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Abstract

In recent years, Wireless Power Transfer (WPT) technology has received remarkable attention because of its wide range of applications. To
control the output voltage and maximize the efficiency of the system under variable conditions, primary-side phase shift H-bridge inverter
and secondary-side semiactive rectifier are simultaneously utilized in this paper. The control method is performed on both primary and
secondary sides. Besides, the study suggests a formula to estimate the output power and calculate the tranfer power value needed to supply.
This power controller uses phase-shift modulation method to help the system achieve maximum efficiency. A 2.5 kW WPT system was built
in the laboratory to verify the proposed method. A stable 400 V on the load is achieved with 2.3% control error, and the transfer efficiency is

improved up to 90.9%.

Keywords: wireless power transfer; double-sided LCC compensation; semi-bridgeless active rectifier; voltage control; im-
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Tém tit

Trong nhiing ndm gin déy, cong nghé truyén dién khong day nhan
duoc rat nhiéu sy quan tam béi tinh wng dung cao. Dé diéu khién én
dinh dién &p ra tai va nang cao hiéu suit cua hé théng, nghién cuu
nay sir dung phuong phap didu ché dich pha bd nghich luu phia so
cép va bo chinh Iuu tich cuc phia thir cdp. Phuong phap didu khién
duoc thuc hién & ca hai phia so va thir cip. Ngoai ra, nghién ctu chi
ra cong thirc wéc lwong cdng suat trén tai, gilp tao ra gia tri tham
chiéu cho bo diéu khién cong suat truyén, tir do ning cao hidu sut
truyén caa hé thdng. Mot hé théng truyén dién khong day cong suét
2.5 kW duoc xay dung trong phong thi nghiém. Cac ly thuyét dwoc
kiém chimng bing mé phong va thuc nghiém. Két qua, dién &p trén
tai dwoc 6n dinh bang 400V trén tai vai sai léch 2.3% va hiéu suét
truyén dugc nang cao t6i 90.9%.

1. Giéi thiéu

Nhirng thap ky qua da chtng kién sy phat trién manh mé trong
cbng nghé tao nén cac phuong tién chay dién nho su than thién
v6i méi truong. O do, cong nghé truyén dién khong day
(WPT) nhan duoc sy quan tam rat I6n. WPT duoc khai thac
trong mét loat cic tng dung nhu trong y sinh, trong xe dién
cling nhu wng dung tu déng hoéa trong céng nghiép [1], [2],
3.

O hé théng WPT, ngudn dau vao céach ly vai tai vé mat vat ly,
dién nang duoc truyén nhd hién tuong cam tmg dién tir gita
hai cuon day. Khong giong nhu may bién ap c6 I3i sit tir, gitra
cudn truyén va cudn nhan ¢ hé théng WPT ton tai khe ho
khong khi 16n, 1am giam hé sé két ndi va tiang gia tri dién cam
rd, dong nghia véi ting cong suit phan khang. Do do, hiéu
suat hé thdng rat thap. Dé triét tiéu gia tri dién cam rd nay,
nhiéu cau tric mach bu da dugc dé xuat, trong d6 cau tric
LCC hai phia néi bat véi nhiéu vu diém [4]. Tht nhat 12 tan
s6 cong hudng va dong trén cudn truyén khdng phu thugc vao
tai va hé sé két ndi. Thir hai 1a gié tri cac tu bu nho, nhd do
giam kich thudc va chi phi hé thdng. Tuy nhién & tan s6 cong
huong, cau trac LCC cho dic tinh dau ra 1a ngudn dong, do
do dién ap dau ra s& thay doi theo gid tri tai. Vi vay & cac ing
dung can dién ap dau ra cb dinh, viéc diéu khién on ap la vo
cung quan trong.

Mot sb nghién ciu trude day da sir dung bo nghich luu phia
so CAp da diéu khién thanh cong dién ép ra tai [5], [6]. Tuy
nhién trong truong hop nhiéu tai khac nhau hoat dong dong
thoi, phuong phap kha thi 1a diéu khién phia thir cip. Theo d6,
mot sb nghién ciru da sir dung mot bo bién d6i DC-DC dat
phia trudc tai dé diéu khién dién ap dau ra [7], [8]. Viéc lap
thém mot bo bién doi vao hé thng thuong khong duoc
khuyén khich do gigi han vé khong gian, chi phi va ting ton
hao ning lugng, kéo theo hiéu suat hé théng giam. Hon nira,
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bo chinh luu diode, b bién d6i DC-DC va tham chi bo bu
phan khang c6 thé dugc thay thé bang bo chinh luu tich cuc
khién cho viéc didu khién bén thir cip duoc quan tdm hon.
Mot bo chinh Tuu bén tich cuc duge dé xuit st dung trong
nghién ctru ndy. Uu diém ndi bat cua cau trdc chinh luu ban
tich cuc 1a thiét ké don gian va hiéu suat cao. Viéc tim duoc
md hinh chinh xéac cua ciu trac chinh luu ban tich cuc 1a vo
cling quan trong dé thiét ké ra mot bo diéu khién tét. Mot
phuong phap mé hinh hoa tin hiéu nho dugc dé xuat trong [9],
nhung mé hinh nay khong thé hién dugc tinh dong hoc hé
thong vi gia thiét nguon AC 1y tuong dé don gian hoa viéc
phén tich.

