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TOM TAT

Bai béo nay trinh bay ky thuat diéu khién du bao cho md hinh b bién tan 3-pha 3-bac
dang diode kep. Dau tién, md ta toan hoc cuia cau tric cua bo bién tan duoc gidi thiéu. Tiép
do, giai thuat diéu khién dy béo véi cac muc tiéu diéu khién dong dién, can bang dién &p tu va
giam tan s chuyén mach duoc trinh bay. Cudi cing, giai thuat diéu khién dy bao cho bo bién
tan 3-bac diode kep duoc kiém chiing va danh gia thong cac két qua md phong bai phan mém
MatLab/simulink.

Tir khéa: Diéu khién dy béo, bién tin 3-béc, can bang dién &p tu.

1. GIOI THIEU CHUNG

BO bién tan da bac hién dang dugc st dung rong réi trong cac ing dung cong nghiép, nhur
diéu khién dong co [1], hé thong ning luong tai tao ndi ludi [2], b bién dm dién tu cong suét
[3]. Ching c6 nhitng wu diém vuot troi so véi bo chuyen ddi 2 bac nhu ton hao chuyén mach
thip hon, giam @ng suat dién 4p dv/dt trén céc thiét bi cong suat, 6 méo dang song hai nho
hon (THD). Céc céu tric lién két bién tan da bac bao gom cu tric tu dién bay (FC) [4], xép
tang cau H (CHB) [5] va trung tinh kep (NPC) [6]. Trong d6, ciu tric bién tan da bac diode
kep duoc sir dung phd bién nhat hién nay.

Trong nhitng nim gan déy, véi su phét trién cua bo xur ly tin hiéu sb, diéu khién du béo
md hinh bo diéu khién hiru han (FCS-MPC) di duoc ung dung thanh cong trong dién tir cong
suit nhu truyén dong dong co bién téc, bo bién ddi da cap, bo chuyén d6i ma tran va hé thong
chuyén déi nang lwong. Phuong phap nay giam thiéu mét sé nhuoc diém vé ky thuat va van
hanh lién quan dén cac k§ thuat diéu khién co dién, dic biét 1a trong hoat dong tan sé chuyén
mach thap cho hé théng chuyén doi nang luong cap megawatt (MW). FCS-MPC rat hap dan
dé kiém soat cac bién dién thay d6i nhanh chéng vi né loai bo bo didu khién tich phan ty 1¢
(P1), cAu tric khdng didu ché do rong xung, dap tng dong nhanh, kha nang bu nhiéu va thoi
gian chét caa hé thong, diéu khién nhiéu muc tiéu cung ldc dé& dang théng qua cuc tiéu hoa
ham chi phi [7-10].

Trong bai bao nay, thuat toan FCS-MPC dugc dé xuat cho bo bién tan 3-pha 3-bac diode
kep véi muc tiéu diéu khién ba muc tiéu: 1) diéu khién bam theo dong dién dat; 2) can bang
dién 4p tu; 3) giam tan sé chuyén mach. Mai muc tiéu s& duoc kiém soét thong qua mot ham
muc tiéu, trang thai chuyén mach tdi uu s& dugc chon thong qua qua trinh cyc tiéu héa ham
chi phi tong. Két qua mé phong bang phan mém Matlab/Simulink cho thay tinh hop 1¢ cua
phuong phép diéu khién.
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2. PHAN TIiCH MO HINH VA THIET KE GIAI THUAT

2.1. Céu tric bd bién tan 3-pha 3-bac diode kep
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Hinh 1. C4u trac bo bién tan 3-pha 3-bac diode kep

M6 hinh bo bién tan 3-bac diode kep duoc trinh bay nhu trong Hinh 1, mi pha cia bo
bién dqi bao gom bon thiét bi chuyén mach IGBT va hai di6t kep. Bién ap dau yao DC duogc
cung cap péi hai tu DC vai dién &p moi tu Ve = Ve = Vae/2. Ngd ra duoc két noi vai tai R-L
MAc noi tiép.

