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UNITED STATES PATENT OFFICE 
2,304,200 

SAFETY CONTRO, MECHANISMFOR FUEL 
BURNERS 

Ralph J. Plein and Robert E. Yates, Chicago, Ill., 
assignors to Drying Systems, Inc., Chicago, Ill., 
a corporation of Illinois 
Application August 20, 1938, Serial No. 225,996 

(CE. 158-28) 13 Claims. 

This invention relates generally to fuel burn 
ers or heating devices, and more particularly it 
relates to safety control mechanism for multiple 
burner installations. 

In many industrial drying, baking or heating 
systems the requisite heat is supplied by a series 
of individual burner units from which heated air 
or the heated products of combustion are cir 
culated through the several parts of the system. 
Such individual burner units must each be 
equipped with Safety control nears to insure 
the desired sequence of operations in starting 
units and also to cause a tomatic interruption of 
the fuel feed upon fiare failure in the individual 
burier unit. 

A.Y. in portant object, therefore, of the present 
it "feration is to enable a, altiple byrner instal 
ision having a relatively large numer of 
burner units to be controlled by a central con 
Fol syster. Which is responsive to fiane failure 

in any one of the 3urner units to shut down 
the entire multiple burner systern. 
More specifically, it is an object of the present 

invention to provide a central safety control 
system for multiple burner installations which 
avoids duplication of the more expensive ele 
ments of the control apparatus. 
A further object is to provide such a nultiple 

burner control System wherein each burner unit 
of the syster acts periodically to govern the fuel 
supply to the burners, 
Another object is to provide a multiple burner 

Syster. Wherein a control impulse the continu 
ity of which governs the operation of all of the 
burners is made up of a related series of short 
control impulses originating successively in the 
different burners of the system only during nor. 
mal or safe operation of such individual burners. 
Other objects and advantages will become ap 

parent from the following description, taken in 
connection with the accompanying drawings, in 
Which: 

Fig. 1 is a fragmental vertical sectional view 
taken through a fuel burner adapted to be con 
trolled in accordance with the present inven 
tion, the view being taken along the line f-f 
of Fig. 6; 

Fig. 2 is an enlarged sectional view of the pro 
gressive detector Switch utilized in Our new con 
trol system, the view being taken along the line 
2-2 of Fig. 5; 

Fig. 3 is a view showing the progressive de 
tector switch and the ignition distributor of the 
present invention, the ignition distributor being 
shown in central section; 
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Fig. 4 is a sectional view of the ignition dis 
tributor taken along the line 4-4 of Fig. 3; 

Fig. 5 is a sectional view of the progressive de 
tector Switch taken along the line 5-5 of Fig. 3; 

Fig. 6 is a front elevational view showing a 
battery of eight heaters adapted to be controlled 
in accordance with the present invention; 

Fig. is a diagrammatic view illustrating the 
control of the multiple heater system of Fig. 6 in 
accordance with the present invention; and 

Fig. 8 is a wiring diagram illustrating a part of 
the control systein of Fig. 7. 
In the for chose for disclosure herein the 

invention is elabodied in a in ultiple unit turner 
system (), which, as illustrated in Fig. 6, comi 
prises a battery of eight similarly formed heater 
units 8, 3rranged side by side, and having india 
vidual fuel burners 2 constricted as shown in 
Fig. i. The burners 2 are supplied from a coin 
mon fuel source such as a (air gas supply line 
f3 and all the burners are controlled by a coin 
Iron control Syster such as that illustrated 
diagranhatically in Fig. 7. 

he heater units and their fuel burners 2 
may be of any preferred type, such as the gas 
fired type illustrated in detail in Fig. 1. In this 
form each heater f has its combustion chamber 
5 merging at the rear end of the unit with a 

return flue or mixing chamber 6, the fuel burn 
ers 2 being positioned to discharge the fuel into 
the forward end of the cornblastion chamber 5. 
Each burner 2, as hereir shown, is associated 
with a Venturi formed for, sefractory ina 
terial within a supporting sieeve 88, and by 
means of bolts 9 between the sleeve 8 and the 
wall of the combustion chanaber 4, the Venturi 
is secured in an operative reiation on the for 
Ward end of the coinbustion chanbei. 
On the outer end of the Wetti sleeve 8 the 

various parts of the burner assembly are mount 
ed by means of a hollow mounting casting 2: 
this casting being in the general form of a trus 
cated cone and having a flange 2 at its larger 
end through which bolts 22 pass to secure the 
casting 20 to a flange 23 at the outer end of the 
Wenturi sleeve 8. At its other or Outer end the 
casting 20 has a central sleeve 24 through which 
a main fuel discharge nozzle 25 projects so as to 
discharge fuel longitudinally toward the adja 
cent end of the venturi T. The sleeve 24 is 
carried by a spider 26 so as to provide for the 
entrance of an annular stream of air about the 
nozzle 25, such air supply being controlled by 
an adjustable baffle plate 2. Additional air may 

55 enter the venturi through an annular slot 28 
  



2 2,304,200 
formed between the flanges 2 and 23 by plac 
ing spacer collars 29 on the bolts 22 between 
said flanges. Gas is supplied to the nozzle 25 
by a pipe 30 leading from the common gas line 
f3, a valve 3 preferably being included in the 
pipe 30. At its lower end the pipe 30 has an 
angle 32 which through a pipe 3 discharges 
the gas into a mixer 34. The mixer 34 has an 
upper air inlet governed by an adjustable valve 
plate 35, and the mixture of gas and air is dis 
charged downwardly through the tapered con 
nector 36 and an elbow 37 to the nozzle 25. 

