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POWER CONDITIONING AND SAVING DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This non-provisional patent application claims priority under 35 U.S.C. §119 to U.S.
Provisional Patent Application No. 61/553,431, entitled “Power Conditioning and Saving

Device,” filed on October 31, 2011, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The invention relates generally to the supply of electrical power. More particularly, the

invention relates to reducing power expenditure in an electrical power delivery system.

BACKGROUND

[0003] Electrical power companies and the customers of power companies have a mutual
interest in reducing the amount of power wasted in a power delivery system. Power companies
engineer transmission lines, transformers, and generators to provide the power that all of their
customers will draw. Even though some of the power drawn by the customers is not used by the
customers, the power companies still have to engineer transmission lines, transformers, and
generators to provide this additional wasted power. Further, some power transmitted to
customers is not used by the customers or wasted, but is “reflected” back to a power generator.
Thus, the transmission lines have to carry both the transmitted power and the reflected power.
Not only does this mean that the transmission lines must be engineered to carry both the
transmitted and reflected power, but it also means that losses in the transmission lines,
transformers, and loads are increased because there are losses both in the transmitted power and
the reflected power traveling through the power system.

[0004] The power factor is the ratio of the real power supplied to a customer compared to the
sum of the power supplied to the customer and the power reflected back to the power company is
known as the power factor. A power factor of 1 is considered ideal. Power companies typically
charge residential customers only for real power. Industrial customers, however, may be charged
for real power with an additional charge for power factor. Usually, a power company may not
apply an additional charge for power factors above a threshold, but industrial customers may be
charged in proportion to the power factor below that threshold. The threshold varies for each

power company, but is generally between 0.85 and 0.95. Thus, if the power company sets the
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threshold at 0.95, and the customer’s power factor is 0.85, then the power company may charge a
fixed tariff on all of the real power used. Typical tariffs for poor power factor can be about 10%.
[0005] Correcting power factor has benefits other than the cost of the power. The internal
electrical capacity of the customer system increases because lower currents are required to
deliver the same power. As a result, additional equipment can be powered without providing
increased capacity wiring, switch boxes, and transformers. Voltage drops at the point of use may
be reduced, and under-voltage reduces the load that motors can carry without overheating or
stalling.

[0006] Reduced power factor can be caused by several mechanisms. A first mechanism is
reactive loads caused by capacitors, inductors, or some combination of capacitors and inductors.
These loads shift the phase of the current supplied to the customer relative to the voltage. The
phase shift means that during some parts of the alternating current (AC) cycle, excess power is
delivered to the customer in addition to real power consumed, and at other parts of the AC cycle,
the excess power is returned to the power company. The power factor reduction by this
mechanism can be corrected by adding a suitable cancelling inductor or capacitor to the
customers power circuit. One issue with adding the cancelling inductor or capacitor is that the
required inductor or capacitor may vary depending on how the equipment of the customer is
used. Some systems adapt to changing use by switching in or out additional capacitors or
inductors.

[0007] Nikola Tesla introduced induction motors. Induction motors present a lagging power
factor to the power line dependent on the load. A large loaded induction motor can have a power
factor as high as 0.90. The power factor for a small low speed motor can be as low as 0.5. An
induction motor during a startup can have a power factor in the range of 0.10 to 0.25, rising as
the rotor spins faster.

[0008] As a second reduced power factor mechanism, a customer could not take as much
power from all parts of the AC cycle. Switch mode power supplies, for example, take most
power at the peak of the voltage cycle. This tends to “flatten” the shape of the sine wave of the
power signal, causing harmonics. The harmonics generate unwanted signals on the power line
that are reflected back toward the power company as well as other customers. The harmonics
are, thus, wasted power, as far as the customer is concerned. The unwanted harmonics can be

removed using filters.
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[0009] A third reduced power factor mechanism is energy in the form of spikes and harmonics
generated out side of the customer’s premises that are transmitted to the customer. Although, the
spikes and harmonics travel through the power meter these spikes and harmonics cannot be

uscfully used by the customer, and may harm equipment.

SUMMARY

[0010] Exemplary embodiments described herein attempt to overcome the above discussed
drawbacks of conventional systems. In particular, some of the embodiments herein attempt to
reduce the power consumed by a load, increase the power factor of a load, reduce the harmonics
and spikes generated by or sent to the customer, and reduce the electromagnetic interference
(EMI) generated by or sent to the customer.

[0011] In one embodiment, a power factor adjustor comprises a power factor measurement unit
configured to measure the power factor on an input line to a load and generate a power factor
correction signal based on the measured power factor; and a power factor adjustment unit
connected to the power factor measurement unit comprising: a fixed capacitor connected in
series to a first switching device; and an adjustable element having a variable capacitance
connected in parallel to the fixed capacitor and in series to a second switching device, wherein
the overall capacitance of the power factor adjustment unit is adjusted by adjusting the
capacitance of the adjustable element or by toggling the first and second switching devices in
response to the power factor correction signal.

[0012] In another embodiment, an adjustable element comprises a container comprises a non-
conducting material; a first electrode positioned in the container at a first end of the container,
wherein the first electrode is movable within the container; a second electrode positioned in the
container at a second end of the container; a compression material positioned in the container
between the first and second electrodes; a first connection connected to the first electrode and a
second connection connected to the second electrode for connection to a circuit; and a
compression device attached to the first electrode that moves the first electrode toward the
second electrode to apply compression to the compression material and thereby change the
electrical properties of the adjustable element.

[0013] In yet another embodiment, an adjustable element comprises a container comprised of a
non-conducting material; a first electrode positioned in the container at a first end of the

container; a second electrode positioned in the container at a second end of the container; a
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compression material positioned in the container between the first and second electrodes; a first
connection connected to the first electrode and a second connection connected to the second
electrode for connection to a circuit; and a coil wound around the container to produce a
magnetic field within the compression material thereby changing the electrical properties of the
adjustable element.

[0014] In still yet another embodiment, a circuit comprises a capacitor; a first adjustable
element connected to a first terminal of the capacitor and configured to adjust the electrical
properties of the first adjustable element by compressing a compression material inside of the
first adjustable element; and a second adjustable element connected to a second terminal of the
capacitor and configured to adjust the electrical properties of the second adjustable element by
compressing a compression material inside of the second adjustable element, wherein the first
and second adjustable element adjust their electrical properties to control the charge discharged
from the capacitor to a load.

[0015] In another embodiment, a filter comprises a harmonics detector configured to detect
harmonics generated by a load and send a signal if harmonics are detected; and an adjustable
element connected in parallel to a load and configured to adjust the Q factor of the adjustable
element to suppress the harmonics in response to the signal sent from the harmonics detector.
[0016] In yet another embodiment, a method for power factor adjustment comprises measuring
the power factor on an input line to a load by a power factor measurement unit; generating a
power factor correction signal by the power factor measurement unit based on the measured
power factor; receiving the power factor correction signal by a power factor adjustment unit that
has a fixed capacitor connected in parallel to an adjustable element; toggling a first switching
device connected in series to the fixed capacitor to adjust the capacitance of the power factor
adjustment unit in response to the power factor correction signal; and adjusting the electrical
properties of the adjustable element having a variable capacitance to further adjust the
capacitance of the power factor adjustment unit in response to the power factor correction
signal..

[0017] In still yet another embodiment, a power factor adjustment unit comprises a fixed
capacitor connected in series to a switching device; and an adjustable element having a variable
capacitance connected in parallel to the fixed capacitor, wherein the overall capacitance of the
power factor adjustment unit is adjusted by adjusting the electrical properties of the adjustable

element.
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[0018] Additional features and advantages of an embodiment will be set forth in the
description which follows, and in part will be apparent from the description. The objectives and
other advantages of the invention will be realized and attained by the structure particularly
pointed out in the exemplary embodiments in the written description and claims hereof as well as
the appended drawings.

[0019] 1t is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are intended to provide further

explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings constitute a part of this specification and illustrate an
embodiment of the invention and together with the specification, explain the invention.

[0021] FIG. 1 illustrates a power system according to an exemplary embodiment.

[0022] FIG. 2 illustrates a power system according to an exemplary embodiment.

[0023] FIG. 3 illustrates a system for automatically adjusting power factor, according to an
exemplary embodiment.

[0024] FIG. 4 illustrates the power factor adjustment unit, according to an exemplary
embodiment.

[0025] FIG. 5 illustrates an enclosure for a power factor adjustment unit, according to an
exemplary embodiment.

[0026] FIG. 6 illustrates an enclosure for a power factor adjustment unit that does not
incorporate a power factor measurement unit, according to an exemplary embodiment.

[0027] FIG. 7 illustrates an exemplary installation of several power factor adjusters, according
to an exemplary embodiment.

[0028] FIG. 8 illustrates an exemplary use of a single power factor adjuster for multiple loads,
according to an exemplary embodiment.

[0029] FIG. 9 illustrates an adjustable element, according to an exemplary embodiment.
[0030] FIG. 10 illustrates an adjustable element, according to another exemplary embodiment.
[0031] FIG. 11 illustrates an adjustable element, according to yet another exemplary
embodiment.

[0032] FIG. 12 illustrates an adjustable element, according to yet another exemplary

embodiment.
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[0033] FIG. 13 illustrates an equivalent circuit for the adjustable element, according to an
exemplary embodiment.

[0034] FIG. 14 illustrates a system that uses an adjustable element to improve the power
factor, according to an exemplary embodiment.

[0035] FIG. 15 illustrates a system for the use of an adjustable clement as a surge arrester,
according to an exemplary embodiment.

[0036] FIG. 16 illustrates a transformer incorporating an adjustable element, according to an
exemplary embodiment.

[0037] FIG. 17 illustrates an electric motor incorporating an adjustable element, according to
an exemplary embodiment.

[0038] FIG. 18 illustrates a system for the use of an adjustable element as a variable resistor to
limit the discharge of a capacitor according to an exemplary embodiment.

[0039] FIG. 19 illustrates an adjustable element, according to another exemplary embodiment.

[0040] FIG. 20 illustrates adjustment unit setting versus power factor for the induction motor
and power factor adjustment unit combination, according to an exemplary embodiment.

[0041] FIG. 21 illustrates the percentage savings due to the use of the power factor adjustment

unit, according to an exemplary embodiment.

DETAILED DESCRIPTION

[0042] Various embodiments and aspects of the invention will be described with reference to
details discussed below, and the accompanying drawings will illustrate the various embodiments.
The following description and drawings are illustrative of the invention and are not to be
construed as limiting the invention. Numerous specific details are described to provide a
thorough understanding of various embodiments of the present invention. However, in certain
instances, well-known or conventional details are not described in order to provide a concise
discussion of embodiments of the present invention.

