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Sac 6n dong véi ciu tric bo nhén hai pha trong hé thong sac dong
khong day cho xe dién
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Abstract

Wireless dynamic charging is a solution to address the issues of travel distance and charging time for electric vehicles. A constant current
charging mode is generally required to maximize energy transfer to the vehicle’s energy storage system in the shortest time. This paper proposes
a new method for designing constant current charging with a dual-phase receiver structure in electric vehicles’ wireless dynamic charging
system. Specifically, a dual-sided LCC compensation circuit is proposed to achieve constant current charging, while the dual-phase receiver
structure reduces current ripple during charging. Simulation and experimental results indicate that the constant current charging mode is

achieved with a small deviation of approximately 3.1%.
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Tém tit

Sac dong khong diay (DWC - Dynamic wireless charging) la giai phap
hiéu qua nham gidi quyét cic van dé v& khoang cach di chuyén va thai
gian sac ctia xe dién. D€ truyén tai niing lugng tdi da dén hé thdng
luu trit ning lugng ciia xe trong thdi gian ngin nhét, hé théng thudng
yéu ciu ché do sac &n dong. Bai bdo nay dé xuit mot phucng phap
méi trong thiét k& bd sac 6n dinh dong cho hé théng DWC ciia xe
dién, dya trén cAu triic bo nhan hai pha. Cu thé, mach bu LCC hai
phia dugc thiét k& nham duy tri ché do sac &n dinh dong, trong khi
cAu tric bd nhan hai pha cé vai trd giam thiéu do dao dong ctia dong
dién sac, gép phin ning cao hidu suit va do tin cdy clia hé théng. Mot
md hinh m6 phong dugc xay dung trén phan mém Matlab, két hop véi
md hinh thyc nghiém trién khai trong phong thi nghiém, nhim kiém
chiing tinh kha thi ctia phuong phap dé xuit. Két qua thu dugc tir ca
mo phdng va thuc nghiém cho thiy ché do sac 6n dinh dong dugc duy
tri v6i do dao dong nhd, khoang 3,1%..

1. Gigi thiéu chung

Trong nhiing nim gan day sb lugng xe dién (EV - Electric
Vehicle) trén thé gidi da gia ting manh mé [1], [2], tuy nhién,
dung lugng pin va van dé sac pin 1a nhiing han ché 16n lam
giam su phd bién ctia xe dién. Gan day, hé théng DWC cho
EV dugc dé xuit st dung nham khic phuc cac han ché trén
[3]. Trong hé théng nay, xe dién c6 kha niing sac trong khi di
chuyén, loai bé nhu cau diing lai d€ nap ning lugng. Co ché
nay cho phép EV dudc bd sung ning ludng lién tuc khi van

hanh trén lan dudng sac, gép phan md rong pham vi di chuyén
ma khong can gia ting s6 lugng cell pin, tif d6 tdi uu héa thiét
ké va gidm chi phi hé théng luu trit ning luong [4].

CAu triic hé thbng DWC gdm 2 phan: bo nhan & trén xe va bd
truyén dudc tich hgp vao céc 1an dudng b tao thanh lan sac.
Do EV di chuyén véi tdc do cao trén dudng, qua trinh trao ddi
ning lugng gitta mot diém trén lan sac va xe chi dién ra trong
thoi gian rat ngan. DE tdi wu héa kha ning sac, cic hé thong
sac dong khong diy thudng dugc thiét ké véi chién ludc sac
dong khong déi (CC - Constant Current) thay vi dién 4p khdng
ddi (CV - Constant Voltage).

