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Truyen dién khong day (WPT) la truyen dan ndng lwong dién tir ngudn dén
tdi khong qua két noi day dan. Vdn dé ton tai hién nay véi phwong phdp
truyen tdi dién nang khong day la hiéu sudt hé théng chwa cao, khoang cdch
truyen tdi ngan cdu tao hé théng phu'c tap, chi phl thap Bai bdo dé cdp dén
vdn dé mo phong hé thong WPT va nhdam khdo sdt moi quan hé phu thudc
ctia h6 cdm gitra hai cuén day RX va TX theo khoang cdch va goc quay cua
chung V@i cdc gid tri cu thé, tir d6 xdc dinh hl_eu sudt truyén tdi ndng Iu'g'ng
ctia hé, va tim diém lam viéc dat hiéu sudt truyén tdi Ion nhdt. Tt co s¢ ldp
ludn ly thuyétva tién hanh thuwc hién mé 6 phdng hé thong WPT véi phdin mém
ANSYS, két qud dat dwoc cho thay quan hé ho cam gitra hai cuén ddy trong
cdc truomg hop dt 16ch truc va léch goc. Tir d6 lam tién dé gitip cho nguori
thiét ké hé thong WPT c6 thé diéu chinh cdc thong s6 vé cudn ddy, tdn sé cdng
hwéng, ... dé hé thdng dat hiéu qud cao, hoat ddng tin cdy, dong thoi gidm chi
phi gid thanh sdn xudt.

© 2018 Trwdong Dai hoc Mo - Dia chit. T4t ca cic quyén dwoc bao dam.

1. Mé dau

nang lwong dién khong day (WPT). Cong nghé nay
cho phép truyén tai nang lwong dién tir nguon dén

Ngay nay, vdi sw phat trién khéng ngirng ctia
cac thiét bi thong minh nhw dién thoai di dong,
déng ho theo dai strc khoe, 6 t6 tw hanh, ... va xu
hwéng két noi van vat (Internet of Things) thi nhu
ciu vé nang lwong cung cip cho cac thiét bi hoat
dong trong thoi gian dai, 6n dinh va thun tién la
rat 1on. Cac thiét bi dién tir ngay cang nhé gon va
phén tan, do dé giai phap ly twdng dé cung cip
nang lwong cho chiing la st dung hé théng truyén
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tai qua khong khi ma khong can két néi day dan.
V&i nhitng wu diém vuot troi cia cong nghé nay,
truyén dién khéng day dang tré thanh mot xu
hwéng phat trién tit yéu. Tir khi nha khoa hoc
Nicola Tesla cong bd nghién cru clia minh vé
WPTvao nam 1890 (Nicola Tesla, 1905), tAm quan
trong ciia WPT di dan tang 1én va tré thanh mot
linh vuc da nganh, c6 lién quan dén nhiéu linh vuc
khoa hoc kh4c nhau nhu trong vién thong, y hoc,
nhiét hoc, ... WPT st dung ki thuit treong gan va
ky thuat treong xa (Gozalvez, 2007; Kurs, 2010;
Massa, 2013).
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Cac ky thuat ap dung trong WPT da dwoc
nghién ctiru theo hai hwéng gbm ning cao hiéu
suit truyén nang lwong va ting khoang cach
truyén. Nam 2012, Zhao va nhém nghién ctiu
thudc hoc vién céng nghé Massachusetts (MIT)
phat minh ra “WiTricity” st dung hién twong cong
hwdng cé kha nang truyén tai 60W trong khoang
cach 2m véi hiéu sudt nhé hon 40% (Zhao et al,
2012). Bén ndm 2014, vién KAIST (Han Quoc) dé
xudt mét cau truc cudn diy va 16i tir dang cong
hwong lwdng cuc dién (Dipole Coil Resonant
System) gitip truyén tai cong suit t6i da dén 209W
tai tin s6 20kHz trong khoang cach 1én t&i 5m,
twong dwong véi viéc c6 thé sac dwoc dén 40 chiéc
dién thoai di dong dong thoi (Chun et al, 2014).
Hién nay ton tai ba tiéu chuin cong nghé WPT la
Qi, PMA va A4WP. Qi st dung cudn diy nho dé
truyén ning lwong & tan s cao, hd tro sac khong
day & khoang cach ngin vai cm, cdng nghé nay c6
dic diém cincac cudn diy can dit thang hang
(Waffenschmidt, 2011), phat nhiét cho thiét bi va
khé sac dwoc nhiéu thiét bi cung ldc. Cong nghé
A4WP (Alliance for Wireless Power) cho phép
nang cao hiéu suit truyén tai, nhiéu thiét bi c6 thé
sac cung ldc tir mét ngudn phat duy nhat. Do st
dung truwdng dién tir 1én hon céng nghé Qi nén
A4WP khong yéu cau cic cudn day can dit thang
hang véi nhau (Tseng et al, 2013). Tiéu chuin
PMA twong tu nhw Qi dwgc phat minh nam 2012
bé&iProcter va Gamble dwgc phat trién manh trong
nhiéu linh vic khoa hoc ngay nay gitp truyén dién
khong day dén moi noi véi cong suit truyén tai tir
5-10W (Chandrasekar and Geetha, 2016). Trong
pham vi ctia bai viét nay, tac gia dwa ra mot mé
hinh hé théng truyén tai nang lwgng khong day
gom hai cudn diy Tx (phat) va Rx (thu) v&i cac s6
liéu ban dau cho trwéce va phan tich cac treong
hop: 1- thay d6i khoang cach gitra hai cuén day; 2-
thay déi do 1éch truc hai cudn day dong phang va
thay d6i goc hop béi mat phang hai cudn day trén
moi trwong phdn mém ANSYS Maxwell 3D va
ANSYS Simplorer. Cac két qua thu dwoc vé ho cam,
d6 thi do 16n cdm ng tir B, va hiéu suit cta hé
théng dwoc chi ra trén Hinh 6, 7, 8, 9,10 va cac
Bang 2, 3,4, 5.

