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A #8"A!§Ahis article focuses on Electrodynamic Wireless Power Transfer (EWPT), a low-
frequency alternative to inductive-based WPT systems. EWPT replaces the inductive receiver
with an electromechanical one, with a resonant frequency much lower (usually between 1 and
200 Hz). This technology enables higher efficiency wireless power transmission through
conductive media, with reduced risks for nearby living forms. This article proposes a modeling

and analysis of the maximum transmitted power with EWPT systems, taking into account the
various constraints arising due to the electrical, magnetic, and mechanical nature of the system.
2LYKWAIKQOSYMYAWOTZXAV YKAD @BAX XY KRXNAGS GQ " YQAGUK WRZSJALANK A
YWGSXROYRKIMAX AKWO[HMWTRAKAXYKREZGY OTBKINSQTMOITQXY WGUSWKA
OSITWUTWOYRITARIAK QATK W O[KEKK GQAXYKWA ZSJ®/ " $ASGQQRRKYNTIJTQTIM WA
TUYORO GSMIXXKXXOSSKAVLTWRGRR@ B X" XY K IGXA WU TX KHAX KIS NKAVO[KJA
KVZGYOTSXEXRAKQXAJAUYORO GRRIYSITQTMOKIZANAQXAOK SY @RKIKAXIA
TUYORO_KA6D@BAX"XYKRXARTWKAKLLKIYO[KQ"$A
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DOWKQKXXAWAVGS XDEB FX " X Y K RXVEXRK MATAW G S XR QA OKSHAV MYYNTAGAQK X A
LWTRAWGSXR YK WIK O[KIKAK VK& J#TK [OTKRZANGXE SX TWXYXGY TWRX #UT\K WA
UWTIKX XOSWAEB X XY KRIVEGW Y O1Z QUDR[ES WA K WOSME W IKBROSMXBA! A

JK[OIKXK S EXOSKAQIONA TAX Y TRUQK TWASMK W TNIRGORK YNTOA[KXYOMGYKJA
LTWA\OWKQKXXQ*AJKQO[KWOS WAKRGIAIY KYIGMINEQSHT ZUQKIJAITOQAUGOWATUKW
GYNOMDWK VZK SIVATREZSTWKIN/ARY AYTAXALAY !A E'F$AT\ K[KWGWOTRXAKWSA
GUUQOIG YOS SRR K WOSMRY K RXAV TZVMNATY O] RKJOGK INAXAY K WKY GQAQX"A
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GSJTHOTQTMIUIGQERXEKAGRUQRRUQGS Y GIOPR K JOIKKRT WOSAGTY ZG Y TRYKATUKJA
LTWRTIKWSRKJIOIOSKAZWUTXKRSMS$'BSXZQASAR UX "MQZITXKEK SIWX'GWY OLOIOGQA
SKZWTY WGSXRWKYRWWIES XRO VT GSWA W TZVRERE R GEITIN"& FTRUQK RKJOZR A
RGOSQTRUTXKIAYG Y KWGHANWTZVREK Y GQUOIAG MR ANKRK SX TWOMNANOMNQNA
ITSIZIY O[RE$SAZINAUUQOIG Y ONKNMINIK VZ K S/ASZTY O[K#HGREBX XY KRIKGX A
RGS*"AWG\HGIPXXAINGXNOMBAXTWU YOS AKASIZIY O[RRKJORAQKGIOSMATTWA
YWGSXROXXODSAK SIS GJOG WO SAIRE TNZ R G SYOZRAH X TW U YRASMNAL WK VZK ST A
RGMSK YOIEX®8 AKRK WMESHAY GOK A W TJ*SGROWK QRIXKWEW G S XI6OWR " NG XA
WKIKS FBASKIAY K S YISESIRA YK WG XAWKER O XOBMETNAT O YK MIGUKNATOMZ WK A
'A0OQQZX YBSEYRRUQRLASAD @B X XYKRRWKANKROY YEIRO XV EX WGSXROVTOOSMA
UT\K WKHAS R TWL WK VZKSWAV RIYAFRSK W G WK VZKSAP9 | ARGMSKYI@IKQIA
\KGPQGHXTWHKAESIZIY O[REJO@NOREMSK YI@IR GRAGRAT [ OSMGMSKOSRTYOTS" A
\NOINAXAKTAGRKINGSOTBPA TSCUYWRT\ WK X TSCEVA K SIBRKIAKTOQQGHNRRAX A
WKXTSGIGBWIKATS[KWYKIAIPAS Y KQKTY WOTHQWAK OSMTAS XY GSTRUOK  TKQKIYWOIA
RGYKWODQ@BKTQZY OTEKRVOMNAK WESXOGSAR T WL WHSE A+ &# & & & A AD@BA
TUYOTSSIE WEGW Y O1ZRGIQYDTRVV GS XR OV Y GSHRAY TZVISAZTY O[RRJOGHH@BA
XTQZY S AGSEINOK [KKEYANZ STWK TXEKOR KNOMMEWK WRS XO YNGS XKG Y KHTL#YNK#
GWQTRH#LWKVZKS$IATY O[XAB X TQZY OF-S FAL TWAVK GYBENR O X XWUTSKGSTKKWTZMNA
ITSJZIYO[KARKJOGSA
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2JHTQFA#A\A4KKTRSQBSINMANGAFKFDSQNAEXYVSBAMDIAERDSRIBRABDBMRETDSINMA