Bén canh d6, mot vin dé can duoc vu tién hang dau trong hé
théng WPT chinh Ia hiéu suit. Nhin chung, hiéu suit caa céc
hé théng WPT con thip. Néu hiéu suat caa hé théng WPT dat
cao so véi hé théng truyén dién c6 day thong thudng, day s&
1a mot budc tién 16n gidp cong nghé WPT ngay cang phd bién
hon. Tuy nhién, c&c nghién cau chi mai dung lai & nhiém vy
on dinh dién &p ra tai, trong khi viéc nang cao hiéu suét truyén
cta hé théng lai chua dugc xem xét [10]. Diéu nay khién cho
viéc ung dung cong nghé WPT tré nén kho khan hon.

Trong bai b4o ndy, mot phuong 4n hoan chinh dé xay dung
mot hé thong WPT duge dé xuit voi kha ning 6n dinh dién
ap ra tai va dam bao hiéu suat duoc gitr & muc cao. M6 hinh
mach b LCC hai phia va c4u tric chinh lwu ban tich cuc dugc
phan tich chinh xac dé tir d6 thiét ké bo diéu khién PI 6n dinh
ap ra tai. Thém vao d6, mot cong thirc dé wdc luong cong suat
tai dwoc chimg minh. Qua khao sét chi tiét, cong suat truyén
tham chiéu &g véi cong suat tai tai hiéu suat téi da dugc dua
vao bo didu khién cong suat st dung phuong phép diéu ché
dich pha bo nghich luu ¢ phia so cap. Tirdo dam bao hiéu suét
truyén ludn duoc giit & muc tdi da. Két qua, dién &p on dinh
400 V trén tai vai sai léch 2.3 % va hiéu suat truyén dwoc nang
cao lén tai 90.9 %.

2. Dé xuit

2.1. Céu trac hé thong

is g b
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C==ve
Cufn}  Qufs

Hinh 1: C4u trdc hé théng

Bang 1: Gia tri thong s6 mach

Thong s6 | Kihigu | Gié trj thidt ké
Dién 4p mot chidu diu vao nghich luu Vin 310V
Dién 4p mot chidu du ra chinh luu A 400V
bién ap sau nghich luu Uyp 279.1V
Dién ap ra trude chinh luu U 282.84V
Cong suét P 2.5 kw
Dién cam hai cugn day Ly, L, 0.11 mH
Heé s6 hd cam k 0.25
Pién tr¢ cua cudn day R 0.15Q

Dién cam mach bu L¢y, Ley 58.8 uH
Tu b néi tiép Cy,C, 0.3 uF
Tu bu song song Cr1,Crp 0.27 uF
Tén sb cong hudng fo 40 kHz
bién tro tai R, 64 Q-640Q

Hinh 1 Ia cau trdc caa hé thong. Phia so cap, cac MOSFET Q;
+ Qq tao thanh bd nghich luu cau mot pha tao ra nguon xoay
chiéu tan s6 cao thdng qua mach bu LCC (gom dién cam b
L, tu bl song song Cr, tu bt ndi tiép Cl) va dua tGi cuon day
so cap Li. O phia tha Cap, cuon day tht cp L, cam ung dugc
mot dién &p xoay chiéu tan sé cao, qua mach bu LCC (gdom
dién cam bu Ly, tu bu song song Cr, tu bu ndi tiép C,), dua
t6i bo chinh luu ban tich cuc gém hai diode Di, Dy, hai
MOSFET Qu1, Qs VA truy@n téi tai. Trén Hinh 1, Vin, Vas 12
dién ap dau vao mot chiéu va dau ra xoay chiéu ciia bo nghich
luwu; Van, Vo 12 dién ap dau vao bo chinh luu tich cuc, dién ap
trén tai; iy, io 1a dong dién trén cac cuon day truyén, nhan; i,
iLr2 12 dong dién trén cac cudn day mach bu phia truyén va
nhan; R la tré khang tai.

Mach b LCC duoc lya chon thiét ké cho hé théng nay. Cac
thong s6 ciia mach bl duoc chon dé cong huong vai nhau &
tan s6 fo. Mdi quan hé cua cac théng sé6 mach bu duoc biéu
dién trong biéu thic dudi day:

1
Lfl'Cf1=_2
o
1
LfZ'Cf2:_2
o
1
o M)
" wozcl
1
L -L,=——o
2 f2 wgcz
Vi
Ly, =L,:Cy =CiC =Cylm, =271, (2)

Mach bu LCC duoc thiét ké cho hé théng WPT cong suét
2.5kW. Tan sé cong husong 40 kHz dugc chon cho cac tng
dung WPT tinh cdng suit nhé nhu xe dap dién, AGV... Céc
tinh toan nay duya trén gia thiét, khi bat dau qué trinh truyén
dién khong day bo nhan dugc can chinh thing hudng véi bo
truyén. Do d6, trong nghién ctitu nay khong xem xét van dé
léch bén. C4c gié tri cua cac thdng sb cho hé thong thiét ké da
dugc tinh toan va thé hién trong Bang 1, ké thira nghién cau
trude d6 [6].

