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ABSTRACT

This research proposes a combination of the smart predictive
compensation control in the Active power filter to improve power quality
for the three-phase-power system. Using soft computing to improve the
quality of electricity for the system is the choice of our new research
approach to the efficient harmonic filter. The use of a Voltage Source
Inverter (VSI) for the system as an Active power filter is one of the most
population solutions for power quality control and advanced software
methods are also an option to upgrade the system with the new standards
at a lower cost.

Filter harmonic on the three-phase system using active filter circuit with
the using of predictive control algorithm makes filtration efficiency
higher, especially for expansion and improvement issues concerning the
three-phase Non-linear-load system, this solution becomes much simpler
and more efficient than investing in a new system in terms of cost,
matching with improving the quality of the system, meeting the
requirements of high-quality power. The research has also improved the
THD by <5%, confirming the reliability and easily of upgrading the
power quality control systems.

TOM TAT

On dinh chat lwong hé théng dién ba pha khi nhu cau gia tang tdi va chdt
lwong dién la chii dé nghién ciru quan trong va giai phdp su dyng hé thong
loc tich cuwc dé ndng cao chat lwong dién phé bién hién nay. Tuy nhién,
huéng nghién cibu méi trong bai viét la vmg dung bé diéu khién bi dw
dodn théng minh d@é ndng cao hiéu qua bé loc tich cue ba pha.

He¢ théng loc tich cuc ¢6 su hé tro ciia bé diéu khién bi dw dodn thong
minh lam cho hiéu qud loc cao hon va cdi tién phan cimg tot hon, ddp vmg
dige cdc yéu cau vé nguon dién chat lwong cao. Két qua mé phong cho
thdy chi s6 méo hai dong dién lwéi ba pha dd dwoc cdi thién véi chi s6
THD < 5% khdng dinh g dung b diéu khién bi dw dodn théng minh cé
tinh kha thi va hiéu qua cao.
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1. GIOI THIEU

Nén tang caa diéu khién bu dy doan théng minh
1a wdc lwong tham sb. Cac phuong phéap wdc luong
phd bién bao gom binh phuong dé quy nho nhét va
glam dan gradient. Ca hai phuong phép nay cung
cap luat cap nhat dugc str dung dé sira d6i cac woc
lugng trong thoi gian thyc, 1am cho dap tng bo diéu
khién tién toi diéu klen on dinh mot cach nhanh
nhat. Ngoai tiéu chi 6n dinh Lyapunov, cac tiéu chi
6n dinh khac nhu phwong phap 6n dinh bang ma tran
khe thoi gian (Stability via Interval Matrix Method)
cling dwoc st dung dé rat ra cac luat cap nhat va hién
thi diéu kién hoi tu ddi véi kich thich dau vao lién
tuc, giai thuat co s¢ la thuét toan song song cua Han
(Zilouchian & Jamshidi, 2001), thudc vé 1p cac
thuat toan tham chiéu sit dung dao ham. Thuét toan
bao gém cac vong lap dai s6 tuyén tinh va c6 nghiém
dang biéu thic don gian, do vay ddi véi cac budc
ldy mau két qua cling s& dan hoi tu vé diéu kién tham
chiéu. Dya trén sy hoi tu caa thuat toan, thudc tinh
cua khau diéu khién dugc x4c dinh. Phép tham chiéu
va chuén hoa trong toan hoc thuong duoc su dung
dé cai thién mirc do hiéu qua cta cac thuat toan u6c
lwong. Biéu khién bu du doan théng minh con dugc
goi 1a didu khién c6 thé diéu chinh dé giam thoi gian
diéu khién va hoi tu nhanh (Peresada, 2020).

Lwa chon ky thuat diéu khién b dw doén thong
minh ting dung trong loc séng hai cho tai phi tuyén
hé théng dién ba pha duoc dé xuat nhu Hinh 1 (Iturra
et al., 2018; Sharma et al., 2020).