2. Xay dwng mo hinh mé phéng hé thdong
WPT

Hé thong WPT hoat dong dwa trén nguyén ly
cadm Umg dién tir. Thong s6 hd cAm M gitra hai cudn

day la yéu t6 quan trong quyét dinh hiéu suit cia
hé théng. Trong mo hinh hé thong WPT, hé s6 k la
ham phu thudc vao khoang cach d cda hai cuon
day va goc quay o gitra ching. Mai lién hé nay cé
thé dwoc mo ta baoi biéu thire k = f(d,o). Thuc té
cho thiy, dé ting hé s6 hd cam k gitta TX va RX,
nha thiét ké c6 thé ting s6 vong diy hodc thém vat
liéu din tir. Trong nodi dung bai viét nay, hé sé ho
cam Kk gitra hai cuén day TX va RX dwoc tinh toan
trong cac treomg hop bao gom:

- TX, RX dit dong phang cich nhau khoang
cach dwgc tham s héa bang bién distance (mm),
dbng trucva léch trucmot khoang sliding (mm).

- TX, RX dat 1éch nhau mot goc dwoc tham sé
ho6a bang bién rotating (d6), dong truc va léch truc
mot khodng dwoc tham s§ hoa bang bién sliding
(mm).

2.1. Thiét ldp mé hinh hai cuén cdm rng

Cac cudn day la thanh phan chinh trong hé
thong WPT. nang lwgng TX, cudn day bén phia tai
1a cudn thu nang lwgng RX. nang lwong TX, cudn
day bén phia tai 1a cudn thu nang lwgng RX.

Thiét ké cuén TX, RX
Hai cudn déy dong phang (dong tam, léch tam)
g Hai cuén day dong tém, léch géc
& 32
28 '
= Céc théng s6 vé trdng dién tir
Hé sb tw cam, hd cam
® g ] Thiét ké va mé phéng hé théng WPT |
na ‘
<2( E " s e Lgn ol
%] ’ Danh gia hiéu suat hé thong WPT |

Hinh 1. Lwu d6 mé6 phéng hé théng WPT.
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Properties: WPT - Maxwell3DDesign1 - Modeler

Command

Name Vaue | Ut | Evalted Vaue Description
Name Segmerted

Location syl =

Version [
Palygonadis |1 mn [1om
SiatHebxRads |20 mn |2m
RadusChenge  |205 mn |206mm Radus change pertum
Fich 0 o |onm Hex pitch

Tums 0 0 Number of fums
SegertsPeTun |3 %

fiimber of cross-section polygon segments. Ofor Grole

Outerradius of cross-secton polygon

Stert radis from polygon certer o hel certer

Number of seqmerts pertum, Ofor fus suface

RightHanded 1 1 Hel drection. non-zero for ight handed v
I Show Hidden
Cancel Apply

Hinh 2. Cdc théng s thiét ké cupn TX va RX.

