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SINTEZA STRUCTURII TEZEI DE DOCTORAT

Teza de doctorat ,, TEHNOLOGII AVANSATE DE TRANSMITERE A ENERGIEI
WIRELESS” este structurata in cinci capitole distincte.

Inci de la inceput, ,INCADRAREA EPISTEMOLOGICA A LUCRARII DE
DOCTORAT?” prezinta aspecte ale transferului de energie fard conductori ce vine ca o solutie
tehnica de actualitate pentru domeniile fundamentale influentate de conjunctura internationala
de piatd. Descrierea cercetarilor realizate anterior ca preambul al obiectivelor propuse in
cercetarea doctorald realizate conform metodelor stiintifice caracteristice este completatd de
incadrarea transferului de energie wireless din punct de vedere al directiilor prioritare de piata
ale ingineriei electrice.

Tn CAPITOLUL 1 pornind de la conceptualizarea transferului de energie wireless prin
prisma Teoriei Constructale, Teoriei Sistemelor si Autonomiei Sistemelor, se prezinta evolutia
Transferului de Energie Wireless (TEW) din punct de vedere istoric cu argumentare pentru
domeniile aplicabile acestuia. Astfel, se realizeaza un tablou general al dezvoltarii tehnicilor de
transfer al energiei fara conductori pornind de la fuzionarea legilor circuitului magnetic si
inductiei electromagnetice pana la rezonatoarele puternic cuplate magnetic, solutie adoptata in
anul 2007 si care a reprezentat momentul de cotiturd in dezvoltarea actuala in acest domeniu.
In continuare este realizati o clasificare a tehnicilor de transfer al energiei fara conductori de
scurtd si lungd distantd urmata de prezentarea parametrilor de baza in Transferul Energiei
Wireless si anume: Frecventa, Tipul transferului, Eficienta transferului, Distanta transferului.
Pentru fiecare parametru prezentat exista o complexa argumentare bibliografica. Un punct forte
al primului capitol este reprezentat de cercetarea intreprinsa in vederea sintetizarii materialelor
din literatura de specialitate pe cele trei tipuri de transfer wireless. Ca si finalitate pentru primul
capitol, sunt indicate ca si aplicatii ale transferului energiei fara conductori, vehiculele electrice,
retelele de senzori wireless, dispozitivele electronice si diverse aparate electrice dintre care si
cele autonome.

CAPITOLUL 2 este structurat pe Analiza teoreticad si constructiva a sistemelor de
transmitere a energiei wireless prin modelarea din punct de vedere a Teoriei Modului Cuplat
(TMC) si a Teoriei Circuitelor (TC) pentru un transfer cu raza medie de actiune, Componentele
utilizate in TEW si integrarea acestora in sistem, Compatibilitate electromagnetica si Exemple
de aplicatii. In primele sectiuni se realizeaza o analizd comparativa a celor doud teorii cu
demonstrarea faptului cd TMC si TC se utilizeazd In mod similar pentru analizarea
caracteristicilor puterii de transfer in starea non-rezonanta dar concluzionand ca Teoria Modului
Cuplat este aplicabila numai bobinelor cu factor Tnalt de calitate si coeficient de cuplare pentru
distante mari, dar simplificd analiza prin reducerea numarului ecuatiilor diferentiale la jumatate
comparativ cu Teoria Circuitului. Analiza componentelor utilizate este completata de
prezentarea detaliatd a caracteristicilor tehnice ale acestora prin ecuatii, grafice si Anexe de
produs. Toate acestea sunt utilizate pentru intelegerea modului de Integrare a componentelor in
cadrul sistemelor TEW, sectiune detaliata prin Schema circuitului electric, Modul de operare si
Compatibilitate electromagneticd. Exemplele de aplicatiit TEW prezentate in ultima parte a
Capitolului 2 sunt modele functionale cu diverse caracteristici studiate pentru alegerea celei



mai bune variante de utilizat in cadrul proiectului practic conform obiectivelor enuntate inca
din prima parte a Tezei de doctorat.

CAPITOLUL 3 reprezintd imbinarea teoriei cu practica prin Analizd comparativa a
sistemelor TEW utilizate pentru alimentarea dispozitivelor electrice de putere mica si medie.
Cercetarea intreprinsd se bazeaza pe testarea comparativa a sistemelor TEW, LKCH-
TXRX40W-EVB produs de Semtech Corporation si kitul de dezvoltare de 200w, 760308EMP,
produs de Infineon si Wiirth Elektronik, in vederea identificarii modului si a parametrilor de
functionare. Finalitatea cercetdrii este reprezentatd de selectarea solutiei optime de utilizat in
cadrul cercetdrii/proiectului propus. Scopul testarii produselor il reprezintd compararea si
interpretarea rezultatelor experimentale cu cele teoretice pe baza calculelor, realizarea unui
concept grafic si schematic al sistemului de transfer al energiei wireless, realizarea de
masuratori si achizitii de date pentru transferul energiei wireless pentru diverse tipuri de
consumatori precum i interpretarea rezultatelor experimentale si cele teoretice. Astfel, in
cadrul capitolului, sunt descrise componentele ambelor sisteme prin descrierea functionalitatii
pentru fiecare modul al sistemului (Emitator/Receptor). Dupa descrierea componentelor si a
functionalitatii acestora, sunt prezentate modul de functionare si testarea ambelor sisteme alese.
In testarea celor doua sisteme TEW sunt analizate si descrise Analiza semnalelor, Distanta
transferului, Eficienta transferului si Analiza termica a modulelor. Conform testarii produselor
este realizatd o analizd comparativa a celor doua sisteme.

Ca urmare a cercetarii Intreprinse si prezentate In capitolele anterioare, in
CAPITOLUL 4 este prezentata Dezvoltarea sistemului pentru Transmiterea Energiei Wireless
(TEW) care poate fi implementat in cladiri rezidentiale si in spatii conexe, precum si in
constructii industriale, administrative sau din domeniul sanatatii si educatiei, in functie de
necesarul de energie, in locuri in care se doreste alimentarea fard conductori pentru
flexibilizarea sistemului. Se prezinta originalitatea reprezentatd de lucrarea practica prin
realizarea a doud sisteme inovative de transmitere a energiei wireless. Primul sistem este BEF
si reprezintd acronimul de la expresia ,,Brick Energy Free” si poate fi descris ca sursd de energie
integrata in zidaria cladirilor astfel incét sa ofere energie acolo unde s-a identificat din faza de
proiectare ca este necesara fara a se utiliza conductori catre consumatori sub forma unui bloc
monolitic de dimensiuni standard in domeniul constructiilor, alimentat la reteaua electricd a
cladirii si care sa poate transfera energie simultan, atat in exterior cat si in interior catre diverse
dispozitive electrice. Al doilea sistem, PEF reprezinta acronimul de la expresia ,,Pillar Energy
Free” si poate fi descris ca fiind o sursd de energie disponibild in jurul cladirilor, pe suprafata
de teren unde se identifica necesitatea unei surse de energie si unde nu Se poate utiliza BEF.
PEF este un stalp cilindric sau paralelipipedic retractabil la nivelul solului sau fix, care este
alimentat subteran cu energie electricd si care, prin implementarea sistemului TEW, poate
transmite energie wireless citre dispozitive sau masini electrice. In continuare sunt descrise
cele doua sisteme iar pentru exemplificare este prezentatd lucrarea practica ce are la baza un
robot Inzestrat cu o placa de dezvoltare Arduino precum si kitul de dezvoltare descris anterior
TEW 760308EMP. In lucrarea practica sunt descrise Etapele constructiei sistemului TEW,
Functionarea sistemului TEW precum si Masuratorile parametrilor de functionare ale
sistemului in functie de scenariile alese.

In CAPITOLUL 5 sunt prezentate Concluziile tezei de doctorat sub forma Contributiilor
originale si a Directiilor viitoare de cercetare si dezvoltare.
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Contributia originald este reprezentatd de:

- analiza si sinteza tehnologiilor de fabricare a elementelor din componenta sistemelor
de transmitere a energiei wireless;

- realizarea practica a unui sistem care imbina robotica cu transmiterea energiei wireless
sistemelor;

- realizarea algoritmului de functionare a dispozitivului (robot) ce integreaza receptorul
TEW,

- solutiile de integrare a sistemului TEW la nivelul constructiilor prin sistemele BEF
(Brick Energy Free) si PEF (Pillar Energy Free);

- integrarea unui sistem TEW pentru exemplificarea incarcarii acumulatorilor la nivelul
vehiculelor electrice.



CAPITOLUL I

ANALIZA SITUATIEI ACTUALE SI A SOLUTIILOR DISPONIBILE IN DOMENIUL
TRANSFERULUI DE ENERGIE WIRELESS

Dezvoltarea umana reprezintd un lant evolutiv intr-o continud Insiruire de acoperire a
necesitatilor. Din punct de vedere sistemic fiecare noua treapta a evolutiei isi sprijina greutatea
pe experientele anterioare ingloband la nivel universal toate raspunsurile la incercarile
constante ale oamenilor de a se integra in designul fluid al universului inconjurétor.

Fiecare constiintd umana se afla inlantuita prin existenta de actiunile precursorilor
precum si, la nivel intuitiv, de vizualizarea proiectarii perpetue a sistemului universal in functie
de curgerea timpului.

Astfel, fiecare actiune se Incadreaza in paradigma constructivismului bazat pe curgerea
cat mai fluida a tot ceea ce din punct de vedere fizic interactioneaza ca urmare a cauzalitatii
temporale. Mergand la un nivel superior, putem spune ca, din punct de vedere al teoriei
constructale, curgerea informatiei de la nivelul inspiratiei sau al revelatiei acceptate si pana la
concretizarea 1n actiunile umane, se dovedeste a fi un proces caracterizat de o evidenta
proiectare evolutiva. Niciun salt nu a depasit limitele canalelor de curgere intr-un sens al
dezvoltarii dincolo de intelegerea umana iar barajele demonstrate istoric au condus catre o
expansiune de idei si solutii care au urmat intotdeauna aceeasi directie de proiectare dar la un
nivel de penetrare redus fara reunirea factorilor divizati.

Teoria constructald demonstreazd, pentru fiecare domeniu in care se aplica, existenta
unei forte de propulsie supusd In permanentd fortei sistemice care urmareste mentinerea
functionalitatii integritatii sistemului. Fiecare sistem 1n parte isi regaseste astfel puterea de
dezvoltare prin forta prin care se poate impune n sistemul global in sensul dezvoltarii acestuia.

La nivel global se pot identifica canalele de curgere in functie de conturarea
subsistemelor si astfel se pot materializa metode si mijloace de imbunatatire ale sistemului
universal. Tn acest sens, realizarea unor izvoare noi de Tmpanzire a sistemului energetic sau
informational se poate identifica prin autonomia sistemelor.

Autonomia sistemelor reprezinta o multiplicare la scara redusa a sistemului universal
astfel incat acesta sa devind tot mai viguros si deschis cétre o dezvoltare accelerata.

Teoriile care ne conduc spre conceptualizarea unui sistem progresiv, in care dezvoltarea
sa se realizeze prin eliminarea erorilor de proiectare astfel incat mijloacele sa fie judicios
utilizate si pe care mi-am bazat cercetarea prezentata in aceasta lucrare inglobeaza principiile
Teoriei Constructale, Teoriei Sistemelor si Autonomia sistemelor.

Curgerea informatiei din punct de vedere al realizérilor in domeniul energetic pare a se
potrivi din ce In ce mai mult cu Teoria Constructald emisa de Adrian Bejan in anul 1996 si care
se refera la un fenomen din naturd: generarea configuratiilor de curgere. Astfel, ,,Pentru ca un
sistem de curgere de dimensiuni finite sd persiste in timp (sa trdiasca) el trebuie sa evolueze
astfel incat sa ofere acces din ce in ce mai mare curentilor care il strabat”[1].

Atat prin organismele vii, cat si prin structurile fizice neinsufletite circula felurite fluide:
apa, aer, sevi, sange, fluxuri electrice si calorice. In tranzitul lor, fluidele au tendinta de a curge
mai usor, pe cdi de mai mare acces. Dar ,,cel mai bine adaptat” are, din perspectiva legii
constructale, un sens fizic clar: este acel design animal in interiorul si exteriorul caruia curentii
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curg cel mai usor, iar curgerea locomotiei animale este cea mai eficientd, asigurand functionarea
motorului viu cu un consum mai mic de energie, deci de hrana. [2]

Prin extrapolare se poate compara locuinta umana cu un organism viu, in care, pentru o
armonizare cu necesitdtile umane si in acord cu Teoria Constructala si Autonomia Sistemelor,
sd se realizeze un transfer energetic tot mai liber si eficient.

Astfel, de la utilizarea surselor de energie regenerabila pentru care se consuma mai
putine resurse si, implicit, polueazd mai putin, pana la distributia sau utilizarea directa la
utilizatorul final prin metode fluide, de curgere libera, noile metode tehnologice vin sd
eficientizeze Intregul proces prin economie reald de energie.

Preocupdrile din ce in ce mai mari pentru siguranta si confortul alimentarii cu energie
electrica au creat o conjuncturd pozitiva pentru cercetarea si dezvoltarea tehnicilor de transfer
ale energiei wireless (TEW) utilizate de dispozitivele industriale, electronicele de consum si
vehiculele electrice (EV). Conductorii traditionali folositi Tn transferul energiei au trecut in plan
secundar datorita emulatiei permanente si accentuate n studiul transferului de energie wireless
din ultimii 10 ani ce propune inlocuirea acestora pentru anumite aplicatii datorita avantajului
imens al mobilitdtii, precum si al sigurantei in utilizare pe care il ofera TEW. De asemenea,
inlocuirea cablurilor de alimentare cu acumulatori nu reprezinta o solutie optima prin prisma
duratei scurte de viatd a acestora precum si asupra amprentei ecologice de implementare
hardware ce se reflecta si in costuri operationale ridicate.

Progresele recente au permis ca energia undelor electromagnetice sd fie transferata
wireless de la sursele de alimentare (transmitatoare) catre consumatori (receptoare), prin
tehnica denumita Transferul Energiei Wireless (TEW). Totusi, asa cum voi descrie pe parcursul
cercetarii intreprinse, se vor studia doud modalitati de utilizare a transmiterii energiei fard
conductori printr-un sistem combinat ce prevede Tn primul caz stocarea energiei in vederea
utilizarii la aparatele electrice care necesitd mobilitate/portabilitate si fard stocarea energiei
pentru aparatele ce nu implica aspecte de mobilitate Tn al doilea caz.

Fiind una dintre cele mai proeminente tehnologii, TEW schimba folosirea conventionala
a energiei In viata de zi cu zi a fiintei umane. Noile evolutii din tehnica TEW motiveaza noi cai
de cercetare 1n diferite aplicatii pentru care prezintd un mare potential, cum ar fi dispozitivele
electronice portabile [3], instrumentele medicale, implanturile medicale [4], electronicele
inaccesibile [5], incalzirea [6], vehiculele electrice (EV), incarcarea stationara [ 7], miscarea si
incarcarea dinamica [8], antrenarea motoarelor in roti [9], reteaua senzorilor fara fir (RSWSs),
vehiculele aeriene fara pilot (UAV), iluminat, alimentarea cu energie a sistemelor de securitate
sau a sistemelor multimedia [2], incarcarea de la distanta a robotilor ce lucreaza in medii
periculoase pentru oameni [10] sau a diverselor dispozitive electrice utilizate in mediul casnic.
Transferul wireless de energie (TEW) s-a bucurat de un interes considerabil si in multe aplicatii
industriale sau zone interdisciplinare [11, 12, 13].

Prin cercetarea intreprinsad voi evidentia studii actualizate specifice domeniului TEW,
care includ clasificarea, comparatia si aplicatiile potentiale ale TEW 1n viata de zi cu zi.

Utilizarea transferului de energie wireless, intens studiat in ultimii zece ani a reprezentat
un moment de cotitura in interpretarea moderna a modului de proiectare a sistemelor electrice
n diversele domenii de utilizare. Avantajul major pe care acest sistem 1l aduce prin utilizarea
in siguranta 1n orice mediu precum si prin usurinta cu care se realizeaza transferul de energie
vine sa suplineasca randamentul mai scazut fatd de utilizarea cablurilor electrice.
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Tn domeniul transporturilor principalul avantajul este reprezentat de faptul ci un
vehicul poate fi incarcat prin simpla pozitionare a receptorului integrat in componenta acestuia
in dreptul emitatorului. In acest mod, procesul se va desfisura fird a mai fi necesara utilizarea
conductorilor, a cuplelor si implicit a actiunii umane care sa realizeze efectiv contactul galvanic.
Concomitent, in interiorul vehiculului, confortul va fi asigurat de alimentarea wireless (in
anumite zone) a echipamentelor electronice astfel incat conducatorul auto sd nu mai fie nevoit
sa execute operatiuni de racordare cu fire. Evident, siguranta rutierd va creste prin eliminarea
potentialelor accidente ce s-ar putea produce din cauza neatentiei.

In domeniul sandtatii au fost dezvoltate solutii tehnologice de alimentare a diverselor
dispozitive electronice necesare pentru investigatii in interiorul corpului uman si care pot fi
alimentate prin expunerea la un camp de emisie de energie care sa asigure autonomie pana cand
investigatia este finalizata.

In domeniul educatiei, pe 1anga transferul audio-video si de date, transferul de energie
wireless conduce catre un mediu cat mai simplu si sigur in utilizare de catre toti cei care iti
desfasoara activitatea n procesul instructiv-educativ.

In constructii, noile inovatii legate de transferul de energie wireless, pot fi introduse
incad din faza de realizare a proiectdrii constructiilor astfel incat integrarea ulterioard a
tehnologiilor ce utilizeazd aceastad tehnicd sa fie usor de implementat. Putem surprinde aici
solutiile de utilizare a iluminatului, sistemelor de supraveghere, aparatelor multimedia, sculelor
electrice sau a unor aparate de intretinere a mediului natural din imediata vecinatate prin sSimpla
pozitionare a echipamentelor in preajma unor insule de energie anterior integrate in constructie.
Astfel se pune accent pe extinderea capacitatilor utile dintr-o raza de actiune de cativa metri
catre zeci sau chiar sute de metri.

Agricultura ar avea de castigat prin implementarea tehnologiei de transmitere a energiei
wireless prin alimentarea in zone retrase a retelelor de senzori sau a diverselor aparate
utilizatoare de energie prin transmiterea energiei de catre aparate autonome programate astfel
incat sd sustind aprovizionarea cu energie acolo unde existd necesitatea astfel incat actiunea
umana sa fie redusa iar controlul sa fie exact.

Masinile electrice utilizate in industrie pot fi gestionate mult mai usor prin cresterea
Astfel, proiectarea statiilor de lucru se poate face intr-un spatiu mult mai mic si cu o
modularitate crescuta.

Domeniul cercetarii ar beneficia de tehnologia de transmitere a energiei wireless in
multe situatii in care explorarea ar fi imposibild sau periculoasa prin utilizarea conductorilor
electrici. Un exemplu concret este reprezentat de catre actiunea de la Fukushima unde au fost
utilizati roboti alimentati fard conductori, de la distantd deoarece mediul era unul periculos
oamenilor.

Toate exemplele de mai sus conduc cétre eficientizarea proceselor desfasurate precum
si cdtre realizarea unor economii insemnate de timp, spatiu si resurse astfel incat diferenta de
randament al transferului de energie sa fie suplinitd dacd nu chiar eliminata in functie de
domeniul de utilizare.

Transferul de energie wireless se bazeaza in principiu pe modul de functionare al unui
transformator. Curentul este furnizat unei bobine primare care produce un camp



electromagnetic (EM). In imediata vecinatate este amplasatd o bobina secundari. Campul EM
induce un curent in bobina secundara, furnizand energie catre consumatorul la care este atasata.

Cu toate acestea, spre deosebire de un transformator de putere conventional care
functioneaza la frecvente de linie si necesita un miez de fier pentru eficientd, sistemele de
alimentare wireless sunt proiectate sd functioneze in gama de peste 100kHz si astfel pot
functiona eficient In transmiterea energiei prin aer. Astfel, Infasurarile primare si secundare,
pot fi distantate, ceea ce permite amplasarea lor in dispozitive separate, elementul primar fiind
parte a unui emitdtor iar cel secundar in cadrul unui receptor. Aceasta implementare poate fi,
de asemenea, descrisd ca un proces de transmisie radio si, ca atare, aceste bobine pot fi de
asemenea vazute ca antene identice, fiind descrise asemanator in cele ce urmeaza.[14]

In Figura 1 este prezentati schema bloc a sistemului TEW in care se pot observa partile
componente ale acestuia precum si procesul de transfer al energiei si al informatiei pe baza
careia se regleaza transferul.
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Fig. 1 Schema bloc a sistemului TEW

1.1. SCURT ISTORIC

Transmiterea energiei wireless (TEW) este un termen care desemneaza numeroase §i
diferite tehnologii pentru transmiterea energiei electromagnetice dar nu reprezinta neaparat un
concept nou. Tn ultimele decenii s-au ficut mai multe eforturi pentru a transfera energia fara fir
insa Tnceputurile TEW dateaza din 1868, cand James Clerk Maxwell a fuzionat ,,Legea
circuitului magnetic in regim stationar — Legea lui Ampere” si ,legea inductiei
electromagnetice — Legea lui Faraday”. In plus, alte experimente, observatii si modele
matematice au fost dezvoltate intr-o teorie consistenta si care constituie teoria electromagnetica
conventionald. Ecuatiile Maxwell reprezinta piatra de temelie pentru curentii electromagnetici,
inclusiv transferul de energie wireless. In 1884, John Henry Poynting a prezentat o ecuatie
matematicd a campului electromagnetic care poate fi utilizatd in transferul de energie fara
contact [15, 16]. Tn 1888, Heinrich Rudolf Hertz a descoperit undele radio/undele Hertziene,

7



confirmand previziunea propagarii electromagnetice de catre Maxwell. Experimentele lui Hertz
au aratat ca undele electromagnetice ar putea fi produse in bobinele transmitatoare si detectate
de citre o bobini receptor [17]. Tn 1894, sistemul TEW patentat de Hutin si Leblanc a fost
utilizat pentru alimentarea unui sistem feroviar electric [ 18]. Sistemul lor consta dintr-un singur
fir in primar care transmitea energie la 2 kHz de-a lungul caii ferate si din cateva bobine
rezonante cu rol de receptor utilizate in secundar.

Tn perioada 1891-1904, prima inovatie semnificativa in tehnologia TEW a fost realizata
de Nikola Tesla care, prin experimentele sale efectuate pe baza cupldrii inductive a TEW
utilizand bobine Tesla ce produc curent alternativ de inaltd frecventd (AC), a demonstrat
iluminarea fara fir a becurilor fosforescente. Tn anul 1897, Tesla a brevetat ,, Turnul Tesla”
construit in Colorado Springs n care a aprins trei lampi de la o distanta de transfer a energiei
wireless de aproximativ 30 de metri. Cercetarea lui Tesla a contribuit la transferul de energie
pe distante lungi pe baza comunicatiilor radio. William C. Brown a realizat transferul de energie
pe distante lungi datorita avansarii tehnologiei cu microunde in 1960 iar in 1964 a propus 0
schema de transfer wireless de la punct la punct pe baza fasciculelor cu microunde [19],
utilizand eficient o ,,rectenna” (antena redresoare) pentru a transforma undele electromagnetice
n curent continuu (CC). In 1968, inginerul american Peter Glaser a prezentat conceptul de statie
de energie solara spatiala si a constatat ca energia solara ar putea fi transformata mai inti in
energie electrica si apoi transmisa catre Pamant sub forma de microunde. Au avut loc progrese
uriase in proiectul SPS (Satellite Power System) in anii 1970 [ 20], care au aratat ca oamenii au
inteles aceasti tehnologie spatiald de transfer de energie electrica. Tn 1975, Brown a realizat
transferul pe distantd scurta a 475 W utilizand microundele cu o eficienta de 54% CC/CC la
Landmark. Tn 2007, transferul de energie wireless a uimit din nou lumea, echipa de cercetare
condusa de profesorul Marin Soljacic de la MIT realizand prin utilizarea rezonatoarelor puternic
cuplate magnetic (SCMR) aprinderea unui bec de 60 wati la distante mai mari de 2 metri cu
eficienta de aproximativ 40% [21, 22]. Ulterior, Intel si Qualcomm si-au prezentat si sistemele
realizate de acestea de transfer wireless de energie, ceea ce a aratat ca aceasta tehnologie noua
va apirea in curdnd in viata noastra de zi cu zi. In 2012, Departamentul de Transport al Statelor
Unite a realizat utilizarea TEW pentru incarcarea vehiculelor in timp ce se deplaseaza pe
autostrada [23]. Eforturile de cercetare TEW intre 2001 si 2013 sunt descrise pe scurt in [24].
Astfel, cele patru tari cele mai active in cercetarea TEW sunt SUA, Japonia, China si Coreea
de Sud. In 2015, echipa de Inginerie Nucleara si Quantum de la Universitatea KAIST a utilizat
cuplajul inductiv TEW pentru a transfera energia la o distanta de 3, 4 si 5 m cu eficienta de
29%, 16% si, respectiv, 8%. Aceasta echipa a transferat energia pe o frecventa oscilantd de 20
kHz in bobina de transmisie. Recent, unele colegii si institute de cercetare au obtinut deja
numeroase rezultate semnificative n ceea ce priveste utilizarea rezonatoarelor puternic cuplate
magnetic (RPCM), care includ, in principal, subiectele de elaborare a principiilor,
caracteristicilor de transfer, materiale noi, interferente si aplicatii practice [25].



