OVER- UNI TY ENERGY MOTOR- GENERATOR BACKGROUND OF THE
I NVENTION Field of the Invention [0001] The present
invention relates to a notor-generator that can
covert an electric energy into a rotational notion and
further convert an energy generated by the rotationa
notion into an electric energy, and nore
particularly, to a notor-generator using an
over-unity brushless direct current (BLDC) notor.
Description of the Related Art [0002] Likew se a
direct current notor having a brush, since a BLDC
notor al so % not have a nechani cal contact point,
no noise i %ﬁéﬁgPéFEdEﬁﬂ%G¥rNEFQRﬁ§E§539F98 life

t hereof increases. Therefore, the BLDC notor is
widely used in a variety of fields such as industrial
machi nes, hone LARGE, ~LT an, and the

i ke. The BLDCB%e Ehegggsggiﬁgiggééﬁégggés a position
sensor of a rotor to control a phase of an electric
current applied to a stator winding in response to a

FieldUAliHe vt chotor forned of permanent nagnets.
[0003] Recently, considering the exhaust of petrol eum

[ogGajour ties SR T ORpERE Abn PQlhHtLeN Lokl ey o generator
endeavors for finding out a clean energy have ee%

that dofne. cEspeci ahl ¥lebtrad ehe ORI | £ Fheldi GAUSING ion and
the maj or environnent pollution problem an electric
furtheehiccingeras abeencdeyebopetated by the rotational motion into

an electric energy, and more particularly, to a motor-generator

using an over-unity brushless direct current {BLDC) motor.

Description of the Related Art

[0002] Likewise a direct current motor having a brush, since
a BLDC motor also does not have a mechanical contact point, no
noise is generated and thus the service life thereof increases.
Therefore, the BLDC motor is widely used in a variety of fields
such as industrial machines, home appliance, transportation, and
the like. The BLDC motor uses a hole sensor as a position sensor
of & rotor to control a phase of an electric current applied to a
stator winding in response to a polarity of the rotor formed of
permanent magnets.

[0003] Recently, considering the exhaust of petroleum
resources and environmental pollution problem, endeavors for

finding out a clean energy have been done. Especially, in an



[0004] Therefore, when the over-unity BLDC notor is
designed to be used as not only a notor but also a
generator of the electric vehicle, the efficient use
of the energy will be possible. SUMVARY OF THE

| NVENTI ON [ 0005] Accordingly, the present invention is
directed to an over-unity energy notor-generator that
can fulfill the above- described need. [0006] An

obj ect of the present invention is to provide an
over-unity energy notor-generator that can, when an
electric energy is supplied thereto, provide a

rotafiona orce nnin as a, BLDC not or. _and
autor@%%ﬁ%tﬂl%l iete tgﬁ“eF‘ésoEs?W@lWfé“erlftotpét]ilélﬁélon problem,
0.7], Addi ti onal nta es, objects, and
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and attained by the structure partlcular y poi nted
possDiein the witten description and clains hereof as

wel | as the appended drawi ngs. 2 [0008] To achi eve

t hese objects and ot her advantages and in accordance

with the purpose of the invention, as enbodi ed and

SUMMARY OF THE INVENTION

[0005] Accordingly, the present invention is directed to an
over-unity energy motor-generator that can fulfill the above-
described need.

[0006] An object of the present invention is to provide an
over-unity energy motor-generator that can, when an electric
energy is supplied thereto, provide a rotatiocnal force by running
as a BLDC motor and generate an electric energy using the
rotational force.

[00071 Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent tc those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and other
advantages of the invention may be realized and attained by the
structure particularly pointed out in the written description and

claims herecf as well as the appended drawings.



broadly described herein, there is provided an _

over-unity notor- generator including: a notor circuit

unit; a notor-generator unit for generating an

electric energy by rotating by an electric energy;

and a generator circuit unit for conmutating an

alternating current generated fromthe notor-generator

unit and outputting a direct current, wherein the

notor-generator unit includes: a stator including a

not or wi ndi ng havi ng n-phases, the notor w nding

bei ng nmagneti zed by receiving an electricdpomeg Irom

motor circuit unit and wound in an i ndependent, ‘

W%i -&Bh§§ LEXPalthEFedicPPRh Gt iP0R Rififer afvairbages and in

cccofyBFecTof, S.8Ieral o 1000 haulng 2npheess and

supplyi ng
' ' ' t . t W ndi bei wound i n an
mroa Ll e S B, PO PR epinocor-

genefhiéﬁ‘%hcﬂﬁa@nggi%tﬁgggg 8&££€%@SIuﬁye%’g%E%E—ggég?gggé unit

magnet's burie e stac i don plate

for @thardednkn 4 réﬁéé%r£%|'gggg??f§)ndiﬁégéﬁ ;bbogﬁ}eglectric

on a centér of the stack _ ates;
enerd@@MMUizd i 08 e@éﬂgﬁétgﬁv'@gréﬁﬁﬁﬂnﬁﬁfkreﬂ%PnS%§%§hE?ﬁ}ng an

non-detection regions and di sposed on an en

altemhafiingf oot @ne ARERNErAUNMDSS PO L KENSAUSf AUnit and
transmitting an optical sensor signal to  the notor

outpuwditrioly t aunditreay, whererdte eperdimt toe encofelgdtal®s unit
together with the shaft, being turned on at the
inclulbtsscta ertategi dnsludhdgoé fn@tort he niimlgd@ke@ehyOA-phases, the
regions. 3 [0009] The nunber of the detection regions
motonf wihelgompgtagi argnetized by receiving an electric power
from the motor circuit unit and wound in an independent, multi-
phase parallel distribution manner of an n-phase and a generator
winding having 2n-phases and supplying the electric energy to the
generator circuit unit, the generator winding being wound in an
independent, multi-phase parallel distribution manner; a rotor
having stacked silicon plates, flat permanent magnets buried in
the stacked silicon plate and arranged in a radial direction, and
a shaft located on a center of the stacked silicon plates; a
commutation encoder having detection regions and non-detection
regions and disposed on an end of the shaft of the rotor; and 2n-
number photo sensors for transmitting an optical sensor signal to
the motor circuit unit by, when the commutation encoder rotates

together with the shaft, being turned on at the detection regions

and off at the non-detection regions.




