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Toan bo thong tin khoa hoc vé hoi nghi dugc tich hop vao Website chinh thirc cua Hoi nghi
tai dia chi: http://ersd.humg.edu.vn/.

Ban t6 chuc xin trin trong cam on Truong Pai hoc M6 - Dia chét, voi tu cach 1a don vi dang
cai to chirc Hoi nghi, cting cac don vi dong to chirc da hop tac chit ché va gop phan quan trong
vao viéc to chirc Hoi nghi ndy. Cam on cac nha khoa hoc va nha chuyén mén di dong gop cac
cong bd khoa hoc c6 gié tri cho Hoi nghi. Ban to chire cling danh gia cao sy nd luc ciia cac chuyén
gia doc bai d ¢6 nhiéu nd luc va dong gop dé nang cao chat lwong khoa hoc cia cac bao cdo, gop
phan quan trong vao thanh cong cua hoi nghi nay.

Ban to chirc mong mubn tiép tuc nhan duoc sy hop tac chit ché va gop ¥ chan thanh cua cac
don vi va ca nhan d6i voi viée chuan bi va to chirc hoi nghi, chat lucmg bao cao, bién tap, va xuit
ban ky yeu hoi nghi nham nang cao chét lugng cua cac hoi nghi t1ep theo, gop phan thuc day su
phat trién bén ving cta hoat dong nghién ctru khoa hoc va trao d6i hoc thuat thudc cac linh vuc
Khoa hoc Trai dét va Tai nguyén va céc linh vuc khoa hoc khéac c6 lién quan.

Ha Noi, thang 11 ndm 2022
THAY MAT BAN TO CHUC

GS.TS Tran Thanh Hai
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru nang cao hiu suat truyén nang luong khong day
st dung tam vat liu bién hoa c6 cau trac luc gidc & vung MHz

Bui Hiru Nguyén'"*, Vii Dinh Lam? Dao Viét Thang' Lé Pac Tuyén', Nguyén Manh Hing',
Téng Ba Tuén', Nguyén Duc Khoat!
"Trwong Pai hoc M6 - Dia chat
2Hoc vién Khoa hoc va Céng nghé — Vién Han lam Khoa hoc va Coéng nghé Viét Nam

TOM TAT

Trong nghién ctru nay, ching t6i nghién ctru mé phong tim vt lidu bién hoa c¢6 cau triic 6 co s hinh lyc
gi4c cho do tir tham am dé tmg dung néng cao hiéu suat va khoang cach truyén ning lugng khong diy &
tan s6 14 MHz. Tam vét liéu bién hoa ghép tir 37 6 co s& duoc sir dung trong hé thdng truyén niang lugng
khong day. Két qua thu dugc hiéu suat truyén ning luong khong day cua hé thong sir dung tdm vat lidu
bién hoa dat 45% tang 1én 14,75% so voi hé thong ban dau khong sir dung tAm vat liéu & khoang cach
truyén 30 cm, gip 1.5 1an dudng kinh cta cudn cong huong Tx va Rx.

Tir khéa: Truyén niang luong khong ddy, vét lidu bién héa, cong huong tir.

1. Vén d& va giai phap

Gén day, cac nganh khoa hoc cong nghé phat trién vuot bac, nhat 1a cac nganh thudc linh vyc cong nghé
dién tir va ban din da thuc ddy manh mé sy xudt hién cac thiét bj dién tir cAm tay nho gon, cac ro-bdt hd
trg cac hoat dong sinh hoat trong gia dinh (Amjad et al., 2022; Musavi and Eberle, 2014; Thein and
Kaewpradap, 2022; Bui et al., 2020). Do d6, nhu cau sac dién cho cac thiét bj ciing ting 1én cting vi nhiéu
loai chuén dién ap va cap sac, dan téi su bAt tién va mat an toan khi sir dung. Hon nita, dén khi hét han st
dung s€ tao ra mot lugng 16n rac thai khé xu 1y va ti€u hiy [am anh huong 16n tdi moi truong va strc khoe
cua con nguoi.

