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Description

Title of Invention: ENERGY TRANSMISSION APPARATUS AND

METHOD
Technical Field

[1] The present disclosure relates to an energy transmission apparatus and method, and

more particularly, to an energy transmission apparatus and method, which recontrol a

resonance frequency with a phase difference, measured in a transmitting end, even

when the resonance frequency is changed, and thus can increase energy transmission

efficiency.

Background Art
[2] Industry equipment and most home appliances (which are used in daily life) such as

portable devices and office equipment are using electric energy that is supplied from a

power plant by cable. To date, a power is being supplied by cable without great incon

venience, but the recent advance and wide use of various portable devices are showing

that power supply by cable is not suitable as a power supply source for portable

devices. For example, when a portable device receives a power from a battery having a

low charge capacity, the battery has a fast recharge period due to the low charge

capacity in spite of the enhancement in functions of portable devices. To supplement

this limitation, the charge capacities of batteries have increased, but portable devices

increase in weight and decrease in portability. Furthermore, in portable terminals

which are necessities in daily life, when a battery is completely discharged, it is

difficult to charge the battery anywhere. Also, as the use of laptop computers increases,

the supply of a power is becoming an increasingly important issue.

[3] As a wireless power transfer (or transmission) technology that wirelessly transfers

electric energy from a power source to a desired device, electric motors or transformers

using an electromagnetic induction scheme were used from the 1800s. Since then, a

method was tried for transmitting electric energy by irradiating electromagnetic wave

such radio wave or laser. Electric toothbrushes and some wireless razors are charged

by the electromagnetic induction scheme. The kinds of wireless energy transmission

schemes are as follows.

[4] First, there is an electromagnetic induction scheme based on magnetic induction. The

magnetic induction scheme, which induces a current from a coil to another coil through

a magnetic field, has limitations in that a load power and a relative position and

distance between the coils are required to be accurate. However, some companies

started relaunching new wireless charge devices that charge portable terminals,

Personal Digital Assistants (PDAs), MP3 players, and notebook computers by using



the electromagnetic induction scheme.

[5] Second, there is a non-radiative wireless transmission technology using a near-field

effect. The non-radiative wireless transmission technology is based on an evanescent

wave coupling scheme where electromagnetic wave moves from a medium from

another medium through a near electromagnetic field when the mediums resonate at

the same frequency. A charge station connected to a power source forms the electro

magnetic field, and when approaching a portable device, including a receiver that has

been designed at the same resonance frequency of MHz band, to inside the electro

magnetic field, a kind of energy tunnel is formed between two mediums, thereby

charging the portable device within a distance of several m from the charge station.

Particularly, such energy is non-radiative and based on a magnetic field, and thus, only

when there is a device having a resonance frequency, the energy is transferred to the

device, but an unused portion of the energy is spread into the air and reabsorbed into

an electromagnetic field. Therefore, unlike electromagnetic wave, the energy does not

affect ambient machines and/or human bodies.

[6] Third, there is a long-distance transmission technology using a short-wavelength

wireless frequency within an electromagnetic wave range. The long-distance

transmission technology uses an electromagnetic radiation scheme using microwave of

5.8 GHz, but is fatal to human bodies.

[7] A wireless power technology according to the present invention is based on the non-

radiative wireless transmission technology, and a wireless power transmission

apparatus using a magnetic field resonator has a configuration of FIG. 1 generally.

When a transmission coil 2 1 generates a magnetic field with a power generated by an

Alternating Current (AC) signal generator 10 and energy is transferred to a

transmission resonance coil 22, the transmission resonance coil 22 resonates and

amplifies the magnetic field. The amplified magnetic field enables energy to be

transmitted much farther than power transmission based on a typical magnetic field

induction scheme. Likewise, a reception resonance coil 31 resonates and amplifies a

transferred magnetic field, thereby allowing energy to be received efficiently. As a

result, energy can be efficiently transmitted to a long distance.

