CONG NGHE

NGHIEN CUU, CHE TAO HE THONG TRUYEN NANG LUGNG
KHONG DAY DUA TREN HIEU NG CONG HUGNG TU

G KHOANG CACH TRUNG BINH

ANALYSIS AND EXPERIMENTS ON MID-RANGE WIRELESS POWER TRANSFER SYSTEM

BASED ON MAGNETIC RESONANCE

TOM TAT

Truyén tai dién nang khdng day la cach truyén tai nang lugng dién tir mot
ngudn phat téi mot hodc nhiéu thiét bi tiéu thu ma khong can st dung day dan.
Do dd, cac hé thong nay mang dén rat nhiéu thudn tién cho cudc song hién dai.
Hon nita, trong mét s6 trudng hop dac biét khi khdng thé st dung day dan thi
truyén nang lugng khdng day la mot lua chon t6i uu. Hé thdng truyén nang
lugng khdng day dugc chia lam ba loai: khodng cach gan, khodng cach trung
binh va khodng cdch xa. Trong bai bdo nay, chlng t6i tap trung nghién ctu hé
thdng truyén nang lugng khdng déy 6 khodng cach trung binh, nguyén Iy cta hé
thdng dua trén hiéu ting cong hudng tir. Chiing t6i da ché tao thanh cong bo
truyén dién khong day & khoang cach 0,5m, dat hiéu suat trén 50%. Hé thong
nay ¢d thé dugc ting dung trong cdng nghiép va cudc séng hang ngay gitip cho
hé thdng dién sé tré nén gon nhe va tang tinh tham my.

Tirkhoa: Truyén néng lugng khdng ddy; cong hudng tir

ABSTRACT

Wireless power transfer provides a method of transmitting electrical energy
from a source to one or more consumer devices without the wires. Therefore,
these systems bring a lot of convenience to modern life. Moreover, in some
special cases where wires cannot be used, wireless power transfer is an optimal
option. The wireless power transfer system is divided into three types: short-
range, mid-range and long-range. In this paper, we focus on the wireless power
transfer system at mid-range, the principle of the system is based on magnetic
resonance effect. We have successfully fabricated a wireless power transfer
system at a distance of 0.5m, achieving efficiency above 50%. This system can be
applied in industry and daily life helping the electrical system becomes compact
and increase aesthetics.

Keywords: Wireless power transfer; magnetic resonance.
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KY HIEU

Ky hiéu Pon vi Y nghia

R, um D6 nham bé mat

U Y Hiéu dién thé

I A Cudng do dong dién
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WPT Wireless power transfer
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1. GIGI THIEU

Truyén tai nang lugng khong day la cach truyén tai
nang lugng dién t&r mét ngudn dién tai thiét bi tiéu thu
dién ma khéng stir dung day truyén dan. Ngay nay, nghién
clru vé cong nghé truyén tai dién khéng day la van dé quan
trong dé phat trién hé théng dién trong tuang lai. Viéc nay
sé giam thiéu dugc chi phi trong thiét ké, thi cdng cac cong
trinh vé dién dan dung va cong nghiép. Tu d6, qua trinh st
dung dién sé tién Igi hon, hé théng dién khong phai dau
ndi day dan phuc tap khi s6 lugng thiét bi dién tang lén.
DGi vai cac ting dung tdm ngadn hién dai, truyén tai dién
cam Uung (IPT) hé théng va hé théng sac khéng day cho
thiét bi cam tay cac thiét bi nhu dién thoai di dong da thu
huat nhiéu su chd y ti nhirng nam 1990 va 2000, tuang Ung.
Cong nghé sac khéng day cho cac thiét bi dién tir cam tay
da dat dén giai doan thuong mai hoa théng qua viéc ra mat
tiéu chudn Qi cla Lién minh nang lugng khong day, hién
bao gém hon 135 cac cong ty trén toan thé gidi [1-4].

