Nghién ciru khoa hoc cong nghé

NGHIEN CUU ANH HUONG DO LECH TRUC VA LECH GOC
_GIUA HAI CUQN CONG HUONG TOI HIEU SUAT
CUA HE THONG TRUYEN NANG LUQONG KHONG DAY

Pham Thanh Son'", Nguy&n Thiiy Van*, Nguyén Btrc Khoa?, Ha Thi Kim Duyén?

Tém tit: Trong hé thong truyén ndng lwong khong ddy (WPT - Wireless Power
Transfer), nang luong duwoc truyén tir cudén phat sang cudn thu théng qua twong téc
truong gan. Hé so ghép cap giita cugn cong hudng phat va thu la mgt trong nhitng thong
$6 quan trong tac dong téi hiéu sudt cia hé thong. T rong cdc ung dung thuc té, viéc hai
cugn cong huong nay bi léch truc hodc léch goc la diéu kho cé thé tranh khoi, diéu dé lam
gidm hé sé ghép cdp giita hai cudén phat va thu. Trong bai bdo ndy, ching téi trinh bdy
cac phan tich va khao sat chi tiét vé as léch anh huong toi hiéu sudt truyén dén cia hé
thong WPT. Mot hé théng WPT céng hwéng tir hoat déng & viing tin sé 6,78 MHz dd dwoc
ché tao va do dac trong cac diéu kién do léch khdc nhau.

Tir khoa: Truyén ning lwong khong day; Cong hudng tir; Léch truc; Léch géc.
1. MO PAU

Cong nghé WPT da dugc gidi thidu tir hon mot thé ky truée boi nha khoa hoc thién tai Nikola
Tesla [1]. Trong hon mot trim ndm qua, cong nghé nay da phat trién theo rat nhiéu hudng khéac
nhau [2-5]. Hién tai, WPT c6 thé duogc chia 1am 3 loai theo khoang cach truyén: tim ngén, trung
va tam xa. Voi mdi cau hinh hé théng s& hoat dong & mot dai tén s6 nhat dinh. O khoang ngén tur
vai mm dén vai cm, hé théng WPT thuong hoat dong ¢ dai tan s6 kHz, day 1a WPT tim ngan [6].
Vi khoang cach xa hon tir vai cm dén vai m, hé théng WPT sé& hoat dong ¢ dai tan sd cao hon
¢& MHz, day 1a WPT tam trung [7, 8]. Truyén ning lugng khong diy tdm xa & khoang cach vai
chuc m t6i hang traim km hoat dong & ving tan s6 GHz [9]. P4 c6 nhiing san pham coéng nghé
dugc ra doi cho thay su phat trién va loi ich ma cong nghé WPT dem lai nhu sac khong day danh
cho 6 6, dién thoai thong minh, thiét bi tham do day bién - [10]. Viée truyén dién cho céc thiét
bi nhén tao gin sau trong co thé con ngudi ma khong can tién hanh phau thuét ciing 1a mdt (mg
dung tiém nang ciia WPT [11]. O dai tan sb GHz, WPT duoc tmg dung vao viéc truyen nang
luong tir v€ tinh, vi try xudng mat dat. Do ¢ tan sb cang cao thi suy hao trén duong truyén cang
16n nén loai WPT tim xa nay khong duoc timg dung phd bién nhu & dai tin sb thap.

Trong cac tng dung dan dung cua WPT, chi c6 hé théng tam ngédn va tim trung duoc sir dung
do ching dat hiéu ning cao va an toan v&i con ngudi. Hién nay, trong nude ciing nhu trén thé
gidi, cong ngh¢ WPT & khoang cach trung binh véi cau tric 4 cudén diy (WPT 4-cudn) duya trén
nguyén ly cong huong tir dang dugce Umg dung va phat trién manh [7]. Trén thuc té hé thong
WPT noi chung ciing nhu h¢ thong WPT 4-cudn cling s€ ¢6 nhiing han ché nhét dinh nhu viéc hé
thong bi giam hiéu suat khi cudn phat/thu khong c6 dinh & mot vi tri nhéat dinh [12]. Hién twong
hé thong bi léch do tac dong boi con ngudi ciing nhu tir méi truong xung quanh dan toi hai
truong hop c6 thé xay ra do 1a 1éch truc va léch goc [13]. Ca hai hién tuong nay déu lam hiéu
suét truyén cua hé théng bi giam nhanh chéng.

