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DESCRIPTION
TECHNICAL FIELD

[0001] This patent document relates to systems, devices, and processes that generate energy 
from wind power.

BACKGROUND

[0002] Wind power is the conversion of wind energy into a useful form of energy. Some 
examples of wind power conversion use wind turbines to produce electrical power, windmills 
for mechanical power, and windpumps for water pumping or drainage. Wind power is being 
employed as an alternative to fossil fuels, offering several advantages to fossil fuels including 
availability and renewability as an energy source, capability of being widely distributed, and 
lack of greenhouse gas or pollutant emissions, among others. For wind power energy solutions 
to be further adopted, new types of systems that can be scaled on a local level are needed.

[0003] US 2007/296219 A1 describes a wind turbine including a stator assembly having a 
plurality of stator blades for tangentially redirecting wind into a rotor assembly having a plurality 
of vertical rotor blades disposed circumferentially on a plurality of disks stacked one on top of 
each other, wherein each disk defines at least one opening thereon for redirecting the wind 
axially through each of the disks.

[0004] US 2012/262023 1 describes a rotor and stator segments for a generator and motor 
apparatus, wherein the apparatus includes: a pair of parallel, spaced apart stator segments, 
each stator segment comprising a stator winding set; and a rotor segment comprising a stator 
winding set; and a rotor segment slidably coupled to the pair of stator segments, the rotor 
segment comprising a magnet and being dimensioned to fit between the parallel, spaced apart 
stator segments.

[0005] US 5 696 419 A describes an electrical generator having a plurality of C-shaped stator 
members including a respective stator winding and being positioned as such that the ends of 
the members form first and second planar rings of equal diameter to establish a gap 
therebetween.

[0006] GB 2 476 830 A describes a vertical axis wind-powered generator having a vertical 
turbine shaft and a circular array of vertically aligned asymmetric aerofoil vanes.

SUMMARY
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[0007] Techniques, systems, and devices are disclosed for wind power generation.

[0008] In one aspect, a wind power generator for converting wind power into electricity 
includes a support base; inductor coils fixed in position over the support base in a circular 
array; an annulus ring track fixed to the base support and configured to provide a circular track 
around which the circular array of inductor coils is located; rollers placed in the circular track of 
the annulus ring track to roll in the circular track to move around the annulus ring track; an 
annulus ring rotor placed on the annulus ring track and engaged to the rollers in the circular 
track of the annulus ring track so that the annulus ring rotor can rotate relative to the an 
annulus ring track by operation of rolling motion of the rollers in the circular track without 
having a rotary shaft in the center of the annulus ring rotor for rotating the annulus ring rotor, 
the annulus ring rotor structured to include separate magnets evenly spaced from one another 
on an outer peripheral of the annulus ring rotor to move through the circular array of inductor 
coils as the annulus ring rotor rotates with respect to the annulus ring track so that the relative 
motion between the magnets and the inductor coils causes generation of electric currents in 
the inductor coils; and a cylindrical wind rotor assembly located above and fixed to the annulus 
ring rotor to form a unified assembly to rotate with the annulus ring rotor relative to the annulus 
ring track, the cylindrical wind rotor assembly structured to include wind-deflecting blades that 
are spaced from one another and arranged in a circle around the cylindrical wind rotor 
assembly to form a hollow central cylindrical interior space for containing a wind vortex formed 
from deflecting of the received wind by the wind-deflecting blades, to convert received wind 
from any direction into a rotation of the unified assembly relative to the annulus ring track, thus 
causing conversion of the wind energy into the electric currents in the inductor coils.

[0009] In another aspect, a wind power generator for converting wind power into electricity 
includes a support base; an inductor stator assembly that is fixed to the support base and 
includes inductor coils fixed in position to form a circular array, each inductor coil including a 
first half inductor coil part that includes a first magnetic core and a first conductor wire coil that 
winds around the first magnetic core and a second half inductor coil part that includes a 
second magnetic core and a second conductor wire coil that winds around the second 
magnetic core, in which the first and second half inductor coil parts are positioned adjacent to 
each other to form a gap there between; an inductor rotor assembly that includes an annulus 
ring and separate magnets evenly spaced from one another to form a magnet ring on an outer 
peripheral of the annulus ring and is configured to position the magnets between the gaps of 
the circular array of inductor coils, the inductor rotor assembly being structured to rotate 
relative to the inductor stator assembly so that the relative motion between the magnets and 
the inductor coils causes generation of electric currents in the inductor coils; a cylindrical wind 
stator assembly fixed in position relative to the inductor stator assembly and including stator 
wind-receiving fins arranged in a circle to form a hollow cylindrical interior in which the inductor 
stator assembly and the inductor rotor assembly are located, the stator wind-receiving fins 
being structured to direct receive and direct wind from any direction into the hollow cylindrical 
interior at a slanted direction from a radial direction of the cylindrical wind stator assembly; and 
a cylindrical wind rotor assembly enclosed inside the hollow cylindrical interior of the cylindrical 
wind stator assembly and fixed in position to the inductor rotor assembly as a unified assembly 
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to rotate together with the magnet ring on the annulus ring relative to the cylindrical wind stator 
assembly, the cylindrical wind rotor assembly structured to include wind-deflecting blades that 
are spaced from one another and arranged in a circle to form a hollow central cylindrical 
interior space for containing a wind vortex formed from deflecting of the received wind by the 
wind-deflecting blades, in which the stator wind-receiving fins and the wind-deflecting blades 
are structured to collectively and efficiently direct the received wind to cause rotation of the 
cylindrical wind rotor assembly for conversion of the wind energy into the electric currents in 
the inductor coils.

[0010] In another aspect, methods for generating electricity from wind include placing the wind 
power generator, such as those described above, on a roof top of a building to receive wind to 
cause the cylindrical wind rotor assembly to rotate so that the rotation of the cylindrical wind 
rotor assembly causes the inductor rotor assembly to rotate to generate electric currents in the 
inductor coils.

[0011] Those and other aspects, features and implementations are described in greater detail 
in the drawings, the detailed description, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIGS. 1A and 1B show three-dimensional schematics of an exemplary wind power generator, 
referred to as the electronic inertial power (EiP) wind machine.

FIG. 1C shows a cross sectional diagram depicting the lower portion of an exemplary EiP wind 
machine.

FIG. 2A shows a diagram of an exemplary EiP Permanent Magnet Linear Synchronous 
Machine (PMLSM).

FIG. 2B shows a diagram of an exemplary EiP synchronous generator magnetic circuit.

FIG. 2C shows a diagram of an exemplary PMLSM three-phase magnetic circuit.

FIG. 2D shows a diagram depicting exemplary PMLSM modular combinations for exemplary 
EiP machine radius.

FIG. 2E shows a diagram of exemplary C core and fill factor.

FIG. 2F shows a diagram of exemplary magnetic rotor expansion using identical magnets and 
pole pitch.

FIG. 2G shows a diagram of exemplary windzone blade, fin, and center proportions, and 
average internal windflow.
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FIG. 2H shows a graphical diagram of exemplary Van Der Pol oscillation.

FIG. 2I shows a graph and a circuit diagram of an exemplary negative resistance oscillator.

FIG. 2J shows a diagram of an exemplary minimal EiP oscillator.

FIG. 2K shows a diagram of essential EiP energy imbalance.

FIG. 3A shows a diagram providing the mechanical overview of an exemplary EiP wind 
machine.

FIG. 3B shows a schematic diagram depicting the exemplary EiP machine cross section, 
showing single- and double-sided configurations, and rotor mass enhancements.

FIG. 3C shows a diagram depicting the exemplary EiP machine inductor and bearing support 
ring.

FIG. 3D shows a diagram depicting the exemplary EiP machine bearing track ring.

FIG. 3E shows a diagram further depicting the exemplary EiP machine inductor/bearing ring 
and strut details.

FIG. 3F shows a diagram further depicting the exemplary bearing details.

FIG. 3G shows a diagram depicting the exemplary EiP machine magnetic rotor.

FIG. 3H shows a diagram further depicting the exemplary magnetic rotor details.

FIG. 3I shows a diagram depicting the exemplary EiP machine inductor specifications.

FIG. 3J shows a schematic diagram of an exemplary wind rotor assembly.

FIG. 3K shows a schematic diagram of an exemplary wind stator assembly.

FIG. 3L shows a diagram of the exemplary vertical fins and wind blade details.

FIG. 3M shows a diagram depicting exemplary EiP windzone aerodynamics.

FIG. 3N shows a diagram depicting the exemplary EiP windzone aerodynamic details.

FIG. 4A shows a schematic diagram of an exemplary PMLSM diode bridge.

FIG. 4B shows a schematic diagram of an exemplary PMLSM with voltage sourced converter 
(VSC).

FIGS. 4C-1 and 4C-2 show schematic diagrams of exemplary three and five PMLSM EiP 
oscillators, respectively.

FIG. 4D shows a diagram of exemplary five PMLSM EiP oscillator combinations for the 
exemplary EiP machine radius.
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DETAILED DESCRIPTION

[0013] Techniques, systems, and devices are disclosed for wind power generation.

[0014] The disclosed wind power generators are scalable on a local scale. For example, the 
disclosed wind power generators can be employed on an individual building such as a 
business or home to provide sufficient electrical power to the building.

[0015] In some implementations of the disclosed wind power generators, modularized 
components and mechanisms are used. For example, the modularity of exemplary wind power 
generators is advantageous for their deployment on the local scale, such as assembling the 
wind power generator on a rooftops of a building.

[0016] In one aspect, a wind power generator for converting wind power into electricity 
includes a support base; inductor coils fixed in position over the support base in a circular 
array; an annulus ring track fixed to the base support and configured to provide a circular track 
around which the circular array of inductor coils is located; rollers placed in the circular track of 
the annulus ring track to roll in the circular track to move around the annulus ring track; an 
annulus ring rotor placed on the annulus ring track and engaged to the rollers in the circular 
track of the annulus ring track so that the annulus ring rotor can rotate relative to the an 
annulus ring track by operation of rolling motion of the rollers in the circular track without 
having a rotary shaft in the center of the annulus ring rotor for rotating the annulus ring rotor, 
the annulus ring rotor structured to include separate magnets evenly spaced from one another 
on an outer peripheral of the annulus ring rotor to move through the circular array of inductor 
coils as the annulus ring rotor rotates with respect to the annulus ring track so that the relative 
motion between the magnets and the inductor coils causes generation of electric currents in 
the inductor coils; and a cylindrical wind rotor assembly located above and fixed to the annulus 
ring rotor to form a unified assembly to rotate with the annulus ring rotor relative to the annulus 
ring track, the cylindrical wind rotor assembly structured to include wind-deflecting blades that 
are spaced from one another and arranged in a circle around the cylindrical wind rotor 
assembly to form a hollow central cylindrical interior space for containing a wind vortex formed 
from deflecting of the received wind by the wind-deflecting blades, to convert received wind 
from any direction into a rotation of the unified assembly relative to the annulus ring track, thus 
causing conversion of the wind energy into the electric currents in the inductor coils.

[0017] In another aspect, a wind power generator for converting wind power into electricity 
includes a support base; an inductor stator assembly that is fixed to the support base and 
includes inductor coils fixed in position to form a circular array, each inductor coil including a 
first half inductor coil part that includes a first magnetic core and a first conductor wire coil that 
winds around the first magnetic core and a second half inductor coil part that includes a 
second magnetic core and a second conductor wire coil that winds around the second 
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magnetic core, in which the first and second half inductor coil parts are positioned adjacent to 
each other to form a gap there between; an inductor rotor assembly that includes an annulus 
ring and separate magnets evenly spaced from one another to form a magnet ring on an outer 
peripheral of the annulus ring and is configured to position the magnets between the gaps of 
the circular array of inductor coils, the inductor rotor assembly being structured to rotate 
relative to the inductor stator assembly so that the relative motion between the magnets and 
the inductor coils causes generation of electric currents in the inductor coils; a cylindrical wind 
stator assembly fixed in position relative to the inductor stator assembly and including stator 
wind-receiving fins arranged in a circle to form a hollow cylindrical interior in which the inductor 
stator assembly and the inductor rotor assembly are located, the stator wind-receiving fins 
being structured to direct receive and direct wind from any direction into the hollow cylindrical 
interior at a slanted direction from a radial direction ofthe cylindrical wind stator assembly; and 
a cylindrical wind rotor assembly enclosed inside the hollow cylindrical interior ofthe cylindrical 
wind stator assembly and fixed in position to the inductor rotor assembly as a unified assembly 
to rotate together with the magnet ring on the annulus ring relative to the cylindrical wind stator 
assembly, the cylindrical wind rotor assembly structured to include wind-deflecting blades that 
are spaced from one another and arranged in a circle to form a hollow central cylindrical 
interior space for containing a wind vortex formed from deflecting of the received wind by the 
wind-deflecting blades, in which the stator wind-receiving fins and the wind-deflecting blades 
are structured to collectively and efficiently direct the received wind to cause rotation of the 
cylindrical wind rotor assembly for conversion of the wind energy into the electric currents in 
the inductor coils.

[0018] In another aspect, methods for generating electricity from wind include placing the wind 
power generator, such as those described above, on a roof top of a building to receive wind to 
cause the cylindrical wind rotor assembly to rotate so that the rotation of the cylindrical wind 
rotor assembly causes the inductor rotor assembly to rotate to generate electrical energy (e.g., 
electric currents) in the inductor coils. In some implementations, the method can further include 
supplying the generated electrical energy to a power system of the building, or the power grid. 
The method can further include storing the generated electrical energy in an energy storage 
unit electrically coupled to the wind power generator.

[0019] These aspects and other features are described in further detail below, and in the 
drawings and the claims.

[0020] Implementations ofthe wind power generator as described in the Claims section of this 
patent document can optionally include the following exemplary features.

[0021] For example, the underside of the bottom annulus of the wind receiving fin assembly 
can be the support base for two stainless steel rings: (i) the upper ring, which bolts directly to 
the underside, contains the first half of inductor array; and (ii) the lower ring contains the 
second half of the inductor array and sites for bearings, which attaches to solid stainless steel 
frame struts inserted into every other fin pipe around the circumference and bolted to the 
underside. The frame struts and inductor rings and bearings maintain the gap between
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inductor faces under strong magnetic forces from the rotor.

[0022] Also, for example, for the annulus ring rotor, the rotor base can be an annulus made of 
aluminum (or any non-magnetic alloy) of magnet thickness. On the underside a stainless steel 
ring (the bearing "track") is attached that provides a horizontal and vertical surface for 
bearings, e.g., one surface for bearings supporting the weight of the rotor, and the other 
controlling side to side movement. The track ring also acts as a stiffener for the magnetic rotor 
annulus to prevent warping of the aluminum under strong magnetic attraction to inductors and 
heavy wind gusts on the windblades to maintain an equal gap between magnets and inductors 
above and below. The cylindrical wind blade assembly attaches to the topside of the annulus. 
When fully assembled, the outer periphery of the rotor annulus passes between the upper and 
lower inductor arrays while the wind blades spin freely.

[0023] Also for example, with regards to the bearings, the fault tolerant bearing architecture 
can include various types, e.g., one for supporting the rotor weight and magnetic gaps, the 
other for controlling side to side movement. Both types can be "poly roller" bearings with a 
maintenance-free core and poly wheel. Instead of one central bearing on a shaft, for example, 
there are redundant bearings provided near the rotor periphery. To function in a minimal way, 
for example, there can be at least one support bearing for every one eighth of circumference. 
Double this amount is the nominal number. For absolute fault tolerance three times is 
recommended, as an example. A minimum of four side to side bearings are required, one for 
each axis. Twice that number is the nominal and fault tolerant quantity, since they bear no 
weight, as another example. Bearings can fail without disruption to power production, and 
replaced during a convenient service interval.

[0024] Also, for example, with regards to the vortex, the central vortex can be a wake vortex, 
which solves a major efficiency problem with VAWTs, e.g., operating in their own wake vortex, 
providing a way for expended wind energy to exit the turbine from the center above and below 
and carried away in the wind flow, enhancing rotor motion.

[0025] Also, for example, speed and vibration in high winds is self-regulating, e.g., requiring no 
pitch or yaw controls, or shutdown, simply a rotor that spins no faster when wind drag opposing 
motion equals wind power behind the blades, maintaining balance instantly in response to 
strong wind gusts. Rotor height and diameter determine the stall speed, selected to suit wind 
conditions at the installed location.

[0026] Also for example, with regards to the pipe or rod of each stator wind-receiving fin (e.g., 
having a curved outer edge as an interface of the wind power generator with the received 
wind), the pipe is an important design element. For example, every other pipe around the 
circumference has the end of a frame strut inserted into it, which lends strength to the wind 
receiving fin assembly under strong gust forces. The other pipes are available for attachment 
to rooftop mounting structures and electrical conduit for lighting and instrumentation (e.g., 
wireless network antenna or pitot tube for wind speed measurement).
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[0027] Also for example, with regards to the metal or metallic alloy, generally, aluminum is 
utilized for the wind assemblies and magnetic rotor but the entire machine is made from non­
magnetic metals, except for the C cores. For example, stainless steel is utilized for inductor 
and bearing ring support, where high strength is required. A mil-spec version could be made 
entirely of titanium, for example.

[0028] Also for example, with regards to the radial dimension, the generator can be configured 
such that the radius of the hollow center is one third of the outer fin annulus, the wind rotor 
assembly is two thirds, in which these exemplary proportions apply to all sizes of machine.

[0029] Also for example, with regards to the outer diameter, the generator can be configured 
to be a taller machine than windblade length. For example, the exemplary design naturally 
supports machines that are wider than taller, which can tolerate extreme wind conditions 
better. Expanding the rotor radius provides and exponential increase in wind swept area (a 
cylinder), while blade length provides a linear increase, for example.

[0030] Also for example, with regards to the wind deflecting blades, the generator can be 
configured such that there is an "even" number of wind deflecting stationary blades greater 
than the "odd" number of wind receiving rotor blades. The even/odd relationship between fins 
and rotor blades allows rotor motion to start in the least amount of wind.

[0031] Also for example, with regards to the respective currents, these can be synchronous 
currents. Synchronous generation means that current flow exactly tracks magnetic flux 
transitions, producing a sinusoidal voltage that increases with frequency. Steel inductor cores 
concentrate flux from rotor magnetic fields, focused in the axial direction by the placement and 
polarity of magnets passing between. An elemental synchronous design is one of the ways to 
ensure maximum electrical conversion efficiency.

[0032] Also for example, with regards to the inductor coils in the connection to form a 3-phase 
inductor module, such connection of how the coils connect can be a Wye connection. For 
example, a Wye connection means that one end of each inductor is attached in common, while 
the other ends attach to 3-phase U, V, and W terminals. The 3-phase can also be wired in 
"delta" where each end of the inductors connects in a triangular way with U, V, and W on the 
corners.

[0033] Also for example, with regards to the DC output voltage, this can include a DC output 
voltage equal to peak AC voltage. For example, a maximum electrical conversion efficiency 
can include a 3-phase modularity. For example, a single phase rectifiers may produce a DC 
voltage that is half the peak AC voltage.

[0034] Also for example, with regards to the mode-switching circuit, this can include a voltage 
sourced converter (VSC). For example, adding a high speed switching transistor, like an 
insulated gate bipolar transistor (IGBT) in parallel with each of the six diodes in the linear 
rectifier creates a controlled 3-phase rectifier. The rapid switching of transistor gates in certain 
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patterns in the VSC supports "four-quadrant" operations. For example, in a graph of motor 
torque vs. speed in both forward and reverse directions, above the speed axis to the right of 
the torque axis is quadrant I, below the right speed axis is quadrant II, left of the torque axis 
and below the speed axis is quadrant III, and the upper left is quadrant IV. Motor operating 
modes are summarized below for each quadrant:

Quadrant I: Leading power factor inverter for forward motoring.

Quadrant II: Lagging power factor inverter for forward braking.

Quadrant III: Leading power factor rectifier for reverse motoring.

Quadrant IV: Lagging power factor rectifier for reverse braking.

In this application, for example, since the wind rotor always moves in the forward direction, only 
quadrants I and III may be used for regulating rotor speed and DC output voltage, with QI 
operations accelerating the rotor while reducing DC output voltage, and Qlll operations slowing 
the rotor while raising the DC voltage. These work in conjunction with random and 
uncontrollable external forces on the rotor: wind and electrical loading. Wind accelerates the 
rotor while raising the DC voltage, and loading decelerates the rotor while lowering DC voltage. 
An exemplary design element for maximum electrical conversion efficiency can include the 
placement of motoring thrust force at the edge of the rotor, where torque is amplified by the 
rotor radius. This can allow for smaller inductors and magnets to produce much greater torque 
than a rotary equivalent during motoring operations, and greater power output while 
generating.

[0035] Also, for example, with regards to the sensing circuit, a synchronous 3-phase 
magnetics design allows the VSC to directly sense rotor speed on the DC output, e.g., because 
it generates clean sine wave AC into which harmonics created by high-speed transistor 
switching are superimposed without interference from rotor harmonics. Post 3-phase rectifier 
DC content contains steady ripple currents based on fundamental AC output and transistor 
harmonics which are analyzed by digital signal processing to provide direct control of motoring 
torque and speed without external sensors that can fail (another fault-tolerant feature).

[0036] Also, for example, with regards to the opposite magnetic orientations, each magnet can 
be polarized on the narrow dimension so that axial flux is maximized when placed in opposite 
orientations in the rotor.

[0037] Also, for example, in the exemplary wind energy generators, electrical components are 
located where airflow is greatest, and the wind is blowing faster when power is greatest. So, 
the modular architecture allows the hottest parts (e.g., inductors and semiconductors) to be 
placed directly on the metallic annulus base of the wind stator assembly, which acts as a large 
heatsink. This allows much more power from multiple smaller cores and embedded electronics 
than a monolithic generator and controller.

0. Outline of the Patent Document
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[0038] The disclosed wind power generators are also referred in this patent document to as 
the electronic inertial power (EiP) wind machine. The EiP wind machine includes a direct drive 
vertical axis wind turbine for electrical generation from wind. The EiP wind machine provides a 
platform for direct generation, storage, and stabilization of electric power from a single moving 
mass. The EiP wind machine is ideally suited for wind conditions on the urban rooftop, 
including turbulence.

[0039] The disclosure of this patent document is organized with the following top-level 
headings:

Section 1: Introduction. This section includes a general overview of the EiP wind machine and 
exemplary applications.

Section 2: Operation Principles. This section includes a description of how the disclosed 
technology works, and presents mathematical models for various aspects of operation.

Section 3: Mechanical and Aerodynamic Specification. This section includes a description of 
exemplary embodiments of the EiP wind machine physical form and function.

Section 4: Exemplary Electronics Hardware Specification. This section includes a description of 
exemplary embodiments of the EiP electronic architecture.

Section 5: System Architecture. This section includes a description of exemplary system 
integration and networking concepts.

Section 6: Exemplary Programming Specification. This section includes a description of an 
exemplary EiP wind machine software interface.

