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1. 

3,288,195 
FAL-SAFE CONTROL APPARATUS 

Elihu C. Thomson, Wellesley, Mass., assignor to Elec 
tronics Corporation of America, Cambridge, Mass, a 
corporation of Massachusetts 

Filed Sept. 4, 1964, Ser. No. 394,472 
17 Claims. (Cl. 158-28) 

The present invention relates to improved control ap 
paratus and more particularly to condition responsive sys 
tems, such as those useful in supervising fuel burning sys 
tems, and to means for insuring reliable operation of the 
sensory and signal modifying portions of such systems. 

In condition responsive systems of the type employed 
for the supervision of flame established in a combustion 
chamber, it is desirable that the supervising system react 
very quickly to the presence or absence of flame so that 
the fuel valve may be closed quickly and prevent an ex 
cessive amount of unburned fuel from accumulating in 
the combustion chamber in the absence of flame. Flame 
sensing systems which have the desirable rapid response 
to the presence or absence of flame are well known, but 
such systems are susceptible to component malfunction 
and may cause the flame detecting system to falsely indi 
cate the presence of flame. Should such a malfunction 
occur in a system supervising flame in a combustion cham 
ber, an unsafe condition might arise as the system, in the 
event of flame failure, would continue to react as if flame 
was present and permit the continued introduction of raw 
fuel into the furnace chamber. The accumulated raw 
fuel could be ignited explosively, either by the hot re 
fractory or upon an attempt to reignite the burner, for 
example, with disastrous results. 

Industry standards specify that approved combustion 
control systems must operate with a maximum time delay 
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of four seconds between flame failure and shutdown of 
the fuel flow to the supervised combustion chamber. 
Component checking arrangements which check the op 
erability of the system by simulating flame failure there 
fore must complete their cycle through flame relay drop 
out and flame relay pickup within that time. 

Accordingly, it is an object of this invention to provide 
an improved condition sensing system incorporating com 
ponent checking arrangements whereby the operation of 
the condition sensing system is regularly checked to in 
sure that the system is not falsely indicating the presence 
of the condition to be sensed. - 
A more general object of the invention is to provide 

a novel and improved control circuit of the fail-safe type 
which responds to two signals that alternate in time. 

Another object of the invention is to provide a novel 
and improved fail-safe control system particularly use 
ful with flame sensors. 

Another object of the invention is to provide novel and 
improved control apparatus for use with condition respon 
sive systems which incorporate means to periodically 
simulate the absence of the condition being sensed and 
means to check the continued operation of the condition 
absence simulator. 

Another object of the invention is to provide novel 
and improved load control means in condition respon 
sive systems. 
A further object of the invention is to provide a novel 

comprehensive condition responsive system in which load 
energization is responsive to both the condition sensing 
circuitry and to the checking circuitry and provides im 
proved self-checking operation. 

Still another object of the invention is to provide a 
novel and improved combustion supervision system of the 
self-checking type. 

In accordance with the invention there is provided 
a control circuit arrangement for energizing a load in 
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2 
cluding a power source for the load and coupling cir 
cuitry for coupling power from the power source to the 
load while performing an isolating function so that 
the load is not directly energized from the power source. 
This coupling circuitry includes two energy storage devices 
and an input control having two states. The input 
control is adapted to operate in response to two signals 
which alternate in time. Those signals may be independ 
ent of one another or may represent the presence and 
absence of a condition, for example. The input con 
trol in a first state provides a first energy transfer 
loop between the power source and one storage device 
and a second energy transfer loop between the one stor 
age device and the load and a fourth energy transfer 
loop between the source and the other storage device. 
The two states of the input control are exclusive of one 
another so that in each state two different energy trans 
fer loops are established-one including the source and 
the other, the load. The load thus is energized from two 
energy storage devices and responds to each device direct 
ly and independently of the other device. 

