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38 Claims,

The present invention relates to a control
mechanism for controlling a heat responsive de-
vice, and particularly & burner.

.. The mechanism includes generally s control

Motor operable at & given rate, a pair of relays
and a plurality of cam switches operated by the
motor. The several switches control, with the
relays, circuits for the control motor, a burner
motor or like device, an ignition device, and a
fuel valve or like device,

The switches are arranged to provide a cycle,
and they include a space or room thermostat
with an instituting circuit, whereby the heat-
change device is set into operation in response
to operation of the thermostat, The cycle in-
cludes a starting phase, & running phase, g scav-
enging phase, and a lock-out phase adapted to
- operate upon failure of the starting phase to in-

stitute operation of the heat-change device.

In the starting Phase, the mechanism is first
under direct control of the room thermostat
- through the instituting circuit, and is designed
to operate through a bredetermined cycle if the
thermostat remains closed & brief interval suf-

ficient to get the cycle under way by establish-
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ing holding circuits shunting the instituting cir- .

cuit. Thereafter, the complete starting cycle will
be performed, regardless of displacement of the
room thermostat, at the end of which the mech-
anism returns to control of the room thermostat
for a running period. During the running periéd
the control motor is inactive, but upon satisty-
ing of the room thermostat, the mechanism may
take up where it left off, at the end of the start-
ing cycle, complete a closing or scavenging cycle,
and be ready for a subsequent operation.

In the starting. cycle the burner motor and

control motor first begin, followed by the igni-
tion device, and the of] supply device, with an
added oil pre-heating control interposed.-

If the starting cycle fails to cause proper op-
eration, the lock-out circuit will operate, but
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only after an Intervening scavenging period; and . -

the mechanism wili move to a position requiring
manusal reset for further operation. -

If the power fails at the outset of the starting
cycle, while the instituting circuit is closed, there
will be merely an interruption thereof. If it fails
after the starting cycle holding eircuit is estab-
lished, upon restoration of power the mecha-
nism will run through the interval of g complete
- cycle including scavenging without the fuel line
o.en, and reinstitute the. starting phase, de-

pendent upon the condition of the room thermo-

stat when the mechanism attaing the new start-
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ing position. If power fails during the running
period, upon return of power the mechanism
will complete a scavenging period and reinstitute
& starting cycle, again dependent upon the then
condition of the room thermostat. If power fails
during a scavenging period, upon return of power,
it will complete the scavenging perfod.

" If ignition fails during the starting phase, the
results are as above. If ignition, or flame, 1ails
during & running period, as by breaking .of the
fuel supply, the mechanism will then complete
& scavenging period, by restart of the control
motor, at the end of which it may reinstitute a
starting cycle. If the failure was due merely to
an extinguishing of the flame or other temporary
dislocation, the starting cycle may reestablish
operation. If, however, the failure is not rem- .
edied, ignition will not take place during the new
starting cycle and the lock-out eycle will operate,-.
requiring manual reset.

- Thus, toward the end of the scavenging period,
at the point where the lock-out operation may
be effected, the continuance of the operation into
lock-out or to recycling will depend upon the
conditions at the end of the starting period. If
these conditions consisted of a failure to ignite .
‘at the end of an ignition or starting period, the
lock-out mechanism will operate. Under ali
other conditions, the lock-out mechanism will
not operate, and the mechanism will reinstitute
& new starting cycle and automatically deter-
mine whether the failure has been corrected or
can be corrected by re-ignition.

The objects of the invention are to obtain each
of the above functions, severally or in combina-
tion. It is & further object to accomplish the
same in a relatively simple mechanism,

It is a further object to provide a manual re-
set device that is operated by movement to es-
tablish its cireuits, but which is ineffective to alter
any circuits after it has been moved, so that
holding it in operating condition has no effect.
More particulsarly, it is an object to provide g re-
set mechanism giving a lmited displacement of
the control motor cams to reset the mechanism
in a desired position, wherefrom it automatically
operates. . . .

Addijtional objects will appear from the de-
scription to follow, with especial reference to the
explanations of the operations produced by the .
mechanism, whether they be normal or abnor-
mal cycles.

This application is related to Serial Number
366,512, filed November 22, 1840, by this appli-
cant, -
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In the drawings:

Fig. 1 is o side elevation of the mechanism .

mounted on & pipe which is shown in section;
Fig. 2 i3 & front elevation with the front cover
removed; .
Fig. 3 is o plan view with the top cover partly
broken away; S
g, & is  section through the cam shaft taken
on the line 8-—4 of Fig. 2;
Tig. 5 is & vertical section of the drive mecha-
nism teken on the line 8—5§ of Fig. 4;
Tig. 6 is o front view of the top pert of the
back wall with the stack switch thereon;
Fig. 7 is e rear view of the partition wall show-
ing the clock or control motor, the relays and the
- terminals; i
Fig, 8 is a view of the front cam and its
switches taken on the line 8—8 of Fig. 3;
#Fig, 9 is o view of the middle cam and its
switches taken on the line §—8§ of Fig. 3;
Fig, 10 is & view of the rear cam and ifs
switches taken on the line {8—18 of Fig.-3; .
Fig. 11 is s vertical section through the knob
taken on the line f1—1{1 of Fig. 3;
Pig. 12 is @ horizontal section on the line
12—12 of the upper part of the knob in Fig. 11;
. Fig. 13 is s vertical section on the line i3—I18

of PFig. 11;
Fig. 14 is a vertical section on the line i4—18
of Fig. 11; i
Vi'.ﬂ‘ig. 15 is & diagram of the program of the de-
ce;

Pigs. 16 to 39, inclusive, are wiring diagrams
of the mechanism in its various operations;

Fig, 40 is a general wiring diagram; and
. Fig. 41 is a modified wiring connection. '

Referring to Fig. 1, there is shown a box 46
containing the switch constructions and control.
In the rear of this there extends a stack element
41 secured to and projecting into a stack pipe
42, or the like, this pipe representing some ele-
ment of a burner device that is rapidly subject
-to the heat changes of the burner itself. De-
tails of the unit 44 are disclosed in copending
application Serial No. 368,512, filed November
22, 1940, by this applicant, and in Patent No.
2,323,370, issued July 6, 1943, to this applicant.

Stack switch unit

in general, the unit consists of two tubes, one
within the other and so designed that upon
quick reversal in the temperature of the gases
applied to the outer tube, there will be an inward
or cutward displacement of the inner end of the
inner tube so as to actuate a switeh, although
upon further change of heat without a reversal,
of even upon normal modulations of the burner
fame occurring st relatively slow rates, both
tubes may change in length without additionally
shifting the switeh. :

As set forth in said copending spplcation, at
the start with the burner at room temperature,
the tubes have g starting length differential. In
this condition, the switch lever may occupy 2
medizl position between its two extreme posi-
tions to either of which it is urged by its snap-
_action means. In this position of the tubes, the
resiliency. of the switch members will permit the
-switch blade to be moved to either extreme, com-
ing under the influence of the snap-action
means, and it will remain where so placed be-
cguse the action of the tubes is not sufficient to

overcome the force of the snap-action.
©  YWheén unlimited heat is suddenly applied to
the outer tube rapidly, it wili expand, but the
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inner tube cannot expand so rapidly, owing to
the fact that the inner tube is connected to a
“cold reservoir” into which it constantly may
discharge heat, and also to the fact that the
inner tube is shielded in a major portion by the
outer from the applied  heat. So long as the
heat is applied to the outer tube, at & rate
greater than that to which it flows to and out of
the inner, there will be & plus length differential
that will actuate the switch. When the burner
ignites, this plus differential will be attained -
quickly (preferably in only a few seconds), and
the switch will be operated. .
Thereafter, upon continuation of heat from
the burner, the inner tube may receive more
heat. However, as it is constantly dissipating
heat into the cold reservoir, it should never
reach the starting length differential. Even if it
did, it would not shift the switch because at
the starting differential the difference in length
is not sufficient to overcome the snap-action
force. : . ‘
"During operation there may be modulations
downward of the burner. The rate of heat input
into the outer tube is so much greater than the
rate of heat absorption by the inner that these
modulations all occur way above the rate change
required to operate the switch. Hence, the
switch will not be made to respond to such
modulations. . : .
When the burner stops, however, the rate of
heat input into the outer tube-drops to a very
small amount (if any), less than that critical
one at which the heat into the outer tube sub-
stantislly equals the rate of heat absorption by
the inner. Thereupon, the outer tube will
quickly contract. The inner tube cannot dissi-
pate its heat so rapidly, and the length differ-
ential becomes minus, causing the switch to re-
turn to its starting position. Subsequent cool-
ing to a temperature providing starting length
differential cannot reshift the swiich, for rea-
sons already described. ’ ' '
In these operations, particular temperature
values do not mean anything. = The unit will
operate from any starting temperature, and will
return upon stopping of the flame from any
running temperature. It is not dependent upon
2 predetermined temperature differential. It
depends upon rate of heat change so that it
will not operate even upon wide modulations at.
normal rates. Its rate of change value for opera-
tion, however, is constantly small, 50 that it will
operste quickly upon rapid reversal of applied
temperature from any precedent temperaiure,
low or high. : oL
The caging 8§ includes & back wall 44, a top
wall 85 end & bottom wall 46; and it also includes
side walls 47 and 48 that do not extend as far
forwardly as do the top and bottom walls. ACross
the front ends of the side walls is secured & parti-
tion wall 48. On the back wall 44 is mounted &
snap-action switch 58 having termineals §f and -
2, contact between which is made or broken by
the stack unit 41, all as deseribed in the said co-
pending application,

Conirol motor and relays

Secured to the back side of the partitior wall are
o clock or control motor 34, a first relay 5% anda
second relay §6. Projecting through the parti-
tion wall 49 is s cam shaft 57 on which are
mounted s plurality of cems, Likewise, project-
ing through the partition wall 43 are a plurality
of terminals 58 to 67, inclusive. Secured to the
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front of the partition wall are
switches, to be described.

