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1

Thig invention relates to furnace controls and
particularly to a timing or program switch suit-
able for controlling the starting operations of
furnaces of the full-automatic, fluid fuel-burning
type.

The types of fuel burners now in.common use
fall into three generally recognized cless:tﬁee,-
tions, manual, semi-automatic, and full-auto-
matic. The manual type of burner is beth ignited
and shut down by an operetor The semi~auto-
matic type is manually ignited, but has an elec-
trically controlled fuel supply syetem which is
shut down by & thermostat or similar contlol
when sufficient heat has been produeed The

full-automatic type has an electrically controlled

ionition system in addition to the fuel supply
system, and heating periods are initiated- and ter-
minated by a thermostat, pressure switeh, orsim-
ilar control, without any attention from an oper-
ator under normal conditions. On full-automatic
burners ignition is ordinarily accomplished by
passing a high-voltage spark between electrodes
in the wvicinity of the fuel-admitting orifice.
Burners of the large capacity, industrial type may
in addition, employ a pilot burner to ignite the
main burner. To insure safe and proper opera-
tion, the ignition, pilot, and main burner -must
be put into operation in a certain sequence end
at accurately timed mtervels The optlmum de-
lay periods between starfing operations. depend on
the capacity and construction of the burner and
the type of fuel used. For exemple on a typlcel
oil burner ignited by a gas pilot, the electric igni-

tion, pilot valve and burner motor are energ;zed-
generally re~

simultaneously. After an interval,
ferred to as the “fuel valve delay” or “ignition
period,” during which the pilot flame becomes
established, the main fuel valve is epened The
pilot is left burning thereaiter for an eddltronel
period, known as “post-ignition,” to insure proper
ignition of the main flame. The optimum fuel
valve delay period for different makes and capac~
itles of burners may vary from 5 to 30 seconds.
The post-ignition period is ordinarily between 30
and 80 seconds in duration.

To insure safe operation of the. pilot 1gn1ted
type of burner, it is necessary to prevent open-
ing of the main fuel valve if the pilot is not burn-
ing, and for this reason, a flame failure detection

device responsive to the pilot flame should he in

control of the main fuel valve circuit, upon ter-
mination of the fuel valve delay period. .On an
oil burner ignited only. by spark electrades how-
ever, it is-necessary to hold the main fuel valve
-Open for-a short time to pelmlt ignition. For
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.requlrements

on the line voltege

such smtches due to chanﬂe in cheraeteustles
of the bimetallic leaves.

2

this purpose, momtermg of the flame by the ame
failure control must be deleyed for a time after
opening .of the fuel valve. This interval is known
as the “priming period” and runs concurrently
with, but usually is shorter than, the post-igni-
tion period. @ - -

From the foregoing discussion, it is apparent
that a tlmmg control designed for universal use
in the many existing types of furnace installa-
tions must be readily adjustable to suit individual
Nevertheless to insure safe and
efficient operation, once the proper delay periods

for a particular burner have been determined, the

settings of the control device must be accurately
maintained, regardless of line voltage fluctuations
and other dlsturbmg factors normelly encoun-
tered

It is accordingly the chief object of this inven-
tion to prewde a tlmmg contrel of this type which

is considerably more accurate and stable in its

_eperatmn than controls heretofore used for the
purpose.

to eliminate errors due to line voltage fluctu-~

In pertlcular this control is designed

ations. It is Well-known that large fluctuations

in line voltage are. common in industrial instal-
lations because of the high current demands of
machinery and other electrically powered indus-

trial equlpment The performance of the warp
switch type of tlmer for example may be unsat-
isfactory in some mstallatlons because the. timed
periods are dependent on the heating effect of
current thmugh a remstence coll, and therefore

Errors may also .occur in

Another object is to provide a control in which

the delay periods may be accurately and continu-
ously adjusted in the field by the average factory
__me,mtenence ma:n using - enly 2 COmMmon Screw

driver. This provision represents a considerable

advance over the controls Nnow in comnon use in

which the durations of the verlous periods are
either not edJustable e,t all, or edJusterble only
in one or two eteps

Other chjects are to produce a control of this

_type which maintains its accuracy indefinitely,

which is smell and eempect but will with-

stand severe usage, which may be operated man-
ually for obser vation and testing, and which is

1e1et1ve13r cheap to menufaetme and sunple to
install.

