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[57] - ABSTRACT

A fail-safe device is disclosed for removing power from
circuitry to be controlled -upon the occurrence of an
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undesired operating condition. The device includes
circuitry for generating a fail-safe signal that is normally
within a predetermined frequency range unless there is
an undesired operating condition. It also includes power
control circuitry for supplying power to the circuitry to
be controlled only when the fail-safe signal is within the
predetermined frequency range. In a preferred embodi-
ment, the circuitry for generating the fail-safe signal
includes a programmable computer which regulates the
circuitry to be controlled and which, unless there is an
undesired operating condition, such as a failure of the
computer, also generates a sequence of bits in which a
predetermined pattern occurs at a known frequency. A
comparater circuit compares this sequence of bits with
the predetermined pattern and generates a variation in
the fail-safe signal each time there is a match. In the
preferred embodiment, the power control means in-
cludes an electromechanical relay for supplying power
to the circuitry to be controlled when that relay is
turned on and relay actuating circuitry for keeping the
relay turned on when the fail-safe signal is within the
predetermined frequency range. The power control
circuitry may also include latch-out circuitry for keep-
ing the relay off once it has been turned off and reset
circuitry for enabling the relay to be selectively turned
on once it has been turned off.

52 Claims, 12 Drawing Figures
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FAIL-SAFE DEVICE FOR ELECTRONIC
CONTROL CIRCUIT

FIELD OF THE INVENTION

This invention relates to electrical control circuits
and more particularly to a fail-safe device for removing
power from circuitry to be controlled upon the occur-
rence of an undesired operating condition, such as a
failure in the circuitry which regulates such controlled
circuitry.

BACKGROUND OF THE INVENTION

The use of electronic control circuits is widespread in
the prior art, and is becoming even more widespread as
the cost and size of electronic components decreases
and as the power of those components increases. Such
circuits have been used to control devices as varied as
microwave ovens, industrial robots, chemical process-
ing facilities, industrial furnances, medical life-support
systems, and spacecraft, such as the Space Shuttle. As
the responsibility entrusted to such circuits increases, so
does the need that such circuits be fail-safe. For exam-
ple, if the control circuit of a large industrial furnance
used an electric power plant fails to cut-off the supply of
fuel to the burner of that furnance after its flame has
gone out, an explosion could result that would do mil-
lions of dollars worth of property damage and that
could kill many lives. Thus it is important to design
electronic control circuitry that is fail-safe, so that if it
fails, it will do so in a manner that is safe.

A good example of a fail-safe control circuit in the
prior art is disclosed in U.S. Pat. No. 3,958,126 issued to
Jack Bryant and having the same assignee as the present
application. This control circuit regulates the supply of
fuel to a burner by means of solenoids that require elec-
tric power to keep their respective fuel valves open.
Thus, if, for any reason, power is removed from such
solenoids, the burners fuel lines will be shut off, as safety
requires. In the Bryant circuit, power is supplied to
these solenoids through the normally open contacts of
an electromechanical relay. This is much safer than
supplying power to such solenoids through solid state
relays, since it is more common for solid state relays to
short circuit, which would keep fuel valves danger-
ously open, than it is for mechanical relays. The Bryant
circuit further includes a relay actuating circuit, com-
prising a switching transistor, two capacitors, two di-
odes, and a resistor, associated with each of its fuel line
control relays. Each relay actuating circuit supplies
power to its associated relay only when that actuating
circuit is supplied with a fail-safe signal having a certain
minimum frequency. This fail-safe signal is generated
only when the control circuit determines that it is safe
to keep the fuel valves open. The requirement of a fail-
safe signal that varies at a minimum frequency further
increases the fail-safe nature of the Bryant circuit, since
it is less likely for circuitry to fail in a manner that gen-
erates a continuously varying signal then it is for it to
fail in a manner that produces either a high or a low
signal level. .

Although circuitry of the type disclosed in the Bryant
patent provides significant fail-safe features, it neverthe-
less leaves room for improvement. For example, it is
possible for some types of electronic components to fail
in a manner which causes them to generate a signal that
varies, either continuously or intermittently, above the
minimum frequency necessary to operate a relay actuat-
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ing circuit of the type shown in the Bryant patent. Thus
such actuating circuits can be caused to misoperate in a
dangerous fashion by a broad range of possible errone-
ous signals.

SUMMARY OF THE INVENTION

It is'an object of the present invention to provide a

fail-safe device, for removing power from circuitry to
be controlled upon the occurrence of an undesired op-
erating condition, which overcomes the above-men-
tioned disadvantages in the prior art.
" It is a further object of the present invention to pro-
vide such a fail-safe device, which, if it fails, is very
unlikely to continue to supply power to the circuitry to
be controlled.

It is still a further object of the present invention to
provide such a fail-safe device for continuously remov-
ing power from circuitry to be controlied upon the
intermittent occurrence of an undesired operating con-
dition.

It is still a further object of the present invention to
provide such a fail-safe device for use with computer
controlled circuitry.

Further objects and advantages of the present inven-
tion are evident in the specification and claims which
follow.

According to an aspect of the present invention, a
fail-safe device is provided for removing power from
circuitry to be controlled upon the occurrence of an
undesired operating condition, such as a failure in the
electronics which are used to regulate that circuitry.
The fail-safe device includes means for generating a
fail-safe signal which varies between signal levels at a
frequency in a predetermined range unless there is an
undesired operating condition, and it also includes
power control means responsive to the fail-safe signal
for supplying power to the circuitry to be controlled
only when the fail-safe signal has a frequency within the
predetermined range.

According to an aspect of the invention, the means
for generating a fail-safe signal includes means for gen-
erating a sequence of binary bits in which a predeter-
mined pattern of bits appears at a frequency within a
range corresponding to the predetermined frequency
range of the fail-safe signal, unless there is an undesired
operating condition. A comparator means is provided
for receiving this sequence of binary bits for repeatedly
comparing that sequence with a reference pattern, and
for generating an output which varies in signal level in
response to a match between the sequence and the refer-
ence pattern. In a preferred embodiment this means for
generating a sequence of binary bits may include a pro-
grammable computing means for controlling the cir-
cuitry to be controlled. Such a computing means has a
memory means which contains bit-transmit instructions
for causing the computing means to generate the se-
quence of binary bits unless there is an undesired operat-
ing condition. In such a preferred embodiment the com-
parator means includes a shift register with a serial input
and a parallel output for receiving the succession of bits
generated by the computing means. Such a comparator
means also includes a comparator having two parallel
inputs, one of which is supplied with a reference pattern
and the other of which receives as its input the parallel
output of the shift register.

According to another aspect of the invention the
power control means includes an electromechanical
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relay for supplying power to the circuitry to be con-
trolled and a relay actuating means. The electrome-
chanical relay has an electromagnet and normally open
mechanical relay contacts through which power is sup-
plied to the circuitry to be controlled. The normally
open contacts remain open unless a sufficient current is
supplied to the electromagnet to keep them closed. The
relay actuating means has power terminals and is de-
signed to supply sufficient current to the electromagnet
to keep its normally open contacts closed when both
power is supplied to the power terminals of the relay
actuating means and the fail-safe signal has a frequency
in the predetermined range.

According to another aspect of the invention the
power control means further includes latch-out means
for preventing the electromagnet from closing its nor-
mally open contacts once those contacts have been
opened. For example, in a preferred embodiment the
latch-out means includes means for supplying power to
the relay actuating means through the normally open
contacts of the relay, so that once those contacts are
open the relay actuating means no longer receives
power, and the relay enters latch-out. According to this
aspect of the invention the power control means further
includes reset means for selectively supplying sufficient
current to the electromagnet to close the normlly open
contacts and terminate the latch-out.

According to still another aspect of the invention a
relay actuating means is provided which includes a
switching means for switching between a first and sec-
ond signal state in response to signal level variations of
the fail-safe signal. In conjunction with such a switching
means a storage capacitor is provided, as are means for
charging the storage capacitor when the switching
means is in it first signal state, and means for discharging
the storage capacitor through the electromagnet of the
electromechanical relay, so as to supply current to that
electromagnet when the switching means is in its sec-
ond state.