1. Introduction

[0040] Disclosed are electronic inertial power generation devices, systems, and methods that 
produce electrical energy from environmental sources such as wind, waves, and other 'clean' 
or 'green' energy sources. Various embodiments and implementations of the disclosed 
electronic inertial power generation technology (or EiP technology) are described, particularly 
wind power generators that are scalable on a local scale, e.g., referred to as the EiP wind 
machine. The EiP wind machine includes a direct drive vertical axis wind turbine with an 
impulse rotor. The rotor is surrounded by stationary vertical fins, in a sturdy structure that 
concentrates wind from all directions toward vertical rotor blades. The EiP wind machine is able 
to convert wind to electrical energy from a rooftop with no tower, handling a wide range of wind 
conditions without mechanical adjustment. EiP technology adapts direct electrical generation to 
the impulse rotor, so power can be extracted from sudden changes in wind speed (gusts) in
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random directions (turbulence), as well as steady winds.

[0041] Conventional impulse turbines deliver high working torque, but have proven to be poor 
electrical generators. Since the rotor naturally moves no faster than wind speed, a mechanical 
gearbox is required to spin a generator fast enough to convert rotor torque to electromagnetic 
torque; tens of rotations must be converted to thousands. This amplifies magnetic drag from 
the generator, hindering rotor movement. Mechanical transmissions in all wind machines are 
the most common point of catastrophic failure in exposure to the elements, requiring 
continuous maintenance.

[0042] Alternatively, vertical axis wind turbines that directly drive a permanent magnet 
generator at rotor speed follow a "single mass" model that is simple and reliable. However, for 
enough electromagnetic torque the generator must have many magnetic poles, along with 
corresponding amounts of steel core and copper windings. The generator radius must be large 
enough to accommodate all the poles, so shearing forces on the central shaft limit 
instantaneous electromagnetic torque. Also, distributed copper windings around the armature 
pick up stray magnetic fields that cause electrical inefficiency and noise.

[0043] Generally, all direct drive wind generators must compromise power output for less than 
optimal electromagnetic torque. As size and power increase, the generator fails to keep up with 
wind rotor torque resulting in less efficiency. Since wind is an overabundant and free resource, 
the simplicity of direct generation from a single mass is preferred. However, power productivity 
over the generator lifetime is low.

[0044] The EiP wind machine offers the solution for direct power generation from a slow and 
heavy vertical rotor. This new type of electrical machine is presented here, with a modular 
structure that is adaptable and scalable to a larger rotor and greater power. The EiP wind 
machine represents a leap forward in power production directly from the wind, converting a 
wide variety of wind conditions to stable and useful power.

[0045] The EiP wind machine is ultra-reliable and fault-tolerant by design. By decentralizing or 
eliminating all ofthe parts that cause the most downtime, the EiP wind machine produces more 
power over its operating life than any other design. Through a modular architecture, 
component failures cause only reduced power output while the machine keeps running. Failed 
components can be quickly replaced during scheduled service intervals, reducing total 
downtime.

1.1 EiP Wind Machine Overview

[0046] The EiP wind machine is an energy conversion device, which efficiently transforms 
mechanical torque with high inertia to electromagnetic torque, producing useful power in a 
fraction of rotation. The EiP wind machine includes a permanent magnet generator with many 
poles and core windings. EiP technology supports a generator radius greater than the wind 
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rotor radius, where generator magnetics populate the circumference. With no central shaft and 
main bearing, unlimited electromagnetic torque response is possible. The EiP wind machine 
includes a unique vertical axis wind turbine design of the disclosed EiP technology that 
efficiently transforms mechanical torque with high inertia to electromagnetic torque, and 
produces electrical energy from wind passing into the EiP wind machine.

[0047] FIGS. 1A and 1B show three-dimensional views of an exemplary EiP wind machine 100. 
FIG. 1C shows a cross-sectional diagram of the lower portion of the EiP wind machine 100. 
The EiP wind machine 100 includes a support base 120 to support an electronic inertial power 
generation unit 110 of the disclosed technology. The support base 120 can include a plurality 
of struts positioned along the outside region of a base frame, which supports the electronic 
inertial power generation unit 110. In some implementations, for example, the support base 
120 can include a plurality of legs 125 to raise the support base 120, and thereby the EiP wind 
machine 100, to a desired height. The electronic inertial power generation unit 110 includes an 
annulus ring track 112 able to attach to the base support 120 and structured to provide a 
circular track around which a circular array of inductors 102 (e.g., inductor coils) is located. For 
example, the inductors 102 of the array are fixed in position in the annulus ring track 112 over 
the support base 112 in a circular array. The electronic inertial power generation unit 110 
includes rollers (e.g., track roller bearings) placed in the circular track of the annulus ring track 
112 to roll in the circular track to move around the annulus ring track 112. In some 
embodiments, for example, the annulus ring track 112 includes an upper inductor support ring 
112Athat contains the upper half of the inductor array, and the annulus ring track 112 includes 
a lower inductor and bearings support ring 112B, which contains the lower half of the inductor 
array. In some implementations, for example, the struts of the support base 120 are attached 
to the upper and lower support rings 112A and 112B to provide a gap (e.g., a fraction of an 
inch (e.g., 1/8 in (0.32 cm)) to a half of an inch, such as 0.2 in (0.51 cm).) for a magnetic rotor 
annulus to rotate between the upper and lower inductors contained in the upper and lower 
support rings 112A and 112B.

[0048] The electronic inertial power generation unit 110 includes an annulus ring rotor 114 
placed on the annulus ring track 112 and engaged to the rollers along the circular track of the 
annulus ring track 112. For example, in some implementations as shown in FIG. 1C, the 
annulus ring rotor 114 is configured between the upper support ring 112A and the lower 
support ring 112B of the annulus ring track 112, in which the lower support ring 112B includes 
the rollers (e.g., track roller bearings) that support a bearing track ring of the annulus ring rotor 
114. For example, the bearing track ring can be structured to have two faces perpendicular to 
one another, such that one face is engaged with the rollers (e.g., track roller bearings) of the 
annuls ring track 112, and the other perpendicular face extends downward from the annulus 
ring rotor 114's lower surface. For example, the annulus ring track 112 can include horizontal 
rollers (e.g., horizontal guide bearings) that engage the perpendicular portion of the bearing 
track ring (e.g., roll about the perpendicular track of the bearing track ring) to guide the rotation 
of the annulus ring rotor 114 to maintain its position in the x-y plane as it rotates with respect to 
the inductor arrays of the annulus ring track 112. The annulus ring rotor 114 can rotate relative 
to the an annulus ring track 112, e.g., by operation of rolling motion of the rollers in the circular 
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track, without having a rotary shaft in the center of the annulus ring rotor for rotating the 
annulus ring rotor 114. The annulus ring rotor 114 is structured to include separate magnets 
104 evenly spaced from one another on the annulus ring rotor 114 (e.g., on an outer 
peripheral of the annulus ring rotor 114) to move through the circular array of inductor coils 
(e.g., between the upper and lower inductor arrays) as the annulus ring rotor 114 rotates over 
the annulus ring track 112, e.g., so that the relative motion between the magnets and the 
inductor coils causes generation of electric currents in the inductor coils.

[0049] The electronic inertial power generation unit 110 includes a cylindrical wind rotor 
assembly 116 located above and coupled to the annulus ring rotor 114, e.g., which forms a 
unified assembly, to rotate with the annulus ring rotor 114 relative to the annulus ring track 112. 
The wind rotor assembly 116 is structured to include a plurality of wind rotor blades 117 (e.g., 
wind-deflecting blades) that are spaced from one another and arranged in a circle around the 
wind rotor assembly 116 to form a hollow central cylindrical interior space for containing a wind 
vortex formed from deflecting of the received wind by the wind-deflecting blades 117. The wind 
rotor assembly 116 is operable to convert received wind, e.g., received from any direction, into 
a rotation of the unified assembly relative to the annulus ring track 112, thus causing 
conversion of the wind energy into the electric currents in the inductor coils, and thereby 
producing electrical energy. For example, in some implementations of the wind rotor blades 
117, the wind-deflecting blade can have a structure including a curved blade portion to deflect 
the received wind into a wind vortex inside a hollow central region of the cylindrical wind rotor 
assembly. For example, the curved blade portion in each wind-deflecting blade can have a 
geometry of a portion of a cylinder. For example, the curved blade portion in each wind­
deflecting blade can include a geometry of one third of a cylinder.

[0050] As shown in the diagrams of FIGS. 1Aand 1B, the electronic inertial power generation 
unit 110 can include a cylindrical wind stator assembly 118 that is configured in a fixed position 
relative to the support base 120 and the annulus ring track 112. The wind stator assembly 118 
includes stator wind-receiving fins 119, e.g., arranged in a circle that is outside of and encloses 
the cylindrical wind rotor assembly 116. The stator wind-receiving fins 119 are structured to 
direct received wind from any direction inwards and towards the wind-deflecting blades 117 of 
the cylindrical wind rotor assembly 116. The stator wind-receiving fins 119 and the wind­
deflecting blades 117 are structured to collectively and efficiently convert the received wind into 
a rotation of the cylindrical wind rotor assembly. In some embodiments of the wind stator 
assembly 118, for example, the stator wind-receiving fin 119 include a pipe or rod having a 
curved outer edge as a first interface of the wind power generator with the received wind. For 
example, the stator wind-receiving fin can include a fin portion that is slanted in orientation with 
respect to a radial direction of the cylindrical wind stator assembly and is configured to receive 
and direct wind into the wind-deflecting blades of the cylindrical wind rotor assembly. For 
example, the fin portion can be configured to be slanted in orientation with respect to a radial 
direction of the cylindrical wind stator assembly at 45 degrees.

[0051] For example, the stator wind-receiving fins 119 can include a fin portion formed of a 
metal or metallic alloy, e.g., such as an aluminum fin portion. In some embodiments, for 
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example, the stator wind-receiving fins 119 and the wind-deflecting blades 117 are configured 
so that a radial dimension of the cylindrical wind stator assembly 118, a radial dimension of the 
cylindrical wind rotor assembly 116, and a radius of the hollow central cylindrical interior space 
111 in the center of the cylindrical wind rotor assembly 116 are substantially the same. For 
example, the cylindrical wind stator assembly 118 can be configured to have an outer diameter 
greater than a length of the cylindrical wind stator assembly along a cylindrical axis of the 
cylindrical wind stator assembly. In some embodiments, for example, the number of the stator 
wind-receiving fins 119 of the cylindrical wind stator assembly 118 can be configured to be 
greater than a number of the wind-deflecting blades 117 of the cylindrical wind rotor assembly 
116. In some embodiments, for example, each wind-deflecting blade 117 includes a curved 
blade portion, and the stator wind-receiving fins 119 are slanted in orientation with respect to 
respective radial directions of the cylindrical wind stator assembly 118 to direct received wind 
towards a concave side of the curved blade portion of each wind-deflecting blade 117.

[0052] Referring to FIG. 1C, for example, the electronic inertial power generation unit 110 can 
be structured such that the inductor coils in the circular array of inductor coils are configured 
into independent inductor modules that operate independently from one module to another, in 
which example, each inductor module can include (1) three adjacent inductor coils that are 
connected to one another to form a 3-phase inductor module to so that the phases of the three 
adjacent inductor coils are separated by one third of a cycle to collectively produce an AC 
output current from three currents respectively generated by the three adjacent inductor coils, 
and (2) a rectifier circuit coupled to receive the AC output current and to produce a DC output 
voltage. For example, the rectifier circuit of an inductor module can include a three-phase 
diode bridge rectifier circuit formed of six diodes.

[0053] In some implementations, for example, the electronic inertial power generation unit 110 
can be structured such that the inductor coils in the circular array of inductor coils are 
configured as independent inductor modules that operate independently from one module to 
another, in which each inductor module includes (1) three adjacent inductor coils that are 
connected to one another to form a 3-phase inductor module to so that the phases of the three 
adjacent inductor coils are separated by one third of a cycle to collectively produce an AC 
output current from three currents respectively generated by the three adjacent inductor coils, 
and (2) a rectifier circuit coupled to receive the AC output current and to produce a DC output 
voltage; and in which the inductor modules are configured as independent inductor module 
groups where each inductor module group includes 3 or more inductor modules, the inductor 
modules within each inductor module group are coupled to produce an inductor module group 
output, and different inductor module groups are separated and operate independently from 
one to another.

[0054] For example, each inductor module group can include a mode-switching circuit in a 
selected inductor module in the inductor module group and coupled to a rectifier circuit of the 
selected inductor module to inactivate the rectifier circuit to allow the selected inductor module 
to operate in an AC mode for producing an AC output or to activate the rectifier circuit to allow 
the select inductor module to operate in an DC mode for producing an DC output, and a 
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control circuit coupled to the mode-switching circuit to control the operation the mode-switching 
circuit in switching the selected inductor module between the AC mode and the DC mode. For 
example, each inductor module group can include a sensing circuit coupled in the selected 
inductor module in the inductor module group that senses a rotation condition of the cylindrical 
wind rotor assembly based on timing and magnitudes of currents in the inductor coils within the 
selected inductor module and, based on the sensed rotation condition, the control circuit is 
configured to control the AC mode operation of the selected inductor module in response to 
the received wind condition to accelerate or decelerate the rotation of the cylindrical wind rotor 
assembly so that the rotation of the cylindrical wind rotor assembly varies dynamically with 
received wind condition to maximize an efficiency in converting the received wind power into 
electricity.

[0055] In some implementations, for example, each inductor coil can include a first half 
inductor coil part that includes a first magnetic core and a first conductor wire coil that winds 
around the first magnetic core, and a second half inductor coil part that includes a second 
magnetic core and a second conductor wire coil that winds around the second magnetic core, 
in which the first and second half inductor coil parts are positioned at opposite sides of a plane 
in which the magnets in the outer peripheral of the annulus ring rotor rotate to position the 
magnets between the first and second half inductor coil parts. In some implementations, for 
example, each of the first and second half inductor coil parts can include a C shaped magnetic 
core having two terminal ends that interface with the magnets in the outer peripheral of the 
annulus ring rotor, and two adjacent magnets in the outer peripheral of the annulus ring rotor 
are placed in opposite magnetic orientations with respect to each other. For example, the C 
shaped magnetic core can be configured to have the two terminal ends spaced from each 
other by a spacing of two adjacent magnets in the outer peripheral of the annulus ring rotor.

[0056] In some implementations, for example, the control circuit can include a digital signal 
processor that is programmed with software to control, based on the sensed rotation condition 
from the sensing circuit, the AC and DC modes of operation of the selected inductor module in 
the inductor module group. In some implementations, for example, the control circuit can be 
configured to control the inductor coils within the selected inductor module to cause the 
rotation of the cylindrical wind rotor assembly to be in a coasting mode which maintains a 
constant speed of the rotation of the cylindrical wind rotor assembly at a given received wind 
condition and produces a DC output of the wind power generator, a motoring mode which 
speeds up the rotation of the cylindrical wind rotor assembly while reducing a DC output of the 
wind power generator, or a generating mode which slows down the rotation of the cylindrical 
wind rotor assembly while increasing the a DC output of the wind power generator. In some 
implementations, for example, the control circuit is configured to control, based on the sensed 
rotation condition from the sensing circuit, the selected inductor module to operate in or switch 
to one of the coasting mode, the motoring mode, or the generating mode to dynamically 
synchronize operation of the wind power generator to the received wind condition and a load 
condition that draws power from the wind power generator.

[0057] In a quiet, strong, and unimposing form, the EiP wind machine 100 converts wind (e.g., 
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rooftop wind) into stable electric power, from a single moving mass rotating inside a stationary 
one. Wind enters the machine 100 from all sides, and exits through the top and bottom of the 
hollow core 111. The electronic inertial power generation unit 110 of the EiP wind machine 100 
has no central shaft or mechanical connections other than wind, only electrical and networking 
interfaces.

[0058] Rapidly rotating lines of magnetic flux from permanent magnets in the rotor generate 
electric power as they pass between stationary inductors. In some embodiments, for example, 
the EiP wind machine 100 can be configured to be approximately six feet (182.88 cm) in 
diameter, supporting eighty magnetic pole pairs (160 magnets). Figures in this patent 
document are based on this exemplary design, which demonstrates and proves the disclosed 
technology. This exemplary embodiment represents a minimum practical size of EiP wind 
machine. EiP technology is scalable to much larger size and power.

1.1.1 Adapting Electrical Generation to Simple Mechanics

[0059] Exemplary embodiments of the EiP wind machine can include simple mechanical 
components and devices, with integrated electrical generation. In general, there is one moving 
part: the wind/magnetic rotor (e.g., the wind rotor assembly 116 shown in FIGS. 1A and 1B). 
The wind swept area is effectively a cylinder of rotor blade height. In some embodiments of the 
EiP wind machine, for example, the wind rotor is attached on top of the magnetic rotor, which 
contains a ring of magnets positioned near the outer edge. Stationary vertical fins encapsulate 
the rotor in a sturdy structure that directs wind toward the center, e.g., which can provide a 
framework for stationary inductors (stators). Instead of one massive steel core with distributed 
windings, stator segments are modular "C" cores wound with copper and equally spaced 
around the rotor magnets, paired above and below. As the rotor slowly spins, magnetic flux 
circulates at high speed through stator pairs, generating pure sinewave AC power, with voltage 
and frequency increasing with rotor speed (synchronous power). Synchronous power is 
combined and regulated by integrated EiP oscillator electronics in a modular array of stators.

1.1.2 Utilizing the Inertia of a Massive Rotor

[0060] A larger radius wind rotor increases the wind swept area and energy potential, although 
at slower rotation speed. Inertia and mechanical torque increase with the square of the radius, 
along with overall weight, like a large and heavy flywheel. The large flywheel is an excellent 
storage and regulation device for mechanical torque, but too slow moving for direct electrical 
generation on a shaft. In most wind turbines, the rotor needs to be superlight to spin faster 
than wind speed to directly run a generator shaft. EiP technology converts high mechanical 
torque at slow speed directly into useful electric power at the edge, not the center, maximized 
and stabilized at low speed by the large radius and enhanced mass of the wind rotor.
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[0061] Energy storage flywheels typically use a rotor of small radius and operate at high 
speed, since energy storage potential increases exponentially with speed. In EiP technology, 
the flywheel is a heavy rotating cylinder; at a certain speed accumulated inertia becomes 
significant, magnifying the energy potential in small changes of angular velocity. EiP technology 
recirculates power from excess inertia toward controlling rotor speed, further enhancing the 
flywheel storage time.

[0062] High inertia delivers peak power output resembling a massive battery bank. EiP wind 
machines eliminate the need for batteries and other temporary storage. Where long-term 
storage is required, like in off-grid applications, the battery bank could be replaced by fuel cells.

1.1.3 Modular Architecture

[0063] The disclosed EiP technology enhances power production from less weight and cost of 
materials, through massive parallelism with a modular architecture. Breaking down a massive 
amount of magnets, iron, copper, and silicon into optimized modules produces more power 
from the equivalent material mass of the monolithic approach. EiP technology provides a new 
type of three-phase generator module, stacked around the rotor edge, where thrust force is 
multiplied by the rotor radius for total torque. In other words, the equivalent electrical input for a 
rotary machine is amplified by the radius upon which the module operates to deliver greater 
torque from the same amount of copper, steel, and magnets.

[0064] In some implementations, for example, each generator module is a linearized three- 
phase machine that receives excitation from the magnetic track around the wind rotor, instead 
of a rotary shaft. Using three split inductors, half above and half below the rotor, with respect to 
eight rotor magnets passing between at any moment, EiP technology includes a specific 
physical layout for magnets and stators that enforces three-phase synchronous operation 
between any three adjacent stators. Since each module is synchronous, standard three-phase 
electronic rectifiers and industrial drives are available off-the-shelf for DC conversion and 
motoring control.

[0065] In a minimal configuration, for example, three modules are arranged around the rotor 
one hundred twenty degrees apart. For more power, four can be arranged ninety degrees 
apart in quadrature. Six can form a star configuration with sixty degrees of separation. The 
number can be expanded geometrically, until the entire circumference of the EiP machine is 
fully populated with generator modules.

1.1.4 Direct Conversion of Electromagnetic Torque to Power

[0066] In some implementations, for example, EiP technology uses a sensorless technique 
that reads timing cues directly from synchronous power, using digital signal processing.
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Electromagnetic torque control occurs faster than changes in wind speed, so energy from wind 
gusts is smoothly absorbed from rotor torque changes.

[0067] Smooth torque control gently speeds up the rotor, storing excess energy as inertia, 
which accumulates dramatically with speed. Generator modules operate as motors and 
generators at the same time, while EiP technology responds faster than the wind, and even 
faster to changes in load.

[0068] Essentially, for example, the EiP machine contains many smaller electrical machines 
sharing and combining power on a DC network. For speed control, one module acts as a 
motor while two or more generate. The motoring module maintains speed under load by 
injecting bursts of thrust applied to the rotor radius. At a certain speed, energy from inertia 
exceeds the load and electrical/mechanical overhead, creating a condition referred to as 
"overhauling", from which power is harvested by reverse motoring, when the motoring module 
becomes a generator.

1.1.5 Energy Storage By Electronic-mechanical Oscillation

[0069] EiP technology combines energy from wind and inertia with electronic actions, to spawn 
the EiP oscillation. Rotational inertia allows the rotor to resist changes in speed: acceleration 
with a sudden gust of wind, or deceleration under changes in electrical load. The EiP oscillation 
amplifies inertial effects in a positive direction: increasing the uptake of wind power from a 
heavy rotor while reducing slowdown from peak loading. In effect, for example, multiplying 
rotor flywheel energy storage time using only the tiny amount of power required to keep 
electronics running.

1.1.6 Cleaner and More Efficient Power Generation

[0070] When all of the windings of a large conventional generator are stitched together, they 
pick up stray magnetic fields leaking out of the rotor. The resulting AC output is ragged, full of 
rotor harmonics, which produce heat not useful power. The synchronous generator produces 
pure sine waves. EiP technology breaks up and isolates core elements as compact segments, 
using a novel electronic/magnetic design that concentrates stray magnetic fields. The result is 
a modular synchronous power with low harmonic content, efficiently converted to DC and 
combined with other modules.

1.2 Urban Rooftop Wind Power

[0071] EiP wind machine aerodynamics and slow rotation speed make it ideally suited for the 
rooftop. The EiP wind machine can be placed on the rooftop for maximum wind exposure, with 
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no tower. Wind flows in from all around, extracting maximum instantaneous wind force from 
gusts in any direction. The rotor is quiet because it spins so slowly, with a hollow center that 
enhances windflow through the machine. Neighboring EiP wind machines combine on the 
locally shared grid, to create an urban wind farm that derives its resource potential from 
windflows and turbulence that occur near rooftops.

1.2.1 Power From Wind Gusts

[0072] Conventional wind machines require steady non-turbulent wind conditions, which rarely 
occur in the urban setting. More often, high wind energy appears in brief and powerful gusts. 
EiP technology converts power from the impulse rotor within a fraction of rotation, much faster 
than wind speed changes. Instead of a ten-minute interval, EiP technology captures power in 
milliseconds.

[0073] The EiP wind machine is ultra-reliable and sturdy enough to handle extremely high wind 
gusts, which normally destroy wind machines on tall towers. Immediate repairs are not 
required for single component failures, through a redundant architecture that spreads the 
electrical and mechanical load, allowing continued operation at reduced power. Failed parts 
are identified during runtime, and replaced during regular service intervals, for low overall 
downtime.