In the preferred form shown herein, each 
burner unit 2 is equipped with means for ignit 
ing the fuel flowing from the main fuel nozzles 25, 
this means being shown herein as comprising an 
electrically ignited pilot burner 40 which projects 
it flame, as indicated at 4 f, laterally into the 
filame Zone 42 of the main fuel nozzle. As herein 
shown the pilot burner 0 is mounted in an angu 
larly related sleeve 43 formed on the mounting 
casting 20, the burner 4 comprising a burner 
tube 44 having a fange 45 intermediate its ends 
whereby the tube 44 is secured to the flanged 
outer end of the mounting sleeve 43. 

In the present burner installation, fuel gas is 
supplied to each pilot 4 from a common pilot fuel 
supply line 46 through individual branch pipes 47, 
each of which includes a manual valve 8 as 
shown in Fig. 6. 
The pipe 4 is connected to a nozzle 49 which 

discharges longitudinally into the reduced outer 
end of the burner sleeve 42'. On the sleeve 2" 
an internally threaded hub SO is formed out 
wardly of the flange 5 to receive a spark plug 5 
by means of which the gaseous fuel within the 
burner sleeve 2 may be ignited. The resulting 
combustion of the fuel is supported by air which 
enters through a plurality of small ports 52 
formed in the sleeve 42'. 

In association with each of the burners f2 of 
the present illustrative installation, safety means 
is provided whereby proper operation of the burn 
ers is detected and the operation of the burners is 
automatically Suspended upon failure of combus 
tion. Of the many different types of detecting 
means which may be employed for this purpose, 
we have shown herein a flame detecting device 55. 
This particular safety detecting device 55 com 
prises a hollow mounting member 56 secured by 
means of a threaded nipple 56 on an angular 
sleeve 57 on the mounting casting 2 so that an 
insulated electrode 58 carried by the member 56 
projects through the sleeve 5 and into the con 
mon Zone of the main flame 2 and the pilot flame 
4. Preferably the electrode 58 is replaceably 
mounted in an insulating structure 59 clamped 
permanently within the mounting member 56. 
With this construction either fiame may serve as 
an electrical conductor to complete a circuit to 
ground through the insulated electrode 58, and 
this circuit may therefore be utilized as a means 
to detect the presence or absence of the desired 
flame in the combustion chamber 5. 

In carrying out the objectives of the present in 
vention, the main burner fuel line 3 and the 
pilot fuel line 46 are both fed from a common 
source 3' (Fig. 7), and each is provided with nor 
mally closed valve means whereby to shut off the 
fuel flow to all of the pilot burners or main burn 
ers under the governing action of our novel con 
trol System. As indicated in Fig. 7, the main fuel 
line 3 has a normally closed valve 60 therein 
adapted to be opened only during energization 

O 

2 5 

30 

has a similar valve 62 similarly operated by a 
solenoid 3. 
When a battery of two or more heaters 2 is to 

be employed, it has heretofore been necessary to 
duplicate, for each heater, the various ignition 
and control elements ordinarily used with such 
individual heaters, while in accordance with the 
present invention such duplication is avoided ex 
cept as to the detecting means of the control sys 
ten and the Spark plugs or equivalent means of 
the ignition System. 
Furthermore, the present System is such that 

opening of the main fuel valve 60 is dependent 
upon the existence of a pilot flame in each burner 
2 of the system, and hence it is impossible for 
an operator to flood any of the heaters with the 
large quantities of unignited fuel which would 
otherwise be supplied to a combustion chamber 
having a faulty pilot. 
To this end the present invention provides for 

Operative interconnection of the various manually 
operable control elements whereby any particular 
Operation in the burner-starting sequence is ren 
dered dependent upon the actuation of the man 
ual control elements in the proper sequence and is 
also rendered dependent upon proper functioning 
of several elements of the apparatus. Thus the 
electrical power for the various elements herein 
shown, in Fig. 7, is taken from leads L1 and La 
which are connected in series through the such 
other operative elements, such as relays and con 
trol switches, as are to be used in association with 
the heating system, so that power reaches a main 
switch 65 only when the preceding electrical ele 
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ments are properly energized. 
Under Such conditions, closure of the main 

switch 65 energizes wires Ia and L4, which may 
include fuses 66; and between the wires L3 and L4 
an indicator light 6 is preferably connected to 
indicate visually the presence of power in these 
leads. '' 

When the indicator light G7 shows the presence 
of power in leads L3 and L4, a manual control ele 
ment such as push button 68 is depressed to start 
the pilot burners 40 of the several burners 2. 
This starting operation includes the opening of 
the pilot fuel valve 62, which opening is attained 
through energization of the Solenoid 63 thereof. 
Hence, the actuation of the push button 68 oper 
ates to close a normally open switch 69 to connect 
the lead I4 to a circuit to one terminal 63' of the 
solenoid 63, the other terminai 63' of the solenoid 
63 being connected by a wire 70 to the lead L3. 
As herein shown, this circuit from the switch 69 
comprises wires 7 and 72 to a stationary contact 
3 of a magnetic contactor 74, the contact 73 be 

ing normally engaged by a movable contact 75 of 
said contactor. From the contact 75 wires 76, 77, 
8 and 79 are connected in series to said terminal 

