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2,586,257 

INTERLOCERING SAFETY SVVTCH SYSTEMI 
William Alton Ray, North Hollywood, Calif., as 

signor to General Controls Co., a corporation 
Original application November 13, 1944, Serial 
No. 563,166. Divided and this application Jan 
uary i0, 1948, Serial No. 1,526 

2 Claims. 

This invention relates to the control of burn 
ers, Such as in domestic gas ranges, and particul 
larly to the control of the oven orbroiler burners. 
This application is a division of an application 

filed May 13, 1944, in the name of William A. 
Ray, now Patent No. 2,446,718, and entitled Fuel 
Igniting System. 

It is an object of this invention to provide a 
Safety SWitch System, especially in connection 
With fiuid fuel burners. It is thereby assured 
that the burmers may be safely operated With 
out danger of eXplosions due to a undeSired 
accumulated fuel. 
This invention possesses many other advan 

tages, and has other objects which may be made 
more clearly apparent from a consideration of 
one embodiment of the invention. For this pur 
pose there is shown a form in the draWings ac 
companying and forming part of the present 
Specification. This form Will noW be described 
in detail, illustrating the general principles of 
the invention; but it is to be understood that 
this detailed description is not to be taken in a 
limiting sense, since the Scope of this inVention 
is best defined by the appended claims. 

In the drawings: 
Figure 1 is a Schematic showing of a System 

incorporating the invention, and 
Fig. 2 is a vieW showing a different operating 

position of one of the valves employed in the 
System illustrated in Fig. 1. 
The System of the invention contemplates the 

use of a photo-emissive electronic device Which 
is energized by a Suitable source, and operated to 
supply current for the system by the light of the ; 
pilot flame. The response of Such a device is 
Substantially instantaneous. Thus, it is pro 
posed to energize the device to actuate an igniter, 
and to open the valve controlling the pilot burner, 
aS by preSSing a push button. Release of the 
push button serves to open the control valve for 
the main burner, but only if the pilot flame is 
burning. If the pilot flame is not burning, Such 
release Will not open the control valve and, fur 
ther, Will cause return of the pilot valve to closed 
position. Thus, the need of a constantly burn 
ing pilot flame is obviated. Further, by lighting 
the pilot burner first and causing the control 
valve for the main burner to open only if the 
pilot flame is burning, escape of any considerable 
amount of unignited fuel, Such as might occur 
if it were attempted to light themain burner di 
rectly, is prevented. 
The System may be utilized for the control of 

fuels generally, either gaseous or liquid. As 
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shown, it is particularly adapted for controlling a 
main burner i Which may be used, for example, 
to heat the oven or for broiling in a conventional 
cooking Stove Whichi utilizeS gaSeous fuel. The 
main burner ?i is adapted to be Supplied With fuel 
from an appropriate Source by means of a pipe 
2, the fioW Of fuel to the burner being controlied 
by a main or control valve 3. A pilot burner 4 
provides a fiame 5 forlighting the burner : When 
valve 3 is opened, and is Supplied With fuel by a 
conduit 6 connected topipe 2 between the control 
valve 3 and the Source of fuel supply. In this 
Way, the Supply of fuel to the pilot burner is not 
affected by closing of the control valve 3. A 
pilot burner valve 7 is interposed in the conduit 
6 for controlling the supply of fuel to the pilot 
burner 4. 
The arrangement is Such that the pilot flame 

does not burn continuously, but is extinguished 
When the main burner is extinguished, and 
lighted only When the main burner is to be 
lighted. Further, unless the pilot flame is burn 
ing, the control valve 3 cannot be opened; and, 
should the pilot flame 5 fail at anytime, the con 
trol valve 3 Will immediately close. 
The Control circuit, includes a light sensitive 

device 8, Such as a photo-tube, that responds 
to the light produced by the pilot fiame 5, ap 
propriate Shields (not shoWn) being provided to 
eXclude light from any other source. Thus, al 
though the main burner , the pilot burner 4, and 
the light Sensitive device 8 are shown for illus 
trative purposes as lying in the plane of the 
draWing, it is preferred that the device 8 and the 
pilot burner 4 lie in a plane normalto the plane 
of burner 4 and the main burner . In this way, 
the light Sensitive device 8 is not exposed to the 
light of the main burner flame. A focusing de 
Vice 9 may be used to project light from the fiame 
5 into the light sensitive electrode of the tube 8. 
The control valve 3 is shown diagrammatically 