1.2.2 Power From No Wind

[0074] With a tiny amount power from the grid, the EiP wind machine rotor stays spinning 
without help from the wind. In "standby" mode, rotor inertia and aerodynamics plus electronic 
speed control hyper-sensitize the uptake of energy from light random wind gusts and rooftop 
heat convection. While power from the grid trickles in, the EiP wind machine delivers power 
backed by rotor inertia and electronics, with vast surge potential. High surge power stabilizes 
peaks and dips in local grid service, and assists directly connected solar panels and fuel cells 
in delivery of solid grid-quality power without batteries.

1.2.3 EiP Wind Machine and Rooftop Solar

[0075] In some implementations of the disclosed EiP technology, the EiP wind machine can be 
integrated with rooftop solar systems to provide an expansive multi-sourced renewable 
("green" or "clean") energy solution, e.g., in urban or rural settings. Rooftop solar works great 
during daylight hours on sunny days, in places where structures are unshaded by trees and tall 
buildings. Rooftop solar fails to deliver energy output over the course of a 24-hour day. 
However, rooftop solar is a great way to extract power from the urban landscape, with zero 
maintenance and fuel costs in the long term.
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[0076] The EiP wind machine is the ideal urban rooftop energy source, generating power for 
local consumption, in a quiet, sturdy, and architecturally pleasing form, in daylight or total 
darkness. The EiP wind machine takes up very little roof space with respect to total power 
output, with low impact on the urban landscape, no towers or guy wires, no sharp edges or 
exposed windblades. The EiP wind machine is standalone. Just place it on a sturdy rooftop 
platform, and hook it up to the grid. A network interface (wired or wireless) provides setup, 
monitoring, and control functions from any location. In combination with rooftop solar, the EiP 
wind machine provides backup storage and surge power as a low-speed high inertia flywheel, 
providing an alternative to battery banks.

1.3 High Reliability Scalable Modular Design

[0077] One of the greatest failings of wind turbines is scalability to larger size. Smaller models 
seem to work great in the lab, but when the radius is expanded the speed of rotation slows and 
mechanical torque increases to a point where efficient electric power production is impossible. 
In the EiP wind machine, electric power generation naturally expands with rotor size. Slowness 
is not a problem, since the larger radius allows space for a greater number of power 
generating parts. EiP design principles are scalable, expandable for maximum energy uptake 
and power output for an EiP wind machine of very large size.

[0078] The optimal EiP wind machine size matches the resource potential for the installed 
location. The height and radius of a modular "windzone" is selected, which defines total 
mechanical power. A larger windzone radius supports more generator poles required to 
produce maximum power at the average speed of rotation. Modular EiP electromagnetic 
components are added to interact with permanent magnets embedded around the rotor 
circumference, for optimized power output.

1.3.1 Fault Tolerant Mechanical Design

[0079] For reliability, the EiP wind machine has only one moving part, where mechanical 
systems are replaced with magnets, coils, and electronics. Direct drive requires no mechanical 
gearboxes, slip rings, or commutation. For example, main bearing failure causes the most 
downtime in conventional wind machines. The hollow center of the disclosed EiP technology 
eliminates the main bearing, e.g., using multiple smaller bearings that spread the load around 
the rotor circumference, where stresses are least. For example, if a bearing should fail, overall 
operation is unaffected.

1.3.2 Generator Modules
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[0080] For example, the second highest source of downtime is generator failure. The EiP wind 
machine splits the generator into discrete inductors, organized as three-phase modules 
sharing a common DC connection. Integrated rectifiers convert three-phase AC into DC, 
isolating each generator module from the next. If one should fail, the machine keeps running 
under reduced power output, not total shutdown.

[0081] The EiP windzone, where wind is converted to mechanical energy, has one moving part 
that spins inside a stationary one. Overall height and radius define the total wind swept area, 
the surface area of a cylinder. Also, for example, options for architectural considerations like 
color, height restrictions, and roof space, can also be selected, and combined for a specific EiP 
wind machine configuration.

1.3.3 Low Cost and Manufacturable Design

[0082] Through EiP technology, the size of all electromagnetic elements are optimized, fine­
tuned for maximum power production at least weight and cost, and replicated in a modular 
design. The EiP wind machine can be built from common materials, e.g., like stainless steel, 
aluminum, copper, and magnets, found in any high efficiency front load washing machine. 
Structural parts can be fabricated from laser cut plate stock. Other parts, like magnets, inductor 
cores, coils, electronics, and bearings, can be selected from a wide range of original 
equipment manufacturer (OEM) sources. A prime advantage of EiP technology is to build 
locally, assembling the EiP wind machine near the place of installation, using non-exotic 
facilities, skills, and fabrication techniques.

1.4 EiP Spontaneous Networking Technology

[0083] EiP technology specifies a network interface (e.g., wireless, wired, or fiber optic) for 
monitoring and control of the EiP wind machine from a convenient location. Using this 
interface, for example, multiple EiP wind machines can operate as "spontaneous" networks, 
linked by location and real-time power demands. Power conditioning is a byproduct of EiP wind 
machine architecture, stabilizing delivery of renewable energy at a local level. In an illustrative 
example, EiP wind machines on spontaneous networks in over populated areas capture waves 
of power as gusts propagate around town. Every EiP wind machine on the network is able to 
share status to all others, tapping into a real-time stream of wind and grid conditions, through 
which all EiP wind machines synchronize power storage and regulation. As excess power is 
created by one machine, another can instantly absorb it, working with all other EiP wind 
machines on the grid segment to locally balance power demands.

1.4.1 Grid Intertie That Satisfies Local Power Demand
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[0084] Unfortunately, the existing power grid is essentially an energy wasting system, with wind 
power integration considered to be a nuisance. Losses from hundreds of miles of copper wire, 
combined with the heating of magnetic steel in transformers that regulate power for delivery, 
cancel out power coming onto the grid from the wind. For the grid to remain on at all times, 
powerplants must be running at full power to maintain the magnetic fields required for grid 
regulation, and wind farms must be backed by "flexible" hydro or fossil fuel generation. Local 
energy production and conservation simply reduce power bills but in the big picture, no actual 
power is generated for the grid. Grid intertied renewable energy is just a gimmick that simply 
moves the meter backward, where excess renewable energy is simply dissipated into the 
service transformer as heat.

[0085] EiP wind machines offer the ideal solution for generation and resale of rooftop power 
for the local grid. For billing and power management, a private encrypted channel on the EiP 
spontaneous network, provides remote management of all EiP wind machines in the utility 
domain. The private channel accurately reports network-wide renewable uptake vs. grid 
delivery, in a true net metering architecture. Widespread use of EiP wind machines offers a 
way to eliminate the sidecar powerplants that backup all large wind and solar farms, and all of 
the wasted power for grid regulation, which cannot be sold to subscribers.

1.4.2 Self Organizing Local Positioning System

[0086] On the spontaneous network, a constant flow of information indicates instantaneous 
energy conditions. In each EiP wind machine real-time data is mapped to the local terrain (both 
physical and electrical), creating a framework for power sharing focused on local demands. 
Since all EiP wind machines generate power near where power is used, and operate more 
quickly that wind and load changes, each anticipates and adjusts for surges and sags that 
ripple through the network, e.g., capable of adding just enough surplus power at the right 
moment for regulation. For example, since location is key, this framework creates the side 
effect of a self-organizing local positioning system, which is totally ground-based, requiring no 
satellites or transoceanic fiber.

1.5 EiP Technology and Sustainable Grid Systems

[0087] The hallmark of a sustainable energy system is the production of excess renewable 
energy, producing always in excess of what is needed, dumping excess energy to maintain 
balance. In times of low energy production, like a dark cloudy day when using solar, temporary 
storage is required which allows a limited time of use until power shuts down. Once power has 
failed, the true meaning of sustainability is revealed: produce more than you use, or take a 
break.

[0088] The grid is unsustainable, requiring massive energy input greatly in excess of 
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anticipated demands, regardless of natural limits. EiP technology opens the pathway to a 
sustainable grid, where many EiP wind machines provide localized power generation, storage, 
and regulation, sharing excess power at the right moment, with extreme efficiency. Long 
distance power lines and step-up transformers are eliminated, along with sidecar powerplants 
for wind farms.

1.5.1 Local Solution for Backup and Energy Storage

[0089] Spontaneous EiP wind machine networks can be operated to transparently take over 
when grid power sources falter. For example, the heavy rotor provides enough inertia to ride 
through temporary power disturbances. For example, the sturdy structure of the EiP wind 
machine resists failure under hurricane-force winds, so local service is maintained even though 
long distance power lines have been severed. In the urban setting, for example, EiP 
technology delivers the solution for sharing locally generated renewable energy, with low cost 
and minimal impact. Widespread adoption of EiP technology eliminates the need for large 
distant powerplants, huge transformers, and long inefficient transmission systems. When many 
EiP wind machines are combined on the network, their combined electromagnetic torque 
represents tremendous instantaneous power capacity to meet load demands, or back down 
gently when resources are low.

1.5.2 Pathway to 100% Renewable Power Grid

[0090] EiP technology embeds power generation under high-speed electronic control into the 
large flywheel. Networks of EiP wind machines across the urban landscape can create a wind 
farm with enough inertia to power a fast and efficient capture, storage, and regulation system 
that instantly converts the ebb and flow of rooftop resources into steady consumer power. For 
example, if distant hydropower, wind farms, and transmission systems fail, distributed local 
generation and distribution systems based on EiP technology operate without disruption, 
backed by the engineered design of the EiP wind machine; the missing ingredient for 100% 
renewable power.

2 Operation Principles

[0091] EiP technology includes a specific arrangement of magnetics plus embedded electronic 
control for a modular linear synchronous machine. Modules are combined around the rotor 
circumference to form a large synchronous permanent magnet machine. The magnetic circuit 
design guarantees three-phase excitation for any three adjacent stators, for example, which 
can be equally spaced around a magnetic track in the rotor. Integrated EiP oscillator 
electronics combine power on a common DC connection (DC link). Each module generates 
power from high mechanical torque at slow rotor speed, from rotor magnetic fields at fast 
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electrical speed. Three modules form a minimal EiP machine, duplicated around the rotor in 
groups for massive electromagnetic torque potential. Total power is the sum all modules, for 
example, like locomotives on a circular track, except that each one multiplies its torque by the 
rotor radius. When fully populated, for example, the EiP machine delivers electromagnetic 
torque more quickly and powerfully than conventional generators and transmissions.

2.1 EiP Machine: Ultra High Efficiency Axial Flux Generator

[0092] Axial magnetic flux, in parallel with the center of the rotor, powers many common 
vertical axis wind machines. Many use stators without an iron core, only copper coils with steel 
mounting plates holding surface mounted magnets that rotate around. This reduces the effects 
of magnetic drag from attraction to inductor cores, reducing the minimum wind speed for 
startup. However, this design fails to concentrate rotor flux toward electric power production.

[0093] EiP technology provides a new electrical energy generation machine: a modular high 
torque slow speed axial flux generator, with interior permanent magnetic poles, and no central 
shaft. EiP technology advances the axial flux generator design far beyond normal limits, 
concentrating all magnetic flux to synchronous power, maximizing electromagnetic torque from 
the least amount of copper and steel, unlimited by shearing stress on a central shaft.

[0094] The EiP machine combines three-phase modular magnetics with embedded EiP 
oscillator electronics, to convert sudden fluctuations in mechanical torque to stable electric 
power backed by rotor inertia. The modular approach provides the best way to adapt efficient 
power generation to a large and slow-moving wind rotor.

2.1.1 Torque is Not Limited by Central Shaft

[0095] One primary difference between the EiP machine and other large generators is greater 
electromagnetic torque potential because of no central shaft, where shear strength limits thrust 
on a large radius. The EiP technology includes modular magnetics that match mechanical 
torque at the rotor's edge with overwhelming thrust force, e.g., instead of twisting and breaking 
a shaft. Also, for example, the bearing load is spread around rather than centralized, for fault­
tolerance and high-reliability.

2.1.2 Load Controlled Rotor Speed

[0096] EiP technology includes regulation of the rotor speed by electrical loading on the DC 
link, or reverse generating (motoring). Loading slows the rotor, while wind speeds it up, all at 
random times. Using instantaneous bursts of forward and reverse motoring, total inertia is 
maintained as speed changes occur in a controlled fashion.



DK/EP 3170247 T3

2.1.3 Enhanced Flywheel Storage Through EIP Oscillator Electronics

[0097] The EiP magnetic rotor represents the ideal flywheel for high torque at slow speed, 
naturally bolstering wind power uptake. Embedded EiP oscillator electronics inject thrust 
response to random changes in a fraction of rotation, faster than mechanical speed. This 
converts a wide dynamic range of wind conditions to gradual rotor speed changes.

[0098] When load is less than wind plus inertia, electronic interactions extend inertial storage 
time beyond the flywheel storage effect. As rotor speed goes up and down in a relaxation 
oscillation, it directs power from wind and inertia toward electrical loads plus rotor speed 
regulation. A small change in rotor speed corresponds to a large change in energy potential.

[0099] For even greater storage time, for example, clusters of EiP wind machines linked by EiP 
spontaneous networking bounce power from excess inertia between machines. Over a wide 
geographical area, storage time through oscillation expands, providing the foundation for 100% 
local renewable power.

2.2 Magnetics Design

[0100] Compromises in generator magnetics design are required by direct drive wind 
machines to overcome the following limitations to efficiency. For example, slow rotor speed 
means more magnetic poles, so the generator radius must be larger. Stator cores must be 
near the poles; magnetic attraction acting on a large radius creates excessive cogging force, 
forcing higher start up wind speed. Stator windings and monolithic core must encapsulate the 
rotor circumference, which produces an excessively heavy machine. Long stator windings 
generate harmonics from magnetic rotor leakage flux. Massive electromagnetic torque acting 
on a large radius can destroy a central shaft.

[0101] EiP magnetics design conquers these limitations without reducing efficiency. Cores are 
segmented and arranged to form discrete permanent magnet synchronous machines. The 
arrangement of cores vs. magnets reduces the cogging force. Segmented cores exhibit less 
heat loss from eddy currents at higher frequency than a monolithic core. Synchronous power is 
clean, producing pure sinewave output. In some embodiments, for example, an exemplary EiP 
modular design specifies a three-phase magnetics architecture with integrated electronics that 
isolates and concentrates stray rotor flux. Magnetic flux rotates between core elements using a 
linear design requiring no driveshaft or gearbox.

2.2.1 Permanent Magnet Synchronous Power
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[0102] A synchronous generator produces sine wave AC power, of increasing voltage with 
rotor speed (n). The frequency (f) increases as well; how quickly depends on the number of 
magnetic poles (p), as shown in the following Equation 2-1: Synchronous Power Frequency 
and Magnetic Poles:
f=pn/60 (Eq. 2-1)

[0103] In the exemplary EiP machine, pairs of magnets are embedded with alternating polarity, 
to form one generator "pole pair". Using the above formula on the exemplary EiP wind machine 
rotor, e.g., with 160 magnets forming 80 pole pairs, spinning at one revolution per second (60 
RPM), produces AC power at 80 Hz (three quarters rotor speed = 60 Hz). At 1.5 revolutions 
per second, the nominal operating frequency is 120Hz. Since each stator interacts with two 
pole pairs, four magnets pass between in one cycle, doubling the frequency of the induced 
voltage. While the mechanical angle between stators and magnets is 30 degrees, the electrical 
angle is 60 degrees. This is an advantageous design choice, which doubles the electrical 
excitation of the stators at slow rotor speed.

[0104] The exemplary EiP magnetics design partitions a massive steel core into isolated silicon 
steel cores, with thin laminations to reduce eddy current loss, organized as modular three- 
phase machines around the rotor. The synchronous design guarantees production of smooth 
pure sine waves (non-trapezoidal) in proper phase by concentrating all magnetic flux, axial, 
transverse, and leakage, toward the fundamental generator frequency, for low losses. 
Electronic rectifiers isolate stator windings that share a common DC link. Distributed core 
elements with integrated rectifier, and modular three-phase format, present a new magnetic 
design, e.g., for maximum power with highest efficiency, at the finest level of control possible. 
Modules can be combined to match the EiP wind machine configuration.

2.2.2 EiP Permanent Magnet Linear Synchronous Machine (PMLSM)

[0105] When rotary four-pole three-phase stators and magnets are laid out inline, the EiP 
permanent magnet linear synchronous machine (PMLSM) is defined. Relative size and 
placement of magnets and stator cores minimize cogging torque and enforce three-phase 
operation between any three adjacent stator pairs, drawing excitation from rotating magnetic 
fields of eight magnets passing between. In the rotary and linear models, a thirty-degree 
mechanical relationship between inductor core faces and pole pairs produces an electrical 
angle between phases of sixty degrees. Wye connection between the stators provides one 
hundred twenty degree three phase operation.

[0106] FIG. 2A shows the relationships between magnets and stationary inductors (stators) 
depicting the magnetic vs. mechanical cycle of a three-phase grouping. The diagram of FIG. 
2A shows how the physical layout of this exemplary embodiment translates to dynamic three- 
phase operations. The upper half of the diagram shows the top layer of stators opened up like 
book pages to indicate the pattern of magnetic poles to stator legs. The lower half shows the 
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view at the rotor edge. The physical placement of stators vs. magnets is compact, with a 
narrow mechanical angle. The electrical angle fits the three-phase model, twice the mechanical 
angle because magnetic poles are built from oppositely polarized pairs of magnets. Excitation 
from rotating magnetic fields with respect to stator cores is twice the electrical angle, for full 
three-phase wye operation.

[0107] For example, each EiP PMLSM is like a linear positioner optimized for power 
production, with 3 stators forming the "mover", and four magnetic poles embedded in slots 
around the rotor circumference acting as the "track". Permanent magnets are equal in width 
and thickness, in alternating axial polarity, separated by magnet width. Stators pole faces 
match the footprint of two magnets, on "C" cores made from 3% silicon steel laminations. Two 
C cores on opposite sides of the rotor, with equal windings on each leg, wired in series above 
and below the rotor magnets, form one stator. A given rotor circumference supports a certain 
number of stators and magnets equally spaced around the rotor, partitioned into three-phase 
groups. Magnet size defines stator dimensions, and the total number that fit around the 
magnetic track. The ratio of four magnetic poles to three inductor cores, evenly spaced, 
minimizes cogging (torque ripple), where magnetic pull on one inductor/pole pair is balanced 
by three magnet pairs pulling on two inductor cores.

2.2.3 EiP Synchronous Generator Magnetic Circuit

[0108] The exemplary EiP magnetic circuit uses C cores to concentrate magnetic fields from 
rotor flux to synchronous AC power. Rotor harmonics reinforce the fundamental frequency, for 
optimum efficiency. The C cores are basically a split transformer core, with an extended gap to 
accommodate the magnetic rotor in between.

[0109] FIG. 2B shows a diagram of an exemplary EiP synchronous generator magnetic circuit 
of the present technology, as viewed from the side. In the figure, magnetic lines of flux from 
permanent magnets follow the path of least resistance from north (N) to south (S). Axial flux is 
conducted by magnetic steel, strengthening as core faces line up, eventually to saturation. 
Embedded rotor magnets of opposite axial polarity, separated by a distance equal to width and 
thickness, provide a secondary magnetic circuit for leakage flux. In combination with the 
relative motion of C cores, this secondary circuit concentrates rotor leakage magnetic fields 
toward synchronous power.

[0110] At minimum gap, e.g., where core faces line up with magnets, maximum flux density 
saturates upper and lower core halves through four coils, wired in series for maximum voltage 
at leads L1 and L2. L1 connects to one leg of the three-phase wye (U, V, or W), L2 is the 
common connection (C). Each coil is wound with an identical number of insulated motor wire 
turns, of gauge and length appropriate for a given winding area. Voltage drops to zero as the 
core lines up with space between magnets, then full negative as cores align with magnets of 
opposite polarity, producing one AC cycle.
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[0111] In this exemplary design, the C core saturates easily in direct proximity with a magnetic 
pole pair, flipping rapidly with rotor motion. This means a narrow magnetic gap is not required 
for full voltage, which allows for looser mechanical constraints on rotor motion. This enhances 
the fault tolerance of the EiP wind machine, and reduces manufacturing costs.

2.2.4 Trapping and Concentrating Stray Rotor Flux

[0112] Peak axial flux linkage occurs at the moment of core saturation. Magnetic attraction 
between adjacent magnets produces a weaker magnetic field in both radial directions that 
traps radial flux at the rotor edge. Once the rotor is moving, leakage from fringing flux around 
the gap is swept up in this magnetic field by the C cores passing by, in phase with axial flux. 
Track curvature also creates a slight amount of transverse flux. C core laminations of different 
length oriented perpendicular to the movement of magnets, concentrates this relatively small 
amount of transverse flux. All leakage flux components, radial, fringing, and transverse, 
combine in sync with axial flux on every cycle, eliminating rotor harmonics at the magnetic 
circuit level. Magnetic fields synchronous with magnet poles rotate with respect to stator cores. 
Each C core in the stator pair concentrates flux and completes the magnetic circuit with respect 
to magnet pairs, producing pure three-phase sinewave AC with no harmonics.

[0113] Unlike other large PM machines with distributed windings, stray rotor magnetic fields 
and harmonics are not an issue when PMLSMs are combined because they connect 
electronically. All rotor flux is concentrated at the PMLSM level, allowing the construction of a 
very large PM generator by adding modules, unlimited in efficiency by induction of stray 
magnetic fields.

[0114] When motoring, switchmode electronic inverting produces a waveform that is not purely 
sinusoidal. However, the aluminum rotor that holds the magnets is conductive, and a low- 
current non-sinusoidal potential exists between wind rotor and stator, which increases with 
speed. A contact is required that dynamically connects the entire windzone (rotor and fins) 
during all operations. The exemplary EiP wind machine uses conductive support roller bearings 
to create an electrical connection between wind rotor and base. This allows all non-sinusoidal 
motoring currents to follow the common ground path away from DC power output.

2.2.5 Three-phase Magnetic Circuit

[0115] FIG. 2C shows a diagram of an exemplary PMLSM three-phase magnetic circuit of the 
present technology. The diagram of FIG. 2C shows how three adjacent stators connect as a 
wye to form one PMLSM, and how they line up with axial rotor flux. The lower leg of each 
magnetic circuit is connected to a common point (C). Each upper leg of the wye (U, V, and W), 
attaches to EiP oscillator electronics (e.g., also refer to Section 4 for schematics).

2.3 EiP Wind Machine Sizing and Expansion
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[0116] EiP technology is naturally scalable to produce a very large interior permanent magnet 
generator. Self-similarity in structure at the modular, machine, and networked machine levels, 
supports a fractal pathway to expansion. This section describes some exemplary design rules 
for EiP wind machine components, where a finite number of parts are replicated in certain 
patterns for expansion of EiP wind machine size and power. A key aspect of EiP technology is 
cost minimizing by simplification: producing more power from a small set of parts, replicated in 
specific ways to build the EiP wind machine. The most dramatic increase in power can occur 
when the radius is expanded. So, the EiP wind machine can be configured to be typically wide 
and of low profile, which is ideal for rooftop installation.