encoder is determ ned by the follow ng equation 1, an
angle of the width of the detection regions are
deternmined by the follow ng equation 2, an
arrangenment angle of the photo sensors are detern ned
by the follow ng equation 3, and an arrangenent angle
of the n-phase photo sensor is determ ned by the
following equation 4: [0010] [Equation 1] [0011] DN
= PN = 2 [0012] where, DN is the nunber of the
detection regions and PN is the nunber of polarities
of the rotor [0013] [Equation 2] [0014] 6 =T[ - PN _
(NP+GP 1) LOOlS where, PN is the nunber of
WéBPér i tTuhés hgFbERe OF of BF det pet Fihes ishpieds éheofcommatation

enco % s the nunber of phases of the

Hahior st or: e[raefep PqUAiS orP Bjow 190 #9uaRerR 1o R angle of
the Eg?é?k lgg?g%%Fﬁggggrgggéfggfggég%ltléﬁzﬁglgédeby the
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are RNEALERLY %y the following équation 3, and an arrangement
angle of the n-phase photo sensor is determined by the folliowing
equation 4:

[0010] [Equation 1]

[0011] DN = PN + 2

[0012] where, DN is the number of the detection regions and
PN is the number of polarities of the rotor,

[0013] fEquation 2]

[0014] © =t + PN + (MP+GP) X (MP+GP-1)

[0015] where, PN is the number of polarities of the rotor,
the number of phases of the motor, and GP is the number of phases
of the generator,

[0016] fEquation 3]

[0017] o= = + PN

[0018] where, PN is the number of polarities of the rotor,
and

[0018] [Equation 4]

[0020] W,= T +PN + GP

[0021] where, PN is the number of polarities of the rotor and

GP is the number of phases of the generator.



[0022] The stator may further include: flux dividing
slots each having a relatively narrow width, the flux
di viding slots being forned between notor w nding
slots and generator wi nding slots; and cance
elimnating slot each having a relatively narrow

wi dth, the cancel elimnating slots being forned

bet ween the adjacent generator w nding slots. [0023]
The notor generator unit may further include a
velocity encoder for detecting rotational velocity of
the rotor. [0024] The notor circuit unit may i nclude:

' t r_supply unit using.a direct .
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alternately turned on and”of according to

narr&k NBhth O SHOPLYnEBE giiﬁfﬁa@fﬁJeQIOQQWEéin§of&fﬁ%d between
notor wi nding; a polarity control unit receiving an

the ApfdEalt RIELtSINZhqgenespled by the comutation
encoder from the photo sensor and supplying the

[0GBit r oThsi gRatof or geestatdd Shimid t hga @l eEEFOML include a
rectifier to the power switching wunit; and a PW
velogiut ssamiddirh femddbattommg codtaolonsi treflocitgener ahéNgotor .
a PWM signal for controlling the rotational velocity
[0Q&dor dTlg motar comtroitsugnal mafy arnahaei:t yu conted] current
unit and a command val ue of a control input unit and
pPowexR rgHgi Y tYHg tUsd WKl direct current power by commutating an

alternating current power or is formed of a battery to supply the
direct current power; a power switching unit having H-bridges
corresponding to the phases, four power semiconductor devices for
each phase being connected to the motor winding, two of the
semiconductor devices being alternately turned on and off
according to a control signal to supply the direct current power
to the motor winding; a polarity control unit receiving an
optical sensor signal generated by the commutation encoder Ffrom
the photo sensor and supplying the control signal for
establishing the electronic rectifier to the power switching
unit; and a PWM (pulse width modulation) contreol unit for
generating a PWM signal for controlling the rotational velocity
according to a control signal of a velocity control unit and a
command value of a control input unit and transmitting the PWM

signal to the power switching unit.



signal to the power switching unit. 5 [0025] It is to
be understood that both the foregoing genera
description and the follow ng detail ed description of
the present invention are exenplary and expl anatory
and are intended to provide further explanation of
the invention as clainmed. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0026] The acconpanyi ng draw ngs, which are
included to provide a further understandi ng of the
invention and are incorporated in and constitute a
part of this application, illustrate enbodi nent(s) of
the invention and together with the description serve
to explain the principle of the invention. In the
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nDtor gener at or of FIG. 1, [0031]] FIG 5 is a
schemati c view of encoders used in the over-unity
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[0026] The accompanying drawings, which are included to
provide a further understanding of +the invention and are
incorporated 1in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0027] FiG. 1 is a block diagram of an over-unity enerqgy
motor-generator according to an embodiment of the present
invention;

[0028] FIG. 2 is a schematic view of a stator of the over-
unity energy motor-generator of FIG. 1;

[0029] FIG. 3 is a view of a stator winding of the over-unity
energy motor-generator of FIG. 1;

{00301 FIG. 4 is a schematic view of a rotor of the over-
unity energy motor-generator of FIG. 1;

[0031] FIG. 5 is a schematic view of encoders used in the

over—unity energy motor-generator of FIG. 1;




6 [0032] FIG 6 is aviewillustrating a contro
operation of an over-unity energy notor-generator of
FIG 1; and [0033] FIG 7 is a view of a signal wave
of the over-unity energy notor-generator of FIG 1
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0034] Reference

wi Il now be made in detail to the preferred
enbodi ments of the present invention, exanples of
which are illustrated in the acconpanyi ng draw ngs.

VWher ever possible, the sane reference nunbers will be
used throughout the drawings to refer to the sane or
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, ver-uni ty energy or of
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a notor circult unit rotating a rotor O

ener Pl A6t GENGIAL Yo UBIt p1Q0 guch that the .
not or - generator unit 100 can generate an electric

energy, and a generator circuit unit 300 outputting a
direct electric current by comutating an alternating

electric pETARED pEBcRabetol oM e MRENTIGRNer at or
unit 100. [0O e not or-generator uni i ncl udes

[0@34hi nRbbeyendavi Gl anst abOrmddd (se@eEhG 2) 8RE Breferred
rotor 120 (see FIG 4) that are located in a housing
embodgpentyghd ofel be¢ t wramentommtati 0im, examples of which are
illustrated in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the drawings to
refer to the same or like parts.