and is of a novel type, being adapted when open 
to Suppy either a large quantity of fuel (high 
fire) or a Small quantity (low fire) to the main 
burner I in accordance With the amount of heat 
required from the burner . Such a valve is 
disclosed and claimed in a co-pending applica 
tion filed in the name of William A. Ray on Oc 
tober 28, 1944, under Serial No. 560,793, now 
Patent No. 2,526,972, and entitled “Fluid Control 
System.'' 
The Valve 3 is shown as having a body O. With 

an inlet chamber il and an outlet chamber 2 
Separated by a Wall 3. The chambers and 
2 are adapted to be in communication by a 
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port 1 & eXtending through the Wall i 3 and de 
fined by a vertically extending tube i 5 providi 
ing Valve Seats i 6 and il at its upper and loWe' 
endS l'espectively. A Valve member i 8 is pro 
Vided for controlling the port i 4 and includes 
closure members 29 and 2, Secured together in 
Spaced relationship by a stem 22, Which coop 
erate reSpectively With Seats i 6 and 1 to close 
the port . When the Valve member - 8 is in 
its loWest position, the closure 2E is on its coop 
erating valve Seat is, closing the port i 4 and 
preventing any comunication between the 
chambers ii and i 2. This is of course the closed 
position of the valve 3, ad is indicated by broken 
lines in Fig. 1. VVhen the Valve neimber i 8 is 
in its upper position, closure member 2 is on 
its cooperating Valve Seat , also closing port 
i 4 but communication between chambers and 
i 2 is maintained by a reduced port 23 between 
port i? and the outlet chamber 2. This is the 
loW fire position of the Valve and is shown in 
Fig. 1. With the valve member i 8 is an inter 
mediate position both clOSure members 20 and 
2 are sufficiently Spaced from their respective 
Seat:S 8 and i to alloW free comunication 
between the chambers il and i 2 via port i 4. 
This is the high fire position of the Valve and 
is ShoWn in Fig. 2. 
Means are provided Whereby the Valve 3 is 

caused to open and to close in accordance With 
- energization Or de-energization of a controlling 
circuit. Further means are provided by Which 
Valve 3 aSSumes the loW fire or high ire posi 
tion in accordance With the heat requirements 
of the System, Thus the upper Wall of the inlet 
chamber 1 l is formed by a flexible diaphragm 
24 to Which is Secured the valve member 8. A 
similar diaphragm 25 is Secured in body I0 above 
the diaphragm 24 and cooperates With the body 
10 and the diaphragm 22 to form a pressure 
chamber 26. The diaphragm 25 forms the loWer 
Wall of a Working chamber 27 in the body O. 
The diaphragms 24 and 25 are maintained in 

Spaced relation by a member 30 fixed on the 
under Side of diaphragm 25 in axial alinement 
With the Valve member 8 and having a projec 
tion 31 adapted to engage the top of diaphragm 
24. The member 30 also has an extension 32 
projecting upWardly through the diaphragm 25 
and forming a clevis to Which is pivoted One 
end of a link 33. The other end of the link 33 
is pivoted to a depending arm 34 of the operat 
ing lever 35, pivotally supported at 36 in the body 
10, and urged downwardly about its pivot 36 by 
a compression Spring 37. 
A charged Sylphon or expansible chamber 38 

Supported in body i 0 serves by engagement With 
arm 34 to determine the position of lever 35 
about itSpivot. The Sylphon 38 forms one ele 
ment of a Conventional pressure responsive Sys 
tem 39 and for this purpose is connected by 
means Of capillary tube 40 With a feeler bulb 4 
in thermal relation With the Space or object 
arranged to be heated by fuel passed by the valve 
3 and the temperature of Which it is desired to 
control. A second expansible chamber or Syl 
phon 42 is also connected to the capillary tube 
40 and is- adjusted to a desired volume by an. 
adjusting knob 43. By adjustment of the Volume 
of chamber 42, the position of lever 35 for any 
given temperature at the feeler bulo 4 i may be 
altered. The knob 43 may be provided With an 
appropriate Scale to assist, in such adjustment, 
and may be marked in temperature degrees. A 
Stop pin 4 Serves to limit movement of lever 
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35 in response to a lowered temperature, that 
causes Sylphon 38 to contract and pull lever 35 
down Wardly. 
An operating or pilot valve 46 is provided for 

controlling the pressures in chambers 26 and 27 
and causing the valve 3 to open and to close, 
Valve 46 includes a fluidtight casing 47 in con 
tinuous communication With pressure chamber 
26 as by a conduit 48. Casing 4 is arranged 
to be vented to the atmosphere or provided With 
fluid under pressure from the pipe 2 by a pair 
oi spaced oppositely directed nozzes 49 and 50. 
NOZZle 43 communicates With the exterior of 
casing 47 as by a vent tube 5i, While the nozzle 
5ò communicates With the pipe 2 by tube 52. 
A member 53 is pivotally supported at 54 in 

