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Tom tit:

Trong hé théng lwéi dién siéu nhé mot chiéu, cac bd bién déi DC/DC c6 vai tro rit
quan trong trong bién doi va truyén tai cong suit. Trong d6, cAu tric bd bién doi
cau chi dong kép (dual active bridge - DAB) ndi bat véi kha ning truyén tai cong
suit 2 chiéu, cach ly va cho phép chuyén mach mém giiip giam ton hao va tiing tinh
linh hoat trong diéu khién. Tuy nhién, véi cac phwong phap diéu khién bang bd
PI/PID truyén thong két hop véi diéu ché dich pha bdc 1§ han ché vé thoi gian dap
rng chim va wng suit dong dién I6n. Bai bao nay dé xuat mot chién hrge diéu khién
du bao md hinh lai ghép cac phwong phap diéu ché pha nhim ning cao toc d6 dong
hoc va hiéu suit phan ctrng. Bai bao ciing da tién hanh md phéng md hinh hé thong
va thuét toin diéu khién dé xuit trong cac ché do hoat dong ciia bd bién d6i dé dua
ra nhitng dianh gid, so sanh cic két qua dat dwoc dwa trén coéng cu
MATLAB/Simulink.

Tir khéa: bd bién doi cau chi dong kép, diéu ché pha ba, diéu ché pha don, diéu
khién du doan mé hinh.
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Abstract:

In DC microgrid systems, DC-DC converters play a crucial role in power
conversion and transmission. Among these topologies, the dual active bridge (DAB)
converter is highly regarded for its bidirectional power transfer capability,
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galvanic isolation, and soft switching features, which significantly reduce power
losses and enhance control flexibility. However, conventional proportional integral
derivative (PID) control methods combined with phase shift modulation exhibit
distinct limitations, including slow dynamic response times and high current stress
on semiconductor components. To address these issues, this article proposes a
hybrid model predictive control strategy aimed at simultaneously improving
dynamic response speed and hardware efficiency. Furthermore, the system model
and the proposed control algorithm are simulated across various operating modes
of the converter to comprehensively evaluate and compare the performance
outcomes using the MATLAB/Simulink environment.

Keywords: dual active bridge, model predictive control, single phase shift, triple
phase shift.

Classification number: 2.2

1. Pit van dé

Sy phat trién ctia cac hé théng ning luong tai tao va xu hudng toan cau trong viée
dién hoa phuong tién giao thong da gia ting nhu cau str dung cac bd bién doi DC-DC.
Trong d6, bd bién d6i cau chi dong kép (dual active bridge - DAB) ndi troi nhd kha
nang truyén tai cong suat hai chiéu cach ly dién an toan va dai bién ddi dién ap rong [1].
Thiét bi nay hoat dong nhu mot giao dién diéu phéi linh hoat gitip truyén tai ning luong
hiéu qua gitra hé théng lvu tri, nguén phat dién mat tro1i, tram sac xe dién thong minh
va DC bus [2-4].

Mic du so hitu nhiéu cau triic vu viét, bd DAB diéu khién bang PI/PID truyén
théng con ton tai nhiéu nhuoc diém nhu thiéu kha nang xir 1y tinh phi tuyén va da muc
tiéu va kho trién khai vi bo bién doi DAB 13 mot hé thong c6 ban chat phi tuyén manh
[5-7].

Cung v6i d6 cac ky thuat diéu ché cung cdp kha ning diéu khién cong suét dua
trén thoi diém dong mo cac van. Trong d6, ki thuat diéu ché pha don (single phase shift
- SPS) 1a phuong phép diéu ché co ban nhat véi mot bién diéu khién duy nhat 1a goc
dich pha ngoai vi giita cAu so cip va cau thir cap dé diéu khién dong cong suét. Sy thiéu
hut cac bac tu do diéu khién khién no khong thé tdi uu hoa céc thong sb khac cua hé
thong. Cac phuwong phap mé rong nhu diéu ché hai pha (dual phase shift - DPS) va ba
pha (triple phase shift - TPS) da duoc dé xuat nham nang cao hiéu suét truyén cong suat
va cai thién kha niang diéu khién trong dai tai rong [8, 9].

