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This invention relates’to fuel burner control apparatus 
and more particularly to an improved control device for 
effecting the sequential operation of the various elements 
of a fuel-burning system. 

It is an important object of this invention to provide 
an improved burner control for maintaining optimum 
efficiency and safety in a fuel-burning system. 

Systems of burner control have heretofore been pro 
posed, designed primarily to insure safe operation of the 
system under varying conditions and in the event of fail 
ure of particular elements in the system. These have 
generally included a ?ame detector, either a ?ame elec 
trode or photocell, adapted to energize an electronic cir 
cuit to indicate the existence of a ?ame in the burner. 
In the event of ?ame failure the apparatus was auto~ 
matically adapted to close the fuel valves to prevent a 
dangerous accumulation of fuel in the burner. Some sys 
tems have heretofore been proposed which automatically 
control the damper position in a fuel-burning system 
whereby an optimum fuel-air ratio is maintained during 
the burning portions of an operating cycle. Such systems 
have not, however, provided for optimum damper posi 
tioning during the quiescent or inoperative periods of 
the burner. 

It is therefore a further object of this invention to pro 
vide a burner sequence control which will control the ’ 
draft within such a burner for optimum performance dur 
ing burning and quiescent portions of an operating cycle. 

It is another object of this invention to provide an 
improved burner control system adapted for use with any 
common fuel such as oil, coal, or gas. 

It is another object of this invention to provide a 
damper control in an improved burner control system 
which will maintain a minimum draft during quiescent 
periods in an operating cycle whereby stack temperature 
will be maintained near the operating level between 
burning cycles. 

It is still another object of this invention to provide 
an improved burner control system wherein the damper 
determining burner draft will automatically be placed in 
a maximum draft position prior to the commencement of 
a burner cycle, whereby excess fuel or combustion prod 
ucts which might be contained within the burner cham 
ber will be purged therefrom. 

It is still another object of this invention to provide an 
improved burner control which will, in the event of ?ame 
failure, close the fuel supply valve to the burner and 
place the damper or draft control in such a position that 
maximum draft is provided, thus preventing the accumu 
lation of excess unburned fuel in the chamber. 

It is an additional object of this invention to provide 
an improved burner control utilizing an electronic device 
for positioning a draft-modulating damper, which in 
cludes time delay apparatus whereby the pressure within 
the burner stack may be maintained at an optimum level 
corrected to maintain the draft with less variation than 
the normal ?re pulsations. 
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It is still another object of this invention to provide an 

improved burner sequence control which will regulate the 
draft in the system to within a pressure variation of $005 
inch of water. i ' . 

It is another object of this invention tov provide im 
proved apparatus for burner control wherein the motion 
of a draft-controlling damper to the substantially open 
position actuates all subsequent operations necessary to 
place the system in a burning cycle. ’ ' 

It is a further object of this invention to provide means 
to sense a draft condition below a predetermined minimum 
which will place the system in a quiescent state and so 
maintain it until the condition is corrected. 

It is a further object of this invention to provide a 
fuel burner control which will always commence a burn 
ing cycle with a predetermined minimum fuel ?ow. 

Further and additional objects of this invention will 
become manifest from a consideration of this descrip 
tion, the accompanying drawings, and the appended 
claims. ' _ ‘ p 

In one form of this invention control apparatus is 
provided which continuously controls a draft-modulating 
and fuel-modulating device during both the burning and 
quiescent portions of an operating cycle. More partic 
ularly, the subject sequence-control system‘ provides means 
for maintaining a damper in the optimum position at all 
times which is in a substantially closed position to pro 
duce minimum draft during quiescent periods when 
energy is not being demanded from the burner. When an 
energy demand is placed upon the burner control means 
is actuated to move the damper to a substantially open 
position and to energize an induced draft fan whereby 
the air and gases contained within the burning chamber 
are purged therefrom prior to initiation of a burning cycle. 
During a burning cycle switch means is actuated to ener 
gize the damper control motor from a pressure-sensitive 
switch whereby the damper will be positioned to produce 
an optimum predetermened draft within the burner stack 
for maximum burning efficiency. Time delay means is 
provided to prevent the continual hunting of the draft 
control motor in response to short duration changes in 
the stack draftgsuch as are produced from normal ?re 
pulsation. By the use of such a time delay means the 
customary snap action switches heretofore utilized in 
draft control systems are eliminated and a sensitive pres 
sure-responsive switch substituted therefor. 
Means is also provided for checking the presence of 

a ?ame in the burner, and if the pilot valve and ignition 
means are functioning properly the ?ame will be proved 
and the main fuel valves opened in response to damper 
opening, whereby full burner operation begins. The fuel 
modulating valve will be placed in a position for minimum 
flow at initiation of a burning cycle to minimize the dam: 
ger of a puifback resulting from insu?icient air in the 
combustion chamber. . v , 