In the preferred embodiments of the invention, the load 
device is energized from a direct current source and is 
shunted by two asymmetrical devices having alternate 
high and low impedance conditions as a function of the 
polarity of electrical signals applied to them. These 
asymmetrical devices are connected in series and poled 
to permit current flow through them from the source. 
Connected between each source terminal and the load 
(and a corresponding asymmetrical device), however, is 
an energy storage capacitor which blocks energization of 
the load directly from the source. A charging loop for 
each capacitor is controlled by an input control means 
having two alternate states. The input control means in a 
first state provides a low impedance path to complete a 
charging circuit for one capacitor and presents a high 
impedance (open circuit) path in the charging circuit for 
the second capacitor. The control means, in each state, 
simultaneously completes an energizing loop through the 
load that includes the capacitor then not connected to 
the source. Through alternation of the input control 
means, the load is kept energized. In the preferred em 
bodiment the input control is responsive to flame in a 
combustion chamber, and periodic flame failure simula 
tion causes the input control to alternate. The circuit 
parameters and the cycle of the input control means are: 
selected so that the duration of the discharge cycle of 
each capacitor is greater than the duration of that por 
tion of the cycle of the input control means other than 
the portion required for fully charging the other capacitor. 

Other objects, features and advantages of the inven 
tion will be seen as the following description of pre 
ferred embodiments thereof progresses, in conjunction 
with the drawing, in which: 

FIG. 1 is a diagram of a combusition control system 
incorporating apparatus constructed in accordance with 
the invention; 

FIG. 2 is a schematic diagram of a second embodi 
ment of circuitry constructed in accordance with the 
invention; and 

FIG. 3 is still another embodiment of checking cir 
cuitry constructed in accordance with the invention. 
With reference to FIG. 1 there is shown a combustion 

chamber 10 having a main fuel line 12 and nozzle 14 ex 
tending thereinto. The flow of fuel through line 12 is 
controlled by solenoid operated valve 16, and fuel flow 
ing into the combustion chamber is ignited to produce 
flame 18. 
The flame in the combustion chamber is sensed by 

suitable sensing circuitry including a sensor 20 which may 
be an infrared or ultraviolet radiation sensor, a flame rod 
or other flame sensing device well known in the art. (A 
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pilot flame may be initially established or manual start 
button 35, in parallel with contacts 34, may temporarily 
energize fuel valve 16.) The output signal from the sen 
sor 20 may be applied through suitable signal modifying 
and/or amplifying circuitry 22 to operate flame relay 24. 
That flame relay controls a movable contact member 26 
for motion between a first fixed contact 28 and a second 
fixed contact 30, contact 28 being the normally closed 
contact and contact 30 being the normally open contact. 
When the sensor 20 senses the flame and the circuitry is 
operating properly, the flame relay 24 is energized to move 
member 26, and open the circuit to the normally closed 
contact 28, while closing the circuit to the normally open 
contact 30. (Relay 24, of course, may be actuated con 
versely, that is, de-energized in the response to flame and 
energized upon flame failure.) 
The flame relay controls a load device diagrammatically 

indicated as a load relay 32 which operates a set of con 
tacts 34 that are connected in circuit to control the sole 
noid operated fuel valve 16 such that, if the flame 18 in 
the combustion chamber is extinguished after it has been 
established therein, the load relay 32 will be de-energized 
and open contacts 34 to close the valve 16 and prevent the 
flow of raw fuel into the combustion chamber. 
The circuitry connected between the flame relay 24 and 

the load relay 32 constitutes a fail-safe rectifier circuit 
and operates as a self-checking system in conjunction with 
a cycling device which is illustrated as a shutter 36 driven 
in rotation by motor 38. The shutter has a sector of 
predetermined angular length which is interposed peri 
odically between the sensor 20 and the flame 18 to block 
the sensor's view of the flame and thus simulate a flame 
failure condition. Other devices capable of causing the 
circuitry to respond periodically as if a flame absence ex 
isted may also be employed. The cycle of operation of the 
simulator device is of predetermined duration so that this 
checking operation occurs at regular intervals. 
The checking circuitry includes a source 40 of direct 