[0035] FIG. 1 is a block diagram of an over—unity energy
motor-generator according to an embodiment of the present
invention.

{0036] Referring to FIG. 1, an over-unity energy motor-
generator of this embodiment includes a motor-generator unit 100,
a motor circuit unit 200 rotating a rotor of the motor-generator
unit 100 such that the motor-generator unit 100 can generate an
electric energy, and a generator circuit unit 300 outputting a
direct electric current by commutating an alternating electric
current generated from the motor-generator unit 100.

[0037] The motor-generator unit 100 includes a main body

having a stator 110 (see FIG. 2) and a rotor 120 (see FIG., 4)

that are located in a housing 102, and velocity and commutation



7 encoders 130 and 140 that rotate together with a
shaft 125 of the main body. [0038] The notor circuit
unit 200 includes a direct current power supply unit
210, a power switching unit 220, a polarity contro
unit 230, a velocity control unit 240, a control input
unit 250, and a pul se width nodul ation (PWJ) contro
unit 260. [0039] The direct current power supply unit
210 supplies a direct current power to the power
swtching unit 220 via a switch 212 by commutating a
conmmer ci al alternating current power or is fornmed of
y to supply the direct current power (V+, V-)

enw?%rwew[)m@r 120 CERENEORFE DO WIGE (Hid To (SEREB1325 of the

maln 0040] The power switching unit 220 turns a power
%?%onductor devi ce on and off |n response to a

to trapsmt  a ectric, power
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th o the

0, the structure eof may vary accor'ding

umtt;me ofnd he pmter WQHE‘R AYEREL L1 & m\ﬁ\ﬁe%o%ftrweuﬁ&et%o

MAndlng) In order to driving one phase,

(o8t ching alieepnt %uQreQ%Q?J&uélGC%éﬁw u§hBC@1tOhe§tﬁaplles a
four swtching el enent 4 are connected to each

direot herridnt hewker o eheapolkk s hapescHitRy wie call €daal switch
H bri dge. Therefore, the power swtching unit 220

212 bpctodestat praral coymefcttbradgesnating current power or is

formed of a battery to supply the direct current power (V+, V-)

to the power switching unit 220 via the switch 212.

[0040] The power switching unit 220 turns a powexr
semiconductor device on and off in response to a control signal
to transmit an electric power of the direct current power supply
unit 210 to a motor winding M of the stator 110. Here, since the
power switching unit 220 is provided to supply the direct current
power to the motor winding M of the stator 110, the structure
thereof may vary according to the type of the motor (the number
of phases of the stator winding). In order to driving one phase,
four switching elements Q1-Q4 are necessary. Since these four
switching element Ql-Q4 are connected to each other in the form
of an H-shape, they are called an H-bridge. Therefore, the power
switching unit 220 includes a plurality of H-bridges.
Transistcrs, IGBTs, MOSFETs, and FETs are may be used as the

switching elements.



Transi stors, | GBTs, MOSFETs, and FETs are may be used
as the swtching elenents. 8 [0041] The polarity
control unit 230 receives an optical sensor signa
fromthe commutati on encoder 140 of the notor
generator unit 100 and transmts a control signal for
electrically realizing the rectifier to the power
switching unit 220 to electrically realize the
rectifier. The velocity control unit 112 receives an
encoder signal fromthe velocity encoder of the notor
generator and transmts a velocity control signal to

P control .unit 260. [0042] The control input _
[Oﬁégi g%%etﬁﬁﬂ§ﬁ?#§’ac885ﬁﬁ d ‘EHgnal? 3Cntehel Yot atdongptical
locity . in.accordance with the mani pylation of . a
sensff BEdhy e BT ot D0 " ERaRdRTt oD Pod The motor
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generator clircult unit cludes a direc curr
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generated froma generating w nding G and out putti

unit tDe2 dibé&etve £ W Q!Hc_d%ﬁ’ﬂersitg%atlh_q{rB%W@leS\Metl%Eii@? WAkbder of
220. [0044] FIG 2 is a schematic view of a stator of

the hbecoveeneuatby aner @ramehotsgenerairif Hfzxrdh Hé&har to
3is aviewof a stator winding of the over-unity
the EMergyntrmeilonngenecator of FIG 1,

{0042] The control input unit 250 transmits a command signal
on the rotational velocity in accordance with the manipulation of
a worker. The PWM control unit 260 transmits a PWM signal for
controlling the rotational velocity of the motor-generator unit
100 according to the control signal to the power switching unit
220.

[0043] The generator circuit wunit 300 includes a direct
current rectifier 310 commutating the alternating current
generated from a generating winding G and outputting the direct
current power to the power switching unit 220.

[0044] FIG. 2 1s a schematic view of a stator of the over-—
unity energy motor-generator of FIG. 1, FIG. 3 is a view of a
stator winding of the over-unity energy motor-generator of FIG. 1,
FIG. 4 1is a schematic view of a rotor of the over-unity energy

motor-generator of FIG. 1, and FIG. 5 is a schematic view of

encoders used in the over-unity energy motor-generator of FIG. 1.



FIG 4 is a schematic view of a rotor of the
over-unity energy notor-generator of FIG 1, and FIG
5 is a schematic view of encoders used in the
over-unity energy notor-generator of FIG 1. 9 [0045]
The notor-generator unit 100 includes the stator 110
placed in the housing 102, the velocity encoder 130
installed at an external side of the housing, and the
conmut ati on encoder 140. [0046] As shown in FIG 2,
the stator 110 includes a plurality of ring-shaped
silicon plates 111 stacked one another, a plurality

[OQﬁST”nq%EgrﬁhQﬁa 12y EQPdu%%g %Ooalpuﬂﬂg#ﬁiyﬁg%iagﬂtor 110

not or w ndi ng sl dts I urallty
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115, a plurality of generator w moun arou

an ekberh&specdd s &%@e%%hgﬁn@”ngh@gthélégﬁﬁﬁgg%l% EQCoder 140.
112-2, and a plurality of "nmotor w nd

[00461INd AGhe shespect i Ver Tt or2 wi ndieng sstla%% 1&%0 [Q%dees a
The notor wi ndings Mfunctions as a notor rotating t

plurpdivoy 420r{ngeshapwmt ofi)linpnr @Qeireisnd 18! @ELEKEJPBWE! another,
fromthe notor circuit unit 200. The generator

a plwingdilngs & f uhcdioms sasta 1genar aimd gepepat lNgplurality of
el ectric power using the electric current induced by

MOTO¥ help@ding igrtef Uihe ropdnrdRO0ty [©048lud mithided slots 114, a
enbodi nent, the total nunber of the winding slot and
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windings M G G G Mand G (i.e., 3 notor
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slots 1 ?PP % Iqu 2, and a plurality of motor windings M wound
around the respective motor winding slots 113.