For a more complete understanding of, this invention 
reference should now be made to the accompanying, draw 
ings, wherein V 

Fig. 1 is a circuit diagram of certain portions of one 
embodiment of the burner control apparatus herein de 
scribed, and i v 

Fig. v1A is a circuit diagram of the remainder of. the 
circuitry of the embodiment of Fig. 1., ,7 

Referring now to the drawings, one embodiment of 
this invention is illustrated which includes generally safe 
ty controls 2, fuel controls 4, fuel modulator 6, draft 
control 8, and electronic time delay means 192. The 
operation of the system, broadly stated, is as follows‘: 
Upon energization with electric power, if the system is not 
demanding energy, the fuel controls 4 are maintained 
closed and the draft control 8 positioned at a minimum 



air ?ow setting. When the system calls for energy an 
induced draft fan is started and the damper or draft 
control is moved to a substantially open position to purge 
the burning chamber. VWhe‘n the ?ame is proved by the 
safetf‘controls‘iaud the-Edamp'erhS'is in the fullylopen 
position,- ‘:the rnain' fuelv ‘controls 7 4‘ are opened, placing 
control’ of fueli?ow'in the fuel ‘modulator‘?‘which is 
responsive to the demands of the system.‘ 'Concur~ 
rently‘jthe draft control:v 8 is placed in circuit with the 
pressure: sensing and time delay‘ circuit '192'which will 
function as a‘closed'cycle or followlup control to main 
tain-the air motion within the burning‘ chamber within 
sharply de?ned limits. 'In' the event of av fault'or failure 
at-any pointdn’the system-,‘th’e‘ draft control‘ means 8 
will-=move‘to the'maxirrrum open'position and‘the-fuel ‘ 
control 4 will be closed 'to-provide maximum safety until 
the fault is corrected: 

‘ “ ‘ " ' 

'~ The energy necessary for the operation of the burner 
under consideration-is provided from a three-phase com 
mercial su'pply,'the lines' 1:1,‘L2, and 'lia'beingLconnected to 
the terminals 10,‘ I2, and 14,‘v respectively; ‘Extending 
from the'qterminals ‘10 and 12 are conductors 16 and 18 
Which-terminate a‘ double-pole, ‘-single-throw,' fused 
manual control switch 20 which will be normally closed 
during burner’operationf Conductors‘15,17, and 19 are 
oonnected from'the-three terminals 10; 12, and 14 ‘of the 
three-Phasev system to a three-pole, single-throw, fused 
burner control switch “22, which is in turn ‘connected to a 
solenoid'operated three-phaseswitch 24 by‘conductors 
27, 28, and 29,.’ Conductors extending from the three 
phase switch 24 are connected to a‘burner-m'otor 26 which 
supplies the main source of mechanical power for opera 
Tion of the burner.‘ ~ -' ' “ 