Cong ngh¢ truyén nang luong khong day ra doi da giai quyet van d& néu trén do loai bo dugc cac két ndi
bang diy dan dién. Trong nhitng nim gan day, cong nghé truyén ning luong khong day thu huat nhiéu nha
nghién ctru do sy tién dung va tinh rng dung cao cta ching trong thuc tién nhur bo sac khong day cho cac
thiét bi dan dung (Musavi and Eberle, 2014), va tmg dung trong y sinh (Kuang et al., 2020). Dya trén pham
vi hoat dong cua hé thdng so voi bude song st dung, cong nghé truyén ning luong khong day chia ra lam
hai loai: truyén dan truong gin va truyén dan truong xa (Mahmood et al.,2022). Khi khoang cach truyen
dan 16m hon so v6i buge song hoat dong goi 1a truyén dan trudng xa, ‘nguoc lai, truyén dan truong gan khi
khoang cach truyén nh¢ hon so voi bude song hoat dong. Do lién két dién tur ¢ truong xa ycu hon so véi
truong gin nén hiéu suat truyén nang luong cua truong xa nho hon so voi truyen nang luong ¢ trudng gin
(Musavi and Eberle, 2014). Tuy nhién hiéu suét truyen dan trong cac hé thong cong huong truong gan ciing
s€ suy giam nhanh chong khi khoang cach truyén dan ting 1én (Lee and Chae, 2021), dan t6i nhitng gidi
han ing dung cua hé thong truyén nang lugng khong day.

Dé giai quyét van dé ndy chung t6i dé xuat mot giai phap st dung tam vat liéu bién hoa ¢6 cau trac luc giac
hoat dong trong dai cao tan (HF) hd tro cho truyen dan dya trén nguyén ly cong huong tir (Jawad, 2017) voi
tan s6 hoat dong 14 MHz trong hé thong truyen nang luong khong day (WPT) nham nang cao hi¢u suét truyén
nang luong va tmg dung két qua nghién ciru dé xay dung bo sac khong day cho cac thiét bi.

2. Co sé Iy thuyét va phwong phap méd phéng
2.1. M6 hinh 1y thuyét mach dién twong
2.1.1. Mé hinh 6 co s6 vt li¢u bién héa

Hinh 1(a) m6 ta 6 co s& d& xuét ¢ cu trac hinh luc gidc va 6 co s¢ co cdu trac xody dc hinh tron da
dugc nghién ctru trude day (Ranaweera et al., 2019). Ca hai cdu trac déu c6 cung kich thude 6 co s va sd
vong cudn day dong. Hinh 2(b) cho thdy két qua so sanh hé s0 phém chat ctia hai 6 co s& dua trén cong
thitc Qractor = @L/R. Két qué cho thiy véi cting thong sd ky thuat, cau triic 6 co s¢ hinh luc giac cho hé so

* Tdc gia lién hé
Email: buihuunguyen@humg.edu.vn
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pham chat Qractor cao hon so véi cau tric con lai. Do vay cau trac luc giac dugc lya chon va tng dung trong
nghién ctru nay.

—— CAu trdc lyc giac

| —— Céu triic xoay tron 165/

AN
154

4 8 12 16 20
Tan s (MHz)
(a) (b)
Hinh 1. Cdu triic luc gidc va cdu tric xody éc hinh tron (a), so sdnh hé s6 pham chat Qracior gitia hai
cdu triic (b)

Hinh 2(a) mo ta cdu triic 6 co s& cua tim vat liéu bién hoa bao gdm hai 16p; L6p trén 1a ddy ddng manh
¢6 cAu tric 4 vong xody hinh luc gidc v6i cac thong s6 bé rong day W= 1 mm, khoang tréng giita hai day
1a $ =1 mm, va d6 day 16p day dong 14 = 0.1 mm; L6p dudi 1a 16p dién moi FR-4 c6 bé day 4= 1 mm,
d6 dién thim twong d6i ¢ = 4.1 va do tir tham tuwong ddi x = 1. Kich thudc ciia 6 co sé 1an luot 1a a = 5 cm,
b=5.77 cm.