casing 47 for angular motion betWeen the nozzles 
49 and 50, being biased as by a tension Spring 
55 to a position in Which it closes the Vent nozzle 
49 and opens the inlet nozzle 50. An electro 
magnet 56 is provided to act on member 53 in 
opposition to the Spring 55. For this purpose, 
member 53 is a magnetic armature. Thus upon 
energization, magnet 56 SWings member 53 to a 
position in Which the Vent nozzle 5 is open and 
inlet nozzle 59 is closed. The Working chamber 
2 is under fluid preSSure at all times through the 
connection 5 to the tube 52. 
The operation of the control valve 3 may now 

be set forth. The position of diaphragm 25 is 
determined by lever 35 in accordance With the 
temperature requirementS of the System inde 
pendently of presSul’e conditions in the Valve 3. 
With magnet 5 de-energized, Venti 49 is closed 
and fluid preSSue frOn the pipe 2 is present in 
casing 4 and pressure chamber 26, Where it 
serves to maintain diaphragm 24 in its lower 
position With closure 20 of valve member 18 on 
Seat iò, thus preventing paSSage of fuel through 
valve 3. Upon energization of magnet 56, mem 
ber 53 SWingS to Venti casing 47 and chamber 26 
to the atmosphere, So that the pressure of the 
fuel belov diaphragm 24 urges the diaphragm 
and Valve member 8 upWardly until Stopped by 
engaging the projection 3 carried by diaphragm 
25. If the temperature requirements of the Sys 
tem are Such that a loW fire is all that is re 
quired, lever 35 Will be so positioned that pro 
jections 3 does not engage the diaphragm 24, 
hence the diaphragm and Valve member i 8 can 
move to theirupper position allowing member 2 
to Seat. Thus fuel is Supplied to burner 1 only 
by the reduced port 23, as shown in Fig. 1. If, 
however, a high fire is required, lever 35 Will be 
so positioned that projection 3 stops diaphragm 
24 and Valve member 8 at an intermediate posi 
tion in Which both closures 20 and 2i are un 
Seated, giVing a full Valve opening. Upon de 
energization of magnet 55, pressure Will be re 
established in chamber 26. Pressures on oppo 
Site sides of diaphragm 24 are thus equalized and 
the diaphragm 24 is moved downwardly by the 
Weight of Valve member i 8 to cause closure 20 
to Seat and prevent passage of fuei to the burner 
i. The transition of the Valve member 18 from 
high fire to low fire position, or vice versa can, 
of Course, occurat any time While the valve is 
Open and the main burner l in operation. 
The main burner f is arranged to be lighted 

by the actuation of a switch mechanism 80 and 
through the intermediary of a pilot burner. 
Thus, When the push button is pressed, the pilot 
burner is lighted. When the push button is re 
leased, if the pilot burner is burning, the control 
valve 3 Will be opened. If the pilot burner has 
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failed to light, the control Valve 3 Wiil remain 
closed and the pilot burner valve Will close. 
The pilot burner Valve i comprises a spring 

preSSed closure member haVing a projection or 
Stem 5i Which When pressed opens the Vaive. A 
bell Crank 2 pivoted at 63 serves by clockWise 
mOVement about its pivot to open the Valve i. 
The upper end of bell c'ank 62 carieS a roller 63 
Which eingages tha face Of a, 1agnetic armature 
66. The armature 65 is adapted to be moved to 
and frOn enga genent With the polar faces of 
an electromagnet . VVhen aatue 3 is irl 
engagement With the magnet 6 as Shown, or in 
attracted position, Valve i Will be open. if ino 
force is present to main:in arinature 33 in this 
position, armature 8 and arrin 82 Will be retrne? 
to the broken line position and valve Will close, 
in response to forge exerted by the sping in the 
Valve, Supplemented i desired by 3, tension 
Spring 63. 
The armature 53 haS a push rod Swith a con 