current energy connected to terminals 41, 42 of polarity 
as indicated. The positive terminal 41 is connected to 
contact 28 and to one terminal of capacitor 44, and the 
negative terminal 42 is connected to contact 30 and one 
terminal of capacitor 46. Connected to the other ter 
minal of capacitor 44 is an asymmetrical device in the 
form of diode 48 and one terminal of the load relay 32. 
Connected to the other terminal of capacitor 46 is a sec 
ond asymmetrical device in the form of diode 50 and the 
other terminal of load relay 32. The two diodes 48, 50 
are connected in series and their junction 52 is connected 
directly to the movable contact element 26 of flame relay 
24. 
The circuitry is shown in position resulting when flame 

relay 24 is de-energized. In this condition a capacitor 
charging path is provided from terminal 41 through con 
tact 28 and diode 50 to charge capacitor 46 to the full 
supply voltage with polarity as indicated. Capacitor 44 
is fully discharged, and therefore there is no potential 
across the solenoid coil of load relay 32 and, therefore, no 
current flow through that relay. 
When the sensor 20 sees flame, relay 24 is energized to 

move member 26 from engagement with contact 28 to 
engagement with contact 30. This operation opens the 
charging path for capacitor 46 and completes a charging 
path for capacitor 44 from terminal 41 through capaci 
tor 44, diode 48, and contact 30 to terminal 42. This is 
a low impedance path and capacitor 44 is rapidly charged 
to the full potential connected across terminals 41, 42, 
At the same time a discharge path for capacitor 46 is 
completed, which discharge path includes the load relay 
32. That discharge path is from the positive terminal of 
capacitor 46 through load relay 32, diode 48 and contact 
30, the potential across diode 50 due to charge on capaci 
tor 46 being such that it is not conductive. The resulting 
current flow energizes the relay 32 and closes contacts 
34 to energize the main fuel supply valve 16. The param 
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4. 
eters of the circuit are adjusted so that the discharge time 
of capacitor 46 through this path is of longer duration 
than the radiation transmitting portion of the cycle of 
shutter 36. 

Within that discharge time, therefore, the shutter 36 is 
caused to be interposed between flame E8 and sensor 20 
and causes the flame relay 24 to be de-energized, opening 
the circuit at contact 30 and closing the circuit at contact 
28. During the transition interval between contacts 30 
and 28, the two capacitors are connected in series across 
the source through load 32. Capacitor 44, however, is 
charged to full supply voltage and capacitor 46 is par 
tially charged to a potential of additive polarity so that 
the total capacitor voltage exceeds the supply voltage, and 
current flow continues through relay 32 in the direction 
to maintain the relay contacts 34 closed. It is desirable 
that the transit time of the member 26 between contacts 
28 and 30 be as small as possible, as both capacitors dur 
ing this transient are discharging simultaneously. How 
ever, the circuit design can accommodate transit times that 
are necessary for desired circuit operation. 
With the contacts 28 and 26 in engagement, a discharge 

path for capacitor 44 is completed from the positive ter 
minal of capacitor 44 through contact 28, diode 50 and 
the load relay 32 to the negative terminal of capacitor 44. 
This path maintains the load relay 32 energized. At the 
same time the charging path for capacitor 46 is again 
completed from terminal 41 through contact 28, diode 
50 and capacitor 46 to terminal 42. Thus, capacitor 46 
is recharged to supply potential, and during this interval 
the relay 32 is held energized by capacitor 44. 
The circuitry continues to alternate in response to the 

flame relay, as controlled by shutter 36, to alternately 
charge capacitors 44 and 46, each capacitor having a 
charging path independent of the load relay 32 and a 
discharge path through the load relay independent of the 
source 40, each path including contacts of the flame re 
lay. Should the flame 18 become extinguished or sensor 
circuitry fail, for any reason, to indicate flame during 
the open shutter period, the relay 24 will be de-energized 
and the load relay 32 will drop out in the time constant 
of the discharge circuit for capacitor 44 (a typical value 
being three seconds). When relay 32 drops out, con 
tacts 34 open and de-energize valve 16 to terminate the 
flow of fuel into the combustion chamber 10. 

