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‘This ifwvention relates to improvements in a
burner- safety control system.

The principal objects of this invention are:

First, to provide-a system- of controls for gas-
eous or liquid fuel burners: particularly:for boiler
furnaces and the like in which the burner-can-
not be started while there is a'dangerous accumu-
lation of fuel in the-furnace:

Second, to provide: a control system for the
burner-element of a boiler in which an ignition
means is actuated by cycling mechanism arranged
to-provide- & pre-ignition purging period to re-
move any accumulation of fuel. of an explosive
character fromr the furnsace before applying the
ignition. o

Third, to- provide a. control system for boiler
burners and the like which is' adaptable to vari-
ous cycles of operation such' as single ignition
or automatic repeated ignition depending upon
the desired method of operating the boiler.

Fourth; to provide control circuits for- start=
ing and-igniting the burner mechanism of & boiler
in which manual operatiornr of any of the switches
in the circuit cannot immedigtely apply ignition

energy to the burner but must first initiate auto- °

matic eycling mechanism which in turn will ig=
nite the burner.

Fifth, to provide a control circuit for a boiler
or the like in which an alarm. or other device
indicating the necessity for manual attention may
Be.arranged. to. be. actuated under a plurality of
different. operating conditions depending. upon
the desired cycle. of operation of the boiler.

SixtH, to provide cyclically operating starter

mecHanism for & burner arranged to require a °

complete. purging cycle. before it will apply ig-
nition.energy. to the burner so that if the mecha-
nism. is de-energized during, its purging or ig-
nition.periods it will have to return.fo its start-
inng position.before again. being. effective to. start
the burner. .

Seventh, to provide electrically driven timed
switching mechanism. for energizing the ignition
element of a burner which mechanism. is ar-

ranged to automatically return to its starting po- °

sition.should. the starter mechanism be de-ener-
gized. during its cycle of operation so.that. upon
re~-energization of the starter mechanism it will
alivays start a new cycle including a purging pe-
riod before being effective to start the burner.

Eighth, to provide a control ecircuit for the
burner of a boiler or the like which positively
eliminates the chance of an explesion in the
furnace.

Other objects pertaining to the details and ad-

19

40

ad

ot
L

2

vantages of’ the system will ber apparent from a
consideration of the following description and
claims:

The drawing illustrates my conftrol system as
applied’ to-the ‘burner and auxiliary elements of
a boiler and is a-schematic wiring diagram-of my
control system with the boiler and its-auxiliary
elements illustrated conventionally.

The drawing illustrates a boiler furnace 1 pro-
vided-with a burner 2 and a smoke flue 3. The
flue 3 is provided with' an exhaust fan driven by
a motor indicated at 4 for inducing a draft
through the flue and the burner is-provided with
a motor-indicated at 5 The boiler is provided
with 2 waterlevel gage 6 and a high pressure de-
vice T for indicating dangerously low water level
and dangerously high steam pressure respec-
tively. The water gage 6 is provided with an arm
for-opening the-electrical contacts8-and the pres-
sure- device* T- is arranged- to open. the: contacts
9 when-the pressure rises too high. The burner
2-is arranged to be supplied with liquid or gaseous
fuel through the pipe {0 and the-admission of
fitel is' controlled by the solenoid operated valve
indicated at {f. An ignition device such as a
transformer- and a spark gap for igniting the
fiel’ is indicated conventionally at 12. The
furnace is provided with a device for indicating
the presence of the flame-in the furnace: In the
example illustrated thiy takes the form of a bi-
metallic-element: 13 extending into the flue 3 and
arranged to-close the electrical contacts: 14 upon
the establishment of & flame in the- furnace.
Stmilar devices such- as optically operated
switches responsive: to the main flame' of the
burner could be substituted for the bimetallic ele-
ment {13 and switch 14. i

The. elements: thus far described are-operated
srorm g; source of electrical energy-indicated at 5
and are controlled by a main circuit switch 16. A
shutdown switch 17 is provided in one side of the
power source for manually shutting down the
operation of the boiler and its auxiliary clements.
It will be noted that the pressure contacts 9 and
water level contacts § are connected in series in
one side of the power source angd that the motor
& for operating the draft fan is connected di-
rectly across the power source so as to be actuated
immediately upon closing of the switches 8, 9, 18,
and {7. For convenience in desscribing the con-
trol eircuit and mechanism: all of the elements
have  been connected to one side of the power
source which may be-reféerred to as the dead side
of the line and are connected through the various
circuits to the live side of the line which is the
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side controlled by the shut down switch 17. The
system is shown in cold, shut down condition

My control mechanism comprises four solenoid
operated switches having solenoid coils labeled
A, B, C and T and a preignition timer labeled
PT and an ignition timer labeled IT. The sole-
noid A and its associated switches may be
referred to as a starting relay. The solenoid
B and its associated switches may be referred to
as a cut-out relay. The solenoid T and its asso-
ciated switches may be referred to as a trans-
fer relay. A manually controlled double pole
switch for selecting the operating cycle of the
system is indicated at 18 and an alarm bell for
indicating the need of manual attention of the
system is indicated at 9.

The burner motor 5 is connected from the dead
side of the line through a conductor 28 to a pair
of terminals 21 positioned on either side of a
contact carried on one arm of the relay T. In
the de-energized position of the relay T as illus-
trated in the diagram, the terminals 2{ are con-
nected to a conductor 22 extending to a condue-
tor 23 having a terminal 24 which is connected
to the conductor 25 by one contact of the relay B.
The conductor 25 extends to one terminal 26
connected by a contact of the relay A to the live
side of the power source. It will thus be seen
that upon closing the switches {6 and {7 with
the pressure contacts 9 and water level contacts
8 closed as shown the burner motor 5 will imme-
diately be energized through the conductors and
terminals thus described.

The preignition timer labeled PT consists of a
gear driven disk 27 carrying a weighted lug 28
arranged to be rotated upwardly to close the pre-
ignition contacts 29. The disk 27 is gravity oper-
ated to automatically return to the unactivated
position shown upon de-energizing of the pre-
ignition timer motor indicated at 30. The igni-
tion timer labeled IT is of similar construction
having a gear driven disk 31 and weighted Iug
32 arranged to be rotated to close the ignition
timer contacts 33. The ignition timer is driven by
the electric motor 34. It will be understood that
the preignition timer and ignition timer may be
selectively adjusted so that the period beween
energization of either of the motoers 28 or 34 and
closing of the contacts 29 and 33 respectively may
ke set for any desired interval.

