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Tém tit

Nghién cuu nay dé xudt mét phuong phap diéu
khién dw bdo dong dién tap hitu han FCS-MPC
(Finite Control Set Model Predictive Control) cai
tién cho bg nghich leu néi ludi ba pha, nham gidi
quyét han ché ciia cdc phwong phép truyén thong
do la sy phu thugc vao trong 56 trong ham muc tiéu
va dé nhay cam cao véi nhiéu do hrong dién dp.
Nghién ciru thwe hién hai cdi tién: Thir nhdt, ing
dung thudt toan 16i wu héa theo thir tw bdc wu tién
két hop véi rang budc tré dong, cho phép gidi quyét
xung dot gitta muc tiéu bam dong va giam tan sé
dong cdt ma khéng can qud trinh tinh chinh hé s6
trong s6 phire tap; Thir hai la tich hop ky thudt tdi
tao dién ap luci dwa trén vong khoa pha, giup triét
tiéu hoan toan tac dong cua nhiéu hdi bdc cao va
sai s6 cam bién lén mé hinh dw bdo. Két quda mé
phong trén MATLAB/Simulink chung minh gidi
phap dé xudt vuot tréi hon so véi bo diéu khién PI
trén hé toa do dq va MPC truyén théng vé ddc tinh
ddp vmg va chat heong dién ning. Pong thoi, hé
thong duy tri dé on dinh cao va tan sé déng cdt thap
ngay cd trong diéu kién ludi dién bi nhiéu loan,
khéng dinh tiém néing vmg dung trong cac hé thong
nang lwong tai tao hiéu suat cao.

Tir khéa: Nghich luu néi ludi, Diéu khién dir béo,
T6i wu héa xép hang, Tdi tao dién dp ludi, Chat
luong dién nang.

Abstract

This study proposes an improved Finite Control
Set Model Predictive Control (FCS-MPC) method
for three-phase grid-tied inverters, aiming to
address the limitations of conventional methods,
specifically the dependence on weighting factors
in the cost function and high sensitivity to voltage
measurement noise. Two key improvements are

implemented: First, the application of a ranking-
based optimization algorithm combined with
dynamic delay constraints, which resolves the
trade-off between current tracking and switching
frequency reduction without the need for complex
weighting factor tuning. Second, the integration of
a PLL-based grid voltage
technique, which effectively eliminates the impact

reconstruction

of high-order harmonics and sensor errors on the
prediction model.  Simulation  results in
MATLAB/Simulink demonstrate that the proposed
solution outperforms both the conventional PI-dg
controller and traditional MPC in terms of
dynamic response characteristics and power
quality. Furthermore, the system maintains high
stability and low switching frequency even under
distorted grid conditions, confirming its potential
application in high-efficiency renewable energy
systems.

Keywords: Grid-tied inverter, Predictive Control,

Ranking optimization, Grid
reconstruction Power quality.

voltage

1. Mé diu

Trong bdi canh chuyén dich ning lugng toan cau
nhim giam thiéu khi thai carbon, cac ngudn ning
luong tai tao nhu dién mat troi va dién gi6 dang chiém
ty trong ngdy cang lén trong co ciu ngudn dién [1].
Pé tich hop hiéu qua cac ngudn ning luong niy vao
ludi dién quéc gia, bd nghich luu ngudn 4p dong vai
tro then chdt trong viée chuyén doi nang lugng va didu
tiét cong sudt [2]. Yéu cau dit ra cho cac bd nghich
lwu ndi ludi hién dai khong chi dimg lai ¢ hiéu suat
chuyén d6i cao ma con doi hoi dap ung dong hoc
nhanh, chat lugng dién nang t6t va kha niang hoat dong
6n dinh trude cac bién dong cua ludi dién [3].

Céc phuong phap diéu khién truyén théng nhu
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Piéu khién dinh hudéng dién ap VOC (Voltage
Oriented Control) st dung bo diéu khién PI trén hé
toa do dg (PI-dg) két hop vé6i didu ché do rong xung
PWM (Pulse Width Modulation) da dugc ap dung
rong rai nho tin sb dong cat ¢b dinh va thiét ké bo loc
don gian [4]. Tuy nhién, ban chat ciia by diéu khién
PI tuyén tinh thuong boc 1 han ché vé toc do dap tng
dong hoc va kho khan trong viéc xur 1y cac rang bude
phi tuyén cua hé théng [5].