1.2. CLASIFICAREA TEHNICILOR DE TRANSFER AL ENERGIEI
WIRELESS

TEW pot fi clasificate in doua tipuri, si anume TEW de cdmp la distanta mare si de
camp la distantd mica. Un sistem TEW implica o unitate de transmitdtor conectatd la sursa
principald de energie, care transforma energia electrica intr-un cadmp electromagnetic. Acest
camp poate fi receptionat de unul sau mai multe receptoare pentru a-l converti Tnapoi in energie
electrica, pentru a fi utilizat de sarcina electrica. Pe partea transmitdtorului, semnalul de
alimentare si informatiile sunt purtate de acelasi semnal de frecventa radio (RF).

1.2.1. Clasificarea tehnicilor de transfer ale energiei wireless in camp indepartat

Transferul de energie in camp indepartat ar trebui sa fie proiectatd in principal pentru
aplicatii cu putere redusa, cu prioritate redusa a eficientei transmisiei cu toate ca, utilizand acest
tip de transmitere a energiei, 0 cantitate mare de energie poate fi transmisa intre doud pozitii.
Transmisia In cAmp indepartat este implementata cu microunde sau cu laser printr-o cale directa
si fara obstacole intre transmitator si receptor [26]. Luand in considerare eficienta si siguranta
expunerii umane [27], transmisia in camp indepartat nu reprezinta o optiune buna pentru
transmiterea energiei in situatii cotidiene.

Transferul de energie wireless pe distante mici se refera la distanta de transfer a energiei
in lungimea de unda (A) a antenei transmitatoare. Datoritd eficientei ridicate si a limitei de
siguranta a expunerii 1n spectrul radiofrecventei in camp apropiat, transferul de energie wireless
in camp apropiat este o optiune mai buna in comparatie cu transmisia cu microunde sau cu laser
[28]. In mod particular, transferul de putere inductiv, transferul de putere capacitiv si cuplajul
cu rezonatoare puternic cuplate magnetic (RPMC) sunt cele mai populare tehnologii TEW in
camp apropiat [29, 30, 31]. Mai mult decat atat, pe baza rezonantei campurilor magnetice si
electrice in circuitul LC, utilizarea cuplarii cu rezonantd magnetica pentru TPl a devenit
dominanta in sistemul TEW [32, 33].

1.2.2 Clasificarea tehnicilor de transfer ale energiei wireless in camp apropiat

Aceste tehnologii sunt clasificate pe baza mecanismului principal de transfer al energiei
si al distantei de transfer. Bazandu-se pe diferenta de transfer de energie, metodele TEW sunt
impartite in doua categorii: camp indepartat si cAmp apropiat. Tehnica poate fi consideratd de
camp indepartat daca lungimea de undd a semnalului electromagnetic este mai mica decat
distanta de transfer. Prin contrast, daca lungimea de unda a semnalului electromagnetic este mai
lunga decat distanta de transfer, tehnica apartine unui tip de cdmp apropiat. De exemplu, atunci
cand frecventa de rezonanta este relativ mica (mai mica de 5 MHz) si intervalul de transfer este
scurt (de exemplu, 5 cm), tehnica este de camp apropiat. Atunci cand frecventa de rezonanta
este de 900 MHz si intervalul de transfer de putere este mai mare de 2 m, tehnica este
caracterizata ca transfer de putere in camp indepartat [ 34]. Microundele, RF, fotoelectrice, laser
si acusticele pot fi clasificate drept tehnici de transfer de energie in cAmp Indepartat, in timp ce
cuplarea inductiva si cuplarea prin rezonanta magneticd pot fi considerate tehnici in camp
apropiat.



In Figura 2 se regasesc subcategoriile tehnicilor TEW in cAmp apropiat studiate pana
n prezent [35].
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Fig. 2 Clasificarea tehnicilor de transfer al energiei wireless in camp apropiat
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1.3 PARAMETRII DE BAZA iN TRANSFERUL ENERGIEI WIRELESS
1.3.1 Frecventa

Proiectarea frecventei de lucru a transferului de energie in cAmp apropiat a fost
implementatd cu constrangeri de reglementare si limitdri tehnice [36]. Pentru cuplarea
inductiva, frecventa de operare variaza in benzile de frecventda joasd. De exemplu, in [21],
autorii au adoptat o gama de frecvente de 20-40 kHz pentru distanta proiectata de la bobina la
bobind de aproximativ 10 cm. Sistemele de cuplare cu rezonantd magnetica functioneaza in
mod obisnuit in benzile de frecventa 1nalta; intervalul de frecventa de la 1 la 50 MHz a fost luat
n considerare in [37]. In metoda de cuplare prin rezonanti magnetici, eficienta ridicata cu o
distantd mai mare intre antenele receptoare si cele de transmisie poate fi realizata atunci cand
frecventele lor de rezonanta sunt aceleasi [38].

1.3.2. Transferul energiei

TEW pot fi clasificate drept radiative (in camp departat) si non-radiative (in camp
apropiat). Tehnica transferului energiei radiative poate fi clasificata in doua tipuri: directd si
omnidirectionala. Pentru aplicatia omnidirectionald, radiatia va fi utilizata pentru a transfera
energia catre dispozitivele portabile [21]. Cu toate acestea, caracteristicile omnidirectionale ale
energiei radiate reduc in mod semnificativ eficienta sistemului.

1.3.3 Eficienta transferului wireless de energie

Eficienta transferului este definitd ca puterea receptorului la bobina receptorului
impartita la puterea totald de la intrarea bobinei transmitatorului. Eficienta sistemului TEW
depinde de tipul de tehnici. In Figura 3 se poate observa eficienta diferitelor tehnici TEW
pentru camp apropiat si indepartat. Tehnica de cuplare inductiva realizeaza o eficientd a
transferului de energie de 70-90% si scade cu distanta dintre bobina primara si secundara.
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Fig. 3 Compararea eficientei pentru diferite tehnici TEW
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1.3.4. Distanta transferului

Distanta de transfer este considerata o problema critica in domeniul TEW in cadmp
apropiat, deoarece determind puterea de iesire CC. Distanta de transfer variaza de la un tip la
altul de TEW in camp apropiat, unde depinde de utilizarea tehnicii de transfer de putere.
Tehnica de cuplare inductiva are o distanta de transfer limitata cu o eficienta de transfer ridicata,
in timp ce pentru cuplajul cu rezonantd magneticd, energia poate fi transferata pe o raza medie
de actiune de la sursa la sarcina fata de metoda de cuplare inductiva. Cu toate acestea, in aceasta
metodd, eficienta transferului va fi redusa.

1.4 TRANSFERUL WIRELESS AL ENERGIEI IN LITERATURA DE
SPECIALITATE

Transferul de energie wireless in cdmp apropiat este o tehnologie promitatoare care
poate alimenta obiectele din RSW, telefoanele mobile si dispozitivele medicale fara a se inlocui
acumulatorul si fara a se conecta la sursa principald de alimentare. Mai multe studii au propus
diferite sisteme TEW in camp apropiat.

1.4.1. Cuplarea inductiva

Unele studii majore legate de cuplarea inductivd TEW sunt evidentiate si organizate pe
baza cronologiei prezentate in tabelul 3. Unele dintre aceste eforturi sunt urmatoarele:
Worgan si colaboratorii [39] a prezentat un PowerShake pentru a transfera energie intre
dispozitivele mobile. PowerShake pastreaza transferul de putere de aproximativ 3,1W, care este
adecvat pentru a incérca dispozitivele care consuma energie, cum ar fi telefoanele mobile. Asa
cum au precizat autorii, puterea de iesire de 3,1 W si frecventa generatd de 97 kHz a
transmitatorului pastreaza tesutul corpului uman in sigurantd fatd de efectele campului
electromagnetic [40]. Proiectarea circuitelor lor de transmisie si receptie a fost supusa
standardelor sau specificatiilor Qi [41].
Cuplajul inductiv TEW are urmatoarele avantaje si dezavantaje:
Avantaje:
e distanta scurtd de transfer;
e non-radiativ si, prin urmare, sigur pentru corpul uman;
e topologie simpla;
e o eficientd ridicatd de transfer de pana la 95% la distante scurte;
e implementarea simpla.
Dezavantaje:
e distanta scurta de transfer (de ordinul centimetrilor);
e necesitd o aliniere precisa Intre transmitator si receptor;
e produce curenti turbionari (curenti Foucault care conduc la pierderi de energie
prin efectul Joule si implicit la micsorarea randamentului instalatiei electrice);
e efect de Incélzire;
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e necorespunzatoare utilizarii mobile;
e necesitd alinierea adaptata intre dispozitivele de incarcare si sistemul TEW.

1.4.2 Cuplarea prin rezonanta magnetica

Mittleider si colaboratorii [42] au prezentat o metoda noua pentru incarcarea retelelor
de senzori fara fir bazata pe UAV. UAV-ul poate fi localizat cu precizie de 15 cm pe baza
senzorilor rezonanti magnetici, unde sistemul global de pozitionare (GPS) este inexact si are
nevoie de o linie de vizibilitate intre receptor si satelit [11]. Cu toate acestea, eficienta de
incarcare poate fi marita atunci cand bobina de transmisie (montata pe UAV) si bobina de
receptie (fixatd in nodul senzorului) sunt apropiate unul de celilalt. in consecinta, puterea de
incarcare de 5,49 W la o distantd de 6 cm Intre bobinele de receptie si de emisie este adecvata
pentru a incarca bateria nodurilor senzorilor fara fir intr-o locatie Indepartata.

Avantaje:

» transferul de energie pe cativa metri;

» nu este necesara vizibilitatea directd intre emitator si receptor;

» nu este afectata de mediile meteorologice;

» are o eficienta ridicata a transferului in antena omnidirectionald;

» nu este necesara alinierea bobinelor de emisie si receptie;

» Incarcarea mai multor dispozitive simultan pentru diferite puteri;

» adecvate pentru aplicatii mobile.

Dezavantaje:

» scaderea eficientei datoritd neconcordantei axiale intre bobinele receptoarelor si

emitatorilor;
» reducerea eficientei cu distanta marita;
» implementarea complexa.

1.4.3. Cuplarea capacitiva

In aceasta sectiune sunt discutate citeva lucriri asociate cu cuplarea capacitivai TEW.
Comparativ cu cuplarea inductiva, cuplarea capacitiva este inca o tehnica emergenta care a fost
discutatd de un numar mai mic de cercetatori [43].

Cu toate acestea, cuplarea capacitiva poate fi utilizatad in aplicatii similare de joasa putere
similar cuplarii inductive, pentru incarcarea dispozitivelor mobile sau biomedicale. Cuplarea
capacitiva este frecvent utilizata 1n aplicatii cu putere redusd deoarece are o capacitate mica de
cuplare.

Avantaje:

» puterea este transferatd prin metal,

» eficienta ridicata a transferului;

» putere mare de iesire pentru aplicatiile EV;

» design simplu.

Dezavantaje:

» zona de cuplare mare este necesara pentru o putere mare;

» distanta mica de transfer.
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1.5. APLICATIILE TRANSFERULUI DE ENERGIE ELECTROMAGNETICA
FARA CONDUCTORI

1.5.1. Transferul de energie wireless pentru automobilul electric

Compania germand TPI Technology a Inceput in 1996 ca Wampfler si apoi a continuat
ca Conductix n ianuarie 2014 ca TPI Technology [44].

Aceasta companie a lansat cateva generatii de autobuze electrice incarcate de TPI.
Tehnologia lor de e-mobilitate TPI Charge ofera posibilitatea incarcarii wireless a autobuzelor
hibride si electrice echipate cu bobine de receptie secundare. Aceasta tehnologie este capabila
sd Incarce in timp ce autobuzul este oprit sau parcat pe tampoanele alimentate (inductoare
primare) incorporate in carosabil sau in podeaua garajului dupd cum se poate observa in
Figurab.
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Fig. 5 Conductix-Wampfler (Incircare prin cuplare inductivi pentru TEW)

Un nou sistem de transmisie a puterii fara fir a fost prezentat de Nihon Dengyo Kosaku
st Volvo Technology Japan. Spre deosebire de versiunile anterioare dezvoltate de Dengyo,
acesta este capabil sa transmita 10 kilowati de energie electrica prin microunde la o distanta de
4 pana la 6 metri.

Desi este de doud ori mai puternic decat ceea ce au dezvoltat deja, noul sistem de
transmisie a energiei fara fir este construit folosind ,,rectenna” (antend redresoare) lui Dengyo,
un dispozitiv realizat prin combinarea unei antene si a unui redresor.

1.5.2. Retele de senzori wireless

Tehnicile TEW pot fi utilizate pentru a rezolva problema consumului de energie in
retelele de senzori wireless (RSW) [45]. Durata de viata a RSW este limitata de capacitatea
bateriei si poate functiona numai pentru o perioadd limitata de timp. Mai multe studii au
subliniat metode diferite de prelungire a duratei de viata a retelelor. Desi aceste eforturi au
demonstrat o imbunatatire a consumului de energie RSW, consumul lor de energie / durata de
viata ramane un obstacol in ceea ce priveste performanta, iar fezabilitatea acestuia este factorul
cheie care impiedicad desfasurarea in zone intinse.
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CAPITOLUL 11

ANALIZA TEORETICA SI CONSTRUCTIVA A SISTEMELOR DE TRANSMITERE
A ENERGIEI WIRELESS

2.1. MODELAREA TEW CU RAZA MEDIE DE ACTIUNE PE BAZA
CUPLARII PRIN REZONANTA MAGNETICA

2.1.1. Teoria modului cuplat (TMC)

Teoria modului cuplat vizeaza cercetarea legilor in modul cuplat al undelor
electromagnetice, care a fost aplicata initial in domeniul microundelor [46]. Potrivit TMC,
procesele fizice de transfer de energie de la un obiect rezonant la altul pot fi descrise ca fiind:

U () = (i — Tp)am () + Xpem i Kmnan () + E,(t) (1)

unde a,,(t), wm, Ly, Kmn si By (t) reprezintd amplitudinea energiei, frecventa rezonanta, rata
intrinsecd de decddere (intrinsec decay rate), coeficientii de cuplare si, respectiv, conditia de
transfer. Daca nu se ia in considerare rata de decadere intrinsecd, schimbul de energie intre doud
obiecte rezonante va fi fara pierderi.

2.1.2 Teoria circuitului (TC)

Conceptul modului de cuplare electromagnetica apare la inceputul anilor 1950, iar dupa
o lunga perioada de dezvoltare, actualul TMC este potrivit pentru analiza procesului de schimb
de energie dintre doua rezonatoare [110], dar conceptele sale sunt inca putin cunoscute si
intelese. Mai degraba, Teoria Circuitului (TC) bazata pe modul inductantei mutuale reprezinta
o metoda mai directa.

Compensarile paralel-paralel si serie-serie sunt structurile de baza care au fost bine
discutate 1n literatura si, in plus, metodele lor de analiza si de proiectare sunt elaborate in [47,
48].

2.1.3 Analiza comparativa intre teoria modului cuplat si teoria circuitelor

Atat TMC cat si TC pot fi folosite pentru a analiza cuplarea puternica prin rezonanta
magneticd (SCMR), dar apartin unor ramuri stiintifice diferite, deci este semnificativ sa le
distingem n mod clar. Potrivit TMC, avem [25,110]:

R R R w
=-t G=-*T=-2K=-k=
2Ls 2Ls 2L, 2

(14)

Noul parametru k corespunde coeficientului de cuplare din TC, iar indicatorii 2 si 3
corespund indicatorilor m si n din Teoria Modului Cuplat. Presupundnd ca sistemul
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functioneaza in stare rezonanta, iar rezistenta interna a sursei de tensiune este ignorata thlocuind
Ecuatia (14) in Ecuatia (8) si simplificand in continuare expresiile, putem trage concluzia ca
Ecuatiile (8) si (13) sunt absolut identice, aceasta verificand faptul ca analiza bazata pe TMC si
TC este echivalenta in starea de rezonanta.

2.1.4 Arhitectura sistemului

In aplicatiile practice, distantele de transfer si impedantele se schimba frecvent.
Conform analizei TMC si TC, putem constata ca arhitectura sistemului cu doud bobine nu poate
satisface aceste cerinte, astfel incat studiul noilor arhitecturi de sistem este valoroasa.
Arhitecturile de sistem cu trei si patru bobine pot optimiza caracteristicile de transfer cu grade
suplimentare de libertate n ajustare.

2.2. COMPONENTE UTILIZATE IN TRANSFERUL DE ENERGIE WIRELESS

2.2.1. Regulatoarele de tensiune cu comutatie in zero

Proiectarea circuitelor pentru regulatoarele de tensiune in curent continuu devine tot mai
dificila de realizat din cauza densititii de putere (W/m®) si a nivelurilor de tensiune ale
alimentarii Tn CC ce se afla in crestere precum si a scaderii parametrilor de tensiune din siliciu
in scopul cresterii eficientei.

Diferenta dintre tensiunea de alimentare si cea solicitata de siliciu creeaza o cadere mare
peste regulator, crescand pierderile de comutare si limitand in cele din urma frecventa de
comutare a dispozitivului.

De exemplu, un sistem de control al tensiunii poate solicita o reglare de l1a 24 V la 3,3V,
un decalaj care ar trebui acoperit in mod obisnuit prin doud etape de reglare, marind astfel
dimensiunea circuitului electronic, costurile si problemele de fiabilitate. Mai mult decat atat,
frecventa limitatd de comutare este un dezavantaj deoarece necesitd folosirea componentelor
magnetice si a altor componente pasive mai mari pentru circuitele de filtrare, crescand
dimensiunea sistemului si actionand Tmpotriva densitatii de putere.

O solutie care sa permitd revenirea la o frecventa mai rapida de comutare pentru
regulatoarele ridicatoare-coboratoare de tensiune este reprezentat de catre regulatoarele de
tensiune cu comutatie in zero, ZVS (Zero Voltage Switching).

2.2.1.1 Pierderile in comutarea fara ZVS

Majoritatea regulatoarelor de tensiune neizolate sufera pierderi mari de comutare n
timpul tranzitiei dintre fazele de pornit-oprit datorate stresului indus de aparitia simultana a
tensiunii si curentului de valori ridicate aplicate tranzistorului cu efect de camp metal-oxid-
semiconductor (MOSFET). Aceste pierderi cresc cu frecventa de comutare si tensiunea de
intrare si limiteaza operarea la frecventd maxima, eficienta si densitatea de putere.

Pierderea de comutare are loc in timpul suprapunerii dintre tensiune si curent atunci
cand se porneste si se opreste MOSFET-ul. Producatorii de regulatoare de tensiune incearca sa
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minimalizeze suprapunerea pentru a minimaliza pierderile de comutare prin cresterea ratei de
schimbare a curentului (di/dt) si a tensiunii (dv/dt) in forma de undd de comutare.

2.2.1.2 Comutarea ZVS

Comutarea cvasi-rezonantd este o tehnica buna pentru imbunatitirea eficientei
regulatorului de tensiune, dar lucrurile pot fi imbunatétite In continuare prin implementarea
unei comutiri soft. In timpul comutirii soft tensiunea scade la zero (fata de utilizarea unei valori
minime) Tnainte ca MOSFET-ul sa fie pornit sau oprit, elimindnd orice suprapunere intre
tensiune si curent si reducdnd pierderile. Tehnica poate fi de asemenea folosita pentru
comutarea MOSFET-ului cand curentul, mai degraba decat tensiunea, ajunge la zero. Acest
lucru este cunoscut sub numele de Zero Current Switching - ZCS.

2.2.1.3 Modul de functionare al ZVS

Tn Figura 13 se prezintd un circuit electronic ZVS. Acest circuit este identic cu un
regulator conventional, cu exceptia unui comutator suplimentar de prindere conectat prin
inductorul de iesire. Comutatorul este addugat pentru a permite utilizarea energiei stocate in
inductorul de iesire pentru a implementa ZVS.

]
HS _h:}oi
Driver
Vs YTy Vout
. | I .
Vin Cin
—I— ! n :)/c Cout
LS _LT} Ideal =g
Driver Q2 Switch
—

Fig. 13 Topologie ZVS

Convertizorul ZVS functioneaza 1n trei stari principale. Acestea sunt definite ca Q1 pe
faza, Q2 pe faza si faza conectarii directe dintre VS si Vout. Q1 se porneste la curent zero si cand
tensiunea la sursd este aproape zero. Curba de curent creste in MOSFET si in inductorul de
iesire la un curent de varf determinat de momentul de timp al Q1, tensiunea pe inductor si
valoarea inductorului. In timpul fazei QI, energia este stocati in inductorul de iesire, iar
incarcarea este furnizatd condensatorului de iesire. In timpul fazei Q1, disiparea puterii din Q1
este dominatd de rezistenta MOSFET, iar pierderea de comutare este neglijabila.

2.2.1.4 Utilizarea ZVS in TEW

In cadrul aplicatiilor de Transmitere a Energiei Wireless, dispozitivele ZVS sunt
utilizate ca si convertoare rezonante clasice.
Regulatorul oferda numeroase avantaje:

e Acesta oscileazad independent si necesita doar o sursd de curent continuu;
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e Profilul de curent si tensiune este aproape sinusoidal;

e Nu sunt necesare componente active si niciun software;

e Este scalabil de la 1W la 200W;

e Comutatorul MOSFET se apropie de punctul de trecere zero;
e Este scalabil pentru multe tensiuni/curente diferite;

2.2.2. BOBINELE EMITATOARE SI RECEPTOARE

Pentru a gasi bobina de TEW adecvata, trebuie luate in considerare mai intai cateva
aspecte:

e (Cat de mare este curentul maxim estimat (curent reactiv si nominal) in bobina?
e Care este dimensiunea maxima permisa a montajului (L/1/H)?

Pentru a evita saturatia nedoritd sau supra-incdlzirea bobinelor, trebuie intotdeauna
planificat un tampon de sigurantd de 30%. Daca se pot Incorpora mai multe bobine, ar trebui
utilizate cele cu cea mai mare inductanta, deoarece condensatorul circuitului rezonant poate fi
mai mic.

In plus, aceasti masurd reduce curentii reactivi care apar in ,,rezervor”. Curentii mai
mici din circuitul rezonant conduc la auto-incalzirea scazuta si la proprietatile CEM mai bune.

Curentul maxim in ,,rezervor” se calculeaza prin relatia (6).

C
Imax = Uy "7 - \/; (6)

Cea mai bund cuplare se realizeaza atunci cdnd bobinele transmitdtorului si receptorului
au aceeasi dimensiune, prin urmare se recomanda o dimensiune de 1:1. Componentele din
familia WE-WPCC (de exemplu, 760 308 102 142, 53mmx53mm, ANEXA 2, 760 308 100
143, 50mm, ANEXA 3, 760 308 100 110, @ 50mm, ANEXA 4) au fost special dezvoltate
pentru putere mare. Aceste bobine pot fi utilizate ca transmitdtoare si receptoare. Ele sunt
caracterizate de valori Rqc foarte scazute, valori Q foarte ridicate si curenti de saturatie foarte
mari Ir.

