(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

4 December 2014 (04.12.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/194134 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HO2K 1/00 (2006.01) HO2K 21/00 (2006.01)

International Application Number:
PCT/US2014/040085

International Filing Date:
29 May 2014 (29.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/828,410 29 May 2013 (29.05.2013) US

Applicant: REVAIR INC. [US/US]; 4318 Dudley Blvd,,
Bldg. 475 F3, McClellan, California 95652 (US).

Inventor: OELOFSE, Rudolph; 7340 California Ave.
SW, Seattle, Washington 98136 (US).

Agents: CASTANEDA, Steven et al.; 2603 Main Street,
Suite 1000, Irvine, California 92614-4271 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(34

20147194134 AT I 0000 10100 0 000

Title: MODIFIED HALBACH ARRAY GENERATOR

Generator
100

Coil
Cooling Hole

Figure 1

Second Ring
103

(57) Abstract: A generator is provided having a first array of magnets and a second array of magnets. The first array is typically dis -
posed in a first elongated Halbach configuration and the second array of magnets is disposed in a second configuration. The first and
second arrays are configured to manipulate a net flux field to form a figure eight flux field between the first and second arrays. At

o least one coil disposed between the first and second arrays, such that relative movement of the first and second arrays with respect to

W

the first coil generates an electric current.
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MODIFIED HALBACH ARRAY GENERATOR

[0001] This application claims priority to U.S. Provisional Application Ser. No. 61/828,410,
filed May 29, 2013. That application, and all other extrinsic materials identified herein are
incorporated by reference to the same extent as if each individual publication or patent
application were specifically and individually indicated to be incorporated by reference.
Where a definition or use of a term in an incorporated reference is inconsistent or contrary to
the definition of that term provided herein, the definition of that term provided herein applies

and the definition of that term in the reference does not apply.

Field of the Invention

[0002] The field of the invention is generators and, more particularly, magnetic generators.

Background

[0003] The background description includes information that may be useful in understanding
the present invention. It is not an admission that any of the information provided herein is
prior art or relevant to the presently claimed invention, or that any publication specifically or

implicitly referenced is prior art.

[0004] Halbach array systems and other permanent magnet configurations have been used for
many applications, such as coupling systems (e.g., U.S. Pat. 6841910 to Gery and U.S. Pat.
Pub. 2013/0113317 to Englert) and electromagnetic machines that convert mechanical energy
to electrical energy. Typical electromagnetic machines have a rotor and a stator. The rotor
contains magnets and the stator contains windings to carry the electric current through the
coils. While the basic configuration of electromagnetic machines is known, such machines

appear to be fairly limited in efficiency.

[0005] One example of an electromagnetic machine is U.S. Pat. 7,105,979 to Gabrys, which
discloses a heteropolar hybrid machine for converting between electrical and mechanical
energy. The machine has a rotor that comprises ferromagnetic and permanent magnet poles
around its circumference and a stator having a field coil and an armature located in an
armature air gap of the rotor. The field coil generates a field coil flux and the permanent
magnet poles generate a permanent magnetic flux that both flow through the armature air gap

through the ferromagnetic rotor structure to induce AC voltage in multiphase windings of the
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armature. However, a larger air gap is required between the rotor and stator to place the

windings, which may increase the demand of magnetomotive force.

[0006] Other examples of known electromagnetic machines can be found in U.S. Pat.
8,193,657 to Paluszek and U.S. Pat No. 8,397,369 to Smith. Unfortunately, known efforts

apparently failed to appreciate optimized magnetic flux configurations.
[0007] Thus, there is still a need for improved magnetic generators.

Summary of The Invention

[0008] The inventive subject matter provides apparatus, systems and methods in which a
generator has a first array of magnets and a second array of magnets. The first array of
magnets is disposed in a first elongated Halbach configuration, and the second array of
magnets is disposed in a second elongated Halbach configuration. The magnetic orientation
of the first and second arrays of magnets influences the flux field of each array of magnets,
such that a figure eight flux field is created between the first and second arrays. The
generator further includes a first coil that is disposed between the first and second arrays,
such that relative movement of the first and second arrays with respect to the first coil

generates an electrical current.

