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ABSTRACT

Trong bai bao nay, ki thuat diéu khién du bao nhanh khong str dung ham chi phi cho bo
nghich Iuu 3-pha 3-bac dang T nham giam dién 4p common-mode va can bang dién ap trén cac
tu duoc trinh bay. Dya trén md hinh toan cua nghich luu, nguyén 1y diéu khién dy bao théng
thuong théng qua ham chi phi ciia cac muc tiéu duoc trinh bay. Tiép dén, chién luoc lya chon
truGc cac vector wng cir vién dugce dé xuit nham du bao nhanh vector t6i wu ma khong can dén
céc ham chi phi giam common-mode va ham chi phi can bang dién ap trén cac tu. Cac mo phong
thuc hién boi phan mém Matlab cho ca hai k§ thuat diéu khién thong thuong va cai tién dé chimg
minh tinh dang dén cua cac ly thuyét da trinh bay. Hiéu qua ctia phuong phép cai tién duoc chi
ra thdng qua cac so sanh két qua didu khién gitra cac phuong phap.

Keywords: Can bang ap tu, nghich luu 3-bac, diéu khién du béo, dién 4p common-mode.

1. GIOI THIEU CHUNG

Cung véi sy phat trién ngay cang manh mé cua cac bo vi xt ly tin hiéu sd, phuong phap
diéu khién dy bao duoc nghién cuu va ap dung thanh cong trong nhiéu linh vyc lién quan dén
dién tur cong suat nhu diéu khién toc do dong co, xe dién, diéu khién nghich luu, ning luong
tai tao... So voi cac phuong php dleu khién truyén thong khac, ky thuat nay khong diéu ché
d6 rong xung va co nhidu wu diém noi bat hon nhu: giai thuat don gian, cho dap wng hé thong
nhanh, c¢6 kha ning diéu khién da myc tiéu mét cach hiéu qua théng qua cac ham chi phi, phu
hop vai diéu khién sé [1-5].

Trong céc wng dung thyc té véi véi cong suat 1on va dién &p cao, cau truc nghich luu
3-bac di dugc ching minh cé hiéu suét cao hon so véi nghich luu 2-bac nhu: d6 méo dang
s6ng hai nho hon (THD), giam dién ap dv/dt dat 1&n cac thiét bi cong suat, ton that chuyén
mach thip hon. Da trén cau tric lién két, nghich Iuu 3-bac cé thé dugc chia thanh ba loai phd
bién gdm dang tu dién bay (flying capacitor), cdu hinh xép tang cau H (H bridge) va ciu tric
trung tinh kep (neutral-point clamped). Trong sb cac cau hinh trung tinh kep, nghich luu 3-bac
dang T c6 nguyén ly hoat dong tuong ti nhung c6 loi thé vé khia canh do tin cay, tiét kiém
chi phi, ciu tric nho gon hon do loai bé dwoc 6 diode so véi cdu hinh trung tinh kep diode.
Tuy nhién, do dic thu caa cau trdc trung tinh kep, diém gitta cua tu lién két DC duoc néi véi
nhanh T d¢ tao ra dugc mirc dién ap V,./2 & ngd ra, day la nguyén nhén gay ra hién tuong
mat can bang dién &p trén cac tu. Su dao dong dién &p mot chiéu co thé gay ra cac thanh phan
s6ng hai bac thap trong dién 4p dau ra cua nghich luu. Trong trudng hop mit can bang 16n &
dién ap cac tu co thé gay ra dién ap dat lon 18n mot s phan tir trong mach.
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Trong mot s6 ng dung Véi tdi dong co, viéc phan tich dnh huong cua dién ap common-
mode (CMV) ciing can duoc xét dén. Pién ap ndy dugc sinh ra gitta diém trung tinh cua tai
(n01 sao) va diém néi dat. CMV nay anh huong dén 6 truc ctia dong co cam ung va lam giam
tudi tho cua nd [6, 7]. Hai cach tiép can pho bién st dung ky thuat diéu ché PWM da duoc
trinh bay dé khac phuc van dé nay, d6 1a giam CMV [8, 10] va loai bo CMV [11].