A

:SANGYAY OTRAW K X KETAK QA WIA@B X X Y KN XIESAQJK XATYNANRAMSK YWHAY YK WA
GSTENKAKIY WTRKINGSRIKQEW\O SMANKAY P XARF B* [GS JA+FBNORKAIK QB GHQK XA
ZXATE WONNK A K WAZSIGWODKRAB X XY KIGSIXNZ.GOLYNREORZRBAK WLTWRGSIKA
YNGGSNKAY GOSRYAGMO[KKROY YISWKK IK O[ KWW AIAS MARAIKQAYNAJOYOTSGQA
UNXOIFYXY WGOS AEXWA TOODRA TW YIS A Q( SIRED RSO XW I Y OR (G KIA X X KKINKA
UKWLTWRGSIERA)B A XYKRXKA O TAAK XTWORKNEW O] GADTANRATK QXAWAK A
RGMSKYRROY YESYVA QKITY W TRKINGBBIKQARK RO DIAI WK XY X8 &SGQ XTIXMNK A
RG]JORZRET\K WAV GS XIKWERAKANOK [KOA MR @B X X YKRSAKIY OTSK AOSYWTIZIKA
GJIOYOTEBRXONTIXY WGUIEAY MKW ASKKA\K WA BIGW BASGQQIK Y OFSK A
ZXRANKIS XY WG OSKKQAIY GQZGYKRA]ORZRAK WLTWR GSIRAES NKAHY GOSRYAGA
MO[KSAKROYYKWAGSJAWKIKO[KWS$AA
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($'A=TJKQOSMATLAYNKARGMSKYOIAKROYYKWA
A
AYGWYOSVRATY#AG[QFYANRAMSK IR QM TIZIKHAGAOWIZQGWHRAA'SJZIY O[KA
\OWKATLAWAIORTEAMAYNKAIKSYKWAQOSKATLAYNKAQADX AMOMBADBMAGAIZWWKSY
oI R2 1 —i AS$ A
2@ + RN
DOYNMIKOSYNKIOJAKWROY Y (YORNIK G YAQKMATKANKUKWX XOTBRGMSK MK QJA
UWTJZIKJAH"AGAXTQKAQOTAN'ATLAOSY K W SGRAWBISZYARWSHITXQK S MY RUA

Eloop (l) =

_ UoN 1 L A L C _ A% A
Promoa® = 575z + ) (5) + G- ) (5)] 4
DOYNAR"AAGSDAHKOSMALZSIYOTSXATLAYNKAMKTRKYW*ATLAYNKAXTQKSTOJSA
A = 2R, ++/4R2 + (L + 21)? A

B =2R; + /4Ri2 + (L + 21)? A&A
X A

C =2R, +J4R2 + (L — 21)?

D =2R; + /4-Ri2 + (L —20)?

BNKAJKWO[GYO[KATLAYNKARGMSKYOIALOKQJAOXAMO[KSAGXALTQQT\XAE)FOA

stolenoid _ .u'ONI A c 2 2 — A' A
o R TS [ln(E)—ln(5)+(L+2l) (E—F) + (L —2I) (G—H)] i

DOYNRAR"&AGSHAHKOSMALZSIYOTSXATLAYNKAMKTRKY W ATLAYNKAXTQKSTOJ$A

2>

E= (A 4RZ + (L + 21)2)_1

F= (B /4Ri2 +(L+ 21)2)_ A(
A

G = (c 4RZ + (L — 21)2)_1

H= <D /4Ri2 +(L—- 21)2)_

The force applied on the magnet is proportional to the spatial derivative of the magnetic field,
on the magnet volume V},,, and on the magnet remanent field B, [3].

v _ A) A
B, A4 )
Uo

> >

_ stolenoid

Fmagnet - ‘ dl

To maximize the transmitted power to the magnet, it is therefore essential to maximize

|stolenoid
dl

for a given distance [ and for a given maximum (Bggenoiq) to respect the boundaries
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dB i
solenoid and

fixed by IEEE commission [10]. Figure 2 shows the evolution of Bg,ienoids TR

Frnagnet for the magnetic field emitter whose parameters are shown in Table 1.