[0009] Various objects, features, aspects and advantages of the inventive subject matter will
become more apparent from the following detailed description of preferred embodiments,
along with the accompanying drawing figures in which like numerals represent like

components.

Brief Description of the Drawing

[0010] Figure 1 is a perspective view of a generator of the inventive subject matter.

[0011] Figures 2A and 2B are perspective views the coil and ring arrangement of the

generator of Fig. 1.
[0012] Figure 3 is a cross-sectional view of a portion of the generator of Fig. 1.
[0013] Figure 4A is top view of one of the coils of the generator of Fig. 1.

[0014] Figure 4B is a cross-sectional view of the coil of Fig. 4A.
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[0015] Figure 5 is a perspective view of first and second arrays of magnets producing a

figure eight flux field in the generator of Fig. 1.
[0016] Figure 6 is a top view of a current flow path produced by the flux field of Fig. 5.

[0017] Figure 7 is a top view of the generator of Fig. 1, depicting first, second, third and
fourth coils.

[0018] Figures 8A-8C are top views of a coil of Fig. 1, depicting series and parallel coil

configurations.

[0019] Figure 9 is a perspective view of the generator of Fig. 1, depicting a multiple ring

assembly.

[0020] Figures 10A-10B arc top views of a multiple coils of the generator of Fig. 1,

depicting single phase and multiple phase configurations.

Detailed Description

[0021] The following description includes information that may be useful in understanding
the present invention. It is not an admission that any of the information provided herein is
prior art or relevant to the presently claimed invention, or that any publication specifically or

implicitly referenced is prior art.

[0022] Figure 1 shows an example of a generator 100 having a first ring 101, a second ring
103, and a coil (not shown) within a coil shoe 107. First ring 101 has a first array of magnets,
and second ring 103 has a second array of magnets. Each of the first and second arrays of
magnets is disposed within the rings such that the arrays of magnets are fully encapsulated by
the material of the ring (e.g., composite fully encapsulating array of magnets). However, in
other contemplated embodiments, at least one of the first and second arrays of magnets can
be partially encapsulated. Regardless of the mounting of the arrays, it is generally preferred
that the first and second arrays of magnets are disposed along the inner circumference of first

ring 101 and second ring 103.

[0023] Coil shoe 107 is mounted on a coil base 109 in a position between the first ring 101
and the second ring 103, and in a position that aligns the coil (inside coil shoe 107) between
the first and second arrays of magnets. The magnetic orientation of generator 100 allows a

flux of the first array of magnets and a flux of the second array of magnets to interact and
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manipulate the net flux field to form a figure eight flux field between the first and the second
array of magnets (see Fig. 5). Coil shoe 107 is mounted on coil base 109, and typically
remains stationary (i.e., does not rotate) while first ring 101 and second ring 103 rotate. In
that manner, relative movement of the first and second arrays of magnets with respect to the

coil generates an electric current.

[0024] First ring 101 and second ring 103 can be made of any suitable materials. For
example, at least one of first ring 101 and second ring 103 can be a metal or metal alloy, or a
composite (e.g., fiber resin infused composite). Additionally, first ring 101 and second ring
103 can have any suitable sizes. In one embodiment, at least one of first ring 101 and second
ring 103 has a diameter of at least 0.125 meters. While Fig. 1 shows first ring 101 and
second ring 103 having a similar size, it is contemplated that first and second rings could

differ in size so long as the first and second arrays of magnets of each ring can interact.

[0025] First ring 101 preferably has ring cooling holes 105 along its outer circumference to
provide passive cooling by allowing airflow through generator 100. As shown in Fig. 1, first
ring 101 can have a plurality of ring cooling holes 105 to provide cooling. The plurality of
ring cooling holes 105 can provide a viewing area for inspecting the placement of coil shoe
107. Additionally, second ring 103 can also have ring cooling holes 105 to provide further

cooling throughout generator 100.

[0026] Coil shoe 107 can be made of a composite (e.g., a fiber resin infused composite) and
can also have a coil cooling hole 111. As mentioned above, coil shoe 107 is located between

first ring 101 and second ring 103.

