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[57] ABSTRACT

A control system for energizing and de-energizing an
external load in series with a source of electricity incor-
porates a rectifying network having inputs in series with
the alternating current source and the external load. An
electronic switch of the system activates the load by
effectively shorting together the inputs to the control
system when the combination of externally sensed pa-
rameters obtain predetermined magnitudes. The sensed
parameters control the activation of the electronic
switch by a plurality of control modules which interact
with a control logic module, representing a Boolean
combination of the control module outputs, so as to
activate a trigger module which in turn causes the elec-
tronic switch, such as a silicon controlled rectifier
(SCR) to be triggered. The external load is then ener-
gized by the SCR effectively shorting the inputs to the
control system and which thus completes the electrical
path from the source of electricity through the load.
The control modules may optionally be connected to
external control signals for their activation or de-activa-
tion and may also incorporate a hysteresis effect with
respect to the sensed parameter. In a preferred embodi-
ment of the present invention, the control system senses
temperature and light, so as to override an existing
furnace thermostat switch during the day and other
times when the room is lighted and to return furnace
control to the thermostat switch at some other, lower,
temperature during the night-time when the lights in the
room have been extinguished.

25 Claims, 5 Drawing Figures
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IN-LINE ENERGIZATION AND
DE-ENERGIZATION OF AN EXTERNAL LOAD IN
SERIES WITH AN EXTERNAL SOURCE OF
ELECTRICITY IN RESPONSE TO EXTERNALLY
SENSED PARAMETERS

Matter enclosed in heavy brackets [ § appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention |

The present invention relates to control systems in
series with an external load and an external source of
electricity so as to energize and de-energize the external
load with the external source of electricity depending
upon the values of a plurality of sense parameters.

2. Description of the Prior Art

Although there are several prior art patents that dis-
close the use of electronic switches to effectively com-
plete the connection of an external load to an external
source of electricity, none of the prior art patents dis-
close a control system for sensing the combination of a
plurality of external parameters and to thereby control
energization and de-energization of the load in response
to this combination of parameters by a control system in
series with the external load and the external source of
electricity. Thus, in U.S. Pat. No. 3,558,996, Mitchell, a
circuit is disclosed in which a silicon controlled rectifier
shorts out a full-wave bridge but which does not sense
external parameters. U.S. Pat. Nos. 3,597,662, Gary,
and 3,584,263, Thompson, also use a thyristor to ener-
gize an external device but do not disclose the use of
remote sensors and control circuitry to energize a thy-
ristor upon the external parameters reaching predeter-
mined levels. Similarly, U.S. Pat. No. 3,553,535, Weber,
does not teach the use of control circuitry to drive an
electronic switch in response to externally sensed con-
ditions.

Although other U.S. Patents disclose the electrical
shorting of a full-wave rectifier bridge by a silicon con-
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trolled rectifier, none of these U.S. Patents disclose a 45

control system in series with an external source of elec-
tricity and an external load so as to control the energiza-
tion and de-energization of the load in response to the
combination of a plurality of external sensed parame-
ters. Thus, U.S. Pat. No. 3,818,247, Chambers et al,
disclosed the use of a silicon controlled rectifier to con-
trol a load in response to a sensed condition, but the
device is not in series with an external source of elec-
tricity. U.S. Pat. No. 3,818,183, Masson, discloses an
electronic temperature control system utilizing an elec-
tronic switch but the disclosed system only senses one
parameter, temperature. U.S. Pat. Nos. 3,708,738,
Crawford et al, 3,691,404, Sweigert, Jr., 3,629,681, Gur-
wicz, 3,486,105, Breniere, 3,440,517, Page et al,
3,392,626, Miller et al, 3,365,654, Vollrath, 3,231,812,
Paley, 3,331,013, Cunningham, and 3,146,392, Sylvan,
all disclose electronic circuits utilizing a full-wave recti-
fier bridge and the effective shorting out of this bridge
by an electronic switch, but none of these patents dis-
close the use of external sensors to control the operation
of the electronic switch so as to activate the external
load. U.S. Pat. 3,336,524, Healey also utilizes a full-
wave bridge but this bridge is not in series with the
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source of electricity, and the electronic switches do not
operate by sensing external parameters.

Although U.S. Pat. 3,365,654, Johnston discloses a
full-wave bridge to control activation of a load in series
with a source of electricity in response to an external
sensor, only one sensor 1s disclosed and, in addition, the
circuit is used for controlling the mean electrical power
fed to a load rather than its activation or deactivation.
Furthermore, Johnson utilizes an external oscillator for
a portion of its control circuitry which incorporates a
temperature sensing resistor. Thus, this portion of the
control circuitry is not in series with the source of exter-
nal electricity and the external load as is the present
invention.

U.S. Pat. No. 3,783,368, Dosch et al, also discloses a
control system in series with a source of external elec-
tricity and an external load so as to control the power to
the external load. This patent discloses the use of a
single sensor 80 as to control the average power to the
external load. The use of a hysteresis effect for activa-
tion of the load is not disclosed and indeed, the purpose
for the activation of the load is for controlling the duty
cycle of the load. The present invention is not con-
cerned with the varying duty cycle of the external load
but its activation in response to a plurality of external
sensed parameters. The activation of the external load
of the present invention is thus used to control an exter-
nal device such as a furnace, so as to maintain the fur-
nace in operation until the external load is de-energized.
Thus, the present invention is an on-off type of control-
ler, rather than a proportional type controller disclosed
in Dosch.

SUMMARY OF THE INVENTION

A control system of the present invention is in series
with a load connected to a source of electricity for
energizing and de-energizing the load in response to
externally sensed parameters. The load must be in one
of two states either a full ON state or a full OFF state
depending upon the magnitudes of the externally sensed
parameter and, optionally, the additional values of ex-
ternal control signals. The control system in one em-
bodiment incorporates a full-wave rectifier electrically
connected to the series combination of the external load
and the external source of alternating electricity. The
full-wave rectifier supplies electricity of one polarity to
a direct current voltage regulator which generates an
output of constant voltage to the control modules, the
control logic modules, and sensors of the control sys-
tem. The direct current voltage regulator incorporates
circuitry which stores sufficient electrical energy to
properly operate the control and control logic modules
and sensors of the present invention even during the
times when the electronic switch of the control system
1s activated.

The sensors of the present invention may be of any
type that converts a sensed parameter to a direct cur-
rent electrical signal either directly or with the aid of
filters and detectors. Thus, in the preferred embodiment
of the present invention a sensor monitors temperature
while another sensor monitors ambient light. These
sensors generate direct current electrical signals that are
supplied to corresponding control modules. The con-
trol modules each generate a signal corresponding to an
ON or OFF state depending on the value of the corre-
sponding sensed parameter, or optionally, the value of
an external control signal. These outputs of the control
modules are transferred to the control logic module of
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the present invention. In the control logic module, the
control module outputs are logically anded so as to
produce an ON signal if, and only if, all of the control
module output signals are ON and conversely to pro-
duce an OFF signal if any of the control module output
signals 1s OFF.