Hinh 3. M6 hinh cuén ddy TX va RX.

S
P
g c:
h ), ‘Q L ) = L ) %R(
v/ ' s ' /
R1
VWA

iC%
L

Hinh 4. So d6 mach twong dwong hé thong WPT.

Bdng 1. Cdc théng sé ctia mach.

L; |DPién cam cudn day TX

L, |Pién cam cudn day RX
M |H6 cAm
k  |Hé s6 ghép déi gitra hai cudn TX, RX
» Cs |Dién dung ctia tu & mach so va thir cap
R, |Dién tré tai
R, R, |NOi tré ciia cudn day TX va RX
n  |Hiéu suit

Cudn day thwong cé dang cudn xoan véi cac
vong day dong truc dang phang. Hai cudn day
dworc thiét ké véi cac tham s6 c6 thé diéu chinh
dwogc. Trong ANSYS Maxwell c6 tich hgp chirc
nang giai cac phwong trinh vé treong dién tir theo
phwong phap phén ti hiru han, nén dé thuén tién
cho viéc m6 phong va tinh cac thong sé cudn day,
hai cudén day duoc thiét ké co tiét dién hinh luc
giac c6 canh 1mm (Hinh 3), cuén TX c6 10 s6 vong

day va s6 vong cudn RX 1a 5 vong diy, dwoc chia
lam 36 doan.

2.2. Tinh todn dién cdm va hé cdm theo so’ do
mach twong dwong

Dé tinh todn cac tham s6 nhw dién cdm L, L,
h6 cdm M, hiéu suit n mot so d6 twong dwong hé
thong WPT dwoc dwa ra dé€ phén tich.

Trwéec tién, st dung phwong phap dong dién
vong dé tinh toan cic thong sé ciia mach.

. 1 . o

. . 0 L
siit
0=(L-1) L iR 3
— \U3 2 1+j0)Cg 30t ()

Tt (2); (3) twong &ng c6 moi lién hé gitra
phtrc cac dong dién L va I1; s va I,

2o i @
Lo Rt
1 ]wL2+R2+1+ijth
1
I3 _ 1+ jwCs _ 1 )
; R p  1+jwCR,
T+ wCR, " 1t

Thay (4) vao phwong trinh (1) ta c6 phwong
trinh tinh tré& khang vao cia mach.

ZiTl =]pr + Rl +]0)L1
w?M?
+ — (©

j(l)Lz + R2 +—1 +](L)CSRt

Hiéu sudt cia hé théng duwoc tinh nhw sau:
Pout _ (13)2 R, (13 12)2 R,

n = = =
Pin 12 Zin 12 11 Zin )
1 joM
n= -
1+ jwCR, ; Ry
St jwl, + R, +—1+ijth
R
1 , - wZM? (7)
W+R1+](1)L1 t - Re
Jwtp J‘*’L2+R2+m

C6 thé thay, khi hd cam gitra hai cudn day thay
d6i thi hiéu suit ctia hé thong cling thay doi theo.
Trong ANSYS Maxwell, mét bién distance (d) 1a
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khodng cach giita TX va RX dwoc lwa chon trong
pham vi tir 2mm dén 50mm dé khéo sat quan hé
gitra hd cdm M va khoang cich giita hai cudn day.
Twong ty nhw vay, trong ndi dung bai nay, tac gia
cling khao sat thém cac trwong hop gilt nguyén
khodang cach d (distance), dich chuyén cudn day
RX léch truc so véi truc cia cuén diy TX mot
khodng 25mm twong wng bién sliding (truot)
dwoc chon & hai gia tri la Omm va 25mm. Trwong
hop cudi 1a thay déi goc hop béi mat phang hai
cudn day tir 0 dén 30° twong rng bién goc quay a
(rotating) dwoc 14y trong khoang tir 0o dén 30e.
Cac két qua tinh toan dworc tir phin mém va cong
thirc gidi tich dwoc théng ké thanh dang bang
dudi.

T cac thong s6 dién cam Ly, L, da c6 (Rahul
Bhujade, Dec 2016), hd cdAm M c6 thé tinh duworc
tinh nhw sau:

M =k\L,L, (8)

Tinhcachésd Ly, L,

¥

Thay ddi distance, sliding, rotating tinh hé sb
ghép déi k gitra hai cudn TX va RX

¥
Tinh hé cam M
¥

Tinh R, C trong mach so cap va thir cp

Hinh 5. Lwu d6 tinh todn cdc théng s6 mach.