According to yet another aspect of the present inven-
tion, a relay actuating means is provided which has a
lowpass means for transmitting only signal level varia-
tions of the fail-safe signal which occur below a maxi-
mum frequency.

DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will
become more clear upon reading the following descrip-
tion of the preferred embodiment in conjunction with
the accompanying drawings, in which:

FIG. 1 is a schematic diagram of a fail-safe device
according to a preferred embodiment of the present
invention; and

FIGS. 2-4 are schematic representations of bit se-
quences produced by the computer of the fail-safe de-
vice shown in FIG. 1;

FIGS. 5-12 are schematic flow charts of program-
ming used in the microprocessor of the fail-safe device
shown in FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, a fail-safe device 10, emboding
the present invention is shown. Fail-safe device 10 is
designed to remove power from circuitry to be con-
trolled, such as circuitry 12, upon the occurrence of an
undesired operating condition, such as a functional
error of the computer 14 which is used to regulate cir-
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cuitry 12. Fail-safe device 10 can be used to regulate a
wide variety of different type of circuits. For example,
if the fail-safe device is used to regulate a burner control
system, control circuitry 12 could include fuel valve
solenoids for the purpose of regulating the supply of
fuel to a burner.

Fail-safe device 10 is comprised of means 16 for gen-
erating a fail-safe signal and power control means 18 for
supplying power to the circuitry 12 to be controlled.
Means 16 generates a fail-safe signal which normally
varies between signal levels at a frequency in a prede-
termined range between a maximum and a minimum
frequency value, unless there is an undesired operating
condition. Power control means 18 is responsive to the
output of means 16 for supplying power to controlled
circuitry 12 only when the fail-safe signal has a fre-
quency in the predetermined range.

Means 16 includes computer 14, which generates a
sequence of binary bits in which a predetermined pat-
tern of bits appears at a frequency within a range corre-
sponding to the predetermined range of the fail-safe
signal unless there is an undesired operating condition
detected in computer 14. Means 16 also includes com-
parator means 20 for receiving the sequence of binary
bits produced by computer 14, for repeatedly compar-
ing that sequence with a reference pattern, and for gen-
erating an output which varies in signal level in re-
sponse to a match between the sequence and the refer-
ence pattern.

Power control means 18 includes an electromechani-
cal relay 22 for supplying power to controlled circuitry
12. Relay 22 has an electromagnet 24 and normally open
mechanical relay contacts 28 and 30 through which
power is supplied to controlled circuitry 12. Normally
open contacts 28 and 30 remain open unless a sufficient
current is supplied to electromagnet 24 to close the gap
between those two contacts. Power control means 18
also includes a relay actuating means 32 which has
power terminals 34 and 36 and which has low pass
means 38 for transmitting only signal level variations in
the output of comparator means 20 which occur below
the maximum frequency of the predetermined fre-
quency range of the fail-safe signal. Actuating mean 32
is designed to supply sufficient current to electromagnet
24 to keep normally open contacts 28 and 30 closed only
when both of the following two conditions are met: (1)

" Power is supplied to power terminals 34 and 36 of the

50

actuating means, and (2) the output of comparator
means 20 has a frequency in the proper predetermined
range. Power control means 18 also includes latch-out
means for preventing a sufficient current from being
supplied to electromagnet 24 to close contacts 28 and 30
once those: contacts have been opened. This latch-out
means has means, including the connection 40 between
the twenty-eight volt power supply and contact 28, and
the connection between the contact 30 and positive
power terminal 34 of actuating means 32, for supplying
power to actuating means 32 through contacts 28 and
30, so that, once those contacts are open, the relay actu-
ating means does not receive power and relay 22 enters
latch-out. The latch-out means also include reset means
44 for selectively supplying sufficient current to electro-

.magnet 24 to close the normally open contacts 28 and

30 and to terminate latch-out.

Computer 14 is based around a microprocessor 46,
which in the preferred embodiment is an Intel 8085
Microprocessor manufactured by Intel Corporation, of
3065 Bowers Avenue, Santa Clara, Calif. 95051. Com-
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puter 14 also includes a random. access memory 48
(RAM), a read only memory 50 (ROM), a parallel 1/0
port 52, and a serial 1/0 port 54 used to interface com-
puter 14 to a video terminal 55. Microprocessor 46,
RAM 48, ROM 50, parallel I/0 port 52, and serial 1/0
port 54 are all interconnected via a data bus 56 and an
address and control bus 58. Data bus 56 enables 8 bit
parallel data segments, called bytes, to be communi-
cated between microprocessor 46 and any of the other
components which are connected to that data bus. Ad-
dress and control bus 58 enables microprocessor 46 to
address the various devices to which that bus is con-
nected and it enables control signals to be passed be-
tween the microprocessor and the other components
which are connected to bus 58. An interrupt counter 60
is connected to microprocessor 46 for counting the
clock pulses which are generated by that microproces-
sor and for generating an interrupt signal to the micro-
processor approximately every 10 milliseconds. As will
be recognized by one skilled in the art of microproces-
sor based computing systems, the elements of the com-
puter 14 and the interconnection of those elements,
described above are well known in that art.

1/0 port 52, which is comprised of an Intel 8255
programmable peripheral interface chip manufactured
by Intel Corporation, listed above, has a shift register
data line 62 and a shift register strobe line 64 as two of
its outputs. As is described below in greater detail, mi-
croprocessor 46 feeds a successive data bit of a three bit
pattern “011” to data line 62 of 1/0 port 52 every 10
millisecond, unless, an undesired operating condition is
detected in the performance of the computer 14. Micro-
processor 46 also sends a brief strobe pulse out on strobe
line 64 during the period that each of the data bits is on
data line 62. Thus, during normal operation, computer
14, continuously sends a sequence of strobed data bits
having a repeated pattern of *011” to the input of com-
parator means 20.

Comparator means 20 includes a shift register 66 and
a comparator circuit 68. Shift register 66 has a serial
data input connected to data line 62 and a strobe input
connected to strobe line 64. This enables any value on
data line 62 to be shifted into shift register 66 whenever
a strobe pulse is present on line 64. Shift register 66 is a
four-bit shift register and it has a four-bit parallel out-
put. Comparator 68 is a four-bit comparator and. it has
two four-bit parallel inputs, one of which is supplied
with a hard wired reference pattern containing the bits
“0110”, This hard wired reference pattern is supplied to
comparator 68 by connecting the first and last bits of its
reference input to ground and the middle two bits of
that reference input to a positive logic voltage. The
other four-bit input of comparator 68 is connected to
the four-bit output of shift register 66. The output of
comparator 68, which is the fail-safe signal, has a high
logic level only when all of the four inputs received
from shift register 66 match their corresponding bits in
the hard wired referenced pattern “0110”, Thus when,
computer 14 supplies bits from the repeated sequence
“011” at a rate of one bit every ten milliseconds to shift
register 66, the pattern in that shift register will be
“0110™ every thirty millisecond.” As a result, during
normal operation, the fail-safe signal generted by com-
parator 68 varies between a low and a high logic level
once every thirty milliseconds.

The output of comparator 68 is connected to low-
pass means 38 of relay actuating means 32. Low-pass
means 38 is comprised of a photoresistive optocoupler
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which has two circuit paths, an input circuit path con-
necting the output of comparator 68 to ground and
containing a light emitting diode which emits light each
time the output of comparator 68 goes to a high logic
level, and an output path which is connected as part of
the circuitry of relay actuating circuit 32' and which
varies from its normal high impedance state to a low
impedance state when the light emitting diode of the
optocoupler’s input paths emits radiation. However, it
should be noted that:the frequency response of the
optocoupler 38 is limited. Once the frequency at which
the light emitting diode of that optocoupler is turned on
and off increases to over 40 cycles per second, the fre-
quency at which its output path changes from a high to
a low impedance state actually starts to drop, and if the
frequency of the signal applied to the input path of the
optocoupler rises above 80 cycles per second, the fre-
quency at which the impedance of the output path var-
ies in substantially reduced.

