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Abstract

Currently, wireless charging systems are widely used in various fields. In wireless charging systems for automated guided vehicles, traditional
multi-stage structures fail to achieve high efficiency and require significant investment costs. Moreover, these multi-stage structures demand
separate and complex control. This paper proposes a single-stage converter based on a totem-pole structure and a phase-shift control method to
regulate constant current charging in wireless charging systems for automated guided vehicles. The proposed converter has a simple structure.
It eliminates the need for a large-capacitance Cy;,, achieves soft switching for the semiconductor switches, ensures a high input power factor,
and maintains a low total harmonic distortion. Additionally, a dual-side LCC compensation circuit is designed to maximize transfer efficiency.
The results show that the overall system efficiency from the grid input to the load exceeds 93,92%, with a high input power factor ranging from

0,960 to 0,989, and a low input THD of less than 1,84% across the entire operating range.
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Tém tit

Hién nay, cdc hé thong sac dién khong day dudc st dung rong rai
trong nhiéu linh vyc. Trong hé théng sac khong day cho xe ty hanh,
cAu triic nhiéu tang truyén théng khong dat dudc hiéu suit cao ciing
nhu chi phi dau tu 16n. Hon nita cc cAu tric nhiéu tang yéu cau diéu
khién riéng biét, phiic tap. Bai bdo nay dé xuit st dung cAu tric bd
bién ddi single-stage dua trén cAu triic totem-pole két hop phuong
phép diéu khién dich pha didu khién qua trinh sac n dong trong hé
théng sac khong day cho xe tu hanh. B9 bién ddi d& xudt c6 cAu tric
don gian, s lugng van ban dén it, loai bé dugc tu dién Cj;,; ¢6 dung
lugng 16n, van ban din dat dudc diéu kién chuyén mach mém ZVS,
hé sb cong suit dau vao cao va hé s6 séng hai THD thip. Dong thai,
mach bi LCC hai phia dugc dé xuit thiét ké d€ t6i da higu sut truyén.
Két qua cho thiy, hiéu suét ctia toan hé théng tir dau vao nbi ludi
t6i tai dat dudc trén 93,92%, hé s cong suit dau vao cao, tir 0,960
dén 0,989, hé s THD dau vao thip, dudi 1,84% trong toan dai diéu
chinh.

1. Gidi thiéu chung

Hién nay, cong nghé truyén dién khong diy dang dudc quan
tam, nghién ctdu trén toan thé gi6i ca trong moi trudng cong
nghiép va ddi séng con ngudi bdi tinh tién 1gi va an toan cia
né. Pa c6 rit nhidu san phdm ting dung ctia cong nghé truyén
dién khong diy tir cong suét nhd, vita dén 16n nhu sac dién
thoai di dong khong day [1], ing dung cho cdc ngudn phét sing
boéng deén [2], trong linh vuc y sinh [3], [4], [5], [6], hay tng

dung cho hé thong tau cao tdc [7]. Nhiing nim gan diy, xe dién
tré nén phd bién va dudc ua chudng trén thé gisi, cling véi né
12 nhu ciu vé& cic hé théng sac khong day [8], [9], [10], [11].
Dbic biét 1a xe ty hanh, véi sy linh hoat va kha nang lam viéc
lién tuc, c6 thé lam viéc dugc trong céc didu kién moi trudng
dic thu, doc hai. Véi nhiing uu diém do, xe tu hanh ngay cang
dudgc quan tadm, st dung rong rai trong cdng nghiép, cac kho
hang, bén bai. D€ dam bio dugc tinh linh hoat, gidm chi phi
von dau tu ciing nhu chi phi nhin cong, cic hé thong sac khong
day dudc st dung két hop véi phuong thiic sac co hoi clia xe tu
hanh. Véi phuong thic sac nay, cac xe tu hanh c6 thé dugc lap
trinh d€ tu di chuyén dén céc tram sac trong thdi gian khong
c6 nhiém vu, tir d6 gidp ting dudc niing suat.

Céc chu triic sac khong day truyén thdng, & phia so cip
thudng stt dung hai tang bién ddi AC-DC va DC-DC dudc mo
ta nhu Hinh 1. Nhugc diém cta ciu triic nay 1a s6 lugng phan
ti nhiéu gy nén tén hao 16n, dung lugng clia tu C; 16n ciing
nhu tudi tho khdng dugc cao. Hon nita, nhiéu tang bién ddi yéu
cau nhiéu céu tric diéu khién roi rac din dén viéc kiém soat
kh6 khin va hiéu suit toan hé thong thip. Vi vy da c6 nhiing
cAu triic bd bién d6i méi dudc dé xuit. Ciu tric single-stage
v6i mot bd chinh Ivu ting dp phia trude duge dé xuit trong
[12], [13] st dung 4 van MOSFET va 6 Diode. Tuy nhién, chét
luong dong dién du vao khong tét, hon nita cudn cam dau vao
dudc van hanh & ché do dong gian doan din dén t&n hao 16i
ting va gy nhiéu dién tir 16n. CAu tric tich hop hai tang bién
d6i dugc dé xut trong [14], [15], [16], tuy nhién, ciu tric diéu
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khién yéu cau thay d6i hé s diéu ché (duty cycle) phc tap va
truyén thong hai phia gy khé khin d6i véi cac hé thong sac
khong day va lam tang chi phi.