[8] In a magnetic field resonance scheme, however, the resonance frequencies of the

transmission resonance coil 22 and reception resonance coil 3 1 are changed when an

ambient environment is changed or an object 50 is located on an energy transfer path.

In this case, an energy amplification rate is reduced, thereby affecting energy

transmission efficiency in a certain distance.

Disclosure of Invention

Technical Problem



[9] Embodiments provide an energy transmission apparatus and method, which sense the

change of a resonance frequency and control the frequency of an AC signal generator

in order for energy transmission efficiency to be maintained.
[10] Embodiments also provide a method which senses the change of a resonance

frequency in a resonance coil.

Solution to Problem
[11] In one embodiment, a wireless power transmission apparatus includes: a power

source supplying a power according to a certain frequency; a transmission unit

receiving the power to wirelessly transmit the received power through self resonance;

and a measurement unit measuring a phase difference between a voltage and current of

the transmission unit, wherein the certain frequency is controlled according to the

phase difference.

[12] In another embodiment, a method of transmitting electromagnetic energy includes:

supplying a power according to a certain frequency; receiving, by a transmission unit,

the power to generate magnetic field energy and transmit the magnetic field energy to

an energy consumption apparatus; and measuring a phase difference between a voltage

and current of the transmission unit, wherein the certain frequency is controlled

according to the phase difference.

[13] The details of one or more embodiments are set forth in the accompanying drawings

and the description below. Other features will be apparent from the description and

drawings, and from the claims.

Advantageous Effects of Invention
[14] According to embodiments, the effect that is given to a resonance frequency

according to the change of an ambient environment can be compensated for, and thus,

energy can be stably transmitted.

Brief Description of Drawings
[15] Fig. 1 is a block diagram schematically illustrating a configuration for a related art

wireless energy transmission method.

[16] Fig. 2 is a circuit diagram of a wireless energy transmission apparatus according to

an embodiment.

[17] Fig. 3 is a block diagram illustrating a configuration of a wireless energy

transmission apparatus according to another embodiment.

[18] Fig. 4 is a circuit diagram illustrating a simplified configuration of a wireless energy

transmission apparatus according to an embodiment.

[19] Fig. 5 is a flowchart illustrating a wireless energy transmission method according to

an embodiment.

Mode for the Invention



[20] Reference will now be made in detail to the embodiments of the present disclosure,

examples of which are illustrated in the accompanying drawings.

[21] In a below description, "module" and "unit" that are suffixes of respective elements

are used for easy description of the specification, and the "module" and "unit" may be

used together.

[22] Furthermore, embodiments will be described in detail with reference to the ac

companying drawings and contents that are described in the accompanying drawings,

but the present invention is not limited to embodiments.

[23] In the specification, for the terms used in the present disclosure, general terms widely

currently used have been selected as possible as they can. However, this may be

changed according to the intention or custom of a technician working in the art or the

advent of new technology. In a specific case, moreover, terms arbitrarily selected by an

applicant may be used. In this case, since the meaning thereof is described in detail in

the detailed description of the specification, the present disclosure should be u n

derstood in an aspect of meaning of such terms, not the simple names of such terms.

[24] Fig. 1 is a block diagram illustrating a configuration of a wireless energy

transmission apparatus according to an embodiment.

[25] Referring to Fig. 1, a wireless energy transmission apparatus 100 according to an em

bodiment may include a power source 10. The power source 10 may generate an AC

voltage with a certain frequency (ω). The certain frequency (ω) may be a default

frequency (ω ). The default frequency (ω ) may be a resonance frequency when there

is not any object such as an interference object 50. Alternatively, the default frequency

(ωο) may be an ideal resonance frequency when a target energy consumption

apparatus 40 is included as in Fig. 1. The certain frequency (ω) may be changed at

intervals or by an external factor, or controlled arbitrarily.

[26] The wireless energy transmission apparatus 100 according to an embodiment may

include a transmission unit 20. The transmission unit 20 may include a transmission

coil 2 1 and a transmission resonance coil 22. When a magnetic field is generated by

the transmission unit 20, energy is transferred to the transmission resonance coil 22.