Relay actuating means 32 includes a switching means
for switching between a first and a second signal state in
response to the fail-safe signal level variations which are
supplied to the optocoupler 38. This switching means is
comprised of resistors 70, 72 and 74, and transistors 76
and 78. Resistor 70 is connected in series between posi-
tive power terminal 34 of relay actuating circuit 32 and
the output path of optocoupler 38. The other side of the
output path of optocoupler 38 is normally connected to
ground. The junction between the resistor 70 and op-
tocoupler 38 is connected to the base of PNP transistor
76, the emitter of which is connected through a resistor
72 to positive terminal 34. The collector of transistor 76
is connected through resistor 74 to negative power
terminal 36 of relay actuating means 32, whichi has a
ground potential. The junction between the collector of
transistor 76 and resistor 74 is connected to the base of
NPN transistor 78. The emitter of transistor 78 is con-
nected to negative power terminal 36. When the output
path of optocoupler 38 is in its high impedance state, the
base of transistor 76 is pulled high through resistor 70
and thus that transistor is turned off, preventing current
flow through resistor 74 and thus pulling the base of
transistor 78 low, which, in turn, turns that transistor
off. However, when the output of comparator 68 goes
high the output path of optocoupler 38 goes to a low
impedance state, which causes current to flow through
resistor 70. This causes the voltage supplied to the base
of transistor 76 to drop to a sufficiently low level to turn
that transistor on, which, in turn, causes current to flow
through resistor 74 and, thus, the voltage at the base of
transistor 78 to go up sufficiently to turn that transistor
on. Thus it can be seen that the output of the compara-
tor 68 causes the switching means comprising transistor
78 to switch between a first state where that transistor is
off and a second state where that transistor is on.

The relay actuating means 32 also includes a storage
capacitor 80, means, including resistor 82, diode 84-and
diode 86, for charging storage capacitor 80 when tran-
sistor 78 is off, and means, including diode 88, for dis-
charging storage capacitor 80 through electromagnet
24 when transistor 78 is in an on state. Relay actuating
means 32 also includes a capacitor 90 connected be-
tween electromagnet 24 and positive terminal 34.

When transistor 78 is off, positive charge travels from
terminal 34 through resistor 82 and diodes 84 and 86 to
charge up capacitor 80. At this time no significant
charge travels through electromagnet 24, since the voli-
age at the cathode of diode 88 is just as high as that on
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capacitor 80. However, when transistor 78 turns on, the
collector of that transistor, which is connected to the
anode of diode 86 and the cathode of 88, drops to a
voltage close to ground. This causes the positive charge
accumulated on capacitor 80 flows through electromag-
net 24, diode 88, and the collector-emitter path of tran-
sistor 78 to ground. One such flow of current through
relay 24 is not enough to turn that relay on and connect
its normally open contacts 28 and 30, but during normal
operation of fail-safe circuit 10 the output of compara-
tor 68 causes transistor 78 to switch on and off approxi-
mately thirty-three times a second, and thus causes
approximately thirty-three current pulses to travel
through relay 24 each second. Such a frequency of
current pulses is sufficient to switch that relay on and to
cause its normally opened contacts 28 and 30 to be
connected.

Experimentation with the circuitry shown in FIG. 1
has indicated that the output of comparator 68 has to
obtain a minimum frequency of approximately twenty
cycles per second for there to be sufficient current
through electromagnet 24 to turn relay 22 on. The fre-
quency response of the relay actuating circuit 32
reaches its peak at approximately forty cycles per sec-
ond, at which frequency the magnitude of the current
flowing through electromagnet 24 reaches its peak.
When the frequency of the signals supplied to optocou-
pler 38 increases above eighty cycles per second, the
low-pass characteristics of that optocoupler cause the
frequency of current pulses through electromagnet 24
to drop below that necessary to keep relay 22 on and
contacts 28 and 30 connected. Thus for the circuit
shown in FIG. 1, the predetermined frequency range
required to keep relay 22 on lies approximately between
twenty and eighty cycles per second.

As was stated before, connection 40 supplies a posi-
tive twenty-eight volt d/c voltage level to the normally
open relay contact 30, and connection 42 connects the
normally open relay contact 28 to power terminal 34 of
relay actuating means 32. Thus when relay 22 is on,
twenty-eight volts is supplied through contacts 28 and
30 to terminal 34. However, if the fail-safe signal from
comparator 68 ceases to have a frequency within the
predetermined range necessary to keep relay 22 on, that
relay will turn off and contacts 28 and 30 will open,
preventing power from being supplied to power termi-
nal 34. Thus once relay 22 turns off power is removed
from relay actuating circuit 32 and electromagnet 24,
causing relay 22 to enter a latch-out state in which that
relay will remain off regardless of whether or not the
fail-safe signal generated by comparator 68 again re-
enters its predetermined frequency range. This latch-
out feature of fail-safe device 10 is desirable, since if
computer 14 is sufficiently unreliable to cause the fail-
safe signal to deviate from the predetermined frequency
range, even if it does so only for a brief period, it may
well be unsafe to entrust it with the respons1b111ty of
controlling circuitry 12.

Reset means 44 of power control means 18 is de-
signed to selectively supply sufficient current to electro-
magnet 24 to close normally open contacts 28 and 30
and terminate a latch-out condition. This may be desir-
able to do, for example, after a test has been conducted
of computer 14 and it has been determined that it is safe
to continue to let it operate circuitry 12. Reset means 44
is also used to supply power to actuating means 32 and
relay 22 during the initial power up of power control
means 18.
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" Reset means 44 includes a transistor 92 and a resistor

94. Resistor 94 is connected in series with the collector-
emitter path of transistor 92 and a positive twenty-eight
volt power supply. A connection 96 is made between

“the junction of resistor 94 and transistor 92 and the

power terminal 34 of relay actuating mearnis 32. Connec-
tion 96 is made through a normally closed contact 98 of
the relay 22, which is only connected to contact 28
when relay 22 is turned off. Thus when relay 22 is off,
as it is in latch-out or when that relay has not yet been
turned on, the collector of transistor 92 is connected to
positive terminal 34 of relay actuating means 32. A
resistor 100 is connected between the positive voltage
supply and one end of a timing capacitor 102, which has
its other end connected to ground. The junction be-
tween resistor 100 and capacitor 102 is connected
through a zener diode 104 to the base of transistor 92.
The anode of a diode 106 is also connected to the junc-
tion between resistor 100 and capacitor 102, and the
cathode of that diode is connected to the positive volt-
age supply. A push button 108 is provided which either
connects the output path of optocoupler 38 or the junc-
tion between capacitor 102 and resistor 100 to ground.
Push button 108 is spring loaded so that it is normally in
a position that connects optocoupler 38 to ground, and
so that it only connects the junction of resistor 100 and
capacitor 102 to ground while it is being pushed by an
operator.

When power is first applied to power control means
18 the charge on capacitor 102 is negligable, and thus
transistor 92 is off, since there is not enough voltage
supplied to the junction between resistor 100 and capac-
itor 102 to reverse bias zener diode 104 and apply a
forward bias to the base-emitter junction of transistor
92, as is required.to turn that transistor on. Thus during
the initial start-up of power control means 18, transistor
92 is off and the voltage at its collector is pulled high
through the one kilohm resistor 94 to approximately
twenty-eight volts. This high voltage level is supplied
through connection 96, normally closed relay contact
98, and relay contact 28 to positive terminal 34 of relay
actuating means 32. At this time, as will be described
below, computer 14 is programmed not to emit a high
signal from the output of comparator 68, and thus the
output path of optocoupler 38 has a high impedance.
Therefore the positive voltage supplied to terminal 34
causes capacitor 80 to charge to a high voltage level.
Under normal operating conditions, once capacitor 80
has had time to charge up, computer 14 causes the out-
put of comparator 68 to start varying at approximately
thirty-three cycles per second, which turns relay 22 on
and connects terminal 34 to twenty-eight volts through
normally opened relay contact 30.

All during this initialization period positive charge
trickles through resistor 100 to charge up capacitor 102.
After a small fraction of a second, the charge on capaci-
tor 102 builds to over ten volts, which is sufficient to
reverse bias zener diode 104 and thus turn on transistor
92. Once transistor 92 is turned on, the voltage at the
collector of that transistor goes low and stays low to
prevent power from being supplied to normally closed
relay contact 98. This prevents power actuating circuit
32 from receiving power if relay 22 is turned off after
initialization, and thus makes it possible for relay to
enter latch-out.