Mot sb nghién ctiu thuc hién 6n dong sac bang cach diéu khién
bd bién ddi cong sut phia truyén [5], diéu khién bd bién ddi
cong suét phia nhan [6]-[9] hoac Két hop diéu khién ca hai
phia [10]-[12]. Tuy nhién, cic phuong phap niy con ton tai
nhudc diém nhu ciu tric diéu khién phic tap, hiéu suét thap
trong ché do diéu khién vong hd, va yéu cau truyén thong giita
phia truyén va phia nhan khi 4p dung diéu khién vong kin.
Hién nay, lan dudng truyén kiéu doan dudc dé xuét st dung
trong hé théng DWC cho xe dién nh& vao nhiéu 16i ich, chang
han nhu kha ning diéu khién bat/tit linh hoat, gitip nang cao
hiéu suét va han ché sy khuéch tdn tif trudng ra moi trudng
xung quanh [13]-[16]. Mic du viy, mot nhudc diém dang ké
clia cAu hinh nay 12 hién tugng dap mach trong dong dién [17],
[18]. D€ khic phuc van dé nay, nhiéu nghién ciiu da dudgc tién
hanh. Trong [19], mdt mach bu tu thich nghi & phia truyén
dugc dé xuit cai thién do 6n dinh, giam dip mach cong suét
sac ctia hé thdng cung cip cho xe, ciing nhu hd trg diéu khién

Received: 22 December 2024; Revised: 06 March 2025; Accepted:25 April 2025.



Journal of Measurement, Control and Automation

43

chuyén mach mém cho cdc van cong suit. Dau vay, giai phap
nay dat hiéu qua tdt chi khi it c6 su bién dong ciia hé sb hd
cam cua cac cudn day trén xe va trén lan sac. Thém vao do,
cic nghién ctu trong [20], [21] da gi6i thiéu cAu tric cudn day
DDQ, c6 khd ning 1am gidm d4ng ké mic d6 dap mach dong
dién. Du mang lai hi€u qua tich cuc, phuong phap nay lai lam
tdng chi phi tong thé ctia hé thdng do s Iugng va cach bb tri
phuc tap cua cac cudn day.

Bai bdo nay gidi thiéu mot phuong phap méi nham thiét ké hé
thong sac 6n dinh dong dién, st dung cAu tric bo nhan hai pha
két hop v6i mach bu LCC cai tién trong hé thdng sac khong
day dong danh cho EVs. Dé xuét nay cho phép duy tri dong sac
dau ra khong ddi theo diéu kién tai ma khong can dén hé thong
diéu khién phtc tap, dong thdi giam thiéu dao dong dong dién
bing cach diéu chinh pha giita hai cudn nhan sao cho phut hgp
v6i vi tri 13p dit va dic diém tai. Cu thé, phia truyén st dung
lan sac kiéu doan, trong khi phia nhan ap dung thiét ké bo nhan
hai pha nham lam giam su bién thién ctia hd cam gitta cudn
day trén lan sac va trén xe, qua d6 gép phan han ché dao dong
dong sac. Bén canh d6, mach b LCC dudc trién khai & c4 hai
phia d€ dat dugc ché do sac 6n dong cho xe dién. Tinh hiéu
qua ctia nghién ciu nay dugc xac minh bang phuong phap mo
phdng trén Matlab va trén md hinh thyc nghiém.

2. Chu tric hé théng va co sé Iy thuyét
2.1. Chu triic hé théng DWC cho EV

Céu triic hé théng sac dong khong day cho xe dién dé xuét
trong nghién ctfu nay dugc md ta nhu trén Hinh 1, hé thong
gbm 2 phia phia truyén va phia nhan. O phia truyén, cic cudén
day truyén c6 kich thudc va thong s6 gidng nhau dudc dit canh
nhau doc theo lan dudng di chuyén cta xe. C4c cudn day nay
dudc cung cip ngudn dién xoay chiéu c6 tin sb cao tao ra tit
cdc bo nghich Iuu ciu mot H thong qua mach bu LCC. D€ giam
s6 lugng bo bién d6i cong suét sit dung trong hé théng, ba cudn
day truyén sit dung chung mot bo nghich luu tao thanh mdt
module truyén. O phia nhan, ciu tric hai cuon nhan dugc dé
xuét tao thanh bd nhan hai pha, mdi pha bao gdm cu6n nhan,
mach bii, va mach chinh Iuu. Hai pha nay dudc ndi song song
dé cip dién cho hé thong pin trén xe. Mach bu LCC hai phia
dugc st dung cho thiét ké nay dé tao ra dong dién khong ddi &
phia nhan.