63' of the solenoid 63. Thus when the switch 69 
is closed, the pilot valve solenoid 63 is energized 
and the pilot gas valve 62 is opened so as to start 
the gas flow to all of the pilot burners 40. 
Closure of the switch 69 also serves to energize 

an ignition transformer 80, since one end of the 
primary winding of the transformer 80 is con 
nected by a wire 8f to lead L3, while the other end 
of the primary is connected to the wire T by a 
wire 82. In the system herein shown a single 
transformer 80 of relatively small size is utilized 
to energize the spark plugs 5 of all of the burners 
f2, this end being accomplished by applying the 
output potential of the single transformer 80, suc 
cessively, to the several sparkplugs in the general 

of its actuating Solenoid 6, while the pilot line 75 manner and by means of apparatus substantially 
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like that shown and claimed in co-pending ap 
plication Serial No. 223,658, filed August 8, 1938, 
now Patent No. 2,212,352, patented August 20, 
1940. This apparatus is shown in detail in Figs. 
3 and 4 of the drawings, and takes the form of a 
distributor device 85 mounted on and driven by 
an electric motor 86. Preferably the distributor 
device 85 has a mounting plate 8 having an axial 
sleeve shaft 88 rotatably mounted therein. The 
sleeve 98 is connected at 90 to the motor shaft 
86. About the lower end of the shaft 89 a hous 
ing 9 surrounds the connection 90, the housing 
9 being secured to the motor housing by Screws 
92 and the mounting plate being secured to the 
housing by screws 93. On the other or upper end 
of the shaft 88 a radial distributor. arm 94 of in 
sulating material is mounted and keyed for rota 
tion with the shaft, the arm 94 having a sleeve 
portion acting as an external support about the 
projecting end of the sleeve 88. 
A distributor cap 9S which houses the arm 94 

is fixed to the mounting plate 87 by screws 96, and 
in the cap 95 a plurality of insulated contacts 98 
are mounted at circumferentially spaced points so 
as to be successively engaged by a wiper contact 99 
mounted on the end of the distributor arm 94. 
On the upper face of the arm 94 is a spring con 
tact 00 which is located on the axis of the shaft 
89 so as to engage a stationary contact of on the 
inner face of the cap 95, and by means of a wire 
02 this contact, is connected to one side of 

the secondary coil of the transformer 8. The 
other end of the transformer Secondary is 
grounded at 3. 
This when each contact 98 of the distributor 35 

is connected to one of the spark plugs 5, as in 
dicated by wires 4 in Fig. 7, rotation of the dis 
tributor arm oy its notor 86 acts to energize 
the Spark plugs 5 in rapid succession, and each 
plug is energized once for each revolution of the 
shaft 89. With the distributor arm 94 rotating 
at motor speed, a rapid succession of igniting 
sparks is created at each plug without placing 
excessive load on the transforiner. 
As hereinbefore described, the depression of the 

push button S8 opens the pilot gas valve 62 and 
energizes the ignition transformer 80; and, in ad 
dition, the motor 86 is started so as to cause the 
spark plugs 5 to be energized in rapid succession 
and thereby light the pilot burners 40. As shown 
in Fig. , the notor-starting circuit comprises a 
wire (5 leading from the wire 6 to one of the 
terminals of the motor 86, and a wire G6 from the 
other notor terminal to the lead L3. 
When all the pilot, burners 40 have been lighted 

so as to product pilot flannes 4, the presence of 
these flannes is detected by the detecting devices 55 
so as to condition the apparatus for starting the 
main flames 42. In attaining this end the mag 
netic relay or contactor 74 serves as a primary 
safety device which, until actuated, prevents ac 
tuation of the main fuel valve 60, and the con 
tactor 74 is placed under the joint control of all 
of the detecting devices 55, and also under the 
control of the motor 86 with the result that unless. 
the motor and all of the pilot burners are operat 
ing properly, the main fuel supply to the main 
burners 25 cannot be turned on. Thus the pri 
mary safety control contactor 74 serves as con 
ditioning means for a secondary magnetic con 
tactor ff0 which serves as the control means gov 
erning the opening and closing of the main gas 
valve 60. Such actuation of the contactor 74 
opens the circuit 73-75 so that there can be no 

5 

() 

2 5 

30 

25 

3 
0 after the push button 8 has been released, with 

the result that the ignition means does not op 
erate after such release of the push button. The 
contactor has normal open stationary switch 
contacts if and 2 adapted to be closed by a 
bridge contact 3 carried by the armature f4. 
The contact f is connected by wires 5 and 

f6 to one terminal of the main valve solenoid 6, 
while wires 7 and 8, in series, connect the 
other terminal to the linea, so that when the con 
tacts if and 2 are bridged and the contact 2 
is connected to line L4, the main fuel valve will 
be opened. Thus the initial opening of the main 
fuel valve, as well as the maintenance of this valve 
in its open position is rendered dependent upon 
energization of the contact 2 from the line L. 
When the contact 2 is thus energized, as will 
presently be explained, the coil 9 of the con 
tactor O may be energized by momentary clo 
Sure of a normally open push button switch 2C. 
The Switch 20, which forms a shunt circuit, 
around the Switch f-f 2, has one contact 2 
connected by wires 22, 23 and 24 to the con 
tact 2, while its other contact 25 is connected 
at the junction of wires if S and 6. From this 
junction wires 27 and 28 carry the circuit to one 
end of the coil 9, the other end being connected 
by a wire 29 to the wire 8. Hence by closure 
of the push button switch 20 the contactor 
is energized to close the contacts - 2 and 
this closure of contacts f - G 2 establishes a 
holding circuit, which maintains the circuit, to the 
nasa V8 ve Solenoid 8 so long as the contact G 2 
reisai is exergizedi. The closure of the contacts 
A-6 S2 is preferably indicated visually by a 
indicator light 39 corrected across the wires 