[0043] FIG. 1 illustrates an exemplary power system 100. A power company supplies power
to a power grid 105. The power is transmitted over the power grid 105 as electrical energy to a
consumer 110. The consumer 110 has a meter 115 provided by the power company to measure
the power consumed by the consumer 110. The power is consumed by one or more loads 120
operated by the consumer 110. Ideally, all the power supplied by the power grid 105 and

metered by the meter 115 is consumed by the load 120. However, in practice, some of the power
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is reflected from the load back through the meter 115 to the power grid 105, some of the power is
radiated from the wiring 125, and some of the power is wasted as heat in the wiring 125. Power
transmitted to the load and reflected back to the power grid 105 causes heating of the wiring 125,
both on the way to the load and as any power is reflected back.
[0044] FIG. 2 illustrates a power system 200, according to an exemplary embodiment. A
power company supplies power to a customer 210 via power grid 205. The customer is metered
by meter 215. Between the meter 215 and the load 220 is a power factor adjuster 230. The
power factor adjuster 230 performs several functions, including recycling reflected power from
the load back to the load and reducing the total power consumption of the load. The power
factor adjuster can also filter the spikes and harmonics coming from the power grid before they
reach the load, thereby preventing dissipation of harmonics and spikes in the load. Moreover,
the power factor adjuster filters spikes and harmonics generated by the load. The power factor
adjuster also reduces EMI due to filtering the spikes and harmonics that cause EMI.
[0045] When supplied with an alternating current (AC), resistive loads, for example, resisters,
use all of the power supplied to the load. Reactive loads, however, that include capacitance,
inductance, or some combination of capacitance and inductance, do not dissipate all of the power
supplied to the load. The reactive components store energy at one period of the alternating
current cycle and then release the energy during a subsequent period of the alternating cycle.
The capacitance stores the energy in an electric field, whereas inductance stores the energy in a
magnetic field. The released energy is reflected back along the wiring to the power grid. The
reflected energy, thus, has to be unnecessarily transmitted to the load, and unnecessarily reflected
back the power grid wasting energy in transmission losses in both directions. If the voltages and
currents on the wiring 225 are observed, the power factor for pure capacitive or inductive loads
is the cosine of the phase angle between the voltage and current in the wiring 225. If the voltage
and current are exactly in phase, the power factor is one, and the power flowing to the load is the
RMS voltage multiplied by the RMS current. If the voltage and current are 90° or 270° out of
phase, then the power factor is zero, and no average power is supplied to the load. If the voltage
and current are exactly out of phase, then power is flowing from the load to the grid. For the
above combinations of pure inductive and pure capacitive loads, the RMS power supply to the
load, P, is given by

|P| = |S||cos€

2
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where § is the apparent power measured by the RMS voltage multiplied by the RMS current, and
@ is the phase angle between the voltage and the currents on the wiring 225. Many different
loads can have significant inductance, including motors, transformers, electromagnets, and
solenoids. Loads that have significant capacitance are not so common. If an inductive load is
coupled to a correctly sized capacitive load, the inductive and capacitive loads cancel the effects
of one another by passing energy back and forth between the capacitive and inductive load. This
prevents the energy from being reflected back to the power grid. The capacitor is sized so that
the phase angle between the voltage and current is close to zero. The value of the capacitance
depends on the inductance of the load and the resistance of the load and the capacitance of the
load. For some loads, the values of the capacitance, the resistance, and the inductance are
constant, but for most loads, the resistance and the inductance vary. For example, an unloaded
motor has a high inductance an a high apparent resistance due to back electromotive force (EMF)
generated by the motor as the rotor turns. As the motor is loaded, the apparent resistance drops
as the back EMF is reduced. Thus, as the load on the motor changes, so does the value of the
capacitor required. Although a capacitor can be sized for steady state conditions, the capacitor
will not be the appropriate size if conditions change.

[0046] FIG. 3 illustrates a system 300 for automatically adjusting power factor according to an
exemplary embodiment. The system 300 comprises a load 305, a power factor adjuster unit 310,
and a power factor measurement unit 315. The power factor adjustment unit 310 and the power
factor measurement unit 315 may be included in a power factor adjuster 307. The power factor
measurement unit 315 measures the power factor on the input line 320. The measurement can be
performed in a number of ways. For example, the current and voltage waveforms can be
sampled, and phase angles can be calculated for the current and voltage. The phase angle
between the current and the voltage is then calculated based on the difference between the phase
angle of the current in the voltage. The power factor is the cosine of the difference angle.
Alternatively, the current and voltage can be sampled, multiplied together, and averaged to find
the power transmitted to the load. The real power can then be divided by the apparent power, S,
to find the power factor. Based on the measured power factor, the power factor measurement
unit 315 generates a power factor correction signal to correct for the power factor.

[0047] As illustrated in FIG. 3, the power factor measurement unit 315 is connected to the

power factor adjuster unit 310 and sends power factor correction signal to the power factor
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adjuster unit 310. The power factor adjuster unit 310 adjusts a capacitance of the power factor
adjuster unit 310 to reduce the power factor of the load 305.

[0048] The power factor measurement unit 315 can be adapted to adjust the signal sent to the
power factor adjuster unit 310 in a number of ways. In some embodiments, the power factor
measurement unit 315 is configured to measure the power factor on the input line 320 and
calculate the exact capacitance required to correct the power factor. In some embodiments, the
power factor measurement unit 315 and the power factor adjuster unit 310 form a control system.
The power factor measurement unit 315 measures the power factor and calculates if the current
capacitance provided by the power factor adjuster unit 310 is too high or too low. The power
factor measurement unit 315, based on the above calculation, sends a signal to the power factor
adjuster unit that either (a) increases the capacitance provided by the power factor adjuster unit
310 if the capacitance is too low, or (b) decreases the capacitance provided by the power factor
adjuster unit 310 if the capacitance is too high. In this manner, the control system 300
continuously adapts to changing power factors and loads. The control system 300 can be
designed to be the stable when adjusting the power factor. The stabilization can be provided
using, for example, dominant pole compensation.

[0049] In some embodiments, the power factor measurement unit 315 can be formed from
discrete electronic components. In other embodiments, the power factor measurement unit 315
can be formed from an ASIC device, a programmable microcomputer chip, or a dedicated
electronic chip.

[0050] FIG. 4 illustrates a power factor adjustment unit 405, according to an exemplary
embodiment. In some embodiments, the power factor adjustment unit 405 contains a power
factor measurement unit 410, similar to the power factor measurement unit 315. In other
embodiments, the power factor measurement unit 410 is external to the power factor adjustment
unit 405. In yet other embodiments, the power factor adjustment unit 405 is manually controlled
by manual switches and adjustment knobs, and no power factor measurement unit 410 is
required.

[0051] The power factor adjustment unit 405 comprises fixed capacitors 415 and an adjustable
clement 420. Although two capacitors are depicted in this exemplary embodiment, each of the
one or more fixed capacitors 415 can have the same or different capacitance, such that switching
a fixed capacitor can be in equal increments or other sized increments. Each fixed capacitor 415

is connected in series with at least one switch 425 and at least one optional fuse 430 across
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power supply lines 440 connected to a load. The adjustable element 420 is also connected in
series with a switch 425 and an optional fuse 430. The switches 425 allow the fixed capacitors
415 and the adjustable element 420 to be switched in and out of the circuit. The fuses 430
protect the capacitors 415, a power supply connected to power input wiring 450, and the load
from current surges.

[0052] In some embodiments, the switches 425 are mechanical switches, for example, relay
switches, reed-relay switches, mechanical switches with solenoid actuators, or mechanical
switches with motorized actuators. In other embodiments, the switches 425 are solid-state
switches, for example, transistors, thyristors, triacs, or solid-state relays.

[0053] An additional fuse 435 protects all of the capacitors 415, the adjustable element 420,
and the load from current surges. In some embodiments, the switches 425 are controlled
manually. In other embodiments, the switches 425 are controlled by the power factor
measurement unit 410 via wiring 445. In some embodiments, the adjustable element 420 is
controlled manually. In other embodiments, the adjustable element 420 is controlled by the
power factor measurement unit 410 via wiring 445.

[0054] An optional indicator 455 may be connected across the supply lines 440 and the output
of the power factor adjustment unit 405. The optional indicator 455 allows an operator to see if
the adjustment unit 405 is still in operation or if the fuse 435 has blown. Additional optional
indicators may also be placed in parallel with the capacitors 415 and the adjustable element 420.
The additional optional indicators allow an operator to see which switches 425 are closed and
which fuses 430 may be blown. The indicator 435 and the additional indicators are mounted in
the power factor adjustment unit 405, so that they are visible from the outside of any enclosure
for the power factor adjustment unit 405. The optional indicators 455, 435 can be an LED light,
gauge, a device that changes color upon a trigger, a device that physically moves upon a trigger,
a device that extends upon a trigger, or another indicator device for displaying a status of the
adjustment unit or fuse. In another embodiment, a display unit may replace the indicators 455,
435. The display unit may display the number of amps, volts, and watts that are being saved by
the power factor adjustment unit 405 by connecting the power factor adjustment unit 405 to a
load. The display unit may also display other important pieces of information about the power
factor adjustment unit 405, such as the power factor correction value of the power factor

adjustment unit 405 at any time. The display unit may also report that status of the power factor
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adjustment unit 405, including a failure or errors occurring within the power factor adjustment
unit 405.

[0055] An optional power switch 460 may be placed in series with one or more off the input
power wiring 450, thereby allowing the power to be switched off manually.

[0056] Depending upon which of the switches 425 are closed or open, the capacitance of the
power factor adjustment unit 405 can be changed. The adjustable element 420 allows the power
factor adjustment unit 405 to be adjusted to provide capacitance values in between capacitance
values attainable by combinations of the capacitors 415. In this exemplary embodiment, the
capacitors 415 range in value from about 1 pF to 100 pF. However, any value of capacitance
compatible with embodiments of the disclose in within the scope of this disclosure.

[0057] In some embodiments, the power factor adjustment unit 405 does not contain any fixed
capacitors 4185, but rely solely on the capacitance of the adjustable element 420.

[0058] In some embodiments, the adjustable element 420 is a variable capacitor. In other
embodiments, the adjustable element 420 is a variable inductor or a variable resistor. In yet
other embodiments, the adjustable element 420 is an element that has adjustable resistance,
capacitance, and inductance. In still yet other embodiments, the adjustable element 420 has
adjustable nonlinear properties and may include elements the properties of which change in a
nonlinear fashion as the voltage across or the current through the adjustable element change.
The adjustable nonlinear properties of the adjustable element 420 may also exhibit hysteresis, in
which the instant properties of the adjustable element 420 are dependent on the history of the
current through and the voltage across the adjustable element 420. The adjustable element 420
has electrodes 421 at each end that are connected to a material 422 between the electrodes 421.
The material 422 is responsible for the electrical properties of the adjustable element 420.

