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This invention relates to an apparatus for 
shutting off the fuel supply to a furnace or the 
like, particularly to those operating on liquid or 
gaseous fuels of explosive character. In furnaces 
of this type the flame for various reasons often 
becomes extinguished with the result that the 
fuel continues to flow and soon fills the combus 
tion chamber with a highly explosive mixture. 
The fuel is, therefore, not only wasted but the 
combustible mixture is apt to cause a serious ex 
plosion particularly if attempt is made to relight 
the fuel before the combustion chamber has time 
to be Scavenged. 
Other important objects of the invention are 

to provide an apparatus of this character which 
may be operated remotely from the place of 
shutting off the fuel; to provide for shutting off 
the fuel in case the burner is not operating eff 
ciently; to prevent admission of fuel to the con 
bustion chamber when the furnace door is Open; 
and to provide signals for indicating when the 
burner is operating satisfactorily, when the 
burner is out of operation, and when the fuel Sup 
ply has been turned on preparatory to lighting the 
Orner. 
It is also an important object of the invention 

to prevent functioning of the shut-off mechanism 
when the burner is operating with a low flame 
that has been purposely set to maintain lower 
furnace temperatures, but which will cause func 
tion of the shut-off in case the flame should be 
come extinguished. 
In accomplishing these and other objects of the 

invention, as hereinafter pointed out, I have pro 
vided improved details of structure, the preferred 
forms of which are illustrated in the accompany 
ing drawings, wherein: 

Fig. 1 is a sectional perspective view of a part 
of a furnace combustion chamber having a burner 
supplied with a liquid or gaseous fuel and equipped 
with a shut-off mechanism and control appa 
ratus embodying the features of the present in 
Vention. 

Fig. 2 is a diagrammatic view of a control sys 
tem used in connection with a battery of furnaces. 

Fig. 3 is a detail perspective view of the shut 
off valve and trip mechanism therefor. 

Fig. 4 is a cross-section on the line 4-4 of 
Fig. 3. 
Referring more in detail to the drawings: 
designates a conventional type furnace hav 

ing a combustion chamber 2 equipped with a 
burner 3 adapted for burning a liquid or gaseous 
fuel. The burner 3 is mounted in an opening 
4 in the front Wall of the furnace and is supplied 

(C. 158-28) 
through a pipe line 5 having a manually operated 
control valve 6. In the case of a liquid fuel, such 
as heavy oils, the burner is provided with a steam 
connection 7 for effecting vaporization of the fuel 
as in conventional practice. Located in the front 
wall of the furnace at a point above the burner 
is a fire-door 8 through which access is had to the 
burner in the combustion chamber. 
The construction thus far described is conven 

tional to apparatus of this character and specifi 
cally forms no part of the present invention, which 
provides means for automatically shutting off the 
fuel supply in case the flame 9 from the burner 
should become extinguished. 

In carrying out the present invention, the sup 
ply line 5 is provided with a pressure operated 
switch I0 including a diaphragm housing i hav 
ing a diaphragm 2 that is responsive to pres 
sure of the fuel moving through the line. The 
diaphragm 2 operates a rod 3 that extends 
through a suitable packing gland 4 in the top 
of the housing to connect with a switch 5. 
The Supply line is also provided with an auto 
matic shut-off valve 6 having a reciprocatory 
actuating stem that is connected with a suit 
able trip mechanism generally designated f. The 
trip mechanism 8 is best illustrated in Fig. 3 
and includes a base 9 that is supported on the 

O 

pipe 5 at a point adjacent the valve by means of 
U-clamps 20 and 2 extending thereunder and 
having their shanks 22 projecting through suit 
able Openings in the base for mounting nuts 23 
whereby the base is clamped to the pipe and re 
tained in horizontal position. 