Dé khéc phuc nhitng nhuoc diém trén, Diéu khién
du bao tap hop hitu han FCS-MPC dugc nghién ciru
nhu mot giai phap thay thé day tiém ning trong nhiing
nim gan day [6]. FCS-MPC tan dung mé hinh roi rac
cua bd nghich lru dé dy bao hanh vi cta cac bién trang
thai (dong dién, cong sudt) cho tit ca cac trang thai
chuyén mach kha thi, sau d6 chon ra trang thai t6i vu
nhét da trén mot ham muc tiéu co rang budc [7]. Uu
diém ctia FCS-MPC 1a dap tmg qua d6 nhanh, d& dang
tich hop céc rang budc phi tuyén va khong can dén bd
diéu ché PWM [8].

Mic du ¢ nhidu vu diém, thach thirc 16n nhét cta
FCS-MPC truyén théng nim & viée thiét ké ham muc
tiéu. Thong thuong, ham muc tiéu 14 tong cb trong so
clia cac thanh phan sai s6 (dong dién, cong sudt) va cac
rang budc phu (tan s6 dong cét, can bing diém trung
tinh) [9]. Viéc lya chon hé sb trong sé (L) phu hop
thuong dua trén quy trinh thir - sai ton kém thoi gian va
mang tinh chi quan, khong dam bao tinh t6i uu toan
cuc [10]. M6t s6 nghién ctru gan day da dé xuat sir dung
cac thudt toan tri tu¢ nhan tao nhu giai thuat di truyén
GA (Genetic Algorithm) hay t6i uu hoa bay dan PSO
(Particle Swarm Optimization) dé tim A toi wu [11, 12].
Tuy nhién, cic phuong phap nay lai lam ting dang ké
khdi lugng tinh toan, gay kho khan cho viéc trién khai
trén céc vi xtr 1y trong thoi gian thyec.

Dé giai quyét triét dé van dé hé sd trong sd, hudng
tiép can st dung k¥ thuat t6i uu hoa theo thr ty bac
wu tién hay con goi 1a k¥ thuat xép hang (Ranking
MPC) dang thu hut sy quan tam 16n cua gidi nghién
ctru [13, 14]. Phuong phép nay thay thé ham muc tiéu
téng hop duy nhét bing mot chudi cac muc tiéu dugc
xép hang theo mirc d6 quan trong, uu tién dam béo sai
s6 dong dién trude, sau d6 madi xét dén viéc giam tan
s6 dong cét. Mic du vay, cac nghién ctru vé tbi uru hoa
bac uu tién hién nay van dbi mat v6i hai vin dé ton
dong: Thir nhét 1a viéc wu tién qua mirc viéc giam
chuyén mach co thé gay ra sai sb tinh hodc gai dong
dién 16n tai cac thoi diém dong qua diém khong [15];
Thir hai 1 d6 nhay cam cao véi nhiéu do ludng, dic
biét 1a nhiéu dién ap ludi, 1am suy giam cht luong du
bao.

Cong nghé s6, tw dong hoéa va trng dung hang hai

Duya trén nhimg phén tich trén, bai bao nay dé xuat
mdt ciu tric didu khién du bao dong dién khong trong
s6 sir dung ky thuat tdi uu hoa theo thir ty bac wu tién
cai tién goi tat 1a IFCS-MPC (Improved FCS-MPC)
cho b nghich luu ndi ludi. So vai cac cong bd trude
day, nghién ciru nay dong gop 3 cai tién.

Thir nhat loai bo hoan toan hé sd trong sd bang
viéc str dung thuat toan tdi wu hoa theo tht tu bac vu
tién dé giai quyét xung dot gitra muyc tiéu bam dong
va giam tan s6 dong cat ma khong can tinh chinh tham
sO A. Thtr hai 1a bé sung k¥ thuét tai tao dién ap ludi.
Cu thé, thay vi sir dung truc tiép tin hiéu do luong ap
luéi chira nhidu dé du bao, nghién ctru dé xuit phuong
phap tai tao dién ap ludi ly tuong dua trén thong tin
pha tir vong khoa pha PLL (Phase-Locked Loop). Ky
thudt nay giup loai bo triét dé cac nhidu trong tinh toan,
gitlp giam méo hai téng THD (Total Harmonic
Distortion) dang ké. Cudi cling nghién ctru dé xuét co
ché Iya chon vector thong minh, chi wu tién giam
chuyén mach khi sai s6 dong dién ndm trong pham vi
cho phép, dam bao cin bang giita chit lwong dién
nang va hiéu suét thiét bi.

2. Mb hinh toan hgc bd nghich lvu nguén ap

Céu trac ciia hé thong nghich luu ngudn ap ba
pha hai bac ndi luéi dwoc mé ta nhu trong Hinh 1. Hé
thong bao gdm mot ngudn dién ap mot chidu (Vpe),
sau khoa ban dan cong sudt IGBT dugc diéu khién
kich m¢ theo cép bd sung va bo loc thu dong RL Kkét
ndi tai diém dau ndi véi ludi.