2.2.2.1 Optimizarea mediului adiacent bobinelor utilizate in TEW

Daca bobinele TEW sunt fixate pe metal, pot aparea pierderi inductive datorate
curentilor turbionari indusi cauzati de cAmpul magnetic periferic. In plus, metalul apropiat de
(de exemplu cupru pe PCB) se poate incalzi. Circuitele electronice pot fi, de asemenea,
influentate de campurile magnetice puternice. Acest efect va fi mai mare cu cét distanta dintre
bobinele sistemului TEW este mai mare.

Masurile adecvate includ cresterea distantei bobinelor fatd de PCB/metal, precum si
utilizarea foliei de ferita foarte permeabile, cum ar fi WE-FSFS.
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2.2.3 BOBINELE DE FILTRARE

Cele doua inductoare de filtrare decupleaza moderat circuitul rezonant ,,AC” de la sursa
de alimentare. In acelasi timp, ele servesc si ca sursi constanti de curent si element de filtrare.
Capacitatea curenta de Incarcare trebuie adaptata la curentul nominal maxim al circuitului. Un
inductor clasic de putere (de exemplu, WE-HCI - ANEXA 5, WE-PD — ANEXA 6, WE-LHMI
— ANEXA 7) cu factor Q nalt trebuie intotdeauna utilizat. Inductanta sa nominala ar trebui sa
fie de cel putin 5 ori mai mare decat inductanta bobinei WPT pentru a fi in pozitia de a reincarca
suficientd energie in circuitul rezonant. Dacd amplificarea intrare/iesire este inca prea mare,
valorile inductorului sau condensatorului de filtrare pot fi marite.

2.2.4 CONDENSATORI

Deoarece curentii mari circula in circuitul rezonant paralel, nu este potrivitd orice
tehnologie a condensatoarelor pentru aceasti sarcind. In functie de aplicatie, sunt disponibile
numai trei tipuri diferite de selectie: MKP (WE-FTXX — ANEXA 10 / WE-FTBP — ANEXA
11), NPO (WE-CSGP ANEXA 12) sau FKP.

2.2.4.1 Condensatorii de intrare si de iesire

Aceste condensatoare, in combinatie cu bobinele de putere, servesc in principal ca filtre.
Deoarece frecventele de rezonantd sunt sub 200 kHz, condensatorii trebuie sa fie corespunzator
mai mari. Testele au ardtat ca trebuie anticipate valori cuprinse Intre 10 si 1000uF, in functie
de bobinele de aplicatie si putere folosite. Frecventa de deconectare de -6dB rezultata din filtrul
LC ar trebui sa fie de aproximativ 1/10 din frecventa circuitului rezonant. In teorie, se asteapta
o atenuare de 40dB/dec.

2.2.5 TRANZISTORI MOSFET

Selectarea corespunzatoare a N-MOSFET-urilor depinde in primul rand de nivelul
tensiunii de alimentare. Dacd aceasta este de numai 5V, de exemplu, un tip de nivel logic trebuie
utilizat pentru a porni in siguranta portile. Deoarece cele mai multe MOSFET-uri au o tensiune
maxima a portii de +/- 20V, trebuie luate masuri pentru a proteja portile in cazul unei tensiuni
de alimentare mai mari de 20Vcc. Aceasta poate fi 0 dioda Zener la masa sau un divizor de
tensiune capacitiv, care pastreaza tensiunea de poarta in intervalul optim. De asemenea, trebuie
avut grija ca tensiunea la poarta sa nu fie prea mica, altfel un MOSFET in convertorul rezonant
va ramane blocat in modul de functionare al amplificatorului liniar, determinand circuitul sa
intre ntr-o stare de blocare.

2.2.6 DIODE SI REZISTENTE PULL-UP

Pe masurd ce MOSFET-urile trebuie reincarcate relativ repede, curenti rapizi apar o data
cu incarcarea si descarcarea portii. Acesti curenti de Incdrcare/descarcare trebuie sa fie dirijati

19



prin rezistentele PULL-UP si prin diode. Pierderile rezultate nu sunt neglijabile. Din acest
motiv, pierderea maxima permisa de putere (Py) si capacitatea de Incdrcare curentd a acestor
componente trebuie sd Se aleagd corespunzator. De asemenea, diodele trebuie sa aiba aceeasi
stabilitate de tensiune ca si MOSFET-urile. Ca alternativa la diodele clasice sau Schottky,
diodele corpului MOSFET pot fi, de asemenea, utilizate.

2.3. INTEGRAREA COMPONENTELOR ELECTRONICE 1IN SISTEMUL
TEW

2.3.1 Schema circuitului electronic

In Figura 15 este circuitul de baza pentru partea transmitatorului incluzand bobina de
transmisie Lp. Partea receptorului poate fi construita cu acelasi circuit de baza.

C_filter
| | L_filter
Mosfet
TV ¢ YL
10k
—1 1+ l
L] R_pullu ] Q==
Zener = b =
N . 3 s
v
i TTUAAAST
TAT P
R Mosfet L_filter

Fig. 15 Circuitul convertorului rezonant de bazi
2.3.2 Modul de operare

Convertorul rezonant functioneazd de obicei la o frecventd de lucru constanta,
determinatd de frecventa rezonanta a circuitului rezonant paralel LC. De indata ce o tensiune
CC este aplicata circuitului, acesta incepe sd oscileze pe baza tolerantelor componentelor
MOSFET. Intr-o fractiune de secunda, unul dintre cele doua MOSFET-uri este putin mai
conductiv decat celalalt. Feedback-ul pozitiv al celor doud porti MOSFET si scurgerea opusa a
MOSFET-ului mai putin conductiv duce la o schimbare de faza de 180°. Cele doud MOSFET-
uri sunt, prin urmare, intotdeauna eliminate din fazd si nu pot conduce niciodatd simultan.
MOSFET-urile leaga alternativ ambele capete ale circuitului rezonant paralel la masa,
permitand reincdrcari periodice ale circuitului rezonant cu energie.

Eficienta intregului circuit de transfer de energie wireless poate depasi 90% in practica.
Acest lucru este destul de remarcabil, deoarece pierderile de cuplare prin decalajul de aer sunt
deja incluse si la intrare este disponibila o tensiune CC continua. Eficienta ramane stabila intr-
un interval de aer intre 4-10 mm. O mare parte din energia din cAmpul magnetic, care nu este
cuplatd la partea receptorului, este returnata la ,,circuitul emitatorului". O distantd maxima de
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panad la 18 mm este posibila in functie de aplicatie, dar se fac concesii in ceea ce priveste factorul

.....

2.3.3 Aspecte negative legate de convertorul rezonant

Doud aspecte sensibile trebuie sa fie luate in considerare in practicd cu aceastda
constructie de circuit pentru a preveni blocarea MOSFET-urilor si anume, Alimentarea cu
energie a transmitatorului in momentul comutarii si Impedanta reflectata din partea
receptorului catre transmitator.

2.3.3.1 Alimentarea cu energie a transmitatorului in momentul comutarii

Daca alimentarea cu energie electrica nu este in masura sd produca un curent suficient
in timpul oscilatiei tranzitorii a circuitului, este posibil ca unul dintre cele douda MOSFET-uri
sd se blocheze in modul de amplificare liniara, iar tensiunea de intrare sa fie permanent
scurtcircuitata la masa. Acest lucru ar face ca MOSFET-ul sd se supraincdlzeascd si sa se
deterioreze.

2.3.3.2 Impedanta reflectata din partea receptorului citre transmitator

Date fiind sarcinile mari de incarcare pe partea receptorului sau modificarile bruste ale
factorilor de cuplare (14) pentru cele doua bobine, se poate intdmpla ca impedanta reflectata sa
scurtcircuiteze partial inductanta de magnetizare (15) a transmitatorului. Aceasta, la rindul sau,
poate duce la descompunerea oscilatiilor si la intrarea circuitului intr-0 stare de blocare.

k = Usec  Npri _ M

- Uprim Ngec - v LpriLsec
M=k- 4/ Lpri *Lgec (15)

(14)

Pentru a contracara acest lucru, este util sa se modifice usor frecventa circuitului
rezonant al receptorului cu ajutorul unui alt condensator paralel (cu o frecventd mai mare cu
10-20% decat transmitatorul). Alternativ, o inductanta suplimentara (inductor de putere) poate
fi conectatd 1n paralel cu bobina emitatorului, care nu este cuplatd magnetic cu traiectoria de
transmisie.

2.4 Compatibilitate electromagnetici — proprietiti ale transferului de energie
wireless

Deoarece puterea este transferatd cu foarte multe aplicatii de alimentare fara fir,
respectarea limitelor CEM este esentiald. Provocarea este ca bobinele transmitatorului si
receptorului s se comporte ca un transformator cu un factor de cuplare scazut si un spatiu de
aer foarte mare. Acest lucru duce la un camp electromagnetic foarte mare in vecinatatea
bobinelor. Masurdtorile CEM au aratat ca interferenta in banda largd poate avea loc in spectrul
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undelor fundamentale pana la domeniul de frecvente de 80 MHz. Daca nivelul de interferenta
masurat este mentinut sub limitd cu o rezerva, se poate presupune cd limitele intensitatii
campului de interferenta sunt, de asemenea, mentinute.

2.5. EXEMPLE DE APLICATII TEW

2.5.1 Circuit simplu pentru receptor TEW

Tn Figura 17 este reprezentat circuitul electronic al unui receptor TEW realizat cu un
redresor cu diode Schottky si condensatoare SMD din polimer de aluminiu rezistent la curent.
Puterea de iesire a acestui circuit receptor este de aproximativ 120 W in functie de suprafata de
racire. Sunt utilizate diode TVS de alimentare pentru a proteja Impotriva supratensiunilor
tranzitorii (bidirectional, tensiune maxima de operare 60 V).

Receiver
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Fig. 21 Circuit simplu pentru receptor TEW

2.5.2 Convertor rezonant standard (transmititor si receptor pana la aproximativ

10 w

Exemplu de circuite simple de rezonator pentru transmitator / receptor pentru utilizare
pand la 10W. Pentru toate transmitatoarele trebuie sa fie implementatd o monitorizare a
curentului de intrare. Aceasta protejeaza puterea FET de suprasarcind termica. Daca oscilatia
nu porneste in mod corespunzator sau se descompune in timpul functionarii, una dintre puterile
FET ar fi permanent controlatda de GND si astfel distrusa termic. Nivelul logic FET trebuie
utilizat pentru tensiuni de alimentare sub 9V. (Figura 18)
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CAPITOLUL 111

ANALIZA COMPARATIVA A SISTEMELOR TEW UTILIZATE PENTRU
ALIMENTAREA DISPOZITIVELOR ELECTRICE DE PUTERE MICA SI MEDIE

Cercetarea intreprinsa se bazeaza pe testarea comparativa a sistemelor TEW, LKCH-
TXRX40W-EVB [49] produs de Semtech Corporation [50] si kitul de dezvoltare de 200W,
760308EMP, produs de Infineon si Wiirth Elektronik, in vederea identificarii modului si a
parametrilor de functionare. Finalitatea cercetdrii este reprezentata de selectarea solutiei optime
de utilizat in cadrul cercetarii/proiectului propus.

Scopul testarii produselor il reprezintd compararea si interpretarea rezultatelor
experimentale cu cele teoretice pe baza calculelor, realizarea unui concept grafic si schematic
al sistemului de transfer al energiei wireless, realizarea de masuratori si achizitii de date pentru
transferul energiei wireless pentru diverse tipuri de consumatori precum si interpretarea
rezultatelor experimentale si cele teoretice.

Rezultatul cercetarii bazat pe metodele stiintifice enuntate anterior se va concretiza in
dezvoltarea unui sistem proiectat in vederea utilizarii in domeniul constructiilor astfel incat
acesta sa reprezinte eliminarea barierelor in alimentarea cu energie a dispozitivelor autonome
sau in vederea reducerii necesarului de materiale utilizate precum si a operatiunilor costisitoare
reprezentate de alimentarea cu energie clasica (cu fire).

3.1 SISTEMUL TEW LKCH-TXRX40W-EVB

Sistemul TEW LKCH-TXRX40W-EVB include un transmitator si un receptor. Modulul
testat ofera o solutie completa de sistem si este compatibil cu standardele de transmisie a puterii
(WPC) sau standardele Qi, ceea ce face ca acest transmitator sd fie o platforma ideald pentru
alimentarea majoritatii receptoarelor wireless utilizate astazi.

Transmitatorul TSDMTX-24V3-EVM este o platformd pentru testarea si
experimentarea solutiillor de incdrcare cu energie wireless, bazatd pe controlerul
transmitatorului de energie Semtech TS80003, driverul FET TSET002, convertorul DC/DC
TS30041 si amplificatorul de curent TS94033.

In timp ce sistemul este capabil si incarce dispozitive la 40W, este de asemenea
compatibil si cu dispozitive de putere redusa (5W) dar care permit niveluri de incarcare rapida.

Caracteristicile sistemului TEW sunt urmatoarele:

e Intrare 24V / Putere de iesire 40W;

e Tensiunea de iesire variabild (implicit 19V);

e Conform cu standardul WPC1.2;

e Functie avansata de detectare a obiectelor straine (FOD);
e Suporta diferite protocoale de incarcare a dispozitivelor.

Schema bloc a sistemului TEW este prezentatd in Figurile 26 si 27. In Figura 26 este
reprezentat modulul de transmitere a energiei wireless (TSDMTX-24V3-EVM) iar in Figura27
se regaseste reprezentarea modulului pentru receptarea energiei wireless (TSDMRX-19V/40W-
EVM).
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Fig. 26 Schema bloc a transmitdtorului (TSDMTX-24V3-EVM)
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Fig. 27 Schema bloc a receptorului (TSDMRX-19V/40W-EVM)

3.1.1. Descrierea modulului de transmitere TEW (TSDMTX-24V3-EVM)

Modulul de transmitere TSDMTX-24V3-EVM poate transfera o putere de pana la 40 de
wati (atunci cand este utilizat impreund cu TSDMRX-19V/40W-EVM) pentru transmisia de
putere fara fir compatibila cu standardele WPC/Qi.

Emitatorul poate fi cuplat cu orice modul receptor Qi pentru a forma un sistem complet
de transmisie a energiei fara fir. Alegerea modulului receptor Semtech TSDMRX-19V/40W-
EVM permite o varietate de experimente pentru a observa comportamentul sistemului din punct
de vedere al puterii transmise, al temperaturii in timpul functionarii pentru diverse nivele de
putere si timp de functionare precum si al fiabilitatii acestuia.

Exista o serie de alte module receptoare care accepta diferite nivele de putere si tensiuni
de iesire, oricare dintre acestea putand fi utilizate deoarece sunt compatibile cu standardul Qi
si, prin urmare, sunt compatibile cu transmitatorul TSDMTX-24V3-EVM. De asemenea se
poate utiliza orice produs compatibil Qi existent, desi accesul limitat pe care aceste dispozitive
il oferd poate face ca gama de experimente care pot fi efectuate sa fie mai limitata.

Tehnologia cheie Tn sistemul evaluat este circuitul integrat Semtech TS80003, care
controleaza sistemul si implementeaza protocolul Qi.

TSDMTX-24V3-EVM poate fi impartit intr-un numar de sub-blocuri, dupa cum se arata
n diagrama din figura 2.

Blocurile componente sunt:

e Sursd de CC de 24 de volti — transformatorul extern care converteste curentul alternativ

n curent continuu cu o valoare de 24 de volti;

e Convertorul Buck TS30041, care converteste 24V CC la o valoare de 5V CC;
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e Controlerul TEW - bazat pe circuitul integrat TS80003 care contine porturi de
comunicare [/O: USB, 12C, senzor de temperatura, afisaj LED;

e Driverul H (Full Bridge) FET TS61002 care actioneaza FET-urile pe baza semnalelor
de la controler;

e Punti FET care directioneazd energia de la sursa de 19V pentru a actiona circuitul
rezonant (antena);

e Bobina de transmitere a energiei, WE760308102144.

3.1.2. Descrierea modulului de receptare TEW (TSDMRX-19V/40W-EVM)

Modulul de receptare TEW, TSDMRX-19V/40W-EVM si modulul sau de transmitere
TEW compatibil, TSDMTX-24V3-EVM, formeaza un sistem complet de transmitere a energiei
wireless, de mare putere, pentru a furniza energie direct unui consumator sau pentru incarcarea
bateriilor Li-ion.

Componentele cheie ale TSDMRX-19V/40W-EVM sunt TS80003, TS61002, TS30041
si SC508. TS 80003 ofera comunicatii compatibile Qi si controlul receptorului. TS61002
controleaza rectificarea sincrona extrem de eficienta a curentului de curent alternativ din bobina
receptorului. TS30041 furnizeaza 5V tuturor componentelor care necesita aceasta tensiune de
functionare. In cele din urma, SC508 proceseazi puterea primita oferind o tensiune de iesire
bine reglata si limitarea curentului pentru sarcind sau catre acumulatori. SC508 poate fi anulat
pentru a permite aplicarea puterii primite direct la sarcind sau acumulator. Aceasta tehnica poate
fi utilizata in aplicatii de incarcare cu putere constanta.

Dupa cum se poate vedea in Figura 65, receptorul este format din doua parti, o bobina
si un circuit electronic. Doud porturi sunt prevazute, unul pentru puterea de iesire si celdlalt
pentru programare. Acestea sunt situate, respectiv, in colturile superior si inferior din partea
dreapta a placii.

"™ 1530041

T —

T580003

TS61002 [

Fig. 65 TSDMRX-19V/40W-EVM

TSDMRX-19V/40W-EVM poate fi impartit intr-un numar de sub-blocuri asa cum se
arata in diagrama din Figura 66.
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(Controller)

Fig. 66 TSDMRX-19V/40W-EVM

Blocurile componente sunt:

e Bobina receptoare TDK WT505090-20K2-A10-G;

e Convertorul Buck TS30041, care regleaza tensiunea primita la o valoare de 5V CC;

e Controlerul TEW - bazat pe circuitul integrat TS80003 care contine porturi de
comunicare [/O: USB, 12C, senzor de temperatura, afisaj LED;

e Driverul H (Full Bridge) FET TS61002 care actioneaza FET-urile pe baza semnalelor
de la controler;

e Puntea redresoare FET care transforma curentul alternativ in curent continuu;

e Convertorul intern SC508 care converteste tensiunea redresatd la o valoare de 19 V,
pentru o putere de 40 W si include, de asemenea, circuite de protectie;

Receptorul poate fi, de asemenea, configurat prin anularea SC508 pentru a permite
aplicarea puterii primite direct la sarcina sau acumulator (Figura 67).

M Bi-directional
i o
c TS30041
(Buck)
1561002 TS80003
(Driver) (Controller)

Fig. 67 Configuratie fara SC508

3.2. MODUL DE FUNCTIONARE SI TESTAREA SISTEMULUI TEW

TSDMTX-24V3-EVM este usor de configurat si utilizat. Am utilizat modulul de
alimentare si cablul de linie care vine cu kitul EVM pentru alimentarea la EVM prin ,,J2”, mufa
de intrare de 24V. Intervalul de tensiune de intrare acceptabil este de la 22V la 26V. Odata
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furnizatd puterea de intrare, ledul verde se aprinde aproximativ o jumatate de secunda si apoi
se stinge. In acest moment, EVM este gata si transmitd energie wireless. De cateva ori pe
secunda, emitatorul emite un ,,ping” (semnal) de energie in cautarea unui receptor conform
intervalului.

Atunci cand receptorul se afla in raza de actiune (de obicei 4 mm ~ 8mm), receptorul
este alimentat suficient n timpul fazei ,,ping” astfel incat sa fie capabil sa-si anunte prezenta sa
la emitator si sd inceapd procesul de transmitere a energiei. Emitatorul furnizeaza pentru o
perioada scurta de timp o cantitate mica de putere receptorului nou descoperit astfel incat sa-i
permita acestuia sa-i furnizeze cerintele sale de putere. La finalizarea negocierii, emitatorul
incepe sa furnizeze puterea solicitatd, indicatd printr-un LED verde intermitent. Tn timpul
transferului de energie, receptorul comunicd continuu cu emitatorul, directionand activ
procesul. Tn acest fel se asigura transmiterea puterii atata timp cét este solicitatd de un receptor
disponibil si compatibil cu emitatorul. Daca este necesar, un receptor poate creste sau reduce in
mod activ cererea de alimentare, iar emitdtorul va actiona in consecinta. Ca atare, echipamentele
cu cerinte complexe de incarcare pot fi acceptate cu exactitate si este asigurata doar cantitatea
dorita de putere.

Odata ce incarcarea este finalizatad, LED-ul nu mai clipeste si ramane aprins. Daca este
detectata vreo eroare, ledul rosu este aprins si emiterea de energie este opritd. Pentru a reporni,
receptorul trebuie scos din intervalul de distanta (4-8mm) fatd de emitdtor si pus din nou in
zona tinta pentru a incepe un nou proces de transmitere a energiei wireless.

3.2.3 Testarea sistemului TEW

Testele pot fi efectuate cu utilizarea unui modul receptor TEW. Exista o serie de
receptoare produse de Semtech [51], Wurth Electronics Inc. [52], Adafruit Industries LLC [53],
STMicroelectronics [54], JH Electronic Technology Ltd [55], RRC [56], Texas Instruments
[57], Seeed Technology Co., Ltd [58], Rohm Semiconductor [59], NXP USA Inc. [60], IDT
[61] care accepta diferite niveluri de putere si tensiuni de iesire, oricare dintre acestea putand fi
utilizate, deoarece toate accepta standardul Qi si, prin urmare, sunt compatibile cu
transmititorul TSDMTX-24V3-EVM. In aceasta cercetare am selectat TSDMRX19V/40W-
EVM ca receptor pentru testare.

De asemenea, se pot utiliza telefoane care includ functii de incarcare wireless WPC,
cum ar fi Samsung S6-S10 sau Apple Iphone 8-11, pentru a testa TSDMTX-24V3-EVM.

Pentru a utiliza TSDMRX-19V/40W-EVM ca receptor tintd, pur si simplu se plaseaza
receptorul peste cercul tintd pe modulul emitator. Se vor aprinde LED-urile de culoare verde,
ceea ce indicd negocierea realizata intre cele doud module.

Se pot selecta o serie de optiuni posibile. Sarcina optima de selectat ar fi o sarcina
continud programabila. Se poate regla cu usurintd o anumita putere, ceea ce face sistemul foarte
flexibil si usor de utilizat. Daca nu este disponibila, se poate utiliza o unitate cu rezistente pentru
a simula o serie de conditii de incarcare.

Orice sarcind este selectata, conductorii se conecteazd de la pinii VOUT + si GND ai
receptorului TEW la sarcina de testare selectatd. Dupa adaugarea sarcinii, receptorul TEW
poate fi utilizat pentru a efectua o varietate de teste. Tn mod alternativ, puterea poate fi extrasi
din liniile VBUS si GND ale portului USB.
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Se conecteaza un voltmetru CC pe pinii VOUT + si GND pentru a monitoriza tensiunea
care este emisa la sarcind, si un ampermetru CC 1n serie cu linia VOUT +.

Fara nicio sarcind conectatd, prin asezarea receptorului in centrul cercului tintei
transmitatorului, odata ce transmisia Incepe, se citesc valorile de 24 de volti si 0 amperi.

Prin aplicarea unei varietdti de sarcini se poate observa performanta la niveluri de 5, 10
si 15 wati. Tensiunea ar trebui sd rdmana aproape constantd, iar curentul ar trebui sd urmeze
relatia P = U X |. Se poate experimenta cu o putere maxima care poate fi extrasa inainte ca
receptorul sa detecteze o suprasarcind si sd intrerupa puterea. Se poate observa cum la 0
suprasarcind de scurta duratd, receptorul va Incerca sa restabileasca puterea testand incarcarea
intermitent. In cazul unei supraincarciri majore, emititorul poate inregistra o eroare, asa cum
este indicat de un LED rosu de pe acesta astfel incét se va opri activitatea ulterioard pana cand
receptorul este indepartat din zona tinta timp de cateva secunde 1nainte de a fi plasat din nou
pentru a porni un nou transfer.

