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Wireless power transfer technology has become the ideal solution to
provide energy for mobile electronic devices, implanted medical
devices, and electric vehicles,... Currently, some studies have shown
that the performance of the magnetic resonant wireless power transfer
system depends on the quality factor Q of the transmitter/receiver
resonant coils in the system. In this study, using electromagnetic
simulation methods, we determine the quality factor of the resonant coil
and investigate the optimized performance of the symmetric magnetic
resonant wireless power transfer system according to the quality factor
of this resonant coil. We design a system operating at the frequency of
13.56 MHz and obtaining the maximum and minimum efficiencies of
67.9%, and 54%, for the resonant coil with the highest and lowest
quality factors of Q = 261, and Q = 174.5, respectively. This result can
be applied to optimizing the structure of resonant coils to enhance the
performance of the magnetic resonant wireless power transfer system.
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Truyén ning lugng khong day
Cong hudng tur

Hé sb pham chit Q

Hiéu suét truyén dan

Tbi wu hoa

Cong nghé truyén nang luong khong day da va dang tré thanh giai phap
ly tuong dé cung cap ning lugng cho cac thiét bi dién tu di dong, thlet
bi y té cdy ghép, xe dién,... Mot s6 nghién ctru gan day da chi ra rang
hiéu sut cua hé théng truyén ning lugng khong day cong huong tir phy
thude vao hé s6 pham chat Q cta cac cudn cong huong phat/thu trong
hé thong. Trong nghién clru nay, bang phuong phap mé phong dién tu,
ching t6i xdc dinh h¢ s6 pham Chat cua cudn cong huong va tir do tol
wu hiéu sudt cua hé théng truyén ning lugng khong day theo hé sb
pham chét d6. Ching t6i thiét ké mot hé théng hoat dong & dai tan sé
13,56 MHz va thu duoc hiéu suat téi da va tdi thiéu cua hé thong lan
luot 13 67,9% va 54% tuong (ng véi cudn cong hudng co hé sé pham
chat cao nhat va thap nhit 1a Q = 261 va Q = 174,5. Két qua nay co thé
dugc tng dung dé tdi wu hoa ciu tric cta cac cudn cong huong nham
tang cuong hiéu suat cua hé théng truyén nang lugng khong day.
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1. Gioi thigu

Truyen nang lugng khong day (Wireless Power Transfer — WPT) da va dang ngay cang phat
trién, cung cap giai phéap sac khong tiép xuc tién loi cho thiét bi hang ngay, tur cac thiét bj dién tu
tiéu dung tiéu thuy it nang lugng nhu dién thoai di dong dén hée thong tiéu thu nang lugng cao nhu
xe dién [1]. WPT c¢6 tiém ning lon trong cong cude cach mang héa viéc sac ning lugng cho cac
thiét bi dién va da thu hit dwoc sy quan tim 16n trong gidi hoc thuét ciing nhu nganh cong nghiép
trong thap ky qua [2], [3]. So véi sac dién thong thuong, WPT mang lai mot so loi ich rd rang,
bao gém loai bo cac tiép xtic dién (sac an toan hon), thiét ké khép kin (bao vé khoi bui va giam
nguy co dn mon), trai nghiém ngudi ding t6t hon (dat va sac) va méi trudng séng gon gang hon
(tranh day dién 16n xon). Trong cac cong nghé WPT dang duoc nghién ciru va trién khai, WPT
truong gan 1a cong nghé dugc sir dung rong rai nhat, bao gom WPT cam ¢ng tir va WPT cong
huong t (Magnetic Resonant Wireless Power Transfer - MR-WPT) [4] —[7].