2.3.1 Modular Power Expansion

[0117] Each PMLSM is a modular linear three-phase machine with integrated power 
electronics. If one PMLSM is capable of producing one kilowatt of power, the EiP wind machine 
configurations can be created for three, four, five, six, eight, ten, twelve, and twenty kilowatts, 
e.g., up to sixty pairs of inductors as shown in FIG. 2D. FIG. 2D shows a diagram depicting 
exemplary PMLSM modular combinations for an example EiP machine radius. The example 
combinations shown in FIG. 2D include, but are not limited to, three, four, five, six, eight, ten, 
twelve, or twenty PMLSMs in an EiP wind machine.

[0118] In addition to electrical power expansion, another advantage of adding PMLSMs is 
enhanced instantaneous torque thrust, which acts upon the rotor radius for mechanical power 
expansion. The power of each module is multiplied by the radius, then added to the total. For 
example, as radius expands, the circumference enlarges to fit more modules, each multiplying 
its power by a larger number. The massive amount of peak power potential easily 
accommodates the strongest wind gusts. Section 4 of this patent document provides more 
information on modular configurations and electronics.

2.3.2 Magnet and C Core Sizing

[0119] The selection of magnet dimensions affects the size of EM components, which 
determines electrical power for one PMLSM. The rotor radius affects the number of magnetic 
poles for a given size of magnet. A rotor contains a certain number of magnets and layout, for 
example, for which EiP technology specifies the following example design rules.

1. 1. Eight magnets per three C cores, above and below.
2. 2. C core faces match the footprint of one magnet pair.
3. 3. The minimum length of core legs is three times the space between.
4. 4. The space between magnets around the rotor circumference equals magnet width.
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5. 5. Minimum magnet length is three times the width.
6. 6. Magnet thickness equals width (and thickness of the magnetic rotor plate).
7. 7. Magnets are polarized through their thickness, arranged in opposite axial pairs.

[0120] For example, the exemplary EiP wind machine can include a magnetic track built using 
160 NdFeB magnets. The magnet size is 2 inches (5.08 cm) long polarized through % inch 
(1.27 cm) thickness, embedded around the rotor separated by % inch (1.27 cm). C core faces 
are 2 (5.08 cm) by % inch (1.27 cm), with % inch (1.27 cm) between 1 % inch (3.81 cm) legs. 
The arrangement of magnets results in a rotor diameter of 55 inches (39.7 cm), supporting 
enough inductors for 20 three-phase PMLSMs. Section 3 of this patent document provides 
more information on the magnetic rotor physical characteristics.

[0121] For example, both magnets and C cores are commodity items, chosen for lower cost 
rather than optimal motor magnetics. The EiP magnetic design captures and concentrates 
leakage and fringing flux that results from using low cost magnetics, with optimum efficiency.

2.3.3 Inductor Core Windings and Fill Factor

[0122] The number of stator core windings can be determined by the absolute amount of 
insulated copper wire that can be fit around C-core legs. For example, using mean length of 
turns (MLT) method for a given wire type, total inductance (and power) is determined by 
number of windings, the length of each defined by core dimensions. Long wire length at a 
certain thickness offers higher DC resistance, which impedes magneto-motive force. To reduce 
these effects, a larger gauge wire must be chosen. Since the winding area is finite, the 
optimum number of windings depends on the fill factor: the relative amount of bare copper in 
the winding window divided by the window cross-sectional area.

[0123] In such implementations, for example, a fundamental design rule is to expose the 
maximum amount of bare copper at any given instant to rotor magnetic fields. Each gauge and 
type of insulated motor wire offers a certain fill factor for a given core size. Using the cross- 
sectional area of the wire and insulation from its data sheet, divided into the available winding 
window area reveals how may half turns. Multiply the amount of bare copper in the wire cross­
section by this number, and divide that by the window area, for the fill factor. Calculating for a 
range of wire types and gauge, compare all the combinations and select the highest fill factor 
with the lowest DC resistance, and the maximum corresponding number of turns. This 
guarantees maximum performance from the coil, for a certain size C core. FIG. 2E shows a 
shows a diagram of exemplary C core and fill factor, illustrating a cross section of C core 
laminations and one coil, and the winding cross-sectional area:

[0124] For some exemplary embodiments of the EiP wind machine using 16-gauge wire, the fill 
factor is .66 (2/3) for a total number of windings of 96 per C core leg. If 14-gauge square wire 
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is used, the fill factor is .85 with 60 turns per leg. The one with the highest fill factor and lowest 
DC resistance (DCR), which exposes the maximum amount of copper to rotor magnetic fields, 
is best for generating. However, the one with the highest number of windings and lowest fill 
factor is best for motoring. Since EiP technology involves motoring and generating, the 
optimum formula for a given core size may be found through testing of the two best designs. 
The following table shows the various combinations of wire size that fit the exemplary C core 
legs, along with corresponding wire turns, fill factor, and total DCR.
Table 2-1. Wire Size and Fill Factor Combinations

Wire Gauge and Type # Turns per Leg Fill Factor DCR

#10 25 .70 .0294 Ω

#12 Square 32 .72 .0560 Ω

#12 32 .56 .0672 Ω

#14 Square* 60 .85 .150 Ω

#14 60 .66 .166 Ω

#16 ** 96 .66 .404 Ω

#18 148 .65 1.02 Ω

#20 *** 205 .62 2.6 Ω

* Lowest DCR with highest fill factor.
** Highest winding number with lowest DCR.
*** Maximum windings for best MMF using this example core size

2.3.4 Radial Expansion

[0125] EiP wind machine optimizes the magnet and winding formula for one C core size, for a 
modular structure that can be replicated for a larger radius of magnetic rotor. The rotor is 
geometrically resized for more power, at certain increments that fit installed modules and wind 
swept area. For much larger wind rotors, or other applications, like an embedded motor vehicle 
wheel motor, or a powered propeller for a ship, the optimal magnet/inductor size may differ. 
Increasing the size of magnets and cores with machine radius is one way to increase 
electromagnetic power. But, losses from eddy currents in larger inductors present an upper 
limit to inductor size. Balancing all factors produces a set of components for a PMLSM with 
optimum power output. Smaller PMLSMs are replicated for radial expansion providing the most 
dramatic increase in total power. Once a PMLSM size has been chosen, simply using a longer 
magnetic track that fits more PMLSMs (e.g., minimum 4 means adding 32 magnets), expands 
the size and power of an EiP machine. This technique allows the creation of very large radius 
rotors. For the exemplary EiP wind machine shown in the exemplary figures, every integer 
multiple of 32 magnets expands the rotor radius by approximately five inches (12.7 cm), 
accommodating four additional PMLSMs. The pole pitch remains constant for each 
configuration. Using this technique, EM torque matches mechanical torque as the radius 
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expands, along with more magnetic poles to maintain synchronous operation at slower speed. 
FIG. 2F shows a diagram of exemplary magnetic rotor expansion using identical magnets and 
pole pitch, illustrating magnetic rotor expansion, for additional 32 magnets of the exemplary 
size.

2.3.5 Windzone Expansion

[0126] The wind swept area of the EiP windzone is a cylinder, of wind rotor radius and height. 
Increasing the radius provides the greater expansion of wind uptake and power generation vs. 
height increase, because the surface area of a cylinder expands exponentially with radius, and 
linearly with height. A larger radius windzone allows more room for electrical generation 
hardware, to balance the increase in mechanical torque. So, EiP wind machines tend to be 
wider than tall as size increases, which gives greater stability in turbulent winds.

[0127] Some primary design rules can include the following: (1) support an even number of 
stationary fins on the outside, deflecting wind from all directions toward an odd number (slightly 
less than half) of wind blades on the rotor, (2) the radius is divided in thirds, 1/3rd stationary, 
1/3rd rotating, 1/3rd hollow center. These relationships are maintained as the rotor radius 
expands, while the total number of blades increases. For example, even/odd stationary vs. 
rotating parts of the windzone is critical to prevent locking of the wind rotor in anisotropic flows. 
For example, the exemplary EiP wind machine has 16 stationary fins, and 9 rotor blades, with 
a 2 ft. wind rotor radius. This also enhances the uptake of energy from gusty and turbulent 
wind, by presenting a physical imbalance to chaotic conditions, which naturally creates smooth 
and steady rotor movement. For complete information about the windzone, including 
mechanical and aerodynamic operation, refer to Section 3. FIG. 2G shows a top view diagram 
of the exemplary windzone blade (e.g., wind rotor blade 117), fin (e.g., stationary fin 119), and 
center (e.g., the hollow center region 111), and an example of an average path of internal 
windflow in the EiP wind machine 100. As shown through the diagram of FIG 2G, the 
proportional relationship between windblades, fins, and hollow center, which is maintained as 
the radius expands.

2.4 EiP Oscillation

[0128] The EiP oscillation is self-sustaining, representing all of combined electrical and kinetic 
energy in an EiP machine, where rotor speed and DC link voltage periodically rise and fall to 
maintain power balance. As rotor speed increases, either from reduced load or high wind, total 
energy potential increases. As the rotor decelerates under load, it is hyper-sensitized to 
sudden changes in wind speed that bolster energy uptake. When total energy is greater than 
load, rotor speed moves up and down under EiP oscillation, at fixed DC link voltage. EiP 
oscillation also applies to spontaneous networks of EiP wind machines, when storing and 
sharing power on the grid.
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2.4.1 Van Der Pol Model

[0129] The EiP oscillation follows the Van Der Pol Model, where a parasitic oscillation draws in 
energy from the system in which it occurs. The Van Der Pol model is characterized by the 
following differential equation, Equation 2-2 which represents the Van Der Pol Differential 
Equation:
x” + x = ε(1 - x2) x’ for ε > 0 (Eq. 2-2)

[0130] This equation produces one periodic solution: a relaxation oscillation with a stable limit 
cycle. In EiP technology, x represents a continuous function for EiP machine power, and ε 
corresponds to the period of oscillation. The period is locked to harmonics of rotor speed: at a 
dead stop, x equals zero and ε is infinite. As rotor speed increases, x increases while ε 

decreases (but always » one). When the non-linear term ε(1 - x2) x' reaches the singularity 
where the periodic solution to the equation is found (for a given ε), an oscillation with a stable 
limit cycle occurs. The limit cycle is attracting toward the singularity, in this case drawing energy 
from the system in which it occurs. At rotor operating speeds (larger ε) the single periodic 
solution to the Van Der Pol equation describes a relaxation oscillation that quickly jumps from a 
smooth curve to another and back again, as depicted in the following figure:

[0131] FIG. 2H shows a graphical diagram of exemplary Van Der Pol Oscillation. The figure 
shows the attractor for oscillation limit cycle, where the dot 280 follows the wide arrows 281 
from the smooth curved part to the peak then quickly across to the start of a new half cycle. 
The thin arrows 282 indicate the proportions of energy drawn from the system in which the 
oscillation occurs.

2.4.2 Relaxation Oscillation Period

[0132] The Van Der Pol oscillation period T can be broken down into two parts: smooth and 
quick, as shown in the following equation, Equation 2-3 which represents the Van Der Pol 
Oscillation Period:
T = (3 - 2 log2) ε + η (ε_l'3) (Eq. 2-3)

Smooth + Quick

[0133] In EiP technology, for example, the smooth part represents energy from wind and 
inertia, while the quick part represents power injected to maintain rotor speed. The period is 
locked to a harmonic of rotor magnetic transition speed. Since total energy is a function of 
time, the relative amount of injected power required is very small within a single cycle (e.g., 
linear log function vs. negative cubic exponential function). EiP technology maintains this 
relationship over the full range of rotor speeds (e.g., smaller ε), where a greater portion of the 
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oscillation period is powered by inertia as rotation speed increases.

2.4.3 Negative Resistance Oscillator

[0134] For example, the Van Der Pol model was developed by observing the oscillations from 
an electronic circuit for the negative resistance oscillator, as shown in the FIG. 2I. FIG. 2I 
shows a graph and a circuit diagram of an exemplary negative resistance oscillator of the 
present technology. This circuit oscillates at a specific frequency based on L and C. At this 
frequency, the oscillation is self-sustaining and attracting. In the negative resistance oscillator, 
Eo from the tunnel diode is drawn along with Io from the battery supply to power the oscillation. 

The capacitor and inductor store enough energy to power the quick part of the oscillation 
period.

2.4.4 EiP Oscillator

[0135] The minimum amount of circuitry required for an EiP oscillator may be more complex, 
for example. FIG. 2J shows a diagram of an exemplary minimal EiP oscillator of the present 
technology.

[0136] Generating and motoring stator modules, operating around the magnetic track as 
three-phase PMLSMs, are combined in a certain configuration to create an EiP oscillator 
circuit. A minimum of two PMLSMs are configured in series with rectifiers on the DC link as a 
voltage source for a voltage sourced converter (VSC) in a motoring PMLSM, forcing the DC 
link capacitor to a voltage that is always higher than required by the motoring VSC when the 
rotor is spinning. Rotor speed is reduced by loads on the DC link, offset by motoring to control 
speed and inertia. The EiP oscillation sustains the DC link, with net zero torque, along with a 
substantial amount of kinetic energy from accumulated rotor inertia as speed increases. 
Change in rotor speed represents energy potential equal to the electrical load offset by wind 
uptake. During EiP oscillation, periodic fluctuation in rotor speed at constant DC link voltage 
powers all connected loads along with the oscillation, drawing in energy from inertia, in a 
similar way to the Van Der Pol model. EiP oscillation continues indefinitely until rotor speed 
drops below a certain threshold. Section 4 of this patent document provides more information 
on the EiP oscillator and VSC architecture.

2.5 EiP Operating Modes

[0137] EiP technology includes three operating modes: coasting, motoring, or generating. 
Diode rectifier bridges attached to each stator produce a DC voltage that increases with rotor 
speed: with no load attached, the "coasting" operating mode. Parallel transistor switches 
control the rectifier as a VSC, to produce positive torque that speeds up the rotor: "motoring" 
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mode. Negative electromagnetic torque from electrical loading slows the rotor: "generating" 
mode. A fourth operating mode is defined when parallel PMLSMs are motoring and generating: 
"oscillating" mode. EiP technology includes these operating modes to provide software a 
feedback mechanism for networking and fine-tuning of the system, as summarized in the 
following table.
Table 2-2. EiP PMLSM of Exemplary Operating Modes

Mode Definition Indication

θ Coasting Voltage rises with rotor speed until motoring or 
generating.

1 Motoring High instantaneous torque power for startup and speed 
regulation.

2 Generating Power production when electrical loads produce negative 
torque.

3 Oscillating One PMLSM motoring while two or more are generating, 
creating the conditions for EiP oscillation.

2.5.1 EiP Mode Control

[0138] Each motoring PMLSM operates from a set of parameters, some for control, others for 
status. A central controller device globally initializes motor parameters on startup, then 
monitors status parameters to determine the operating mode. Running autonomously, and in 
parallel, PMLSM electronic control happens much faster than wind speed and load changes, 
so there is ample time to monitor operating modes and fine-tune parameters. Under heavy 
loading and higher rotor speed, for example, all PMLSMs are in generator mode, and slow the 
rotor. Under reduced load and absence of wind, for example, one PMLSM may switch to 
motoring to keep up rotor speed while another is generating. When an individual PMLSM 
controller encounters an exception to parameter settings, like rotor overspeed with no load, it 
will coast until normal limits are restored.

[0139] At a certain point, the balance of power lets EiP oscillation take control. The random 
interactions of all installed PMLSMs allow the EiP oscillation to naturally arise from chaotic and 
turbulent operating conditions, like any non-linear phenomenon. Once oscillating, the EiP 
machine has greater power potential, backed by the natural behaviors of parasitic oscillation 
described above.

[0140] To configure the EiP wind machine for greater power uptake, for example, more 
PMLSMs are dedicated to motoring. For installations with greater wind availability, only one 
PMLSM is used for motoring, while all others are dedicated to generating.

[0141] All motoring PMLSMs in an EiP wind machine can share a common network hardware 
connection, like RS485, for parameter configuration and monitoring. Remote monitoring 
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software receives packets of data, with the operating mode as header along with other real­
time information, e.g., voltage, current, temperature, etc. Over time, the configuration is fine 
tuned to obtain maximum energy from the installed location, using EiP operating mode 
packets.

2.5.2 Networked EiP Wind Machine Operating Modes

[0142] In an EiP wind machine spontaneous network, operating mode/status packets provide a 
way to synch up with other machines on a common grid segment. The EiP operating mode has 
a fractal quality, with self-similarity at the module, machine, and network levels. On the 
network, EiP modes indicate the following:

* Mode 0 - Coasting, or offline.

* Mode 1 - Motoring, accepting incoming grid power.

* Mode 2 - Generating, providing power for the grid.

* Mode 3 - Oscillating, indicating surplus stored power.

[0143] For more information refer to the "System Architecture" and "Programming" sections.

2.5.3 PMLSM Motor Parameters

[0144] Each PMLSM can be controlled like a rotary three-phase machine in a factory 
environment. For example, manufacturers of three-phase drives define a set of parameters for 
fine-tuning of machine operations. The first three parameters are determined from the size of 
inductors, with values calculated using coil formulas or by direct measurement. The motor 
nameplate frequency represents the nominal synchronous AC input frequency. PM pole pitch is 
the distance between pole pairs in the magnetic track. The motor force constant and PM flux 
linkage are calculated using the equations in the "Power Calculations" section (section 2.6) at 
the end of this section.
Table 2-3. Motor Parameters

Symbol Units Parameter Values
R Ohm (Ω) Phase resistance 3.3Ω

Ld MilliHenry (mH) d-axis inductance

Lq mH q-axis inductance

F Hz Motor Nameplate Frequency 60Hz

V AC Volts Rated Voltage 200 VAC
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I Symbol I Units Parameter Values
τ I Meter (mj PM pole pitch

I K No units Motor force constant

I ΨΡΜ Weber (Wb) PM flux linkage

Energy Balance Through Simple Speed and Voltage Regulation

[0145] Once up and spinning, the DC link voltage reaches a level where autonomous voltage 
and speed regulation in the motoring PMLSM takes hold. Rotor speed is regulated by the 
PMLSM, using forward and reverse motoring operations. Electrical loading of the DC link and 
wind uptake occurs at random moments, while motoring torque regulates rotor speed, to 
maintain the DC link voltage, as shown in FIG. 2K. FIG. 2K shows a diagram of essential EiP 
energy imbalance.

[0146] EiP technology actively manages the differential imbalance between wind energy 
uptake, excess inertia, and electrical load, through quick PMLSM motoring operations in 
response to changes in load and wind energy. As rotor speed increases from wind energy 
uptake and/or forward motoring, excess energy from "overhauling" builds up to a point where 
greater loading is required to lower the DC link voltage. In absence of load, PMLSM motoring 
maintains rotor speed (and inertia) while lowering the DC link voltage. Electrical loading on the 
DC link drops the voltage and decreases rotor speed, while nominal inertia tends to keep the 
rotor at speed. PMLSM regulation operations provide instant thrust force in both directions, 
managing rotor movement to keep the DC link at a constant level while delivering power to 
loads. When inertia plus wind energy is greater than electrical loading, DC link voltage can no 
longer be maintained, and the essential imbalance becomes chaotic, allowing the EiP 
oscillation to naturally manifest as periodic rotor speed and/or DC link voltage fluctuations 
through PMLSM motoring operations powered by overhaul.

[0147] Section 4: Exemplary Electronic Hardware Specification provides more information on 
the principles of operation for EiP electronics to regulate power and rotor speed.

2.6 Power Calculations

[0148] EiP technology generates power from rotational inertia; the entire weight of the rotor, 
plus wind force, is the energy source. This subsection provides equations for determining total 
power of an EiP wind machine: from inertial, electromagnetic, and wind sources.

2.6.1 Rotational Inertia
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[0149] The EiP machine magnetic rotor is a flywheel where the stored energy equals the sum 
of kinetic energy of individual mass elements, which can be calculated using the following 
equation, Equation 2-4 (Magnetic Rotor Kinetic Energy Equation):
KEr=1/2Ir®2 (Eq. 2-4)
where:

IR = Magnetic rotor moment of inertia, which is the ability to resist changes in rotational 
velocity, in this case, to maintain rotor speed under sudden changes in electrical loading.

ω = Rotational velocity (rpm) of the rotor.

[0150] The magnetic rotor element is basically a hollow cylinder of uniform density with thick 
walls, for which the moment of inertia can be calculated using the following equation, Equation 
2-5 (Magnetic Rotor Moment of Inertia Equation):
lR^i/2m(ri2 + n2) (Eq. 2-5)
where:

m = Rotor mass in Kg

r-| = Inner rotor radius

r2 = Outer rotor radius

[0151] However, the magnetic rotor element is actually formed in three layers, one of which is 
of different density. For a precise determination of the moment of inertia from the density of 
materials, use the following equation, Equation 2-6 (Magnetic Rotor Layer Moment of Inertia 
Equation):
IL = 1/2 πρΕ (r24 - r/) (Eq. 2-6)
where:

p = Rotor layer material density in Kg/m3

h = Rotor layer thickness in meters

[0152] The entire rotor inertia is the sum of the inertias for each layer, plus instantaneous wind 
force. Note that as the radius increases, inertia exponentially increases. Traditional flywheels 
for energy storage and production operate using a small radius with low moment of inertia that 
spins at extreme speeds. Unlike high-speed flywheels, the EiP machine leverages a large 
radius and high moment of inertia, which operates only at slow speed. In both cases, total 
energy storage increases with the square of angular velocity. In the EiP flywheel, high inertia 
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means that even though it spins slowly, peak power output is naturally enhanced although 
storage time is less. EiP technology leverages instant power from high inertia for increased 
total energy storage through electronic oscillation.

2.6.2 Inertial Power in EiP Oscillation

[0153] Power from inertia builds up as rotor speed increases. The speed change represents a 
certain amount of power, as shown in the following equation, Equation 2-7 (Total Inertial Power 
Equation):
W = Ir (Arpm 2π/60 )2 (Eq. 2-7)
where:

W = Power in Watt-seconds

Ir = Rotor inertia in Kgm2

Arpm = change in angular velocity, as the rotor slows down under load or increases with wind 
energy uptake.

[0154] The power recovered from inertia is equal to the downward change in rotor speed 
under electrical load. If the rotor is allowed to slow all the way down, the total power capacity in 
the rotor is recovered. In the EiP wind machine, the speed is allowed to oscillate up and down, 
constantly storing and withdrawing inertial power to maintain DC link voltage. As winds and 
electrical loads fluctuate wildly, the rotor slowly speeds up and slows down at a frequency 
determined by parameter settings for each installed PMLSM. The EiP oscillation amplitude 
(peak power) corresponds to twice Arpm, representing the power in both directions.

2.6.3 Energy Stored In Magnetic Fields

[0155] Electromagnetic power in the EiP machine comes from rotor magnetic fields, 
concentrated by C cores through an air gap, which abruptly pass through copper windings, 
freeing electrons and inducing current in the coil. As the speed of flux transitions increases, the 
greater the current density. From the permanent magnets embedded in the rotor, the lines of 
flux do not weaken over time because of the large amount energy that creates them, as shown 
by the following equation, Equation 2-8 (Magnetic Field Power Equation):
Wv = B2/2p (Eq. 2-8)
where:

Wv = Power stored in magnetic flux

μ = Permeability of the magnetic gap and C core
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Β = Flux density of one rotor magnet

[0156] For example, for each rotor magnet, the flux density of NdFeB and high permeability C 
core produce high energy magnetic fields. Multiplied by the number of magnets in the rotor, 
total flux reveals a tremendous amount of energy potential, which explains why motoring 
PMLSMs produce a large electromagnetic torque response from a relatively small input.