[0027] Figures 2A and 2B provide an example of a coil shoe 207 and first 201 and second
ring 203 arrangements. Coil shoe 207 is positioned on coil base 209 between first ring 201
having ring cooling hole 205 and second ring 203. As shown, a portion of coil shoe 207 can
be placed in the gap between first ring 201 and second ring 203. Most preferably, the portion
of coil shoe 207 placed in the space between first ring 201 and second ring 203 comprises the
coil. Moreover, in other contemplated embodiments, the portion of coil shoe 207 placed in
the space between first ring 201 and second ring 203 could also comprise coil cooling hole

211.

[0028] Figure 3 shows a cross sectional view of generator 300 having first ring 301 and

second ring 303. First ring 301 and second ring 303 are spaced apart by a ring gap 317. In
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contemplated embodiments, ring gap 317 can be increased or decreased by use of a
mechanism (e.g., hydraulic pump, electrical motor, magnets). Increasing or decreasing air
gap 317 can provide several benefits. For example, one benefit is that increasing ring gap
317 allows generator 300 to accommodate larger coils. Another benefit is that decreasing

ring gap 317 increases flux density to produce more power.

[0029] First ring 301 can have a first magnet 313 of the first array of magnets. First magnet
313 can comprise a rare earth material. Second ring 303 can have a second magnet 315 of
the second array of magnets. Second magnet 315 can also comprise a rare earth material. As
shown in Fig. 3, first magnet 313 and second magnet 315 can be aligned along the same
vertical axis, such that first magnet 313 is located directly above second magnet 315.
However, it is contemplated that first magnet 313 and second magnet 315 can be aligned in
different orientations. For example, first magnet 313 can be positioned at an angle with

respect to second magnet 315.

[0030] As shown in Fig. 3, first magnet 313 of the first array of magnets is separated from
second magnet 315 from the second array of magnets is separated by ring gap 317. Ring gap
317 comprises a portion of coil shoe 307 (the portion encapsulating the coil) and an air gap.
In contemplated embodiments, the first and second array of magnets are separated by ring
gap 317 comprising a coil and an air gap of at least 3% of a thickness of the coil, but

preferably not more than 30%.

[0031] First magnet 313 and second magnet 315 can be encapsulated within first ring 301
and second ring 303, respectively. Moreover, first magnet 313 and second magnet 315 can
be disposed along the inner circumference of first ring 301 and second ring 303, such that
coil (encapsulated within coil shoe 307) remains stationary along the inner circumference of
generator 300 (see orientation of coil and rings in Fig. 1) while first ring 301 and second ring

303 rotate.

[0032] Figures 4A and 4B show an example of a coil shoe 407 having a coil cooling hole
411. Fig. 4B shows a cross-sectional view of coil shoe 407 in Fig. 4A. Coil shoe 407 has a
coil 417 and a pair of output taps 419. Coil 417 is preferably located near coil cooling hole

411. In contemplated embodiments, coil 417 is a copper coil.

[0033] Output taps 419 can be used to harness the power produced by the generator. In other

contemplated embodiments, at least one of output taps 419 can be used to connect coil 417 to
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more coils in singular or multiple groups. Moreover, coil 417 can connect to other coils in
series or parallel configuration to control amperage and voltage output. In a typical generator
system having a number of installed magnets and a number of installed coils, the ratio
between the number of installed magnets and the number of installed coils is at least 5:1 or

more preferably at least 10:1.

[0034] Figure S shows a side perspective view of an example of a first array of magnets 521
and a second array of magnets 523 producing a figure eight flux field 525. As shown, first
array of magnets 521 and second array of magnets 523 are disposed in a first elongated
Halbach configuration. Unlike traditional Halbach array configurations (having a rotating
pattern of left, up, right, down), first array of magnets 521 and second array of magnets 523
have an elongated pattern (right, right, down, left, left, up). The magnetic orientation of first
array of magnets 521 creates a flux field that is interacting and complementing the flux field
of second array of magnets 523. Thus, a net flux field is manipulated to form a figure eight

flux field 525 between the first 521 and second arrays 523.

[0035] As described above, a coil is placed between the first 521 and second arrays 523, such
that the relative movement of the first 521 and second arrays 523 with respect to the coil
generates an electric current. While Fig. 5 shows a first 521 and second array 523 having
magnets with no gaps, it is contemplated that an array can be configured to have at least on

gap between the plurality of magnets.