L

[~ A
|
I

S4 56_”%} 8_2“:1} RL Filter Grid

Hinh 1. Céu trisc mach dpng lwe ciia bp nghich lwu

L+

nguon dp noi luoi

Trang thai dong cét ciia bd nghich luu duge dinh
nghia bdi vector S=[S,,S,,5.]", trong d6 S, {01}
voixe{ab,cy. Gia tri S =1 tuong tmg véi khoa
trén dan va khoa dudi ngit, ngugc lai S, = 0 twong ing
v6i khoa trén ngat va khéa dudi dan. Do do, tong hop
cac trang thai dong cit tao cua céc van s& tao ra 8
vector dién ap nhu Hinh 2.

Ap dung dinh luat Kirchhoff vé dién ap cho mach
vong phia xoay chiéu, phuong trinh dong hoc ciia dong
dién trén hé toa do ba pha abc dugc biéu dién nhu sau:
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diabc
abc __ -abc g abc
Viw =R, +L ” +v, (1)

Trong do: v ,v* lan lugt 1a vector dién ap dau ra

inv > Ve

cua nghich luu va dién ap ludi trén hé toa do abc; is™
1a vector dong dién hoa ludi trén hé toa do abc; R, L

l1a dién tré va dién cam cua bo loc dau ra.

B
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SN Ve \
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\ v \%! y
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Vs Vs

Hinh 2. Cac vector ap (Vo+V7) tao boi trang thai
dong cdt cia cdc van
Dé don gian hoa qua trinh thiét ké bo didu khién
va giam béc tu do cta hé thong, phuong trinh (1) dugc
chuyén d6i sang hé toa do tinh a/Fthong qua phép bién
dbi Clarke [10]. M hinh toan hoc trong mién lién tuc
dugc viét lai nhu sau:

.aff
i
VP = RiP + 547 )
inv g dt g

Trong d6, vector dién 4p dau ra ctia nghich luu v

duoc xac dinh truc tiép tir trang thai dong cét S va dién
ap DC-bus (Va) theo cong thuc:
w _2 jo s i
vi/zv = Ede‘ € Sa te Sb +e Sc (3)
Dé trién khai thuat toan FCS-MPC trén cac vi xu
ly k¥ thuat 6, md hinh lién tuc 2) can dugc roi rac
hoa bang cach st dung phuong phap xdp xi Euler
thuén [10]. M6 hinh du bdo dong dién rdi rac tai thoi
diém 14y mau (k+1) thu duoc nhu sau:

i (k +1) =(1 —%)igﬂ *) +%[v;;€ (=) ] (4)

V6i T, 1a chu ky liy miu. Phuong trinh (4) cho
phép du bao dong dién tuong lai cho mdi trang thai
vector dién ap. Tuy nhién, trong thuc té trién khai k§
thuat s6, 6 tré tinh toan 1a yéu t6 khong thé bo qua.
Tin hiéu diéu khién t&i uu dugc tinh toan tai thoi diém
k s& chi duoc 4p dung cho bo bién dbi tai thoi diém
(k+1). Do d6, néu sir dung phuong trinh (4), dong dién
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thuc té s& bi tré pha so véi tham chiéu.

Dé khic phyc hién tugng nay, nghién ctru sir dung
chién luoc bu tré béng cach du bao trude hai buée. Cu
thé, dong dién tai thoi diém (k+1) dugc udc luong dua
trén trang thai dong cét toi wu S,y(k) da chon & chu ky
trude. Dong dién tai thoi diém (k+2) dugc xac dinh
trén co s¢ phuong trinh dy bao dong dién (4) cho tat
ca 8 vector V; (i=0+7). Dong dién tai thoi diém (k+2)
khi d6 duogc xac dinh boi:

i (k+2) = A-if (k +1)+ B-[ V,(k + D) =5 (k +1) | (5)

Trong d6 cac hé sO ma tran hé théng dugc dinh nghia:

A=(1—£j gL wap
L)ya" "1 Bibn " **D 13 gid i dien ap
ludi duoc tai tao tai thoi diém (k+1), s& dugc trinh bay
chi tiét trong phan phuong phap diéu khién dé xuat.
3. Phuong phap diéu khién dé xuat
Muc tiéu ciia phuong phap diéu khién dé xuét 1a
giai quyét hai van dé cia FCS-MPC truyén thdng d6
1a sy suy giam chét lugng du bao do nhidu do ludng
va su phuc tap khi lya chon trong s6 cho ham muc tiéu.
Chu trac diéu khién cai tién IFCS-MPC cho
nghich lvu ndi ludi nhu Hinh 3, bao gdm mach nghich
lru ngudn ap ndi ludi qua bd loc RL va bo diéu khién
trung tam IFCS-MPC két hop v&i khau PLL.