BGHQKA'A#A@GWGRKYKWXATLAYNKARGMSKY OIMARGMIKREY YKWAGSJAWKIKO[OS
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2IHTES AATUNKSINMEB ) 1cnoid» %, and Fpggnee as a function of the distance between the

magnet and the emitting coil, for a current emitter of I = 2A. The parameters of the coil and magnet are

shown in Table 1. A

A

7TOMZ WKNT\XANGOAYANK RO Y YIGWA R K QR KA HQAAY NK WKRAG|ORZRRGMSKYOIA
LTWIKRAUQORTANRAMSKXK SA NKAXY GSHKA \KKSAKAR OK WS JAVKIK O [BXAMR A
ITWWKXUTSYOANVKEY WK RZRRAGM SK YOI GIJOK AW MIOWX XK IYABXAORZRA
LTWIKAQJNKWK GINKYA WK ARBONA K W#WIQK D{KRKK TS XN OGS & Q" XDXMKAWIK A
TSANRAMSKOMKITRKNAX X OMBEA ORGNRKRINGSOICRRWAW GS XR OVIYKRIAK IKO[KWA
GSJAJKYKWROSKAYNKARG]JORZRANGW[KXYKJAUT\K WYTSAYNKAGIKIR AR WAKRIK A
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(S(A=TJKQOSMATLAYNKAKQKIYWTRKINGSOIGQAWKIKO[KWA
A
BNKARKINGSOIGQAWKIKO[KWAITSXOXYXATLAGAIGSVIOQBIKVOA LRGRAA YO NERRGA 1§/
GUUQ"OSKIXTSaX.A0 WXWASIOGQKAWINNTLILZWAV KIGAR YR AT X X O FYQRKAV O[KNK A
KVZGYOTSXAYNGYAJKXIWOHKAYNKAJ*SGROIXATLAYNKAWKIKO[KWAE"FOA

d?x dx A
MF=Fmagnet—DE—Kx—ava A*A
dx_C dvp+,
a7 A T

9K WK/ AVK UW K YREVRVO AW ROKIAKN KE G RNOINIG S A KA X ZR KYARKKAY Z GOENK A
RGMSKRGX WA, OIYNKXZO[GQRS X XARN KK GRIK R GOSMQOMORQEW RTIAS K " A

C, ASTAATWWK X UTBRAFGR UOSMA Y TRKGRA OL L SKAK"AK QKRGY R WOGQIO Y GSIK"A
GSJATWIKAY TWANWA K O[WRXAUKIY QLQNNKI) Y GMRMT YXKAK _TK QKRGWRNOGQ"A
GSJAAVKUW K ¥RRRINGSOIENAIQGIK RRISANVKR GRSATW WK X U TIVRAZAY W HBYAS A

LWTRAYNKAUOK TKQKIYWOIARGYKWOGQAYTAYNKAIOWIZOYSAA
A

2X1§KYGO(,QI§E_P(F "&STYNKTWWMRAA! AIGSHKN{YGOSEMK@RKSXOTSQK}W@RKYKWXA
XNT\SQSBGHQEAY AXEW Y NRY O SKMGY,A= J%MKUWKMTSGEZ@TXGYHJMA
RKINGSOIGQAWKIKOIE,E;}W'DW@(UTSJ )@GR[@Q(N)IZJ KATLAYNKAR(FM@;%XM&LTWIKA

A
BGHQKA(A A50RKSXOTSQKXXAUGWGRKYKWXALTWASNKARKIKOIKAY AKQKIY WTRKIN

8BQBLFSFQRA [ WOQFRRINMAA 8IXRIDBKAGFBMJMHA
0A o TNQLBKJYFEAUJCQBSINMA
g GQFPTFMDXA
XA XM _ 7NQLBKJYFEAEJROKBDFLEFMSANG
i, A SIFAQFDFJUFQA
VA @, 7NQLBKJYFEAOJFYNFKFDSQJDA
E, UNKSBHFA
1A @, - 7NQLBKJYFEAOJFYNFKFDSQJDA
Cyio0Fm DTQQFMSAA
K2 A a? IKFDSQNLFDIBMJDBKADNTOKJMH
Kk, NGASIFAQFDFJUFQA
0A y— 6FDIBMJDBKAPTBKJSXAGBDSNQA!
p VMKA SIFAQFDFJUFQA
A
TWTRA -!AGSJAYNKAJORKSXOTSQKXXA[GWOGHQK XU SAA BEHBRMALSFKQIAKVZGY
A2X  Frognee  1dX A
a2~ E, ogds W o
m Q A A+ A
L dX _ dv,
%y
mag =g T
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1A %160'$3,(4A1)A53$04/,55('A217(3A7,5+A(725A4845(/4A
BNKARKGSAYWGSXROYYKJAUT\KWAY TAYNKAWKINNKNAIONWIE OVAVAIGSAHK AK]U

