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is continually readjusted in response to changes in the average signal. The apparatus implementing this method includes terminal
means for receiving an AC line voltage, means for generating an operating AC voltage from the AC line voltage, connector
means for applying the operating AC voltage across the load, and voltage detection means for generating a measured signal
which is a function of the magnitude of said operating AC voltage. Signal averaging means are provided for generating an aver-
age signal representative of the average value of the measured signal. Finally, the apparatus includes AC voltage modulation
means for adjusting the operating AC voltage in response to the average signal. In the preferred embodiment of the apparatus of
the present invention, the AC voltage modulation means comprises voltage reduction means for switching off the line voltage for
a portion of each cycle, the length of the portion being determined by the average value of the measured signal. The voltage mod-
ulation means may comprise a phase control integrated circuit device for controlling a triac. The phase control integrated circuit
device is responsive to the average signal to generate a control signal operative to control a triac to switch off transmission of the

line voltage to the load for the portion of each cycle.




applications under the PCT.

AT
AU
BB
BE
BF
BG
B)
BR
BY
CA
CF
cG
CH
Cl
™M
CN
cs
cz
DE
DK
ES
FI

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria
Benin

Brazil

Belarus
Canada
Central African Republic
Congo
Switzerland
Cédte d’lvoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Spain

Finland

FR
GA
GB
GN
GR
HU
{E
T
JP

KR
KZ
LI
LK
LU
LV
MC
MG
ML
MN

France

Gabon

United Kingdom
Guinea

Grecce

Hungary

Ireland

ltaly

Japan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein
Sri Lanka
Luxembourg
Latvia

Monaco
Madagascar
Mali

Mongolia

MR
MW
NE
NL
NO
NZ
PL
PT
RO
RU
sD
SE
Si
SK
SN
D
TG
UA
us
vz
VN

Mauritania
Malawi

Niger
Netherlands
Norway

New Zealand
Poland

Portugal
Romania
Russian Federation
Sudan

Sweden
Slovenia

Slovak Republic
Senegal

Chad

Togo

Ukraine

United States of America
Uzbekistan

Viet Nam




WO 94/00806 PCT/US93/04795

10

15

20

25

30

1
VOLTAGE CONTROLLER
FIELD OF THE INVENTION

The present invention relates generally to the field of controlling

voltage applied to a load, and more particularly to an apparatus for conserving

energy in operating inductive and resistive loads.

BACKGROUND OF THE INVENTION
Energy conservation has become a major concern in the design of
electrical circuits and systems. Energy conservation has benefits to the end users
and society as a whole. For example, on the one hand, diminished use of energy
lowers operating costs of the system. On the other hand, diminished need for
energy results in diminished adverse environmental impact such as pollution,

depletion of resources and the like. One example of the need for reduction in

energy consumption lies with the operation of AC motors. The use of such AC

motors has become commonplace. Many ordinary appliances and much of the
equipment used in residential as well as in industrial and commercial settings
utilize such motors. These motors are ordinarily connected to power lines provided
by local utility companies, which can vary substantially in voltage between >loca1es
and over time. Motors typically operate at relatively constant speeds, the speed
being independent of the applied AC voltage to the motor over a range of
operating voltages.

The energy consumption of any load element in an electric circuit,
such as a motor, is determined from the integral over a predetermined period of the
product of the instantaneous AC voltage applied across the load terminals and the
instantaneous AC current through the load. Typical AC line voltages are
sinusoidal. It is known that applying a sinusoidal input to an inductive load will
result in both the AC voltage and AC current having the same sine wave shape but
with an offset in time. The time offset between voltage and current is called a
phase shift or phase difference and is typically expressed as an angle. For a
constant voltage and, hence, relatively constant current, the power consumed by a

load may be expressed as VIcosd, where V is the average value of the applied AC

“voltage across the load, / is the average value of the AC current through the load

and ¢ is the phase difference between the voltage and the current. Cos 0 is
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sometimes referred to as the "power factor". Thus, power consumption is related
to the phase difference between the AC voltage applied to the load and the AC
current through the load. This phase difference is dependent upon the load
condition of the motor. Hence power consumption is dependent upon the load
status of the motor and upon the line voltage applied to the motor.

