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TOM TAT

Bai bao nay trinh bay nghién ctru didu khién du bao cho bo chinh luu tich cuc 3 pha
2 béc dua trén vector dién ap. Pau tién, vector dién 4p tham chiéu duoc thanh lap tir mo
hinh toan ¢ dang roi rac. Tiép dén, cac trang thai chuyén mach ung vién dugc chon dya
trén vi tri vector dién ap tham chiéu. Cudi cung, xac dinh dugc trang thai chuyén mach
t6i wu thong qua tdi thiéu ham chi phi tong. Qua so sanh cho thay, phuong phap dé xuat
cho két qua diéu khién t6t hon so véi phuong phap thong thudng. Mo hinh duge dé xut
thiét ké véi cac biéu tuong than thién voi nguoi st dung va cac hop thoai nhu cac khdi
thu vién cia MATLAB/Simulink.

Tir khoa: M6 hinh diéu khién du bao, Vector dién ap tham chiéu, Chinh luu tich cuc

ABSTRACT

This paper presents a research on prediction control for two level three-phase active
rectifiers based on voltage vector. First, the reference voltage vector is established from
the mathematical model in discrete form. Next, candidate switching states are selected
based on the reference voltage vector position. Finally, the optimal switching state is
determined by minimizing the total cost function. Through comparison, the proposed
method gives better control results than the conventional method. The proposed model is
designed with user-friendly icons and dialog boxes like MATLAB/Simulink library blocks.

Keywords: Model Predictive Control, Reference voltage vector, Active-Front-End Rectifier.

I. Giéi thi¢u: trac lién két bo chinh luu, bd chinh luu tich
cuc tré thanh mot phan quan trong ciia cac
ung dung nganh khac nhau nhu cling nhu
, i cac thiét bi gia dung do kha ning dong bd
dién tir cong suat cho kha ndng bién ddicia g, dong dién va ludi dién xoay chiéu. Bo
n6 dong dién xoay chiéu thanh dong dién  chinh lvu tich cuc ba pha can thiét dé nang
mot chiéu [1]. Trong sé mot s6 loai cia ciu  cao hiéu sudt, cong sudt va ngan chan méo

B chinh luu 13 bd chuyén d6i dugc st
dung rong rii nhét trong linh vyc nay cia
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dang hai (THD: Total harmonic distortion)
cao trong dong dién dau vao, hé sd cong
suét thép, méo dang dién ap xoay chiéu,
gon séng trong dong dién mot chiu va dao
dong dién ap mot chiéu. Trong cic cong
trinh gn day, mot sé ky thuat diéu khién
chang han nhu: didu khién hudng dién
ap (VOC: voltage-oriented control) [3],
diéu khién PWM dinh hudng tir théng o
[2], diéu khién cong suét truc tiép (DPC:
direct power control) [2], diéu khién mo-
men xodn truc tiép (DTC: Direct torque
control) [4], diéu khién logic mo va diéu
khién phi tuyén ché do truot [5] da duoc
dé xuat dé cai thién hiéu qua va hiéu sut
cua by chinh luu tich cuc ba pha. Hi¢n
tai, mot chién luoc diéu khién ky thuat sb
hoan toan dya trén mé hinh diéu khién dy
doan (MPC: Model Predictive Control) da
tr& thanh mot phuong thirc hip dan cua k§
thut diéu khién cho b¢ chinh luu tich cuc
ba pha, so sanh v&i tit ca cac phuong phap
¢ dién duoc thao luan & trén do don gian
va truc quan khong c6 khdi PWM [6]. Hon
thé nita, thuét toan MPC rat d& c4u hinh véi
cac rang budc va phi tuyén va ciing dé thuc
hién trong thuc té [7]. Do nhiing uu diém
nay, thuat toan MPC da dugc ap dung rong
rai trong bd chinh luu tich cuc ba pha, bd
bién d6i ma tran gian tiép [8], b bién ddi
ba bac [9] va bién tan ngudn dién ap v.v...
Kho khan cua phuong phap MPC phai giai
quyét van dé t6i vu hoa co ban cta cac bién
roi rac [10]. Do d6, cac van dé tinh toan da
tré nén phuc tap ddi véi bai toan du bao da
bién. Cac k¥ thuat MPC hién c6 1a can thiét
dé giam thiéu sb luong tinh toan ciing nhu
thoi gian tinh toan.

