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Three-
coilwirelesspowertransmissionbyincreasingspacingdistanceandusingoptimaldesignwithcon
vertercircuit

J.Vijayaraghavan'",D.Murugananthan’,

!DepartmentofEEE, ManakulaVinayagarInstituteofTechnology, Puducherry-605107

Asthedistancebetweentransmitterandreceiverincreases,thefrequencyrangeused for
connecting to the circuitry must also expand. The maximal power factor of a load isdependent on
numerous  factors, out of which the most important are the coupling
coefficientsbetweenresonators,qualityfactorsforresonators,anddrivepower.Enhancedwirelesstrans
mission links have been provided, based on the best results at a distance of 2.5 meters,
thetransmitpowercanbegreaterthan120Watts. Thesedemonstratethehighefficacyandefficiencyofthr
ee-coilwirelesspowertransmission(WPT). Thepowersupplyandloadcircuits will also be improved
by WPT in additional to the coils. Simple circuitry in the WPTfeeds a DC supply into an AC
excitation. Two inductive coils are used in this converter circuit.Changing the two coils in the
converter circuit to transmitter coils is a typical function of theWPT. It is also recommended that
the receiver coil be improved. Thus, the three coils of

theWirelesspowertechnologysystemareformed

Keywords: Wirelesspowertransfer, WiTricity,
1Introduction

Thesedays,magneticresonancecouplingofwirelesspowertransfertechnologyisgarneringalot of
attention, spanning from contactless battery charging of consumer goods to the

powersupplyofcellularimplants.

MRC-WPT (also known as) is a type of wireless power transmission that operates over
shortdistances and at frequencies as low as a few hundred kilohertz. Long-range direct
microwaveradiation (at frequencies as high as GHz) is another type of wireless power
transmission

thatoperatesoverlongdistancesandatfrequenciesashighasseveral GHz.Energycanbetransferred

wirelessly via non-radiative evanescent near fields in the strong coupling
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other,whereitiseventuallyabsorbedbytheload,atamid-

rangefrequencymanytimesgreaterthanthephysicalsizeofeitherend.

Whenradialdeviation occurs in wireless power, severalapproacheshave been offeredin
thepast.Expanded power deliveryzonesare possible inmultiphase systems. Two transmitterscover
a large area with high power transmission. Anti-offset capabilities can be improved byusing a
tight-strong  connection in a cooperative working coupler. However, these

solutionscannotimprovetransmissiondistanceinthedirectionofthecoilaxis.

Reducedcoillossesandlongertransmissiondistancesaretwobenefitsofusingsuperconductors.

However, it is prohibitively expensive and has a limited audience at this time.Changing the
power source's operating frequency or the loading effect on the transmitting andreceiving coils
can alter the transmission distance. Short lengths, where resonance frequenciessplitting
occur,boost performance.Atthiscriticalcouplingthreshold, the only thing

limitingthemaximumtransmissiondistanceisthedisappearanceofmagneticcoupling.

Transmission range and power are maximized while efficiency is fairly maintained with three-
coilwirelessenergytechnology.Coupledmodeisusedtotransferpowerbetweentworesonatorsutilizing
theTimedomainsolution.Discussionofangularfrequencies,modecouplingsandqualityfactorsgivest

wofundamentalrequirementsforstrongcoupling.Next,thetransmissionefficiencyandmaximumload

powerareevaluated.Ultimately,theresearchersestablisheda3wirelesspowerlinkthatconsistsof2reson
atorsandadevicecoil. At over transmission distances of 2.5 meters, the load power reached upto
120 W, according tothe researchers. Between theoretical and measured values, there is a 2.5

percent discrepancy inmagnitude.

Because of the development of electronic gadgets, wireless power transmission systems can
beusedforawiderrangeofpurposes.Near-fieldpowertransferusingmagneticresonancecoupling is
becoming increasingly popular among researchers as a viable alternative to

theantiquatedwirelesstechnologiesofthemid-twentiethcentury.