40 
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8-82. 
The 'equired 2nergization of the contact, is 2 is, 

during Xiorgiai operation of the system, controlled 
by the contector 4, while the contacio S is, dur. 
ing Stich horrinai buizner operation, controllied 
jointly by all of the detectors 55 and the operation. 
of the Yotor 86. The initial closure or energiza 
tion of the contactor is must, however, take place 
under the control and during the depression of 
the control button 83. To this end, the contactor 
coil 3i has one of its ends connected by a wire 
32 to the wire 06 which connects with lead L3, 

while its other end is connected by wires f33, 34, 
23 and 35 to a stationary contact 36. A bridge 
contact or switch member 35 associated with the 
push button. 68 acts to complete a circuit, between 
the contact 36 and a second stationary contact 
38 which is connected by a wire 39 to a wire 643. 
AS will be hereinafter explained, this Wire 49 is 
energized from the line L4 during proper opera 
tion of the notor 86 and all of the pilot burners 
40, so that under such proper operating conditions, 
the continued closure of switch 3, energizes the 
coil 3 of contactor 4 and moves its armature 4 
upwardly, as viewed in Fig. 7. m 
When the contactor 74 is thus energized, a 

holding circuit from the wire 40 to lead L3 is 
established. This is accomplished through a 
contact 42, carried by the armature 6, in in 
Sulated relation to the contact 5. and connect 
ed to one end of the wire f40. The contact 42, 
when the armature f4 is actuated, engages a 
stationary contact 43 which is connected by a 
wire 44 to the juncture of wires 33 and 34. 
thus establishing the desired holding rircuit, 
through the wire 33 through the coil 3 and 
wires 32 and 06 to line L3. 

Closure or energization of the contactor 4 also 
feed of current to the primary of the transformer establishes a running circuit to the motor 86 and 

  



4. 
pilot solenoid 63 by engagement of the contact 
75 with a contact 45, this contact being con 
nected by a wire 46 to the wire 39. Preferably 
the arrangement is such that the contact en 
gages the contact 45 substantially simultane 
ously with or prior to being disengaged from the 
contact 73, thus insuring that there is no undue 
interruption in the supply of fuel to the pilot 
burners or current to the notor 6. This is Con 
mon practice in the art and may be accorn 
plished, for example, by the use of make-before 
break contacts or other equivalent expedients. 
As hereinbefore described, each electrode 5 

of the detecting devices 55 cooperates with a 
main fame 42 or a pilot fame 4 to form an elec 
trical control circuit, and in accordsnce with the 
present invention the several detecting devices 
55 are arranged to cooperate with a central or 
common control means, such as that which has 
been described, so that all of the burners 2 co 
operate in the exercise of a governing influence 
on the central control means. To this end, the 
invention provides means whereby each electrode 
or detector circuit operates periodically as the 
ultimate governing control of tie ourner System, 
and the Several electrode circuit.S Operate in Suc 
cession to produce a continuous governing action 
upon the central control neans. In the pre 
ferred form this cooperative governing action of 
the detecting means of the several burners is at 
tained through the use of 8, progressive or cyclic 
detector switch SS which places each detector 
55 periodically in sole governing control of the 
central control ineans. Eence, if any detector 
circuit, during its period f sole governing con 
trol indicates the absence of a fame in the aSSO 
ciated burner 2, the central control means acts 
to shut down all of the buriers of the System. 
Thus as shown diagraminatically in Fig. , the 

progressive detector Switch 50 has a rotatable 
shaft 5 carrying s, wiper arm 52 which estab 
lishes contact successiveiy with a plurality of in 
sulated contacts 353. Each contact 53 is con 
nected by a wire 35 to the electrode 58 of one of 
the detector devices S5 so that when the wiper 
arm 52 is in engagement with a particular con 
tact 53, a fieline from the associated pilot burn 
er (or in air ourner 25) will establish an elec 
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trical circuit, from tie wiper arm to the connect 
ed gas supply ines 3 and 46, these gas lines 3 
and 6 being grounded in the control circuit, 
The circuit thus established is utilized, in the 

present instance, to govern the energization of 
the lead wire is and thus control the contac 
tors is and , and Such governing action is at 
tained through a self-restoring relay mechanism 
indicated at 69. This relay mechanism is is 
preferably constructed as shown in Fig. 8, and in 
Order to attain sensitivity of control this relay 
mechanism employs a grid-controlled thermionic 
amplifier tube 200 which operates to control the 
Supply of energizing current to a magnetic relay 
2. 
With this particular relay, a wire 6 from the 

wiper arm 52 is connected to terminal 63, 
while a ground wire 64 from the relay cabinet 
is connected to the gas supply pipe 46, and these 
connections act in conjunction with the wiper 
arm 52 and any one of the detectors 55 with 
which it is connected to supply control or grid 
potential to a grid-controlled thermionic ampli 
fier tube 200. 
As shown in Fig. 7, terminals 6 and 68 of 

the relay cabinet are connected by wires 69 and 
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O to the leads L3 and I, and the wire has a 

branch lead to the terminal 66. Thus the 
terminal 66 is connected to lead L4 and the con 
tactors T and O may be energized when a cir 
cuit is completed from the wire O to the ter 
ninal 66. 
To this end the relay switch 20 has its one 

stationary contact 202 connected by a wire 203 
to the terminal 66, while its other contact 204 
is connected by a wire 205 to a terminal 65, and 
means is provided forming a circult connection 
from the terminal 65 to the wire 40. Prefer 
ably this circuit connection includes a normally 
open centrifugal Switch 5 operated by the 
notor 86. The Switch 5 has one contact 
to which the wire 40 is connected, and a sec 
Ond contact 77 connected by a wire 78 to the 
terminal 65, and a centrifugally actuated bridg 
ing element 9 which operates to connect the 
contacts 6 and 77 when the motor R6 attains 
its running Speed, 
As herein shown, the progressive detector 

switch 50 is driven from the motor 86, and it is 
for this reason that the running circuit for the 
notor is provided through contactor 74. Hence, 
during closure of the contactor 4 the detector 
Switch 50 is constantly rotated to place the sev 
eral detector circuits successively in sole control 
ling relation to the relay 60, Since the absence 
of a flame in any particular one of the burners 
f2 acts to break the detector circuit of that 
burner, the detector Switch in its periodic asso 
ciation with this particular burner will fail, dur 
ing such association, to transmit energizing po 
tential of the required polarity to the grid ter. 
minal 63 of the relay 60. When this takes 
place the circuit is such that no plate current 
will be fed to the associated relay 20 so that this 
relay willi Open and break the circuit between 
terminals 65 and 66. Thus the holding cir 
cuit 8-5-4-42-43-44-33 through 
the coil 3 of the contactor 74 is broken so that 
the contactor 74 is released and moves to its open 
position. This breaks the circuit to contact 2, 
and hence the holding circuit to the contactor 