[0036] Figure 6 shows an example of a current flow path 627 produced by the flux field in
Fig. 5. Current flow path 627 is perpendicular to the flux field of Fig. 5. Having knowledge
of the current flow path 627 produced by the flux field in Fig. 5, it should be appreciated that
a coil can be arranged between a first and second array of magnets so that the current

generated is flowing in the same direction of the coil at all times.

[0037] Figure 7 shows generator 700 comprising a first coil shoe 707, a second coil shoe
729, a third coil shoe 731, and a fourth coil shoe 733 mounted on coil base 709, cach of
which is partially disposed between the first and second arrays of magnets disposed along the
inner circumference of the first ring 701 and a second ring (not shown). The first 707, second
729, third 731 and fourth coil shoes 733 have a first coil, second coil, third coil and fourth

coil, respectively, that is at least partially embedded within the coil shoe. In preferred



10

15

20

25

30

WO 2014/194134 PCT/US2014/040085

embodiments, the first, second, third and fourth coils are disposed between the first and

second arrays of magnets.

[0038] Generator 700 can further comprise a controller that configures the first, second, third
and fourth coils in different series and parallel configurations to control amperage and
voltage output as shown in Figures 8A-8C. Figure 8A shows coil shoe 807 having coil 817
and output taps 819 for coupling other devices using at least one of a positive and negative
side output taps 819. Figure 8B shows a coil 817 and second coil 849 connected in a series
configuration using output taps 819 and 841. The negative side of output tap 819 in coil shoe
807 connects to the positive side of output tap 841 of coil shoe 829 to create a series
connection. In an exemplary embodiment, coil 817 has 1x volt and second coil 849 has 1x
volt, such that a series configuration can produce 2x volts and 2 amps. Figure 8C shows coil
817 and second coil 849 connected in a parallel configuration using output taps 819 and 841.
The positive sides of output taps 819 in coil shoe 807 and output taps 841 in coil shoe 829

join to create a parallel configuration.

[0039] Additionally, the controller can be configured to pre-load at least one of the first,
second, third and fourth coils or any multiples thereof, which is allowed by the geometry and
space available provided by the circumference of the rings. The controller can be configured
to program first and second inverters to engage output from the coils in evenly distributed

loading as not to impede the generating device.

[0040] In another aspect, multiple rings can be stacked vertically to increase generator power
output and size. For example, Figure 9 shows generator 900 having a first ring 901 and a
second ring 903 having a first array of magnets and a second array of magnets, respectively.
First coil in first coil shoe 907 is disposed between first and second array of magnets to

produce power as described in the embodiments above.

[0041] Generator 900 further includes third ring 935 having a third array of magnets disposed
in a third elongated Halbach configuration and a fourth ring 937 having a fourth array of
magnets disposed in a fourth configuration (e.g., fourth elongated Halbach configuration).
The third and fourth arrays can be configured to manipulate a second net flux field to form a
second figure eight flux field between the third and fourth arrays. Second coil shoe 939 is

disposed between the third and fourth arrays, such that relative movement of at least one of



10

15

20

25

30

WO 2014/194134 PCT/US2014/040085

the third and fourth arrays with respect to the second coil generates additional electric

current.

[0042] It should be appreciated that the generators disclosed herein can be configured as
cither a single phase magnetic motor or a multi-phase magnetic motor by adjusting the coil
placement to allow for either application as shown in Figures 10A-B. Figure 10A shows
single phase coil shoe arrangement 1043 having a plurality of coil shoes 1045 partially
disposed below array of magnets 1047. Figure 10B shows multiple phase coil shoe
arrangement 1049 having a plurality of coil shoes 1045 producing three phases.
Contemplated embodiments require that the coils are placed 120 degrees out of phase to
produce a three phase configuration. For example, a three coil shoe arrangement comprises a
distance between first and second coils at 1X and a distance between the second and third

coils at 2X.

[0043] The generators disclosed herein can be used in various power generation systems. For
example, the generators can be used in turbine systems (e.g., vertical axis turbines) and other

systems that can generate mechanical energy to rotate the array of magnets.