Most motors are designed to operate adequately at predetermined
line voltages. Normally, the motor designer must assume that the motor will be
operated at the lowest line voltage normally encountered. Such a voltage may be
far lower that the normal line voltage available at most locations and at most times.
For example, a load used in a refrigerator must be capable of dclivcring adequate
power under full load during a "brown-out” condition, i.e., when a utility reduces
line voltage over its entire grid (or portion thereof) in response to unusually high
electrical energy demand. Changes in line voltage effects both load performance
and energy consumption. While wide variations in line voltage are, thus,
undesirable, such variations are beyond the control of most load designers and
users. It is noted that ordinary line voltage fluctuations will not result in changes
in the phase between the current and the voltage. Prior art energy conserving
systems are responsive to changes in phase but not to fluctuations in line voltage.

Therefore, there is a need for a energy savings system for controlling
the voltage applied to a load which is simple and which is responsive to changes in
line voltage to adjust for such changes.

Accordingly, it is an object of the present invention to provide an
improved load control system for energy savings.

Another object of the invention is to provide an energy savings
system for use with various loads which are simpler in design than the prior art.

These and other objects of the invention will become apparent to
those skilled in the art from the following description and accompanying claims
and drawings.

SUMMARY OF THE INVENTION

The present invention comprises an apparatus and method for

controlling the voltage applied to a load. The method includes receiving an AC

line voltage. An operating AC voltage is generated from the AC line voltage and
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this operating AC voltage is applied across the load. A measured signal which is a
function of the magnitude of the operating AC voltage is generated. The measured
signal is then averaged to generate an average signal representative of the average
value of the measured signal. The operating AC voltage is continually readjusted
in response to changes in the average signal.

An apparatus implementing the method of the present invention is
also taught. The apparatus includes terminal means for receiving an AC line
voltage, means for generating-an operating AC voltage from the AC line voltage,
connector means for applying the operating AC voltage across the load, and
voltage detection means for generating a measured signal which is a function of the
magnitude of said operating AC voltage. Signal averaging means are provided for
generating an average signal representative of the average value of the measured
signal. Finally, the apparatus includes AC voltage modulation means for adjusting
the operating AC voltage in response to the average signal.

In the preferred embodiment of the apparatus of the present
invention, the AC voltage modulation means comprises voltage reduction means for
switching off the line voltage for a portion of each cycle, the length of the portion
being determined by the average value of the measured signal. The voltage
modulation means may comprise a phase control integrated circuit device for
controlling a triac. The phase control integrated circuit device is responsive to the
average signal to generate a control signal operative to control a triac to switch off
the line voltage to the load for the portion of each cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the major functional components

comprising the present invention.
FIG. 2 illustrates an AC voltage modulation means 60 of FIG. 1.
FIG. 3 illustrates an preferred implementation of voltage detection

circuit 20 of FIG. 1.

FIG. 4 illustrates a preferred implementation of averaging circuit 50

. of FIG. 1 utilizing Full Wave Capacitor Coupled Feedback.

FIG. § illustrates an alternate implementation of averaging circuit 50
of FIG. 1 utilizing Mean Square Feedback.
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FIG. 6 illustrates another alternative implementation of averaging
circuit 50 of FIG. 1 utilizing Root Mean Square Feedback.

DETAILED DESCRIPTION OF THE INVENTION

While it is known that adjusting the voltage applied to a load may
be used to save energy, in order to be practical for most applications, voltage
adjustment means must be able to quickly respond to changes in the line voltage.
Available technologies for sensing such changes have not proved practical for
widespread application. In this regard, there is a need for a relatively simple,
inexpensive, "foolproof” yet reliable energy saving device. The present invention
employs novel means for sensing changes in the AC line voltage thereby allowing
adjustment of the voltage to variations in the AC line voltage to save energy.

A voltage controller circuit according to the present invention
contains the subcircuits illustrated in block diagram form in FIG. 1. The overall
circuit comprises a feedback loop. In this loop the operating AC voltage across a
load 70 is detected by voltage detection circuit 20, which generates a measured
voltage signal representative of the instantaneous magnitude of the voltage applied
to the load. The measured voltage signal is time averaged in averaging circuit 50
to generate an voltage signal representing the value of the measured signal over at
least one complete cycle. This average signal controls a voltage modulation circuit
60, which interrupts application of the AC line voltage to load 70, thus controlling
the average magnitude of the operating AC voltage applied to load 70. Voltage
feedback to voltage modulation circuit 60 responds to changes in the operating and
line voltages.