Projecting upwardly from the base, at the end 
adjacent the valve 6, is a bracket 24 having 
Spaced ears 25 to mount a fulcrum pin 26 on 
which a rock lever 2 is pivotally mounted. The 
rock lever has one end projecting over the stem 

and is pivotally connected therewith by means 
of a croSs pin 28 extending through depending 
ears 29 on the lever and through a head 3D on 
the stem. The lever extends beyond the valve and 
carries a weight 3 whereby the valve is normally 
retained in closed position to shut of flow through 
the line. The opposite end of the lever extends 
through the forked end 32 of a guide bracket 
33 and Carries a croSS bar 34 extending there 
through and having its ends 35 and 36 arranged 
for latched engagement with latches 3 and 3 
pivotally mounted on the sides of the base, as 
shown at 39. 
The free ends of the latches terminate in hooks 

40 having rounded upper ends 4 for guiding 
the bar 34 into latched engagement with the 
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hooks when the valve stem is moved to posi 
tion for opening the valve. The latches 3 are 
normally retained in latching position relatively 
to the bar 34 by suitable springs 42 having one 
of their ends engaging the base and their other 
ends engaging against the respective latches. 
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Carried on the bracket 33, and projecting be 
tween the latches 37, is a magnet 44 having a 
winding 45 and a metallic core 46 adapted to at 
tract an armature 47 when the coil is energized, 
as later described. The armature 47 has its low 
er end 48 pivotally mounted in a recess 49 of the 
base on a pin 50. The upper end of the arma 
ture terminates in a gooseneck bend and carries 
a cross pin 5 having its ends normally engag 
ing the latches 37 and 38 incidental to the over 
balancing Weight thereof in the direction of the 
magnet. 
Supported on the base, intermediate the brack 

ets 24 and 33, is an insulator 53 carrying spaced 
pairs of contacts 54-55 and 56-57 adapted to 
be respectively engaged by circuit closing plates 
58 and 59 loosely carried on headed pins 60 and 
6 depending from an insulating block 62 on the 
under side of the lever 2. When the valve is 
open and the rock lever is in latched position, 
the plates 58 and 59 are yieldingly held in en 
gagement with the pairs of contacts by coil 
springs 63 and 64 having their ends engaged 
against the insulating block 62 and against the 
contact plates respectively. The pins are of such 
length that when the valve is closed the heads 
65 of the pins will carry the contact plates away 
from engagement with the pairs of contacts to 
break circuit therethrough as later described. 
Formed in the front wall of the furnace, at a 

point above the fire-door 8, is a recess 66 for a 
phototube holder 67 to which access is had 
through a door 68 covering the recess 66. The 
holder carries a phototube 69 located in focus 
ing alignment with a tube 70 extending down 
wardly through the furnace wall and at such an 
angle that the axis thereof intersects the flame 
9 at its hottest point, as indicated by the dotted 
line 7 f, so that the tube is rendered active inci 
dental to the intensity of the flame. The cir 
cuit wires for the tube are indicated at 72 and 
extend from the housing 67 through a conduit 73 
having connection with a photoelectric relay 74 
that is of any standard design but which includes 
a relay switch 75, an amplifying tube 76, and a 
transformer 77 that is adapted to convert a cur 
rent from a supply line 78 to that suitable for 
operating the relay. The switch 75 includes fixed 
and movable contacts 79 and 80 that are nor 
mally closed when the fire is burning properly 
and which are ordinarily opened in response to 
control by the phototube when the fire becomes 
extinguished. The contacts 79 and 80 are re 
Spectively connected with terminals 8 and 82 for 
connection of the relay with the valve operating 
circuit now to be described. 

83 and 84 designate the respective line wires of 
a suitable current supply for furnishing current 
to actuate the valve shut-off part of the circuit 
as well as the signal circuits whereby the condi 
tions of Operation are visibly indicated at a point 
remote from the shut-off valve 6. 
The line 84 connects with a conductor 85 lead 

ing to the arm 86 of a switch that is caused to 
engage a fixed contact 8 when the fire-door 8 
is closed to pass current through a conductor 88 
leading to the terminal 8 of the relay switch 
75. The other terminal 82 is connected by a con 
ductor 89 leading to one of the contacts of the 
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Switch 5. The other contact of the Switch S is 
connected by a conductor 90 with one of the leads 
9 of the winding 92 for a solenoid switch 93. 
The other lead 94 of the Solenoid winding is con 
nected by a conductor 95 with the other line 
wire 83, thus completing circuit through the 
Switch on the fire-door through the photoelectric 
relay SWitch 75, through the pressure actuated 
Switch 5 and the winding of the magnetic switch 
93, when the burner is operating. 
The switch 93 includes an armature 96 that is 