Hé thong MR-WPT bao gom bén cudn: cudn nguon cudn cong huong phat (Tx), cudn cong
huong thu (Rx) va cudn tai, trong d6 Tx, Rx 1a hai cau triic cong huong ¢ cung tan so dé ting
cuong hiéu suét caa hé thong [8]. Hé théng MR-WPT con duoc goi 1a hé thdng WPT bén cudn.
Khoang cach giira cuén ngudn va Tx, (Rx va cudn tai) thuong nho dé chung co thé twong tac voi
nhau thong qua ghép cap cam @ng tir. Khoang cach giita Tx va Rx xac dinh khoang cach truyén dan
hiéu qua cua hé théng. Tx va Rx thuong c6 ciu triic cudn xodn d¢ nhiéu vong dé thu dugc hé s6
pham chat cao, tir d6 giup ting cudng hiéu suét truyén dan cua hé thong MR-WPT [9], [10]. Hé
thdng MR-WPT cho phép mo rong khoang cach truyén din dén tam trung (tir vai cm dén m). Tuy
nhién, khi m¢ rong khoang cach truyén lai dAn dén lam giam sy ghép cap tir tinh giita Tx va Rx hay
lam suy giam hiéu suat cua hé thong. Hién nay, nhleu nghién ctru dé va dang duoc thyuc hién dé giai
quyét van dé nay, mot trong nhiing giai phap tiém nang 1a tang cuong hé s6 pham chét (Q-facor)
clia cac cudn cong hudng dé bu dap cho su suy giam ve hé so ghép cap gitta chung [11] —[16].

Trong nghién ctru ndy chung toi tién hanh khao sat su phu thudc hiéu suat cua hé thong MR-
WPT theo hé s6 pham chit cua cudn cong hudng phat/thu. Dé thay doi hé sb pham chat cua cac
cudn cong hudng, chung toi ¢b dinh cac théng sd cua cudn cong huong va chi thay do6i s vong
ctia cudn trong khoang cho phép tir 1 dén 6. Hiéu suat ti da va tdi thiéu ciia hé thong lan luot 1a
67,9% va 54% tuong mg vdi cudn cong hudng c6 hé s6 phém chét cao nhét va thip nhét la Q=
261 va Q = 174.5. Diéu nay ¢ nghia 1a véi cac thong s6 c6 dinh cia cudn cong huong dé xuét,
s6 vong tdi uu ctia cudn 1a N = 3 thi cho hiéu suat hé thong MR-WPT cuc dai. Dong thoi, chung
t6i ciing khao sat phan b tir truong xung quanh hé thdng va ¢ khong gian gan cac cudn cong
hudng dé phan tich, 1am rd nguyén nhin gy ra sy thay d6i hiéu suét ciia hé théng MR-WPT.

2. Co s& ly thuyét va phwong phap nghién ciru

Hinh 1(a), Hinh 1(b) minh hoa so d6 cua hé théng MR-WPT khi lan luot quan sat theo
phuong vudng goc véi mat phang vong day va theo phuong 1¢ch goc voi mat phing vong day. Hé
thong MR-WPT bao gom bén cudn: cudn phat (nguon), cudn thu (tai) va hai cuon cong huong.
Khoang cach tir cudn phat t6i Tx, tir RX t6i cudn thu duoc ky hiéu lan luot 1a dy, va das. Céac
khoang nay c6 thé diéu chinh dé dat phdi hop tré khang cho hé thdng. Khoang cach gitra Tx va
Rx dugc ky hiéu 1a dys, d6 1a khoang cach truyén dan caa hé théng MR-WPT.

Hé thdng MR-WPT c6 thé duoc biéu didn bang mot mach dién twong duwong nhu mé ta trong
Hinh 2. Trong d6 céc thong sé Ri, Li, C; (i = 1-4) dai dlen cho dién trg, cam khang va dung khang
ing v&i moi cudn day. Hé s6 ghép cap gitra cuon nguon va Tx, gilra Tx va Rx, gitra Rx va cudn
thu lan luot 1a Ky, Koz va Ksg. Dién ap cap vao cuon nguon la Vs; dién tro nguon va dién tro tai lan
luot 14 Rs va R.. V&i bo cong huong co hé s6 pham chat (Q) cao va diéu kién tré khang cua
ngudn/tai thyc té, chung ta c6 Ry << Rg va R, << Ry, vi vy (R; + Rs~ Rs) va (R, + R_ = R)).
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Hinh 1. (a) So do hé thong MR-WPT khi quan sdt: theo phuong vuéng géc véi mat phang vong day,
(b) theo phuwong léch géc véi mat phang vong day.