The control logic output signal in turn controls the
trigger module of the present invention which acttvates
the electronic switch when the control logic output
signal is in the ON state and turns off the electronic
switch if the control logic output signal is in the OFF
state. The electronic switch in the preferred embodi-
ment of the present invention comprises a silicon con-
trolled rectifier (SCR) which electrically short circuits
the full-wave bridge when activated and thereby con-
nects the external load to the external source of alternat-
ing current electricity. However, during each half cycle
of the alternating current, a small amount of electrical
energy is stored by the direct current voltage regulator
so as to maintain the proper supply voltage to the con-
trol logic module, the control modules and the sensors.
The voltage regulator may, of course, be replaced by a
battery to supply the proper supply voltage.

In addition, the present invention incorporates one or
more status indicators which are operable in one or two
states depending upon the condition of the electronic
switch. Thus, in the preferred embodiment of the pres-
ent invention, a light emitting diode (LED) is deacti-
vated when the silicon control rectifier is turned on and
is activated when the SCR is turned off; thereby indicat-
ing to the user that the external load is not being acti-
vated by the control system.

Furthermore, in the preferred embodiment of the
present invention, the temperature sensing control mod-
ule incorporates a hysteresis-generating circuit which
maintains the output of this particular control module in
the ON state even though the sensed temperature Is
below the value which is initially required to generate
the ON signal. This temperature swing, which is there-
fore necessary to make the control module transfer to
the OFF state simulates the bimetallic thermostat
switch that the temperature sensor is simulating. Thus,
when the ambient light in the room indicates that the
room is lighted, the control system of the present inven-
tion overrides the existing temperature activated bi-
metal thermostat switch of the furnace control. Thus,
the temperature of the room is selectable by the temper-
ature setting of the temperature sensor of the present
invention. However, if the ambient light indicates that
the room is dark—indicating that no one is occupying
the particular room or area—the control system is de-
activated and the temperature sensor is no longer able
to activate the electronic switch. At this time, the exist-
ing temperature activated thermostat switch controls
the furnace temperature, and this switch may preferably
be maintained at a lower temperature than the tempera-
ture as set by the temperature trim setting of the present
invention's temperature sensor;thereby saving on the
use of energy during the dark hours of every day.

OBJECTS OF THE INVENTION

Therefore, it is a principal object of the present inven-
tion to provide a control system in series with an exter-
nal load and an external source of electricity for ener-
gizing and de-energizing the load with the external
source of electricity in response to the combination of a
plurality of sensed parameters.
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An additional object of the present invention 1s to
provide a control system of the above description
which incorporates control circuitry which 1s supplied
by electricity from the external source of electricity at
all times including when the control system energizes
the external load.

A further object of the present invention is to provide
a control system of the above description for use with
an existing temperature activated or other automatic or
manual external switch so as to override the contro] of
this temperature activated switch during times when
the room in which the control system is located has a
predetermined amount of ambient light.

An additional object of the present invention is to
provide a control system of the above description
which may incorporate indicators for showing to the
user the particular state of the control system.

A further object of the present invention is to provide
a control system of the above description which may
additionally be responsive to externally generated con-
trol signals for activating the control system.

An additional object of the present invention is to
provide a control system of the above description that
has a very low power consumption so as to maintain the
external load in the OFF state when the electronic
switch of the present invention is in the OFF state even
though a small amount of power is being used by the
present invention to maintain operating power to a
portion of its electronic circuitry.

Other objects of the present invention will in part be
obvious and will in part appear heretinafter.

THE DRAWINGS

For a fuller understanding of the nature and objects
of the invention, reference should be had to the follow-
ing detailed description taken in connection with the
accompanying drawings.

FIG. 1 is a block diagram of the present invention
showing its interconnection with an external source of
alternating electricity as well as an external load and an
existing temperature activated thermostat switch.

FIG. 2 is a schematic diagram of the control system
shown in FIG. 1.

FIG. 3A is a voltage waveform across the inputs to
the present invention.

FIG. 3B is a voltage waveform across the output
terminals of the full-wave rectifier of the present inven-
tion: and

FIG. 3C is a voltage waveform across the gate of the
electronic switch.

DETAILED DESCRIPTION

As may best be seen in FIG. 1, a control system 10, of
the present invention incorporates a number of elec-
tronic circuit modules 20, 24, 28, 30, 32, 40, 5§, and 48
for performing the energization and de-energization of
an external load 12 in series with an external source of
electricity 14 by effectively completing the electrical
connection of the load to the external source of electric-
ity. The activation of the load is from an OFF state to an
ON state so that the present invention is in effect an
ON-OFF type of control system. Furthermore, the
present invention is in series with the external load and
the external source of electricity and performs its con-
trolling function by effectively electrically short-cir-
cuiting the input lines 16 and 18 that emanate from the
load 12 and the power source 34. In one configuration,
the load is a relay and its normal energization and de-
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energization by an exiernal temperature activated ther-
mostat switch 19 is overriden at certain times by the
present invention. In this configuration, the electricity
source 14 1s approximately 24 VAC, and is typically the
secondary side of a 115 VAC step-down transformer.

In the preferred embodiment of the present invention,
a full-wave rectifier module 20 receives alternating
electricity from the external source of electrical power
14 in series with a load 12 and rectifies this alternating
source of electricity so as to yield an output 22 of pulsat-
ing direct current electricity. This output is connected
to a direct current voltage regulator module 24 which
produces a regulated constant output 26 of direct cur-
rent voltage at a predetermined level, preferably 6
VDC. This module incorporates electrical energy stor-
age tor maintenance of this direct current voltage dur-
ing times when the output 22 of the full-wave rectifier
module 20 is short-circuited.

As seen in FIG. 1, the output 26 of the direct current
voltage regulator 24 supplies power to the control mod-
ules 28, the sensors 30, and the control logic module 32.
The sensors 30 monitor external parameters such as
temperature [and], light, humidity, time, or pressure,
and generate an electrical sensor output signal 34 pro-
portional to the externally sensed parameter. These
outputs 34 control the ON and OFF state of respective
control modules 28. Thus, if the sensed external parame-
ter 1s greater than a predetermined adjusted value, the
output 34 of the sensor 30 will cause the corresponding
control module 28 to generate a control module output
36 which will go from an OFF state to an ON state are
electrically transferred to the control logic module 32
where, if all of the outputs 36 are in the ON state, the
control logic will generate a control logic output 38 that
1s also in the ON state and in all other situations gener-
ate a OFF output signal. It is apparent to one skilled in
the art, that the control logic module may logically
combine the outputs of the control modules in other
ways to generate an ON or OFF control logic signal.
Thus, the output of the control logic module may be
equated to its inputs by a Boolean equation. For in-
stance, the control logic output 38 could be maintained
in the ON state for all control module input signals
except when all these signals are in the OFF state.