The motor for operating the preignition timer
is connected from the dead side of the power
source through a conductor 35 to the conductor
23 and from there to the live side of the line
through the same circuit which energizes the
burner motor 5. It will thus be seen that when
the switches 1§ and [7 are closed both the burner
motor and preignition timer motor will begin
to operate and that after a predetermined lapse
of time the weighted lug 28 will close the pre-
ignition timer contacts 29 and hold the contacts
closed so long as the preignition timer motor 30
is energized.

The first consequence of closing the contacts
29 is to apply electric energy to the ignition de-
vice 12 by connecting the conductor 36 through
the contacts 29 to one branch of the live side
of the power source indicated at 37. Simultane-
ously with energization of the ignition device
{2 the solenoid operated valve {{ controlling the
admission of fuel to the burner is energized from
the dead side of the line through the conductor
38 and the terminals 39 closed by one arm of
the relay T and the conductor 48 to the previously
described conductor 36. Thus fuel and igniting
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energy are supplied to the burner and a flame
should be established in the furnace 1. Note
that the fan motor 4 has been energized during
this preignition period and will have purged the
boiler and flue of dangerous accumulations of
fuel and gases.

A second consequence of the closing of the pre-
ignition timer contacts 29 is to connect the sole-
noid of relay C across the power source. The cir-
cuit for energizing the solenoid of relay C extends
from a branch of the dead side of the power
source indicated at 41 through the solenoid and
a conductor 42 closed by one contact 43 of the
relay A. The circuit is returned through the
conductor 44 to the terminals 45 connected by
one contact of the relay C and from there

through the conductor 46 to the conductor 36

which has previously been described as energized
by closing of the preignition timer contacts 29,

Energization of the relay C as just described
causes the switch arm 47 to be drawn toward
the solenoid connecting the terminals 48 which
will establish a holding circuit from the conduc-
tor 44 to the conductor 49 connected to the live
side of the power source through the normally
closed push button switch 58. The relay C is
thus sealed to the live side of the line and main-
tained in energized condition. Energizing of the
relay also connects the terminals 51 which estab-
lish a circuit from the dead side of the power
source through the ignition timer motor 34 and
conductor 52 to the terminals 24 on the relay
B. As was previously described the terminals
24 are connected through the terminals 26 to the
live side of the power source so that the ignition
timer motor 34 commences to operate and after
the pre-determined operating period will close the
ignition timer contacts 33.

With the manually operated cycle selecting
switch 18 in open position as shown, closing of
the contacts 33 will connect the live branch 37
of the power source through the conductor 53
to the terminals 54 which are connected by one
contact of the relay A in de-energized condition
of that relay. The terminals 54 are connected
through the conductor 55 to the terminals 56
closed by one contact of the relay T in the de-
energized condition of the relay T. OCne of the
terminals 56 is connected to a conductor 57, one
branch 58 of which extends to the bell {9. The
other branch 59 of the conductor 57 extends to
the solenoid of the relay B. It will thus be seen
that if the relay T remains in the de-energized
condition illustrated, after the closing of the pre-
ignition timer contacts 29 and ignition timer
contacts 33, circuits will be established through
the terminals 54 and 56 to energize the alarm
bell 19 and the relay B. This condition will exist
if no flame has been established in the furnace
to close the flame operated contacts 14 and ener-
gize the solenoid of the relay T through.the
conductor §0.

The immediate consequence of energizing
the relay B as just described is to open the
terminals 24 and close the terminals 61. Open-
ing of the terminals 24 breaks the previously de-
seribed circuits to the burner motor 5, preignition
timer motor 38 and ignition timer motor 34 so that
these motors are de-energized. The gravity op-
erated disks 27 and 3 immediately open the con-
tacts 29 and 32 thus de-energizing the ignition de-
vice 12 and the solencid valve {{ to cut off the
supply of fuel to the burner. Opening of the igni-
tion timer contacts 33 also breaks the circuit
through which the solenoid of relay B was origi-



2616491

5

nallyenergized but:it'will benoted:thatthe closing
of the: terminals: 64> by the: relay B establishes &
circuit: fiom: the  live: conductor: 49. through the
terminals:54-of:relay A, conductor: 55-and: termi-
nals:86:of ‘relay: T tosthe:conductor: 59 and: sole-
noid-of: relay B:to . hold the:relay: B i energized
position:

With: the: system: in' the: condition: thus de-
scribed an attempt has beertmedé: to establish &
flame inrthe-boiler and this gttempt having failed,
the: burner motor is- déenergized: by: the open-
ingrof the:termingls: 24 of ‘relay B.. The solenoid
fuel: valve: and ignition: device are: de-energized
and. the: preignition. and ignition. timer: motors
are” de-energized. 'The alarm bell is energized
indicating the need:for manual gttention. of: the
system:. The: operator may then. operate: the
manual:control: button: 58 wiich breaks the con=
nection to the: live: branch 49 de-energizing the
live: side of terminals 48 and. 6{. 'This de-ener-
gizey-the alarnr bell; the relay Cand.the relay B
so that the circuit resssumes. the: position: illus-
tiated in Fig:. 1. If the shutdown switch-has re-
mained closed throughout the initial-ignition: at~
tempt; the system will.again proceed through the
previously described cycle applying first, a.purg-
ing period:as determined by the preignition timer
BT during which: any. accumulation of fuel in the
poiler or flue is removed by the fan § prior to the
energization. of the ignition: dévice 2.

