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TRUYEN NANG LUGNG KHONG DAY CONG HUGNG TU

VG1 VAT LIEU BIEN HOA

ENHANCED THE POWER TRANSMISSION EFFICIENCY FOR MAGNETIC RESONANCE WIRELESS

POWER TRANSFER SYSTEM WITH METAMATERIAL

DOI: https://doi.org/10.57001/huih5804.2023.140

TOM TAT

Truyén ndng lugng khong day (Wireless Power Transfer - WPT) da dugc (ing
dung trong nhiéu linh vyc clia cudc song hién dai, bao gom sac khong day cho cac
thiét bi dién i cam tay, xe dién va cdp ngudn cho cac thiét biy sinh dugc cdy ghép
trong co thé ngudi. Tuy nhién, hiéu sudt truyén tai cia hé thong WPT gidm manh do
su'suy giam cta tir trudng theo khoang cach. Vat liéu bién hda (Metamaterial - MM)
€6 kha nang khuéch dai song dap tat (Evanescent wave) trong trutng gan da dugc
sir dung d€ cai thién hiéu sudt cdia hé thong WPT. Trong bdo cdo nay, tim vét liéu
bién hoa da dutgc thiét ké dé tang cudng hiéu sudt truyén dan cho hé thong WPT tai
6,5MHz. Hé thong WPT dugc nghién ctfu vé mét ly thuyét, md phong va thucnghiém.
Su cdi thién hiéu sudt dat dugc tuang doi cao tir 38% lén dén 57% va pham vi truyén
dién hiéu qua cd thé dugc md rong dang ké. Cu tric MM dugc dé xudt c6 kich thudc
rat nhd gon va kha méng do dd cd thé dé dang tich hgp vao hé théng WPT.

Tirkhéa: Truyén ndng hiong khdng ddy, cong hudng ti, vt liéu bién hda.
ABSTRACT

Magnetic resonance wireless power transfer (WPT) has been used in various
applications, including wireless charging for portable electronic devices, electric
vehicles, and powering implanted biomedical devices. However, the transmission
efficiency decreased sharply due to the degradation of the magnetic field.
Metamaterial (MM), which can enhance the evanescent wave in the near field, is
used to improve the WPT efficiency. In this paper, a MM slab is designed for
improving the power transfer efficiency (PTE) of the 6.5MHz WPT system. The WPT
system is studied in terms of theory, simulation and experiment. The relative
efficiency of WPT system improved from 38% to 57%. Therefore, the effective power
transmission range can be significantly expanded. The proposed MM structure is
compact and thin, thus it can be easily integrated into electronic systems.

Keywords: Wireless power transfer, magnetic resonance, metamaterial.
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CHU VIET TAT

WPT Wireless power transfer

MM Metamaterial
PTE Power Transfer Efficiency
PCB Printed Circuit Board
EM Electromagnetic
1. GIGI THIEU

Gan day, viéc nghién ctu va phat trién hé théng truyén
tai dién khong day (WPT) da duogc thuc hién tich cuc trong
nhiéu linh vuc khac nhau. Phuong phép truyén nang luong
nay c6 thé thay déi cach st dung nang luong truyén théng
clia chung ta trong cac Ung dung da dang, chdng han nhu
thiét bi cdy ghép, thiét bj dién t& di dong, may bay khéng
nguoai lai, xe dién, vé tinh v try,... Nh& ¢6 tinh di ddng, tinh
kha dung, tinh d6c 1ap vé vi tri va tinh phé bién, cdng nghé
WPT da la mot gidi phap ly tudng dé cdp ngudn cho cac thiét
bi dién t [1]. Cong nghé WPT c6 thé dugc chia thanh hai
loai, cu thé 1a WPT trudng gan va trudng xa [2, 3]. Tuy nhién,
trong Ung dung théong thudng WPT dua trén trudng gan phé
bién hon do kha nang truyén céng suat cao va hiéu qua tét
[4]. C6 hai loai WPT gan tuong tng: (i) Trong pham vi ngan
(Short-range), truyén nang lugng dua trén cam Ung tuor duoc
st dung rong rai nhat [5]; (ii) & khoang cach tam trung (Mid-
range), WPT dua trén cdng hudng ti thong qua cac cuon day
c6ng hudng khéng buc xa mang lai nhiéu uu diém [6, 7].
Trong hé théng WPT dua trén cong huéng ti nang lugng co
thé dugc truyén tai hiéu qua véi cac bd cong hudng co hé s
pham chéat cao (Quality factor - Q-factor) [8].