Trang thai chuyén mach ctia mdi chan pha dwoc mé ta nhu trong Hinh 2. Trong diéu kiér]
dién ap cua ty di¢n lien ket la can bang, dién ap chan pha ngd ra trén mbi chan pha co thé
duoc biéu thi nhu sau:

UXN = Sx% (1)

Cong thire Clarke bién d6i dién ap tai ba chan pha trong hé toa do abc thanh ap nhu sau:

vaﬁ = E(UAN + ejzn/szN + €j4n/3UCN) (2)

Véi 3 trang thai chuyén mach cho mdi pha sé tao thanh 27 t6 hop trang thai chuyén mach

cho b bién tan 3-bac nay, nhu mé ta trong Hinh 3, bao gdm 6 vector dién &p 16n, 6 vector
dién ap trung binh, 12 vector dién ap nho va 3 vector dién ap khong.
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Hinh 2. Trang thai chuyén mach caa mét pha X, véi X € {4, B, C}
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Hinh 3. Khong gian vector dugc tao bai bo bién tan 3-bac diode kep
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2.2. Phwong phap diéu khién dw bao

Thuét toan didu khién du béo cai tién cho bién tan 3-bac diode kep nhim dat dwoc ba
muc tiéu chinh 1 theo dai dong dién, can bang tu dién ap va giam dugc tan sé chuyén mach.
Trinh tu thiét ké giai thuat dugc thuc hién gdm cac budc nhu sau: thanh 1ap cac ham chi phi
cho dong dién, dién ap tu va s lan chuyén mach:; thiét ké ham chi phi tong; luu db giai thuat
thuc hién.

2.2.1. Piéu khién bam theo dong dién

M© hinh toén hoc cua bo bién tan 3-bac diode kep dwoc md ta nhu sau:
o

ﬁ + VnN

a

ﬁ + VnN (3)

kaN = lcR + L%‘I’ VTLN

UAN = iAR +L

Upn = lBR +L

trong d6 V,,y 1a dién &p offset giira diém trung tinh cua tai (n) va cuc am cua DC-bus (N).
Phuong trinh (3) ¢6 thé duoc Viét lai trong hé toa d6 af nhu sau:

. dla
Ua[; = laﬁR + Ld_tB (4)

Cong thirc xap xi Euler dé chuyén d6i mién lién tuc sang mién roi rac véi chu ky ldy mau
T nhu sau:
di i(k+1)-i(k)

ac T ®)
Thay (5) vao (4), dong dién dyu doan trong mién roi rac dugc tinh nhu sau:
Do+ 1) = (1=27) 1 (k) + Lvag () 6)

trong do6 igﬁ (k + 1) 1a dong dién dy doan tai thoi diém (k + 1); i, (k) 1a dong dién hoi tiép
do duoc tai thoi diem (K); v,p (k) 1 vecto dién ap twong (ng véi cac trang thai chuyén mach
cua bo bién tan.
Ham chi phi dé theo ddi dong dién dwoc mo ta nhu sau:
2
9i = [iapt + 1) = Dy + 1) ()

trong d6 i, (k + 1) 1a dong dién tham chiéu tai thoi diém (k + 1), thé duoc xéac dinh bang cong
thuc ngoai suy Lagrange nhu sau:
ing(k +1) = 3iz,(k) — 3(k — 1) + 3igz(k — 2). )

2.2.2. Piéu khién can bang dién &p tu

Dién &p cua tu dién lién két DC (Ve1, Ve2) duwoc mo ta nhu sau:

dvey 1 i
dt 2C NP (9)
dvey 1.

at | 2c'NP
Str dung phuong trinh (5), dién ap cac tu dy doan dugc viét trong mién roi rac nhu sau:

{UZ (k+1) =v, k) + %iNP (k)

v 3 T (10)
Ve k+1)= Ve2 (k) 2c Inp (k)

Dong dién iyp(k) duoc tinh todn dya trén cc trang thai chuyén mach nhu sau:
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iyp(k) = state(S,)iy + state(Sg)ig + state(Sc)ic (11)
0néu Sy = 0 hoidc 2

| néu S, =1 VGi X € {4,B,C}

Trong do: state(Sy) = {
Ham chi phi cho can bang cac dién ap cua tu dién lién két DC:
9w = [VP (k + 1) — v%,(k + D] (12)
2.2.3. Giam tan sé chuyén mach

Trong ky thuat FCS-MPC, chat lugng dap ng cua diéu khién phu thudc vao thoi gian
ldy mau, tan s6 lay mau cang cao thi phan tng diéu khién cang tot Didu ndy lam tng ton that
chuyén mach, gay ra qué nhiét cho thiét bi dong cat. Do do, can giam tan s chuyén mach
trong pham vi giéi han cho phép cua thiét bi.

