US 20080297134A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2008/0297134 A1l

Lee 43) Pub. Date: Dec. 4, 2008
(54) CIRCUIT FOR TRANSMITTING AN 30) Foreign Application Priority Data
AMPLIFIED RESONANT POWER TO LOAD
Dec. 29,2005 (KR) .oooevvevvnicncienee 10-2005-0133362
(76) Inventor: Kwang-Jeek Lee, Seoul (KR) Publication Classification
(51) Imt.CL
Correspondence Address: HOIF 38/00 (2006.01)
IPLA P.A. (52) US.Cle oo 323/355
3580 WILSHIRE BLVD., 17TH FLOOR
LOS ANGELES, CA 90010 (US) 7 ABSTRACT
A circuit for transferring amplified resonant power to a load is
(21) Appl. No.: 12/158,665 disclosed. The circuit transfers amplified resonant power,
which is generated in an inductor of a conventional trans-
_ former when serial or parallel resonance of a conventional
(22) PCT Filed: Dec. 28,2006 power supply is formed, to a load through the conventional
transformer. The circuit comprises: a power supply for pro-
(86) PCT No.: PCT/KR2006/005801 ducing and supplying voltage or current; a power amplifier
for generating amplified resonant power using the voltage or
§ 371 (c)(1), current; and a power transferring unit for transferring the
(2), (4) Date: Jun. 20, 2008 amplified resonant power to the load using a transformer
10 20 30 40
2 J/ \\ \
(\ L / )
\\ \\\ /,/ /’
) / \ \
Power Power t ranPsof“:aerrr in load
supp ly amplifier unit g




Patent Application Publication Dec. 4,2008 Sheet 1 of 4 US 2008/0297134 A1

[Fig. 1]

10 20 30 ®
\] A / ;
Powelr P?W‘?r t ranPsofweerrr ing load

supply amplitier unit
[Fig. 2]
10 20 30 40
!/ / "\_ \“.
v \ ! /
\ \ / /
/ / ‘ :
Rg

C1i
|
11
[Fig. 3]
JX R
R a43 Ve '\/\;\r
> : E.x
Rf
jXs R,
ANV
Le
Eax
Xs R,
AN
Eax
[Fig. 4]
Rg
. |
“ ORI
c, —[ !




Patent Application Publication Dec. 4,2008 Sheet 2 of 4 US 2008/0297134 A1

[Fig. 5]
KM\
+ +
Vv
vl Ll Lz 2
nl n2
[Fig. 6]
Rg Lo
Vg @ g L1 2121y @
b = Ro
2y
. Ci
(a) (b)
[Fig. 7]
() ANNNADN NN OO
L4 Ly
348mH 348mH
259 PREXL
L1 L2
[Fig. 8]
Rg=50
A,
Ve=1v @ XL1=665{ || {.xL12 =665 § R,=10K
Ci1
| |
' n=1

k=0.742



Patent Application Publication Dec. 4,2008 Sheet 3 of 4 US 2008/0297134 A1

[Fig. 9]
Ry Ry Ly
Vg@ R1 21317
- Ly Ro
Z51
Ci
(a) {b)
[Fig. 10]
Rg=50
[Fig. 11]
O O
+ +
RL, v
v 2 =
6. 6KV ’-}J 1 L4 Ls § RO 1
220V
o
n=30,k=1
[Fig. 12]
P O O
+ +
; RL, v
v o _
6.6kv(y) Vi Gy L, L, 2 §R01
220V
& 0O O

[Fig. 13]
€ O
+ l +
Vi Cl RL, Vs § R,

lo=— v =
0 R1 1 Rl I L1 Ls
Q O




Patent Application Publication Dec. 4,2008 Sheet 4 of 4 US 2008/0297134 A1

+
+ RL,
220V @ V- L
- 1
n=36.7 k=1
® 9
+
C RL
Vi /2 il
To = —— =
‘IO_RJ_ /I\ Vi §R1 L1
_ & ® _ O—




US 2008/0297134 Al

CIRCUIT FOR TRANSMITTING AN
AMPLIFIED RESONANT POWER TO LOAD

TECHNICAL FIELD

[0001] The present invention relates to a power amplifier
circuit and its power transferring. More particularly, this
invention relates to a circuit that can transfer amplified reso-
nant power, which is generated by an inductor of a conven-
tional transformer when serial or parallel resonance of a con-
ventional power supply is formed, to a load through the
conventional transformer.

BACKGROUND ART

[0002] An electric-power supply produces electric-power
and supplies the produced electric-power to a load directly
connected thereto. An example of such an electric-power
supply is an electric generator. When such an electric genera-
tor produces electric-power, a transformer transforms the
electric-power into a voltage or current compliant with a
load’s resistance and supplies it to the load.