The output 38 of the control logic module 32 is elec-
trically transferred to a trigger module 40 where, if an
ON output signal s received, a trigger output signal 42
is generated that will periodically energize an electronic
switch 44. The energization of the electronic switch
causes the output of the electronic switch 46 to effec-
tively short-circuit the full-wave rectifier 20 for the
majority of every half cycle of alternating current elec-
tricity entering the full-wave rectifier bridge via input
lines 16 and 18. Thus, the electronic switch causes the
external load 12 to be fully energized by the external
source of electricity 14 and thereby cause the load 12 to
go from the OFF state to the ON state. The electronic
switch also may energize or de-energize an indicator 48
so as to inform the user of the status of the controller.
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As best seen in FIG. 2, the preferred embodiment of 60

the present control system 10 is adapted for providing
overriding control to a temperature control unit 50,
which may be a furnace or an air-conditioner, by acti-
vating a relay 52 representing the external load to the
control system. The output of the relay may be two or
three wires depending upon the particular furnace to be
controlled. Thus, in a standard furnace control unit, a
thermostat switch 19 closes if the ambient temperature
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equals a predetermined set temperature. The closure of
the thermostat switch closes the electrical circuit from
the source of alternating current electricity 14 to the
turnace relay 52 thereby energizing the relay to close its
normally open contact 53, and thereby energize the
furnace control unit.

The present control system connects in parallel rela-
tionship to the existing temperature activated thermo-
stat switch 19 by means of male-female connectors 55
and 56. A switch 38 allows deactivation of the control
system from the thermostat switch 19 during times
when it is not desired for the control system to be opera-
ble, such as during prolonged absence from the area
serviced by the furnace.

The full-wave rectifier 20 is connected across input
lines 16 and 18 from the switch 58 and the male connec-
tor 33. A snubber circuit 60 is connected across input
hines 16 and 18 and comprises resistor 61 and capacitor
62. The electrical values for these and all subsequent
passive circuit elements are listed in Table 1. The snub-
ber circuit prevents rapid changes in voltage, that
dv/dt, and thereby prevents turn-on of the electronic
switch 44 during times when it is not being triggered by
trigger module 40.

TABLE 1
——————— e —
Refer-
ence
Numeral Component Type Value

M

44 Electronic Switch (SCR) 2N5061 or 2N2324
61 Resistor 62 ohm

62 Capacitor 68 ufd

70 Resistor 1K

73,74  Transistors 2ZN1613

75 Capacitor IO0OMF. 16v

77 Thermister 0SDC203K (RODAN)
78 Potentiometer 50K

80 Resistor 22K

a1 Potentiometer 10K

82 Resistor 22K

84 Resistor 4,7 meg

87 Potentiometer 500K

88 Photoresistor CL60SL (CLAIREX)
89 Resistor 33K

90 Resistor 33K

91 Capacitor 15 pid

96 Feedback Resistor 360K

97 Biasing Resistor 56K

98 Capacitor 01 pfd 10v
104 Biasing Resistor 6K
105 Filter Capacitor Ol ufd 10v
106 Feedback Resistor 4. 7™M
107 Feedback Potentiometer 100K
1i8 Resistor [IOK] /0K

i19 Resistor [00K] 27K
120 Resistor IK [27K]
[21 Transistor 2N 2319
124 Resistor [IK] 10K

%

The full-wave rectifier comprises a bridge diode cir-
cuit comprising diodes 63, 64, 65 and 66 which generate
a unipolarity electrical output 22 on lines 68 and 69.

The direct current voltage regulator 24 receives the
output from the full-wave rectifier bridge and produces
a regulated direct current voltage output 26 (VCQC),
preferably having a value of 6 VDC, which is con-
nected to the sensors 30, control modules 28 and the
control logic module 32 so as to properly bias these
portions of the control system. The direct current volt-
age regulator comprises resistor 70 connected to zener-
diode 71 so as to produce a voltage on line 72 in order
to bias Darlington transistor pair 73 and 74 thereby
produce the regulated DC voltage output 26 across
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capacitor 75. Capacitor 75 has sufficient electrical stor-
age capabilities so as to maintain the desired output
volitage VCC) on output 26 during times when the out-
put line 68 of the full-wave rectifier is effectively equal
to the potential on line 69. This condition arises when
the electronic switch 44 of the present invention effec-
tively short-circuits the rectifier bridge as will be ex-
plained more fully later.

The sensors 30 measure external parameters and pro-
duce electrical signals in response thereto. Thus, a tem-
perature sensor module 30" is shown which measures
ambient temperature. This module comprises a thermis-
tor 77 having a decreasing resistance as the ambient
temperature increases. The thermistor is connected to a
potentiometer 78 and their output 79 is connected to the
corresponding control module 28. The temperature
sensor also incorporates resistors 80 and 82 and potenti-
ometer 81 in parallel with the series combination of
thermistor 77 and potentiometer 78, the total combina-
tion forming an electrical bridge. A portion of the volt-
age across potentiometer 81 is sensed and transferred to
the corresponding contirol module by output line 83.
The potentiometer 78 in the temperature sensor allows
the user to manually set the temperature which the user
desires to have when control system override the exist-
ing thermostat switch. Thus, if the temperature {trim
potentiometer 78 was set at 70° F. and if the other sen-
sors were equal to their predetermined levels for activa-
tion, the control system will then effectively connect
the thermostat relay 52 to the alternating current source
14, thereby energizing the furnace control heating unit.
It is thus seen that the particular setting of the existing
thermostat switch 19 is completely ignored by the con-
trol system during such times, and thus the control
systern in effect overrides the existing thermostat. It
should be noted that a second temperature sensor and
control module may be used to sense a second pre-
determined temperature 50 as to eliminate the existing
temperature activated switch 19.

As also seen in FIG. 2, a light sensor module 30 1s
utilized for monitoring ambient light. This sensor gener-
ates an electrical voltage across output lines 85 and 86
which are connected to a light control module 28’ so as
to activate this module if the ambient light is greater
than a selected predetermined value. This light sensor
comprises a potentiometer 87 which is used to adjust the
level of ambient light necessary for activating the con-
trol system. Connected in series with the potentiometer
is a photo-resistor 88 which varies its internal resistance
in inverse proportion to an increase in the ambient light
level. Connected in parallel to the potentiometer and
photo-resistor series combination is a pair of resistors 89
and 90, the combination forming an electrical bridge.
Thus, as the ambient light increases, the photo-resistor
internal resistance 88 decreases, and the voltage polarity
between output lines 8% and 86 switches from output
line 85 positive to output line 86 positive.