If it is desired to terminate a latch-out condition of
relay 22, the push button 108 is momentarily pushed, so
that it connects the junction of resistor 100 and capaci-
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tor 102 to ground. Such a brief connection is sufficient
to discharge capacitor 102 and turn transistor 92 off.
Thus the reset circuit 44 is returned.to a state compara-
ble to that which occurs during initialization, i.e., the
voltage at the collector of transistor 92 is high for a
small fraction of a second, to enable power to be sup-
plied to positive terminal 34 through the normally
closed contact 98, and thus to enable sufficient current
to be supplied through electromagnet 24 to turn relay
22 on, provided that the output of comparator 68 is
within the predetermined frequency range. .

Referring to FIGS. 2 through 4, examples of bit se-
quences which might be sent by computer 14 over data
line 62 to shift register 66 are shown. FIG. 2 shows a
data stream in which no errors occur. In such a data
stream an individual bit is transmitted every ten milli-
seconds and every thirty millisecond the bit pattern of
“011” is repeated. It can be seen from FIG. 2 that every
third millisecond the comparator 68 would find the bit
pattern “0110”, located in the shift register 66, causing
comparator 68 to emit a logical high signal. The bit
pattern of FIG. 3 is identical to that of FIG. 2 except
that, as is indicted by the arrow labeled “error”, one of
its bits which should have been a “1” is instead a “0”. It
can be seen that the occurrence of this one “0” is suffi-
cient to prevent the comparator 68 from emitting a
logical high signal level for a period of sixty millisec-
onds. This period is sufficiently long to enable relay 22
to turn off and the contacts 28 and 30 to open, causing
that relay to enter latch-out. The bit sequence of FIG. 4
is identical to that of FIG. 2, except, as is indicated by
the arrow labeled “error”, one of its bits which should
have been a “0” is instead a “1”’; As is indicated in FIG.
4, this single error is sufficient to prevent comparator 68
from emitting a high signal for a period of ninety milli-
seconds, which is more than sufficient to cause relay 22
to enter latch-out. As can be seen from FIG. 2, the bit
stream which is produced on data line 62 during normal
operation is asymmetrical, in that it has a different num-
ber of “0"’s and ““1"”s. Such an asymmetrical signal is
used in fail-safe device 10, because it is considered less
likely that computer 14 would accidentaly generate an
asymmetrical bit pattern, than that it would generate a
symmetrical one, such as “1100”,

Referring to the flow charts in FIGS. 5 through 12,
the programming of the computer 14 will be discused.

FIG. 5 discloses that part of the initialization program
of computer 14 which relates to the present invention.
Upon start up, microprocessor 46 executes step 502,
which sets up three bit-transmit register pairs with ini-
tialization values. Each bit-transmit pair consists of two
separate addresses in random access memory 48, each of
which holds an eight bit binary value. The first of such
pairs is set so that one of its addresses has a value of
minus one and the other has a value of plus one. The
second of such pairs is set so that one of its addresses has
the value of minus two and the other has the value of
plus two. And the third of such pairs is set so that one
of its addresses has the value of minus three and the
other has the value of plus three. Upon the completion
of step 502, microprocessor 46 advances to step 504 in
which the programmable peripheral interface of paral-
lel 1/0 port 52 is programmed so that the ports con-
nected to data line 62 and strobe line 64 will function as
latched output ports. -Description of how to perform
such programming upon the Intel 8255 programmable
peripheral interface used in the preferred embodiment is
contained in the volume entitled Intel 8080 Microcom-
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puter Systems User Manual, published by Intel Corpora-
tion, at the address listed above, in September of 1975.

:Once the parallel 1/0 port 52 has been programmed,

the microprocessor 46 advances to step 506 which calls
the flush routine disclosed in FIG. 6. In this flush sub-
routine the microprocessor 46 first performs a step 508
in which it causes a zero level output to be supplied to
data line 62. Since parallel I/0 port 52 operates so that
values feed to it are latched, this zero level signal re-
mains on data line 62 until it is changed by the micro-
processor. Once step 508 has been completed the pro-
cessor executes step 510 in which it issues six separate
strobe pulses to the strobe line 64. The microprocessor
creates each separate strobe pulse by first placing a high
signal on strobe line 64, followed by a low signal on that
line, so as to create a pulse which has both a rising and
a falling edge. In response to the continued zero output
on data line 62 and the six strobe pulses on line 64, shift
register 66 is caused to shift in six zero’s, which is more
than sufficient to clear that register to zero.

Once the step 510 has been completed the program
returns from the flush subroutine of FIG. 6 to the start
up subroutine of FIG. §, whereupon it advances to step
512. In this step two *“1” bits are shifted into shift regis-
ter 66 by means of first setting the data line 62'to a “1”
logic level, and then transmitting two strobe pulses on
line 64. This is done so that only the transmission of one
*“0” bit will be required to cause shift register 66 to have
its first occurrence of the pattern “0110”, Once this is
completed, the program advance to step 514, in which
the processor waits for a small number of milliseconds
to allow sufficient charge to flow from the reset circuit
44, through normally closed contact 98 to capacitor 80.
This enables that capacitor to charge up before compar-
ator 68 causes the output path of optocoupler 38 to be
switched to low impedance state, which would divert
charge away from capacitor 80. After the delay period
of step 514 has elapsed and capacitor 80 has had a
chance to charge, the program of microprocessor 46
exits the startup routine shown in FIG. 5 and com-
mences to perform its main program indicated schemat-
icly in FIG. 7.

Referring to FIG. 7, during normal processing, the
work of microprocessor. 46 is split between performing
control functions, as indicated in blocks 516 and 518,
and diagnostic functions, as indicted in blocks 520 and
522. The control functions 516 and 518 are those func-
tions in which the microprocessor controls and moni-
tors the circuitry 12 and communicates with its control
terminal, such as the video terminal 55 shown in FIG. 1.
Such control, monitoring and communication functions
are well known in the art of computer control circuits.
The diagnostic functions 520 and 522 include checks
upon the operating condition of the computer 14, such
as RAM tests, ROM tests, and instruction set tests of the
type that are well known to those skilled in the art of
microcomputer diagnostic tests. As shown in FIG. 7,
the control and diagnostic functions of the computer 14
are set up in the form of a cycle, called a control cycle,
which is repeated at a period which ranges from ap-
proximately 20 to 200 millisecond, depending upon the
number of control and diagnostic functions which are to
be performed during that cycle. As shown in FIG. 7,
the diagnostic functions are performed at two different
points in the control cycle, so as to decrease the amount
of time the computer is interrupted from performing its
control functions at any one streach.
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During the performance of the control cycle the
interrupt counter 60 causes an interrupt signal to be sent
to microprocessor 46 approximately once every ten
milliseconds. Microprocessor 46 is of the type which
can operate in either of two modes, a first called an
interrupt enabled mode, in which an interrupt causes
the microprocessor to temporarily stop what it is doing
and perform an interrupt routine, and a second, called
an interrupt disabled mode, in which it ignors inter-
rupts. During normal operation microprocessor 46 op-
erates in an interrupt enabled mode in which it responds
to each of the interrupts generated by interrupt counter
60 by temporarily stopping its execution of the func-
tions shown in FIG. 7 and by performing the bit-trans-
mit interrupt subroutine shown in FIG. 9.