ar] P

3-Phase
AC Grid

IFCS-MPC

Hinh 3. So dé ciu triic diéu khién nghich luu noi
lw6i véi bg diéu khién IFCS-MPC dé xudt

iop(K)

| B tré tinh toan

I

I

I

I

OpLL Téi tao diénép | Ve(®) |
| lusi |

| vilk+1) y ik 1)y \

[

I

idref‘ Tao dong dién | aprer |

et ™1 tham chiéu )
4'—> Toi uu hoa thir bac

Sor(K) - [s1-+56]

Hinh 4. Céu tricc bj diéu khién dw bdo dong dién cdi
tién IFCS-MPC
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Céu tric khbi bo diéu khién IFCS-MPC bao gom
khdi tai tao dién ap ludi va khi t6i uu hoa theo thir tyr
béac uu tién cai tién nhu Hinh 4.

3.1. Ky thudt tdi tao dién ap lwoi dwa trén PLL

Trong md hinh du bao dong dién (5), do chinh xac
ctia dién ap luéi v, dong vai trd quyét dinh dén sai s6
bam dong. Tuy nhién, trong thuc té, tin hiéu dién ap
do tryc tiép thuong chira cac thanh phan nhidu hai bac
cao va gai dién ap do qua trinh déng cét cua cac van
ban dan cong suit. Viéc dua truc tiép tin hiéu nhiéu
nay vao bo diéu khién s& dan dén sai léch trong tinh
toan vector dong dién tham chiéu, gdy ra dao dong
dong dién va lam tang d6 méo dang tong.

Dé khéc phuc nhuoc diém nay, nghién ctru dé xuét
ky thuat tai tao dién ap ludi. Thay vi sit dung gia tri
tire thoi do duogc, dién ap ludi duoc tai tao dua trén
thong tin goc pha 6 thu duoc tir bg vong khoda pha PLL
va bién do dinh murc cua ludi dién.

Gia st ludi dién hoat dong & ché d6 can b.'?mg, cac
thanh phan dién ap ludi tai tao 72 dugc x4c dinh nhu

sau:

Voo (K) 5 | cos(p, (K))
{Agﬂ(k)} _V”"“"Lin(%(k»} ©

Trong do,7,, 1a bién do pha dinh dinh muc cta
lui dién va Opr; 1a goc pha ude lugng dong bo. Viée
st dung # thay cho tin hiéu do luong v giup cach
ly hoan toan mé hinh dy bao khoi cac nhiéu loan tan
s6 cao, dam bao tin hiéu dong dién dau 6n dinh ngay
ca khi hoat dong véi tin s6 ldy méu cao.

3.2. Thudt todn téi wu héa theo thir tw bic wu
tién cdi tién

FCS-MPC truyén thong giai quyét bai toan da muc
tiéu bang cach tdi thiéu hoa cic ham muc tiéu thanh
phén. Trong nghich luu ndi ludi cac muyc tidu didu khién
can dat duoc 1a bam dong dién déng thoi dam bao tan
s0 chuyén mach ciia van 1a it nhat (dé giam ton that),
do vay can sir dung 2 ham muc tiéu 1a J; va J,.

Ham muc tiéu so cdp J; danh gia sai léch binh
phuong giita dong dién tham chiéu va dong du bao tai
budc (k+2):

J,G) = (i,,e,»iu(k+2)—i:(k+2))2 +(i7,e,7ﬁ(k+2)—i§(k+2))2 @)
Ham muyc tiéu thtr cép J», danh gia s6 lugng van ban
dan thay dbi trang thai so véi chu ky trudc:
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J,(0) = {Z[; ‘\Sx,,(k +D) =S, (0] (®)

Muc tiéu diéu khién dat duoc thong qua mot ham
chi phi tong hop:

g=J +AJ,

Tuy nhién, viéc xac dinh hé $6 trong s6 A dé can
bang gitra sai s6 dong dién (J;) va tan s6 dong cit (J2)
thuong mang tinh chu quan va khong dam bao tinh tbi
vu toan cuc. Pé loai bé su phu thudc vao A, nghién
ctru nay ap dung phuong phap téi wu héa theo thir tu
béc uu tién. Trong phwong phap nay, cac muyc tiéu diéu
khién dugc sip xép theo thir tir wu tién bam dong dién
sau d6 1a giam tan s6 dong cit.