LED-urile rosii si verzi de pe modulul TEW anunta utilizatorul ce face emitatorul in
functionare. Asa cum se vede in diagrama de mai jos, Figura 78, atunci cand este aplicata
puterea, transmitatorul se initializeaza dupa cum este indicat de LED-ul verde aprins timp de
aproximativ o jumatate de secundad. Apoi, pe masurd ce emitatorul cautd un receptor din
apropiere, nu se aprinde niciun LED, mentinand puterea la un nivel minim in aceasta stare de
asteptare. Cand un receptor este localizat, emitatorul primeste instructiuni cu privire la
transferul ce va urma. Se transmite apoi puterea si LED-ul verde clipeste in fiecare secunda
indicand un eveniment de incarcare in desfasurare.

Alimentare

A T :
RECEPTOR

@
P |
©
(]
=

Fig. 78 Schema de functionare a LED-urilor sistemului TEW

In timpul transferului, daca este detectat un obiect strdin, incarcarea este anulata, iar
LED-ul rosu va clipi in fiecare secunda indicand defectul detectat si va continua sa faca acest
lucru pana cand receptorul va fi indepartat din zona tinta. In mod similar, orice alti eroare
detectatd va anula procesul de incarcare, indicat printr-un LED rosu constant, care raméne
aprins pand la scoaterea receptorului. Conditiile de eroare includ erori de comunicare intre
receptor si transmitator si detectarea excesului de tensiune, curent, putere sau temperatura pe
receptor sau transmititor. In lipsa unei erori, incircarea continua pana cand receptorul indica
ca nu este necesara o altd putere, de obicei atunci cand o baterie atasata este complet reincarcata.

29



In acest moment, transmititorul intrd in starea completd a incarcirii, asa cum este indicat de
LED-ul verde aprins constant, ceea ce continua sa faca pana cand receptorul este scos din
emitator. Ori de cate ori receptorul este eliminat din zona tintd, emitatorul revine la starea de
asteptare, cautand un alt receptor.

3.2.5 Analiza termicda a modulelor electronice

Testarea sistemului TEW a fost efectuatd la o temperatura ambientala de 26,5°C.
Dispozitivul de preluare a imaginilor termice utilizat a fost FLUKE TIS10 cu specificatiile in
ANEXA 15.

In Figurile 79a si 79b sunt imaginile termice capturate utilizind TSDMRX-19V20W-
EVM pentru o putere de 20W. Astfel, in Figura 79a, pentru receptorul TEW, temperatura
maxima se atinge la 60,6°C din zona controlerului TS80003 iar in Figura 79b, in dreptul
emitatorului TEW se atinge temperatura maxima de 54,1°C.

a) TSDMRX-19V20W-EVM b) TSDMTX-24V3-EVM
Fig. 79 Imagini termice sistem TEW

In Figurile 80a si 80b sunt imaginile termice capturate utilizind TSDMRX-19V20W-
EVM pentru o putere de 10W. Astfel, in Figura 80a, pentru receptorul TEW, temperatura
maxima se atinge la 46°C iar in Figura 80b, in dreptul emitatorului TEW se atinge temperatura
maxima de 43°C.

a) TSDMRX-19V20W-EVM | b) TSDMTX-24V3-EVM
Fig. 80 Imagini termice sistem TEW

Imaginea termica a TSDMRX-19V/40W-EVM in cadrul testului de incarcare completa
este prezentatd mai jos. Componenta cu cel mai inalt coeficient de caldurd de pe modul este
mosfetul regulatorului buck (75°C), dupa cum se poate vedea in Figura 81.
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Fig. 81 Imagine termica TSDMRX-19V/40W-EVM

3.2.6 Testarea modulului receptor TSDMRX-19V/40W-EVM utilizat pentru
incarcarea acumulatorilor

Cu ajutorul modulului transmitator TSDMTX 24V3-EVM se pot efectua o varietate de
teste. Prin conectarea unei surse de 24V capabile sd furnizeze mai mult de 50 W putere la
intrarea in transmitator folosind un conector de alimentare coaxial OD de 3,5 mm, la aplicarea
puterii, LED-ul verde se aprinde, indicand ca modulul este acum activ. Pentru a utiliza
TSDMRX-19V/40W-EVM ca receptor tintd, acesta este plasat peste cercul tintei (,,bobina
primard” sau ,,antena emitatorului”) pe modulul EVM al transmitatorului, apoi se conecteaza
un acumulator la J4 al receptorului.

Se conecteazd un voltmetru de curent continuu intre pinii VOUT si PGND pentru a
monitoriza tensiunea si un ampermetru de curent continuu in serie cu linia J4 pentru a
monitoriza curentul de Incércare. Aparatele de masura sunt configurate pentru 20 de volti si 2,5
amperi.

LED-ul receptorului trebuie sa fie verde atunci cand receptorul este plasat pe
transmitatorul activ. Aceasta indica faptul ca tensiunea de iesire este normala.

3.3 SISTEMUL TEW 760308EMP

Sistemul TEW 760308EMP [62] reprezinta un kit de dezvoltare realizat in colaborare
de catre Infineon si Wiirth Elektronik. Acest sistem ofera posibilitatea demonstrarii avantajului
transferului de energie wireless la un nivel de putere medie astfel incat sd aduca dezvoltatorilor
capacitatea de testare si integrare 1n diverse aplicatii.

Kitul de dezvoltare este conceput pentru a fi operat intr-un mediu de cercetare si
dezvoltare sub supravegherea tehnicienilor sau inginerilor calificati Tn scopuri de testare si
masurare.

Puterea transmisa cu ajutorul kitului a reprezentat motivul pentru care m-am orientat
catre testarea acestui sistem prin analiza comparativa cu kitul descris anterior (Semtech LKCH-
TXRX40W-EVB).

Sistemul isi gaseste aplicabilitate in urmatoarele domenii:

e Drone, masini de tuns iarba robotizate si scule electrice;

e |oT;

e Aplicatii industriale;

e Dispozitive din mediul medical;

e Dispozitive cu un numar mare de cicluri de conectare galvanica, pentru a evita
deteriorarea conectorului.
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Domeniile de aplicabilitate ale kitului de dezvoltare au reprezentat motivul pentru care
am ales testarea acestuia.

3.3.1 Descrierea TEW 760308EMP

Sistemul TEW 760308EMP din Figura 82 are la baza BSZ070NO8LSS5 care este un
MOSFET de putere OptiMOS™ 5 care are nivelul RDSqn potrivit pentru acest kit de 200 W
intr-un format SMD foarte compact de 3,3 x 3,3 mm.

De asemenea este echipat cu un regulator de tensiune ce are la baza un controler de mare
vitezd IR1161L proiectat cu dimensiuni reduse dar care imbunatateste eficienta cu pana la 2%
fata de rectificarea cu dioda simpla. Caracteristica de timp minima este reglabild pentru a se
asocia cu o varietate de MOSFET-uri Infineon. XMC1302 este un procesor ARM® Cortex®-
MO pana la 48 MHz reprezentand cea mai buna alegere pentru aplicatiile de incarcare wireless
de inalta performanta, inteligente si sigure. Bobina de transfer de energie fara fir 760308102142
are un factor Q ridicat pentru o eficientd ridicatd a transferului de putere. Convertorul
171032401 este usor de utilizat, de dimensiuni mici si potrivit pentru o gama larga de aplicatii.
Condensatoarele 860160578032 sunt condensatoare electrolitice cu durata lunga de viata si cu
o rezistenta echivalenta serie (ESR) scazuta.

Sistemul reprezintd o solutie tehnologicda PLUG & PLAY compusa din ambele module
(TX s1 RX) cu o putere de pand la 200W. Abordarea sistemului este modulara si flexibila astfel
incat solutia poate fi integrata in diverse proiecte TEW.

Fig. 82 Sistem TEW 760308EMP

3.3.2. Specificatii tehnice

Tensiunea de intrare a retelei: 100V-240V CA
Tensiunea de intrare redresata: 24V CC

Puterea maxima transmisd: 200W
Tensiunea de iesire: 19-20V CC
Distanta maxima dintre bobine: 10 mm
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3.3.3. Schema bloc functionala

modulul de receptare a energiei precum si sursa de alimentare Tn curent continuu.

24V,

TRANSMITTER

Reverse
polarity
protection

EMY
filter

Full-
bridge

MaglC
Step-Down
171032401

MCU
XMC1302-T038X0064

Data Receiver /
Comm

Overvoltage

POWER 200 W
——

2 x 760308102142

DATA COMMUNICATION

RECEIVER

Rectification
(full synchronous)

MagRC
Step-Down
171032401

MCU
XMC1302-T038X0064

Data Transmitter /
Comm

loT I2C

Sistemul prezentat in Figura 83 este compus din modulul de transmitere a energiei,

Load

Sensor

protection

Fig. 83 Schema bloc functionali a sistemului TEW 760308EMP

Modulul de transmitere a energiei contine filtrul EMI, protectia la inversarea polaritatii,
puntea redresoare, bobina si circuitul de control. Transferul de putere este controlat complet
digital de un microcontroler din seria XMC1302. Semnalele de control pentru puntea redresoare
sunt generate de MCU si pot fi controlate in modul automat sau in modul manual. In modul
manual, frecventa de comutare poate fi modificata cu ajutorul codificatorului. Aceasta poate fi
folosita pentru a modifica tensiunea de iesire sau pentru a optimiza eficienta.

Modulul de receptare a energiei integreaza toate functiile necesare pentru a actiona ca
un receptor de alimentare fara fir, cum ar fi: redresarea sincrona completa (inlocuieste diodele
Schottky prin MOSFET-uri ce au RDSon scézut, astfel micsorandu-se disiparea de caldura si
crescand eficienta (cu 3-4%) si fiabilitatea precum si sciderea dimensiunilor®®), modulatorul si
modulul de alimentare WE MagI3C. Modulatorul este utilizat pentru transferul de date. Este
controlat de MCU pentru a trimite date din partea receptorului catre partea transmitatorului.
Receptorul este echipat cu o interfatd I>C care poate fi utilizata pentru a interfata cu senzorii.
Interfata senzorului are propria sursa de alimentare reglabila.

Sursa de alimentare din Figura 84 se conecteaza in soclul J4 al Modulului de transmitere
si are urmdtoarele caracteristice tehnice:

e Tensiunea de intrare: 100-240V AC;
e Tensiunea de iesire: 24V CC;
e Curentul de iesire: 6,25A.
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Fig. 84 Sursa de alimentare a sistemului TEW 760308EMP

3.3.4. Descrierea componentelor sistemului TEW 760308EMP

Kitul de dezvoltare TEW 760308EMP reprezinta o solutie tehnologica dezvoltata cu
scopul sa analizeze componentele utilizate in transmiterea wireless a energiei astfel incat sa se

obtind cele mai bune rezultate din punct de vedere al eficientei transferului precum si al

.....

Astfel, in Tabelul 18 se regasesc componentele cheie utilizate iar in urmatoarele randuri
vol descrie caracteristicile acestora precum si modul de functionare.

Tabel 18 Componentele cheie ale sistemului TEW 760308EMP

PRODUCATOR CLASA NUMARUL DE | MODULUL N

PRODUSULUI SERIE CARE SE
UTILIZEAZA

Infineon Tranzistor BSZ070N08LS5 RX
OptiMOS™ 5

Infineon Controller redresare | IR1161L RX
sincrona

Infineon ARM® Cortex®-M0 | XMC1302- TX si RX
Microcontroller T038X0064 AB

Wirth  Elektronik | Bobina TEW 760308102142 TX si RX

eiSos

Wirth  Elektronik | Modul de putere | 171032401 TX si RX

eiSos Magl3C

Wirth Elektronik | Condensator WCAP- | 860160578032 RX

eiSos ATLL

3.3.4.1. Modulul TX TEW 760308EMP

Componentele PCB ale Modulului TX TEW 760308EMP din Figura 85 conform
descrierii din [64] sunt urmatoarele:
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WCAP-ATLL 860160578032, 860160675026

Magl*C-VDRM 171032401

WCAP-CSGP 885012207103, 885012207086, 885012207098, 885012209048,
885012207092, 885012207094, 885012007054, 885012109011, 885012208087,
885012207100, 885012207079, 885012007061

WL-SMCW 150080RS75000, 150080GS75000, 150080BS75000

WCAP-ASLL 865060440001

WCAP-FTX2 890324025039CS

WE-EXB 744844221

WE-MAPI 74438336100

WR-TBL 691313510002

WR-PHD 61300821121

WR-BHD 61200821621

WR-DC 694108106102

WA-SPAIE 971100365

WA-SPAII 970300365

WE-WPCC 760308102142

3.3.4.2. Modulul RX TEW 760308EMP

Componentele PCB ale Modulului RX TEW 760308EMP din Figura 86 conform

descrierii [109] sunt urmatoarele:

WCAP-CSGP 885012207103, 885012207092, 885012207098, 885012107018,
885012207086, 885012207094, 885012109011, 885012208087, 885012209048,
885012207100, 885012007031, 885012208083, 885012208091, 885012007057,
885012207079

WCAP-PSLC 875075555003

WCAP-ATLL 860160578032

WL-SMCW 150080RS75000, 150080GS75000, 150080BS75000

Magl*C-VDRM 171032401

WR-PHD 61300821121, 613004243121

WE-MAPI 74438336100

WR-TBL 691313510002

WE-PF 742792901

WA-SPAIE 971100365

WE-SPAII 970300365

WE-WPCC 760308102142
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3.4. MODUL DE FUNCTIONARE SI TESTAREA SISTEMULUI TEW
760308EMP

Sistemul TEW 760308EMP din Figura 87 poate fi utilizat intr-o gama larga de aplicatii
n care transferul energiei wireless aduce un avantaj fata de utilizarea clasica de alimentare cu
energie electrica.

Datorita puterii proiectate sa o livreze, sistemul se incadreaza in intervalele TEW de

mica si medie putere.

a) Tx b) Rx
Fig. 87 Sistemul TEW 760308EMP

Tn Figura 89 se poate observa kitul de transfer al energiei wireless pregitit pentru testare
si pozitionat la distanta de Icm intre bobinele Tx si Rx.

La punerea in functiune (Figura 90) ledurile celor doua module s-au aprins
corespunzator indicand starea de functionare normala iar pentru distanta de 1 cm dintre bobinele
Tx si Rx (Figura 91) valorile citite cu aparatele de masura au indicat eficienta prevazuta in
descrierea sistemului si anume de aproximativ 90%. (Figura 92)

Fig. 89 Sistemul TEW pregdtit pentru testare
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a) Tx b) Rx

Pentru distanta de 1,5 cm dintre bobinele Tx si Rx (Figura 93) sistemul a continuat sa
functioneze si sa transmita farad eroare cu o eficientd a sistemului de 50%.

Fig. 93 Distanta de 1,5 cm dintre bobinele Tx si Rx si
valoarea tensiunii de iesire la modulul Rx
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Pentru distanta de 2 cm dintre bobinele Tx si Rx (Figura 94) sistemul a continuat sa
functioneze si sa transmita fara eroare cu o eficientd a sistemului de 38%.

Fig. 94 Distanta de 2 cm dintre bobinele Tx si Rx i
valoarea tensiunii de iesire la modulul Rx

Sistemul a continuat sd functioneze si sa transmita fara eroare pana la distanta de 2,2 cm
intre bobinele Tx si Rx (Figura 95) dar cu o eficienta a sistemului de 25%.

| 41
Fig. 95 Distanta de 2,2 cm dintre bobinele Tx si Rx i
valoarea tensiunii de iesire la modulul Rx

Dupa distanta de 2,2 cm dintre bobinele Tx si Rx, ledurile de pe modulul Rx se sting
dar transferul continua pana la distanta de aproximativ 3 cm unde se inregistreaza valoarea 0 a
transferului.

Alinierea laterala (Figura 96a) si angulara (Figura 96b) [65, 66] au fost alte doua
situatii evidentiate In transferul energiei dintre cele doud module in limita distantei de 1cm.
Astfel, la deplasarea laterald a modulului Rx fatd de modulul Tx, transferul se intrerupe in
momentul in care 50% din suprafata bobinei este deplasatd lateral fata de bobina Tx. La
formarea unghiului intre cele doud bobine se pastreaza o eficientd de 75% la un unghi de 30°
dupa care valoarea scade rapid.
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a) aliniament lateral b) aliniament angular
Fig. 96 Aliniamentul lateral si paralel intre Tx si Rx

3.5. ANALIZA COMPARATIVA A SISTEMELOR TEW TESTATE

Ca urmare a testarii celor doud sisteme TEW s-a dovedit functionarea ambelor in
parametrii proiectati.

Eficienta ambelor sisteme a fost maxima in intervalele proiectate atat pentru sistemul
Semtech LKCH-TXRX40W-EVB (4-8mm) cat si pentru sistemul Wurth Infineon 760308EMP
(pana la 1 cm) cu un plus pentru sistemul Wurth Infineon 760308EMP.

Din punct de vedere al temperaturilor atinse de componentele celor doud sisteme,
ambele au functionat fara a fi evidentiate cresteri peste limitele proiectate.

Sistemul Wurth Infineon 760308EMP depéseste la nivel de putere transmisa sistemul
Semtech LKCH-TXRX40W-EVB conform caracteristicilor tehnice proiectate si dovedite prin
testare ceea ce conduce catre alegerea acestuia ca si solutie de integrat in proiectul vizat de
cercetarea prezenta.
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CAPITOLUL IV

DEZVOLTAREA SISTEMULUI DE TRANSMITERE A ENERGIEI WIRELESS
PENTRU ALIMENTAREA APARATELOR ELECTRICE TN DOMENIUL
CONSTRUCTIILOR

Transmiterea energiei wireless nu mai este doar un concept. Tn ultimii ani, TEW a trecut
rapid prin etapele de cercetare, proiectare si testare iar astdzi, dupa cum am prezentat si in
sectiunile anterioare, a devenit un segment care s-a dezvoltat pana la aparitia solutiilor complete
n diverse domenii.

Versatilitatea TEW prin interconectarea cu sursele regenerabile de obtinere a energiei
si prin domeniile extinse de aplicabilitate produce Tntr-un ritm sustinut cercetare in domeniu si
conduce catre proiectarea de noi solutii tehnologice. Aceste produse modifica perspectiva in
proiectarea cladirilor, a vehiculelor, a dispozitivelor electronice, a sculelor si uneltelor electrice
s1 nu numai.

In urma cu numai cativa ani am proiectat sisteme de transmitere a energiei wireless
pentru puteri reduse (aproximativ 6W) utilizand componente THT cat si SMD cu un randament
cuprins intre 60-65% pentru o distanta de pana la S5cm. Solutiile proiectate au fost realizate cu
scopul de a prezenta modul de transfer al energiei fara conductori dar si pentru a trasa directii
n utilizarea acestora.

Astazi, cercetarea intreprinsa are la baza produse dezvoltate in laboratoare foarte
performante cu ,.know-how” de nivel Tnalt iar rolul personal este acela de analizare si testare
ale acestora in vederea proiectarii si dezvoltarii de solutii noi in domeniul TEW precum si
pentru integrarea acestora in cadrul dispozitivelor existente in vederea facilitarii si sigurantei
transferului de energie electrica.

Astfel, in cadrul cercetarii efectuate voi prezenta solutii inovatoare de utilizare a
dispozitivelor TEW pentru implementarea acestora in cadrul constructiilor civile si industriale.

Daca din punct de vedere al fiabilitatii, sigurantei in utilizare precum si a optiunilor
hardware cat si software, ambele sisteme testate si prezentate Tn capitolul al treilea reprezinta
solutii complete pentru transmiterea energiei wireless, am ales utilizarea sistemului TEW
760308EMP pentru dezvoltare si integrare in conceptele pe care le voi descrie in urmatoarele
subcapitole.

Solutia tehnologica aleasa pentru dezvoltarea conceptului de transmitere a energiei
electrice intr-o platforma viabila pentru modernizarea transferului de energie la nivelul
activitatilor umane este sistemul TEW 760308EMP.

Acest sistem, conform testelor efectuate precum si analizei comparative reprezinta un
concept sigur, fiabil si usor de implementat in cadrul proiectelor TEW.

Punctul forte al acestui sistem a fost reprezentat de nivelul de putere pe care 1l poate
transmite care este suficient pentru alimentarea diferitelor aparate electronice, unelte si scule
electrice atat din punct de vedere al mentinerii in functiune precum si pentru asigurarea
incarcarii acumulatorilor.

Avand la baza cercetarea intreprinsad anterioard Tn domeniul transferului de energie
wireless, surselor de energie regenerabile precum si a teoriei asupra autonomiei sistemelor am
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initiat prezenta cercetare ca suport pentru crearea unor solutii tehnologice ce pot fi utilizate in
domeniul constructiilor.

Astfel, in sectiunile urmatoare voi prezenta realizarea a doua sisteme TEW care pot fi
implementate incd din faza de proiectare a constructiilor in vederea facilitarii alimentarii cu
energie pentru diverse dispozitive electronice la nivel de cladire si pentru vehicule electrice sau
roboti autonomi cu diverse functii in exteriorul cladirilor.

4.1. Descrierea generald si implementarea sistemelor BEF (Brick Energy Free) / PEF
(Pillar Energy Free) pentru transmiterea energiei wireless

Constructiile civile si industriale construite in zilele noastre trebuie sa satisfaca mai
multe cerinte astfel incat sd contribuie la eliminarea poludrii si a utilizarii judicioase a resurselor
energetice.

Au aparut solutii noi de integrare a resurselor regenerabile de energie, fie ca este vorba
despre sistemele fotovoltaice sau eoliene pentru asigurarea energiei electrice sau despre
sistemele ce asigurd climatizarea locuintelor.

O data cu progresul Tn aceasta directie, cercetarea in transferul energiei wireless vine ca
o solutie pentru integrarea in circuitul producerii si consumului de energie care sd aduca
modernism si in acelasi timp sa faciliteze alimentarea cu energie al aparatelor autonome cum
ar fi robotii sau vehiculele electrice.

Astfel, pornind de la termeni in limba engleza am creat doua concepte de sisteme TEW
si anume BEF si PEF.

BEF (Figura 97) reprezinta acronimul de la expresia ,,Brick Energy Free” si poate fi
descris ca fiind o sursd de energie integratd in zidaria cladirilor astfel incat sa ofere energie
acolo unde s-a identificat din faza de proiectare ca este necesara fara a se utiliza conductori
catre consumatori. ldeea presupune crearea unui sistem de dimensiuni standard ih domeniul
constructiilor, alimentat la reteaua electrica a cladirii si care sa poate transfera energie simultan,
atat in exterior cat si in interior catre diverse dispozitive electrice.

Fig. 97 BEF

PEF (Figura 98) reprezinta acronimul de la expresia ,,Pillar Energy Free” si poate fi
descris ca fiind o sursd de energie disponibila in jurul cladirilor, pe suprafata de teren unde se
identifica necesitatea unei surse de energie si unde nu se poate utiliza BEF. PEF este un stalp
cilindric sau paralelipipedic retractabil la nivelul solului sau fix, care este alimentat subteran cu
energie electrica si care, prin implementarea sistemului TEW, poate transmite energie wireless
catre dispozitive sau masini electrice.
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Fig.98 PEF

Dispozitivele electrice aflate in interiorul cladirilor pot fi: aspiratoare robot autonome,
roboti de bucétarie, roboti suport pentru persoanele cu dizabilitati, electronice multimedia (TV,
DVD, sisteme audio, sisteme de supraveghere, banc de lucru cu aparate si unelte electrice etc.),
surse de iluminat.

Dispozitivele si masinile electrice utilizate in exteriorul cladirilor pot fi: roboti pentru
ingrijirea gazonului, banc de incarcare pentru unelte utilizate in activitatile de ingrijire a
spatiilor verzi (coasa electrica, foarfeca electrica, drujba electrica etc.), vehicule electrice
(bicicleta electrica, trotineta electrica, hoverboard, automobile etc.).

In contrast cu utilizarea conductorilor pentru extinderea retelei electrice in functie de
necesitate, utilizarea BEF/PEF reprezinta o solutie inteligenta, dezvoltata astfel incat sa ofere
energie electrica sigurd si disponibila permanent. Tn Figura 99 este prezentati o exemplificare
grafica a modului de integrare BEF/PEF.

4.2. Descrierea sistemelor BEF/PEF

Ambele sisteme au la bazi utilizarea sistemului TEW 760308EMP descris anterior. In
integrarea sistemului TEW 760308EMP in cadrul BEF/PEF solutia adoptata difera in functie
de modulul suport fie ca este vorba despre un bloc monolitic realizat prin imprimare 3D in cazul
BEF fie ca este vorba despre un cilindru/paralelipiped al unui sistem deja existent ca produs
comercial in cazul PEF.