Trong bai bao nay, chién luoc diéu khién du bao nhanh duoc gisi thiéu cho cau hinh
nghich luu 3-bac 3-pha dang T vai cac muc tiéu chinh | can bang dién ap trén cac tu va giam
dién 4p CMV. Pau tién, nhirng phan tich vé mé hinh toan cua cta bd nghich luu 3-bac dang T
dugc trinh bay. Tiép theo, phuong phap diéu khién du bao théng thuong dugc gisi thiéu, cac
ham chi phi cho cac muc tiéu duoc thiét ké chi tiét. Tiép dén, mot cai tién khdng st dung ham
chi phi dya trén chién lugc lya chon trudc vector ang cir vién gilp giam thoi gian thuc hién
du béo duoc dé xuat. Cudi ciing, cac md phong trén Matlab/Simulink dwgc thuc hién trén ca
hai phuong phap du bao thong thuong va cai tién dé danh gia va so sanh, thoi gian thyc hién
giai thuat duoc kiém chung trén DSP.

2. KY THUAT PIEU KHIEN DU BAO CHO BQ NGHICH LUU 3-BAC DANG T
2.1. Phan tich vé mé hinh toan

So dd ciu trdc cua bd nghich Iuu 3-pha 3-bac dang T duoc mé ta nhu trong Hinh 1: mdi
pha gdom 4 IGBT duoc két ndi & dang hinh chit T; dién ap trén 2 tu lién két (c; mac ndi tiép c,)
duoc nudi béi ngudn Ve, diém gitra cua tu dugc ndi chung véi nhanh T caa mdi pha; ngd ra
cua nghich luu duoc néi toi tai R-L.

m@w@m@

Ve =/

Hinh 1. So d6 lién két cua bo ngh;eh luu 3-pha 3-bac dang T

Nguyén ly chuyén mach cua cac khéa IGBT trén mét nhanh pha duwgc md ta nhu Hinh 2
va Bang 1. Gia su, dién ap cua tu dién lién két I1a can bang va chia nhau mot nua dién ap Ve
ngudn, dién &p tai cac dau ra cua nghich luu cé thé duoc biéu didn nhu sau:

vXN:SXTC ,Vé’lX:{A,B,C} (1)

Trong do: trang thai chuyén mach Sy dugc mé ta nhu & Hinh 2.

Bang 1. Dién &p dau ra ang vai trang thai chuyén mach Sy, véi X € {4, B, C}

Trang thai chuyén mach Trang thai céc khod IGBT Dién 4p dau ra
Sx Sx1 Sx2 Sxs Sx4 VXN
0 0 0 1 1 0
1 0 1 1 0 Vo2
2 1 1 0 0 Ve + Ve
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Va2 Sy Vas2 Sy T Va/2 Sy
Sx2 8,3 Sx2 53 Sx2 Se3
r [ .T
> | T B _
V2 Sxa | 1W_0 = V2 Sx4 vav=Va/2 = V2 Sx4 1X7V_Vd‘
SX - O SX - 1 SX - 2

Hinh 2. Trang thai chuyén mach cua cac khoa IGBT trén mdi pha X; v6i X = {4, B, C}
Cong thirc Clarke ding dé chuyén doi cac dién &p 3-pha trong hé toa do abc sang hé toa
d6 aff dugc dinh nghia nhu sau:
Vap = %(UAN + e/ Bygy + 6’].471/317CN) 2

Véi 3 trang thai chuyén mach Sy = {0,1,2} trén mdi pha, s6 lwong to hop céc trang thai
chuyén mach kha dung cua bo nghich luu 3-pha 3-bac 1a 27 trang thai. Ap dung (2), ta c6
khdng gian vector cua bd nghich luu 3-bac dugc trinh bay nhu trong Hinh 3, gém 3 vector
dién ap khong, 6 vector dién ap lon, 6 vector dién ap trung binh, va 12 vector dién ap nho.

