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11 Claims,

The invention relates to sequence control sys-
tems, particularly automatic combined timing
and condition responsive sequence control sys-

tems, suitable for controlling oil burners or other '
devices which require an automatic safety lock-

out in case a prerequisite condition is not estab-
lished within a predetermined time intzrval after
starting operation of the device to control an-
other condition,

My prior Patents 2,085,577 and 2,278,252, and
also my application Serial No. 493,008, filed con-
currently herewith, disclose and claim certain im-
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provements in sequence control systems of the -

above type.

One of the objects of the present invention is

to further improve sequence control systems of
the above type by providing an improved form of
electrical safety lockout. -
' A more specific object is to provide an improved
form of control system employing an electrically
heated thermal timer and a pair of electrically
differentiated relays selectively energized for pro-
viding a combined time and condition responsive
sequence control and a safety lockout.

A further object is to provide an improved se-
ries and multiplex shunt circuit combination for

enabling the thermal timer and the pair of elec-

trically differentiated relays to provide not only
automatic safety lockout but also undervoltage
protection, and insure that the control will start
the burner or other device controlied thereby only
when all of the control elements have returned
to their initial starting position.

Other objects and advantages of the invention
will appear in the following description of the ac-
companying drawing in which Fig. 1 is a sche-
matic circuit diagram of an oil burner control
system embodying the improvements of the pres-
ent invention; and Figs. 2, 3, 4, and 5 are simpli-
fled line diagrams of the control circuits of Fig. 1
showing more clearly the series and multiplex
shunt control connections established during
start time, run and lockout phases of operation of
the burner control system shown in Fig. 1.

In Fig. 1 the oil burner 10 is shown as of the
usual type having a driving motor {1 provided
with an operating winding 12. The combustible
mixture of oil and air provided by burner 16

~upon energization of the operating winding (2
is ignited by means of the ignition transformer
13 and the ignition arc electrodes i4.

15

20

25

30

40

45

50

The burner {0 is operated automatically under -

the control of the master switch {5 which may be
a room thermostat, an aquastat, or a pressure-

1]

stat, or responsive to any other condition that is
to be regulated by operation of the burner (0.

The automatic operation of burner (0 also is
under the control of a safety condition responsive
switch I8 which, in the form shown, is responsive
to the absence and presence of combustion and
has the expansible tube 17 located to be heated
when combustion is established for operating the
slip clutch contact arm {8 from the cold position
C in which it iz shown to the hot position H,

A thermal timer 28 having an electric heater
214 is arranged to open the timed switch T at the
end of a predetermined heating interval, a snap

‘action opening and closing of switch T being

provided by the permanent magnet 22,

- A pair of electrically differentiated relays A and
R are interconnected in series circuit with the
master condition responsive switch 15, the pre-
requisite condition responsive switch 18, and the .
thermal timer 20 so as to be initially controlled by
the master switch {5 and then selectively con-
trolled by the prerequisite condition responsive
switch {1 and the thermal timer 20. The main
relay A is provided with a main contact A: for
controlling the energization of the burner motor
operating winding 2. Relay A also is provided
with an auxiliary contact Az for controlling the
qpening and closing of one of the shunt circuits
involved in the improved control system of the
present invention.

The auxiliary relay R is provided with a main
contact R for closing and opening the energiz-
ing circuit of the primary winding of the ignition
transformer {3, which, it will be observed, is
energized in parallel with the motor operating
winding 12 when both the relay switches A1 and
R are closed. The auxiliary switch Rz controls
the opening and closing of another shunt circuit
involved in the improved sequence control system
of the present invention. This shunt circuit in-
cludes the lockout resistor L0,

In accordance with the present invention, the
two relays A and R are provided with separate
operating electromagnets electrically differenti-
ated so as to have different minimum energiza-
tion response, that is, relay A will drop out at a
higher energization value than the value required
to drop out relay R, both of the relays being biased
to their drop-out positions in which they are’
shown. :

Operation

When the master condition responsive control
switch I8 closes its contacts, the main series en-
ergizing circuit is established from supply line L
through the safety limit switches 30, 31, con-
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ductor 32, master switch (5, conductor 23, the
operating winding 34 of relay R, conductor 35,
the normally closed time switch T, conductor 38,
the prerequisite condition responsive switch arm
{8 in its initial position C in which it is shown,
conductor 31, the heater 21, the operating wind-
ing 38 of relay A, and conductor 39, to the other
supply line L2. If low voltage energization of
the control circuits is desired, the circuit as just
described may be energized from the secondary
of a voltage reducing transformer having its pri-