T 2 2n A
1 . CowoFy Q (@ _
P = T_L Up(t)lp(t)dt = 2 _T[ L Vplpdg A A, A
4TRHOSOSMA /'A\OYNAYNKALOWXYAKVZGYOTSATLA .!A*OKQJX0A
_GoFh O (B[ &KX Fraguee  1dX dx A
f £ = x| Ky a0 A ‘e 1
a o), |Ta6®" " E, Qado o As# A
AOSIKAGSdX / d@AGWKAHT/YM KWOTIJOI"A '&!AIGSAHKAQGWMKQAAXORUQOLOKJ 0A
 CwoF2 0 . 1 Fagnet AX dx o 1 T rdxe? ) A_
T aZ o2mm jo F, do _Ej [_ ASS A

AOSIKAXIK WOT MRS NKK|UWK X KKIAT Z W OXKKWROK X (), + Y12 [ax,, cos(nQo) +
by,sin (nQt)] SENZXER= 0 32 n[—ay, sin(nQ) + by, cos (n2t)] SZKA TANQOSKGWOYA
TLENRAMSKYOIZAGY OTSXASJA!"AYN KﬁWRGQO&EMSHMWﬁ%}‘g—”K)XN ZOQINK A
STWRGQ%KWYMKI—%‘EWNMKOSMJLKRUQOYH@KROYWM@OJKWOSMA
GAUKWOTJ@RZOYYMKSI%MGSAGQXM]UWKXX@XK}MTZWOMO%@A

+2 |as, cos(nQ8) + b;_sin (nt)] SABNKWKLTWK"ALWTRAYNKXKAITSXOJKWGYOTSXA"OK!

2 2T +o0 A
P = 2:(;5 f Z a, cos(nQ8) + by, sm(th)] Z aXn sin(nQ0) + by, cos (th)] A
Q 2T r+oo 2 A$%A
-3 OQ ; n[—ay, sin(nQ0) + by, cos (nQt)] | do| A
2UUQNOSMA@GWXK] QAKVZGQ OY"AYTA '(!AGSJIAWKHGMNASNIASMAYNKAYKWRXAQ
+o0o A
Qo Q _ A
= of; Z by, [n a;, — anszn] nzzl ay, [n by, + anzaxn] A AS& A

6VZGYOTSA ")!AJKRTSXYWGYKXAYNGYAYTARG]OROKRMOAKAYWGSXROYYKJAUT\

oA 6GINNGWRTSOLANKROY YKWWKS YAXNTZHRRGY INKIAY NAKTW WK XUTSJOSMA
RKINGSOIGQAJOXUQGHKEKSY A

A SOXUQGIKRKSYANGWRTSOIXA\NTXKALWKVZKSI*AJTRNESTW K MAKSKXTITSGEYA A
NGWRTSOIAIZWWKSYAXNTZQJAHKAROSORO KJ"AGRAYNKXKXSA AITSYWOHZYK

oA 2ZY#TLHUNGOXXKBQGIKRRRYASKS Y XA ISQIASY WOHZ KA Y OTRAGXESIA
XNTZQJAHKAROSORO KIJ$A
A
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TTQQT\OSMAYNKXKAWZQKX"AYNKARG]ORZRAY WG S AROYATKK ATRIVROVRIAIGMIAX XOTS

E2Q A
S Z a,n

vn > 0,ay, = 0A A¥

a,Q i
20 n
BNE)XARKGSXAYNGYAYWGS}X@MJ AUT\KWAJ KUKGQO_WYS&SLYNKKWZTLAYNKAWKIK(
TSANRA&XXTARNKAKIKO [ES\H—K/_S XN KiRUQOYZ]T KEKMKAWRDINAXNKROY YEWWK:SES A
YNKAIGXKATLARTSTHINWTRGYOIAXOSZXTOJ GQAKQMAIZWWKSY"A "*1 AHK