Gan day, phuong phap diéu khién dy doan mé hinh (model predictive control -
MPC) di chimg minh dugc tiém nang manh mé trong viée tdi wu héa diéu khién theo
thoi gian thyc cho cac hé théng phi tuyén, ¢6 nhiéu rang budc va bién thién nhanh nhu
DAB. Viéc két hop MPC véi cac ki thuat diéu ché pha, nhu trong cong trinh [10, 11]
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d3 két hop mot ki thuét didu ché TPS trong toan bo qua trinh didu khién cho phép cai
thién déng ké hiéu suat hé théng thong qua kha ning diéu chinh goéc pha theo thoi gian
thie. Tuy nhién, phuong phap TPS c6 phan tng dong twong ddi cham trong cac qua
trinh qua do. Pong thdi, cac chién luge diéu khién lai ghép cac ché do didu ché pha
(hybrid phase-shift modulation) nhu viéc img dung Adaptive MPC két hop véi cac ché
d6 diéu ché khac nhau giita cdc muc tai nham giam ton hao chuyén mach dua trén dong
tai thuc té va ngudng goc dich pha dé quyét dinh ché d6 diéu ché [12, 13].

Nghién ctru ndy tap trung phat trién va danh gia chién luoc diéu khién két hop
gitta MPC lai ghép SPS va TPS, chon ché do dua trén trang thai dién ap dau ra cua hé
théng nham t6i vu hoa dap tng dong va hiéu suat truyén ning luong ciia b bién doi
DAB duéi céac kich ban. M6 hinh hé thong duoc xdy dung va mo phong trén phan mém
MATLAB/Simulink dé danh gia tinh kha thi va hiéu qua cua phuong phap.

2. M6 hinh ho4 hé thong
2.1. Céu trisc mach DAB

Vé cdu triic, bd DAB gdm hai cau nghich luu toan phan (full H-bridge) duoc ndi
v6i nhau qua mot may bién ap tan s cao (hinh 1) [1].
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Hinh 1. Céu triic bd bién doi DAB.
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MJi cau H gém bdn linh kién ban dn cong suat diéu khién duogc, thudng sir dung
MOSFET hoic IGBT c6 diode ngugc song song. My bién 4p tin s cao c¢6 nhiém vu
cach ly va thay d6i ty sd dién ap dua trén ty s6 vong ddy n=N2/N1, cho phép bo bién
d6i 1am viéc & ché do tang ap hodc ha ap. Cudn cam truyén ning luong L dugc mic ndi
tiép gitra hai cau, c6 thé 1a dién cam tan cua may bién ap hodc cudn cam roi. Cudn cam
nay khong phai 14 thanh phan ky sinh ma 1a phan tir quan trong gitip luu trit va truyén
nang luong gitra hai phia [14].

2.2. Thiét lgp phwong trinh dw dodn dién dp diu ra ché dp SPSPhuong phap
SPS 14 k¥ thuat diéu khién co ban va duoc sir dung phd bién nhat trong bo bién ddi
DAB. Trong k¥ thuat SPS, ca hai cau H déu hoat dong véi chu ky 1am viée 50%, tao ra
hai song dién 4p vudng hoan hao 12 Vab va Vcd. Bién diéu khién duy nhit 1a do léch
pha ¢ [9].
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Hinh 2. Chu ky din ciia cac van va dang dong dién & ché do SPS.

Dé thiét 1ap mo hinh toan hoc mé ta qua trinh truyén ning luong cua phuong
phéap SPS nghién ctru [15] di phan tich dong dién qua cudn cam iy, (t) va chu ky dan cua

céc van S1-S8 trong mot chu ky chuyén mach nhu trong hinh 2 tai 4 thoi diém: t, =

Ts+D
=——;t,=Ts.