Mét s6 ky thuat dé cai thién hiéu sudt truyén tai cta hé
thong WPT da dugc dé xuat trong cac nghién clu trude day
[13-18]. Hé s6 ghép ndi gilta cudn day ngudn cap va béd cong
hudng duoc diéu chinh dé t6i da héa hiéu suat truyén cong
suat [13, 14]. Viéc diéu chinh tan s6 dugc st dung dé t6i uu
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hdéa hiéu suat truyén khi WPT dugc thuc hién trong viing qua
tai ghép cap [15]. Trong [16], ky thuat két hgp trg khang tu
déng dugc thuc hién dé cai thién hiéu suat truyén tai dién.
Pham vi hoat d6ng cia WPT da dugc ma réng bang céch st
dung cudn day trung gian [17] hodc si dung mét day bo
cong huédng [18].

Vat liéu bién hoa (MM) la nhimng vat liéu dugc thiét ké
nhan tao cé cac dic tinh dién tir dac biét, chdng han nhu
chiét suat am va khuéch dai séng tat dan (Evanescent wave)
[19]. MM c6 thé diéu khién séng dién ti, am thanh, ca hoc
dé dat dugc dac tinh mong muén [20-23]. MM tur trudng la
mot nhanh cila MM, hoat déng & dai tan sé MHz, da dong
gop mét s6 ting dung thuong mai va nghién clru quan trong
[24-26]. MM tur trudng thich hgp cho cac ing dung WPT tam
trung [27-28]. TU nhiing uu diém nay, MM tu trudng dugc su
dung dé nang cao hiéu suat ctia hé théng WPT [29, 30].

Trong bai bdo nay, chiing t6i nghién céu mét cau tric
MM mdi dé nang cao hiéu qua ctia hé théng WPT dua trén
cong hudng ti. Mot té€ bao don vi MM ti trudng nhd gon
hoat dong & vung tan s6 MHz thap dugc phan tich bang
phan mém mé phong va ché tao bang cong nghé PCB
(Printed Circuit Board). Cac két qua do dac tham s6 tan xa
(S-parameter) cho biét tan s6 cong hudng, ciing nhu hé s6
truyén qua cta hé théng WPT. Tdm MM dugc xay dung béi
3 X 3 6 don vi dat & gilta cudn cong hudng phat va cudn
cong hudng thu cda hé théng WPT. G khoang cach 60cm,
chuing téi dat dugc muc truyén tai lén 57% trong hé thong
WPT dugc b6 sung mot tim MM.

2. THIET KE TAM VAT LIEU BIEN HOA

Mét s6 cach ti€p can da dugc nghién clu dé ché tao cau
trdc MM. Trong s6 d6, su két hgp ctia bod cong hudng xoan
8¢ (Spiral Resonator - SR) véi phan t mach R, L, C cé thé diéu
chinh, dugc coi la mét cach ti€p can phu hgp dé ap dung cau
tric MM cho WPT. Trong dai tan s6 thap, tan sé cong hudng
tu nhién cta SR cao hon nhiéu so véi tan s6 mong muén clia
hé théng WPT. Do d6, mét tu dién dugc thém vao dé gidm
tan s6 cong hudng clia SR. Mat khac, tan s6 cong hudng thap
dan dén giam Q-factor ctia SR, do dé lam tang suy hao. Bai
vay, thiét k& mot cau tric MM dé c6 hiéu sudt truyén dan cao
la mét nhiém vu day thach thic.