Hinh 2. Cdu triic 6 co so hinh luc gidc (a) so d6 mach dién twong dwong (b).

Hinh 2(b) mé ta so d6 mach dién tuong duong cua 6 co sd vat ligu bién hoa. M6 hinh mach dién 1a mot
mach cdng huong RLC bao gém mot dién Ry = 0.38 Q, mdt dién cam Lo = 686 pH, va tu dién ky sinh c6
dién dung Co = 2 pF, dé thay ddi gia tri dién dung cua cAu trac, mot tu dién C; = 129 pF duoc han gitra hai
déu cta cudn ddy. Dya trén mo hinh mach dién twrong duong, tin s cong hudng riéng fy ctia 6 co s¢ duge
xac dinh theo cong thirc:

T S M
0o~ s
27[,/[.0CS
trong d6 Csum = Co + C) 12 gi4 tri dién dung tdng cong cua cau tric.
0 T T T T T T 60 T T T
(a) —=—C, =150 pF (b) —=—C, =150 pF
-10 —e—C,=129pF] = 40 —e—C, =129 pF |
g B 20
~ -30 2
N e}
9’5 -40] 2 o0-
X €
- . ~(0
o S0 £ -20- -
T -60- 2
©- 40 _
70 40
-80 T T T T T T -60 T T T
10 11 12 . 13 . 14 15 16 17 12 13 . ']4 15 16
Tan so (MHz) Tan so (MHz)

Hinh 3. Cdu triic 6 co s¢ hinh luc gidc (a), so d6 mach dién twong dirong (b).
Hinh 3(a) mo ta phé phan xa cua 6 co s¢ vat ligu bién hoa tai cac gid tri dién dung €y, duge khao sat trén
mién tin sb tir 10 MHz dén 17 MHz. Két qua cho thiy tan s cong huong cta 6 co s 1an luot tai cac gia
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tri C; = 129 pF va 150 pF tuong mg 1a 14 MHz va 13 MHz. Hinh 3(b) mé ta gia tri tir thim cua 0 co so
khdo sat trén micn tan so6 tir 12 MHz t61 16 MHz. K&t qua cho thay, tai 1an cén ving cong hudng lan luot
la 13~13.5 MHz va 14~14.5 MHz, gia tri d¢ tr thAm cua 6 co so ¢o gia tri am.

2.1.2. M6 hinh hé thong truyén ndng lwong khéng day

Hinh 4 m6 ta mach dién tuong duong cua hé thong truyén nang luong khong day co s dung tam vat
lidu bién hoa. Cac cudn day cong huong Tx, Rx va tam vat liéu bién hoa dugc mo hinh hoa bang cac mach
cong huong RLC. Trong d6 Ms.1x la hd cam gilta cudn ang-ten phat Ls va cudn Tx, Mrx-mw, 1a hd cam giira
cudn Tx va tim vat lidu bién hoa, Mrxam 12 hd cam gitra tam vat lidu bién hoa va cudn Rx, Mg grx 12 hd cam

gitta cugn Rx va cudn ang-ten thu Lg.

Hinh 4. So d6 mach dién twong dwong ciia hé thong truyén ning lirong khong day sir dung tam vt liéu

Tt m6 hinh mach dién twong duong va dinh 1?1;”0}{12?1, phuong trinh ma trén thu dugc:
V Z, JjoM , 0 0 0 I
0 joM,, Z, —joM ,, 0 0 i,
0=| O —joM ,, Z, JjoM,, 0 AP 2
0 0 0 JjoM ., Z, —joM | | i,
| 0 | 0 0 0 —joM 4 Zs s
trong do
M, =M 1 My =My s My =My s Mys =My psig =031, =1s;