Thehuntformoreeffectiveandlong-lastingpowersupplymethodsis,asaresult,akeytechnology for
implanted medical equipment. Now that we're in the twenty-first century,

it'sbecomeclearthatimplantedmedicalequipmentcansafelyandreliablyberechargedusing
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wirelesscharging.Asaresult,biomedicalengineersarepayingincreasingattentiontoWPTtechnology.

The transmitter coil generates magnetic fluxes that are captured by the reception coil's
inducedvoltage. Figure 1 shows the WPT system, whichincludesa DC powersource,an
invertercircuit, a transmittance/rectifier circuit, a load and a receiver circuit. Shifting currents can
begeneratedbyusinganinvertertoconverttheDCpowersupplyintoan ACpowersupply.Intheprevious
WPTexperiments,practicallyalloftheresearchfocusedonthedesignoftheWPT system's coils when
the system  was  optimized. The inverter circuit in  this system is

sointricatethatitmustbetunedinconjunctionwiththecoilcircuit.

DC Transmitter
Source —| Inverter |—> Coil
Receiver Rectifier
Coil || Circat [| o™

Fig:1 Wirelesspowertransfersystem
2.Methods/experimentalsection

With this, the MRC-WPT system's axial transmission distance can be improved. MRC-
WPT,whichusesthenon-radioactivenearfieldtotransmitoverlongdistancesofseveralkilometresat
high power levels of kilowatts, is far safer and more stable than microwave
transmission.Coupling coefficient between resonator and drive power can determine how much
active

loadpowercanbegenerated. Thisisanelectricalcharacteristic. Ifwewishtoraisetheloadpower,weneedt

akeintoaccounttheoverallimpactofthethreeelementsabove.

Theresonatorqualityfactor(Q=L/R)canbeenhancedintwoways:(1)byraisingtheresistancetoinductan

ceratio;and(2)byraisingthefrequencyofthenaturalresonantfrequency.

Coppertubingwithasmoothsinglelayerthatisfreeofoxygenisanexcellentmaterialforresonatorsbecause

ithashighconductivequalitiesandcanhelptolessentheskineffecttoa
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certainextent. Theratioofinductanceandresistancecanonlybeimprovedtoalimitedextent.Forahigherq

ualityfactor,increasingresonancefrequencyisaneffectivemethod. Ashighas

13.56MHzcanbeachievedusingaqualityfactorofl 100~1500.
2.1Convertcircuitasfeedingcircuit

The WPT technology uses a convert circuit to convert the AC source that was obtained
bystealingtheDCsource.Fig.2showsthefeedingcircuitconnectedinordertomakesimplerWPT
system. There are four essential components in this circuit: a resistor R1, a DC powersupply,

inductors L1 and L2, and three capacitors C1, C2, and C3 with a bipolar junctiontransistor(BJT).

R= & G §Lz
R;in
== —1
] T C3

Fig:2Simplified WPTsystemwithfeedercircuit

CapacitorsC2andC3helpstomaintainstablevoltageandcurrentstabilityatthecircuit'soutput, whereas,
converting the circuit from DC to AC using R1 to restrict the amplitude of theBJT's input current
was done by the BJT's power switch. Figures 3a and b illustrate the outputvoltage and current in
L2 when the feeder circuit was excited by a DC voltage. The

sinusoidalfunctionsofvoltageandcurrentwereevidentfromfig3.
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Fig.3:-Thesinewaverepresentingtheoutputvoltageandcurrentofinductancel2
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Therearethreecomponentsthataffectthefeedingcircuit'soperatingfrequency:L1,C2,andL2.Thefreque

ncycanbecalculatedby.

1
fo= swaripe T )

Thetestprocedurebeginswithanexaminationoftheconvertingcircuit. Thecircuit'stechnicalparametersa

regiveninthetablel.

Thiscircuit'sfrequencyis 1 3.56MHzwhenthevaluesofcapacitanceandinductancearereplaced.Figure
3showsthecurrentandvoltageinL.2. Thereisanoticeablechangeintheoutput voltage inL2fromthe DC
source,witha 5-V amplitude.In the WPT system,
theshiftingEMfieldgeneratedbythecurrentinl.2isacriticalcomponent.