Trong bai bao ndy, chung t6i khao sat sy thay d6i hiéu suat ctia hé théng WPT véi cac do 1éch
truc va goc khic nhau. Trong hé thong WPT cong huong tir nang luong dugc truyén di nho 6
tuong tac cua cac cudn cong huong trong truong gan. Su anh hudng cta do 1éch t6i hé s6 ghép
cdp gitra cac cudn cong huong duoc khao sat bang ly thuyet md phong phan bd trudong va thue
nghiém, tr d6 cung cap nhiing thong tin quan trong vé anh huong cua do Iéch t6i hiéu sudt cua
hé thong WPT. Céc két qua thu duoc trong bai bao co thé duoc su dung dé toi wu hoa cac hé
théng WPT hoat dong trong mdi trudng thuc té, noi ma sy 1€ch truc va géc clia cac cudn cong
hudng trong hé théng WPT rit d& xay ra.
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2.CO SO LI THUYET VA PHUONG PHAP NGHIEN CUU

Hinh 1. So @6 hé théng WPT cdng hirong tir.

Hinh 1 14 so d6 hé théng WPT cong hudng tir v6i cu trac 4 cudn diy bao gdbm: cudn phat,
cudn cong huong phat (Tx), cudn cong huong thu (Rx), cudn thu. Cudn phat va cudn thu dugc
ghép cip cam mg vai cac cudn cong hudng cé cdu trac nhicu Vong xoan (Tx va Rx), khoang
cach gitra cudn phat/thu va cac cudn cong huong tuong tng 1a di, va ds4 kha nho. Véi cau trac
nhidu vong xodn cua cac cudn cong hudng, chiing c6 hé sé phdm chat cao (Q-factor = 405), phi
hop v6i hé théng WPT cong hudng tir. Khoang cach dys giita hai cudn cong huong 1a khoang
cach truyén dan hiéu dung cta hé thdng WPT. Ning luong s& dugc truyén tir cudn phat toi cudn
thu qua cac tuong tac tir truong trong truong gan. Hé sb phim chét cao cua cac cudn cong hudng
s& gitip cho hé thong WPT cong hudng tir duy tri duoc hiéu suat cao & khoang cach xa hon nhiéu
50 v6i hé théng WPT tam ngan thong thuong [10].

Zy C, C,
RS R1 R2 R3 R4 | I R{_
0y
° L -—=C — ) °Li °-L
6 Vs L 2 2 3 3 4
Ky K3 K4

Hinh 2. So' do mach twong dwong ciia hé thong WPT céng hudng tir.

Céc cudn day duogc str dung trong nghién ctru nay c6 kich thude 30 cm hoat dong & ving tan
s6 6,78 MHz. Béi vi kich thude cua cac cudn day rat nho so v&i bude song hoat dong cua hé
théng WPT (0,3 m so voi 44,2 m), chung ta co thé sir dung cac ph::in tor mach nhu dugc trinh bay
trong hinh 2 dé mé hinh hoa hé thdng [14]. Cac cudn day c6 thé duoc mé ta bang cac phan tir
RLC, trong do, R; (i = 1-4) dai dién cho mit mat Ohmic va phat xa, L; (i = 1-4) dai dién cho cam
khang cua cac cudn day, C; (i =1-4) dai dién cho dung khang cta cac cudn day. H¢ s6 ghép cap
gilra cac cudn day lién k& nhau dugc dugce dinh nghia bdi Ky, Kas, Va kas. Rs 1a dién trd ctia nguon
phat va R_ 1a dién tré cua tai tiéu thu.

Theo dinh luat Kirchhoff cho dién ap ta co:
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gitra hai cufn day, o, = 1a tan s6 cong hudng clia cac cudn day, w la tan so lam viéc cia

1
\ / L,C,
hé théng WPT.