0 is broken. Hence, the solenoid 6 of the main 
gas valve 60 is deenergized so as to shut off the 
flow of the main fuel through the line 3. 
This desired functioning of the apparatus is 

attained through the circuit shown in Fig. 8, 
which will for present purposes be, considered as 
having its electrode terminal 63 connected 
through the progressive detector Switch 50 to 
One of electrodes 58. The control tube 200 is 
herein shown in such a circuit that grounding or 
improper connection of the electrode 58, or of 
other sensitive elements of the circuit, will act 
to cause the relay switch 20 to open, and there 
by insure proper shut down of the burner sys 
ten not only upon flame failure but also upon 
failure of the safety detector system. 
The illustrated tube-circuit of Fig. 8 embodies 

a transformer 205, the primary 205 of which is 
connected by wires 67 and 68 across power 
Supply terminals 6 and 68, while three sini 
larly positioned secondary windings 206, 207 and 
208 of substantially the output indicated are pro 
vided from which the tube 200 is powered. The 
tube 200 is of the type having two triodes within 
a single envelope (such as the commercial type 
6N 7), one triode being used as a primary control 
or amplifier governing the output of the other 
triode which energizes the actuating coil. 2 of 
the relay 20. Both triodes of this tube are of 
the Zero bias type wherein current flows in the 
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plate circuit while there is a zero bias on the 
grid or a positive bias on the grid, and plate 
current is cut of only when the grid has a nega 
tive bias. Since the tube is herein powered by 
alternating current, we will describe the opera 
tion during the operative cycle of the triodes, 
that is, during that portion of the current alter 
nation when the plate is positive and the cathode 
negative. 

Broadly considered, the safety circuit of Fig. 8 
is Such that its elements are normally biased so 
as to prevent flow of alternating current to the 
relay 20, and actuating current for the relay 
is Supplied only when an abnormal biasing of 
the tube elements is caused by the presence of 
a flame. Thus the electrode terminal 63 is con 
nected by wires 2 and 2' to the first grid G1 
so that a circuit formed to the electrode 58 by 
a flame may serve to complete an energizing cir 
cuit to the grid G1. To this end a circuit from 
ground, as at 212, is provided through a wire 2 3, 
a resistor 24 of the order indicated in Fig. 8, a 
wire 25 to one end of the coil 210, and a wire 
2 6 to the upper end of the secondary 208, the 
iower end of which is connected by wires 28 and 
29 to the common cathode C of the tube. This 
cathode C has a conventional heater circuit not 
herein shown. The plate P1 of the first triode 
is connected by wire 22 to the upper end of the 
secondary 206, the lower end being connected by 
wires 222 and 222 and a resistor 223 of the order 
indicated to the wire 26, thus providing the 
plate-cathode circuit for the first triode of the 
tube. 

Bearing in mind the similar positioning and 
winding of the several transformer Secondaries, 
and the fact that for present purposes the de 
scription is limited to that portion of the alter 
nating cycle when a positive potential is applied 
to the plate and a, negative potential is applied 
to the cathode, it will be evident that the bias 
as between plate P1 and C will be such as to nor 
mally cause current flow in the plate circuit of 
the first triode. In this connection it will be 
noted that the shielding terminal 62 is con 
nected to a wire 27 to the cathode circuit at 
the juncture of wires 28 and 29, and that the 
wires 27 and 2 t are connected by a resistance 
2T and a parallel capacitance 27', these being 
of the order indicated in Fig. 8. Thus the grid 
G1 normally has no power or biasing connection 
so that current normally flows as above described 
in the plate circuit of plate P1. This plate cur 
rent of the circuit from plate P1 does not, how 
ever, actuate the coil relay 20, the circuit being 
around the coil 20 as follows: plate P1, wire 22, 
secondary 206, wires 222 and 222', resistance 223, 
wire 26, secondary 208 and wires 2 i8 and 29 
to the common cathode C. In this circuit the 
secondary 206 supplies a voltage of approximately 
185 volts, while secondary 208 supplies a voltage 
of approximately 70 volts. 
The plate current thus flowing in the plate 

circuit of plate P1 provides a negative biasing 
potential for the second triode of the tube. 200, 
this potential being applied to grid G2 by a wire 
224 tapped into the first plate circuit at the junc 
ture of wires 222 and 222'. 
When this negative bias on the grid G2 is re 

moved, the circuit from plate P2 is such as to 
pass plate current to the relay coil 210 to actuate 
the relay, this circuit from plate P2 being pro 
vided by a wire 225 to the upper end of the 200 
volt secondary 207, and a wire 226 from the lower 
end of secondary 207 to the upper end of the 
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plate P1. 

relay coil 20. The lower end of coil 20 has a 
circuit to the common cathode C through wire 
26, secondary 208 and wires 28 and 29. 
When the negative bias provided on the grid 