[020] B [120] [220]

[1 1 1] [222]

Hinh 3. Gian db vector khéng gian cua bd nghich luu 3-bac dang T

bién ap common-mode (V;,,,) dwoc dinh nghia la dién ap tur diém trung tinh tai (n) véi
diém gitra (O) cua hai tu lién két DC, va duoc biéu dién lién quan véi trang thai chuyén mach
nhu sau:

Vac
I/c‘m:?d(SA+SB+SC_3) (3)

Dién 4p common-mode &ng véi cac to hop chuyén mach kha dung duogc liét ké trong
Bang 2. Trong do, c6 8 trang thai chuyén mach c6 bién do dién ap V., 16n tng véi V;/2 va
Va/3; 6 trang thai chuyén mach sinh ra dién &p V,,,, nho véi bién do V,;/6; va 6 trang thai
chuyén mach tao ra dién &p V,,,, bang 0.
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Bang 2. Bién 4p common-mode g Vai cac td hop trang thai chuyén mach

Vv Trang thai \(ectgr v Trang thai \(ectgr
cm chuyén mach dién &p cm chuyén mach dién &p
-Ve/2 000 VO 211 V8
Ve/2 222 V26 121 V10
100 V1 Va6 112 V12
-V/3 010 V3 220 V16
001 V5 022 V20
221 V9 202 V24
Vac/3 122 V11 111 V7
212 V13 210 V15
110 V2 120 V17
011 V4 0 021 V19
101 V6 012 V21
-Vc/6
200 V14 102 V23
020 V18 201 V25
002 V22

2.2. Giai thuat diéu khién du b4o théng thuong

Trong phan nay, giai thuat diéu khién du bao dua trén mé hinh cho b nghich lwu 3-bac
dang T dugc trinh bay véi ba myc tiéu chinh la bam theo dong dién dat, can bang dién ap trén
cac ty, va giam dugc dign ap common-mode. Dé dat dugc cac myc tiéu dé ra, ham chi phi tng
v6i mdi muc tiéu cu thé duoc thanh 1ap, qua trinh du bao dwa trén 27 trang thai to hop dé tim
ra trang thai chuyén mach téi vu dé ap dung cho thoi diém (t+1) dua trén gi tri cuc tiéu cua
ham chi phi tong. Chét lugng diéu khién cua cac muc tiéu nay s& phu thugc nhidu vao céch
chon trong sé cua cac ham chi phi muc tiéu. Quy trinh thuc hién ki thuat nay duoc trinh bay
chi tiét theo cac budc nhu sau:

2.2.1. Piéu khién muc tiéu bdm theo dong dién dat

Phuong trinh toan cia bo nghich luu 3-bac dang T trong hé toa d6 abe dugc viét nhu sau:
dlA

Uun = Rig + L—=+ v,y

dlB

vgy = Rig + L—+ v,y (@)
Ven = RlC + LE + Unn
Trong d6:v,, 14 dién &p chénh léch giira diém trung tinh tai vai diém giita cia tu lién két.
Ap dung (2), mé hinh toan (4) dugc viét lai trong hé toa do af:
= Rig +L52
_ ®)
UB = Rlﬁ + LE