Khi hé théng WPT d6i xtmg v6i cudn phat/thu gidng nhau va hai cudn cong huong Tx/Rx
cling giong nhau. Khi d6, ta c6 Q; = Q4; Q2 = Q3 va Ky = Kay.
Trong d6, hé sb phdm chat cia mdi cudn day duogc tinh bang cong thirc:

Qi = a)% (2)

Hé sb dién ap gitra ngudn phat va tai tiéu thu la mot dai lugng déc trung cho hiu qua hoat
dong cua hé thong WPT dugc tinh bang cong thirc [14]:
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Hinh 3. So d6 vi tri cdc cudn day khi bi léch.
Theo cong thire (3), trong cac dai lugng anh huong to1 hé sd dién ap thi cac dai luong Qi, Ry
va Rg 1a ¢o dinh ddi véi mot hé WPT cho trude. Cac hé $6 ghép cap kip va ks, cling dé dang co

Tap chi Nghién ciru KH&CN qudén suw, Sé 75, 10 - 2021 59



Ky thudt diéu khién & Dién tiv

dinh va khong anh hudng dén hiéu suét truyén dan. Do d6, hé sb ghép cap kys 1a mot tham s6 ¢
tac dong rat 16n dén hiéu suét truyén dan ciia mot hé WPT. Trong thuc té, cic cudn diy & phia
phat va thu cua hé thong WPT c6 thé bi 1éch truc mot khoang (4x) va léch mdt goc () nhu trong
hinh 3. Cac tham s nay s& thay ddi hé sé ghép cap K3 va tir do anh huong to1 hiéu suét truyén
dan cua hé thdng. Tac dong cua cac tham sé hinh hoc t&i hé sé ghép cip va do hd cam cua hai
cudn cong huong duogc lam ré trong cac phan tich dudi day.

Hé sb ghép cip cua hai cudn day i va j dugc biéu dién nhu sau: [12]

i=n j=m

K, =B i j=1 @

Trong d6, n va m 1a s6 vong ctia cudn dy, B =4/ 1a hé s6 hinh dang cta cun day [16]. Dya
trén cong thirc Newman, dd ho cam gitra hai vong day bi 1éch co thé dugc tinh theo cong thirc
sau: [15]

HoliT dEdrj
" ag dij
&” sindsin @ cosa + cosdcos ¢

dpdo (5)

L7+ +d” + AX® + 2AXr, COSCOS & — 2AXT, COS ¢ —
211, (cos@cos pcosa +sin @sin @) — 2r,d cospsin
Trong do, rj, rj 1a ban kinh cua cugn day, d 1a khoang cach giira hai cudn day khi ddng phing,

Ax 1a d6 1&ch truc cua hai cudn d@y, cg’tc goc 0, ¢, o 1a cac goc nhu md ta trén hinh 3. Cac dai
lugng trong cong thie (5) dugc biéu dien nhu sau: [15]

dl; =, (=sin@x + cos 9y )do

dl, =r, (-sinpcosaX +cospy +singsinaz)de (6)

d, =‘ AX+T,cospcosa, r;sing,d —r, cos(psina)—(ricose,risino,o)‘

3. KET QUA VA THAO LUAN

Hinh 4. H¢ théng truyén nang lwong khéng day 4 cuén.

Sau khi tién hanh cac phan tich vé d6 1éch anh huong toi hidu suat ctia hé thong WPT, chung
t6i ché tao hé thong WPT va tién hanh do dac nhu trén hinh 4. H¢ thong WPT nay duoc ché tao
dua trén so d6 trong hinh 1, bao gom 4 cudn day dugc ché tao trén dé PCB bang vat liéu FR-4 c6
d6 day 1,6 mm. Hai cufn d(’)ng vai tro 14 anten phat/thu c6 cau trac mot vong day c6 duong kinh
25 cm. Hai cudn cong hudng co cau truc dang vong xodn véi 9,5 vong day, dudng kinh ngoai 1a
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30 cm, khoang cach giira cac vong ddy la 1 mm, d6 rong vong déy la 3 mm. Vi cac thong so
thiét k& nhu trén, hai cudn cong hudng co tan s6 cong huong 13 6,78 MHz va do6 ciing la tan sd
hoat dong cua h¢ thong WPT. Tan s trén nim trong dai tan s6 ISM (6,765 MHz — 6,795 MHz)
duogc qudc té quy dinh cho phép st dung véi cac thiét bi cong nghiép, khoa hoc va y té.