5] LgehitiiE
Hinh 6. M6 hinh TX, RX dong phdng.

(a) Dong truc.

(a) Pong truc. (b) Léch truc.
Hinh 7. Phdn bé tir truomg B.

bién dung cla tu dién va dién tré so cip va
thir cap trong so d6 twong dwong duoc tinh theo
cong thirc (9,10, 11).

Cp=—— 9

C S 10

ST w2(1-K?)L, 10

R = l _ 27mr 1

oS (D\*,  _,384 D
0n(7> 10

Trong d6: D - dwong kinh ctia day (mm); o -
dién tré suit cia vét liéu ché tao cudén day (S/m);
r - ban kinh trung binh ctia cuén day (mm); N - s6
vong mdi cudn.

2.3. Khdo sdt hai cuén ddy déng phdng trong
trwong hop déng truc va léch truc

Hinh 6 1a mé hinh hai cuon day TX va RX dat
ddng phang v&i khodng cach distance thay doi tir
2+ 50mm. Cac thdng s6 mach duoc tinh theo luwu
d6 Hinh 5 dwoc két qua & Bang 2 va 3. Ngoai ra,
v&i moi bién distance thay ddi, c6 thé quan sat sw
thay déi ctia hiéu sut hé théng WPT bang do thi.

Tir cac két qua dat dwoc c6 thé nhan xét dwoc
nhw Bang 2, Bang 3 sau:

Bdng 2. H6 cdm M véi truomg hop dong phdng va
dong truc.

Distance k | Li(pH) | Lp (pH) | M (pH)
2mm 035 | 732 | 0975 | 0.939
Smm 031 | 732 | 0975 | 0.840
10mm 0.25 | 732 | 0975 | 0.664
15mm 0.19 | 732 | 0975 | 0.511
20mm 0.15 | 732 | 0975 | 0.039
30mm 0.09 | 732 | 0975 | 0.228
40mm 0.05| 732 | 0974 | 0.136
50mm 0.03 | 732 | 0974 | 0.083

Bdng 3. H6 cdm M véi truomg hop dong phdng va

dich truc.
Distance k | Li(uH) | Ly(puH) | M(uH)
2mm 0.24 | 732 | 0975 | 0.628
5mm 0.19 | 732 | 0975 | 0.510
10mm 014 | 732 | 0975 | 0.373
15mm 011 | 732 | 0975 | 0.282
20mm 0.08 | 732 | 0975 | 0.217
30mm 0.05 | 732 | 0975 | 0.134
40mm 0.03 | 732 | 0975 | 0.086
50mm 0.02 | 732 | 0973 | 0.056
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Efficiency (%)

Efficiency - sliding O
Efficiency - sliding 2

T T
o 10

y y
20 30
Distance (mm)

T T
40 50

Hinh 8. Biéu d6 hiéu sudt thay déi theo khodng
cdch va do léch truc.

(a) Pong truc.

(b) Léch truc.
Hinh 9. M6 hinh TX, RX khong dong phang.

(a) Dbhg trué (b) Léch trl_Jc
Hinh 10. Phdn bé tir truong B.
Bdng 4. H6 cdm M véi truomg hop dong truc,

khéng dong phdng.
Rotate k L1(pH) | L2 (uH) | M (uH)
0o 0.192 | 7.317 0.975 0.511
50 0.192 | 7.317 0.975 0.511
100 0.190 | 7.317 0.975 0.509
150 0.188 | 7.317 0.975 0.503
200 0.185 | 7.317 0.975 0.494
250 0.180 | 7.317 0.975 0.480
300 0.173 | 7.317 0.975 0.462

Bdng 5. H6 cdm M véi truomg hop léch truc
15mm, khéng dong phdng.

Rotate k L1(pH) | L2 (pH) | M (pH)
00 0.161 | 7.318 0.975 0.430
50 0.156 | 7.317 0.975 0.416
100 | 0.150 | 7.317 0.975 0.399
150 1 0.143 | 7.318 0.975 0.381
20° | 0.135 | 7.317 0.975 0.360
25° | 0.126 | 7.318 0.975 0.336
300 | 0.116 | 7.318 0.975 0.309

—— Efficiency - sliding Omm

5 ‘— Efficiency - sliding 15mm

50 - I { |
454 !