The control motor 54 is attached to a plate
or bracket 70 that is spaced somewhat from the
pertition wall, but is secured thereto. This plate
nonrotatably supports a reset shaft 71 having at
the end thereof g knob 12 that may rotate.a
limited distance, as will be described. This knob
has & leaf spring 13 projecting from the back
face thereof and adapted at times to register with
a button 74 on the front cam. When the button
drops in front of the edge of the leaf spring 13
the knob 12 may be turned counterclockwise a
sufficient distance to displace the front cam and
the remaining cams with it an angular distance
adequate for resetting of the device, as will be
described. .

There are three cams 76, 11, and 18 secured in

. spaced relation and nonrotatably mounted on the
cam shaft §7. The cam shaft, in turn, rotates on
the reset shaft T{. At its rear end between the

& plurality of cam
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partion wall 49 and the plate 70 it has formed on

it a ratchet wheel 19.  This ratchet wheel is en-
gaged by a ratchet dog 80 (Figs. 4 and 5), spring
urged into contact, and pivotally mounted on a
gear 81 set within an opening in the partition
wall and rotatably -on the cam shaft. A guard
sheet 82 is also mounted on the cam shaft to pro-
tect the gear 81 and to cover the opening.

The gear 8! meshes with' the pinion 83 that is

rotated by the control motor 54 Rotation of

the pinion 83 in forward direction causes rotation
of the gear 81 and correspondingly rotation of the
ratchet wheel 19 through the ratchet dog 80 and
with it the cams. The ratchet permits rotation
of the cams in the forward direction, independ-
ently of the gears and motor.

- Cam switches

There are three banks of cam éwitches, each
bank being operated by one of the cams. All of
- these switches are mounted between the brackets

n
O
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40

84 and 85 secured to the front of the partition -

wall 49, Suitable biocks of insulation separate
the several switches and each has its switch
blades projecting back of the blocks to provide
terminal posts. .

The front cam 18 (Fig. 8) has an edge 81, &
lower edge 88, a notch 88 and s lobe 80. There
are three switches actuated by this cam. They
are generally indicated at 91, 92, and $3. There
is a cam follower arm 84 having g contact 98
cooperating with an additional contact 88 on a
spring arm 87 to form the switch 81. A suitable
stop blade 88 limits the movement of the spring
arm 87 toward the cam, - o

A spacer member 89 secured between the spring
arm 87 and another spring arm 100 will cause
them to move together. The spring arm 106 has

a first contact (81 adapted to engage with a con- .

tact 102 on & spring blade 193 to form the switch
#2. A stop blade (04 }imits the movement, of the
spring arm {03 in its movement away from the
cam. . _

The spring arm 108 has an additional contact
105 adapted to engage with contact 106 on a
spring arm (07 to form the switch 83. The spring
arm . {07 is limited in its movement toward the
cam by a stop blade 108, C

In the position shown in Fig, 8, the cam fol-
lower 84 is in the notch 89 so that the switch 81
i3 open, the switch 92 is closed, and the switch 83
1s open. As the cam rotates counterclockwise,
the follower arm 94 will be lifted first to close the

45
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80

- sequently, when it rides

3

switch 81. Thereafter, it will ride onto the lobe
90 to produce a maximum displacement in which
the switch 83 first closes, and then the switch 92
opens. Subsequently, the follower falls to the
edge 87 in which the switch 82 closes, the swi{ches
81 and 93 remaining closed. When the follower
84 subsequently falls to the edge 88, the switch 93
will open, the other two remaining closed.

The middle cam 17 (Fig. 9) has an outer edge
(10 followed by a deep notch i{1, after which
occurs a low edge 12 followed by another deep
notch 1i3. The notch 113 is followed by an edge
114 corresponding to the edge 12 which, in turn,
is followed by a medium edge {{5 which termi.
nates in the edge (10. This cam operates
switches 167, {18 and 119.

It has a cam follower 120 having on it a con-
tact 121 adapted to engage with the contact (22
on a spring blade 128 to form the switch 1171. A
stop blade 124 limits the movement of the spring
blade 123 toward the cam.

_The blade 123 has an additional contact (28
adapted to close with a contact 127 on a spring
blade 128 to form the switch 118. A stop blade
129 limits the movement of the blade 128 toward
the cam. A spacer member {30 is disposed be-
tween the blade 128 and a spring blade {31 to
cause them to move together. The blade {31 has
a contact 132 adapted to register with the contact
133 on a spring blade {34 to form the switch 119,
A stop member §35 lmitg “tpe movement of the
blade 134 towards the cam.

When the follower 120 is within the deep notch
13 all of the switches are open. When the cam
rotates counterclockwise lifting the follower 2q;
into the edge 14, this closes the switch f(T,
Thereafter, when the follower rides onto the
higher edge 118, it closes the switch (8. Sub-

s onto the high edge (186, it
closes the switch 119 so that all of the switches
will close. Thereafter, when the follower drops
into. the deep notch {#! all three switches open.
Subsequently the edge 112 wili lift the cam fol-
lower 120 to close the switch {7 which remains
closed until it is opened by the arm (20's drop-
ping into the deep notch 1i83.

The rear cam 18 (Fig, 10) has a lobe {40 fol-
lowed by a low edge 14f terminating in a notch
142. The notch is followed by a low edge 143
corresponding to the edge 141; and the edge 143
is followed hy a high edge {44 which extends to
the lobe 140, This cam operates four switches,
145, 148, 14T and 148.

There is a cam follower arm (50 having a
contact 181 adapted to engage with a contact {52
on’ a spring blade {53 to form the switch (45.
A stop blade 184 limits movement of the hiade
{83 away from the cam.

The follower arm 150 has & spacer member (56
connecting it to the spring blade {87 so that they
move together. The spring blade (5T has a con-
tact 158 adapted to engage with the contact (59
to form the switch 146, The contact (58 is

- mounted upon & spring blade {86, movement of
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which toward the cam is limited by g stop blade
161,

A spacer member 162 is secured between the
blade 160 and a spring blade (63, having a con-
tact 164. This contact is adapted to engage with
& contact 165 on a spring blade 185 to form the
switch 147, A stop blade 167 limits movement
of the spring blade $86 toward the cam.

The spring blade (66 supports an additional
contact 168 adapted to engage with a contsct
i69 on & spring blade {16 to form the switch $48.
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A stop plade §7f limits movement of the blade
178 toward the cam. -

With the follower 158 on the edge (41, £s shown,
switches 145, {47 and (48 will open and the switch
148 is closed. When the follower dreps into the
notch 142, the switch 186 opens and the swiich
145 closes. Thereafter, when the follower rides
onto the edge 148 the switch 145 is again opened,
and the switch 1486 closes. Subseguently, when
the cam follower rides on the edge (44 it addi-
tionally closes the switch (47. Subsequently,
when the lobe 180 lifts the follower arm 180 it
further closes the switch 148. Thereafier, the
follower drops to the edge 14! opening the
switches §87 and (48, oub keeping the switch 188
closed.

. External mechanisms and connections

The mechanism is adapted for use with & room
thermostat, an oil supply device such ag & sole-
‘moid valve in the oil line, an ignition producing
device and & burner device such es & blower

" ‘meotor, or the like, Two of the terminsals, such -

" as 59 and 68, are connected to the room thermo-
“stat, two others, such as & and 82, are the two
power line terminals.  One of the terminals such
as 63, is connected to one lead from the oil supply
valve, the other lead from which is connected to
the other power line, such &g by way of the termi-
nal 62. Another téerminal such as 84, is con-
nected to the ignition device the other lead from
which is brought from the power line such as
by way of the terminal 82. Another t{erminel,
such as the one 65, recelves one lead from the
burner motor, the other lead from which is car-

ried to the power line as by way of the ferminal

82. The two remaining terminals such as §6 and
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87 are connected to an additional control, such

as an oil pre-heating means,

The particuler srrangement of the terminals
is not important provided the connections are in
accord with the wiring disgram: In Fig, 40, one
povg;r line terminal is shown at 61 a,nd the other
at B

Internal connections

The relay 55 and the relay 8 sre similar.
. The relay 85 has & coil (80 operating on ome
double-acting armature 181, which is closed with
the contact 182 when the coil 188 is deenergized.
" Upon energization of the coil, the armature (81
moves against g contact 183, The coil 188 Hke-
wise moves en srmature ﬂBb ageinst & conta.ct
§85 upon energization.
The reley 86 has a coil 186 that, when ener-
 gized, opens & switch (87 and closes & switch
(88. It also opens g switch {88 when energized.
When not energized, the coil {86 releases the
switches {87 and 189 into closed position.