T T

V1 Cin

Hinh 3. So' d6 twong dwong diu ra DAB.

Bang cach tinh tich phan dong dién i; (t) trong mot chu ky hoat dong dya trén
viéc phan tich cac trang thai dong/cit cia van ban dan va dién ap dat 1én hai dau cudn
cam Vi (t) = Vab(t) — Vcd(t), ta xac dinh dwoc dong dién trung binh vao nhanh thir
cap. Ap dung Pinh luat Kirchhoff cho so dd trong hinh 3, ta thu duoc dong dién tai nit
tai bao gém tu dién C va dién tré R, tir d6 thu dugc phuong trinh vi phan trung binh mo
ta sy bién thién ctia dién ap dau ra d6i voi phuong phap SPS [15]:

dva _ _Vp , nVy _
de RC+2f5LCD(1 D)

(1)
trong d6: n 1 ty sb vong day ctia bién ap; V;va V, 1a dién ap DC & hai phia; f; 1 tan sb
(0]

dong cat; L 1a dién cam truyén ning luong; Ty = fi; D= -
S
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Dé xay dung mé hinh di doan phuong trinh vi phan trung binh cta dién ap dau
dvy) - va(k+1)—v, (k)
de Ts '

ra dugc roi rac hoa theo thoi gian 14y mau T, bang sai phan tién
Ta thu dugc phuong trinh du doan dién ap dau ra ¢ thoi diém mAu:

va(k+1) = (1-22) v, () + (522) D(1 - D) @)

trong d6: v, (k) 12 dién ap dau ra tai thoi diém mau k; v, (k + 1) 1a dién ap dy doan tai
thoi diém mau ké tiép.

Phuong trinh 2 dong vai tro quan trong trong viéc thiét 1ap bo diéu khién dyu doan
mo hinh (MPC) cho bd DAB, cho phép du doan va diéu chinh dién ap dau ra theo thoi
gian thyc dya trén gia tri 1éch pha D.

2.3. Thiét lgp phwong trinh dw dodn dién dp diu ra ché dp TPS

Phuong phap TPS 1a k¥ thuat diéu ché tong quat va manh mé nhat, duoc phat
trién nham mao rong vung hoat dong va t8i wu hoa hiéu suit cia bd bién ddi DAB trén
toan dai cong suat. TPS st dung ca ba bac tu do: do léch pha ngoai D3, d§ 1éch pha trong
clia cau so cap D va do 1éch pha trong ctia cau thir cap D» (hinh 4) [9, 10].
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Hinh 4. Géc din va dong dién b DAB phwong phap TPS [10].

Trong cac nghién ctru [10, 16], ché do-III va ché do-IV dugc chimg minh 1a cac
ché d6 hoat dong t8i wu toan cuc dé co duoc ung suat dong dién tdi thiéu cho dai cong
sudt thip va cao. Trong nghién ctru nay, do dai cong suit dinh mirc ving tai dugc nam
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trong mode I1I nén viéc thiét 14p cac phuong trinh dy bao va gii han goc pha dua trén
mode I1I 14 phuong phap tiép can tdi wu vé mit toan hoc cac goc pha dugc gidi han nhu
sau nham giit hé théng hoat dong trong ving mode III (D1—D2)<Ds;<min(D1,(1-D2))
véi cac thoi diém ddc trmg duge dinh nghia laty = 0; t; = Dy = t; = Dy —%,t; =
Ts., _Ts
(D3 + Dz)?, t4 —_ 2.
Nhu trong nghién ctru [10] da trinh bay chi tiét phan tich dong dién iy (t) trong
mot chu ky hoat dong, ta thu dugc phuong trinh vi phan trung binh mo6 ta dién ap dau ra
trong ché do diéu ché TPS:

vz _ Vi (p2 Ve

= 30 (D5 + 2D3D; + DyD) — (3a)
dva _ Vi (2 _V
= 710c (D3 + 2D3D; + D, D) — 22 (3b)

trong d6: D1 12 do 1éch pha trong cau so cdp; D> 1a d6 1éch pha trong cau thir cap; Ds 1a
d6 1éch pha gitra cau so cap va tht cap.
Phuong trinh dugc rdi rac hoa theo chu ky 1dy mau Tg:

Ts

v+ 1) = (1-22) v, () +

V1Ts
4f:LC (D3 + 2D3D; + D, D,) 4)

trong d6: v, (k) 13 dién ap dau ra tai thoi diém mau k; v, (k + 1) 1a dién ap dy doan tai
thoi diém mau ké tiép.

Mot trong nhing uu diém cét 16i cua diéu ché TPS so voi SPS truyén théng 1a
kha nang mo rong ving ZVS trén dai tai rat rong thong qua viéc toi uvu hoa ba bac tu do
(D;,D,,D3). Can ctr vat 1y ctia dic tinh ndy duoc xac dinh dua trén chiéu ctia dong dién
cudn cam tai cac thoi diém chuyén mach. Cu thé, & mot van ban din MOSFET dat
dugce ZVS, dong dién iy (t) di qua van tai thoi diém chuyén mach phai du 16n va co cuc
tinh phi hop dé xa hoan toan dién dung ky sinh C,¢ ctia van truéce khi nhan xung diéu
khién dong. Bdi v6i ché do TPS hoat dong trong mode I1T dong dién tai thoi diém dong
cac van so cap phai thoa man iy (ty) < 0 va ip(t3) < 0; trong khi tai cau thir cap yéu
cauip(t;) = 0vai,(ty) = 0[17].

3. Chién lrge diéu khién

3.1. Thudat toan dw doan mé hinh

Phuong phéap diéu khién du doan mé hinh MPC duoc ap dung nham téi wu héa
tin hiéu diéu khién trong timg chu ky 14y mau. Nguyén tic co ban ciia MPC 1a du doan
gia tri dién ap dau ra trong cac budc ké tiép dua trén mo hinh toan hoc cua hé théng, sau
d6 Iya chon tin hiéu diéu khién t6i wu bang cach tdi thiéu héa mot ham chi phi dugc
dinh nghia cho N budc du doén tiép theo. Trong nghién ciru ndy, vai tan s6 chuyén mach
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(f; = 20 kHz), chan troi du doan duoc thiét 14p & mirc N=1 nhim giam thiéu ganh ning
tinh toan dam bao thuat toan hoan tat trong mot chu ky trich mau.

Ham chi phi dugc x4y dung dudi dang binh phuong sai 1éch giita dién 4p dau ra
du doan voi gia tri tham chiéu va thanh phan trong sd phat bién thién goc pha, dugc biéu
dién nhu sau:

K+N
J = 21tk M(Varer = v2(k + 1))? + 2,(D(K) — D(k + 1))? (5)
trong d0: A,1a trong s6 diéu khién dién 4p; A, 13 trong sb phat bién thién goc pha.

Muc tiéu cua bo didu khién 13 tim bd gia trj dich pha D hodc tap hop
(D4, D,, D3) trong truong hop didu ché TPS sao cho ham chi phi ] dat gia trj nho nhét,
tir 46 dam bao dién 4p dau ra bam sat gia tri mong mudn vdi sai 1éch téi thiéu.

3.2. Chién lwgc két hgp MPC véi diéu ché pha

Phuong phép diéu ché pha don SPS ¢6 uu diém la ciu trac diéu khién don gian
va dé trién khai trong thyc té, dic biét phi hop cho giai doan khai dong hodc khi can
truyén cong suat 1on. Tuy nhién, SPS ton tai nhuoc diém 1a dong dién dinh qua cudn
cam ting cao khi hé thong hoat dong & trang thai on dinh, lam gia ting ton hao dan va
ton hao chuyén mach, dong thoi lam giam kha ning duy tri diéu kién chuyén mach mém
(ZVS).