Energy :for theinitial actuation of the electronic con 
trol apparatus ‘to he described hereinafter is‘ supplied 
from the conductor 27 which is energized from L1 through 
switch 122 and connected through conductor 30 to a low 
water cut-oft switch 32 in series with various other safety 
control switches such as a tire cord switch 34 and limit 
Control 36- A sonductor 3.7118 connected from limit con~ 
troll 86 toa normally closed push button type switch 38 
which is utilized as a Stop ‘button and ‘isin series with 
a‘ normally open push button" switch 40‘ constituting a 
Start button. ‘Ibo-Start button 40 is in series with a relay 
coil 42, the other terminal of which is connected through 
conductors 4Q- and'd6 to one’ pole of manual‘ switch 20, 
connected through conductor 1'__8_to terminal 12 and L2. 
'i‘hus to-initiatecperation the normally open push button 
switoh‘40 be depressed, which will-complete a'cir 
cuit from L1, through» switch 22, conductor”, safety con 
tmls 32, it, and Q6, push button Switch rssrdéprsssed 
bush b?tts? switch 49, relay coil 42,, c'onductors 44 and 
Q6, switch'20, conductor-l8_,=_to terminal 12 and L2. Thus, 
upon depressing push button 40, coil. 42 is'energized and 
associated switches 48 ‘and’50' are closed. ~The switch‘ 48 
is connected in parallel'with the push-button 40 and will 
therefore‘ lock in ‘the coil 42,‘, whereby‘ it will-‘remain 
energized until one'of the safety controls 32,34, ‘or 36, 
the Stop'button 38, or switche'sl20'or 22 is opened. The 
switch 50 is in a principal-operating circuit which in; 
cludes an operating control 86 and an ‘end switch '52 on a 
modulating *rn'otor i54xadap'ted to control the?ow'of fuel 
to the burner. The modulating motor 54 is a bidirectional 
motor normally controlled by a’modul'a'ting controller‘56 
which has three conductors 58," 60 and‘ 62 extending 
therefrom, conductors 58 and 1,60 controlling forward 
motion of the motor'54‘ to close the ‘included fuel valve 
and conductors 60"and 62 actuating the ‘motor 54 for 
reversemotion to open ‘the fuel-valve; Conductor :58 
interconnects motor '54 ‘and controller 56 through trans 
fer switch '57 for a'purpos'e to‘be‘described. ' " ' 
I if the system iswnot calling for heat or power, the con 
troller 56 will have actuated themodulating motor'54 
to ‘reduce fuel ?ow to a minimum, wherebynthemend 
switch 52 will remain‘in the closed position} 
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switch 50 and end switch 52 are closed, if the system is 
not demanding energy, the operation control 86 in series 
therewith remains open and the remainder of the con 
trol apparatus maintains quiescence. If the operation 
controller 86 calls for power or heat, contacts therein are 
closed completing a circuit through switch 50 and end 
switch 52 to energize relay coil 76. The energizing cir 
cuit may be traced from- oneterminal 262 of the sec 
ondary of a step-down transformer 6-? through conductors 
66 and“, actuated switch v50", conductor'i'70, controller 
86, conductor’72, end switch :52, conductor 74, coil 76, 
and conductor '77 to the other terminal 263 of the sec 
ondary'of the‘ transformer‘ 64".“ “Energization of coil 
76 from the transformer 64, which is in this embodiment 
a 24-volt step-down"transformeruthe primary of which 
is energized from terminals L1 and L2 through conduc 
tors 46 and 78, will close associated normally open 
switches 80 and 82 and actuate transfer switch 84. The 
switch 80 is ‘in series‘with'th'e operating control 86 which 
may be'a thermostat or the'like,'and this‘ serial combina 
tion is in parallehwith‘the‘ end svvitch'52. ‘ Therefore, 
once the system is set in operation ‘as above ‘described, 
subsequent opening of ‘the end ‘switch 52' will have no'e‘ffect 
if 'the'loperating control'86 is still demanding energy‘and 
the coil 76 will ‘remain ‘energized; ‘The switch 82‘com 
pletes a circuit to ‘an'induc'eddraft fan motor 92‘throu'gh 
conductor 88‘ connected to L1 through conductor 78 and 
conductor 90 connected to the fan‘, which is in turn‘ con 
nected vto L2 through conductor 46; ' ' ' 

‘ The moving=element 'of transfer ‘switch 84 is connected 
through"condu'ctor "9410 terminal 262 of the'24-volt 
transformer .64.- .In the normal unactuated position the 
movable: contact of switch'84 ‘is in‘ engagement with a 
contacfconnected toi'conductor 96 which terminates at 
one '?xed contact 98 of 'a'm'anually operated transfer 
switch'100; ‘The transfer switch 100 when‘in the posi 
tion shown provides‘for automatic .operation‘of the damper 
motor to -be"de:scribed; While; when actuated to the upper 
position in'Fig. 11A,‘ manually actuates the damper motor 
to move ‘the associated-damper 8"to the open position. 
The’movable contact'of switch 100, in'iengagementwith 
?xed contact 98, has conductor 102 extending therefrom 
which‘is connectedi'to'the'Close'winding 104 of abi 
directional'da'mper‘control motor '106‘: ‘A limit switch 108 
is providedibetweenthe winding '104 and conductor 102 
to'interrupt'the supply‘ of power to the motor when the 
moto'rt'has' driven the-damper to the fully closed position. 
Thus-‘by'this circuitry,’ during quiescent'periods‘ of burner 
operation the damperwillfbe maintained in the fully 
closed-position with‘limit switch 108 maintained open. " 
"Whenoperating‘control 86 and end switch 52 are 
closedfthus-calling for energy,transfer‘switch'84 opens 
the’ circuitrjust ' described" and :cornpletes a circuit from 
terminal 262‘bf theQel-vult transformer 64 through con 
ductors 66 and 94, the actuated transfer switch 84, con 
ductori110, 'co'nductor' 118," a sec'ondtransfer switch 120 
in the manual-control 180, a conductor 122, normally 
closed switch 1'_24,‘conductor 1'26, limit switch’ 128., damper 
motor winding'130; and“ conductor-‘3132 :to the .other ter 
rriinal of :the‘24-volt transformer’ 6.4; 'Thiscircuit ener 
gizes the vOpen winding 130‘ of .motor' 196 and‘drives 
the damper 8 t0 the fully open position. Thus ‘when 
the system is calling for‘ energy, pri'otto opening ‘the ‘main 
fuel valve the‘damper is'dri'ven to the fully open position 
and the induced draft fan’ energized. Thereby ‘the burn; 
ing' chamber is purged 'of‘any -_undesirable gases or un 
burned fuel ‘which might-be‘cdntained therein; This will 
prevent explosion of un'burned‘gas, generally character 
ized ‘as puffing‘ or puffba'ckywhichis'hazardous and gen 
erallycailses-excessive deterioration of the ‘burning cham 
ber. , ‘ : . .i Y _ , . , , 