Tn ambele sisteme se vor integra urmatoarele componente:

e sursa alimentare AC/DC pentru modulul Tx al TEW 760308EMP;
e modulul Tx al TEW 760308EMP.

Conexiunea electricd se va realiza cu conductori din reteaua electricd proiectatd a
constructiei pentru BEF si care va fi extinsa subteran pentru PEF.

Ambele sisteme vor fi conectate prin circuite dedicate si protejate cu disjunctor
diferential de 10mA pentru siguranta utilizarii. De asemenea, pentru sistemul PEF se va tine
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cont de respectarea gradului de protectie IP68W astfel incat, indiferent de conditiile de mediu,
sa existe siguranta in utilizare si protectie a dispozitivului fata de factorii externi.

4.3. Conceperea si realizarea sistemului TEW
4.3.1. Obiectivul propus

Sistemul TEW reprezinta o solutie modernd de transfer al energiei. Mi-am propus
realizarea unei lucrari practice care s pund in vedere aspectele teoretice ale transmiterii
energiei wireless si in acelasi timp sa reprezinte un argument pentru realizarea sistemelor
BEF/PEF.

De asemenea, sistemul realizat are si o valenta didactica deoarece poate fi utilizat in
demonstrarea principiului transmiterii energiei wireless si al integrarii acestuia in dispozitivele
electrice.

4.3.2. Schema bloc a sistemului TEW
Schema bloc a sistemului realizat prezentata in Figura 100 prezintd totalitatea

modulelor componente: sistemul TEW 760308EMP, acumulatori, robot MIRO, sursa
coboratoare de tensiune CC-CC, placa dezvoltare Arduino, circuite electrice.

I Sursd
coboré-
Modul TX Modul RX Acumulatori motoare e
oot toare de
TEW 760308EMP ] TEW 760308EMP Sl Teraing
1 CcC-CC
Arduino Uno

Robot electric MIRO

Acumulatori pentru
alimentare Arduino

Fig. 100 Schema bloc a sistemului TEW
4.3.3. Etapele construirii sistemului TEW

Pentru realizarea sistemului TEW am analizat o serie de produse si materiale disponibile
conform cerintelor enuntate anterior referitoare la conceptul transmiterii energiei wireless n
domeniul constructiilor.

Analiza esentiala si descrisa in capitolul 3 am avut in vedere identificarea solutiei optime
de transmitere a energiei wireless pentru proiectul propus.
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Sistemul TEW 760308EMP din Figura 101 a fost sistemul ales datorita, Tn primul rand,
disponibilului de putere furnizat fara conductori.

Fig. 101 TEW 760308EMP

Sistemul reprezinta un kit de dezvoltare si asa cum a fost prezentat anterior se preteaza
pentru o serie de aplicatii TEW de putere mica si medie.

De asemenea, kitul de dezvoltare este scalabil astfel incat se pot dezvolta sisteme de
pana la 1kW pe baza specificatiilor sistemului prezentat.

Pentru exemplificarea BEF/PEF am ales in continuare un dispozitiv capabil sa efectueze
sarcini asemanatoare aspiratoarelor roboti, masinilor de tuns iarba roboti sau chiar a vehiculelor
electrice. Robotul MIRO prin posibilitatea de a fi programabil astfel incat sa execute sarcini de
mobilitate diverse reprezintd modul in care dispozitivele prezentate realizeazd operatiunile
pentru care au fost realizate.

Pentru exemplificarea incarcarii acumulatorilor am ales sa folosesc acumulatori Ni-Cd
pentru puterea livratd precum si pentru usurinta in utilizare.

Deoarece Sistemul TEW 760308EMP livreaza la iesire o putere de aproximativ 150W
(19V si aproximativ 8A) am ales o sursa coboratoare de tensiune CC-CC cu afisaj (5A, tensiune
de intrare: 6.5 - 36V, tensiune de iesire: 1.2 - 32V) pentru incéarcarea optima a acumulatorilor
(4 x 1,2V, 2000mAh).

4.3.4. Realizarea algoritmului de functionare a dispozitivului ce integreaza receptorul
TEW

Pentru testarea conceptului de transmitere a energiei wireless pentru diverse dispozitive,
ulterior construirii robotului MIRO, utilizdnd aplicatia. MIXLY am conceput codul de
programare a placutei Arduino Uno.

In conceperea codului am tinut cont de doud directii in utilizarea dispozitivului:

- un program (V1) de parcurgere a unui traseu prin urmarirea unei linii astfel incat sa
simuleze activitatea desfasurata de aparate autonome ntr-un anumit perimetru (masina electrica
de tuns iarba, aspirator, scarificator etc.) cu incarcarea acumulatorilor atunci cand tensiunea
acestora scade sub o anumita valoare presetata;

- un program (V2) combinat de parcurgere a unui traseu pentru inregistrarea datelor de
temperaturad si umiditate Tn care dispozitivul utilizeaza toti senzorii integrati astfel Tncat acesta
poate evita obstacole, poate aprinde leduri de iluminare atunci cand photodioda indica o valoare
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scazuta a luminozitatii precum si de urmadrire a liniei pentru Incdrcarea acumulatorilor atunci
cand tensiunea acestora scade sub o anumita valoare presetata.

Pentru scrierea codului au fost declarate variabile si functii de rulat in functie de
programul utilizat.

Programarea in MIXLY este intuitiva si utilizeaza blocuri care sunt transpuse automat
n linii de cod fiind accesibila intelegerii limbajului de programare de baza chiar si pentru copiii
de varsta scolard micad (clasele II-1V) dar se poate utiliza si pentru crearea de programe
complexe pe baza placilor Arduino sau Raspberry Pi.

Algoritmul scris pentru controlul modulului Arduino pentru ambele variante se
regaseste in anexe astfel: Varianta 1 - ANEXA 16, Varianta 2 - ANEXA 17.

4.3.5. Descrierea functionarii sistemului TEW

Tn Figura 117 se poate vedea sistemul TEW montat pe robotul MIRO iar in Figura 118
se poate observa intregul proiect practic realizat cu toate componentele montate si pregatit
pentru testare.

Fig. 118 Proiectul practic Tn testare

Prima etapa a functionarii sistemului TEW este reprezentata de realizarea montajului
conform schemei bloc prezentata in Figura 100.

Tn momentul n care toate sistemele sunt dispuse conform montajului se conecteaza
sursa de alimentare in soclul J4 al modulului Tx si se porneste prin apasarea contactorului S1,
modulul Tx.
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Se porneste sistemul Arduino al robotului MIRO si alimentarea cu energie a driverului
pentru motoarele robotului. Robotul ruleaza codul incarcat astfel incat, dupa verificarea
functionalitatii, porneste pe traseul marcat urmarind linia acestuia. La apropierea robotului de
modulul Tx, acesta se orienteazd cu bobina Rx spre bobina Tx si se apropie la o distantd
cuprinsa intre 0-1cm Tntre acestea.

La sesizarea receptorului, emitatorul va porni furnizarea de energie wireless, operatie
indicata pe panoul sursei coboratoare de tensiune care afiseaza procesul de incarcare al
acumulatorilor.

La finalizarea procesului de incarcare, robotul va porni pe traseul marcat si il va
parcurge pana in momentul in care este necesara o noua incarcare moment in care se va intoarce
la statia de incarcare cu energie wireless BEF/PEF.

Valorile de tensiune pentru care robotul va cauta statia pentru incarcare si parasirea
acesteia sunt integrate in codul Tnregistrat in memoria flash a acestuia.

Intreaga procedura explicatd se regiseste pe platforma Youtube si poate fi accesati
apasand linkul: >>>Proiect TEW 2020<<<.

Sistemul va fi oprit in ordinea inversa a pornirii $i anume prin oprirea robotului (oprirea

motoarelor si a placii Arduino) si apoi prin actionarea contactorului S1 se opreste si sistemul
TEW.

De asemenea, dupa cum se poate vedea in filmarea de pe Youtube si in Figura 119,
transmiterea energiei wireless se poate transfera Th mod direct pentru a deservi cererea de
energie fara acumulatori. Astfel, 0 masina de gaurit si insurubat poate fi utilizata in campul de
actionare a modulului Tx fiind echipata cu modulul Rx iar exemplul se poate extrapola la alte
dispozitive electrice.

Fig. 119 Sistem TEW pentru utilizare directi

Masuratorile efectuate Tn urma realizarii lucrarii practice sunt in concordantd cu cele
prezentate in Capitolul al 111-lea in care au fost testate sistemele TEW comparate.

Astfel, sistemul TEW 760308EMP ales pentru utilizare in lucrarea practica a
demonstrat, in urma testelor, caracteristicile tehnice prevazute in fisa tehnica. Sistemul
reprezinta o solutie viabild pentru utilizarea in diverse aplicatii TEW.

Descrierea functionarii si succesul realizarii proiectului dovedeste conceptele enuntate
anterior de utilizare a energiei wireless pentru alimentarea aparatelor autonome ce deservesc
scopurilor umane la nivel de constructie sau perimetru adiacent.
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https://youtu.be/LqFlHaK9kmM

CAPITOLUL V
CONCLUZII

5.1. Contributii originale

In urma cercetirii tehnicilor de transfer ale energiei wireless s-au studiat stadiul actual
al realizdrilor in acest domeniu, principiile de functionare si predictia tendintelor viitoare.
Frecventele de functionare ridicate si factorii de calitate ridicata reprezintd motivele principale
pentru care RPCM poate transfera energie cu o eficienta ridicata pe distante lungi. Frecventele
suplimentare de ajustare existente in diferite arhitecturi de sistem sunt benefice pentru
optimizarea caracteristicilor transferului de sistem. Designul global de optimizare si metodele
de control prin luarea in considerare a factorilor cu efecte multiple sunt, de asemenea, valoroase
pentru aplicatiile sale de inginerie. Principiile de baza ale RPCM si TPI sunt identice, in ciuda
unor distinctii intre ele, astfel Incat studierea reciprocd si asimilarea dintre RPCM si1 TPI sunt
benefice pentru ambele domenii. In practica, este necesard o anumitd putere nominala, dar
aceastd frecventd rezonanta MHz poate aduce o mare provocare anumitor componente
electronice, de exemplu redresorul sau tranzistorii MOSFET.

Prin cercetarea si experimentele desfasurate am identificat o solutie modernd de
transmitere a energiei wireless care inglobeaza toate solutiile moderne de proiectare ale
sistemului in vederea utilizarii pentru o multitudine de aplicatii.

Astfel, aplicabilitatea sistemului prezentat pentru o gama variata de puteri dovedeste pe
de altd parte si implementarea unui sistem riguros de protectie pentru utilizator si sistem,
precum si integrarea comunicatiilor de date necesare atat pentru optimizarea transferului cat si
pentru respectarea acestor norme de siguranta.

Sistemele de transmitere wireless a energiei se pot integra foarte usor in aparatele
electrice moderne deoarece exista solutii de proiectare variate precum si materiale fiabile in
construirea acestora.

Testele efectuate au demonstrat fiabilitatea, eficacitatea precum si ergonomia utilizarii
sistemelor TEW care, Impreuna cu solutii de management si control, pot conduce catre
autonomia sistemelor in care acestea sunt integrate. De asemenea, sistemele TEW se pot integra
foarte usor cu sistemele regenerabile de producere a energiei in vederea extinderii necesarului
in crestere pentru energie in locuri izolate si cu o infrastructurda de transport al energiei slab
dezvoltata.

Scopul cercetdrii a fost acela de a identifica o solutie TEW pentru conceperea unui
sistem inovativ cu utilizare in cadrul constructiilor dar si al aparatelor electrice a caror raza de
actiune este limitata de utilizarea conductorilor.

Contributia originald este reprezentatd de solutiile de integrare a sistemului TEW la
nivelul constructiilor si anume BEF (Brick Energy Free) si PEF (Pillar Energy Free).

De asemenea, un aspect original este modul in care am integrat sistemul TEW intr-un
dispozitiv autonom care poate desfasura operatiuni programate prin incarcarea acumulatorilor
ori de cate ori este necesar fara interventia utilizatorului sau pentru utilizarea instantanee a
energiei electrice in diverse dispozitive electrice si electronice.

47



Algoritmul de functionare a sistemului autonom este realizat intr-un mediu de
programare tot ca solutie originala in dezvoltarea conceptului de transmitere a energiei wireless
pentru diverse aparate autonome sau vehicule electrice.

Studiul practic poate fi un exemplu de perfectionat si creat la scara pentru diverse alte
aplicatii asemanatoare.

5.2. Directii de cercetare si dezvoltare ulterioara

Cercetarea viitoare se va baza pe finalizarea dezvoltarii si integrdrii sistemului TEW
testat, in cadrul solutiilor proiectate personal, precum si demonstrarea utilitdtii acestora.

Proiectarea sistemului, inclusiv selectarea parametrilor de sistem, realizarea reglarii
impedantei, proiectarea strategiei de control, evaluarea cost-beneficiu, este de fapt un proces
global de optimizare, In scopul satisfacerii cerintelor practice in inginerie si imbundtatirea
caracteristicilor de transfer. Determinarea modului de depasire a efectelor negative asupra
caracteristicilor de transfer cauzate de sensibilitatea parametrilor de sistem sau de obiectele
inconjurdtoare merita de asemenea sa fie studiate in continuare.

Astfel, voi continua testarea ambelor solutii prezentate in vederea dezvoltarii unor
produse brevetate pentru ca toata cercetarea intreprinsa incé de le Proiectul de Diploma precum
st al Lucrarii de Disertatie care au urmat aceeasi linie cu Teza de Doctorat sa completeze directia
de modernism din punct de vedere tehnologic al societatii actuale.

Directii importante vor fi reprezentate si de conectarea sistemului TEW la celelalte
solutii tehnologice moderne, si anume, interconectarea pentru control cu sistemele mobile
(smartphone, tableta etc.) precum si interfatarea si controlul WEB prin intermediul Internetului,
proiecte demarate la momentul prezent.
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SYNTHESIS OF THE STRUCTURE OF THE DOCTORAL THESIS



The doctoral thesis "ADVANCED WIRELESS ENERGY TRANSFER
TECHNOLOGIES" is structured in five distinct chapters.

From the very beginning, the “EPISTEMOLOGICAL FRAMEWORK OF THE
DOCTORAL WORK?” presents aspects of the transfer of energy without conductors that comes
as a topical technical solution for the fundamental fields influenced by the international market
conjuncture. The description of the research previously carried out as a preamble of the
objectives proposed in the doctoral research carried out according to the characteristic scientific
methods is completed by the classification of wireless energy transfer from the point of view
of the priority market directions of electrical engineering.

In CHAPTER 1 starting from the conceptualization of wireless energy transfer through
the prism of Constructal Theory, Systems Theory and Systems Autonomy, we present the
evolution of Wireless Energy Transfer (WPT) from a historical point of view with arguments
for its applicable fields. Thus, a general picture of the development of energy transfer
techniques without conductors is made, starting from the fusion of the laws of magnetic circuit
and electromagnetic induction to strongly coupled magnetic resonators, a solution adopted in
2007 and which represented the turning point in the current development field. Below is a
classification of energy transfer techniques without short and long-distance conductors
followed by the presentation of the basic parameters in Wireless Energy Transfer, namely:
Frequency, Transfer type, Transfer efficiency, Transfer distance. For each parameter presented
there is a complex bibliographic argumentation. A strong point of the first chapter is represented
by the research undertaken to synthesize the materials from the specialized literature on the
three types of wireless transfer. As a finality for the first chapter, there are indicated as
applications for the transfer of energy without conductors, electric vehicles, wireless sensor
networks, electronic devices and various electrical appliances, including autonomous ones.

CHAPTER 2 is structured on Theoretical and constructive Analysis of wireless power
transfer systems by modeling from the point of view of Coupled Mode Theory (CMT) and
Circuit Theory (CT) for a medium range transfer, Components used in WPT and their
integration in the system, Electromagnetic compatibility and Examples of applications. In the
first sections a comparative analysis of the two theories is performed with the demonstration
that CM and CT are used similarly to analyze the transfer power characteristics in the non-
resonant state but concluding that the Coupled Mode Theory is only applicable to high quality
coils and coupling coefficient for long distances, but simplifies the analysis by halving the
number of differential equations compared to Circuit Theory. The analysis of the components
used is complemented by a detailed presentation of their technical characteristics through
equations, graphs and product annexes. All of these are used to understand how to integrate
components into WPT systems, a detailed section on the Electrical Circuit Diagram, Operating
Mode, and Electromagnetic Compatibility. The examples of WPT applications presented in the
last part of Chapter 2 are functional models with various characteristics studied to choose the
best option to use in the practical project according to the objectives stated in the first part of
the doctoral thesis.

CHAPTER 3 represents the combination of theory and practice through Comparative
Analysis of WPT systems used to power low and medium power electrical devices. The
research is based on the comparative testing of WPT, LKCH-TXRX40W-EVB systems
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produced by Semtech Corporation and the 200w development kit, 760308EMP, produced by
Infineon and Wirth Elektronik, to identify the mode and operating parameters. The finality of
the research is represented by the selection of the optimal solution to be used within the
proposed research / project. The purpose of product testing is to compare and interpret
experimental and theoretical results based on calculations, to achieve a graphical and schematic
concept of the wireless energy transfer system, conducting measurements and data acquisitions
for wireless energy transfer for various types of consumers as well as interpreting experimental
and theoretical results. Thus, in the chapter, the components of both systems are described by
describing the functionality for each module of the system (Transmitter / Receiver). After
describing the components and their functionality, the operation and testing of both chosen
systems are presented. In the testing of the two WPT systems are analyzed and described Signal
Analysis, Transfer Distance, Transfer Efficiency and Thermal Analysis of Modules. According
to the product testing, a comparative analysis of the two systems is performed.

Following the research undertaken and presented in the previous chapters, CHAPTER
4 presents the Development of the Wireless Energy Transfer (WPT) system that can be
implemented in residential buildings and related spaces, as well as in industrial, administrative
or health and education buildings, depending on the energy requirement, in places where it is
desired to supply without conductors to make the system more flexible. The originality
represented by the practical work by the realization of two innovative wireless energy transfer
systems is presented. The first system is BEF and is the acronym for "Brick Energy Free™" and
can be described as a source of energy integrated into the buildings so as to provide energy
where it has been identified from the design phase that it is needed without using conductors to
consumers, in the form of a monolithic block of standard dimensions in the field of construction,
supplied to the electrical network of the building and which can transfer energy simultaneously,
both outside and inside to various electrical devices. The second system, PEF stands for "Pillar
Energy Free" and can be described as a source of energy available around buildings, on the
surface of the land where the need for an energy source is identified and where BEF cannot be
used. PEF is a cylindrical or parallelepiped pole retractable at ground level or fixed, which is
supplied underground with electricity and which, by implementing the WPT system, can
transmit wireless energy to electrical devices or machines. Below are described the two systems
and for example is presented the practical work based on a robot equipped with an Arduino
development board and the development kit previously described WPT 760308EMP. The
practical paper describes the stages of the construction of the WPT system, the operation of the
WPT system and the measurements of the operating parameters of the system according to the
chosen scenarios.

In CHAPTER 5 are presented the Conclusions of the doctoral thesis in the form of
Original Contributions and Future Research and Development Directions.

The original contribution is represented by:

- analysis and synthesis of technologies for the manufacture of elements in the
composition of wireless energy transfer systems;

- the practical realization of a system that combines robotics with the transfer of wireless
energy and electronics by designing and developing the electronic circuits necessary for the
compatibility of the systems;



- realization of the operating algorithm of the device (robot) that integrates the WPT
receiver;

- solutions for integrating the WPT system at the construction level through the BEF
(Brick Energy Free) and PEF (Pillar Energy Free) systems;

- integration of a WPT system to exemplify the charging of batteries in electric vehicles.



CHAPTER |

ANALYSIS OF THE CURRENT SITUATION AND SOLUTIONS AVAILABLE IN THE
FIELD OF WIRELESS POWER TRANSFER

Human development is an evolving chain in a continuous series of needs. From a
systemic point of view, each new stage of evolution draws its weight on previous experiences,
universally encompassing all the answers to people's constant attempts to integrate into the fluid
design of the surrounding universe.

Every human consciousness is chained by existence by the actions of the forerunners as
well as, at an intuitive level, by the visualization of the perpetual design of the universal system
according to the flow of time.

Thus, each action falls within the paradigm of constructivism based on the most fluid
flow of everything that physically interacts because of temporal causality. Going to a higher
level, we can say that, from the point of view of constructal theory, the flow of information
from the level of inspiration or accepted revelation to the realization in human actions, proves
to be a process characterized by an obvious evolutionary design. No leap has exceeded the
limits of flow channels in a sense of development beyond human understanding and historically
proven dams have led to an expansion of ideas and solutions that have always followed the
same design direction but at a low level of penetration without meeting the factors divided.

Constructal theory demonstrates, for each area in which it applies, the existence of a
propulsive force permanently subjected to systemic force aimed at maintaining the functionality
of the system integrity. Each system thus regains its power of development through the force
by which it can be imposed in the global system in the sense of its development.

At the global level, the flow channels can be identified according to the contouring of
the subsystems and thus methods and means of improving the universal system can materialize.
In this sense, the realization of new sources for spreading the energy or information system can
be identified by the autonomy of the systems.

System autonomy it is a small-scale multiplication of the universal system so that it
becomes more vigorous and open to accelerated development.

The theories that lead us to the conceptualization of a progressive system, in which
development is achieved by eliminating design errors so that the resources are judiciously used
and on which | based my research presented in this paper include the principles of Constructal
Theory, Systems Theory and System Autonomy.

The flow of information in terms of achievements in the energy field seems to fit more
and more with the Constructal Theory issued by Adrian Bejan in 1996 and which refers to a
phenomenon in nature: the generation of flow configurations. Thus, "For a finite-sized flow
system to persist over time (to live) it must evolve so as to provide increasing access to the
currents flowing through it" [1].

Both living organisms and inanimate physical structures circulate various fluids: water,
air, sap, blood, electrical and caloric flows. In their transit, fluids tend to flow more easily, on
more accessible paths. But "best suited” has, from the perspective of constructal law, a clear
physical meaning: it is that animal design inside and outside whose currents flow most easily,



and the flow of animal locomotion is most efficient, ensuring the operation of the living engine
with a consumption less energy, so food. [2]

By extrapolation, the human home can be compared with a living organism, in which,
for a harmonization with human needs and in accordance with the Constructal Theory and the
Autonomy of Systems, to achieve an increasingly free and efficient energy transfer.

Thus, from the use of renewable energy sources for which less resources are consumed
and, implicitly, less pollution, to the distribution or direct use to the end user by fluid, free flow
methods, new technological methods come to streamline the whole process by real energy
savings.

Growing concerns about the safety and comfort of power supply have created a positive
environment for research and development of wireless energy transfer (WPT) techniques used
by industrial devices, consumer electronics and electric vehicles (EVs). Traditional conductors
used in energy transfer have faded into the background due to the permanent and accentuated
emulation in the study of wireless energy transfer in the last 10 years that proposes their
replacement for certain applications due to the huge advantage of mobility and safety in use
offered by WPT . Also, replacing cables with battery power is not an optimal solution in terms
of their short life as well as the environmental footprint of hardware implementation that is
reflected in high operating costs.

Recent advances have allowed electromagnetic wave energy to be transferred wirelessly
from power sources (transmitters) to consumers (receivers), using a technique called Wireless
Energy Transfer (WPT). However, as | will describe during the research, two ways to use
wireless power transfer will be studied through a combined system that provides in the first
case energy storage for use in electrical appliances that require mobility / portability and without
energy storage for devices that do not involve mobility issues in the second case.

Being one of the most prominent technologies, WPT changes the conventional use of
energy in the daily life of the human being. New developments in WPT technology motivate
new research ways in various applications for which it has great potential, such as portable
electronic devices [3], medical instruments, medical implants [4], inaccessible electronics [5],
warming up [6], electric vehicles (EV), stationary charging [7], motion and dynamic loading
[8], driving engines in wheels [9], wireless sensor network (RSWs), unmanned aerial vehicles
(UAVs), lighting, power supply of security systems or multimedia systems [2], remote charging
of robots working in hazardous environments for humans [10]or various electrical devices used
in the home. Wireless energy transfer (WPT) has also enjoyed considerable interest in many
industrial applications or interdisciplinary areas [11,12,13].