[0044] In some embodiments, the numbers expressing quantities of ingredients, properties
such as concentration, reaction conditions, and so forth, used to describe and claim certain
embodiments of the invention are to be understood as being modified in some instances by
the term “about.” Accordingly, in some embodiments, the numerical parameters set forth in
the written description and attached claims are approximations that can vary depending upon
the desired properties sought to be obtained by a particular embodiment. In some
embodiments, the numerical parameters should be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques. Notwithstanding
that the numerical ranges and parameters setting forth the broad scope of some embodiments
of the invention are approximations, the numerical values set forth in the specific examples
are reported as precisely as practicable. The numerical values presented in some
embodiments of the invention may contain certain errors necessarily resulting from the

standard deviation found in their respective testing measurements.

[0045] Unless the context dictates the contrary, all ranges set forth herein should be

interpreted as being inclusive of their endpoints and open-ended ranges should be interpreted
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to include only commercially practical values. Similarly, all lists of values should be

considered as inclusive of intermediate values unless the context indicates the contrary.

[0046] As used in the description herein and throughout the claims that follow, the meaning
of “a,” “an,” and “the” includes plural reference unless the context clearly dictates otherwise.
Also, as used in the description herein, the meaning of “in” includes “in” and “on” unless the

context clearly dictates otherwise.

[0047] The recitation of ranges of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range. Unless
otherwise indicated herein, each individual value is incorporated into the specification as if it
were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g. “such as”) provided with
respect to certain embodiments herein is intended merely to better illuminate the invention
and does not pose a limitation on the scope of the invention otherwise claimed. No language
in the specification should be construed as indicating any non-claimed element essential to

the practice of the invention.

[0048] Groupings of alternative elements or embodiments of the invention disclosed herein
are not to be construed as limitations. Each group member can be referred to and claimed
individually or in any combination with other members of the group or other elements found
herein. One or more members of a group can be included in, or deleted from, a group for
reasons of convenience and/or patentability. When any such inclusion or deletion occurs, the
specification is herein deemed to contain the group as modified thus fulfilling the written

description of all Markush groups used in the appended claims.

[0049] One should appreciate that the disclosed techniques provide many advantageous
technical effects including efficient power generation using a magnified flux field effect

having figure eight geometry.

[0050] The following discussion provides many example embodiments of the inventive
subject matter. Although each embodiment represents a single combination of inventive
elements, the inventive subject matter is considered to include all possible combinations of
the disclosed elements. Thus if one embodiment comprises elements A, B, and C, and a

second embodiment comprises elements B and D, then the inventive subject matter is also
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considered to include other remaining combinations of A, B, C, or D, even if not explicitly

disclosed.

[0051] As used herein, and unless the context dictates otherwise, the term "coupled to" is
intended to include both direct coupling (in which two elements that are coupled to each
other contact each other) and indirect coupling (in which at least one additional element is
located between the two elements). Therefore, the terms "coupled to" and "coupled with" are

used synonymously.

[0052] It should be apparent to those skilled in the art that many more modifications besides
those already described are possible without departing from the inventive concepts herein.
The inventive subject matter, therefore, is not to be restricted except in the spirit of the
appended claims. Moreover, in interpreting both the specification and the claims, all terms
should be interpreted in the broadest possible manner consistent with the context. In
particular, the terms “comprises” and “comprising” should be interpreted as referring to
elements, components, or steps in a non-exclusive manner, indicating that the referenced
elements, components, or steps may be present, or utilized, or combined with other elements,
components, or steps that are not expressly referenced. Where the specification claims refers
to at least one of something selected from the group consisting of A, B, C .... and N, the text
should be interpreted as requiring only one element from the group, not A plus N, or B plus

N, etc.

10



WO 2014/194134 PCT/US2014/040085

CLAIMS
What 1s claimed is:

1. A generator, comprising:
a first array of magnets disposed in a first elongated Halbach configuration;
a second array of magnets disposed in a second configuration;
wherein the first and second arrays are configured to manipulate a net flux field to
form a figure eight flux field between the first and second arrays; and
a first coil disposed between the first and second arrays such that relative movement
of the first and second arrays with respect to the first coil generates an electric

current.

2. The generator of claim 1, wherein the second array of magnets is disposed in a second

clongated Halbach configuration.