"I‘p insure opening of the damper prior to opening of 
the fuel valve. '11 unique control. .forisubsciiuetlt operations 
is PF°Yid¢d By this inven?qn; who? the damper moist 
reaches the fully open position, limit switch 128 is'opened, 
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which places relay 'coil 134 in series with the damper 
motor winding 130 across the vsecondary of 24-volt trans 
former 64. The relay coil 134 will be a high impedance 
device and will thus require little energy for actuation, 
whereby the current ?owing in motor winding 130 will 
not be sufficient to cause motion of the motor though 
actuating the switches 146 and 148 associated with coil 
134. 
The circuit for energization of coil 134 may be traced 

as follows: From one terminal 263 of the secondary of 
transformer 64, through conductor 132, motor winding 
130, conductor 136, normally closed switch 138 of relay 
140, conductor 142, coil 134, conductor 144, conductors 
116 and 114, closed no-draft switch 112, conductor 110, 
actuated transfer switch 84, and conductors 94 and“ 
to the other terminal 262 of the secondary of transformer 
64. Switch 146 is a lock-in device whereby coil 134 will 
be energized even though the circuit traced above is de 
energized by subsequent operation of the damper motor 
from the full open position. This lock-in circuit may be 
traced from the terminal 263 of the secondary of trans 
former 64, through conductor 150, switch contacts 146, 
coil 134, conductors 144, 116, and 114, no-draft switch 
112, conductor 110, transfer switch 84, and conductors 
94 and 66, to the terminal 262 of the transformer second— 
ary. 
The switch-148 in conjunction with safety control 152 

constitutes the main burner control. A typical safety 
control is indicated by block 152 in Fig. 1, which may 
be any one of several well-known commercial types. 
One particular protective device here applicable is the 
Minneapolis Honeywell R89OB relay. Such a safety con 
trol generally includes a photocell 154 or a ?ame elec 
trode substituted therefor which will sense the presence 
of a pilot ?ame in the burner chamber. When such a 
pilot ?ame is detected a voltage is generated which is 
ampli?ed by the safety control and after a predetermined 
time delay will close switch contacts in the main fuel valve 
circuit and open the igniting circuit. 

In the block herein utilized, terminals 156 and 158 are 
the main valve switch terminals, terminal 160 controls 
the energy to the ignition transformer 162, and terminal 
164 controls the application of energy to the pilot valve 
166. The safety control 152 is provided with power from 
conductors 168 and 170 which are in turn connected to 
L1 and L2 through conductors 78 and 46, respectively. 
Thus if a flame has been proved by detection through 
photocell 154, the ignition transformer 164 is deenergized 
and a circuit completed between terminals 156 and 158. 
Closing of these contacts in cooperation with the closure 
of switch 148 will complete a circuit from L1 through 
switch 22, conductors 27 and 30, safety controls 32, 34, 
and 36, push button 38, closed contacts 48, conductor 
1'72, safety control 152, conductor 174, closed switch 148, 
conductor 1'75, fuel selector switch 178, conductor 180, 
auxiliary switch 182, to energize the main fuel valve 184 
which is connected through conductor 186, burner blower 
switch 188, electromagnetic switch 24, and manually oper 
ated switch 22, to terminal 12. Burner blower switch 
188 may be any pressure-sensitive switch adapted to open 
whenever the burner pressure falls below a predetermined 
minimum. Auxiliary switch 182 is closed by the ener 
gization of coil 183 whenever the main switches are 
closed and the ?ame has been proved through safety con 
trol 152. The circuit for auxiliary switch coil 183 is 
from L1 through safety switch 152, a pair of contacts 185 
on the fuel selector switch, coil'183, conductor 187, to 
conductor 28 which is connected indirectly to L2. While 
main gas valve 184 is a very slow acting valve, auxiliary 
safety shut-off valve 183 is a snap action valve requiring 
manual reset for maximum safety. , 