Truyén nang lugng khéng day cé thé dugc phan chia
theo khoang cach truyén sau: truyén nang lugng khéng
day hoat dong trong pham vi milimet t6i centimet (Short-
range WPT), pham vi trung binh tir centimet t&i met (Mid-
range WPT) va pham vi xa ti mét dén km (Long-range
WPT). D6i v6i khodng céach truyén la cu li ngdn pham vi
truyén trong khoang cach truyén ti vai mm dén cm tan sé
hoat dong la kHz va hiéu suat truyén cao ti 50 - 99%. Loai
truyén nay dang dugc ap dung rat nhiéu trong cac bo sac
cho cac thiét b dién tl&r yéu cau khoang cach gan vai tiéu
chuadn Qi ra ddi. Khodng cach trung binh cé tan s6 hoat
doéng c& MHz va dat hiéu suat truyén 10 t6i 90%, dugc ap
dung cho cac hé théng truyén dién vai cac khoang cach
truyén khéng qua 16n va rat phd bién trong cac can ho
théng minh, va da dua véo 4p dung cho cac bé sac khéng
day déi phuong tién giao thong. Khoang cach xa dat hiéu
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suat kha thap < 5% va tan s6 hoat dong phai Ién han GHz.
Pham vi Ung dung la cho cac vé tinh véi khodng cach
truyén xa va khong yéu cau hiéu suat cao [5-8].

Truyén nang lugng khoéng day & khoang cach trung
binh gan day da thu hat sy chd y clia cdc nha nghién cdu,
hé thong dat dugc hiéu qua truyén cao & khoang cach
truyén mong muén. Han ché chinh clia phat hién nay la
thiét 1ap cong kénh va bat dong. Song gan day da phat
hién ra mét bd cong hudng dién moi dé tang cudng hiéu
suat cia hé théng truyén nang lugng khong day & khoang
cach trung binh. Pham va déng nghiép da trinh bay mot hé
thong truyén nang lugng khong day vai su ¢ mat clia cac
héc cdng hudng véi vat lieu bién héa co tir thim am dé
tang cudng hiéu suat cta hé théng.

Trong bai bao nay, nhom tac gia nghién ctiu vé hé théng
truyén nang lugng khéng day & khoang cach trung binh véi
cdu trac bon cudn day c6 phéi hgp trd khang. Cac phan tich
ly thuyét va phuong phap tinh toan théng sé cta hé théng
dé dam bao hiéu suat truyén tai t6t nhat sé dugc thuc hién.
Chuing t6i cling ti€n hanh mé phong hé théng truyén niang
lugng khéng day gom bon cuén day bidng phan mém
thuong mai CST Studio Suite. Dya trén két qua moé phong,
ching t6i da ché tao hé théng truyén nang luong khong day
& khodng cach 30cm véi hé s6 truyén qua 0,7.
2.CO SO LY THUYET/PHUGNG PHAP NGHIEN CUU

Hinh 1 1a so d6 hé théng truyén tai dién khong day gém
bén bé cdng hudng. Khodng cach gitta cudn phat va bo
cong hudng phat dugc ky hiéu la d,, va khodng cach tu
cudn cdng hudng nhan dén cuén thu la d,,. Khoang cach
gilra hai bd céng hudng phat va thu dugc ky hiéu la d,;, d6
la khodng cach ma ching ta quan tam dé truyén tai dién.
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Hinh 1. So d hé théng WPT 4 cudn

Hinh 2 trinh bay so d6 mach don gian héa cta hé théng
truyén tai dién khéng day cong hudng tu. Cac tham sé
clia mdi cudn day dugc biéu thi bang cac phan ti R, L, C,
(i=1-4). Cac hé s6 ghép cip cla cac cudn dugc biéu dién
bang ki, ka3, kss.
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Hinh 2. Mach tuong duong ctia hé thang WPT 4 cudn day

Dién ap cdp vao la V,, va dién tré nguodn va tai lan lugt la
Rs va R.. Pdi véi bd cong hudng c6 hé s6 pham chat (Q) rat
cao va diéu kién trg khang nguén / tai thuc té, ching ta cé
R, <<R,vaR, <<R,dodd (R +R; ~R;)va (R +R ~R,).

Dua trén so dé mach dién & hinh 2 ta c6:
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0 tan s6 cong hudng, o, = c6 dugc cac biéu

1
thuc sau day:
Z,=Rg;Z,, =R,;Z,; =R,
Z,=R;Z2,=2,=2,,=0;
Z,= j(x)ku\/E; (2)
Z, = jmkza\/E;
Z, = jmkMM;

Gidi phuong trinh (1) va (2), ¢4 thé tim thay dong dién
chay I, va cudn tail, nhu sau:

(1+K3,Q,Q, +k3,Q,Q,) v,
[(1+k2,Q,Q, ) (1+K3,Q,Q, ) +k2,Q,Q, | Rs
kyoksk5e4/Q,Q, 4/Q,Q,4/Q,Q, 2
[(1+K2,QQ, ) (1+2,Q,Q, ) +k242,Q; | YRR,

3)