Bai bao nay d¢ xuit mot md hinh diu
khién du bao (MPC) dua trén vector di¢n
ap tham chiéu cho bo chinh tich cuc ba pha
dé giam thoi gian tinh toan, dam bao su on
dinh va bén viing va cai thién hiéu suét cia
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hé théng. Bai bao nay duoc trinh bay gom
cac phan sau: D& xuat ki thuat diéu khién
MPC dya trén vector dién ap tham chiéu
cho bd chinh luu tich cuc ba pha dugc trinh
bay trong phan II. Sy 6n dinh va bén viing
cua thuat toan MPC dugc phan tich voi
mo hinh mé phong bo chinh luu cong suit
10 kW va dugc mo ta trong phan III. Cudi
cung, két luan dugc trinh bay trong phan IV.

I1. Ky thuat MPC dua trén vector
dién ap tham chiéu cta by chinh luu
tich cuc ba pha

Hinh 1 trinh bay cdu tric bo chinh
luu tich cuc ba pha va k¥ thuat didu khién
MPC duya trén vector dién ap tham chiéu
véi 6 khoa ban dan IGBT-Diode (S S)
Bo chlnh luu tich cuc ba pha dugc ket noi
ngudn ap 3 pha (v)) qua bo loc dién khang
(/) va dlen trg (r). Mot tu loc nguon DC
(C,) nbi song song vai tai dién tro dé giam
do gon trén dién ap DC.

B6 chinh lwu AFE

__________________

Ngudn AC

Hinh 1. Cdu tric bé chinh luu tich cuc ba pha

2.1 M6 hinh toan b chinh luu tich
cuc ba pha

Pau vao cua bd chinh luu c6 thé mo
hinh héa trong hé thong tinh vdi tham so6
abc nhu sau:

di
— o a
e, =ri, +l_dt +S, v, + Vo

e, —rlb+ldt +8,v, Vo (1)

. di.
e =ri, +17;+Sc.vdc +Vyo
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Trong d6 v, la dién ap didu chinh
gilra cyc 4m cua dlen ap DC va diém trung

A

o

a) S;=1
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tinh nguon va{S, S, S} la cic trang thai
chuyén mach cia bo ch1nh luu

Vx _ cdc o-<

3]

b) S,=0

Hinh 2. Trang thdi chuyén mach cia linh kién IGBT trén méi pha

Trang thai chuyén mach S_ thi duoc
thé hién trong hinh 2: hinh 2(a) S =1 khi
cong tic trén dong trong khi cong tac dudi
mo; hinh 2(b) =0 khi cong tic trén mo
khi cong tic dudi dong V61 bd chuyen d6i
3 pha 2 béc c6 8 trang thai chuyén mach
khéac nhau va 7 vector dién 4p khac nhau
nhu hinh 3.

Hinh 3. So do vector khéng gian cua
bo chinh lwu tich cuc ba pha

Xét dién ap DC 1a mot hiang sb, va
nhitng phan tich trén, di€n ap sinh ra boi b
chinh luu 3 pha 2 béac dugc trinh bay trong
bang 1.