2.2. Thiét ké lan sac kiéu doan

Trong nghién ctiu ndy, lan dudng sac kiéu doan dudc dé xuét
thiét ké bang cach sap xép cac cudn day truyén ndi tiép nhau dé
tao thanh tuyén sac cho xe dién (EV). Mdi cudn day truyén bao
gdm ba 16p ciu tao: 16p thd nhit 1a cic cudn diy don cuc hinh
chii nhat, st dung day Litz nhdm giam t&n hao do hiéu ting bé
miit khi hoat dong & dai tan cao; 16p thi hai 12 16p Ferrite dit
phia dudi cudn truyén, trén cudn nhan dé dinh hudéng tir trudng
va ting cudng hé s6 hd cam; 16p thi ba 1a tAim nhom c6 chic
néng han ché su tir thong tan. CAu tric tdng thé ctia hé théng
cudn ddy truyén dudc minh hoa trong Hinh 2a. O phia nhan,
ba cudn day dudc b tri lién ké tao thanh mot rné dun nhu thé
hlen trong Hinh 2b, dong thdi hai cudn day gidng nhau dugc
sap xép song song va cach nhau mot khoang d mm, nhu mo ta
6 Hinh 2c.

Xét hé théng bao gdm mdt module truyén va mot cudén nhan.
Vi khong gian gi6i han ctia gm xe, cdc cudn day c6 kich thuée

gibng nhau c6 chiéu dai /, bang 400mm, chiéu rong w, bing
400mm, do day I,, bang 4.8mm, mdi cudn diy dugc quan 10
vong. Gia sif cudn day nhan c6 N, vong day, theo [22] hd cam
truyén nhin dudc tinh nhu cong thic dudi day.
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Trong do:
M Hé s6 hd cam
N S6 vong day cuon truyén
N, S6 vong diy cudn nhan
B ; Tu trudng gay ra theo phuong Z
2a,2b  Kich thudc vong day thif j clia cudn truyén
1 Cuong do dong dién trén cudn truyén
ds; Vi phan dién tich vong day thu i cia cudn nhan
(x,9,z)  Toadd clia diém dang tinh tli trudng

Xét 2 diém P va Q cach nhau d mm theo chiéu doc cia lan sac
dugc biéu dién nhu trén Hinh 3. Tt trudng do cudn day thi i
gdy ra tai P(x,y,z7) 1a.

J=N:

- (x,,2) Z B.j(x,y,2) @)

Xét diém Q(x+d,y,z). Do clu tric 1an sac gdbm cdc cudn tryén
c6 kich thuéc gibng nhau va xép canh nhau do d6 vi tri tuong
ddi cta Q so v6i cudn truyén thd i+ 1 1a (x,y,z). Do d6 tu
trudng theo phuong Z do cudn day thit i + 1 giy ra tai diém Q
dugc viét nhu sau.

=N

By, (x+d,y,z) Z B.j(x,y,2) Q)

T cong thuc (4) va (5) cho théy cam ung tt do cudn truyén
i gdy ra tai diém P va cudn truyén i + 1 gy ra tai Q 1a biang
nhau.