Nguoc lai, phuong phap diéu ché pha ba TPS cho phép diéu chinh linh hoat hon
nhd ba bién diéu khién doc 1ap (D;,D,, D5), gitp giam bién do dong dién, duy tri ZVS
trén dai tai rong [17] va nang cao hiéu suat tong thé cta bd bién doi. Tuy nhién, nhuoc
diém cua TPS nam & do phire tap trong tinh toan, do can xac dinh dong thoi ba tham s6
diéu khién t6i wu, dan dén ting dang ké khéi luong tinh toan trong qua trinh tdi wu hoa
thot gian thuc.

Pé khic phuc cac han ché néu trén, nghién ciru nay dé xuat mot chién lugc diéu
khién hai ché d¢, két hop uu diém cua ca SPS va TPS trong khudn kho diéu khién MPC.
O ché do tht nhat MPC-SPS, b diéu khién st dung mét bién diéu khién pha duy nhat
nham giam tai tinh todn va toi da hoa toc d6 dap ing dong trong giai doan qua do. Co
ché luan chuyén sang ché d6 thtr hai MPC-TPS dua trén sai 1éch gitra dién ap dau ra va
gia tri ddt e(k) = [Vier — vo(K)| .
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Chon ché d6

e(k) = |V?"ef - vZU¢)|

Mode==TPS

b b
e(k) < 2y \e[kmf’% Vref
> s
Mode=SPS Mode=TPS

Hinh 5. Co ché chuyén mach.

Chi tiét co ché chuyén ddi SPS va TPS duoc miéu ta chi tiét trong hinh 5 véi dai
chuyén mach [2%,2,5%]Vyr. Cu thé khi sai 1éch dién ép ey < 2%V hé thong kich
hoat ché d¢ TPS va khi ey > 2,5%Vyr hé thong kich hoat ché d¢ SPS.

Trong ché d6 MPC-TPS, dé giai quyét bai toan thoi gian thyc, khong gian tim
kiém duge thu hep béng cach lya chon cap gia tri D; va D, tdi wu dya trén thuat toan
Unified Triple Phase Shift (UTPS) két hop diéu kién Karush-Kuhn-Tucker (KKT) dugc
trinh bay trong [16]. Pac biét, nghién ctru nay chi 4p dung gidi thuat KKT chuyén biét
cho mode 3 (bao gdom hai trudng hop hoat dong IITA va IIIB tiy theo mién cong suat
nhu trong [10]). O mdi mién, cac gia tri Dy opt V@ Dy ope dugce tinh toan giai tich tryc

tiép, sau do b di€u khién MPC chi can lam nhi¢m vy tim ki€m D3 ¢ .

Duya trén cac wu nhugc diém ctia cac phuong phap nhom nghién ciru da thiét 1ap
luu d6 thuat toan nhu sau:
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Hinh 6. Lwu d6 thuét toan MPC-SPS-TPS.

Viéc két hop diéu khién SPS trong giai doan khai dong va TPS trong trang thai
6n dinh giip can béng gitra tbe do dap tng va hiéu sudt nang luong, tan dung uu diém
ctia ca hai phuong phap trong khi giam thiéu nhuoc diém vé tai tinh toan va ton hao
cong suét. Dya trén cac phan tich trén, thuat toan diéu khién MPC két hop SPS va TPS
duoc dé xuit nham t6i vu hoa hiéu suat va dap tng dong ctiia bd DAB. Thuit toan hoat
dong theo hai ché d6 riéng biét va chuyén d6i dua trén trang thai dién ap dau ra. Quy
trinh chi tiét ctia thuat toan duoc minh hoa trong hinh 6, thé hién cac budc tir khoi dong,
tinh toan céc gia tri toi wu Dy, D,, D3, dén qua trinh diéu khién DAB trong thoi gian
thuc.