normally influenced by the solenoid winding 92 
against action of a spring 97 to normally close 
circuit to the pairs of contacts 56 and 57, previ 
ously described, the armature of the switch also 
being connected with the conductor 95. The con 
tact 98, with which the armature is retained in 
engagement upon energization of the Solenoid 
Coil, is connected by a conductor 99 with the con 
tact 56. The other contact 57 is connected by a 
conductor f00 with one end of a solenoid winding 
of of a second magnetically operated switch 02, 

the other end of which is connected by a conduc 
tor 03 with the conductor 88. It is thus obvious 
that when the Switch 5 and the contacts 86 and : 
87 are closed current flows through the conductor 
95, Switch arm 93, contact 98, conductor 99, switch 
contacts 56 and 5, conductor OO, solenoid wind 
ing 101, conductor 103, conductor 88, switch con 
tacts 87 and 86 and conductor 85 thereby energiz 
ing the magnetic Switches 93 and O2. 
The Switch 02 includes an armature 04 en 

gageable with a contact fo5 when the solenoid 
Winding 0 is energized. The contact 05 is 
connected to the contact 54 by a conductor D6 
and the other contact 55 is connected by a con 
ductor 07 with one of the terminals of the sole 
noid 45. The other terminal of the solenoid is 
Connected by a conductor OB with a second 
contact 09 of the relay switch 93 that is adapted 
to be engaged by the armature 96 thereof when 
the Spring 97 becomes effective in opening the 
circuit between the switch arm and the contact 
98. The armature 96 is connected with the con 
ductor 99 by means of a resistance O for a pur 
pose later described. ??’’ 

Connected in the conductors 90 and 100 are signal lights i? and ff2 respectively, which are 
preferably green in color. Red and amber sig 
nal lights f 3 and f4 are connected in series by 
a conductor 5 with the conductors 08 and 06. 
The conductor 5 is connected with a contact 
l6 for the switch 102 corresponding to the con 

tact | 09 of the switch 93. The armature 04 of 
the Switch fo2 is normally retained in engagement 
with the contact 6 by a spring f f 7 when the 
Solenoid winding of thereof is deenergized. In 
order to effect manual closure of the circuit to the 
Solenoid 45 a normally opened switch 8 is con 
nected across conductors 95 and 9. 
With an apparatus constructed and assembled 

as thus far described, the furnace is set in opera 
tion as follows: 
The valve 6 is first opened and then the valve 
6 by lifting the weighted end of the rock lever 

27 so that the hooked end of the latches 37 and 
38 engage over the ends of the cross bar 34 to 
normally hold the valve 6 in open position. 
Since the burner has not yet been ignited the 
photoelectric relay switch will, of course, be open, 
consequently no current can flow through the coil 
92 and the spring 97 will retain the armature in 
engagement with the contact 09 So that there 
is a current flowing through the coil 45, con 
tacts 54 and 55, conductor fos, lamp 4, contact 
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and conductors OS, BD and B, but due to the 

fact that the resistance of the lamp f is of 
high value and in series with the coil 45 there is 
not enough current flowing through the coil to 
effect unlatching of the lever 27. Also since 
the resistance f is in series with the coil O 
suficient current cannot flow therethrough to 
cause movement of the arnature away from the 
contact f. Since the contact OS is engaged 
by the armature 9, current will flow through the 
signals 3 and 4, the red signal 3 indicating 
that the burner is out of operation and the amber 
signal 4 that the fuel is turned on and ready 
to be lighted. 
When the door 8 is opened to light the burner 

it will, of course, be necessary to hold the valve 
open for the reason that opening of the door 

breaks the circuit through the switch 86. How 
ever, when the switch is again closed, the cir 
cuit is reestablished and the valve 6 will be 
kept open. 
After lighting the burner, the phototube is 