Completion of the circuit above described will open 
the main fuel valve and will further supply voltage to 
the time delay mechanism 192 and relay coil 194 in the 

6 
burner control switch 24. These circuits'may be traced 
as follows: For the coil 194 of switch 24, from L1 to 
terminal 156 of safety control 152 through the safety 
control, which includes a completed circuit as a result 
of the proved ?ame, to terminal 158 which is connected 

' through conductor 174, closed switch 148, conductors 176, 
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and 196, coil 194, conductor 28, and switch 22 to L2. 
Conductor 176 is also connected through fuel selector 
switch' 178, conductor 180, auxiliary switch 182, conduc 
tor 200, contacts 282 of the selector switch 178, and con 
ductor 204, to a common terminal 206 which provides 
plate voltage for the tube elements 208 and 210 of the 
timer 192. ‘ 

The selector switch 178 is utilized to select between 1 
an oil and gas system of ?ring in this embodiment. As 
shown here, the switch is in the gas position, and opera 
tion utilizing an oil supply will be substantially the same 
as that herein described, differing only in the position of 
switch 178 and the use of an oil fuel valve 190 in sub 
stitution for the fuel valve 184 just described' The ?la 
ments associated with the tubes in the timer 192 will be 
heated in series by a circuit (not shown) energized from 
transformer 64. The tube 212 of timer 192 will normally 
have plate voltage applied thereto through conductor 214, 
which is connected to conductor 46 normally energized 
from L2. V 

Also energized from L1 through safety switch 152, 
switch 148, conductors 176, 180, auxiliary switch 182 
and conductor 284 is relay coil 216 which is connected 
thereto by conductor 218. The other terminal of coil 216 
is connected directly to conductor 46 by conductor 220 
whereby voltage present at La will be applied to coil 216 
when the flame has been proved through safety control 
152 and switch 148 has been closed by opening of damper 
8 and consequent energization of coil 134. Energization 
of coil 216 will open switches 124 and 138, thus remov 
ing the voltage normally applied to the motor winding 130 
which has placed the damper in the open position. Upon 
opening of switches 124 and 138 and the application of 
plate voltage to the timer tubes 208 and 210, the damper 
motor will be subsequently controlled by the position of 
a pressure-sensitive switch 222 in the electronic damper 
control 192. The pressure-sensitive switch is of a pure 
linear motion type not exhibiting any snap action char 
acteristics and therefore may be designed to have any de 
sired sensitivity. The motion of air in the combustion 
chamber may be measured by any convenient means but 
is generally measured by determining the degree of evac 
uation in the chamber as compared to the static boiler 
room pressure. The output of such a measuring device 
will be applied to the switch in the direction indicated by 
the arrow 224, whereby decreasing pressure will cause the 
contact 226 to move upwardly under the in?uence of 
spring 227 and engage the associated contact 228 which 
is pivotally mounted about point 230. Also upon ener 
gidation of coil 216, transfer switch 57 is actuated._ In 
the unactuated position conductors 58 and 60 of the mod 
ulating motor 54 are shorted together which drives the 
motor to the minimum fuel ?ow position which is desir 
able during initiation of a burning cycle. Upon actu 
ation, conductors 58, 60, and 62 are directly connected 
from the modulating motor 54 to the controller ‘56 and 
normal follow-up operation ensues. 
When the pressure is such that contact 226 is in en' 

gagement with contact 228 but sufficient to prevent raising 
pivotally mounted contact 228 to open the circuit between 
said contact and the associated contact 232, the ?ow 
of air will be at the desired level. When this situation 
exists the grids of both control tubes 208 and 210vwill 
be sufficiently negative to prevent conduction. Grid 234 
of tube 208 will be maintained at a negative potential 
with respect to the cathode 236 by the biasing effect of 
current ?owing in grid resistor 238. The circuit for such 
current ?ow is as follows: Terminal 240 is connected to 
terminal 10 and L1 through conductors 16, 78, and 



cassette 
. . , 7 . 