More specifically, a terminal 10 is provided for directly receiving an
AC line voltage from an AC power supply system (not shown), for example, an
ordinary AC outlet. Voltage modulation circuit 60 receives the AC line voltage
from terminal 10 via AC voltage connector 14. Voltage modulation circuit 60
modulates the AC line voltage to generate the operating AC voltage applied to the
load. The AC line voltage is modulated so that the power transmitted to load 70
via modulated AC voltage connector 62 varies in response to a control signal
received by voltage modulation circuit 60 from average signal connector 52. The

method by which the "average" signal is generated is discussed in detail below. It
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is important to note that the circuit according to the present invention is utilized in
connection with a load 70 which is part of a separate device apart from the voltage
controller. It is included in the Figures and discussion herein to clarify the
relationship between the voltage controller circuit and load 70 to be controlled.

The measured signal is generated from the voltage applied across
load 70 by transmitting the operating AC voltage across applied AC voltage
connector 72 to voltage detection circuit 20. Voltage detection circuit 20 generates
the measured signal, which is a function of the magnitude of the operating AC
voltége. In the preferred embodiment of the present invention, this representation
is a difference signal between the AC line voltage and the operating AC voltage.
Hence a difference signal between the AC line voltage received over AC line
voltage connector 12 and the operating voltage received over operating AC voltage
connector 72 is generated and rectified. Those skilled in the art will recognize that
a variety of alternative output signals may be generated which are also functions of
the operating AC voltage.

The measured signal is then transmitted via measured signal
connector 22 to avéraging circuit 50. Averaging circuit 50 averages the
instantaneous value of the measured signal over at least one cycle, to generate a

voltage representative of the time average of that AC voltage.

The preferred embodiment includes an integrator circuit located
within averaging circuit 50 to obtain the average signal from the measured signal.
The average signal thus generated is a signal representative of the rms value of the

measured signal, which is related to the magnitudes of the voltage across the load.

One preferred embodiment of an AC voltage modulation circuit 60
of FIG. 1 according to the present invention is illustrated in FIG. 2. Elements
illustrated in FIG. 1 present in FIG. 2 - 5 are labelled consistently throughout. In
this subcircuit a phase control chip 110 responds to the signal from average signal
connector 52 to control pilot triac 112 and thereby main triac 114. Main triac 114
acts to interrupt application of the AC line voltage to load 70 and thereby generate

the operating AC voltage.
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The AC line voltage is received at AC voltage modulation circuit 60
via unmodulated AC voltage connector lines 14, including an AC line voltage line
("AC hot") and an AC neutral line.
Modulation of the AC operating voltage of the preferred

embodiment of the present invention is accomplished using pilot triac 112 and

‘main triac 114. A triac is a well known device whereby small current signals

applied to its gate can control much larger current flows at much higher voltages.
A triac is triggered into conduction by pulses at its gate. In the present circuit a
signal applied at the gate of pilot triac 112 from phase control chip 110 permits a
current to flow through triac pilot 112, which is applied to the gate of main triac
114. While it might be possible for a single stage triac to be utilized, a two stage
triac arrangement may allow for control of the relatively large current to a high
power load by a phase control chip which has only a limited capacity to deliver a
gate control current. Therefore this staged triac arrangement permits the output of
phase control chip 110 to control the applied AC voltage to load 70 over
modulated AC voltage connector 62.

The voltage applied to the load is controlled by the control signal
pulses received at the gate of pilot triac 112 from phase control chip 110. In one
embodiment of the present invention, a TDA 2088 phase controller chip from
Plessey Semiconductors is utilized as phase control chip 110. The TDA 2088 chip
is designed for use with triacs for use in current feedback applications, and is
frequently used for speed control of small universal motors.

