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The present invention relates generally to con 
trol apparatus of the type which includes means 
to prevent the establishment of potentially un 
safe control actions due to the failure of one 
or another component of the apparatus. More 
specifically, the invention relates to novel con 
trol apparatus of this type which provides safe 
failure operation through the conjoint action of 
two devices which are responsive in opposite man 
ners to the condition of a controlling portion of 
the apparatus. 
A general object of the present invention is to 

provide improved control apparatus of the type 
including provisions for preventing the estab 
lishment of unsafe conditions because of the 
failure of some component of the apparatus. A 
specific object of the invention is to provide such 
control apparatus wherein safe-failure opera 
tion is secured through the use of two responsive 
devices which are responsive in opposite manners 
to the condition of a controlling portion of the 
apparatus. 
A more specific object of the invention is to 

provide apparatus of the type just specified which 
includes a control portion having one or an 
other condition, depending upon the adjustment 
of the portion, and which also includes a first 
responsive device adapted to be operatively ener 
gized when the control portion assumes One con 
dition and not to be so energized when the con 
trol portion assumes the other condition, and 
a second responsive device adapted to be oper 
atively energized when the control portion as 
sumes said other condition and not to be SO ener 
gized when the control portion assumes said 
one condition. 
An even more specific object of the invention is 

to provide apparatus as just described includ 
ing an oscillator portion, means responsive to the 
state of oscillation thereof, a first responsive 
relay included in the oscillator load circuit and 
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adapted to respond to the value of the Oscillator . 
load current, means adapted to increase, this 
current when oscillation of said portion is pre 
vented, a second responsive relay included in the 
responsive means and adapted to respond to the 
value of current flow therein, means adapted to 
increase the last mentioned current when said 
portion is oscillating, and control. Connections 
including the contact means of both of the relays. 
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Other specific objects of the invention are to 

provide apparatus of the above type wherein a 
repeater electron tube is adapted to energize the 
second relay in response to the oscillation sig 
nal of the oscillator, wherein such a tube is biased 
to be substantially non-conductive in the absence 
of the oscillation signal, and wherein the first 
or oscillator relay includes normally-closed 
contacts which are connected in a control circuit 
in series with normally-open contacts included 
in the second or repeater relay. 
The control apparatus of the present invention 

represents an improvement over the known forms 
of control apparatus including various means for 
preventing one or another type of failure from 
effecting unsafe operation. Thus, insofar as We 
are aware, no previous form of control appa 
ratus of this type included the two responsive 
devices or relays which we employ according to 
the present invention, one of which relays is 
responsive to the oscillation and non-oscillation 
of an oscillator through the medium of the Oscil 
lator load or energizing current, and the other 
of which relays is responsive to the Oscillation 
and non-Oscillation of an Oscillator through the 
medium of the oscillation signal of the oscillator. 
Moreover, we believe that we are the first to pro 
vide control apparatus of the type just described 
wherein the contacts of the two relays are adapt 
ed to be interconnected in an advantageous 
manner so that the controlling actions or effects 
produced by the apparatus are under the joint 
control of the two relays, whereby certain safe 
failure actions are provided by the present in 
vention which are not obtainable with the types 
of apparatus previously known. 

Accordingly, it is a prime object of the present 
invention to provide novel control apparatus 
including a first relay responsive to the state of 
oscillation of an Oscillator through the medium 
of the magnitude of the energizing or supply 
current of the oscillator, and including a second 
relay responsive to said state of oscillation 
through the medium of the magnitude of the 
Oscillation signal produced by the Oscillator, and 
wherein the first relay is adapted to complete a 
control circuit through a normally-closed relay 
contact when said energizing current is below a 
predetermined magnitude, while said second re 
lay is adapted to complete said control circuit 



a 9,858,379 

3 
through a normally-open relay contact when 
said oscillation signal is at or above a predeter 
mined magnitude. By virtue of the arrangement 
of elements just described, the apparatus of the 
present invention provides novel and highly de 
sirable operation characterized by being in the 
safe direction in the presence of numerous COin 
ponent and similar failures. 
According to the present invention, a preferred 

embodiment of the apparatus thereof includes 
an oscillator circuit or portion including a coul 
pling element, shown as a coil, which is adapted 
to cause or prevent the oscillation of the oscil 
lator as the reactance of the coil is varied, as 
by a vane, above and below a critical value. The 
oscillator includes bias means which causes the 
oscillator energizing or supply current to have 
a first or higher value when the oscillator is not 
oscillating, and to have a substantially lower 
value when the oscillator is oscillating, whereby 
a first relay, which has its operating winding 
included in the oscillator energizing circuit, is 
adapted to close a pair of normally-closed relay 
contacts whenever the oscillator is oscillating or 
whenever said energizing current has said lower 
value or is interrupted, and is adapted to open 
these contacts whenever the oscillator is not 
oscillating or the energizing current has said 
higher value. 
Also included in the illustrated preferred form 

of the invention is a rectifier which rectifies the 
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ner of employing the apparatus of Fig. 1 to effect 
automatic temperature control. 
The preferred control apparatus embodiment 

of the present invention illustrated in Fig. 1 in 
cludes an oscillator circuit or portion , a respon 
sive, control signal-producing portion 2, and a 
repeater portion 3. The oscillator portion in 
cludes a triode electron tube 4 which has the 
usual anode, control grid, cathode, and cathode 
heater elements. The oscillator also includes 
an adjustable oscillation-controlling portion 5 
which includes various components to be de 
scribed hereinafter. Also included in the cir 
cult of the portion is a first responsive device 
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oscillation signal, which the Oscillator produces 
when it is oscillating, to produce a unidirectional 
bias or control voltage which is utilized to Con 
trol the conductivity of a repeater electron tube. 
This voltage is developed across an in pedance 
element, shown as a condenser, which is in 
cluded in the input circuit of the tube, and has 
the polarity required to increase the tube con 
ductivity. 
The repeater tube includes in its output or 

load circuit the operating winding of a second 
relay, whereby the latter is adapted to close a 
pair of normally-open relay contacts whenever 
the Oscillator is oscillating and the conductivity 
of this load circuit, and the resulting load cur 
rent, have corresponding high values. These 
contacts are adapted to be opened by the sec 
Ond relay, however, when the oscillator is not 
oscillating or the conductivity and load current 
of the repeater tube are reduced. 