Bai bdo nay dé xuit sit dung bo bién ddi single-stage trong
hé théng sac khong day cho xe tu hanh. B9 bién ddi dé xuét c6
cAu triic don gian, s6 lugng van ban dan it, loai bd dudc tu dién
trung gian c6 dung lugng 16n, hoat dong chuyén mach mém
lam gidm ton that chuyén mach, hé s cong suit diu vao cao va
hé sb séng hai THD thip. Ngoai ra, trong bai bdo nay, phuong
phap diéu ché dich pha dugc dé xuit sit dung dé€ diéu khién
qua trinh sac 6n dong. Mach bu LCC hai phia ciing dugc dé
xuat thiét ké d€ tdi da hiéu suét truyén. Phuong phap dé xuét
dugc xac minh bang céc két qua mo phong, hiéu suit clia toan
hé théng tir ngudn xoay chiéu diu vao ndi lui t6i tai dat dugc
trén 93,92%, hé s cong suit dau vao cao va THD thép.

2. Chu triic hé thong dé xuit va co s6 Iy thuyét
2.1 Phén tich cAu triic hé thong dé xuét

Céu tric hé thong sac khong diy dé xuat dudc mo ta nhu
Hinh 2. Hé théng gém hai phia tich rdi nhau 13 phia so cip
va phia thit cAp. O phia so cp, ngudn xoay chiéu véi dién ap
220V, dién 4p ludi tan s6 50 Hz, thong qua bd loc thong tan
s6 thap t6i bo bién d6i chinh luu Totem-pole PFC hai chiéu.
Dién 4p xoay chiéu dang sin dugc chuyén thanh dién 4p nita
sin dap mach v6i hai 1an tin s ludi va tich liy tai tu C,,. Sau
d6 dién dp nay dugc diéu ché thanh dién 4p xoay chiéu tan s
cao (85kHz), di qua mach bu LCC so cép (L1, Ci5,C1p) va
dua dén cudn day truyén L. O phia thi cip, cuén ddy nhan
L, cam ting dudc dién 4p xoay chiéu tan sd cao, qua mach bu
LCC thi cp (Lag, Cas,Ca)) dua dén mach chinh luu phia thi
cAp chuyén ddi thanh ngudn mot chidu va sac cho pin. O day,
Vinae Va Iinge 12 dién ap va dong dién dau vao nbi lusi. Mach
loc diu vao L;¢Cjs c6 tac dung loai bé thanh phan séng hai bac
cao ctia dong dién sinh ra khi dong cit cdc van & tan s6 cao. vy
va ij, 1a dién ap va dong dién sau mach loc. L;,, Ss5,S¢ va nhanh
van (S7,S>) tao thanh cAu triic totem-pole PFC. Hai nhanh van
(81,52) va (S3,84) tao thanh céu tric mach nghich luu tin s6
cao. Dong dién va dién 4p sau bd bién d&i 12 isy va Vi Tu
dién Cp,; c6 chic niing loc va dn dinh dién ap mot chiéu DC
sau bd bién d6i totem-pole va cé dién 4p 12 vp,,. Tu dién loc
dau ra C,,; va dién trd tii tuong duong R;,uq.

CAu tric d& xuit ndy c6 nhidu uu diém so véi cu tric
truyén thong trén Hinh 1. Cu thé, cAu tric ndy st dung it van
ban din hon (chi can 6 MOSFET, trong khi cutric ciila s
diode va 5 MOSFET) dong thdi loai bé dudc tu dién trung gian
Ciink ¢6 dung luong 16n. Thay vao d6, chi can st dung tu film
nho gon, gidp gidm kich thudc téng thé va kéo dai tudi tho cla
bo bién d6i. Su khac biét chi tiét gitta hai cAu triic dugc trinh
bay trén Bang 1.