Should any other component of the circuitry fail, the 
load relay 32 will similarly be de-energized within a pre 
determined time to open contacts 34, shutting down the 
Supervising system in safe condition. For example, 
should a circuit component fail so that the relay 24 re 
mains in energized position, the charge on capacitor 46 
will not be replenished and the load relay will be de-ener 
gized within a predetermined time. (It will be noted that 
the time constant parameters of the discharge circuits 
of capacitors 44 and 46 need not be equal. The use of a 
longer time constant in the discharge circuit of capacitor 
46 than of capacitor 44 enables the checking cycle time 
to be increased.) Similarly should the circuit fail so that 
the contact member 26 of flame relay is not in engage 
ment with either contacts 28 or 30, both the capacitors 
will be discharging at the same time, and as soon as the 
total sum of their charges is equal to the supply potential, 
the relay will be de-energized, shutting down the system 
in safe condition. 

Similarly, should either capacitor 44 or 46 become 
defective, either in short-circuit condition, open-circuit 
condition, or increased leakage, the relay 32 will be de 
energized. In the case of their increased leakage, the 
discharge time of the capacitor discharge circuit is de 
creased, and when it becomes less than the cycle time of 
the simulator shutter 36, the system will be shut down 
in safe condition. Likewise, if the capacitor shorts, the 
short will be placed directly across the line through the 
diode when the capacitor is directly connected and a 
fuse or other protective component will blow. If either 
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diode 48 or 50 becomes open-circuited, the capacitor to 
which it is connected will have no charging path; while 
if a diode shorts, it will shunt the current through the load 
relay 32 and that relay will drop out. Diode leakage will 
have an effect similar to capacitor leakage. 
A modified embodiment is shown in FIG. 2 in which 

similar components are provided: flame relay 24 having 
fixed contacts 28, 30' and movable element 26, capaci 
tors 44' and 46, diodes 48' and 50'. The load relay 32, 
however, is divided into two sections 60, 62, and a cen 
ter tap 64 between the two sections is connected to the 
junction 52 between the two diodes 48' and 50. The 
load relay 32' may be energized by current through either 
section 60 or 62, as these two sections constitute separate 
electrical loads but the magnetic flux generated by either 
section is common to both coils. 

O 

With the flame relay 25' in de-energized condition, a . 
capacitor discharge path for capacitor 44 is provided 
through contact 28, junctions 52' and 64, coil section 
60 and resistor 66. With the flame relay 24' in ener 
gized condition, the discharge path of capacitor 46' is 
completed through relay coil section 62, junctions 64 
and 52 and relay contact 30'. As these two discharge 
circuits are independent, resistance may be introduced 
in one of the circuits (as at 66) to provide greater con 
trol over the discharge time of one of the capacitor dise 
charge circuits. It will be noted that the capacitors are 
charged in the same manner as the embodiment shown 
in FIG. 1, and the load relay and resistor 66 are not con 
nected in either capacitor charging circuit. 

Still another embodiment of the invention is shown in 
FIG. 3, in which the flame relay is replaced by an NPN 
transistor 70 having its emitter electrode connected to ter 
minal 42', its base electrode 74 connected to signal modi 
fying circuitry, and its collector electrode 76 connected 
through resistor 78 to terminal 41'. 
When transistor 70 is conducting, it acts like a closed 

switch and capacitor 44' is charged through diode 48’’ 
substantially instantaneously. It will be noted that the 
design of the transistor 70 must be capable of handling 
the transient charging current of capacitor 44' plus the 
continuous current drawn through resistor 78. 
When the transistor 70 is switched to its off condi 

tion, the charging path for capacitor 44' will be opened, 
but capacitor 46' will be charged through the path from 
terminal 41', resistor 78, diode 50', to terminal 42'. 
In this circuit the discharge path of capacitor 44' in 
cludes the resistor 78, and therefore the value of resistance 
78 must be much smaller than the resistance value of load 
relay 32". Also, the voltage drop in resistor 78 will re 
duce the voltage to which capacitor 46' can be charged. 
However, the necessary circuit parameters can be taken 
into account in the design of this circuitry. Transistor 70 
may obviously be replaced by a single pole, single throw 
switch or relay. Also, either transistor 70 or resistor 78, 
or both, may be replaced by light dependent resistors 
which are operated by periodic illumination. 