S

2 2
1 1
Z = |R:+|wL.— | :Z,=,|R: +| oL, —
1 S [ S O)CJ 4 Rx ( ‘Rx a)CRXj

2 2
Z,= Rz%x+[w%»—wé j sZs = Ry + (WL —f)
T

X

2
1
Z, =R, +| oL, —
oC,,,

Giai hé phwong trinh (2) thu dwoc ti s6 dong dién ir/is nhu sau:

ii — w4M12M23M34M45RS . (3)
i, o'MIMZ+0'MIMZ +0' MM Z+0’My 22,7+ 0 M}, Z.7,Z. +&’M 22,7+ 72,7.7 7.
Hiéu suét cia hé théng duogc xac dinh
2
P (i
n=—-~ [ij : 4)
' I

trong d6 Ps va Py lan luot 1a cong suat cia nguon va tai.

2.2. M6 hinh mé phong trén HFSS
Hinh 5(a) trinh bay m6 phong hé thdng truyén ning lwvong khong day sir dung h¢ 4 cudn day trén phin
mém mo phong HESS. Hai cudn dng-ten thu (Source) va phat (Load) ¢6 dudng kinh giéng nhau 13 17 cm. Hai
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cudn cong huong Tx va Rx c6 cung thong s6 ky thuat, v6i 4 vong day va ban kinh ngodi Rrx= Rrx = 10 cm.
Vit lidu ché tao cac cudn 1a kim loai dong. Khoang céach hai cugn cong huong Tx va Rx 1a D =30 cm.

Tam vat liéu
Cuén thu bien hoa

(b)
Hinh 5. Hé thong truyén nang liwong khong day sir dung 4 cuon day (a) va he théng truyén nang hrong
st dung tam vdt liéu bién hoa (b) tai khodng cdch truyén la 30 cm.
Hinh 5(b) trinh bay mé phong hé thong truyen nang luong khong day str dung tam vatt liéu bién hoa trén
phin mém mo phong HFSS. Tam vat lidu bién héa dugc cau tao boi 37 6 co sé hinh luc gidc va dat tai
khoang giira hai cuén day Tx va Rx.

3. Két qua va thao luin

Hinh 6(a) m6 ta pho truyén qua cta hé thong truyén ning luong khong day trong truong hop khong st
dung tAm vat liéu bién hoa (hinh 5(a)) va h¢ thong c6 st dung tAm vat liéu blen hoa (hinh 5(b)). Két qua
cho thay tai khoang cach truyén gitra hai cudn Tx va Rx 13 30 cm, hé s6 truyén qua cua hé thong khong st
dung tAm vat liéu bién hoa 1a 0,55, trong khi hé thong c6 st dung tAm vat liéu bién hoa cho hé sb truyen
qua cao hon 1a 0,67 tai tan sb 14 MHz.

0.7 T T T 50 T T T

(a) —s— Hinh 5(a) (b) —=— Hinh 5(a)
0.6 —e—Hinh5() | —e— Hinh 5(b)
S 051 S
U) ~~
© 041 £301 1
> -—
o “g
S 0.3 1 » 20 g
> 3
2 0.2 Y
: T
10 1
0.1
0.0 . . . 0 . . ;
12 13 14 15 16 12 13 14 15 16
Tan so (MHz) Tan s6 (MHz)

Hinh 6. Két qud mo phong so sdnh pho truyen qua (a) va hiéu sudt (b) ciia hé thong truyen nang luong
khong ddy khi s dung va khong sur dung tam vt liéu bién héa tai khodng cdch truyén (Tx-Rx) la 30 cm