The invention comprises generally a small syn-

_ehronous motor which rotates a number of cams

_mounted on its sheft The cams operate spring
55

leaves which are demgned 10 - open and close con-
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tacts in control circuits of the burner. Several
of the cams may be shifted to provide adjust-
ment of the delay periods, and a suitably cali-
brated dial is mounted on the face of the device.
The cam assembly may be rotated by a hand
knob. The motor and hand knob are connected
to the cam assembly through one-way clutches to
prevent turning of the cams in the wrong direc-
tions with possible resultant damage to the motor
and cam contacts. The contacts are of high cur-
 rent capacity and are all readily accessible for

cleaning. The switch here described is primarily
designed for operation with a control circuit sim-
ilar to that shown in the copending application of

Il Craig Thomson, Serial No. 788,836, filed

November 29, 1947.
In the drawings:
Iig. 1 is a front view of the device;

Fig. 2 is a side view,
Fig.- 3 is a cross-section, partly kroken oI,

taken along lines 3—3 of Fig. 2; | o
~ Tig. 4 is an exploded view of the mot_or sharlt

and cams disassembled; o
PFig. 5 is a cross-section taken along lines 5—5

of Fig. 2; S | e
Fig. 6 is 2 view similar to Fig. 1 with the dial,

st I
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provides support for the contact leaf springs 94
38, 86, 81, 87, 91, 88, and 98 which are spgcedgfron{
each other by insulating spacers {22 and assem-
bled onto the base block by means of screws (24
and {26. Further toward the rear, leaf springs
0, 38, 38, and 35 (Figs. 2 and 3) are similarly
spaced apart by insulating spacers 122 and fas-
tened to base block 123 by screws 131, Any suit-
able supporting frame may be used in place of
plate 126 and block (23.

The synchroncus motor in the example of the

device here shown is so geared down that shaft

{2 makes one revolution in 120 seconds, coming
to rest, w:hen th_e burner is in normal operation,
at the point where steps 33 on cam face 25 (Figs.

3 and 6) has just cleared the end of ieaf spring

36. In this position contacts 37 and 4§ are open.

- In Fig. 6, it may be seen that the end of spring

leaf 88 is approaching step 86 of cam surface 92
and contacts 45 are closed. On a3 few degreeé
turn of ];he moetor spring leaf 88 drops off steps
£6 opening contact 45. Simultaneously spring

~ leaf 87, which is connected to leaf 88 by Insulat-

29

hand knob, rear contacts, and some of the mount-

ing parts omitted; -
Fig. 7 is a diagram of a typical electrical cir-
cuit employing the device; | | |
Fig. 8 is a graph showing the various timed
periods in relation to the position of the timer

motor; and | -

Fig. 9 is a view, partly broken away, along
lines 9—8 of Fig. 6. - - |

Referring first to Figs. 1, 5, and 6, master cam
{8 ordinarily machined or molded from an in-
sulating plastic, is pressed or molded onto 2 metal
bushing i which rides on shouldered shaft (2.
The shaft 12 is secured by set screw 15 to the
shaft 13 of synchronous motor 4. The master
cam is hollow so as to fit over housing (& of motor
14, for the purpose of reducing shaft overhang to
a minimum. A second plastic cam 17 is molded
onto bushing 22 which rides over bushing II.
Cams 18, 19, and 20 also made of insulating ma-
terial, and dial 21 slide over bushing 22. Bushing
{| terminates in a toothed face 24 which is en-
“oaged by serrated disk 25. The disk is slotted
in the center and fits over flatted end 23 of shaft
2 where it is vieldingly held in place by coil
spring 26 secured by washer 27 and cotter pins
28. The motor normally turns clockwise, as ob-
served from the face of the dial, and drives the
cam through engagement of the serrations of

disk 25 with the teeth of face 24. If the motor
should be incorrectly connected and revolve in
the opposite direction disk 25 slides over face 248
and the cam assembly is disengaged from the
motor. Damage to the motor and cam contacts
under such a2 condition is thus prevented.