- mary permanently connected across the supply
lines L, L2,

Upon closure of the main series control circuit,
which is separately shown in Fig, 2, by the master
switch 15, the operating windings of both relays
A and R, together with the thermal timer her - r
21, are simultaneously energized. Both rela ;.
and R pick up and close their respective mai.n

- and auxiliary contacts, As a result of closure of
the main contacts A1 and Ri, the operating wind-
ing {2 of the oil burner motor is energized to start
operation thereof to project a combustible mix-
ture of oil and air from the burner nozzle, At
the same time the ignition transformer (3§ is

- energized in parallel with the motor operating

. winding (2 to establish an ignition arc at the

electrodes 14 to initiate the establishment of
combustion. Also at the same time, the heater

21 is energized to start heating of the thermasal

timer 28 so as to effect opening of the timer
switch T at the end of a predetermined heating
interval. However, the closure of auxiliary con-
tact Rz completes the lockout shunt circuit in-
cluding the lockout resistor L8 for shunting the
timer contact T. This shunt circuit shunts both
the timer contact T and the cold flame detector
contact C, as indicated in Fig. 3. Furthermore,
the closure of auxiliary switch Az separately

_ shunts the flame detector cold contact C. i

The improved control .system continues in op-
eration with the two shunt connections made, as
shown in Pig. 3, during the predetermined hest-
ing time of the thermal timer 28. Thus thé op-
portunity is afforded for the oil burner to.suc-
cessfully establish combustlon during this in-
terval.

In case combustion is. successfully esta.bhshed

then the combustion responsive switch {6 will re- -

spond to move its contact arm {8 from the cold
contact C to the hot contact H. The opening of
the cold contact C, however, leaves the lockout
resistor L9 still in shunt with the thermal timer
contact T and the auxiliary contact As, as shéwn
in Fig. 4. The closure of the flame detector hot
contact H establishes g third shunt circuif ex-
tending around the operating winding of relay R
and the timer contact T. Thus, as soon as the
closure of the hot contact ¥ occurs, relay R is'in
effect short-circuited and thereby deenergized.

As a resulf, relay R opens its main contact R: to

deenergize. the ignition transformer 8. At the
same time; relay R opens its auxiliary contact
Rz to open the lockout shunt circuit inciuding
the lockout resistor L0. This feaves the operat-
ing winding of the main contrel relay A ener-
gized in series with the timer heater 21 with the
burner running control circuit extending in se-
ries through the auxiliary contact Az, the hot con-
tact H of the flame detector and the master
switch 16. Thus in case of voltage failure, relay
A will become deenergized to stop operation of the
" burner {0 and also open the auxiliary contact Az
to insure that all the control elements return
to their initial positions before the burner {4 can
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be restarted. Also if for some reason the burner
combustion should fail so that the flame detector
hot contact H opens, then relay A also becomes
deenergized to stop the burner and opens its aux-
iliary contact Az to insure the same result. Like-
wise, whenever the master switch responds to

. open its contacts, relay A is deenergized to stop
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operation of the burner and insure return of all
the parts to their initial positions.

In case combustion is not successfully estab-
lished before the end of the predetermined hest-
ing period of the thermal timer 28, then the flame
detector cold contact C will remain closed and
the hot contact H will remain open. As a result,
when the thermal timer switch T is opened, as
shown in Fig. 5, the lockout shunt circuit closed
by auxiliary contact Rz and including the lockout
resistor L becomes effective to maintain the se-
ries energizing current of relay R through the
heater 21 and the operating winding of relay A
at a value which is below the minimum energi-
zation response value of relay A but above the
minimum energization response value of relay R.
Consequently, relay A will drop out and thus re-
turn its contacts to the circuit opening position
in which they are shown in Fig. 1. The opening
of contact A: will stop the burner 16 while the
opening of contact Az will remove the separate
shunt circuit from the flame detector cold con-
tact C. However, the timer heater 24 will re-
main effectively energized along with relay R so
as to maintain the timed switch T open until the
relay R is deenergized by opening of the circuit,
controlled by the master switch {5, This may be
accomplished by opening the main switch con-
trolling the power supply lines L.{, L2, When re-
lay R is thus deenergized, then its auxiliary con-
tact Rz opens the shunt circuit through the lock-
out résistor L@ and restores all of the parts to

40 their initial positions.