[0003] According to a conventional electric-power supply
method, an independent power supply used a primary power
supply directly supplies electric-power to a load. That is, the
consumption power of the load is directly provided by the
independent power supply.

[0004] As such, the conventional electric-power supply
method has only used an independent power supply that
directly supplies power to a load. That is, a method where
electric-power provided from an independent power supply is
amplified and then supplied to a load has not been known.
[0005] Therefore, before supplying electric-power from an
independent power supply to a load, ifitis amplified and then
supplied to the load, the electric-power consumption can be
reduced. That is, such idea becomes a landmark in the indus-

try.
DISCLOSURE OF INVENTION
Technical Problem

[0006] Therefore, the present invention has been made in
view of the above problems, and it is an object of the present
invention to provide a circuit for transferring amplified reso-
nant power to a load that is capable of transferring Q times
amplified resonant power, which is generated at an inductor
of a conventional transformer when serial or parallel reso-
nance of a conventional power supply is formed, to a load
through the conventional transformer, thereby proving a
higher amount of power to the load than a conventional circuit
can, including the conventional power supply apparatus hav-
ing simple functions.

Technical Solution

[0007] In accordance with an aspect of the present inven-
tion, the above and other objects can be accomplished by the
provision of a circuit for transferring amplified resonant
power to a load, comprising: a power supply for producing
and supplying voltage or current; a power amplifier for gen-
erating amplified resonant power using the voltage or current;
and a power transferring unit for transferring the amplified
resonant power to the load using a transformer.

[0008] Preferably, the power supply is one of AC voltage
source, AC current source, DC voltage source, and DC cur-
rent source.

[0009] Preferably, the power amplifier includes: a primary
inductor of the transformer; and a capacitor connected to the
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primary inductor in serial or in parallel. Here, the amplified
resonant power is stored in the primary inductor.

[0010] Preferably, reflective impedance at the primary side
of the transformer has a relatively small value such that the
power amplifier can maintain resonance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Theaboveandother object, feature and other advan-
tages of the present invention will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings, in which:

[0012] FIG. 1 is a schematic circuit block diagram accord-
ing to an embodiment of the present invention;

[0013] FIG. 2 is a view illustrating a circuit that transfers
amplified resonant power, generated in serial resonance, to a
load, according to an embodiment of the present invention;
[0014] FIG. 3 shows equivalent circuit diagrams of a three-
phase synchronous electric generator according to an
embodiment of the present invention;

[0015] FIG.4A and FIG. 4B are equivalent circuit diagrams
of'serial and parallel resonance circuits, respectively, accord-
ing to an embodiment of the present invention;

[0016] FIG. 5 is an equivalent circuit diagram of a trans-
former according to an embodiment of the present invention;
[0017] FIGS. 6A and 6B are equivalent circuit diagrams
when a transformer connected to a load is in serial resonance,
according to an embodiment of the present invention;
[0018] FIG. 7 is an exemplary view illustrating a trans-
former used in an embodiment of the present invention;
[0019] FIG. 8 is an equivalent circuit diagram of an electric-
power amplification/transfer experiment circuit, according to
an embodiment of the present invention;

[0020] FIG. 9 shows equivalent circuit diagrams of a circuit
used in an experiment according to the present invention;
[0021] FIG. 10 is a circuit diagram where a load is directly
connected to a power supply according to an experiment of
the present invention;

[0022] FIG. 11 is an equivalent circuit diagram of a final
transformer for electric-power transfer according to an
experiment of the present invention

[0023] FIG. 12 is an equivalent circuit diagram of an elec-
tric-power transfer resonant voltage source according to an
experiment of the present invention;

[0024] FIG. 13 is an equivalent circuit diagram of an elec-
tric-power transfer resonant current source according to an
experiment of the present invention;

[0025] FIG. 14 is an equivalent circuit diagram of an elec-
tric-power transfer transformer of a home electrical appli-
ance, according to an experiment of the present invention; and
[0026] FIG. 15 is an equivalent circuit diagram of an elec-
tric-power transfer resonant current source of a home electri-
cal appliance, for reducing consumption power of a load,
according to an experiment of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0027] Preferred embodiments of a circuit for transferring
amplified resonant power, configured to include the above-
described means, and their operations, will be described in
detail with reference to the accompanying drawings.

[0028] As shown in FIG. 1, the circuit according to the
present invention is configured to include: a power supply 10
for producing and supplying electric-power a power amplifier
20 for resonating the electric-power provided from the power
supply 10 to generate amplified resonant power, and storing it
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therein; and a power transferring unit 30 for transferring the
amplified resonant power of the power amplifier 20 to a load
40.