> >

vn > 0, bXTL =

E2Q A
p<in? &
8wy M A
vn>0,ay, =0A AS(A
vn>0,by, = QA

2Q

SAYNQGWY OIRPGWA KA Y ORRRINGSOIHQRAUQGIKRKBES JORO OYNMAAVGSXROYYKJIA
UT\K VOXZX O SKA\GRMOESAZGIW G YO WRA R EM S K YBEABAOKA WK X XIDOR OOGW A
YNRSKAHY GOSKIWARG]ORZRAGW[K X YEIAWA JOH W G YKSKSHENKGAW [ K X FKFS RAA
THY GOSRXAK WY N RV TK O RAXATAK W GHERWE X TS GRXA K SIEAF" &SIANKAKIY WOIGQA
QTGXNTZQIRG Y INKRKGSOSKNIWK AKTY WOIGQQ #USHZIRSKNT Z QIEAV Z GQINK A
RKINGSOIGQAJGRUOSMATLAYNKAWKIKO[KWAE'*F$ ABRNONANK WWHRIKO[KSAKFSSAKOSMA
M Q p2 B:NZ? 2 A$) A
P < 3o x(L,R,, R;,D?A
\OYNAHK OSBAX STY OTMA[KRAA! ! AY NGKBK STXSQ VS A NKIK TREKW OUERMRG R K TKRRMA
KROY'Y ORMOSI A NKAX Y GHKA \KKSHKROY'Y ORDMOS I WK O[K WS ANT\SAA I"A YNKA
RGJORZRAYWGSXROYYKJAUT\KWAIGSAHKAOSIWKGXKJAHN0AA
oA :SIWKGXYSRAMSIRGAXNOINAZQJAKIWK GRKEAY Z WRYZAK SITAAN WA IKO[KWA
wo" &SIASTWK (YRR X XTAKN WA 1K O ROXAS XT\K [K W'YAN ORX ZGQQDRO HCA
YNKARG]ORZRA[TQZRKAYNGYAIGSATIIZUMAYNKA W EAGOEKAAGTWAYMKAY GWMI
oA :STWKGXOR/NKAX GQAYGIA TWANKMKIK O[RWANOINRK GSXMKJZIORUANGSOIGQA
QTXXREX$AK9 AA&&9 AJOK TKQKIGSWIAKHKWRYNKAQONGA TWAOIGQQ A
WGSMKXALWTRA(&AYTA(&&SAA
oA AKQKIY @SRAAM S KA NN QG W MK KO KRG SKEYRQB!'$ATWIK TI*"ROZRA
RGMSKYX"AYNKAWKRGSKSYARGMSKYOIALOKQJABAVIAYQARWMGSMKXALWTRA
oA :SIWKGXONMEZR HK WIAAZWFKENKROY Y ORMNANOINASIWK GXKRAMSKYOIA
LOKQJAGXA\KQQAGXAYNKARGMSKYOIALTWIKS$A
oA :SIWKGXOSNKAR UQOY ZIKANKR OY Y OBMBAW WK BY"MNOIN&QXDII WK GXKKA
RGMSKYOIALOKQJAGXA\KQQAGXAYNKARGMSKYOIALTWIKSA
oA 2UYORO OSMAYNKAMKTRKYW"ATLAYNKAKROXY,BSNRAITHQAYTARG]JORO KA
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6VZGYOTSRUW T[OJRIAZSIGWIAVRRE]ORZRET\K WA G KAWGSXROTVYKRN@BA
XAXY KRIGSR[K W'BSET X YEXK X MK WREAO YO T STEXY WA BRA A TAKKGPKSSY TA
GIITZSYAOSATWIKWAYTAK[GQZGYKAYNKARG]JORZRAYWGSXROYYKJAUT\KWSAA
A
OA  BNKKROY YKIWOHAYRAR OXKWKISY, BANOIN ATZQIAKAORO YIKIK O Y NKWKA
KROY Y ITSMIAWARS[K W VKW N OSNEDOQ$FOY OTSGANKAOY VISFKAVYIQRA
NG[KAGAQOROYK[TON GMKA

I < M0 (L, Vi /NRE + Lw)? ) A As* A

3AAXKQKIY@ISMWTUK)WK‘®_WNKROYYMKWH_§TXOSM@UUWTUWDS}M\IKA
IZWWKBYRY WAOSKEAQQK [O MK FRW YA KK X OXYKEANKIO@KITRKXAT)GWMK"A
YNKX)Y GMISXY W ROIMEIKA TR KIS AX X ZBSAGS ATTZWHY NKROY'Y ORDM XGRGWMKA
WGJOZXWASMAIOX YIGBIKWAV GSXROXXOTAKROY Y ORMYG RES X ZWSAASIWK GXK A
YNRGMSKYIAIWIK$YZ GQYNAAY ORKQAZY OTWAMO[KSAVTAA SXY WGOSTANH KAKA
SZRHKWAZWSKANKROY'Y OSMSAV J MYGMGQOM% = Viim/v R? + (Lw)? "A
\NOINAZQJS&QQMAWARG]ORO KHROY Y DBWW IKBYRQ@XNARG]ORO_KREAMSKYWIK $A
SRTXYEXKYNAKSXY WAGSKAAQQK [OGYXNMAK Y YK AVKRQKIY W TRRINGSA O WK A
XKQKIYOTSX$SAAA
A