One terminal of the switch (45 leads to the
power line 81. The other terminal is connected
with the switch 187, with the switch {48 and one
terminal §8 of the room thermostat. The other
terminal 68 of the room thermostat is connected
with one terminal of the switch 80, with the relay
coil 188, and with the switch 117. The other end
of the coil 180 leads to the other terminal 62
ang thence to. the power line. The other lead

- from the coil i86 extends to the terminel 82,

The armature switch blade 18! is commected

‘with the power line terminal 8i.
- The contact 188 of the first relay is connected
- with one side of the switch 8¢ end alse with one
side of the switch 184 operated by the first relay
* coil' 180. The other side of the switch 184 is
‘connected with one side of each of the swilches

40
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118, 187, 188 and 117. The other side of the
switch 118 is also connected with one side of
each of the switches 188, 148, and 147, The
other side of the switch 147 is connecied to the
terminal 83 leading to the oil supply mechanism

_and thence with the other power line, as at §2.

The contact {182 of the relay switch (8 is con-
nected with one side of the switch 146, the other
side of which is, in turn, connected with the
other side of the switch 84, with the burber mo-
tor terminal 68, and slso with one side of each
of the switches 188 and {19. The other sides
of each of the switches 189 and (18 are likewise
connected together and to one side of each of
the switches 92 snd 93, and to the terminal 66
for the oil pre-heeting mechanism, The switch
93 leads to the ignition mechanism terminal 68
and thence to the terminal 2. The swiich 82
is connected at its other side with the other fer-
minal 87 of the pre-hesating mechanism, and with
the control motor which, in turn, Is connected
to the terminal 62, -

The manual reset

The reset knob 12, as shown in Figs, 11-14,
hes en exial opening therein by which it fits
rotatably over the shaft 7§, This opening en-
larges into & chamber receiving the operating
mechanism,

Within the chamber there is & flanged disc 180
having & notch {91 (Fig. 12).in one edge thereof.
A torsion spring 192 is anchored at one end in
the disc 196, and at the other end in & second
flanged disc 193 at the bottom of the chamber.
The second disc is nonrotatably mounted on the
shaft 71 by fitting over a flat 194 thereon, The

flange of the second disc §83 is cut away &s at

§85 for a certain arcuate distance.

A key 191 is secured parsallel to the axis to a
wall of the chamber by a screw §88. This key -
engages with low tolerance in the notch {81 of

- the disc 180, and engages also in the larger notch

45.
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185 of the second disc {98.

An expander segmental ring 198 engages in
a groove in the knob to hold the upper disc in
place in the chamber. A second contractile
spring 268 engages around the shaft outside of
the disc {96 to hold the knob sssembly on the’
shaft, ’

The shaft 7f is nonrotatably mounted on the
partition. The knob may be turned counter-
clockwise on the shaft. In this, the key 197 car-
ries the disc 198 while the shaft holds the disc
193, causing the normal clockwise torsion of the
spring 492 to be increased. The key moves in the
notch 495 ‘until it strikes the counterclockwise
end thereof, whereupon further movement is pre-
vented. Upon release of the knob, the spring re-
turns it to its first position.

A cap 281 closes the chamber.

Additional connections

As shown in Fig. 40, a limit switch I, may be
inserted between the lead from the switch (8B
and the switches 138 and 9. This location has

advantages to be pointeqd out. A limit swiich

may be located in one power line, as at L2, which
will have results to be pointed out.

As shown in Fig. 41, a slight change in the con-
nections avoids even the potential hazard of
carelessly connecting the igniter to the oil valve
terminal 63 and the oil valve to the terminal
84. Such misconnection in the circuit of Fig.
40 would result in supplying oil prior o operation
of the igniter,
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In Fig, 41, the terminal 64 is not connected
with the control motor circuit, but is connected
by two parallel circuits with the terminal 83.
These circults include two switches §3 and 2083,
The switch 93 provides intermittent ignition con-
trolled as shown in the diagram of Fig. 15, The
switch 203 is a screw contact switch that, Wwhen
turned down, shunts the switch 93 for constant
ignition, and when turned up, leaves control un-
der the intermittent switch 83. )

OPERATION

At the start (Fig. 40) the switches I45, 8f, and
82 are the only cam switches closed (see Fig. 155,
This 1s a position represented by rotation of the
cams, as shown in Pigs, 8, 9, and 10, a short dis-
tance counterclockwise, the distance being such
as to cause the follower arm 94 (PFig. 8) to ride
out of the notch 89 into the short edge immedi-
ately preceding the lobe 80; to cause the fol-
lower 120 (Fig. 9) to be in more or less the mid-
dle of the notch 1i3, and to drop the follower
arm 150 (Fig. 10) into the notch {42, At this
time, the stack switch 50 is cold and hence open,
as & consequence of which the coil 186 is deener-
gized, the switches 187 and 189 are closed, and
the switch 188 is opened. The coil 180 is deener-
gized owing to the fact that the room thermo-
stat T is open ang the switch 111 is open, ‘With
this coil deenergized, the switch 81 is closed
against the contact 182 and the switch 184 is
open.

Normal cyeling: Starting

If the room thermostat closes demanding heat,
an instituting circuit is established, as shown in
Fig. 16. This circuit extends from the terminal
61 through switch 145, the room thermostat T,
and the coil {80 to the terminal 62. The results
- from energizing the coil 189 are shown in Fig.
" 17. The coil closes the switch 181 against the

terminal 183 (designated switch 183) and also
closes the switch {84, This immediately shunts
the instituting circuit through the switch 145 by
a circuit from the terminal ${, through the
switch 181, the switch 184, and the switch {87 to
the room thermostat, although this alternative
circuit is immaterial. This circult depends upon
power in the lines and upon = cold stack, There
is also established a circuit to the control motor
through the switch 183, switch 81, and switch
188 (dependent upon a cold stack), switch 92 and
the control moter to the terminal 82. There is
further established a similar circuit to the burner
motor as is clear from Fig. 17. These two de-
vices then begin to operate, the burner motor

without fuel, o

After the lapse of about 3 seconds, as shown in
Fig. 18, the switches 17T and 93 close. The
previous circuits remain as deseribed, Closing
of the switch 117, however, shunts out the room
thermostat and the stack switch as controls for
the coil 189 by establishing a starting cycle hold-
ing circuit from the terminal 61, switch 183,
switch 184, switch 117 and the coil 180 to the
terminal 62. The coil 180 is thereafter held in
circuit as long as power continues, independently
of the instituting circuit through the switch 145
and the thermostat, but dependent upon continu-
ous power because of the power failure relay
switch 184. Closing of the switch 93 puts the
ignition device in circuit in parallel with the con-
trol motor and the switch 92. Ignition, however,
does not take place because the oil supply means
or valve is not in operation.
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" 148 cannot be simultaneously closed.
power failure during the closure of the insti-
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After the lapse of 5 seconds, the cycle changes
if the oil is not heated, as represented in Fig, 19,
At this time, the.coil 189 remains energized
through its three different circuits. The igni-~
tion mechanism continues in operation as be-

‘fore, but the switch 92 opens. An alternate cir-

cuit around the switch 92 is provided through
the oil pre-heating control mechanism A If
the oil is cold, the pre-heating mechanism opens
this alternate circuit and the control motor
stops. The ignition mechanism and the burner
motor continue in circuit until the oil is heated
and the alternate circuit through the pre-heat-
ing mechanism is closed by the mechanism A.
Hence, the cycle remains static for this interval
if the oil is coid.