) = b) ¢

—
=

— L
Hinh 1. a) 0 co s6 cila tdm MM, b) So d6 tuang duong

Hinh 1 (a) cho thdy mét té bao don vi cia MM nho gon
va mach dién tuong duong clia n6. Cau tric nay bao gom
mot SR mugi vong dugc ghép véi mot tu dién. Tam vat liéu
nay cé cau tric phang, dang hinh vudng véi chiéu dai bén
ngoai la 10cm, chiéu rong dai la 2mm va khoang céch gitia
cac dai la Tmm. D& FR-4 c¢6 dé day 1,6mm co6 hang s6 dién
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moi la 4,3 va do day cda I&p dong la 0,035mm. Mot mo hinh
dién don gidn cta tdm vat liéu dugc thé hién trong hinh 1
(b). V6i d6 tu cdm L = 9,05pH, tu dién C thé hién cho dung
khang ctia ban than SR (Co) va tu dién gdn ngoai (Cex). C6 thé
chon dién dung thich hgp cla tu dién gan ngoai dé diéu
chinh tan s6 cong hudng cla té bao don vi. Trong qua trinh
thiét ké d6 rong clia tam vat liéu bién héda da dugc co dinh
tuy vao moéi Uing dung (trong trudng hgp nay la 10cm). Sau
dé s6 vong day va do rong mébi vong day sé dugc lua chon.
Mét luu y & day 1a hé séng phdm chit cia mét bd cong
huéng dang vong day (quality factor - Q-factor) sé ty Ié
thuan vai s6 vong day va dé rong ctia méi vong day. Mét sé
cdu hinh khac nhau cta cuén cong hudng sé dugc méod
phong bang phan mém mo phong CST Studio Suite (phan
mém mo phdng va phan tich 3D EM) dé tim dugc cdu hinh
t6i uu nhat. Budc cudi cling dé diéu chinh chinh xac tan s6
cdng hudng cla tdm vat liéu bién hdéa mot tu dién vai gia tri
phu hop sé dugc lua chon.
Tan s6 cdng hudng clia 6 don vi MM sé dugc cho béi:

1

27, /L(C0 +Cext)

Cac dac tinh cia mot 6 ¢& s& MM dugc nghién ctu bang
mo phong dugc thuc hién béi phan mém CST Studio Suite.
D& mo phdng 6 cd s MM, chuing t6i kich thich ang ten vong
¢6 dudng kinh 8cm, nhd han mot chut so vdi kich thudc clia
0 €0 s&. Hinh 2 cho thdy tan sé cong hudng cla tam vat liéu
c6 va khéng cé tu dién bén ngoai. Gia tri clda tu dién bén
ngoai la 68pF, n6 la tu dan c6 kich thudc nhé 2 X 1,25mm.
Ban dau 6 co s& MM hoat déng & tan s6 30MHz. Khi thém tu
dién, tan s6 cong hudng cla 6 cd s MM gidm xudng con
6,5MHz, dugc biéu dién 1an luot bang cac dudng cong mau
xanh nudc bién va mau do. § tan sé cong hudng, ching ta
6 thé thay dudng Sii xudt hién mét ving day sau. Nho viéc
gidm tan s6 cong hudng, cdu tric MM dugc dé xudt phu hgp
vGi hé thng WPT dua trén cdéng hudng tur.
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Hinh 2. Tan s6 cong hudng clia 6 co' s6 MM thay ddi véi tu dién gan ngoai
3. VAT LIEU BIEN HOA UNG DUNG CHO TRUYEN NANG
LUGNG KHONG DAY

Hinh 3 mo6 ta so d6 cua hé thong WPT dugc dé xuat véi
mot tdm MM. Trong mé hinh nay tam MM bao gém 3 X 3 6
don vi trong mot mat phang vdéi téng kich thudc 1a 30 X
30cm. Phan phat gém mét vong nguén cé dudng kinh
20cm, mot cudén day cdng hudng Tx c6 duong kinh ngoai
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30cm. Bé cong hudng Tx dugc thiét ké trong hé théng WPT
¢6 hinh vuéng véi chiéu dai canh la 30cm, chiéu rong vong
day la 5mm va khoang cach gilra cac vong day la Tmm. Bé
FR-4 c6 d0 day 1,2mm c6 hdng s6 dién moi la 4,3 va d6 day
cla déng la 0,07mm. Do hé théng WPT hoat dong & 6,5MHz,
nén tan sé cong hudng clia bd cong hudng Tx va Rx can thiét
ké & muc 6,5MHz. Phuong phap thiét ké bo cong hudng Tx
va Rx tuong tu nhu thiét ké tam vat liéu bién hda. Tuy nhién
trong trudng hgp nay, tu dién khéng dugc st dung nén sé
vong day sé dugc thay déi dé diéu khién tan s6 cong hudng.
Sau qua trinh tinh toan, ching téi nhan thay rang Tx c6 mudi
vong day déng vai thong s6 trén sé thda man diéu kién vé
tan s6 cdng hudng. Do tinh d&i xtiing, phan thu cé cuing kich
thudc vai phan phat. Khoang cach ctia bo cong hudng Tx véi
tdm MM la drxmm = 30cm. Khodng cach gilra tam MM tGi bo
cong hudng Rx la drxvm = 30cm.
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Hinh 4. Hé 56 truyén clia hé thong WPT theo khodng cach