40
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Bushing 22 is grooved near its outer end to -

receive S-shaped leaf spring 29, as shown in Fig.
6. When knob 39 is in place, set screws 31 pro-
ject into groove 32 and engage the ends of spring
29, Tt is apparent that with this arrangement
cam 17T can be driven by the knob only in the
clockwise direction when screws 31 engage ihe
free ends of the spring 29. This one way cluich

arrangement protects the device against damage !

in ease the knob is turned in the wrong direc-
tion. - o -
The motor and its associated field coil {138 and
“core 129 are secured to back plate 126 by screws
128, A base block 123, also screwed to plate 126

ing spacer 89 (Figs. 6 and 9), springs in ;
contacts 44. As the motor cOnI%inuges tc: g?tsé,?eg
Ieaf. 99 drops off the step 85 of cam surface 9?;
clo§mg. contacts 4£8. Simultaneously leaf 94
which 1s connected to leaf 86 by insulating spacef
§3, springs in to close contacts 42 (Fig. 6). At
this point, the end of leaf 36 has started up rise
34 on cam surface 35. Contacts 27 close next
and, when the top of rise 84 is reached, leaf 3é |
is forced back to close contacts 41. As the end
of leaf 36 moves down the other side of rice 24
contacts 41 open again. | T

When step {11 of cam 23 reache 3
}eaf 90, which is connected to leaf 9? g?eineslﬁaﬁ |
Ing spacer 92, contacts 45 close and contacts 43
open. 'I"he position of cam 20 with respect to
cam {8 is adjustable within the limits {2{ and
183 of slot 104 of cam {8 in a manner and for a
purpose to be described later. In the position
shmgvn in Fig. 6, the opening of contacts 44 and
closing of contacts 45 occur Substantially simul-
taneously with the closing of contacts &1

AS seen in Fig. 2, leaf 97 rides over cams 18, 15
and 20. When step {{{ of cam 26 reaches’thé
end of leaf 97, this leaf and leaf 85 which is con-
nected to it through insulating spacer $8. dro
mﬁfening contacts 42. ’ ’

ter further rotation of the motor ing

iCI, -WIT}ICh rides over the surface of éa}z?"?sf IS '?I;Ei
(03 (Figs. 2 and 6) drops off step #{2 of eam

117, opening contacts 46. At this stage contacts

45 and 37 are closed, and contact
,» &G contacts £1, 42, 44, g
46 open. 'The motor continues to rotate the célnci