D D. L (7 lo
L .G Lp :
e
+e. iip | + 3
+
Viee (7 ven Vo R, v
T - *
C—ve
Qujss  Qaly

Hinh 2: So @b twong dwong phia thir cip
2.2. Piéu khién 6n dinh dién ap ra tai
2.2.1. Nguyén tic hoat djng

Thyc hi¢n diéu khién bo chinh lwu ban tich cyc phia thir cap
dé diéu khién 6n ap tai. Bé don gian trong phan tich, bo qua
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noi trér cua cac phan tir mach, coi cac van ban dan 1a 1y tuéng
va dong cit & tan sb cong huong. So dd tuong duong ¢ phia
thir Cap duoc biéu dlen trén Hinh 2, trong d6 phia so cap duoc
thay thé bang ngudn xoay chiéu Vse:

V. = o.Ml sin(at) 3)
Véi ws 1a tan sé chuyén mach, 11 1a dong dién trén cuon day
truyén L1, M 1a dién cam hd cam gita cudn truyén va nhan.
Hinh 3 Ia dang tin hiéu diéu khién Qs1, Qs va song dién ép,
dong dién dau vao va dau ra cua bo chinh luu béan tich cuc.
Qs1 va Qs dwgc ma léch pha nhau 180° twong ting véi huéng
am va duong ctia dong dién iLp. Do dic tinh dau ra ciia mach
bl LCC la nguon dong nén khong duoc phép ngan mach, vi
vay duty cua hai van phai 16n hon 0.5. B6n ché do hoat dong
cua chinh Iuu ban tich cuc dugc biéu dién trén Hinh 4.

Ché dol [90 <ot <91]Z Tai 0p, MG Qsz, dong di¢n iLp chéy theo
chiéu duong qua Qs va Qs, ning luong khong duoc truyén
t6i tai. Do d6, dién ap dau vao cia bo chinh luu vap va dong
dién dau ra cia bo chinh Iuu is bang khong va nang lugng da
duoc nap trong tu dién Co dugc cung cap cho tai.

Ché @6 2 [01 < ot <62]: Tai 01, dong van Qs1, dONg iLr, chay tai
tai théng qua D1 va Qs,. Va bang dién ap dau ra va is bang ivr,
nang lugng dugc truyén dén tai. Nguyén tic hoat dong cua
ché do 3 va ché do 4 tuong tu nhu ché do 1 va ché do 2.

A _ 2nd R
VQsl — L<
Al 2nd > "ot
VQsz
i A ot
Lf2
>
ot
i, A
Vab ‘E L Vo ot
>
«—> ¢ > ot
|_12n(d-0.5); 2n(1-d) Vo
0o 01 02 03 04

Hinh 3: Cac dang séng chinh caa cau tric mach bt LCC hai phia véi chinh
luu ban tich cuc

a) Chédp 1

c)Chédj3

d) Ché dj 4

Hinh 4: Céc ché do hoat dong ctia mach chinh luu ban tich cyc

2.2.2. Mo hinh hod hé thong mach bit LCC hai phia véi by
chinh luu ban tich cuc

Ap dung luat Kirchhoff, cac phuong trinh can bang &p va dong
cuia mach tuong duong trén Hinh 2 duoc biéu dién nhu sau:

-Ll—(t)+vcs (t)Jer'2 (t) 4)

+Ve (1) (5)

dv. (t
i (t)=C, VT() ©)
) ) dve, (t)
i, (t)—lsz (t)= C, dzt (7
d
(1) = (“F:_C]'CO V‘?(;t(t) + v (1) ®)
o(t)= LC Lr io (t) RL;r Ve, (t) %)

Tat ca cac van hoat dong ¢ tan s cong huong, dong dién va
dién ap cua mach bu cé dang gan hinh sin. Bang cach xap xi
diéu hoa thu duoc:

Ve, (1) =g, (t)sinat+v . (t)cos eyt L0
Ve, (1) =Ve, s (D)sinat+ve, (t)cosmt (10)
i, (t)=i_ . (t)sinot+i_ . (t)cosmt "
i, (t)= i, s (t)sin OL+V (t)cosat (11)

O day, chi s6 dudi s va ¢ dai dién cho céc thanh phan sin va
cos tuong tng. Bao hdm hai vé cta hé phuong trinh (10),
(11), thu dugc:

dv%p = [d"ca%;(t)_%vcpc (t)]sin ot {dvczj%;(th oV, (t)JcosruSt (12)

dve (t av, t av, t
AU :{ C'é:( ) —oN, . (t)]sin ot +[C?‘7:()+ws'vc,z,s (t)]cosa)st

. () [d'LT(t) -0, (t)]sin ot +[°“L2Tﬂt(t)+ oy, (t)] cosayt (13)

o, ® —[dIL'zs ® - . (t)]sin wst+[dlL'2° (®) +agd (t)]cosa)st
dt dt " dt g

Str dung ham md ta mé rong (Extended Describing Functions
- EDF), cac phan ti phi tuyén duoc xap xi thanh thanh phan
mot chiéu va thanh phan séng hai co ban. Hinh 3 cho thdy, khi
6 dong is thi vap = Vo, huéng cua vay gidng véi hudng cua ive.
Vap €6 dang phi tuyén nhung c6 tinh chu ky, Xap Xi va, bang
chudi Fourier mé rong thu duoc:

V(1) = F; (LE ve,.d )cos ot (14)

Vi f1, 12 ham EDF cua thanh phan sin vé cosin:
fl(isz's’isz,C‘VCn 'd) |'2 Sln(2ﬂ'd )} (15)

Ly, Ly

sl o0 Ve, .d )sm ot+f, (ILFQYS,IL'TC,

T

ZVC‘){ IL'2 (1—cos(2zd)) -

2

2
fz(iL,sz,iL,Zvc,vCO,d) \7/:“ { IL" sin(27d ) - IL" (1-cos(27d)) } (16)
[ Ly

2

Trong do:
iffz =i? s+iff2,c (17)
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Xap xi is bang chudi Fourier m¢ rong thu duoc phuong trinh:

i, (t)= f3<iL'2'S,iL'2‘c,d)— y (1—cos(27d))