[0059] In operation, the power factor measurement unit 410 switches the switches 425 of the
capacitors 415 to approximately adjust the power factor. Then, if necessary, the power factor
measurement unit 410 causes adjustment of the adjustable element 420 using one of the methods
described above to fine tune the adjustment unit 405. The switch 425 in series with the
adjustable element 420 allows the adjustable element 420 to be prevented from affecting the
circuit if, for example, the load attached to power supply lines 440 does not require any load
factor correction.

[0060] FIG. 5 illustrates an enclosure 505 for the power factor adjustment unit 405, according

to an exemplary embodiment. The input power wires 510 correspond to the power input wiring
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450. The output wires 515 correspond to the power supply lines 440 connected to the load. An
indicator 520 corresponds to the indicator 455 across power supply lines 440. Indicators 525
correspond to optional indicators placed across the capacitors 415 and the adjustable element 420
to indicate if the switches 425 are closed and the fuses 430 are not blown. Fuse holders 530
contain the fuses 430, 435 for casy replacement. Switch 535 corresponds to the optional main
power switch 460.

[0061] FIG. 6 illustrates an enclosure 605 for a power factor adjustment unit that does not
incorporate power factor measurement unit 410. The input power wires 610 correspond to the
power input wiring 450. The output wires 615 correspond to the power supply lines 440
connected to the load. An indicator 620 corresponds to the indicator 455 across power supply
lines 440. Indicators 625 correspond to optional indicators placed across the capacitors 415 and
the adjustable element 420, to indicate if the switches 425 are closed and the fuses 430 are not
blown. Fuse holders 630 contain the fuses 430, 435 for easy replacement. Switch 635
corresponds to the optional main power switch 460. In the enclosure 605, the switches 425
correspond to manual mechanical switches 640 on the outside of the enclosure 605. Adjustable
clement 420 is controlled by adjustment knob 645.

[0062] The adjustment knob 645 may be directly attached to the adjustable element 420 and
can be used to mechanically adjust parameters of the adjustable element 420. Alternatively, the
adjustment knob 645 may be connected to an electronic adjustment circuit. The electronic
adjustment circuit may convert the position of the adjustment knob 645 into a voltage or a
current supplied to the adjustable element 420. The adjustment circuit may also supply signals to
an actuator that mechanically adjusts parameters of the adjustable element 420.

[0063] A power factor adjuster can be placed in a number of locations in the power system of a
facility. FIG. 7 illustrates an exemplary installation of several power factor adjusters, according
to an exemplary embodiment. A facility 710 is fed power by power grid 705. A meter 715,
meters the power flowing into the facility 710 to loads 720 — 740. Power factor adjuster 745 is
mounted in close proximity to a load 720 and corrects the power factor of load 720 to be close to
unity. The power factor adjuster 750 is mounted in close proximity to the load 725 and corrects
the power factor of load 725 to be close to unity. The power factor adjuster 755 is mounted in
close proximity to loads 730 and 735. Power factor adjuster 755 corrects the power factor of the
combined loads 730 and 735 to be close to unity. Thus, the overall power factor seen at the

meter 715 appears close to unity because each of the loads 720 — 735 is corrected. As in FIG. 7,
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a power factor adjuster can be connected between a load and the remaining power system, for
example, loads 720, 725. Alternatively, more than one load, for example, loads 730, 735 can be
corrected simultaneously by a single power factor adjuster, for example, power factor adjuster
750. Some loads, for example, load 740, have a power factor that is already close to unity and,
therefore, does not require a power factor adjuster. In general, any combination of load may be
corrected by one or more power factor adjusters, the power factor adjusters being placed close to
a single load in some instances and correcting multiple loads in other instances.

[0064] The power factor adjusters 745 — 755 can be physically placed in a case or enclosure of
the corresponding load 720-735, the switchbox for the corresponding load 720-735, or at any
position along the wiring to the corresponding load 720 - 735. The power factor adjuster can be
a separate component, integrated with original equipment manufacturer components, or added as
an aftermarket component.

[0065] Each of the power factor adjusters 745 - 755 may be configured to monitor the amount
of power, voltage, and amperage drawn by the corresponding loads 720 - 735. The power factor
adjusters 745 - 755 may be programmed with an acceptable range for each of the corresponding
loads 720 - 735. The acceptable range may be a low and high threshold values of a voltage,
amperage, or wattage drawn by the loads 720 - 735 under normal operating conditions. If the
loads 720 - 735 are not operating within the acceptable range, the loads may be malfunctioning.
The power factor adjusters 745 - 755 may also include a communication device configured to
sends a message to another device when the corresponding load 720 - 735 are not operating
within the acceptable range. The communication device may transmit messages through wired
or wireless communication methods, for example WiFi, Bluetooth, radio frequencies, infrared, or
any other communication method to send a message.

[0066] FIG. 8 illustrates an exemplary use of a single power factor adjuster for multiple loads,
according to an embodiment. A facility 810 is powered by power grid 805. A meter 815 can
meter the power flowing into the facility 810 to loads 820 — 840. A power factor adjuster 845
corrects the power factor of the combined loads 820 - 835. Load 840 has a power factor that is
already close to unity and, therefore, does not require a power factor adjuster and is connected
directly to the meter 81S5.

[0067] The power factor adjuster 845 can be physically placed in a case or enclosure of any of
the loads 820-835, the switchbox for of any of the loads 820-835, or at any position along the

wiring to of any of the loads 820-835. The power factor adjuster can be a separate component,
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integrated with original equipment manufacturer components, or added as an aftermarket
component.

[0068] In addition to power factor adjustment, the power factor adjustor 845 may be used as a
circuit breaker. The power factor adjustor 845 may be configured to detect a fault condition and
immediately discontinue electrical flow to the loads 820 - 835 when the fault condition is
detected.

[0069] In addition, the power factor adjustor 845 may adjust the power factor of a load
receiving three-phase power. In order to account for three-phase power, the power factor
adjustor 845 comprises three power factor adjustors each connected to one of the three circuit
conductors carrying the three phases of the three-phase power. Using three power factor
adjustors, the power factor adjustor 845 may receive up to 480V of three-phase power from the
power grid 805.

[0070] FIG. 9 illustrates an adjustable element 900, according to an exemplary embodiment.
The adjustable element 900 can be used as the adjustable element 420 shown in FIG. 4 and can
be configured to operate without the use of the fixed capacitors 415. The adjustable element 900
comprises a container 905. The container 905 may be made from any non-conducting material,
for example, nylon, polycarbonate, polyethylene, polypropylene, Teflon, alumina, glass, resin,
fiberglass resin, Bakelite, or any other insulating material compatible with embodiments of the
disclosure. The container 905 has electrodes 910, 915 positioned at each end. In some
embodiments, both of the electrodes 910, 915 are fixed. In other embodiments, one of the
electrodes is fixed, and the other electrode is movable. In yet other embodiments, 910, 915 are
both movable. In some embodiments, one of the electrodes, for example, electrodes 910, as
shown in FIG. 9, has a spring 945 between the inside of the container 905 and the electrodes
910. The spring provides pressure on the back of the electrodes 910, pushing the electrode 910
toward the electrode 915. The spring 945 makes adjustment of the compression of a material
940 between the electrodes 910 and 915 more reliable.

[0071] The electrodes 910, 915 may be made from copper, gold, silver, palladium, platinum,
ruthenium, nickel, iron, aluminum, tungsten, titanium, titanium nitrite, tantalum, tantalum
nitride, chromium, lead, cadmium, zinc, manganese, lithium cobalt oxide, lithium iron
phosphate, lithium manganese oxide, nickel oxyhydroxide, or any combination of the above or
any other metals compatible with embodiments of the disclosure. The electrodes maybe formed

of one or more of the above metals and then coated in a second of the above metals. The
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clectrodes 910, 915 may also be made of semiconductor materials, for example, carbon in the
form of diamond or graphite, silicon, silicon carbide, germanium or any combination of those
semiconductors with each other, or with one of the above metals. In some embodiments, the
clectrodes 910, 915 are made of the same material. In other embodiments, the electrodes 910,
915 are made of different materials.

[0072] Electrode 915 is movable using compression device 920. Pushing or pulling the
compression device 920 in the direction of the arrows 925 causes the compression device 920 to
slide through a hole in the container 905 in the direction of arrows 935. The compression device
920 is attached to the moving electrode 915 and pushes the moving electrode 915 toward or
away from electrode 910.

[0073] Between the clectrodes 910 and 915 a material 940 is placed. The material 940 is
compressed by moving electrode 915 toward electrodes 910, as discussed above. The material
940 allows current to flow between the electrodes 910, 915 and is responsible for the electrical
properties of the adjustable element 900. Compressing the material 940 changes the electrical
properties.

[0074] A set screw 930 is placed in a threaded hole in the container 905. The set screw 930 in
the container 905 extends from the outside of the container and through the hole in the container
in which the compression device 920 is placed. When the current compression device has been
positioned so that the correct electrical properties for the adjustable element 900 are achieved,
the set screw 930 can be tightened against the compression device 920, thereby preventing the
compression device from moving. Connections 950 to the electrodes 910, 915 via compression
device 920 allow the adjustable element 900 to be connected in the circuit, for example, as
adjustable element 420 in FIG. 4.

[0075] In some embodiments, the material 940 comprises powdered magnetite (FezO4 or
FeO-Fe;0s). In some embodiments, powdered magnetite is the only material in between the
electrodes 910, 915. In some embodiments, the powdered magnetite is mixed with liquid. The
liquid may be a mineral oil, synthetic oil, a liquid electrolyte, or semi-solid electrolyte. In some
embodiments, the powdered magnetite is mixed with other powdered materials. The other
powdered materials may include carbon as graphite or diamond, quartz, sapphire, beryl, gold,
copper, silver, platinum, palladium, nickel, molybdenum, aluminum, molybdenum disulfide,
titanium disulfide, silica, corundurn, powdered rare earth magnetic materials, or any other

powdered material compatible with embodiments of this disclosure. The materials maybe in
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either crystalline, polycrystalline or amorphous form. For example, the material 940 may
include half magnetite and half carbon. In some embodiments, no magnetite powder is included,
and only one or more of the above powdered materials other than magnetite is included in the
container 905. In some embodiments, the magnetite and/or other powdered material is
positioned between the electrodes in a hardened resin. In other embodiments, the material may
be heated before use to adjust the electrical properties of the material.