Accordingly, a control circuit including the 
aforementioned normally-closed and normally 
Open relay contacts Connected in series is one 
which provides control which is characterized 
by being in the safe direction, or in such a di 
rection as not to cause an unsafe condition, upon 
the occurrence of a component of similar fail 

e. A. 

The various features of novelty which char 
acterize this invention are pointed out with 
particularity in the claims annexed to and form 
ing a part of this specification. For a better un 
derstanding of the invention, however, its ad 
vantages and specific objects obtained with its 
use, reference should be had to the accompany 
ing drawings and descriptive matter in which is 
illustrated and described a preferred embodi 
ment of the invention. 
Of the drawings: 
Fig. 1 is a circuit diagram of a preferred em 

bodiment of the Safe failure control apparatus 
Of the present invention; and 

Fig. 2 is a diagran showing a preferred man 
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or oscillator relay 6. 
The portion 2 includes a triode electron tube 

7, an impedance element or condenser , and 
other components to be described below. 
The repeater portion 3 includes a triode elec 

tron tube 9, a second responsive device or re 
peater relay 0, and other components which 
will be described below. Each of the triodies 
and 9 includes the usual anode, control grid, 
cathode, and cathode heater elements. 
The Fig. 1 apparatus also includes an en 

ergizing or supply voltage transformer having 
a primary winding 2, a high voltage secondary 
winding. 3, and a low voltage secondary wind 
ing 4. The winding 3 has respective end termi 
nals 5 and 6, while the winding f has respec 
tive end terminals 7 and f. The primary wind 
ing 2 is connected across supply conductors 9 
and 20 which are assumed to supply alternating 
energizing current of conventional frequency. 
By way of example, this frequency will be as 
sumed to be sixty cycles per second. 
As shown by the plus signs adjacent the wind 

ings 3 and 4, it will be assumed herein that 
the terminal 5 is rendered positive with respect 
to the terminal 6, and that the terminal 
is rendered positive with respect to the termi 
nal 8, during the first half cycles of the supply 
Voltage, while, during the alternate or second 
half cycles, the terminal 6 is rendered positive 

5 with respect to the terminal 5 and the terminal 
es rendered positive with respect to the termi 
nal . 
As shown, the cathode heaters of the triodies 

4 and 9 are connected in series between the termi 
nals and 8 of the transformer winding 4. 
To this end, the terminal 7 is connected by a 
conductor 2 to one cathode heater terminal of 
the triode 9, while the other cathode heater 
terminal of the latter is connected by a con 
ductor 22 to One of the cathode heater terminals 
of the triode 4. The remaining cathode heater 
terminal of the latter is connected by a con 
ductor 23 and a common conductor 24 to the 
remaining terminal 8 of the winding 4. The 
Cathode heater of the triode 7 is directly con 
nected between the terminals 7 and 8 by re 
Spective, partially-shown conductors 25 and 26. 
The adjustable oscillator circuit portion 5 in 

cludes an oscillator output coil 27, an oscillator 
input coil 28, a regenerative coupling coil 29, and 
tuning condensers 30 and 3. The circuit is also 
includes a bias resistor 32, a bypass condenser 
38, and a bypass condenser 34. 
The circuit portion 5 and the triode 4 are 

interconnected in the Fig. 1 apparatus so as to 
constitute a controllable oscillator circuit. By 
Way of illustration and example, the oscillator 

is shown as being of the type disclosed and 
claimed in the copending application of Warren 
Moore, Jr., Serial No. 106,796, which was fled on 
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July 26, 1949. It is to be understood, however, 
that the present invention is not limited in its 
usefulness to the inclusion of a controlled Oscil 
lator of this particular type, but may include any 
other of the many suitable types of controlled 
oscillators known in the art. 
To the end of providing a controlled or con 

trollable oscillator of the type disclosed in the 
aforementioned Moore application, the atode of 
the triode 4 is connected to one terminal of the 
coil 27 by a conductor 35, and the other terminal 
of this coil is connected to a junction 86. The 
latter is connected by a conductor 37 and 
through the Operating winding 38 of the relay 
to the transformer winding terminal 5. The 

junction 36 is also connected by the condenser 
34 to a junction 39 which in turn is connected 
by the coil 28 to the cathode of the trilode 4. The 
junction 39 is also connected by the conductor 
24 to the terminal 8 of the winding 4, while 
the terminal 7 of the latter is connected by 
a Conductor 40 to the terminal 6 of the winding 

. 
The COil 29 has One end terminal connected to 

the junction 39 and has its other end terminal 
connected through the bias resistor 32 to the 
control grid of the triode 4. The condenser 
3 is connected in parallel with the resistor 32. 