1 Predictive
Current
Control
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Smart Compensating System

Hinh 1. Cu tric diéu khién h¢ thong APF véi
b diéu khién du doan

Trong do6, khdi ngudn dung may phat dién ba
pha, dién ap ngd vao 220 Volts/50-60 Hz, tan s tin
hiéu ngd ra tir 0 dén 400 Hz, dai lugng dic trung
gom cac dong dién ludi (grid) cua ba pha ig
(j=a,b,c), cac dién ap ludi cua ba pha vg (j=a,b,c)
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va pha ludi ky hiéu 6; Khdi Non-Linear-Load dai
dién cho tai phi tuyén 1a phan tir tai bién dong va tao
song hai, cong suét 5 kW, dai luwong dac trung cho
tai la cac dong dién tai iij ; Khdi Active Power Filter
dai dién cho hé thng loc tich cuc st dung bo diéu
khién bu hai dy doan thong minh. Nguyén 1y hoat
dong cua khéi nay 14 tao ra cac dai luong dong dién
irj VOi (j=a,b,c) dé bu dong dién hai bac cao mot
céch chinh xac nhét c6 thé dé triét song hai do tai
phi tuyén sinh ra trén luéi dién (Iturra et al., 2019).
Khéi Phase-locked-loop (PLL) dung dé bét pha giira
ludi va khdi b hai voi dai lugng pha ky hiéu 6, phan
tao dong dién tham chiéu (Current Reference
Generartor) két hop véi khéi diéu khién dién ap tu
DC (DC link Control) dé tao ra cac dong dién tham
chiéu ireraq dd duogc bién d6i sang hé truc d-g, tu lién
két gitr murc ning lwong Ugc dé duy tri hoat dong 6n
dinh hé cho bo nghich luu nguon 4p (Voltage Source
Inverter-VSI). Phan tir chinh trong hé thong bu hai
thong minh 1a loc bd loc tich cuc APF (Active
Power Filter) vai cu trac VSI duoc diéu khién bai
giai thuat diéu khién dong dy doan Predict Current
control dé tao ra dong dién bu song hai ir V6i (j=a,
b, ¢). Ngoai ra hé thong con sir dung cac phan tu tré
khéng loc thu dong hd trg ¢ phia hé théng loc hai Ly,
Rt va phia nguon Lg, Rg.

Trong trueong hop khong st dung cac giai phap
loc nguon, hé théng nhu Hinh 1 cho dap tng dang
song chira nhidu hai bac cao rét 16n, so véi THD <
5% theo tiéu chuén quy dinh vé& d6 méo hai IEEE-
STD519-1992 (Damon, 1981; Blooming &
Carnovale, 1992), thi h¢ thong thuong khong dat
dugc tiéu chuan cua chi sb ndy, & phia tai do tinh
chat cua tai khong 1y tuéng gay ra hai, & phia may
phat ciing phat sinh nhiéu hai bac cao do anh huéng
bai tai phi tuyén, nhidu phia may phat va phia tai co
dang séng nhu Hinh 2.

i_La
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Hinh 2. Méo hai dong dién trén tai phi tuyén
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Trén Hinh 2 1a dang song cta dién ap may phat
ba pha: vga, Vgn va Vg; dang song dong dién pha a
Clia may phat igs; va dang song dong dién pha a cua
phia tai iLa. Trén d6 cho thy tai tan s6 co ban 50 Hz
chi s6 THD cua dién ap ludi pha a vga 12 0,0378%;
THD cuaa dong dién ludi iga 1a 68,4% va THD cua
dong dién phia tai iLa 1a 31,3%. Dong dién cla cac
pha trén ludi bién dong theo trang thai ning luong
st dung trén hé thong, cac song hai ton tai trong
dong dién cling theo d6 bién dong lién tuc, vi vay
can loai bo hai bac cao phat sinh trong hé thdng mot
cach tu dong theo thoi gian thuc.