4. Két qua va ban luan

Dé xac nhan hiéu qua cua thuat toan diéu khién MPC két hop SPS va TPS duoc
dé xuat, cac mod phong dugc thuc hién trén phﬁn mém MATLAB/Simulink v&i mé hinh
bo chuyén d6i DAB duoc thiét 1ap nhu sau:
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Bang 1. Thong s6 mé phong.

Tén Théng s6
Tan s6 chuyén mach 20 kHz
Tu dau vao 270 uF
Dién 4p dau vao 380 V
Dién ap tham chiéu 120V
bién cam cudn cam 300 uH
Ty s6 vong day 0,3158
Tu dau ra 250 uF
Pién tro dau ra 70 Q
s | P i ] =
e . B e I}

&% " 85 §7 —
= N s VY + - 7 & 4
) o £ [ 3 B
‘ : R, U CurentSensr () X Riod S
(3 Cot = Lo S s

Hinh 7. M6 hinh mo phéng DAB.

Hinh 7 1a so d6 mach DAB véi cac thong sé hé théng chinh duoc liét ké trong
bang 1.

Hé thong duoc diéu khién bing bo diéu khién PI-SPS, MPC-TPS va MPC-SPS-
TPS duoc kich hoat tir trang thai ban dau dién ap daura V., = 0V, dong tai I,,,q = 0 A
dé dat dén gia tri tham chiéu V.o = 120 V trong trudng hop khoi dong va thay doi dién
ap déu ra.
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Hinh 8. Khéi dong va phan wng dong by PI-SPS.

Két qua hinh 8 cho thdy, thoi gian dap ing 21 ms, dong dién cudn cam 15 A khi
khoi dong va 13,5 A khi xéc lap, khi ting giam dién 4p co ton tai sai s6 xac 1ap khoang
2V.
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Hinh 9. Khéi dong va thay déi dién ap diu ra bang MPC-TPS.

Két qua hinh 9 cho thiy, thoi gian x4c 14p 23 ms, dong dinh khoi dong 7A, dong
dién ché do xac lap 5 A. H¢ théng dat gia tri tham chiéu trong 6,5 ms vdi truong hop
tang 20 V. Hé thong dat gia tri tham chiéu trong 4,2 ms v&i trudng hop giam 20 V. Sai
s6 x4c 1ap khoang 0,1 V.
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Hinh 10. Khéi dong va thay ddi dién ap diu ra bang b diéu khién MPC-SPS-TPS.

Két qua hinh 10 cho thdy, thoi gian xac 1ap 5,5 ms, dong dinh khoi dong 11 A,
dong dién ché do xac lap 5 A. Hé thong dat gia tri tham chiéu trong 1,2 ms véi truong
hop tang 20 V. Hé thong dat gia tri tham chiéu trong 1,5 ms v6i truong hop giam 20 V.
Sai s6 xac 1ap khoang 0,1 V.

Dé danh gia kha ning thich ing cua thuat toan diéu khién MPC két hop véi diéu
ché pha SPS va TPS trong bbi canh bién ddi dién ap du vao, cac md phong da dugc
thyc hién voi hai kich ban chinh: bién doi dot ngdt va bién doi tir tir véi dién ap tham
chiéu daura V.o = 120 V.
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Hinh 11. Pap &tng MPC-SPS-TPS trudc bién dong diu vao.
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Két qua hinh 11 cho théy, tai cac thoi diém dau vao bién d6i dot ngot tdn tai cac
nhiéu nho tuy nhién dugc 6n dinh ngay sau dé6 voi ca 3 trudng hop nhidu dau vao dang
ripple bién d6 £20V, dau vao ting va giam 20V,

bé danh gia ton hao din bd DAB duoc diéu khién béng SPS va TPS s€ duoc tinh
trén dai cong suat duoc thiét 1ap nhu sau:

tén hao dan

PS
—e—1pPS

Conduction Loss, P, (W)

Output Power, P__ (W)

Hinh 12. Tén hao din ciia SPS va TPS.