[0076] FIG. 10 illustrates an adjustable element 1000, according to another embodiment. The
adjustable element 1000 can be used as the adjustable element 420 in FIG. 4. The adjustable
element 1000 comprises a container 1005. The container 1005 may be made from any non-
conducting material, for example, nylon, polycarbonate, polyethylene, polypropylene, Teflon,
alumina, glass, resin, fiberglass resin, Bakelite, or any other insulating material compatible with
embodiments of the disclosure. The container 1005 has electrodes 1010, 1015 positioned at each
end. In some embodiments, both of the clectrodes 1010, 1015 are fixed. In other embodiments,
one of the electrodes for example, electrodes 1010 and the other electrode is movable. In yet
other embodiments, 1010, 1015 are both movable. In some embodiments, one of the electrodes,
for example, electrodes 1010, as shown in FIG. 10, has a spring 1045 between the inside of the
container 1005 and the electrodes 1010. The spring provides pressure on the back of the
electrode 1010, which pushes the electrode 1010 toward the electrode 1015. The spring 1045
can allow for adjustment of the compression of a material 1040 between the electrodes 1010 and
1015 to be more reliable.

[0077] The electrodes 1010, 1015 may be made from copper, gold, silver, palladium, platinum,
ruthenium, nickel, iron, aluminum, tungsten, titanium, titanium nitrite, tantalum, tantalum
nitride, chromium, lead, cadmium, zinc, manganese, lithium cobalt oxide, lithium iron
phosphate, lithium manganese oxide, nickel oxyhydroxide, or any combination of the above or
any other metals compatible with embodiments of the disclosure. The electrodes maybe formed
of one of the above metals and then coated in a second of the above metals. The electrodes
1010, 1015 may also be made of semiconductor materials, for example, carbon in the form of
diamond or graphite, silicon, silicon carbide, germanium or any combination of those
semiconductors with each other, or with one of the above metals.

[0078] Electrode 1015 is movable using compression device 1020. Turning the compression
device 1020 in the direction of the arrows 1025 causes screws thread 1030 that engages with a

threaded hole in the container 1005 to move in the direction of arrows 1035. The compression
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device 1020 is attached to the moving electrode 1015. The compression device 1020 pushes
electrode 1015 toward or away from electrode 1010.

[0079] A material 1040 is placed between the electrodes 1010, 1015. The material 1040 is
compressed by moving electrode 1015 toward electrode 1010, as discussed above. The material
1040 allows current to flow between the electrodes 1010, 1015 and is responsible for the
electrical properties of the adjustable element 1000. Compressing the material 1040 changes the
electrical properties.

[0080] Connections 1050 to the electrodes 1010 and 1015 via compression device 1020, allow
the adjustable element 1000 to be connected in the circuit, for example, as adjustable element
420 in FIG. 4.

[0081] In some embodiments, the material 1040 comprises powdered magnetite. In some
embodiments, powdered magnetite is the only material in between the electrodes 1010, 1015. In
some embodiments, the powdered magnetite is mixed with liquid. The liquid may be a mineral
oil, synthetic oil, a liquid electrolyte, or semi-solid electrolyte. In some embodiments, the
powdered magnetite is mixed with other powdered materials. The other powdered materials may
include carbon as graphite or diamond, quartz, sapphire, beryl, gold, copper, silver, platinum,
palladium, nickel, molybdenum, aluminum, molybdenum disulfide, titanium disulfide, silica,
corundure, powdered rare earth magnetic materials, or any other powdered material compatible
with embodiments of this disclosure. The materials maybe in either crystalline, polycrystalline
or amorphous form. For example, the material 1040 may include half magnetite and half carbon.
In some embodiments, no magnetite powder is included, and only one or more of the above
powdered materials other than magnetite is included in the container 1005. In some
embodiments, the magnetite and/or other powdered material is positioned between the electrodes
in a hardened resin. In other embodiments, the material may be heated before use to adjust the
electrical properties of the material.

[0082] Alternatively, FIG. 11 illustrates another adjustable element 1100, according to an
exemplary embodiment. The adjustable element 1100 can be used as the adjustable element 420
in FIG. 4. The adjustable element 1100 comprises a container 1105. The container 1105 has
electrodes 1110, 1115 positioned at each end. As illustrated in FIG. 11, the compression device
920 or 1020 of FIGS. 9 and 10, respectively, is replaced by a different compression device, for
example, a piezoelectric actuator 1145. Piezoelectric actuator 1145 may be placed between the

electrode 1115 and the inside of the container 1105 to push the electrode 1115 toward or away
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from the electrode 1110. Alternatively, a magnetic actuator may be used instead of piezoelectric
actuator 1145. The magnetic actuator is placed between the electrode 1115 and the inside of the
container 1105 to push electrode 1115 toward or away from electrode 1110. In yet another
embodiment, a permanent magnet may be used instead of piezoelectric actuator 1145. The
permanent magnet is placed between electrode 1115, and the inside of the container 1105. A
second permanent magnet outside of the container may be positioned by an actuator to attract or
repel the permanent magnet inside the container, thus, pushing the electrode 1115 toward or
away from electrode 1110.

[0083] In some embodiments, one of the electrodes, for example, electrodes 1110, as shown in
FIG. 10, has a spring 1150 between the inside of the container 1105 and the electrodes 1110.
The spring provides pressure on the back of the electrode 1110, pushing the electrode 1110
toward the electrode 1115. The spring 1150 makes adjustment of the compression of a material
1140 between the electrodes 1110 and 1115 more reliable.

[0084] The electrodes 1110, 1115 may be made from copper, gold, silver, palladium, platinum,
ruthenium, nickel, iron, aluminum, tungsten, titanium, titanium nitrite, tantalum, tantalum
nitride, chromium, lead, cadmium, zinc, manganese, lithium cobalt oxide, lithium iron
phosphate, lithium manganese oxide, nickel oxyhydroxide, or any combination of the above or
any other metals compatible with embodiments of the disclosure. The electrodes maybe formed
of one of the above metals and then coated in a second of the above metals. The electrodes
1110, 1115 may also be made of semiconductor materials, for example, carbon in the form of
diamond or graphite, silicon, silicon carbide, germanium or any combination of those
semiconductors with each other, or with one of the above metals.

[0085] Connections 1155 to the electrodes 1110 and 1115 via compression device 1120 allow
the adjustable element 1100 to be connected in the circuit, for example, as adjustable element
420 in FIG. 4.

[0086] In some embodiments, the material 1140 comprises powdered magnetite. In some
embodiments, powdered magnetite is the only material in between the electrodes 1110 and 1115.
In some embodiments, the powdered magnetite is mixed with liquid. The liquid may be a
mineral oil, synthetic oil, a liquid electrolyte, or semi-solid electrolyte. In some embodiments,
the powdered magnetite is mixed with other powdered materials. The other powdered materials
may include carbon as graphite or diamond, quartz, sapphire, beryl, gold, copper, silver,

platinum, palladium, nickel, molybdenum, aluminum, molybdenum disulfide, titanium disulfide,
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silica, corundum, powdered rare earth magnetic materials, or any other powdered material
compatible with embodiments of this disclosure. The materials maybe in either crystalline,
polycrystalline or amorphous form. For example, the material 1140 may include half magnetite
and half carbon. In some embodiments, no magnetite powder is included, and only one or more
of the above powdered materials other than magnetite is included in the container 1105. In some
embodiments, the magnetite and/or other powdered material is positioned between the electrodes
in a hardened resin. In other embodiments, the material may be heated before use to adjust the
electrical properties of the material.

[0087] An alternative actuation system can be constructed by using an actuator to turn the
compression device 1020 (FIG. 10) to compress the powder. Possible actuators include, a
stepper motor or geared motor to turn the compression device 1020.

[0088] FIG. 12 illustrates an adjustable element 1200, according to an embodiment. The
adjustable element 1200 can be used as the adjustable element 420 in FIG. 4. The adjustable
clement 1200 comprises a container 1205. The container 1205 has electrodes 1210, 1215
positioned at each end and a compression device 1220. As illustrated in FIG. 12, a coil 1245 is
wound around the container 1205. A current can be passed through the coil 1245, thereby
producing a magnetic field within the magnetite powder material 1240 in the container 120S.
The additional magnetic field generated by the current and the coil 1245 causes the powder to be
magnetized. The magnetized magnetite powder has different inductive properties than the non-
magnetized magnetite powder. Thus, application of the current through the coil 1245 changes,
the inductive properties of the adjustable element. Further, the magnetized magnetite powder
particles are attracted to other magnetized magnetite powder particles, causing the powder to
compress. The compression causes the resistance and the capacitance of the adjustable element
change. Alternatively, rather than using the coil 1245, the magnetic field can be provided by an
external electromagnet or permanent magnet. The position of the permanent magnet or the
electromagnet can be adjusted to change the intensity and direction of the magnetic field through
the adjustable element. Further, the current through the electromagnet can be used to adjust the
intensity of the magnetic field.

[0089] An actuation system can be constructed by using an actuator to turn the compression
device 1220 to compress the powder. Possible actuators include, a stepper motor or geared
motor to turn the compression device 1220. The stepper motor or geared motor can be

controlled by signals from the power factor measurement unit 410 provided by wiring 445.
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[0090] Thus, by adjusting one or more of the compression of the powder between the
electrodes 1210, 1215 or the current through the coil 1245 and the inductance, capacitance and
resistance of the adjustable element can be changed. The adjustment unit 405 can thus, be
adjusted to correct the power factor of the load attached to power supply lines 440. The control
signals from the power factor measurement unit 410 provided by wiring 445 can be used to
control any actuator used for compression of the magnetite powder material 1240 or to control
the current through the coil 1245.

[0091] The coil 1245 may be combined with any of the embodiments described above in
FIGS. 9-11. Further, the coil 1245 maybe the formed around a container that has no other
adjustment means and is filled with powdered material 1240.

[0092] Connections 1250 to the electrodes 1210 and 1215 via compression device 1220, allow
the adjustable element 1200 to be connected in the circuit, for example, as adjustable element
420 in FIG. 4.

[0093] In some embodiments, the material 1240 comprises powdered magnetite. In some
embodiments, powdered magnetite is the only material in between the electrodes 1210, 1215. In
some embodiments, the powdered magnetite is mixed with liquid. The liquid may be a mineral
oil, synthetic oil, a liquid electrolyte, or semi-solid electrolyte. In some embodiments, the
powdered magnetite is mixed with other powdered materials. The other powdered materials may
include carbon as graphite or diamond, quartz, sapphire, beryl, gold, copper, silver, platinum,
palladium, nickel, molybdenum, aluminum, molybdenum disulfide, titanium disulfide, silica,
corundurn, powdered rare earth magnetic materials, or any other powdered material compatible
with embodiments of this disclosure. The materials maybe in either crystalline, polycrystalline
or amorphous form. For example, the material 1240 may include half magnetite and half carbon.
In some embodiments, no magnetite powder is included, and only one or more of the above
powdered materials other than magnetite is included in the container 1205. In some
embodiments, the magnetite and/or other powdered material is positioned between the electrodes
in a hardened resin. In other embodiments, the material may be heated before use to adjust the
electrical properties of the material.