Finally, the condenser 30, is connected between 
the anode and control grid of the triode 4, while 
the condenser 3 is connected between the con 
trol grid and cathode of the triode 4. 
The manner in which the foregoing connec 

tions cause the portion to be a controllable os 
cillator will now be described. The oscillator out 
put or anode-control grid circuit can be traced 
from the anode of the triode 4 through the con 
ductor 35, the coil 27, the condenser 34, the coil 
29, and the parallel-connected resistor 32 and 
Condenser 33 to the control grid of the triode 4. 
Also, the Oscillator input or control grid-cath 
ode circuit can be traced from the cathode of 
the triode 4 through the coil 28, the coil 29, and 
the parallel-connected resistor 32 and condenser 
3 to the control grid of the triode 4. Finally, 
the load or energizing circuit of the portion can 
be traced from the anode of the triode 4 through 
the conductor 35, the coil 27, the conductor 37, 
and the relay winding 38 to the transformer 
winding terminal 5, and from the other ter 
minal 6 of the latter through the conductor 40, 
the transformer winding f4, the conductor 24, 
and the coil 28 to the cathode of the triode 4. 
The foregoing description should make it read 

ily apparent that the oscillator f of Fig. 1 is a 
controllable Oscillator of the common-grid type 
disclosed in the aforementioned Moore appli 
cation. Since the basic manner and theory of 
Operation of Such an oscillator forms no part of 
the present invention, but is illustrated and de 
Scribed in detail in said Moore application, it is 
deemed to be sufficient herein to state that, when 
a part, such as the vane 4 shown in Fig. 1, is at 
Such a position relative to the coil 29 that the 
reactance or Self-inductance of the latter is not 
reduced below a critical value, the circuit will 
be in oscillation during the aforementioned first 
half cycles of the energizing voltage. Under this 
Condition, a minimum value of energizing cur 
rent will becaused to flow in the oscillator load 
circuit through the relay winding 38. There 
fore, the relay 6 will not be operatively ener 
gized, but will be maintained in the dropped-out position. 
When the vane 4 is moved toward the coil 29 
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6 
to a position between the halves of the latter at 
which the reactance of the coil is reduced below 
the aforementioned critical value, the oscillation 
Of the circuit will be prevented, and the ener 
gizing current flowing in the load circuit of the 
triode 4 and through the relay winding 38 dur 
ing the first half cycles of the supply voltage 
will have its value substantially increased. This 
will cause the relay 6 to be operatively energized, 
which will in turn cause the relay to assume the 
picked-up position. A condenser 42 which is con 
nected in parallel with the relay winding 38 
prevents the relay, 6 from being actuated into the 
dropped-out position, during the second halves 
of the Supply voltage cycles, whenever the relay 
is operatively energized during the alternate, first 
half cycles of the supply voltage. 

It is apparent from the foregoing that the coil 
29 constitutes an element adjustable to cause and 
prevent the oscillation of the circuit , and that 
the oscillation of the circuit causes the oscillator 
energizing current to have a sufficiently low 
Walue to prevent the operative energization of . 
the relay 6. Moreover, it can be seen that 
any action which prevents the oscillation of the 
OScillator Will cause the energizing current to be 
increased substantially in magnitude, whereby 
the relay 6 will be operatively energized. As 
previously noted, the specific manner in which 
the adjustment of the reactance of the coil 29 
by the vane 4 to a value which is above or below 
a critical value respectively causes and prevents 
the oscillation of the oscillator, and hence respec 
tively prevents and causes the operative ener 
gization of the relay 6, is described in detail in 
Said Moore application, and need not be further 
elaborated on herein. 
As shown, the relay 6 includes a movable con 

tact 43 and stationary contacts 44 and 45. The 
contacts 43 and 44 are adapted to be in engage 
ment when the relay 6 is not operatively ener 
gized, whereby these contacts may be referred 
to as normally-closed contacts. Further, the con 
tacts 3 and 45 are adapted to be in engagement 
Whenever the relay 6 is operatively energized, 
Whereby the last mentioned contacts may be re 
ferred to as normally-open contacts. Thus, when 
the Oscillator f is oscillating, or when no ener 
gizing current flows through the winding 38, the 
normally-closed contacts 43 and 44 will be in en 
gagement, whereas the normally-open contacts 
3 and 45 will be in engagement when the circuit 
is not oscillating and when the energizing cur 

rent flowing from the winding 38 has a corre 
Spondingly high value. 

For the purpose of illustrating the desirable 
Safe-failure operation provided by the apparatus 
of the present invention, the vane 4 has been 
shown in Fig. 1 as being actuated by a galva 
nometer or millivoltmeter of instrument 46 which 
in turn is responsive to the output voltage and 
temperature of a thermocouple 47. As will be 
brought out hereinafter, we have chosen to illus 
trate this form of actuation of the vane 4 and 
control of the oscillator f because of the especial 
ly advantageous operation obtainable with the in 
vention when employed with such actuating or 
-measuring means as the instrument 46. 
The triode 7 of the responsive portion 2 is con 

nected to operate as a rectifying diode, and will 
be so referred to hereinafter. Thus, the anode 
and control grid of the tube 7 are directly con 
nected together, and are connected through a 
coupling condenser 48 to the cathode of the os 
cillator triode 4. A choke coil 49 is connected 



2,668,279 
7 

between the anode of the diode 7 and the conduc 
tor 24. The cathode of the diode 7 is connected 
through the aforementioned condenser 8 to the 
conductor 24, whereby the portion 2 is adapted 
to rectify or convert the Oscillation signal pro 
duced across the coil 28, when the oscillator is 
Oscillating, into a unidirectional bias or control 
voltage across the condenser 8. This voltage pro 
duced across the condenser 8 will have the po 
larity shown in Fig. 1. 
The control voltage produced by the portion 2 

as just described is utilized to control the con 
ductivity and load current of the repeater por 
tion 3. To this end, the input circuit of the 
trilode 9 is connected across the condenser 8 and 
the transformer winding 4 connected in series. 
Specifically, the control grid of the trilode 9 is 
connected through a resistor 50 to the upper or 
positive terminal of the condenser 8, while the 
lower or negative terminal of the latter is con 
nected through the conductor 24 to the terminal 
8 of the winding 4. The input circuit of the 

triode 9 is completed by the connection of the 
terminal 7 of the winding 4 through the con 
ductors 40 and 2 to the cathode of the triode 9. 
The winding 4 constitutes a source of negative 
grid bias for the triode 9 as will be explained 
hereinafter. 
The load or output circuit of the repeater tri 