Thay cac phuong trinh (10)-(14) va (18) vao cac phuong trinh
(4)-(9), thu duqc cac phuong trinh dudi day:

(18)

Vsec,s - s dt -L a)le2 +VCZ,S +VC'2,S (19)
d
0 + L2 S L s +VC,2,<: (20)
i .
e,s =L, I(; -L,oi, . +2% |: 1- cos(27rd)) 'L, sm(2;zd)}(21)
p (22)
dv,
iLz,s =C, dCtz : C,m,Vc, (23)
dv,
Le=C, — +C,m,V; (24)
2 dt 2
. Vc,2
'|_2 Li, S f, dt _Cf2 s'Cy, (25)
ILz,c _isz,c = sz d: —’_Cf2 $VCy, .8 (26)
iL r ch (t) 1
Z(1-cos(27zd))=|1+= |C,——+—v_ () (27
(1~ cos(2rd)) [ RL]O iR @)
rRi R
- (1-cos(27d))+ =, (28)

Y 7(R_+1,) R +r ©
M6 hinh tin hiéu 16n bao gém ca théng tin trang thai 6n dinh
va tac thoi. O trang thai 6n dinh tinh, cac bién trang thai khéng
thay ddi theo thoi gian. Do dé, cho céc thanh phan dao ham ¢
phuong trinh (19)-(28) bang khéng, mé hinh tin hiéu 16n thu
duogc nhu sau:

&SXSS :USS (29)
o -Lo 1 0 0 0 1 0
Lo 0 0 1 0 0 0 1
0 0 0 0 KK,  KK+LQ 1 o | (30)
0 0 0 0 KK-LO KK, 0 1
ATl 0 0 cn 0 0 0 0
0 1 GO o0 0 0 0 0
10 0 0 41 0 0 C.q
0 1 0 0 0 =) €0 0
.
X :|:IL2,S I|_2.c ch,c VCZ,S Isz,s Isz,c Vc,z,s Vsz.c:| (31)
Ugy=[QMI, 0 0 000 0 0 (32)

Trong d9, cac hé s6 Ki + K 3duoc dua ra & phan phu luc.
Tuyén tinh h6a md hinh tin hiéu I6n bang cach xem xét cac
bién tin hiéu nho tai diém 1am viéc on dinh, cac bién trang thai
c6 thé biéu dién nhu sau:

X=X +X (33)
O day ky hiéu in hoa la gi4 tri tai diém lam viéc, ky hiéu mii
«~ biéu dién tin hiéu nho thay d6i. M6 hinh trang théi cua dbi
twong tuyén tinh hod tim dugc nhu sau:

dx . R

— = AX+BuU

dt (34)
y=Cx+Du

o & ~ A A o A A A T
X :|:|L2,s IL2.c VCZ,C VCZ‘s VLfZ‘s ILf2,c Vsz,s vaZ,c V00:| (35)
0o o -1L © 0 0 -1/, 0 [
-Q, 0 0 -1/, 0 0 0o -1/L 0 (36)
1/c, o0 0 Q, 0 0 1 0 0
0 1/C, -9 0 0 0 0 0 0
A=l O 0 0 0 —K,—K, Kg+K,+Qp 1/L, 0 —K,+K,
0 1 CQ 0 0 0 0 1L, —Ky-Ky
1 0 0 0 -1 0 0 Q, 0
0 1uc, o 0 0 -1/c, -Q, 0 0
0 0 0 0 Ky Ky 0 0 Ky |
- M Z
QO[Isz +—1j
c L2
—Qql, 0
OV, 0 (37)
—Qchz,s 0
B=
QOIL,2 c Ky + Ky
QOIL,Z s Ky =Ky
Q\Ve, . 0
-QVe, 0
L 0 Ky |
C=[0 0 0 0 K, Kyy 0 0 K] (38)
D=[0 K] (39)
n n AT
0= [a) d] (40)
y= [Vo:l (41)

Céc hé s6 K4 +Kos duoc dua ra & phan phy luc.

Do gia thiét hé théng hoat dong cb dinh tai tan s cong huong,
anh huong cua nhidu @, duoc bo qua. Gu(s) 1a ham truyén
v6i dau vao 1a duty cia van va dau ra la dién 4p trén tai:

Y

Gy (s)=3=C(s ~A)'B+D (42)
2.2.3. Thiét ké diéu khién
Vref Ve Vc d yU

Hinh 5: So db khéi vong diéu khién dién ép

Hinh 5 1a so @ khéi vong diéu khién dién ap dau ra, véi Ge(S)
1 ham truyén bo didu khién, Fr(S) ham truyén khau didu ché
PWM, va Hyo(s) 12 ham truyén caa mach do (gia thiét bang 1).
Ham truyén Gyq(s) thu dwoc nhu sau:

-1485.87

u(s) 1+0.047s
Ham truyén (43) c6 dang khau quan tinh bac nhét, chon bo
diéu khién PI dé dam bao triét tiéu sai léch tinh cting nhu dam
bao tdc d6 dap tng cua dién &p ra. Vi muc tiéu thoi gian qué
d6 caa hé nho hon 0.0009 s, tan s cit s& anh huong dén thoi
gian qua do cua hé théng. Thong qua qua trinh m6 phong vai
c4c tan sb cat khac nhau chon tan sb cit duoc chon f.= 1.75
kHz thoa man yéu cau dat ra. Lya chon dé du trit pha 12 71.99,
bo diéu khién Pl tim dugc nhu sau:
G, (s) _ 1+0.00028s

S

(43)

-1184.8 (44)
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2.3. Nang cao hiéu suat truyén cuaa hé théng
2.3.1. Co s6 diéu khién cong suit truyén
Cong suit truyén cua hé thdng duoc tinh nhu sau:

Jio

PaB =Vig-liy = KV pgVip
oLy Ly,

(45)

Cong thtc (45) cho thay, cong suat truyén phu thudc vao dién
ap sau nghich luu bén phia truyén, do dé néu diéu khién duoc
dién ap sau nghich luu bén phia truyén s& diéu khién duoc
codng suat truyén cua hé théng.