[0094] In some embodiments, the magnetite powder, or mixture of powders is placed in a
container, for example, containers 905, 1005, 1105, 1205. When the container is filled, the
magnetite powder, or mixture of powders is subject to a magnetic field. The magnetic field is

provided by a coil, for example, coil 1245, an external electromagnet, or a permanent magnet. In

20



WO 2013/066922 PCT/US2012/062665

some embodiments, the magnetite powder, or mixture of powders is compressed, by one of the
methods discussed above, while the magnetic field is applied. In other embodiments, the
magnetite powder or mixture of powders is compressed, by one of the methods discussed above,
after the magnetic field is removed. In another embodiment, the magnetic field is applied to the
magnetite powder or mixture of powders before compression.

[0095] In some embodiments, the magnetite powder, or mixture of powders is mixed with a
resin, for example, epoxy resin, polyurethane resin, polyester resin, acetal resin or methyl
methacrylate resin. The powder resin mixture is placed in a container, for example, containers
905, 1005, 1105, 1205. The resin powder is then compressed using a one of the compression
devices discussed above until one or more desired electrical properties of the composite powder
and resin are achieved. When the electrical properties of the composite powder and resin is
achieved, the resin is cured. The resin may be a heat activated resin, a light activated resin, or a
resin activated by mixing two or more components of the resin. When the resin has been cured
in the container using the appropriate method, the adjustable device can be used.

[0096] In some embodiments, the uncured powder resin mixture may be subjected to magnetic
fields to achieve the desired electrical properties of the composite powder and resin. The
magnetic field may be applied when the powder resin mixture is in the container 905, 1005,
1105, 1205 by a coil wrapped around the container, an external electromagnet, or permanent
magnet. The magnetic field may be applied alone or in combination with compression. The
magnetic field may be applied before the curing of the resin and/or during the curing of the resin.
[0097] In some embodiments, the resin is a hard non-viscoelastic material in other
embodiments the resin is a viscoelastic material and can be ecasily deformed when cured. In
some embodiments, the resin is replaced by an elastic material such as a rubber or silicone.
[0098] Magnetite is an oxide of iron that conducts electricity with conductivity of 2.5x10* Qm’
! at room temperature and is also ferrimagnetic. When in powder form, the flow of electricity
through the magnetite powder depends upon the packing of the magnetite powder. Loose
packing reduces the flow of electricity because the current has to pass between the particles of
the powder. Mixing the other powdered materials and/or the oils or electrolyte allows the
conductivity to be adjusted.

[0099] Current flowing through the magnetite powder generates magnetic fields that couple
with the magnetization of the magnetite and also cause the movement of the magnetite powder

particles. Movement of the magnetite particles also changes the electrical conductivity. The
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interaction of the current flowing through the powder with the magnetization of the powder
enhances the inductance of the adjustable element. Mixing other powdered materials with the
magnetite also changes the coupling between the current flowing through the adjustable element
and the magnetization of the magnetite, thus, changing the inductance.

[00100] Not all of the particles forming the powdered materials are necessarily electrically
connected. With the correct compression of the powder, much of the powdered material is
connected to one or other of the electrodes 910, 915, for example, but not electrically connected
to both electrodes 910, 915. Powder electrically connected to one electrode may be close to
powder connected to the other electrode, thereby causing a capacitor to form within the powder.
Compression of the powder and composition of the powder allows the capacitance of the
adjustable element to be changed.

[00101] Thus, the adjustable element has properties including inductance, capacitance, and
resistance that can be adjusted by changing the compression and composition of the powder.
This allows the adjustable element to be adjusted to adjust the capacitance, resistance and
inductance of the adjustable element to correct the power factor of the load.

[00102] Moreover, the properties of the magnetite when compressed are dependent on the
history of the current through and voltage across the magnetite material. For example, current
flowing through the magnetite generates a magnetic field. The magnetic field magnetizes the
magnetite powder, causing the particles to pull together. This pulling together of the powder
particles decreases the resistivity of the magnetite powder. The reduced resistivity causes yet
more current to flow and yet more magnetization, which pulls the particles in the powder
together even more, again reducing the resistivity. Thus, under the correct conditions, the
magnetite powder can have nonlinear properties. Depending on the composition of the powder,
when the current is removed, the powder may relax into its original state, or remain in the
reduced resistance state.

[00103] In a similar manner placing a high voltage across the magnetite powder, when the
magnetite powder is in a high resistance state, may reduce the resistance. In the high resistance
state the particles of magnetite are not electrically well-connected between the electrodes. Thus
particles near one or other electrode will attain a voltage near to that of their respective electrode.
Particles of the powder with opposite polarity will attract, thereby compressing some volumes of
the particle powder. The compressed volumes of particle powder will have greater conductivity.

Thus, the particle powder may rapidly become conductive when a large voltage is placed across
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the powder. Depending on the composition of the powder, when the voltage is removed, the

powder may relax into its original state, or remain in the reduced resistance state.

[00104] The properties of the adjustable element, inductance, capacitance and resistance form
an inductor-capacitor-resistor (LCR) filter. FIG. 13 illustrates an equivalent circuit for the
adjustable element with an equivalent inductance, L, equivalent resistance, R, and equivalent

capacitance, C. The equivalent circuit forms a band pass filter with a resonant frequency
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[00105] Thus, the adjustable element can be configured to pass the particular band of

frequencies around the resonant frequency f, with the bandwidth of approximately f,/Q, and

suppress other frequencies. As discussed above, the inductance, capacitance, and resistance of
the adjustable element can all be adjusted by either compression of the powder material in the
adjustable element or application of a magnetic field to the adjustable element. The values of the
inductance, capacitance and resistance, however, are not independent. For example, adjusting
the resistance, may also adjust the capacitance and inductance. If both compression and
magnetic field are applied to the powder in the adjustable element, values of the equivalent
inductance, L, equivalent resistance, R, and the equivalent capacitance, C may be adjusted
somewhat independently. The resonant frequency and the Q of the adjustable element are also
adjustable by changing the compression of and a magnetic field through the adjustable element.
Thus, the adjustable element forms a tunable filter, the frequency and Q of which can be adjusted
as needed. This can be particularly useful in dealing with power factor correction due to
nonlinear loads. As discussed above, the nonlinear loads generate harmonics of the power line
frequency. The harmonics of the power line frequency are reflected back to the grid is wasted
power. The harmonics of the power line frequency, may be, at odd or even multiples of the
power line frequency. Detecting and suppressing these harmonics improves the power factor,
The power factor adjuster also reduces EMI by filtering the spikes and harmonics that cause

EMI.
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[00106] FIG. 14 illustrates a system 1400 that uses an adjustable element 1405 to improve the
power factor by filtering harmonics generated by a load 1410 attached to the power lines 1412.
The adjustable element 1405 is configured to have a resonant frequency the same as the power
line frequency. If the harmonics are detected by a harmonic detector 1415, the harmonic
detector 1415 sends a signal via wiring 1420 to adjust the Q of the adjustable element to suppress
the harmonics.

[00107] The resonant frequency of the adjustable element filter will be changed if there is
significant additional inductance caused by, for example, additional capacitors or an inductors in
parallel with the adjustable element 1405. The load may have significant inductance or
capacitance. For example, an induction motor has considerable inductance. Moreover,
inductance of an induction motor changes with rotation speed and the loading of the motor.

Thus, the resonant frequency f,and the Q of adjustable element filter must be continuously

adjusted to account for the changes in inductance of the induction motor. If the adjustable
element is a part of any power factor adjustment unit, for example, power factor adjustment unit
405, the fixed capacitors within the power factor adjustment unit may be switched in parallel

with the adjustable element. Thus changing the resonant frequency f, and the Q of the

adjustable element filter. Accordingly, the resonant frequency and the Q of the adjustable, filter,
are continuously adjusted to maintain the correct resonant frequency independent of additional
inductance or capacitance added to the circuit.

[00108] As discussed above, the properties of the powder may be dependent on the history of
the current through the adjustable element and the voltage across the adjustable element. Thus,
the capacitance resistance and inductance of the adjustable element may be configured to change
upon the particular combination of voltage or current occurring on the power line. For example,

the adjustable element might be configured to change the resonant frequency f, and the Q

dependent upon an over voltage occurring on the power lines or a spike on the power lines.

[00109] The nonlinear properties of the powder material, including a powder encased in a resin
or in a liquid, in a properly adjusted adjustable element, for example, adjustable elements 900,
1000, 1100, 1200 make the adjustable element suitable as surge arresters and power spike
removers. By adjusting the composition of the powder material in the adjustable element, the
compression of the powder material in the adjustable element and any magnetic field passing

through the adjustable element as discussed above, the voltage or current at which the adjustable
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element becomes suddenly conducting may be changed. If, for example, the RMS line voltage is
110 V, the peak voltage will be 156 V. A properly adjusted adjustable element may become
suddenly conducting at 170 V. In this case any spikes on the line voltage above 170 V will cause
the adjustable element to become suddenly conducting, and the energy will be dissipated in the
adjustable element rather than any load equipment positioned after the adjustable element.
[00110] FIG. 15 illustrates a system 1500 for the use of an adjustable element as a surge
arrester. The surge arrester the 1505 is placed across power lines 1512 between the grid and the
load 1510. A spike 1520 on the power lines 1512 causes the powder material in the adjustable
element 1505 to become conducting, thereby dissipating the energy of the spike in the adjustable
element rather than the load 1510.

[00111] In some embodiments, the adjustable element 1505 is configured to act as a resettable
surge arrester. The adjustable element 1505 is configured to increase the conductivity of the
powder material in the adjustable element 1505 when a surge on the power lines 1512 occurs.
After the surge, the adjustable element remains in increased productivity state. The adjustable
element 1505 is configured to return to the original conductivity when, for example, the power
on power lines 1512 is reduced to zero for a period of time, or when an external a magnetic field
penetrates or is removed from the adjustable element by, for example, the close approach or
removal of a permanent magnet.