Cong thuc Euler biéu dién cach chuyén dbi mét tin hiéu lién tuc thanh roi rac trong mot
chu ky lay mau Ty nhu sau:
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di _ it+D)=i(t)
i (6)
Thay (6) vao (5), ta rut ra dwoc biéu thirc dong dién ¢ thoi diém (t + 1) dwoc goi la dong
dién du bao:
. R . Ty
D+ 1) = (1= 2T) ig(£) + Zva(0)
. R . Ty
Pt +1) = (1-2T,) ig(t) + Zvp(e)
Trong do: i,p(t) 1a dong di¢n tai do duoc tai thoi diém (t); Vap(t) 1a vector dign ap cta
bo nghich luu tng vai cac trang thai chuyén mach.
D& bu do tré do qué trinh tinh toan va chuyén doi tin hiéu twong tu sang 6, (7) dugc dich
Vé phia tru¢c mot budc nhu sau:
. R . )
iLt+2)= (1 — ZTS) ia(t+1) + 70,0
. R . Ty
z}?(t +2)= (1 — ZTS) ig(t+1) + - vp(0)
Trong d6: i, (t + 1) dugc xem la gia tri trong lai cua dong dién tai, c6 thé duoc tinh
théng qua phép ngoai suy Lagrange bac hai:
it +1) = 3i,(t) —3i,(t—1) +i,(t—2) 9
{iﬁ(t+1)%3i5(t)—3i5(t—1)+i5(t—2) ©)
Ham chi phi cho diéu khién bam theo dong dién dugc dinh nghia nhu sau:

()

(8)

2
g = [t +2) = ig(t + 2] +[if (e + 2) - i3t +2)] (10)
Trong do: i;g(t + 2) la dong dién tham chiéu tai thoi diém (t+2), c6 thé duoc tinh bang
cbng thuc ngoai suy nhu sau:
{i;;(t +2) = 6i,(t) —8iy(t— 1)+ 3is(t —2)

ip(t +2) ~ 6ip(t) — Big(t — 1) + 3ig(t — 2) (11)

2.2.2. Piéu khién muc tiéu can bang dién &p trén cac tu
Dién &p cua cac tu lién két DC (Ver, Vez) €6 thé dugc viét nhu sau:
dve, 1,
dt 2c °
Avey _ 1 (12)
dt 2C
Trong do6: i, dong dién tai diém gitra cua hai tu lién két, nhu trong Hinh 1.
Biéu thirc (12) c6 thé duoc biéu dién lai trong mién roi rac:

Ver (¢ + 1) = 1 (8) + 2o (t)
Ve (t+ 1) = Ve (8) = 220 (£)

Dong dién i, (t) phu thudc vao trang thai chuyén mach cia bo nghich luu va duge mé ta
nhu sau:

(13)

iz(t) = Z (S2x — Six)ix (14)

X=A,B,C

Tuong tu, (13) duoc dich vé phia trudc mot budc dé bu thoi gian tré:
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Ty .
vE(t+2)=v,(t+1) 5l +1)

» T, . (15)
Vo (t+2) = v, +1) -I-zlo(t +1)

Trong d6 vF, (¢t + 2) va vZ, (¢ + 2) 1a dién ap du béo twong tng cua tu c1 va c2 tai thoi
diém (t + 2), i, (t + 1) dwoc tinh tir phép ngoai suy Lagrange:

i,(t+1) =3i,(t) —3i,(t—1)+i,(t—2) (16)
Ham chi phi dé kiém soat can bang dién ap trén cac tu lién két DC:
2
= [vE (¢t +2) — v5,(t + 2)] 17)

2.2.3. Piéu khién muc tiéu giam dién &p common-mode

Tir (3) c6 thé thdy rang bién do cua dién ap V,,,, phu thudc vao cac trang thai chuyén mach tao
bai bo nghich Tuu. BE dieu khién dugc dién ap V,,,, thi mot ham chi phi duoc thanh lap nhur sau:

Vic
Iem = Td (84 +Sp +Sc —3)? (18)
2.2.4. Ham chi phi tong

Ham chi phi tong dé kiém soat ba muc tiéu bam theo dong dién tham chiéu, can bang
dién ap ty, va giam dién ap common-mode duoc Viét nhu sau:

9 =9+ WgutAm9em (19)
Trong d6: Ay, Ao 14 céc trong sb ding dé diéu chinh mirc 6 can bang dién ap trén cac
tu va dién ap common-mode.