Phase control chip 110 requires an applied voltage at voltage input
pin 132 of -12 V and a 0 V reference voltage at 0 V reference pin 142. These
voltages are used to power the chip and to generate a -5 V reference voltage at -5
V reference pin 124. This voltage is obtained from the AC line voltage by a
power supply subcircuit, which operates as follows. Resistor 164 and capacitor
162 are connected in series to the AC line voltage on AC line hot line 14 to
provide a filtered voltage to diodes 160 and 158, which permit only the negative
half cycle of the AC line voltage to pass. Capacitor 178 is provided to smooth the
resulting voltage at voltage input pin 132, and zener diode 180 latches the voltage

at that pin to a value of -12 V.
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Phase control chip 110 supplies control signal pulses at triac gate
output pin 134. Phase control chip 110 has an internal ramp generator whose value
is compared to the voltage applied at program input pin 122. When these two
values are equal an output pulse is triggered. The ramp generator has two input
connections. First, pulse timing resistor input pin 126 is connected to a -5 V
reference by pulse timing resistor 152. Secondly, pulse timing capacitor input pin
144 is connected to ground by pulse timing capacitor 148. The values of pulse
timing resistor 152 and pulse timing capacitor 148 are chosen to define to slope of
the ramp signal.

In addition to the support circuitry for phase control chip 110
described above, AC voltage modulation circuit 60 is provided with a thermal
switch 150. Thermal switch 150 is connected between ground and average signal
cbnncctor 52, which applies the average signal from averaging circuit 50 to
program input pin 122 of phase control chip 110. Thermal switch 150 acts to
ground out program input pin 122 if the system overheats. This is a safety feature
which acts to shut off the load in the event of circuit overheating.

Also, resistor 174 and capacitor 176 are provided to act as a
"snubber" network, which enhances the ability of main triac 114 to operate with
inductive loads. In the absence of such a snubber network, false firings of the triac
might occur with rapidly varying applied voltages. The snubber network acts to
delay the voltage rise to main triac 114 to ensure smooth and correct changes in
triac conduction.

FIG. 3 illustrates a preferred implementation of voltage detection
circuit 20 of FIG. 1. In this implementation a difference signal is generated by
subtracting the operating AC voltage across load 70 from the AC line voltage. The
difference signal is therefore representative of the operating AC voltage and of the
AC line voltage.

In particular, the AC line voltage is received at AC line voltage
connector line 12 and transmitted through resistor 202 to the non-inverting input of
operational amplifier 210. Similarly, the operating AC voltage is received at
applied AC voltage connector line 72 and is transmitted through resistor 204 to the

inverting input of operational amplifier 210. Resistor 206 is connected to -5 V and
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resistor 208 is connected to the output of operational amplifier 210. Operational
amplifier 210 is configured as a differential amplifier. Hence resistor 202 and
resistor 204 are chosen to be of identical resistance, and resistor 206 and resistor
208 are also chosen to be of identical resistance.

FIG. 4 illustrates a preferred embodiment of an averaging circuit 50
of FIG. 1. The measured signal is transmitted via measured signal connector 22 to
averaging circuit 50. As stated above, averaging circuit 50 provides a time average
of the measured signal. The measured signal is an instantaneous AC voltage
signal, and the average signal is a voltage representative of the time a?eragc of the
measured signal over a period corresponding to the period of the AC signal.
Hence the average signal varies more slowly than the measured signal, changing
only as the load or the rms value of the AC voltage changes. This embodiment
utilizes a technique which will be referred to herein as Full Wave Capacitor
Coupled Feedback, as the measured signal is capacitively coupled to a full-wave
rectifier, as will be described below.

A phase shift capacitor 220 is disposed between the output of
operational amplifier 210 of FIG. 3 and voltage signal rectifier 250 of averaging
circuit 50 of FIG. 1. This capacitor modulates the output signal of operational
amplifier 210 to provide a more homogenous rms-like AC value entering the
voltage signal rectifier 250.