[00112] The magnetic properties of the magnetite powder in an adjustable element allow the
adjustable element to be used as a part of the core of a transformer. FIG. 16 illustrates a
transformer 1605 incorporating an adjustable element 1610. The adjustable element 1610 forms
a part of the magnetic core of the transformer, where the magnetic circuit of the core is
completed by a magnetic element 1615. Primary and secondary windings 1620, 1625 are wound
around the core of the transformer 1605. As discussed above, the magnetic properties of the
adjustable element change when compression, a magnetic field, a voltage, or a current is applied
to the adjustable element. Thus, the adjustable element may be used to change the magnetic
conductivity of the core of the transformer 1605, therefore, changing the coupling between the
primary and secondary windings 1620, 1625 of the transformer. In some embodiments, as
illustrated in FIG. 16, the primary and secondary windings 1620, 1625 are wound around the
adjustable element 1610. In other embodiments, the primary winding 1620 and/or secondary
coil 1625 are wound around the magnetic element 1615. In some other embodiments, the

adjustable element 1610 is connected across the power lines 1630 connected to the primary
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winding, as illustrated in FIG. 16. Thus, adjustable element 1610 may be configured to absorb
the spike on the power lines 1630, as discussed above with regard to the surge arresting, and/or
change the magnetic properties of the transformer core to reduce the amount of power
transmitted to the secondary 1625. Alternatively, the adjustable element 1610 may be connected
across the secondary windings 1625 and the output power lines 1635 in order to detect spikes on
the secondary windings 1625. Thus, adjustable element 1610 may be configured to absorb
spikes on the power lines 1635 and/or change the magnetic properties of the transformer core to
reduce the amount of power transmitted to the secondary 1625.

[00113] In some embodiments, the adjustable element 1610 is configured to act as a resettable
surge arrester. The adjustable element 1610 is configured to reduce the magnetic conductivity of
the core transformer 1605 when a surge on the power lines 1630 occurs. The adjustable element
1610 is configured to return to the original magnetic inductance when, for example, the power on
power lines 1630 is reduced to zero, for a period of time, or when an external magnetic field
penetrates or is removed from the adjustable by, for example, the close approach or removal of a
permanent magnet.

[00114] The magnetic properties of the magnetite powder in an adjustable element allow the
adjustable element to be used as a portion of the core of an electric motor. FIG. 17 illustrates a
cross-section of an electric motor 1705 incorporating adjustable elements 1710. The electric
motor comprises a stator 1715 and a rotor 1720. The rotor spins on axle 1725 and comprises a
magnetic core 1730 with electrical windings 1731. The stator comprises a magnetic core
including magnetic elements 1735 and 1736, adjustable elements 1710, and stator coils 1740
wound around the magnetic elements 1736. The adjustable element 1710 forms a portion of the
magnetic core of the magnetic circuit of the core that is completed by a magnetic elements 1735,
1736 and the core 1730. As discussed above, the magnetic properties of the adjustable element
change when compression, a magnetic field, a voltage, or a current is applied to the adjustable
element. Thus, the adjustable element may be used to change the magnetic conductivity of the
core of the motor 1705, thereby changing the coupling between the stator 1715 and rotor 1720.
In some embodiments, as illustrated in FIG. 17, a portion of the stator 1715 is formed of the
adjustable element 1710. In other embodiments, a portion of the rotor core 1730 is formed of an
adjustable element. In some other embodiments, the adjustable element 1710 is connected
across the supply to the stator coils 1740. Thus, adjustable element 1710 may be configured to

absorb spikes on the stator coils 1740 or compensate the power factor of the electric motor 1705.
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[00115] The magnetic properties of the magnetite powder allow the adjustable element to be
used as a variable capacitor. As discussed above, by changing the amount of compression on the
magnetite powder or the magnetic field applied to the magnetite powder, the electrical properties
of the adjustable element can change. Among the changed electrical properties is a change in the
overall capacitance of the adjustable element. Thus, the adjustable element as described above
may be implemented as a variable capacitor.

[00116] An adjustable element may also be used in combination with a capacitor to allow the
capacitor to function much like a battery to limit the amount of charge discharged from a charged
capacitor. Fig. 18 illustrates a circuit diagram for using the adjustable element in combination
with a capacitor according to an exemplary embodiment. As shown in Fig. 18, a first adjustable
clement 1810 and a second adjustable element 1820 are connected to the capacitor 1820. The
first adjustable element 1810 is connected to a first terminal of the capacitor 1820 and the second
adjustable element 1812 is connected to the a second terminal of the capacitor. The capacitor
1820 is also connected to an input (not shown), for example a power source. When a potential
difference is applied to the capacitor 1820, energy is stored in an electric field in the capacitor.
The energy stored in the capacitor can be released, but the release is nearly instantancous. By
connecting the adjustable elements 1810, 1812 to the capacitor, the energy release can be
slowed, and a load 1805 may receive energy from the capacitor 1820. The adjustable element
1810, 1812 can have a nearly infinitely adjustable impedance. By adjusting the impedance of the
adjustable elements 1810, 1812 the amount of energy provided to the load 1805 can be
controlled.

[00117] FIG. 19 illustrates an adjustable element 1900, according to an exemplary embodiment.
The adjustable element 1900 can be used as the adjustable element 1810 or 1812 shown in FIG.
18 and can be configured to operate with a capacitor. The adjustable element 1900 comprises a
container 1905. The container 1905 may be made from any non-conducting material, for
example, nylon, polycarbonate, polyethylene, polypropylene, Teflon, alumina, glass, resin,
fiberglass resin, Bakelite, or any other insulating material compatible with embodiments of the
disclosure. The container 1905 has electrodes 1910, 1915 positioned at each end of the
container. In some embodiments, both of the electrodes 1910, 1915 are fixed. In other
embodiments, one of the electrodes is fixed, and the other electrode is movable. In yet other
embodiments, electrodes 1910, 1915 are both movable. In some embodiments, one of the

electrodes, for example, electrodes 1910, as shown in FIG. 19, has a spring 1945 between the
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inside of the container 1905 and the electrodes 1910. The spring 1945 provides pressure on the
back of the electrodes 1910, pushing the electrode 1910 toward the electrode 1915. The spring
1945 makes adjustment of the compression of a material 1940 between the electrodes 1910 and
1915 more reliable.

[00118] The electrodes 1910, 1915 may be made from copper, gold, silver, palladium, platinum,
ruthenium, nickel, iron, aluminum, tungsten, titanium, titanium nitrite, tantalum, tantalum
nitride, chromium, lead, cadmium, zinc, manganese, lithium cobalt oxide, lithium iron
phosphate, lithium manganese oxide, nickel oxyhydroxide, or any combination of the above or
any other metals compatible with embodiments of the disclosure. The electrodes may be formed
of one or more of the above metals and then coated in a second of the above metals. The
electrodes 1910, 1915 may also be made of semiconductor materials, for example, carbon in the
form of diamond or graphite, silicon, silicon carbide, germanium or any combination of those
semiconductors with each other, or with one of the above metals. In some embodiments, the
clectrodes 1910, 1915 are made of the same material. In other embodiments, the clectrodes
1910, 1915 are made of different materials.

[00119] Electrode 1915 is movable using compression device 1920. Pushing or pulling the
compression device 1920 in the direction of the arrows 1925 causes the compression device 1920
to slide through a hole in the container 1905 in the direction of arrows 1925. The compression
device 1920 is attached to the moving electrode 1915 and pushes the moving electrode 1915
toward or away from electrode 1910.

[00120] A material 1940 is placed between the electrodes 1910 and 1915. The material 1940 is
compressed by moving electrode 1915 toward electrodes 1910. The compression of the material
1940 may be performed by any of the methods above, such as a screw, a compression device, or
actuators. The material 1940 allows current to flow between the electrodes 1910, 1915 and is
responsible for the electrical properties of the adjustable element 1900. Compressing the
material 1940 changes the electrical properties.

[00121] Connections 950 to the electrodes 910, 915 via compression device 920 allow the
adjustable element 900 to be connected in the circuit, for example, as adjustable element 1810,
1812 in FIG. 18.

[00122] The compression material of the adjustable element 1900 is a plurality of small
aluminum beads. The aluminum beads may be coated with an insulation coating, such as silicon

or any other type of material exhibiting insulating properties. In some of the embodiments
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described above, magnetite was described as the material 1940. Magnetite, or a comparable
material, may be mixed with the aluminum beads, or the magnetite may be omitted.

[00123] The aluminum beads can change the electrical properties of the adjustable element
1900 by mechanical compression. However, any compression technique, such as those
described above, can dynamically change the electrical properties of the aluminum beads. The
adjustable element 1900 comprising aluminum beads as described above may be connected to
any size capacitor, from a capacitor having a very small capacitance to a capacitor having a very
large capacitance, such as a super capacitor.

[00124] Table 1 shows the results of testing of a power factor adjustment unit similar to the
power factor adjustment unit 405 discussed above. The power factor adjustment unit used for
the testing is a manual version in which the switches for the fixed capacitors, for example,
capacitors 415, and the adjustable element, for example, adjustable element 420, are switched
manually to correct the power factor. Further, the power factor adjustment unit used for testing
has an adjustable element that is adjusted manually by compression of pure magnetite powder in
the adjustable element. The load for the power factor adjustment unit is a 1 hp induction motor
made by Marathon™. The induction motor was run at a voltage of 241 V both with and without
load. The adjustment unit setting corresponds to a quantity of capacitance from the capacitors
and a compression of the magnetite powder. The adjustment unit setting of zero corresponds to
the power factor adjustment unit being disconnected from the circuit.

[00125] FIG. 20 illustrates, in particular, adjustment unit setting versus power factor for the
induction motor and power factor adjustment unit combination. As illustrated in FIG. 20, the
power factor is considerably improved when the induction motor is run with or without a load.
In particular, the adjustment unit could be set to between 60 and 70 to maximize the power factor

at 0.64 for an unloaded motor, and increase the power factor to almost 0.9 for a loaded motor.

Voltage across Load applied | Adjustment unit Current Apparent Power Percent
motor to motor setting supplied power Factor Saved
V) (A) kW)
241 No 0 6.11 1.47 0.166 0%
241 No 55 1.77 0.427 0.57 61%
241 No 70 1.6 0.388 0.58 74%
241 No 60 1.6 0.379 0.63 74%
241 No 85 2.39 0.588 0.429 41%
241 Yes 0 6.22 1.49 0.35 0%
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241 Yes 30 3.78 0.93 0.56 40%

241 Yes 60 2.43 0.59 0.88 61%

241 Yes 55 2.52 0.6 0.85 60%
Table 1

[00126]  FIG. 21 illustrates, in particular, the percentage savings due to the use of the power
factor adjustment unit. The power factor adjustment unit delivers savings of up to 74% for an
unloaded motor.

[00127] Table 2 shows the results of testing of a power factor adjustment unit similar to the
power factor adjustment unit used to obtain the result in Table 1. The load for the power factor

adjustment unit is a %2 hp, 115 V, 60 Hz induction motor made by Marathon™.

Voltage across Adjustment Load Current Apparent | Power Percent
motor unit state applied to supplied power Factor Saved
V) motor (A) (kW)
120 OFF No 5.87 0.690 0.38 0%
120 ON No 1.74 0.233 1.00 70%
120 OFF Yes 7.8 0.890 0.77 0%
120 ON Yes 5.0 0.520 1.00 36%
Table 2

[00128]  The power factor adjustment unit delivers savings of up to 70% for an unloaded
motor and 36% for a loaded motor. Morecover, the power factor with the power factor
adjustment unit is unity for both the loaded and unloaded motor.