2.2.5. Chién luoc cdi tién thudt toan duy toan

Chién luoc diéu khién dy bao thong thuong s& chon ra trang thai chuyén mach téi vu dé
&p dung cho nghich luu théng qua cyc tiéu hda ham chi phi (19) dua trén qué trinh dy béo tat
ca 27 t6 hop trang thai chuyén mach. Didu nay doi hoi bd vi xtr ly phai dit manh dé thyc hién
toan b cac phép tinh toan trong mot chu Iy ldy mau T,. Mat khéc, chat lwong diéu khién cac
muc tiéu dé ra phu thudc nhiéu vao cach chon céc hé sb trong sé A, va Ag,y,. Do d6, mot cai
tién duoc dé xuat nham giam ganh nang tinh toan va loai bo anh huéng cua viéc chon hé sb
trong sb. Bang céch, dua vao gia tri dién &p common-mode sinh ra do céc trang thai chuyén
mach nhu d liét ké & Bang 2, nhiing trang thai chuyén mach sinh ra dién 4p common-mode
s& khong duoc sir dung trong cac qua trinh tinh toan. Cu thé, chi ¢ 12 vector dién ap c6 bién
d6 common-mode bang V,./6 va 7 vector dién ap ¢ bién do common-mode bang 0 duoc str
dung cho qué trinh du bao. Do d6, khong gian vector ciia nghich luu 3-bac & ché do giam dién
4p common-mode duogc tao bai 19 trang thai chuyén mach, nhu trong Hinh 4. Véi chién luoc
nay, dién 4p common-mode s& dugc ty dong giGi han ¢ bién do V. /6 ma khdng can phai thiét
ké thém ham chi phi (18). G mdi thoi diém lay mau, dya trén thong sé do dugc tir cam bién,
gia tri dién 4p trén cac tu s& duoc hoi tiép vé bo xir ly. Tir d6, xac dinh dugce d6 chénh léch
dién ap AV, = V.4 — V,, gilra cac tu. Dién &p trén céc tu bi anh huong 16n boi cac trang thai
chuyén mach c6 vector dién ap nho loai N (Va2, Vi, Vs) va vector dién ap nho loai P (Vs, Vio,
V12). Vi du nhu trong Hinh 5a, khi 4p dung trang thai chuyén mach 211 (loai P) s& lam cho c1
¢ trang thai xa, c2 ¢ trang thai nap. Hién tuong Xay ra nguoc lai khi ap dung trang thai chuyen
mach 110 (loai N), nhu trong Hinh 5b. Dya trén quy tac nay, gia sir tai thoi diém Iay mau
AVye > 0, thc la Ve > Ve, néu ap dung nhirng trang thai chuyén mach loai N ¢ lan tiép theo
s& lam cho sy mét can bang cang tré nén tram trong. Vi vay, vai trd caa ching la khéng can
thiét va bi loai trong chu ky tinh toan thuc hién du béo. Khi AV, < 0, quy luat lya chon trang
thai chuyén mach duoc chon theo huéng nguoc lai. Cc trang thai chuyén mach nay dwoc xem
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nhu 14 nhitng vector ng cir vién chon truéc & mdi thoi diem lay mau, nhu ligt ké ¢ Bang 3.
Do d6, trong moi chu ky thyuc hién qh_r béo chi can str dung 16 trang thai chuyén mach va bo
qua cac budc tinh todn dy bdo cén bang tu, gilp giam dang ké thoi gian tinh toan.