effective to cause closing of the relay contacts 79 
and 80 so that current can then flow from the 
line wire 8, conductor 95, solenoid winding 92, 
signal light i l i , conductor 90, switch 5, conduc 
tor 89, contacts 9 and 80, conductor 88, switch 
contacts 86, conductor 85, back to the line 
4, thereby 1energizing coil 92 and causing the 
arnature 96 to be drawn into engagement with 
the contact 98. Current then flows from the line 
SS, conductor 95, armature 96, contact 98, con 
ductor 99, contacts 56 and 57, conductor 00, sig 
nal light 12, solenoid 0, conductor O3, con 
ductor 88, switch contacts 8 and 86 and conduc 
tor 85. The green light is now illuminated 
to indicate that the burner is in operation. When 
the electrical circuit through the contact 09 is 
broken the red signal light is extinguished 
and current is broken through the Solenoid 45. 
Since the resistance O is now out of circuit 
sufficient current flows to the coil of to break the 
circuit through the amber signal light fill and to 
establish a direct circuit through the trip magnet 
44 by way of the contact 05, but no current will 
flow therethrough since the circuit to the con 
tact 09 has been opened. 

Now, assuming that the flame should become 
extinguished for some reason, the phototube will 
become effective in breaking the relay circuit 
through the contacts 9 and 80. When this 
occurs circuit is broken through the coil 92 SO 
that the spring 97 comes into action to break Con 
tact of the armature with the contact 98 and es 
tablish engagement with the contact 09. 
When this occurs current will flow from the 

line wire 83 through the conductor 95, arnature 
96, contact 109, conductor 08, solenoid 45, con 
ductor i07, contacts 54 and 55, conductor fos, 
contact 105, armature 04, conductor 0:3, con 
ductors 88 and 85 back to the line wire 84 there 
by energizing the coil 45 to effect unlatching of 
the lever arm whereupon the lever is free to tilt 
under influence of the weight 3 to close the valve 
6, thereby shutting off flow of fuel to the burner. 

Attention is here directed to the fact that the 
current flowing to the magnet when the resist 
ance i f 0 is in Series is Such as to hold the arma 
ture 04 in contact with 105 thereby maintain 
ing the circuit through the magnet 44 closed; 
however, the current is not sufficient to close the 
circuit after it has been Open aS in the instance 
above noted when the valve 6 is initially opened 
preparatory to lighting of the burner. 
When current is established through the coil 

to indicate that the burner is out of service. Im 
mediately upon tilting of the lever the circuits 
through the pairs of contacts -57 and 54-55 
are broken to interrupt current flow through the 
coil . When this occurs the spring i? comes 
into play to cause the armature 04 to engage 
the contact 6 so that the red light is kept in 
circuit but all of the other signal lights are ex 
tinguished. The system may then be put back 
in Service by opening the valve 6 and lighting 
the burner as above described. 
Should pressure drop in the supply line the dia 

phragm will cause opening of the switch 5 to 
break circuit through the magnet winding 92 and 
cause shutting of the valve in the same manner 
as if the relay operated responsive to the photo 
tube. If the burner is not operating efficiently, 
or should the flame not maintain the intensity 
to which the phototube has been adjusted, then 
the phototube will again come into play to shut 
off the supply of fuel to the burner in the same 
manner as if the flame were extinguished. Open 
ng of the door 8 will also effect breaking of the 
Circuit through the contacts 86 and 87 to shut 
of flow of oil to the burner. Attention is directed 
to the fact that the oil supply to the burner may 
also be shut off manually at a remote point by 
closing the Switch 8 which shorts the current 
to the coil 92 so it becomes deenergized and al 
lows the armature of the switch 93 to move into 
position for establishing circuit through the coil 
45, which then operates to shut of the valve 6 
in the same manner as described in connection 
with its Operation incidental to actuation of the 
phototube. 
At times it may be desirable to operate the 

burner with a low flame and in such cases the 
flame does not operate with the same intensity 
but tends to flicker which would cause the photo 
tube to effect shutting off the fuel supply when 
it is not desired. In order to overcome this diff 
culty and yet provide for shut-off of the fuel 
Supply in case the flame should become extin 
guished, I provide an automatic switch 20 adapt 
ed to keep the circuit which includes the con 
tacts 79 and 80 closed when the photocell relay 
is opened under flickering tendency of the flane. 
The switch 20 includes a pair of fixed con 

tacts 2 and 22 that are respectively connected 
by conductors 23 and 24 with the conductors 
89 and 88. The contacts are normally closed by 
a bridging contact 25 carried on a lever 26 that 
is pivotally mounted on a bracket 27 carried by 
a base 28. The other end of the lever is con 
nected with a piston f29 operable in a dash-pot 
30 whereby movement of the lever 26 is re 

tarded. The bridging contact is normally re 
tained in engagement with the fixed contacts 2 
and 22 by means of a spring 3 connected with 
the lever and with the base ?28. It is thus ob 
Vious that as long as the bridging contact is en 
gaged with the contacts 2 and 22 the relay 
Switch 5 is normally out of circuit and has no 
effect upon the coil 92. 