Theo gia dinh, ngudn tao ra tir may phat ba pha
12 ngudn ddi xing, tai diém néi ludi bo loc tich cuc
xem nhu két ndi véi tai phi tuyén (Non-Linear
Load), phén tich trén mot pha cua hé thdng, tai diém
ndi lusi bo loc tich cuc, theo dinh luat Kirchhoff 1
ta co

Iga

(1)

Vi iga 12 dong dién pha a ciia may phat ba pha,
iLa 1a dong dién tai pha a va ira 1 dong dién cua bo
loc tich cwc bom 1én pha a caa luéi tai diém ndi luai
PCC (Point of Common Coupling). Nhiém vu cua
b6 loc tich cuc 1a tao ra ira Sao cho triét tiéu dugc
cac thanh phan hai bac cao ton tai trong phan tich
Fourier cia iLa. Twong tu cho pha b va pha ¢ con lai,
ta cling co

=l g

lyp =l — g

=i —i @
gc ~ 'Lc Fc

Hai sinh ra do tai phi tuyén chinh bang d6 I6n va
nguoc pha véi dong dién dugc tao ra bai hé théng
loc tich cuc irj. Dé didu nay xay ra, bo diéu khién
cuia hé théng loc tich cuc phai dap (ng nhanh vé mit
thoi gian dong thoi phai chinh xac vé pha va vé bién
do.

2. PHUONG PHAP PIEU KHIEN BU
SONG HAI SU DUNG MO HINH PIEU
KHIEN DONG DU POAN THONG

MINH
2.1. Mb hinh hoa ciu tric diéu khién bu dw
doan thong minh

M6 hinh diéu khién phan hdi cua bo VSI sir dung
khau diéu khién Fuzzy-PI (Gewi(z)) va cudn cam loc
L¢(Lai etal., 2016; X. Zhang et al., 2016), con dugc
xem nhu 1a tai cam tng dién tré (Ls, Rr) nhu Hinh 3.
Gee(2) 1a ham truyén kin va k 1a chi sb trang thai
ldy mau.
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Thoi gian tré do ldy mau cua khau do luong va
thoi gian tinh toan cua bo diéu khién goi chung goi
1a thoi gian chét Gpr(z). Cudn cam loc Gi(z) nhu 1a
mot bo loc thong thap (LPF) vi ban chét n6 1a tro va
khang. Ham truyén trén mién roi rac z nhu sau:

Z'bl,CtrI + bO,CtrI

G (2) = ——————;
Z'a:L,CtrI + aO,Ctrl
1
GDT (2)==; ©)
Z
z
G, (z)=K,. .
Z+ aoyf
L
trong do: K :i;aof —_g /T T S
Rf ' Rf
i I
refk Genl .| Gor > Gt >
-1 @ 1@ (2)
Fuzzy-PI UCtrI,k UVSLk
¥ Control Filter
controller deadtime

Hinh 3. Vong diéu khién dong dy do4n

Do dép tng tan sé cua bo diéu khién Fuzzy-Pl
va do tré (delay) gy ra boi thoi gian chét cua cac
van diéu khién va cuon cam loc, nén khong thé dat
dugc muc sai s6 bang 0 trong gia tri 6n dinh xoay
chiéu. Viéc bu thoi gian tré nay duoc thuc hién boi
so dd diéu khién Hinh 4.

Sai s6 ude lwong €, duogc tinh boi ham truyén
hé kin va dong dién tham chiéu ier - ThOng qua

ham truyén nghich cua hé kin dé tinh dong dién

tham chiéu cuasai so €, 1a e, ., . dong dién nay
dung dé hiéu chinh dong dién tham chiéu. Dién ap

ngd ra cia bo didu khién du doan Vpeq « duoc tinh

toan bang cach st dung tham truyén cua khau
Fuzzy-PI. Gia tri nay thé hién sai s6 cta dién ap ngd
ra Uy, , ma ciing chinh 1a v, dién ap tai ngd ra bo
VSI, va duoc sir dung dé tinh toan bu sai sb. Theo
cong thire (4) ham truyén ctia bo diéu khién du doan
nhu sau:

Gy ()= o@D 1
ipreg (2)  Gpr (2).G4 (2) @)
K@t
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Trong trang thai 6n dinh, dong dién tham chiéu
¢6 tinh chit tuan hoan va c6 ciing tan s6 véi tin hiéu
co ban, dong dién tham chiéu irerx duoc biéu dién
nhu sau:

®)