2.2 Thiét ké mach bu LCC hai phia ti da hiéu suét truyén

Trong céc hé thdng sac khong day, cdc ciu triic mach bu
dugc sit dung nhim nang cao kha ning truyén tai ning lugng
sang phia thii cAp. Trong bai bao nay, ciu triic mach bu LCC
hai phia dugc dé xuét sit dung, mo hinh tuong duong ctia mach
bu dugc biéu dién trén Hinh 3. Hé sb két nbi k ctia hai cudén
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day truyén va nhan dugc thé hién nhu phuong trinh (1).
M
= (1)
VLiLy

trong d6, M 1a dién cAm ho cam.
Céc phuong trinh cong hudng tai tin sb cong hudng we,
ctia mach nhu sau:
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Ap dung dinh luat Kirchoff 2 véi so do trén Hinh 3, dién
4p dAu vao phia so cip dudgc tinh nhu sau:

, o1 o1
Viny = <]WLIB - JWC1p> Liny +JW1PII 3)

Dién 4p quy ddi phia thii cAp dudgc tinh:

JwMIy = (jWLz + Ixc 4)

weas + jwc2p> 2TINe,

Tir cic phuong trinh (2), (3) va (4), tai tan sb cong hudng,
dong dién dau ra dudc riit ra nhu sau:

Wgcc2pC1pMVinv _ MViny (5)

J JwecL1gLop

Iac =

Tit phuong trinh (5) thdy ring, dong dién tai chi phu thudc
vao dién dp diu vao Vj,,, tan sb hoat dong va cac thong s6 dién
cam phia so cip va thii cAp ctia mach bu ma khong phu thudc
vao tai. Nhu vy, mach b LCC hai phia c6 thé 1am viéc nhu
mot ngudn dong. Céu tric nay thich hop dé€ sac 6n dong cho
AGV.

Céc trd khang Z;,Z,, va Z;, 1an lugt 12 trd khang dau vao
phia thif cip, trd khang tuong duong nhin tlf phia so cip va trd
khing diu vio phia so cip, va trd khang tai tuong duong Rac
dudc tinh toan nhu sau:

1

Z =
y w2C3 Rac + jwCap(wLopCap — 1)
5 _ ML (wM)?
b I1 B Zs
Z, < L ! >+ !
in =]\ wkip — 6
WClp 2C2 7 (WM)2 ( )
w ip N — 723
Z i | wL !
— w. —_ —_
N I ! WClS Wclp
8
Rac = ﬁRload

V6i cic diéu kién dudc mo td nhu & phuong trinh (2), tai
tan s6 cong hudng w,., mach bu cé thé dat dugc diéu kién ZPA
(Zero Phase Angel).
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Bang 1: So sinh hai ciu tric bd bién déi

Cau truc

SO lugng phan ti bén phia
s0 cAp

Uu diém

Nhudgc diém

Cau tric truyen thong

5 Diode + 5 MOSFET + 1
tu DC link c6 gia tri 16n tu
vai trim uF dén vai nghin
ur

Tao ra dong dién sac tuong
ddi &n dinh

S0 lugng phan ti nhiéu gay
tdng t&n hao, 1am gidm hiéu
suét va ting kich thudc tan
nhiét, tu DC link 16n, st
dung tu hoéa lam tang kich
thuéc va gidm tudi tho cla
b bién d6i

Cau truc dé xuat

6 MOSFET + 1 tu film c6
gia tri vai uF

Gia tri tu film nho, giam
kich thuéc va ting tudi tho
bo bién d6i. St dung it phan
ttt hon 1am gidm t&n hao

biéu ché phic tap, dong
dién dau ra dap mach véi tin
s6 100Hz
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D& lya chon thong sé mach bu cho hé théng véi dong sac
khong ddi & tan sb lam viéc chinh 12 tin s6 cong hudng c6 thé
dua trén cac biéu thic (2) va (5). V6i 6 thong s ctia mach bu
va 5 phuong trinh trén thi hé con mot bién tu do. Diéu d6 cho
phép thiét ké mach bu LCC tdi wu hiéu suét truyén bang lua
chon khac.

Cic tham sb ctia mach ba LCC c6 thé ty do xdc dinh thong
qua céc hé s6 bu k,, dudc dinh nghia nhu trong biéu thiic:

Lop

kppy=1— -2,
* 2

0<ky<l (7

Trong khi xét hiéu suit, ta can xét dén céc thanh phan noi
trd clia cac phan ti mach. Goi ry, r, 1an lugt 1a téng noi trd &
phia so cap va thit cip. Quy ddi trd khang tuong duong nhu

Hinh 3. C6 thé tinh dudc cac thanh phan tu dién va dién tré
tudng duong nhu phuong trinh (8).

C. — CosCop 1
4O+ Gy Wi o
2y @®)
RLe = il
" Rac

C6 th€ thiy, tu dién tuong duong C,, v6i L, cong hudng
véi nhau, vi vdy hiéu suit ctia mach bu phia thi cip dudc tinh
nhu phuong trinh (9).

Rieq w?L3g,
Nrx = =53 )]
Riegt+r2  w Lsg+mRuc

Tién hanh quy ddi trd khang tuong duong phia mach bil so cip
nhu md t & Hinh 3. Khi d6, tré khang phan xa tit phia thit cip
vé phia so cAp dudc tinh nhu sau:

w>M?
1 =
rn +RLeq

_ W2M2R ¢ (10)
mRic + W2L%B

Hiéu suit ctia phan mach so cip dudc tinh nhu phuong trinh
(11).