Tablel.Convertercircuitspecifications

SystemParameters SystemParametervalues
14 5V

L1 0.1pH

L2 0.2uH

R1 5.1kQ

c3 220nF

C1 InF

2 459pF

3UniquenessofMRC-WPTusingcoupledmodetheory

Fig.2depictsabasiclayoutofthemagneticresonancewirelesspowertransfersystem,whichincludes3sect

ionswhichperformstheoperationslikecoupling,transforming,and
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transmitting.Inductivecouplingisusedtoconvertlowvoltage/highcurrenttohighvoltage/low current

on resonator a2, al for use in devices such as power supplies. EM resonantcoupling between
resonators leads at comparatively less transmitting loss and high
impedance,whenthesystemistunedintoaresonantstate. Itsresistance,capacitance,andvoltagearerefer
redtoas(ral,2),(cal,2),(Ial,2),and(Val,2)correspondingly.Devicecoil-to-non-

resonantsourcecouplingisnotconsideredhere.

Ir ********* BN g " — o — o — —; f—; 2 — o N I T %
I EM Resonant :
: |
I I
| 1
1 1
' l
1

: Ry
: |
| :
I

! Device |
' |
l |
' |
| |
: Inductive }
: Coupling :
‘ - -l"

Fig.4.Anillustrationofthecoupledtheoryofthefield-circuit

MRC-WPT systemwith a directfield circuitconcept.An illustration of the coupledtheory
ofthefield-circuitisdepictedinFigure4.Inductivecouplingconnectsthedeviceandsourcecoilsto  the
resonant coils, while EM resonant coupling allows the resonant coils to transmit power.The
energy coupling rate is denotedby the two mode coupling; the loss rate is denotedby
thetwoqualityfactors.An energytransferbridge

betweenthedeviceandthesourcemustbeformedbyresonatorswithahighqualityfactor.

Fig.5 depicts the normalized energy exchange relationship between resonators, in which
theenergiesof resonators 1, 2, and the overall system are representedby|ail®, |az* and |a1 + azf*
.The overallenergy decays exponentially if the quality factor (q) is present. Joule loss
andradiation loss,bothof whichcanbe described as the absorption andradiationof Q values, aretwo
of the most common causesof attenuation in linear systems. Eventhough there is

almost100%energyexchangeasdemonstratedinFig.Sawithw?2 = 1anddifferentlyincoupling,it
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cannotkeepsustainingandattenuatingafternumerouscycles. Afewtimestheirlengthseparates the two

resonators in a typical setup. Hence, the term "loose coupling mode" is
used. ThisistheprimarycauseofthedecreaseinoverallefficiencyandtransmissionpowerseeninFig.3b
whenangularfrequenciesdivergesubstantially, whichisreferredtoasthe"weakcouplingmode."Fig.5cs
howsthatwhenbothconditionsaremet,thesystemoperatesinwhatisreferredtoasa"tightcoupling"or"str

ongmode"mode,inwhichthetheoreticalproportionofenergyexchangeapproaches100%.
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Fig5. Normallzedenergyexchanger atlons‘hlp't‘)etweenresonators
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4. Ideallnitialanalysis

First, the feeding circuit as depicted in Fig. 2 is examined to determine how the wireless
powertransmission works. A BJT is kept in the amplifier area while various parameters in the
feedingcircuit are examined. An evaluation of capacitors C1 and C3 is conducted. Figure 6a

shows theL.2currentasafunctionofC1,whereasFigure6bshowsthel.2currentasafunctionofC3.

2s
— 2.
=
S1s:
£
E 1
0.5
1.0-5 %0 ‘8 80 B0 100 0160 180 200 220
1 [pF) C3 [aF]
a b

Fig.6:-OutputcurrentinZ2variedwithClandC3

L2'soutputcurrentisseeninFig.6atopeakatroughlyfourpicofarads(pF)withC1.Figure6b shows that
the output current in L2 is unaffected by the magnitude of the feeding

circuit'scapacitor(C3).WealreadyknowthatthevoltagegainofaBJ Tcircuitisquitelarge.