assembly until a revolution is completed and leaf

86 drops off step 33, opening con 37, '
leaf 39 acts as a stop forg Ieaftaé%t.sa;c'l i?igﬁilég
) %'I'larl?? break of contacts 37. R
ig. 7 shows an example of g con '
fzontrol system which is desci=ibed0§§p§§§ebgg€a§
1N copending application, Serial No. 788 336, filed
November 29, 1947, by E. Craig Thomson. In Fig
1 the cams are schematically indicated but con-:
tact points corresponding to the contacts of Figs
1, 2, 3_ apd 6 are correspondingly numbered A
combustmn chamber, generally indicated as -1‘42
has mounted therein a main burner 123 p;0:
ducmg‘a main flame &9 and a. pilot burnér {34
broducing pilot flame 70. Fuel to the main flam
Is supplied through blower 68 and Tuel line-ﬁ
controlled in a well-known manner by a solenoid
Falve.'lﬁ. Fuel to the pilot is supplied through
uel Iine 73 controlled by solenoid valve 18, The
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pilot is ignited by spark elecirodes 12 which are
excited by ignition transformer 15. A flame fall-
ure detection device, here illustrated as respon-
sive either to a photocell 62 or to & flame elec-
trode T{, energizes relay 60, closing contact 63
and opening contact 64, when either the pilot
or the main flame is burning. On ¢cooling, con-
tact first 41, then contact 49, engages contact
50 and with rising temperature, the operation
is reversed. 'The device for initiating heating
cycles is here represenfed as 4 conventiona] three
wire thermostat 48 having contacts &7, 49 and
B8. The system also includes a power relay 65
controlling normally open contacts and an aux-
iliary relay 54, controlling normally open con-
tacts 55 and 5T, and riormally closed contact 56.
The closing of. contacts 50 and 49 establishes a
circuit from secondary 5{ through 50. 41, 56 to
timer motor 14, atid the motor starts to revolve.
~ As previously described contact 45 opens soon
after the start of the timing cycle. This con-
tact is in the circuit of the main fuel valvé. Since
the circuit is at this time broken at 67, the opén-
ing of 45 has no effect, but this a,rmngeme'lt per-
mits location of step 88 on cam 10 to serve the
double purpose of opening contact 45 and at 4
later point in the cycle closing contacts 42 and
A8 Contact 44 closes at the same time that con-
tact 85 opens. After 42 and 46 are closed contact
17 closes, shunting out 58 so as {o: establish a
holding circuit for motor 14. Contact 41 then
clogses. Up to this time none of the operating
circuits of the burner have been energized and
the burner has remained shut down. The delay
hetween the starting of timer motor and the
closing of contact &1 is known as the scavenging
nericd and insures the dissipation of unburned
gases in the combustion chamber kefore the igni-
tion is turned on.

- The closing of contact 41 initiates the “start-
ing eycle” by completing the energizing circuits
of relay 54, through 58, 41, 47, and 50 to secondary
51, and of relay 65, through 64, 42, 44, 58, 41, 41,
and 59 to secondary 5i. Relay 54 closes holding
contact 55, which shunts contact 41 and thermo-
stat holding contact 57, which shunts 49 to 417, so
as to hold relay 54 energized until 47 separates
from 58, and opens contact 56. Relay 65 closes
its holding contact 68 and main contact 67, which
completes the circuits to the burner motor 68,
pilot valve T4, and ignition transformer 79.
Under normal conditions the burner motor starts
to run and the pilot ignites. Soon afterward the
flame Tailure safeguard 64, in response to the de-
tection of flame by electrode- T1, energizes relay

58 closing contact 63, which shunts contact 42

and 44. Since contact 63 is in the circuit of the
main fuel valve 16, it is dpparent that the pilot
flame must be established‘ in order for the main
fuel valve to be opened, Contact 41 opens again

after g few seconds, but relays-54 and 65 are now

held in through contact 55. After a certain de-
lay, which may be varied by the setting of cams
(5 and 20, contact 45 closes. Undér normal con-
ditions, with contact 63 closed, the clos:tng of
contact 85 completes the circuit to main fuel
valve 76. The main valve then opens and the
main flame ignites shortly thereafter. [Contact
44 opens simultaneously with the closing of 49.
As the circuit is here shown, the energizing cir-
cuit relay 65 is then dependent on contact 63, that
is, the flame failure device Is in control of the
systnm and if the flame should be extinguished,
relay 60 would become deenergized opening con-

o |

10

15

20
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and shut down the burner, On certain types of
burners, for example, those consuming oil or
pulverized coal, it may be desirable to allow for
a, certain delay known as the “priming period”
between the opening of the main fuel valve and
monitoring of the flame. In this case, a jumper is
connected across terminals 58 anid 59, ahd con-
tact 63 is then shunted by contact 42 for a cer-
tain period after the opening of 34. This period
is adjusted by the setting of cam 20 in 4 manner
t6 be described later. At the end of the priming
period, contact 42 opens. Later in the cycle con-
tact 46 opens, shutting off the pilot and 1gnition
The interval between the closing of 41 and open-
ing of 46 is designated the “ignition period” and
varies in lerigth accordinig to the setting of cam
{1. The buriier is then in nérmal running con-=
dition, with only the main flame buriing. The
timer motor continues to revolve until leaf 38
drops off step 33 breaking contact 37 and leaving
the cam assembly in the starting position with all
the timer contacts open except contacts 435, which
hold in the main fuel valve circuit.