2.6.4 Electromagnetic Power and Torque

[0157] The mathematical model of each PMLSM is based on equations describing stator 
voltage, flux linkage, power, and thrust force (torque). Each PMLSM is treated like a rotating 
four-pole three-phase synchronous machine. The electromagnetic torque and flux linkage of 
each PMLSM adds up for total power. The model follows the direct-quadrature (d-q) axis 
convention, using rotor magnetic fields as the rotating frame of reference. When using the d-q 
frame, the model becomes much simpler, and standard DTC techniques for a rotating machine 
work perfectly with the linear implementation. Essentially the d-q frame represents the 
conversion of three phases to two, using only simple equations for flux linkage vs. magnetic 
frequency.

2.6.4.1 Stator Voltage Calculations

[0158] Total power from an EiP machine is the sum the power for each PMLSM. Unregulated 
stator voltage increases with rotor speed along with total power, calculated using the following 
equations, Equation 2-9 (d-q Frame Stator Voltage Equations):
iid(t) = Rid + dVd/dt - ωψς

Uq(t) = Riq + dVq/dt - 0)ψ(·ι

Pin = 3/2 (udid + udid) (Eq. 2-9)
where R is the wire resistance of stator windings, in is the stator current vector, ω is the AC 

frequency, and ψη is the flux linkage vector.

2.6.4.2 Flux Linkage Calculations

[0159] Power is transferred between mechanical and electrical domains by interlocked lines of 
magnetic flux from permanent magnets and copper inductors wrapped around magnetic steel. 
Flux linkage on d and q axes is calculated using the following equations, Equation 2-10 (d-q 
frame Flux Linkage Equation):
Vd = Ldid + Ψρμ

= T ,„i„ ίΡπ 2-1 m
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TH — η^Μ. Χ^-'Γ - “

where Ln is the stator inductance and ψρΜ is the permanent magnet flux linkage.

2.6.4.3 Electromagnetic Power and Thrust Force Calculations

[0160] EM power represents how much power the EiP machine can generate in response to 
mechanical power from the wind rotor. Thrust force is the linear equivalent of instantaneous 
torque in a rotating machine. From the flux linkage and stator voltage values, EM power and 
thrust force can be calculated for each PMLSM using the following equations, Equation 2-11 
(Three-phase Power and Thrust Equations):
Pem = 3/2 ω [ψΡΜ + (Ld - Lq) id] iq

Fihrust = 3/2 π/τ [ψΡΜ + (Ld - Lq) id] iq (Eq. 2-11)
where τ is the PM pole pitch, which is the physical distance between pairs of axially polarized 
permanent magnets on the magnetic track. In the EiP machine PMLSMs operate in sync with 
each other around the rotor to form one large machine with the sum of power and thrust.

2.6.5 Wind Power Potential

[0161] Wind power potential for any wind machine is shown by the power curve, which 
indicates mechanical power over the range of wind speeds. Mechanical power (in Watts per 
square meter) is calculated using the following equation, Equation 2-12 (Mechanical Wind 
Power):
PM=l/2pCpAU3 (Eq . 2-12)

where p is the density of air at altitude and temperature (1.225 Kg/m3 typical), Cp is the power 

coefficient (ratio of wind power potential to actual power produced), A is the total wind swept 
area, which in the EiP wind machine equals the surface area of a cylinder of radius and height 
equal to that of the wind rotor. U is the wind speed in meters per second. Mapping of Pm over 

a range of wind speeds produces the power curve for the wind machine.

[0162] Mechanical power from a standard propeller-type wind rotor suffers under turbulent 
flow, not because of a lack of wind energy. Sudden wind gusts have massive power, which 
disrupts laminar windflow. Wind power is degraded because it is computed as energy over 
time. A strong gust can also dismember propeller blades. The EiP wind machine creates its 
own laminar flow to enhance energy uptake from sudden changes in wind speed. Also it directs 
windflow from all directions toward rotor motion, and the rotor has high solidity that tolerates 
wind gusts. Under direct control, thrust force from sudden wind gusts is converted to useful 
power, and directed toward regulation of rotor speed. Rotor speed represents total power 
potential, reflecting total inertia plus wind torque. EiP technology specifies the electronic control 
architecture for wind rotor speed, which enhances the uptake of instantaneous wind energy 
from wind gusts, storing energy temporarily as rotational inertia for maximum power utilization. 
In this way the EiP wind machine uses what would normally be categorized as useless 
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turbulence. Using statistical methods for turbulence modeling with respect to aerodynamic 
design, a scaling factor effectively increases Cp for the EiP wind machine beyond normal limits.

[0163] EiP technology drives the wind rotor as a regulation mechanism. When the rotor is 
spinning faster than laminar windflow, the EiP wind machine aerodynamic design leverages the 
Magnus effect (lift produced by rotating cylinder in free air) to improve the power coefficient. 
The Kutta-Joukowski theorem provides a way to quantify lift per unit length of the cylinder 
produced by the Magnus effect, as shown in the following equation, Equation 2-13 (Lift 
Produced By Rotating Cylinder (Magnus Effect)):
L = p2rc<»r2V (Eq. 2-13)
where ω is the angular velocity of rotation, r is the wind rotor radius, and V is the speed of 
windflow around the cylinder.

[0164] In fast winds, the EiP wind machine rotor is self-limiting. As the wind speed in the 
forward direction approaches the wind drag in the opposite direction, acceleration slows to 
zero and the rotor stalls at a certain speed while delivering full power.

[0165] For more information on EiP wind machine aerodynamics, refer to the next section.

2.6.6 Mechanical vs. Electromagnetic Torque

[0166] On all other wind machines the central shaft restricts instantaneous torque applied to 
the generator; only a fraction of total torque is allowed before twisting or breaking the shaft. In 
the EiP wind machine, mechanical torque is not limited by a central shaft, so the transformation 
to electromagnetic torque is one to one. This means that all rotor torque can be converted to 
electric power, where positive mechanical torque from wind thrust force is offset by negative 
electromagnetic torque from PMLSM thrust force. The following equations show the thrust 
force that can be generated by the wind rotor and PMLSM (Equation 2-14. Wind vs. Three- 
phase Thrust Force Equations):
Fwind Thrust = 1/2 p A V2 (Eq. 2-14, 1)

where: A = wind swept area = cylinder of wind rotor radius R

V = wind speed

p = density of air
Fj.phase Thrust = 3/2 π/τ [ψΡΜ + (La - Lq) id] iq (Eq. 2-14, 2)

where: τ is the PM pole pitch

Ln is the stator inductance

Ψρμ is permanent magnet flux linkage

in is the stator current
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[0167] These forces, exerted on the wind rotor radius R, define the torque exerted and directly 
converted to power.

3 Mechanical and Aerodynamic Specification

[0168] This section provides mechanical specifications for example EiP wind machine 
components, and describes a new aerodynamics design for direct windpower generation made 
possible by the disclosed EiP technology. The mechanical design follows these principles:

* Strength, fault tolerance, and reliability, in all types of weather and turbulence.

* Buildable, using basic fabrication techniques and common raw materials.

* Modular, expandable, supporting quick field service and upgrades.

[0169] The EiP wind machine is inspired by the ancient Persian gristmill, featuring a moving 
part and a stationary one, delivering wind power directly to the point of use. The moving part 
was a heavy slow moving grinding rotor, roughly an annulus with a central pivot, powered by a 
ring of sails rigged around the circumference (plus oxen for backup). The stationary part was 
an immovable grinding surface on the ground that matches rotor circumference. The rotor was 
kept in constant motion to maintain inertia, accepting grain and returning grist. This was an 
early example of a vertical axis wind machine with an impulse rotor and open center between 
the sails, where wind power is converted at the radius to useful purposes.

[0170] Half of the time the rotor moves in opposition to the wind, greatly reducing efficiency, so 
a wall was placed nearby to block opposing winds: creating the "Panemone" type of wind 
machine. Many since ancient times have been created, and EiP technology creates the first 
Panemone suitable for direct power generation.

[0171] The EiP wind machine generates electric power directly from wind, even turbulent and 
chaotic, near where power is consumed. The sails are made of sheet aluminum fabricated into 
a wind rotor. The wind rotor assembly sits atop an aluminum annulus with embedded magnets 
around the circumference: the magnetic rotor. Rather than erecting a wall, the wind rotor 
operates inside a sturdy exterior structure containing vertical fins, each oriented at equal 
angles with respect to the cylindrical wind rotor swept surface. Instead of oxen for backup, 
inertia plus a little grid power keeps the rotor in constant motion, even when wind is lacking. 
Rotor motion creates lift effects along each wind blade, and inertia increasing dramatically with 
small speed changes, conducting turbulent airflow toward the hollow center, for aerodynamic 
wind efficiency beyond conventional limits.
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[0172] This section specifies the mechanical design for some example embodiments by 
providing detailed descriptions of each part. Then, windzone aerodynamics is analyzed, 
followed by a brief discussion of thermal issues. First, an overview of the mechanical design is 
presented.

[0173] The descriptions and diagrams are based on the exemplary specifications of the 
exemplary embodiment of the EiP wind machine shown in the figures and described herein, 
e.g., which represents a minimal size of an example EiP wind machine. EiP technology is 
readily expandable to much greater size and power.

3.1 Mechanical Overview

[0174] The exemplary EiP wind machine described in this section has two mechanical parts: 
one moving and one stationary.

[0175] The moving part is the wind rotor, with an odd number of third-cylindrical blades around 
a common radius sandwiched between two annular rings, atop a magnetic rotor containing 
multiple oppositely polarized magnets (e.g., NdFeB bar magnets), laid out as a magnetic track 
near the outer circumference.

[0176] The stationary part is a ring containing an even number of reinforced fins sandwiched 
between two annular rings, a protective structure that supports stators above and below the 
magnetic rotor, deflecting wind from all directions toward the wind rotor, with roller bearings for 
support.

[0177] For strength, the leading edge of each fin is welded to a section of aluminum pipe. 
Frame elements for inductor support rings made of stainless steel, insert into pipe ends. The 
combination of steel and aluminum provides a sturdy base for the EiP wind machine, which 
attaches to a mounting platform on the rooftop.

[0178] FIG. 3A shows a diagram depicting an exemplary EiP wind machine device. The 
diagram of FIG. 3A shows the exemplary EiP machine including the electronic inertial power 
generation unit 110 supported on a base (e.g., support base 120) and multiple legs (e.g., four 
support legs 125). The exemplary EiP wind machine device includes an electronic inertial 
power generation unit with rotor mass enhancement, upon which the windzone is installed, as 
depicted in the diagram of FIG. 3B.

3.2 EiP Machine Mechanical Design

[0179] In the previous section, the principles of operation for the EiP machine was presented. 
This section defines the mechanical design, which integrates mechanical support for the 
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rotating and stationary parts of the windzone with power generation. The wind rotor attaches to 
the magnetic rotor, while stainless steel struts and rings form a sturdy frame for inductors, 
magnetic rotor, and bearings, supported by the stationary part. Two large rings position stator 
pairs above and below the magnetic rotor. The center of the EiP wind machine is hollow, since 
the EiP machine has no drive shaft. The hollow center provides a clear path for wind to exit the 
turbine, for high wind power efficiency. The fault-tolerant mechanical design eliminates the 
centralized generator and main bearing, insuring continued power generation in stormy 
conditions, where grid power is likely to fail. The following figure shows a cross section of the 
EiP machine.

[0180] FIG. 3B shows a schematic cross section of two exemplary EiP machines. Single-sided 
is the standard implementation. Another EiP machine on top delivers twice the power, which is 
appropriate for locations with very high winds requiring high voltage DC operation (like an 
offshore array).

[0181] The diagram of FIG. 3B shows exemplary components of the exemplary EiP wind 
machine, including: rotor blades, stationary fins, magnetic rotor annulus, support bearings 
(vertical and side), inductor support rings (upper and lower), and frame struts. The blades and 
fins represent the modular windzone, struts and bearings maintain the magnetic gap between 
the magnetic rotor and upper/lower inductors, and provide frame elements that strengthen the 
windzone by inserting into fin pipes. Also shown are areas where rotor mass can be enhanced 
by adding rings of cast material (e.g., acrylic resin), with the layer between magnetic rotor 
annulus and wind rotor providing a large bushing for rotor clearance over the machine base.

[0182] As shown in the diagram by the example two EiP wind machine system, two large rings, 
pre-drilled with mounting hole patterns for inductors, hold installed stator pairs in perfect 
alignment above and below the magnetic rotor. The upper ring bolts to the windzone and 
struts, the lower ring bolts to struts bolted to the windzone. The base of each ring can be laser 
cut from a sheet of stainless steel, with evenly spaced sites for inductors all the way round. A 
bent steel plate welded around the circumference supports the ring edges. The inner edge is 
pre-cut with holes for roller bearings, e.g., cam followers or bracketed rollers. For example, 
struts can be laser cut from %" stainless stock for added strength, to maintain the magnetic 
gap.

[0183] The exemplary EiP machine attaches to the bottom of the windzone, using the large 
aluminum structure as a heat sink and for protection. As wind speed increases, electrical 
power increases along with the cooling effect of airflow. This allows the EiP wind machine to 
maintain high power operation in high winds, with a linear power curve.

[0184] Additional description in this section provides mechanical details for example parts of 
the exemplary EiP machine, and how they fit together.

3.2.1 Inductor and Bearing Support Ring
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[0185] The lower inductor ring also supports rollers for rotor guidance. Vertical support rollers 
(e.g., 24 in exemplary machine) maintain the lower magnetic gap. Several rollers are 
conductive for grounding of rotor harmonics. The maintenance-free urethane rollers provide 
quiet operation. The number of bearings is redundant so that in case of failure continued 
operation is possible until scheduled maintenance where field replacement is possible. A 
minimum of four additional rollers control side-to-side movement. For example, it is noted that 
once the rotor is spinning in high winds, the viscosity of airflow between stationary and rotating 
parts takes over rotor support, while magnetic attraction between magnets and steel cores 
guides side-to-side motion. This eliminates vibration and wear on rollers, extending useful life 
and eliminating the possibility of catastrophic failure in high winds. FIG. 3C shows a diagram 
depicting the exemplary EiP machine inductor and bearing support ring.

3.2.2 Bearing Track Ring

[0186] On the bottom side of the magnetic rotor is a ring that provides vertical and horizontal 
guidance for roller bearings. Since the magnetic rotor is of annular shape, it can warp when 
exposed to cross-quadrant magnetic forces. So, this ring also acts as a stiffener for the rotor 
with respect to magnetic steel stator core attraction. Holes for bolting the track below and wind 
rotor above are provided, in a pattern that does not collide with windblade ends. FIG. 3D 
shows a diagram depicting the exemplary EiP machine bearing track ring, e.g., the rotor 
underside view of the track ring.

3.2.3 Ring, Bearing, and Strut Details

[0187] On the windzone side ofthe rotor is a ring that reflects the bearing ring, e.g., supporting 
only inductors. This ring attaches to the frame struts which attach to the windzone. In 
combination with the bearing ring and struts, the full EiP magnetic circuit and gaps is 
maintained. The rings, struts, bearings and rotor are assembled as shown in the detailed 
diagram below. FIG. 3E shows a schematic diagram depicting the exemplary EiP machine 
inductor/bearing ring and strut details. The upper portion of FIG. 3E, shown in FIG. 3E-1, 
shows a top down view of the ring, bearing, and strut features, including example dimension 
sizes of these features for an exemplary embodiment of the EiP wind machine. The lower 
portion of FIG. 3E, shown in FIG. 3E-2, shows a side view ofthe support base features and the 
ring and bearings features, including example dimension sizes of these features for an 
exemplary embodiment of the EiP wind machine. From this design, OEM roller bearings can be 
selected to fit the specifications shown in the following figure. FIG. 3F shows a schematic 
diagram depicting the exemplary bearing details, e.g., containing detailed cross sections of 
rings and bearings and including dimension sizes.

3.2.4 Magnetic Rotor Assembly
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[0188] In some embodiments, for example, the magnetic rotor can be configured as a laser cut 
aluminum annulus of magnet thickness. Holes for magnets are laser cut around the outer 
circumference. Neodymium iron boron magnets, of alternating axial polarity, are glued in place 
around the rotor using high peel strength epoxy. Mounted to these specifications, oppositely 
polarized magnets with respect to rotor thickness concentrate axial magnetic flux above and 
below the rotor, while producing minimal radial flux. FIGS. 3G and 3H show a general view of 
the magnetic rotor from the underside, and a detailed view specifying the layout of magnets 
and bearing track, respectively. FIG. 3G shows a diagram depicting the exemplary EiP 
machine magnetic rotor. FIG. 3H shows a diagram depicting the exemplary magnetic rotor, 
e.g., including the layout of magnets and the bearing track details.

[0189] As the rotor spins, for example, lines of flux rotate like a spinning motor armature, which 
produces alternating current on stator coils, each half above and below. Voltage increases with 
flux transition speed, and the AC waveform is sinusoidal, hallmarks of a synchronous machine. 
Multiple stator pairs instantly derive excitation from rotating magnetic fields in parallel, while 
thrust force is applied to the entire radius for maximum torque.

3.2.5 Inductor Mechanical Specification

[0190] In the exemplary embodiment described in this section, each inductor in the EiP 
machine is encapsulated in epoxy, for example, to hold the C core in place under strong 
magnetic forces, and protect windings from harsh environmental conditions. Four threaded 
inserts supported by "L" brackets in epoxy provide mounting hardware. The EiP magnetic 
circuit is described in Section 2. FIG. 3I shows a diagram showing inductor specifications for 
the exemplary EiP machine embodiment, and how it is constructed.

[0191] For example, epoxy encapsulation protects the C core and windings from harsh 
environmental conditions. The EiP machine frame, supporting bearings and inductors, provides 
drain holes and open vents allow water to quickly enter and exit the inductor operating 
environment. High-density axial flux lines quickly saturate the C core when pole faces line up, 
so the magnetic rotor gap need not be too tight. Wiring for the inductors passes through a hole 
into a sealed compartment all the way around the outside, that contains electronics and wiring. 
All electrical connections are sealed from the elements in accordance with codes and 
standards for outdoor use. An aircraft style skin covers exposed areas where guideways, 
bearings, and wiring connections reside.

3.3 Windzone Design

[0192] The EiP windzone is the aeromotor for the EiP wind machine, where wind power is 
converted to rotating mechanical energy. The windzone has a stationary part (wind stator 
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assembly) that directs the wind toward a rotating part (wind rotor assembly). The windzone 
handles any wind conditions, from high winds to light turbulence without adjustment, resulting 
in a wind curve that is linear, increasing with average wind speed. Exemplary embodiments of 
the EiP windzone are described.

[0193] The overall height and radius of the windzone defines the windswept area in the shape 
of the rotating wind rotor, e.g., a cylinder. Power potential increases linearly with rotor height 
and exponentially with radius. The stationary outer part of the windzone has an even number 
of vertical fins of fixed pitch (45 degrees with respect to inner rotor) that create a laminar 
windflow pattern internally, which is perfectly suited for the wind rotor. When viewed from the 
top with respect to current wind direction, windflow enters the rotor area from the upper left 
quadrant (Q1), crosses the center at maximum speed, and exits the lower right quadrant (Q3). 
In the lower left quadrant (Q2) windflow is forced to turn at a sharp angle where impulse force 
(positive drag) is greatest. In the upper right quadrant (Q4), windflow opposing rotor motion is 
blocked, and the still air provides drag opposing rotor motion as rotor speed increases. The 
laminar internal windflow created by stator fins eliminates the need to place the EiP wind 
machine on a tall tower. Fins are positioned at a forty-five degree angle relative to the rotor 
axis, with less than two to one ratio of stator fins to windblades. The outer edge of each fin is 
welded to a pipe for added strength and enhanced aerodynamics. Fin pipes accommodate EiP 
machine frame elements, adding top to bottom structural support.

[0194] The wind rotor is of windzone height, with an odd number of windblades welded to 
annular base and top plates. Each blade has a symmetrical 1/3 cylindrical curved profile, which 
produces maximum lift in parallel with windflow in either direction. Blade width is approximately 
the same as a stator fin. Blade pitch is -22.5 degrees below horizontal axis with respect to the 
inner tangent. So, maximum lift occurs where incoming windflow is parallel with the blade 
profile. As the rotor spins, varying proportions of lift and drag from all blades add up to positive 
rotor torque. The blade profile enhances wind shear and wake vortex, where wind direction 
undergoes a quick reversal as power is generated from it. Inflow wake vortices propagate from 
the interior exiting top and bottom of the hollow center, enhancing internal laminar flow. On 
outflow, vortices are carried away along with the exit flow. The net effect is smooth and quiet 
rotor motion regardless of wind speed, direction, or turbulence.

[0195] Standard three-bladed wind machines require placement on a tower, above 
obstructions that cause turbulence, where windflow is laminar and steady. If the wind speed is 
too great, or suddenly changes direction, instantaneous force can knock down the wind 
machine and tower. So, standard wind machines must reduce power to the point of total 
shutdown under high wind conditions. The wind curve (relationship between wind speed and 
power output) levels off in high winds. In the EiP wind machine, the windzone is designed to 
operate on rooftops or exposed surfaces where wind gusts of any magnitude can occur in any 
direction. The windzone is sturdy enough to operate in high winds and strong gusts that would 
normally destroy a more delicate apparatus.

[0196] The following figures show the mechanical shapes of windzone assemblies and
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fin/blade details; followed by a discussion of windzone aerodynamics.

3.3.1 Wind Rotor Assembly

[0197] FIG. 3J shows a schematic diagram of an exemplary wind rotor assembly, such as the 
wind rotor assembly 116. The wind rotor assembly 116 includes the wind rotor blades 117 
(e.g., wind-deflecting blades) arranged between an upper and lower rotor base plate (or track) 
with a hollow center to form the hollow central cylindrical interior space. The wind rotor can be 
fabricated by a welded aluminum assembly with an odd number of vertical blades sandwiched 
between two annuli, to form the structure shown in FIG. 3J.

3.3.2 Stationary Wind Deflector Assembly (Wind Stator)

[0198] FIG. 3K shows a schematic diagram of an exemplary wind stator assembly such as the 
wind stator assembly 118. The wind stator assembly 118 includes the wind receiving fins 119 
arranged between an upper and a lower stator base plate (or track) with a hollow center to 
contain the wind rotor assembly 116 and the hollow center of the EiP wind machine. The wind 
stator assembly can be built in sections containing two stator fin blades sandwiched between 
top and bottom plates. The sections attach to the EiP wind machine base struts to form a 
sturdy exterior structure. The modular structure makes it easier to install the EiP wind machine, 
and if damaged by flying debris, easier to repair onsite.

3.3.3 Vertical Fin and Windblade Design

[0199] For example, the stator fin blade can be configured of a sheet of aluminum plate with 
an aluminum pipe welded along the leading edge. The pipe provides reinforcement and 
creates a simple airfoil with a curved blunt face, which interacts with air viscosity to bend flow 
lines around the curve. The windblade is bent from flat aluminum plate to a 1/3rd cylinder 
profile. FIG. 3L shows a diagram of exemplary vertical fins and wind blade details.