C6 hai phuong phép chinh dé diéu khién dién &p ra sau nghich
luu phia truyén, mot Ia s dung b DC-DC diéu khien dién &p
mot chiéu cap vao bo nghich Iwu. Phuong phép nay dé dang
dleU khién duoc dién 4p dau vao mong muon giam thiéu sai
s6 ciing nhu song hai. Tuy nhién, viéc mac thém mot bo bién
d6i DC-DC lam giam hiéu suit cua toan hé thong va ting chi
phi. Phuong phap diéu khién thir hai 1a phwong phap diéu
khién dich pha b nghich luu. Ngoai viéc khic phuc dugc
nhitng nhuoc diém trén, phuong phap ndy chi can duoc thyc
hién bang phan mém va dac biét 1a khong thay ddi tan s6 lam
viéc cua hé thong. Didu nay rat quan trong trong cac bo bién
d6i cong huong [11].

Hinh 6: M6 hinh dong cit cac van bing phuong phép dich pha

Vpc

C N

T/2

Hinh 7: Dién ap dAu ra nghich luu ciia phuong phap dich pha

Mo hinh déng cit cac van trong mot chu ki duoc biéu dién
trén Hinh 6. Dang dién &p ra cua nghich luu khi st dung
phuong phép diéu ché dich pha dwoc thé hién trén Hinh 7. Gia
tri hiéu dung cua dién ap dich pha sau mach nghich Iuu dugc
xap xi theo song hai bac nhat [11]:
—NEVDC cos(gj

z 2

AB = (46)

Tir biéu thirc (46) thay rang, chi can diéu chinh dugc goc 6 thi
diéu khién dugc bién do cua dién &p ra cua by nghich luu, do
do6 diéu khién duoc cbng suat truyeén.

2.3.2. Uéc lwong cong suit diu ra

Pé diéu khién duogc cong suat dau ra thong qua phuong phép
diéu khién dich pha ¢ phia so cap thi cong suat tai can duoc
ude lugng. Hinh 8 1a mo hinh mach twong duong cua hé thong.
Trong d6 tai R va bo chinh luu cau ban tich cuc duge quy doi
veé tré khang Zeq dugc xac dinh theo cong thirc sau [10]:

z,=—m _ 2 g sin*(zD)[sin(zD) - jcos(zD)]
T

eq I
Lf2_RMS

=R, + leq

(47)

Tro khang twong duong phia thir c4p nhin tir dau vao mach bo
dén tai duoc biéu dién nhu sau:

Zs:ZL2+R2+Zc2+{ Cf2//( Lf2 )}
a)szf2
- +Xeq2 &

. (48)
+R, -] 5
Do R, > R, nén cd thé bo qua Ry, biéu thuc (48) co thé viét
lai gan dang nhu trong biéu thirc (49) dudi day.

o’
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. o’L:,

s = 2 2 eq
Req +Xeq

J 2 2 €q
Req + Xeq

(49)

Zi, Z
RS
flig
o

¢ R
4‘{

- Cn oM

L

Hinh 8: M6 hinh mach twong duong cua hé théng

Mat khac, tré khang twong duong nhin nhin tir cudn day so
cap dén tai dugc tinh nhu trong biéu thic (50):

. . . 2
_joMl, _ joM (—joMl, ) _(oM) (50)
’ Il Il Zs Zs
Thay (49) vao (50) nhan dugc biéu thire dudi day:
M? . M? .
ZP:LTREquJLTXEq:RP"rJXP (51)
f2 f2

Mt khac, bo qua ton that trén mach bu, can bang cong suét
trén cudn day truyeén rut ra dugc:

R :VLI_RMlel_RMS COS@_R ~ I:)DC -R

P 2 il 2 1

(52)
Trong d6, Ppc 1a cong suat mot chiéu dau vao bo nghich luu
bén phia cap. Tir cac phuong trinh (47), (51) va (52) rit ra
duoc:

2
. . sz PDC R
8sin*(zD) M? 1 e

Cong suat nhan duoc trén tai c6 thé duoc biéu dién nhu sau:

(54)

L1_RMS

(53)

Tu Cong thue (53) va (54) thay rang, thong qua do gia tri cua
cong suat dau vao mot chiéu cia by nghich luu phia so cap
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Poc, gia tri hiéu dung cta dong dién cong hudng trén cudn day
truyén I 1 rms, gié tri hé s6 D va vai gié tri dién ap tai da duoc
didu khién 6n dinh Vo = 400V ¢6 thé uéc lugng dugc cong
Suét tai bang cong thirc (54).

2.3.3. Diéu khién on dinh céong sudt truyén va ndng cao
hiéu suat cia hé thong

Nhu phan trinh bay trong muc 2.3.1, bang vic diéu chinh géc
0 gé thé dieu chinh duoc dién ap ra cua nghich luu tir d6 ¢6
thé dieu khién dugc cdng suat phia truyén.