Assuming that . upon the' closing of the pre-
ignition timer contacts- 29" and the establiishing
of the ignition- circuit- as previously described
that the fame:is-properly lighted in the furnace,
the bimetal element {3 will'be heated and close
the flame operated contacts (& prior to:the closing
of the contacts:-33 by the ignition:timer IT, it being
the function of the ignition timer to establish and
limiif the period: of time' during whieh fuel and
ienition'may besupplied to-the burner without the
establishment of a flame. Ag previously described
the-solenoid of ‘the-relay T will then be-energized
through' the-conductor §0:and the relay will be
operated’ from- the- de-energized position shown

it Fig. 1. 'The first consequency of’ operation-of #

the relay T is to commect the conductor- 38 from
the solenoid operated fuel valve {1 through the
terminals 82 to the conductor §9, contacts 4 and
the live side of the power source to hold the sole-

noid operated fuel valve.in open energized posi- °

tion,. Simultaneously the connection 2¢ will be
transferred by the terminals 2i ffom. tHe con-
ductor 22 ditectly to the live side of the power
source to continue. energization of’ the burner

motor §. Opening of the terminals.56 by therelay -

T will break the connection between the alarm
bell 19 and relay B to. the live side of the. line
preventing these elements from being energized
solong as:the relay T isenergized. Theterminals
63 of the relay T will be closed and connect the
relay A through the conductor 64 to the conduector
§5-and the terminals 66 of the relay A.

The previously described operations having
taken place practically instantaneously, the -sub-
sequent; closing of the ignition timer contacts 33
will: establish & circuit. from. the live branch 37
of the power source through the conductor §3 to
the conductor- 65, terminals 63. and. conductor 64
to energize the relay A instead. of the relay B
whose circuit has been broken. at the terminals: 56
aspreviously described. Energization of the relay.
A-will.immediately close-the terminas 63 so that
the relay: A is-sealed to the live side of the line
through the branch conductor 48 and push button
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switeh 50 and so that:theterminals 26,.54, and 43
gre:all .opened..

Opening of the:terminals 26-breaks the circuit
to the preignition: timer motor 20 and. ignition
timer:motor. 34 which: immediately open the con-
tacts 29:and 33 respectively.. Opening. of the ter=
minals 43 breaks the: circuit to the relay C and
returns-that relay to its dé-energized position il-
lustrated:in Fig. 1. The system then.comes to rest
in.operating condition: with the burner motor and
fuelvalve energized through the relay T and flame
conitrolléd contacts {4 directly to the live side of
the litte;. The ignition device,. alarm- bell,. pre=
ignition: timer: motor: and. ignition timer motor
are gll.deenergized as:are-the relays B and Cand
theburner will continue to operate so long as the
pressuire contacts: 8, water: lever contacts 8, shut
down:switch 1 T'and main switch 16 are closed.

Assuming now that’ the live side.of the power
source:is broken either by intentional shut down
of the switch. 11 or normal operation of:the pres=
sure switch T or abnormal operation of waterlevel
contacts 8; or:by external power failure, thie entire
control circuit. will: be de-energized and assume
theposition:illustrated inthe diagram from which
position. the. system: will automatically: proceed
through. a lighting cycle as first described upon
the closing of. the switch which originally broke
the circuit. If everything functions correctly,
the: flame: will: be: re-established in the furnace
without - manual attention and without sounding
the:alarm bell.. If, however, the relight attempt
is not:successful, the control circuits will establish
the alarm and condition themselves: for manual
operation of the relight button 50.

From any shut: down condition: of the: sys-
tem,. ignition. energy cannot: be supplied to the
ignition device 12 without the fan motor 4 op-
erating: through the predetermined purge: period
as established: by the preignition: timer PT and
contacts 29: It -will thus be seen that my control
cireuit- will automatically. relight. & boiler burner
under normal operating conditions as when the
pressure in the boiler rises too high through light
load” conditions or as when the shut'down switch
{T: is. operated at the end and start of a work
day:. Similarly, the burner will be automatically
relighted’ after correction of abnormal power
failiwre or low. water level. conditions. The sys~
tem will require no manual attention so long: as
the:auxiliary elements of the boiler are function-
ing properly. However, if"some element fails: to
function properly and a-flame-is not established
my circuit will disconnect the fuel and ignition
sources - from the: burner and actuate the alarm
pelllindicating thHe need for manual attention.

Considering now the operation. of the. control
circuit shown. in the dizgram. with: the switeh
18 in: closed. position, conductors. 53, 55;. 64, and
85 are all electrically connected and function: as
a-single. conductor: With the various automatic
switches in: the. positions shown and upon clos=
ing:of-the power switches (& and: {7, the fan mo-
tor &: and. burner mofor 5 and preignition timer
motor 38 will be energized in the same manmer
as previously described applying a.purging period
to the boiler while the preignition:timer moves to
close the contacts 29.. Closing of the:contacts 23
will: apply energy to' the: ignition device 12; fuel
valve t{: and relay C as previously described and
tie:relay C will be energized:to close the termi-
nals A8:and Bl. Closing of the terminals 48 will

. transfer the relay C to the live side line at 49

and closing: of the terminals 5{ will apply energy
to.the:ignition timer motor 34.as: previously: dex
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scribed. During the period of operation of the
ignition timer motor 34, a flame should be estab-
lished at the burner 2 and close the flame oper-
ated contacts (4 to energize relay T.

Assuming now the situation when no flame is
established prior to closing of the ignition timer
contact 33. When these contacts are closed
circuit will be established through the branch 37
of the live side of the line, contacts 33, conductor
83, switch 18, terminals 56 and conductors 57 and
58 to alarm bell 19 and relay B immediately in-
dicating the failure of the burner to light.
Simultaneously a circuit will be established from
the switch {8 through the conductor §4 to the
relay A energizing the relay from the position
illustrated to open the terminals 25, 43, and 54
and close the terminals 66. Closing of the ter-
minals 66 will connect the branch 49 of the live
side of the line through the push button switch
50 to the conductors 65, 53, and switch 8.
Opening of the terminals 26 will break the circuit
to the ignition timer motor 34 and preignition
timer motor 30 which will immediately open the
contacts 29 and 33. Opening of the terminals
43 de-energizes the relay C so that it returns its
switch to the position illustrated in Pig. 1 further
breaking the circuit to the ignition timer motor
34. Closing of the terminals 66 will establish a
holding circuit for the relay A through the con-
ductors 53, switch 18 and conductor 64 to hold
the relay in an energized position. Relay B is
energized through 59, terminals 58 and switch 8.
The system then comes to rest with the relays C
and T de-energized and with the burner motor 5,
ignition device 12, fuel valve {l, pre-ignition
timer and ignition timer de-energized. The fan
will continue to operate so long as the pressure
switch and water lever switch are closed and the
alarm bell will be actuated through the terminals
56, switch 18, conductor 53 and terminals 65.