What I claim as new and desire to secure by
Letters Patent of the United States is:
1. In a control system, & pair of control devices

. having separate elecfrically differentiated elec-
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troresponsive operating means and an electric
heater connected to be energized therewith in g
series ecircuit having normally closed thermally
actuated switching means therein opened by the
heating action of said heater at the end of a
limited heating period, and.a current limiting
shunt interconnected by one of said devices upon
energization of said operating means thereof with!
sald switching means for preventing both de-:

energization of said heater and said operating

means of sald one device and effective energiza-

tion of said operating means of the other control

device upon seid opening of said switching
eans.

2 In a controil system, a pair of control devices
having separate electrically differentiated elec-
troresponsive operating means, an electric heater
connected to be energized in a series energizing
circuit having said operating means therein and
normally closed thermally actuated switching
means therein opened by the heating action of
s2id heater at the end of a limited heating period,
& current limiting shunt interccnnected by one
of said devices upon energization of said operat-
ing means thereof with said switching means for
preventing both deenergization of said heater and
said operating means of said one device and ef-
fective energization of said operating means of
the other control device vpon said opening of
said switching means, and means for shunting
sald shunt and said operating means of said one
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device to maintain both said heater and said op-
erating means of said other control device effec-
tively energized upon said opening of said switch-
ing means.

3. In a sequence control system, a pair of con-
trol devices having separate electrically differ-
entiated electroresponsive operating means ener-
gized in a series circuit having an electric heater
therein and electro-thermal time switching
means heated thereby for opening said circuit
at the end of a heating period, a current limiting
shunt interconhected by one of said devices upon
energization of said operating means thereof with
said time switching means for preventing both
deenergization of said heater and effective en-
ergization of said operating means of the other
of said devices after said period, and condition
responsive switching means for shunting said op-
erating means of sald one device and said time
switching means during said period to maintain
said operating means of said other device and said
heater effectively energized thereafter.
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4. In a sequence control system, a pair of con=- -

trol devices having separate electrically differen-
tiated electroresponsive operating means and a
heater connected to be energized in a series ener-
gizing circuit having condition responsive switch-
ing means for closing said circuit and normally

25

closed thermo-electric time switching means ac- .

tuated by said heater for opening said circuit at
the end of a heating period, a current limiting
shunt interconnected by one of said devices upon
energization of said operating means thereof
with said time switching means for preventing
both deenergization of said heater and effective
energization of said operating means of the other
of said devices after said period, and switching

means responsive to a predetermined condition’

for shunting said operating means of sald one
device and said time switching means during said

. period to maintain said operating means of said
other device and said heater effectively ener-
gized thereafter under the control of both said
condition responsive switching means.

5. In a sequence control system, a pair of de-
vices having separate electrically differentiated
electroresponsive operating means and a heater
connected to be energized in a series circuit hav-
ing a pair of separate condition responsive
switching means for closing said clrcuit and nor-
mally closed thermo-elegtric time switching
means thereby energized for opening said circuit
at the end of a heating period, a current limiting
shunt interconnected by one of said devices upon
energization of said operating means thereof with
said time switching means for preventing both
deenergization of said heater and effective ener-
gization of said operating means of the other of
said devices after said period, a switch actuated
by said other device upon energization of said
operating means thereof for shunting one of said
condition responsive switching means, and sepa-
rate connections controlled by said one condition

. responsive switching means for shunting said
operating means of said one device and said time
switching means during said period to maintain
said operating means of said other device and
said time switching means effectively energized
thereafter under the control of both said condi-
tion responsive switching means.

6. In & sequence control system, a pair of con-
trol devices having separate electrically differen-
tiated electroresponsive operating means having
a series energizing circuit provided with a pair of
separate condition responsive switching means
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for closing sald circuit and normally closed
thermo-electric time switching means thereby
energized for opening said circult at the end of
heating period, a current limiting shunt inter-
connected by one of said devices upon energiza-
tion of said operating means thereof in shunt
with said time switching means for preventing
both deenergization of said time switching means
and. effective energization of said operating
means of the other of said devices after said
period, a switch actuated by said other device
upon energization of said operating means
thereof for shunting said circuit around one of
said condition responsive switching means, and
separate connections controlled by sald one con-
dition responsive switching means for shunting
said operating means of said one device and said -
time switching means during said period to
maintain said operating means of said other de-
vice and said time switching means effectively
energized thereafter under the control of both
said condition responsive switching means.