The magnetic field may be amplified by allowing resonance to occur in the

transmission resonance coil 22. The amplified magnetic field may be transferred to a

reception unit 30 through a space.

[27] The wireless energy transmission apparatus 100 according to an embodiment may

include the reception unit 30. The reception unit 30 may amplify the amplified

magnetic field that is received from a reception resonance coil 31, in the same scheme

as that of the transmission unit 20. The reception unit 30 may transfer the amplified

magnetic field to the energy consumption apparatus 40 via the reception coil 32.

[28] When the power source 10 generates a power having the default frequency (ω ) while



the magnetic field is not being affected by the interference object 50, resonance may

occur by the power having the default frequency (ω0), and then the power may be

amplified and transferred to the energy consumption apparatus 40. However, when an

ambient environment is changed or a change arises on an energy transfer path in the

transmission unit 20 or reception unit 30, the resonance frequency may become

different from the default frequency (ω0). At this point, the frequency of the power

source 10 may be controlled by sensing the change of the resonance frequency.

[29] The wireless energy transmission apparatus 100 according to an embodiment may

further include a measurement unit (not shown) that senses the change of the resonance

frequency.

[30] Fig. 2 is a circuit diagram of a wireless energy transmission apparatus according to

an embodiment. Referring to Fig. 3, the transmission coil 2 1 may include a coil having

a self inductance LI. The transmission coil 2 1 may receive the power generated by the

power source 10 to generate a magnetic field, and transfer the magnetic field to the

transmission resonance coil 22 having a mutual inductance M l that is generated by

coupling between the transmission coil 2 1 and transmission resonance coil 22. The

magnetic field amplified by the transmission resonance coil 22 may be transferred to a

space. Subsequently, the magnetic field may be transferred to the reception unit 30

having a mutual inductance M2 that is generated by coupling between the transmission

resonance coil 22 and the reception resonance coil 31, and then transferred to the

energy consumption apparatus 40 having a resistance RL.

[31] Moreover, the wireless energy transmission apparatus 100 according to an em

bodiment may measure a phase difference between a voltage and current of the

transmission unit 20. A measurement unit (not shown) for measuring a phase

difference between an input voltage and current may be disposed between terminals a

and a' of the transmission coil 21, and measure the phase difference.

[32] The measurement unit may measure an input voltage and an external voltage, for

measuring the phase difference.

[33] Fig. 3 is a block diagram illustrating a configuration of a wireless energy

transmission apparatus according to another embodiment. In Figs. 1 and 2, the energy

transmission apparatus including one transmission unit and one reception unit is i l

lustrated. Referring to Fig. 3, two or more reception units are sequentially disposed,

and thus, energy may be transferred. Specifically, magnetic field energy that is

generated and amplified by a transmission unit 25 may be transferred to an energy con

sumption apparatus 40 via first and second reception units 35 and 45. Even in this case,

a measurement unit (not shown) may measure a phase difference between a voltage

and a current, in an input terminal of the transmission unit 25. That is, by measuring a

phase difference in the input terminal of the transmission unit 25, the energy



transmission apparatus can simply measure a changed resonance frequency irre

spective of the number and shapes of reception units and the configuration or number

of energy consumption apparatuses.

[34] Fig. 4 is a circuit diagram illustrating a simplified configuration of a wireless energy

transmission apparatus according to an embodiment. Fig. 4 is an equivalent circuit of

the circuit of Fig. 2. That is, in an entire system, the power source, transmission unit,

reception unit, and energy consumption apparatus of Figs. 1 and 2 may be equalized as

the parallel circuit of Fig. 4. In the equivalent circuit of Fig. 4, terminals a and a'

correspond to an input terminal of the transmission coil 21. The equivalent circuit has a

resistance Ra that is a real number component of an entire input impedance of a system

that is measured in the input terminal of the transmission coil 21, and an imaginary

number component jwX of the entire input impedance.