The operator may then manually open the
push button switch 58 breaking the circuit to the
branch 49 of the live side of the line so that the
holding circuit for the alarm bell and relays A
and B are broken silencing the bell and return-
ing the relays A and B to the position illustrated
in Fig. 1. If the shut down switch, pressure
switeh and water level switch remain closed, the
control system will immediately start a succeed-
ing lighting cycle as previously described.

If the lighting or relighting attempt is sue-
cessful between the closing of the preignition
contacts 29 and the ignition timer contacts 33,
the flame control contacts 14 will be closed en-

ergizing the relay T and moving the switches 5;

operated by it from the position shown in Fig. 1.
When the ignition timer contacts 33 are closed
subsequent to operation of the relay T, a circuit
will be completed from the branch 37 to the live
side of the line through the confacts 33, switch
{8 and the conductor 64 to the relay A. Ener-
gization of the relay A is thus effected initially
through the ignition timer contact 33 and held
through the terminals €3 and €5 upon movement
of the switch arm from the position illustrated.

Opening of the terminals 43 by the relay A will
de-energize the switch C to open the terminals
51 and de-energize the ignition timer motor 24
and open the ignition timer contacts 33. Open-
ing of the terminals 28 by the relay A will break
the circuit to the preignition timer motor 38 and
open the contacts 29. Clesing of the terminals
62 by the relay T will establish a running circuit
for the fuel valve {{ and the terminals 21 will
transfer the burner motor § directly to the live
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side of the line and the system will come to rest
with the burner operating and with the relays A
and T energized and B and C de-energized.

Normal shut down of the system by opening
of any of the primary switches 8, 9, 16 or 17 will
immediately de-energize all switches and relays
and cause them to assume the position illustrated
and re-closing of the switches will automatically
commence g relight cycle.

Abnormal failure of the flame which opens the
flame control switch 14 will de-energize the relay
T opening the running terminals 62 to the fuel
valve 11 and the terminals 2{ to the burner motor
5. De-energization of the relay T will close the
terminals 56 energizing the bell 18 and relay B.
Relay A will remain energized through the ter-
minals 66, conductors 53, switch 18 and conductor
64. Terminals 26 which energize the preignition
timer motor 38 and the ignition timer 34 will
therefore remain open and the system will come
to rest with relays A and B energized and relays
T and C de-energized. The bell will continue to
sound indicating the need of manual attention
of the system.

After a flame failure as just described the
operator may open the manual push button 50
breaking the connection to the branch 49 of the
live side of the line and to the terminals 66. This
action will de-energize the relays A and B and
silence the bell leaving all switches and relays
de-energized and ready to automatically com-
mence a relight cycle as described above if the
primary controls and switches are closed.

From the foregoing descriptions of the system
it will be apparent that the system will automat-
ieally start a lighting cycle upon closing of the
primary switches 16, {7, 8 and 8 and will sound
the alarm 19 if the lighting attempt is a failure
whether or not the switch 18 is open. The differ-
ence in operation of the system with the switch
18 open or closed results when the flame fails for
some reason other than the operation of the pri-
mary switches such as a fuel failure or clogging
of the burner mechanism or failure of the burner
motor 5. With the switch 18 open the system will
automatically make one relight attempt without
sounding the alarm and if the relighting attempt
is successful no manual attention is required.
However, with the switch 8 closed and upon fail-
ure of the fiame for some abnormal reason the
system will de-energize the motor, fuel valve and
ignition and sound the alarm to call the atten-
tion to the failure of the flame. No preferred
form of the system is advocated as it is largely a
matter of the desire of the user as to which
manner of operating his boiler is most advan-
tageous to him.

It should be evident to persons skilled in the
art that various modifications of the above de-
scribed circuit will be possibly depending upon
the degree of automatic contrcl and type of op-
eration desired. Thus the circuit for energizing
the fan motor 4 could be carried through termi-
nals arranged to be opened by energization of the
relay B so that upon failure of the flame heat
would be retained in the furnace instead of be-
ing exhausted through the flue 3. Other con-
trols or auxiliary elements of the boiler and fur-
nace may be added as desired such as additional
fuel valves where the burner is arranged to use
heavy cil mixed with light or gaseous fuel for
igniting purposes. The circuit illustrated and
described is intended to be an example only of
the operation of my control system with the con-
tacts 8, § and {7 representing a class of primary
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éontrols which are more or less normal to the
operation of most boilers.

I have thus described a highly practical form
of my control eireuit which is adaptable in vari-
ous forms to boilers generally. The -several
solenoid switehes and timer switches are eomnt-
merecially available so that the system may be
assembled at a minimum. of expense and without
special parts.

Having thus deseribed my invention, what I
claim as new and desire to secure by Letters
Patent, is:

1. Cycling mechanism for obtaining a purging
peried and ignition period in a bhurner centrel
system comprising a pair of -control switches
biased to open position, eleetrically operated
time delay means for suceessively closing sald
switehes and holding them closed only so long as
said means are energized, a circuit for energizing
said means including a solenoid operated swifch,
a second energizing circuit for energizing the
solenoid of said solenoid operated switeh to con-
trol said frst energizing circuit and including a
second solenoid operated switch and the second
of said pair of switches, & third energizing circuit
for energizing said seeond solenoid switch includ-
ing a switch responsive to the existence of a flame
at said burner, and an electrically operated igni-
tion device connected to0 be energized by closing
of the first-of said control switches.

9. Control mechanism for the burner of a fur-
nzce comprising an electrically operated ignition
device for igniting said burner, an ignitien switch
connected in series with said ignitionr device and
biased to open position, a motor driven device
arranged to effect the closing of said tgnition
switeh after a predetermined purging pericd fei-
lowing the energization of the motor of said -de-
viee, & circuit for energizing said -motor driven
device, & solenocid operated switch in said Tast
mentioned circuit and arranged to de-energize
said motor driven device after a predetermined
period of operation of said deviee, said deviee
being biased to immediately return to its start-
ing position whenever the motor ‘thereof is de-
energized, and a time delay switching device con-
nected to be actuated by the closing of said igni~
tion switch, the switch of said time delaying de-
vice being connected to energize the ‘solenoid
of said solenoid operated switeh. o