[0200] In some examples, the 1/3rd cylinder windblade cross section is chosen to provide both 
lift and impulse operations, with maximum strength and high rigidity in the presence of 
turbulence. Unlike conventional airfoils for flight, the EiP wind machine blade design enhances 
the wing outflow vortex when operating at low attack angle producing lift.

3.4 EiP Wind Machine Aerodynamics

[0201] Generally, winds near the surface of the earth, especially in an urban setting, are 
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turbulent and chaotic, deemed useless for power generation by conventional wind machine 
designers. EiP wind machine aerodynamics employ a high-solidity design, merged with EiP 
technology to create a wind machine that quickly converts turbulent windflow to useful power. 
The mechanical design is sturdy enough to handle turbulence, and EiP technology is fault 
tolerant. EiP technology combined with a new type of aerodynamic design makes the EiP wind 
machine capable of continuous operation withstanding forces that normally cause catastrophic 
failure.

[0202] EiP wind machine aerodynamics promote rapid uptake of wind energy, turbulent or 
laminar, over a wide range of wind speed in any direction. In this way, by utilizing a wind 
resource normally considered spurious or too energetic, the wind power efficiency coefficient is 
increased. Combined with active EiP technology, direct power production from wind is taken 
beyond aerodynamic limits, through superfine electronic rotor speed control, and high-speed 
conversion of mechanical torque to electric power.

[0203] Integrated with EiP technology, the windzone (aeromotor) delivers unprecedented 
efficiency in direct wind generation, deriving power from the pressure difference (gradient) 
between free air outside and the hollow core. The pressure gradient is enhanced by rotor 
motion, with internal circulation converting turbulence on the outside to laminar flow on the 
inside. Electrical power is extracted from differential rotor torque, while windflow circulation is 
compelled by a central wake vortex back to free air above and below the EiP wind machine.

[0204] Inflow wake vortices exit the hollow center, concentrating windflow in the center for wind 
blades in the outflow. A rotor blade profile in parallel with windflow (inflow and outflow) 
produces greatest lift. As it rotates to perpendicular, positive drag (impulse response) is 
greatest. Negative drag increases with rotor speed, occurring mostly where windflow is blocked 
and no positive torque is produced.

[0205] Since windflow is directed toward rotor motion all the way around, the windswept area is 
a cylinder of rotor radius and height, not a disk. Winds striking the windzone in all directions 
contribute to power production, and the rotor is hyper-sensitized to sudden changes in wind 
speed.

[0206] FIG. 3M shows a diagram depicting exemplary EiP windzone aerodynamics. EiP wind 
machine aerodynamics specifies a solid and heavy rotor that responds instantly to changes in 
wind speed and direction to produce useful power. The diagram of FIG. 3M shows the drag 
and lift effects on each windblade with respect to wind direction, which combine to instantly 
create net positive rotor torque in four quadrants (Q1, Q2, Q3, Q4). The ratio of lift vs. drag 
varies as each blade rotates around the center. Wind energy is directed by wind stator blades 
to enter and concentrate in Q1 where wind blades generate maximum lift. As a blade enters 
Q2, it produces maximum positive drag. The symmetrical profile "flips" as it enters Q3, 
producing maximum lift on the outflow. Wind opposing rotor motion is blocked in Q4 where no 
net lift is produced, the still air colliding with a moving windblade generates more negative drag 
as rotor speed increases. At a certain wind speed, when negative drag equals net positive drag 
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and lift, the rotor spins to faster than wind speed (cruising speed). Wake vortices produced by 
power generation exit top and bottom of the hollow center in Q1, and in the turbulent flows 
surrounding the exit windflow in Q3. The rapid outflow of vortices enhances laminar windflow 
internally, greatly improving efficiency.

3.4.1 Lift Plus Drag Effect

[0207] For example, greatest power from the wind rotor occurs in Q1 where lift plus positive 
drag effects combine, as shown in the following figure. This is why the EiP wind machine 
responds so rapidly to wind speed changes (gusts).

[0208] FIG. 3N shows a diagram depicting the exemplary EiP windzone aerodynamic details, 
e.g., showing the first quadrant (Q1) of FIG. 3M. In the first quadrant (Q1), when a rotor blade 
operates in parallel with incoming windflow, it produces maximum lift. When perpendicular to 
windflow, maximum positive drag occurs. As the attack angle shifts when the rotor moves, lift 
and drag are proportional. Positive drag enhances the impulse response to sudden changes in 
wind speed (gusts). When wind energy is converted to power, it undergoes a sudden change 
in wind direction that creates inflow wake vortices that exit the hollow center top and bottom.

3.4.2 Central Wake Vortex

[0209] A "wake vortex" is left in the windflow downstream of all wind machines, once energy 
has been extracted and released to free air. The vortex slides off airfoil surfaces and rotates in 
the opposite direction of the wind rotor. For power production, the wake vortex must be 
allowed to persist in the air column downwind while energy is extracted. Most vertical axis wind 
turbines must operate in their own wake vortex, which limits efficiency. Propeller type wind 
machines are more efficient because they exhibit a trailing wake vortex, but any turbulence 
causes a loss of power because the vortex is cut off in anisotropic flows.

[0210] In the EiP wind machine, all wake vortices rapidly exit top and bottom, while reinforcing 
internal laminar windflow. The rapid reversal of wind direction in each wake vortex energizes 
and concentrates wind energy in the central core while intensifying inflow. On outflow, wake 
vortices expand and pull windflow out of the machine with great force. All of these effects 
combine to improve aeromotor efficiency, and create a linear wind power curve.

3.4.3 Rotor Speed Balance Self Regulation

[0211] The EiP wind machine rotor is a unique aerodynamic device with mechanical self­
regulation in balance and speed. Since there is no central shaft, the rotor is essentially an 
annular cylinder, which is the shape that produces more inertial than any other spinning body.
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Instead of fine blade tips attached to a shaft, wide wings with a high drag coefficient "fly" 
around the hollow center within its stationary containment. Spinning no faster that wind speed 
(TSR 1:1), the rotor maintains balance with no central shaft rather than vibration. The annular 
cylinder is a rotating body that follows the "right hand rule", where angular momentum in the 
direction of the fingers (multiplied by the radius), and a torque vector in the direction of the 
thumb increase exponentially with speed. The torque vector becomes a virtual shaft around 
which rotor mass instantly balances in powerful wind gusts. Combined with strong magnetic 
forces between rotor magnets and stationary iron core inductors, the high viscosity of windflow 
between stationary and moving parts stabilizes and cushions the rotor for smoother and 
quieter operation in high winds. Passive mechanical self-regulation is a key feature of the EiP 
wind machine, where conventional wind turbines must be shut down or face certain 
destruction. In these conditions, the EiP wind machine operates normally.

[0212] For example, at a certain speed, depending on rotor size (height and radius), the rotor 
can spin no faster when negative drag equals positive drag plus lift, referred to as "cruising 
speed". EiP electronic control continues to extract more power from wind speeds above 
cruising, maintaining a linear power curve with constant rotor speed.

3.4.4 Adaptive Torque Control

[0213] Adaptive torque control has been used as a strategy for large wind farms to generate 
maximum steady power from highly variable winds for easy grid integration. However, since 
the TSR of a propeller is much greater than unity, most of the time this practice consumes 
excess power that reduces overall efficiency. Because of high TSR, a powered propeller 
merely cancels wind uptake, creating turbulence and disrupting the wake vortex. No power 
from turbulence is possible, because the propeller's trailing vortex is wiped out by non-laminar 
anisotropic flow, cutting off mechanical torque.

[0214] In the EiP wind machine rotor the natural 1:1 TSR allows direct torque control to 
maintain rotor speed very quickly, to sustain the wake vortex inside the machine regardless of 
ambient wind conditions, allowing energy production from gusty winds, until now considered to 
be impossible. This greatly improves the wind power efficiency, linearizing the power curve. 
Since power is delivered through an electronic inverter, rotor speed can fluctuate, which 
supports EiP oscillation between several EiP wind machines, where excess energy is shared 
through adaptive torque control.

3.4.5 Windzone Thermodynamics

[0215] Generally, all of the semiconductors and inductors produce heat. Fortunately, for 
semiconductors and inductors inside the EiP wind machine, maximum heating occurs when the 
windflow is high. Each PMLSM module is attached to the windzone, which acts as a heatsink.
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Airflow through the wind machine cools these devices as they deliver power. This allows 
maximum power output from the minimum amount of copper and iron electromagnetic 
components.

4 Exemplary Electronics Hardware Specification

[0216] The disclosed EiP technology is modular at the electrical machine level by breaking 
down a large array of rectifier electronics into three-phase groups, embedded in each PMLSM. 
Each PMLSM has an integrated three-phase rectifier module, which converts AC to a DC 
voltage. Stators connect in a wye configuration, with each leg electrically isolated from a 
shared DC interface, post rectifier. Three or more PMLSMs can be combined as building 
blocks to create certain configurations of EiP machine. One PMLSM provides a Voltage 
Sourced Converter (VSC) circuit for motoring and generating, while all others provide simple 
three-phase diode rectifiers for generating only. EiP oscillator circuits containing one VSC and 
two or more three-phase rectifiers are stacked on the DC interface, as building blocks for an 
EiP machine configured to any size and power.

4.1 Three Phase Diode Bridge Rectifier

[0217] The primary linear electronic circuit for a generating PMLSM is a simple six-segment 
three-phase diode bridge rectifier, as shown in the example of FIG. 4A. FIG. 4A shows a 
schematic diagram of an exemplary PMLSM diode bridge. Diode bridges are stacked in series 
or parallel for a certain voltage/current configuration on the DC link. Each leg of the wye is an 
EiP synchronous magnetic circuit, designed to work with industry-standard three-phase rectifier 
modules.

[0218] Stator AC is only allowed to flow in one direction, so when the three AC waveforms are 
superimposed, it results in roughly a DC voltage that equals peak AC voltage. A capacitor is 
added to the DC link bus, to filter out ripple and add time before DC voltage drops.

4.2 Voltage Sourced Converter (VSC)

[0219] For motoring operations, an industry-standard three-phase module called a voltage 
sourced converter (VSC) is required. The VSC circuit places semiconductor valves like the 
insulated gate bipolar transistor (IGBT) in parallel with each diode in a three-phase rectifier, to 
become a controlled rectifier/inverter. In a three-phase group, packaged for industrial use, the 
circuit is commonly called a variable frequency drive (VFD). IGBTs are controlled by pulse 
width modulation (PWM) of gate signals for motoring and generating operating modes, turning 
variable voltage and frequency three-phase AC power into a fixed DC link voltage when 
generating, or inverting DC link power to three-phase AC power of variable voltage and 
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frequency for motoring. When the IGBTs are inactive, the rotor simply coasts and the circuit 
reverts to a three-phase rectifier. The following figure shows the VSC and PMLSM stators. FIG. 
4B shows a schematic diagram of an exemplary PMLSM VSC.

[0220] PWM-controlled IGBTs provide power factor and phase control for each stator leg. 
PWMs are provided by an intelligent controller part, which generates waveforms on the IGBT 
gates that regulate the flow of current through IGBTs. Software control of the rectifier uses 
rotor flux estimation techniques based on real-time analysis of stator currents by a digital signal 
processor. All timing and feedback is derived from rotor flux/stator interactions, e.g., eliminating 
outboard speed sensors.

[0221] VSC controller electronics are powered by a separate low-voltage supply, which is 
easily battery-backed. When the supply is removed, all IGBTs go to a high impedance state, 
and the circuit becomes a simple passive rectifier. Diodes completely isolate stators in the 
reverse direction from the DC link voltage. This removes the threat of cascading breakdown if 
a fault occurs, where a diode becomes an open circuit if current is too high, and the stator leg 
is completely cut out of the circuit.

4.2.1 Power Factor Control

[0222] PWM control of IGBT gates adjusts the power angle between reactive and resistive 
parts of stator interactions with the magnetic rotor, providing power factor control. The PWM 
controller monitors AC frequency using sensorless techniques, for rotor speed indication. Rotor 
speed corresponds to total power potential speed regulation defines power limits.

4.2.2 Power Regulation Through Motoring

[0223] Wind energy uptake accelerates the rotor, which raises the DC link voltage. Electrical 
loading on the DC link decelerates the rotor and lowers DC link voltage. Each PMLSM with 
VSC regulates speed by forward and reverse motoring using integrated PWM control. When 
rotor inertia is high, braking by reverse motoring (generating) causes DC link to rise. Forward 
motoring causes DC link to drop (by loading) while rotor accelerates. When motoring and 
generating, the rotor speeds up and slows down while DC voltage remains constant. At 
maximum rotor speed, the DC voltage is allowed to fluctuate.

4.2.3 High Frequency PWM Support

[0224] The PWM carrier frequency is thousands of times greater than generator frequency. In 
the EiP machine, for example, smaller silicon steel C cores allow maximization of PWM 
frequency, for high speed and higher resolution control. If a high frequency is chosen, for 
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example 16 KHz, switching harmonics can produce eddy current losses in large monolithic 
cores. Discrete core segments, built with 3% silicon steel laminates, naturally operate at higher 
frequencies with low losses, so PWM frequency is maximized.

4.2.4 Off-the-shelf Industry Standard Variable Frequency Drive Compatibility

[0225] VSC technology is fairly mature, where a variety of modular industrial VFDs are 
available from various manufacturers off-the-shelf, and programmed to fit PMLSM motor 
parameters. EiP technology can use the standard VFD as the electronics hardware platform. In 
some embodiments of exemplary EiP wind machine, for faster time-to-market, the machine 
contains one off-the-shelf VSC for a motoring PMLSM, while all others use diode bridges. A 
grid-tie inverter connected to the DC link creates an EiP wind machine grid interface that 
conforms to standards.

[0226] In some embodiments of exemplary EiP wind machine, custom VSCs are integrated 
into every PMLSM in the wind machine frame, with built in cycloconversion for direct grid­
compatible AC.

4.2.5 Electronic Mechanical Compensation

[0227] High-speed electronic control of instantaneous PMLSM thrust force allows tight control 
of large and loose mechanical systems. The EiP wind machine is subject to random 
mechanical forces from wind and magnetics that cause undesirable vibrations. With electronic 
control that is stronger and faster than mechanics, precise regulation compensates for periodic 
vibrations like torque ripple, maintaining smooth and quiet rotor motion.

[0228] For example, torque ripple is an artifact of the EiP modular magnetic design, where the 
linearization of a rotary machine lacks the mechanical stabilization of a central shaft. A 
smoothing algorithm in the VSC simulates control from the central shaft by cancelling and 
neutralizing torque ripple in real-time.

4.3 EiP Oscillator Architecture

[0229] In various embodiments, the inductors in the exemplary EiP machine are the same size, 
so two or more generating PMLSMs with a diode bridge must be connected in series for 
enough voltage. The resulting circuit is the EiP oscillator, where the output of two or more 
PMLSMs in series, drive one PMLSM with a VSC. In combination with the magnetic rotor, this 
circuit produces the EiP oscillation. This defines the primary electronic module for EiP machine 
configuration. EiP technology breaks down a complex array of stators and electronics into EiP 
oscillator configurations, which can be duplicated around the DC link and magnetic rotor to 
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form a synchronous generator of any size. On the grid, at startup one PMLSM motors the rotor 
to minimum speed, until generating PMLSMs create enough voltage to sustain the DC link. At 
this point the motoring PMLSM only maintains minimum speed then coasts and supports the 
DC link when wind and inertia take over. The following figure shows the virtual circuit for an EiP 
oscillator, e.g., using three or five PMLSMs.

[0230] FIG. 4C-1 and 4C-2 show schematic diagrams of exemplary three and five PMLSM EiP 
oscillators. Each generating PMLSM contains rectifiers that produce a DC voltage equal to the 
peak AC voltage produced by rotor motion. The exemplary three PMLSM version shown in 
FIG. 4C-1 is a minimal theoretical configuration, but a higher DC link voltage is produced when 
more generating PMLSMs are connected in series. The exemplary five PMLSM version shown 
in FIG. 4C-2 is more appropriate to the exemplary inductor design. Notably, it is possible to 
create a higher voltage DC link by stacking more series connected PMLSMs, depending on the 
requirements of the VSC part of the circuit. The flexible architecture of the disclosed EiP 
technology allows configuration of the EiP wind machine to match the wind resource at the 
installed location.

4.3.1 EiP Oscillator Circuit Selection for EiP Machine Configurations

[0231] In some embodiments, for example, a three-PMLSM EiP oscillator is the minimal 
configuration. But, many more levels of generating vs. motoring PMLSMs are possible. If a 
greater amount of energy uptake from electrical sources is required, the proportion of motoring 
PMLSMs should be greater. If wind energy production is key, the total number of generators 
should be maximized. The exemplary EiP wind machine supports combinations of identical of 
EiP oscillator(s), to populate the stator slots in combinations shown in the following figure.

[0232] FIG. 4D shows a diagram of exemplary five PMLSM modular combinations for the 
exemplary EiP machine radius. The diagram of FIG. 4D shows three exemplary combinations 
of five PMLSM EiP oscillators. The five PMLSM implementation is effective, e.g., because the 
nominal voltage matches the VFD DC link. The first example shows five PMLSMs with one 
acting as a motoring module. The second example shows ten PMLSMs with the oppositely 
arranged PMLSMs (1a and 1b) for motoring, under a master/follower drive control model. The 
third example shows 20 PMLSMs, with 1a as the mater and 1b, 1c, and Id as followers. The 
DC link of each oscillator grouping can be wired in parallel or series, which determines the 
output voltage of the EiP wind machine. The DC links can also each drive separate inverters 
for separate AC services at lower voltage.

4.3.2 Networked Control and Monitoring Interface

[0233] VSCs in the EiP wind machine can be configured to connect on the DC link with a local 
control interface for DC voltage regulation. For example, for external control, an RS-485 
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control network interface provides a way to organize motoring PMLSMs in the EiP wind 
machine, and facilitate control and status exchanges with a central controller device. In some 
implementations, for example, EiP wind machines interact on the shared local grid through 
exchanges of parameters on the network. Parameter definitions and protocol depend on the 
VSC in use.

5 System Architecture

[0234] EiP technology is fractal by design. For example, in some embodiments, at all levels, 
from PMLSM modules to clusters of EiP wind machines, there is self-similarity in basic 
structures and relationships. For example, each PMLSM includes four magnetic poles 
interacting with three-phase stator groups on one side, and a shared DC network on the other. 
Groups of PMLSMs are combined as EiP oscillators in groups of three to five, and EiP 
oscillators are combined in groups operating on the DC link with a common control interface. 
Clusters of EiP wind machines form spontaneous networks in groups of three or more, sharing 
common grid attachments from different locations, and a common high-speed local area 
network connection. Groups of clusters form clusters over a wide area. The fractal expansion 
of modular structures presents no limits to the size and scope of a power generating and 
distribution system.

[0235] This section describes how each level of EiP technology fits into the system architecture 
for an exemplary EiP wind machine.

[0236] The system architecture can include, for example, configurations of PMLSMs for an 
exemplary EiP wind machine (e.g., DC link network), then network cluster structure 
(Spontaneous Network, power sharing), then cluster of clusters structure (network data sharing 
only, no local grid connection); DC network local to EiP wind machine; EiP Spontaneous 
Networking between wind machines; Synchronous Power Web between spontaneous 
networks; and/or EiP Distributed Generation Station.

5.1 PMLSM DC Link Network

[0237] A low latency network interface provides the hookup for control and monitoring of the 
EiP wind machine through motoring PMLSMs. Using a standard industrial networking interface, 
a controller device is attached to the EiP wind machine. The controller executes a set of 
commands, for starting and stopping the machine, configuration, and runtime control. The EiP 
wind machine issues status in response to commands continuously, until another command is 
given. The low latency control path supports a simple PI controller architecture, for rotor speed 
and power regulation.

[0238] Inside the EiP machine, PMLSMs that perform regulation functions are grouped as EiP 
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oscillator circuits to form a specific configuration on the DC link. These groups operate on a DC 
network, controlled by the shared remote control and monitoring interface. The DC network 
voltage is supported by generating PMLSMs and regulated by motoring ones.

5.1.1 Remote Control and Monitoring

[0239] The EiP remote controller device provides a keypad and screen, for setup and 
monitoring. The device has a wired, wireless, or fiber optic interface to the EiP wind machine. A 
port is provided to attach a laptop for more elaborate software control functionality for EiP 
machines and network.

[0240] For more information on EiP wind machine commands and status, refer to the 
"Programming Specification" section.

5.2 EiP Spontaneous Networking

[0241] In some examples of EiP spontaneous networking, for example, a minimum of four EiP 
wind machines, sharing their remote control and monitoring interfaces over a wireless 
connection with low latency, self-organize to form an EiP spontaneous network on the shared 
grid connection. Since EiP machines use soft-switched power semiconductor technology rather 
than transformers, they can link in parallel at lower voltage over short power lines. The 
combined current and inertial storage of many EiP wind machines increases local grid capacity 
and stability, through instant sharing of power with maximum efficiency in an EiP spontaneous 
network. The EiP spontaneous networking topology can include a local grid segment: showing 
nodes, clusters, and 3D terrain.

5.2.1 EiP Network Nodes and Clusters

[0242] In the example, an EiP spontaneous network requires at least four EiP wind machines 
to form a network. Each EiP wind machine is a network "node". Groups of four nodes form 
"clusters" on the network, organized in direct association with the local terrain. Net connections 
are tetrahedral, with three network paths from node to node. Clusters form groups of clusters, 
encompassing a wider geographical area.

5.2.2 Hardware Cache Line-based Network Protocol

[0243] EiP network protocol operates like a hardware cache, where the structuring of data in 
the bit stream controls packet switching, at the node level. The stream is synchronous with 
embedded timestamp. All participating nodes follow the protocol, enforced by hardware. Any
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non-conforming transactions are ignored like background noise on a voice phone.

[0244] Each EiP wind machine broadcasts its current status to the network, then listens for 
others who share the same grid connection. Each EiP wind machine is calibrated to its location, 
through common natural references from a geographic information system (GIS), from which a 
unique identifier on the network is created. Like any self-organizing system in nature, groups of 
nearby EiP wind machines form a spontaneous network, from which all derive control signals 
for local power management. This ad hoc power web operates without centralized addressing, 
providing a live picture of real-time renewable power conditions across a wide area, and 
instantaneous local power protection from network-wide disruptions. The power web eliminates 
grid lossiness, caused by transformers and long transmission lines, backfilling the waste with 
renewable energy from local rooftops.

[0245] The network can be configured to always operating at maximum speed and data 
throughput. While idle, the network data contains a diagnostic test pattern, indicating current 
network status and power conditions. Once running the network can be configured to be 
always fully loaded with real-time data. Each node waits for the correct time slot for sending 
commands and status, overwriting existing data without disrupting others.

5.2.3 Private Channel for Power Providers

[0246] Owners of each EiP wind machine have access to a slot for encrypted private 
transactions on the network between other machines using the same private channel. The 
private channel service can be used by power companies that lease EiP wind machines to 
customers and use power company EiP machines for energy uptake and net metering. All EiP 
machines group in a spontaneous way for maximum energy production, while private 
monitoring and billing systems manage monetary and statistical operations.