242 and will therefore “comprise one alternating ‘current 
terminal for opei-ationof the timing mechanism. ,The 
current then p-és'sésjmm terminal 240 through voltage 
dividing resistor 2'44,‘ triode 212, grid resistor 246, i10~ 
draft switch 248, recti?er tube 250, the contacts 228 and 
226 of ‘the pressure-sensitive switch, resistor 238, to ter 
minal 252 which is connected to the other side of the 
AC line, Ls, by conductors 254, 214, 46, and 18. Tubes 
250 and 212 each act as half-Wave recti?ers whereby 
current is passed only in a single direction therethrough, 
and thus the terminal of resistor 238 which is connected 
to grid 234 is maintained at a voltage substantially nega 
tive with respect to the cathode terminal thereof andthe 
tube 208 is normally not conducting. If the draft ?ow 
falls below the desired predetermined level, contact 226 
falls in the direction indicated by arrow 224, opening 
thecir‘cuitjust described, whereby the tube 208 will tend 
to begin conduction. A condenser 256 is in parallel with 
resistor 238, however, and has heretofore been charged 
toa negativepotential and will remain so charged for a 
period of time depending upon the relative magnitudes 
of the condenser. 256 and resistor 238. 
The time during which the tube 208 will remain non 

conducting is approximately determined by the product 
of the .capacitance of the condenser 256 and the resist 
ance of resistor 238. For example, in one particular em 
bodiment of this invention a .01 microfarad condenser 
is provided in, parallel with a 22 megohm resistor, thus 
providing a .22 second time delay before tube 208 will 
begin conduction. This is found to be a suf?cient time 
toprevent sporadic hunting of the. time delay and rapid 
reversals of damper. motor torque in response to normal 
?re pulsation. Whentube 208 is conducting, relay coil 
258, is energized, closing contacts 260, which applies 
energy to the damper motor coil 130to drive said damper 
toward theopen position. This circuit may be traced as 
follows: Eromterminal 262 which is connected to one 
side of transformer“, through conductors 66 and 94, 
actuated transfer switch 84,. conductor 110, no-draft 
switch 112, conductor. 114, closed contacts 26%}, con 
ductor 264, .conductor 126, closed limit switch 128, 
damper motor winding 130, and conductor 132, to con 
ductor150, which is connected to the other side of the 
secondary winding of. transformer 64., 

, Similarly, in the event that the draft flow increases to a 
predetermined magnitude, the circuit between movable 
contact 228and contact 232 is opened, whereby the grid 
circuit of time delayv triode 210 will be opened to operate 
in a manner identicalwith that above described with re 
spect to tube 208.. That is, if contacts 228 and 232 are Y’ 
open,,grid,condenser 266, which is charged to a high 
negative value, will discharge through grid resistor 268 in 
atime determined bythe relative magnitudes of the con 
denser and resistor, at the end of which time tube 210 
will conduct to energize relay .coil 270 which is disposed :1 
in the plate circuit of tube 210 and will actuate damper 
closing contacts .272. The circuit for closing the damper 
may be traced as follows: From terminal 262 through 
conductors 66 and 94, totactuated transfer switch 84, 
which is connected through conductor 110 to no-draft 
switch 112, and from there through conductors 114 and 
274 toactuated switch 272, which is in turn connected 
through conductor 276. to manualcontrol switch 100, 
conductor 102, closed limit switch ‘108, and'closing motor 
armature winding 104, the other terminal of which is 
connected. to conductor 132 and the other terminal 263 of 
the secondary. of transformer 64. Thus it is believed 
apparent that the’damper will be continuously controlled 
in responseto the instantaneous magnitude of the draft 
Within'the burningchamber. ' 

_ However, by providing ‘the time delays described, 
sporadic. hunting of the damper motor is avoided and 
more accurate control over a relatively long period of 
time is maintained. . The no-draft switch 248 is provided 
in thetimer 192 whereby complete failure of the induced 
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di'éft fan, or any other component failure which would 
cause the draft withinthe burning chamber to fall below 
a predetermined minimum level, will open the grid. cir 
edit of the timer tubes 208 and 210 and will also remove 
the voltage from the grid 278 of triode 212 whereby the 
triode 212 will tend to cease conduction. However, the 
condenser 280, which is connected from terminal 240 to 
the grid 278 through resistor 246, will be charged posi 
tivély with respect to the cathode 282 as a result of the 
grid current ?owing through resistor 238 and/or resistor 
268 and recti?er 250 andwillthus maintain the tube 212 
in conduction for a predetermined time subsequent to the 
opening of no-draft switch 248. The, grid condenser 280 
will be discharged through the path comprising voltage 
dividing resistor 244 and grid resistor 246 to assume the 
voltage of terminal 240 while, the cathode 282 of tube 
212 will assume a voltage determined by the relative 
magnitudes of resistor 244 and associated voltage-dividing 
resistor 284 and will be so determined that tube 212 will 
cease conduction. 
,Thus relay coil 286, which is in the plate circuit of 

tube 212, will be deenergi'zed and switch 112 will be 
opened, removing the voltage from the relays 260 and 
272 and also removing ‘the voltage from the coil 134 
whereby the main burner circuit and fuel valve will be 
opened to place the entire burner system in quiescence. 
This will also cause the coil 216 to be deenergized, thus 
closing switch 124 to drive the damper to the fully opened 
position’ which will insure maximum safety until the fault 
which has caused the no-draft condition has been 
remedied. 