While several embodiments of the invention have been 
shown and described, still additional constructions of the 
invention will be obvious to those skilled in the art, and 
therefore it is not intended that the invention be limited 
to the disclosed embodiments or to details thereof, and 
departures may be made therefrom within the spirit and 
scope of the invention as defined in the claims. 
What is claimed is: 
1. A fail-safe circuit comprising 
a load, 
a power source for energizing said load, 
coupling circuitry for coupling power from said source 

to said load including two energy storage devices, 
first circuit means to provide a first energy transfer 

loop between said source and one energy storage 
device independent of said load and a second energy 
transfer loop between the second energy storage 
device and said load independent of said source, 
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6 
second circuit means to provide a third energy transfer 

loop between said source and said second energy 
storage device independent of said load and a fourth 
energy transfer loop between said one energy storage 
device and said load independent of said source, 

and means to alternately complete said first and second 
circuit means for transferring energy from said 
source through said energy storage devices to said 
load. 

2. A fail-safe circuit comprising a load, 
power supply means for energizing said load, 
coupling circuitry connected between said power supply 

means and said load including two energy storage 
devices, 

two asymmetrically conductive devices, and 
input control means having two states, 
said input control means when in a first state providing 

an energy coupling path for the first energy storage 
device from said source through a first asymmetri 
cally conductive device and an energy coupling path 
for the second energy storage device through said 
load, 

and when in a second state providing a coupling path 
for the second energy storage device from said source 
through the second asymmetrically conductive de 
vice and an energy coupling path for the first energy 
storage device through said load, and 

means to alternate said input control means between 
said two states in a cycle of predetermined duration. 

3. A fail-safe circuit comprising an energy source, 
a load, 
two energy storage devices, 
two asymmetrically conductive devices connected in 

series with one another and in parallel with said 
load, 

means connecting each said asymmetrically conductive 
device in circuit to provide a first energy transfer 
loop between said source and one energy storage 
device independent of said load and a second energy 
transfer loop between the other energy storage de 
vice and said load independently of said source, 

and input control means connected in said loops for 
controlling the transfer of energy through said loops 
between said source and said load. 

4. A fail-safe circuit comprising a load, 
direct current power supply means for energizing said 

load, 
coupling circuitry connected between said power supply 

means and said load including two capacitors, 
two asymmetrically conductive devices, and 
input control means having two states, 
said input control means when in a first state provid 

ing a charging path for the first capacitor from said 
source through a first asymmetrically conductive 
device and a discharge path for the second capacitor 
through said load, 

and when in a second state providing a charging path 
for the second capacitor from said source through 
the second asymmetrically conductive device and a 
discharge path for the first capacitor through said 
load, and 

means to alternate said input control means between 
said two states in a cycle of predetermined duration. 

5. A fail-safe circuit comprising a load having two 
65 terminals, 

70 

75 

direct current power supply means having two ter 
minals for energizing said load, 

coupling circuitry connected between said power supply 
and said load including two capacitors, 

means connecting one capacitor between the terminal 
of said supply and one terminal of said load and the 
other capacitor between the second terminal of said 
Supply and the second terminal of said load, w 

first circuit means to connect said one terminal of said 
Supply to said second terminal of said load, 
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second circuit means to connect said second terminal of 
said supply to said one terminal of said load, 

and means to alternatively complete said first and 
second circuit means for transferring energy from 
said source through said capacitors to energize said 
load. 

6. A fail-safe circuit comprising a load having two 
terminals, 

direct current power supply means having two terminals 
for energizing said load, 

coupling circuitry connected between said power supply 
and said load including two capacitors, 

two asymmetrically conductive devices, 
means connecting said asymmetrically conductive de 

vices across said load and in series with one another 
so that a junction is defined between them, 

means connecting one capacitor between one terminal 
of said supply and one terminal of said load and the 
other capacitor between the second terminal of said 
supply and the second terminal of said load, 

circuit means to connect said junction betwen said two 
asymmetrically conductive devices to the two ter 
minals of said supply, and 

means to periodically reverse the flow of energy through 
said circuit means for transferring energy from said 
supply through said capacitors to energize said load. 

