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NGHIEN CUU, CHE TAO HE THONG TRUYEN NANG LUONG
KHONG DAY DUA TREN HIEU UNG CONG HUONG TU

' KHOANG CACH TRUNG BINH

ANALYSIS AND EXPERIMENTS ON MID-RANGE WIRELESS POWER TRANSFER SYSTEM BASED

ON MAGNETIC RESONANCE
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TOMTAT

Truyén tai dién nang khong day la cach truyén tai ndng lwong dién tir
mot ngudn phat toi mat hodc nhiéu thiét bj tiéu thu ma khdng can st dung
déy dan. Do do, cac hé thong nay mang dén rat nhigu thuén tién cho cudc
sdng hién dai. Hon nira, trong mét s6 treong hop dac biét khi khdng thé st
dung day dan thi truyén nang lrong khong déy 1a mot lua chon t6i vu. He
thong truyén nang lvong khong déy dugc chia lam ba loai: khoang cach gan,
khoang cdch trung binh va khoang cdch xa. Trong bai b&o nay ching téi tap
trung nghién ctu hé thong truyén nang lvong khong day & khodng cach
trung binh, nguyén Iy cta hé thong dva trén hiéu (ng cng huéng tir. Ching
t6i da ché tao thanh cong bd truyén dién khong day & khoang cach 0,5m, dat
hiéu suét trén 50%. Hé thong nay cd thé duoc ting dung trong cng nghiép
va cude song hang ngay gidp cho hé thong dién sé tré nén gon nhe va tang
tinh tham my.

Tirkhéa: Truyén nang luong khong day; 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 Bon vi Y nghia
R, pum PO nham bé mat
u v Hiéu dién thé
| A Cudng do dong dién
CHU VIET TAT
WPT Wireless power transfer
KHCN Khoa hoc céng nghé
1. GIOI THIEU

Truyén tai nang luvgng khdng day la cach truyén tai
nang lvgng dién tir mot nguon dién téi thiét bi tiéu thu
dién ma khong st 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 twong lai. Viéc nay
sé& giam thiéu dwoc chi phi trong thiét ké, thi cdng cac cong
trinh vé dién dan dung va cong nghiép. Tt d6, qua trinh st
dung dién sé tién lgi hon, hé théng dién khong phai dau
ndi day dan phtrc tap khi s8 lugng thiét bi dién ting lén.
D6i v6i cac (ing dung tdm ngén hién dai, truyén tai dién
cam ¢ng (IPT) hé théng va hé théng sac khdng day cho
thiét bi cam tay céac thiét bi nhu dién thoai di dong déa thu
hat nhiéu sy ch y tir nhirng nam 1990 va 2000. Céng nghé
sac khong day cho cac thiét bi dién t&r cam tay da dat dén
giai doan thvong mai hda théng qua viéc ra mét tiéu chuén
Qi cta Lién minh nang lvgng khong day, hién bao gom hon
135 céac cong ty trén toan thé gidi [1-4].

Truyén nang lvgng khéng day co thé dugc phan chia
theo khoang cach truyén sau: truyén nang luvgng khdéng
day hoat dong trong pham vi milimet t&i centimet (Short-
range WPT), pham vi trung binh t&r centimet téi met (Mid-
range WPT) va pham vi xa tr mét dén km (Long-range
WPT). B6i vai khoang cach truyén la cy li ngdn pham vi
truyén trong khodng cach truyén tlir vai mm dén cm tan so
hoat dong la KHz va hiéu suét truyén cao tir 50 - 99%. Loai
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truyén nay dang duogc ap dung rat nhiéu trong cac bo sac
cho cac thiét bi dién tlr yéu cau khoang cach gan voi tiéu
chuan Qi ra doi. Khoang cach trung binh cé tan s6 hoat
dong c& MHz va dat hiéu suat truyén 10 téi 90%, duoc ap
dung cho cac hé théng truyén dién véi cac khoang cach
truyén khong qua lén va rat pho bién trong cac cén ho
théng minh, va da dua vao &p dung cho cac bd sac khéng
day déi phuong tién giao thong. Khoang cach xa dat hiéu
sudt kha thap < 5% va tan s6 hoat dong phai I&n hon GHz.
Pham vi (*ng dung la cho cac vé tinh véi khodng céach
truyén xa va khong yéu cau hiéu suét cao [5-8].