3. The generator of claim 1, wherein the first array of magnets is disposed in a ring.

4. The generator of claim 3, wherein the ring comprises a fiber resin infused composite.
5. The generator of claim 3, wherein the ring includes ring cooling holes.

6. The generator of claim 3, wherein the ring has a diameter of at least 0.125 meters.

7. The generator of claim 1, wherein the coil is stationary.

8. The generator of claim 1, wherein the first and second arrays of magnets are separated by a

ring gap comprising the first coil and an air gap of at least 3% of a thickness of the first coil.

9. The generator of claim 1, further comprising a mechanism that alters a ring gap between

the first and second arrays of magnets.

10. The generator of claim 1, wherein the first coil is disposed within a fiber resin infused

composite.

11. The generator of claim 1, wherein the first array of magnets comprises a rare earth

material.
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12. The generator of claim 1, having a number of installed magnets and a number of installed
coils, and wherein a ratio between the number of installed magnets and the number of

installed coils is at least 10:1.

13. The generator of claim 1, further comprising second, third and fourth coils, each of which

is disposed between the first and second arrays.

14. The generator of claim 13, further comprising a controller that configures the first,
second, third and fourth coils in different series and parallel configurations to control

amperage and voltage output.

15. The generator of claim 13, further comprising a controller that is configured to pre-load at

least one of the first, second, third and fourth coils.

16. The generator of claim 1, further comprising a controller that configures first and second
inverters to engage output from the coils in evenly distributed loading as not to impede the

generator.

17. The generator of claim 1, wherein the first array of magnets is disposed in a first rotatable

ring and the second array of magnets is disposed in a second rotatable ring.

18. The generator of claim 1, further comprising:

a third array of magnets disposed in a third elongated Halbach configuration;

a fourth array of magnets disposed in a fourth configuration;

wherein the third and fourth arrays are configured to manipulate a second net flux
field to form a second figure eight flux field between the third and fourth
arrays; and

a second coil disposed between the third and fourth arrays such that relative
movement of at least one of the third and fourth arrays with respect to the

second coil generates additional electric current.



WO 2014/194134 PCT/US2014/040085
1/9

Generator
100 Coil
Cooling Hole
111

Second Ring
103

Figure 1

SUBSTITUTE SHEET (RULE 26)



WO 2014/194134 PCT/US2014/040085

2/9
Generator First Ring
200 201 Ring
V\ Cooling Hole
205
Coil Shoe
_ 207
Second Ring . 3
203 D
" Coil Base
N
e 209
Figure 2A
Generator
200
Ring
ooling Hole
205
First Ring
201
Coil
Cooling Hole
211
Second Ring COlZIOSShoe
203
Coil Base
209

Figure 2B

SUBSTITUTE SHEET (RULE 26)



WO 2014/194134 PCT/US2014/040085

3/9
First Ring First
301 Magnet Generator
\ 313 300
L.
Lo
: Coil Shoe
507
Ring gap
317 .
‘ Coil Base
\ 309
Second
Second Ring l\/f;gr?et
303 115
Figure 3

SUBSTITUTE SHEET (RULE 26)



WO 2014/194134

PCT/US2014/040085
4/9

Coil Shoe
407

/

Coil Cooling
Hole
411

Figure 4A

Coil Shoe
407

7

Coil
417

Coil Cooling
Hole
411

Output Output
Taps Taps
419 419

Figure 4B

SUBSTITUTE SHEET (RULE 26)



WO 2014/194134 PCT/US2014/040085

5/9
First Array
of Magnets
521
Figure eight /
Flux Field
525 e

Sl

o erroe
g

Second Array
of Magnets
523

Figure 5

Current Flow

/ 627

PN

\E k\\\\“\‘ o
i, ~
s W

~
kY
Y
3 3
) ,
5
R} e
{ !
H H
H T
H T
H H
H h
H H
= .
2 ; pasmasast
., i

Figure 6

SUBSTITUTE SHEET (RULE 26)



WO 2014/194134 PCT/US2014/040085

6/9

Generator

700

First Coil \
Shoe Fourth Coil '

707 Shoe
Cooling Hole 733

Second Coil Coil Base
709
Shoe

Third Coil

First Ring
701

Figure 7

SUBSTITUTE SHEET (RULE 26)