Hinh 6(b) mo ta so sanh hiéu suat truyen ning luong cuia hé thong truyen nang luong khong day trong
truong hop khong sir dung tam vat liéu bién hoa va hé thdng co6 sir dung tam vat liéu bién héa. Tai tin sd
14 MHz, hé thong truyen nang lugng st dung 4 cudn day c6 hiéu sudt 1a 30,25%, trong khi d6 hé thong sur
dung tAm vat liéu bién hoa c6 hiéu sut 1én t&i 45%. Két qua cho thdy bang cach sir dung tAm vat liéu bién
hoa trong hé thong truyén niang luong khong day, hi¢u sudt cta hé thdng duogc ting 1én tai cung khoang
cach truyén dan. Su ting hi¢u suét dugc giai thich dya trén tang cuong lién ket tir gilra cdc cudn day cong
huéng Tx va Rx théng qua tAm vat liéu bién hoa. Do tim vat lidu bién hoa co tan s6 cong hudng giong véi
hai cudn Tx va Rx, nén tir trudng tir cudn Tx cam ung va kich thich tam vat liéu bién hoa, tlep tuc duoc
tang cuong va truyén téi cudn cong huong Rx va cudn thu.

Hinh 7(a) mé ta phan bd cuong do tir truong H tai tan sé 14 MHz trén hé thong truyén ning lugng khong
day khong st dung tim vat liéu bién hoa & khoang cach truyén 1 30 cm. Két qua cho thy cudng do tir
truong phan bd thap (<4,2 A/m) tai khoang giira hai cuén Tx va Rx. Diéu nay thé hién lién két cam tng tir
giita hai cuén Tx va Rx 1a nhé. Hinh 7(b) mé ta phan b6 cuong do tir truong H tai tan s6 14 MHz trén hé
thong truyén ning lugng khong day st dung tim vét liéu bién hoa ¢ khoang cach truyén 1a 30 cm. Két qua
cho thiy phan bb cuong do tir truong tai vi tri tim vat liéu bién héa duoc ting cudng, do d6 cudong do tir
truong trén cudn Rx va cudn thu ciing dat gi tri cao hon khi so sanh véi hé thong & hinh 7(a).
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Hinh 7. M6 phong phdnrbo”’ cuong do tir truong trén hé thong truyén nang luong khong day khi sw dung
(a) va khong su dung (b) tam vat liéu bién hoa tai khodang cdch truyén (Tx-Rx) 30 cm.

4. Keét luan

Trong bai bao nay chiing t6i ¢ nghién ctru, thiét ké va mo phong tinh chat vat liéu bién héa ¢ 6 co s
hinh Iyc giac. Ung dung tim vat liéu bién hoa c¢é cau trac hinh luc gidc vao hé thong truyén ning lugng
khong day dé nang cao hiéu suat truyén dan. Két qua thu dwgc hiéu suat dat 45% ting 14,75% so voi hé
thdng truyén nang luong khong sir dung tam vat liéu bién héa. Két qua nghién ciru nay da mo ra nhitng tng
dung hiru ich méi cua vat liéu bién hoa phuc vu cho doi séng con nguoi nhu; cac tAm sac cho nhiéu thiét
bi, bo loc va khuéch dai nang lugng.
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ABSTRACT
Investigation of hexagonal metasurface enhanced the wireless power
transfer efficiency at MHz

Bui Huu Nguyen'”* , Vu Dinh Lam?, Dao Viet Thang' Le Dac Tuyen', Nguyen Manh Hung!,
Tong Ba Tuan', Nguyen Duc Khoat!
!Hanoi University of Mining and Geology
*Graduate University of Science and Technology, Vietnam Academy of Science and Technology,
18 Hoang Quoc Viet, Cau Giay, Ha Noi, Viet Nam

In this work, we investigate a hexagonal metamaterial structure with a negative permeability for applying
to enhance the efficiency and transferring distance of the wireless power transfer (WPT) system at 14 MHz.
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The wireless power transfer system uses a metamaterial slab assembled by a 37 hexagonal unit cell. By
using the hexagonal metamaterial, the WPT efficiency approaches 45% increasing 14.75% compared to the
system without metamaterial at the transferring distance of 30 cm, equal to 1.5 times the diameter of the Tx
and Rx coils.

Keywords: Wireless power transfer, metamaterial, resonant couling.
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