Béng 1: Trang thdi chuyén mach va
dién dap tai ngo ra bo chinh luu 3 pha 2 bdc
voi x={a,b,c}

62

Trang thai Tin hiéu Dién 4
chuyén mach cac khoa en ap
Sx le SxZ Vx
1 1 0 Vdc
0 0 1 0

2.2 Piéu khién dy bao MPC dua trén
vector dién ap tham chiéu

Dé xuét khéi thuat toan diéu khién du
bdo cho bd chinh Iuu 3 pha 2 béac dugc
thé hién trong hinh 4. M6 hinh st dung
bo diéu khién tuyén tinh PI bén ngoai dé
6n dinh dién 4p lién két DC. Dién ap ngd
ra DC duoc hdi tiép tré vé bo dicu khién
bang cach do dién 4p trén hai ty, tin hiéu
ngd ra cua bo diéu khién PI hoat dong nhu
mot dong dién tham chiéu i, , trong khi
dong dién tham chiéu l bang 0 cho hé sd
cong suat 6n dinh. Vector dién ap tham
chiéu tai thoi gian (k+1) dugc tinh toan
tir dong dién tham chiéu, dién 4p ngudn
tir ngd ra ciia khdi ngoai suy va dong dién
do dugc tai thoi gian (k). Cé 8 vector ing
vién tham gia trong vong lip diéu khién
du bdo MPC thiét ké. Khéi MPC dugce
thiét ké dé tang hiéu suat, giam do méo
dang hai THD cua dong dién AC ngd vao
bo chinh Iuu.
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B& chinh Iwu AFE

Nguén AC
r

s~ S s

-~

Chon trang
thai khéa

Hinh 4. So dé khéi ctia mé hinh diéu khién du bdo MPC du'oc dé xudt

2.3. X4c dinh vector dién 4p tham chiéu

Mo hinh todn cia bd chinh luu trong
cong thirc (1) dugc viét lai dudi hé tryc toa
dd aff nhu sau:

oy =iy +1—— +vaﬂ (2)

dt
Trong do

2 j2x/3 a3 o\ Ve
Vop = E(S“ +e/7S, +e SC)?

la dién 4p tai diém cuodi cua bd chinh luu.

S, S, vaS_latrang thai chuyén mach riéng
biét cuia pha a, pha b va pha c.

Theo phuorng trinh (2) co thé thu duoc
trong mién roi rac bang phuong phap
Euler v&i thoi gian 1dy miu T, duoc viét
nhu sau:

di N i(k)y—i(k-1) 3)

dt T

Ngudn dong dién trong phuong trinh
(2) ¢6 thé duoc viét lai nhu sau:

iop () = z;w(k—l)(

N

Theo thir tu bu tré dén thuét toan tinh
toan va bo chuyén do6i tuong tu sang so.

! T,
1+rT ]+(l+r7;)[eaﬁ(k)_vaﬂ(k):| ()

Phuong trinh ro1 rac (4) duoc chuyén mot
budc vé phia trude

[ T
i (k+1)=i,(k + 5
o )=l )(l+rTsj £l+rT

Theo diéu khién thoi gian c¢6 dinh
[8], dong dién i, (k+l) s€ dugc tim trong
dong dién tham chleu laﬂ (k+1) trong mot
khoan thoi gian 1dy mau va c6 thé dugc noi
rd nhu sau:

J[eaﬁ(k +1) = v, (k+1)] )

iy (k+1) =i, (k+1) (6)

Dlen ap tham chiéu du doan v " (k+1)

tai thoi gian (k+1) dbi voi dong dién tham

chiéu trong thoi gian 1dy mau tiép theo c6

thé thu duoc bang phuong trinh (5) va (6)
nhu sau:
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Vp(k+1) = ﬂ(k+l)+ z(k) (

Gia tri tiép theo cua dong dién tham
chiéu i;ﬂ (k+1) vadién dp ngudn e,,(k+1)
duoc udc tinh thong qua phép ngoa1 suy
cip 2 Lagrange, no st dung mdt mau &
hién tai va hai miu cua trudc d6 dé tinh
toan dong dién tham chiéu cua tuong lai
dugc ching minh bén dudi:

(k+1) 31 (k)= 31 (k= 1)+zaﬁ(k 2) (8)
ek +1)=3e,,(k)-3e,,(k-1)+e,(k-2) (9)
2.4. Ham chi phi

Ham chi phi cia dong dién qua theo
doi vector dién ap tham chi€u thi dugc xéac
dinh nhu sau:

+y e+ 1)=v,(k+1)] (10)

Tai v ﬂ(k +1)1a dién 4p tham chiéu
tuong Gmg voi trang thai chuyén mach cua
bd chinh luu 2 bac. Thé hién theo dang luu

do nhu sau:

v
Po dién ap vs, dong is va tinh
dong tham chiéu ier

v

Tinh dién ap tham chiéu twvong

lai Vag k+1) (7)

v

| Khéi tao gia tri ham chi phi g |
v

| |
|
v

Dw bao vector dién ap twong
lai [vo(000), v1(100), v2(110),
v3(010), v4(011), v5(001),
ve(101), vz(111)]

¥

| Tinh ham chi phi g
v

| i = i+1 |

N

Cuec tiéu ham chi phi g va
chon trang thai déng ngat

Hinh 5. Luu d@é diéu khién MPC bé chinh luu tich cu'c
ba pha

aoy |
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[ ).
T jz‘aﬂ(kﬂ) (7)

IIL. Phén tich két qua md phéng

Trong phan nay trinh bay két qua mo
phong MATLAB/Simulink ky thuat diéu
khién MPC dua trén vector dién ap tham
chiéu cta bo chinh luu tich cuc ba pha. Dé
danh gia hidu qua thuat toan diéu khién, mo
hinh duoc cdu hinh nhu bang 2 nhu sau:

Bang 2: Théng s6 mé phong bé chinh

luu theo phwong phdap MPC
M5 ta Tén bién| Gia tri
Dién ap day nguén | V| 380V
AC (rms)
Tan s6 ngudn f 50 Hz
bién ap DC dat Vi, 800V
bién trd loc r 0.5Q
bi¢n khang loc 1 4.2 mH
Tu loc ngudn DC Cdc | 3500 pF
Tai tro R 50 Q
Tan s6 mau Ts Se-5
B6 diéu khién PI R 03
Ki 15

3.1 Khio sit dap ng hé thong khi
thay doi cong suat tai.

Thuc hién mo phong bang cach thay
d6i thong s tai voi dién ap tham chiéu
800V (¥, =800 V). O tai t = 0s, hé thong
thuc hi€én md phong véi tai trg R = 100Q
(twong mg vé&i cong sut Rloa . = 60.4KW).
Sau thoi gian t=0.15s h¢ thong dugc thém
mot dién trd R = 100Q déu song song
(twong ung v6i P = 12.8KW) va sau khi
t=0.3s tién hanh ngat két n61i dién tr¢ thém
vao. Két qua mé phong duoc thé hién nhu
hinh 6:
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Dang song dién ap va, dong dién ia
T T

ISSN 261 5-9945

AT
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Hinh 6: Bdp ting hé théng khi thay déi théng sé tdi:
(a) Pién dp va dong dién nguon pha A, (b) Dién dp DC ngé ra
Dong dién va dién ap ngudn pha A, ¢6 hai dong THDY% = 4.43% thé hién nhu hinh 7

bén dudi

[#] Powergui FFT Analysis Tool. — O b4
File Edit View Insert Tools Desktop Window Help e
NEE® | | ARARTUDEL- Q|02 8D
[~ Signal [Awvailable signals
Selected signal: 45 cycles. FFT window (in red): 1 cycles
T T T T T T T T
|
- 20 1 ‘
x Name: |ScupeData1 V|
=
— 0 Input: |input1 V|
&
@ 20 3 o 2 -~
L L L L L L L L Nisnlav: (@ Signal
0 0.1 Wa O 04 05 0.6 Wy OF 0.9 O FFT window
Timen (o)
rFFT FFT settings
Start time (s):
Sampling time = 5e-05 = o
Samples per cycle = 400 Number of cycles:
DC component = 0.07405
Fundamental = 27.82 peak (15.€7 rms) (Hz): |50
Max (Hz): (1000
0 Hz (DC): 0.27% s0.0°
50 H=z (Fnd) - 100.00% -0.5°" Max for THD
100 H=z (h2) : 0.€2% 111.0° N
150 Hz  (h3): 0.22% -79.8° |”‘W'—""t frequency "|
200 Hz (h4): 0.55% 155.5° . :
250 Hz (hS): 0.89% 108.3° D plnyEe:
300 Hz  (he): o.s1s 222 6" |List (relative to fundamental) ~|
350 H=z (h7): 0.24% 78.3"
400 Hz  (h8): 0.s0% 188.3° Base value:
450 Hz  (h9): 0.41% 76.0° _
oo hn aia Frequency axis:
550 Hz (h1l1l): 0.17% 174.3°
€00 Hz (h12): 0.73% 2€€.4° - | Display | | Export |
[ Help | | Close |