The condition when the oil is adequately
heated at the 5 second point is represented in
Fig. 20. In it, the circuits established as shown
in Fig. 19, remain but the mechanism A again
closes the circuit to the control motor through
the alternate circuit shunting the switch 92.
The control motor then again operates to con-
tinue the cycle. It will be clear that if the oil
is hot the control will not stop upon opening of
the switch 92. ’

After the lapse of 10 seconds (Fig. 2D,
(omitting whatever intermission may have oc-
curred because of cold oil), the switch 148 opens
and the switches i48, 118, and 82 close. Open-
ing the switch {45 opens the instituting circuit,
which remains open until the beginning of a new
cycle, to prevent fortuitous reenergization of the
coils 180 or 186 once deenergized, and leaves the
coil 80 dependent upon its two eircuits through
its own switches 181 and I84, one of which cir-
cuits includes the switch 187 and the room ther-
mostat, the other of which includes the switch
1{1. Closing of the switch |18 has no immediate
effect. Reclosing of the switch 82 shunts out
the oil temperature control mechanism and holds
the control motor circuit independently thereof.
Closing of the switch 146 cocks a scavenging
circuit, but has no immediate effect since the
switch (81 is not closed with the contact 182,
It will be forecast, however, that the scavenging
circuit and the instituting circuit cannot hoth
be energized at once, since the switches 145 and
Upon

. tuting circuit, there will be no following scaveng-

ing operation commencing upon restoration of

. power, as will be explained.
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After the lapse of 20 seconds, as shown in
Fig. 22, the switch 118 closes. This produces no
immediate change, but provides a circuit for the
control motor and ignition mechanism independ-
ently of the switch 188 and, hence, independently
of the stack switch 80 that controls the coil 188,
Whereas hitherto the control motor operation
has been dependent upon lack of ignition, it may
be held in circuit upon closure of this switeh {1 8,
even though ignition occurs,

After the lapse of 30 seconds, as shown in
Fig. 23, the switch 147 closes. The other cir-
cuits to the igniter, the control motor, and the
burner motor remain as in Fig. 22. However,
the oll supply control is energized through the
now closed switch 147, the circuit being switch
183, switch 184, switch 118, switch 147, the oil
control to the other power line. This oil con-
trol may be a solenoid valve, or the like, through
which oil is supplied to the burner, Ignition
may thereafter occur.

When ignition occurs, the circuit changes as
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shown in Fig. 24. Ignition almost instantly pro-

‘duces a shifting of the stack switch 88 to closed

position. This puts the second relay coil 188 in
circuit in parallel with the coil (88. Upon ener-
gization of the coil 186, the switch {87 opens,
the switch 188 is closed and the switch {88 opens.

Opening the switch 187 breaks the circuit to
the two coils 188 and {86 through the room
 thermostat. However, the coils remain ener-
gized through the switch ${1. Closing the switch
188 establishes an salternate circuit to the oil
supply mechsnism in parzilel with the switch

148, this circuit being dependent upon continued -

ignition. Opening the switch 188 leaves the cir-
cuit to the igniter and to the conirol motor de-
pendent upon the switch {18,

After the lapse of 115 seconds, as shown in
Fig. 25, the switch 148 closes.” This is the run-

10
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ning period holding switch for the coils 88 and -

186, and provides an edditional circuit for the
coils 186 and 188 as follows: switch (83, switch
184, switch 188, switch §48, the room thermostat,
through hoth of the c¢oils to the other terminal.
It will be seen that this circuit is dependent upon
continuation of combustion to hold the switch 80
closed and, in turn, to held the switch £88 closed.
It likewise puts the two coils back info depend-
ence upon the room thermostat. It will be ob-
served that sll of these circuits through the
-gwitch 188 are depéndent upon confinuation of
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power, because they are dependent upon the

holding circuif through the switch (84 which
opens upon failure of power. The mechanism is
thus cocked for the running period, since it is
. in position to be made dependent upon the room
thermostat. : ’
-Running period

After the lapse of 128 seconds, as ghown in Fig.

28, the switches 107, §08, 119, and 88 open. Open- 4

ing of the switch 117 leaves the coils 180 ang 188
dependent upon the yoom thermostat civcuit.
Opening of the switch 118 leaves the coils and the
ofl supply mechanism dependent upon the circult
through the switch 183 which, in ¢urn, is depend-
ent upon coniinued power and combustion.
Opening the switch {16 breaks the circuits to
the ignition device and the control motor, because
the switch. {89 ig elresdy open. Opening the
awitch 88 cuts the ignition device out of circuit,
regardless of the control metor. The burner mo-
tor conftinues to ocperaie. )
This iz the running period. At this time, the
_circuits are dependent upon continued combus-

tion end continued power, which will be explained. ;

They are also dependent upon the condition of
the room thermostat. The control motor is inop-
erative, so that the cycle stops until the room
thermostat opens or until feme fellure, or power
fallure. : -

Sc&wenging peried

end opens, the eircuit becomes as shown in Fig.
97. T will be remembered that in the running
period the only ¢ireulis to the two colis are
through the room thermostat. At the instant of
opsning of the thermostst, the switch 58 will Be
closed because the heat of combustion is still pres-
ent. However, the coil 188 is instantly deener-
gized shifting the switch 180 sgainst the contact
182 and opening the switch {84. Shifting of the
switch 8¢ to the contact {82 (known as switch
182) closes the circuit through the switch {48 and
holds the burner motor in circuit. However, the
oil supply is cut off and fame will stop,

- &% the instent the room thermostat is satisfled .
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Deenergization of the -coll 88 causes the
switches 187 ang 189 to close and the switch 188
to open. This operation of the switches §67 and
{86 has no effect, their circuits being otherwise
broken. Closing the switch 188, however, reestab-
Hshes the circuit to the control motor through
the switch (82, switch (148, switch (88, switch 92
to the control motor, this circuit being desiznated
as the scavenging circuit. It will be remembered
that the switch 838 is opened at the beginning of
the running pericd, so that the ignition meche-
nism is not In circuit. The burner motor Is in
eircuit to purge the furnsce and connections of
residual fuel. A very short time after stopping of
the flame, as shown in Fig. 28, the stack unit cools,
opening the switch 58, with no additional effect.

After 123 seconds, as shown in Fig. 29, the switch
117 recloges. This hes no effect on the cycle at
this point. The three second gep for the running
period in operation of the switch 117 is adequate
to accommodate cossting of the control motor
ofter its deencrgization without reclosing the
switch 067,

Thereafier, after 125 seconds, the switches 187
and 148 open as shown in Fig. 30. These have no
effect on the normel cycle but had to be closed
throughout the running period. After 178 sec-
onds, &5 shown in Fig. 31, the lock-out switch S
opens. This hag no effect on the normal cycle.
After sbout 178 seconds, as shown in Fig. 33, the
switch 117 reopens. This has no effect on the nor-
mal cycle. After ebout 181 seconds, as shown in .
g, 33, the switch 8] recloses. This has no effect
on the normal eycle. . ‘ .

After sbout 185.5 seconds, as shown in Fig, 34,
the switch 146 opens and the switch {48 recioses.
This s the starting position as closing the switch
185 reestablishes the instituting circult to the coil
186 dependent upon the room thermostat, 2nd
opening the switch 0148 breeks all circuits fo the
control motor end the burner motor.

Loghk-out
1t will be seen from the forezoing thet thereds &

Y sterting period, & running period, and & scaveng-

ing perlod. It will now be shown how the lock-
cut mechanism operates.

Tig, 24 discloses the condition at the time ig-
nition takes plece and Fig. 26 ghows the srrange-
ment with ignition after expirstion of 113 sec-
onds. :

The shsence of ienition at 115 geconds is shown
in Fie. 35. The switch 188 closes to establish the
circuit through the room thermostat to the coil
180 and also to establish en aliernate ‘circuit to
the oil supply device, but the fallure of the switch
80 to close prevents energization of the coil 166,

. as 8 consequence of which the switch {87 and the
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switch 189 remain closed end the switch (88 re-
mains open. It will be scen that the circuits ere

" cocked at this time for holding both the coil {80

and the control motor upon the subsequent open-
ing of the switches 17, 118, and 169, Likewise,
the fact that the switch {88 remalns open pre-
dlets the condition of the oil supply upon opening
of the switch 118. ’

" 7ith no ienition, the conditions at 120 seconds
are shown in Fig. 36, which is the normal point *
for starting the running period. The switches
117, 148, 118, and 83 open. The coil {80 is held
in circuit through the switch {83, the switch 184,
the switch (87 and the rcom thermostat. The
oil supply remeins in circuit, by being put across
the room thermostat and the coil 189 through the

3 switches 148 and 167. The control mofor re-
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mains in circult through the switch (89 although

the parallel switch (19 opens. Opening of the .

switch 93 disconnects the igniter and the burner
motor remains in circuit. !

After 123 seconds, with no ignition, as shown
in Fig. 37, the switch 117 recloses reestablishing
& holding circuit of the coil 180 independent of
the room thermostat. The other circuits remain
unchanged,

After 125 seconds, with no ignition, as shown
in Fig. 38, the switches 147 and 148 open. Open-
ing these switches breaks the circuits to the oil
supply. The remaining circuits are not changed.

After 175 seconds, with no ignition, as shown
in Fig. 39, the switch 91 opens.” This breaks the
circuits to the control motor and to the burner
motor. The cycle, therefore, stops with the coil
180 held energized. Manual reset is required to
‘reestablish the circuits.

Manual reset
This manual reset is accomplished by rotating

the knob 72 counterclockwise as far as it will g0."

10

The mechanism, as shown in Figs. 1-10, is in .

the lock-out position, The button 74 on the
front cam 76 has just passed under the leaf spring
13 and is immediately in front thereof. Hence,
rotation of the knob displaces the cams counter-
clockwise under the ratchet an angular maximum
distance just sufficient to return the control mo-
tor switches to starting position. Release of the
knob permits it to return to itg original position
under the influence of its spring. Purther cy-
cling will then depend upon the condition of the
room thermostat. .