Bp,»(x,y,z) :BQi+1 (x+d,y,z) (6)

Gia st 1an sac c6 n cudn truyén, tdng tif trudng theo phuong Z
tai diém P va Q lan lugt la:

Bp=Y Bp (7
i=1
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Figure 1: Ciu triic hé thdng sac dong khong diy cho xe dién dé xuit

n
=Y By 8
i=1
Tix cac biéu thiic (6), (7), (8) riit ra dudc:
Bp =By 9)

Nhu vdy, cudng dd tir trudng tai hai di€ém bat ky trén lan sac
cach nhau mot khoidng d mm la tuong duong nhau. Piéu nay
din dén hién tugng tir trudng Lip lai theo chu ky vé6i budc Lip
bing chidu dai mot cudn day truyén, tiic 4 mm, do d6 téng hd
cam ma cdc cudn day truyén gy ra trén mot cudn nhan ciing
bién thién tuan hoan theo chu ky nay, dudc goi la chu ky hd
cam. Dua trén cd s ly thuyét da néu, mo phong phén tii hitu
han dudc thuc hién bing phan mém Ansys Maxwell nhdm xac
dinh hé s6 két ni gitta cuon day truyén va cudn diy nhan trong
qué trinh xe di chuyén trén lan sac. Trong qu4 trinh mé phdng,
chiéu dai ctia cudn day nhan dudc thay déi tir 200 mm dén 700
mm, trong khi chiéu réng dudgc giit ¢ dinh & mic 400 mm.
Két qua md phong dudc thé hién trong Hinh 4 cho thiy ring

téng hé s6 két nbi gitia cudn day truyén va cic cudn diay nhan
phu thudc 16 rét vao vi tri cda cudn nhan trén lan sac. Hinh
dang ctia hé sb két ndi c6 dang gan gibng séng sin va chu ky
bién thién ctia n6 khong bi anh hudng bdi kich thude ciia cuén
day nhan. Quy luit thay d6i clia tdng hé s6 két nbi giita cac
cudn day trén lan sac nay véi cac cudn day trén xe s€ dugc mo
hinh héa bang cong cu ndi suy Curve fitting trong phin mém
Matlab, tit d6 1am cin ci dé thiét ké cac thong sé bo nhan.
Phuong phap thiét ké bo nhan sé dugc trinh bay & phan tiép
theo ctia nghién citu nay.

2.3. Thiét ké bo nhan nhiéu pha

V6i muc tiéu giam dap mach dong dién tai, cAu triic bo nhan
hai pha dugc dé xuét thiét ké trong nghién citu nay. Mi pha
bao gdbm mdt cudn day nhan, mach b LCC va cau chinh Iuu
diode. Hai pha dudc mic song song v6i nhau dé cip ngudn sac
cho pin nhu trong Hinh 1.

Coi hd cam gilta hai cudn day nhan 1a khong dang ké va bing
0, khi d6 dong dién cam ung nhan dudc trén cac cudn nhan khi
xe di chuyén trén 1an dudng sac chi phu thudc vao tdng hd cim
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Figure 2: Thiét ké hé théng cudn day

ma lan sac giy nén nhu phan tich & phan trudc. Mbi quan hé
gitta hé s6 hd cidm va hé s6 két ndi dugc thé hién qua cong thiic
(10), (11), trong d6 cédc cudn truyén c6 do tu cdm gidng nhau
L = L, = ...=L;; cdc cudn nhan c6 do tu cam giébng nhau Lz
= Lry=L,; Mry 12 téng hd cam clia cdc cudn truyén dén cudn
nhan 1; Mr, 13 tdng hd cam cdc cudn truyén dén cudn nhan 2.