G2 is removed as will hereinafter be described, 
the plate P2 will, during half cycles of the alter 
nating Current, be positive, while the cathode C 
is negative, and hence plate current will flow in 
the Second plate circuit through the relay coil 
20. The relay 20 will therefore be closed. In 
this action a condenser 227, of the order indi 
cated, connected across the coil 20 between wires 
25 and 26, acts to Smooth out the half cycle 
rectified current supplied to the coil 20. 
With the circuit thus provided the presence of 

a flame between the grounded fuel nozzle and 
the associated electrode 58 serves to apply a neg 
ative potential to the grid G1 so as to stop the 
flow of plate current in the circuit from plate Pi. 
Such negative bias of the grid G1 is caused by 
the high resistance of the flame in the G1-cath 
Ode circuit, which in combination with the ca. 
pacitance in the circuit causes the phase rela 
tionship in the circuit to grid G1 to approach a 
phase opposition relationship. As a result the 
negative cycle of the alternating current is ap 
plied to the grid G1 at the time the plate P is 
positive, with the result that no current flows 
in the circuit of plate P1. 
When a Sensitive relay of this character is 

employed the various wires such as wires 54 and 
6? are shielded as indicated fragmentally at 
l62' and the shields are connected to terminal 
f62. This terminal 62 is connected internally 
of the relay housing 60 to the cathode element 
of the amplifier tube by means of a wire 230. 
A grounded shielding is also used on all high 
tension leads which are in close proximity to the 
detector circuits, such as the wires 04 and O2, 
and the lead .02 also has a conventional sup 
pressor associated therewith to prevent unde 
sired feedback currents. 

Failure of the flame serves, of course, to re 
move the negative bias on grid G1 so that plate 
current flow is reestablished in the circuit of 

Such plate current flow instantly ap 
plies a negative bias to grid G2 so as to stop the 
flow of the energizing current in the circuit of 
plate P2 through the relay coil 2 (0. 
With this circuit the Various short circuits or 

grounds which Would tend to render the system 
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unsafe act to stop the flow of plate current to 
the relay coil 20 So as to shut down the burner 
system. Thus a grounding of the electrode 58, 
or any part of the circuit between this electrode 
and the grid G1 Serves to short out the flame re 
sistance. Since this resistance is vital in pro 
ducing the phase shifting required to negatively 
bias the grid G1, the tube Will be so biased as to 
prevent flow of energizing current to the relay 
coil. 2 C. 

Similarly, a short between the shielding and 
the grid G1, or between the grid G1 and the 
cathode, or any part of the circuits associated 
therewith, serves to short out the capacitance 
27' and thereby disrupt the phase shifting in 
the circuit to G1. A similar action results from 
the grounding of the circuit of grid G1. 
With the release of the main safety contactor 

74, the running circuit to the motor 86 is broken, 
and the holding circuit through contacts 75-45 
to the pilot gas Solenoid 63 is broken. Hence, no 
fuel can flow to either the pilot burners or the 
main burners of any of the heaters, and the 
burner system cannot be placed in operation 
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again until the Sequence of manual starting op 
erations is properly performed by the operator. 
To insure complete release of the several re 

lays when there is a flame failure in any one of 
the burners 2, the progressive detector switch 
150 is so constructed, and is rotated at such a 
speed, that each detector circuit remains in sole 
governing control for a time interval Sufficient to 
permit the requisite releasing movement of the 
relays in the event that the absence of a flame is 
detected by the sensing element 55. To this end, 
the detector switch 50 is driven at a reduced 
Speed from the motor 86 by a conventional Speed 
reduction gearing 80 which has an output shaft 
8 as shown in Fig. 5. A housing 82 is mount. 
ed in fixed position surrounding the projecting 
end of the shaft 8, and on the Open end of the 
housing a base plate 83 is secured by Screws 84. 
The drive shaft 5 of the switch 50 is shown in 
Fig. 5 as being of a hollow form surrounding the 
shaft 8 and fixed thereto by a set screw 85. 
On the end of the shaft 5 which projects 
through an axial opening 86 in the plate 83 
the wiper arm 52 is mounted by means of a 
sleeve f8 and key 88, the arm being formed 
from an insulating material. At the end there 
of the arm 52 has a resilient metallic wiper con 
tact 90 which in the rotation of the arm 52 suc 
cessively engages the contacts 53. An insulat 
ing cover 9 is mounted on the plate: 83 by 
screws 92, and by means of metallic studs f$3 
projecting inwardly of the cover from individual 
connecter sockets 94, the arcuately faced metal 
lic contacts 53 are supported for Such engage 
ment by the wiper contact 52. The wires 54 
are inserted into the connector sockets 94, which 
are constructed as shown in Fig. 3. A similar 
connector socket 95 receives the wire 6 to 
form an electrical path to a central internal Con 
tact 96 within the cover 9, and a spring con 
tact 97 connected to the wiper contact 90 en 
gages the contact 96 to complete the circuit to 
the wiper contact 90. 
While the speed of rotation of the detector 

switch 50 may be varied considerably, it has 
been found that with the number and type of 
burners herein shown, and with the contacts of 
the Switch 50 constructed and related as herein 
shown, the present safety control system will op 
erate to prevent unsafe conditions iri all of the 
burners when the switch 50 is operated at what 
might be termed a relatively slow Speed. Thus 
the speed reducer 80 is so constructed and re 
lated to the motor 86 as to rotate the switch 50 
at a speed of approximately ten revolutions per 
minute (10 R. P. M.). This speed may be varied 
in accordance with the nature of the burners or 
the particular installation so that each individual 
burner is checked by the switch 50 at Sufficiently 
frequent intervals to prevent accumulation of 
dangerous quantities of unburned fuel in the 
combustion chambers thereof. 