_ re(Z]) _ WZMZRAC
Cre(Zy)+r1 WIM2Rac + 11 (raRac +w2L3,)

N7x (11)

Khi d6, hiéu suét ctia toan bd mach bu LCC hai phia dudc
tinh nhu phuong trinh (12)

Neee = NMrRxNrx = D, LéB Ds L%B D
trong do:
Dy = M*w*Rac
D> =r w
(13)

D; = 2r1r2RAcw2 + M2W4RAC

_ 2 p2 2402 2
D4y = rriRi-+wM"rR;-

Xét phuong trinh (12), dao ham va tim nghiém cda phuong
trinh dao ham véi bién Lyp, thu dugc nghiém cda phuong trinh

va hé s6 bu i uu (kyyoprm) dudc bi€u dién nhu phuong trinh
(14).

22 2.2 2

L o Dy 4 rirRyc +M“wr R~
2Boptm — - 4
D2 rw

L2Bo ptm
L,

(14)

eroptm =1-

Hinh 4: Dic tinh higu suét truyén theo k., va Ryc

Véi ting dung sac cho xe tu hanh (AGV), c¢6 thé coi hd cam
M, tan s6 cong hudng w,. 12 khong ddi. Vi vay hé s6 bu t6i
uu phu thudc vao gia tri tai tuong duong Ryc. Tuy nhién, gid
tri tai tuong duong R4¢ phu thudc vao trang thai sac cda pin,
nam trong mot dai nhét dinh c6 thé xdc dinh. Vi viéc khao sat
hiéu suét dbi véi sy thay dSi hé sO bl Ky pm G cdc gia tri khac
nhau clia dién trd tai 1a can thiét. Két qua khao sat hiéu suét
truyén véi sy thay ddi ctia hé s6 bl kyyorpm khi téi pin tuong
duong Ryc thay d6i dugc biéu dién trén Hinh 4. Két qui cho
thiy, hiéu suit truyén dat dugc gid tri 16n nhit trong toan dai tai
khi hé $6 b kyxorpm = 0,85. Do d6, kyxorpm = 0,85 dugc chon
dé tinh to4an mach bu. Gi4 tri dién cdm bu L, dudc chon theo
(14). Mach bu LCC dudc tinh toan d€ sac véi dong sac khong
déi, tir (5) dong dién sac dudc quy ddi nhu sau:

8 MVin

Ibat =5

—_— (15)
72 weeLipLop

Gia tri dién cdm bu L,z dudc chon theo (15). Gia tri cac tu
bil phia so cip va thif cAp dudc tinh toan theo cac biéu thiic (2).
Két qua thong sb hé thong va thong s6 mach bu dudc biéu dién
theo Bang 2.

2.3 Piéu khién bo bién déi single-stage sac on dong
2.3.1 Phén tich nguyén Iy diéu khién

Phan chinh Iuu totem-pole PFC hai chiéu cho phép d4o
chiéu dong dién dugc dé xuét nhu Hinh 5. Nguyén ly hoat dong
ctia bd bién ddi dugc mo ta nhu trén Hinh 6. Dong dién qua
cudn cam L;, dudc thiét k& & ché d6 dan t6i han (CrCM) nhim
tao diéu kién cho cdc van c6 thé dat dudc chuyén mach mém
[17].

Ciac van MOSFET dudc diéu ché khac nhau ¢ mdi nita chu
ky cuda dién ap ludi V;.Trong ntra chu ky duong, S, déng vai
tro 1a van déng cit chinh, S; déng vai trd nhu diode dan trong
mach boost, S¢ din lién tuc trong ntta chu ky. Ngudc lai, & nita
chu ky am, S| dong vai trd 1a van dong cit chinh, S, déng vai
trd nhu diode din trong mach boost, S5 din lién tuc dén hét
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Bang 2: Thong s thiét ké clia hé thong

Thong so \ Ki hiéu \ Gia tri
bién ap ludi Ve 220V
Tﬁn 56 dlén ép ludi fl 50H Z Nira chu ky duong
Dong dién dau ra t6i da Dpatmas 18A
Tan s dong cat fec 85kHz
Dién cam cudn day truyén, nhan Li,Ly 113uH
Dién tré cudn day truyén, nhan r, " 0,15Q
Hé sb két n6i k 0,39
Cudn cam boost dau vao Lin 80uH
Tl.l dlén Cbus Cbus 37 3,LLF
Dién cam bu phia s cap L 2uH . |
Tu dién bu (song song) phia so cap Cip 38, 1nF L | Nira chu ky am
Tu dién bu (ndi tiép) phia so cip Cis 167,1nF |
Dién cém bl phia thi cip Lz | 16.95uH :
Tu dién bu (sor}g sgng) phia thd gép Gy 206, 8nF |
Tu dién bu (noi tiep) phia thu cap Coy 36,5nF

JeF I
JEF

Hinh 5: CAu tric bd bién d6i totem-pole PFC hai chiéu

J5k gk

Hinh 7: CAu triic mach nghich Iuu cdu

ntia chu ky. Chd y rang S; va S, ludn khong din cung nhau
tranh hién tugng tring dan.