(|3|1 lft? k23 Kas C4
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Hinh 2. So d6 mach dién tuwong dwong ciia hé thong MR-WPT.
Dua vao so dd mach dién ¢ Hinh 2, theo dinh luét Kirchhoff ta co:
I I1 | Zy 2, Ly Zy, b Vs
|2 — ZZl Z22 ZZ3 ZZ4 0 (1)
|3 Z3l Z32 Z33 Z34 0
I, _Z41 Ly Lz Zy i 0

Trong d6 I; 1a dong dién trong cac cudn day, Z; 1a tr¢ khang cta cac cudn day va tr¢ khang

1
JLC,

truyén dan giita hai cuon day, Vs 1a dién 4p nguon. O tan s6 cong huong, W, = , chiing ta

¢6 céc biéu thire sau:
2,,=R;Z,, =Ry 25 =Ry;Z,, =R Z2,=2,,=2,, =0, (2)
Zy, = Jok,\JLL, ; Z, = ja’kzs\/ Ll Zy = ja’k34\l LL, .

Giai phuong trinh (1) va (2), chung ta thu dugc dong dién chay trong cudn ngudn va cudn tai:
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1+ k223Q2Q3 + k324Q3Q4 V_s
[(1+KQQ, )1+ KQQ.) +k2Q.Q | R .
K1 Kyskaa/JQQ, /Q,Q:1/QQ, YA

[(1+ k122Q1Q2 )(1+ k324Q3Q4 ) + k223Q2Q3:| . \/RS RL
Trong do: Qi = wLi/Ri. )
I§hi hé thong doi xing, ta g(’): Q1 = Q4 Q2 = Q3 va ki = kag. Khi d6 ti s0 dién ap gilra dién ap
nguodn va dién ap tai cua hé thong la:

\i _ 1,R, | _ k23k122Q1Q22 & @)
LR | (1+12Q,0, ) +KQ2 VR,

VS
Hiéu suat truyén tai nang lugng 7 (ty 1é gilta cong suat dau ra va cong suat dau vao) duoc
xac dinh:

P VL2 IR, )
n P V32/4Rs |21| (5)
T (4) va (5) thu dugc:
4k£42k23 1Q2
(6)

i [(1+ 2QQ, ) +K2 5}2

D¢ dat duoc higu suat cao, can dat duoc phdi hop tré khang. Khi d6, véi truong hop céc cuon
day doi xung, hé so ghép cap ki, dugc xac dinh [17]:

@ - JKEQZ +1 @)
QlQZ’ e I3
Thay (7) vao (6), ching ta thu duoc hiéu suat caa hé thong MR-WPT doi xirng dugc xac dinh

nhu sau:
«f 23Q2 +1-1 2
n= =1- (8)
JKEQZ +1+1 «jkzszzz +1+1

Xét truong hop hé sé ghép cap giita hai cudn cong huong kps cd dinh hoic ko rat nho so véi
hé s pham chat cua cudn cong huong, tir phuong trinh (8) dé dang nhan thay khi hé s6 pham
chat cua cudn cong huong ting (Q, ting) thi din téi hiéu suat cua hé théng MR-WPT ciing ting
hay hiéu suit cua hé théng MR-WPT c6 thé duoc cai thién bang cach ting hé sé pham chat cua
cac cudn cong huong.

Hinh 3(a) thé hién Cau trac cua cudon cong huong phat/thu va Hinh 3(b) cho thay mo hinh mach
dién tuong duong ctia mdi cudn cong husng. Hai cudn cong huong co cau triic giong nhau véi ban
kinh ngoai Roy = 23 mm, d6 rong dai W = 2 mm, khoang cach gilta cac dai S =2 mm, lam bang
dong Vo1 do day te, = 0,105 mm; dugc dat trén chit nén Polyimide c6 d¢ day tp, = 0,13 mm, hang
s6 dién méi 3,4 va sb vong cua hai cuon thay dbi trong khoang cho phép tir 1 dén 6. Cac cudn
cong huong nay thuong co tan sd cong huong riéng 16n ¢& vai chuc MHz. Pé cac cudn cong
huong hoat dong & tan s6 mong muon 13,56 MHz, mét tu dién duoc gan thém vao dé giam tan s6
cong huong cua ching. M3di cudn cong huong cé thé dugc mo hinh hoa bang mach dién duorng
duong gbém céc phan tu: d6 tu cam L, dién tro R, dién dung riéng Co va tu dién gan ngodi Cey.
Bang cach sir dung mach dién tuong duong, tan s cong huong ciia méi cudn cong huong duge
xac dinh:

1

T JL(C, +C..) ©)
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Hinh 3. (a) Cdu triic ciia cugn céng hweong Tx/Rx, (b) mé hinh mach dién twong dwong
cua cugn cong huong TX/RX.