3. Control apparatus-for the burner of -a boiler
furnace comprising, a primary control element
for indieating -a functional condition of said beil~
er, a switch operated by said element and con-
nected to de-energize the remainder of said appa=
ratus upon the establishment of an undesirable
condition in said boiler, a transfer relay, an ener-
gizing circuit for said transfer relay-including a
switch closed upon the establishment of 4 flame
in said burner, an electrically operated fuel valve
for said burner, a running circuit for said fuel
valve having contacts closed by said transfer re-
lay in the energized position thereof, an-electri-
cally operated ignition device for said-burner, a
circuit for energizing said ignition device includ«
ing an ignition switch, a starting circuit for said
tirel valve connected by said transfer relay.in the
de-energized position thereof to said ignition eir=

cuit to be energized from said ignition circuit, &

motor-for said burner having 4 running circuit en=
ergized by a comtact closed in-the energized posi=
tion of said transfer relay, electrically -operated
timed mechanism for closing said ignition switch,

said mechanism being biased ‘to-ignition switeh

opening position, & eircuit for energizing ‘gaid

20

40

60

65

70

5

10

mechanism including a pair of switches connected
in series, a starting circuit for said burner motor
connected to said circuit for energizing said
mechanism by said transfer relay in the de-ener-
gized position thereof to be energized with said
mechanism, a starting relay having a contact ar=
ranged to close one of said pair of switcheés in the
de-eniergized position of said starting relay, a
common conductor, an energizing circuit for said
sharting relay including a switch closed by said
transfer relay in the energized position thereéof
and connected to said common conductor, g cut=
out relay having a contact arranged to close the
other of said pair of switches in the de-energized
position of said cut-out relay, an energizing cir-
cuit for said cut-out relay including a switch
closed by said transfer relay in the de-energized
position thereof and a switch closed by said start-
ing relay inthe de-energized position thereof and
connected to said common conductor, 5 time
limit switch connected to said common conduc-
tor and adapted when closed to energize the
same, a second electrically operated timed mech-
anism for closing said time limit switeh, said
second mechanism being biased to limit switch
opening position, & circuit for energizing said
second mechanism connected to said circuit for
energizing said first mechanism so as to be de-
energized therewith, a third relay having a con-
tact arranged to break said energizing circuit for
said second mechanism in the de-energized posi-
tion of said third relay, an initial energizing cir-
cuit for said third relay including g contact
closed in the de-energized position of said start-
ing relay and a contact closed in the de-energized
position of said third relay, said last mentioned
contaet being connected to said ignition circuit
for energization therewith, & self-operated hold-
ing contact on said third relay closed in the en-
ergized position thereof and connected to said
circuit for energizing said third relay to energize
the same after initial energization by said igni-
tion cireuif, a holding contact closed by said
starting relay in the energized position thereof
and connected to said common conductor, a third
holding contact closed in the energized position
of said cut-out relay and connected to said com-
mon conductor, & manually controllable switch
for de-energizing the circuits through said hold-
ing contacts, and & selectively operable element
for shunting said switch closed by said transfer
relay in said energizing circuit of said starting
relay to said common conductor and for shunt=
ing said contact elosed by said starting relay in
said energizing circuit for said cut-out relay to
said common conductor, said furnace having a
gas purging element electrically connected to be
energized whenever said apparatus is energized.

4, Control apparatus for the burner of & boiler
furndgce -comprising, 'a primary control element
for indieating a functional condition of the boiler
of said furnace, a switch operated by said ele-
ment and connected to de-energize the remain-
der of said apparatus upon the establishment of
an undesirable condition in said boiler, a trans-
fer relay, an energizing circuit for said -transfer
relay including a switch responsive to the estab-
lishment of o ftame in said burter, an electrieal-
ly operated fuel valve for said burnér, a running
cireuit for said fuel valve having contacts closed
by said transfer relay in the flame operating po-
sition  thereof, an electrically operated ignition
device ‘for -said burner, a circuit for energizing
said ignition device including an ignition switch,
g starting circuit for said fuel valve electrically
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connected to said ignition circuit by a contact on
said transfer relay in the no flame position of
said transfer relay, a motor for said burner hav-
ing a running circuit energized through a con-
tact closed in the flame operating position of said
transfer relay, electrically operated timed mech-
anism for closing said ignition switch, said mech-
anism being biased to ignition switch opening
position, a circuit for energizing said mechanism
including a pair of switches connected in series,
a starting circuit for said burner motor elec-
trically connected to said circuit for energizing
said mechanism by a contact of said transfer re-
lay in the no flame position thereof, a starting
relay having a contact arranged to close one of
sald pair of switches in the de-energized position
of said starting relay, a common conductor, an
energizing circuit for said starting relay includ-
ing a contact closed by said transfer relay in the
flame operating position thereof and connected
to sald common conductor, a cut-out relay hav-
ing a contact arranged to close the other of said
pair of switches in the de-energized position of
sald cut-out relay, an energizing circuit for said
cut-out relay including in series a contact closed
by said transfer relay in the no flame position
thereof and a contact closed by said starting re-
lay in the de-energized position thereof and said
common conductor, a signal device connected in
parallel with said cut-out relay to be energized
therewith, a time limit switch connected to said
common conductor and adapted to energize the
same, a second electrically operated timed mech-
anism for closing said time limit switch, said
second mechanism being biased to limit switch
opening position, a circuit for energizing said
second mechanism connected to be energized and
de-energized concurrently upon the closing and
opening of said ignition switch, a holding con-
tact closed by said starting relay in the energized
position thereof and connected to said common
conductor, a second holding contact closed in the
energized position of said cut-out relay and con-
nected to said common conductor, and a man-
ually controllable switech for de-energizing the
circuits through said holding contacts, said fur-
nace having a purging element electrically con-
nected to be energized whenever said first mech-
anism for closing said ignition switch is en-
ergized.