My, = kyV/L.L; (10)
M, = ky,V/L/L; (1)

Bo nhan c6 hai cudn day dugc thiét k& nhu Hinh 5, chidu dai
cia cudn nhan 1a I/, khodng céch clia hai cudn nhan 1a d. Tong
két ndi ctia cac cudn truyén dén mdi cudn diy nhan dudc xac
dinh theo cac cong thic dudi day.
kr1 :klrl +k2r1 +---+k9r] (12)
kr2 :k1r2 +k2r2+~-~+k9r2 (13)

Nhu da phan tich & trén, hé s6 gilta cac cudn diy phia nhan va
lan sac phu thudc vao vi tri ctia xe. Pbi véi bo nhan c¢6 2 cudn

day, hé s0 két nbi k,, va k,, trong qua trinh xe di chuyén s& 1éch
pha nhau, sy 1éch pha nay gy ra bdi khoang cach d gitta cac
cudn day nhan. Goi ham hé s6 két nbi 12 mot ham theo bién x:

ky, = f(x) (14)

ky = f(x+d) (15)

Do gi6i han vé khong gian dudi gim xe, chiéu dai ctia cudn
day truyén dugc khao sat trong dai gia tri tit 200mm - 700mm.
Tir két qua mo phong FEA trén Hinh 4, thuc hién phép ndi suy
trong phan mém Matlab tim dudc ham ciia hé sb két nbi f(x)
c6 dang la ham fourier bac 2 nhu duéi day:

2n . 2z 2n
f(x) = ag+a;cosx=— + by sinx— +aycosx—+
21; 21t ll
2
bysinx—~ (16
l
X Vi tri cuén nhén trén lan sac
a,b Hing s6 ham hé s6 két nbi: a, = 0.14,a; =
0.0006,a; = 0.0014,b; = 0,b, = 0.0055
I Chiéu dai ctia cudn truyén, I, = 0.4mm
Do dap mach hé sb cong suit dudc tinh theo cong thic.
Alky, + o) Max(ky, +ky,) — Min(kr, +k,) (17)

~ Max(ky, +ky,) + Min(ky, +ky,)

Ham dap mach A(k,, + k,,) dugc khdo sit bing phin mém
Matlab - Simulink trong trudng hdp thay ddi chiéu dai cudn
day nhén /, cling nhu ty 1& gitta khoang cach gitta hai cudn
day nhan va chiéu dai cudn nhan (d/1,). Két qua mo phong thu
dugc dugc trinh bay trong Hinh 7. Xét dudng dic tinh tdng hé
s6 két ndi, theo d6 do dap mach dat gia tri nhd nhét khi ty 1&
d/l, = 1.5, tdc 1a khodng cdch giita hai cudn day nhan biang
1.5 1an chiéu dai ctia mot cudn nhan. Dic biét, khi chiéu dai
cudn nhan [, = 500 mm, tong hé s6 két nbi dao dong it nhit,
cho thiy day 1a kich thudc ti uu trong thiét ké. Dua trén nhiing
phan tich va két qua mo phéng trén, cac thong sb thiét ké cta
hé thdng cudn day dudgc lua chon nhu trinh bay trong Bang 1.

Table 1: Thong sb thiét ké bo ghép tir

Dai lugng Giatri | Dailugng Gia tri
I 400 mm | I, 500 mm
Wi 400 mm | w, 400 mm
Lt 48 mm Lr 48 mm
har, 2 mm h 150 mm
hr 5 mm n 10 vong
Li(i=1=+9) | 102uH | L,(i=1+2) | 120 uH
ri 013Q | r, 0.13Q
d 600 mm

2.4. Thiét ké mach bu LCC 6 ché dé sac 6n dong

Mach b LCC dudc st dung cho ca phia truyén va nhan nhim
dam bao ché do sac 6n dong. Pién ap xoay chiéu tao ra bdi b
nghich Iuu phia truyén mo hinh héa thanh ngudn hinh sin bing
phuong phap xap xi séng hai co ban. D€ don gian héa phan
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Figure 5: CAu tric mach dién tif b nhan hai pha

tich, mach chinh Iuu diode phia nhan cling véi tai dugc quy ddi
thanh cac tai tuong duong R,y va R4, nhu minh hoa trong
Hinh 5. So ¢4 mach tuong duong cho mot mo-dun truyén va
hai pha nhén dugc trinh bay trong Hinh 8. Quan hé dién tu gitia
cdc cudn day dudc md t thong qua mot ham hd cam véi bién
12 dién cdm hé cam va dong dién trén cac cudn diy con lai. Cu
thé, m&i cudn day truyén c6 lién két dién tir v6i cac cudn truyén