Truyén nang luvgng khong day & khodng céach trung
binh gan day da thu hat sy cha y ctia cadc nha nghién ctu,
hé théng dat duogc hiéu qua truyén cao & khodng cach
truyén mong muoén. Han ché chinh cla phéat hién nay la
thiét 1ap cong kénh va bat dong. Song gan day da phat
hién ra mot cau tric hdc cong hudng dé tang cudng hiéu
suat clia hé théng truyén nang lwgng khong day & khoang
cach trung binh. Pham va dong nghiép da trinh bay mot hé
thong truyén nang lvong khéng day véi su cé mat clia cac
h6c cong hwdng véi vat liéu bién hda co tlr thdm am dé
tang cuong hiéu suat ctia hé théng.

Trong bai b&o nay, chlng t6i sé trinh bay vé hé théng
truyén nang lvong khdng day & khoang cach trung binh véi
cdu tric bon cudn day cé phdi hop tré khang. Cac phéan tich
ly thuyét va phwong phép tinh toan théng so clia hé théng
dé dam bao hiéu sudt truyén tai t6t nhat sé dwoc thuc hién.
Chung t6i cling ti€n hanh md phéng hé théng truyén nang
lwong khéng day gébm bén cudn day bang phan mém
thuong mai CST Studio Suite. Dua trén két qua mé phong,
chling t6i da ché tao hé thdng truyén nang lvgng khong day
& khodng cach 30cm véi hé so truyén qua0,7.
2.CO SO'LY THUYET/PHUONG PHAP NGHIEN CUU

Hinh 1 1a so d6 hé thong truyén tai dién khéng day gom
b6én bd cong huvdng. Khoang cach gitra cudn phat va bo
cdng hudng phéat dugc ky hiéu la d,, va khoang cach tir
cudn cong huwdng nhan dén cudn thu la d,,. Khodng cach
gilta hai b6 cdng hudng phat va thu dwgc ky hiéu la d,,, dé
la khoang cach ma ching ta quan tam dé truyén tai dién.

Cudn cang

.
LBO diu khlen Cugn thy

Cupn phat

Khop ndi dinh
hudng
(Ba tao tin hidy

va khuéch dai

Tai tiéu thu

[ ]

Hinh 1. So d6 hé thong WPT 4 cudn

Hinh 2 trinh bay so d6 mach don gian héa clia hé thdng
truyén tai dién khong day cong huéng tir. Cac tham sb
clia mdi cudn day dwoc biéu thi bang cac phan tir R, L, C,
(i=1-4). Cac hé s6 ghép cip clia cac cudn duoc biéu dién
bang ki, Kys, Kas.
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Hinh 2. Mach tvong dwong clia hé thong WPT 4 cudn day

Dién ap cap vao la Vs va dién tr& nguon va tai lan lugt la
Rs va R,. BOi véi bd cong hudng cd hé s6 pham chat (Q) rat
cao va diéu kién tré khang nguon / tai thuc té, ching ta cé
R; <<RgvaR,<<R,dodd (R, +Rs=Rg)va (R, +R =R)).

Dva trén so d6 mach dién & hinh 2 ta co:
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Giai phrong trinh (1) va (2), ching ta cé thé tim thay
dong dién chay I, va cudn tai |, nhu sau:;
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Khi hé théng déi xing, sao cho Q; = Q,; Q; = Q, va
ki, = kg4, hé sO dién &p gitta ngudn va tai clia hé théng la:
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3. KET QUA NGHIEN CUU/TINH TOAN/MO PHONG VA
THAO LUAN

DEé thiét ké hé thong trudc hét ching t6i tién hanh mo
phdng nham danh gia cac théng s clia hé théng 4 cudn day
cting nhu nghién ctu st thay d6i clia hiéu suét truyén cong
suat co thé dat duwoc tai cudn tai khi khodng cach gitra cudn
tai va cudn phat thay doi. Két qua mo phdng cla truyén tai
dién khoéng day dwoc trinh bay bang cach st dung phan
mém moé phong thiét ké ang ten CST studio suite & cac
khoang cach truyén khac nhau trong pham vi 30 - 70cm.
Nghién cru so sanh hé sd phan xa va truyén qua trong pham
vi 30cm, 50cm va 70cm duoc trinh bay va thao luan.