- It may be noted that if the manual reset is
operated only partially to starting position, so as
to reclose the switch 81, the switch (1T will be
opened, causing the relay switch 183 to break
and 182 to make, and establishing the scavenging
circuit to return the mechanism to starting posi-
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tlon, the coil 188 will be cut out of circuit, opening
the switch 184 and shifting the switch 181 into
contact with the contact 182. This will then in-
stitute the scavenging cycle represented by Figs.
28-34 inclusive, so that the mechanism returns
to its starting position and will automatically re-
cycle again upon demand by the thermostat.

It will be observed that during the lock-out
period, the switch {17 is closed, holding the coil
180 independently of the thermostat.

Flame failure

If the flame fails during the running period,
as shown In Fig. 26, the switch §0 will open
deenergizing the, coil 188. This will close the
switch 187 and open the switch 188, This will
be an adequate break to release the coil 180 with
the resultant opening of the switch 184 and shift-
ing of the switch 181 to the contact 182. When
this occurs, the result is the same as opening of
the room thermostat, and the mechanism cycles
out its scavenging period and returns to its start.

Power fatlure

Power failure at any time immediately releases
the two coils. If this failure occurs during the
first 10 seconds when the switch {45 is closed,

" restoration of power will merely re-institute the
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tion. The switch 117 must break not later than

opening of the switch 1486, as otherwise the switch
148 will not determine the starting position. On
the other hand, the switch 1T must hold beyond
the lock-out opening of the switch 81, in order
to hold the switch 183 away from the scavenging
cireuit.

Fortuitous shift of the room thermostat

There are only two periods in which fortuitous
action of the room thermostat can have any ef-
fect. These periods are at the start and at the
interval between 120 and 123 seconds, which is
normally the running period, but which may come
during a prelude to a lock-~out.

If the room thermostat opens prior to the
closure of the switch {11, the mechanism -will
stop but will be fully prepared to start again
when the thermostat recloses, and will continue
the cycle. Of course, after the switch (17 is
closed, it is immaterial whether or not the room
thermostat changes its position. If the thermo-
stat, however, is open at the beginning of the
running period, the result will be merely a com-
pletion of the cycle through the scavenging period
and the return to the start. If the room thermo-
stat opens and then recloses during the running
perlod, the mechanism will nevertheless, upon
" .opening, cycle through the scavenging period and
return to the start, because the moment the ther-
mostat opens the switch 184 opens. If the room
therinostat opens during the interval otherwise
devoted to the normal running period, represent-
‘ed in Fig. 35, but where there has been no igni-
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cycle because the coil will be reenergized through
the switch 148. i )

If power fails thereafter, ag shown in Fig, 21,
the coil 180 will release the switch {84 to open
so that the coil 180 is not subject to reenergizing.
However, by this time the switch 148 is closed so
that the switch {81, upon shifting to the contact
182, establishes circuits to the control motor and
to the burner motor and to the igniter which may
function as in 8 normal starting cycle; but with-
out oll. When the cycle reaches the running
period, after 120 seconds, it passes directly across
the running period and continues with the scav-
enging period, ultimately returning to the start.
In this, it is immaterial whether or not any igni--
tion has occurred, as by residual oil, as the two
coils 180 and 188 cannot be energized. Note that
by closing the switch (46 at the time switch 145
opens, a scavenging period is assured after any
flame or power failure when the instituting cir-
cuit is open, whereas power failure prior to open-
ing of switch 145 is automatically remedied upon
restoration of power. : )

If there is power failure during the running
pericd, the effect is the same as if the room
thermostat were to open. Upon restoration of
power, the mechanism cycles through the scav-
enging period and then restarts.

Upon power failure and restoration during the
scavenging period, the mechanism starts where
it left off before failure.

It will be seen that, after every possible cjcle,
whether normal or after power failure or after
flame failure, there is a scavenging period insur-
ing the complete discharge of all unconsumed
fuel. :

Likewise, it may be observed that, although the
lockout dces not come until the end of the scav-
enging period, whether it will occur is predeter-
mined at the end of the starting period. In
other words, whether or not the mechanism will
operate into the lock-out position after 175 sec-
onds or whether it will return to the starting
position after 175 seconds is predetermined at
the end of 120 seconds, and lock-out follows only
& failure of ignition at the beginning of the run-
ning period.
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Other abnormal operations

1f the switch 58 sticks in open position, a lock-
out will result, as the result is the same as &
failure of ignition. If the switch 80 sticks in
hot position and fails to open, at the end of a
running period the mechanism will nevertheless
cycle out its scavenging period because the relays
are otherwise deenergized. However, recycling
cannot take place thereafter, as the relay 186
will. be energized immediately upon establishing
the instituting circuit, causing the switch 88
to open and, since the switch {49 is open &t the
start, the control motor cannot start. Under
this condition, the burner motor will operate
without ignition or oil. )

Likewise, if the relay 188 sticks in hot position
during 2 running period, 8t the end of the run-
ning the control motor cennot restart owing to
its dependency at that time upon the switch {88,
Hence, the burner motor will operate without
oil. Lock-out will follow its sticking in cold
position: : .

‘Tf the relay switch 180 sticks in open position,
no start can occur, becauss the control mofor
circuit is dependent upon its assuming its closed
position. If it sticks in closed position during
-a running pericd, upon opening of the thermo-
stat the scavenging eircuit cannoct be instituted,
as it depends upon the switch blade 18{ in open
position against contact 182. But breaking of
the room thermostat will deenergize the coil {86,
opening the switches i88 and 189 and closing the
switech (87. The oil valve circuit will then be
closed through switches 163, 84, 187, 148 and
147. But the control motor will again start, upon
closing of the switch 188, with the result that
shortly the switches 47 and 148 will open fo
break the oil ualve circuit. Thereafter, with
the lock-out circuits 183, 8, 188 closed, the
mechanism will proceed to lock-out.
 1f power fails with the switch 58 stuck closed,
after ighition has occurred, upon restoration the
mechenism will cycle out to starting period, since
the switch is out of circuit by opening of the
switch 184. Thereafter, as above, no new cycle
censtart. = -

- If power fails after ignition with the relay
switches 188 stuck in hot position, upon its restor-
ation the mechanism will cycle as long as the
switch ({¢ is closed, and when that switch is
open the burner motor will operate withoug oil.

If power fails during the stafiing period and
the relay switch 188 sticks closed, upon ifs restor-
ation, the mechanism will resume its cycle, and
reach either the running period or the lock-out,
depending on ignition. And, if 2 running perlod
oceurs, it will nevertheless be followed by & lock-
out, as above. :

If the reley 86 sticks in lock-out position,
upon manual reset, the switch (45 will be shunted,
end by recycling immediately upon closing of the
room thermostet, the mechanism will cyele o
s running pericd, if ignition occurs, and ulti-

mately to a relock-out whether or not ignition -

ocecurs. _ » .
" By virtue of deenergizing the relay 186 at the
‘end of o running pericd, rendering the posiiion

of the switch 59 inconseguential so far as run- -

ning out the scavenging period is concerned, that

period is not interrupted by any pause te cool the

stack unit, which may use the entire seavenging
time for that purpose. However, recycle can-
not start until the unit ¢ools, because if the in-
stituting circuit is closed with the unit hot encugh
to close the switch 86, the relay 166 will instantly

86

open the switch 189, and prevent operation of
the control motor, until the unit does cocl. The
device will be held only in starting position.
However, for the unit to require any such time
for cooling is grossly abnormel for the present
stack unit, :

If the room thermostat opens and guickly re-
closes during 2 running period, the relay 88
will nevertheless open. the switch (86 and begin

10 g scavenging pericd. If the relay 186 switches

stick, or fail closed, and the room thermostat

. recloses prior to cooling of the switch 50, and

prior to flame feilure, the running pericd will
continue. If flame failure has occurred, the

15 switch 5@ will very shortly open, and & lock-

out circuit will be established.

If the room thermostat fails closed during &
running period, the mechanism will run on the
limit switch L (see Fig. 40). When the limit

20 switch once opens, it deenergizes the relay coils,

and opens their switches. Iis location permits
the mechanism to continue the scavenging cycle,
and to restart after cooling of the limit switch.
In fact, whenever the burner runs on the limit

o5 switch, it will do so only once for each cycle.

If the limit switch remains hot at the beginning
of & subsequent cycle, upon opening of the in-
stituting ecircuit switch (48, and the simultaneous
-closing of the scavenging switch (46, the mech-

3¢ anism will cycle through the scavenging operstion

and return to starting position.

Tf the limit switch be located at I2 (Fig. 40),
the relays wiil open when it doss, but continued
cycling will awalt cooling of the Hmié switch,

35 whereupon the mechanism will cycle cut through

the scavenging period and restart. _
Of course, the normel operation of the limit
switch, with the thermostat closed; is substan-
. tially the same as above. -

40 ‘The length of the cycle may be varied as may

" pe the individual durations of the several phases
providing only that the cycle itseif be not
changed. Widening or naerrowing the cycle is &
matter of changing the ratio of the gears 80 and

45 83. The mechenism can be used with any kind

of fuel to be ignited, such as gas. The oil supply
control may be merged into the burner mofor, or
the burner motor may be merged into the oil
supply mecheanism, at the sacrifice of certain ob-

50 vious advantages of the present arrangement.