ode 9 includes the operating winding 5 of the 
relay O. Accordingly, the anode of the triode 
9 is connected through the winding 5... to the 
terminal 5 of the transformer winding 3, while 
the terminal 6 of the latter is connected to the 
cathode of the triode 9 by the conductor 2. 
From this it is evident that the degree of conduc 
tivity of the triode 9, and the resulting magnitude 
of the triode load or energizing current, deter 
mine whether or not the relay O is operatively 
energized. A condenser 52 is connected in par 
allel with the relay winding 5 to prevent the 
relay from being actuated into the dropped-out 
position, during the second half cycles of the sup 
ply voltage, whenever the relay is operatively 
energized during the alternate, first half cycles. 
The operation of the portions 2 and 3 as just 

described will now be explained. For purposes 
of simplification, the remainder of the descrip 
tion will be directed to the operation of the appa 
ratus during the operative, first half cycles of 
the supply voltage throughout which the termi 
nals 5 and 7 are rendered positive with respect 
to the associated terminals 6 and 8. The oper 
ation during the alternate, second half cycles 
need not be considered, since the conditions exist 
ing during the operative half cycles determine 
the positions of the relays 6 and 0 during the 
alternate, inoperative half cycles. 
When the oscillator f is not oscillating, no 

Oscillation signal is produced across the coil 28, 
and no control voltage is developed across the 
condenser 8. Accordingly, no positive grid bias 
voltage is applied to the triode 9, whereby only 
the bias voltage produced by the winding 4 is 
applied to the input circuit of the triode 9. Since 
this bias voltage will render the control grid of 
the triode 9 negative with respect to the cathode 
thereof, the conductivity of the triode will be at 
a minimum, and the energizing current in the 
Output circuit of the triode 9 and in the relay 
winding 5 will have a minimum value which will 
not effect the operative energization of the relay 
0. The latter will, therefore, be maintained in 

the dropped-out position. 
When the oscillator is in oscillation, the 
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8 
aforementioned oscillation signal is produced 
across the coll 28, and is applied to the portion 2. 
As a result, the aforementioned positive bias volt 
age is developed across the condenser 8, through 
a circuit which can be traced from the lower, 
cathode terminal of the coil 28 through the con 
denser 48, the diode 7, the condenser 8, and the 
Conductor 24 back to the junction 39 at the upper 
end of the coil 28. Since this positive bias volt 
age opposes the negative bias voltage of the wind 
ing 4 in the input circuit of the triode 9, the 
presence of the voltage across the condenser 8 
will cause the conductivity of the triode 9 to be 
significantly increased, and will cause a higher 
value of energizing current to flow through the 
relay winding 5. This higher value of current 
flow will effect the operative energization of the 
relay 0, whereby the latter will be caused to 
assume the picked-up position. 
As in the case of the relay 6, the relay fo 

includes contacts actuated by the energization of 
the winding 5. Specifically, the relay O includes 
a movable contact 53 and stationary contacts 54 
and 55. The contacts 53 and 54 are normally 
closed contacts, and are maintained in engage 
ment when the winding 5 is not operatively ener 
gized. The contacts 53 and 55, however, are 
normally-open contacts, and are in engagement 
only when the winding 5 is operatively energized. 

Normal operation of the apparatus 
It is believed that the inclusion of a specific 

Operating example will illustrate to best advan 
tage the manner in which the various portions 
and components of the Fig. 1 apparatus cooperate 
to provide the normal control operation of the 
apparatus. In order to make this operative illus 
tration complete, we have shown in Fig. 2 a pre 
ferred manner of advantageously interconnect 
ing the relay contacts of the Fig. 1 arrangement 
in a control circuit which controls the tempera 
ture to which the thermocouple 47 is responsive. 
Specifically, Fig. 2 diagrammatically shows a fur 
nace or similar structure 56 enclosing a space 
within which the temperature is to be controlled 
by the Fig. 1 apparatus. As shown, the thermo 
couple 4 is located within the furnace 56 so as 
to be responsive to the temperature to be con 
trolled. Also included in the furnace 56 is a 
heating element 57, the energization of which is 
controlled jointly by the relays 6 and 0. To this 
end, a supply conductor 58 is connected directly 
to one terminal of the heater 57, while a second 
supply conductor 59 is connected through the 
normally-closed contacts 43 and 44 of the relay 
6, and through the normally-open contacts 53 
and 55 of the relay 0, to the remaining terminal 
of the heater 57. It can thus be seen that the 
heater 5 can be energized by the voltage sup 
plied by the conductors 58 and 59 solely when the 
relay 6 is not operatively energized and hence is 
in the dropped-out position at the same time that 
the relay O is operatively energized and therefore 
is in the picked-upposition.' 
As shown in Fig. 1, the thermocouple 47 is con 

nected to the instrument 46 by means of conduc 
tors 60 and 6. Further, the instrument 46 has 
a pointer 62 which is adapted to be moved to 
positions corresponding to the values of tempera 
ture within the furnace 56 as measured by the 
thermocouple 47. The vane 4 is positioned by 
the instrument 46 through a suitable mechanical 
linkage 63 connected to the pointer 62. Accord 
ingly, the vane 4 is positioned relative to the coil 
29 by the instrument 46 in accordance with the 
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temperature within the furnace 58. When the 
instrument 46 is of the galvanometer, or similar 
type, the vane 4 may be directly carried, and 
positioned by the pointer 62 as shown in the afore 
mentioned Moore application and as well known 
in the art. ... : : 

In connection with the following description, 
it is assumed that the relative positions of the 
vane 4 and coil 29 are suitably related to the 
position of the pointer 62 so that, when the tem 
perature within the furnace 56 has a prede 
termined, desired set-point value, the reactance of 
the coil 29 will be adjusted by the vane to a 
value just below the critical value and at which 
oscillation of the oscillator f will just be pre 
vented. It is also assumed that an increase in 
the measured furnace temperature causes the 
vane 4 to move toward the coil 29, and that 
decreases in the measured temperature cause the 
vane to move away from the coil 29. 
With regard to the foregoing description and 

assumptions, when the furnace temperature or 
temperature measured by the instrument 46 is 
below the desired, set-point value, the vane 4 
will be out from between the halves of the coil 29 
sufficiently far to cause the adjusted reactance 
value of the coil to be above the aforementioned 
critical value. Therefore, the portion will be 
caused to oscillate, whereby the current flowing 
in the load circuit of the portion will have a 
low value which is insufficient to effect the Op 
erative energization of the relay 6. Accordingly, 
the latter will be in the dropped-out position, and 
the normally-closed contacts 43 and 44 will be in engagement. 