5.3 EiP Synchronous Power Web

[0247] In combination with solar panels and fuel cells, for example, a rooftop wind farm using 
EiP wind machines can produce 100% renewable energy in any atmospheric conditions, day or 
night. This is accomplished by a slow buildup of inertia, which is quickly released for brief 
moments as needed to help build up inertia in other EiP wind machines in the cluster. Over 
time, enough inertia accumulates to power necessary loads indefinitely, as excess inertia is 
shared by a "ping pong" effect.

5.3.1 Linking EiP Spontaneous Networks for Wide Area Energy Sharing

[0248] EiP spontaneous networks that share a data connection while operating on separate 
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grid segments link up to create a synchronous power web over a large landscape is created. 
This solves the problem where the wind is blowing during off peak times, and excess energy 
must be stored for peak times, even during calm. Through each spontaneous network, EiP 
wind machines share excess energy in a grid segment wide EiP oscillation, which provides a 
vast storehouse of energy.

[0249] When EiP spontaneous networks link up to form a power web, distant transmission lines 
between can be allowed to operate wildly, as disturbances are relayed by high speed data links 
and compensated for in advance. The synchronous power web acts like a power filter, 
stabilizer, and battery for distant power generation from random renewable sources, without 
the need for flexible cogeneration, for maximum wind power in the energy mix.

5.4 Oscillations and Distributed Generation

[0250] Whenever multiple sources of electrical generation are interconnected, oscillations are 
commonplace. Generators speed up and slow down under changes in load, feeding back 
power surges and sags on one another to create parasitic oscillations. As a primary design 
feature, for example, EiP technology converts oscillation into a resource that enhances 
capture, storage, and delivery of renewable energy.

[0251] EiP machines can decouple the generator rotor angle from power delivery, allowing 
rotor speed to fluctuate in "transient stability", where the rotor operates at variable speed, 
which is allowed to oscillate, normally a catastrophic failure mode when multiple generators 
connect out of step. Changes in load and resource can naturally occur without dumping excess 
power. An electronic inverter delivers the power providing instantaneous power factor control 
and correction, which determines how much power is actually consumed (resistive or active 
power) vs. power for magnetic fields required to transmit and distribute it (reactive power).

6 Exemplary Programming Considerations

[0252] This section specifies information related to programming of EiP machine networks, 
including PMLSM parameters and EiP spontaneous network data structure. The exemplary EiP 
programming environment can consider DC network and parameters, spontaneous network 
and cache line structure, and power web cache line.

6.1 PMLSM Parameter Programming

[0253] Programming depends on manufacturer specifications; the exemplary EiP wind 
machine can utilize an Allen Bradley Powerflex 40 3-phase motor controllers.
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6.2 EiP Spontaneous Networking Data Structure

[0254] EiP spontaneous networking data structure, which is applied to networking tools and 
techniques for three-phase industrial motor networks, represents a cache line on the EiP 
spontaneous network that each EiP wind machine constantly updates with current operating 
data. The EiP data structure (e.g., EiP Spontaneous Networking Data Structure) can include a 
time stamp, machine identifier, and operating mode.

[0255] Implementations of the subject matter and the functional operations described in this 
patent document can be implemented in various systems, digital electronic circuitry, or in 
computer software, firmware, or hardware, including the structures disclosed in this 
specification and their structural equivalents, or in combinations of one or more of them. 
Implementations of the subject matter described in this specification can be implemented as 
one or more computer program products, i.e., one or more modules of computer program 
instructions encoded on a tangible and non-transitory computer readable medium for 
execution by, or to control the operation of, data processing apparatus. The computer readable 
medium can be a machine-readable storage device, a machine-readable storage substrate, a 
memory device, a composition of matter effecting a machine-readable propagated signal, or a 
combination of one or more of them. The term "data processing apparatus" encompasses all 
apparatus, devices, and machines for processing data, including by way of example a 
programmable processor, a computer, or multiple processors or computers. The apparatus 
can include, in addition to hardware, code that creates an execution environment for the 
computer program in question, e.g., code that constitutes processor firmware, a protocol stack, 
a database management system, an operating system, or a combination of one or more of 
them.

[0256] A computer program (also known as a program, software, software application, script, 
or code) can be written in any form of programming language, including compiled or 
interpreted languages, and it can be deployed in any form, including as a stand-alone program 
or as a module, component, subroutine, or other unit suitable for use in a computing 
environment. A computer program does not necessarily correspond to a file in a file system. A 
program can be stored in a portion of a file that holds other programs or data (e.g., one or 
more scripts stored in a markup language document), in a single file dedicated to the program 
in question, or in multiple coordinated files (e.g., files that store one or more modules, sub 
programs, or portions of code). A computer program can be deployed to be executed on one 
computer or on multiple computers that are located at one site or distributed across multiple 
sites and interconnected by a communication network.

[0257] The processes and logic flows described in this specification can be performed by one 
or more programmable processors executing one or more computer programs to perform 
functions by operating on input data and generating output. The processes and logic flows can 
also be performed by, and apparatus can also be implemented as, special purpose logic 
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circuitry, e.g., an FPGA (field programmable gate array) or an ASIC (application specific 
integrated circuit).

[0258] Processors suitable for the execution of a computer program include, by way of 
example, both general and special purpose microprocessors, and any one or more processors 
of any kind of digital computer. Generally, a processor will receive instructions and data from a 
read only memory or a random access memory or both. The essential elements of a computer 
are a processor for performing instructions and one or more memory devices for storing 
instructions and data. Generally, a computer will also include, or be operatively coupled to 
receive data from or transfer data to, or both, one or more mass storage devices for storing 
data, e.g., magnetic, magneto optical disks, or optical disks. However, a computer need not 
have such devices. Computer readable media suitable for storing computer program 
instructions and data include all forms of nonvolatile memory, media and memory devices, 
including by way of example semiconductor memory devices, e.g., EPROM, EEPROM, and 
flash memory devices. The processor and the memory can be supplemented by, or 
incorporated in, special purpose logic circuitry.

Examples

[0259] The following examples are illustrative of several embodiments of the present 
technology. Other exemplary embodiments of the present technology may be presented prior 
to the following listed examples, or after the following listed examples.

[0260] In one example of the present technology (example 1), a wind power generator for 
converting wind power into electricity includes a support base; inductor coils fixed in position 
over the support base in a circular array; an annulus ring track fixed to the base support and 
configured to provide a circular track around which the circular array of inductor coils is 
located; rollers placed in the circular track of the annulus ring track to roll in the circular track to 
move around the annulus ring track; an annulus ring rotor placed on the annulus ring track and 
engaged to the rollers in the circular track of the annulus ring track so that the annulus ring 
rotor can rotate relative to the an annulus ring track by operation of rolling motion of the rollers 
in the circular track without having a rotary shaft in the center of the annulus ring rotor for 
rotating the annulus ring rotor, the annulus ring rotor structured to include separate magnets 
evenly spaced from one another on an outer peripheral of the annulus ring rotor to move 
through the circular array of inductor coils as the annulus ring rotor rotates with respect to the 
annulus ring track so that the relative motion between the magnets and the inductor coils 
causes generation of electric currents in the inductor coils; and a cylindrical wind rotor 
assembly located above and fixed to the annulus ring rotor to form a unified assembly to rotate 
with the annulus ring rotor relative to the annulus ring track, the cylindrical wind rotor assembly 
structured to include wind-deflecting blades that are spaced from one another and arranged in 
a circle around the cylindrical wind rotor assembly to form a hollow central cylindrical interior 
space for containing a wind vortex formed from deflecting of the received wind by the wind­
deflecting blades, to convert received wind from any direction into a rotation of the unified 
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assembly relative to the annulus ring track, thus causing conversion of the wind energy into the 
electric currents in the inductor coils.

[0261] Example 2 includes the wind power generator as in example 1, further including a 
cylindrical wind stator assembly fixed in position relative to the support base and the annulus 
ring track, the cylindrical wind stator assembly including stator wind-receiving fins arranged in a 
circle that is outside of and encloses the cylindrical wind rotor assembly and the stator wind­
receiving fins structured to direct received wind from any direction inwards and towards the 
wind-deflecting blades of the cylindrical wind rotor assembly, in which the stator wind-receiving 
fins and the wind-deflecting blades are structured to collectively and efficiently convert the 
received wind into a rotation of the cylindrical wind rotor assembly.

[0262] Example 3 includes the wind power generator as in example 2, in which each stator 
wind-receiving fin includes a pipe or rod having a curved outer edge as a first interface of the 
wind power generator with the received wind.

[0263] Example 4 includes the wind power generator as in example 2, in which each stator 
wind-receiving fin includes a fin portion that is slanted in orientation with respect to a radial 
direction of the cylindrical wind stator assembly and is configured to receive and direct wind 
into the wind-deflecting blades of the cylindrical wind rotor assembly.

[0264] Example 5 includes the wind power generator as in example 4, in which the fin portion 
is slanted in orientation with respect to a radial direction of the cylindrical wind stator assembly 
at 45 degrees.

[0265] Example 6 includes the wind power generator as in example 2, in which each stator 
wind-receiving fin includes a fin portion formed of a metal or metallic alloy.

[0266] Example 7 includes the wind power generator as in example 2, in which each stator 
wind-receiving fin includes an aluminum fin portion.

[0267] Example 8 includes the wind power generator as in example 2, in which the stator wind­
receiving fins of the cylindrical wind stator assembly and the wind-deflecting blades of the 
cylindrical wind rotor assembly are configured so that a radial dimension of the cylindrical wind 
stator assembly, a radial dimension of the cylindrical wind rotor assembly, and a radius of the 
hollow central cylindrical interior space in the center of the cylindrical wind rotor assembly are 
substantially the same.

[0268] Example 9 includes the wind power generator as in example 2, in which the cylindrical 
wind stator assembly has an outer diameter greater than a length of the cylindrical wind stator 
assembly along a cylindrical axis of the cylindrical wind stator assembly.

[0269] Example 10 includes the wind power generator as in example 2, in which a number of 
the stator wind-receiving fins of the cylindrical wind stator assembly is greater than a number of
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the wind-deflecting blades of the cylindrical wind rotor assembly.

[0270] Example 11 includes the wind power generator as in example 2, in which each wind­
deflecting blade of the cylindrical wind rotor assembly includes a curved blade portion; and the 
stator wind-receiving fins of the cylindrical wind stator assembly are slanted in orientation with 
respect to respective radial directions of the cylindrical wind stator assembly to direct received 
wind towards a concave side of the curved blade portion of each wind-deflecting blade.

[0271] Example 12 includes the wind power generator as in example 1, in which each wind­
deflecting blade includes a curved blade portion to deflect the received wind into a wind vortex 
inside a hollow central region of the cylindrical wind rotor assembly.

[0272] Example 13 includes the wind power generator as in example 12, in which the curved 
blade portion in each wind-deflecting blade has a geometry of a portion of a cylinder.

[0273] Example 14 includes the wind power generator as in example 12, in which the curved 
blade portion in each wind-deflecting blade includes a geometry of one third of a cylinder.

[0274] Example 15 includes the wind power generator as in example 1, in which the inductor 
coils in the circular array of inductor coils are independent from one another to independently 
produce respective currents caused by a relative motion of the magnets on the outer 
peripheral of the annulus ring rotor relative to the inductor coils of the circular array of inductor 
coils so that a failure in one inductor coil is not disruptive to current generation in another 
inductor coil.

[0275] Example 16 includes the wind power generator as in example 1, in which the inductor 
coils in the circular array of inductor coils are configured into independent inductor modules 
that operate independently from one module to another, and each inductor module includes 
(1) three adjacent inductor coils that are connected to one another to form a 3-phase inductor 
module to so that the phases of the three adjacent inductor coils are separated by one third of 
a cycle to collectively produce an AC output current from three currents respectively generated 
by the three adjacent inductor coils, and (2) a rectifier circuit coupled to receive the AC output 
current and to produce a DC output voltage.

[0276] Example 17 includes the wind power generator as in example 16, in which the rectifier 
circuit of an inductor module includes a three-phase diode bridge rectifier circuit formed of six 
diodes.

[0277] Example 18 includes the wind power generator as in example 1, in which the inductor 
coils in the circular array of inductor coils are configured as independent inductor modules that 
operate independently from one module to another, each inductor module includes (1) three 
adjacent inductor coils that are connected to one another to form a 3-phase inductor module to 
so that the phases of the three adjacent inductor coils are separated by one third of a cycle to 
collectively produce an AC output current from three currents respectively generated by the 
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three adjacent inductor coils, and (2) a rectifier circuit coupled to receive the AC output current 
and to produce a DC output voltage, and the inductor modules are configured as independent 
inductor module groups where each inductor module group includes 3 or more inductor 
modules, the inductor modules within each inductor module group are coupled to produce an 
inductor module group output, and different inductor module groups are separated and 
operate independently from one to another.

[0278] Example 19 includes the wind power generator as in example 18, in which each 
inductor module group includes: a mode-switching circuit in a selected inductor module in the 
inductor module group and coupled to a rectifier circuit of the selected inductor module to 
inactivate the rectifier circuit to allow the selected inductor module to operate in an AC mode 
for producing an AC output or to activate the rectifier circuit to allow the select inductor module 
to operate in an DC mode for producing an DC output, and a control circuit coupled to the 
mode-switching circuit to control the operation the mode-switching circuit in switching the 
selected inductor module between the AC mode and the DC mode.

[0279] Example 20 includes the wind power generator as in example 19, in which each 
inductor module group further includes a sensing circuit coupled in the selected inductor 
module in the inductor module group that senses a rotation condition of the cylindrical wind 
rotor assembly based on timing and magnitudes of currents in the inductor coils within the 
selected inductor module and, based on the sensed rotation condition, the control circuit is 
configured to control the AC mode operation of the selected inductor module in response to 
the received wind condition to accelerate or decelerate the rotation of the cylindrical wind rotor 
assembly so that the rotation of the cylindrical wind rotor assembly varies dynamically with 
received wind condition to maximize an efficiency in converting the received wind power into 
electricity.

[0280] Example 21 includes the wind power generator as in example 20, in which the control 
circuit includes a digital signal processor that is programmed with software to control, based on 
the sensed rotation condition from the sensing circuit, the AC and DC modes of operation of 
the selected inductor module in the inductor module group.

[0281] Example 22 includes the wind power generator as in example 20, in which the control 
circuit is configured to control the inductor coils within the selected inductor module to cause 
the rotation of the cylindrical wind rotor assembly to be in a coasting mode which maintains a 
constant speed of the rotation of the cylindrical wind rotor assembly at a given received wind 
condition and produces a DC output of the wind power generator, a motoring mode which 
speeds up the rotation of the cylindrical wind rotor assembly while reducing a DC output of the 
wind power generator, or a generating mode which slows down the rotation of the cylindrical 
wind rotor assembly while increasing the a DC output of the wind power generator.

[0282] Example 23 includes the wind power generator as in example 20, in which the control 
circuit is configured to control, based on the sensed rotation condition from the sensing circuit, 
the selected inductor module to operate in or switch to one of the coasting mode, the motoring 
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mode, or the generating mode to dynamically synchronize operation of the wind power 
generator to the received wind condition and a load condition that draws power from the wind 
power generator.

[0283] Example 24 includes the wind power generator as in example 20, in which each 
inductor coil includes a first half inductor coil part that includes a first magnetic core and a first 
conductor wire coil that winds around the first magnetic core and a second half inductor coil 
part that includes a second magnetic core and a second conductor wire coil that winds around 
the second magnetic core, and the first and second half inductor coil parts are positioned at 
opposite sides of a plane in which the magnets in the outer peripheral of the annulus ring rotor 
rotate to position the magnets between the first and second half inductor coil parts.

[0284] Example 25 includes the wind power generator as in example 24, in which each of the 
first and second half inductor coil parts includes a C shaped magnetic core having two terminal 
ends that interface with the magnets in the outer peripheral of the annulus ring rotor, and two 
adjacent magnets in the outer peripheral of the annulus ring rotor are placed in opposite 
magnetic orientations with respect to each other.

[0285] Example 26 includes the wind power generator as in example 25, in which the C 
shaped magnetic core is configured to have the two terminal ends spaced from each other by 
a spacing of two adjacent magnets in the outer peripheral of the annulus ring rotor.

[0286] In one example of the present technology (example 27), a wind power generator for 
converting wind power into electricity includes a support base; an inductor stator assembly that 
is fixed to the support base and includes inductor coils fixed in position to form a circular array, 
each inductor coil including a first half inductor coil part that includes a first magnetic core and 
a first conductor wire coil that winds around the first magnetic core and a second half inductor 
coil part that includes a second magnetic core and a second conductor wire coil that winds 
around the second magnetic core, in which the first and second half inductor coil parts are 
positioned adjacent to each other to form a gap there between; an inductor rotor assembly that 
includes an annulus ring and separate magnets evenly spaced from one another to form a 
magnet ring on an outer peripheral of the annulus ring and is configured to position the 
magnets between the gaps of the circular array of inductor coils, the inductor rotor assembly 
being structured to rotate relative to the inductor stator assembly so that the relative motion 
between the magnets and the inductor coils causes generation of electric currents in the 
inductor coils; a cylindrical wind stator assembly fixed in position relative to the inductor stator 
assembly and including stator wind-receiving fins arranged in a circle to form a hollow 
cylindrical interior in which the inductor stator assembly and the inductor rotor assembly are 
located, the stator wind-receiving fins being structured to direct receive and direct wind from 
any direction into the hollow cylindrical interior at a slanted direction from a radial direction of 
the cylindrical wind stator assembly; and a cylindrical wind rotor assembly enclosed inside the 
hollow cylindrical interior of the cylindrical wind stator assembly and fixed in position to the 
inductor rotor assembly as a unified assembly to rotate together with the magnet ring on the 
annulus ring relative to the cylindrical wind stator assembly, the cylindrical wind rotor assembly 
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structured to include wind-deflecting blades that are spaced from one another and arranged in 
a circle to form a hollow central cylindrical interior space for containing a wind vortex formed 
from deflecting of the received wind by the wind-deflecting blades, in which the stator wind­
receiving fins and the wind-deflecting blades are structured to collectively and efficiently direct 
the received wind to cause rotation of the cylindrical wind rotor assembly for conversion of the 
wind energy into the electric currents in the inductor coils.

[0287] Example 28 includes the wind power generator as in example 27, in which each stator 
wind-receiving fin includes a pipe or rod having a curved outer edge as a first interface of the 
wind power generator with the received wind.

[0288] Example 29 includes the wind power generator as in example 27, in which each stator 
wind-receiving fin includes a fin portion that is slanted in orientation with respect to a radial 
direction of the cylindrical wind stator assembly and is configured to receive and direct wind 
into the wind-deflecting blades ofthe cylindrical wind rotor assembly.

[0289] Example 30 includes the wind power generator as in example 29, in which the fin 
portion is slanted in orientation with respect to a radial direction of the cylindrical wind stator 
assembly at 45 degrees.

[0290] Example 31 includes the wind power generator as in example 27, in which each stator 
wind-receiving fin includes a fin portion formed of a metal or metallic alloy.

[0291] Example 32 includes the wind power generator as in example 27, in which each stator 
wind-receiving fin includes an aluminum fin portion.

[0292] Example 33 includes the wind power generator as in example 27, in which the stator 
wind-receiving fins of the cylindrical wind stator assembly and the wind-deflecting blades of the 
cylindrical wind rotor assembly are configured so that a radial dimension of the cylindrical wind 
stator assembly, a radial dimension of the cylindrical wind rotor assembly, and a radius of the 
hollow central cylindrical interior space in the center of the cylindrical wind rotor assembly are 
substantially the same.

[0293] Example 34 includes the wind power generator as in example 27, in which the 
cylindrical wind stator assembly has an outer diameter greater than a length of the cylindrical 
wind stator assembly along a cylindrical axis ofthe cylindrical wind stator assembly.

[0294] Example 35 includes the wind power generator as in example 27, in which a number of 
the stator wind-receiving fins of the cylindrical wind stator assembly is greater than a number of 
the wind-deflecting blades ofthe cylindrical wind rotor assembly.

[0295] Example 36 includes the wind power generator as in example 27, in which each wind­
deflecting blade ofthe cylindrical wind rotor assembly includes a curved blade portion; and the 
stator wind-receiving fins of the cylindrical wind stator assembly are slanted in orientation with 
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respect to respective radial directions of the cylindrical wind stator assembly to direct received 
wind towards a concave side of the curved blade portion of each wind-deflecting blade.

[0296] Example 37 includes the wind power generator as in example 27, in which each wind­
deflecting blade includes a curved blade portion to deflect the received wind into a wind vortex 
inside a hollow central region of the cylindrical wind rotor assembly.

[0297] Example 38 includes the wind power generator as in example 37, in which the curved 
blade portion in each wind-deflecting blade has a geometry of a portion of a cylinder.

[0298] Example 39 includes the wind power generator as in example 37, in which the curved 
blade portion in each wind-deflecting blade includes a geometry of one third of a cylinder.

[0299] Example 40 includes the wind power generator as in example 37, in which the inductor 
coils in the circular array of inductor coils are independent from one another to independently 
produce respective currents caused by a relative motion of the magnets on the outer 
peripheral of the annulus ring relative to the inductor coils of the circular array of inductor coils 
so that a failure in one inductor coil is not disruptive to current generation in another inductor 
coil.

[0300] Example 41 includes the wind power generator as in example 37, in which the inductor 
coils in the circular array of inductor coils are configured into independent inductor modules 
that operate independently from one module to another, and each inductor module includes 
(1) three adjacent inductor coils that are connected to one another to form a 3-phase inductor 
module to so that the phases of the three adjacent inductor coils are separated by one third of 
a cycle to collectively produce an AC output current from three currents respectively generated 
by the three adjacent inductor coils, and (2) a rectifier circuit coupled to receive the AC output 
current and to produce a DC output voltage.

[0301] Example 42 includes the wind power generator as in example 41, in which the rectifier 
circuit of an inductor module includes a three-phase diode bridge rectifier circuit formed of six 
diodes.

[0302] Example 43 includes the wind power generator as in example 27, in which the inductor 
coils in the circular array of inductor coils are configured as independent inductor modules that 
operate independently from one module to another, each inductor module includes (1) three 
adjacent inductor coils that are connected to one another to form a 3-phase inductor module to 
so that the phases of the three adjacent inductor coils are separated by one third of a cycle to 
collectively produce an AC output current from three currents respectively generated by the 
three adjacent inductor coils, and (2) a rectifier circuit coupled to receive the AC output current 
and to produce a DC output voltage, and the inductor modules are configured as independent 
inductor module groups where each inductor module group includes 3 or more inductor 
modules, the inductor modules within each inductor module group are coupled to produce an 
inductor module group output, and different inductor module groups are separated and
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operate independently from one to another.

[0303] Example 44 includes the wind power generator as in example 43, in which each 
inductor module group includes: a mode-switching circuit in a selected inductor module in the 
inductor module group and coupled to a rectifier circuit of the selected inductor module to 
inactivate the rectifier circuit to allow the selected inductor module to operate in an AC mode 
for producing an AC output or to activate the rectifier circuit to allow the select inductor module 
to operate in an DC mode for producing an DC output, and a control circuit coupled to the 
mode-switching circuit to control the operation the mode-switching circuit in switching the 
selected inductor module between the AC mode and the DC mode.