"It is not essential that there be an igniter in the
cycle, because it will have value where other
ignition meeans, such as a pilot light, is used.

85 ' Operation of Fig. 41

With the connections as in Fig. 41, the igmtef
cannot operate until the circuit through the ol
valve switech 147 is completed. This cccurg alier

60 30 seconds. The switch 93 closes no later than

the switch {47,

When the switch 203 is open, the igniter will
start with the ofl, at 30 secomds. When the
running period begins, after 120 seconds, the ig-
niter stops. Wher. the switch 283 ig closed, con-
tinuous ignition occurs throughout the running
pericd. . .

With the igniter connected through the oil
‘supply circuit, even crossing the leads from the

70 jgniier and oil supply will not create a hezardous
- condition. If the oil supply be connected to ter-

minel 84, and the igniter to the terminsl 83, the
result will’ only be that oil will stop upon estab-
lishment of g running period, and there will re-

78 sult a faflure of ignition, followed by scavenging -



2,388,666

out and recycling. No danger inheres in this
operation. . ’

What is claimed is: .

- '1. In a mechanism of the king described for
use with a flame producing means, a control de-
vice for effecting sequential operations from a
starting position, a first and g second circult
therefor, said control device being constructed to
control a running period for the flame producing
means, said first circuit being constructed afier
beginning of the running period to cause the con-
trol device to operate through a cycle to starting
position, and the second circuit, being constructed
to cause the control motor to operate after be-
* ginning of the running period to a position of
Inoperation short of starting position, and means
responsive to existence of the flame to select
which circuit is effective, and means dependent
upon the control device’s being in starting posi-
tion for instituting operation of the same.

2. In a mechanism of the kind described for
use with & burner device, a tuel supply means
therefor, an ignition means therefor, and a space
thermostat responsive to the heat produced
thereby, the combination of a control device for
effecting sequential operations, means operable
under contro] of the control device to cause oper-
ation of the fuel supply means upon closing of
the thermostat, means under control of the con-
trol device for effecting operation of the ignition
means, means including the control device for
holding the fuel supply means and ignition
means in operation for a predetermined period
independently of the thermostat, means includ-
ing the control device for returning the fuel sup-
ply means to control by the thermostat after the
period, a means including the control device op-.
erated upon opening of the thermostat to hold
the fuel supply means inoperative for a period
after opening of the thermostat, and means to
lock the mechanism out at the end of said last-
named period upon failure of ignition to be effec-
tive at the time the burner device is returned to
control by the thermostat. .

3. In & mechanism of the kind described for
use with a burner, a pair of power operated re-
lays, a control device to effect sequential opera-
tions, a thermostat, a burner device for producing
- predetermined flame conditions at the burner,

means responsive to flame conditions produced by
" the burner device to control the second relay,
means including the control device and the first

10
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Including the control device for effecting opera-
tion of the fuel pre-heating device, said pre-heat-
Ing device being adapted to prevent operation of
the control device until the fuel attains g desired
- temperature, 8 switch means operated upon ex-
istence of flame, and adapted to render the control
device incperative, means including the control
device for rendering the mechanism subject to
control of the thermostat when ignition occurs,
said means including means to hold the air sup-
'Ply device in operation as well as means to hold
the fuel device in operation, means operated upon

. change of the thermostat to shut off the fuel
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supply means and to restart the control device,
and means including the control device to con-
tinue operation of the sgir supply device for a
period after the flame has ceased to exist.

5. In a mechanism of the kind described for
use with a burner mechanism, a control device
providing 4 plurality of operations of the burner
mechanism, an instituting eireuit for causing
starting of the control device into operation, cir-
cuit means including a self-holding relay and
circuit for holding the control device in operation
independently of the instituting circuit, circuits _
controlled by said control device establishing a
starting interval to cause ignition of the burner
mechanism, and a running interval during which
combustion exists, and means to open the in-
stituting circuit prior to the end of the starting
interval, and said relay being adapted to control
sald circuits providing the starting and running
intervals after said instituting circuit opens, and
means operated upon release of the relay during
either the starting or the running interval to pre-
vent unlimited operation of the burner mecha-
nism. i

6. In a mechanism of the kind described, a
burner mechanism, a control for the burner mech-
anism comprising a space thermostatic means to

. control the operation thereof, said means being
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relay to start operation of the .burner device,

means under control of the control device to
cause operation of itself and to maintain the
burner device for predetermined, limited inter-
vals, regardless of the operating position .of the
first or second relay, and means operated by the
second relay adapted to stop operation of the
control device after one such interval when the
flame conditions at the burner are at the prede-
termined condition. . ’
4. In a mechanism of the kind described, a con-
rol device for effecting sequential operation, a
tuel supply device, an air Supply means, an igni-
tion means, and a fuel pre-heating device, a space
thermostat, means including the thermostat and
the control device for causing the control device
and the air supply device to begin operation,
means for holding said operation after it starts
independently of the thermostat, said control de.
vice being adapted to cause operation of the igni-
tion device,
control device to cause operation of the fuel sup-
Ply means, whereby ignition Inay occur, means

and means thereafter operable by the .
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movable to an operative position in response to
demand for heat from the burner, means includ-
ing a circuit adapted to be established through
said thermostatic means in operative position to
effect & running period of operation of the burner
mechanism, means providing an operation after
the running period to return the control to start-
ing position, and means to cause the last-named
means to function even if the thermostatic means
remains in operative positlon, together with
means preventing recycling by the control until
.the thermostatic means leaves its operative posi~
tion. . :

7. In 8 mechanism of the kind described, a
fuel supply device, a space thermostatic means
operable in response to demand for heat in the
space, & relay controlled by said means in turn
to control the operation of the fuel supply device,
said relay having a switch movable to operating
position, means to effect a cycling operation of
the fuel supply device, comprising circuit means
providing & running period of operation for the
tuel supply device, through the relay switch in
operating position, means providing a cycling op-
eration after the running period, means to pre.
vent operation of the fuel supply device if the
relay switch sticks in operating position after a .
running period, and means to prevent the cycling
means from operating when the relay switeh
sticks. ’

8. In a mechanism of the kind described for

- use with a burner mechanism including fuel sup-

_ plying means,

7

and & space thermostat, the com-

 bination of a relay switch adapted to be connected
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for operation upon movement of the thermostat
to its operative position, for controlling operation
of the burner mechanism, means adapted to in-
clude the thermostat in operating position for
starting the burner mechanism, means including
the relay in operating position for maintaining
the fuel supplying meens in operation and pro-
viding & running period for the burner mecha-
nism, and means to prevent supply of fuel after
a running period if the relay switch sticks in op-
erating position.

9. ITn & mechanism of the kind deseribed, a
" purner mechanism, a& cycling control including
means providing & running period therefor,
means providing & scavenging period therefor
after the running period, means providing & lock-
out adapted to follow the scavenging period, said
running veriod means comprising burner mech-
anism energizing mesans, including a control
switch operable to running position, said ener-
gizing means being rendered effective by opera-
tion of the control switch into running position,

and means causing the leck-out means to be-

effective if the control switch sticks in running
position after a running period.

10. In 8 mechanism of the kind described, a
burner mechanism, cycling control means in-
.cluding a thermostat subject to fortuitous dis-
placement, switches in said control means oper-
ated by the thermostat on closing thereof, said
switches being adapted to be opened if the ther-

15

20

25

30

mostat opens, means including the thermostat in

cold position and said switches closed upon clos-
ing of the thermostat to provide & running period
for the burner mechanism, and means to prevent

reoperation of the burner mechanism if the ther--

mostat is opened during the running period but
the switches stick closed.

11. In & mechanism of the kind described for
use with a fuel supply device, a cycling control
therefor including & motor and a plurality of se-
quentially operated switches operated thereby,
sald control being adapted to establish g circuit
for the device including certain of said switches
to provide @ starting period of operation of the
device during which combustion may occur, &
second circuit for the device including other of
sald switches to provide a second period during
which combustion may continue, means in the
control to maintain the device inoperative for a
third period after the second period, said last-
named means being adapted to return the control
to starting position at the end of the third period,
from which it may recycle, means in the control
to prevent recycling of the control and to lock-

- out the device after at least a substantial part
of the third period, and automatic means respon-
sive to existence of combustion, operative at the
end of the sterting period to determine whether
or not the lock-out means shall be actuated to
prevent such recycling.

12, In a mechanism of the kind described for
use with a fuel supply means, & cycling timing
control adapted to provide sequential operations
for the fuel supply means, means to energize the
timing control, means under control of the tim-
ing ¢ontrol to maintain the fuel supply means in
operation for a first period during which com-
bustion may ocecur, means to maintain the fuel
supply means inoperative for a period after com-
bustion has stopped; said last-named means be-
ing adapted to return the control to starting posi-
tion after the inoperative period, for recycling,
means independent of the total time of opera-
tion of the timing control to cause the fuel sup-
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ply means to lock-out after at least a substantial
part of the inoperative period has passed, and
means responsive to existence of combustion at
the end of the first period to render the lock-
out means ineffective to prevent recycling of the
control.