Through my research | will highlight up-to-date studies specific to the field of WPT,
which include the classification, comparison and potential applications of WPT in everyday
life.

The use of wireless energy transfer, intensively studied in the last ten years, has been a
turning point in the modern interpretation of the design of electrical systems in various fields
of use. The major advantage that this system brings by its safe use in any environment as well
as by the ease with which the energy transfer is made comes to replace the lower efficiency
compared to the use of electrical cables.

In the field of transportation, the main advantage is that a vehicle can be charged by
simply positioning the integrated receiver in its composition next to the transmitter. In this way,
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the process will take place without the need for the use of conductors and human action to
effectively achieve galvanic contact. At the same time, inside the vehicle, the comfort will be
ensured by the wireless supply (in certain areas) of the electronic equipment so that the driver
will no longer have to perform wiring operations. Obviously, road safety will be increased by
eliminating potential accidents that could occur due to inattention.

In the field of health, technological solutions have been developed to power the various
electronic devices needed for investigations inside the human body and which can be powered
by exposure to an energy emission field that ensures autonomy until the investigation is
completed.

In the field of education, in addition to audio-video and data transfer, wireless energy
transfer leads to an environment as simple and safe to use by all those who carry out your
activity in the instructive-educational process.

In construction, new innovations related to wireless energy transfer can be introduced
from the construction design phase so that the subsequent integration of technologies using this
technique is easy to implement. We can capture here the solutions for the use of lighting,
surveillance systems, multimedia devices, power tools or natural environment maintenance
devices in the immediate vicinity by simply positioning the equipment near energy islands
previously integrated in the construction. Thus, the emphasis is on expanding the useful
capacities from a range of a few meters to tens or even hundreds of meters.

Agriculture would benefit from the implementation of wireless power transfer
technology by powering sensor networks or various energy-using devices in remote areas by
transmitting power by autonomous devices programmed to support power supply where
necessary so that action human resources to be reduced and control to be accurate.

Electric machines used in industry can be managed much more easily by increasing
mobility in sectors where electric cables impede certain operations. Thus, the design of
workstations can be done in a much smaller space and with increased modularity.

Research field would benefit from wireless power transfer technology in many
situations where exploration would be impossible or dangerous by using electrical conductors.
A concrete example is represented by the action in Fukushima where robots powered without
conductors were used, from a distance because the environment was dangerous to humans.

All the above examples lead to the efficiency of the processes carried out as well as to
the achievement of significant savings of time, space and resources so that the difference in
energy transfer efficiency can be filled if not eliminated depending on the field of use.

Wireless power transfer is basically based on how a transformer works. The current is
supplied to a primary coil that produces an electromagnetic field (EM). A secondary coil is in
the immediate vicinity. The EM field induces a current in the secondary coil, providing energy
to the consumer to which it is attached.

However, unlike a conventional power transformer that operates at line frequencies and
requires an iron core for efficiency, wireless power systems are designed to operate in the range
of over 100kHz and thus can operate efficiently in air power transfer. Thus, the primary and
secondary windings can be spaced, which allows their placement in separate devices, the
primary element being part of a transmitter and the secondary within a receiver. This
implementation can also be described as a radio transfer process and, as such, these coils can
also be seen as identical antennas, being similarly described below. [14]
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Figure 1 shows the block diagram of the WPT system in which the component parts can
be observed as well as the energy and information transfer process on the basis of which the
transfer is regulated.
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Fig. 1 Block diagram of the WPT system

1.1. HISTORY

Wireless energy transfer (WPT) is a term that designates many different technologies
for the transfer of electromagnetic energy but is not necessarily a new concept. Several efforts
have been made in recent decades to transfer energy wirelessly, but the beginnings of WPT date
back to 1868, when James Clerk Maxwell merged the "Law of the Standing Magnetic Circuit -
Ampeére's Law" and "The Law of Electromagnetic Induction - Faraday's Law". In addition, other
experiments, observations, and mathematical models have been developed into a consistent
theory that constitutes conventional electromagnetic theory. Maxwell's equations are the
cornerstone of electromagnetic currents, including wireless power transfer. In 1884, John Henry
Poynting presented a mathematical equation of the electromagnetic field that can be used in
contactless energy transfer [15,16]. In 1888, Heinrich Rudolf Hertz discovered radio waves /
Hertzian waves, confirming Maxwell's prediction of electromagnetic propagation. Hertz's
experiments showed that electromagnetic waves could be produced in the transmitting coils and
detected by a receiving coil [17]. In 1894, the WPT system patented by Hutin and Leblanc was
used to power an electric railway system [18]. Their system consisted of a single wire in the
primary that transmitted energy at 2 kHz along the railway and several resonant coils with a
receiver role used in the secondary.

In the period 1891-1904, the first significant innovation in WPT technology was made
by Nikola Tesla who, through his experiments performed on the inductive coupling of WPT
using Tesla coils that produce high frequency alternating current (AC), demonstrated the
wireless illumination of phosphorescent bulbs. In 1897, Tesla patented the "Tesla Tower" built
in Colorado Springs in which he lit three lamps from a wireless power transfer distance of about
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30 meters. Tesla's research has contributed to long-distance energy transfer based on radio
communications. William C. Brown made the transfer of energy over long distances due to the
advancement of microwave technology in 1960 and in 1964 proposed a wireless point-to-point
transfer scheme based on microwave beams [19], effectively using a "rectenna" (rectifying
antenna) to convert electromagnetic waves into direct current (DC). In 1968, American engineer
Peter Glaser introduced the concept of a space solar power station and found that solar energy
could first be converted into electricity and then transmitted to Earth in the form of a
microwave. Huge progress was made in the SPS (Satellite Power System) project in the 1970s
[20], which showed that people understood this space technology of electricity transfer. In
1975, Brown made the short-distance transfer of 475 W using microwaves with an efficiency
of 54% DC / DC to Landmark. In 2007, wireless power transfer amazed the world again, with
research team led by MIT Professor Marin Soljacic using highly magnetic coupled resonators
(SCMR) to light a 60-watt bulb at distances greater than 2 meters with an efficiency of about
40% [21,22]. Later, Intel and Qualcomm also introduced their wireless power transfer systems,
which showed that this new technology will soon appear in our daily lives. In 2012, the U.S.
Department of Transportation used WPT to load vehicles while traveling on the highway [23].
WPT research efforts between 2001 and 2013 are briefly described in [24]. Thus, the four most
active countries in WPT research are the USA, Japan, China and South Korea. In 2015, the
Nuclear and Quantum Engineering team at KAIST University used the WPT inductive coupling
to transfer energy at a distance of 3, 4 and 5m with an efficiency of 29%, 16% and 8%,
respectively. This team transferred energy on an oscillating frequency of 20 kHz to the transfer
coil. Recently, some colleges and research institutes have already achieved numerous
significant results in the use of high magnetically coupled resonators (RPCM), which mainly
include topics of development of principles, transfer characteristics, new materials,
interferences and practical applications. [25].

1.2. CLASSIFICATION OF WIRELESS ENERGY TRANSFER TECHNIQUES

WPT can be classified into two types, namely long-distance field WPT and short-
distance field WPT. A WPT system involves a transmitter unit connected to the main power
source, which converts electricity into an electromagnetic field. This field can be received by
one or more receivers to convert it back into electricity, to be used by the electric charge. On
the transmitter side, the power signal and information are carried by the same radio frequency
(RF) signal.

1.2.1. Classification of wireless field energy transfer techniques

Remote field energy transfer should be designed mainly for low power, low priority
transfer efficiency applications although, using this type of power transfer, a large amount of
energy can be transmitted between two positions. Remote field transfer is implemented by
microwave or laser in a direct and barrier-free way between transmitter and receiver [26].
Considering the efficacy and safety of human exposure [27], remote field transfer is not a good
option for transmitting energy in everyday situations.

8



Short-distance wireless power transfer refers to the energy transfer distance in the
wavelength (L) of the transmitting antenna. Due to the high efficiency and safety limit of
exposure in the near-field radio frequency spectrum, wireless energy transfer in the near field
is a better option compared to microwave or laser transfer [28]. In particular, inductive power
transfer, capacitive power transfer and magnetically coupled resonant coupling (RPMC) are the
most popular WPT technologies in the near field [29,30,31]. Moreover, based on the resonance
of the magnetic and electric fields in the LC circuit, the use of magnetic resonance coupling for
TPI became dominant in the WPT system [32,33].

1.2.2 Classification of wireless energy transfer techniques in the near field

These technologies are classified based on the main energy transfer mechanism and the
transfer distance. Based on the energy transfer difference, WPT methods are divided into two
categories: far field and near field. The technique can be considered remote field if the
wavelength of the electromagnetic signal is less than the transfer distance. By contrast, if the
wavelength of the electromagnetic signal is longer than the transfer distance, the technique
belongs to a close field type. For example, when the resonant frequency is relatively low (less
than 5 MHz) and the transfer interval is short (for example, 5 cm), the technique is close field.
When the resonant frequency is 900 MHz and the power transfer interval is longer than 2 m, 34].
Microwaves, RF, photoelectrics, lasers and acoustics can be classified as remote field energy
transfer techniques, while inductive coupling and magnetic resonance coupling can be
considered near field techniques.

Figure 2 shows the subcategories of WPT techniques in the near field studied so far
[35].
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1.3 BASIC PARAMETERS IN WIRELESS ENERGY TRANSFER
1.3.1Frequency

The design of the working frequency of the energy transfer in the near field was
implemented with regulatory constraints and technical limitations [36]. For inductive coupling,
the operating frequency varies in the low frequency bands. For example, in [21], the authors
adopted a frequency range of 20-40 kHz for the projected coil-to-coil distance of about 10 cm.
Magnetic resonance imaging systems typically operate in high frequency bands; the frequency
range from 1 to 50 MHz was taken into account in [37]. In the magnetic resonance coupling
method, high efficiency with a greater distance between the receiving and transmitting antennas
can be achieved when their resonant frequencies are the same [38].

1.3.2.Energy transfer

WPT can be classified as radiative (far field) and non-radiative (near field). The
radiative energy transfer technique can be classified into two types: direct and omnidirectional.
For the omnidirectional application, the radiation will be used to transfer energy to portable
devices [21]. However, the omnidirectional characteristics of radiated energy significantly
reduce the efficiency of the system.

1.3.3Efficiency of wireless energy transfer

Transfer efficiency is defined as the power of the receiver at the receiver coil divided
by the total power at the input of the transmitter coil. The efficiency of the WPT system depends
on the type of technique. Figure 3 shows the efficiency of different WPT techniques for near
and far field. The inductive coupling technique achieves an energy transfer efficiency of 70-
90% and decreases with the distance between the primary and secondary coil.

-~
]
=i< >
100% —foenpansnsanmanns R
; :
H |
I ]
I (%] :
e L = e
o 1
el z
= Q |
550% 494 = S
- > o h =
w = = '
O o ! 7 o
L T s
z: 5o | s 5
. |
— 2. >  (m)
i !
! DISTANCE

Fig. 3 Efficiency comparison for different WPT techniques
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1.3.4.Transfer distance

Transfer distance is considered a critical issue in the WPT field in the near field, as it
determines the DC output power. The transfer distance varies from one type of WPT to another
in the near field, where it depends on the use of the power transfer technique. The inductive
coupling technique has a limited transfer distance with a high transfer efficiency, while for
magnetic resonance coupling, the energy can be transferred over a medium range of action from
source to load compared to the inductive coupling method. However, in this method, the
transfer efficiency will be reduced.

1.4 WIRELESS TRANSFER OF ENERGY IN THE SPECIALTY LITERATURE

Wireless field transfer is a promising technology that can power RSW objects, mobile
phones and medical devices without replacing the battery and connecting to the main power
supply. Several studies have proposed different WPT systems in the near field.

1.4.1. Inductive coupling

Some major studies related to WPT inductive coupling are highlighted and organized
based on the chronology presented in Table 3. Some of these efforts are as follows:

Worgan et al. [39]presented a PowerShake to transfer power between mobile devices.
PowerShake retains the power transfer of about 3.1W, which is suitable for charging energy-
consuming devices such as mobile phones. As stated by the authors, the output power of 3.1 W
and the generated frequency of 97 kHz of the transmitter keeps the human body tissue safe from
the effects of the electromagnetic field [40]. The design of their transfer and reception circuits
has been subject to Qi standards or specifications [41].

The WPT inductive coupling has the following advantages and disadvantages:

Benefits:

e short transfer distance;

e non-radiative and therefore safe for the human body;

e simple topology;

¢ high transfer efficiency of up to 95% over short distances;

e simple implementation.

disadvantages:

e short transfer distance (of the order of centimeters);

e requires precise alignment between transmitter and receiver;

e produces eddy currents (eddy currents that lead to energy losses through the
Joule effect and thus to the reduction of the efficiency of the electrical
installation);

e heating effect;

e unsuitable for mobile use;

e requires proper alignment between the chargers and the WPT system.
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1.4.2 Magnetic resonance coupling

Mittleider and co-workers [42] presented a new method for charging UAV-based
wireless sensor networks. The UAV can be located with an accuracy of 15 cm based on
magnetic resonant sensors, where the global positioning system (GPS) is inaccurate and needs
a line of sight between the receiver and the satellite [11]. However, the charging efficiency can
be increased when the transfer coil (mounted on the UAV) and the receiving coil (fixed in the
sensor node) are close to each other. Consequently, the charging power of 5.49 W at 6 cm
between the receiving and transmitting coils is suitable to charge the battery of the wireless
sensor nodes in a remote location.

Benefits:
energy transfer over a few meters;
no direct visibility between transmitter and receiver is required;
is not affected by weather conditions;
has a high transfer efficiency in the omnidirectional antenna;
it is not necessary to align the transmitting and receiving coils;
charging several devices simultaneously for different powers;
suitable for mobile applications.
disadvantages:

» decrease in efficiency due to axial mismatch between receiver and transmitter coils;
» reducing efficiency with increased distance;
» complex implementation.

YVVVYVYVVVY

1.4.3.Capacitive coupling

This section discusses some papers associated with WPT capacitive coupling.
Compared to inductive coupling, capacitive coupling is another emerging technique that has
been discussed by a smaller number of researchers [43].

However, capacitive coupling can be used in similar low power applications like
inductive coupling, for charging mobile or biomedical devices. Capacitive coupling is
commonly used in low power applications because it has a low coupling capacity.

Benefits:

» power is transferred through the metal,

» high transfer efficiency;

» high output power for EV applications;

» simple design.

disadvantages:

» the large coupling area is required for high power;

» short transfer distance.
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1.5. WIRELESS ELECTROMAGNETIC POWER TRANSFER
APPLICATIONS

1.5.1. Wireless power transfer for the electric car

The German company TPI Technology started in 1996 as Wampfler and then continued
as Conductix in January 2014 as TPI Technology [44].

This company has launched several generations of electric buses loaded by TPI. Their
TPI Charge e-mobility technology offers the possibility of wireless charging of hybrid and
electric buses equipped with secondary receiving coils. This technology is able to load while
the bus is stopped or parked on the supplied buffers (primary inductors) embedded in the
roadway or garage floor as can be seen in Figure 5.

Fig. 5 Conductix-Wampfler (Inductive coupling charging for WPT)

A new wireless power transfer system was introduced by Nihon Dengyo Kosaku and
Volvo Technology Japan. Unlike previous versions developed by Dengyo, it can transmit 10
kilowatts of electricity through the microwave at a distance of 4 to 6 meters.

Although twice as powerful as what they have already developed, the new wireless
power transfer system is built using Dengyo's "rectenna” (rectifier antenna), a device made by
combining an antenna and a rectifier.

1.5.2.Wireless sensor networks

WPT techniques can be used to solve the problem of power consumption in wireless
sensor networks (RSW) [45]. RSW is limited by battery capacity and can only operate for a
limited time. Several studies have highlighted different methods of extending the life of
networks. Although these efforts have shown an improvement in RSW energy consumption,
their energy consumption / lifespan remains an obstacle in terms of performance, and its
feasibility is the key factor preventing development in large areas.
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CHAPTER II

THEORETICAL AND CONSTRUCTIVE ANALYSIS OF WIRELESS POWER
TRANSFER SYSTEMS

2.1. MEDIUM-RANGE WPT MODELING BASED ON MAGNETIC
RESONANCE COUPLING

2.1.1.Coupled mode theory (TMC)

Coupled mode theory aims to investigate the laws in coupled mode of electromagnetic
waves, which was originally applied in the field of microwaves [46]. According to TMC, the
physical processes of energy transfer from one resonant object to another can be described as:

U () = (i — Tp)am () + Xpem i Kmnan () + E,(t) (1)

where a,,, (t), W, T, Kmn and E,, (t) represents the energy amplitude, the resonant frequency,
the intrinsic decay rate, the coupling coefficients and the transfer condition, respectively. If the
rate of intrinsic decay is not considered, the energy exchange between two resonant objects will
be lossless.

2.1.2Circuit Theory (TC)

The concept of electromagnetic coupling mode appeared in the early 1950s, and after a
long period of development, the current TMC is suitable for analyzing the process of energy
exchange between two resonators [110], but its concepts are still little known and understood.
Rather, Circuit Theory (TC) based on mutual inductance mode is a more direct method.

Parallel-parallel and series-series offsets are the basic structures that have been well
discussed in the literature and, in addition, their methods of analysis and design are elaborated
in [47,48].

2.1.3Comparative analysis between coupled mode theory and circuit theory
Both TMC and TC can be used to analyze strong magnetic resonance coupling (SCMR),

but they belong to different scientific branches, so it is significant to distinguish them clearly.
According to TMC, we have [25,110]:

R R R w wM
FL=_L,F3=_3,F2=_2,K=_,k= 23 (14)
2L3 2L3 2L, 2 2,/LyL3

The new parameter corresponds to the coupling coefficient in the TC, and indicators 2
and 3 correspond to the indicators m and n in the Coupled Mode Theory. Assuming that the
system operates in a resonant state and the internal resistance of the voltage source is ignored
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by replacing Equation (14) in Equation (8) and further simplifying the expressions, we can
conclude that Equations (8) and (13) are absolutely identical, this verifying that the analysis
based on TMC and TC is equivalent in the resonance state.

2.1.4 System architecture

In practical applications, transfer distances and impedances change frequently.
According to the TMC and TC analysis, we can see that the architecture of the two-coil system
cannot meet these requirements, so the study of new system architectures is valuable. Three-
and four-reel system architectures can optimize transfer characteristics with additional degrees
of freedom in adjustment.

2.2. COMPONENTS USED IN WIRELESS POWER TRANSFER

2.2.1. Zero switched voltage regulators

Circuit design for DC voltage regulators is becoming increasingly difficult due to power
density (W / m3) and the increasing voltage levels of the DC supply as well as the decrease of
the silicon voltage parameters to increase the efficiency.

The difference between the supply voltage and the required silicon voltage creates a
large drop across the regulator, increasing the switching losses and ultimately limiting the
switching frequency of the device.

For example, a voltage control system may require an adjustment from 24 Vt0 3.3 V, a
gap that should normally be covered by two adjustment steps, thus increasing the size of the
electronic circuit, costs and reliability issues. Moreover, the limited switching frequency is a
disadvantage because it requires the use of magnetic components and other larger passive
components for the filter circuits, increasing the size of the system and acting against the power
density.

A solution to return to a faster switching frequency for voltage-lowering regulators is
represented by the zero-switching voltage regulators, ZVS (Zero Voltage Switching).

2.2.1.1 Switching losses without ZVS

Most non-insulated voltage regulators suffer large switching losses during the transition
between start-stop phases due to stress induced by the simultaneous occurrence of high voltage
and current values applied to the metal-oxide-semiconductor field effect transistor (MOSFET).
These losses increase with switching frequency and input voltage and limit operation to
maximum frequency, efficiency and power density.

The switching loss occurs during the overlap between voltage and current when the
MOSFET is turned on and off. VVoltage regulator manufacturers are trying to minimize overlap
to minimize switching losses by increasing the rate of change of current (di / dt) and voltage
(dv / dt) in the form of a switching wave.
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2.2.1.2 ZVS switching

Quasi-resonant switching is a good technique for improving the efficiency of the voltage
regulator, but things can be further improved by implementing soft switching. During soft
switching the voltage drops to zero (compared to the use of a minimum value) before the
MOSFET-be switched on or off, eliminating any overlap between voltage and current and
reducing losses. The technique can also be used to switch the MOSFET when the current, rather
than the voltage, reaches zero. This is known as Zero Current Switching - ZCS.

2.2.1.3 How the ZVS works

In the Figure 13 a ZVS electronic circuit is presented. This circuit is identical to a
conventional regulator, except for an additional clamping switch connected through the output
inductor. The switch is added to allow the use of energy stored in the output inductor to
implement ZVS.

Driver
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Fig. 13 ZVS topology

The ZVS converter operates in three main states. These are defined as Q1 per phase, Q2
per phase and the phase of the direct connection between VS and Vout. Q1 starts at zero current
and when the voltage at the source is almost zero. The current curve increases in the MOSFET
and in the output inductor at a peak current determined by the time moment of Q1, the voltage
on the inductor and the value of the inductor. During phase Q1, energy is stored in the output
inductor and the charge is supplied to the output capacitor. During phase Q1, the power
dissipation in Q1 is dominated by the MOSFET resistor, and the switching loss is negligible.

2.2.1.4 Using ZVS in WPT

In Wireless Power Transfer applications, ZVS devices are used as classic resonant
converters.
The controller offers many advantages:
e |t oscillates independently and requires only a direct current source;
e The current and voltage profile is almost sinusoidal;
e No active components and no software required;
e Itisscalable from 1W to 200W;
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e The MOSFET switch approaches the zero crossing point;
e ltisscalable for many different voltages / currents;

2.2.2. TRANSMITTER AND RECEIVER COILS

To find the right WPT coil, there are a few things to consider first:

e How high is the maximum estimated current (reactive and rated current) in the coil?
e What is the maximum allowable mounting size (L / L / H)?

To avoid unwanted saturation or overheating of the coils, a 30% safety buffer must
always be planned. If more than one coil can be incorporated, the ones with the highest
inductance should be used, as the resonant circuit capacitor may be smaller.

In addition, this measure reduces the reactive currents that occur in the "tank™. Lower
currents in the resonant circuit lead to lower self-heating and better EMC properties.

The maximum current in the 'tank’ is calculated by relation (6).

C
Imax = Uin'n'\/;(G)

The best coupling is achieved when the transmitter and receiver coils have the same
size, therefore a 1: 1 size is recommended. Components of the WE-WPCC family (eg 760 308
102 142, 53mmx53mm, 760 308 100 143, g50mm, 760 308 100 110, @ 50mm) were specially
developed for high power. These coils can be used as transmitters and receivers. They are
characterized by very low Rdc values, very high Q values and very high IR saturation currents.

2.2.2.1 Optimizing the environment adjacent to the coils used in WPT

If the WPT coils are fixed to the metal, inductive losses due to induced eddy currents
caused by the peripheral magnetic field may occur. In addition, the metal close to (eg copper
on the PCB) may heat up. Electronic circuits can also be influenced by strong magnetic fields.
This effect will be greater the greater the distance between the coils of the WPT system.

Appropriate measures include increasing the distance of the coils from the PCB / metal,
as well as the use of highly permeable ferrite foil, such as WE-FSFS.

2.23 FILTER COILS

The two filter inductors moderately disconnect the resonant circuit "AC" from the power
supply. At the same time, they also serve as a constant source of current and filter element. The
charging capacity must be adapted to the maximum rated current of the circuit. A classic power
inductor (eg WE-HCI, WE-PD, WE-LHMI) with high Q factor should always be used. Its
nominal inductance should be at least 5 times higher than the inductance of the WPT coil to be
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able to recharge enough energy in the resonant circuit. If the input / output amplification is still
too high, the values of the filter inductor or capacitor can be increased.

2.4 CAPACITORS

Because high currents flow in the parallel resonant circuit, not any capacitor technology
is suitable for this load. Depending on the application, only three different types of selection
are available: MKP (WE-FTXX / WE-FTBP), NPO (WE-CSGP) or FKP.