In order that the relays and other operating 
parts of the present system may be controlled 
by operating or control currents, applied in ac 
cordance with standard practice, thereby to per 
mit the use of relays and other parts of a stand 
ard commercial construction, the progressive de 
tector switch 50 is preferably so constructed 
that during normal operation thereof potential 
is continuously applied to the grid terminal 63. 
This end is attained by so constructing and re 
lating the stationary contacts 53 and the wiper 
contact 90 that between the periods of Sole 
governing control of the successive detector cir 
cuits, the two adjacent contacts 53 are simul 
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taneously engaged by the wiper contact f. The 
particular construction employed in this connec 
tion is best illustrated in Fig. 2 wherein the con 
tacts 53 are shown as being of relatively great 
arcuate length so as to leave but a slight space 
between adjacent contacts. With this construc 
tion the wiper contact 90 is provided with a 
contact portion 90' of sufficient length to bridge 
the slight space between adjacent contacts 53. 
Hence the wiper contact 90 as it approaches the 
end of one contact 53 makes circuit with the 
next contact 53, with the result that the control 
grid G1 of the relay mechanism 60 is continu 
ally biased in such a manner as to enable the 
fuel supply to be maintained during the existence 
of proper Combustion conditions in all of the 
burners 2. 

It is, of course, obvious that during those 
periods in which the wiper contact 90, Figs. 2 
and 7, bridges two adjoining segments 53, the 
effective flame resistance in the flame detecting 
grid circuit of the tube 200, Fig. 8, may decrease 
due to the fact that two flane paths are electri 
cally connected in parallel. The apparatus is so 
designed, however, that such reduction in the 
effective flame resistance does not affect the bias 
on the grid G1 sufficiently to cause any appre 
ciable flow of current through the tube 200 from 
the cathode C to the plate P1. Hence, under nor 
mal Operating conditions, the fuel supply con 
tinues uninterruptedly irrespective of the posi 
tion of the wiper arm 52, Fig. 2, and it is only 
when there is flame failure or an actual short 
circuit, or stoppage of the distributor motor BB, 
that the system automatically shuts down as 
above described. 
The control Circuit herein shown is such that 

the burner system continues in operation so long 
as pilot flames exist in all of the combustion 
chambers, but it will be evident that in some in 
stances the pilot valve 63 might be shut of after 
the main burners have been started and that the 
detectors 55 and the progressive detecting switch 
50 would continue to act as a safety means to 

stop the burner system upon failure of the main 
flame in any One of the burners. 
From the foregoing description it will be ap 

parent that the present invention provides a con 
trol system for multiple burner installations 
whereby expensive duplication of control equip 
ment is avoided. Moreover, the present Control 
System is such that completion of the starting 
operation is dependent upon proper operation 
of the pilot burners, and hence safety of opera 
ation is insured. 
While we have illustrated and described a 

selected embodiment of our invention it is to be 
understood that this is capable of variation and 
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modification and we therefore do not wish to be 
limited to the precise details set forth but desire 
to avail ourselves of such changes and altera 
tions as fall within the purview of the following 
claims: 
We claim: 
1. In a multiple heater System having a plu 

rality of pairs of burners each pair of which 
includes a main burner and a pilot burner, each 
pair of burners being associated with a combus 
tion chamber, the combination of a common 
automatic governing means for starting all of 
Said main burners and for stopping the operation 
of all of said main and pilot burners, and a sens 
ing device associated with each of said combus 
tion chambers and each operable to detect the 
presence Or failure of a flame in the combustion 
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chamber with which it is associated, individual 
detector circuits for each of said sensing devices, 
a progressive detector switch operable to make cir 
cuit with said detector circuits in predetermined 
timed succession, a motor for actuating said de 
tector Switch, a normally open safety Switch asso 
ciated with said motor for closure during Oper 
ation of Said detector SWitch by said motor, and 
an energizing circuit through which said Com 
mon governing means may be actuated to start 
said main burners, said energizing circuit in 
cluding said safety switch and being jointly con 
trolled by the progressive action of said detector 
circuits. 

2. In a multiple burner control system for use 
with a burner system having a plurality of pairs 
of associated main and pilot burners, a plurality 
of detector elements adapted for operative indi 
vidual association with the individual pilot 
burners of such a multiple burner system, a 
main control mechanism for starting all of the 
main burners of such a multiple burner System, 
an energizing circuit for operating said main con 
trol mechanism to start Said main burners and 
including a common lead wire, a normally open 
safety switch in said common lead, and a pro 
gressive detector switch, a motor for driving said 
progressive detector switch, said motor being Op 
erable to close said safety switch during Opera 
tion of the motor, a plurality of stationary con 
tacts forming part of said detector Switch and 
each having a lead wire connected to one of Said 
detector elements, and a movable contact form 
ing part of said detector switch and connected to 
said common lead, said movable contact being : 
driven by said motor and being operable in its 
movement to place said common lead wire Sucr 
cessively in circuit with said stationary contacts. 

3. In a heating system having a plurality of 
fuel burners, fuel supply means for said burners, 
sensing devices each associated with a respective 
burner for sensing the presence or absence of a 
flame in Such burner, automatic means govern 
ing said fuel supply means, sequencing means 
normally operating to place said automatic 
means sequentially under the control of Said 
sensing devices, said automatic means respond 
ing to a flame failure detected by any of Said 
sensing devices to disable said fuel Supply means, 
and safety means controlling said burners and 
operatively related to said sequencing means for 
preventing the admission of fuel to said burners 
whenever said sequencing means is not operating. 

4. In a heating system having a plurality of 
fuel burners, electrically operated fuel Supply 
means for said burners, sensing devices each 
associated with a respective burner for detecting 
the presence or absence of a flame in Such 
burner, automatic means governing Said fuel 
supply means, sequencing means normally oper 
atting to place said automatic means Sequen 
tially under "he control of said sensing devices, 
said automatic means operating in response to a 
flame failure detected by any of the Sensing de 
vices to interrupt the supply of fuel to Said 
burners, and a centrifugal Switch controlled by 
said sequencing means and effective to prevent 
said fuel supply means from Supplying fuel to 
said burners when said sequencing means ceases 
operating. 