[020] i [120]

Hinh 4. Khdng gian vector ¢ ché do giam dién 4p common-mode ciia nghich luu 3-bac

Tai

a) Chuyén mach loai P (211) b) Chuyén mach loai N (110)
Hinh 5. Anh huéng caa chuyén mach loai P va N 1én dién 4p céc tu

Bang 3. Vector dién &p (g cir vién duoc chon trudc cho mdi chu ky du béo

Diéu kién AV, = V,, — V., Vector dién ap tng ctr vién
AVye >0 V1, Vg, Vo, Va2, Vg, Vs, Vs, V7,
Vg, V1o Va0, Va1, Va2, V23, Vo4, V25
AVye <0 V2, V4, Vs, V7, V1, V15, Vg, V17,
V1s, V1o, V20, V21, V22, V23, V24, Vo5

2.3. Thuc hién giai thuat diéu khién duw bao cai tién

So dd thyc hign phuong phép diéu khién dy bao nhanh cho bo nghich luu 3-bac dang T dugc
mO ta nhu trong Hinh 6. Luu do giai thuat duoc trinh bay nhu Hinh 7, gom 8 budc nhu sau:

+ Budc 1: Po dong dién tai, va dién p trén céc tu.

+ Buéc 2: Tinh AV, va lya chon trudc cac vector ing cur vién.

+ Buéc 3: Khoi tao tri ban dau cho cac bién.

+ Budc 4: Thyc hién vong lap, tang gia tri bién n ang voi mai lan lap.

+ Budc 5: Tinh toan ham chi phi diéu khién bam theo dong dién.
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+ Bude 6: Luu gié tri nho nhat caa ham chi phi véi bién gop Va vi tri tuong tmg duogc luu
bai bien ngp.

+ Budc 7: kiém tra diéu kién n < 16: néu sai thi thoat khoi vong lap va tiép tuc dén Budc
8, néu dang thi quay lai thyc hién céc tac vu tir Budc 4.

+ Budc 8: Xuat cac tin hiéu chuyén mach ang véi gia tri nop.

smig} SBM} srﬂlé}
Ve T S .
Sgr+ Sgre V.

o Th S= ==

SJ@ SajK'} Scﬂﬁ} v v

velt) “v;(r) SAH SBH SCW. Jial)

" *
i o el 1 -+ )
i) Cupft+2) ] A o
ngoai suy
[y
4V, Vector dién dp 1 Ir vié o
£a or dién dp (g cir vién
——
AV, >0 Vi, Vs, Vig, Viz, Vg, Vis, Vig, Vi,
= Vie, Vio Vao, Va1, Vi, Vs, Vi, Vs . bam theo
AV, <0 Vi, Vi, Vi, V3, Vig, Vis, Vig, Viz, . o |
el vl!y vl’. v:D! V:I. vﬂ, vl!g VZJ, VZS i dong dlen
D A
laﬂ(r) DY BAO

Hinh 6. So d6 thuc hién

( Khéi tao didu khién sb )

©) ‘ Do i(t), e(t), ver(t) v volt) |
v

@ ‘ Tinh AV, chon céc vector tmg vién |

®| Gugauibibnn=0g, o |
v

@[ Tang gid tr bién n=n+ 1 |<—
v

® | Tinh ham chi phi didu khién bém déng |

@ Lwu gia tri cuc tiéu ctia ham chi phi
if'g < gop, then gop = g and ngp = 0 [gop

Hinh 7. Luu db thyc hién giai thuat didu khién du béo nhanh cho nghich lwu 3-bac dang T
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3. KET QUA VA THAO LUAN

~ M@ hinh md phong dugc thuc hién boi phan mém Matlab/Simulink phién ban 2022b dé
kiém chung phuong phap dieu khién dy bao da trinh bay cho cau hinh nghich luu 3-béc dang
T. So d6 m6 phong nhu trong Hinh 8.

Discrete
5e-05 s.