Nguyén tic t6i uu phan cap dugc thuc hién nhur
sau. O budc dau tién, thuc hién tinh toan gia tri J; cho
tat ca 8 vector dién ap. Cac vector duogc sap xép theo
thir tw tang dan cua J; dé tao thanh mot tap hop ung
vién tiém nang G, .0 budc tiép theo, tién hanh tim
va chon vector ¢6 J>nho nhit trong tip G, , .

Tuy nhién, cach tiép can nay co6 thé din dén viéc
chon mot vector c6 sai s6 dong dién 16n chi dé giam
mot 1an chuyén mach, giy ra sai sd tinh hodc dong
dién dot bién. Pé giai quyét van dé nay, nghién ctru dé
xudt mot rang bugc tré dong. Mot vectorv, € G,,,, chi
duoc xem xét lya chon néu sai sb bam dong cta no
khong vuot qua mot ngudng cho phép so véi vector
tot nhét (v, ,), diéu d6 c6 nghia lav,€G,,, chi
duoc chon khi thoa man diéu kién sau:

Jl(vi)sf"ll(vbenjl)"'é‘ ©)
Trong d6, &1a hé s6 néi long va d 1a hing sb bién nho.
Vector dong cét toi uu cudi cting S,(k+1) ctia cac van
tai thoi diém (k+1) 13 vector théa man diéu kién (9)
va o gia tri J> nho nhat.

S, (k+1)=arg minv‘ o {,(v)} (10)

Phuong phap cai tién nay dam bao rang tin sb
dong cit dugce gitr & mie thap nhat ma khong 1am suy
giam chit lugng bam dong dién, gitp hé thong dat
dugc su can bang ti wu gitra chit lugng dién ning va
hiéu sudt chuyén di.

Dé cu thé hoéa quy trinh ctua phuong phap diéu
khién d¢ xuét, trinh tu thyc thi thuat toan IFCS-MPC
trong mdi chu ky 1y mau duoc trinh bay chi tiét dudi
day. Giai thuat tich hop tuan ty cac bude xi 1y tin hiéu
tai tao dién 4p, tinh toan mo hinh du bao bu tré va ap
dung co ché t6i wu hoa xép hang phan cip dé Iya chon
trang thai dong cat toi wu ma khong phu thudc vao
trong s0.




Coéng nghé s6, tw dong héa va rng dung hang hai

TAPCHi  ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

LJOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

Xir ly tin hiéu va tai tao dién ap

1 Udc lugng goc pha ludi: 6, < PLL(v,, (k)

2 Téi tao dién &p (6): 9,,(k)« V...,

Du béo gia tri tham chiéu:
i, (k) < Clarke(i,, (k)

i (k +2) < ParkInverse(i}, , 6, +2eT,)

Khau du bao dong dién

4 For i=0 to 7 do

5 Tinh vector 4p nghich Iuu theo (3): v, (j) < CalculateV(¥,,S))

6 Du bao dong dién bu tré theo (5): i”(k+2) « f(i(k),5(k),v,, (/)

7 Tinh ham muc tiéu so cip J; theo (7): J,(j) <li (k +2)—i"(k +2) |
8 Tim Jlmin-' Ile (/) < Jl.min then: Jl,mm (7‘]1 (/)

9 End For

T6i wu héa xép hang va rang buc dong

10 For i=0 to 16 do

Kiém tra diéu kién rang budc tré dong theo cong thirc (9):

1 If J,())<J,,, +EthenQ,, <V, Endif
12 End For
13 Tinh s6 1an chuyén mach theo (8): ForV,eQ,, don,, « > IS -S|
Lua chon vector t6i wu cudi cing theo (10):
IfJ,(j) < Jymnthend,,, < J,(j)
14 5, <5,
End If
Cap nhat diura
15 Ap dung S,, cho cac van IGBT: s,, « &,
16 End For

4. Két qua md phong va thao luan
4.1. Thiét lap thong sé moé phéng
Dé kiém chung tinh ding dén va hiéu qua cua giai
thuat diéu khién dy bao dong dién khong trong sb cai
tién IFCS-MPC, md hinh nghich luu ndi luéi ba pha
duoc x4y dung va mo phong trén moi truong
MATLAB/Simulink Simscape Electrical nhu Hinh 5.
Céu hinh hé thdng bao gdm mét ngudn dién ap
mot chidu cung cdp ning lwong cho b nghich luu

ngué)n ap hai bac sir dung cac khoa ban dan IGBT. Bo
nghich luu dwoc két ndi voi ludi dién ba pha can bang
thong qua bd loc thu dong loai RL. Cac tham s6 vat ly
ctia mach nghich luu va cac tham sb cai dat cho bo
diéu khién IFCS-MPC cai tién duoc liét ké chi tiét
trong Bang 1.
4.2. Cac kich bdn mé phong va thdo ludn