[0029] The power supply 10 means a general independent
power source. Such a general independent power source is
used in such a way that its output voltage is increased or
decreased to a voltage necessary for a load by a transformer,
etc., and then transferred to the load. However, in the present
invention, the power supply 10 just functions as only an
accessory circuit that supplies current or voltage to the power
amplifier 20 such that the power amplifier 20 can amplify
power based on the current or voltage. The power supply 10
does not directly produce or provide its electric-power to the
load.

[0030] The independent power supply source functioning
as the power supply 10 may be implemented with an AC
source and a DC source. The AC source includes an AC
voltage source and an AC current source. The DC source
includes a DC voltage source and a DC current source. When
the independent power supply source is implemented with a
DC source, the output of the DC source can be converted to
AC power through an inverter.

[0031] Thepower amplifier 20 produces amplified resonant
power using voltage and current outputted from the power
supply 10. In an embodiment of the present invention, the
amplified resonant power is transferred to a load through a
transformer. More specifically, the power amplifier 20 pro-
duces the amplified resonant power using the primary induc-
tor of the transformer, and is then stored in the primary induc-
tor.

[0032] Here, the power amplifier 20 is configured to
include the primary inductor of the transformer and a capaci-
tor connected to the primary inductor in serial or in parallel.
Here, the power amplifier 20 resonates and amplifies the
power provided from the power supply 10 and then stores it in
the inductor.

[0033] The power amplifier 20 affixes an inductor (L) and
capacitor (C), which are electrical parts for storing energy, to
the power supply 10, and enables the inductor (L) and capaci-
tor (C) to be synchronous to the frequency of the source power
and to form serial or parallel resonance. Therefore, the source
power is amplified Q times and then stored in the inductor (L)
and the capacitor (C).

[0034] When serial resonance is formed at a source voltage
of V,, Q times source voltage, i.e., Q*V_[V], is applied to the
inductor. Here, the serial resonant power P by resonant cur-
rent I, flowing in the inductor is generated such as P =Q
V * T [W].

[0035] On the other hand, when parallel resonance is
formed, Q times input current of I, i.e., Q*L,[A], flows into
the inductor. Here, parallel resonant power P, by a voltage V.
between both leads of the inductor generates as P,=Q 1,*V,,
[W].

[0036] As such, in using serial or parallel resonance, the
inductor for resonance stores QQ times input power P therein.
Here, the type of resonances can be chosen according to the
object of the circuit design. And here, power generated in the
inductor is reactive power, and, for convenience, denoted by
power P.

[0037] The amplified resonant power, generated by the
power amplifier 20, is transferred to the load 40 by the power
transferring unit 30 composed of a commonly used trans-
former.

[0038] The power transferring unit 30 transfers the power,
amplified Q times by the transformer in the power amplifier
20, to the load. In order to transfer power maximally, it is
preferable that the coupling coefficient k be close to 1.
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[0039] When serial resonance is formed, voltage V, at the
secondary side of the transformer, which is hereinafter
referred to as secondary voltage V,, can be calculated by the
following equation, based on the transformer principle. Here,
the current I, at the secondary side, which is hereinafter
referred to as secondary current I, is assumed to be 0.

Vo =k Yy n=k OV n=(Q/ny k.,

[0040] Where, Q denotes a quality factor of the circuit n
denotes the turns ratio of the trans former k denotes the
coupling coefficient V, denotes the source voltage and V,
denotes a voltage between both leads of the inductor in serial
resonance.

[0041] When the transformer is operated, the secondary
current I, flows in the secondary side of the transformer.
Then, reflective impedance Z,, is reflected from the second-
ary side to the primary side, thereby suppressing resonance at
the primary side.

[0042] Therefore, the reflective impedance at the primary
side, which is hereinafter referred to as primary reflective
impedance, is designed to be relatively small to maintain
resonance in the power amplifier 20. In the present invention,
an equation for voltage transfer to the secondary side and an
equation for adjusting reflective impedance Z,,, when reso-
nance is formed, are derived and then applied to the circuit
design. Therefore, the present invention allows the amplified
resonant power to be transferred to the load without loss,
based on the transformer principle.

[0043] The load 40 is a circuit that is provided with the
power amplified Q times at the primary inductor of the trans-
former. When the secondary current I, is not zero, resonance
of'the primary side of the transformer is broken by the reflec-
tive impedance of the transformer. To prevent this, the reflec-
tive impedance Z,, must be adjusted and resistance R, of the
load must beoptimally chosen to maintain the resonance of
the primary side.

[0044] Anembodiment ofthe circuit for transferring ampli-
fied resonant power to the load, as configured above, accord-
ing to the present invention, is illustrated in FIG. 2. As shown
in FIG. 2, the circuit includes: a power supply 10 having an
AC voltage source (V) and an internal resister (R,) a power
amplifier 20 having a primary inductor (L, ) of a transformer
and a capacitor (C,) serially connected to the inductor (L) a
power transferring unit 30 having the transformer and a load
(R,) inputting resonant power, amplified by the power trans-
ferring unit 30.