As illustrated in Fig. 6, the parameter resistor (R1) in the feeding circuit has an effect on
theoutputcurrentintheinductor(L2). WhenresistorR lissettoroughly3kOhm,theoutputcurrentofindu

ctorL2reachesitsmaximumvalue.
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R1 [kOhm]
Fig.6:-  Outputcurrentininductor(L2)variedwithresistance(R1)
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5. Optimizationmethod
Themodelisanalysedusingadifferentialevolutionalgorithm(DE).It'squicktosetup,simpleto use, and
lightning-fast in terms of computing. This algorithm uses two equations to generatepossible

solutions:

vi=xr1+F(xr2—xr3), -----------=-m--- (1)
uj,i={vj,iifr4<crorj=k (2)

{xj,1,otherwise  j=1,2,3....... D----(3)

where, xrl,xr2, and xr3denotes the solutions; vindicates the mutant vector; and ujrepresents
acandidate solution. Equations (4) and (3) are respectively, the mutation operation and

crossoveroperationin DE.

The loudspeaker model in this study and the one used in the TEAM workshop problem 22
havemanysimilarities,althoughtheloudspeakermodelinthisresearchtakesamuchlongersimulation
time than earlier models because of its many constraints. As a result, the methodslistedbelow can

beusedto address ourissue.

First, we use the DE technique multiple times to attack the issue at hand. We employ
randominitialization for the first trial and integrate the best solution discovered in prior trials into
thestarting population in subsequent trials. Thus, DE is in a strong position for the next round

ofcompetition.

Second, solution revisiting occurs after an algorithm has reached global or local
optimality.Everything can be stored in a binary space-partitioning structure by using this method.
For us,saving simulation time outweighs any additional memory use that may be required by

using thismethod.

We believe that with the help of these two methods, we can come up with a viable

solution.6Three-coilwireless

The wireless power transfer can be viewed as a three-coil system, as depicted in Fig. 7, as
wementioned in the feeding circuit. Combining the L1 and L2 coils into a single transmitter
coilyields L3, this serves as a reception coil. The mutual inductance between the two coils is

referredtoas M.
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Coilstrengthisinverselyproportionaltoitscurrent,accordingtoelectromagnetictheory,whichcanbe

expressedas (4).

H,D=LrY2V(r24x2)? -ommemmeeeeee (4)

R3 G G |L

v _r —Tﬁ C,:= C: CsT laad

Fig.7wirelesspowertransfersystemwiththefeedingcircuitandtheloadcircuit
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Where r» indicates the radius of the circular coil. From the above equation, it can be seen that
Hcan be maximized when r=2—xr=2x. Therefore, the outer diameter of the transmitter coil can

bechosenfromDT out=22—dDT_out=22dwheredrepresentsthepowertransferdistance.

The size of the receiver coil must be decided before the rest of the design can proceed. The
WPTsystem is thought to be intended for use in implanted medical devices in this study. The
receivercoil should have the smallest possible diameter. The chosen frequency is 13.56 MHz.
The WPTsystem depicted in Fig. 7 has been optimized as an integrated system based on the

aforesaidanalysis.

During optimization the optimization objective function is the power transfer efficiency which

isexpressedas:

nzpload/P source:IZreceiverRload/U sourceItransmitter (5)

subj ecttoDTou=2V2d (6)

wherePiagand  Psourcedenotes the power in the load and the source respectively,
Lrecevierandansmitterindicates the currents in the receiver coil and the transmitter coil, respectively.

Thediameterofthetransmittercoil and thepowertransmission distancearetheconstraints.

6. Conclusion
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Implantable medical devices stand to benefit greatly from wireless power transfer

technologies.The optimization design for the WPT system incorporates not only the coil system
but also theinfluence of the power supply, unlike the earlier experiments in this study. The WPT
system usesa simple feeding circuit to transform a DC source into an AC source in order to
simplify it.Firstly, the feeding circuit's properties are examined and their link to each other is
established inthis work. The WPT system can then be optimized and designed using the
optimization process.The perfect findings suggest that this strategy is capable of obtaining the

WPT system's optimalperformance.
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