Trong cong thuc s6 (5), N 1a s mau da 1ay mau
trén mot chu ky tin hiéu co ban. Bdi véi tmg dung
bo loc tich cuc, chu ky cua dong dién tham chiéu
chinh 12 chu ky ciia dong dién tai, tir d6 cho thiy gi4
tri ké tiép trong twong lai s& dwoc gan bang véi gia
tri twong quan trong qua khur tai ding chu ky lay
mau, nhu cong thic sau:

bet k = et (k=N)>

Vet (ks1) = Mref,(ksa-N)? (6)
iref,k
» Geel () ——
e 1 €ref.err k S (2) Wred,k
> » l—
Geer (2) e

Hinh 4. Céu tric roi rac cia b diéu khién dw
doan

Gié trj trong qua khir tai ciing thoi diém lay mau,
gia st cung 1a mau thir (k+1), duoc st dung nhu 1a
trang thai on dinh xeét trong chu ky tin hiu co ban.
Diéu nay la can thiét dé kiém chimg tinh hop 1€ cua
trang thai 6n dinh, xem xét trang thai on dinh c6 ton
tai hay khong bang cong thuc sau:

-k

I(k+1) _I(k+1—N) < epred.max (7
Nghia 1a diéu kién kiém nghiém hop 1y cho su
on dinh phai théa man diéu kién bat dang thuc, trong

d0 €5, max » Max la gid tri sai bigt ti da cho phép

giita hai gia tri ciia dong dién tham hiéu cach nhau
mot chu ky cua tin hiéu co ban trude d6. Néu cong
thirc (7) khong duoc dap tmg, thi by dicu khién du
doan phai dugc dirng dé khong gy ra cac anh huong
tiéu cuc dén viéc diéu khién. Cau trac bo diéu khién
du doan thong minh duge mé ta nhu Hinh 5 (Han &
Xu, 2011). Trong d6 chi can hai b tré, hai bo nhan
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va mot by cong. Ts=1/fs= 1/10.000=10*1a thoi gian
lay mau.

LKE (N-1)*Ts

VPred.k

ok
'k

-a,; /Kf

N*Ts

Hinh 5. Ciu triic tdng quat ciia bd diéu khién
dw doan thong minh

2.2. Céu triic md hinh dy do4n théng minh
ap dung trong b lgc tich cuc

Dé xuat giai phap sir dung bo diéu khién bu du
doan thong minh vao bo loc tich cuc dé giam song
hai dong dién (THDi) va kiém soat chat lwong
nguodn nang luong phuc vu cho tai phi tuyén trong
Céu trac lién két cia bo nghich Iuu ngudn ap VSI dé
kiém soat chat lugng dién toan hé théng nham nang
cao hiéu qua st dung dién, tiét kiém chi phi van hanh
va tang tudi tho cho céc tai sir dung trong cing hé
thdng cung cip dién, nhu Hinh 6.

Nguyén 1y lam viéc trén so d0 nay co hai bo
Fuzzy-PI (Dehini & Benachaiba, 2020), mot bo
dung cho dap tng bu dy doan thong minh dong dién
trén truc “d” va mot bd dung cho dap tng bu du
doan thong minh dong dién trén truc “q” trong hé
toa d6 d-q. Sau cac bo Fuzzy-PI 1a dai lugng bu du
doan thong minh tuong Ung trén truc “d” va truc
“q” 12 Vipred_d va Vpreq_q d& bt suy hao va bu tré trong
qué trinh hoat dong cua hé thong. Tin hiéu ra khoi
khéi didu khién dong du doan (Predictive Current
Controller) dugc didu chinh bién do mot 1an nita boi
dai lwong ¢b dinh Vamy va Vgny dé pht hop véi bién
d6 tin hiéu tirc thoi trén thanh cai tai diém nbi ludi
vé6i hé thdng loc tich cuc (Zhang et al., 2016). Cac
khi chirc ning nay 14 chi tiét cua cac khoi chuc
nang nguyén ly trén Hinh 1.

Ngo ra cia bo diéu khién dién ap Vemy, Vomy 12
cac gia tri ¢b dinh theo mic dién ap dang d-q khong
ddi. Khi bo diéu khién dong dién duoc duy tri trong
qua trinh hoat dong trén ludi, ngd ra cua ca hai bo
diéu khién cung duoc két ndi, cac dong dién d-q co
thé duogc diéu khién boi cac ngd ra cia bo diéu khién
dong dién d-q Vame, Vame Xung quanh Vamy, Vamy €6
dinh, bu pha tin hiéu dugc minh hoa nhu Hinh 7.
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Hinh 6. So dd nguyén 1y bu hai dw doan théng minh hé théng loc ngudn tich cuc ba pha

Vi = Vi + Ve

Vame Va Vine

.