[0045] FIG. 3 shows equivalent circuit diagrams of a three-
phase synchronous electric generator according to an
embodiment of the present invention. In such a circuit, jX
denotes reactance of an electric generator and R, denotes
resistance of the inductor. The present invention transfers
electric-power to the load in such a way that: in order to apply
an equivalent circuit for a single phase electric power genera-
tion to a circuit, a capacitor is added the circuit power is
amplified by using resonance; and the amplified resonant
power is directly provided to the load using the transformer
principle. Therefore, the present invention transfers the
amplified power to the load. On the other hand, the conven-
tional power supply is directly connected to the load and
transfers its power thereto.

[0046] FIG. 4A and FIG. 4B are diagrams illustrating a
single phase equivalent circuit of an electric generator to
which serial or parallel resonance is applied to amplify elec-
tric-power. Such a circuit is configured to include a power
supply 10 and a power amplifier 20.

[0047] As shown in FIG. 4A, in the circuit to which serial
resonant is applied, if resistance R of a coil is neglected, the
quality factor Q; is expressed as Q~wL,/R,, where R,
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denotes internal resistance of the power supply, and R,
denotes loss resistance of the coil. Here, the factor Q, of a
circuit is generally greater than 10. Also, a voltage V, between
both leads of an inductor (L) in serial resonance is expressed
as V,Q.*V_. Here, power P, stored in the inductor (L,) is
expressed as follows:

Pl:Vl*IOZQS*Vg*IOZQs*Vg2/Rg
[0048] where, [,=V /R _(I,: resonance current)
[0049] As well, the source power P, in serial resonance is
expressed as P_=V_*1,=V_,/R_. Therefore, P,=Q *P,. The
equation shows that the inductor (L;) in serial resonance
inputs Q, times input power.
[0050] As shown in FIG. 4B, in the circuit to which parallel
resonant is applied, like the serial resonant circuit, Q times
power is applied to both leads of the inductor. Since such
power amplification in the parallel resonant circuit is similar
to that of the serial resonant circuit, which has already been
described above, its description will be omitted.
[0051] FIG. 5 is an equivalent circuit diagram of a trans-
former used in the power transferring unit 30 according to an
embodiment of the present invention.
[0052] When the transformer of the power transferring unit
30 is assumed to be ideal, input power P, of the primary side
can be transferred to the secondary side without loss. There-
fore, the power P, at the secondary side becomes the input
power P, i.e., P,=P,. However, when considering the cou-
pling coefficient k and turns ratio n, the secondary side can be
expressed as follows. Here, coil resistance is neglected.

Vo=k*V /n
L=k*n*1,

Py=Vy*L=k>*P,

[0053] On theother hand, wheninternal resistance R, of the
power supply exists and the secondary current I, is not zero as
aload having resistance R, is connected to the secondary side,
reflective impedance 7., is coupled to the primary side. Here,
the reflective impedance Z,, can be expresses as Z,,=—(sM)
21Z.5,7R; 45X, [Q].

[0054] FIGS. 6A and 6B are equivalent circuit diagrams of
the primary and secondary sides of a transformer, respec-
tively, when the resonant power amplified by the serial reso-
nant circuit of FIG. 4A is transferred to the secondary side of
the transformer, based on the transformer principle, as shown
in FIG. 5.

[0055] As shown in FIG. 6B, in the equivalent circuit dia-
gram of the secondary side of the transformer, I, denotes
primary current and Z,, denotes mutual inductance.

[0056] AsshowninFIG. 6A, when the power supply circuit
at the primary side is configured to be a serial resonant circuit
and aload is connected to the secondary side circuit, reflective
impedance Z,, appears at the resonant circuit at the primary
side. When the circuit is designed such that the reflective
impedance Z,, hardly affects the resonant circuit at the pri-
mary side, the resonant circuit continues its resonance. Then,
the power amplified by such resonance is transferred to the
secondary side, based on the transformer principle, such that
the amplified power can be provided to the load.

[0057] The following is a detailed description of exemplary
experiments to prove the above-described embodiments
according to the present invention.