(o112\ BNKRG]ORZRRGMSKYIADK @ik (B )X))Q_OROYK\K66AWKITRRKSJ GYOGXA'A

XN T\SAOSA7OMZWKA)AE’&F$AA
Electrodynamic WPT | Inductive WPT
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Magnetic field [pTesla]
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—2E LT T v ¢ OO NPPRONG 11 000179V N (WY il

10 10° 10 10* 10° 10® 10'° 10'?
o ~ ~ ~ o l_TreqL_lency‘_[Hz] ~ _ ~ ~ A_
2 HTE M KEXN_BHMIDUFE R BFS XAITSRSAXA 11 A" AAVJSIAR TRNOGS NMEGYP TFMXARM HEWA
JME[ISILF%E\/IEKIXMEXMHD& 8; ANKSINMR
A
BNOXAQOROYGYOTSAOXAUGWYOIZQGWQAAORUMK{SSMKMSKWMQW'

VI, B(l) < Bpa A A$+A

IXANT\SASOMZWRNIGQZKA,, . AKUKSTXSANKWK VZKSINREMSK YOIRQIENOX A
QOROYGYOTSAITSXYWGOSXAYNKAUT\KW"AYNKARGGWEBKRWKMHAYN@YNWHN@SO

10
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WKIKO[RW" Aimiteq"DXIOROYKIENRE]ORZR AW TIZINAL, ) " ANOINE W TIZIKENK A
RG]ORZRARGMSKYOIALOKQJSABNK AU WX XONSXAMO[KSAH AKVZGYOTSA '/I$A

M Q pZ B2 AS, A

2 —_
Plpy,—timitea < Tor X(L,Re, Ry, D* (N L) imax A

:SATWIKWIAQQK [ OONTIENK Y WGOIWIAY O TS KR UQKJAGSTAGSAKIARHOSK T BRK A
LOWIXNWAOTSHIROSOR O YRVAVAK X TS GSWKAY Z K TN R IROWATK TW K GXKEWK VZKSIA
YNRAM SK YOIR@SAMNK WK IRGABRA KA SBNKEKITSTA)Y ODNWK XOMBOY Y TSMX A
YNRGAORO XNWA YIOMAY GJORIRGM SK YOIRQIAGEH MK YEXA GSIRAK WARAMSKYOIA
LOK{WAZKWVTIZIKIXA 0mANOINAWWKXUTIREKRA]ORZRRGM SK YOIKQSANKGXK A
TLAXOSMQREROY YRMANQZXY WEOKIAW A ZINGSAUUW T@Q@KAETXKAAN KX OM$ A
KROYYOSMAITOQAMKTRKYWOKXAYNGYARG]JORO AMOMNSARAMSKYOIALTWIKALTWAG
A

00! BNKRKINGSOIKYAV @SFN MK IK O[RXJAR O YKIA] TOJAW KOPMWA MK IK O[K WA

IGSYOQK[KWAHKGRAE+F$AA

BNONAXY W GRISYSNA VR K ING SOIGOIU QGIK RKAS VAN WA TK O [KiBSY WATAK A TS XAA
MO[KEAQZKA,, S A XNKA\K VAR XY WGOBRINOIOR @SIEXO0SZX TRGYB K YOIRQIA
GXXZRKYMKN WK XXDTRMRK INGSOIGQA WAV GS XR OY TRIRVAK TK O [HRVER K X &!" A
\NKWHAOXAYNKAUNGXK#XNOLYAHKY\KKSAYNKARGMSKFQMOXWIAKRKSYINK ARKINC