kr2

Figure 6: Do 1éch pha hé sb két ndi clia hai pha cudn nhan

Figure 7: Do dap mach clia tdng hé s6 két ndi A(ky, +k;,) theo ty 18
d/l,

lan cén va hai cudn nhén, trong khi cac cudn nhén chi két nbi
cdc cuodn day trén lan sac ma khong c6 su két nbi véi nhau do
khoang céch 16n gitta cac cudn nhan nén dién ap cam tng gitia
chiing khong ddng k& va c6 thé bd qua trong phén tich.

Ap dung dinh luat Kichoff cho tiing vong nhu dudi day.

vong V,,

1
L
joc; "

UAgp = (j(l)Lfi—F (18)

. )Il_
]COCfi

Vong V.
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up; 12 dién dp cdm ung do céc céc cudn truyén khac giy 1én
cudn truyén thi i, dién 4p nay dudc tinh theo cong thiic (22).

N

uy; = Z JOM
k=1 ki

(22)

Trong d6, My, dai dién cho hd cam giita cudn truyén thif i va
cudn truyén thi k, con I;; 12 dong dién chay qua cudn truyén
thi k. Céc thong sb ctia mach bu dudc thiét ké sao cho thda
mén diéu kién cong hudng tai cdc vong V), va V.

1

jOLr+ —— = 23
g f’+ijf;- @9
oL, +—— —0 (24)
J Ti jwcr[ -
; +joL;=0 (25)
jocy " joc TP

Loy L oL, =0 (26)
jaCy, " joc, 1T

Dong dién truyén tif 1an sac sang bd nhan chinh bing dong trén
cudn bu va dugc tinh theo cdng thuc.

UaB
L, =————) M, 27
T » Lfr,- ; Lfi ir (27)

3
i=1

4

Tir cong thiic (27) ta thiy dong dién sac khong phu thudc vao
diéu kién tai, hé thong thiét ké dat diéu kién sac &n dong. Véi
hé théng sac dong da thiét ké c6 hai cudn nhan dong dién sac
thu dudc trén tai dudc tinh theo cong thiic.

PR Uap
foad 2v/2 ®LgLg

Tir cong thiic (10), (11), (28) c6 thé xdc dinh dong dién sac
bang cong thic sau, trong d6 k,, =k, = k.

(M1 +M,2) (28)

Toad = T _Uss k
9T V2 oLgLg

L,L; (29)
Mach bu dugc thiét ké dé€ dat ché do dong dién ra khong ddi.
Dua vio cic mdi quan hé cong hudng tif cic phuong trinh (23)
dén (26), biéu thiic dong dién tai yéu cau (29) va thong sb hé
th6ng thiét ké nhu trén Bang 1, 2.

Table 2: Thong s6 hé théng mach bu

Dai luong | Gia tri Dai luong | Gia tri
L 100 uH | Ly, 114 pH
cy, 0.035 uF | Cy, 0.307 uF
C; 025uF | C 0.323 uF
Lioad 13A ky 0.14