[0058] FIG. 7 is a view illustrating a transformer used in a
practical experiment for an embodiment of the present inven-
tion. The transformer is designed in such a way that coils are
wound around a ferrite core to form primary and secondary
sides whose inductances are each 348 [mH] and whose turns
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ratio is n:1. As well, the transformer is operated in serial
resonance. Here, DC resistance of the coil is 2.8 [Q2] and
coupling coefficient k is 0.742.
[0059] As well, for the experiment of the transformer of
FIG. 7, a signal generator, Tektronix CFG 280 whose internal
impedance is 50 [€2], is used as an AC power source and a
serial resonance frequency of 304 [KHz] is used. An oscillo-
scope, Tektronix TDS 220, is used as a voltmeter.
[0060] FIG. 8 is an equivalent circuit diagram of an electric-
power amplification/transfer experimental circuit according
to an embodiment of the present invention. FIGS. 9A and 9B
are equivalent circuit diagrams of the primary and secondary
sides in the equivalent circuit of FIG. 8.
[0061] Intheequivalent circuit at the primary side shown in
FIG. 9A, equivalent resistance R, can be expressed as
R,=R, +R 1+R,,. Here, when a load (RO) is connected to the
01rcu1t the quality factor Q, can be expressed as Q.=XL,/R .
Thus, the smaller the reflective impedance R, the better the
power amplification.
[0062] Therefore, if the reflective impedance 7, is mini-
mized at the primary side to maintain resonance when the
circuit is designed, the amplified resonant power is trans-
ferred to the secondary side without loss, based on the trans-
former principle, such that the voltage and current corre-
sponding to the transferred power can appear at the secondary
side. Accordingly, the voltage at the primary side, amplified
by serial resonance, becomes Q,*V_, and the VoltageV atthe
secondary side is expressed as 'V, (Qz/n)*k*V When the
coupling coefficient k is 1 and the turns ratio n is 1, the
secondary voltageV, is amplified as Q times the source power
V, and then applied to the load connected to the secondary
side.
[0063] Since the secondary current 1, is k*n*I;, when n=1
and k=1, then 1,=I,. Here, I, is resonant current of the primary
side and transferred to the secondary side without loss.
[0064] Therefore, the power P, transferred to the secondary
side is expressed as the following equation.

Py=Vy*L,=~(Q/n)

*k*Vg*k*n*Il :QS*kZ*Vg*Il :QS*kZ*Pl
[0065] The above equation, P,, means that Q, times input
power is transferred to the secondary side when resonance is
formed withk=1. Theload does not input electric-power from
the power supply but inputs the resonant power amplified by
the power amplifier, which is regarded as a main power sup-
ply. Thus, the power supply functions as a trigger (an auxil-
iary circuit) allowing such a resonance to be maintained.
[0066] Inthe experimental circuits shown in FIGS. 9A and
9B, when the load resistance R, is assumed to be 170 [k€2],
the reflective impedance Z,, is expressed as follows:

Zy == (sM)?/Z55=1.4375.6*(10) 3 [Q]=R, 1+ X5, [RQ]

[0067] Here, assuming that Rg=50 [Q], R,=170 [k€],
XL,=665 [Q], XL,=665 [2], k=0.742, and n=1.

[0068] As described in the equation, since the reflective
resistance R,,, 1.43 [€2], is relatively smaller than the internal
resistance Rg, 50 [Q2], it hardly affects the factor of circuit Qs.
As well, since the reflective capacitive reactance X,,, 5.6*
(10) [€2], is relatively smaller than the inductive reactance,
665 [€2], at the primary side, such a resonance can be con-
stantly maintained.

[0069] The following Table 1 shows experimental mea-
surement data of available power provided to a load (R,)
using a resonant circuit of the power supply whose internal
resistance Rg is 50 [Q2] and whose voltage is 1 [V]. Here, the
data is obtained when the coupling coefficient k is 0.742.
However, when the coupling coefficient k is 1, then, V,=V,
and the power provided to the load is as described in Table 1.
Here, XL, is neglected, because R,>>XL, when the power
provided to the load is calculated.
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TABLE 1
Experimental measurement data of power, according to
load change, in the equivalent circuit of FIG. 8
Available
Load Primary Secondary load power, Reflective
Resistance, Quality  Voltage,V;  Voltage,V,= Py=V,,/R, Resistance, Ry,
R Q]  factor, Qg v] 0.742V, [V] (W] Q]
1M 8.97 8.97 6.65 42.9 0.24
170K 8.80 8.80 6.55 252.3 1.43
10K 6.56 6.56 4.92 2420.6 24.34
1.2K 2.40 2.40 1.72 2465.3 202.89
870 1.93 1.93 1.34 2063.9 279.85
[0070] Where, V=1 [V], k=0.742, and n=1. voltage amplification is approximately 2.4. Therefore, a cir-
[0071] InTable 1, since the source voltage V_ is 1 Volt, the cuit designed to have such conditions is operated in such a

value of the quality factor of the circuit Q, is equal to the
magnitude of the voltage V, applied to the inductor (L,).
Therefore, the voltage V,, transferred to the secondary side, is
k*V,.

[0072] As well, when 1,=0, the quality factor Q, at the
primary side is expressed as Q. =XL,/(R+R,)=665 [LQ]/52.8

way that, when the load resistance R, is increased, the reflec-
tive resistance R,; and the reflective impedance Z,, are
decreased but the quality factor Q, is increased.