1 (T , Fop @ Xpj cOS(P) - A%# A
Pmech = Tf() Fmagnetic(t)x(t)dt = llén A

TWTRA!" B AIGS A WORNK U WK X XK HER &]ORZRE QK I YVAAT\K WAV GS X ROV TYERIAA
WKIKO[KWO0A

F wo X1 _ N Iy M py, By 0o Xijim A%$ A

Ply_timitea < > = 7 X(L,Re, R;, DA
>TY AN YN VOAXTH Y GO SKEAS AN KRAITK OTROW R G REX TSGSIKA w,,ASJh = 0°1A
GSJANKSANKQKIY WINRQAS MR ZIK JA A NKKIK O [OWAZORAG|ORO KGAIAKSIXAA
OSLOSONORNAXAL LK WRE YRAKGX KA T\SA K VZGY OTSMNK WRRUKJGSRAY INOSMA
TUYORGQMRWK XY OSRRAX KA AI'SXY WGOSKIBQGIKRSNRA]JORZRAWGSXROYYKIJA
UT\K VXOSTW K GXRIGRG W MKKWEG YOSKAY KOS ANOINAXASIGRKS Y GQQIXK WRBYRA
YNKAIGXKATLAITSXYWGOSKJARGMSKYOIALTWIKSAA
:SATWIKWIBQQK [OGNERIX Y W GOSKAAXNR & O SAOR XMOQKIK XOMSOSVEX INGSOIGQA
WKIKOKWEAQIEAIRG]ORO KA $AX XJUQGOSIKHNKRK] YAKIY OTSAVK GRXOSMKXTSGSYA
LWKVZKSI*"ATLAYNKAWKIKO [KWAGQXTAROYOM@YMNMORUGIYATLAYNOXAITS

#A)60'$/(059.A.,/,54A1)A217(3A1)A(725A4845(/4A

CXOSVMREMSKYOIKRROY YISWRIR 45K TJ*ROZRRGMSKOSY WTIZDFGHQKEQTSMA
\OYNERKINGSOIGRRIKO[KBAKZGQONGRY T A 100A WKQGYOJKRRASA[GQZKAWA
RGIWTXITUQTHL WK VZKSISKOQKIKGREAF " O VXNA X XRXQR GQZGYKRE]ORZRA
UT\K WK SA' NEGXUQGIK RESESXY WGOSKIAWRK SA NREMK Y QIAW IREES X Y WGOSKJIA
/1" AGXGRBZSTY OTEANREMSK YOIRQWK V ZK SOSEZ WIOK U QG NG OG YIDEEA 1 pog A
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GSIRIr, _yimitea KXFZSTY OTERNREMSK YOIRQWK VZK SITWAN JGQZKIM A, A& SRR A
GSJA'RRIAGSJAY\TAYWGSXROYYONM&AIRXGSISEAR!S A

a. Distance [ = 10cm

100 ¢
102 F 2.8mW
z *
5 4 ;
- 1
2N
; i — P, imited Fpip=10m)
E 1076; '} — P, imited Kiipy=0-1mm)
5 E i PlF -limited
E 1 m
8 108 F |
!
1
1
10-10 ‘i . | . . I S S| . . S S S |
10! 22Hz 102 10° 10*
Magnetic field frequency [Hz]
b. Distance [ = 30cm
2
10
104
=
o)
= 10
2 i Pl =1mm)
g limited K™= 1700
E 108 Pl, timited iy =0-1mm)
'g PIFm-limited
E E
-10
10
10-]2E . S S SR | . S S S S R | . S S SR |
10! 10° 10° 10* )
Magnetic field frequency [Hz] A

2 JHTR&YMMaximum power with constraints on the mechanical displacement (blue and red) and on the
magnetic force (yellow), for a transmission distance of a. 10cm and b. 30cm.A

3GXKIAXNWA X ZIQRXRQ G HSIRMZ WRAGS AKATXK W RNEYA j;mirea AVKRGOBKAGY O[KQ A
ITSXYGSYWTXEQRWK VZK S FOBSTRA KRATWK @€ A0 Y NOT\K WWK VZKSXAR UK SXGYKJA
HAXNKWKVZKSKARRY ZGY ATSA SAYNKANRWGAIP | - _imicea AVGUOBBIVK GXKSA
YNKALWKVZKSI*"AOXAWKJIZIKI$SAAOSIKAYNKAGI YAOWROEMRAMAN Y NK AQIWRAWA ALK YNK
HTZSIXR;;m, = min(Ply_jimitear Plr,,—timitea)!"AUKWG YOSMEK QG Y GPRE WK VZK STXA
IWZIOGQA[ TOJAK OSME XY WEIYKNREGM SK YOIV IRAR OMSK[K W'BK A TSIEGAK WY GOSA
LWKVZKSYRKASYKWXKIMORBA jimiread "!A Ply—iimitea!"NKIWKGXOSNKEUKWGYOSMA
LWKVZKSIKA S AWA[OGSAAK SKIOSAR W EKAW G S X R O WO STKAKAX Y KRAITRK XA
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QOROYKMNRE]ORZRAOXUQGIK RRSANKK IK O[ KBS\ KN AVK VZK SIOKRIGRRGS A
QGWRENBEIRROY YEWAWRKSNKEY ORGRR VZKOIGAAKAS Y KW XKTYBES A e GSH
Ply—timitea SATWISXY GSIKKA & NFAVGSXRO YOKSMHNRA: 10cmAGSIANKASXYWGOSKIA
JOXUQGIKRBEY,A= 1mm"XNKAMNKEWE XRAYIYKWAXSAR D" AGINOK [KIGEWK VIS
TLA(9 $A A