13. In 2 mechanism of the kind described, &
fuel supply mesns, & cycling timing control to
provide sequential operations for the fuel supply
means, means to energize the timing control,
means under control of the timing control to
maintain the fuel supply means in operation for -
a first period during which combustion may oc-
cur, a space thermostat, a combustion-responsive
thermostat, said control being adapted to render
operation of said fuel supply means subject to
said space thermostat and combustion thermostat
for & second period, means to restart the timing
control for g third period after said space thermo-
stat is satisfied, said timing control having means
thereafter to maintain the fuel supply means in-
operative for & fourth pericd during which seav-
enging may occur, means fo lock-out the fuel sup-
ply means after at least a substantial part of the
fourth period, and means under control of the
combustion thermostat to render the lock-out
means ineffective to prevent recycling if combus-
tion exists at the end of the first period.

14. In a mechanism of the kind described, a
fuel supply means, a cycling timing control,
means to effect actuation of the timing control,
combustion-responsive means, means under con-
trol of the timing control to render the fuel sup-
ply means operative during a first period during
which combustion may occur, a first and a second
circuit for maintaining actuation of the timing
control during & scavenging period after the first

" period, a switch in the first circuit maintained
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closed by the timing control for a fuel scavenging
period to the end of the cycle, a switch in the
second circuit maintained closed by the timing
control for a period less than the fuel scavenging
period, means operated by the combustion-re-
sponsive means upon existence of combustion to
select the first circuit, and upon lack of combus-
tion to select the second circuit, and means to
render the timing control actuation effecting
means ineffective to recycle the control upon
opening of the second circuit switch.

15. In a mechanism of the kind described, a fuel
supply means, a cycling timing control adapted to

_provide sequential operations of the fuel supply

means, said timing control including means to

- render the fuel supply means operative during a
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starting period during which combustion may

- occur, and means to maintain itself operative and

the fuel supply means inoperative during a scav-
enging period after the starting period, said tim-
ing control alse including means to stop itself
and lock-out at & point between the start and
the finish of the scavenging period, means re-
sponsive to lack of combustion at the end of the
starting period to render the lock-out means ef-
fective, and means to effect operation of the tim-
ing control, said means being ineffective to effect
such operation at the point of locking-out, but
being adapted to be effective at the end of a fuel
scavenging period. . ' ’

16. In a mechanism of the kind described, a
fuel supply means, combustion-responsive means

. including relay switch means operated in response

to existence of combustion, temperature-respon-
sive means including relay switch means operated
in response to existence of predetermined tem-

5 perature conditions, & cycling control motor, and
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switch means operated thereby,' means including
both relay switch means in operative positions,

and a cycling motor switch to hold the fuel supply

means in operation, and means to restart the
cycling motor upon release of the combustion re-
lay switch to stop the fuel supply means if the
temperature relay switch means fails in operative
position.

17. In & mechanism of the kind described, a
fuel supply means, a timing control therefor, a
space thermostat and switch means operated un-
der control thereof, means including the space
thermostat switch in cold position of the thermo-
stat to effect operation of the timing control, said
timing control including means to effect opera-
tion of the fuel supply means for a starting period
independent of the space thermostat, and means
to render the fuel supply means subject to the

- thermostat switch in cold position for continued
operation thereafter, means to reoperate the tim-
ing control upon movement of the thermostat
switch to hot position, said timing control being
adapted to continue such reoperation for a fur-
ther period during which it maintains the fuel
supply means inoperative, and means to cause
sald timing control to operate for said. further
period even after the thermostat switch fails in
the hot position of the thermostat,

18. In a mechanism of the kind described, a
fuel supply means, a timing control therefor, a
space thermostat and switch means operated un-
der control thereof, means including the space
thermostat switch in cold position to effect op-
eration of the timing control, said timing control
including means to effect operation of the fuel
supply means for s starting period independent
of the space thermostat, and means to render
the fuel supply means subject to the thermostat
switch in cold position for continued operation
thereafter, means to reoperate the timing control
upon movement of the thermostat switch to hot

position, said timing control being adapted to -

continue such reoperation for a further period
during which it maintains the fuel supply means
inoperative, means to cause said timing control
to operate for said further period even after the
thermostat switch means fails in the hot position
of the thermostat, said last means including a
limit switch, and means to effect said reopera-
tion of the timing control for said further period
immediately upon operation of the limit switch.

18. In a mechanism of the kind described for
use with a fuel supply means. s timing control
therefor, means to effect actuation of the timing
control, said control being adapted to effect op-

eration of the fuel supply means for a starting -

period during which combustion may occur, and

being adapted to effect & running period during

which operation of the fuel supply means may

continue, and sald control having means to pro-

. vide a period during which the fuel supply means
is deenergized, and means to effectuate operation
of said control to produce said last-named period
whenever during the starting or running period,
after the fuel supply means has started.opera-
tion, the fuel supply means is deenergized, prior
to its being reenergized again.

20. In a mechanism of the kind described for
uss with a fuel suprly means, a timing control,
means to eftect cperation of the timing control.
said control being adapted to effect operation
of the fuel supply means for a starting period
during which combustion may occur, and being
adapted to effect a running period during which
operation of the fuel supply means may continue,
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said control having means to provide a period
during which the fuel supply means is held in-
operative, means responsive to failure of power
fo render the fuel supply means inoperative at
any time after it has begun operation during
the starting or the running period, and said last-
named means being adapted to render the inop-
erative perlod means effective upon restoration
of power to insure a scavenging period before

10 the fuel supply means may again become oper-

ative,

21, In a mechanism of the kind described, a
fuel supply means, a cycling timing control,
means to effect operation of the timing control,

15 sald timing control having switch means oper-

ated sequentially, a first circuit for the timing
“¢ontrol including & first switch operated by the
timing control to cause said circuit to cycle the
timing control back to starting position, a sec-

20 ond circuit for the timing control including a

second switch operated by the timing control to
cause said circuit to cyele the timing control to
cycle to a position short of the starting position,
means operated by the timing control to oper-

25 ate the fuel supply means for a starting period

beginning after closure of the first and second
switches and stopping prior to opening of the
second, means operated by the timing control
for enabling the fuel supply means to continue

30 in operation for & running period after the start-

ing period, sald enabling means being adapted
. to render the timing control inoperative for said
running period, means including a combustion-
responsive means operative upon existence of

35 combustion to maintain the fuel supply means

operative during the running period, and means
under control of the combustion-responsive
means to select the first circuit to the timing de-
vice if combustion falls and the combustion-re-

40 sponsive means becomes inoperative during the

running period, and to select the second circuit
to the timing device if combustion fails at the
end of the starting period, and said means to
effect starting of the timing control being de-

45 bendent upon cycling of the timing control back

to its starting position.

22. In & mechanism of the kind described. s
fuel supply means, air supply means, and & tim-
ing control adapted to produce a cycle of opera-

50 tions of said means and return to starting posi-

tion, means to start the timing contro] depend-
ent upon its being in starting position, said con-
trol including means to operate both the fue] and
air means for a starting period during which

55 combustion may occur, and including means re-

sponsive to lack of combustion at the end of the
starting period to maintain the fuel supply means
inoperative for a period thereafter with means
to maintain the air device operative during said

6o perlod of inoperativeness of the fuel device, and

said control including means thereafter adapted
to stop the alr supply means and contro! short

of starting position.
23. In a mechanism of the kind described for

65 use with a burner device, & control device for

effecting sequential operations of the burner de-
vice including a running perfod, a first and a
second circuit for the contro! davice, said con-
trol device having circuit closing means operable

70 to open the two circuits at different times to

cause the control device to stop at different times,
said control device being adapted to operate the
circuit closing means in both circuits during the

period, means to maintain one circuit

78 open during the running period and to close it
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* thereafter, means responsive to existence of
power to select sald one circuit, and responsive
to failure of power to select the other circuit,
whereby upon existence of power the control de-
vice may operate after the running period for &
first interval, and upon failure of power and
subsemuent restoration it may operate for & dif-
ferent interval, and means to render the control
device incapable of restarting when it has op-
erated for said second interval.

94, In o mechanism of the kind described, a
burner, means for supplying a combustion in-

10

gredient to the burner, a cycling control device -

having frst means to maintain the supplying
means in operation for a period until the con-
trol device returns to starting position, and hav-
ing o second means to maintain the supplying
means in operation for a period short of return
of the control device to starting position, means
operated by the control device to stop the con-
trol device pricr to the end of either period,
means to maintain the supplying means in op-
eration during said stoppage, means operable

upon combustion at the burner to select the first’

mesans aforesaid, and operable upon lack of com-
bustion at the outset of the period of stoppage to
select the second means aforesaid, and means
dependent upon having the control device in its
starting position to effect a restart of the same.