S lan chuyén doi gitra hai 1an lay mau dugc giam thicu dé giam tan s chuyén doi tong
thé cua bo bién tan. Doi véi bd bién tan 3-bac diode kep ¢6 4 thiét bi chuyén mach moi pha,
ham chi phi dugc x4c dinh nhu sau:

w = B N anclSEk + 1) = S ()] (13)
trong d6 SP. (k + 1) va Sy; (k) 1a cac trang thai chuyén mach du dodn tai thoi diém (k + 1) va
trang thai chuyén mach tai thoi diém (k) cua khoa chuyén mach thi i, twong wng.

2.2.4. Ham chi phi tong

K§ thuat diu khién FCS-MPC cho b bién tan 3-bac diode kep dé diéu khién nhiéu doi
tugng bao gom theo ddi dong dién, can bang di¢n ap tu di¢n lién ket DC va giam tan so chuyen
mach véi ham chi phi tong duoc xac dinh nhu sau:

g =g+ WGut+ AswIsw (14)
trong d6 A, va Ag,, 1a céc hé sb trong s6 dé diéu chinh can bang dién 4p tu dién va tan sb
chuyén mach.

2.3. Luu do thuc hién giai thuat

Luu d6 thyc hién cua thuat toan FCS-MPC cho bo bién tan 3-bc diode kep dugc trinh
bay trong Hinh 4, bao gom 9 budc:

' Bude 1: do dong dién, dién &p tu dién tir cc tin hiéu phan hoi ciia cam bién.

' Bude 2: dong dién tham chiéu (k + 1) dwoc tinh bang phép ngoai suy.
"I Buéc 3: khoi tao céc gié trj bién ban dau.

' Budc 4: vao vong lip, tang gia tri bo dém j & mdi vong lap.

' Budc 5: tinh toan cac ham chi phi caa dong dién, dién &p tu, s6 1an chuyén mach.
" Budc 6: tinh toan ham chi phi tong.

~ Budc 7: trong bét ky Ian 13p nao, néu g <g_op, gia tri nho nhat cua ham chi phi tong
duoc luu trir dudi dang gié tri toi wu gop Va Vi tri twong tng duge luu dudi dang jop.

" Budc 8: kiém tra diéu kién cua vong Iap, néu j < 27 1a ding thi quay lai thuc hién céc
tac vu tir Budc 4, néu sai thi thoat khoi vong lap va tiép tuc dén Budc 9.

' Budc 9: 4p dung trang thai chuyén mach duya trén gié tri jop.
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Hinh 4. Luu dd giai thuat FCS-MPC cho bo bién tan 3-bac diode kep

3. KET QUA MO PHONG

Dé xac minh thuat toan FCS-MPC thiét ké cd kha thi ddi vai bo bién tan 3-bac diode kep,
cac két qua md phong bang phan mém Matlab/simulink s& duogc thao luan trong phan nay. Mo
hinh mé phong dugc thé hién nhu trong Hinh 5, cac théng s6 md phong cua hé théng duoc
trinh bay trong Bang 1.