5. In a multiple heater System having a plu 
rality of fuel burners, sensing devices each asso 
ciated with a respective burner for detecting lack 
of combustion of the fuel in Such burner, a de 
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7 
erating with a series of arcuately arranged con 
tacts, means for driving Said wiper rotatively to 
Successively engage Said contacts, means affording 
a plurality of normally effective detector circuits, 
each of Said circuits including a particular one 
of Said contacts and being controlled by a respec 
tive sensing device to become ineffective when 
such device detects lack of Combustion in the as 
Sociated burner, automatic means governed by 
Said detector switch and responding when said 
wiper is engaged with contact included in an 
ineffective detector circuit to prevent operation 
of Said burners, and a centrifugal Safety device 
operated by the driving means for Said distribu 
tor switch and effective to prevent operation of 
Said burners when said wiper is rotating at leSS 
than a predetermined speed. 

6. In a multiple heater system having a plu 
rality of pilot burners and aSSociated main burn 
ers, valve means regulating the admission of fuel 
to Said pilot burners, other valve means regul 
lating the admission of fuel to Said main burners, 
electrical ignition means for said pilot burners, 
a first manually operable means Controlling Said 
pilot waive means and said ignition means and 
effective when operated to cause fuel to be ad 
mitted to Said pilot burnerS Substantially concur 
rently with the energization of said ignition 
means, governing means operatively associated 
with said pilot burners and effective in response 
to the establishment of flames in all of Such 
burners to control Said pilot valve means for 
maintaining the Supply of fuel to Said pilot burn 
ers independently of said first manually operable 
means, said ignition means remaining under the 
control of said first manually operable means, 
and a second manually operable means Con 
trolling Said main valve means. 

7. An apparatus as set forth in claim 6, in 
which said governing means is adapted to pre 
vent said second manually operable means from 
being effective to admit fuel to the main burners 
until all of the pilot burners are lighted. 

8. In a heating system having a plurality of 
heaters each embodying a main burner and a 
pilot burner, a normally closed fuel valve for Said 
pilot burners, a solenoid operating when ener 
gized to open said pilot valve, electrical ignition 
means for said pilot burners, manually controlled 
switch effective when operated to concurrently 
energize said pilot valve Solenoid and Said igni 
tion means, a relay, governing means operatively 
associated with the pilot burners and responding 
to the presence of flames in all of Such burners 
to operate said relay, means controlled by said 
relay and said governing means and effective 
when said relay is operated to maintain said pilot 
valve Solenoid energized independently of said 
Switch, Said ignition means remaining under the 
control of Said Switch, and manual means con 
trolled by Said governing means and operable 
when all of Said pilot burners are lighted to start 
the main burners. 

9. In a multiple heater system having a plu 
rality of fuel burners, means for supplying fuel 
to Said burners, ignition means operable to light 
Said burners, manually controlled means for con 
currently initiating operation of said fuel supply 
means and Said ignition means, and means op 
eratively a SSociated with said burners and re 
Sponding to the presence of flames in all of the 
burners to maintain said fuel supply means in 
operation independently of Said manual means, 
Said ignition means remaining under the control 

tector switch comprising a rotary wiper coop-75 of Said manual means, 
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10. In a multiple heater system having a plu 

rality of fuel burners, fuel supply means for said 
burners, control means effective when operated 
to maintain said fuel supply means in operation, 
individual spark ignition devices for said burners, 
distributor means operable to successively ener 
gize said ignition devices, driving means for said 
distributor means, and Safety means governed by 
said driving means for preventing Operation of 
said control means when Said driving means is 
not in operation. 

1. An apparatus as set forth in claim 10, in 
which said safety means comprises a centrifugal 
device mechanically connected to said driving 
eaS. 
12. In a multiple fuel burner system, means 

for supplying fuel to the burners in the system, 
mahually controlled means for initiating opera 
tion of Said fuel Supply means, electrical means 
effective when energized to maintain said fuel 
supply means in operation independently of said 
manually controlled means, governing means ef 
fective when in one condition to establish a hold 
ing circuit for maintaining Said electrical means 
energized and when in another condition to in 
terrupt such holding circuit, Said electrical means 
being arranged to remain deenergized following 
interruption of said holding circuit irrespective 
of the subsequent Condition of Said governing 
means, Sensing devices each associated with a 
respective burner for detecting the presence or 
absence of a flame in Such burner, and a rotary 
Switch operating to place said governing means 
in Controlled relation successively to said sensing 
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devices, said governing means responding to the 
presence of flames in all of said burners to as 
sume the first-named condition and assuming 
the Second-named condition in response to the 
absence of a flame detected by a controlling sens 
ing device. 

13. In a multiple fuel burner system, means for 
supplying fuel to the burners in the system, man 
ually controlled means for initiating operation 
of said fuel supply means, electrical means effec 
tive when energized to maintain said fuel supply 
means in operation independently of said manu 
ally controlled means, governing means effective 
when in one condition to establish a holding cir 
cuit for maintaining said electrical means ener 
gized and when in another condition to interrupt 
such holding circuit, sensing devices each asso 
clated with a respective burner for detecting the 
presence or absence of a flame in such burner, a 
rotary switch operating to place said governing 
means in controlled relation successively to said 
sensing devices, said governing means responding 
to the presence of flames in all of said burners 
to assume the first-named condition and assum 
ing the second-named condition in response to 
the absence of a flame detected by a controlling 
sensing device, and a centrifugal safety device 
operatively connected to the movable part of said 
rotary switch and effective in the event said 
switch ceases operating to deemergize said elec 
trical means. 

RAPH. J. P.E.N. 
ROBERT E. YATES. 