It is believed manifest from the above description that 
a system of burner control and sequential operation is 
hereby provided which will insure maximum e?iciency and 
safety during all phases of burner operation. The se 
quence control above described will maintain the damper 
in a closed position during quiescent periods, will operate 
the induced draft "fan ‘and open the damper prior to a 
burning cycle whereby the burning chamber is purged, 
will maintain the fuel ?ow at Ya minimum value during 
initial burning operations, 'will maintain a desired draft 
within ‘extremely close limits for maximum burning e?i 
ciency during a burning cycle, and will, in the event of 
any failure within the system, insure maximum safety by 
opening the damper 'to ‘its fully open position and isolating 
the fuel supply. While one particular embodiment is 
herein ‘described, the novel sequence control which is 
taught may be accomplishedin various manners which 
will be manifest to one skilled in the art, and such 
variations are believed ‘clearly within the spirit and scope 
of this invention. When utilizing the above-described 
control system with a coal-burning furnace, for example, 
thevdamper will never be closed, even during quiescent 
periods but will be placed in ‘a minimum draft position. 

, Without further elaboration, the foregoing will so fully 
explain the'character of'my invention that others may, by 
applying current knowledge, readily adapt the same for 
use under varying conditions of service, while retaining 
certain features which may properly be said to constitute 
the essential items of novelty involved, which items are 
intended to be de?ned and secured to me by the following 
claims. 

I claim: _ 

- 1. Control apparatus for a fuel burner having fuel valve 
means and a controllable damper, said apparatus com 
prising means to maintain said damper in a closed posi 
tion when the burner is inactive and the fuel valve means 
closed, drive means to move the damper to an vopen 
position prior to the activation ‘of said burner and open 
ingof ‘the'fuel valve means, a switch'controlled by the 
motion of said‘damper toitlie open position to stop said 
damper’ driveym'ea'ns and to operate said fuel valve means 
from'the olosed position, pressure-sensitive means to con 
trol continuously said damper to maintain a predetermined 
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draft in said burner subsequent to opening said valve, 
and means to move said damper to the open position if 
the ?ame of said burner fails. 

2. Control apparatus for a fuel burner having fuel 
valve means and a controllable damper, said apparatus 
comprising means to maintain said damper in a closed 
position when the burner is inactive and the fuel valve 
means closed, drive means to move the damper to an 
open position in response to an indication of an energy 
need, a switch controlled by the motion of said damper 
to the open position to stop said damper drive means and 
to modulate said fuel valve means from said closed posi 
tion, pressure-sensitive means to control continuously said 
damper to maintain a predetermined draft in said burner 
during modulation of said fuel valve means, and means to 
move said damper to the open position if the ?ame of said 
burner fails. 

3. Control apparatus for a fuel burner having fuel valve 
means and a controllable damper, said apparatus com 
prising drive means to open said damper prior to open 
ing said valve, and a switch controlled by the motion of 
said damper to the open position to actuate said fuel 
valve means and stop said damper drive means. 

4. Control apparatus for a fuel burner having fuel 
valve means and a controllable damper, said apparatus 
comprising motor means to position said damper, switch 
means to energize said motor means and move said 
damper to the open position prior to opening said valve 
means when operation of the fuel burner is initiated, 
limit switch means actuated by the motion of said damper 
to the open position, to stop said motor means and control 
means actuated by said limit switch means to modulate 
the ?ow of fuel from said valve means. 

5. Control apparatus for a fuel burner having fuel valve 
means and a controllable damper, said apparatus com— 
prising means to maintain the damper in a substantially 
closed position when the burner is unenergized and the 
fuel valve means closed, means to produce an induced 
draft in said burner, means to move the damper to an 
open position, a switch actuated when said damper is 
in the open position to open said fuel valve, to stop said 
damper, and to energize said induced draft means sub 
stantially coincidentally in response to an indication of 
an energy need, means initiated by the motion of said 
damper to the open position to modulate said fuel valve 
means from said closed position, means to control said 
damper to maintain a predetermined draft in said burner 
during modulation of said fuel valve means, and means to 
move said damper to the open position if the ?ame of 
said burner fails. 