= S~

’\V

&

82 [=+—RL=64 Ohm
RL=100 Ohm
——RL=250 Ohm
——RL=450 Ohm
8| RL=640 Ohm|

Higu suét hg théng (%)
@
[

|
20 40 60 80 100 120 140 160 180
Géc dich pha teta (%)

Hinh 9: Sy phu thuéc cua hidu suat vao géc dich pha 6 véi cac tai khéc nhau

Ul lwgng CS
161 thiéu phia
truyén

P‘(l - ] R
7\ BDK cing Diéu che L z8p 17

suit dich pha
Py

Hinh 10: CAu triic diéu khién 6n dinh cong suét truyén

Qua khao sét vai mdi truong hop tai, thay ddi géc dich pha,
hiéu suit caa hé théng thu dugc nhu trén Hinh 9. C6 thé thdy
hiéu suat hé théng trong céc truong hop tai khac nhau dat gia
tri tbi da 1 93%. Nhu vay théng qua viéc ude luong cong suat
tai theo biéu thuc (54) s& udc lwong dwoc cong suét truyén tdi
thiéu dé dam bao hé théng dat gid tri 16n nhat dat 93%.

Cau trac diéu khién 6n dinh cong suét truyén duoc trinh bay
trén Hinh 10. Tir cong suét dit tdi thiéu P; u6e luong dugc,
so sanh vai cong suat truyén phan hdi vé, qua bo didu khién
cong suét tao ra goc dich pha @ cho khau diéu ché dich pha.
Dbi tugng diéu khién 1a bo bién ddi IPT.

St dung phuong phap nhan dang dé tim ra ham truyén gitra
cong suit truyén va géc dich pha 6. Ham truyén gitra cong
suét truyén va goc dich pha

565.7
G —
( ) s+11.65

Vi muyc tiéu thoi gian qua do cia hé nho hon 0.0006s, tan s6
cit s& anh huong dén thoi gian qua do cua hé thong. Thong
qua qué trinh mé phong véi cac tan sb cit khac nhau, tan so
cét duoc chon f. = 964 Hz thoa man yéu cau dat ra. Lya chon
do duy trir pha 1a 54.5°, sir dung céng cu Matlab ta tim dwgc bo
diéu khién PI nhu sau:

—0.0001s
—.S

(55)

Gy (s)= 0.0002+ 22 (56)
S

3. Mo phéng va thue nghiém
3.1. Két qua md phong

Hé théng dugc moé phong bang phan mém PSIM dé kiém
ching hiéu qua cta phuong phap.

3.1.1. Két qui mé phong kiém chitng mach bit LCC

| Q1*10

[ L E= =R

v_02 | Q2*10

’m\m | /\J

e ]

3¥F—ﬁ e

0
!

002298 0023 0.02302 002304
Time (s)

Hinh 11: Dong dién va dién &p trén 4 MOSFET Q; + Q4 nghich luu

S9.1_in*10 S8.M_in

0022 002202 002204 0.02206
Time (s)

Hinh 12: Dong dién va dién ap sau nghich luu

Thuc hién md phong vong ha kiém chiing mach bu LCC.
Hinh 11 trinh bay dang dong dién va dién &p qua cac van cua
nghich luu. Két qua cho thy, cic MOSFET cua bo nghich luu
da lam viéc & ché d6 chuyén mach mém ZVS (Zero Voltage
Switching), diéu nay chimg minh wu diém caa mach bu LCC
gitip dat chuyén mach mém, giam ton that chuyén mach, nang
cao hiéu suat cua hé thdng. Pap tmg dong dién, dién &p sau
nghich Iuu (uyp, isz) duoc biéu dién trén Hinh 12. Dang dién
&p sau nghich luu da thu dwoc dang voi ly thuyét didu ché
dich pha. Nhu vay, cdu tric khau diéu ché dich pha c6 thé su
dung d¢é tién hanh thuc nghiém.

3.1.2. Két qui mé phong vong kin

Thyc hién md phong vong kin véi yéu cu dit ra 1a ¢am bao
dién ap dau ra tai dugc giir 6n dinh trong cac diéu kién tai
khac nhau. Ngoai ra, phai dam bao viéc wéc lugng tai voi sai
s6 nho dé diéu khién cong suat truyén bam gia tri dat t6i thiéu
gidp hiéu suat truyén tai cia hé thong dat 93%.
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Hinh 13: Dép (g dién 4p dau ra va tin hiéu duty khi Ve =400 V, R, =640

Vg_as1 Vg_Qs2
08 ‘
04
0
Dang truo chinh luu

g “*"xr /v/\ \""\/ =

Ap truoe chinh luu

400 I,—\
0
400 e

0.05002
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0.05003 0.05004

005 0.05001
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" ™ ™ ™

B T~

400.04

400 rﬂ\\J/_\\\f/ 1\‘-‘\‘_7/_\‘
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0.05 0.05001 0.05002 0.05003 0.05004

Time (s}

Hinh 14: Céc dang séng thu duoc khi V=400V, R =64Q)

400
= /FP ' /l_!’ﬁ /I_'—_\
0 doL
— an P
-200 7S IVS
-400
I V_Qs2
400
* /l‘\i_ /ﬂ -
0 =
il .
200 ZCS ZVS
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o170 D1
400
300 \
\ M \
100
0 L
o0
-100 VS 7CS
D220 v D2
400
300
\ [\
200 \ \,
100
[}
0oL
+100 VS ZCS
0.04002 0.04004 0.04008 0.04008
Time (s)

Hinh 15: Dong dién va dién ap trén cac van Qq, Qs, D1, D, cua chinh luu

Hinh 13 dua ra dap tng ciia dién ap dau ra va tin higu duty khi
dién ap dat Vier = 400V, R = 64Q. Két qua cho thay, dién ap
dau ra bam gi4 tri dat 400V véi sai léch tinh 1a 0.011 V
(0.00275%), @ dap mach rat nho (c& 0.0061%), thoi gian xac
lap 12 0.0012s, do qua diéu chinh 13 0.49 %. Hinh 14 dua ra
céc dang song thu dugc twong Gng. Tir d6, thay rd dugc 4 ché
d6 hoat dong cua hé théng trong mot chu ki dong cit cua 2
MOSFET cuia bo chinh luu tich cyc phia thir cdp. Két qua mo
phong thu duoc dung véi ly thuyét.