[35] When resonance occurs in an entire system illustrated in Fig. 4, only a real number

component in an entire impedance value of the system is left, and thus, a phase

difference (which is measured in the terminals a and a') between a voltage and a

current is zero. However, as illustrated in Fig. 1, the entire impedance of the system

may be changed by an ambient environment 50, in which case the entire impedance

value of the equivalent circuit in Fig. 4 may be changed. That is, the phase difference

(which is measured in the input terminal of the transmission coil 21) between the

voltage and current has a real number component, and moreover, may have an

imaginary number component. That is, the entire impedance may include a resistor and

a reactance.

[36] The entire impedance with respect to the terminals a and a' is expressed Equation (1)

below.

[37] Equation (1)

[39] The imaginary number component of the entire impedance of the system is expressed

as Equation (2) below.

[40] Equation (2)

[42] A phase difference (Θ) between a voltage and a current that are supplied from the

power source 10 is expressed as Equation (3) below.

[43] Equation (3)



[44]

in-real

[45] A relationship (which allows an imaginary number component to become zero.)

between a frequency and a mutual inductance M2 is defined as Equation (4) below.

[46] Equation (4)

[48] As illustrated in Fig. 4, L
1

L , Mi, M3, and R values are respective fixed values and

may be known in advance, and thus, when the M2 value is a priori value, the value of

the resonance frequency (ω) may be obtained.

[49] That is, by recontroUing the frequency of the power source 10 as a frequency that has

been obtained with Equation (4), an entire system can again resonate.

[50] In Fig. 4, the equivalent circuit of an entire system is illustrated as a parallel circuit,

but the embodiment is not limited thereto. As an example, the entire system may be

equalized as a serial circuit. The power source 10 may recontrol a frequency when

sensing the change of a resonance frequency that arises at predetermined intervals or

by the change of an ambient environment, or recontrol the frequency according to a

user input.

[51] Fig. 5 is a flowchart illustrating a wireless energy transmission method according to

an embodiment.

[52] In operation SI 1, the power source generates an AC voltage having a certain

frequency (ω ).

[53] In operation S12, the energy transmission apparatus according to an embodiment

generates a magnetic field with the AC voltage and transfers the magnetic field to the

energy consumption apparatus. In this case, the magnetic field may be transferred to

the energy consumption apparatus via the transmission unit and reception unit.

[54] In operation S13, a phase difference between a voltage and a current is measured in

the transmission unit. The phase difference may be measured in the input terminal of

the transmission unit.

[55] In operation S14, the energy transmission apparatus determines whether a resonance

frequency is changed, based on the measured phase difference. The energy

transmission apparatus determines whether the measured phase difference is greater

than zero, namely, whether the entire impedance of the system is changed and thus

includes a reactance value.

[56] As another example, the energy transmission apparatus may determine whether the



measured phase difference is greater than a predetermined phase difference threshold

value, thereby determining whether the resonance frequency is changed. When the pre

determined phase difference threshold value, for example, is within a range from -0. 1

radian to +0. 1 radian, the energy consumption apparatus may determine the resonance

frequency as not being changed. When the resonance frequency is not changed, the

power source maintains the frequency as the certain frequency (ω0) without recon-

trolling or changing the frequency.

[57] In operation S15, when the resonance frequency is determined as being changed, the

energy transmission apparatus may recontrol the resonance frequency (ω) with the

certain frequency (ω0) on the basis of the measured phase difference.

[58] The energy transmission apparatus and method according to embodiments are not

limited to the above-described configuration and method, but all or a portion of the

embodiments may be selectively combined and configured so as to enable various

modifications.