Trong dé: Q, = w%

Khi hé théng déi xing, sao cho Q, = Q; Q; = Q, va
k,, = ks, hé s& dién ap gita nguén va tai cta hé thong la:
Vol LR kakhQQ) R, @

2
Vel [IRS| (12,0, ) +kiaz VRs

Hiéu sudt truyén tai nang lugng n (ty & clia cong suat
ddau ra Py ; va cong suat dau vao Py) dugc xéac dinh:
_Por _ VC/R _Js|

Po VZ/4R, 7
3. KET QUA NGHIEN CUU

D& thiét k& hé théng trudc hét can tién hanh mé phdng
nham danh gia cac thong s6 ctia hé théng 4 cuén day cling
nhu nghién ctiu su thay déi clia hiéu sudt truyén cong suat
c6 thé dat dugc tai cudn tai khi khodng cach gidia cudn tai
va cudn phat thay dgi. K&t qua md phdng cla truyén tai
dién khéng day dugc trinh bay bang cach st dung phan
mém méd phong thiét ké ang ten CST studio suite & cac
khoang céach truyén khac nhau trong pham vi 30 - 70cm.
Nghién clu so sanh hé s6 phan xa va truyén qua trong
pham vi 30cm, 50cm va 70cm.

n (5)
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Hinh 3. Hé thdng 4 cudn trén phan mém mé phéng trén CST

Hinh 3 la so d6 hé théng truyén nang luong khong day
& khoang cach trung binh dugc mé phong bang phan mém
CST (CST STUDIO SUITE). Hé théng gom 4 cudn day, véi
cudn phat va cudn thu cé cdu tric 1a 1 vong day ban kinh
15 c¢m, trong khi cuén céng hudng phat va cudn cong
hudng thu gém 6 vong xodn 6c¢ véi ban kinh ngoai 20cm.

Cac két qua mod phdng truyén nang lugng khéong day
vGi khodng céch truyén la 30cm véi hé s6 phan xa va truyén
qua dudc hién thi trong hinh 4. M6 phéng két qué cho thay
cdng hudng tur xay ra 8 ~16MHz va tham s6 S,, dugc truyén
tU nguén dé cudn day 1 0,72371.
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Hinh 4. Két qua md phong hiéu sudt truyén véi khoang céch 30cm

V6i két qua thu dugc tir viec md phéng trén phan mém
CST tién hanh ché tao dugc hé théng truyén nang lugng
khéng day dua trén hiéu ting céng huédng tu nhu hinh 5.

Hinh 6 la cac két qua do dac ctia hé théng véi 3 khoang
cach khao sat 30cm, 50cm va 70cm. Véi khoang cach truyén
la 30cm thu dugc hé s6 truyén qua dat =0,7. Véi khoang
cach 1a 50cm thi hé s6 truyén qua da gidm xuéng con
khodng ~0,6. Khi khoang cach truyén tang lén 70cm thi hé
sO truyén qua tiép tuc gidm xuéng con ~0,3. Sy giam xudng
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cUa hiéu suat truyén dan khi tang khoang cach truyén la do
hé s& ghép cap gilta cuén cong huéng phat va cudn cong
huéng thu suy gidm nhanh chéng khi tang khodng cach
truyén dan.

Cudn cong Cudn céng Cugn thu
bt gt huéng phat huémg thu
May phan tich phd

\ : ;
Hinh 5. Hé thdng truyén nang lugng khong day dua trén hiéu tng cong
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Hinh 6. Hiéu suat truyén vdi khoang cach 30cm, 50cm, 70cm
4, KET LUAN

Bai bao nay trinh bay mét gidi phap hiéu qua dé
truyén nang lugng cho cac thiét bi dién ma khéng can day
dan. Hé théng nang lugng khéng day tam trung duoc
nghién ctiu bang cad phan tich ly thuyét va thuc nghiém.
Cac két qua mo phdng st dung phan mém CST dugc su
dung dé dinh hudng cho ché tao thuc nghiém. Cac két
qua do dac thuc nghiém hé théng ché tao dugc kha phu
hop v6i cac két qua mé phong trudc dé. Hé théng truyén
nang lugng khéng day dugc khdo sat véi cac khodng cach
truyén khéac nhau tir 0,3 - 0,7m. Bang cach diéu chinh cin
than céc thdong s6 mach dé dat dugc phdi hop trd khang
nang lugng cé thé truyén khéng day qua khoang cach
0,7m vGi hé s8 truyén qua =~ 0,3. H& théng nay c6 thé ting
dung rong rai trong cong nghé khéng day trong tuong lai
trong lugi dién thong minh.
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