[0076] The following Table 2 describes value calculated by
an equation when the coupling coefficient k set to lat the
resonant equivalent circuit of FIG. 8.

TABLE 2

Theoretical values, at k =1, in the equivalent circuit of FIG. 8

Available
Load Primary Secondary power of Reflective
resistance, Quality  Voltage,V,  Voltage,V,=  Load,P;=V,, /R, Resistance, R,
Ro[Q]  factor, Q, v] 0.742 V,[V] [LW] Q]
1M 8.93 8.93 8.93 79.7 0.44
170K 8.67 8.67 8.80 442 2.6
10K 5.62 5.62 5.62 3158 44.21
1.2K 1.50 0.83 0.83 577 368.51
870 1.14 0.75 0.75 651 508.30
[€2]=12.59. Provided that R, denotes internal resistance of the [0077] Where, V =1[V], k=1, and n=1.
power supply, 50 [Q], and R, is DC resistance of the primary [0078] In Table 2, since the reflective resistance R, is

coil, 2.8 [L].

[0073] Since the case where load resistance R, is 1 [MQ] is
similar to that where [,=0, Q, must be 12.59 like the theoreti-
cal value but, as described in Table 1, the experimental value
is measured as 8.97. Such a result is estimated because the
value of the factor Q, is reduced by resistance caused by the
high frequency of the coil as well as the DC resistance of the
coil.

[0074] Therefore, based on such a result, effective resis-
tance R, yof the primary circuit can be calculated as R, ,=XL,/
Q=667 [Q]/8.97=74.1 [R2]. Thus, the experiment circuit is
estimated as being operated in a state where the effective
resistance R, ,is R_~74.1 [Q] and the internal resistance R,
of the power source is 50 [Q2]. The Table 1 shows that the
quality factor Q. according to change of load resistance R, is
XL /R g#R5,), i.e., Q=XL /(R #R,,).

[0075] The Table 1 shows that, when the load resistance R,
is 1.2 [k€2], the reflective resistance R,, is 202.89 [Q] and

changed according to a change in the load resistance R, at
k=1, wheneachR,inTables 1 and 2 is 1.2 [k€2] or 870 [Q2], the
available power provided to the load (R,) is decreased more
than that in the case of k=0.742. Such a result is because
parameters used for the reflective impedance Z,,, such as,
coupling coefficient k, load resistance R, turns ratio n, and
reactance XL, are associated with the design of a circuit for
resonant power transfer.

[0079] The following Table 3 shows comparisons of mag-
nitude of available power provided to a load (R,) when the
load (R,) is directly connected to the source voltage with that
of available power provided to a load (R,) when the load is
connected to an experimental circuit for power amplification
with 1 [V] voltage source, as shown in FIG. 8.

[0080] FIG. 10 is a circuit diagram where a power supply is
directly connected to a load to supply its power to the load.
Here, since Ry>>R,, the internal resistance R, of the power
supply is neglected.
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Comparison of available load power between direct connection manner and source

power amplification connection manner

Source power amplification

@Direct connection manner Ratio of ~ Ratio of
Load connection mannerP, = Py= V;/RO available  available
resistance, V;/R0 [LW] load load
power, power,
Ro[)] [1W] @x=0712 Qk=1 QO QO
1M 1.0 42.9 79.7 42.9 79.7
170K 5.9 252.3 442 42.76 74.91
10K 100.0 2420.6 3158 24.20 31.58
1.2K 833.3 2465.3 577 295 0.69
870 1149.4 2063.9 651 1.79 0.56
[0081] As described in Table 1, in the circuit where Q; is [Q] (:Reﬁszl .1 [Q]*(8.58)%). Here, the internal resistance

maintained at 6.56 in serial resonance, the available power
provided to the load having load resistance R, of 10 [k], as
described in Table 3, is 24.2 times power in the case of
k=0.742 and 31.58 times power in the case of k=1 than that of
the case where the load is directly connected to the power
supply. This means that the load is provided with amplified
power, Q.” times greater than that of the conventional power
providing method.

[0082] The following is a detailed description of a circuit
for amplifying and supplying source power using parallel
resonance, based on the experiment results.

[0083] Home electric-power is provided in such a way that
6.6 [kV]is transmitted to a transformer nearest ahome and the
transformer steps-down the voltage to a single phase 220 [ V]
to supply it to the home, so that home appliances can consume
it.

[0084] FIG. 11 is an equivalent circuit diagram for trans-
ferring electric-power to loads in a home. The circuit is
designed in such a way that load resistance R, is 1 [©2] and a
factor Q,, of a desired circuit is 8.58. Here, the internal resis-
tance of the power supply is neglected.