VeX Outer end 3: adapted to be engaged by the 
inner end of a push button or actuating member 
7. A light, compression Spring 2 is confiaed 
between fianges 23 and i 4 respectivey on pus: . 
rod 3 and push buttora i for urging the psi 
rod and the push button. axially apart. Howeyer, 
it is to benderstood that Spring : 2 do8Snot nave 
Sufficient Strength to nove roi è and ariate 
86 toWard magnet 8 in opposition to the fc2'ce 
eXerted by Spring SS. Spring 2 is mereiy for the 
purpose of returning the push butto È to it5 
initia, position When released, i the aaall'e 
63 is retained in its attracted position by Snag 
nei G. 
A Switch armi is attached to ptish rod 39 aid 

carries a contact 78 adapted to engage a station 
ary contact 9 When armature 35 is in eingage 
ment with magnet 6. A similar switch artin gi 
carrying a contact 3 is arranged to be moved to 
engage a Stationary contact 32 When pish bui:ton 

i is depresSed to move armature 3 to engage 
the magnet . Contacts 8 and 22 are separated 
upon return of push button i to its initiai posi 
tion. Similary contacts 3 and 9 separate upon 
movement of armature out of engagement With 
magnet f. Amother arm 83 carries a contact 85 
Which eingages a fixed contact 85 When the push 
buttoni is in its initial or normal position, coin 
tacts 84 and 25 separating When push button i 
is depressed. The operation of the push button 
mechanism Will be explained after a discussion 
of the control circuit. 
The control circuit includes the phototube 8 

Which is energized by an alternating current 
Source and is operative to Supply current to the 
circuit only as long as the pilot flame 5 is burn 
iing. The phototube 3 serves, in addition, as an 
electronic emission rectifier for supplying unidi 
rectional current to the electromagneti i for 
maintaining the pilot burner valve open and to 
magnet 53 Which serves to open and maintain 
Open the control val'Ve 3. If the pilot, flame is not; 
burning, no current is delivered by the photo 
tube 8 and Valves 3 and I are not maintained 
open. Accordingly the phototube 8 performs a 
plurality of functions: it not Only Serves as a 
control device, but also provides rectified current, 
for the System. 
The phototube 3 preferably Supplies Sufficient 

current for the electromagnetS 56 and 6 With 
out the use of an amplifier. Accordingly, the 
tube is shown as of the electron multiplier type, 
for example of the type known as 93-A. Such 
a tube includes a photo-Sensitive cathode 38 
Which emits electrons When its active Surface is 
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6 
illuminated, as by the fiame 5. The anode 89 
finally receives the electrons produced in the tube 
by Successive action of the electrons upon a num 
ber of dynodes or secondary emitters 90, 9, 92, 
38, 94, 35, 96, 97 and 98, mine being shown in the 
presenti instance. In order that these electrodes 
Serve effectively to reinforce, by secondary emis 
Sion, the original electronic stream emanating 
from the cathode 88, they are connected to taps 
On the Secondary Winding 99 of a step up trans 
former i 0. The primary Winding è is adapted 
to be connected to a commercial source of alter 
nating current by leads i 2 and 03. 
The operation of a tube of this character is 

Well knoWin. A relativey Weak Stream of elec 
trons is dislodged from the photo-sensitive Sur 
face of the cathode 88, Which stream is greatly 
reinforced by Secondary emission successively 
from the auxiliary electrodes 9º and 98 inclusive, 
Which al'e SucceSSiVely encountered by the elec 
tron Stream. The Output currenti between the 
ancce 8 and the last dynode 38 iS Enidirectiona, 
and the maximum of Which the device is capable. 
Accordingly, the coil of the electromagnet 58 

of Vaive 4 is connected between anode 39 and 
dynode 9, since this magnet is required to move 
i ember 53, tO attracted pOSition aS Well as to 
l'etain it in Such position. This circuit includes 
the norraily closed contacts S. and 85, So that 
it is broken if the push button i is not in its 
nor::na positioia, andi may be traced as folloWS: 
fo?ì ancde 33, iead. È to contact 85, contact 84, 
SWitch arri 83, lead è, through coil 58, lead i 38, 
to the upper terminal of the transformer second 
ary 39; thence through a section of the Second 
ary Winding 39 to dynode 3. Since the electro 
magnet 6 is calledupon to perform only a hold 
ing function, less than the maximum currenti 
from the tube 8 Will suffice. Accordingly, it may 
be connected between the tWo dynodes 97 and 98. 
Thus the cCil Gr magnet 6 is interposed in a cil'- 
cuit including dynode 3, dynode 3, and tap l9. 
Means are provided for opening the circuit to 

the transformer primary è When the main 
burner : is extinguished. For this purpose the 
contacts è and 3 are interposed in one of the 
leads aS 23 Which supplies the transformer pri 
mary. Thus the transformer 0) and tube 8 are 
energized only When armature 66 is in its at 
tracted position. 