Dé danh gia giai phap IFCS-MPC dé xuat, chiing
t6i so sanh ddi chimg véi cau tric didu khién dong
dién tuyén tinh kinh dién s dung bo diéu khién PI
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Hinh 5. So' d6 mé phéng nghich lwu néi lwdi véi bp diéu khién IFCS-MPC trén MATLAB/Simulink

Bing 1. Théng 56 hé thong va bj diéu khién mé

phong
£ . Ky P
Tham so  Dai lugng . Gia tri
hi¢u

Nghich o

bién 4p DC Vie 700 V
luu

Dién ap ludi Veams) 380V

Tan s6 ludi fe 50 Hz

Dién ap pha Vpeak 311V

bién cam bo loc L 10 mH

Dién tro bo loc R 0,1Q
IFCS- Chu ky 4y mA T. 5

u ky lay mau 5 s

MPC vy H

Tam du bao N 2

S vector tmg

A Neana 3
vién
Hé 6 tré néi
g 2,0

long

trén hé toa d6 quay dg (PI-dg). Trong cau hinh tham
chiéu nay, bo diéu khién PI dwoc két hop vai ki thuat
didu ché vector khong gian SVPWM (Space Vector
Pulse Width Modulation) v6i tan s6 song mang dugc
thiét 1ap & muc 20kHz. Viéc lya chon tan s diéu ché
cao nay nhdm muc dich tao ra mot chuén so sanh chat
luong cao, dam bao rang bat ky wu thé nao cua IFCS-
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MPC déu xuét phat tir ban chat thuat toan thay vi gioi
han phén ctng. D& dam bao tinh nhit quan khoa hoc,
toan bo cac tham s vét 1y ctia hé théng bao gdm tre
khang ludi, thong s bo loc déu duoc thiét 1ap dong
nhét tuyét ddi trong ca kich ban mo phong. Trong kich
ban nay dong dién tham chiéu 7 ,.rc6 dang budc nhay
duoc dua vao bo didu khién, tir bién do dinh 20A 1én
40A tai thoi diém 0,05s dé danh gia qua trinh qua do.
Dap tmg dong dién 3 pha cua 2 bg diéu khién nhu trén
Hinh 6.

—e—b 1 | '\' f i J
WM&

50

labc-dg(A)
o

-50

50

0 0.01 002 003 004 005 006 007 008 009 0.1
(b) Time (s)

labc-IFCS -MPC(A)
o

Hinh 6. So sanh dap wng dong dién 3 pha; (a): B
diéu khién PI-dq; (b): B§ diéu khién IFCS-MPC
Két qua m6 phong chi ra rang, tai ché do xac lap,
ca hai by diéu khién déu dam bao d¢ chinh xac bam
dong cao véi bién do dinh duy tri 6n dinh & mirc 20A
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(giai doan 0+0,05s va 40A (giai doan 0,05+0,1s). Tuy
nhién, su khac biét dugc thé hién rd nét trong déc tinh
dap ung qua d9. Cu thé, bo diéu khién IFCS-MPC dé
xuét cho thdy thoi gian xéc 1ap nhanh hon dang ké so
v6i PI-dg. Uu thé nay dugc minh ching thong qua dd
thi dong dién hiéu dung RMS (True Root Mean
Square) pha A trinh bay tai Hinh 7.

g 25
(2]
=
<n:
- 20
15 [
0.02 0.03 0.04 0.05 0.06 0.07 0.08

Hinh 7. So sanh gid tri dong hi¢u dung pha A ciia by
diéu khién PI-dq va IFCS-MPC

Quan st trén dd thi c6 thé thay, tai thoi diém
dong dién tham chiéu thay dbi budc nhay, IFCS-
MPC (duong mau do) co gia tri RMS tang nhanh tu
14,14A 1én 28,28A (twong ung vaéi bién do dinh
40A) va x4c 14p ma hoan toan v6i d6 qué diéu chinh
rat nho (0,7%). Nguoc lai, bd didu khién Pl-dg
(duong nét dut) xuat hién qua didu chinh 16n (4,2%)
trudc khi dao dong tat dan. Trong khi b diéu khién
PI-dq can khoang 25ms dé qua trinh qué do tit dan,
thi IFCS-MPC chi can 20ms.