WO 2014/194134 PCT/US2014/040085
79

First Coil Coil
Shoe . 817
07
0 O,Ftpm
T aps
aps 819
Figure 8A
Second Coil
Shoe

Second

_— Coil
w5 849

Second
Output
Taps
841

Figure 8B

Second Coil
Shoe

/ 829

Second
Coil
849

Coil
817

First Coil

Shoe
807

Second

Output

Taps
841

Figure 8C

SUBSTITUTE SHEET (RULE 26)



WO 2014/194134 PCT/US2014/040085
8/9
Generator
900
First Coil
89110()76 First Ring
901
[ \ ] Second Ring
T 903
[ Third Ring
/ 935
[ ] Fourth Ring
[ T o
Second Coil
Shoe
939
Figure 9

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/040085

9/9

WO 2014/194134

€ aseyd

Z 9seud | aseud

/\ XA~ 6701

g0l ‘54 S0US 100 o e S
L¥0l
sjoubepy Jo Aedry
Auﬁ¢nvnv¢00¢nvnva.ﬁAu$nvnvc.ﬁﬁ¢nvnv¢ﬁﬁ¢nvnvc.ﬁ0¢UO¢Q0¢OOO/
AN IS AN AN AN I S AV I AN A O A 1 G
K (/\/EoEo%cﬂwwq o0Us
’\QN\ mU\H\ S90US (10D loD 8seyd s|buig

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/040085

A. CLASSIFICATION OF SUBJECT MATTER
HO02K 1/00(2006.01)i, HO2K 21/00(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO02K 1/00;, HO2K 3/00; HO2K 1/18; HO2K 16/02; HO2K 9/20; E01B 1/00; HO2K 1/06; HO2K 49/10; HO2K 21/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: generator, magnet, elongated, Halbach array, flux field, coil, electric current

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2011-055124 A1 (NEXXTDRFVE LTD.) 12 May 2011 1-18
See page 18, line 7 — page 20, line 13; and figure 10.

A US 2009-0289512 A1 (PRUCHER, BRYAN) 26 November 2009 1-18
See paragraphs [0118]1-[0125], [0141]; and figures 13-14.

A US 2003-0005849 A1 (POST, RICHARD FREEMAN) 09 January 2003 1-18
See paragraphs [0047]1-[0050]; and figures 3A-3B.

A US 7105979 Bl (GABRYS, CHRISTOPHER W.) 12 September 2006 1-18
See column 5, line 65 — column 6, line 58; and figure 2A.

A US 2013-0113317 A1 (ENGLERT, THOMAS) 09 May 2013 1-18
See paragraphs [0023]-[0027]; and figures 1-2.

|:| Further documents are listed in the continuation of Box C. % See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
22 September 2014 (22.09.2014) 22 September 2014 (22.09.2014)
Name and mailing address of the ISA/KR Authorized officer ST
International Application Division \\‘\\{:\i ¥ \E *‘:\‘ NY
« Korean Intellectual Property Office f ENRL :\"§ ‘g
X 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701, JEONG, Jae Heon 3 )3; N q‘*é% ;’7‘\\\ § §
Lo Republic of Korea \\\.\é‘ B N
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5417 Pt

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




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/040085

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2011-05b124 Al 12/05/2011 GB 0919495 DO 23/12/2009
GB 2475095 A 11/05/2011

US 2009-0289512 Al 26/11/2009 US 8247943 B2 21/08/2012
WO 2009-143242 A2 26/11/2009
WO 2009-143242 A3 14/01/2010

US 2003-0005849 Al 09/01/2003 US 2003-0006871 Al 09/01/2003
US 2003-0112105 Al 19/06/2003
US 6633217 B2 14/10/2003
US 6664880 B2 16/12/2003
US 6758146 B2 06/07/2004
WO 03-003389 Al 09/01/2003

US 7105979 Bl 12/09/2006 None

US 2013-0113317 Al 09/05/2013 CN 102714454 A 03/10/2012
EP 2330724 Al 08/06/2011
EP 2330724 Bl 29/08/2012
ES 2392315 T3 07/12/2012
JP 05416287 B2 12/02/2014
JP 2013-513077 A 18/04/2013
WO 2011-067344 Al 09/06/2011

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