Anh huéng ctia khoang cach dén hiéu qua ctia hé théng
WPT da dugc nghién ctiu va do dac. Chung t6i khdo sat dap
Ung truyén qua cta hé théng WPT & cac dé dai khac nhau
60, 70 va 80cm. Hinh 4 trinh bay hé sé truyén ctia hé théng
WPT nhu mét ham cua tan sé trong dé dudng cong mau
xanh lam, dé va xanh nuéc bién tuang Uing. Hé s6 truyén qua
gidm tr 0,38 - 0,16 khi tang khodng cach tir 60cm dén 80cm.
Su suy giam nay xuat hién do khi khodng cach gitra Tx va Rx
tang sé lam gidm hé sé ghép cdp cta Tx va Rx. Chiing ta biét
rang, hai thong s6 chinh anh hudng dén hiéu suat ctia hé
théng WPT 13; hé s6 phdm chat (Q-factor) va hé s6 cap (k).
Trong trudng hgp nay, Q-factor ctia cad Tx va Rx khéng thay
déi vi vat liéu va cau tric ctia Tx va Rx la ¢é dinh, khi dé su
gidm hé s6 ghép cap cé thé dugc gidi thich cho su suy giam
cla hé truyén qua.
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Hinh 5. Ddp (ing truyén dan cla hé thong WPT c6 va khong ¢6 tam vat liéu
bién héa

Hinh 5 so sanh hé s6 truyén qua ctia hé thong WPT ¢6 va
khong c6 tam vat liéu bién hoa & khoang céach gilta Tx va Rx
la 60cm. Hé s6 truyén cta hé théng WPT ban dau la 0,38
dugc thé hién bang dudng mau xanh nudc bién. Trong khi
xudt hién tdm MM, hé s6 truyén dan cai thién Ién 0,57 dugc
hién thi bang dudng mau dd. Cac két qua thu dugc ching té
su cdi tién cta hé thang WPT khi ¢6 tdm MM. S dung mot
thiét bi thu déng dugc dat gilta Tx va Rx c6 thé nang cao hiéu
qua clia hé théng. Tam MM c6 thé dugc sir dung dé mé rong
ca hiéu qua va pham vi truyén dan ctia hé théng WPT.

Hinh 6. Hé thong WPT cdng hudng tir (a) khong co tam vat liéu bién hda,
(b) v6i tam vét liéu bién hda

Hinh 6 trinh bay hé théng WPT dua trén cong hudng tu
véi mét bong den. Khoang cach gilta Tx va Rx la 60cm.
Chung ta c6 thé thay rang nang lugng c6 thé truyén tur Tx
sang Rx cia hé théng WPT va thap sang dén. Nhung d6 sang
cla deén thap vi hé sé truyén & khoang cach xa la nho. Khi dat
tdm MM vao gilta Tx va Rx dén sang hon kha nhiéu trong khi
gitt nguyén khoang céach tur Tx dén Rx la 60cm. Thi nghiém
nay chiing minh rang hiéu sudt cta hé théng WPT ¢6 thé
dugc tang cudng dang ké bang cach st dung mét tdm MM.
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Trong nghién ctu nay, chung téi dé xuat mot tim MM
nhd gon dé cai thién hiéu suat cia hé théng WPT dua trén
cdng hudng ti. Tam MM dugc xady dung vai 3 X 3 6 ¢o s6.
Mot s6 cau hinh mo phdng ctia hé thng WPT cong hudng
tr bao gém ca tdm MM da dugc tién hanh. So sanh véi
trudng hgp khéng c6 tdm MM, chiing t6i quan sat thay su
cai thién cla hé sé truyén tur 0,38 dén 0,57, tuong Ung vai
46%, & khoang cach 60 cm. K&t qua ching minh rang tdm
MM dugc thiét ké c6 hiéu qua trong viéc nang cao kha nang
truyén tai dién cha hé thong WPT dua trén cdéng hudng tu.
Tam MM c6 hinh dang mong va phuong phap ché tao tiéu
chu&n nén cé thé gidam chi phi va khéng gian can thiét cho
hé théng WPT.
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