In order to make the relay switch 75 effective 
in case the flame should become extinguished, 
it is provided with a second fixed contact 32 
connected with a terminal 33 to which a con 
ductor 34 is connected for supplying current to 
a solenoid 35 having its other end connected by 
a conductor 36 with the conductor 85, the sole 
noid 35 being effective to break circuit through 
the contacts i 2 í and f 22 under regulating control 
of the dashpot 30. In order that the solenoid 
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92 remains sufficiently energized when the sole 
noid 35 is included in series therewith, the lat 
ter solenoid is of relatively low impedance. 
With this arrangement, fickering of the fiane 

will continue to operate the phototube to open 
the relay switch 5, but mere flickering of the 
flame has no effect on the control circuit since 
the contacts 2 and 22 are kept closed by the 
bridging contact 25 even though the switch arm 
of the relay momentarily engages the contact 32 
to cause current to flow through the coil 35, 
for the reason that the dash-pot prevents the 
coil from being in mediately effective in break 
ing circuit through the contacts 2 and 22. 
Therefore, before the circuit can be broken, the 
phototube has again closed circuit through the 
photocell relay; however, should the flame be 
come extinguished the relay switch arm retains 
engagement with the contact 32 to energize the 
coil a Sufficient length of time to effect break 
ing of the circuit through the contacts 2 and 
22 to effect shutting of the valve 6 and stop 
ping flow of fuel to the burner. When the fur 
nace is operating under normal conditions the 
switch mechanism 20 is taken out of the circuit 
upon opening of a Switch 37 in the conduc 
tor 4. 

In Fig. 2 is shown a wiring diagram of my 
improved circuits connected with a battery of 
two furnaces, each having a photocell circuit, 
designated 38 and 39 respectively, that are 
connected in parallel with the circuit to the sole 
noid winding 92. 

In this instance the fire-door Switches 40 and 
4 are connected by a conductor 42 having a 

branch conductor 43 connected with a manu 
ally operated switch 44 which is connected by 
a conductor 45 to the relay terminal 8 as is 
conductor 88 in Fig. 1, for making the relay 
switch f38 effective. The relay circuit 39 is 
made effective independently of the relay cir 
cuit 38 upon closing a Switch 46 that is con 
nected between the conductors 4 and 48 re 
spectively, corresponding to the conductor 89 of 
the circuit illustrated in Fig. 1. The relay cir 
cuit 39 is also connected to the conductor 4 
and to the conductor f42 by a conductor 49. 
The relay circuits are both made effective by 
wiring them in series by connecting them with 
a conductor f45 to a Switch 50 which is in turn 
connected to the conductor . When it is de 
sired to make the circuit 38 effective exclusive 
of the circuit 39, the Switch 44 is closed and 
the switches f46 and 50 opened. When it is 
desired to operate the relay 39 exclusive of 38, 
then the switches 44 and 50 are opened and 
the Switch 46 is closed. Both relay circuits 
can be made effective by closing the Switch 50 
and opening switches 44 and 46 so that either 
relay circuit can operate the shut-off mechanism. 
From the foregoing, it is obvious that I have 

provided an automatic apparatus that will func 
tion responsive upon failure of the combustion 
of the fuel in the fire-box So that the fue is 
automatically shut off the instant that the fail 
ure occurs, thereby preventing the fire-box from 
filling with explosive gases and oil. The signals 
also advise the operator of the conditions occur 
ring both at the time the supply to the burner is 
shut off and when the burner is being put back 
into Service. 
What I claim and desire to Secure by letters 

Patent is: 
1. In combination with a furnace having a 

burner, a door for access to the burner and 

2,120,058 
means for supplying fuel to the burner of means 
for controlling said fuel supply, including a valve, 
a magnet for closing the valve, an electrical cir 
cuit for energizing the magnet, a magnetic switch 
in the magnet circuit, a relay circuit connected 
with the magnetic switch, means responsive to 
presence of combustion in the furnace for clos 
ing the relay circuit to energize the magnetic 
Switch for opening the magnet circuit and oper 
able upon absence of combustion to open the 
relay circuit and effect closure or the magnetic 
SWitch for closing the valve, and a switch in said 
magnet circuit having connection with the door 
for breaking said magnet circuit to permit clos 
ing the Valve upon opening the door. 