:SAGIIOY O TSN Z WAKAN T\ XYAN RNV K VZK ST AN DSY K WIOREA W K G XK, AGSTAA
OSIWK GZSKS A K KN KNG AT YNKA K WA GE SR KAW GS XR OV U KK KIG W MK WASTAGQQXA
\OYNETSMEWESXRO YYXBSUSTRGS A WA T[OJKRAW GUNIMK UWK XK SYGVDASNK A
ITTWJOSGYKXATLAYNOXAOSYKWXKIYOTSA{EPRKASAXAGALZSIYOTSATLA

TOMZWEAQQZXY WAL |ORZR A T\K WOKAW GS XRONKR N KBS X Y W G OSWRIEX X A

WKXY WODSBIES AY NRAVGSXROXIKONSISTRER GQQA 10cm! AGSIANKSAYNIQOROY A
JOXUQGIKREXXFIWMKA= 10mm!$AXNKAVGSXRONREYSEDSAVK GXRETENKQOROY A
JOXUQGIKRES WK G XKNRE]ORZRXWGSXRAYFKWRIWK GO SOLOIGTSKBASOSMA
YNKAYORGQEWG YIOBKRZK SOYAN TZAHEEXAET\G XAT X X RAK S A NERAX Y KRFBTY A

ITSXY WGOBRMRE]ORZRIOXUQGIK RESKAYENK W GS XROYAX Y GOERR GQ@S R YA

X4 A0 X WMKIK W G OBKMZ K OBTAV K G XEIIORY KW KSEY KKBA, _jimicea GSH

Ply—iimitea ARG*ATIIZWAGYAGAQT\KWARGMSKYOIALOKQJA OSKSSARTWAQGWMKWALWK
YOXORUTWY GFKAY ANGYMKR O Y YAIKAATAQTYAMZ WAMNST YAUYORO KITYRAINA
YWGSXRONGRYSERK A, $3KY Y KWWLTW R GRIRFMKATY GOSRYAGSEROY YKTK A
MKTRKYW*AOXATUYORUKKOADTAGAGAQOIGYOTS" AMDAR SAERBXR WK &F AGAMO[KSAJOX Y
IT\K[KWTOMZ WRAQZX Y WK XA [GQO ] O YANKV TXK RG]ORZRAET\K WATK @8I A
XNT\XANYAGRTIJK QAZ Q EAKKAG X OYIAYAITAJ Y OR GO TRAX K WR OSREXY K WGY OSMA
LWKVZKSI""AGSIAVZGSYOL*AYNKAUKWLTWRGSIK A VTAYWKO WA VKK AMRVOMRMQOR

* a. .
Transmitted power b. i
10° S Optimal frequency

o
L 10mW 10 1 100Hz

ImW 80Hz

100§ W 60Hz

10 W 40Hz

Transmission distance [m]
Transmission distance [m]

W 20Hz

[IIIH

1
[III[I
11

107 10 10° 107

100nW
[

107!

X i (0]

2JHTEMA\Aa. Maximum transmitted power and b. operating frequency at the constraints’ intersection
point, for various transmission distances (from 10cm to 1m) and various limit displacements (from 10xm
to 10mm).
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#A &10&.64,104A

BNONGUKIWAT[OJRSGQ"Y MGIE@ESARK YN TIXAK FGQZG YOSKEORZRAT\K WANGESA
HKAWGSXRODYKIRAKTY W TJ*SCRWIKRQRITXAWAV GS XERWR! A" XY KRRSKASGQ YOIGQA
HTZSIGWOKWA[IOSENORWP AW T[OITKOMOYRIE\AY TASWK G XRKA\K WIABD @BA

X XY KRGS ANOMNQOMRAGJK# N NXAKOIZRVO SKNHIXASEW TIK BXSK TZMOM TWTZ XA
GSGQ " XONRE]ORZRAT\K WITZSTRG XIKK WK LOSESTAUY ORGIQK W G YOBKIAZK SIS A
UT\KWAWMO[KEROY YK W#W KIKIDISWEOTHATK K SRY K WBKIBAK XKFASJOSMNXAZQJA
GOMKXKGWIDEWXARO 6BMAAXYKRXMKALOIOKSKAWA GS XYKWAZMINBEQK ]A
RKJOG"AT[KWAWKQGYO[KQ"AQTSMAJOXY GSIKX" AWNAQARKEFOSOR GQAWKIKO[K

30(3(0&(4A
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