As also shown in FIG. 2, the light sensor module 30’
connects to light control module 28° which comprises
an operational amplifier 92 with inputs 93 and 94 and
output 95 which is connected to the logic module 32 as
well as feedback resistor 96 and biasing resistor 97. A
capacitor 98 is connected across input lines 93 and 94
for filtering purposes. Thus, during low ambient light
conditions, the output line 85 is at a higher potentional
than output line 86 and therefore operational amplifier
97 is maintained in the OFF state. However, as the
ambient light increases, the internal resistance of the
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photo-resistor decreases thereby causing output line 83
to have a lower potential than output line 86. When this
change in voltage polarity occurs, the inputs 93 and 94
to the operational amplifier are such that the negative
input 94 is more negative than the positive input 93. At
this time, the operational amplifier 92 switches to the
ON state, which in the present case is the VCC voltage
from output line 26 of the DC voltage regulator mod-
ule. This increased voltage on output line 95 passes
current through feedback resistor 96 thereby making
the potential between input lines 93 and 94 greater and
thereby saturating the operational amplifier into the
State.

A time delay circuit may be incorporated in the light
control module 28’ in order to prevent activation of the
system by rapid turn on and turn off of a light bulb near
the light sensor, such as by resistor 84 and capacitor 91
RC combination. Indeed, potentiometer 87 may be ad-
justed so as to set the level of ambient light necessary
for initial activation of the light control module 28"

The temperature control module 28" operates in an
analogous fashion to the light control module 28' con-
nected to the light sensor module 30°. Thus, this contro]
module also incorporates an operational amplifier 100
having input lines 101 and 102 and output line 103 as
well as biasing resistor 104 and filter capacitor 105. The
feedback network of this operational amplifier 1s
slightly different than the light sensing control module
in that a hysteresis temperature effect is incorporated in
the feedback network. The feedback network com-
prises resistor 106 and potentiometer 107. As will be
noticed, potentiometer 107 connects to resistor 81 at
one point and the output of the potentiometer i1s con-
nected to input line 101 and capacitor 105. Thus, the
output line 103, which is connected to the control logic
module 32, is in the OFF or low voltage state when
input line 102 is at a greater potential than input line 101.

Thus, when the ambient temperature is low, the inter-
nal resistance of the thermistor 77 is high thus making
output line 79 at a lower potential than line 83. How-
ever, as the ambient temperature increases, the internal
resistance of thermistor 77 decreases causing output line
79 to have a higher potential than output line 83. At this
time, the operational amplifier 100 is turned to the
[ON, or higher voltage state, having an output voltage
equal to the VCC voltage of output line 26 of the DC
voltage regulator] OFF, or lower voltage state, having an
output voltage equal to zero volts. Also, at this time, the
feedback network causes input line 101 to be at an even
higher potential than input line 102, thus saturating
operational amplifier 100. The hysteresis effect 18
caused by the voltage drop of the outer leg 108 of the
feedback potentiometer which is connected to the out-
put line 83 of the temperature sensor. Thus, the voltage
on the temperature sensor output line 83 may decrease
by an amount equal to the voltage drop across outer leg
108 without having any effect on the turn-on of the
operational amplifier. Indeed, the output line 83 must
have a negative potential with reference to output line
79 of sufficient magnitude to cause the feedback current
from the feedback network comprising resistor 106 and
potentiometer 107 to prevent this feedback from biasing
input line 101. At this time, the input line 101 will be at
a lower potential than input line 102 and the operational
amplifier will revert to its OFF state.

The hysteresis feedback potentiometer 107 is able to
adjust the hysteresis effect from less than 1 of 1° F. to
greater than 2° F. depending upon whether the potenti-
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ometer pickup point 109 is set at a minimal value closest
to output line 83 or set at a maximum value closest to
resistor 106.

Outputs 95 and 103 of the control modules are con-
nected to the control logic module 32. The control logic
module performs a logical AND operation on these
outputs. The control logic module includes nand gates
111 and 112 as well as operation amplifier 113. The
output of nand gate 112 i1s connected to the minus input

114 of the operational amplifier. The plus input 115 of 10

the operational amplifier is connected to the junction
between resistor 80 and potentiometer 81 of the temper-
ature sensor 30 and thus, this voltage has a positive
value less than the VCC voltage of output line 26. Since
the output of nand gate 112 is at the ON or VCC volt-
age when the inputs from output lines 95 and 103 are
both in the ON state, the output of operational amplifier
113 is in the [high or ONJ] low or ON state only when
the outputs of the control of all the control modules are
in the ON state. At other times, the output of nand gate
is at the low potential and thus the voltage from the
junction of resistor 80 and potentiometer 81 is at a
higher potential thereby maintaining the operational
amplifier 113 in the OFF (VCC) state.

The output line 116 of the operational amplifier 113 is
connected to the trigger module 40. Trigger module 40
comprises resistors 118, 119, and 120 as well as transis-
tor 121. Thus, when output line 116 is in the OFF or
[low] (VCC) voltage state, the transistor 121 is [satu-
rated ] non-conducting. The collector of transistor 121 is
connected to the gate terminal 122 of a silicon con-
trolled rectifier 123 which comprises the electronic
switch of the present invention. Thus, during the times
when transistor 121 is saturated (FCEsq1rX 0.2 V), the
collector voltage is substantially at ground potential
thereby preventing the electronic switch from firing.

However, when the output line 116 of the control
logic module is in the ON or [high] /low state, the
transistor 121 1s turned OFF thereby making the collec-
tor voltage of that transistor high and thereby energiz-
ing the gate terminal 122 of the electronic switch [ caus-
ing] when the voltage across lines 68 and 69 equals ap-
proximately 16.8 volts, which corresponds to a trigger volt-
age at the gate 122 of SCR 123. This is the voltage across
resistor 120 when the gate terminal reaches a voltage of 0.6
volts the silicon controlled rectifier [to act} acts as a
low impedance path for the remainder of the applied
alternating half cycle of current. This in turn effectively
electrically connects output lines 68 and 69 of the full-
wave rectifier bridge which in turn effectively electri-
cally connects input lines 16 and 18, thereby activating
the load 12 by the alternating current source 14. A
waveform of the gate voltage of the silicon controlled
rectifier 1s shown in FIG. 3C where the gate voltage is
in the OFF state from T¢ to T2 and 15 activated from
T2 to beyond T4. FIG. 3A shows the corresponding
waveform across input lines 16 and 18 of the control
system. Thus, up until the time when gate 122 is acti-
vated, the input to the full-wave rectifier bridge is equal
to the alternating current source 14. FIG. 3B shows the
corresponding waveform across the outputs 68 and 69
of the full-wave rectifier bridge. Thus, it is seen in
FIGS. 3A, 3B, and 3C that the [alternating] opera-
tional current source is not energizing the load 12 until
time T2 and that from time T2 to beyond time T4 the
external load is being energized since the output of the
full-wave rectifier bridge (FIG. 3B) is effectively elec-
trically shorted for the majority of each half cycle of
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alternating current. The full-wave rectifier 1n turn effec-
tively electrically connects input lines 16 and 18 during
these times.