Voltage signal rectifier 250 performs full wave rectification of the
measured signal as follows. Voltage signal rectifier 250 includes an inverting
operational amplifier 230, which is set to have a unitary gain by utilizing a resistor
224 and a resistor 222 of equal resistance. For the negative portion of the AC
signal transmitted from phase shift capacitor 220, the signal is applied at the
inverting terminal of inverting operational amplifier 230. The output of inverting
operational amplifier is therefore an inverted version of the phase-shifted AC signal
from operational amplifier 210. Feedback is provided by resistor 224. This
inverted signal passes through diode 228 and resistor 232 and enters the inverting
input of operational amplifier 240. For the positive portion of the AC signal
transmitted from phase shift capacitor 220, diode 228 blocks transmission of the

output signal from inverting operational amplifier 230, and the positive portion is |
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transmitted directly through resistor 234. Therefore, the signal applied to the

inverting terminal of operational amplifier 240 is a rectified version of the signal
input from phase shift capacitor 220. Operational amplifier 240 amplifies this
rectified signal to a gain set by the ratio of the values of resistor 242 to resister
232. The amplified rectified signal is then transmitted to integrator 260.

The average signal is generated as follows. Voltage signal rectifier
250 is connected to the inverting input terminal of integrating operational amplifier
270. Resistor 268 and variable resistor (potentiometer) 266 are disposed between
the inverting input terminal of operational amplifier 270 and ground to function as
a voltage divider to scale the input to the desired input range of operational
amplifier 270. Together these resistors function as a variable set-point resistor.
The non-inverting input terminal of integrating operational amplifier 270 is
connected to the -5 V reference voltage. The feedback network for integrating
operational amplifier 440 also comprises a capacitor 272 disposed between
inverting input terminal and the output terminal of integrating operational amplifier
270. The specific values of the capacitor 272 and resistors 264, 266 and 268 are
chosen to provide the correct amplification of the measured sigrial and a time
constant appropriate to the anticipated loop dynamics of the load. This time
constant determines the responsiveness of the voltage controller circuit to changes
in the load, and is therefore chosen to allow rapid response to AC line voltage
changes while providing a smooth average of the AC of the measured signal. The
response of the syétcm may therefore be modified by the user by varying the value
of variable resistor 266.

Several additional elements are included in averaging circuit 50 to
improve its performance and to match the input requirements of phase control chip
110 of FIG. 2. Resistor 274 ensures that the resulting average signal from output
terminal of operational amplifier 270 falls within the desired voltage range.
Resistor 276 and capacitor 278 act to filter the average signal prior to placement on
average signal connector 52.

FIG. 5 illustrates an alternate implementation of averaging circuit 50

of FIG. 1 utilizing Mean Square Feedback, as will be discussed below. Elements
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common to the implementation of FIG. 4 and FIG. 5 share a common identifying
numeral.

The first rectification stage of voltage signal rectifier 250 of this
implementation, involving inverting operational amplifier 230, functions identically
to the corresponding stage of FIG. 4. The second stage of voltage signal rectifier
250 is significantly different in the two implementations. In the embodiment
illustrated in FIG. 5, operational amplifier 240 is configured as an logarithmic
amplifier, while operational amplifier 270 is configured as an antilogarithmic
integrating amplifier. The effects of these operations upon the integrated output of
integrator 260 will cancel.

The operation of this stage of voltage signal rectifier 250 as well as
of integrator 260 is determined by the combination of their feedback systems and
the biasing circuit for the transistor 246. Logarithmic amplifier 240 has transistors

242 and 244 disposed between its inverting input and its output, while

antilogarithmic operational amplifier 270 has an inverting input controlled by
transistor 246. Transistor amplifier 270 is biased by the operation of logarithmic
amplifier 252, which has a transistor 248 as part of its feedback network. Since
the input current into an operational amplifier is ideally zero, the current flowing
through this circuit flows primarily through the transistors. If the transistors are
matched, the v,, of transistor 246 is equal to the sum of the v,, of transistor 242
and transistor 246 minus the v,, of transistor 248. Now the v,.’s of the transistors
are logarithmically proportional to their collector currents, and therefore the i, of
transistor 246 is equal to the product of the i.’s for transistors 242 and 244 divided
by the i for transistor 248. But the i.’s for transistors 242 and 244 are equal, and
are proportional to the input current to transistor 242. As a result these transistors
produce a current through transistor 246 which is proportional to the square of the
input current.

This signal is next input to integrator 260, which primarily
comprises integrating antilogarithmic operational amplifier 270. Capacitor 272 is

the feedback network for integrating antilogarithmic operational amplifier 270, and

- controls the integration.
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It should be noted that the signal input to integrating antilogarithmic
amplifier 270 is inversely proportional to the i, of transistor 248. This current is
dependent upon the values of resistor 256 and potentiometer 254. Potentiometer
254 is provided to allow the user to vary the scaling of the signal input to
integrating antilogarithmic amplifier 270 and thereby the average signal on average
signal connector 52.