Hinh 15 dwva ra dang dong dién va dién &p qua hai MOSFET
va hai diode cua bo chinh luu bén tich cuc phia thir cip. Ca
hai MOSFET va hai diode déu dat chuyén mach mém ZVS va
ZCS (Zero Current Switching) gilp giam ton that dong cat
ctia mach chinh luu cau bén tich cuc.

Dé kiém ching tinh chét luong cua b diéu khién, méd phong
V6i 20% tai, két qua trén Hinh 16. Dién ap du ra bam gié tri
dat 400V vai sai léch tinh 1a 0.0141W (0.0035 %), d6 dap
mach rat nho (c& 0.0067 %), thoi gian xéc lap la 0.001613s,
d6 qué diéu chinh 12 0.5 %.

0 0.01 0.02 0.03 0.04 0.05 0.08
Time (s)

Hinh 16: Pap tmg dién 4p dau ra va tin hiéu duty vai 20% tai

Vout Vref
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Hinh 17: Dap tmg dién 4p diu ra va tin hidu duty khi thay ddi dién ap dit Ve

Pout  Pout uoc_luong
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4000
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A
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0 0.01 0.02 0.03 0.04 0.05 0.08
Time (5)

Hinh 18: B4 thi dap ing cong suit udc lwong va thuc té trén tai

P_ref P_truyen »
5K
4K
3K
2K
1
0K
1K
goc dich pha
160
120
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40
[ 001 0.02 003 0.04 005 006
Time (s)

Hinh 19: Pap ung cong suit phia truyén va géc dich pha 6 khi thay ddi gia
tri cong suat dat
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P_out P_truyen
2000 /
1500
1000
500
o
0 .01 0.02

Hinh 20: D thi cdng suit truyén va cong suét tai khi khong cd bo didu khién
cong suat véi 0 = 130°.

P_tuyen  P_out

N
2500 I’
2000 I‘
1500
1000
500

a

0.01 0.02
Time (s)

Hinh 21: Do thi dap Gng cong suat truyén va cong suat tai khi co
b6 diéu khién cong suat.
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Hinh 22: Pap tng dién &p va cong sut khi phu tai thay ddi

Hinh 17 la két qua md phong cua gia tri dién &p tai va tin hiéu
duty khi gi4 tri it Vrer thay ddi tir 300V t6i 400V tai thi diém
0.02s, va thay d6i toi 500V tai thoi diém 0.05s. Gia tri tai dé ¢
20% tai dinh muc. Két qua, dién ap ra bam gié tri dat vai thoi
gian xéc 1ap xap xi 0.0134s, sai léch tinh bang 0.0258V. Két
qua md phong trén ching minh b diédu khién dién ap da thiét
ké cho chét lugng rat tét.

Hinh 18 1a két qua dap ng céng suit wdc luong va céng suat
do trén tai. Cac dd thi cua gia tri cong suit tai wdc luong va
gia tri cong suat tai do theo thoi gian duoc hién thi trén cing
mot do thi dé so sénh. Vi gié trj dat caa cong suét truyén P_ref
dugc ude lugng bang céac thdng sb do dugc & phia truyén, do
d6 trong giai doan dau — khi hé thong bat dau khoi dong, thong
s6 wée lugng ndy c6 sai s6 lon. Tuy nhién, & giai doan lam
viéc 6n dinh, cong suat udc lugng chinh xac, sai s6 nho, bang
0.57% so véi cong suit do.

Hinh 19 dua ra d4p ang cong suat phia truyén va goc dich pha
0 khi thay ddi gié tri cong suét dat. Cho gia tri dién 4p dat dau
ra thay ddi tir 350V xudng 300V tai thoi diém t = 0.02s tuong
g vai viéc giam gia tri dat cho cong suat truyen tir 1914W
Ién 1406W. Két qua cho thay, khi thay doi gia tri dat, ¢ giai
doan lam viéc 6n dinh, cong suat truyén bam rat chinh xac so
vé6i cdng suat dat voi sai lech tinh (11W), thoi gian xac 1ap
0.0078s. Diéu nay chiung minh bo diéu khién cong suat da
thiét ké cho chat lugng t6t. C6 thé thay cong suét phia truyén

phu thugc vao goc dich pha, diéu nay da chimg minh duoc ly
thuyét va céu trac diéu khién dé xuét la chinh xac.

Hinh 20, Hinh 21 1a dic tinh cong suét phia truyén, céng suat
tai khi khdng c6 va khi c6 bo diéu khién cong suat. Khi khong
c6 bo didu khién cong suit, dat gié tri cua goc 6 = 130°, hiéu
sut cuia h¢ thong trong truong hop nay bang 89.03%. Khi c6
bo didu khién cong suét hiéu suat dat duoc bang 93.27%. Nhu
vay, khi c6 bo didu khién cong suat, hiéu suét caa hé thng
dugc nang cao va 6n dinh nhu mong mudn.