Két qua hinh 12 cho thay, khi tai & mac 96-205 W, phuong phap TPS c¢6 ton hao
dan tir 0,767 dén 2,46 W. Trong khi SPS dao dong quanh mirc 15 W & dai cong suit
tuong tu.

Bang 2. Két qua md phéng ciia MPC-SPS-TPS va PI-SPS va MPC-TPS.

Kich ban MPC-SPS-TPS PI-SPS MPC-TPS

Khéi dong 5,5 ms, dong cudn cam+11 21 ms, dong cudon 23 ms,dong cudn cam +7
A camtl5 A A

Ché do xac 1ap ~ Dong cudn cam +5 A Dong cuén cam £14 A Dong cudn cam +5 A

Thay ddi dién ap 1,5 ms, sai sb xéc 1ap 0,1V 5-10 ms, sai sb xac lap 4,2-6,5 ms, sai sb xéac 1ap
20V 2V 0,1V

5. Két luan

Bai bao da dé xuét va xac minh thanh cong chién luge diéu khién dy bao mé hinh
MPC lai ghép gitta phuwong phéap diéu ché SPS va TPS 4p dung cho bd bién d6i cau chu
dong kép DAB. Phuong phap nay giai quyét nhitng han ché ciia hé théng diéu khién PI
truyén théng von thuong co thoi gian dap ing cham va tao ra tng sudt dong dién 16n
1én cac van ban dan.

Diém cbt 18i cua giai phap 1a co ché phan viing hoat dong linh hoat. Thuét toan
kich hoat cau trac MPC két hop SPS trong giai doan khéi dong hodc qua dé nham tdi
da hoa téc do dap tng va luan chuyén lién mach sang ciu traic MPC két hop TPS va
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thuat todn UTPS tai trang thai xac lap dé gidm bién do dong dién trén cudn cam tur o
giam ton hao dan.

Két qua kiém chimg trén nén tang MATLAB/Simulink khang dinh tinh wu viét
clia giai phap lai ghép so v6i phuong phéap kinh dién trén cac phuong dién sau:

Tbc do dap tmg: Thoi gian xac 1ap khi khoi dong duoc rat ngan xubng mirc 5,5
ms nhanh hon 3,8 1dn so véi bo diéu khién PI va nhanh hon 4,1 1an so véi bd MPC-TPS.
Trong kich ban dién ap tham chiéu bién thién d6t ngot, chién lugc lai ghép cho phép hé
théng bam sat quy dao méi chi trong 1,5 ms, dat téc d6 dap tng nhanh hon tir 3 dén 6
14n so v6i bo diéu khién PI va TPS thuan tay.

Téi vu hoa ung suat dong dién: Tai trang thai xac 1ap, bién do dong dién cudn
cam dugc giam di 64,3% tir 14 A xudng con 5 A so v6i phuong phép truyén thong PI-
SPS, gitip cit giam dang ké ton hao dan. Dong dién dinh trong giai doan khai dong ciing
nhd hon 26,7%.

D9 chinh xac: Sai Iéch dién ap & ché do xéc lap duoc duy tri & mac 0,1 V so voi
2 V cua hé théng P

Nhu vay, chién lugc dy bao mé hinh lai ghép dé xuat 1a mot giai phap gitip dung
hoa bai toan danh doi gitra dong hoc tirc thoi va hiéu suat tinh. Viéc tan dung ti da wu
diém cua timg k¥ thuat diéu ché mé ra hudng tiép can day trién vong dé toi vu hoa chat
luong truyén tai nang lwong cho cac hé thong bién ddi dién ap hién dai.
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