Cudn cong
hudng phat

Cudn phat Cudn cong

- Cudn thu
huwang thu

Hinh 3. Hé thdng 4 cudn trén phan mém md phang trén CST
Hinh 3 la so d6 hé théng truyén nang lvgng khéng day
& khoang céach trung binh dugc méd phdng bang phan mém
CST (CST STUDIO SUITE). Hé théng gdm 4 cudn day, voi
cudn phat va cudn thu c6 cau tric la 1 vong day ban kinh
15cm, trong khi cudn cong huéng phat va cudén cong
hudng thu gbm 6 vong xoan 8¢ véi ban kinh ngoai 20cm
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Hinh 4. Két qua md phong hiéu suat truyén véi khodng cach 30cm
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Céac két qua mod phéng truyén nang lvgng khéng day
voi khodng cach truyén la 30cm véi hé s6 phan xa va truyén
gua duoc hién thi trong hinh 4. M6 phang két qua cho thay
cong hudng tir xay ra & ~16MHz va tham s6 S,, duoc truyén
tlr ngudn dé cudn day 1a 0,72.

V&i két qua thu dugc tir viec md phong trén phan mém
CST ching t6i da ché tao dwgc hé théng truyén nang lvgng
khong day dva trén hiéu r'ng cong hwéng tir nhw hinh 5.

Cudn céng

S0 e huéng thu

huong phat
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Cremvencn Méy phan tich

pho

Hinh 5. Hé théng truyén nang luong khong day dya trén hiéu (ng cong
hudng tir
Hinh 6 la cac két qua do dac clia hé théng véi 3 khoang
cach khao sat 30cm, 50cm va 70cm. Véi khoang cach truyén
la 30cm chiing t6i thu dwgc hé sb truyén qua dat ~ 0,7. V6i
khodng cach la 50cm thi hé s6 truyén qua da gidm xudng
con khoang ~ 0,6. Khi khoang cach truyén tang lIén 70cm
thi hé s6 truyén qua ti€p tuc giam xuéng con ~ 0,3. Si gidm
xubng cla hiéu suét truyén dan khi ting khoang céach
truyén la do hé s6 ghép cap gilta cuén cong huéng phat va
cudn cdng huéng thu suy gidm nhanh chéng khi tang
khoang cach truyén dan.
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Hinh 6. Hiéu suét truyén véi khoang cach 30cm, 50cm, 70cm
4. KET LUAN VA KHUYEN NGHI

Bai bao nay trinh bay mot giai phap hiéu qua dé truyén
nang luong cho cac thiét bi dién ma khéng can day dan. Hé
théng nang lvgng khong day tam trung dwgc nghién cliru
bang ca phan tich Iy thuyét va thuc nghiém. Cac két qua
mo phong st dung phan mém CST dwoc st dung dé dinh
huéng cho ché tao thuc nghiém. Céc két qua do dac thuc
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nghiém hé théng ché tao dwgc kha phu hgp véi cac két qua
mo phéng truéc d6. Hé théng truyén nang lvgng khdng
day duoc khao sat voi cac khoang cach truyén khac nhau tir
0,3 - 0,7m. Bang céch diéu chinh c&n than cac théng s6
mach dé dat dugc phoi hop tré khang nang lvgng cé thé
truyén khong day qua khoang cach 0,7m véi hé sb truyén
qua ~ 0,3. Chlng toi tin rang hé théng nay c6 thé tim thay
cac (*ng dung rdng réi trong cdng nghé khéng day trong
twong lai trong lwéi dién thdng minh.
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