7. The circuit as claimed in claim 6 wherein said energy 
flow reversing means includes a relay having a normally 
open contact element connected to one of said supply 
terminals and a normally closed contact element con 
nected to the other of said supply terminals. 

8. The circuit as claimed in claim 6 wherein said load 
is an electromagnetic device having two electrical sections 
and a common magnetic section and further including a 
resistance element connected in series circuit between one 
of said electrical sections and one of said capacitors. 

9. The circuit as claimed in claim 8 wherein said energy 
flow reversing means includes a control device having 
an output circuit and a control electrode for controlling 
current flow through said output circuit and means con 
necting the output circuit of said control device across 
said power supply. 

10. A condition sensing system comprising a condition 
sensor adapted to produce an output as a function of a 
first sensed condition, 

means to periodically modify said sensor output to sim 
ulate the sensing of a second condition, 

a load adapted to provide an indication of the condition 
as sensed by said sensor, 

a power source for energizing said load, 
coupling circuitry for coupling power from said source 

to said load including two energy storage devices, 
a first circuit means to provide a first energy transfer 
loop between said source and one energy storage 
device independent of said load and a second energy 
transfer loop between the second energy storage de 
vice and said load independent of said source, 

second circuit means to provide a third energy transfer 
loop between said source and said second energy stor 
age device independent of said load and a fourth 
energy transfer loop between said one energy storage 
device and said load independent of said source, 

and means to complete said first circuit means in re 
sponse to a sensor output representative of said first 
sensed condition and to complete second circuit 
means in response to an output representative of said 
second sensed condition for transferring energy from 
said source through said energy storage devices to 
said load. 

11. The system as claimed in claim 10 wherein each 
said energy storage device is a capacitor and each said 
capacitor is connected in series between one terminal of 
said power source and one terminal of said load, 
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12. The system as claimed in claim 11 wherein said 

circuit completing means includes a relay responsive to 
the output of said condition sensor and having a nor 
mally open contact element in one of said circuit means 
and a normally closed contact element in the other of 
said circuit means. 

13. The system as claimed in claim 11 wherein said 
circuit completing means includes a control device hav 
ing an output circuit and a control electrode for control 
ling current flow through said output circuit and means 
connecting the output circuit of said control device across 
said power source. 

14. The system as claimed in claim 11 wherein said 
load is an electromagnetic device having two electrical 
sections and a common magnetic section and further in 
cluding a resistance element connected in series circuit be 
tween one of said electrical sections and one of said 
energy storage devices. 

15. A combustion supervision system for supervising 
flame in a combustion chamber comprising fuel control 
means, 
a flame sensor, 
signal modifying means coupled to said flame sensor 

to provide an output signal indicative of the pres 
ence of flame in the supervised combustion cham 
ber, 

means cooperating with said flame sensor and signal 
modifying circuitry to periodically simulate a flame 
absence, 

a load having two terminals, 
direct current power supply means having two 

minals for energizing said load, 
coupling circuitry connected between said power sup 

ply and said load including two capacitors, 
two asymmetrically conductive devices, 
means connecting said asymmetrically conductive de 

vices across said load and in series with one another 
so that a junction is defined between them, 

means connecting one energy storage device between 
one terminal of said supply and one terminal of said 
load and the other energy storage device between 
the second terminal of said supply and the second 
terminal of said load, 

circuit means to connect said junction between said two 
asymmetrically conductive devices to the two ter 
minals of said supply, 

means to periodically reverse the flow of energy through 
said circuit means for transferring energy from said 
supply through said capacitors to energize said load, 

and means responsive to the energization of said load 
to operate said fuel control means for controlling 
the flow of fuel to said combustion chamber as a 
function of flame sensed by said sensor. 

16. The system as claimed in claim 15 wherein said 
energy flow reversing means includes a relay responsive 
to the output of said flame sensor and having a normally 
open contact element connected to one of said supply ter 
minals and a normally closed contact element connected 
to the other of said supply terminals. 

17. The system as claimed in claim 16 wherein said 
load is an electromagnetic device having two electrical 
Sections and a common magnetic section and further in 
cluding a resistance element connected in series circuit 
between one of said electrical sections and one of said 
capacitors. 
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