Since the circuit is oscillating under the con 
dition being considered, the Oscillation signal 
will be present across the coil 28, whereby the 
resulting control voltage across the condenser 8 
will cause the flow of a sufficiently high value. Of 
current through the repeater output circuit to 
effect the operative energization of the relay O. 
Therefore, the relay 0 will be in the picked-up 
position, and the normally-open relay contacts 53 
and 55 will be in engagement. Since, as noted 
above, the normally-closed relay contacts 43 and 
44 of the relay 6 will also be in engagement at 
this time, the energizing circuit for the furnace 
heater 5T will be closed, and heat will be supplied 
to the furnace. It can be said that this condi 
'tion results from the establishment by the ap 
paratus of a second control effect, which effect is 
produced when the relay 6 is not operatively en 
ergized and the relay O is simultaneously op 
eratively energized. 
As the measured temperature increases as a 

result of the energization of the heater 57, the 
vane 4 will be suitably moved into the space 
between the halves of the coil 29. The apparatus 
will maintain the second control effect, and the 
measured temperature will continue to increase, 
whereby the reactance of the coil 29 will be con 
tinually decreased and will Subsequently be re 
duced below the critical value. At that time, the 
oscillation of the oscillator will be prevented, and 
the energizing current in the oscillator load cir 
cuit will be increased to a sufficiently high value 
to cause the relay 6 to be operatively energized. 
As a result, the relay 6 will be actuated into 
the picked-up position, the normally-closed relay 
contacts 43 and 44 will be moved out of engage 
ment, and the supply of energizing current to 
the furnace heater 57 will be interrupted. This 
condition can be referred to as a first control ef 
fect established by the apparatus wherein the re 

O 
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lay 6 is in the picked-up position irrespective of 
the position of the relay O. 

It should be noted, however, that the relay fo 
will normally be in the dropped-out position for 
the condition now being considered. Specifically, 
since the oscillator will not be oscillating, no 
Oscillation signal will be present across the coil 
28, and no positive bias voltage will be produced 
across the condenser 8. Accordingly, the con 
ductivity of the repeater triode 9 will be reduced, 
and the repeater output circuit current will have 
a substantially smaller value than when the oscil 
lator was oscillating. As a result, the relay O will 
not be operatively energized, and hence will be in 
the dropped-out position as noted. This will 
cause the contacts 53 and 55 to be out of en 
gagement, but this condition will not affect the 
control effect then produced, since the opening of 
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the contacts 43 and 44 will already have de 
energized the furnace heater 57 as previously 
noted. 
The temperature increase which was assumed to 

have occurred in the operating phase just de 
Scribed will have carried the measured tempera 
ture above the set-point value, and no further 
energization of the heater 57 will take place as 
long as this condition prevails. However, the 
furnace temperature will subsequently drop to 
and below the set-point value, at which time the 
Oscillator f will be caused to oscillate, the relay 
6 will be actuated into the dropped-out position, 
whereby the contacts 43 and 44 will be actuated 
into engagement, the relay 0 will be actuated to 
the picked-up position, whereby the contacts 53 
and 55 will be engaged, and the second control 
effect and the energization of the heater 57 will 
therefore be reestablished. This cycling of the 
apparatus between the first and second control 
effects will continue as necessary to maintain the 
measured temperature as close as possible to the 
desired, set-point value. 

Safe-failure operation 
The foregoing description has dealt with the 

normal operation of the Fig. 1 apparatus, which 
Operation was assumed to be free from the oc 
currence of any component or similar failure. 
However, since the apparatus of the present in 
vention is characterized by its ability to fail 
Safely, or to establish safe control actions, upon 
the occurrence of such failures, a discussion and 
description of the operation of the apparatus in 
the presence of such failures will now be pre 
Sented. 

It is well known in the art that there are cer 
tain automatic control applications which render 
it necessary or at least desirable to provide the 
control apparatus with safe-failure provisions. 
As the name implies, such provisions operate to 
prevent the failure of some portion of the control 
apparatus from establishing an unsafe condition 
of operation or control. As previously men 
tioned, the broad means chosen for illustration as 
the actuating means for the vane 4f herein were 
SO chosen because of their being representative 
of the type of control application which usually 
renders necessary the inclusion of safe-failure 
provisions. 

In explanation of the above, it is noted that 
the interruption or failure of the supply voltage 
of the conductors 9 and 20 would establish a 
So-called unsafe condition in the apparatus of 
Figs. 1 and 2 were it not for the inclusion of the 
portions 2 and 3 and the relay O. Specifically, 
Such Supply voltage failure would prevent the 
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relay 6 from being operatively energized no mat 
ter what the state of oscillation of the oscillator, 
whereby the relay B would be maintained in the 
dropped-out position in spite of the value of the 
measured temperature. Therefore, were the relay 
0 and its controlling portions not included in the 

apparatus, the resulting continued engagement 
of the contacts 43 and 44 would cause the ener 
gization of the furnace heater to be continued 
even though the measured temperature would rise 
to unsafe values. 