An indicator module 48 is connected across the elec-
tronic switch 44. The indicator module comprises resis-
tor 124 and light emitting diode (LED) 125. The LED
i1s activated when SCR 123 1s not tniggered, thereby
indicating that the control system is not overriding the
external thermostat switch. The LED is de-activated
when the SCR fires, thus indicating that the system is
energizing the external load.

It should also be noted that during times when the
electronic switch is energized; i.e., when the output of
line [116] 122 is in the high state, a small voltage does
appear across the full output of the full-wave rectifier as
shown in FIG. 3B. This small amount of voltage during
a small portion of each half cycle of alternating current
provides the additional electrical energy needed to
maintain the output 26 of the direct DC voltage regula-
tor at its desired level. The reason that such a small
voltage for such a small period of time during each half
cycle of the alternating current source is sufficient to
maintain the VCC voltage at this desired level is due to
the low power consumption of the control electronics
of the sensors 30, the control modules 28 and the con-
trol logic module 32. Typically, 10 to 30 milliamperes at
the VCC voltage of 5 VDC is sufficient to maintain the
proper operation of these modules. Furthermore, the
full-wave rectifier bridge is not electrically shorted at
the beginning of each half cycle of applied alternating
current because the applied voltage across output lines
68 and 69 of the full-wave rectifier must obtain a volt-
age sufficient to trigger the gate terminal 122 of the
silicon controlled rectifier 123. This voltage is typically
0.8 of a volt] through the voltage divider network of
resistors 119 and 120. This voltage is typically 0.6 vols,
which is reached when the voltage across output lines 68
and 69 reaches 16.8 volis.

Thus, the present invention not only controls the
external load 1n response to the externally sensed pa-
rameters, but it also maintains proper operating voltages
for its control electronics even when the control system
1s energizing the external load.

Furthermore, due to the fact that the power con-
sumption of the control electronics of the control sys-
tem is in the milliwatt range when CMOS integrated
circuits are utilized for the operational amplifiers 92,
100, and 113, and logic gates 111 and 112, the current
drain by the control system is insufficient to activate the
external load 12. Typically, to activate relay 52, a cur-
rent of more than 300 milliamperes is required while the
control electronics only requires approximately 10 mil-
lhamperes.

Thus, the control system is able to override an exist-
ing temperature activated thermostat switch 14 in a
furnace control unit so as to maintain the ambient tem-
perature at some desired range during times when the
ambient light indicates that the room 1s lighted and
therefore in use. Furthermore, during the nighttime,
when the light sensor of the present invention indicates
that the higher ambient temperature is no longer de-
sired, the control system reverts control back to the
existing temperature activated thermostat switch 19
which may therefore be set at a low temperature.

It should be noted that the present invention when
connected to a furnace control unit, is able to reduce the
consumption of fuel by automatically maintaimning the
nighttime temperature at a predetermined, lower level,
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than daytime temperature for the dwelling heated by
the furnace. The present invention is superior in opera-
tion to other fuel-saving devices for furnaces since it
will not de-activate at night while the lights are on. The
other fuel-saving devices utilize timers that connect a
second thermostat switch or readjust an existing ther-
mostat to a lower setting, or to activate a smaller heater
under an existing thermostat so as to lower the dwelling
temperature. The timers in all these devices must be
reset every time the occupants of the dwelling are
awake beyond their normal bedtimes, or else the might-
time setting of the device will take over.

It is readily apparent that the present invention may
also be used to sense other parameters such as air pres-
sure, hot water temperature, sound, or any other param-
eter that may be electrically sensed to control a variety
of external loads which have an ON or Off type desired
control. Thus, the present invention may be used not
only to control furnace or air-conditioner control units
but may also be used to control any type of device
utilizing an on-off type of activating unit or solenoid.

It should also be noted that the present invention may
also be used with a direct current source of electricity
by simply connecting input line 16 to output line 68 and
connecting input hine 18 to the ground output line 69
while eliminating the full-wave rectifier bridge. In this
configuration, an oscillator is built into the control elec-
tronics that allows the power supply to ‘'sample”
power; thereby maintaining a charge on capacitor 75. In
addition, a transistor may be used in place of the SCR
125. Furthermore, external control signals may option-
ally communicate with some or all of the control mod-
ules to change their states. ..

Thus, what has been described is a control system for
use in series with an external load as well as an external
source of electricity so as to energize or de-energize the
external load in response to the combination of a plural-
ity of sensed parameters. The sensed parameters may be
temperature, ambient light, pressure, sound, or any
other parameter which may be converted into an elec-
trical signal.

It will thus be seen that the objects set forth above,
among those made apparent from the preceding de-
scription, are efficiently attained and, since certain
changes may be made in the above construction without
departing from the scope of the invention, it is intended
that all matter contained in the above description or
shown in the accompanying drawings shall be inter-
preted as illustrative and not in a limiting sense.

It is also to be understood that the following claims
are imtended to cover all of the generic and specific
features of the invention herein described, and all state-
ments of the scope of the invention which, as a matter of
language, might be said to fall therebetween.

Having described the invention, what is claimed is:

1. A control system for controlling the energization
and de-energization of a load in series with a source of
alternating current electricity in response to at least two
external parameters, comprising:

A. means, (20), having input terminals connectable
across the load and the alternating current electric-
ity source series combination, for rectifying the
alternating current electricity [at] and applying
the rectified alternating current electricity to a pair of
output terminals;

B. means, (24), connected to the output terminals of
the rectifying means, for voltage regulating a por-
tion of the output of the rectifying means;
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C. means, (30), connected to the output of voltage
regulating means for sensing external parameters
and for generating [an] electrical [signaling re-
sponse] signals, each signal having a magnitude
propertional to one of the sensed external parame-
ters;

D. means, (28), each connected to one of the sensing
means and fo the voltage regulating means, for
generating electrical control output signals that are
of a first, ON, value if the sensed parameter is
greater than a predetermined value and is a second,
OFF, value if the [sense} sensed parameter is
otherwise;