Goi D, 1a h¢ s diéu ché (duty cycle) ctia van S, trong nita T,
chu ky duong va ctia van S; trong nita chu ky am, Dj, 12 hé s6 Duty 50% GSu(V) / GSuY)

diéu ché (duty cycle) clia van S, trong nita chu ky 4m va ctia \ /\/ /\/
ap trén tu Cpy,s 12 mot ngudn 4p 6n dinh véi: 0 Iin(A)

t(s)
ths(t) = 1—7Da‘vs(t)| (16) t1s ts |

van S| trong nda chu ky duong véi: D, + Dy = 1. Khi d6, dién

D€ don gian hoa viéc diéu ché ciing nhu thuan 1¢i hon trong Hinh 8: Dang dong dién dau ra nghich luu

viéc kiém sodt, tinh todn, giit cd dinh hé sb diéu ché ctia cac
van la 50% (D, = D, = 0,5). Khi do, cac van S; va S, dudgc
diéu ché & cac nita chu ky dién ap 1uéi 1a nhu nhau. Véi cich oy

diéu ché dé ra, dién ap trén tu Cp,s dudc tinh nhu phuong trinh V() O Vius(0)
a7). I B R —
ATIDNATD
Vius (1) = 2|vg(2)] (17) N
Phan nghich luu tan s6 cao gdom bon van MOSFET hoat / . / ©
dong & tan sb 85kHz c6 cAu tric nhu trén Hinh 7, dang xung e S S
diéu ché cc van nhu Hinh 8. Dién 4p sau nghich luu V;,, dudc ) L
mo ta nhu Hinh 9 va dugc viét lai nhu & phuong trinh (18) Veas n |
(2k+ l)TS] KT, KT.2

Vpus(t) 1 € [T, 7

Vinv(t) = (18)
—Vbus (1) 1 € [(2k+1)TS (2k+2)TS]

2 ’ 2

Hinh 9: Dién dp sau nghich luu
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LA

—

s | S4JE|} S L™

Hinh 10: Xung diéu khién dich pha

O day, k=0,1,2,3, ...
Bing phuong phép phén tich Fourier, dién ap v;,,(¢) dudc viét
lai nhu phuong trinh (19).

Viny (1) = Vs (2 Z ancos(nweet) + bysin(nwct)] 19)
n=1
trong do:
ap,=0
4 e n=123
b, =— (szn—)
nw 2

Nhan théy, dién 4p sau nghich luu v;,, 12 tdng cta cic thanh
phan séng hai véi tan s cd ban 1a tan s6 diéu ché 85kHz. Theo
phuong trinh (19) thanh phan séng hai bac nhit dugc mé ta
nhu phuong trinh (20) va gia tri hiéu dung dugc md ta nhu
phuong trinh (21).

( —4

vin3 = Vpus () b15in(wect) = 7vb,,AY(t)sin(wcct) 20)
2
Vi = %vm(r) @

Gia tri hiéu dung ctia thanh phan séng hai bac nhét thay ddi
theo dang ntia hinh sin vé6i tin s6 100Hz nhu biéu dién dudng
mau xanh 14 trén Hinh 9. Thanh phan s6ng hai bac nhit ctia
dong dién sau nghich luu dudc tinh toan nhu sau:

1
(1) _ Vi _ —4MRc
ﬂ:W%cL%BL%B

Vius (1) Sin(weet) (22)

Tir so dd Hinh 3, tré khang dau vao mach bu bao gdm ba
thanh phan Z1,5» tré khang phan mach I va tré khang phan
mach II. Tuy nhién, & tn s séng hai bic cao nw,,, tré khang
phan mach I ting 1én, tré khang phan mach II giam di. Khi do,
tré khang mach bu dudc coi nhu phu thudc chi yéu vao trd
khéng Zy,, va phan mach II [18] va dudc tinh nhu sau:

(n) . 1 . 1

Z, = L EE— _Z L

in JnweeLlip + jnweeCiy J (n n) Weeli1B (23)
(n=2,3,4,...)

Tré khang dau vao bac cao dugce x4p xi nhu thanh phan

X T
thuan cam, do d6, dong dién cham pha hon dién dp goc 5 Khi
d6, két hop hai phuong trinh (19) va (23), thu dudc:

(n) _ Vus () bnsin (nwcct - g)

Liny = 1
(” - ) weel1p
n

(24)

Tur hai phuong trinh (22) va (24), dong dién sau nghich luu
dugc viét lai nhu phuong trinh (25).