Dé khao sat cac dai lugng didc trung cua cudn cong hudng nhu: do tw cam, hé sé pham chét, tan
s6 cong hudng, gia tri cua tu dién gan vao cudn cong hudng, ciing nhu hiéu suat caa hé théng MR-
WPT, md phong dién tir duoc thuc hién bang phan mém CST Studio Suite. Cac m6 phong dugc
thuc hién véi cac diéu kién bién mé, dugc ap dung theo moi hudng va hai cong riéng bi¢t dugc sur
dung dé kich thich cuén ngudn va cudn tai. Trong ciac md phong, ching toi thlet ké cuon ngudn va
cudn tai 1a cac vong day c6 ban kinh ngoai 23 mm, ban kinh trong 22 mm va cb dinh khoang cach
gitra hai cuon cong huong phat/thu 1a d,3 = 50 mm, con cac khoang cach dy,, dsq dugce chiing toi
tién hanh khao sat dé tim ra vi tri cho hé thong MR-WPT dat diéu kién phéi hop tré khang.

3. Két qua va thao luan

Dua vao mé phong dién tir duoc thuc hién bing phan mém CST Studio Suite, voi ciu tric
cudn cong huang gom: Ry = 23 mm, W =2 mm, S = 2 mm, tg, = 0,105 mm, tp, = 0,13 mm va s6
vong thay doi tir 1 dén 6, chung t6i 1an luot x4c dinh dugc hé s pham chit, do tu cam, ciing nhu
tan sb cong hudng riéng cia moi cudn. Tir d6, chung t6i thuc hién khao sat gia tri caa tu dién gén
ngoai thich hop cho cac cudn cong huong phat/thu dé chung hoat dong & tan sé mong mudn doi
v6i hé thong MR-WPT 1a 13,56 MHz. Trén co s¢ d6, chung toi thuc hién mé phong hé thdng
MR-WPT, khao sat khoang cach tir ngudn dén Tx, tir Rx dén tai nham thu dugc hiéu suét tdi uu
cua hé thbng MR-WPT theo hé sé pham chét caa cudn cong hudng phat/thu. Bang 1 liét ké cac
gia tri gdm: hé s6 pham chit cua cudn cong hudng phat/thu Q, hé sb truyén qua caa hé thong
MR-WPT S,; va hiéu suét cia hé théng MR-WPT 5 khi sb vong day N cua cudn cong hudng ting
tir 1 dén 6. Trong do, hiéu suét caa hé thong MR-WPT duoc x4c dinh thong qua hé sb truyén qua
1=[S,,[" . C6 thé thiy khi 6 vong day thay di thi h¢ sé pham chét Q thay @i va higu sudt cia
hé thong ciing thay dbi. Dé thiy rd hon mdi quan hé nay, d thi biéu dién su phu thudc cua hé sé
pham chat theo s6 vong day, su phu thugc cua hiéu suat theo hé sb pham chét caa cac cudn cong
hudng duogc trinh bay trong Hinh 4.

Bang 1. H¢ so pham chat cua cuon cong huong, hé so truyén qua
va hiéu suat cua hé thong MR-WPT theo so vong cua cuon cong huong.

N 1 2 3 4 5 6

Q 174,5 237 261 260 242 2147
Sa 0,735 0,797 0,824 0,819 0,800 0,771
y 54% 63,5 67,9% 67,1% 64% 59,4%

Hinh 4(a) thé hién su thay ddi hé sb pham chat cua cudn cong huong khi s6 vong day thay doi
trong khoang gié tri kha thi tur 1 dén 6. Két qua cho thay khi cudn cong hudng c6 so vong day N =
3 thi hé s6 pham chét cua cudn dat cuc dai Q = 261. Hinh 4(b) cho thay su phu thudc hiéu suat cua
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hé théng MR-WPT dbi xung theo hé sé pham chét caa cudn cong huong phat/thu. Két qua cho
thy riang khi hé sb pham chat cua cac cudn cong hudng phat/thu ting thi hiéu suat cua hé thong
MR-WPT ciing ting theo. Vi cac théng sb ¢ dinh ciia cudn cong huong nhu di dé xuit & trén,
s6 vong day dé thu dwoc hé s6 phdm chat ti da (Q = 261) 1a N = 3 va khi d6 hiéu suit cua hé
thong MR-WPT dat hiéu suat 1on nhat 1a 67,9%. Diéu nay hoan toan phu hop Véi phan tich ly
thuyét vé sy phu thudc hiéu suét caa hé thdng MR-WPT theo hé sé pham chit caa cac cudn cong
huéng trong hé théng.