Hinh 5. Phdn bé tir trwong trong hé thong WPT: (a) hé théng co ban,
(b) hé thong bi léch truc, (c) hé thong bi léch goc.

Dbi voi cac hé thong WPT cong hudng tir, phan bd cua tir truong xung quanh hé va gan cac
cudn day c6 tac dong rat 1on téi hiéu suit truyén dan. Do do, chung t6i st dung phan mém mé
phong dién tir truong CST Studio Suite dé phan tich hé thong. Phan b tir truong xung quanh hé
théng WPT duoc biéu dién trén hinh 5 cho ba truong hop: hé théng co ban, hé théng bi 1éch truc,
va hé théng bi 1éch goéc. Trong ca ba truong hop nay khoang cach tinh tir tAm cuia hai cudn cong
huong déu bang 40 cm (d = 40 cm). Hinh 5(a) trinh bay phan bd truong ctia hé thong WPT co
ban, tir truong tap trung manh & cac vung gén cudn cong huong. Do hi¢u sudt ciia hé thong
khong thé dat duge 100% nén tir trudng tai bén phat (bén trai) manh hon so voi bén thu (bén
phai). Cac hinh 5(b)-(c) mé ta phan b truong cua hé thong WPT khi bi 1éch truc mot khoang Ax
=20 cm va bi léch mot goc a = 45°. Két qua mo phong voi cac cAu hinh nay chi ra rang cuong
do tur truong bén phia cuén cong hudng thu yéu hon so v6i hé thdng co ban. Piéu nay s& dan dén
suy giam hiéu suat cua hé théng WPT.
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Hinh 6. Hé s6 ghép cap giita hai cudn céng huedng trong cdc trieong hop
(a) léch truc, (b) léch goc.
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Dbi vai WPT cong huong tir, hé 5O ghép cdp cua hai cudn cong hudng (kzs) 1a mot thong 5O
quan trong quyét dinh t6i hidu suit cta hé thong. Theo phuong trinh (3), hé s6 dién ap truyén qua
ti 1 vai ko3 trong khoang 0 < ko < 1 [14]. Khi cac cudn cong huong trong h¢ WPT bi Iéch truc
hoic léch goc, @6 hd cam M sé& bi suy giam tir d6 lam giam hé s6 ghép cap gitta cac cudn cong
hudng (Kp3). Hinh 6 trinh bay cac két qua tinh toan va do dac hé sO ghép cap giita hai cudn cong
hudng v6i cac d6 1éch truc va 1éch goc khac nhau. Hé s ghép cip nay dugc do dac thong qua
cac gia tri do hd cam M (phu thudc vao khoang cach, d6 léch), va d6 tw cam L (k = M/L). Céc gia
tri M va L (22.2 pH) c6 thé thu duoc tir phép do hai cong (2-port) sir dung may phan tich mang
[17]. Hinh 6(a) trinh bay cac Kkét qua cua Kys vi cac do 1éch truc khac nhau. Khi tang do 1éch truc
gi tri K3 giam di nhanh chong tir 0.05 xudng 0.026 twong tng voi do 1éch tir 0 dén 30 cm. Hinh
6(b) mo ta két qua ko khi cac goc léch thay ddi tir 0° dén 90°. Véi cac goc 1éch nho hé s6 Ko
khong thay ddi nhiéu, tuy nhién, sy suy giam xay ra nhanh chéng khi géc 1éch 16n hon 60°, va
tién t6i 0 khi goc 1éch dat 90°.
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Hinh 7. Hiéu sudt ciia hé thong WPT trong cdc truong hop (a) léch truc, (b) léch goc.