E. means, (32), connected to the output of all the
electrical control [ modules, ] output signal generat-
ing means, for generating a control logic output
signal that is of a first, ON, value [if and] only if
all of the electrical control output signals [of the
control signal means] are of an ON value and is a
second, OFF, value if any electrical control output
signal [of the control signal means] is of an OFF
value:

F. [triggering means having an input] a trigger (40)
comprising means connected [to] across the output
[ of the control logic signal) terminals of the recti-
Jying means, [for generating a trigger voltage sig-
nal if and only i} having an output controlled by the
output of the control logic [means] output [sig-
nal} signals, so as to have a fixed nearly ground
voltage when the control logic output signal is OFF
and a voltage equal to a percentage of the voltage
across the output terminals of the rectifying means
when the control logic output signal is Lof an] ON
[ value]; and

G. means, (44), having [an] a gate input connected
to the output of the trigger [voltage signal of the
triggering means], and connected across the out-
put of the rectifying means, for effectively electri-
cally connecting the input terminals of the rectify-
ing means [if a trigger voltage signal is present]
only after and for the alternating current half cycle
when the output of the trigger obtains a predetermined
value, and for effectively disconnecting the input
terminals of the rectifying means from each other
[if the trigger voltage signal is not present] at all
other times:

whereby the load is energized by the alternating current
electricity source if the sensed external parameters are
all greater than their respective selected predetermined
values, and the load is de-energized if any of the sensed
external parameters are not greater than their respective
predetermined values.

2. A control system as defined in claim 1, further
comprising:

H. [indicators} an indicator, connected to the [out-
put of the electronic switch} means, for e¢ffectively
electrically connecting the input terminals of the recti-
fying means, for indicating the ON or OFF state of
the control system.

3. A control system as defined in claim 2, wherein the
[indicators comprise] comprises a light emitting [di-
odes] diode.

4. A control system as defined in claim 1, wherein the
[ clectronic switching] means for effectively electri-
cally connecting the input terminals of the rectifying
means incorporates a silicon controlled rectifier.

5. A control system as defined in claim 1, wherein
each sensing means comprises an electrical bridge in-
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corporating a parameter variable resistor, a potentiome-
ter connected in series with the parameter variable
resistor for selecting the predetermined value for the
sensed parameter, and [a resistor} at least two resistors
having an output positioned somewhere therebetween, the
resistors connected 1n parallel to the series combination
of the variable resistor and the potentiometer [ parallel
combination of a first} the resistance of the bridge and
the output proportioned [and a potentiometer, the resis-
tance] ro the magnitude of the [sensed] external pa-
rameter [determined by the magnitude of the external
parameter }J, wherein the electrical signal of the sensing
means is proportional to the variation in resistance of
the variable resistor.

6. A control system as defined in claim 1, wherein
each electrical control output signal generating means
Incorporates an operational amplifier for sensing the
electrical signal from the corresponding sensing means
and generating an output signal in response thereto.

7. A control system as defined in claim 1, wherein the
means for generating a control logic means logically
ANDS output signal the control output signals of the
electrical control output signal generating means.

8. A control system as defined in claim 1, wherein the
rectifying means comprise a full-wave bridge.

9. A control system as defined in claim 1, wherein the
voltage regulating means comprises a zener diode con-
nected to the input of a Darlington transistor pair and
wherein the output of said Darlington transistor pair is
connected to a capacitor for storing electrical energy.

10. A control system for controlling the energization
and de-energization of a relay load in series with a
source of alternating current electricity in response to
ambient light and ambient temperature, so as to over-
ride the control of an existing temperature activated
switch connected across the series combination of the
relay load and the alternating current source, compris-
ing:

A. means, having input terminals connectable across
the load and the alternating current electricity
source series combination and in parallel with the
external temperature activated switch, for rectify-
ing the alternating electricity present at the input
terminals at a pair of output terminals;

B. means, connected to the output terminals of the
rectifying means, for voltage regulating a portion
of the output of the rectifying means at a predeter-
mined value and storing electrical energy at the
regulated voltage value;

C. light sensing means, connected to the output of the
voltage regulating means, for generating an electri-
cal output signal in proportion to the ambient light
level;

D. temperature sensing means, connected to the out-
put of the voltage regulating means, for generating
an electrical output signal proportional to the ambi-
ent temperature; -

E. light control means, connected to the output of the
iight sensing means, and the voltage regulating
means, for generating an electrical control output
signal of a first, ON, state if the ambient light is
above a first predetermined value and a second,
OFF, state if the ambient light is below said first
predetermined value;

F. temperature control means, connected to the out-
put of the temperature sensing means, and the volt-
age regulating means, for generating a first, ON,
signal if the ambient temperature is above a second
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predetermined value and a second, OFF, signal if

the ambient temperature is below a third predeter-

mined value;

G. control logic means, connected to the [output]}
outputs of the light control means and the tempera-
ture control means for generating an ON signal if
the outputs of the light control means and the tem-
perature control means are both in the ON state
and for generating an OFF signal if either the tem-
perature control output signal or the light control
output signal is in the OFF state;

H. [triggering means, having an input connected to]
a trigger comprising:

(/) a transistor controlled by the output of the con-
trol logic means, [for generating a trigger volt-
age signal if, and only if,] and

(2) a voltage divider controlled by the output of the
transistor and having at least a pair of resistors
connected in series across the output terminals of
the rectifying means, having an output at one junc-
tion of the resistors, the output of the trigger equal
fo a fixed percentage of the voltage across the voli-
age divider when the output of the control logic
means [output signal] is [in the] ON [state];
and

I. electronic switching means having an input con-
nected to the [trigger voltage} output [signall
of the [triggering means] trigger, and connected
across the output of the rectifying means, for effec-
tively electrically connecting the input terminals of
the rectifying means to each other [if a trigger
voltage signal is present} only after and for the
alternating current half cycle when the output of the
voltage divider has a predetermined fixed percentage
value of the rectified alternating current electricity
and for effectively disconnecting the input termi-
nals of the rectifying means from each other [if the
trigger voltage signal is not present] at all other
times:;

whereby the relay load is energized by the alternating -
current electricity source if the sensed ambient light and
sensed ambient temperature are both greater than the
respective first and second predetermined values, and
the relay load is de-energized if the ambient light is
below the first predetermined value or if the ambient
temperature i1s below the third predetermined value.

11. A control system as defined in claim 10, further
comprising:

J. [indicators] an indicator, connected to the output
of the electronic switch means, for indicating the
ON or OFF state of the relay load.

12. A control system as defined in claim 11, wherein
the indicator comprises a resistor and a light emitting
diode connected in series, the other connection of the
resistor and the light emitting diode connected across
the output of the rectifying means.

13. A control system as defined in claim 10, wherein
the electronic switching means incorporates a silicon
controlled rectifier.