2.2.4.1 Input and output capacitors

These capacitors, in combination with the power coils, serve mainly as filters. Because
the resonant frequencies are below 200 kHz, the capacitors must be correspondingly higher.
Tests showed that values between 10 and 1000uF should be anticipated, depending on the
application coils and power used. The disconnection frequency of -6dB resulting from the LC
filter should be about 1/10 of the resonant circuit frequency. In theory, an attenuation of 40dB
/ dec is expected.

2.2.5 TRANSISTORS MOSFET

The proper selection of N-MOSFETs depends primarily on the level of the supply
voltage. If it is only 5V, for example, a logic level type must be used to safely start the gates.
As most MOSFETSs have a maximum gate voltage of +/- 20V, measures must be taken to protect
the gates in the event of a supply voltage higher than 20VDC. This can be a grounded Zener
diode or a capacitive voltage divider, which keeps the gate voltage within the optimum range.
Care must also be taken that the gate voltage is not too low, otherwise a MOSFET in the
resonant converter will remain blocked in the linear amplifier operating mode, causing the
circuit to enter a blocking state.

2.2.6 DIODES AND PULL-UP RESISTORS

As MOSFETS need to be recharged relatively quickly, fast currents occur as the gate is
loaded and unloaded. These charging / discharging currents must be routed through PULL-UP
resistors and diodes. The resulting losses are not negligible. For this reason, the maximum
permissible power loss (Pv) and the current load capacity of these components must be chosen
accordingly. Also, the diodes must have the same voltage stability as the MOSFETSs. As an
alternative to conventional or Schottky diodes, MOSFET body diodes can also be used.
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2.3. INTEGRATION OF ELECTRONIC COMPONENTS INTO THE WPT
SYSTEM

2.3.1 Electronic circuit diagram

In the Figure 15 is the basic circuit for the transmitter part including the Lp transfer
coil. The receiver part can be built with the same basic circuit.
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Fig. 15 Basic resonant converter circuit

2.3.2 Operating mode

The resonant converter usually operates at a constant operating frequency, determined
by the resonant frequency of the LC parallel resonant circuit. As soon as a DC voltage is applied
to the circuit, it begins to oscillate based on the tolerances of the MOSFET components. In a
split second, one of the two MOSFETSs is slightly more conductive than the other. Feedback-
the positive flow of the two MOSFET gates and the opposite leakage of the less conductive
MOSFET leads to a 180 ° phase change. The two MOSFETSs are therefore always removed
from the phase and can never drive simultaneously. MOSFETSs alternately connect both ends
of the resonant circuit parallel to ground, allowing periodic recharging of the resonant circuit
with energy.

The efficiency of the entire wireless power transfer circuit can exceed 90% in practice.
This is quite remarkable, because the coupling losses through the air gap are already included
and a DC DC voltage is available at the input. Efficiency remains stable inan air range between
4-10 mm. Much of the energy in the magnetic field, which is not coupled to the receiver side,
is returned to the "transmitter circuit”. A maximum distance of up to 18 mm is possible
depending on the application, but concessions are made regarding the coupling and
Electromagnetic Compatibility (EMC).
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2.3.3 Negative aspects related to the resonant converter

Two sensitive aspects need to be considered in practice with this circuit construction to
prevent MOSFETSs from jamming, namely, the power supply of the transmitter at the time of
switching and the impedance reflected from the receiver to the transmitter.

2.3.3.1 Power supply of the transmitter at the time of switching

If the power supply is unable to produce sufficient current during the transient
oscillation of the circuit, one of the two MOSFETs may lock in linear gain mode and the input
voltage may be permanently shorted to ground. . This would cause the MOSFET to overheat
and deteriorate.

2.3.3.2 Impedance reflected from the receiver to the transmitter

Given the high loads on the receiver side or sudden changes in the coupling factors (14)
for the two coils, it may be that the reflected impedance partially short-circuits the
magnetization inductance (15) of the transmitter. This, in turn, can lead to the decomposition
of the oscillations and the entry of the circuit in a locked state.

k = Usec  Npri _

M
- Uprim  Ngec N VLpri-Lsec
M=k- 4/ Lpri * Lgec (15)

To counteract this, it is useful to slightly change the frequency of the resonant circuit of
the receiver using another parallel capacitor (with a frequency 10-20% higher than the
transmitter). Alternatively, an additional inductance (power inductor) can be connected in
parallel with the transmitter coil, which is not magnetically coupled to the transfer path.

(14)

2.4 Electromagnetic compatibility - wireless power transfer properties

Because power is transferred with so many wireless power applications, EMC
compliance is essential. The challenge is for the transmitter and receiver coils to behave like a
transformer with a low coupling factor and a very large air gap. This leads to a very large
electromagnetic field in the vicinity of the coils. EMC measurements have shown that
broadband interference can occur in the fundamental wave spectrum up to the 80 MHz
frequency range. If the measured interference level is kept below the limit with a reserve, it can
be assumed that the limits of the interference field intensity are also maintained.
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2.5. EXAMPLES OF WPT APPLICATIONS

2.5.1 Simple circuit for WPT receiver

Figure 17 shows the electronic circuit of a WPT receiver made with a Schottky diode
rectifier and SMD capacitors made of current-resistant aluminum polymer. The output power
of this receiver circuit is about 120 W depending on the cooling surface. TVS power diodes are
used to protect against transient overvoltages (bidirectional, maximum operating voltage 60 V).
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Fig. 21 Simple circuit for WPT receiver

2.5.2 Standard resonant converter (transmitter and receiver up to about 10 w)

Example of simple resonator circuits for transmitter / receiver for use up to 10W. An
input current monitoring must be implemented for all transmitters. This protects the FET power
from thermal overload. If the oscillation does not start properly or decomposes during
operation, one of the FET powers would be permanently controlled by the GND and thus
thermally destroyed. The FET logic level must be used for supply voltages below 9V. (Figure
18)
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Fig. 18 Standard resonant converter (transmitter and receiver
up to about 10W)
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CHAPTER 111

COMPARATIVE ANALYSIS OF WPT SYSTEMS USED TO SUPPLY LOW AND
MEDIUM POWER ELECTRICAL DEVICES

The research undertaken is based on the comparative testing of WPT, LKCH-
TXRX40W-EVB systems [49] produced by Semtech Corporation [50]and the 200W
development kit, 760308EMP, produced by Infineon and Wirth Elektronik, to identify the
mode and operating parameters. The finality of the research is represented by the selection of
the optimal solution to be used within the proposed research / project.

The purpose of product testing is to compare and interpret experimental and theoretical
results based on calculations, achieve a graphical and schematic concept of the wireless energy
transfer system, perform measurements and data acquisitions for wireless energy transfer for
various types of consumers and interpretation experimental and theoretical results.

The result of the research based on the scientific methods stated above will materialize
in the development of a system designed for use in construction so that it represents the
elimination of barriers to power supply of autonomous devices or to reduce the need for
materials used and costly operations represented of classical energy supply (with wires).

3.1 WPT LKCH-TXRX40W-EVB SYSTEM

The WPT LKCH-TXRX40W-EVB system includes a transmitter and a receiver. The
tested module offers a complete system solution and is compatible with power transfer
standards (WPC) or Qi standards, making this transmitter an ideal platform for powering most
wireless receivers used today.

The TSDMTX - 24V3 - EVM transmitter is a platform for testing and experimenting
wireless charging solutions based on the Semtech TS80003 power transmitter controller,
TSETO002 FET driver, TS30041 DC / DC converter and TS94033 power amplifier.

While the system is capable of charging devices at 40W, it is also compatible with
devices with low power (5W) but which allow fast charging levels.

The characteristics of the WPT system are the following:
24V input / 40W output power;

Variable output voltage (default 19V);

According to the WPC1.2 standard;

Advanced foreign object detection (FOD) function;
Supports different device charging protocols.

The block diagram of the WPT system is presented in Figures 26and 27. Figure 26
shows the wireless power transfer module (TSDMTX - 24V3 - EVM) and Figure 27 shows the
representation of the wireless power reception module (TSDMRX-19V / 40W-EVM).
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Fig. 26 Transmitter block diagram (TSDMTX - 24V3 - EVM)
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Fig. 27 Receiver Block Diagram (TSDMRX-19V / 40W-EVM)

3.1.1. Description of the WPT transfer module (TSDMTX - 24V3 - EVM)

The TSDMTX-24V3-EVM transfer module can transfer power up to 40 watts (when
used in conjunction with TSDMRX-19V / 40W-EVM) for WPC / Qi compliant wireless power
transfer.

The transmitter can be connected to any receiver module Qi to form a complete wireless
power transfer system. The choice of the Semtech TSDMRX-19V / 40W-EVM receiver module
allows a variety of experiments to observe the behavior of the system in terms of transmitted
power, temperature during operation for various power levels and operating time, as well as its
reliability.

There are several other receiver modules that support different power levels and output
voltages, any of which can be used because they are compatible with the standard. Qi and
therefore are compatible with the TSDMTX-24V3-EVM transmitter. Any existing Qi
compatible product can also be used, although the limited access that these devices provide may
make the range of experiments that can be performed more limited.

The key technology in the evaluated system is the integrated circuit Semtech TS80003,
which controls the system and implements the Qi protocol.

The TSDMTX-24V3-EVM can be divided into a number of sub-blocks, as shown in the
diagram in Figure 2.

The component blocks are:

e 24 volt DC source - the external transformer that converts alternating current to direct
current with a value of 24 volts;
e Buck TS30041 converter, which converts 24V DC to a value of 5V DC;
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e WPT controller - based on the TS80003 integrated circuit that contains 1 / O
communication ports: USB, 12C, temperature sensor, LED display;

e H (Full Bridge) FET TS61002 driver that operates FETs based on signals from the
controller;

e FET bridges that direct energy from the 19V source to drive the resonant circuit
(antenna);

e Power transfer coil, WE760308102144.

3.1.2. Description of the WPT receiving module (TSDMRX-19V / 40W-EVM)

The WPT receiving module, TSDMRX-19V / 40W-EVM and its compatible WPT
transfer module, TSDMTX-24V3-EVM, form a complete, high-power wireless power transfer
system to provide power directly to a consumer or for charging Li-ion batteries.

The key components of the TSDMRX-19V / 40W-EVM are TS80003, TS61002,
TS30041 and SC508. TS 80003 provides compatible communicationsQi and receiver control.
TS61002 controls the highly efficient synchronous rectification of alternating current in the
receiver coil. TS30041 supplies 5V to all components that require this operating voltage.
Finally, the SC508 processes the received power by providing a well-regulated output voltage
and current limitation for the load or to the batteries. The SC508 can be canceled to allow the
received power to be applied directly to the load or battery. This technique can be used in
constant power charging applications.

As can be seen in Figure 65, the receiver consists of two parts, a coil and an electronic
circuit. Two ports are provided, one for output power and the other for programming. They are
in the upper and lower right corners of the plate, respectively.

= SC508

ik

TS30041

= Y 1580003
TS61002 [

Fig. 65TSDMRX-19V / 40W-EVM

The TSDMRX-19V / 40W-EVM can be divided into a number of sub-blocks as shown
in the diagram in Figure 66.

25



= S8 ouTPUT
(BUCK)

4 x FET
(Bridge)

TSBODO3
(Controller)

Fig. 66 TSDMRX-19V / 40W-EVM

The component blocks are:

Receiver coil TDK WT505090-20K2-A10-G;

Buck TS30041 converter, which regulates the received voltage to a value of 5V DC,;
WPT controller - based on the TS80003 integrated circuit that contains I / O
communication ports: USB, 12C, temperature sensor, LED display;

H (Full Bridge) FET TS61002 driver that operates FETs based on signals from the
controller;

FET rectifier bridge that converts alternating current into direct current;

The SC508 internal converter that converts the rectified voltage to a value of 19 V, for
a power of 40 W and also includes protection circuits;

The receiver can also be configured by overriding the SC508 to allow the received

power to be applied directly to the load or battery (Figure 67).

M Bi-directional
’ o
c T530041
(Buck)
1561002 TS80003
(Driver) (Controller)

Fig. 67 Configuration without SC508

3.2. HOW IT WORKS AND TESTING THE WPT SYSTEM

TSDMTX-24V3-EVM is easy to configure and use. | used the power supply module

and the line cable that comes with the EVM Kit to power the EVM through the "J2", 24V input
jack. The acceptable input voltage range is from 22V to 26V. Once the input power is provided,
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the green LED lights upit's about half a second and then it goes out. At this point, the EVM is
ready to transmit wireless power. Several times per second, the transmitter emits a "ping"
(signal) of energy in search of a receiver according to the interval.

When the receiver is in range (usually 4mm ~ 8mm), the receiver is powered enough
during the "ping" phase so that it is able to announce its presence at the transmitter and start the
power transfer process. The transmitter supplies a small amount of power to the newly
discovered receiver for a short period of time so as to enable it to supply its power requirements.
At the end of the negotiation, the transmitter starts to provide the required power, indicated by
a flashing green LED. During power transfer, the receiver communicates continuously with the
transmitter, actively directing the process. This ensures that power is transmitted as long as it
IS required by a receiver that is available and compatible with the transmitter. If necessary, a
receiver can actively increase or decrease the power demand, and the transmitter will act
accordingly. As such, equipment with complex load requirements can be accurately accepted
and only the desired amount of power is provided.

Once charging is complete, the LED-it stops blinking and stays on. If an error is
detected, the red LED is on and the power is off. To restart, the receiver must be removed from
the distance (4-8mm) from the transmitter and placed back in the target area to begin a new
wireless power transfer process.

3.2.3 Testing the WPT system

The tests can be performed using a WPT receiver module. There are a number of
receivers produced bySemtech [51], Wurth Electronics Inc. [52], Adafruit Industries LLC [53],
STMicroelectronics [54], JH Electronic Technology Ltd. [55], RRC [56], Texas Instruments
[57], Seeed Technology Co., Ltd [58], Rohm Semiconductor [59], NXP USA Inc. [60], IDT
[61]which supports different power levels and output voltages, any of which can be used, as
they all support the Qi standard and are therefore compatible with the TSDMTX-24V3-EVM
transmitter. In this research we selected TSDMRX19V / 40W-EVM as a receiver for testing.

You can also use phones that include WPC wireless charging features, such as Samsung
S6-S10 or Apple Iphone 8-11, to test TSDMTX-24V3-EVM.

To use TSDMRX-19V / 40W-EVM as the target receiver, simply place the receiver over
the target circle on the transmitter module. The green LEDs will light up, indicating the
negotiation between the two modules.

Several possible options can be selected. The optimal task to select would be a
continuous programmable task. A certain power can be easily adjusted, which makes the system
very flexible and easy to use. If not available, a unit with resistors can be used to simulate a
series of charging conditions.

Any load is selected, the conductors connect from the VOUT + and GND pins of the
WPT receiver to the selected test load. After the addition of the load, the WPT receiver can be
used to perform a variety of tests. Alternatively, power can be extracted from the VBUS and
GND lines of the USB port.

Connect a DC voltmeter to the VOUT + and GND pins to monitor the voltage that is
output at load, and a DC ammeter in series with the VOUT + line.
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Without any connected load, by placing the receiver in the center of the transmitter
target circle, once the transfer starts, the values of 24 volts and 0 amps are read.

By applying a variety of tasks, performance can be observed at levels of 5, 10 and 15
watts. The voltage should remain almost constant and the current should follow the relationship
P =V x I. It can be experimented with a maximum power that can be extracted before the
receiver detects an overload and interrupts the power. At a short-term overload, the receiver
will try to restore power by testing the charge intermittently. In the event of a major overload,
the transmitter may record an error, as indicated by a red LED on it, so that further activity will
stop until the receiver is removed from the target area for a few seconds before being placed
again for to start a new transfer.

The red and green LEDs on the WPT module announce the user operating the
transmitter. As seen in the diagram below, Figure 78, when power is applied, the transmitter
initializes as indicated by the green LED on for about half a second. Then, as the transmitter
searches for a nearby receiver, no LEDs light up, keeping power to a minimum in this standby
state. When a receiver is located, the sender receives instructions on the next transfer. The
power is then transmitted and the green LED flashes every second indicating an ongoing
charging event.

Apply Power

Solid | «——{ Charge Complete | .
G[ES" [ Receiver Removed | EES'

Fig. 78 Operating diagram of the WPT system LEDs

During the transfer, if a foreign object is detected, charging is canceled and the LED-
The red light will flash every second indicating the detected defect and will continue to do so
until the receiver is removed from the target area. Similarly, any other detected error will cancel
the charging process, indicated by a constant red LED, which remains lit until the receiver is
removed. Error conditions include communication errors between receiver and transmitter and
detection of excess voltage, current, power or temperature on the receiver or transmitter. In the
absence of an error, charging continues until the receiver indicates that no other power is
required, usually when an attached battery is fully recharged. At this point, the transmitter enters
the full state of charge, as indicated by the constantly lit green LED, which it continues to do
until the receiver is removed from the transmitter.
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3.2.5 Thermal analysis of electronic modules

The WPT system was tested at an ambient temperature of 26.5°C. The thermal imaging
device used was FLUKE TIS10 with the specifications in ANNEX 15.

In the Figures 79a and 79b are thermal images captured using TSDMRX-19V20W-
EVM for 20W power. Thus, in Figure 79a, for the WPT receiver, the maximum temperature
is reached at 60.6°C in the area of the TS80003 controller and in Figure 79b, next to the WPT
transmitter, the maximum temperature of 54.1°C is reached.

a) TSDMRX-19V20W-EVM b) TSDMTX-24V3-EVM
Fig. 79 Thermal images WPT system

In the Figures 80a and 80b are thermal images captured using TSDMRX-19V20W-
EVM for 10W power. Thus, in Figure 80a, for the WPT receiver, the maximum temperature

is reached at 46°C and in Figure 80b, near the WPT transmitter the maximum temperature of
43°C is reached.

) BN .
a) TSDMRX-19V20W-EVM b) TSDMTX-24V3-EVM
Fig. 80 Thermal images WPT system

The thermal image of the TSDMRX-19V / 40W-EVM in the full load test is shown
below. The component with the highest heat coefficient on the module is the buck regulator
mosquito (75°C), as can be seen in Figure 81.

Fig. 81 Thermal image TSDMRX-19V / 40W-EVM
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3.2.6 Testing the TSDMRX-19V / 40W-EVM Receiver Module Used to Charge the
Batteries

A variety of tests can be performed using the TSDMTX 24V3-EVM transmitter module.
By connecting a 24V source capable of supplying more than 50 W power to the transmitter
input using a 3.5 mm OD coaxial power connector, when applying power, LED-The green light
comes on, indicating that the module is now active. To use the TSDMRX-19V / 40W-EVM as
the target receiver, it is placed over the target circle ("primary coil" or "transmitter antenna™)
on the transmitter's EVM module, then a battery is connected to the receiver's J4.

Connect a DC voltmeter between the VOUT and PGND pins to monitor the voltage and
a DC ammeter in series with the J4 line to monitor the charging current. The meters are
configured for 20 volts and 2.5 amps.

LEDThe receiver light must be green when the receiver is placed on the active
transmitter. This indicates that the output voltage is normal.

3.3 WPT SYSTEM 760308EMP

WPT 760308EMP system [62] is a development kit from the collaboration by Infineon
and Wirth Elektronik. This system offers the possibility to demonstrate the advantage of
wireless power transfer at an average power level to bring developers the ability to test and
integrate into various applications.

The development kit is designed to be operated in a research and development
environment under the supervision of qualified technicians or engineers for testing and
measurement purposes.

The power transmitted by the kit was the reason why | focused on testing this system by
comparative analysis with the kit described above (Semtech LKCH-TXRX40W-EVB).

The system is applicable in the following areas:

e Drones, robotic lawn mowers and power tools;

e loT;

e Industrial applications;

e Medical devices;

e Devices with a large number of galvanic connection cycles to avoid damaging
the connector.

The fields of application of the development kit were the reason why | chose to test it.

3.3.1 Description of WPT 760308EMP

The WPT 760308EMP system in Figure 82 is based on BSZ070N08LS5 which is an
OptiMOS ™ 5 power MOSFET that has the RDSon level suitable for this 200 W kit in a very
compact 3.3 x 3.3 mm SMD format.

It is also equipped with a voltage regulator based on a high-speed controller IR1161L
designed with small dimensions but which improves efficiency by up to 2% compared to single
diode rectification. The minimum time feature is adjustable to pair with a variety of Infineon
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MOSFETSs. The XMC1302 is an ARM® Cortex®-MO0 processor up to 48 MHz, the best choice
for high-performance, smart and secure wireless charging applications. The 760308102142
wireless power transfer coil has a high Q factor for high power transfer efficiency. The
171032401 converter is easy to use, small and suitable for a wide range of applications.

The system isa PLUG & PLAY technological solution composed of both modules (TX
and RX) with a power of up to 200W. The system approach is modular and flexible so that the
solution can be integrated into various WPT projects.

=
60308
02142

”

Fig. 82 WPT System 760308EMP

3.3.2. Technical specifications

Mains input voltage: 100V-240V AC
Rectified input voltage: 24V DC
Maximum transmitted power: 200W
Output voltage: 19-20V DC

Maximum distance between coils: 10 mm

3.3.3. Functional block diagram

The system shown in Figure 83 consists of the power transfer module, the power
reception module as well as the DC power supply.

TRANSMITTER RECEIVER

POWER 200 W
—

Reverse

polarity
protection

Full- Rectification
bridge (full synchronous)

EMV
filter

24V, Load

2x 760308102142

Magl3C MagRC

MCU MCU
Step-Down 7 g 1 Step-Down
171032401 XMC1302-T038X0064 XMC1302-T038X0064 171032401

Data Receiver /
Comm

Overvoliage
protection

DATA COMMUNICATION
e

Data Transmitter /
Comm

loT I2C

Fig. 83 Functional block diagram of the WPT 760308EMP system
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The power transfer module contains the EMI filter, polarity reversal protection, rectifier
bridge, coil and control circuit. The power transfer is completely digitally controlled by an
XMC1302 series microcontroller. The control signals for the rectifier bridge are generated by
the MCU and can be controlled in automatic mode or in manual mode. In manual mode, the
switching frequency can be changed using the encoder. It can be used to change the output
voltage or to optimize efficiency.

The power receiver module integrates all the functions needed to act as a wireless power
receiver, such as: full synchronous rectification (replaces Schottky diodes with MOSFETS that
have low RDSon, thus reducing heat dissipation and increasing efficiency (by 3-4%) and
reliability as well as decreasing dimensions®®), modulator and power supply module WE
MagI3C. The modulator is used for data transfer. It is controlled by the MCU to send data from
the receiver to the transmitter side. The receiver is equipped with an 12C interface that can be
used to interface with sensors. The sensor interface has its own adjustable power supply.

The power supply in Figure 84 is connected to socket J4 of the Transfer Module and has
the following technical characteristics:

e Input voltage: 100-240V AC,;
e Output voltage: 24V DC;
e Output current: 6.25A.

[ S5 swiTCHING MODE POWER SUPPLY
2
PN DYSE150-2400825- 18A2

2400825W

Fig. 84 WPT 760308EMP system power supply
3.3.4. Description of WPT 760308EMP system components

Development kit WPT 760308EMP is a technological solution developed in order to
analyze the components used in the wireless transfer of energy so as to obtain the best results
in terms of transfer efficiency as well as system reliability.