Hinh 7 trinh bay két qua do dac hiéu suit cua hé thong WPT véi khoang cach truyén dan hiéu
dung d = 40 cm trong cac truong hgp cd do 1éch truc va 1éch goc khac nhau. May phan tich mang
(VNA - Vector Network Analyzer) Rohde & Schwarz ZNB20 cung phuong phap hiu chinh
SOLT (Short-Open-Load-Through) di duogc st dung trong qué trinh do. Hé sb truyén qua cua hé
thong vé6i cac do 1éch truc khac nhau tir 0 dén 30 cm duoc trinh bay trén Hinh 7(a) cho thdy su
suy giam hé sd truyén qua khi d6 1&ch tryc tang dan. Khi d6 léch truc tang tir Ax = 0 cm t61 Ax =
30 cm (4x/ri = 200%) thi hé so truyen qua cua hé thong WPT giam dén tir Sy = 0,72 Xuong Su =
0,32. Hinh 7(b) biéu dién hé sb truyén qua cua hé thong WPT khi d9 1éch goc thay dbi tir a = 0°
t6i o = 90°. Vi d6 1éch goc nhod hon 30° hé sb truyén qua cua hé thong gan nhu khong thay doi.
Tuy nhién, khi d6 léch goc ting 1én 16n hon 30°, hé sb truyén qua bat dau giam rat nhanh. Tai
goc 1éch bang 90°, hai cudn cong hudng vudng goc vdi nhau, do do, gitra chung hoan toan khong
6 tuong tac va hé sb truyén qua cta hé thong giam vé 0. Cac két qua thu dugc cho thiy rang do
1éch tryc va goc ¢ anh huong 16n téi hidu suat ctia hé thbng WPT. Khi d¢ 1éch tryc tang 1€n hé
s6 truyén qua cua hé thong giam dan. Vé6i do 1éch goc nho hon 30° hé so truyén qua cta hé théng
hau nhu khong c6 thay d6i. Tuy nhién, hiéu suat ciia hé théng giam rat nhanh khi goc léch 16n
hon 60° va hoan toan bang 0 khi goc léch 1a 90°.

4. KET LUAN

Trong bai bao nay, chung t6i da phan tich ly thuyét, mo phong, ché tao thie nghiém va do dac
hé théng WPT cong hudng tir & cac do léch tryc va goc khac nhau. Cac két qua chi ra rang, do
l&ch truc va goc co6 tac dong lam giam hi¢u suit ctia hé thong WPT. Tuy nhién, véi cac d6 1éch
goc nho hon 30° hiu suit cta hé thdng khong co sy thay ddi nhiéu. Céac két qua thu dugc co thé
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ap dung vao viéc thiét ké hé thong WPT. Chung ta can giam thiéu viéc cac cudn cong hudng bi

léch

truc va goc. Voi cac do 1éch goc nho hon 30° hiéu suét ctia hé théng s€ khong bi anh hudng,

nhung v6i d6 1éch truc sy suy giam dién ra kha tuyén tinh, do d6 s& lu6n lam suy giam hiéu ning
cua hé thong.

L0‘l cdm on: Cong trinh nay duoc thuc hiénrvé'i s hé tro vé kinh phi cua dé tai hé tro kinh phi nghién
ciru cdp co so cho can bo tré nam 2021, ma so: HTCBT.03/21-21 cua Vién Khoa hoc vdt liéu, Vién Han
lam Khoa hoc va Cong nghé Viét Nam.
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ABSTRACT

INVESTIGATION ON COIL MISALIGNMENT AFFECT MAGNETIC RESONANT
WIRELESS POWER TRANSFER SYSTEM

In a wireless power transfer (WPT) system, energy is transferred from the transmitter
to the receiver through near-field interaction. The coupling coefficient between the
transmitter and the receiver is one of the key parameters affecting the system's
performance. It is difficult to avoid the resonator coils being misaligned in practical
applications, thereby reducing the coupling coefficient between them. In this paper, we
investigate the effect of misalignment on WPT efficiency. A magnetic resonant WPT
operating at 6.78 MHz has been fabricated and measured under various misalignment
conditions.

Keywords: Wireless Power Transfer; Magnetic Resonance; Lateral Misalignment; Angular Misalignment.

Nhan bai ngay 14 thang 07 nam 2021
. Hoan thién ngay 13 thang 09 nam 2021
Chadp nhdn dang ngay 10 thang 10 nam 2021

Pia chi: *'Vién Khoa hoc vat liéu, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam;

?Khoa Bién tir, Truong Pai hoc Cong Nghiép Ha Noi.
Email: sonpt@ims.vast.ac.vn.

64

P.T.Son, ..., H. T. K. Duyén, “Nghién ciru dnh hwéng do léch truc ... ning lwgng khong diy.”