Pién 4p DC ngd ra on dinh theo gia tri
dat 800V khi thay d6i gia tri tai thé hién
nhu hinh 6 (b), tai cdc diém thay doi tai

Hinh 7: Két qud phan tich THD déng dién nguén cta bé chinh luu

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG

xuit hién cac dinh qua do véi cac gia tri
vot 10 1an luot 1a POT = 5% voi thoi gian
qua do t = 0.067s; cac gid tri qua do déu rat
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thap, cho thiy hé thong rat 6n dinh.

3.2 Khao sit dap Gng hé thong khi
thay doi dién ap ditV

dc_ref:
Trong phan nay, thuc hién mé phong
v6i gid tri dién 4p dat (V) thay doi. O

M.&[\g.‘nhpnv‘d&:ﬂﬂ.ﬂh

ISSN 2681 5-9945

thoi diém t =0 + 0.15s thyuc hién mé phong
voi V. -=800V; tir t = 0.15 + 0.3s thuc
hién mé phong véi V, . =850V; tir t =
0.15 + 0.3s thyc hién m6 phong véi V,
=750V. Két qua mod phong dat duoc thé

hién ¢ hinh 8&:

400 T T i T T T
1 I
300 1 1 -
1 I
| |
200 n H i
=’ N
=
-8 a8 ”U
<
E 3
@
-100
200
' !
i |
-300 |~ 1 1
1 ]
400 1 1 : 1 1 l 1 1
o 2 ol3 os 06 os
! (a) |
200 ' Dang séng Vdc va Vdc_ref |
T T T T ] T T
| POT=1.47% ! m
850 — . d -
POT=2.25% h
800 == =Y = = - - ) : |
| '
1 1
750 |- : [ N
s | [
8 700 1 | POT=3.41% |
5 H !
-1 1 1
® ssofe———— Vdc_ref=800V- . Vdc_ref=850V- ; Vdc_ref=750V——— 4
1 ]
600 : : T
1 ]
1 ]
550 f— 1 1 n
1 1
o0 I | | | 1 1 I I
0.1 0.2 0.3 0.4 0.5 06 0.7 0.3 0.3

(b)

Hinh 8: Ddp ting hé théng khi thay déi gid tri dién dp ddt:

(a) Dién dp va dong dién pha A; (b) Dién dp DC ngo ra.

bién ap ngd ra c6 do dot vot 16 rat bé,
voi1 cac gia tri do vot POT < 5%. Gia tri
dién ap ngd ra dap Gng t6t theo gid tri dién
ap tham chiéu dat trudc.

IV. Két luan

Tir cac két qua phan tich cho thay: Bo
chinh luu diéu khién theo MPC d€ xuét cho
dién 4p ngd ra 6n dinh khi thay dbi cong

sudt tai trong pham vi rong OKW — 10KW,
hé s cong sudt dat mirc cao gan bing 1.
Dién ap ngd ra c6 do vot 16 thip dudi 5%
khi thay d6i cong sudt tai va gia tri dién ap
on dinh theo gia tri tham chiéu. C4c chi tiéu
vé THD% dong dién khi tai nho hon gia
tri dinh mirc déu thap dudi 5% dat chi tiéu
vé hai d6i véi ludi trung va ha thé cua Bo
cong thuong ban hanh ndm 2019.
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