However, under the condition of failure being 
considered, the apparatus of Figs. 1 and 2 will 
not be placed in an unsafe condition, but will in 
stead be caused to fail safely. Such safe failure 
will take place by virtue of the fact that the relay 
fe will be deenergized by the failure of the supply 
voltage. Accordingly, the energizing circuit to 
the heater 57 will be opened by the resulting dis 
engagement of the contacts 3 and 5, and the 
heater 57 will not be energized until the energiza 
tion of the control apparatus from the conductors 
9 and 20 is reestablished. 
From the above it is evident that the nature of , 

the measuring means shown in Fig. 1 inherently 
makes it possible for a simple failure to establish 
what would be an unsafe control effect if it were 
not for the cooperative action of the relays 6 and 
O and the portions of the apparatus which con 

trol the operation of these relays. 
Since there are numerous conditions of Com 

ponent and similar failure which could occur in 
connection with the illustrated apparatus, it is 
impractical, from the standpoint of space, to at 
tempt to discuss all of such possible failures. 
Therefore, only several of the more obvious or 
more likely types of failure will be considered in 
the following paragraphs. 

Broadly, any failure of the apparatus which 
causes the relay 6 to be maintained in the picked 
up position, irrespective of the position of the 
relay 10, and any failure which causes the relay 
0 to be maintained in the dropped-out position, 

irrespective of the position of the relay 6, will 
effect the safe failure of the apparatus, since the 
result will be that one or the other of the pairs 
of contacts 43 and 44, and 53 and 56, will be held 
out of engagement upon the occurrence of such 
failure. Therefore, the only failures which would 
be so-called unsafe failures would be those which 
would establish the second control effect, wherein 
the relay 6 is in the dropped-out position while 
the relay O is in the picked-up position. How 
ever, it will be shown below that none of the fail 
ures likely to occur in such apparatus are opera 
tive to establish this second control effect, and 
hence are not operative to establish an unsafe 
control action or condition. 
As a first example of a possible failure, let it be 

assumed that the cathode heater of the triode 
becomes open-circuited. Because of the series 
energization of the cathode heaters of the triodes 
4 and 9, such a failure would render the triode 9 
totally non-conductive, whereby the contacts 53 
and 55 would be maintained out of engagement. 
In addition, the resulting inoperative condition 
of the triode 4 would prevent the oscillator from 
oscillating, whereby the triode 9 would still be 
prevented from operatively energizing the relay 
to even if the triode 9 should not be deprived of 
cathode heater energizing current due to insula 
tion failure or some similar failure in the appa 
ratus. 
In a similar manner, noted as a second example, 

open-circuiting or short-circuiting of the cathgde 
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12 
heater of the triode D will prevent the operative 
energization of the relay, f, as will similar failure 
of the Cathode heater of the diode 7. 
As a third example, let it be assumed that the 

Cathode heater of the oscillator triode becomes 
short-circuited. Although this condition will 
leave the relay in the dropped-out position with 
the contacts 48 and 44 in engagement, the result 
ing absence of oscillation will leave the relay D 
in the dropped-out position with the contacts 8. 
and is disengaged. . 
By way of a fourth example, let it be assumed 

that the operating winding of either or both of 
the relays and O becomes short-circuited. If 
Only the winding so falls, the apparatus will 
continue to effect the proper control in the nor 
mal manner through the medium of the contacts 
58 and SU of the relay O. Should the winding 5 
alone so fail, the apparatus will fail safely with 
the contacts 3 and 55 disengaged. A similar 
condition will be produced upon simultaneous 
short-circuiting of both of the relay windings 3 
and S. Open-circuiting of either or both of the 
windings 3 and f will cause the apparatus to 
fail safely, since opening of the winding 8 will 
deenergize the oscillator triode 4 and will prevent 
any oscillation thereof, and hence will prevent 
the operative energization of the relay O. Ob 
viously, opening of the winding 5 will prevent 
the relay O from assuming the picked-up posi 
tion. 
As a fifth example, let it be assumed that the 

triode 9 develops a conductive failure or short 
circuit between the elements such that the re 
lay O is maintained in the picked-up position 
at all times. For this failure, the apparatus 
would continue to provide the proper control in 
the normal manner through the medium of the 
contacts 43 and 44 of the relay 6. 
As a sixth example, it is noted that any con 

ductive failure within the triode 4, such as the 
short-circuiting of any of the elements thereof, 
will not only maintain the relay 6 in the picked 
up position with the contacts 43 and 44 disen 
gaged, but will also prevent oscillation of the ap 
paratus and hence will maintain the contacts 53 
and 55 of the relay O out of engagement. Thus 
the apparatus will fail safely even in the pres 
ence of simultaneous conductive failures within 
both of the triodes 4 and 9. 
As a seventh example, it is noted that any 

component failure which prevents the Oscilla 
tor portion from oscillating and which either 
causes or prevents the operative energization of 
the relay 6 will produce a safe condition wherein 
the apparatus will fail safely with the relay 
maintained in the dropped-out position. Such 
loss of oscillation could be caused by the open 
circuiting or short-circuiting of any or all of 
the coils 27, 28, and 29, for example. 
By way of an eighth example, let it be as 

sumed that the coil 28 becomes open-circuited, 
whereby the relay 6 remains in the dropped-out 
position by virtue of the opening of its energizing 
circuit through the coil 28. Under these condi 
tions, the presence of the coupling condenser 48 
and the choke 49 prevents the anode voltage from 
being rectified by the tubes 4 and 7 in series, and 
hence prevents the triode 9 from operatively 
energizing the relay 0. 
As a ninth and final example, it is noted that 

if the contacts of either of the relays 6 and O 
become welded or otherwise held in the engaged 
position, the proper control will be effected by 
whichever of the contacts are not so restricted. 
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It is believed that the foregoing description 
and examples clearly point out and describe the 
manner in which the various relays and associ 
ated components of the apparatus are operative 
to provide a novel and highly advantageous form 
of control which is characterized by safe-failure 
provisions for all of the component and similar 
failures most likely to occur in and in connec 
tion with apparatus of the type described. 
While, in accordance with the provisions of 0. 

the statutes, we have illustrated and described 
the best form of the invention now known to 
us, it will be apparent to those skilled in the art 
that changes may be made in the form of the 
apparatus disclosed without departing from the 
spirit of the invention as set forth in the ap 
pended claims, and that in some cases Certain 
features of the invention may sometimes be used 
to advantage without a corresponding use of 
other features. 