Sail
vbe 4’.
- @
Vde
A
P e L da
iabc —D'-
B
c Gp

DC_link1

3-Level NPC

Hinh 5. M& hinh mé phong giai thuat FCS-MPC cho bo bién tan 3-bac diode kep
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Bang 1. Thang s6 mo phong hé thong

M ta Bién Gia tri
Pién 4p DC V,, | 600V
Tai R R 25Q
Tai L L 50 mH
TuDC C, C, 1200 pF
Tan sb liy mau fs 20 kHz
Tan sb dién ap f 50 Hz
Trong sé can bang tu Ay 0,005
Trong s6 s lan chuyén mach Asw 0,0001

M6 phoéng dau tién duoc thuc hién voi kich ban thay di gia tri dong dién tham chiéu.
Dong dién tham chiéu ban dau dugc dit & 8 A, sau d6 dugc thay doi dot ngot 1én 12 A tai thoi
diém t = 0,025s. Két qua md phong dic tinh bam theo dong dugc trinh bay nhu trong Hinh 6a,
dong dién tai bam tét theo tin hiéu dat, THD thay ddi tir 1,73% sang 1,04% khi dong tham
chiéu thay ddi tir 8A sang 10A. Tai thoi diém thay doi dot ngot dong dién tham chiéu, dap @ng
dong cua dong dién nhanh chong dat xac 1ap tai dong dat, nhu trong Hinh 6b. Dién ap ngd ra
Vap dugc trinh bay trong Hinh 6¢. Dién ap trén céc tu dién dugc duy tri ¢ trang thai can bing
tdt, trinh bay trong Hinh 6d.

/ |

L L L L L L L L L L
0 0.005 0.01 0015 002 0025 003 0035 004 0045 0.05 0.021 0.022 0.023 0.024 0.025 0.026 0027 0.028 0029 0.03

(a) Pap Gmg dong dién (b) Phéng 16n cua ving t6 dam ¢ Hinh a

320 F
310 q
290

280

270

0 0.005 001 0.015 0.02 0.625 0.03 0.035 0.04 0045 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
(c) Bién &p Vap (d) bién ap trén céc tu

Hinh 6. Dap tng cua hé théng dudi sy thay di dong dién tham chiéu

M6 phong thir hai duoc thyc hién véi su thay doi thong sé tai, tai dong dién tham chiéu
10A, ban dau tai hé thdng hoat dong & tai nhu trong Bang 2, sau d6 mét tai khac cé cung trj
s6 duogc két ndi thém hé thdng tai thoi diém t =0,15s. Miac du c6 sy thay doi 16n vé thong s6
tai, nhung dong dién ngd ra van dugc duy tri 6n dinh tai gia tri dat, THD thay doi tir 1,04%
sang 3,35% tng véi thoi diém trude va sau khi thay déi thong so tai, nhu trong Hinh 7a. Hinh
7b thé hién cac dién ap trén céc tu, cac dién ap nay dugc duy tri & trang thai can bang tét.
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(a) Dap tng dong dién (b) bién ap trén cac tu

Hinh 7. Pap ung cta h¢ thong dudi su thay doi thong sb tai

Dé cho thay rd anh huong cua trong s6 Asy 18n tan s6 chuyén mach, mot mé phong duoc
tién hanh dudi sy thay ddi cua tham sé nay. Két qua duoc ghi nhan trong Bang 2 cho thay,
trong s6 Asw cang tang thi tan sé chuyén mach cang giam, dong thoi chat luong THD dong dién
ngd ra ciing giam theo. Do d6, trong nhitng truedng hop hé thdng hoat dong véi tan sb 1dy mau
cao can chon trong s6 Asy sa0 cho tan s chuyén mach cua thiét bi nam trong pham vi hoat
dong cho phép, dong thoi van thoa man chi tiéu THD dong dién.

Bang 2. Anh huéng cua trong s6 Asy 18n THD dong va tan s6 chuyén mach

Trong so6 Tan so chuyén mach
.zs?v fsw(kl);z) ' THD (%)
0,00001 37 1,03
0,0001 3,2 1,04
0,001 2,8 1,10
0,01 1,6 1,48
0,02 1,0 1,85
0,05 0,6 3,96
4. KET LUAN

Trong bai bao nay, giai thuat FCS-MPC cho bo bién tan 3-bac diode kep di dugc trinh
bay véi cac muc tiéu gdm bam theo dong dién, can bang dién &p tu va gam tan sé chuyén
mach. Théng qua phan tich md hinh toan cia bién tan, cac ham chi phi cho cac muc tiéu da
dugc thiét ké, thong qua cuc tieu hda ham chi phi tong dé chon ra vector chuyén mach t6i wu
&p dung cho hé théng. Két qua md phong trén phan mém Matlab/Simulink di chting minh hiéu
qua tuyét voi caa phuong phap diéu khién du bao cho bo bién tan 3-bac diode kep & ca trang
thai qua do va trang thai xac lap.