14. A control system as defined in claim 10, wherein
the temperature sensing means comprises a thermistor
and a potentiometer connected in series with the therm-
istor, and a second potentiometer connected in parallel
to the thermistor and the first potentiometer series com-
bination; and wherein the light control means incorpo-
rates a photo-resistor and a potentiometer connected in
series and first and second. resistors connected in series
to each other, their other connections connected in
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parallel to the series combination of the potentiometer
and photo-resistor, so that the potentiometer i1s adjust-
able to set the first predetermined value of the hght
control means.

15. A control system as defined in claim 10, wherein
the light control means incorporates an operational
amplifier sensing the electrical signal of the light sensing
means and generating said ON and said OFF output
signal in response to the magnitude of the light sensing
output electrical signal and wherein the temperature
control means incorporates an operational amplifier
sensing at least a portion of the output of the tempera-
ture sensing means and incorporating a potentiometer
connected to the output of the temperature sensing
means at one end and at the other end connected to the
output of the operational amplifier wherein one of the
inputs of the operational amplifier is connected to the
wiper arm of the potentiometer; wherein said potenti-
ometer determines said third predetermined value for
which the output signal of the temperature control
means is in the OFF state when the ambient tempera-
ture falls below said third predetermined value.

16. A control system as defined in claim 10, wherein
the voltage regulating means incorporates a zener diode
in series with a resistor, and a Darlington transistor pair
with the input of the Darlington transistor pair con-
nected to the junction of the zener diode and the resis-
tor, and further incorporating a capacitor for storage of
electrical energy connected to the output of the Dar-
lington transistor pair.

17. A control system as defined in claim 10, further
comprising:

J. indicators, connected to the output of the light
control means, for indicating the ON or OFF states
of the electrical control output signal of said light
control means.

18. A control method for controlling the energization
and de-energization of an external load having a first,
OFF, low current state and second, ON, high current
state connected in series to an external source of elec-
tricity in response to a logical combination of a plurality
of sensed parameters, comprising the steps of:

A. rectifying the output of the series combination of

the external load and source of electricity for gen-
erating an output voltage of uni-polarity;

B. voltage regulating the output voltage of uni-
polarity at a predetermined value and storing elec-
tricity at said predetermined value;

C. individually sensing the parameters [by] and
generating electrical signals proportional to the
magnitude of the corresponding sensed parameter;

D. generating a discrete ON electrical signal if the
electrical signal [of the] generated in response to
the corresponding sensed parameter is greater than
a predetermined value and generating a discrete
OFF electrical signal if the electrical signal in re-
sponse to the corresponding sensed parameter 1Is
below the respective predetermined value;

E. generating a first discrete logic ON electrical sig-
nal if the signals of Step D equal a predetermined
Boolean equation and generating a second, discrete
logic OFF electrical signal if the signals of Step D
do not equal the Boolean equation;

F. [generating} enabling a trigger [ voltage signal }
if, and only if, the logic electrical signal 1s ON, the
trigger when enabled generating an output equal to a
fixed percentage of the output voltage of unipolarity;
and
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G. effectively electrically connecting the outputs of
the series combination of the external load and the
source of electricity [[if a trigger voltage signal is
generated ] only after and for the alternating current
half cycle when the output of the trigger equals a
predetermined value and effectively disconnecting
the [said] outputs from each other [if the trigger
voltage signal is not generated} ar all other times;

whereby the external load is energized by the external
source of electricity if the sensed parameters are equal
to the predetermined Boolean equation, and the exter-
nal load is de-energized if the sensed parameters do not
equal the Boolean equation.

19. A control system for controlling energization and
de-energization of a relay load in series with a source of
alternating current electricity in response to ambient
light and ambient temperature, so as to selectively over-
ride the control of an existing temperature activated
switch connected across the series combination of the
relay load and the alternating current electricity source,
comprising:

A. means, having input terminals connectable across
the load within the alternating current electricity
source series combination and in parallel with the
external temperature activating switch, for rectify-
ing the alternating electricity from the alternating
current electricity source at a pair of output termi-
nals;

B. light sensing means connectable to a source of
direct current electricity, for generating an electr-
cal output signal in proportion to the ambient light
level:

C. temperature sensing means, connectable to a
source of direct current electricity, for generating
an electrical output signal proportional to the ambi-
ent temperature;

D. light control means connected to the output of the
light sensing means and connectable to a source of
direct current electricity, for generating an electri-
cal control output signal of a first, ON, state if the
ambient light is above a first predetermined value
and a second, OFF, state if the ambient light 1s
below said first predetermined value;

E. temperature control means, connected to the out-
put of the temperature sensing means, and connect-
able to an external source of direct current electric-
ity, for generating a first, ON, signal if the ambient
temperature is above a second predetermined value
and a second, OFF, signal if the ambient tempera-
ture is below a third predetermined value;

F. control logic means, connected to the output of the
light control means and the temperature control
means for generating an ON signal if the outputs of
the light control means and the temperature con-
trol means are both in the ON state and for generat-
ing an OFF signal if either the temperature control
output signal or the light control output signal is in
the OFF state;

G. triggering means, having an input connected to
the output of the control logic means, for generat-
ing a trigger voltage signal if, and only if, the con-
trol logic means output signal 1s in the ON state;
and

H. electronic switching means having an input con-
nected to the trigger voltage output signal of the
triggering means, and connected across the output
of the rectifying means, for effectively electrically
connecting the input terminals of the rectifying
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means to each other if a trigger voltage signal is
present and for effectively disconnecting the input
terminals of the rectifying means for each alternat-
ing current half cycle from each other if the trigger
voltage signal is not present;
whereby the relay load is energized by the alternating
current electricity source if the sensed ambient light and
sensed ambient temperature are both greater than the
respective first and second predetermined values, and
the relay load is de-energized if the ambient light is
below the first predetermined value or if the ambient
temperature is below the third predetermined value.
20. A control system for controlling the energization and

the de-energization of a load in series with a source of

alternating current electricity in response to a parameter
comprising:
(A) means, having input terminals connected across the
load and the alternating current electricity source in
series combination, for full-wave rectifying the alter-
nating current electricity at a pair of output terminals;
(B) means, connected to the output terminals of the
rectifier means for receiving at least a portion of the
output of the rectifying means every alternating cur-
rent half cycle; and
(C) means, connected to the output of the voltage receiv-
ing means for controlling the energization and the
de-energization of the load, said controlling means
comprising
(1) a trigger having means connected across the output
terminals of the fullwave rectifying means, for gen-
erating an outpu! that has a fixed, nearly ground
voltage when the load is to be de-energized and a
voltage equal to a fixed percentage of the voltage
across the output terminals of the rectifying means
when the load is to be energized, and

(2) means, having a gate input connected to the output

of the trigger, and connected across the output of

the rectifying means, for effectively electrically
connecting the input terminals of the rectifying
means only for each alternating current half cycle
after the output of the trigger obtains a predeter-
mined fixed percentage value, and for effectively
disconnecting the input terminals of the rectifying
means from each other at all other times.

