With the relay 
70 deenergized for a predetermined length of 
time, with the relay 40 energized, the safety 
SWitch device 35 will become effective to shut 
the entire apparatus down. 

In the event that the flame detection relay 
should stick in the operating position with the 
Switch blade 2 engaging contact 75 an ener 
gizing circuit will be completed to the safety 
Switch heater 37 whenever the main control re 
lay 49 is deemergized. This circuit may be traced 
from the tap 33 on secondary 32 through resistor 
48, conductor 60, conductor 56, switch blade 
12, contact 75, conductor 55, heater 37, and con 
ductors ft 5 and 6 bacix to the left-hand ter 
minal of Secondary 32. As soon as the heater 
has Warped the bimetal 36 toward the right the 
contacts 38 and 39 will open to make it im 
possible to energize the relay 40 upon a sub 
Sequent closing of the thernostatic device f. 
Under these conditions it will be impossibie 

to reset the safety switch device until such time 
as the fault causing energization of the heater 
37 is removed. This will be understood when 
it is noted that the heater 37, under the assumed 25 
circumstances, is energized independently of any 
relay contacts of relay 40 and the opening of 
the contacts 38 and 39 does not effect the deen 
ergization of the relay 70. Thus, heater 3 holds 
bimetal 36 in the warped position. Such an ar 
rangement as this enables the operator to de 
termine whether or not the control apparatus 
is not functioning properly or whether the con 
trolled burner is not functioning properly. 
When the apparatus is not functioning the ap 
paratus cannot be put back into operation but 
when the burner fails the apparatus can be put 
back into operation by the actuation of the reset 
actuator 4. 

Conclusion. 
In conclusion it will be noted there has been 

provided a burner control apparatus with a new 
and improved circuit which checks the presence 
of ignition, introduces a minimum of fuel into 
the burner in the absence of combustion, and 
which shuts down in the absence of ignition or 
Combustion or upon a component failure within 
the apparatus. While many modifications will 
be apparent to those skilled in the art it is to 
be understood the invention is limited solely by 
the scope of the appended claims. 

I claim as my invention: 
l, Burner control apparatus for use with a 

burner having igniting means, a pilot valve and 
a main control valve, the combination compris 
ing, a first control relay, a source of power, an 
energizing circuit for said relay including said 
Source adapted to be completed by means indi 
cating a need for burner operation, means con 
trolled by Said first relay arranged to connect 
the igniting means to said source of power, con 
trol means comprising a second relay adapted to 
respond to the proper operation of said igniting 
means, said control means arranged to effect op 
eration of the pilot valve, flame responsive means 
comprising a third relay adapted to respond to 
a burner and pilot flame, means including said 
flane responsive means rendering said main 
valve operative and maintaining the pilot valve 
operative upon the presence of a pilot flame, 
timing means connected to said control means 
for energizing the pilot valve for a number of 
relatively short periods in the absence of a flame, 
and further timing means connected in control 
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ling relation with respect to said control relay 
for rendering said relay ineffective after said 
first named timing means has operated a number 
of times. 

2. Control apparatus, comprising in combina 
tion, a Source of power, an electron discharge 
device having an anode, cathode and a plurality 
of grid electrodes, means connecting Said cath 
Ode and anode and one of Said grid electrodes 
to Said Source, a first relay connected in circuit 
With Said anode, a second relay connected in 
circuit. With said one grid electrode, a source 
of biasing voltage connected to another of said 
grid electrodes, said last named source when of 
a predetermined magnitude effecting operation of 
said second relay, and a control signal source 
connected to a further of Said grid electrodes 
and effective when of a predetermined magnitude 
to effect operation of Said first relay. 

3. Control apparatus, comprising in combina 
tion, a Source of power, an electron discharge de 
vice having an anode, Cathode, control grid, 
Screen grid and Suppressor grid, means connect 
ing said cathode, said Screen grid and Said anode 
to said Source, a first relay in the anode con 
nection, a second relay in the Screen grid connec 
tion, a Source of biasing voltage connected to 
said suppressor grid and effective when of a pre 
determined magnitude to effect operation of said 
second relay, and a Source of control signal con 
nected to Said control grid, Said control signal 
when of a predetremined magnitude effecting op 
eration of Said first relay. 

4. Control apparatus, comprising in combina 
tion, a Source of power, an electron discharge 
device having an anode, cathode, control grid, 
screen grid and suppressor grid, means connect 
ing said cathode, said screen grid and Said anode 
to said Source, a first relay in the anode Con 
nection, a second relay in the Screen grid con 
nection, a source of biasing voltage connected 
to said suppressor grid and effective When of a 
predetermined magnitude to effect operation of 
said second relay, a Source of control Signal 
connected to said control grid, said control Signal 
When of a predetermined magnitude effecting 
operation of said first relay, and means actuated 
by said first relay for rendering ineffective said 
Source of biasing voltage. 

5. Burner control apparatus for use With a 
burner having electrical ignition; a relay, elec 
tronic means for checking the presence of proper 
ignition, said means comprising an electrical cir 
cuit adapted to be coupled by said relay to an 
ignition device, rectifying means connected 
thereto and adapted to produce an output volt 
age indicative of the presence of electrical igni 
tion, an electronic discharge device having a 
plurality of grid electrodes, means connecting 
said relay in circuit with one of Said grid elec 
trodes, and means connecting another of Said 
electrodes to said rectifying means to control 
the current flow through said relay; Said relay 
thereby normally controlling said electrical cir 
cuit in accordance With the presence or absence 
of electrical ignition, and flame responsive means 
connected to render said relay ineffective to re 
spond to the presence or absence of electrical 
ignition when a burner flame is present. 

6. Control apparatus, comprising in combi 
nation, a source of power, an electron discharge 
device having an anode, cathode, control grid, 
screen grid and suppressor grid, means connect 
ing said cathode, said screen grid and anode to 
said source, a first relay in the anode connection, 
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connected in controlling relation to said elec 
trical means to maintain said relay in said sec 
Ond position for a predetermined length of time 
after the establishment of electrical ignition; 
Second circuit means adapted to control fuel 
flow controlling means, means including said re 
lay for energizing said second circuit; and corn 
bustion responsive means connected to said elec 
trical means and operative upon the establish 
ment of Combustion to render said electrical 
means ineffective to respond to the establish 
ment of electrical ignition. 

HENRY L. HANSON. 
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