However, if during the performance of the control
functions 516 and 518 or the diagnostic functions 520
and 522 of FIG. 7, the microprocessor finds an unde-
sired operating condition, it enters a failure loop shown
in FIG. 8 in which the microprocessor continuously
keeps repeating two steps 524 and 526 and, thus which
prevents it from emitting the bit sequence necessary to
keep both relay 22 and the power supply to circuitry 12
on. In step 524 the microprocessor switches itself-to an
interrupt disabled state, so that it will no longer respond
to the interrupts generated by the counter 60, prevent-
ing it from executing the bit-transmit instructions shown
in FIG. 9. Then the failure loop executes step 526 in
which it calls the flush routine of FIG. 6. -

The microprocessor 46 enters the failure loop of FIG.
8 if a serious malfunction is detected by its diagnostic
functions 520 and 522, such as a memory failure indi-
cated by its RAM or ROM tests, or a microprocessor
failure indicated by its instruction set test. Similarly, it
enters that loop if a serious malfunction is detected by
one of the plurality of reliability tests contained within
the control functions 516 and 518. For example, all of
the count values used to count timing intervals in con-
trolling the circuitry 12 are stored in two separte regis-
ters, in one of which the count value is represented as a
positive number and in the other of which the count
value is represented as a corresponding negative num-
ber. Thus each time a count value is changed, one regis-
ter has to be increased and the other register has to be
decreased by the corresponding amount. The values in
these registers are then tested to insure that they are
complimentary, and if they are not, there is an indica-
tion that either the microprocessor 46 or the RAM 48 is
unreliable, and the program enters the failure loop
shown in FIG. 8. Similarly each time an output value is
sent to the parallel 1/0 port 52 for the purpose of com-
municating either with shift register 66 or controlled
circuitry 12, the value latched in interface 52 is immedi-
ately read back into microprocessor 46 to determine
whether or not it equals the value which was just sent
out. If it does not, there is an indication that either mi-
croprocessor 46 or parallel interface 52 is unreliable,
and thus the computer enters the failure loop of FIG. 8.
Another test which is performed during the perfor-
mance of the control functions is range checking. For
example, every time a message is sent through serial
1/0 port 54 to video terminal 55, a count is made of the
number of characters sent in that message. In the pres-
ent embodiment none of the messages which the com-
puter is programmed to send are longer than forty char-
acters in length. Thus if the count of characters sent in
a message exceeds forty, there is an indication of an
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‘error, and the computer enters the failure loop of FIG.
8. '
It should be obvious to those skilled in the art that
many other forms of reliability tests could be performed

-during both the control functions and the diagnostic

functions of FIG. 7 to cause computer 14 to enter an
interrupt disabled state upon the detection of an unde-
sirable operating condition.

When microprocessor 46 is in an interrupted enabled
mode, each time counter 60 generates an interrupt, the
microprocessor will temporarily stop performing the
functions of FIG. 7 and will enter the bit transmit inter-
rupt routine shown in FIG. 9. The first step 528 per-
formed upon entering the bit-transmit subroutine is the
decrementing of the first bit-transmit register pair. This
is the pair which had its address values set to minus one
and plus one in the initialization routine shown in FIG.
5. Decrementing this register pair moves the value in
each of its addresses one closer to zero. Thus for exam-
ple, on the first time through the subroutine of FIG. 9
the values in the first register pair will both be set to
zero. Once step 528 is completed the program advances
to step 530 in which a check is made to determine
whether the values in the two register pairs are consis-
tent. This is performed by adding them and determining
whether or not their sum is equal to zero. If the sum of
the first register pair is not equal to zero, indicating that
an error has been made by the computer 14, the pro-
gram branches to the failure loop of FIG. 8, which
repeatedly disables the interrupts of microprocessor 46
and causes shift register 66 to be cleared. This, in turn,
causes the relay 22 to turn off and removes power fro.
controlled circuitry 12. ’

However, if the value in the first bit-transmit registers
pair is consistent, the program advances to step 532 in
which the value of one of the registers of that pair is
tested to see if it equals zero. If it does, as it will, for
example, the first time the subroutine of FIG. 9 is en-
tered after initialization, the program branches to the
first bit subroutine of FIG. 10. In this subroutine the
first step, step 534, involves resetting the values of the
first register pair to minus three and plus three. Then in
step 536 the value on the data line 62 is set to “0”. Fi-
nally, in step 538 the microprocessor causes a strobe
pulse to be generated on line 64, which causes the “0”
value on data line 62 to be shifted into shift register 66.
After completion of the first bit subroutine the program
returns to step 540, which is the same step that the
program advances to directly if the value of the first
register pair is not zero.

Steps 540 through 546 are very similar to steps 528
through 533. Thus in step 540 the second bit-transmit
register pair has each of its address values made one
closer to zero. In step 542 a test is made to see whether
the sum of the second register pair is equal to zero. If it
is not, the program enters a failure loop which causes
the relay 22 to enter latch-out, removing power from
circuitry 12: If, on the other hand, the values in the
second register pair are complimentary, the program
advances to step 554 which determines whether or not
the value in those register pairs has reached zero. If it
has, the program branches to the subroutine 546 which
is shown in detail in FIG. 11. This subroutine is identical
to the subroutine as shown in FIG. 10 except for theé fact
that its first step 548 resets the second register pair in-
stead of the first and its second step 549 ultimately
causes a “1” to be sent to shift register 66 instead of a
‘60”. S N N N
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. “After subroutine 546 is completed, or after a determi-
nation has been made at step 544 that the second register
pair is not zero, the program advances to step-550. The
programming contained in steps 550 through 556 is
identical to that contained in steps 540 through 546,
except that it is performed with regard to the third
bit-transmit register instead of the second. Thus, in step
550 the third register pair is decremented so the value in
each of its addresses is made one closer to zero. In step
552 a test is made to see whether the values in the third
registered pair are consistent, and if they are not the
program enters the failure loop of FIG. 8, which causes
power to be removed from the circuitry 12. Otherwise
a test is made at step 554 to determine whether the value
of the third register pair is zero. If it is not, the bit-trans-
mit subroutine of FIG. 9 is exited and program control
is returned to the function of FIG. 7 that was being
performed before the interrupt was generated. If, on the
other hand, the third register pair is zero, the program
branches to step 556, which is a call to the subroutine
shown in FIG. 12. This subroutine is identical to that
shown in FIG. 11, except that in its first step 558 the
third register pair is reset rather than the second.

As is discussed above, the initialization procedure of
FIG. S sets the value represented by the first bit-trans-
mit register pair to one, the value represented by the
second to two, and the value represented by the third to
three. Each time the bit transmit interrupt subroutine of
FIG. 9 is called, the value in each of the three bit-trans-
mit register pairs is decremented by one and the register
pair whose value is set to zero by that decrement has its
corresponding bit subroutine of FIG. 10, 11 or 12 per-
formed, and then its value reset to three. Thus, the first
time the interrupt subroutine of FIG. 9 is called the
decrementing causes the first register pair to equal zero
and a “0” bit is sent out to shift register 66 according to
the subroutine of FIG. 10. The second time the subrou-
tine of FIG. 9 is called the second register pair has its
value set to zero and a “1” is sent out to shift register 66
according to the routine of FIG. 11. And the third time
that the subroutine of FIG. 9 is called, the third register
pair has its value set to zero and a “1” is sent out to shift
register 66 according to the subroutine of FIG. 12. This
pattern of successively calling the subroutines of FIGS.
10, 11 and 12 each successive time an interrupt is gener-
ated is repeated, so that, under normal operating condi-
tions, a bit pattern of “011” is repeatedly sent to shift
register .66, which causes comparator 68 to generate a
fail safe signal with has the predetermined frequency
range, which, in turn, causes relay 22 to be turned on
and power to be continuously supplied to the control
circuitry 12. ‘

It.can be seen that the preferred embodiment of the
invention described above provides means for remov-
ing- power from circuitry: to ‘be controlled upon the
occurrence of an undesired operating condition and for
keeping that power removed from such circuitry until it

is desired to reapply such power.by means of a reset.

button. It can also be seen that the low pass characteris-
tics of the optocoupler used in the relay actuating means
of the above-described circuit causes that circuit to keep
relay 22 on only so long as the fail-safe signal supplied
to it has a frequency within a relatively narrow prede-
termined frequency range, decreasing the chance that
relay 22 will be kept on by random oscillations. Simi-
larly the use of comparator means 20 requires that the
output from the computer 14 have a specific pattern in
order for the fail-safe signal to have the proper fre-
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quency, further decreasing the likelihood that errone-
ous operation -of computer 14 will enable power to be
supplied to circuitry 12.

-1t should be understood that many varied embodi-
ments of the present invention are possible. For exam-
ple, a hard wired circuit could be used as means for
generating the sequence of binary bits supplied to shift
register 66 rather than the computer 14. It should also
be understood that means 16 for generating the fail-safe
signal could include analog circuitry for generating an
analog fail-safe signal, rather than the digital circuitry
shown in FIG. 1. In addition it should be clear that
other types of low-pass means could be used in the relay
actuating means other than the photo-resistive optocou-
pler described above. Also, it should be understood that
other types of power control means can be used to
remove power from the circuitry to be controlled when
the fail-safe signal fails to be within its proper predeter-

‘mined frequency range. And furthermore, it should be

obvious to those skilled in the computer programming
arts that many programs other than those disclosed
above could be used to cause this invention to function
as recited in the claims below.