Unc 310V | f 85 kHz

3. Két qua md phong va thuc nghiém
3.1. Két qua md phéng

M5 hinh md phéng hé thdng sac dong khong day cho xe dién
dugc xay dung trén phan mém Matlab — Simulink, nhu minh
hoa trong Hinh 9a va 9b. Céc thong s6 hé théng dudc thiét ké
theo céc gia tri trong Bang 1 va 2. Ham hé s6 két nbi dién tir
gilta cdc cudn day truyén va cudn diy nhan dudgc thé hién trong
phuong trinh (16). Lan sac bao gdm chin cudn day truyén, dudc
chia thanh cac mo-dun dit lién ké nhau, méi mo-dun gdm ba
cudn day, véi mdi cudn day c6 chiéu dai 400mm, tong chiéu
dai ctia 1an sac 14 3600 mm. Téc do di chuyén ctia xe dudc cai
dit 12 72 km/h, do d6 thoi gian xe di chuyén qua mot 1an sac
c6 chiéu dai 2.6 m xp xi 14 0.13 gidy. Tai pin ctia xe dién dugc
mo phong bang mot dién tré tuong duong Ry, gid tri clia dién
trd nay thay doi trong subt qua trinh sac va xa clia xe.

Két qua md phdng dang séng dién 4p va dong dién trén van S
dugc trinh bay trong Hinh 10. Két qua nay cho thiy diéu kién
chuyén mach mém ZVS (Zero Voltage Switching) da dat dugc.
Tan s6 1am viéc ctia hé thong 1a 85 kHz, trung khép véi tan sb
thiét ké.

Trong qu4 trinh sac, trd khang tai tuong duong R; thay doi.
Dé kiém tra kha niing sac 6n dinh dong ctia hé théng dé xuét,
két qua mo phong dic tinh dong sac khi thay ddi gid tri trd
khang tai dugc trinh bay trong Hinh 11. Ba trudng hgp khao
sat v6i gid tri tré khang ti tuong duong Ry, 1an lugt 1a 6, 9Q
va 12Q. Két qua cho thiy dong dién sac duy tri theo gia tri
thiét ké (13A) véi sai léch khong dang ké. Pidu nay khing dinh
tinh 6n dinh ctia dong dién dau ra do mach bu LCC hai phia
da thiét ké. Hon nita, d6 dao dong ctia dong dién rit nho, dudi
2%.

Ngoai ra, dé xac minh tinh wu viét ctia ciu tric bo nhan hai pha
dé xuét, dic tinh dong dién sac ctia cAu tric nay dugc so sanh
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Figure 9: M6 hinh hé théng sac dong khong day trén Matlab
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Figure 10: Dong dién, dién ap trén van S1

v6i cu triic mot bd nhan. Két qua mo phéng dic tinh dong
dién sac dugc thé hién trén Hinh 12, két qui cho thiy, v6i ciu
triic mot bd nhan do dao dong ctia dong dién tai xap xi bang
16%, v6i cAu triic hai bo nhan do dao dong xéap xi bing 1,9%.
C6 thé thay rang, do dap mach véi cAu triic hai pha nhd hon rét
nhiéu so véi cu tric mot pha.

3.2. Két qua thue nghiém

Mot md hinh hé thdng sac dong khong day cho xe dién véi
cong suit 2 kW da dugc xay dung trong phong thi nghiém,

Time [s]

Figure 11: Dong dién sac v6i cau tric dé xuét khi thay déi tai

[Két qui mo phdng dong dién sac v6i ciu triic mot bo nhan]
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Figure 12: Két qud md phdng dong dién sac véi cic chu triic by nhan
khic nhau

nhu thé hién trong Hinh 13. Lan dudng sac bao gdm chin cu6n
day truyén, dudc chia thanh ba nhém, mbi nhém gém ba cudn
day truyén. Mdi cudn day truyén dugc két ndi v6i mot mach
bu LCC va stt dung chung mot bd nghich luu, tao thanh méot
mo-dun truyén. Mo hinh phia xe gdm hai pha, méi pha bao
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2dm mot cudn day nhan, mot mach ba LCC va mot bd chinh
luu. Hai pha nay dudc ndi song song vdi nhau va két ndi t6i
tai. Mo hinh xe dudc gan trén mot co cAu di dong, cho phép di
chuyén doc theo 1an sac.