[0047}] The motor windings M functions as a motor rotating the
rotor 120 (i.e., motor}) by receiving electric power from the
motor circuit unit 200. The generator windings G functions as a
generator generating electric power using the electric current
induced by the rotation of the rotor 120.

[0048] In this embodiment, the total number of the winding
slot and the windings is 54 that are grouped in 6 regions. 5
windings M, G, G, M, G, G, M and G (i.e., 3 motor windings M and
6 generator windings G) are arranged in each region.

[0049] Referring again to FIG. 2, the stator 110 of this

embodiment is designed in an independent, multi-phase, and

parallel distribution winding structure. At this point, the
number of phases of the motor windings M is 2, 3, 4 .. n. The
number of phases of the generator windings G is 4, 6, 8 .. 2n.

10



[0049] Referring again to FIG 2, the stator 110 of
this enbodinent is designed in an i ndependent,

mul ti - phase, and parallel distribution w nding
structure. At this point, the nunber of phases of the
notor windings Mis 2, 3, 4 ... n. The nunber of
phases of the generator windings Gis 4, 6, 8 ... 2n.
10 The notor wi ndings Mare connected to the
respective H bridges of the power switching units
220. The generator wi ndings G are connected to the
respective direct current rectifiers 310. [0050] When
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be realized at a |low voltage. Since the ratio of t
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nunber of the generator mnndlngs Gis 1:2, th
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[0052] In addition, since the flux divided slots 114

wireﬁachﬂuhﬂyﬁﬂgfankek&bhnéty1@@YYOMIMAdth are di sposed
between the notor w nding slots 113 and the generator
[0G31dt s & 1d2strbdbed18b@yet hby Magmetgfl lte istadiod dead tin the
bl ock a path through which the flux of the notor
indengnfindgs "M1ldanrhee® pere hkehetbstat drutiandistigscGuse, a large

t hat
output can be realized at a low voltage. Since the ratio of the

number of the number of the motor windings M to the number of the
- generator windings G is 1:2, the over-unity efficiency more than
200% can be achieved.

[0052] In addition, since the flux divided slots 114 each
having a relatively narrow width are disposed between the motor
winding slots 113 and the generator slots G 112-1 or 112-2, the
magnet fiux is divided to block a path through which the flux of
the motor windings M can flow to the generator windings G so that
the flux of the motor windings M can flow only to the magnetic
field of the stator 110, thereby allowing the motor to
effectively drive. In addition, the flux divide slot 114
maintains constantly the exciting width around the motor winding
slot 113 so that the motor winding slots 113 can operate without
affecting or being affected by the adjacent winding slots during

driving or alternation.
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the flux of the notor wi ndings Mcan flowonly to the

magnetic field of the stator 110, thereby all ow ng

the nmotor to effectively drive. In addition, the flux

di vide slot 114 nmmintains constantly the exciting

wi dth around the notor winding slot 113 so that the

nmotor winding slots 113 can operate without affecting

or being affected by the adjacent wi nding slots during

driving or alternation. 11 [0053] The cance

elimnation slots 115 each having a relatively narrow

w dth are di sposed between the generator w ndings

1 t ac ner at or Iots
[Oé%§n1ng$§ tESn ?%x %g%%g t%%ere%yoﬁ%pr%}gnge?ﬁg having a

rela@BRer@t i £ffi Bﬁﬂcyargooé4é%£§g rning 19 FlG, generator

t he rotor 120 of the notor- erator unit include

wind Phdkt al 1y of éﬁd"%ﬂbfﬂéﬁfﬁ%é%%l %%%%%QQOrongieegth§g2—l to

and a plurality of flat pernanent” magnets 1 burie

elimimatdie tsleackedxsi ticam pl atiRSebdl iRpAot Bl lthe generation
direction. At this point, the pernanent nagnet s %22

effialenaesi gned having a strong nagnetic force such that
a relative wide nmagnetic field surface can be forned
[oaB] t hesf¢heimmpgnet i EIGL ux ,canhbe coneentipat egdf orhet hRotor-
magnetic filed surface, thereby increasing the
genepmgietirc f limcludensiat plofal hey nefnetlicdn elldtewr lacestacked
The nunber of polarities of the rotor 120 is set in
one pYPuseand a hel ynmibdry off thet pelraenenesmefinehe 122 buried

_ stator 110.
in the stacked silicon plates 121 in a radial direction. At this

point, the permanent magnets 122 are designed having a strong
magnetic force such that a relative wide magnetic field surface
can be formed and thus the magnetic flux can be concentrated on
the magnetic filed surface, thereby increasing the magnetic flux
density of the magnetic field surface. The number of polarities
of the rotor 120 is set in response to the number of the
polarities of the stator 110.