5. Control apparatus for the burner of a boil-
er furnace comprising, an electrically operated
fuel valve for said burner, z transfer relay, an
energizing circuit for said transfer relay includ-

ing a switch responsive to the establishment of s

a flame in said burner, an electrically operated
ignition device for said burner, a circuit for en-
ergizing said ignition device including an igni-
tion switeh, a circuit for energizing said fuel valve
connected to said ignition circuit by a contact on
sald fransfer relay in the no flame position of
said transfer relay, a motor for said burner hav-
ing a running ecircuit energized by a contact
closed in the flame operating position of said
transfer relay, electrically operated timed mech-
anism for closing said ignition switch, said mech-
anism being biased to ignition switch opening po-
sition, a circuit for energizing said mechanism
including a pair of switches connected in series,
a starting circuit for said burner motor connect-
ed to said circuit for energizing said mechanism
by a contact on said transfer relay in the no flame
position thereof, a starting relay having a con-
tact arranged to close one of said pair of switches
in the de-energized position of said starting re-
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lay, a common conductor, an energizing circuit
for said starting relay including a contact closed
by said transfer relay in flame operating posi-
tion of said transfer relay and connected to said
common conductor, a cut-out relay having a con-
tact arranged to close the other of said pair of
switches in the de-energized position of said cut-
out relay, an energizing cireuit for said cut-out
relay including in series a switch closed by said
transfer relay in the no flame position thereof
and a contact closed by said starting relay in the
de-energized position thereof and said common
conductor, a signal device connected in parallel
with said cut-out relay to be energized therewith,
a time limit switch connected to said common
conductor and adapted to energize the same, a
second electrically operated timed mechanism for
closing said time limit switch, said second mech-
anism being biased to limit switch opening po-
sition, a circuif for energizing said second mech-
anism connected to be energized concurrently
with the closing of said ignition switch and to be
de~energized concurrently with said cireuit for
energizing said first mechanism, a holding con-
tact closed by said starting relay in the energized
position thereof and connected to said common
conductor, a second holding contact closed in the
energized position of said cut-out relay and con-
nected to said common conductor, and a man-
ually controllable switch for de-energizing said
holding contacts, and g selectively operable ele-
ment for shunting said switch in said cireuit for
energizing said starting relay and for shunting
3aid switch in said circuit for energizing said cut-
out relay and operated by said starting relay.

6. Control apparatus for the burner of a fur-
nace, said burner having an electrically operated
auxiliary element coacting with the burner in
sustaining combustion, comprising, electrically
driven timed switching mechanism having an
energizing circuit, a transfer relay, an energizing
circuit for said transfer relay including a switch
responsive to the establishment of a flame in said
burner, a running circuit for said auxiliary ele-
ment having contacts closed by said transfer
relay in the flame operating position thereof, an
electrically operated ignition device for said burn-
er, a circuit for energizing said ignition device
including a contact closed by said mechanism, a
starting circuit for said auxiliary element con-
nected to be energized from said ignition circuit
by a contact closed in the no flame position of
said transfer relay, a starting relay having a con-
tact arranged to break the energizing circuit to
said mechanism in the energized position of said
starting relay, a circuit for energizing said start-
ing relay including a switch closed in the flame
operating position of said transfer relay and a
common conductor, a cut-out relay having a con-
tact arranged to break said eircuit for energizing
said mechanism in the energized position of said
cut-out relay, a circuit for energizing said cut-
out relay including in series a switch closed in
the no flame position of said transfer relay and
said common conductor, a second electrically
driven timed switching mechanism having an
energizing circuit and having a switch opera-
tive when closed to energize said circuit for
energizing said cut-out relay, said second mecha-
hism being arranged to be energized by closing
of said contact closed by said first mechanism,
a holding contact closed in the energized posi-
tion of said starting relay and connected to said
common conductor, a second holding contact
closed in the energized position of said cut-out
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relay and connected to said common conductor,
and a manually controliable switch for de-ener-
gizing the circuits through said holding contacts.
7.-Control mechanism for a burner compris-
ing, an electrically driven timed switching de-
vice having an energizing circuit, a fransfer re-
lay including a switch responsive to the estab-
lishment of a flame in said burner, an electrically
operated ignition element for said burner, a cir-
cuit for-energizing said ignition element includ-
ing.a contact closed by said device and arranged
to be open during the first portion of the cycle
of ‘said device, a solenoid opened valve .for sup-
plying fuel to-said burner, a circuit for energizing
the solenoid of said valve and having a running
contact closed by said transfer relay in the flame
operating position thereof, a starting relay hav-
ing @ contact arranged to break the circuit for
energizing said device in the energized position
of .said starting xelay, a circuit for energizing
said starting relay including a switch closed in
the flame operating position of said fransfer
relay, a cubt-out relay having another contact
arranged to break said -energizing circuit to.said
device in the energized position of said -cut-cut
relay, a circuit for energizing said cut-out relay
including a switch closed by said transfer relay
in the no flame position thereof, an alarm de-
vice connected to be energized with said cut-out
relay, and an electrically driven time delay switch
mechanism arranged to close a switch fo.apply
energy to said circuits energizing said starting
relay and said .cut-out relay, said time relay
mechanism being .connected to be energized by
- closing of said contact closed by said timed

switching -device.

:8. Control mechanism for a burner having a
motor comprising, an :electrically driven timed
switching device having:an energizing circuit, a
transferrelay, an energizing circuit for said trans-
fer :relay including a switch responsive to the
establishment of a flame in said burner, a cir-
cuit for said -motor -and having a running .con-
tact -closed by said transfer relay in the flame
operating position thereof, an electrically op-
erated ignition element for said burner, a cir-
cuit for:energizing said ignition element includ-
ing a. contact closed by said device and.arranged
to"be open during-the first portion of the cycle
of -said -device, a -solenoid .controlled valve for
supplying fuel to said burner, a circuit for en-
ergizing -said solenoid to open valve and having
a - Tunning contact closed by said transfer relay
in-the flame operating position thereof, a starter
circuit for said motor connected to said circuit
for-energizing said device in the no-flame posi-
tion -of said transfer relay by a contact thereon,
a -starting relay having a contact closed in the
deenergized position of said starting relay and
arranged to energize said energizing circuit to
said device, -a circuit for energizing said start-
ing relay-including & switch closed in the flare=
operating position of said transfer relay.