[59] The energy transmission method according to embodiments may be realized as codes

readable with a processor, in a record medium readable with a processor that is

included in televisions, computers, potable terminals, smart phones, tablet computers,

etc. The energy transmission method according to embodiments may be manufactured

as programs executable in computers and be stored in a computer readable recording

medium. Examples of the computer readable recording medium include read-only

memory (ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy

disks, optical data storage devices, and carrier waves (such as data transmission

through the Internet). The computer readable recording medium can be distributed over

network coupled computer systems so that the computer readable code is stored and

executed in a distributed fashion. Also, functional programs, codes, and code segments

for accomplishing the present invention can be easily construed by programmers

skilled in the art to which the present invention pertains.

[60] Although embodiments have been described with reference to a number of i l

lustrative embodiments thereof, it should be understood that numerous other modi

fications and embodiments can be devised by those skilled in the art that will fall

within the spirit and scope of the principles of this disclosure. More particularly,

various variations and modifications are possible in the component parts and/or ar

rangements of the subject combination arrangement within the scope of the disclosure,

the drawings and the appended claims. In addition to variations and modifications in

the component parts and/or arrangements, alternative uses will also be apparent to

those skilled in the art.



Claims
[Claim 1] A wireless power transmission apparatus comprising:

a power source supplying a power according to a certain frequency;

a transmission unit receiving the power to wirelessly transmit the

received power through self resonance; and

a measurement unit measuring a phase difference between a voltage

and current of the transmission unit,

wherein the certain frequency is controlled according to the phase

difference.

[Claim 2] The wireless power transmission apparatus according to claim 1,

wherein,

the transmission unit comprises a transmission coil which generates a

magnetic field, and

the measurement unit measures the phase difference between the

voltage and current which are inputted to the transmission coil.

[Claim 3] The wireless power transmission apparatus according to claim 2,

wherein the transmission unit comprises a transmission resonance coil

which amplifies the magnetic field generated by the transmission coil

by resonating the magnetic field.

[Claim 4] The wireless power transmission apparatus according to claim 3,

wherein in an entire system comprising an energy transmission

apparatus and an energy consumption apparatus,

the certain frequency (ω ) is expressed as Equation below,

where R is an input resistance which is measured in an input terminal

of the energy transmission apparatus, Mi is a mutual inductance which

is generated by coupling between the transmission coil (Li) and the

transmission resonance coil, M2 is a mutual inductance which is

generated by coupling between the transmission resonance coil and a

reception resonance coil, and M3 is a mutual inductance which is

generated by coupling between the reception resonance coil and a

reception coil.

[Claim 5] The wireless power transmission apparatus according to claim 1,

wherein the energy is transmitted by a non-radiactive scheme.



[Claim 6] A method of transmitting electromagnetic energy, the method

comprising:

supplying a power according to a certain frequency;

receiving, by a transmission unit, the power to generate magnetic field

energy and transmit the magnetic field energy to an energy con

sumption apparatus; and

measuring a phase difference between a voltage and current of the

transmission unit,

wherein the certain frequency is controlled according to the phase

difference.

[Claim 7] The method according to claim 6, further comprising receiving, by a

reception unit, the magnetic field energy from the transmission unit to

transmit the magnetic field energy to the energy consumption

apparatus.

[Claim 8] The method according to claim 7, wherein the reception unit is

configured in plurality.

[Claim 9] The method according to claim 6, wherein,

the transmission unit comprises a transmission coil which generates a

magnetic field, and

the measuring of a phase difference measures the phase difference

between the voltage and current which are inputted to the transmission

coil.

[Claim 10] The method according to claim 6, wherein in an entire system

comprising an energy transmission apparatus and the energy con

sumption apparatus,

the certain frequency (ω ) is expressed as Equation below,

where R is an input resistance which is measured in an input terminal

of the energy transmission apparatus, M is a mutual inductance which

is generated by coupling between the transmission coil (Li) and the

transmission resonance coil, M2 is a mutual inductance which is

generated by coupling between the transmission resonance coil and a

reception resonance coil, and M3 is a mutual inductance which is

generated by coupling between the reception resonance coil and a

reception coil.



[Claim 11] The method according to claim 6, wherein the energy is transmitted by

a non-radiactive scheme.
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