Két qua mo phong kiém chung dién ap dau ra va cong suat
cta h¢ thong khi thay ddi phu tai, gia tri tai ting tir R_ = 64Q
1én 100Q ¢ thoi diém t = 0.028s duoc trinh bay trén Hinh 22.
Két qua gia tri dién ap dau ra duoc giit 6n dinh & mic 400V,
cong suat dau vao va diu ra dap tmg khi thay ddi tai, hiéu suit
dat duoc trén 93%.

3.2. Két qua thuc nghiém

Dé kiém chung ly thuyét va mod phong, so dd thuc nghiém hé
théng WPT duoc thuc hién nhu trén Hinh 23. Mot md hinh hé
thong WPT cong suit 2.5kW, khoang céch truyén 4.5cm duoc
xay dung trong phong thi nghiém nhu trén Hinh 24. Cac cuén
day truyén va nhan sir dung day Litz dé giam ton thit xoay
chiéu khi lam viéc & tan s cao, mdi cudn day duoc quin 26
vong, ban kinh 8.5cm. Céc thanh ferrite PE40 duoc sir dung
dé tang kha nang dan tir. Ty mang polypropylen duoc st dung
lam ty bt vi tdn hao nho va kha nang chiu dong dién cao & tan
s6 16n. St dung cac MOSFET SIC CMF20120D dé giam ton
that chuyén mach van. Cac két qua dugc do bang céc oscillo-
scope HMO2024.

Vi diéu khién
STM32F103

Mach nguon | 5 4\/pq
cho Driver va ———
Vi diéu khién

Driver

Pulse

Chinh hru cu

Vi diéu khién [€
STM32F103

Po dong

Mach ngudn cho | 24vpc RMS
Driver va Vi didu 4>
khién

Do cong

Nguén ) + | 310vDC_[ Nghich luu |
‘ 220V AC G | | cong huong

Hinh 23: So db thuc nghiém cua hé théng truyén dién khong day

Hinh 24: Hé théng thuc nghiém
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HMOZ024 (HW 0x10130001; W 04.522)
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Hinh 25: Xung dau ra ciia vi didu khién dua vao mach driver cép cho 2 van
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Hinh 26: Pién 4p dau ra trén tai

HMOZ2024 (HW 0%10130001; SW 04.522) 2020-6-25 18-22
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Hinh 27: Dong dién va dién ap diu ra nghich lwu v6i 6 = 180°
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Hinh 28: Dong dién va dién 4p dAu ra nghich luu véi 0 = 162°

Hinh 25 dwa ra dang xung cap vao 2 van Qs va Qs Vai duty
1a 70%, trong d6 xung cip vao van Qq (duong mau xanh Ia
cay) léch pha 180° so véi xung cip vao van Qs (duong mau
xanh dwong). Hinh 26 1a dap tmg dién &p trén tai, két qua cho
thay dién ap dau ra 6n dinh véi ripple 2.3%.

Két qua thuc nghiém diéu khién dang dién ap va dong dién
dau ra ctia bo nghich Iuu khi thay doi goc 6 nhu trén Hinh 27

rng Vi truong hop goc 6 = 180° va Hinh 28 tng véi truong
hop 6 = 162°. Két qua thuc nghiém cho thiy dong dién va dién
&p sau chinh luu c6 dang giéng md phong. Van dat chuyén
mach mém ZVS. Nhu vy ching minh viéc thiét ké bo bu da
dat dwoc chuyén mach mém ZVS dang nhu mong mudn.

Két qua gia tri higu suat thuc nghiém dugc tinh toan théng qua
viéc do gié tri dién ap, dong dién tuc thoi & doan lam viéc 6n
dinh va ghi lai duéi dang file.csv. Hiéu suét thuc nghiém I6n
nhét dat dwoc 90,9% trong trudng hop goc 6 = 180°.

4. Kétluan

Bai bdo nay da dua ra mot cu tric truyén dién khong day
tuong ddi hoan chinh gdm bd nghich luu phia so cip, mach
bu LCC hai phia va bg chinh luu béan tich cuc phia thir cap.
Phwong phap mé hinh hoé hé thong WPT vé&i mach bu LCC
hai phia va b chinh luu ban tich cuc duogc trinh bay chi tiét.
M5 hinh nhén dugc phan anh tdt tinh dong hoc cua hé théng.
Trén co s d6 mot bo diéu khién PI ¢ phia nhan dé on dinh
dién ap dau ra duoc thiét ké vong diéu khién. Hon nita, cong
thirc udc luong cong suat dau ra gitp tao ra gia tri tham chiéu
cho bo diéu khién cong suét theo phuong phéap diéu ché dich
pha. Tir d6, hiéu suat cua hé théng duoc cai thién va gitr ¢
mirc cao. Két qua mod phong va thuc nghiém cho thiy dién ap
ra bam gi4 tri dat nhanh voi do qué diéu chinh ciing nhu sai
1&ch tinh tuong ddi nho. Hiéu suét thuc nghiém lén nhét cua
hé thdng dat dugc 12 90.9%.

5. Phuluc
2R
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TLeo Iy s,
2Ve, 1 I
Ks = wﬂna nD) ALS
TtLeIif,
2Ve, 1 I
Ky = 00 28 W2E (1 _ co5(2mD)) Al.6
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K, = —2 2% Gin(2 D) ALT
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2ILfZS
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8 T[LfZILfZ ( )
21
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