300 T T T T T 80 L T T
(a) (b)
o
270 —_—
o] B — 60 /'/- .
= - n
E 240 b - <§
= g4or .
«g 210 f . ==
@
20 | .
180 | J
150 1 L L L L L O L 1 L
0 1 2 3 4 5 ] 7 150 180 210 240 270
S6 vong day N Hg¢ so pham chat Q

Hinh 4. (a) Su phu thugc: he s6 pham chat cua cugn cong huong theo s6 vong ddy,
(b) hiéu suat cua h¢ thong MR-WPT theo hé so pham chat cua cugn céng huweong phat/thu.

Dé minh chimg rd hon cho sy thay d6i hiéu suat téi wu cua hé thong MR-WPT d6i xtng khi
thay d6i hé s6 pham chét cua cudn cong hudng phat/thu thong qua thay dbi s6 vong ddy, phan bd
tir truong xung quanh hé théng ciing nhu & khong gian gin cac cudn cong hudng duoc trich xuét
tir mod phong dién tir CST va duogc thé hién nhu trong Hinh 5.

Hinh 5. Phdn bé tir truong trong hé thang MR-WPT khi thay doi $6 vong ciia cugn céng huwong tir 1 dén 6.

Quan sat phan bé tir truong trong Hinh 5 ¢ thé nhan thy rang: khi s6 vong day tang tir 1 dén
3 dong nghia vai hé s6 pham chat cua cuon céng hudng tang dan téi gia tri cuc dai thi cuong do
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treong H tai RX s€ tang 1én va dat cuc dai. Khi s6 vong déy tiép tuc ting tir 4 dén 6 dong nghia v6i
hé s6 pham chat cua cuon _cong husng giam dan thi cuong d6 truong H tai Rx ciing suy giam dan
Picu ndy ciing c6 nghia rang hiéu suat truyen dan cua hé thdng duoc cai thién khi cai thién h¢ s6
pham chat ciia cac cudn cong huong. Vai s6 vong day toi wu N = 3 thi hé s6 pham chat cua cudn
dat gia tri t6i wu Q = 261, khi d6 phan bd tir truong tai Rx manh nhat. Nhur vay, quy luat phan bb
tir treong tai R cho thiy su phu hop voi quy luat thay déi hiéu suat téi wu cua hé thong khi thay
doi hé sb pham chét ciia cac cudn cong huong.

4. Két luan

Trong nghién clru nay, bang mb phong dién tir, chiing t6i da xac dinh duogc hé sb pham chit ciia
cudn cong hudng ing voi s6 vong day khac nhau cta cudn. Trén co so do, chung t61 t1ep tuc khao
sat hiéu suét caa hé thong MR-WPT hoat dong ¢ dai tan sb 13,56 MHz theo hé s pham chét cua
cudn. Két qua cho thay hiéu suit cia hé théng MR-WPT ting khi hé s6 phim chit cta cac cudn
cong huong tang. Vi cudn cong hudng ¢ hé so pham chit nho nhat Q = 174,5 (khi N = 1) thi hi¢u
suat cia hé thong dat gia tri nho nhat 1a 54% va voi cudn cong hudng cd hé so pham chat cao
nhit Q = 261 (khi N = 3) thi hiéu sut cua hé théng dat gia tri lon nhat bang 67 9%. Diéu nay c6
nghia 13 v6i cac thong sé ciu trac cta cudn cong huong dé xuat, s vong day t6i wu ctia cudn
cong huong la N = 3 thi cho hi¢u suét cua hé thong MR-WPT cuc dai. Cac két qua thu duogc ddi
v6i hé s6 pham chat Q cua cudn cong hudng co thé duoc tng dung trong viée thiét ké va tbi wu
hoa hiéu suat ctua hé thdng MR-WPT. Hon thé nira, cac két qua trén ciing c¢6 thé ap dung cho
nghién ctru vat liéu bién hoa co do tir tham am do cdu triic tuong tu ciia chung trong hé thong
MR-WPT.
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