As with FIG. 4 above, several additional elements are included in

the averaging circuit of FIG. 5 to improve its performance and to match the input

'requiféments of phase control chip 110 of FIG. 2. Diode 236 is disposed between

the inverting input and the output of logarithmic amplifier 240 as transistors 242
and 244 act as diodes in the opposite direction, and thereby provides a pathway for
both half cycles of the AC cycle. Resistor 274 ensures that the resulting average
signal from output terminal of operational amplifier 270 falls within the desired
voltage range. Resistor 276 and capacitor 278 act to filter the average signal prior
to placement on average signal connector 52. Diode 282 acts to clamp the output
voltage so as to limit it to a range of voltages with -5 V as its minimum. In
addition, capacitors 238 and 258 are disposed between the inverting input and
output of operational amplifiers 240 and 252, respectively, to prevent the
operational amplifiers from oscillating. Resistor 262 assists capacitor 258 in its
operation.

FIG. 6 illustrates another alternative implementation of averaging
circuit 50 of FIG. 1 utilizing Root Mean Square Feedback. This embodiment uses
a dedicated Root Mean Squared converter integrated circuit device. For example,
the AD736JN RMS-to-DC Converter chip from Analog Devices performs this
function and is illustrated as rms converter 330 in FIG. 6.

The rms converter chip 330 has eight connection pins. The +V, pin
344 is connected to ground, while the -V, pin 338 is connected to -12 V. C, pin
332 and COM pin 243 are each connected to -5 V. C,y pin 248 is connected to
averaging capacitor 340, which is connected to -15 V. Averaging capacitor 340 is
necessary for the operation of the AD736JN chip 330. The input to rms converter
chip is received from measured signal connector 22. The rms output is transmitted

from rms output pin 346 through resistor 232 to inverting operational amplifier
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240. The gain from inverting operational amplifier 240 is determined by the ratio

- of the resistances of resistor 242 and resistor 232. The inverted and amplified

signal is then input into integrator 360, which is identical in function to integrator
260 of FIG. 4, with the exception that resistor 274 is replaced by operational
amplifier 380 and diode 382, which combine to form a perfect diode. The perfect
diode clamps the signal to average signal connector 52 at a minimum of -5 V, and
is preferred in driving the high impedance output of integrating operational
amplifier 270 of FIG. 6.

The operation of the voltage controller circuit according to the
present invention may be understood in light of the preceding description. In the
event that the AC line voltage were to increase suddenly, the voltage detected by
voltage detection circuit 20 would increase, resulting in an increased measured
signal on measured signal connector 22 and thus an increased average signal from
averaging circuit 50. This average signal is the input to the phase control chip 110
through program input pin 122. The signal on program input pin 122 controls the
output of phase control chip 110, triac gate output pin 134. Hence rapid increases
in AC line voltage result in later firing of triac gate output pin 134 and hence of
pilot triac 112. Pilot triac 112 controls main triac 114, which determines the
voltage applied across load 70. As the triacs fire later, the percentage of the AC
line voltage applied across load 70 decreases. Hence the increase in AC line
voltage will nof result in a significant change in voltage applied across load 70.
Similarly, a sudden drop in AC line voltage would result in an earlier firing of the
triacs and thus a greater proportion of the AC line voltage would be applied to load
70. Thus the voltage controller circuit stabilizes at an equilibrium applied AC
voltage to load 70. In one embodiment, the various resistances, capacitors and
reference signal voltages are chosen to ensure that the system will stabilize at an
applied voltage to load 70 of approximately 107 V.

There is a difference in the performance of the three averaging
circuits shown in FIG.s 4, 5 and 6. In the embodiments shown in FIG. 5 and FIG.

6, the operating AC signal will remain set at the set point voltage level determined

- by the potentiometers as long as it is lower than the AC line voltage, without

regard to minor fluctuations in AC line voltage or in load conditions. The
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embodiment of FIG. 4 varies with line and load changes. Hence the embodiment
of FIGs. 5 and 6 provide an absolute constant AC level applied to load 70, whereas
that of FIG. 4 provides a constant proportion AC level to load 70. Hence the
appropriate voltage regulation to a particular application may be determined by the
appropriate choice of an averaging circuit.