The relationship of the varlous periods in the
starting cyele can be best understood by ref-
erence to Fig. 8. Line 18 indicates the starting
position. Line 78 indicates the closing of con-
tact 41, which ends the scavenging period. The
fuel valve delay or ignition period which begins

with the closing of 41 (line 719) may vary from

zero seconds (line 79) to line 82, representing in
this example approximately 30 seconds. The
priming period starts with the end of the fuel
valve delay, somewhere between lines 79 and 82,
and may vary from zero to a line apprommately
50° from the starting point, representing approxi-
mately thirty seconds. In the switch here shown
by way of example, thé" zerd prithing period is

- achieved by omitting the juniper fcross terminals

40
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tact 63 and causing main relay 65 to drop out 75

58 and 59 as previously described. The opening
of contact 42, which determines the priming
period may be adjusted to give béetween 15 and
30 seconds delay. The post ignition period starts
from the end of the fuel valve delay period, be-
tween lines 19 and 82, and may be adjusted from
zero to 85 seconds for zéro fue€l valve delay, and
from zero to 55 seconds for the maximum fiel
valve delay of 30 seconds.

The priming period setting is interided to be
made by the manufacturer of the c¢ontrol or one
especially familiar with the operation of the con-
trol system. The device is accordingly purposely
designed so that removal of the dial is required.

Referring to Figs. 4 and 6, cam 20 ig secured
to cam 19 by screw {16 which runs through slot
09 into tapped hole {i8 and cam {9 and the head
of which rests in groove (88 in ¢am 20. If the
serew is loosened, cam 20 may be rotated with re-
spect to cam (9 within the limits of groove (0€.
The setting shown in Fig. 6 allows leaf 97 to drop
off steps 11 and 113, which coincide opening
contact 42 and thereby terminating the priming
period, fifteen seconds after leaf 90 drops off step
{13 closing fuel valve contacts 45. If cam 20 is
rotated counterclockwise, step {1 is moved so
as to 1ag behind steps {13. Leaf 97 which extends
over both cams is thus held out longer, during
the revolution of the cam assembly, delaying the
opening of contact 42, while leaf 80 which extends
only over cam 19, continues to drop out at the
same point in the cycle. The priming period, ac-
cording to the arrangement here shown, may he
extended up to thirty seconds.

The fuel valve delay and post ignition periods
are intended to be set at the furnace installation




7
by o maintenance man of ordinary skill. Refer-
ring to Figs. 4 and 5, dial 2! is provided with a
“fuel valve” scale 137, and a “post ignition” scale
138. A pointer 135 rides in slot 136 next to the
fuel valve scale. This pointer and the dial are
secured by screw {10 which extends through slots
109, 104, and (19 in cams 20, 19, and 22 and hole
81 in cam 18, and engages threaded hole 12§ in
cam 18. The dial is fixed to cam {8 by pin 117
which extends through slot 108 in cam 29 into
hole {39 in the dial. When screw {10 is loosened,
the dial and cams 19 and 20 may be rotated inde-
pendently of cam {8 so that step 113 may be po-
sitioned to give a delay in the doing of contacts
45 up to 30 seconds after the closing of 4{ by rise
34 of cam face 35 engaging leaf 35. The scale 137
is. calibrated so that the position of pointer 135
indicates the length of this delay period. Sinece
- & zero fuel valve delay is ordinarily not desirable,
bointer 135 is so designed ag to limit the minimum
- setting in slot 186 to about 5 seconds. For special

conditions, however, the pointer may be removed,

s0 as to extend the adjustment range to zero.