—4M?Rac

——————Vpus (1) sin(wet)
”Wch%BL%B

iinv(t) =
Vius (1) bpsin (nwcct — g) (25)
+ 2:1012 1
<n - > weel1
n

Tu phuong trinh (25), xay dung dudc hinh dang cia dong
dién sau nghich Ivu nhu mé ta & Hinh 8. D& xét diéu kién
chuyén mach mém cho van, xét dong dién tai thoi diém md
van. Nhu md ta & Hinh 8, thoi di€m #14 12 thoi diém md van S,
va Sy, thoi diém t,3 12 thdi diém mé van S, va Ss.

Xét thoi di€ém mé van Sy va S4:

Iyl = biny — Lin <0

(26)
Ivd = liny <0
trong do6, i,| va iy 1an lugt 1a dong dién qua van S| va Sy tai
thoi di€ém md van. Tai thdi diém mé van, dong qua van Sy va
S4 déu am (dong chay qua diode ngudgc), vi thé cac van Sy va
S, dat dudc chuyén mach mém ZVS.

Xét thoi diém mé ciip van Sy, S3 tai thdi diém tp3:
Iy2 = —ljny +in <0
(27)

3 = —liny <0
trong do, iy va i3 lan lugt 1a dong dién qua van S va S3 tai
thoi di€ém md van. Tai thdi diém md van, dong qua van S, va
S3 déu am (dong chay qua diode ngugc), vi thé cac van S, va
S3 dat dudc chuyén mach mém ZVS.

2.3.2 Piéu khién dong dién sac

Tit phuong trinh dong dién dau ra (15) thiy ring, dong diu
ra phu thudc vao gid tri cia cac thong s6 nhu dién cam hd cam,
tan sb dong cat, dién 4p sau bo bién ddi, dién cam bu. Trong
thiét ké sac cho xe tu hanh, gia tri dién cdm hd cdm coi nhu cb
dinh, tin sb déng cat dugc giit cb dinh 1a tin sb cong hudng
85kH?z, thiét ké mach bu cb dinh. Nhu viy, néu diéu chinh gia
tri ctia dién 4p Vj,, thi c6 thé diéu chinh dugc dong dién sac
Tpar- . 3 .

Céc phuong phap di€u khién dién ap dau ra nghich luu
(Viny) phd bién hién nay gdm: diéu ché d6 rong xung (PWM-
Pulse Width Modulation), diéu ché tan s6 (FM-Frequency
Modulation) va diéu ché pha (PM-Phase Modulation). Phuong
phip FM giy mét cong hudng do tan sb thay ddi, trong khi
PWM & tan s6 cao lam ting t6n hao do déng cat nhiéu. Phuong
phap PM khéc phuc cic nhuge diém nay biang cach diéu chinh
dién 4p dau ra thong qua dich pha xung diéu khién ctia mot
nhanh van trong mach nghich luu mot géc o Xung diéu khién
cic van dudc thuc hién nhu trén Hinh 10. Ap dung phuong
phdp xAp xi séng hai bac nhét [19], dién ap hiéu dung sau
nghich luu dugce tinh nhu sau:

22 a
Vi = 7Vbus Cos 5 (28)
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Do RMS cua V,,.
V_bus
Goéc dich s1 800
%, Tinh todn géc dich pha | Pha ¢ Driver — 52
o theo cong thire (31) TVEr L 53
" g4 400
Hinh 11: Cu tric diéu khién truyén thing d& xuét 200
0
Khi d6, dong dién sac diu ra dugc tinh nhu sau:
0 20m 40m 60m 80m
AM Vs o Time (s)
Ipyy = ——————COS — 29
M W fLislop 2 @9
o L N i Hinh 12: bién dp trén tu C
Tt cong thic (29) ¢6 thé it ra géc dich pha theo dong dién e AP HER T Chus
sac mong mudn Iy, va Vi, nhu trong (30) hodc theo Iy, va - 11420
Vinac nhu trong (31). 600 —
o —1 Ibat7t3fchlBL2B 400
o =2cos —_— (30)
4M Vbu S 200
X 0 N
o = 2cos ! ( T Jeckinlop 31) Vi 1320 zvs
8MVinac :
500
Tq ;(31) Ehay rang, c6 thé diéu @1in doAng dl.(?l’l skac thong o ‘ /\J 5 e
qua dicu chinh géc dich pha « khi bi€t thong tin vé Vj,,. va e ————_—._ %359924 —__
céc thong sb da thiét ké ctia hé théng. Do phia so cAp va phia ' : ' :
thit cAp trong hé thdng sac khong day khong tiép xic nhau vé Time (s)
mit vat ly, néu sit dung céu tric diéu khién phan hdi thi can o
truyén thong hai phia dé€ iy thong tin vé dong dién sac & phia Hinh 13: Dong dién va dién dp trén van
thi cAp. Diéu d6 1am cho ciu tric hé thdng phiic tap, vi vay _ )
bai bdo nay dé xuét cAu tric didu khién truyén thing, chi sit Vinv Linvi40
dung céc thong tin & phia thif s6 cip nhu trén Hinh 11. 600 —
Ay 2 R . 400
3. Mo phong kiém chirng 200
o 0 L] /_\/
D¢ kiém chiing tinh chinh xdc ctia phuong phdp dé xuit,
mot md hinh md phéng hé théng dugc xay dung trén phdn mém 200
mo phong PSIM véi céc thong s6 nhu Bang 2. Mo phong hg ~ -400
théng dé€ danh gia mot s6 tiéu chi dudi nhu: ché d6 dong dién 600 —
khong d6i, he ) cong suét diu vao ndi luéi, hé s THD cua -800
dong dién dau vao, diéu kién chuyén mach mém trén cdc van, 85.80933m  85.81543m  85.82153m  85.82764m
hiéu suat cia hé thong. Time (s)
Két qua mo phong dién 4p trén tu C,, dudc dua ra trén
Hinh 12, ¢6 thé thay dién ap c6 d?.l’lg nta hinh sin, tan %(A) Hinh 14: Dong dién va dién dp du ra clia inverter
100Hz, gia tri hiéu dung la 440V. Ket qua md phdng cho thay
cho thiy tinh ding din ciia Iy thuyét da xay dung & phan trén. Vi diog o
Dang dién dp va dong dién trén cdc van (Sy,S3) dugc thé hién —n_giede
trén Hinh 13, két qua cho thiy diéu kién chuyén mach mém 8o
ZVS cho van da dat dugc, tif d6 gidm dugc tén hao dong cat 60
& tan s6 chuyén mach 16n. Két qua mo phdéng dang dién 4p va 40
dong dién dau ra cta inverter dugc thé hién nhu trén Hinh 14, 20
két qua cho thiy dién ap dau ra nghich luu lam viéc & tan sb 0
85kHz, bing tan s6 thiét ké. Dang dong dién giéng nhu phan -20
tich ly thuyét & Hinh 8. Ngoai ra, dong dién va dién 4p trudc -40 J L
chinh luu phia thd cip duge mo ta nhu Hinh 15, c6 thé thiy -60
gbc léch pha giita dién 4p va dong dién bang khong, didu do -80

chiing minh tinh diing dén ctia gia dinh v& trd khang thuan tr&
trong qu4 trinh quy d6i.

P& xac minh kha ning sac 6n dong ctia hé thong, hai kich
ban mo phdong dugc xdy dung nhu sau: Trudng hgp 1, khao sat

44.33594m  44.345Tm  44.35547m 44.36523m

Time (s)

Hinh 15: Dong dién va dién 4p trude chinh luu phia thi cip
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Bang 3: Bang két qua md phdng cic thong sb PF, THD, hiéu suit
” , .~ % ~ % . 2 V_inac I_inac*20
Tro khang | Hé so PF Heé so THD | Hiéu suat
tai  tuong 300
duong 200
2,2Q 0,960 1,84% 93,92% 100
3,0Q 0,978 1,74% 94,63% 0
4,0Q 0,989 1,57% 95,11% 100
-200
I_bat V_Load -300
70.96V -400
60 0 50m 0.1 0.15 0.2
Time (s)
40 39.44V
Hinh 17: Pién 4p va dong dién diu vao nbi lusi
20 17.74A
9.86A |
0 o
I_bat V_Load
0 50m 0.1 0.15 0.2 0.25 0.3
70.87V
Time (s)
60 53.52V
Hinh 16: Dong dién va dién 4p sac khi thay d6i gid tri dit
40 39.45V
— o s PN . . . 17.84A 17.72A
kha nang sac 6n dong véi cac gia tri dong dién sac dat khac 20 17.924
nhau. Thay ddi gid tri dit cta dong dién sac tit 10A 1én 18A khi
gia tri tré khang tai tuong duong bang 4€, tuong ting cac miic o
dién ap sac 1a 40V va 72V. Két qua mo phdng trusng hgp 1 0 50m 01 0.15 02 0.25 0.3
dugc dua ra nhu trén Hinh 16. Khi gid tri dat dong dién sac la Time (s)

10A, gid tri dong dién sac thu dugc 12 9, 86A, sai léch tinh bang
1,4%. Khi gia tri dat ciia dong dién sac la 184, dong dién sac
thu dugc 12 17,74A, sai léch tinh bang 1,44%. Cac két qua nay
cho théy, hé thong dap ting dudc yéu cau dong dién sac & nhiéu
mifc gid tri khac nhau véi sai 1éch tinh nhé. Két qua mé phong
dong dién va dién ap lu6i dau vao trong trudng hop nay nhu &
Hinh 17. Cac két qua cho théy, dién dp va dong dién dau vao
¢6 dang hinh sin va gan nhu dong pha nhau. Trong trudng hop
gia tri dit dong sac 1a 104, hé s cong suit dau vao do dudgc 1a
0,93, THD la 4,5%. Trong trudng hgp gia tri dat ciia dong sac
12 18A, hé sb cong suit dau vao dat dudc 12 0,989, hé s6 séng
hai THD 1a 1,57%. Qua do thiy ring, v6i tai ning hay tii nhe
bd bién ddi déu dat dudc chit lugng dién ning tot.