Fundamental (50Hz) = 39.97 , THD= 1.08%

0.04 -
5
§ 0.03F
€
©
el
S
w 0.02
“
5]
R
20.01F
=

0
RIRSIRNIRS {LQQ {fje npe rb(,’e R (QQQ 6;00 bge 6”0
Frequency (Hz)
(a) THD cua PI-dgq
Fundamental (50Hz) = 40.32 , THD= 0.25%

0.012
£ 001
=
3
5 0.008
°
S
L 0.006
ot
IS}
= 0.004
Cﬂ
©
= 0.002

S S N P NS N NS N NS N NS
RN S S S I I
Frequency (Hz)

(b) THD ciia IFCS-MPC
Hinh 8. Phén tich chi sé THD dién ning
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Phaén tich chét lugng dién ning bang cong cu FFT
Analyzer ciia Simulink nhu Hinh 8 cho thiy dong dién
ctia IFCS-MPC c6 chit luong tot hon véi tong d6 méo
song hai THD chi 0,25%, thip hon dang ké so v&i murc
1,08% ctia phuong phap Pl-dg. Két qua nay déap tmg
hoan toan cac yéu cau ky thuat vé d4u ndi ngudn phan
tan dugc quy dinh trong Thong tu 39/2015/TT-BCT
(yéu ciu THD < 5%) [16].

Két qua nay khing dinh IFCS-MPC khéng chi
khéc phuc triét dé nhuge diém vé tré pha cta cic vong
lap diéu khién tuyén tinh ma con t6i uu hoa chat lugng
dong dién hoa ludi.

Dé kiém chimg tinh bén viing ctia thuét toan IFCS-
MPC trude cac nhidu cong nghiép, kich ban thir hai
md phong nhidu do ludng bang cach cong tin hiéu
nhidu tring vao tin hiéu dién ap ludi ddu vao sau do
dua vao 2 by IFCS-MPC c6 théng s6 nhu nhau nhung
mot bo khong c6 khau tai tao dién ap, mot bo co su
dung giai phap tai tao dién ap. Két qua mo phong so
sanh giita hai cdu tric didu khién dwoc thé hién qua
dang séng dong dién pha nhu Hinh 9.

0.03 0. 04

o
o

c;

labc(A)

@
o

005 006 007 00 009 01
ime (s)

(a) B diéu khién IFCS-MPC khéng co khdu tdi tao

(b) B¢ diéu khién IFCS-MPC cé khéu tdi tao dién dp
Hinh 9. Pdp teng dong dién khi cé nhiéu

Quan sét trén dd thi Hinh 9 c¢6 thé thiy, ddi voi bo
diéu khién IFCS-MPC str dung phuong phap do truc tiép,
su hién dién cta nhiéu tan sb cao trong tin hi€u dién ap
da tac dong tiéu cuc dén d6 chinh xéac ciia ham muc tiéu.
Do déc tinh ciia m6 hinh dy bao st dung dao ham dong
dién, cac thanh phan nhidu nay bi khuéch dai, dan dén
dong dién dau ra bi méo dang nghiém trong
(THD=5,1%), xuat hién nhiéu gai dién 4p va dao dong
tan sb cao bao quanh duong bién dang sin. Nguoc lai, bd
diéu khién IFCS-MPC c6 str dung khau tai tao dién ap
da loai bo hoan toan anh hudng ctia nhiéu do luong 1én
md hinh du bao. Két qué 1 dong dién hoa ludi van duy
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tri dugce do dang song hinh sin chuédn xac (THD=0,25%).
Piéu nay khiing dinh giai phap tai tao dién ap ludi co thé
nang cao dang ké do tin cay cua hé thong nghich luu
trudc cac nhidu loan tir thiét bi do luong.

Trong kich ban th 3, tinh wu viét cta giai phap tbi
uu héa thir ty bac uu tién trong nghién cuu dugc kiém
chimg thyc nghiém thong qua két qua so sanh d6i
chimg véi phuong phap MPC truyén théng phu thudc
trong s6 A, nhu duoc trinh bay chi tiét tai Hinh 10. Cac
dit liéu nay minh hoa rd nét kha ning tw can bang gitra
cac chi tiéu van hanh ma khong can qué trinh tinh
chinh tham s6 phuec tap.