Thus, there has been described above a new and
improved fail-safe device having significant advantages
over previous devices used in the prior art for regulat-
ing circuitry to be controlled. It should be appreciated
that modifications to the described embodiment may be
made by those of ordinary skill applying the principals
of the present invention to different applications: Ac-
cordingly, the present invention should not be consid-
ered to be limited by the description herein of the pre-
ferred embodiment, but rather should be interpreted in
accordance with the following claims.

What is claimed is:

1. A fail-safe device for removing power from cir-

. cuitry to be controlled upon occurrence of an undesired
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operating condition, said device comprising:
means for generating a fail-safe signal which nor-
mally varies between signal levels at a frequency in
a predetermined range between a minimum and a
maximum frequency unless there is an undesired
operating condition, said means for generating
including a programmable computing means for
controlling said circuitry to be controlled, said
computing means having memory means contain-
ing bit-transmit instructions for causing said com-
puting means to generate a sequence of binary bits
in which a predetermined pattern of bits appears at
a frequency within a range corresponding to said
predetermined range unless there is an undesired
operating condition; and comparator means for
receiving said sequence of binary bits, for repeat-
edly comparing said sequence with a predeter-
mined pattern, and for generating an output which
varies in signal level in response to a match be-
“tween said sequence and said predetermined pat-
tern; and :
power control means responsive to the output of said
comparator means for supplying power to said
circuitry to be controlled only when said output of
said comparator means has a frequency in said
predetermined range, said power control means
-including an electromechanical relay for supplying
power to said circuitry to be controlled, said relay
having an electromagnet and normally-open me-
chanical relay contacts through which power is
.supplied to said circuitry, which normally-open
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contacts remain open unless a sufficient current is
supplied to said electromagnet to keep them closed;
relay actuating means, having power terminals and
having low-pass means for transmitting only signal
level variations in the output of said comparator
means which occur below said maximum fre-
quency, for supplying sufficient current to said
electromagnet to keep said normally-open contacts
closed when both power is supplied to said power
terminals and said signal level variations have a
frequency in said predetermined range; and latch-
out means for preventing a sufficient current from
“being supplied to said electromagnet to close said
- normally-open - contacts once said contacts have
been opened, said latch-out means having means
for supplying power to said relay actuating means
through said normally-open contacts, so that once
said contacts are opened said relay actuating means
does not receive power and said relay enters latch-
out, and reset means for selectively supplying suffi-
cient current to said electromagnet to close said
normally-open contacts and terminate said latch-
out.

2. A fail-safe device for removing power from cir-
cuitry to be controlled upon occurrence of an undesired
operating condition, said device comprising:

means for generating a fail-safe signal which nor-

mally varies between signal levels above a mini-
mum frequency unless there is an undesired operat-
ing condition;

an electromechanical relay for supplying power to

 said circuitry to be controlled, said relay having an

electromagnet  and normally-open mechanical
relay contacts through which power is supplied to
said circuitry, which normally-open contacts re-
main open unless a sufficient current is supplied to
said electromagnet to keep them closed;

relay actuating means having power terminals and

belng responsive to said fail-safe signal for supply-
ing sufficient current to said electromagnet to keep
said normally-open contacts closed when both
power is supplied to said power terminals and said
fail-safe signal level variations are above said mini-
mum frequency;

means for supplying power to said relay actuating

means through said normally-open contacts, so that
once said normally-open contacts are opened said
relay actuating means does not receive power and
said relay enters latch-out; and

reset means for selectively supplying sufficient cur-

rent to said electromagnet to close said normally-
open contacts and terminate said latch-out.

3. A fail-safe device according to claim 2 in which
said relay actuating means includes a switching means
for switching between a first and a second state in re-
sponse to said fail-safe signal level variations, storage
capacitor, means for charging said storage capacitor
when said switching means is in said firt state, and
means for discharging said storage cpacitor through
said electromagnet to supply current to said electro-
magnet when said switching means is in said second
state.

4. A fail-safe device according to cla1m 2 in which
said relay further includes normally-closed : contacts
which remain closed unless a sufficient current is sup-
plied to said electromagnet to keep said normally-open
contacts closed, and-in which said reset means includes
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means- for selectively supplying power to said relay
actuating mens through said normally-closed contacts.

S. A fail-safe device according to claim 4 in which
said means for selectively supplying power to said relay
actuating ‘means includes a transistor, having two cur-
rent conducting electrodes and a control electrode
which switches the conductance across said conducting

‘electrodes between a first and a second state, a resistor

connected in series with said conducting electrodes and
a power supply, a connection between the junction of
said resistor and said transistor and one power terminal
of said relay actuating means through said normally-
closed contacts for supplying power to said relay actu-
ating means when said transistor is in said first state, a
timing capacitor connected to said control electrode, a
resistor for supplying charge to said timing capacitor so
that after a given time the charge on said timing capaci-
tor builds up to a lével that switches said transistor to
said second state, and a reset switch for selectively
conducting charge away from said timing capacitor so
as to return said transistor to said first state.

6. A fail-safe device according to claim 5 further
including a zener diode between said capacitor and said
control electrode.

7. A fail-safe device for removing power from cir-
cuitry to be controlled upon occurrence of an undesired
operating condition, said device comprising:

means for generating a fail-safe signal which nor-

mally varies between signal levels at a frequency
within a predetermined range between a minimum
and a maximum frequency unless there is an unde-
sired operating condition;

an electromechanical relay for supplying power to

said circuitry to be controlled, said relay having an
electromagnet and normally-open mechanical
relay contacts through which power is supplied to
said circuitry, which normally-open contacts te-
main open unless a sufficient current is supplied to
said electromagnet to keep them closed; and

relay actuating means, having power terminals and

_ having low-pass means for transmitting fail-safe

signal level variations which occur below said
maximum frequency, for supplying sufficient cur-
rent to said electromagnet to keep said normally-
open contacts closed when both power is supplied
to said power terminals and said signal level varia-
tions have a frequency in said predetermined range.

8. A fail-safe device according to claim 7 in which
said relay actuating means includes a switching means
for switching between a first and a second state in re-
sponse to said fail-safe signal level variations transmit-
ted by said low-pass means, a storage capacitor, means
for charging said storage capacitor when said switching
means is in said first state, and means for discharging
said storage capacitor ‘through said electromagnet to
supply current to said electromagnet when sald switch-
ing means is in said second state.

9. A fajl-safe device according to claim 7 in whlch
said low-pass means includes a photo- res1st1ve optocou-

pler.

10. A fail-safe devwe according to claim 7 further
including latch-out- means for preventing a sufficient
current from being supplied to said electromagnet to
close said n'ormally-open contacts once said contacts
have been opened, causing said relay to enter latch-out,
said latch-out means having reset means for selectively
supplying sufficient current to said electromagnet to
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close said normally-open contacts and terminate.said
latch-out.
11. A fail-safe device according to claim 10 in which
said latch-out means includes means for supplying
power to said relay actuating means through said nor-
mally-open contacts, so that once said normally-open
contacts are opened said actuating means does not sup-
ply current to said electromagnet until said reset means
closes said contacts.
12. A fail-safe device according to claim 10 in which
said relay further includes normally-closed contacts
which remain closed unless a sufficient current is sup-
plied to said electromagnet to keep said normally-open
contacts closed, and in which said reset means includes
means for selectively supplying power to said relay
actuating means through said normally-closed contacts.
13. A fail-safe device for removing power from cir-
cuitry to be controlled upon occurrence of an undesired
operating condition, said device comprising:
means for generating a sequence of binary bits in
which a predetermined pattern of bits appears at a
frequency within a range corresponding to a prede-
termined range between a minimum and a maxi-
mum frequency unless there is an undesired operat-
ing condition;
comparator means for receiving said sequence of
binary bits, for repeatedly comparing said sequence
with a reference pattern, and for generating an
output which varies in signal level in response to a
match between said sequence and said reference
pattern;
an electromechanical relay for supplying power to
said circuitry to be controlled, said relay having an
electromagnet and normally-open mechanical
relay contacts through which power is supplied to
said circuitry, which normally-open contacts re-
main open unless a sufficient current is supplied to
said electromagnet to keep them closed; and

relay actuating means having power terminals and
being responsive to the output of said comparator
means for supplying sufficient current to said elec-
tromagnet to keep said normally-open contacts
closed when both power is supplied to said power
terminals and said signal level variations in said
output of said comparator means occur above said
minimum frequency.