While specific preferred embodiments of the elements of the present
invention have been illustrated above, various modifications of the invention in

addition to those shown and described herein will become apparent to those skilled

in the art from the foregoing description and accompanying drawings. Such
modifications are intended to fall within the scope of the appended claims. For
example, other available phase control chips may be used instead of the Plessey
chip described herein. For example, the Plessey TDA 2086 chip may be used.
Likewise, a “custom” integrated circuit chip may be described comprising most of
the overall circuitry disclosed herein. Accordingly, the present invention is to be

limited solely by the scope of the following claims.
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WHAT IS CLAIMED IS:
1. A method for controlling the voltage applied to a load, comprising
the steps of: receiving an AC line voltage; generating an operating AC voltage

from the AC line voltage; applying said operating AC voltage across the load;

‘generating a measured signal which is a function of the magnitude of said

operating AC voltage; generating an average signal representative of the average
value of said measured signal; modifying said operating AC voltage in response to
said average signal.

2. The method of Claim 1 wherein said step of modifying said
operating AC voltage comprises reducing the magnitude of said operating AC
voltage below the line voltage for a portion of each cycle, the length of said
portion being determined by said average signal.

3. The method of Claim 2 wherein said step of reducing said load
voltage comprises inputting said average signal into a phase control integrated
circuit device, said phase control integrated circuit device generating a control
signal operative to interrupt transmission of the line voltage to the load for said
portion of each cycle.

4. The method of Claim 1 wherein the step of generating said
average signal comprises inputting said measured signal into a rectifier circuit and
rectifying said measured signal, and further comprising inputting the output of said
rectifier circuit into an integrator circuit, thereby integrating said measured signal
to generate said average signal.

5. A method for controlling the voltage applied to a load, comprising
the steps of: receiving an AC line voltage; generating an operating AC voltage
from the AC line voltage by switching off the AC line voltage to be applied to the
load for a portion of each cycle such that the R.M.S. value of the operating AC
voltage is below the R.M.S. value of the line voltage; applying the operating AC
voltage across the load; generating a measured signal which is a function of
the instantaneous magnitude of said operating AC voltage applied to the load;
integrating said measured signal to generate an average signal; modifying the

operating AC voltage by changing the portion of the AC line voltage cycle during
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which in the applied voltage is switched off in response to said average signal
representative of the average value of said composite signal.

6. An apparatus for controlling the voltage applied to a load
comprising: terminal means for receiving an AC line voltage; means for generating
an operating AC voltage from the AC line voltage; connector means for applying
'said operating AC voltage across the load; voltage detection means for generating a
measured signal which is a function .of the magnitude of said operating AC
voltage; signal averaging means for generating an average signal representative of
the average value of said measured signal; AC voltage modulation means for
adjusting the operating AC voltage in response to changes in said average signal.

7. The apparatus of Claim 6 wherein said AC voltage modulation
means comprises voltage reduction means for switching off the line voltage for a
portion of each cycle, said portion being determined by said average signal.

8. The apparatus of Claim 7 wherein said voltage reduction means
comprises a phase control integrated circuit device, said phase control integrated
circuit device being responsive to said average signal to generate a control signal
operative to switch off transmission of the line voltage to the motor for said
portion of each cycle.

9. The apparatus of Claim 8 wherein said signal averaging means
comprises a rectifying circuit connected to said voltage detection means and an
integrator circuit connected to said rectifying circuit and to said AC voltage
modulation means.

10. An apparatus for controlling the voltage applied to a load
comprising: means for receiving an AC line voltage; means for generating an
operating AC voltage from the AC line voltage by reducing the AC line voltage to
be applied to the load for a portion of each cycle; means for applying said
operating AC voltage across the load; voltage detection means for generating a
measured signal which is a function of the magnitude of said operating AC
voltage; signal averaging means for generating an average signal representative of

the average value of said measured signal; AC voltage modulation means for

. modifying said generation of said operating AC voltage by changing said portion
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of the cycle during which in the applied voltage is reduced in response to said

average signal.
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