9. Control mechanism for the burner of a
furnace ‘comprising, a motor driven time delay
switching device having an energizing circuit for
the motor thereof, a transfer relay, an energizing
eircuit for said transfer relay including a switch
responsive to the establishment of a flame in
said burner, a motor for said burner having an
energizing contact clesed by said transfer relay
in the flame operating position thereof, an elec-
trically operated ignition element for-said burner,
a-cireuit for energizing said ignition e_lement in-
cluding a-contact closed by said device and ar-
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cycle of said device, a solenoid operated control
valve for :supplying fuel to said burner, a cir-
cuit for energizing the solenoid to open saidvalve
and having a running contact clesed by said
transfer relay in the flame operating position
thereef and a. starting contact connected to said
ignition 'device by said .transfer relay in .fhe -no
flame position thereof, a starter circuit for said
burner -motor connected by :a contact on said
transfer relay to said device -energizing circuit
in the 'no :flame position. of -said transfer relay,
a .starting ‘relay having a switch in said :ener-
gizing .circuit 1o said .device -and closed in the
de-energized 'position of ~said starting relay, @
cireuit for -energizing said starting relay -includ-
inga switch operated by said transfer relay.and
closed in the flame operating -position thereof,-a
motor driven .fimed cut-out device having an
energizing circuit for the -motor thereof and.a
cub-=out switeh biased to open-position, a cut-out
relay having-an energizing circuit connected :to
be energized-by said eut-out.switch and having a
contact in.circuit to open said energizing circuit
to.said delay switching. device when said eut-out
relay is.energized, said cireuit for energizing the
motor .of said cut-ocut .device .being -connected
through said first energizing circuit for said time
delay .switehing :device to be .de-energized there-
with.

10.:Control apparatus for the burner of a:fur-
nace .comprising, electrically . driven “time delay
switching mechanism ‘having an .energizing .cir-
cuif .and .an ignition switch, :a transfer relay, an

5 energizing circuit for said ‘transfer relay includ-

ing -a :switeh responsive to .the establishment of
a flame in said burner, a power circuit for.said
burner and having a-running contact closed by
said transfer-relay in the:flame operating posi-
tion thereof, an electrically operated ignition de-
vice for.said burner, a circuit for energizing said
ignition device including said ignition switch and
arranged to be open during the first portion. .of
the cycle of said mechanism, a solencid control
valve: for supplying fuel to said burner, a circuit
for energizing the solenoid to open said valve and
having a running contact closed by said transfer
relay in the flame operating position thereof, a
starting circuit for the solenoid of said valve con-
nected to said ignition circuit by said transfer
relay in the no flame position thereof, a starting
relay having a contact to break the energizing
circuit to said mechanism in the energized posi-
tion of said starting relay, a circuit for energizing
said starting relay including a switch closed by
said -transfer relay in the flame operating posi-
tion thereof, a cut-out relay having a contact
arranged to break said energizing circuit to said
mechanism in the energized position of said cut-
out relay, a circuit for energizing said cut-out
relay including a switch closed in the no flame
position of said transfer relay, a manually oper-
able element for shorting out said switches in
said circuits for energizing said starting relay
and said cut-out relay, an alarm device connected
to sald circuit for energizing said cut-out relay,
said time delay switching ‘mechanism being
biased fo move to open position when de-ener-
gized, and a second time delay switching mech-
anism connected to be actuated by closing of
said ignition switch and arranged to energize
said either of said circuits for energizing said
starting and cut-out relays depending on the po-
sition of said transfer relay.

11. Control mechanism for the burner of a fur-
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nace comprising, a time delay switching device
having an energizing circuit and an ignition
switch, a transfer relay, an energizing circuit
for said transfer relay including a switeh respon-
sive to the establishment of a flame in said
burner, a motor for said burner and having a
running contact closed by said transfer relay in
one position thereof, an electrically operated
ignition element for said burner, a circuit for
said ignition element including said ignition
switch and arranged to be open during the first
portion of the cycle of said device, a solenoid
controlled valve for supplying fuel to said burner,
2 circuit for energizing the solenoid of said valve
and having a running contact closed by said
transfer relay in said one position thereof and a
starting contact connected to said ignition device
by said transfer relay in the other position there-
of, a starter circuit for said burner motor con-
nected to said energizing circuit of said device
by said transfer relay in said other position
thereof, a starting relay having a contact in se-
ries in energizing circuit to said device and closed
in the de-energized position of said starting re-
lay,-a circuit for energizing said starting relay
including a switch closed by said transfer relay
in said one position thereof, a motor driven timed
cut-out device having a cut-out switch, a cut-out
relay having an energizing circuit connected to
be energized by said cut-out switch and having
a contact in series in said energizing circuit to
said delay switching device to open said circuit
when said cut-out relay is energized, and a cir-
cuit for energizing said cut-out device and con-
nected through said circuit for energizing said
delay switching device to be de-energized there-
with.

12, Control apparatus for the burner of a fur-
nace comprising, electrically driven time delay
switching mechanism having an energizing cir-
cuit and an ignition swiich, a transfer relay, an
energizing circuit for said transfer relay includ-
ing a switeh responsive to the establishment of
a flame in said burner, an energizing circuit for
said burner and having a running contact oper-
ated by said transfer relay, an electrically oper-
ated ignition device for said burner, a circuit for
said ignition device including said ignition switch
and arranged to be open during the first portion
of the cycle of said mechanism, a starting circuit
for said burner connected by said transfer relay
to said energizing circuit for said mechanism
in one position of said transfer relay, a starting
relay having a contact in series with the energiz-
ing circuit to said mechanism, a circuit for ener-
gizing said starting relay including a switch
closed by said transfer relay in a second position
thereof, a cut-out relay having g cut-out contact
in seriss in said energizing circuit to said mecha-
nism, a circuit for energizing said cut-out relay
to open said cut-out contact including g switch
closed by said transfer relay in said one positicn
of said transfer relay, timed switch means for
energizing said circuits to said starting and said
cut-out relays at a predetermined time after the
closing of said ignition switch, and a manually
operable element for shorting out said switch in
said circuif for erergizing said starting relay.