[0085] Here, the primary voltage of the transformer is 6.6
[kV] and the secondary voltage is 220 [V]. In addition, when
the coupling coefficient k of the transformer is assumed to be
1, the turns ratio n is 30 (=V,/V,=6.6 [kV]/220 [V]). As well,
the resistance of a load at home is assumed to be 1 [Q].
[0086] Here, in order to apply 220 [V] to the load, the
reactance at the secondary side of transformer shown in FI1G.
11 must be chosen in such a way to be 1% of the load
resistance, i.e., 0.0105 [Q]. Since the reactance X, at the
primary side and the reactance X, at the secondary side are
each proportional to the square of the turns ratio, XL,=n>
XL,=30% (0.0105)=9.44 [Q]. Here, since the reflective
impedance Z,, is -(sM)*/Z,,=0.1-j0.01 [Q], it hardly affects
the circuit at the primary side.

[0087] Therefore, a parallel resonance circuit of the pri-
mary side, for amplifying power, is applied to the power
amplification circuit using parallel resonance, as shown in
FIG. 12, thereby transferring the amplified resonant power to
the secondary side.

[0088] Here, when the resistance RL, of the coil at the
primary side is assumed to be 1 [], the factor of circuit Q,, is
8.58 (=XL,/R _;~9.44[Q]/1.1 [Q]). Provided that R ~RL+
R,,. As well, the resistance R, in the parallel resonance is 81

of the power supply is neglected.

[0089] FIG. 13 is an equivalent circuit diagram of a current
source, which is modified from the circuit of FIG. 12 as the
voltage source is replaced with the current source.

[0090] As shown in FIG. 13, the resonant current I, is
0.0815 [kA] (=V,/R,=6.6 [kV]/81 [Q]). The primary reac-
tance X, allows a circulating current of 0.699 [kA], which
corresponds to I, (0.0815 [kA]) times Q,,, to be flown therein.
6.6 [kV] is applied to both leads of the primary reactance.
Therefore, under these conditions, the parallel resonant
power P,z is 4,613.4 [kW] (=V,*Q,*I;=6.6 [kV]*0.699
(KA.

[0091] However, in the equivalent circuit of FIG. 11, when
the coil resistance RL, is neglected, the current I1 flown in the
primary reactance XL, is 0.699 [kA] (=V,/XL,=6.6 [kV]/9.
44 [Q]. Therefore, the power P, applied to the primary reac-
tance XL, is 4,613.4 [kW] (=V,*1,=6.6 [kV]*0.699 [kKA]).
[0092] Therefore, the parallel resonant power P, of
4,613.4 [kW] inparallel resonance is identical, in magnitude,
to the power P, 0f4,613.4 [kW], not in resonance, and trans-
ferred to the load through the transformer. From view of the
power supply, it must produce power P, 0f4,613.4 [kW], not
in resonance. However, since the source power P, in parallel
resonance, as shown in the equivalent circuit of FIG. 13, is
0.54 [kW] (=V,*1,=6.6 [kV]*0.0815[A]), the power supply
in resonance may produce P, times 1/Q,. Therefore, from
view of the electric generator, its output power seems to be
increased. On the other hand, such an effect can be identically
obtained from a circuit in serial resonance.

[0093] The present invention can save more of a load’s
consumption power than the conventional method can.
[0094] The following describes theoretical proposals for
how the present invention can be applied to home appliances
to save consumption power, based on the experiment results.
[0095] A general home appliance steps down from 220 [ V]
to a certain voltage using a transformer and then converts the
step-down voltage to AC or DC to provide it to loads, for
example, when an apparatus has regular output of 6 V and
output current of 0.3 A.

[0096] Here, equivalent resistance R, of the load is 20 [Q2]
(=V,/1,=6 [V]/0.3 [A]). In order to apply 99% of the voltage
to the load (R,), XL, is chosen to be 0.2 [Q2]. Here, the turns
ratio n is 36.7 (=V,/V,=220 [V]/6 [V]), and the primary
reactance XL, is 269 [Q] (=n**XL,=36.72%0.2 [Q]).
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[0097] Also, when the reflective impedance Z,, and the
resistance RL,; of the primary coil (L) are chosen so that
Z,,=—(M)*/Z,,=2.7-j0.027 [Q] and RL, =40 [Q], the reflec-
tive impedance Z,, hardly affects the primary circuit. Such an
equivalent circuit of the transformer is illustrated in FIG. 14,
in which the internal resistance of the power supply is
neglected.

[0098] InFIG. 14, in order to apply 6 [V] to the load (R,) of
20 [€2], the primary current I, needs approximately 818 [mA]
(ie.,1,=V /XL,=220[V]/269 [Q]~818 [mA]), assuming that
the primary coil resistance RL, is neglected.