I_ref

Vde

DC_link

T-NPC

Hinh 8. So @5 md phong phuong phap diéu khién dy bao cho nghich luu 3-bac dang T

Bang 3. Céc théng sb hé théng dung trong md phong

M6 ta Bién Gia tri
Dién 4p ngudn DC Vae 300 V
Thoi gian ldy mau T 50 ps
Tan s6 co ban f 50 Hz
Dung luong tu lién két DC Cy, C, 4800 uF
N R 230
Thdng so tai
L 3mH
. Ay 0,1
Trong so
Aem 0,005

M6 phong dau tién dugc véi giai thuat du bao thong thuong voi dong dién tham chiéu
30 A, trong sb 1, khong dbi, trong sé A, duoc thay ddi tir 0,005 dén 0,1. Dang séng trinh
bay & Hinh 9a cho thdy anh huéng cua A, dén bién do dién 4p common-mode, trong s6 cang
I6n thi bién d6 common-mode cang giam. Vi du, 4., = 0,01 cho bién d0 common-mode &
muc cao Vg, /3, Voi Agy > 0,06 dién 4p common-mode dugc gigi han & muc thap V,./6.
Dong dién tai dat gié tri xac lap & gia tri dat 30 A, nhu Hinh 9b. Tuy nhién, chat lugng
THD dong tai ciing thay ddi theo gia tri cia A,,,, nhu do thi trong Hinh 9¢c. Trong s6 Ay,
cang lén thi chat lugng THD cang giam, cu thé THD khoang 1,65% va 3,1% wng Véi cac
gid tri Ay, bang 0,01 va 0,1. Bién &p trén cac tu duogc duy tri ¢ trang thai can bang tét, nhu
trong Hinh 9d.
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d) bDién ap trén cac tu
Hinh 9. Két qua mo phong ky thuat diéu khién dy bao thong thuong dudi diéu kién thay doi hé sb
trong SO Acmy

~ M@ phong véi cac thong s6 twong tu duoc thuc hién cho giai thuat du béo cai tién. O
chién lugc dieu khién nay, chat lugng dép tmg ngd ra dugc duy tri on dinh do khong con phu
thudc vao céac hé so trong s0. Cu the, dién &p common-mode ludn duoc gidi han & mac V. /6,
Hinh 10a. Dong dién,téi on dinh ¢ gia tri dat 30 A vai THD‘khoé’ng 2,51%, nhu trong Hinh
10b. Hinh 10c cho thay dién &p trén cac tu dugc duy tri can bang tot.

Mot kich ban md phong khéc véi diéu kién thay doi dong dién tham chiéu dugc thuc
hién. Ban d4u, dong dién tham chiéu dugc dat & 30 A, sau d6 duoc thay do6i thanh 20 A. Két
qua md phong duoc trinh bay ¢ Hinh 11. Bién &p common-mode c6 bién do gidi han trong
pham vi V,./6, nhu & Hinh 11a. Sau khi thay d6i dong tham chiéu, dap ung dong dién tai
ngay lap tirc dat gia tri xac 1ap ¢ gia tri dat, Hinh 11b. Dién 4p tu ludn dwoc duy tri & trang thai
can bang tét, Hinh 11c. Hinh 11d cho thdy mdi quan hé giita chit lwong THD dong dién tai
dudi cac gia tri dong dién tham chiéu khac nhau. Vi du, chat lugng THD khoang 3,82% va
1,5% ing Véi céc gia tri dong dién tham chiéu 20 A va 50 A.
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Hinh 10. Két qua md phong cua k§ thuat didu khién du béo cai tién
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c) bDiénap trén cac tu
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d) D4 thi quan hé giit THD dong dién va dong dién tham chiéu
Hinh 11. Dap Gng cua ky thuat diéu khién cai tién dudi diéu kién thay doi dién ap tham chiéu

Dé danh gia chit luong cua can bang dién &p tu, md phong dugc thuc hién véi didu kién
ban dau cAc tu dang bi mat can bang véi V,; = 200V va V,, = 100 V. Két qua ¢ Hinh 12a
cho thiy dién 4p trén céc tu nhanh choéng dat can bang sau khoang 0,05 s. Bién 4p common-
mode duoc gidi han & V,./6 khi cac tu dat can bang, Hinh 12b. Dong dién tai dwoc duy tri 6n
dinh & gid tri dat, nhu Hinh 12c.
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c) Dong dién tai
Hinh 12. Dap tng cua hé thong dudi diéu kien gay mat can bang dién ap cac tu

Thoi gian tinh toan giai thuat duoc do trén thyc nghiém boi DSP F28379D. Mot tin hiép
ngd ra ctia DSP dugc set 1én muc 1 khi bat dau chuong trinh va dugc reset vé mac 0 khi ket
thuc qua trinh dyu bao.