6. Control apparatus for a fuel burner having fuel valve 
means and a controllable damper, said apparatus com 
prising means to maintain the damper in a substantially 
closed position when the burner is inactive and the fuel 
valve means closed, drive means to move the damper 
to an open position in response to an energy need, a 
switch controlled by the motion of said damper to the 
open position to stop said drive means, control means 
actuated by said switch to modulate said fuel valve means 
from said closed position, pressure-sensitive means to 
control said damper to maintain a predetermined draft 
in said burner during modulation of said fuel valve means, 
time delay means forming a part of said pressure-sensitive 
means whereby short duration pulsations will not move 
said damper, and means to move said damper to the 
open position and close said fuel valve means if the 
?ame of said burner fails. t 

7. Control apparatus for a fuel burner having fuel 
valve means and a controllable damper, said apparatus 
comprising means to maintain the damper in a substan~ 
tially closed position when the burner is inactive and the 
fuel valve means closed, drive means to move the damper 
to a substantially open position in response to an energy 
need, means to position said fuel valve means for mini 
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mum fuel flow in response to an energy need, means ‘con 
trolled by the motion of said damper to the substantially 
open position to stop said drive means and to modulate 
said fuel valve means from said minimum position, pres 
sure-sensitive means to control said damper to maintain 
a predetermined draft in said burner during modulation 
of said fuel valve means, time delay means forming a 
part of said pressure-sensitive means whereby short dura 
tion pulsations will not move said damper, and means to 
move said damper to the substantially open position and 
close said fuel valve means for a fault in the system. 

8. Control apparatus for a fuel burner having fuel 
valve means and a controllable damper, said apparatus 
comprising means to maintain said damper in a closed 
position when the burner is inactive and the valve means 
closed, means to move the damper to an open position in 
response to a demand for energy, a switch controlled 
by the motion of said damper to the substantially open 
position to operate said valve means from the closed posi 
tion and to stop the damper moving means, and means 
to control said damper to maintain a predetermined draft 
in said burner subsequent to opening said valve. 

9. A bidirectional controller for positioning an air?ow 
modulator in a fuel burning system comprising a circuit 
controlling the forward energization of such a system to 
a minimum ?ow position, time delay means controlling 
said forward control circuit, a circuit controlling the 
reverse energization of such a system to a maximum ?ow 
position, time delay means controlling said reverse control 
circuit, condition-responsive means in said fuel burning 
system for selectively actuating said forward or said 
reverse energizing circuits to modulate said airflow for 
optimum burning, and a safety time delay means con 
trolling said forward and reverse energization circuits 
whereby a failure in the controller or in the system 
existing for a predetermined time will effect deenergization 
thereof and will actuate said system to the maximum flow 
position. 

10. A bidirectional controller for positioning an'air 
?ow modulator in a fuel burning system comprising 
drive means for said modulator, a circuit controlling the 
forward energization of said drive means toward a mini 
mum ?ow position in response to a predetermined air 
pressure in said system, time delay means controlling 
said forward circuit a predetermined time interval after 
experiencing said predetermined pressure, a circuit con 
trolling the reverse energization of said drive means to 
ward a maximum ?ow position in response to an air 
pressure value less than said predetermined pressure, time 
delay means controlling said reverse circuit a predeter 
mined time interval after experiencing said air pressure 
value, and condition responsive means in said fuel burn 
ing system sensing the air pressure therein for selectively 
actuating said forward or said reverse circuit time delay 
means. 

11. A bidirectional controller for positioning an air 
?ow modulator in a fuel burning system comprising a 
pressure sensitive device in said system sensing the air 
pressure therein for closing a control switch for pressure 
values above a predetermined maximum and for closing a 
second switch for pressures below a value less than said 
maximum, drive means for said modulator, a forward 
circuit including a time delay means controlling the 
forward energization of said drive means toward a mini 
mum air?ow position in response to said second switch, 
and a reverse circuit including a time delay means con 
trolling the reverse energization of said drive means to 
ward a maximum ?ow position in response to said control 
switch, 7 

12. A bidirectional controller for positioning an air 
?ow modulator in a fuel burning system comprising a 
pressure sensitive device in said system sensing the air 
pressure therein for closing a control switch for pressure 
values above a predetermined maximum and for closing 
a second switch for pressures below a value less than said 
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maximum, drive m'e‘zi?s ‘fol-"said modulator, a forward 
'c'ironit ‘including a ‘time ‘delay means controlling the 
forward 5energizé1ti0n of said drive'means toward a mini 
mum air?owposi'tio'n ‘in response to said second switch, 
a ‘reverse circuit including .a time delay means controlling 
the reverse energization of said drive means toward a 
maximum ?ow position in response to said control switch, 
and a pressure-Sensitive ‘szifety switch in said system in 
cluding time delay 'rn'eans controlling said forward and 
reverse circliitsiwhereby changes in said pressure beyond 
a-predetermined range including said maximum and said 
value for ‘a predetermined time will effect deactivation 
of said system. 
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