[0055] Describing the rotor 120 in more detail, six permanent
magnets 122 are equally spaced apart from each other and buried
in the stacked circular silicon plates 121. A non-magnet core
124 is placed on a center of the stacked circular silicon plates
121 to support the permanent magnets 122 and the silicon plates
121 and a shaft 125 is disposed through the center of the non-
magnetic core 124, The permanent magnets 122 are formed in a
flat-shape and empty spaces are formed between the permanent

magnets 122.
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[ 0055] Describing the rotor 120 in nore detail, six
per manent rmagnets 122 are equal ly spaced apart from
each other and buried in the stacked circular silicon
plates 121. A non-magnet core 124 is placed on a
center of the stacked circular silicon plates 121 to
support the permanent magnets 122 and the silicon _
plates 121 and a shaft 125 is disposed through the
center of the non- magnetic core 124. The permanent
magnets 122 are fornmed in a flat-shape and enpty
spaces are forned between the permanent nagnets 122.
00 The_ notor .using the pernmanent magnets s ,
[OéégignggL HEVESg 4 568at FBRAIPHGIEE Yoor RAENBYS{ He  designed
.conmbi nation.of the assi_ve _ener of the rotor 120
haVl%ﬂdé%héoggFﬁgga;ne$%é%3ﬁ QPﬁ@egst%%oﬁjTiOFOWHlB?B%ﬁnt(?f the

passiPE QURLLYNIdY ERET Q¥ LA LG MUOT Ll oS LIBOILAN! of the

passi V€ "energy

stat%ﬁ?ﬁ@&prei "@§ﬁg¥n#BnENg’%§e§léngﬁgggé§r?%eiHsggeiHotor, it

i s enboaine ) hese magnet e mgneti ¢

is ifdgRrdasyr face.gndycal lpws ﬁJ‘seslr{%gn&Iléo g)%l U t9deroior 120.

concentrated on the magnetic field he rotor,

TheréheFr&pPy enBanghNGn g, r@gnet i Crilyxe dengiby Qfsdde in  this
magnetic field. [0057j Meanwhi | e; the commutati on

embo@ntoger A ancddietsvehtairt¥ €ASOALIndS: afie 1) Qvird8de and
to control the rotation of the notor-generator unit

allod®Othdsnsdroanid If IkixGroSpet Benconvriadéd abh BRCaERMe14@ field
and the velocity encoder 130 are installed on an

of the rotor, thereby enhancing the magnetic flux density of the

magnetic field.

[0057] Meanwhile, the commutation encoder 140 and the
velocity encoder 130 are provided to control the rotation of the
motor—-generator unit 100. As shown in FIG. 5, the commﬁtation
encoder 140 and the velocity encoder 130 are installed on an
outer depressed portion of the motor main body housing to rotate
together with the rotational shaft 125 of the rotor 120.

[0058] Referring to FIG. 5, the velocity encoder 130 is a
cup-shaped encoder having protrusions uniformly spaced apart from
each other. The velocity encoder 130 is operated together with a
photo sensor 152 installed on a sensor mount plate 150 to
generate the wvelocity signal. The commutation encoder 140 is
also a cup-shaped encoder having detecting and non-detection

regions 144 and 142. The commutation encoder 140 is operated

together with a photo senor installed on the sensor mount plate
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outer depressed portion of the notor main body housing
to rotate together with the rotational shaft 125 of
the rotor 120. [0058] Referring to FIG 5, the

vel ocity encoder 130 is a cup-shaped encoder having
protrusions uniformy spaced apart from each other.
The velocity encoder 130 is operated together with a
photo sensor 152 installed on a sensor nount plate 150
to generate the velocity signal. The comutation
encoder 140 is also a cup-shaped encoder having
detecting and non-detection regions 144 and 142. The

150 GMyéatiMoencedespdAdsi S sepahat eéilgrtéage%lagr ﬁ/@éﬂlzﬁng the
photo senor installed on the sensor nount plate

electlbéhi® @gendrfdteer. an optical sensor signal for
realizing the electronic rectifier. [0059] The nunber
[oaH9]det Bt i omumegironsot44 @dtddeiorcomrupiieaki onLencoder the
140 is determ ned according to the follow ng equation
commun jgrak iam amngflerdemof W did ofletbhemtet®ct ierbrdags onto  the
is determ ned according to the follow ng equation 2.
foilqwﬂnﬁneqqanknncﬁ1a@d @@OGmbIQNezﬁPNuZW@@ﬂﬁz¢fmhheedeEkbtion
is the nunber of the detection regions and PN is the
regigpynigerdedfe péngri ecesreingheorvhortoJ 0063y [cEgaaticon22]
[0064] O =K WPNr (MP+GP) s (MP+GP-1) [0065] where, PN
is the nunber of polarities of the rotor,

[0060] [Equation 1]
[0061] DN = PNr2
[0062] where, DN is the number of the detection regions and

PN is the number of polarities of the rotor.

[0063] [Equation 2]

[0064] O =1 WrPNr (MP+GP) s (MP+GP~1)

[0065] where, PN 1is the number of polarities of the rotor,
the number of phases of the motor, and GP is the number of phases

of the generator.

[0066] In addition, two photo sensors (first and second photo
sensors) 154 per one phase are arranged so that they can be
operated together with the commutation encoder 140. At this
point, the arrangement angle ® of the first and second rhoto

sensors 154 is determined according to the following equation 3.

[0067] [Equation 3]
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t he nunber of phases of the notor, and GP is the
nunber of phases of the generator. [0066] In
addition, two photo sensors (first and second photo
sensors) 154 per one phase are arranged so that they
can be operated together with the commutati on encoder
140. At this point, the arrangenent angle w of the
first and second photo sensors 154 is determ ned
according to the follow ng equation 3. [0067]
[Equation 3] 14 [0068] w =it WPN [0069] where, PN is
the nunber of polarities of the rotor. [gO?O]
Jher ef gre, he notor havi ng n-phase, the
Hng??anggneﬁﬁwgﬁgle w' of 2n-photosensor 154 can be
0 er ni;R rdi t I )
g7 1] Tt on ] 1 0075 R P =PI L (RG] Odvayrorer
Where, PN is the nunber of polarities of the rotor and
GP is the nunber of phases of the generator. [0074]
[047A75] THdfefdrd S a M ewthll ushEebi Ng @K I Olh-phase
operation of an over-unity energy notor-generator of
arrarde@ertt andgFeGo f b @nwewdfengos gl vwave 1 BBEermined
over-unity energy notor-generator of FIG 1. [0076]
accoygirghdwn tihe EbGlo@ingheqtmoi@hot o sensors 154 of each

the

[0071] [Equation 4]

[0072] ®,= T WrPNrGp

[0073] Where, PN is the number of polarities of the rotor and
GP is the number of phases of the generator.