[00129] Table 3 shows the results of testing of a power factor adjustment unit similar to the
power factor adjustment unit used to obtain the result in Table 1. The load for the power factor

adjustment unit is a 1 hp, 115/230 V, 60 Hz induction motor made by Marathon™.

Voltage across Adjustment Load Current Apparent | Power Percent
motor unit state applied to supplied power Factor Saved
V) motor (A) (kW)
241 OFF No 6.02 1.450 0.51 0%
241 ON No 1.27 0.306 0.86 41%
241 OFF Yes 5.7 1.373 0.36 0%
241 ON Yes 2.78 0.669 1.00 51%
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Table 3

[00130]  The power factor adjustment unit delivers savings of up to 51% for a loaded motor
and 41% for an unloaded motor. Moreover, the power factor with the power factor adjustment
unit is unity for the loaded motor.

[00131]  Table 4 shows the verification of the above test results by an independent testing
company for the power factor adjustment unit used in combination with a 1/3 hp induction
motor. The induction motor is a 115 V 60 Hz motor running at 1,762 RPM. Enabling the power
factor adjustment unit causes a drop in current consumption of the motor of 2.3 A and a savings

of 44%.

Voltage across Adjustment unit Current Apparent | Power Percent
motor state supplied power Factor Saved
V) (A) kW)
1174 OFF 52 0.610 0.47 0%
117.1 ON 2.9 0.340 0.85 44%
Table 4

[00132]  The embodiments described above are intended to be exemplary. One skilled in the
references recognizes that numerous alternative components and embodiments that may be
substituted for the particular examples described herein and still fall within the scope of the

invention.
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CLAIMS

What is claimed is:
1. A power factor adjustor comprising:

a power factor measurement unit configured to measure the power factor on an input line
to a load and generate a power factor correction signal based on the measured power

factor; and

a power factor adjustment unit connected to the power factor measurement unit

comprising:
a fixed capacitor connected in series to a first switching device; and

an adjustable element having a variable capacitance connected in parallel to the
fixed capacitor and in series to a second switching device, wherein the overall
capacitance of the power factor adjustment unit is adjusted by adjusting the
capacitance of the adjustable element or by toggling the first and second

switching devices in response to the power factor correction signal.

2. The power factor adjustor of claim 1, wherein the power factor measurement unit
measures the power factor on the input line by calculating a phase angle for a sampled current
and a sampled voltage on the input line, calculating the a difference angle by determining the
difference between the calculated phase angle of the current and the calculated phase angle of the

voltage, and calculating the cosine of the difference angle.

3. The power factor adjustor of claim 1, wherein the power factor measurement unit
measures the power factor on the input line by sampling the current and voltage on the input line,
multiplying the sampled current and voltage together at each sampling point, averaging the
multiplied current and voltage to determine the real power, and dividing the calculated real

power by an apparent power.
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4. The power factor adjustor of claim 1, wherein the adjustable element includes powdered
magnetite and the capacitance of the adjustable element is adjusted by compressing the

powdered magnetite or applying a magnetic field to the powdered magnetite.

5. The power factor adjustor of claim 1, wherein the signal from the power factor
measurement unit either tells the power factor adjustment unit to increase or decrease the overall

capacitance of the power factor adjustment unit.

6. The power factor adjustor of claim 1, further comprising:

a first fuse connected in series with the first switching device and the fixed capacitor to

protect the fixed capacitor from a current surge.

7. The power factor adjustor of claim 6, further comprising:

a second fuse connected in series to with the second switching device and the adjustable

element to protect the adjustable element from a current surge.

8. The power factor adjustor of claim 1, wherein the first switching device is selected from
the group consisting of mechanical switches, reed-relay switches, mechanical switches with
solenoid actuators, mechanical switches with motorized actuators, transistors, thyristors, triacs,

and solid state relays.

9. The power factor adjustor of claim 1, wherein the second switching device is selected
from the group consisting of mechanical switches, reed-relay switches, mechanical switches with
solenoid actuators, mechanical switches with motorized actuators, transistors, thyristors, triacs,

and solid state relays.
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10.  The power factor adjustor of claim 1, wherein the fixed capacitor comprises a plurality of
capacitors of varying capacitance each connected in parallel to the adjustable element, and each

of the plurality of capacitors is connected in series to a switching device.

11.  The power factor adjustor of claim 1, further comprising:

an adjustment knob directly attached to the adjustable element used to mechanically

adjust the capacitance of the adjustable element.

12.  The power factor adjustor of claim 1, further comprising:

an electronic adjustment circuit supplying signals to an actuator that mechanically adjusts

the capacitance of the adjustable element.

13.  The power factor adjustor of claim 1, further comprising:

a display that displays readings that indicate amperage, voltage, wattage, and the power

factor readings.

14.  The power factor adjustor of claim 1, further comprising:

a monitoring device configured to monitor the voltage, amperage, and wattage drawn by
the load and determine if the voltage, amperage, and wattage drawn by the load is within an

acceptable range; and

a communication device configured to send a message if the monitored voltage,

amperage, or wattage is not within the acceptable range.

15.  An adjustable element comprising:
a container comprised of a non-conducting material;

a first electrode positioned in the container at a first end of the container, wherein the first

clectrode is movable within the container;
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a second electrode positioned in the container at a second end of the container;

a compression material positioned in the container between the first and second

electrodes;

a first connection connected to the first electrode and a second connection connected to

the second electrode for connection to a circuit; and

a compression device attached to the first electrode that moves the first electrode toward
the second electrode to apply compression to the compression material and thereby change the

electrical properties of the adjustable element.

16.  The adjustable element of claim 15, further comprising:

a spring positioned between the second end of the container and the second electrode

pushing the second electrode toward the first electrode.

17.  The adjustable element of claim 15, wherein the first electrode is selected from the group
consisting of copper, gold, silver, palladium, platinum, ruthenium, nickel, iron, aluminum,
tungsten, titanium, titanium nitrite, tantalum, tantalum nitride, chromium, lead, cadmium, zinc,
manganese, lithium cobalt oxide, lithitum iron phosphate, lithium manganese oxide, and nickel

oxyhydroxide.

18.  The adjustable element of claim 15, wherein the second electrode is selected from the
group consisting of copper, gold, silver, palladium, platinum, ruthenium, nickel, iron, aluminum,
tungsten, titanium, titanium nitrite, tantalum, tantalum nitride, chromium, lead, cadmium, zinc,
manganese, lithium cobalt oxide, lithitum iron phosphate, lithium manganese oxide, and nickel

oxyhydroxide.

19.  The adjustable element of claim 15, wherein the first electrode comprises a

semiconductor material.

35



WO 2013/066922 PCT/US2012/062665

20.  The adjustable element of claim 15, wherein the second electrode comprises a

semiconductor material.

21.  The adjustable element of claim 15, wherein the compression material is powdered
magnetite.
22.  The adjustable element of claim 21, wherein the powdered magnetite is mixed with a

mineral oil, synthetic oil, a liquid electrolyte, or semi-solid electrolyte.

23.  The adjustable element of claim 21, wherein the powdered magnetite is mixed with
graphite, diamond, quartz, sapphire, beryl, gold, copper, silver, platinum, palladium, nickel,
molybdenum, aluminum, molybdenum disulfide, titanium disulfide, silica, corundum, or

powdered rare earth magnetic materials.

24. The adjustable element of claim 21, wherein the powdered magnetite is positioned

between the electrodes in a hardened resin.

25.  The adjustable element of claim 15, wherein the compression device is a held in place by
tightening a screw set extending through a threaded hole in the container against the compression

device.

26.  The adjustable element of claim 15, wherein the compression device has screw threads
that engage with a threaded hole in the first end of the container, and the compression device
moves the first electrode toward the second electrode by turning the compression device through

the threaded hole.

27.  The adjustable element of claim 26, wherein the compression device is turned by a

stepper motor or a geared motor.
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28.  The adjustable element of claim 15, wherein the compression device is a piezoelectric

actuator placed between the first electrode and the first end of the container.

29.  The adjustable element of claim 15, wherein the compression device is a magnetic

actuator placed between the first electrode and the first end of the container.

30.  The adjustable element of claim 15, wherein the compression device comprises a first
permanent magnet positioned between the first end of the container and the first electrode and a

second permanent magnet positioned outside of the container and moved by an actuator.

31.  An adjustable element comprising:
a container comprised of a non-conducting material;
a first electrode positioned in the container at a first end of the container;
a second electrode positioned in the container at a second end of the container;

a compression material positioned in the container between the first and second

electrodes;

a first connection connected to the first electrode and a second connection connected to

the second electrode for connection to a circuit; and

a coil wound around the container to produce a magnetic field within the compression

material thereby changing the electrical properties of the adjustable element.

32.  The adjustable element of claim 31, further comprising

a compression device attached to the first electrode that moves the first electrode toward
the second electrode to apply compression to the compression material and further change the

electrical properties of the adjustable element.
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33.  The adjustable element of claim 32, wherein the compression device is a held in place by
tightening a screw set extending through a threaded hole in the container against the compression

device.

34.  The adjustable element of claim 32, wherein the compression device has screw threads
that engage with a threaded hole in the first end of the container, and the compression device
moves the first electrode toward the second electrode by turning the compression device through

the threaded hole.

35.  The adjustable element of claim 34, wherein the compression device is turned by a

stepper motor or a geared motor.

36.  The adjustable element of claim 32, wherein the compression device is a piezoelectric

actuator placed between the first electrode and the first end of the container.

37.  The adjustable element of claim 32, wherein the compression device is a magnetic

actuator placed between the first electrode and the first end of the container.

38.  The adjustable element of claim 32, wherein the compression device comprises a first
permanent magnet positioned between the first end of the container and the first electrode and a

second permanent magnet positioned outside of the container and moved by an actuator.

39.  The adjustable element of claim 31, further comprising:

a spring positioned between the second end of the container and the second electrode

pushing the second electrode toward the first electrode.
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40.  The adjustable element of claim 31, wherein the first electrode is selected from the group
consisting of copper, gold, silver, palladium, platinum, ruthenium, nickel, iron, aluminum,
tungsten, titanium, titanium nitrite, tantalum, tantalum nitride, chromium, lead, cadmium, zinc,
manganese, lithium cobalt oxide, lithitum iron phosphate, lithium manganese oxide, and nickel

oxyhydroxide.

41.  The adjustable element of claim 31, wherein the second electrode is selected from the
group consisting of copper, gold, silver, palladium, platinum, ruthenium, nickel, iron, aluminum,
tungsten, titanium, titanium nitrite, tantalum, tantalum nitride, chromium, lead, cadmium, zinc,
manganese, lithium cobalt oxide, lithitum iron phosphate, lithium manganese oxide, and nickel

oxyhydroxide.