Further, since the pilot flame 5 is extinguished 
Whenever the main burner ( is extinguished, 
means are provided for lighting the pilot burner 
di When it is desired to open the control Valve 3. 
For this purpose, an igniteri it is provided, Which 
may be of any preferred type, as Spark or hot, 
Wire, and is arranged to be activated upon opern 
ing the pilot burner valve . Thus the igniter 
È is connected across leads i 2 and i 3 by a 
circuit including the normaily Open contact:S di 
and 32 So that the igniter i : is operated Only 
When the push button t is depressed. This cir 
cuit may be traced as follows: from lead i 32, lead 
I li, igniter i , lead i 12, contact 3, contact 62, 
lead i 3 to lead 03. 

he operation of the System as a Whole Will 
noW be discussed. ASSunning that the Systein is 
not operating, armature 6 Will be in its retracted 
position indicated by the broken lines and switch 
contacts I, 3 Will be open, pilot burner valve 

i Will be closed, member 53 Will be in the broken 
line position, and the closure 8 of the main 
valve 3 Will be in its closed, broken line position 
(Fig. 1). Push buttoin li is now depressed to 
move armature 3G to its attracted full line posi 
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tion. This opens the pilot burner valve 7, closes 
contacts 78-79 energizing the phototube 8, 
closes contacts 81-82, energizing the igniter 
10, and opens contacts 84-85. 'Ihe pilot burne 
4 lights very Soon thereafter, causing tube 8 to 
energize the control circuit including the elec 
tromagnet 67 thus maintaining armature 66 in 
attracted position and holding the pilot burner 
valve 7 open and contacts 78-79 cloSed. How 
ever, the valve 3 controlling the main burner 
cannot open due to contacts 84-85 being sep 
arated. 
The response of the phototube is practically 

instantaneous. Hence as Soon as the pilot burn 
er 4 lights, the control circuit is energized and 
push buttoin i may be released. It is then re 
turned to its initial position by spring 2 leaving 
armature 66 in its attracted position. This opens 
contacts 8-82 de-energizing the igniter, and 
closes contacts 84---85 energizing coil 58, Whicin 
opens the main valve 3 aS previously explained. 
When it is de5ied to extinguish the main 

burner , the entire control circuit is de-en 
ergized by opening the circuit of the transformer 
primary i 0 f. 
operating a normally closed push button actuat 
ing switch 4. 

If the pilot burner 4 fails to light, the photo 
tube 8 cannot energize the control circuit. 
Hence, When push button Ti is released, arma 
ture 66 returns to its retracted position, allowing 
the pilot burner Valve i to close and de-ener 
gizing phototube 8 by Opening contactS 8-9. 

In View of the fact that the System utilizes an 
electronic emiSSion device 8 for Supplying cur 
rent to the manual reset electromagnet 67 and 
the Valve operating electromagnet 56, the auto 
matic process of checking the safety circuits up 
on pressing button 7 is Very rapid. Accord 
ingly, the button need be held down only for a 
Short period, usually less than a second, and 
under no circumstances more than tWo or three 
seconds. This checking period is considerably 
less than the period of time that the ordinary 
perSon Would be eXpected to hold down a button. 
The inventor claims: 

This rnay conveniently be done 
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1. In combination: an electrical energy trans 

lator; means for passing energy to Said trans 
lator; and a switch controlling Said translator, 
comprising: an actuator; means urging the ac 
tuator to initial position; a member moved by the 
actuator; means capable of being electrically 
energized by said translator for holding Said 
member in the position to Which it is moVed; a 
first circuit controller operated by Said member 
for energizing said energy passing means, When 
the member is in its held position, a circuit 
deriving energy from Said translator; and a Sec 
ondi circuit controller for controlling said circuit 
and operated by return of the actuator to itS 
initial position for permitting energization of 
Said circuit. 

2. In combination: an electrical energy trans 
lator; means for passing energy to Said trans 
lator; and a SWitch controlling Said translator, 
comprising: an actuator; means urging the ac 
tuator to initial position; a member moved by 
the actuator; means Capable of being electrically 
energized by Said translator for holding said 
member in the position to Which it is moVed; a 
first circuit controller operated by Said member 
for energizing Said energy paSSing means, When 
the member is in itSheld positio, a circuit de 
riving energy from Said translator; means urging 
Said member a Way from itSheld position; and 
a Second circuit controller for controlling said 
circuit and operated by return of the actuator 
to its initial position for permitting energiza 
tion of Said circuit. 

VVILLIAM ALTON RAY, 
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