[0074]

[0075] FIG. 6 is a wview illustrating a control operation of
an over-unity energy motor—generator of FIG. 1 and FIG. 7 is a
view of a signal wave of the over-unity energy motor-generator of
FIG. 1.

[0076] As shown in FIG. 6, the two photo sensors 154 of each
phase is connected to switching elements of a half switch of the
H-bridges of the corresponding phase to realize the electronic
rectifier. At this point, the photo sensor located on the
detection regions 144 of the commutation encoder turns on the
half Dbridge of the corresponding phase of the electronic
rectifier to determine the rotational direction of the rotor and
the drive the motor. When the rotor rotates, an exciting width

modulation is realized by the width of the detection regions 144
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phase is connected to switching elenments of a half
switch of the Hbridges of the corresponding phase to
realize the electronic rectifier. At this point, the
photo sensor |ocated on the detection regions 144 of
the conmutation encoder turns on the half bridge of
the correspondi ng phase of the electronic rectifier
to determ ne the rotational direction of the rotor and
the drive the notor. When the rotor rotates, an
exciting wwdth nodulation is realized by the width of
the detection regions 144 15 to turn on or off the
to thahfobrbdgertornet es 1 ner tdige oY ofdr gt ined th@cggr/gg@gperiod
to which the half bridge is alternately turn on an
accoofifng tioo efifient ittel hadiri veitihe MOLHI-AGRAIALOL A b and off
100. In addition, when the velocity of theé
to efib¢origeherdtore urtid ddbi-AENRASESroLNi€ECHEASesn addition,
t hrough the PWM control according to the contro
whensihpalvelotithe cPWHIcoMeodrtiirte r260r the tvol dRgen®©fcases or
the notor-generator unit 260 varies so that the
decrepioy -durfardt dheu 260tcah opesmating ato aheorsh@Bbl signal
velocity, thereby maintaining the predeterm ned
of theqhiMecoBtragyeunibo??P  Féheexahbhes pEf thei ngtbo-Feferator
6, the direct current powers V+ and V- inputted from
unit (360 Y $e Ui e turiihe 200 car@enesakiect sdito26hecan operate
ri dges of the phases A B and Cto supply electric
at a;t)??%ris t h&e bEYwi rAPRGEY ML tRd niegpeidid veredetermined
phases.. . The H bridges of the phases R, S and T and
requ%%&aﬁéﬂﬁ%gﬁﬁes of the phases U, V and Wcomutate the

[OdWQﬁresﬁgpdEQQmSigthé e gﬂﬁgsto FIG. 6, the direct current

powers V+ and V- inputted from the motor circuit unit 200 are
connected to the H-bridges of the phases A, B and C to supply
electric power to the motor windings M of the respective phases.
The H-bridges of the phases R, S and T and the H-bridges of the
phases U, V and W commutate the corresponding electric powers
generated by the generator windings G of the respective phases
using the corresponding diode rectifiers and output the direct
current voltage.

[0078] Describing the H-bridges of the phases A, B and C,
which operate as the motor, the transistors Ql through Q4 form
the H-bridge for the phase A. The transistor Q1 and a base of
the transistor Q3 are connected to the second photo sensor PA2.
the transistors Q2 through Q8 form the H-bridge for the phase B.
the transistor Q5 and a base of the transistor Q7 are connected

to the first photo sensor PBl. The transistor Q6 and a base of
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generated by the generator wi ndings G of the
respecti ve phases using the correspondi ng di ode
rectifiers and output the direct current voltage.
[0078] Describing the Hbridges of the phases A B and
C, which operate as the notor, the transistors QL
through Q4 form the Hbridge for the phase A The
transistor QL and a base of the transistor B are
connected to the second photo sensor PA2. the
transistors @ through @B formthe H bridge for the
phase B. the transistor G and a base of the

the transistor QF are econnested tbothbesbihrgh EHQEB SERS8E pR2.
PB1. The transistor Q@ and a base of 16 the

In atldansost othdBrmres icapnecedthootifle SELOHPhAL 1S8R3ALe for
PB2. In addition, the transistors @ thyough QL2 form
the phesét Ori dgbef brant hechas® £id Eheddecanrs sher tBnafdtdr 011
base of the transistor QL1 are connected to the first
are gRonecsedstr ROk dhidtthephotansssiwrr KUD and ahbaseadbistor
the transistor Ql2 are connected to the second photo
QL0 sedsarbpep. of 0DO] t rans et abdlle: descrichedctedneot khd second
state, the operation when, as shown in FIG 6, the
Phote; $QRSPhRE sensor PAl of the phase A and the first
oto sensor PBl1 of the phase B are |ocated on the
[0Qtdkct iBnthegRBA%S 192 SF 1hafE cuWRRtdPPoRteheodEheldperation

and the rest photo sensors PCl, PA2, PB2, and PC2 are
wheny o%%tsgb"%h ltrheF% on® d&PECEEBAT rdfighsenep PPl pE the phase

A an%ﬁ%ﬁ%igggggfkﬁkﬁ%ggg%ﬁgtgﬁggé%EIf%é ﬁﬂgggaérgzgiigéated on
the detection regions 144 of the commutation encoder 140 and the
rest photo sensors PCl, PA2Z, PB2, and PC2 are located on the non-
detection regions 142 will be described hereinafter.

[0080] First, since the first photo sensor PAl of the phase A
is located on the detection region 144 of the commutation encoder,
the transistor Ql is turned on while the transistor Q3 is turned
off. Since the second photo sensor PA2 of the phase A is located
on the non-detection region 142 of the commutation encoder, the
transistor 02 is turned off while the transistor Q4 is turned on
to allow the current to flow from the transistor Q1 to the
transistor Q4 via the motor winding M.