Loi cam on: Nghién ctru nay do truong Pai hoc Cong nghiép Thuc pham TP. H5 Chi Minh
bao tro va cap kinh phi theo Hop ddng s6 29/HD-DCT ngay 01 thang 3 nim 2022.

TAI LIEU THAM KHAO
1. Masisi L., Pillay P. and Williamson S. S. - A three-level neutral-point-clamped inverter

synchronous reluctance machine drive, IEEE Transactions on Industry Applications 51
(2015) 4531-4540.

COPIEN TU - KHCB - CNTT 250



Ky thuat diéu khién dw bao cho bé bién tén 3-pha 3-bac diode kep

2. Ge BM, Abu-Rub H, Peng FZ, Lei Q, Almeida AT, Ferreira FJTE, Sun DS, Liu YS. -
An energy-stored quasi-Z-source inverter for application to photovoltaic power system.
IEEE Trans Ind Electron 60 (2013) 4468-81.

3. Cortés P, Ortiz G, Yuz JI, Rodriguez J, Vazquez S, Franquelo LG. - Model predictive
control of an inverter with output LC filter for UPS applications patricio, EEE Trans Ind
Electron 56 (2009) 1875-83.

4. YeZ.,LeiY. Liao Z.and Pilawa-Podgurski R. C. N. - Investigation of capacitor voltage
balancing in practical implementations of flying capacitor multilevel converters,
in IEEE Transactions on Power Electronics 37 (3) (2022) 2921-2935.

5. Mhiesan H., Wei Y., Siwakoti Y. P. and Mantooth H. A. - A fault-tolerant hybrid
cascaded h-bridge multilevel inverter, IEEE Transactions on Power Electronics 35 (12)
(2020) 12702-12715.

6. Choudhury A., Pillay P. and Williamson S. S. - A performance comparison study of
space-vector and carrier-based PWM techniques for a 3-level neutral point clamped
(NPC) traction inverter drive, IEEE International Conference on Power Electronics,
Drives and Energy Systems (2014).

7. LiX.,WangY., Guo X, Cui X., Zhang S. and Li Y. - An Improved Model-Free Current
Predictive Control Method for SPMSM Drives, IEEE Access 9 (2021) 134672-134681.

8. Shadmand M. B., Balog R. S. and Abu-Rub H. - Model Predictive Control of PV
Sources in a Smart DC Distribution System: Maximum Power Point Tracking and
Droop Control, IEEE Transactions on Energy Conversion 29 (4) (2014) 913-921.

9. LimY.-S, Leel.-S. and Lee K. -B. - Improved Model Predictive Control Method for
Two Induction Motor Fed by Five-Leg Inverter System, 2018 IEEE Energy Conversion
Congress and Exposition (2018).

10. Qi W, Liu J.,, Chen X. and Christofides P. D. - Supervisory predictive control of
standalone wind/solar energy generation systems, IEEE Transactions on Control
Systems Technology 19 (1) (2011) 199-207.

ABSTRACT

MODEL PREDICTIVE CONTROL FOR 3-PHASE 3-LEVEL DIODE LAMPED
INVERTER

Tran Van Hai, Pham Thi Xuan Hoa"
Ho Chi Minh City University of Food Industry
“Email: hoaptx@hufi.edu.vn

This paper presents predictive control technique for 3-phase 3-level diode clamped
inverter topology. First, the mathematical description of the inverter's structure is introduced.
Next, the predictive control algorithm with three goals of current control, capacitor voltage
balance, and switching frequency reduction is presented. Finally, the predictive control
algorithm for the 3-level diode clamped inverter is verified and evaluated through simulation
results by MatLab/simulink software.

Keywords: Model predictive control, 3-level NPC inverter, capacitor voltage balancing.
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