Having now described our invention, what we 
claim as new and desire to secure by Letters Pat 
ent is as follows: 

1. Control apparatus, comprising a portion in 
cluding a load circuit and means adjustable to 
cause said portion to assume one or another con 
dition, means adapted to produce current flow of 
a first magnitude in said load circuit when said 
portion assumes one of said conditions and to 
produce current flow of substantially Smaller 
magnitude in said ioadcircuit when said portion 
assumes the other of said conditions, a respon 
sive means connected to said portion, responsive 
solely to the condition assumed thereby, and in 
cluding an Output circuit, means included in Said 
responsive means and adapted to produce cur 
rent flow of a first magnitude in Said output cir 
cuit when said portion assumes said other of 
said conditions and to produce current flow of 
substantially Smaller magnitude in Said output 
circuit when said portion assumes Said one of 
said conditions, and first and second current re 
sponsive devices individually connected in said 
load and output circuits, respectively, each of 
said responsive devices being adapted to assume 
a first condition when the current flow in the re 
spective circuit has the respective one of said 
smaller magnitudes, to assume a Second condi 
tion when the last mentioned current has the re 
spective one of said first magnitudes, and to as 
surne said first condition when there is substan 
tially no current flow in the respective circuit. 

2. Apparatus as specified in claim 1, including 
contact means adapted to be controlled by said 
responsive devices jointly and adapted to pro 
duce a first control effect whenever Said Second 
device assumes said first condition, adapted to 
produce a second control effect whenever said 
first device assumes said first condition and said 
second device assumes said second condition 
simultaneously, and adapted to assume said first 
control effect whenever said first device assumes 
said second condition. . . 

3. Control apparatus, comprising an oscillato' 
portion including a load circuit and an element 
adjustable to cause and prevent oscillation of 
said portion, energizing means adapted to pro 
duce current flow in said load circuit, means 
adapted to cause said current to have a first 
value when said portion is not oscillating and to 
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4. 
produce current flow in said output circuit, means, 
included in said responsive means and adapted 
to cause the last mentioned current to have a 
first value when said portion is OScillating and to 
have a substantially lower value when said por 
tion is not oscillating, and first and Second cur 
rent responsive devices individually connected in 
said load and output circuits, respectively, each 
of said responsive devices being adapted to as 
sume a first condition when the current in the 
respective circuit has the respective One of said 
lower values, to assume a second condition when 
the last mentioned current has the respective one 
of said first values, and to assume said first con 
dition when there is substantially no current flow 
in the respective circuit. 

4. Control apparatus, comprising an oscillator . 
portion including a load circuit and an element 
adjustable to cause and prevent Oscillation of 
said portion, a first relay device having an Op 
erating winding connected in said load circuit, 
means adapted to connect said load circuit to a 
source of energizing current, bias means connect 
ed in said oscillator portion and adapted to cause 
current of a first value to flow in said winding 
when said portion is prevented from oscillating 
and to cause current of a substantially smaller 
value to flow in said winding when said portion 
is oscillating, a responsive means connected to 
said portion, responsive solely to the Oscillation 
and non-oscillation thereof, and including an 
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output circuit, a second relay device having an 
operating, winding connected in said output cir 
cuit, means adapted to connect said output cir 
cuit to a source of energizing current, means in 
cluded in said responsive means and adapted to 
cause current of a first value to flow in the last 
mentioned winding when said portion is OScil 
lating and to cause current of a substantially 
smaller value to flow in said last mentioned 
winding when said portion is prevented from 
oscillating, and separate contact means indi 
vidual to each of said relays, each of Said contact 
means being adapted to be actuated into a first 
position when the current in the respective Wind 
ing has the respective one of said smaller values, 
to be actuated into a second position when the 
current in the respective winding has the re 
spective one of said first values, and to be actu 
ated into said first position in the absence of 
current flow in the respective winding. 

5. Apparatus as specified in claim 4, wherein 
each of said contact means is connected in series 
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have a substantially lower value when said por 
tion is oscillating, a responsive means connected 
to said portion, responsive solely to the oscilla 
tion and non-oscillation thereof, and including 
an output circuit, energizing means adapted to 75 

with the other between a pair of terminals, and 
wherein a circuit is completed between said ter 
minals solely when the contact means individual 
to said first relay device assumes said first po 
sition and the contact means individual to said 
second relay device simultaneously assumes Said 
second position. 

6. Apparatus as specified in claim 4, wherein 
the one of said contact means which is indi 
vidual to said first relay device includes first and 
second contacts which are adapted to be closed 
when the last mentioned contact means is actu 
ated into said first position and to be open 
when said last mentioned contact means is actu 
ated into said second position, wherein the other 
of said contact means includes third and fourth 
contacts which are adapted to be open when said 
other contact means is actuated into said first 
position and to be closed when said other con 
tact means is actuated into said second position, 
and wherein said first, second, third, and fourth 
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contacts are adapted to be connected in series 
between a pair of control terminals. 