{0081] Since the first photo sensor PB1 of the phase B is
located on the detection region 144 of the commutation encoder,
the transistor Q5 is turned on while the transistor Q 7 is turned

off. Since the second photo sensor PB2 of the phase B is located

on the non-detection region 142 of the commutation encoder, the
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Is located on the detection region 144 of the
conmmut ation encoder, the transistor Q is turned on
while the transistor B is turned off. Since the
second photo sensor PA2 of the phase Ais |located on
t he non-detection region 142 of the comutation
encoder, the transistor @ is turned off while the
transistor Q4 is turned on to allowthe current to
flow fromthe transistor Q to the transistor Q4 via
the notor winding M [0081] Since the first photo
sensor PBl of the phase B is |located on the detection
transegton 344i0f thhfeosPHLA i QN ENCQdelye; SR HBaNS $1.0hey on
Q@ is turned on while the transistor 5 7 i's turned

to affow Sthee diher&sfcond phelo sensornBBZ pf,dha fphase B, he
is located on the non-detection region 142 of the

tranedahut aRd oni enaodefotorth@indingransi stor 6 is turned

off while the transistor @B is turned on to allowthe
[0@82]1 enfl £t bothowhér hirsheartid adrsi@lDPHA C @ebBBrs PA1 and pPa2

transistor B8 via the notor wnding M [0082] If both

are ﬂﬁ@aieﬁspnahdesecuwﬂb¢ﬁmnknnuﬂugmumsPAhoa@deBéZigabarrent is
| ocated on the non-detection regions, no electric

aPpleatr entien  Bppl isedonhehottbe swtend phDt dssansareBAZn the
is located on the detection region, the transistors

detegplomgregighe tiienctrarsisrors 19w ehd QF reme tarhkdwon to

fromthe transistor gﬁ to the transistor (B via the
alloywn: Oe withRYRg M ta E£APY pbFem, Ghe cdiramsisweredQhato the

i i the current flowi ng along the
tranéf%%éﬁaﬁ%d'reCt'on of > CU g g
ot or

di 1y MG SUPoiEing Mhat Akh&R1EhBOiNEstit can be

note@heﬁgts%ﬂéo%low direction of the current flowing along the
motor winding M is opposite to that when the first photo sensor
PAl is located on the detection region.

[0083] Again, when the first and second photo sensors PA1 and
PAZ are located on the non-detection regions 142, no electric
current is applied again. These processes are repeated to
realize the alternating electric current application. At this
point, the phases A, B and C undergo the alternating phase-shift-
excitation to effectively drive the motor-generator unit 100.
Therefore, a trapezoidal current is generated from the generator
winding G such that the electric power whose voltage increases or
decreases in accordance with the rotation velocity is outputted.

[0084] FIG. 7 shows torque scheme waves of the phases A, B
and C throughout a rotational angle range of 0-360° of the shaft
of the motor-generator, a total torque scheme of the torque

scheme waves (A+B+C) throughout the rotational angle range of 0-
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PAl is located on the detection region. [0083] Again,
when the first and second photo sensors PAl1L and PA2
are | ocated on the non-detection regions 142, no
electric current is applied again. These processes
are repeated to realize the alternating electric
current application. At this point, the phases A B
and C undergo the alternating phase-shift- excitation
to effectively drive the notor-generator unit 100.
Therefore, a trapezoidal current is generated fromthe
generator w nding G such that the electric power
360°whese voltage | MOreASes @he RaASes | org@a
with the rotation velocity |§ﬁ%{1tputtedg %%g84 Qﬁ Cyrrent
waveshows tthor quieasschane vases af thheuphases the @ot@'ﬂgogal angle
t hroughout a rotational angle range of 0-360 of the
rangghaft 0-860%t-he notor-generator, a total torque schene
of the torque schenme waves (A+B+C) throughout the
[OP%%htu dhal Fingl & r &de afd OPA28 sB6R, aNdofUbFENtaWaVeSt the
of the phases R, S and T and current waves of the
photghseRg0Y oG Hhe WhehroBghBBL the PBEashomabnangleff wave of
h ﬁ ge of 0-360. [0085] In FIG 7, PAl and PA2 show an
© BAPLPf SRATEr oPft hee phate® Bensod BELlt ArdpRagesihowPBh on/off
PB2 show an on/off wave of the photo sensor of

an
wavet?}g PhaddB.° &5dsed candbpophaswvk an on/of f  wave of

ph gnsor of hase C. [0086] According to
109 €]pr§éen |%%eﬁP|6H“3sgﬁ%%eW%elﬁﬁ?BFlO%ndSﬂﬁée the motor

and g?? %?Fgg?ggf éQéegr%éSQatege EggrgXeggg ggn be effectively
used. Particularly, since the ratio of the motor winding te the
generator winding is 1:2, the over-unity energy motor-generator
can be realized.

[0087] It will be apparent to those skilled in the art that
various modifications and variations can be made in the present
invention. Thus, it is intended that the present invention covers
the modifications and variations of this invention provided they

come within the scope o©f the appended claims and their

equivalents.
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20

used. Particularly, since the ratio of the notor
winding to the generator winding is 1:2, the
over-unity energy notor-generator can be realized.
[0087] It will be apparent to those skilled in the art
that various nodifications and variations can be nade
in the present invention. Thus, it is intended that
the present invention covers the nodifications and
variations of this invention provided they cone
wi thin the scope of the appended clains and their
Whateddi ¢ahemneég.id9 That is clained is: 1. An over-unity
not or - generator conprising: a notor circuit unit; 5 a
notor-generator unit for generating an electric energy
by rotating by an electric energy; and a generator
CiLr cui Bnuow¢r-fiori tgomatbatyBge aat akt M@t i fithg.current
generated fromthe notor-generator unit and outputting
a2 dbrecrtcrtupuientunit) wherein the notor-generator unit
conprises: a stator including a notor w nding having
néphases; gemeratmpt omii nimgdreimg imagret ic2edtbyc energy by
receiving an electric power fromthe notor circuit
rotaghng BndMwohREtind cagnendgpeadent, nulti- phase
paral l el distribution manner of an n-phase and a
RNt HPS WrhEF R hawihg Dor plresestandnsuppl yisAgernating

the electric epergy to the
current generated from the motor-generator unit and outputting a

direct current,

wherein the motor-generator unit comprises:

a stator including a motor winding having n-phases, the
motor winding being magnetized by receiving an électric power
from the motor circuit unit and wound in an independent, multi-
phase parallel distribution manner of an n-phase and a generator
winding having 2n-phases and supplying the electric energy to the
generator circuit unit, the generator winding being wound in an
independent, multi-phase parallel distribution manner;