2. In combination with a furnace having a 
burner and means for supplying fuel to the burner 
of means for controlling said fuel Supply includi 
ing a valve, a magnet for closing the Valve, an 
electrical circuit for energizing the magnet, a 
magnetic switch in the magnet circuit, a relay 
circuit connected with the magnetic Switch, means 
responsive to presence of combustion in the fur 
nace for closing the relay circuit to energize the 
magnetic Switch for opening the magnet circuit 
and operable upon absence of combustion to Open 
the relay circuit and effect closure of the Imag 
netic Switch for closing the valve, a signal cir 
cuit connected with the magnet circuit and ener 
gized upon closure of the magnetic switch to in 
dicate closing of the valve, a second magnetic 
SWitch in the magnet circuit for controlling the 
signal circuit, a second circuit connected with the 
first named magnetic switch for energizing the 
Second magnetic Switch, and a switch in said sec 
Ond circuit and having connection with the valve 
for closing Said circuit to energize the second Imag 
netic Switch for opening the signal circuit when 
the valve is opened. 

3. In combination with a furnace having a 
burner and means for supplying fuel to the burner 
of means for controlling said fuel Supply includ 
ing a valve, a magnet for closing the Valve, an 
electrical circuit for energizing the magnet, a 
magnetic switch in the magnet circuit, a relay 
circuit connected with the magnetic switch, 
neanS responsive to presence of combustion in 
the furnace for closing the relay circuit to ener 
gize the magnetic switch for opening the Intagnet 
circuit and operable upon absence of combustion 
to open the relay circuit and effect closure of 
the magnetic Switch for closing the valve, a signal 
Circuit connected with the magnet circuit and en 
ergized upon closure of the magnetic switch to 
indicate closing of the valve, a second magnetic 
Switch in the magnet circuit for controlling the 
Signal circuit, a second circuit connected with 
the first named magnetic switch for energizing the 
Second magnetic Switch, a switch in said second 
circuit and having connection with the valve for 
closing said circuit to energize the second mag 
netic Switch to open the signal circuit when the 
Valve is opened, a signal circuit controlled by the 
Second magnetic switch for indicating open posi 
tion of the valve, and a switch in the magnet cir 
cuit and having connection with the valve to close 
the last named signal circuit. 

4. In combination with a furnace having a 
burner and means for supplying fuel to the burner 
of means for controlling said fuel supply including 
a valve, a magnet for closing the valve, an elec 
trical circuit for energizing the magnet, a mag 
netic Switch in the magnet circuit, a relay cir 
cuit connected with the magnetic switch, means 
responsive to presence of combustion in the fur 
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nace for closing the relay circuit to energize the 
magnetic switch for opening the magnet circuit 
and operable upon absence of combustion to open 
the relay circuit and effect closure of the mag 
netic switch for closing the Walve, a signal circuit 
connected with the magnet circuit and energized 
upon closure of the magnetic switch to indicate 
closing of the valve, a second magnetic switch in 
the magnet circuit for controlling the signal cir 
cuit, a second circuit connected with the first 
named magnetic switch for energizing the second 
magnetic switch, a switch in said second circuit 
and having connection with the valve for closing 
Said circuit to energize the second magnetic 

5 
switch for opening the signal circuit when the 
valve is opened, a signal circuit controlled by the 
second magnetic switch for indicating open po 
sition of the valve, a switch in the magnet circuit 
and having connection with the valve to close 
the last named signal circuit, and a resistance 
in said second circuit including a resistance by 
passing the first named magnetic switch to pre 
vent deenergization of said . Second magnetic 
switch when the relay circuit is broken and un 
till the circuit through the second magnetic 
switch is opened by way of the Switch in the sec 
ond circuit. 

DANE WILLAM FEHRENEBACH. 
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