14. A fail-safe device according to claim 13 in which
said binary bits are successive in time and in which said
comparator means includes, a shift register with a serial
input and a parallel output for receiving said succession
of bits and a parallel output for receiving said succession
of bits and a comparator having a two parallel inputs,
one of which is supplied with said reference pattern and
the other of which receives as an input the output of
said shift register, said comparator also having an out-
put which produces on signal level when the patterns
supplied to its two parallel inputs are equal and another
signal level when they are not.

15. A fail-safe device according to claim 13 in which
said relay actuating means includes a switching means
for switching between a first and a second state in re-
sponse to said signal level variations at said output of
said comparator means, a storage capacitor, means for
charging said storage capacitor when said switching
means is in said first state, and means for discharging
said storage capacitor through said electromagnet, to

:supply current to said electromagnet, when said switch-
ing means is in said second state.
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- 16. A fail-safe device according to claim 13 in which
said relay actuating means includes low-pass means for
transmitting only signal level variations in said output of
said comparator means which occur below a maximum
frequency.
17. A fail-safe device according to claim 16 in which
said low-pass means includes a photo-resistive optocou-
pler.
18. A fail-safe device according to claim 13 further
including means for supplying power to said relay actu-
ating means through said normally-open contacts, so
that once said normally-open contacts are opened said
relay actuating means does not receive power and said
relay enter latch-out; and reset means for selectively
supplying sufficient current to said electromagnet to
close said normally-open contacts and terminate said
latch-out.
19. A fail-safe device according to claim 18 in which
said relay further includes normally-closed contacts
which remain closed unless a sufficient current is sup-
plied to said electromagnet to keep said normally-open
contacts closed, and in which said reset means includes
means for selectively supplying power to said relay
actuating means through said normally-closed contacts.
20. A fail-safe device according to claim 13 in which
said means for generating a sequence of binary bits
includes a programmable computing means.
21. A fail-safe device for removing power from cir-
cuitry to be controlled upon occurrence of an undesired
operating condition, said device comprising;
means for generating a sequence of binary bits in
which a predetermined pattern of bits appears at a
frequency within a range corresponding to a prede-
termined frequency range unless there is an unde-
sired operating condition; :

comparator means for receiving said sequency of
binary bits, for repeatedly comparing said sequence
with a reference pattern, and for generating an
output which varies in signal level in response to a
match between said sequence and said reference
pattern;

power control means responsive to the output of said

comparator means for supplying power to said
circuitry to be controlled only when said output of
said comparator means has a frequency in said
predetermined frequency range.

22. A fail-safe device according to claim 21 in which
said power control means includes latch-out means for
preventing said power control means from supplying
power once it has stopped doing so, causing said power
control means to enter latch-out, said latch-out means
having reset means for selectively terminating said
latch-out.

23. A fail-safe device according to claim 21 in which
said binary bits are successive in time and in which said
comparator means includes a shift register with a serial
input and a parallel output for receiving said succession
of bits and a comparator having a two parallel inputs,
one of which is supplied with said reference pattern and
the other of which receives as an input the output of
said shift register, said comparator also having an out-
put which produces one signal level when the patterns
supplied to its two parallel inputs are equal and another
signal level when they are not. ’

24. A fail-safe device according to claim 21 in which
said means for generating a sequence of binary bits
includes a programmable computing means.



4,398,233

19

25. A fail-safe device for removing power from cir-
cuitry to be controlled upon occurrence of an undesired
operating condition, said devicing comprising:
programmable computing means for controlling said
circuitry to be controlled, said computing means
including memory means containing bit-transmit
instructions for causing said computing means to
generate as an output a sequence of binary bits in
which a predetermined pattern of bits appears at a
frequency within a range corresponding to a prede-
termined frequency range unless there is a unde-
sired operating condition; ;

comparator means for receiving said sequence of
binary bits, for repeatedly comparing said sequence
with a reference pattern, and for generating an
output which varies in signal level in response to a
match between said sequence and said reference
pattern;

power control means responsive to the output of said

comparator means for supplying power to said
circuitry to be controlled only when said output of
said comparator means has a frequency in said
predetermined frequency range.

26. A fail-safe device according to claim 25 in which
said power control means includes latch-out means for
preventing said power control means from supplying
-power once it has stopped doing so, causing said power
control means to enter latch-out, said latch-out means
having reset means for selectively terminating said
latch-out. '

27. A fail-safe device according to claim 25 in which
said binary bits are successive in time and in which said
comparator means includes a shift register with a serial
input and a parallel output for receiving said succession
of bits and a comparator having two parallel inputs, one
of which is supplied with said reference pattern and the
other of which receives as an input the output of said
shift register, said comparator also having an output

—_
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which produces one signal level when the patterns”

supplied to its two parallel inputs are equal and another
signal level when they are not.

28. A fail-safe device according to claim 27 in which
the bits produced by said computing means in the ab-
sence of said undesirable operating condition do not
have an equal number of one and zero bits.

29. A fail-safe device according to claim 27 in which
said shift register has a strobe input which must be
supplied with a strobe signal for a bit supplied to said
serial input to be received by said register and in which
said bit-transmit instructions cause said computing
means to supply a separate strobe signal to said strobe
input for each bit of said sequence.

30. A fail-safe device according to claim 27 in which
said bit-transmit instructions cause said computing
means to produce one bit in said sequence each time said
instructions are executed unless there is an undesired
operating condition in said circuitry to be controlled or
in said computing means, and in which said computing
means includes an interrupt device for causing said
computing means to periodically execute said bit-trans-
mit instructions at a predetermined rate.

31. A fail-safe device for removing power from cir-
cuitry to be controlled upon occurrence of an undesired
operating condition, said device comprising:

means for generating a fail-safe signal which nor-

mally varies between signal levels above a mini-
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mum frequency unless there is an undesired operat- -

ing condition;
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an electromechanical relay for supplying power to
said circuitry to be controlled, said relay having an
electromagnet and normally-open mechanical
relay contacts through which power is supplied to
said circuitry, which normally-open contacts re-
main open unless a sufficient current is supplied to
said electromagnet to keep them closed;

relay actuating means having power terminals and

being responsive to said fail-safe signal for supply-
ing sufficient current to said electromagnet to keep
said normally-open contacts closed when both
power is supplied to said power terminals and said
fail-safe signals level variations are above said mini-
mum frequency, said relay actuating means includ-
ing a switching means for switching between a first
and a second state in response to said fail-safe signal
level variations, a storage capacitor, means for
charging said storage capacitor when said switch-
ing means is in said first state, and means for for
discharging said storage capacitor through said
electromagnet to supply current to said electro-
magnet when said switching means is in said sec-
ond state;

reset means for selectively supplying sufficient cur-

rent to said electromagnet to close said normally-
open contacts when they are open; and

means for supplying power to said relay actuating

means through said normally-open contacts, so that
once said normally-open contacts are opened said
actuating means does not supply current to said
electromagnet until said reset means closes said
contacts.

32. A fail-safe device according to claim 31 in which
said relay further includes normally-closed contacts
which remain closed unless a sufficient current is sup-
plied to said electromagnet to keep said normally-open
contacts closed, and in which said reset means includes
means for selectively supplying power to said relay
actuating means through said normally-closed contacts.

33. A fail-safe device according to claim 32 in which
said means for selectively supplying power to said relay
actuating means includes a transistor, having two cur-
rent conducting electrodes and a' control electrode,
which switches the conductance across said conducting
electrodes between a first and a second state, a resistor
connected in series with said conducting electrodes and
a power supply, a connection between the junction of
said resistor and said transistor and one power terminal
of said relay actuating means through said normally-
closed contacts for supplying power to said relay actu-
ating means when said transistor is in said first state, a
timing capacitor connected to said control electrode, a
resistor for supplying charge to said timing capacitor so
that after a given time the charge on said timing capaci-
tor builds up to a level that switches said transistor to
said second state, and a reset switch for selectively
conducting charge away from said timing capacitor so
as to return said transistor to said first state.