7. Control apparatus, comprising an oscillator 
portion including input, output, and load cir 
cuits, adjustable means adapted, when adjusted 
in one manner, to couple said input and output 
circuits for the production of an oscillation sig 
nal by said portion, and adapted, when adjusted 
in another manner, to prevent the production 
of said signal by said portion, a first relay device 
having an operating winding connected in said 
load circuit, means adapted to connect said load 
circuit to a source of energizing current, bias 
means connected in said portion and adapted 
to cause current of a first value to flow in said 
winding when said portion is prevented from 
oscillating and to cause current of a substantially 
smaller value to flow in said winding when said 
oscillation signal is present, rectifying means 
connected to said portion and adapted to derive 
a unidirectional control signal from said oscilla 
tion signal, when present, control means having 
an input portion and an output portion, a second 
relay device having an operating winding con 
ected in said output portion, means adapted to 
connect said output portion to a source Of ener 
gizing current, means connecting said rectifying 
means to said input portion for the application 
of said control signal thereto, said control means 
being adapted to cause current of a first value 
to flow in the last mentioned winding in the 
presence of said control signal and to cause cur 
rent of a substantially smaller value to flow in 
said last mentioned winding when said control 
signal is absent, and separate contact means in 
dividual to each of said relays, each of said con 
tact means being adapted to be actuated into a 
first position when the current in the respective 
winding has the respective one of said smaller 
values, to be actuated into a second position when 
the current in the respective winding has the 
respective one of said first values, and to be 
actuated into said first position in the absence 
of current flow in the respective winding. 

8. Control apparatus, comprising an oscillator 
portion including a first electron tube having 
anode, control grid, and cathode elements, ad 
justable coupling means interconnecting said 
elements and adapted, when adjusted to provide 
one value of coupling, to cause the oscillation of 
said portion, and adapted, when adjusted to 
provide another value of coupling, to prevent 
the oscillation of said portion, a first relay de 
vice having an operating winding, conductors 
connecting said winding and said anode and 
cathode in series between a pair of terminals 
adapted to be connected to a source of energizing 
current, bias means connected between said 
cathode and said control grid and adapted to 
increase the conductivity of said tube when the 
oscillation of said portion is prevented and to 
decrease said conductivity when said portion is 
oscillating, contact means included in said device 
and adapted to be actuated by said winding into 
a first position when said conductivity is reduced 
and into a second position when said conduc 
tivity is increased, a second electron tube having 
anode, control grid, and cathode elements, a 
second relay device having an operating winding, 
conductors connecting the last mentioned wind 
ing and the anode and cathode of said second 
tube in series between said terminals, a rectifier 
and an impedance element connected in series 
between points in said portion between which 
said portion is adapted to produce an Oscillation 
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signal when oscillating, conductors connecting 
said element between the control grid and cath 
ode of said second tube and adapted to increase 
the conductivity of said second tube when said 
portion is oscillating and to decrease, the last 
mentioned conductivity when the oscillation of 
said portion is prevented, and contact means in 
cluded in said second device and adapted to be 
actuated by said last mentioned winding into a 
first position when the conductivity of said sec 
Ond tube is reduced and into a second position 
when the last mentioned conductivity is in 
creased 

9. Apparatus as specified in claim 8, wherein 
said impedance element is a condenser. 

10. Apparatus as specified in claim 8, includ 
ing a pair of terminals adapted to be connected 
to a source of bias voltage, wherein said element 
is connected between the control grid and cath 
Ode of said second tube in series with the last 
mentioned terminals, and wherein the last men 
tioned connection is adapted to drive the last 
mentioned cathode positive with respect to the 
last mentioned control grid when the oscillation 
of said portion is prevented. 

li. Control apparatus, comprising an elec 
tronic oscillator having input and output cir 
cuits, a first electro-responsive device having an 
Operating portion effectively included in said out 
put circuit, an impedance device effectively cou 
pled to one of said circuits and adapted to have 
produced between its terminals a voltage drop of 
a magnitude dependent upon the state of Oscilla 
tion of said oscillator, a repeater device having 
an output circuit and having an input circuit 
coupled to said impedance device for the control 
of the last mentioned output circuit in accord 
ance with changes in said voltage drop across 
Said impedance device, a second electro-respon 
sive device having an operating portion effective 
ly included in said repeater output circuit, and 
means adapted to vary a characteristic of said 
Oscillator which varies the state of oscillation 
thereof, said first electro-responsive device being 
adapted to be operatively energized and deener 
gized, respectively, accordingly, as said oscilla 
tor is not or is oscillating, and the other of said 
electro-responsive devices being adapted to be 
Operatively energized and deenergized, respective 
ly, accordingly as said oscillator is or is not os 
cillating. 

12. Apparatus as specified in claim 11, where 
in said oscillator includes a first electron tube 
having an anode and a cathode connected in 
Series with the operating portion of said first 
electro-responsive device in said oscillator output 
circuit, wherein said repeater device includes a 
Second electron tube having an anode and a cath 
ode connected in series with the operating por 
tion of Said second electro-responsive device in 
said repeater output circuit, and wherein said 
Second tube also includes a control grid con 
nected in series with the last mentioned cathode 
across said impedance device in said repeater 
input circuit. 

13. Apparatus as specified in claim 11, where 
in each of said electro-responsive devices is a re 
lay having a contact portion adapted to be con 
trolled solely in accordance with the operative 
energization and deemergization of the operating 
portion of the device, and wherein said contact 
portions are interconnected and adapted to pro 
duce a first control effect whenever said second 
device is not operatively energized, a second con 
trol effect when said second device is operatively 
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energized but said first device is not operatively 
energized, and said first control effect whenever 
said first device is operatively energized. 

14. Apparatus as specified in claim 13, where 
in the contact portion of said first device in 
cludes first and second contacts which are 
adapted to be closed when said first device is not 
operatively energized and to be open when said 
first device is operatively energized, wherein the 
contact portion of said second device includes 
third and fourth contacts which are adapted to 
be Open when said second device is not operative 
ly energized and to be closed when said second 
device is operatively energized, and wherein said 
first, second, third, and fourth contacts are 
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adapted to be connected in series between a pair 
of control terminals. 

ROBERT J. EHRET. 
WARREN MOORE, JR. 
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