[0099] Therefore, the power actually consumed by the load
(Ry) is determined by the primary voltage, 220 [V], and the
current, 818 [mA], of the primary side of the transformer
shown in FIG. 14.

[0100] FIG. 15 shows an equivalent circuit diagram modi-
fied from the circuit of FIG. 14 as the voltage source is
replaced with a current source. The circuit of FIG. 15 is
configured to be operated in parallel resonance.

[0101] InFIG. 15, the internal resistance of the power sup-
ply is neglected. In the equivalent circuit using parallel reso-
nance, the factor Q,, is obtained as Q,=XL,/(RL,+R,,) =269
[Q]/(40+27) [Q2]=~6.3. As well, the primary circuitresistance
R is obtained as R,=(RL,+R,,)*Q,*=42.7%6.3=1694.7 [Q].
[0102] Therefore, the primary current I, is identical to the
resonant current I,, and obtained as [,=V,/R,=220[V]/
1694.7 [2]=129.8 [mA]. Thus, the current I, flown in the
primary reactance XL,, is obtained as 1,=Q,*1,=6.3%129.8
[mA]=818 [mA].

[0103] Therefore, under the condition that the coupling
coefficient k is 1 and the turns ratio n is 36.7, the voltage V,
and current [,, obtained as V,=V,/n=220[V]/36.7~6 [ V], and
L=n*1,=36.7*818 [mA]~30 [A], respectively, are trans-
ferred to the load at the secondary side of the transformer.
Thus, the load can be operated by the voltage V, and current
1, used as the regular voltage and current of the load.
[0104] However, since the consumption power of the load
is caused by the power induced at the primary side of the
transformer, the load actually consumes power caused by
voltage and current used at the primary side. Therefore, when
the resonance shown in the equivalent circuit of FIG. 14 is not
used, the primary current I, is approximately 818 [mA] and
the current I, flown in the primary side in parallel resonance
shown in FIG. 15, is approximately 129.8 [mA]. Since the
circuit inputs the same 220 [ V], it can reduce power, provided
to the load in parallel resonance, smaller approximately 6.3
times than that, provided to the load not in resonance. That is,
the circuit can reduce the consumption power in parallel
resonance by Q,, times, compared to not in resonance.

INDUSTRIAL APPLICABILITY

[0105] As described above, the circuit according to the
present invention can transfer amplified power to a load,
compared to the conventional circuit where the electric-
power is simply transferred to the load using an electric
generator and a transformer. To this end, the circuit of the
present invention is configured in such a way that: resonance
(serial or parallel resonance) is formed at the side of the power
supply; and the transformer circuit, used for transferring
power to the load, is designed such that its reflective imped-
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ance can beset within a value to maintain the resonance.
Therefore, the amplified resonant power is transferred to the
load. That is, the circuit according to the present invention
does not transfer the power, produced by an electric generator
as amain power source, to the load, but transfers the amplified
resonant power to the load.

[0106] Inthe circuit according to the present invention, the
power supply (an electric generator, etc.) is regarded as an
auxiliary circuit to produce resonant power. Power to be
substantially transferred to a load is amplified by a parallel or
serial resonant circuit, thereby providing the amplified reso-
nant power to the load, compared to the conventional circuit
where power produced by an electric generator is directly
provided to the load. Therefore, the circuit of the present
invention can reduce the consumption power of the load, from
view of a load.

[0107] The present invention is operated to transfer reso-
nant power to a load through a transformer, and may be
analyzed as serial or parallel resonant circuit. Therefore, the
present invention can be usefully applied to industrial power
applications while satisfying energy conservation laws.
[0108] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

1. A circuit for transferring amplified resonant power to a
load, comprising:

a power supply for producing and supplying voltage or

current;

a power amplifier for generating amplified resonant power

using the voltage or current; and

a power transferring unit for transferring the amplified

resonant power to the load using a transformer.

2. The circuit according to claim 1, wherein the power
supply is one of AC voltage source, AC current source, DC
voltage source, and DC current source.

3. The circuit according to claim 1, wherein the power
amplifier includes:

a primary inductor of the transformer; and

a capacitor connected to the primary inductor in serial or in

parallel,

wherein the amplified resonant power is stored in the pri-

mary inductor.

4. The circuit according to claim 1, wherein reflective
impedance at the primary side of the transformer has a rela-
tively small value such that the power amplifier can maintain
resonance,

wherein reflective resistance (R, )of the reflective imped-

ance (Z,) is less than equivalent inductive reactance
(XL,) of the primary side of the transformer transferring
the resonant power, and reflective reactance (X, ) is less
that 0.5 of the equivalent inductive reactance (XL,) of
the primary side of the transformer.

5. The circuit according to claim 1, wherein the circuit
amplifies power by using parallel resonance, and transfers the
amplified resonant power to the load, such that consumption
power of the load can be reduced.
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