21. A control system for controlling the energization and

the de-energization of a load in series with a source of

alternating current electricity in response to a parameter
comprising.

(A) means, having input terminals connected across the
load and the alternating current electricity source in
series combination, for fullwave rectifying the alter-
nating current electricity at a pair of output terminals;

(B) means, connected to the output terminals of the
rectifier means for voltage regulating and storing at
least a portion of the output of the rectifying means
every alternating current half cycle; and

(C) means, connected to the output of the voltage regula-
tor and storing means for controlling the energization

and the de-energization of the load, said controlling

means comprising

(1) a trigger having means connected across the output
terminals of the fullwave rectifying means, for gen-
erating an output that has a fixed nearly ground
voltage when the load is 1o be de-energized and a
voltage equal to a fixed percentage of the voltage
across the output terminals of the rectifying means
when the load is to be energized, and
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(2 ) means, having a gate input connected to the out-
put of the trigger, and connected across the output
of the rectifying means, for effectively electrically
connecting the input terminals of the rectifying
means only for each alternating current half cycle
after the output of the trigger obtains a predeter-
mined value, and for effectively disconnecting the
input terminals of the rectifying means from each
other at all other times.

22. A control system for controlling the energization and
the de-energization of a load in series with a source of
alternating current electricity in response to a parameter,
comprising:

(A) rectifving means having input terminals connected
across the load and alternating current electricity
source in series combination for rectifying alternating
current at a pair of output terminals;

(B) voltage regulator means connected to said output
terminals of said rectifier means for smoothing and
storing at least a portion of the rectified output voltage
during every half cycle of alternating current electric-
ity; and

(C) means, powered by said voltage regulator means and
connected across said rectifying means for selectively
energizing and de-energizing said load in response to
said parameter, said energizing and de-energizing
means comprising
across the output terminals of the fullwave rectifying

means, for generating an output that has a fixed
nearly ground voltage when the load is to be de-
energized and a voltage equal to a fixed percentage
of the voltage across the output terminals of the
rectifying means when the load is to be energized,
and

(2) means, having a gate input connected to the outpu!
of the trigger, and connected across the output of
the rectifying means, for effectively electrically
connecting the input terminals of the rectifying
means only for each alternating current half cycle
after the output of the trigger obtains a predeter-
mined value, and for effectively disconnecting the
input terminals of the rectifying means from each
other at all times.

23. A control system for energizing and de-energizing a

45 load in series with a source of alternating current of elec-

50

55

635

tricity comprising:

A. means, connected across the load and the alternating
current electrical source in series combination for
fullwave rectifyving the alternating current electricity
at a pair of output terminals, and, when triggered by
a control signal having a fixed percentage value of the
voltage across the output terminals, for effectively
electrically connecting, during a second period of
time, relative to a first period of time, of each half
cycle of the alternating current electricity, the load
and alternating current electricity source in series
combination,

(B) means, connected across the output of the rectifying
means, for voltage regulating and storing at least o
portion of the voltage generated across the output of
the rectifying means during said first period of time of
each half cycle of the alternating current electricity;

(C) means, powered by the voltage regulating and stor-
ing means, for generating a control signal to trigger
the rectifying and connecting means, said control
signal generating means comprising a trigger having
means connected across the output terminals of the
fullwave rectifying means, for generating a control
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signal output that has a fixed low voltage when the
load is to be de-energized and a voltage equal to a
fixed percentage of the voltage across the output ter-
minals of the rectifying means when the load is to be
energized.

24. A control system for energizing and de-energizing a
load in series with a source of alternating current electricity
comprising:

{A) means, connected across the load and the alternating
current electricity source in series combination, for
full-wave rectifving the alternating current electricity
at a pair of output terminals, and, when triggered by
a control signal for generating a fixed percentage
value of the voltage across the output terminals, for 15
effectively electrically connecting, during a majority of
each half cycle of the alternating current electricity,
the load and alternating current electricity source
series combination;

(B) means, connected across the output of the rectifying
means, for voltage regulating and storing at least a
portion of the voltage generated across the output of
the rectifying means during each alternating current
half cycle; and

(C) means, powered by the voltage regulating and stor-
ing means, for generating the control signal, said
control signal generating a means comprising a trigger
having means connected across the output terminals
of the fullwave rectifying means, for generating a
control signal output that has a fixed low voltage when
the load is to be de-energized and a voltage equal to a
fixed percentage of the voltage across the output ter-
minals of the rectifving means when the load is to be
energized.

25. A control system for controlling the energization and
de-energization of a load in series with a source of alternat-
ing current electricity in response to at least two parameters
comprising.

(4) means, having input terminals connectable across
the load and the alternating current electricity source
series combination, for rectifying the alternating elec-
tricity at a pair of output terminals;

(B) means, connected to the output terminals of the 45
rectifving means, for voltage regulating and storing
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the output of the rectifying means during at least a
portion of each alternating current cycle,

(C) means, connected to and powered by the output of
said voltage regulating and storing means, for gener-
ating electrical signals responsive to said parameters,;

(D) means, each connected to one of the means for gen-
erating an electrical signal responsive to a parameter
and connected to and powered by the output of the
voltage regulating and storing means, for generating
electrical control output signals that are of a first, ON,
value if the sensed parameter is greater than a prede-
termined value and are a second, OFF, value, if the
sensed parameters are otherwise;

(E) means, connected to the output signals of all the
means for generating electrical control output signals,
and connected to and powered by the output of the
voltage regulating storing means for generating a
control logic output signal that is of a first, ON, value
if and only if all of the output signals of the control
signal means are of an ON value, and is a second,
OFF, value if any output signal of the control signal
means is of an OFF value;

(F) a trigger comprising means, connected across the
output terminals of the rectifying means, for generat-
ing an output controlled by the output of the control
logic output signal, so as to have fixed low voltage
when the control logic output signal is OFF and a
voltage equal to a fractional percentage of the voltage
across the output terminals of the rectifying means
when the control logic output signal is ON; and

(G) means, having an input connected to the trigger, and
connected across the output of the rectifying means,
for effectively electrically connecting the input termi-
nals of the rectifying means only after and for each
alternating current half cycle when the output of the
trigger obtains a predetermined value, and for effec-
tively disconnecting the input terminals of the rectify-
ing means from each other at all other times;

whereby the voltage regulating and storing means main-
tains its output voltage so that the load is energized by the
alternating current electricity source if the parameters are
all greater than their respective selected predetermined
values, and the load is de-energized if any of the parame-
ters are not greater than their respective predetermined

values,
e
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