42.  The adjustable element of claim 31, wherein the first electrode comprises a

semiconductor material.

43.  The adjustable element of claim 31, wherein the second electrode comprises a

semiconductor material.

44.  The adjustable element of claim 31, wherein the compression material is powdered
magnetite.
45.  The adjustable element of claim 41, wherein the powdered magnetite is mixed with a

mineral oil, synthetic oil, a liquid electrolyte, or semi-solid electrolyte.

46.  The adjustable element of claim 41, wherein the powdered magnetite is mixed with
graphite, diamond, quartz, sapphire, beryl, gold, copper, silver, platinum, palladium, nickel,
molybdenum, aluminum, molybdenum disulfide, titanium disulfide, silica, corundum, or

powdered rare earth magnetic materials.
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47.  The adjustable element of claim 41, wherein the powdered magnetite is positioned

between the electrodes in a hardened resin.

48. A filter comprising:

a harmonics detector configured to detect harmonics generated by a load and send a

signal if harmonics are detected; and

an adjustable element connected in parallel to a load and configured to adjust the Q factor
of the adjustable element to suppress the harmonics in response to the signal sent from the

harmonics detector.

49.  The filter of claim 48, wherein the adjustable element is configured to have a resonant

frequency that is the same as a power line’s frequency.

50.  The filter of claim 48, wherein the adjustable element adjusts the Q factor by

compressing magnetite powder.

51.  The filter of claim 48, wherein the adjustable element adjusts the Q factor by applying

magnetic fields to the magnetite powder.

52. A circuit comprising:
a capacitor;

a first adjustable element connected to a first terminal of the capacitor and configured to
adjust the electrical properties of the first adjustable element by compressing a compression

material inside of the first adjustable element; and

a second adjustable element connected to a second terminal of the capacitor and

configured to adjust the electrical properties of the second adjustable element by compressing a
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compression material inside of the second adjustable element, wherein the first and second
adjustable elements adjust their electrical properties to control the charge discharged from the

capacitor to a load.

53.  The circuit of claim 52, wherein the compression material inside of the first adjustable
element and the compression material inside of the second adjustable element are a plurality of

aluminum beads.

54.  The circuit of claim 53, wherein the aluminum beads are coated with an insulating
material.

55.  The circuit of claim 54, wherein the insulating material is silicon.

56.  The circuit of claim 52, wherein the adjustable element comprises:

a container comprised of a non-conducting material;

a first electrode positioned in the container at a first end of the container, wherein the first

clectrode is movable within the container;
a second electrode positioned in the container at a second end of the container;

the compression material positioned in the container between the first and second

electrodes, wherein the compression material is a plurality of aluminum beads;
a first connection connected to the first electrode for connection to a circuit;
a second connection connected to the second electrode for connection to a circuit; and

a compression device attached to the first electrode that moves the first electrode toward

the second electrode to apply compression to the compression material.

57. A method for power factor adjustment comprising:
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measuring the power factor on an input line to a load by a power factor measurement

unit;

generating a power factor correction signal by the power factor measurement unit based

on the measured power factor;

receiving the power factor correction signal by a power factor adjustment unit that has a

fixed capacitor connected in parallel to an adjustable element;

toggling a first switching device connected in series to the fixed capacitor to adjust the
capacitance of the power factor adjustment unit in response to the power factor correction signal;

and

adjusting the electrical properties of the adjustable element having a variable capacitance
to further adjust the capacitance of the power factor adjustment unit in response to the power

factor correction signal.

58.  The method of claim 57, wherein the electrical properties of the adjustable element are

adjusted by compressing a compression material within the adjustable element.

59.  The method of claim 58, wherein the compression material is powdered magnetite.

60.  The method of claim 59, wherein the compression material is a plurality of aluminum
beads.

61.  The method of claim 57, wherein the electrical properties of the adjustable element are

adjusted by changing an amount of current in a coil around the adjustable element.

62. A power factor adjustment unit comprising:

at least one fixed capacitor connected in series to a switching device; and
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an adjustable element having a variable capacitance connected in parallel to the fixed
capacitor, wherein the overall capacitance of the power factor adjustment unit is adjusted by

adjusting the electrical properties of the adjustable element.

63.  The power factor adjustment unit of claim 62, wherein the electrical properties of the
adjustable element are adjusted by compressing a compression material within the adjustable

element.

64. The power factor adjustment unit of claim 63, wherein the compression material is

powdered magnetite.

65.  The power factor adjustment unit of claim 64, wherein the compression material is a

plurality of aluminum beads.

66.  The power factor adjustment unit of claim 62, wherein the electrical properties of the
adjustable element are adjusted by changing an amount of current in a coil around the adjustable

element.

67. The power factor adjustment unit of claim 62, wherein the overall capacitance of the
power factor adjustment unit is adjusted by toggling at least one switching device in response to

a signal.
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International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO1R 21/00 (2012.01)
USPC - 702/60

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USPC: 702/60

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 702/1. 57, 60; 324/103R; 700. 1, 22, 286, 295 (keyword limited; terms below)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PatBase; Google Scholar; Google Patents, PubWest (PGPB, USPT, EPAB, JPAB)
Keywords: Power factor capacitor; adjustable capacitor; magnetite; aluminum beads, compress; phase angle; current; voltage

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0259230 A1 (BOOTHROYD) 14 October 2010 (14.10.2010), entire document, 62, 67
- especially; para [0018], [0027], [0028] S —
Y 1-14, 57-61, 63-66
Y US 2,965,836 A (ROBINSON) 20 December 1960 (20.12.1960), entire document, especially; 4, 58-61, 63-66
col. 3, In 39-col. 4, In 54, 70-col. 5, In 5
Y US 6,473,289 B1 (WEISSE et al.) 29 October 2002 {29.10.2002), entire document, especially; 61, 66
col. 8, In 66-col. 9, In 36
Y US 2010/0187914 A1 (RADA et al.) 29 July 2010 (29.07.2010), entire document, especially; 1-14, 52-61
para [0003], [0006], [0012], [0015], [0036]-[0038], [0047}
Y US 7,872,453 B2 (SU) 18 January 2011 (18.01.2011), entire document, especially; col. 1,In 23 | 2
-26, 62-col. 2,In 18
Y US 2,641,647 A (WALLIN) 09 June 1953 (09.06.1953), entire document, especially; col. 1,In 10 | 4, 11, 52-56, 58-60, 63-
-19; col. 2, In 10-16, 40-43; col. 3, In 3-8, 20-24, 51-62 65
Y US 2,806,509 A (BOZZACCO et al.) 11 June 1956 (11.06.1956), entire document 54, 55
A US 5,420,799 A (PETERSON et al.) 30 May 1995 (30.05.1995), entire document 1-14, 52-67

I:, Further documents are listed in the continuation of Box C.
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* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁllqatlon but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search
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Date of mailing of the international search report
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 12/62665

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

--- See Continuation Sheet -—-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. @ No required additional search fees were timely paid by the applicant. Consequently, this intenational search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-14, 52-67

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
i fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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INTERNATI
ONAL SEARCH REPORT International application No.

PCT/US 12/62665

Continuation of Box No. lll, Observations where unity of invention is lacking:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-14 aljd 52-67: directed to a power factor adjustor comprising a power factor measurement unit configured to measure
the power factor on an inputline to a load and generate a power factor correction signal based on the measured power factor; and a
poyver.factor a_djustment unit connected to the power factor measurement unit comprising: a fixed capacitor connected in series to a first
switching Qewge; and an adjustable element having a variable capacitance connected in paralle! to the fixed capacitor and in series to a
seconq switching device, wherein the overall capacitance of the power factor adjustment unit is adjusted by adjusting the capacitance of
the adjustable element or by toggling the first and second switching devices in response to the power factor correction signal.

Group lI: claims 15-47: directed to an adjustable element comprising a container comprised of a non-conducting material; a first
electrode positioned in the container at a first end of the container, wherein the first electrode is movable within the container; a second
electrode positioned in the container at a second end of the container; a compression material positioned in the container between the
first and second electrodes; a first connection connected to the first electrode and a second connection connected to the second
electrode for connection to a circuit; and a compression device attached to the first electrode that moves the first electrode toward the
slecondtelectrode to apply compression to the compression material and thereby change the electrical properties of the adjustable
element.

Group III.: clairps 48-51 :.directed to a filter comprising a harmonics detector configured to detect harmonics generated by a load and
send a S|_gnal if harmonics are detected; and an adjustable element connected in parallel to a load and configured to adjust the Q factor
of the adjustable element to suppress the harmonics in response to the signal sent from the harmonics detector.

The inventions listed as Groups | - 1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Group | does not disclose a first electrode positioned in the container at a first end of the container, wherein the first electrode is
movable within the container; a second electrode positioned in the container at a second end of the container; a compression material
positioned in the container between the first and second electrodes; a first connection connected to the first electrode and a second
connection connected to the second electrode for connection to a circuit; and a compression device attached to the first electrode that
moves the first electrode toward the second electrode to apply compression to the compression material and thereby change the
electrical properties of the adjustable element as recited by Group II; or a filter comprising a harmonics detector configured to detect
harmonics generated by a load and send a signal if harmonics are detected as recited by Group ll.

Group Il does not disclose a power factor adjustor comprising a power factor measurement unit configured to measure the power factor
on an input line to a load and generate a power factor correction signal based on the measured power factor; and a power factor
adjustment unit connected to the power factor measurement unit comprising a fixed capacitor connected in series to a first switching
device as recited by Group |; or a filter comprising a harmonics detector configured to detect harmonics generated by a load and send a
“ signal if harmonics are detected as recited by Group Il

Group lil does not disclose a power factor adjustor comprising a power factor measurement unit configured to measure the power factor
on an input line to a load and generate a power factor correction signal based on the measured power factor; and a power factor
adjustment unit connected to the power factor measurement unit comprising a fixed capacitor connected in series to a first switching
device as recited by Group |; or a first electrode positioned in the container at a first end of the container, wherein the first electrode is
movable within the container; a second electrode positioned in the container at a second end of the container; a compression material
positioned in the container between the first and second electrodes; a first connection connected to the first electrode and a second
connection connected to the second electrode for connection to a circuit; and a compression device attached to the first electrode that
moves the first electrode toward the second electrode to apply compression to the compression material and thereby change the
electrical properties of the adjustable element as recited by Group II.

Groups |-l share the technical feature of an adjustable element. However, this shared technical feature does not represent a
contribution over the prior art of US 7,054,132 B2 to Yoshida et al. dated 30 May 2006, which teaches a variable capacitance element
(Abstract, and col 1, In 6-7). As a the adjustable element is known, as evidenced by the teaching of Yoshida et al., this cannot be
considered a special technical feature that would otherwise unify the groups.

Groups I-ll therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (July 2009)
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