a rotor having stacked silicon plates, flat permanent
magnets buried in the stacked silicon plate and arranged in a
radial direction, and a shaft located on a center of the stacked
silicon plates;

a commutation encoder having detection regions and non-
detection regions and disposed on an end of the shaft of the

rotor; and
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generator circuit unit, the generator w ndi ng being
wound in an independent, nulti-phase paralle

di stribution manner; a rotor having stacked silicon

pl ates, flat permanent magnets buried in the stacked
silicon plate and arranged in a 20 radial direction,
and a shaft |ocated on a center of the stacked

silicon plates; a comutation encoder having detection
regi ons and non- detection regions and di sposed on an
end of the shaft of the rotor; and 20 2n-nunber photo

sénsousbéorphsenssehsdNY 88r OPLhAahi BENSPr anShPRALa i Osensor
the notor circuit unit by, when the comutati on

signehcbderhe nottatresitregetheniwi bh, tigeshafd ,c ARG tivhNedcoder
on at the detection regions and off at the
rotahon- dereidtdnwitdgitbes sh6£2, Hhen@verritd tdh at the detection
_nmotor-generator of claim1, wherein the nunber of the
regleet ettd ot r @gi ¢hs obntHeteonhut atéqivrencoder s
determ ned by the foll owi ng equation 1, an angl e of
the width of the detection regions are determ ned by
tge foll owi ng equation 2, 10 an arrangenent angle of
the phidt SEHSONS tar EodereprPAsdtdy pheclfdhl bwi nerein the

equat.iqn 3, ,and an arrangenent angle of the n-phase
numb%ﬁo?% g:éﬁso‘iiei?es“d&”er]ﬁ?wsoyofhé%ﬁolqcéwq@té@lmatfimder is

detefﬁiiéﬁ“ﬁ%iégéjgolfgﬁiigpgqﬁa%ion 1, an angle of the width of
the detection regions are déterminéd by the following equation 2,
an arrangement angle of the photo sensors are determined by the
following equation 3, and an arrangement angle of the n-phase
photo sensor is determined by the following equation 4:

[Equation 1]

DN = PN + 2

where, DN is the number of the detection regions and PN is
the number of polarities of the rotor,

[Equation 2]

©= 1+ PN + (MP+GP) % (MP+GP-1)

where, PN is the number of polarities of the rotor, the
number of phases of the motor, and GP is the number of phases of
the generator,

{Equation 3]

®= T+ PN

where, PN is the number of polarities of the rotor, and

[Equation 4]
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15 where, DN is the nunber of the detection regions
and PN is the nunber of polarities of the rotor,
[Equation 2] 6 =rz = PN _ (MP+GP) x (MP+GP-1) where,
PN is the number of polarities of the rotor, the 20
nunber of phases of the motor, and GP is the number of
phases of the generator, [Equation 3] m=Ti = PN
where, PN is the nunber of polarities of the rotor,
and 25 [Equation 4] 21 PN = GP where, PN is the
nunber of polarities of the rotor and GP is the _
nénber Tof Bdhases of the generator. 5 3. The over-unity
not or - generator of claim1, wherein the stator
f wbeer PHcladese mimberdiofi giongrskots eackhdamd sk and cp is
relatively narrow width, the flux dividing slots
the pampgr g npba pet viserktheotgenewandicng sl ot s ~and
generator wi nding slots; and 10 cancel elimnating
sl ot each having a relatively narrow wdth, the
cancel _elimnating slots being formed between the .
adj acehfe gBHF At L Xni B g Ssirstratos. oThelever duniwhyrein the

tor of claiml1, wherein the
statggt%&rggggrfhcludes:

flux dividing slots each having a relatively narrow width,
the flux dividing slots being formed between motor winding slots
and generator winding slots; and

cancel eliminating slot each having a relatively narrow
width, the cancel elininating slots being formed between the

adjacent generator winding slots.

4. The over-unity motor generator of claim 1, wherein the
motor generator unit further comprises a velocity encoder for

detecting rotational velocity of the rotor.

5. The over-unity motor generator of claim 1, wherein the
motor circuit unit comprises:

a direct current power supply unit using a direct current
power by commutating an alternating current power or is formed of
a battery to supply the direct current power;

a power switching unit having H-bridges corresponding to the
phases, four power semiconductor devices for each phase being

connected to the motor winding, two of the semiconductor devices
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10

15

15 notor generator unit further conprises a velocity
encoder for detecting rotational velocity of the
rotor. 5. The over-unity notor generator of claim1,
wherein the notor circuit unit conprises: 20 a direct
current power supply unit using a direct current
power by commutating an alternating current power or
is formed of a battery to supply the direct current
power; a power swi tching unit having H bridges
~corresponding to the phases, four power sem conductor
beindeniltesnfoel pantrphnsa badngrf 25:60PNaet &b t0 I8 ro1 signal
not or wi nding, two of the sem conductor devices 22
Lo spePhy bheedhta@ ycurwenedponeanto offe atensdinigdio B
control signal to supply the direct current power to
t Re PRBESE LW AANhYel aupot aretyicomgreh uptlcaBCebMERY signal
an optical sensor signal generated by the comrutation
genegatgdePYf d® tarEmtetdonersordand £ rHmsupp yiimerd heensor and
ontrol signal for establishing the electronic
Supp&é&’f‘?f i t 6ORREChoweANaW t €9 ngstabl ishadga MM electronic
rectSBU|Se wi dt h nDduIatLon%,contrpl unit for generating a
5i ghat"g gevednerdFFiRg t Wl fotand onal vel ocity

according to a. contrql signal of a velocity contro
u%igﬁgngggfgbﬁﬁgﬁg 9885%a5$°@k)%PQR%R#(Hn%tnﬁ@E grperating a
ittin he PWM signal. to the power
PWM gg??%%?ﬂ%ph%%FF%iglﬁg ¥%@ rotaticnal vef%city according to a
control signal of a velocity control unit and a command value of

a control input unit and transmitting the PWM signal to the power

switching unit.
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