Phan tich d6 thi dong dién hi¢u dung pha A cho
thdy, khi thiét 1ap trong sb nho (A=0,001, dudng nét
dut xanh), hé théng dat do chinh xac bam dong, cao
tuong duong véi thuat toan IFCS-MPC (duong mau
d6), tuy nhién, khi ting trong s6 dé han ché chuyén
mach (1=2,0 duong mau den), dong dién bi suy giam
chét lugng nghiém trong, xuét hién sai léch tinh 16n

va dao dong khong 6n dinh.
[—la (IFCS-MCP) ——Ia (1=2,0) - - -la (A=0,001)]
29 A=2,0
< IFCS-MPC
228.5F =
{g I 2=0,001
- fr
i
28 Hi
]
f

0.07 0.072 0.074 0.076 0078 0.08 0.082 0.084 0.086 0.088
Time (s)

Hinh 10. So sanh dap wng dong dién hiéu dung pha
A gitta IFCS-MPC va MPC truyén théng véi cic h¢

§6 trong s6 A khdc nhau

Su khéac biét vé& hiéu suét duoc lugng hoa cu thé
qua db thi s6 lan chuyén mach tich lily (n5,) Hinh 11.
Trong khi truong hop 2=0,001, tAn s6 dong cat ting
manh (=2,9x10%). Thuét toan IFCS-MPC (dudng do)
duy tri s6 1an chuyén mach thap hon (0,5 x10%) dang
ké so v&i truong hop 1=0,001.

x10°

—a====

T T T T T T = S\
z\fQ,QQL -------------------- n,,= 299202

2b
,
!
!
< |
Il IFvs-mPc = 529622
:
%20
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

0.01 0.02 0.03 004 0.05 006 0.07 0.08 0.09
Time (s)

N~ 128998 |

Hinh 11. So sinh tong soé lan chuyén mach tich liiy
ciia bg nghich luu giita thudt toan IFCS-MPC va
MPC truyén théng trong ciing khodng théi gian mo
phong
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Két qua nay chimg minh IFCS-MPC c6 kha ning
tu dong tim diém can bang t6i wu dam bao chat luong
dién nang tot nhat véi ton hao chuyén mach thdp nhét
ma khong can qua trinh tinh chinh trong sb phirc tap.

5. Két luan

Bai bao da trinh bay mot phuong phéap tiép can
méi trong didu khién nghich luu ndi ludi théng qua
giai thuat du bao dong dién khong trong s cai tién
IFCS-MPC. Nghién ciru da giai quyét thanh cong bai
toan t6i wu da muc tiéu va ning cao tinh bén viing cua
hé théng diéu khién trude cac nhidu loan thyc té.

Vé mit thuat toan diéu khién, phuong phap tdi uu
héa theo tht tu bac uu tién véi co ché wu tién phéan
cép da loai bd hoan toan viéc sir dung hé ) trong s6 1
trong ham muc tiéu. Két qua so sanh cho thay thuét
toan c6 kha nang tu dong tim diém cén bang tdi wu,
duy tri sai s6 bam dong & muc thip nhit trong khi
kiém soat hiéu qua s 1an chuyén mach, khic phuc
nhuoc diém cta phuong phap MPC truyén thng.

Ddng thoi nghién ctru cling di chi ra, ky thuat tai
tao dién ap ludi dé xudt da ching minh vai trd then
chét trong vi¢c dam bao do chinh xac ctia mo hinh du
bao. Hé thong c6 kha ning khang nhiéu tring tin so
cao va song hai dién ap, giit cho dong dién diu ra gin
v6i hinh sin hon (THD = 0,25%) so v6i muc méo dang
(THD = 5,1%) khi st dung phuong phép do truc tiép.

Ngoai ra, khi so v6i by diéu khién tuyén tinh PI-
dq, giai phap IFCS-MPC cai thién dang ké toc do dap
(g dong hoc v&i thoi gian qua do ngin hon (20ms so
v6i 25ms cua Pl-dg) va triét tiéu hoan toan hién tuong
qua diéu chinh khi thay ddi tai dot ngot.

Nhirng diéu trén chung t6 rang, giai phap IFCS-
MPC dé xuét 1a mot phuong phap diéu khién tién tién,
dam bao sy can bang giita d6 phirc tap tinh toan, chat
lugng dién nang va d¢ tin cdy van hanh.

Mic dii giai phap d& xut di kiém soét hiéu qua tan
s6 dong cit trung binh thong qua co ché xép hang, nhung
ban chét ciia phuong phap FCS-MPC vén tao ra phé tin
s bién thién. Dic tinh nay c6 thé gay kho khin nhét dinh
cho qua trinh thiét k& bo loc thu dong dau ra dé triét tiéu
cac thanh phan séng hai bac cao cu thé. Cac nghién ctru
twong lai s& hudng téi viée tich hop cac rang budc vé phd
tan s6 vao thuat toan tdi uu hodc phat trién cac bo loc tich
cuc dé khic phuc triét dé van @& nay.
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