The fuel valve adjustment is made with the
cam assembly in the starting position. With the
dial and fuel valve pointer held in place, cam
1T may be rotated by the knob 38. Cam {7 con-
trols leaf 104, and the position of step {12 deter-
‘mines the delay in closing contacts 48 which shut
oIf the ignition system of the burner. Pointer
127 is held in slot 143 by tab 143 and secured in
place by screw 4f which enters fiat 142 of bush-
ing 22. | - |

Since scale {38 moves with scale {37, the posi-
‘tion of pointers 1217, indicates the period be-
tween the closing of fuel valve contacts 48 and
the opening of ignition contacts 46. Scale 138
therefore directly indicates the post ignition pe-
riod. “After the settings are made, screw (10 is
tightened so that the whole cam assembly moves
together. | o

I'rom the foregoing description, it will be clear
that the switch herein disclosed is designed to
regulate the starting operations of a furnace SyS~
tem. with a high degree of accuracy and reli-
ahility, . The timing operation is entirely inde-
pendent of line voltage fAuctuations ana ‘wear or

Tatigue of the switch parts, being dependent only -

on line frequency which is. considerabkly more
stable than line voltage. The effect of Irequency
variations is further made negligible by the gear-
ing down of the timer motor. The construction
of the cams and spring leaves insures positive
contact action and permits the use of heavy duty
contacts wherever desired. The range and sim-
plicity of adjustments makes the device adaptable
1or use in a wide variety of burner installations.
It will be further noted that the arrangement
of several of the contacts so as to operate in pairs,
and the cooperating arrangement of the cam sur-
faces permits all the necessary timing operations
to be accomplished- with 2, minimum of working
parts. | - |

Since cerfain changes may be made in the
above-described article and different embodi-
ments of the invention could ke made without
departing from the scope thereof, it is intended
that all matter contained in the above descrip-

2,624,812
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- tion or shown in the accompanying drawings shall
be interpreted as.illustrative only and not in g
- limiting sense. . - o
- What is claimed is: S |
§ 1. A program switch comprising: a synchro-
nous motor having a drive shaft flatted toward
1ts outer end, a master cam secured to a bushing
which is mounted on said motor shaft, said bush-
ing terminating in a toothed face ; & slotted disk
10 mounted on the flatted part of said shaft and
having a serrated edge adapted to engase said
toothed face; a retaining spring for holding said
disk in yielding contact with said face; a second
cam secured to a second bushing which is mount-
15 ed freely on said first-named bushing; a groove
near, and a slot across, the end of said second
bushing; an S-shaped leaf spring lying in said
groove and slot; a handle having inner projec-
tions for engaging the ends of said spring to drive
20 said second cam; a pointer fixed to said second
bushing; a dial freely mounted on said second
bushing and carrying a seale over which said
pointer rides: g circumferentially slotted cam
fixed to said dial: a slot in said dial coinciding
25 with the slot in said last-named cam; a second
pointer riding in said dial slot and a second scale
on said dial cooperating with said second pointer:
a screw extending through said second pointer
and the slots in said dial and last-named cam
30 into a tapped hole in said master cam for the
purpose ci securing all of said cams together:
and a plurality of spring leaf contacts adapted
t0 be operated by said cams. |
2. A program switch according to elaim 1
wherein said contacts comprise several pairs of
leaf springs, the first leaf of each pair acting
as & cam follower and the second leaf being sub-
stantially rigidiy spaced away from the first.

3. A program switch according to claim 9
having g second circumferentially slotted eam
adjustably secured to the first-named slotted
cam, one ot said cam followers riding only on
~ sald first-named slotted cam and another of said

. cam followers riding on both said slotited cams.
45 4, A program switch according to claim 1

‘having g second circumferentially slotted cam ad-

justably secured to the first-named slotted cam.
5. A program switch according to claim 1
wherein said master cam is recessed to receive
90 said motor. -
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