Phuong phap du béo thong thuong sir dung 27 trang thai chuyén mach dé du béo va tinh
toan cac ham chi phi cho cac muc tiéu can toi thieu 69 ps dé thuc hién het cac lénh, nhu Hinh
13a. Trong khi d6, k¥ thuat cai tién chi sir dung 16 trang thai chuyén mach va khong can tinh
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toan cac ham chi phi can bang tu va dién 4p common-mode nén chi can 18 ps cai thién 74%
thoi gian thyc thi chuong trinh so vai cua dy bao thong thuong, Hinh 13b.

Tek S Trig'd M Pos: =13.000s  TRIGGER Tek JL Trig'dl M Pos: 11,6008 CHA Probe
+ +
i [Voftaoe]

Source

Slope Attenuation
m 20K

Mode
At
Cnﬁlnq Back
M 26,0118 M 10,008
14=par=23 1505 13=Mar=23 16:37
TDS 2024C - 212:43 PM 311442023 TDS 2024C - 3:43:56 PM 3/13/2023
a) Giai thuat thong thuong b) Giai thuat cai tién

Hinh 13. Thoi gian thyc hién mét chu ky du bao
4. KET LUAN

Bai bao di trinh bay phuong phap diu khién du bao cho bd nghich luu 3-bac dang T voi
ca4c myc tiéu bam theo dong dién tham chiéu, can bang dién ap trén céc tu va giam duoc dién
&p common-mode. Ham chi phi cho m&i muc tiéu va ham chi phi téng dugc thanh lap, trang
thai chuyén mach t6i wu dugc chon wng véi gid tri cuc tiéu cua ham chi phi tdng. Mot cai tién
dwa trén chién lugc lya chon trudc cac vector ang cir vién cho qua trinh dy bao di lam giam
dang ké s6 lwong trang théi tir 27 xudng con 16 so vai ki thuat thong thudng. Bong thoi, cac
tinh todn cho cac ham chi phi can bang tu, dién 4p common-mode va lira chon céc hé sb trong
s6 1a khong can thiét. Két qua mo phong di chimg minh duoc hiéu qua diéu khién cua phuong
phép cai tién dé xuat. Thoi gian thuc hién dyu bao ciing da dwoc do trén DSP, két qua chi ra
cho thay phuong phap cai tién cai thién duoc khoang 74% thoi gian thuc hién so véi phuong
phap thong thuong.
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ABSTRACT

FAST MODEL PREDICTIVE CONTROL FOR 3-LEVEL T-TYPE INVERTER
TO BALANCE CAPACITOR VOLTAGE AND REDUCE COMMON-MODE VOLTAGE

Pham Thi Xuan Hoa, Tran Van Hai, Doan Xuan Nam*
Ho Chi Minh City University of Industry and Trade
*Email: namdx@huit.edu.vn

This paper presents a fast predictive control technique without cost function for a 3-phase
3-level T-type inverter to reduce the common-mode voltage and balance the voltage of
capacitors. Based on the mathematical model of the inverter, the conventional predictive
control principles through cost functions for each objective are presented. Next, a strategy for
selecting candidate vectors is proposed to quickly predict the optimal vector without cost
function for reducing common-mode voltage and capacitor voltage balancing. Simulations
were performed by Matlab software for both conventional and improved control techniques to
prove the correctness of the presented theories. The effectiveness of the improved method is
validated through comparison results.

Keywords: Capacitor voltage balancing, 3-level inverter, model predictive control, common-
mode voltage.
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