7. A sequence control system having, in com-
bination, a pair of control devices having sepa-
rate electrically differentiated electroresponsive
operating means, one responsive to a lower ener-
gization than the other, a thermal timer having
electrical heating means connected to be ener-
gized in series circuit with said operating means
of said devices to operate both said devices for a
limited period and having a timed switch for
opening said circuit at the end of sald period,
and a shunt circuit around said switch for main-
taining said heating means energized after said
period, said shunt circuit including & switch
closed by said one device upon energization of
said operating means thereof and a current limit-
ing resistor for maintaining the energization of
said heating means upon opening of sald timed
switch below the energization response of sald
operating means of the other of said devices and
above the energization response of said operating
means of said one device. :

8. A sequence control system having, in com-
bination, a pair of relays, each having & separate -
operating electromagnet one having a lower drop-
out energization than the other, a thermal timer
heving electrical heating means connected to be
energized in 8 series circuit with sald operating
electromagnets to pick up both said relays for a
limited period and having a timed switch for
opening said circuit at the end of said period, and
a circuit for shunting said switch to maintain
said heating means energized after said period,
said shunt circuit including a switch closed by
said one relay upon pick-up thereof and a resistor
for reducing the energizing current of said heat-
ing means upon opening of said timed switch to
a value below the dropout energization of sald
operating electromagnet of the other of said re-

_ lays and above the drop-out energization of sald
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operating electromagnet of said one relay.

9. A sequence control system having, in com-
bination, a pair of control devices having sepa-
rate electrically differentiafed electroresponsive
operating means, one responsive to a lower en-
ergization than the other, & thermal timer hav-
ing electrical heating means connected to be en-
ergized in a series circuit with said operating
means and having a timed switch for opening
said circuit at the end of a predetermined heat-
ing period, a condition responsive switch con-
nected in series with said timed switch for open-
ing said circuit under predetermined conditions,

and g circuit for shunting bo_th said timed switch




4

and said condition responsive switch to main-
tain said heating means energized independently
of hoth said switches after said period, said cir-
cult including a switch clesed by one of said de-
vices upon energization of said operating means
chereof and a resistor for maintaining the en-
ergization of said heating means upon opening
of said timed switch below the minimum ener-
gization response of said operating means of the
other of said devices and above the minimum
energization response of sald operating means
of saild one device, \
_ 10. A variable sequence control system having,
in combinsation, & pair of control devices, s sepa-
rate operating electromagnet for each device, said
operating elctromagnets being responsive to dif-
ferent minimum energizations, means for vari-
ably controlling the energization of said operat-
ing electromagnets including a thermal timer
having electrical heating means connected to be
- energized in series circuit with said operating
electromagnets to effect joint operation of said
devices for a limited period and having a timed
switch for opening said circuit at the end of
said period, & shunt circuit for shunting said
switch to maintain said heating means energized
after said period, said shunt circuit including a
switch closed by one of said devices upon ener-

gization of said operating electromagnet thereof .

and a resistor for maintaining the energization
of said heating means upon opening of said

timed switch below the minimum energization re-

sponse of said operating electromagnet of the
other of said devices and above the minimum
-energization response of said operating electro-
magnet of said one device and condition respon-
sive switching means for short-circuiting both
said timed switch and said one device to effect
. the opening of said shunt circuit upon the oc-
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currence of a predetermined condition before

" the end of said period and thereby maintain said
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operating electromagnet of said other device and
said heating means effectively energized in series
theresafter, )

11, A sequence control system having, in com-
bination, & pair of control devices, a separate
operating electromagnet for each device, one re-
sponsive to & lower energization than the other,
& thermal timer having electrical heating means
connected to be energized in a series circuit with
sald operating electromagnets ahnd having a

* timed switch for opening said circuit at the end

of a predetermined heating period, a2 condition
responsive two-way switch connected in series
with said timed switch for closing said series
circuit oniy in response to a predetermined con-
dition, & first shunt circuit for shunting both
said timed switch and said condition responsive
switch to maintain said heater energized after

.sald period, sald first shunt circuit including &

switch closed by said one device upon energiza-
tion thereof and a resistor for maintaining the
energization of said heating means upon open-
ing of said timed switch below the minimum en-
ergization response of said operating electromag-
net of the other of said devices and ahove the
minimum energization response of said operat-
ing electromagnet of said one device and s second
shunt circuit closed by said two-way switch
around said timed switch and said operating
electromagnet of said one device in response to
the occurrence of a different predetermined con-
dition before the end of said period for effecting
the opening of said first shunt circuit and main-
teining said operating electromagnet of said
other device and said heater energized in serles
thereafter,
JOHN EATON.