34. A fail-safe device according to claim 33 further
including a zener diode between said capacitor and said
control electrode.

35. A fail-safe device according to claim 31 in which
said means for generating a fail-safe signal includes
means for generating a sequence of binary bits in which
a predetermined pattern of bits appears above a fre-
quency corresponding to said minimum frequency un-
less there is an undesired operating condition; and com-
parator means for receiving said sequence of binary bits,
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for repeatedly. comparing said sequence with a refer-
ence pattern, and for generating an output which varies
in signal level in. response to a match between said ‘se-
quence and said reference pattern. .

36. A fail-safe device accordmg to claim 35 in which
said binary bits are successive in time and in which said
comparator means includes a shift register with'a serial
input and a parallel output for receiving said successive
bits.and a comparator having two parallel inputs, one of
which is supplied with said reference pattern and the
other of which receives as an input the output of said
shift register, said comparator also having an output
which produces one-signal level when the patterns,
supplied to its two parallel inputs are equal and another
signal level when they are not.

37. A fail-safe device according to claim 31 in which
said relay actuating means includes a low-pass means
for transmitting only fail-safe signal level variations
which occur below a maximum frequency.

38. A fail-safe device according to claim 37 in whlch
said low-pass means includes a photo-res1st1ve optocou-
pler. .

39. A fail-safe device according to clalm 31.in which
said means. for generating a fail-safe signal includes
programmable computing ‘means for controlling said
circuitry to be controlled and memory means contain-
ing bit-transmit instructions for causing said computing
means to generate as an output a sequence of binary bits
in which a predetermined pattern of bits appears above
a frequency corresponding to said minimum frequency
unless there is-an undesired operating condition in said
circuitry to be controlled or in said computing means.

40. A fail-safe device for removing power from cir-
cuitry to be controlled upon occurrence of an undesired
operating condition, said devicing comprising:

means for generating a fail-safe signal which nor-

mally varies between signal levels at a frequency in
a predetermined range between a minimum and a
maximum frequency unless there is an undesired
operating condition; ]

an electromechanical relay for supplying power to

said circuitry to be controlled, said relay having an
electromagnet and normally-open mechanical
relay contacts through which power is supplied to
said circuitry, which normally-open contacts re-
main open unless a sufficient current is supplied to
said electromagnet to keep them closed;

relay actuating means having power terminals and

having low-pass means for transmitting only fail-
safe signal level variations which occur below said
maximum frequency, for supplying sufficient cur-
rent to said electromagnet to keep said normally-
open contacts closed when both power is supplied
to said power terminals and the frequency of said
fail-safe signal level variations are within said pre-
determined range, said relay actuating means in-
cluding a switching means for switching between a
first and a second state in response to said fail-safe
signal level variations transmitted by said low-pass
means, a storage capacitor, means for charging said
storage capacitor when said switching means is in
said first state, and means for discharging said stor-
age capacitor through said electromagnet to supply
current to said electromagnet when said switching
means is in said second state; and

latch-out means for preventing a sufficient current

from being supplied to said electromagnet to close
said normally-open contacts once said contacts
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" have been opened, causing said relay to enter latch-
out, said latch-out means having reset means for
selectively supplying sufficient current to said elec-
tromagnet to close said normally-open contacts
and terminate said latch-out.

41. A fail-safe device according to claim 40 in which
said latch-out means includes means for supplying
power to said relay actuating means through said nor-
mally-open contacts, so that once said normally-open
contacts are opened said actuating means does not sup-
ply current to said electromagnet until said reset means
closes said contacts.

42. A fail-safe device according to claim 40 in which
said low-pass means includes a photo-resistive optocou-
pler.

43. A fail-safe device according to claim 40 in which
said means for generating a fail-safe signal includes
means for generating a sequence of binary bits in which
a predetermined pattern of bits appears at a frequency
within a range corresponding to said predetermined
range unless there is an undesired operating condition;
and comparator means for receiving said sequence of
binary bits, for repeatedly comparing said sequence
with a reference pattern, and for generating an output
which varies in signal level in response to a match be-
tween said sequence and said reference pattern.

44. A fail-safe device according to claim 43 in which
said binary bits are successive in time and in which said
comparator means includes a shift register with a serial
input and a parallel output for receiving said successive
bits.and a comparator having two parallel inputs, one of
which is supplied with said reference pattern and the
other of which receives as an input the output of said
shift register, said comparator also having an output
which produces one signal level when the pattern sup-
plied to its two parallel inputs are equal and another
signal level when they are not.

45. A fail-safe device according to claim 44 in which
said means for generating a sequence of binary bits
includes programmable computing means for control-
ling said circuitry to be controlled and memory means
containing bit-transmit instructions for causing said
computing means to generate a sequence of binary bits
in which a predetermined pattern of bits appears above
a frequency corresponding to said minimum frequency
unless there is an undesired operating condition in said
circuitry to be controlled or in said computing means.

46. A fail-safe device according to claim 45 in which
said shift register has a strobe input which must be
supplied with a strobe signal for a bit supplied to said
serial input to be received by said register and in which
said instructions cause said computing means to supply
a separate strobe signal to said strobe input for each bit

- of said sequence.

47. A fail-safe device for removing power from cir-
cuitry to be controlled upon occurrence of an undesired
operating condition, said device comprising;:

means for generating a fail-safe signal which nor-

mally varies between signal levels above a mini-
muin frequency unless there is an undesired operat-
ing condition, said means including programmable
computing means for controlling said circuitry to
be controlled and memory means containing bit-
transmit instructions for causing said computing
means to generate a sequence of binary bits in
which a predetermined pattern of bits appears
above a frequency corresponding to said minimum
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frequency unless there is an undesired operating
condition;

an electromechanical relay for supplying power to
said circuitry to be controlled, said relay having an
electromagnet and normally-open mechanical 5
relay contacts through which power is supplied to
said circuitry, which normally-open contacts re-
main open unless a sufficient current is supplied to
said electromagnet to keep them closed;

relay actuating means having power terminals and
being responsive to said fail-safe signal for supply-
ing sufficient current to said electromagnet to keep
-said normally-open contacts closed when both
power is supplied to said power terminals and said
fail-safe signal level variations are above said mini-
mum frequency, said relay actuating means includ-
ing a switching means for switching between a first
and a second state in response to said fail-safe signal
level variations, a storage capacitor, means for
charging said storage capacitor when said switch-
ing means is in said first state, and means for dis-
charging said storage capacitor through said elec-
tromagnet to supply current to said electromagnet
when said switching means is in said second state;
and ’

latch-out means for preventing a sufficient current
from being supplied to said electromagnet to close
said normally-open contacts once said contacts
have been opened, causing said relay to enter latch-
out, said latch-out means having reset means for 30
selectively supplying sufficient current to said elec-
tromagnet to close said normally-open contacts
and terminate said latch-out.
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48. A fail-safe device according to claim 47 in which
said latch-out ‘means includes means for supplying
power to said relay actuating means through said nor-
mally-open contacts, so that once said normally-open
contacts are opened said actuating means does not sup-
ply current to said electromagnet until said reset means
closes said -contacts.

49. A faijl-safe device according to claim 47 in which
said relay actuating means includes a low-pass means
for transmitting only fail-safe signal level variations
which occur below a maximum frequency.

50. A fail-safe device according to claim 49 in which
said low-pass means includes a photo-resistive optocou-
pler. ' :

51. A fail-safe device according to claim 47 in which
said means for generating a fail-safe signal includes
comparator means for receiving said sequence of binary
bits, -for repeatedly comparing said sequence with a
reference pattern, and for generating an output which
varies in signal level in response to a match between
said sequence and said reference pattern.

52. A fail-safe device according to claim 51 in which
said binary bits are successive in time and in which said
comparator means includes a shift register with a serial
input and a parallel output for receiving said succession
of bits and a comparator having two parallel inputs, one
of which is supplied with said reference bit pattern and
the other of which receives as an input the output of
said shift register, said comparator also having an out-
put which produces one signal level when the pattern
supplied to its two parallel inputs are equal and another

signal level when they are not.
* %k k k%
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