Bién ap cép
ngudn DC

Inverter +
Driver

Figure 13: M6 hinh thyc nghiém

Hinh 14 biéu dién dang dong dién dién 4p trén Inverter, c6 thé
thiy cdc van cong suit da dat diéu kién chuyén mach mém. Két
qua thuc nghiém dang song dién ap trén cudn diy nhén va dién
4p dau vao ctia b chinh luu phia nhin dudc thé hién trén Hinh
15 va Hinh 16. Cac két qua cho thiy, dién 4p nhan dudc trén
cudn day truyén la xoay chiéu hinh sin, tin s bing vdi tan s6
thiét ké 12 85kHz. Pién 4p xoay chiéu dau vao ctia bo chinh luu
¢6 dang xung vudng tan s6 85kHz 1a phit hop vdi cic phan tich
ly thuyét da néu.
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Figure 14: Dang dong dién, dién ap trén Inverter

Pé kiém chiing kha niing sac &n dong ctia hé thdng, thuc hién
do dong dién gian tiép qua phép do dién 4p trén trd khang tai
tuong duong & cac vi tri khac nhau trén lan dudng sac. Két qua
do thé hién nhu trén Hinh 17 cho thiy dong dién sac trén tai 6n

TB:Sus T:0s CH3 100Msa

M\/\/\W\z
/\/’/J\/\/

Peak Values: (CH3)
Vp+:103.00¥ Vp-

-4y f[:; Refresh c

-fwm

<= -

-109.00V

Vpp ,‘1}5 00V PO

Figure 15: Dién 4p trén cudn day nhin
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Figure 16: Dién dp diu vao clia bd chinh luu phia nhan

dinh, d6 dao dong khoang 3.1%. Két qua ngay dudc so sanh
trong Bang 3 cho thiy nhiing vu di€ém cta hé théng dé xuét.

44
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Figure 17: Dién ap do trén tai

4. Két luan

Bai bdo nay dé xuit mot phuong phap méi dé thiét ké sac &n
dong vé6i bd nhan hai pha trong hé théng sac khong day dong
cho xe dién. O phia truyén, lan dudng sac dugc thiét ké theo
kiéu doan, trong khi phia nhén, cu triic bd nhan hai pha dugc
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Table 3: So sénh céc phuong phdp thiét ké hé théng DWC sac n dong

Hudng nghién cdu Phuong phap diéu khién Che do sac Pap mach dong dién sac
Diéu khién phia truyén | [5]: PWM, c6 thé 1am mét diéu kién cong hudng | CC Khong xét dén
biéu khién phia nhan [6]: Xac dinh vi tri EV sac tot nhat Khong xét dén 5%
[7]: P, thiét k& sac 25kW cho xe Bus dién On dinh cong suat | khong xét dén
[8]: Piéu khién dich pha phia nhan CC 3%
Diéu khién hai phia [10]: Diéu khién lan sac bang truyén thong CC Khong xét dén
[11]: Phét dién lé&ch Ian, truyén thong vé xe Khong xét dén Khong xét dén
[12]: Piéu khién dich pha phia truyén Khong xét dén Khong xét dén
Dé xuét Khong can diéu khién CcC 3.1%

t6i uu dé giam do dao dong dong dién tai bang cach diéu chinh
hai yéu t6: kich thu6c va khoang cach gilta c4c cudn diy nhan.
St dung phuong phap md phéng phén tich phan ti hitu han
(FEA) trén phin mém Ansys Maxwell, cuén diy truyén da
dudc thiét ké va cudn diy ctia bd nhan hai pha dudc téi uu
v6i chiéu dai [, = 500 mm va khodng cach giita hai cuén nhan
bing 1.5 1an chiéu dai cudn truyén, tilc d = 600 mm. Mach bu
LCC dudc thiét ké hoat dong & tan sd f = 85 kHz nham dam
bao ché do sac &n dong cho xe dién. Két qua md phong va thuc
nghiém cho thiy ché d6 sac 6n dong dat dudc véi do dao dong
dong dién chi khoang 3.1%.
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