Thus, in Table 18 the key components used can be found and in the following lines |
will describe their characteristics as well as how they work.
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Table 18 Key components of the WPT 760308EMP system

PRODUCER PRODUCT CLASS | SERIAL NUMBER | THE MODULE IN
WHICH IT ISUSED

Infineon OptiMOS transistor | BSZ070N08LS5 RX
™ 5

Infineon Synchronous IR1161L RX
recovery controller

Infineon ARM® Cortex®-M0 | XMC1302- TX and RX
Microcontroller T038X0064 AB

Wirth Elektronik | WPT coil 760308102142 TX and RX

eiSos

Wirth Elektronik | MaglC power mode | 171032401 TXand RX

eiSos

Wirth  Elektronik | WCAP-ATLL 860160578032 RX

eiSos capacitor

3.3.4.1. TX module WPT 760308EMP

components PCB of the TX Module WPT 760308EMP in Figure 85 as described in [ 64]
are the following:

e WCAP-ATLL 860160578032, 860160675026

e Magl*C-VDRM 171032401

e WCAP-CSGP 885012207103, 885012207086, 885012207098, 885012209048,
885012207092, 885012207094, 885012007054, 885012109011, 885012208087,
885012207100, 885012207079, 885012007061

e WL-SMCW 150080RS75000, 150080GS75000, 150080BS75000

e WCAP-ASLL 865060440001

e WCAP-FTX2 890324025039CS

o \WE-EXB 744844221

e WE-MAPI 74438336100

e WR-TBL 691313510002

e WR-PHD 61300821121

e WR-BHD 61200821621

e WR-DC 694108106102

e WA-SPAIE 971100365

e WA-SPAII 970300365

e WE-WPCC 760308102142

3.3.4.2. RW module WPT 760308EMP

PCB components of the RX Module WPT 760308EMP in Figure 86 as described [109]
are the following:
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o WCAP-CSGP 885012207103, 885012207092, 885012207098, 885012107018,
885012207086, 885012207094, 885012109011, 885012208087, 885012209048,
885012207100, 885012007031, 885012208083, 885012208091, 885012007057,
885012207079

e WCAP-PSLC 875075555003

e WCAP-ATLL 860160578032

e WL-SMCW 150080RS75000, 150080GS75000, 150080BS75000

e Magl*C-VDRM 171032401

e WR-PHD 61300821121, 613004243121

e WE-MAPI 74438336100

e WR-TBL 691313510002

o WE-PF 742792901

e WA-SPAIE 971100365

e WE-SPAII 970300365

e WE-WPCC 760308102142

3.4. WPT 760308EMP SYSTEM OPERATION AND TESTING

The WPT 760308EMP system in Figure 87 can be used in a wide range of applications
where wireless power transfer brings an advantage over conventional power supply use.

Due to power designed to deliver it, the system falls within the range of low and medium
power WPT.

Transmitter is on

a) Tx b) Rx
Fig. 87 WPT System 760308EMP

In the Figure 89 you can see the wireless power transfer kit prepared for testing and
positioned at a distance of 1cm between the Tx and Rx coils.

During commissioning (Figure 90) the LEDs of the two modules lit up properly
indicating the normal operating status and for the distance of 1 cm between the coils Tx and Rx
(Figure 91) the values read with the measuring instruments indicated the efficiency provided in
the system description. namely about 90%. (Figure 92)
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a) Tx | b) Rx

Fig. 92 oltage values on the Rx module
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For the distance of 1.5 cm between the coils Tx and Rx (Figure 93) the system continued
to operate and transmit without error with a system efficiency of 50%.

Fig. 93 1.5 cm distance between Tx and Rx coils and
the value of the output voltage at the Rx module

For the distance of 2 cm between the coils Tx and Rx (Figure 94) system continued to

operate and transmit without error with a system efficiency of 38%.
=

- S=

Fig. 94 The distance of 2 cm between the coils Tx and Rx and
the value of the output voltage at the Rx module

The system continued to operate and transmit without error up to a distance of 2.2 cm
between the coils Tx and Rx (Figure 95) but with a system efficiency of 25%.

| e
Fig. 95 The distance of 2.2 cm between the coils Tx and Rx and
the value of the output voltage at the Rx module

After the distance of 2.2 cm between the coils Tx and Rx, the LEDs on the Rx module
go out but the transfer continues until the distance of about 3 cm where the value 0 of the
transfer is recorded.
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Lateral (Figure 96a) and angular (Figure 96b) alignment [65, 66] there were two other
situations highlighted in the energy transfer between the two modules within the distance of
1cm. Thus, when the Rx module moves sideways from the Tx module, the transfer is interrupted
when 50% of the coil surface is moved sideways from the Tx coil. When forming the angle
between the two coils, an efficiency of 75% is maintained at an angle of 30°, after which the
value decreases rapidly.

a) lateral alignment b) angular alignment
Fig. 96 Lateral and parallel alignment between Tx and Rx

3.5. COMPARATIVE ANALYSIS OF TESTED WPT SYSTEMS

Following the testing of the two WPT systems, the operation of both in the designed
parameters was proved.

The efficiency of both systems was maximum in the intervals designed for both the
Semtech LKCH-TXRX40W-EVB system (4-8mm) and the Wurth Infineon system.
760308EMP (up to 1 cm) with a plus for the Wurth Infineon 760308EMP system.

From the point of view of temperatures reached by the components of the two systems,
both operated without any increase above the projected limits.

The system Wurth Infineon 760308EMP exceeds the power level transmitted by the
Semtech LKCH-TXRX40W-EVB system according to the technical characteristics designed
and proven by testing, which leads to its choice as a solution to be integrated in the project
targeted by the present research.
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CHAPTER IV

DEVELOPMENT OF THE WIRELESS POWER TRANSFER SYSTEM FOR POWER
SUPPLY OF CONSTRUCTION ELECTRICAL APPLIANCES

The Wireless transfer energy is no longer just a concept. In recent years, WPT has
quickly gone through the stages of research, design and testing and today, as we presented in
previous sections, has become a segment that has developed until the emergence of complete
solutions in various fields.

WPT versatility by interconnecting with renewable energy sourcesand through the
extended fields of applicability it produces in a sustained rhythm research in the field and leads
to the design of new technological solutions. These products change the perspective in the
design of buildings, vehicles, electronic devices, tools and power tools and more.

Only a few years ago we designed wireless power transfer systems for low power (about
6W) using both THT and SMD components with a efficiency between 60-65% for a distance
of up to 5cm. The designed solutions were made to present the way of energy transfer without
conductors but also to draw directions in their use.

Today, The research is based on products developed in high-performance laboratories
with high-level "know-how" and the personal role is to analyze and test them in order to design
and develop new solutions in the field of WPT and to integrate them into devices. existing to
facilitate and secure the transfer of electricity.

Thus, in my research | will present innovative solutions for the use of WPT devices for
their implementation in civil and industrial construction.

If in terms of reliability, safety in use as well as hardware and software options, both
systems tested and presented in the third chapter represent complete solutions for wireless
power transfer, we chose to use the WPT 760308EMP system for development and integration
in the concepts that I will describe in the following subchapters.

The technological solution chosen for development the concept of electricity transfer in
a viable platform for the modernization of energy transfer in human activities is the WPT
system 760308EMP.

This system, according to the tests performed as well as the comparative analysis is a
safe, reliable and easy to implement concept in WPT projects.

The strength of this system was the power level which it can transmit which is sufficient
to power the various electronic devices, tools and power tools both in terms of maintenance and
to ensure that the batteries are charged.

Based on previous research in the field of wireless energy transfer, renewable energy
sources as well as the theory on the autonomy of systems we have
initiated this research as a support for creating technological solutions that can be used in the
field of construction.

So, in the following sections | will present the realization of two WPT systems that can
be implemented from the design phase of constructions in order to facilitate power supply for
various electronic devices at the building level and for electric vehicles or autonomous robots
with various functions outside buildings.
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4.1. General description and implementation of BEF (Brick Energy Free) / PEF
(Pillar Energy Free) systems for wireless power transfer

Civil and industrial constructions built today must meet several requirements so as to
contribute to the elimination of pollution and the judicious use of energy resources.

New solutions have emerged to integrate renewable energy resources, whether it is
photovoltaic or wind systems to provide electricity or systems that provide air conditioning for
homes.

With progress in this direction, research in wireless energy transfer comes as a solution
for integration in the circuit of energy production and consumption that brings modernism and
at the same time facilitates the power supply of autonomous devices such as robots or electric
vehicles.

Thus, starting from English terms, we created two concepts of WPT systems namely
BEF and PEF.

BEF (Figure 97) is the acronym for "Brick Energy Free" and can be described as a
source of energy integrated into the masonry of buildings so as to provide energy where it has
been identified from the design phase that it is needed without using conductors to consumers.
The idea involves creating a standard-sized system in the field of construction, powered by the
building's electrical network and that can transfer energy simultaneously, both outside and
inside to various electrical devices.

Fig. 97 BEF

PEF (Figure 98) is the acronym for "Pillar Energy Free" and can be described as a source
of energy available around buildings, on the surface of the land where the need for an energy
source is identified and where BEF cannot be used. PEF is a cylindrical or parallelepiped pole
retractable at ground or fixed level, which is supplied underground with electricity and which,
by implementing the WPT system, can transmit wireless energy to electrical devices or
machines.

Fig.98 PEF
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The electrical devices inside the buildings can be: stand-alone robot vacuum cleaners,
food processors, support robots for people with disabilities, multimedia electronics (TV, DVD,
audio systems, surveillance systems, workbench with electrical appliances and tools, etc.),
lighting sources.

devices and electric machines used outside buildings can be: lawn care robots, loading
bench for tools used in the care of green spaces (electric mower, electric scissors, electric
chainsaw, etc.), electric vehicles (electric bicycle, electric scooter, hoverboard, automobile
etc.).

In contrast to the use of conductors to extend the electrical network as needed, the use
of BEF / PEF is a smart solution, developed to provide safe and permanently available
electricity. Figure 99 shows a graphical example of the BEF / PEF integration mode.

4.2. Description of BEF / PEF systems

Both systems are based on the use of the WPT 760308EMP system described above. In
the integration of the WPT 760308EMP system within the BEF / PEF, the solution adopted
differs depending on the support module, whether it is a monolithic block made by 3D printing
in the case of BEF or a cylinder / parallelepiped of an already existing system as a commercial
product. in the case of PEF.

They will integrate in both systems the following components:

e AC/DC power supply for Tx module of WPT 760308EMP;
e Tx module of the WPT 760308EMP.

The electrical connection will be made with conductors from the designed electrical
network of the construction for BEF and which will be extended underground for PEF.

Both systems will be connected through dedicated circuits and protected with 10mA
differential circuit breaker for safe use. Also, for the PEF system, the observance of the degree
of protection IP68W will be considered so that, regardless of the environmental conditions,
there is safety in use and protection of the device against external factors.

4.3. Design and implementation of the WPT system

4.3.1. The proposed objective

The WPT system is a modern energy transfer solution. | set out to carry out a practical
work that would consider the theoretical aspects of wireless energy transfer and at the same
time represent an argument for the realization of BEF / PEF systems.

Also, the system made it also has a didactic value because it can be used in
demonstrating the principle of wireless energy transfer and its integration in electrical devices.
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4.3.2. Block diagram of the WPT system

The block diagram of the realized system presented in Figure 100 shows the totality of
the component modules: WPT 760308EMP system, batteries, MIRO robot, DC-DC voltage
lowering source, Arduino development board, electrical circuits.

. Sursa
cobora-
Modul TX Modul RX Acurulatori motoare
1 - toare de
TEW 760308EMP TEW 760308EMP elettrice tensiune
! |
J ‘ ce-ce

Arduino Uno
Robot electric MIRO

Acumulatori pentru
alimentare Arduino.

Fig. 100 Block diagram of the WPT system
4.3.3. The stages of building the WPT system

For the realization of the WPT system we analyzed a series of products and materials
available according to the requirements set out above regarding the concept of wireless energy
transfer in construction.

Essential and described analysis in chapter 3 we considered the identification of the
optimal wireless power transfer solution for the proposed project.

The WPT 760308EMP system in Figure 101 was the system chosen due primarily to
the availability of power supplied without conductors.

Fig. 101 WPT 760308EMP
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The system is a development kit and as previously presented is suitable for a number of
low and medium power WPT applications.

The development kit is also scalable so that systems up to 1kW can be developed based
on specifications the system presented.

For the BEF / PEF example we further chose a device capable of perform tasks like
robotic vacuum cleaners, robotic lawn mowers or even electric vehicles. The MIRO robot, by
being able to be programmable to perform various mobility tasks, represents the way in which
the presented devices perform the operations for which they were performed.

To exemplify battery charging, | chose to use Ni-Cd batteries for the power delivered
as well as for ease of use.

Because the WPT System 760308EMP delivers an output power of about 150W (19V
and about 8A) | chose a DC-DC voltage lowering source with display (5A, input voltage: 6.5 -
36V, output voltage: 1.2 - 32V) for optimal charging batteries (4 x 1.2V, 2000mAh).

4.3.4. Realization of the operating algorithm of the device that integrates the WPT
receiver

To test the concept of wireless power transfer for various devices, after building the
MIRO robot, using the MIXLY application we designed the programming code of the Arduino
Uno board.

In designing the code, we considered two directions in using the device:

- a program (V1) for traversing a route by following a line so as to simulate the activity
carried out by autonomous appliances in a certain perimeter (electric lawnmower, vacuum
cleaner, scarifier, etc.) with the charging of batteries when their voltage drops below a certain
preset value;

- a combined route (V2) program for recording the temperature and humidity data in
which the device uses all the integrated sensors so that it can avoid obstacles, illuminate the
LEDs when the photodiode indicates a low brightness value and tracking of the line for charging
batteries when their voltage drops below a certain preset value.

Variables have been declared for writing the code and functions to run depending on the
program used.

Programming in MIXLY is intuitive and uses blocks that are automatically transposed
into lines of code being accessible to the understanding of the basic programming language
even for young school children (grades 11-1V) but can also be used to create complex programs
based on Arduino or Raspberry Pi boards.

The written algorithm for controlling the Arduino module for both variants can be found
in the annexes as follows: Variant 1 - ANNEX 16, Variant 2 - ANNEX 17.

4.3.5. Description of the operation of the WPT system
In Figure 117 you can see the WPT system mounted on the MIRO robot and in Figure

118 you can see the entire practical project made with all components mounted and ready for
testing.
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Fig. 118 The prractical brOjéE:t in testing

The first stage of operation of the WPT system is represented by performing the
assembly according to the block diagram shown in Figure 100.

When all the systems are arranged according to the assembly, connect the power supply
to the socket J4 of the Tx module and start by pressing contactor S1, the Tx module.

The Arduino system of the MIRO robot starts and the power supply of the driver for the
robot's motors is started. The robot runs the loaded code so that, after checking the functionality,
it starts on the marked route following its line. When the robot approaches the Tx module, it
orients with the Rx coil towards the Tx coil and approaches at a distance between 0-1cm
between them.

Upon notification of the receiver, the transmitter will start the wireless power supply,
an operation indicated on the panel of the low voltage source that displays the charging process
of the batteries.

At the end of the charging process, the robot will start on the marked route and will
travel it until a new charge is required, when it will return to the BEF / PEF wireless charging
station.

The voltage values for which the robot will search for the charging station and leaving
it are integrated in the code registered in its flash memory.

The entire procedure explained can be found on the Youtube platform and can be
accessed by clicking the link: >>>WPT 2020 project<<<.

The system will be switched off in the reverse order of start-up, i.e. by switching off the
robot (switching off the motors and the Arduino board) and then by switching on the S1
contactor, the WPT system is also switched off.
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Also, as can be seen in the footage on Youtube and in Figure 119, the wireless power
transfer can be transferred directly to serve the energy demand without batteries. Thus, a drilling
and screwdriver can be used in the field of operation of the Tx module being equipped with the
Rx module and the example can be extrapolated to other electrical devices.

Fig. 119 ‘PT system for direct use

The measurements performed after the practical work are in accordance with those
presented in Chapter 111 in which the compared WPT systems were tested.

Thus, the WPT 760308EMP system chosen for use in the practical work demonstrated,
following the tests, the technical characteristics provided in the data sheet. The system is a
viable solution for use in various WPT applications.

The description of the operation and the success of the project proves the previously
stated concepts of wireless energy use for powering autonomous devices that serve human
purposes at the level of construction or adjacent perimeter.
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CHAPTER V
CONCLUSIONS

5.1. Original contributions

Following the research of wireless energy transfer techniques, the current state of
achievements in this field, the operating principles and the prediction of future trends were
studied. High operating frequencies and high-quality factors are the main reasons why RPCM
can transfer energy with high efficiency over long distances. Additional adjustment frequencies
in different system architectures are beneficial for optimizing system transfer characteristics.
The overall optimization design and control methods by considering the factors with multiple
effects are also valuable for its engineering applications. The basic principles of RPCM and TPI
are identical, despite some distinctions between them, so that mutual study and assimilation
between RPCM and TPI are beneficial for both fields. In practice, a certain rated power is
required, but this resonant MHz frequency can pose a major challenge to some electronic
components, such as the rectifier or MOSFET transistors.

Through research and experiments we have identified a modern wireless power transfer
solution that encompasses all modern system design solutions for use in a variety of
applications.

Thus, the applicability of the system presented for a wide range of powers also proves
the implementation of a rigorous protection system for the user and system, as well as the
integration of data communications necessary both to optimize the transfer and to comply with
these safety rules.

Wireless power transfer systems can be easily integrated into modern electrical
appliances because there are various design solutions as well as reliable materials in their
construction.

The tests performed demonstrated the reliability, efficiency and ergonomics of the use
of WPT systems which, together with management and control solutions, can lead to the
autonomy of the systems in which they are integrated. WPT systems can also be easily
integrated with renewable energy production systems to expand the growing need for energy in
remote locations and with poorly developed energy transport infrastructure.

The aim of the research was to identify a WPT solution for designing an innovative
system for use in construction but also in electrical appliances whose range is limited using
conductors.

The original contribution is represented by the solutions for integrating the WPT system
at the construction level, namely BEF (Brick Energy Free) and PEF (Pillar Energy Free).

It is also an original look how we integrated the WPT system into a standalone device
that can perform scheduled operations by charging the batteries whenever necessary without
user intervention or for the instantaneous use of electricity in various electrical and electronic
devices.
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The operating algorithm of the autonomous system is made in a programming
environment also as an original solution in the development of the concept of wireless energy
transfer for various autonomous devices or electric vehicles.

Practical study can be an example to be perfected and created to scale for various other
similar applications.

5.2. Research and further development directions

Future research will be based on the completion of the development and integration of
the tested WPT system, within the personally designed solutions, as well as the demonstration
of their usefulness.

System design, including the selection of system parameters, impedance adjustment,
control strategy design, cost-benefit evaluation, is in fact a global optimization process, in order
to meet practical requirements in engineering and improve transfer characteristics. Determining
how to overcome the negative effects on transfer characteristics caused by the sensitivity of
system parameters or surrounding objects is also worth further study.

Thus, 1 will continue testing both solutions presented in order to develop patented
products so that all the research undertaken since the Diploma Project and the Dissertation that
followed the same line with the Doctoral Thesis to complete the direction of modernism from
a technological point of view of today's society.

Important directions will be represented by the connection of the WPT system to the
other modern technological solutions, namely, the interconnection for control with mobile
systems (smartphone, tablet, etc.) as well as the WEB interface and control via the Internet,
projects started at the moment.
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Professional experience

Period
Occupation or position held
Main activities and responsibilities

Name and address of employer
Type of business or sector

Education and Training

Period

Name and type of educational
institution / training provider

Level in national or international
classification

Period
Qualification / diploma obtained

Name and type of educational
institution / training provider

FIDEL NICOLAE

Str. Vasile Florescu, Nr. 6, pp. 20, sc. B, Ap. 24, postal code: 130036, Téargoviste, Dambovita,
Romania

Mobile: 0723197105

fidelnicolae@yahoo.com
nicolae.fidel@valahia.ro
fidelnicolae@scoalaraciu.ro

Romanian
04/11/1977

M

01.09.1997-present
Primary school teacher

Responsibilities within the School with PJ RACIU:

1. METHODICAL COMMISSION OF TEACHERS (responsible)

CEAC (coordinator)

BOARD OF DIRECTORS (member 2000-present)

PROCUREMENT AND MATERIAL BASIS ADMINISTRATION (administrator)

NEW HORIZONS ASSOCIATION (Vice President)

6. SCHOOL IMAGE COMMITTEE (responsible)

Editor-in-chief of the school magazine "HELYOS" Creation and administration of the institution's
websites:

gk~ ow

a www.scoalaraciu.ro

a www.asociatiaorizonturinoi.wordpress.com or www.scoalaaltfelraciu.wordpress.com
a www.furnicutele.wordpress.com

a www.furnicutele2013.wordpress.com or www.orarscoalaraciu.wordpress.com
RACIU GYMNASIUM SCHOOL

EDUCATION

01.10.2017-present
PhD

Valahia University of Targoviste / Faculty of Electrical Engineering, Electronics and Information
Technology

Cycle IIl - Doctoral university studies

1.10.2015-31.07.2017
Master in Electrical Engineering

Valahia University of Targoviste / Faculty of Electrical Engineering, Electronics and Information
Technology



Level in national or international
classification
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Qualification / diploma obtained

Name and type of educational
institution / training provider

Level in national or international
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institution / training provider

Level in national or international
classification
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Qualification / diploma obtained

Period
Qualification / diploma obtained
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Qualification / diploma obtained

Period
Qualification / diploma obtained

Period

Qualification / diploma obtained
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Qualification / diploma obtained

Period
Qualification / diploma obtained

Period

Cycle Il - Master's degree studies

1.10.2011-31.07.2015
Electrical engineer

Valahia University of Targoviste / Faculty of Electrical Engineering, Electronics and Information
Technology

Cycle | - Undergraduate studies

1.09.1992-31.07.1997
Teacher / Educator
Térgoviste Normal School

Upper Secondary Education (pedagogical)

24.02-08.07.2020
COURSE "DOCENDO DISCIMUS - Postmodern Pedagogy" accredited by OMEN no. 3706/ 21.05.2018

15-27.02.2020

COURSE "Inclusive Education - identification and intervention strategies" accredited by OMEN no. 3706
/21.05.2018

07-19.02.2020
COURSE"Management of educational projects" accredited by OMEN no. 3904 / 06.05.2018

20.10.2018 - 15.12.2018
"Informatics and ICT for high schooal, fifth grade” accredited by OMEN no. 4586 / 09.08.2017

10/04/2017

CERTIFICATE OF LINGUISTIC COMPETENCE no. 6630 / 4.10.2017 issued by the Faculty of Political
Science, Letters and Communication - Department of Letters attesting the level of knowledge of English
(B2)

6-13.09.2016
COURSE“Curricular empowermentof primary school teachers for the preparatory class "

1.05.2014 - 31.10.2015

COURSE “Continuing education networkof teachers to use multimedia, instrumentationvirtual and web 2.0
in the curricular area Mathematics and natural sciences (Proweb) "POS DRU / 157 /1.3 /S / 141587

17-19.10.2014
COURSE "Quality education in rural schools” POSDRU ID 133316

26-28.04.2013
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Qualification / diploma obtained
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Qualification / diploma obtained

Period
Qualification / diploma obtained
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Qualification / diploma obtained
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Qualification / diploma obtained
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Qualification / diploma obtained
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Personal skills and
competences

Language (s) default (s)

Known foreign language (s)
Self-assessment
European level (¥)

Language
Language
Language

Social skills and competences

Organisational skills and
competences

COURSE "Electronic registration of self - assessment", within the project “Support for school units in
the implementation of the manual for internal evaluation of the quality of education "POSDRU ID 55668,
beneficiary ARACIP

02-30.04.2011

COURSE “Schools and communities In action to prevent early school leaving” component Institutional
development, activity A.2.5

01-31.10.2010

Training of counselors and support assistants for the implementation of the decentralization strategy of pre-
university education Cf. Certificate no. 252 / 31.10.2010

2008-2009

Professional development program based on one's own activity carried out in school Cf. Certificate of continuous
training no. 3514 / 27.10.2009

2011-2013
Granting the first degree in education cf. Certificate no. 23 /30.01.2014

August 2004
Awarding the second degree in education cf. Certificate no. 318/ 13.01.2005

March 2002
The program «Methods and techniques of using the personal computer» cf. Certificate no.9 / 18.03.2002

August 2000
Granting the finalization in education cf. Certificate no. 103 / 14.03.2001

Romanian

Understanding Speaking Writing
Obedience Reading Join the Oral speech written expression
conversation
B2 English B2 English B2 English B2 English B2 English
B2 Italian B2 Italian Bl Italian B1 Italian Bl Italian
A2 French B1 French A2 French A2 French A2 French

(*) Level of the Common European Framework of Reference for Languages

- good communication skills acquired from my experience as a school board manager;
- excellent interaction skills within a group, acquired through training activities.

- leadership;

- Good organizational skills acquired as Coordinator of the Evaluation Committee and
Quality Assurance in Education and responsible for the Methodical Commission of Teachers.
- a good knowledge of quality control processes;

- good mentor (as head of the methodical commission, | was responsible for the training and
education of new employees).



- a good command of the Office package (word processor, spreadsheet, presentation software);
- Corel Draw - intermediate level;

- Ansoft - intermediate level;

- Arduino-average level of use

- good use of communication programs (Skype Zoom Google Meets, etc.);

- good knowledge of photo and video editing.

Computer skills and competences

Driving license (s) B
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