13. Control apparatus for the burner of g fur-
nace having electrically operated auxiliary ele-
ments ccacting to sustain combustion, said ap-
paratus comprising, electrically driven timed
switching mechanism having an energizing cir-
cuit and an ignition switch, a transfer relay, an
energizing circuit for said transfer relay includ-
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ing a switch responsive to the establishment o¢f
a flame in said burner, running circuits for said
auxiliary elements having contacts closed by said
transfer relay in its flame operating position, an
electrically operated ignition device for said
burner, a circuit for said ignition device includ-
ing sald ignition contact, a starting circuit for
one of said auxiliary elements connected to said
ignition ecircuit by said transfer relay in the no
flame position thereof, a starting relay having a
contact in series in the energizing circuit to said
mechanism, a circuit for energizing said starting
relay, a cut-out relay having a contact in. series
in said circuit for energizing said mechanism and
closed in the de-energized position of said cut-out
relay, a circuit for energizing said cut-out relay
connected to said circuit for energizing said
starting relay and including a switch closed by
said transier relay in the no flame position
thereof, a second electrically driven timed switch
mechanism having an energizing circuit and
having a cut-out switch arranged to energize said
circulis for energizing said cut-out relay and
starting relay, an energizing circuit for said sec-
ond mechanism being connected to be energized
responsive to the closing of said ignition switch,
an alarm device connected to said circuit for
energizing said cut-out relay, a holding contact
closed by said starting relay in its energized posi-
tion to hold said starting relay in energized posi-
tion, a second holding contact closed by said cut-
out relay in its energized position to hold said
cut-ous relay in energized position, and a manu-
ally controllable switch for de-energizing the cir-
cuits through said holding contacts.

14. Control apparatus for the burner of a fur-
nace comprising, electrically driven time delay
switching mechanism having an energizing cir-
cuit and an ignition swiich and cut-out switch,
said switches bzing biased to open position, a
transfer relay, an energizing circuit for said
transfer relay including a switch responsive to
the establishment of a flame in said burner, an
energizing circuit for said burner and having a
running contact closed by said transfer relay in
the flame operating position thereof and a start-
ing contact connected to said cireuit for energiz-
ing said mechanism by said transfer relay in the
no flame position thereof, an electrically oper-
ated ignition device for said burner, a circuit for
energizing said ignition device including said
ignition switch, a starting relay having a contact
arranged in series in the energizing circuit to
said mechanism and closed in the energized posi~
tion of said starting relay, a circuit for energiz-
ing said starting relay including a switch closed
by said transfer relay in the flame operating
position thereof and said cut-out switch; a self
operated hclding contact on said starting relay,
a cut-out relay having a cut-out contact in series
in said circuit for energizing said mechanism; a
circuit for energizing said cut-out relay includ-
ing a switch closed by said transfer relay in the
no flame position thereof and said cut-out switch
on said mechanism, a self operated holding con-
tact on said cut-out relay, a manually operable
switch for de-energizing the cireuits through
said holding contacts, and a selectively operable
element for directly connecting said cut-out
switch on said mechanism to said circuit for
energizing said starting relay to by-pass the
switch on said transfer relay in the said cireuit.

15. Control apparatus for the burner of a
furnace comprising electrically driven time de-
lay switching mechanism having an energizing
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circult and an ignition switch biased to open
position, an electrically operated ignition device
for said burner, a circuit for said ignition de-
vice including said ignition switch and arranged
to be open during the first portion of the cycle
of said mechanism, a starting relay having a
contact in series to break the energizing cir-
cuit to said mechanism in the energized posi-
tion of said starting relay, a circuit for energiz-
ing said starting relay including a second switch
operated by said mechanism and arranged to
close at a predetermined time after closing of
said ignition switch, a self closed holding con-
tact on said starting relay, a transfer relay, an
energizing circuit for said transfer relay in-
cluding a switeh responsive to the establishment
of a flame in burner, a cut-out relay having a
contact in series to break said circuit for energiz-
ing said mechanism, a circuit for energizing
said cut-out relay including a switch closed by
said transfer relay in the no flame position
thereof and said second switch on said mecha-
nism, a self closed holding contract on said cut-
out relay, and a manually operable switch for
de-energizing the circuits through said hold-
ing contacts.

16. Control apparatus for the burner of a
furnace comprising electrically driven time de-
lay switching mechanism having an energizing
circuit and an ignition switch biased to open
position, said mechanism being arranged to close
sald switch at a predetermined time after the
start of the cycle of said mechanism, an elec-
trically operated ignition device for said burner,
a circuit for said ignition device including said
ignition switch, a starting relay having a con-
tact arranged in series to break the energizing
cireuit to said mechanism in the energized po-
sition of said starting relay, a circuit for energiz-
ing said starting relay including a second switch
operated by said mechanism and arranged to
close at a predetermined time after closing of
said ignition switch, a self closed holding con-
tact on said starting relay, and a manually oper-
able switch for de-energizing the circuit through
said holding contact.

17. Mechanism for obtaining a purging period
and ignition period in a burner control system
comprising, a pair of power supply switches
biased to open position, electrically operated
means for effecting a successive timed closing
of said switches and operative to immediately
release said switches as soon as said means is
de-energized, an alarm circuit, an electrically
operated ignition device in series with the first
of said switches to be closed and arranged to be
energized thereby, a pair of relays each having
a switch in series with said electrically oper-
ated means and operative in the energized con-
dition of its relay to de-energize said means, &

10

15

20

30

35

40

45

50

55

60

18

pair of energizing circuits one for each of said
relays, a switch responsive to the establishment
of a flame in said burner and having contacts
alternatively operative in the flame operating
and no flame positions of said flame responsive
switch, said contacts being connected in series
in said energizing circuits to alternatively render
one of said energizing circuits inoperative, said
alarm circuit being connected to one of said
energizing circuits to be energized therewith,
and a common connection from the second of
said pair of switches to said contacts on said
flame responsive switch whereby closing of said
second switch will alternatively energize either
of said relays depending upon the position of
said flame responsive switch.

18. Mechanism for obtaining a purging period
and ignition period in a burner control system
comprising, a bpair of power supply switches
biased to open positicn, electrically operated
means for effecting a successive timed closing
of said switches and operative to immediately
release said switches as soon as said means is
de-energized, an electrically operated ignition
device in series with the first of said switches
to be closed and arranged to be energized
thereby, a pair of relays each having a switch
in series with said electrically operated means
and operative in the energized condition of its
relay to de-energize said means, a pair of ener-
gizing circuits one for each of said relays, a
switch responsive to the establishment of a
flame in said burner and having contacts al-
ternatively operative in the flame operating and
no flame positions of said flame vresponsive
switch, said contacts being connected in series
in said energizing circuits to alternatively ren-
der one of said energizing circuits inoperative,
and a common connection from the second of
said pair of switches to said contacts on said
flame responsive switch whereby closing of said
second switch will alternatively energize either
of said relays depending upon the position of
said flame responsive switch.

HOMER C. NYCUM.
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