Trudng hop 2, khdo sat qua trinh sac 6n dong, gift gid tri
dong sac dit khong doi va biang 184, dién ap sac ting tif mifc
40V, 54V dén 72V, tuong ting véi mic trd khang tai tuong
duong thay ddi tii 2,2Q — 3,0Q — 4, Q trong qud trinh sac. Két
qua md phdng trudng hop 2 dudc dua ra nhu trén Hinh 18. Két
qua cho thiy, dong dién sac giif gi4 tri &n dinh trong sudt qua
trinh sac, dong dién sac & cac muc 17,924, 17,84A, 17,724,
dién ap sac G cac miic tuong ung la 39,45V, 53,52V, 70,78V.
Két qua cho thiy, sai 1éch tinh khi diéu khién sac 6n dong rat
nhd, & mic 1,5%. Két mo phéng cic thong sé PF, THD va
hiéu suét ctia hé théng trong trudng hop nay dudc tdng hop
trén Bang 3. Cac két qua nay cho thiy, hé théng da thiét ké cho
chét lugng ctia dién 4p diu vao cao. Hé s6 PF dat dudc tir 0,96
dén 0,989, tdng d6 méo séng hai nhd, dudi 1,84%. Hiéu suit
ctia toan hé théng tir dau vao ndi ludi dén dau ra trén tai cao,
trén 93,92%.

Bén canh do, dong dién va dién 4p trén cac van MOSFET
& hai cu triic dugc so sanh nhu Hinh 19 v6i ciing miic cong

Hinh 18: Dong dién va dién dp sac khi trd khéang tai tuong dudng thay
dsi

I1 vi/1e

13 V3/20
=

L
0.10625 0.1125 0.11875 0.125

50m 62.5m 75m
Time (s) Time (s)
700 7 450 4
600 6 400 35
500 5 30 3
> > 300 25
400 4 250 zl
300 3 200
150 15
200 2 > 1
100
100 1 50 0.5
0 0 0 0
SISl S2 S2 S3 S3 0S4 S4 S1 S1 S2 S2 S3 S3 S4 S4
= Di¢n 4p dinh (V) = Dong di¢n higu dung (A) = Di¢n dp dinh (V) = Dong dién hi¢u dung (A)
a) b)

Hinh 19: Dong dién va dién 4p trén cac van & hai ciu tric: a) cAu tric
dé xut; b) cAu tric truyén thong
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sudt tai 1300W. O ciu tric truyén thdng, 4p luc dong dién va
dién ap trén mdi van 1a nhu nhau va dién ap khéa trén van 1a
khong ddi. Véi ciu triic dé xuét, cac van déu chiu miic dién
dp khoa la nhu nhau va thay déi theo gia tri cla dién ap Vyys.
Nhanh van Sy, S, chiu 4p luc dong dién nhiéu hon so véi nhanh
van S3,S,. V6i cling cong suit, so vdi ciu tric truyén théng,
v6i cu triic dé xuit, cic van MOSFET chiu 4p luc dong dién
va dién ap dinh cao hon, tuy nhién, cac gia tri trung binh trén
cac van la tuong tu nhau.

4. Két luan

Bai bdo da dé xuét thiét ké bo bién ddi single-stage ing
dung trong hé théng sac khong day cho xe tu hanh. Chu tric,
nguyén ly 1am viéc, phuong phéap diéu khién bd bién ddi dé
xut di dugc phan tich. Phuong phap diéu khién dich pha dugc
dé xuét stt dung d€ diéu khién qua trinh sac 6n dong. Bén canh
d6, mach bu LCC hai phia dugc dé xuét thiét ké nham t6i da
hiéu suit truyén. Hé théng dé xuit c6 thiét ké don gian hon,
giam sb lugng van ban din, loai bd tu dién trung gian Cjiu
¢6 dung luong 16n, ddng thdi ddm bao diéu kién chuyén mach
mém ZVS, gitip cai thién hiéu suit hoat dong. Cac két qua
mo phong chi ra, hiéu suit clia toan hé thdng dat dudc trén
93,92%, hé sb cong suat dau vao tir 0,960 dén 0,989 va hé sb
THD thip dudi 1,84% trong toan dai diéu chinh. Két qua mo
phéng da xdc nhan tinh kha thi ctia hé théng, chiing minh hiéu
suit vuot trdi va chit lugng dién niing dau vao tot. Nhitng déng
g6p clia bai bdo khong chi mé ra huéng di mdi trong thiét ké
bd sac khong day cho xe tu hanh ma con gép phan ning cao
hiéu qua va do tin cay ctia hé théng sac khong day trong thuc
té. Trong tuong lai, nghién cifu c6 thé md rong sang viéc kiém
ching thuc nghiém.
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