95. In & mechanism of the kind described for
use with g burner mechanism under control of a
space thermostat and including fuel supplying
means, & relay switch controlled by the space
thermostat for controlling operation . of the
burner mechanism, means including the ther-
mostat in operating position for starting the
burner mechanism, means including the ther-
mostat in operating position for maintaining the
fuel supply means in operation and providing a
running period for the burner mechanism, means
to prevent supply of fuel after a running period
if the relay switch sticks in operating position,
seid means comprising a second relay having
switches controlling the burner méchanism, and
g coil dependent upon the thermostat in its op-

erative position to operate the said switches into’

position to maintain operation of the burner
mechanism. .

26. In a mechanism of the kind described for
use with a burner mechanism under control of &
space thermostat and including fuel supplying
means, g relay switch controlled thereby for con-
trolling operation of the burner mechanism,
means including the thermostat in operating po-
sition for starting the burner mechanism, means
including the thermostat in operating position
for maintaining the fuel supplying means in op-
eration and providing a running period for the
burner mechanism, means to prevent supply of
fuel after a running period if the relay switch
sticks in operating position, said means compris-
ing a second relay having switches controlling the
burner mechanism, and a coil dependent upon
thermostat in its operative position to operate the
said switches into position to maintain operation
of the burner mechanism, together with means
dependent upon existence of combustion to main-
tain the coil energized.

27. In a mechanism of the kind described for
use with s fuel supply means under control of a
space thermostat, a cyeling control device includ-
ing a control motor and switch means cyclically
operated thereby, a circuit for the motor, a relay
under control of the space thermostat including
a coil, and a switch means operated thereby to
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close the motor circuit, & circult for the fuel sup-
ply means dependent upon operation of the space
thermostat relay by movement of the said ther-
mosist to cold position, & combustion-responsive
relay and a switch means operated thereby, said
lest-named switch means including a switch ar-
ranged to control operation of the circuit for the
fuel supply means, the space theromstat being
also in series with the coils of said relays whereby
if it opens, said fuel supply means is immediately
deenergized even if one of said relay switches fails
in closed position, and said circuit for the fuel
supply means being also controiied by the control
motor switch means. :

28. In a mechanism of the kind described for
use with g fuel supply device, & relay, a cycling
control device, g pair of circuits for the control
device, a relay switch adapted to select the first
circuit when energized and the second when de-
energized, a switch operated by the control device

- in one circuit to stop it in & locking position pre-
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venting operation of the control device, a switch
operated by the contro] device for stopping it
after return of the control device to starting posi-
tion, a circuit through the relay in its locking cir-
cuit position for energizing the fuel supply device,
a switch operated by the control device to open
the fuel supply device prior to opening of either
control device circuit, and a thermostatic means
controlling energization of said relay.

29, In a mechanism of the kind described for
use with & burner, a fuel supply mesans, and an
igniter for the burner, the combination of control
means to provide operation of the fuel supply
means for a sterting and a running period, cir-
cuit means under control of the control means to
effect initiation of operation of the igniter during

- the starting period, switch means o render the

40

igniter operative during the running period, sald
last-named switch means being selectively opera-
tive independently of the control means, and
means to render the igniter inoperative after the

‘running period regardless of the circuit ‘means
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and the switch mesans,

30. In s mechanism of the kind described for
use with a fuel supply means under control of a .
space thermostat and g combustion thermostat, a
control motor having switch means to effect a
cycle having a starting period and a running
period for the fuel supply means, and to reestab-
lish starting conditions after the running period,
s pair of relay coils, both adapted for disposal

in series with the space thermostat and one in

series with the combustion thermostat, a switch
operated by each coil, an energizing circuit for
the coils being provided through a switch of each "
coil closed by energization thereof, and adapted
to include the space thermostat, and a running
period circuit for the fuel supply me~ns being
provided through both said coil switches, and a
circuit for the control motor including a switch
held open upon energization of the second coil,
whereby when either thermostat opens the fuel
supply means will be deenergized and the control
motor circuit will be rendered subject to reener-
gization. )

31. In an apparatus of -the kind described for
use with a burner and means to supply fuel to the
burner, & control mechanism for controlling the
fuel supply means, said control mechanism in-
cluding means adapted fo provide a cycle of op-
eration for the burner including starting, run-
ning, scavenging, and lock-out thereof, followed
by a return to starting position, and comprising
means adapted to put the fuel supply means in
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operation, for a starting period, means to main-
- tain the fuel-supply means in operaticn after the
starting pericd for s running period, means to

provide a period of inoperativeness of the fuel

supply means after the running period for a
scavenging period, means to cause at least a part
of the scavenging period to occur after any start-
ing period, and then to cause a lock-out of the
fuel supply means prior to return of the control
to starting position during any cycle, upon ab-
sence of combustion at the end of the starting
period.

32. In a mechanism of the kind described, for
use with a burner, 2 fuel supply device and an
air supply device for the burner, the combination
of & power failure circuit holding device, a pair
of switches operated by said holding device, &
control motor, means to operate the circuit hold-
ing device upon existence of a predetermined
condition, circuit means including one of sald
switches operated upon energization of the cir-
cuit holding device to cause actuation of the con-
trcl motor, means to cause operation of the air
supply device upon cperation of the control mo-
tor, means including the other of said switches
to cause operation of the air supply device upon
deenergization of the circuit holding device, and
circuit means dependent upon energization of
said one switch for energization of the fuel sup-
ply means,

33. In a mechanism of the kind deseribed, for
use with & fuel supply device, a control motor

for controlling operation of the fuel supply de-

vice, and a power failure relay, with circuit
means for effecting operation of the control mo-
tor when the power failure relay is either ener-
gized or deenergized, and circuit means con-
trolled by the contro] motor and arranged to
operate the fuel supply device only when the re-
lay is energized. ) _
34. In a mechanism of the kind described for
use with a burner means requiring a first and
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bustion at the burner mechanism, and an ex-
ternal control device operable to demand or
deny heat need from the burner mechanism, the
combination of a timing control device having
means to provide a-starting period for the burner
mechanism in response to demand for heat by

- the external control device, means to provide a
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scavenging period during which the control
mechanism maijntains the burner mechanism in-
operative after the starting period, means adapt-
ed for connection with the combustion-respon-
sive device for holding the burner mechanism in
operation after the starting period and before
the scavenging period, and means in the con-
trol device to lock-out the burner mechanism
and hold the same against any operation, said
means being rendered effective upon fallure of
combustion at the end of the starting perlod, o
effect said lock-out after the beginning of the
scavenging period.

36. In a mechanism of the kind described for
use with a burner having a fuel ingredient sup-
ply device and an air supply device, the combi-
nation of a power operated relay switch mech-
anism, & control device for effecting sequential

" operations of itself, the air supply device and the

fuel ingredient supply device, to produce com-
bustion at the burner and to maintain the same,
means to operate the air supply device including
both the relay switch mechanism and the con-
trol device, and means including the control de-
vice for operating the air supply device and the
control device whatever the condition of the re-
lay mechanism,

37. In a mechanism of the kind described, a
control device for effecting sequential operations
including a plurality of switches and means for
closing them in & predetermined order to effect
a cycle and to return thereafter to starting posi-

40 tion, means dependent upon return to starting

& second combustion ingredient, the first being '

air and the second being fuel, and an ignition
means, the combination of a control device, said
control device including means adapted to main-
tain itself, both combustion ingredient supply
means and the ignition means in operation for a
starting perlod, and said control including means
adapted to cause the two combustion ingredient

means to operate for a running period, the con-

trol device including means responsive to the
successful production of flame in the starting
perlod to cause the first combustion ingredient
means to operate after the running period and
to render the other inoperative, through a scav-
enging period until the control returns to start-
ing condition for a recycling, and said control
including means operated upon failure to pro-
duce flame by the end of the starting period to
cause the first combustion ingredient means to
operate for & portion of said scavenging perlod,
- and then to stop in a position preventing re-
cycling, and sald control device also including
means operated upon flame fallure as aforesald
tc render the second combustion ingredient
means inoperative, ]

.'85. In a mechanism of the kind described for
use with a burner mechanism, a combustion-re-
sponsive device operable upon existence of com-
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position to restart the control device, mechanism
to be operated upder control of the control de-
vice, means causing the control device to become
ineffective to complete the cycle for the operated
mechanism, and manually movable means mov-
able to effect mechanica]l engagement with the
closing means, and further manually movable
to. bodily displace the same and such of the
switches ag to reestablish the starting position,
38.. In a control for use with & fuel burner in-
cluding means to supply fuel, under control of
a space thermostat and a combustion thermo-
stat operated to circuit closing position upon ex-

. istence of combustion, means responsive to de-
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mand by the space thermostat to cause the fuel

' supply means to supply fuel to be ignited, a

60

a5

70

flame-responsive relay including a coil in series
with the space thermostat and the combustion
thermostat, and energized upon demand for heat
by the space thermostat and closure of the com-
bustion thermostat in response to existence of
combustion, relay switch means closed by said
coll upon energization thereof, a circuit includ-
ing sald relay switch means to operate the fuel
supply means when said coil is energized, and
means to prevent the fuel supply means from
supplying fuel after the space thermostat stops
demanding heat but the relay switch fails in
circuit closing position.
. GEORGE D. BOWER.