40+

35 4

Efficiency (%)

304

254

204

T y v T v
0 5 10 15 20 25 30
Rotating (°)

Hinh 11. Biéu do hiéu sudt thay doi theo géc léch
va dg léch truc.

- B6i véi treomg hop hai cudn day TX, RX
dong phang, khi tién hanh thay ddi khoang cach
gitta hai cudn diy tir 2+ 50mm thi hiéu suét
truyén tai nang lwong gidm nhanh tir 70% + 95%
xudng con dwdi 5%;

- Hiéu suat 16n nhat dat dwoc & khoang cach
2mm. Khi hai cudn day dit thang hang thi hiéu
suit cao hon trwong hop dit 1éch truc khodng
25.3%. Tan s6 cdng hwong trung binh tai 54kHz.

2.4. Khdo sdt hai cuén ddy khéng dong phang
trong trwong hop déng truc va léch truc

Hinh 9 la mé hinh hai cudn day TX va RX dat
1éch goc rotating thay dai tir 0 =+ 300, Cac thong sd
mach tinh theo lwu @6 Hinh 5 dwoc Bang 4, 5.
Ngoai ra, véi mdi bién rotating thay déi, c6 thé
quan sat sy thay doi ctia hiéu suat hé thong WPT
bang do thi.

Trwdng hop hai cudn day khéng dong phang,
hiéu suit giam tir 51.8% xudng 43%; 37.4%
xubng 19.6% twong &ng khi dat déng truc va léch
goc. Hiéu sudt truyén tai nang lwgng dién giam
nhe khi ta tang goc 1éch gitra hai cuén day. Hiéu
sudt toi da gidm khi ta dich chuyén cuén RX so véi
cudn TX.

3. Kétluin

Bai bao gidi thiéu phwong phap str dung cong
cu phan mém ANSYS mé phong trirong dién tir va
phwong phap s6 dé tinh toan dién cdm, hd cdm cta
hai cudn day hé thong WPT trong cc trwong hop
cic cudn day dit dong phiang va khong dong
phang, c6 xét dén do dich chuyén. Viéc xac dinh
cac thong s8 t6i wu cho cac cudn day van 1a van dé
khé khan va thach thirc khi thiét ké hé thong WPT.
Qua két qua md phdng véi cac so liéu tir cac bang
va do thi d6i véi tirng treong hop 6 thé ritra
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mot sO két luin nhw sau:

- Dién cam la khong dé6i véi cing mot diéu
kién kich thich (dong dién trong cac cuon day), hé
s6 hd cAm thay d6i theo khoang cach, dd 1éch truc,
d6 léch goéc.Hiéu sut truyén tai nang lwong dién
phu thudc ro rét vao khoang cach gitra hai cuon TX
va RX. Khoang cach cang xa thi hiéu suat cang thip
va nguoc lai. O cing mot khoang cach, géc léch
gitra hai cuon day khéng dnh hwdng qua nhiéu dén
hiéu suit truyén tai nang lwong.

- Bai bao thuc hién mé phong v&i cdc moé dun
cia ANSYS la ANSYS Maxwell va ANSYS
Simplorer, giip mo6 phdéng va danh gia dwoc cac
thong s6 vé treong dién tir 3D, cac thong s6 mach
& qua trinh qua do va xac lap.
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ABSTRACT

Modeling and calculation of self and mutual inductance between a
pair of coils for wireless resonant transfer system using numerical
method

Sy Tien Nguyen, Anh Ngoc Tong
Faculty of Electro-Mechanics, Hanoi University of Mining and Geology, Vietnam.

Wireless Power Transfer (WPT) is the transmision of electrical energy from a power source to an
electrical load. WPT applied a wide range of subjects in various fields such as mobile devices, medical
applications and electrical vehicles. There are two techniques in wireless power transfer including
near-field technique and far-field techniques. The main problem for WPT techniques is how to improve
efficiency of system in long distance with low cost and simple structure. In this paper, the transmitter
and receiver coils of WPT systems are modelling using ANSYS Maxwell simulation tool. Then, with the
use of numerical method in ANSYS Simplorer software, the self and mutual inductance of the coils is
computed by assigning distance and rotation between the two coils as variables. The efficiency of the
system was estimated through the calculation of input and output power. The results also revealed that
the efficiency of system follows distance and rotation between TX and RX coils with different cases.
Finally, some remarks and recommendations regarding future studies are proposed.