[0304] Example 45 includes the wind power generator as in example 44, in which each 
inductor module group further includes a sensing circuit coupled in the selected inductor 
module in the inductor module group that senses a rotation condition of the cylindrical wind 
rotor assembly based on timing and magnitudes of currents in the inductor coils within the 
selected inductor module and, based on the sensed rotation condition, the control circuit is 
configured to control the AC mode operation of the selected inductor module in response to 
the received wind condition to accelerate or decelerate the rotation of the cylindrical wind rotor 
assembly so that the rotation of the cylindrical wind rotor assembly varies dynamically with 
received wind condition to maximize an efficiency in converting the received wind power into 
electricity.

[0305] Example 46 includes the wind power generator as in example 45, in which the control 
circuit includes a digital signal processor that is programmed with software to control, based on 
the sensed rotation condition from the sensing circuit, the AC and DC modes of operation of 
the selected inductor module in the inductor module group.

[0306] Example 47 includes the wind power generator as in example 45, in which the control 
circuit is configured to control the inductor coils within the selected inductor module to cause 
the rotation of the cylindrical wind rotor assembly to be in a coasting mode which maintains a 
constant speed of the rotation of the cylindrical wind rotor assembly at a given received wind 
condition and produces a DC output of the wind power generator, a motoring mode which 
speeds up the rotation of the cylindrical wind rotor assembly while reducing a DC output of the 
wind power generator, or a generating mode which slows down the rotation of the cylindrical 
wind rotor assembly while increasing a DC output of the wind power generator.

[0307] Example 48 includes the wind power generator as in example 45, in which the control 
circuit is configured to control, based on the sensed rotation condition from the sensing circuit, 
the selected inductor module to operate in or switch to one of the coasting mode, the motoring 
mode, or the generating mode to dynamically synchronize operation of the wind power 
generator to the received wind condition and a load condition that draws power from the wind 
power generator.

[0308] Example 49 includes the wind power generator as in example 45, in which each 
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inductor coil includes a first half inductor coil part that includes a first magnetic core and a first 
conductor wire coil that winds around the first magnetic core and a second half inductor coil 
part that includes a second magnetic core and a second conductor wire coil that winds around 
the second magnetic core, and the first and second half inductor coil parts are positioned at 
opposite sides of a plane in which the magnets in the outer peripheral of the annulus ring 
rotate to position the magnets between the first and second half inductor coil parts.

[0309] Example 50 includes the wind power generator as in example 49, in which each of the 
first and second half inductor coil parts includes a C shaped magnetic core having two terminal 
ends that interface with the magnets in the outer peripheral of the annulus ring, and two 
adjacent magnets in the outer peripheral of the annulus ring are placed in opposite magnetic 
orientations with respect to each other.

[0310] Example 51 includes the wind power generator as in example 50, in which the C 
shaped magnetic core is configured to have the two terminal ends spaced from each other by 
a spacing of two adjacent magnets in the outer peripheral of the annulus ring.

[0311] In one example of the present technology (example 52), a method for generating 
electricity from wind includes placing a wind power generator as in the example 1 or the 
example 27 on a roof top of a building to receive wind to cause the cylindrical wind rotor 
assembly to rotate so that the rotation of the cylindrical wind rotor assembly causes the 
inductor rotor assembly to rotate to generate electric currents in the inductor coils.

[0312] Example 53 includes the wind power generator as in example 52, further including 
placing multiple wind power generators as in claim 27 closely relative to one another in a 
spatial pattern to use interaction of air flows from the wind power generators and a local wind 
on the roof top to operate the multiple wind power generators as a wind power generator 
network for producing electricity.

[0313] Example 54 includes the wind power generator as in example 53, further including 
operating the multiple wind power generators to further utilize air flows on the roof top caused 
by heat convection on the roof top to generate electricity.

[0314] Example 55 includes the wind power generator as in example 53, further including 
providing one or more solar panels on the roof top to convert light into electricity; coupling the 
one or more solar panels to the multiple wind power generators to allow for the electricity from 
the one or more solar panels to be used by the multiple wind power generators when the local 
wind on the roof top is clam to maintain a low-speed rotation of the cylindrical wind rotor 
assemblies of the multiple wind power generators and to store solar-generated electricity in 
form of a rotation of the wind rotor assembly without using one or more batteries for energy 
storage; and operating the multiple wind power generators and the one or more solar panels to 
convert local light and wind on the roof top into electricity.

[0315] Example 56 includes the wind power generator as in example 55, further including 
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monitoring a local wind condition at each wind power generator; and based on the monitored 
local wind condition, controlling each wind power generator to operate the rotation of the 
cylindrical wind rotor assembly to be in a coasting mode which maintains a constant speed of 
the rotation of the cylindrical wind rotor assembly at a given received wind condition and 
produces a DC output of the wind power generator, a motoring mode which speeds up the 
rotation of the cylindrical wind rotor assembly while reducing a DC output of the wind power 
generator, or a generating mode which slows down the rotation of the cylindrical wind rotor 
assembly while increasing a DC output of the wind power generator.

[0316] Example 57 includes the wind power generator as in example 52, including placing a 
circuit element that generates heat in each wind power generator in a path of an air flow 
directed by the wind stator assembly and the wind rotor assembly to cool off the circuit 
element.

[0317] Example 58 includes the wind power generator as in example 52, including using an 
annulus track and rollers inside the annulus track to support the cylindrical wind rotor assembly 
and the inductor rotor assembly to rotate the cylindrical wind rotor assembly and the inductor 
rotor assembly without having a rotation drive shaft.

[0318] Example 59 includes the wind power generator as in example 52, including linking the 
multiple wind power generators to one another to enable electricity generated from one wind 
power generator to be transferred to another wind power generator for storage in form of a 
rotation of the receiving wind power generator to enable energy storage.

[0319] Example 60 includes the wind power generator as in example 52, including operating 
the inductor coils in the circular array of inductor coils to be independent from one another to 
independently produce respective currents caused by a relative motion of the magnets on the 
outer peripheral of the annulus ring relative to the inductor coils of the circular array of inductor 
coils so that a failure in one inductor coil is not disruptive to current generation in another 
inductor coil.

[0320] While this patent document contains many specifics, these should not be construed as 
limitations on the scope of any invention or of what may be claimed, but rather as descriptions 
of features that may be specific to particular embodiments of particular inventions. Certain 
features that are described in this patent document in the context of separate embodiments 
can also be implemented in combination in a single embodiment. Conversely, various features 
that are described in the context of a single embodiment can also be implemented in multiple 
embodiments separately or in any suitable subcombination. Moreover, although features may 
be described above as acting in certain combinations and even initially claimed as such, one or 
more features from a claimed combination can in some cases be excised from the 
combination, and the claimed combination may be directed to a subcombination or variation of 
a subcombination.

[0321] Similarly, while operations are depicted in the drawings in a particular order, this should
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not be understood as requiring that such operations be performed in the particular order 
shown or in sequential order, or that all illustrated operations be performed, to achieve 
desirable results. Moreover, the separation of various system components in the embodiments 
described in this patent document should not be understood as requiring such separation in all 
embodiments.

[0322] Only a few implementations and examples are described and other implementations, 
enhancements and variations can be made based on what is described and illustrated in this 
patent document.
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Patentkrav

1. Vertikal vindkraftgenerator (100) til omdannelse af vindkraft til elektricitet, 
omfattende:
en støttebase (120);
induktionsspoler (102), som er fikseret i en position over støttebasen (120) i 
en cirkulær anordning;
et ringformet ringspor (112), som er fikseret til støttebasen (120) og konfigure­
ret til at tilvejebringe et cirkulært spor, om hvilket den cirkulære anordning af 
induktionsspoler (102) er anbragt;
ruller, som er placeret i det cirkulære spor af det ringformede ringspor (112) 
for at rulle i det cirkulære spor og for at bevæge sig rundt om det ringformede 
ringspor (112);
en ringformet ringrotor (114), som er placeret på det ringformede ringspor 
(112) og er i indgreb med rullerne i det cirkulære spor af det ringformede ring­
spor (112), således at den ringformede ringrotor (114) kan rotere i forhold til 
det ringformede ringspor (112) ved anvendelse af en rullebevægelse af rul­
lerne i det cirkulære spor uden at have en roterende aksel i centrummet af den 
ringformede ringrotor (114) til rotation af den ringformede ringrotor (114), hvor 
den ringformede ringrotor (114) er udformet til at omfatte separate magneter, 
som er anbragt i ensartet afstand fra hinanden på en ydre periferi af den ring­
formede ringrotor (114) til bevægelse gennem den cirkulære anordning af in­
duktionsspoler (102), når den ringformede ringrotor (114) roterer i forhold til 
det ringformede ringspor (112), således at den relative bevægelse mellem 
magneterne og induktionsspolerne (102) bevirker generering af elektriske 
strømme i induktionsspolerne (102); og
en cylindrisk vindrotorsamling (116), som er anbragt over og fikseret til den 
ringformede ringrotor (114) for at danne en forenet samling for at rotere med 
den ringformede ringrotor (114) i forhold til det ringformede ringspor (112), hvor 
den cylindriske vindrotorsamling (116) er udformet til at omfatte vindafled­
ningsvinger (117), som er anbragt i afstand fra hinanden og anbragt i en cirkel 
rundt om den cylindriske vindrotorsamling (116) for at danne et hult centralt 
cylindrisk indvendigt rum (111) for at indeholde en vindhvirvel dannet af afled­
ning af den modtagne vind ved vindafledningsvingerne (117) for at omdanne 
modtaget vind fra en hvilken som helst retning til en rotation af den forenede 
samling i forhold til det ringformede ringspor (112), hvorved der bevirkes en 
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omdannelse af vindenergien til de elektriske strømme i induktionsspolerne 
(102).

2. Vertikal vindkraftgenerator (100) ifølge krav 1, endvidere omfattende:
en cylindrisk vindstatorsamling (118), som erfikseret i en position i forhold til 
støttebasen (120) og det ringformede ringspor (112), hvor den cylindriske vind­
statorsamling omfatter statorvind-modtagende finner (119), som er anbragt i 
en cirkel, som er uden for og omslutter den cylindriske vindrotorsamling (116), 
og de statorvind-modtagende finner (119) er udformet til lede modtaget vind 
fra en hvilken som helst retning indad og hen til vindafledningsvingerne (117) 
af den cylindriske vindrotorsamling (116),
hvor de statorvind-modtagende finner (119) og vindafledningsvingerne (117) 
er udformet til sammen og effektivt at omdanne den modtagne vind til en rota­
tion af den cylindriske vindrotorsamling (116);
hvor eventuelt:
hver statorvind-modtagende finne (119) omfatter et rør eller en stang, som har 
en bueformet ydre kant som en første grænseflade af den vertikale vindkraft­
generator (100) med den modtagne vind.

3. Vertikal vindkraftgenerator (100) ifølge krav 2, hvor:
hver vindafledningsvinge (117) af den cylindriske vindrotorsamling (116) om­
fatter en bueformet vingedel; og
de statorvind-modtagende finner (119) af den cylindriske vindstatorsamling 
(118) hælder i orientering i forhold til respektive radiale retninger af den cylin­
driske vindstatorsamling (118) for at lede modtaget vind hen til en konkav side 
af den bueformede vingedel af hver vindafledningsvinge (117).

4. Vertikal vindkraftgenerator (100) ifølge krav 1, hvor:
hver vindafledningsvinge (117) omfatter en bueformet vingedel for at aflede 
den modtagne vind til en vindhvirvel inde i et hult centralt område (111) af den 
cylindriske vindrotorsamling (116); og/eller 
hvor:
induktionsspolerne (102) i den cirkulære anordning af induktionsspoler (102) 
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afhænger af hinanden for uafhængigt at producere respektive strømme forår­
saget af en relativ bevægelse af magneterne på den ydre periferi af den ring­
formede ringrotor (114) i forhold til induktionsspolerne (102) af den cirkulære 
anordning af induktionsspolerne (102), således at en fejl i en induktionsspole 
(102) ikke afbryder strømgenerering i en anden induktionsspole (102).

5. Vertikal vindkraftgenerator (100) ifølge krav 1, hvor:
induktionsspolerne (102) i den cirkulære anordning af induktionsspoler (102) 
er konfigureret som uafhængige induktionsmoduler, som fungerer uafhængigt 
afen modul til en anden,
hvor hver induktionsmodul omfatter (1) tre naboliggende induktionsspoler 
(102), som er forbundet med hinanden for at danne en 3-fase- induktionsmo­
dul, således at faserne af de tre naboliggende induktionsspoler (102) er sepa­
reret med en tredjedel afen cyklus for sammen at producere en vekselstrøms­
udgangsstrøm ud fra tre strømme, som respektivt er genereret af de tre nabo­
liggende induktionsspoler (102), og (2) et ensretterkredsløb, som er koblet til 
at modtage vekselstrømsudgangsstrømmen og til at producere en jævn­
strømsudgangsspænding, og
induktionsmodulen er konfigureret som uafhængige induktionsmodulgrupper, 
hvor hver induktionsmodulgruppe omfatter 3 eller flere induktionsmoduler, 
hvor induktionsmodulerne i hver induktionsmodulgruppe er koblet til at produ­
cere et induktionsmodulgruppeoutput, og forskellige induktionsmodulgrupper 
er separeret og fungerer uafhængigt af hinanden.

6. Vertikal vindkraftgenerator (100) ifølge krav 5, hvor:
hver induktionsmodulgruppe omfatter:
et modusomskiftekredsløb i en valgt induktionsmodul i induktionsmodulgrup­
pen og koblet til et ensretterkredsløb af den valgte induktionsmodul for at in­
aktivere ensretterkredsløbet for at gøre det muligt for den valgte induktions­
modul at fungere i en vekselstrømsmodus for at producere et vekselstrøms­
output eller til at aktivere ensretterkredsløbet for at gøre det muligt for den 
valgte induktionsmodul at fungere i en jævnstrømsmodus for at producere et 
jævnstrømsoutput og
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et styrekredsløb, som er tilkoblet modusomskiftekredsløbet for at styre funkti­
onen af modusomskiftekredsløbet ved omskiftning af den valgte induktions­
modul mellem vekselstrømsmodusen og jævnstrømsmodusen.

7. Vertikal vindkraftgenerator (100) ifølge krav 6, hvor:
hver induktionsmodulgruppe endvidere omfatter et detekteringskredsløb, som 
er koblet i den valgte induktionsmodul i induktionsmodulgruppen, som defek­
terer en rotationstilstand af den cylindriske vindrotorsamling (116) baseret på 
timing og størrelser af strømme i induktionsspolerne (102) i den valgte induk­
tionsmodul og styrekredsløbet, baseret på den detekterede rotationstilstand, 
er konfigureret til at styre vekselstrømsmodusdriften af den valgte induktions­
modul som reaktion på den modtagne vindtilstand for at accelerere eller deac- 
celerere rotationen af den cylindriske vindrotorsamling (116), således at rota­
tionen af den cylindriske vindrotorsamling (116) varierer dynamisk med mod­
taget vindtilstand for at maksimere en effektivitet ved omdannelse af den mod­
tagne vindkraft til elektricitet.

8. Vertikal vindkraftgenerator (100) ifølge krav 7, hvor:
styrekredsløbet er konfigureret til at styre induktionsspolerne (102) i den valgte 
induktionsmodul for at bevirke, at rotationen af den cylindriske vindrotorsam­
ling (116) er i en friløbsmodus, som bibeholder en konstant hastighed af rota­
tionen af den cylindriske vindrotorsamling (116) ved en given modtaget vind­
tilstand og producerer et jævnstrømsoutput fra den vertikale vindkraftgenerator 
(100), en drivmodus, som sætter hastigheden af rotationen af den cylindriske 
vindrotorsamling (116) op, mens et jævnstrømsoutput fra den vertikale vind­
kraftgenerator (100) reduceres, eller en genereringsmodus, som sænker ha­
stigheden af rotationen af den cylindriske vindrotorsamling (116), mens et 
jævnstrømsoutput fra den vertikale vindkraftgenerator (100) øges; og/eller 
hvor:
styrekredsløbet er konfigureret til at styre, baseret på den detekterede rotati­
onstilstand fra detekteringskredsløbet, den valgte induktionsmodul for at fun­
gere i eller omskifte til en af friløbsmodusen, drivmodusen eller genererings- 
modusen for dynamisk at synkronisere funktionen af den vertikale vindkraftge­
nerator (100) til den modtagne vindtilstand og en belastningstilstand, som 
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trækker effekt ud fra den vertikale vindkraftgenerator (100).

9. Vertikal vindkraftgenerator (100) ifølge krav 7, hvor:
hver induktionsspole (102) omfatter en første halv induktionsspole (102)-del, 
som omfatter en første magnetisk kerne og en første ledertrådspole, som om­
vikler den første magnetiske kerne, og en anden halv induktionsspole (102)- 
del, som omfatter en anden magnetisk kerne og en anden ledertrådspole, som 
omvikler den anden magnetiske kerne, og
den første og anden halve induktionsspole (102)-del er positioneret på mod­
stående sider af et plan, hvori magneterne i den ydre periferi af den ringfor­
mede ringrotor (114) roterer til at positionere magneterne mellem den første 
og anden induktionsspole (102)-del.

10. Fremgangsmåde til generering af elektricitet fra vind, omfattende:
at placere en vertikal vindkraftgenerator (100) på et tag af en bygning for at 
modtage vind for at bevirke, at en cylindrisk vindrotorsamling (116) roterer så­
ledes, at rotationen af den cylindriske vindrotorsamling (116) bevirker, at en 
ringformet ringrotor (114) roterer for at generere elektriske strømme i indukti­
onsspoler (102),
hvor den vertikale vindkraftgenerator (100) til omdannelse af vindkraft til elek­
tricitet omfatter:
en støttebase (120);
induktionsspoler (102), som er fikseret i en position over støttebasen (120) i 
en cirkulær anordning;
et ringformet ringspor (112), som er fikseret til støttebasen (120) og konfigure­
ret til at tilvejebringe et cirkulært spor, om hvilket den cirkulære anordning af 
induktionsspoler (102) er anbragt;
ruller, som er placeret i det cirkulære spor af det ringformede ringspor (112) 
for at rulle i det cirkulære spor og for at bevæge sig rundt om det ringformede 
ringspor (112);
den ringformede ringrotor (114), som er placeret på det ringformede ringspor 
(112) og er i indgreb med rullerne i det cirkulære spor af det ringformede ring­
spor (112), således at den ringformede ringrotor (114) kan rotere i forhold til 
det ringformede ringspor (112) ved anvendelse af en rullebevægelse af rul­
lerne i det cirkulære spor uden at have en roterende aksel i centrummet af den
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ringformede ringrotor (114) til rotation af den ringformede ringrotor (114), hvor 
den ringformede ringrotor (114) er udformet til at omfatte separate magneter, 
som er anbragt i ensartet afstand fra hinanden på en ydre periferi af den ring­
formede ringrotor (114) til bevægelse gennem den cirkulære anordning af in­
duktionsspoler (102), når den ringformede ringrotor (114) roterer i forhold til 
det ringformede ringspor (112), således at den relative bevægelse mellem 
magneterne og induktionsspolerne (102) bevirker generering af elektriske 
strømme i induktionsspolerne (102); og
den cylindriske vindrotorsamling (116), som er anbragt over og fikseret til den 
ringformede ringrotor (114) for at danne en forenet samling for at rotere med 
den ringformede ringrotor (114)1 forhold til det ringformede ringspor (112), hvor 
den cylindriske vindrotorsamling (116) er udformet til at omfatte vindafled­
ningsvinger (117), som er anbragt i afstand fra hinanden og anbragt i en cirkel 
rundt om den cylindriske vindrotorsamling (116) for at danne et hult centralt 
cylindrisk indvendigt rum (111) for at indeholde en vindhvirvel dannet af afled­
ning af den modtagne vind ved vindafledningsvingerne (117) for at omdanne 
modtaget vind fra en hvilken som helst retning til en rotation af den forenede 
samling i forhold til det ringformede ringspor (112), hvorved der bevirkes en 
omdannelse af vindenergien til de elektriske strømme i induktionsspolerne 
(102).

11. Fremgangsmåde ifølge krav 10, endvidere omfattende:
placering af en flerhed af vertikale vindkraftgeneratorer (100), som er nær ved 
hinanden i et rumligt mønster til anvendelse af interaktion af luftstrømme fra 
de vertikale vindkraftgeneratorer (100) og en lokal vind på taget for at drive 
flerheden af vertikale vindkraftgeneratorer (100) som et vertikalt vindkraftge­
nerator (100)-netværk for at producere elektricitet.

12. Fremgangsmåde ifølge krav 11, endvidere omfattende:
at drive flerheden af vertikale vindkraftgeneratorer (100) for yderligere at an­
vende luftstrømme på taget forårsaget af varmekonvektion på taget for at ge­
nerere elektricitet.

13. Fremgangsmåde ifølge krav 11, endvidere omfattende: 
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at tilvejebringe et eller flere solpaneler på taget for at omdanne lys til elektrici­
tet;
at koble det ene eller flere solpaneler til flerheden af vindkraftgeneratorer (100) 
for at gøre det muligt, at elektriciteten fra det ene eller flere solpaneler kan 
anvendes af flerheden af vertikale vindkraftgeneratorer (100), når den lokale 
vind på taget er rolig for at bibeholde en lavhastighedsrotation af de cylindriske 
vindrotorsamlinger af flerheden af vertikale vindkraftgeneratorer (100) og for 
at lagre solgenereret elektricitet i form af en rotation af vindrotorsamlingen 
(116) uden at anvende et eller flere batterier til energilagring; og
at drive flerheden af vertikale vindkraftgeneratorer (100) og det ene eller flere 
solpaneler for at omdanne lokalt lys og vind på taget til elektricitet.

14. Fremgangsmåde ifølge krav 13, endvidere omfattende:
overvågning afen lokal vindtilstand ved hver vertikal vindkraftgenerator (100); 

og
baseret på den overvågede lokale vindtilstand, at styre hver vertikal vindkraft­
generator (100) til at drive rotationen af den cylindriske vindrotorsamling (116) 
til at være i en friløbsmodus, som bibeholder en konstant hastighed af rotatio­
nen af den cylindriske vindrotorsamling (116) ved en given modtaget vindha­
stighed og producerer et jævnstrømsoutput fra den vertikale vindkraftgenera­
tor (100), en drivmodus, som øger hastigheden af rotationen af den cylindriske 
vindrotorsamling (116), mens et jævnstrømsoutput fra den vertikale vindkraft­
generator (100) reduceres, eller en genereringsmodus, som sætter hastighe­
den ned på rotationen af den cylindriske vindrotorsamling (116), mens et jævn­
strømsoutput fra den vertikale vindkraftgenerator (100) øges.

15. Fremgangsmåde ifølge krav 10, omfattende:
at placere et kredsløbselement, som genererer varme i hver vertikal vindkraft­
generator (100) på en luftstrømsvej, som ledes af vindstatorsamlingen (118) 
og vindrotorsamlingen (116) for at afkøle kredsløbselementet, og/eller omfat­
tende:
at forbinde flerheden af vertikale vindkraftgeneratorer (100) med hinanden for 
at muliggøre, at elektricitet genereret fra en vertikal vindkraftgenerator (100) 
overføres til en anden vertikal vindkraftgenerator (100) til lagring i form af en
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rotation af den modtagende vertikale vindkraftgenerator (100) for at muliggøre 
energilagring.
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