\i

Vamv Veme

Hinh 7. So dd Pha trong ché d¢ diéu khién dong

Mac du dang song di¢n ap ludi 1a hinh sin va can
bang trong diéu kién hoat dong binh thuong, nhung
tin hiéu duoc str dung dé dong bo hoa thuong bi léch
do sut ap hodc ting ap va do song hai. Viéc phat hién
thanh phan dién 4p tha ty thuan & tan s6 co ban 1a
didu can thiét dé loai bo cac tac dong cua sy thiéu
chinh xac cua tin hiéu ddng bo khi dién ap ludi bi
méo va khong can bang. Mot sb ki thuat dé phat
hién dién ap thur ty thuan theo diéu kién ludi khong
can bang va méo hai dwoc dé xuat trong Zhang et al.
(2008), Dehini and Benachaiba (2020).

B PLL nhu da trinh bay ¢ Hinh 1, ngoai chuc
nang 6n dinh tan s, khdi PLL ciing dung dé kiém
soat s6 lwong mau duoc lay trong mot chu ky tin
hiéu co ban (Suul et al., 2011). Bé str dung bo diéu
khién da dwoc dé xuat, cAn phai xac dinh tan sé lay
mau (s6 mau N) trong mét chu ky co ban. Véi thoi
gian ldy mau c6 dinh Ts, N s& thay ddi néu tan sé co
ban bi thay dbi, diéu nay dan dén viéc so sanh cac

gia tri mau tham chiéu duoc so sanh khong chinh
xé4c. Van dé nay dugc khic phuc bang cach str dung
vong khoa pha dé dong bo tan s6 co ban. B PLL s&
lam cho thoi gian iy mau T, va thoi gian dong ngit
Tew twong &ng V6i nhau, lam cho N khong déi va
viéc du doan tré nén chinh xac. Nhu vay, trong so
dd dwoc dé xuat, Hinh 1 thi PLL cung cép goc pha
chinh x4c tai diém néi ludi cua hé théng loc véi lugi
dién nhu Hinh 8.

l T -sSin [«
Q-1

Mo

cos

Hinh 8. Vong khoa pha (PLL)

Pé ddng b goc ngd ra PLL 0 véi goc dién ap
ludi Gy, dién ap a-f duogc tinh tir dién ap ludi ba pha
do dugc, ky hiéu 1a Vgan, Vgbe, Vgea qua céc cong thirc
Sau:

2 1

Vga = Evgab - gvgca (8)
1

V,, = ﬁngc )
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Dé ¢6 thé xac dinh pha chinh xac, dién ap co ban
¢6 thé duoc trich xuat thanh thanh phan thir ty thuan
trén khung tham chiéu tinh (Moor Neto et al., 2009;
Tian et al., 2013; Jian et al., 2019) nhu sau:

V7 1 —ql|V Vv
Vos | 210 1] Ves Vos
Trong d6 q 13 todn tir dich pha 90 do, g =e 2.
bién ap a-p thir ty thuan Vg,*, Vgs* trong (2) co
thé thu duoc bang cach két hop phuong trinh (19) va
(15) nhu sau:

Vi (0) =2 (V. ) Vi () an

V() = %(vgﬂ(n) Vi, ()

Dién ap a-f thir tu thuan V,,", Vg™ duoc gan lam
dién ap ngd vao PLL tai diém duoc ndi ludi dé tao
ra tin hiéu dong bo thich hop ngay ca khi dién ap
ludi tudt ap hoac tang.

*

i —i,=AE
Sau khi tham chiéu tacé: 4 &4 ¢ N
lgg g =4 Eiq

thi AEjq va AEiq duoc goi chung 1a AE;;, két qua tinh
toan sau khau diéu khién Fuzzy-PI cho AVgq va AV,
goi chung 1a AV,. Khau diéu khién Fuzzy — PI dwoc
mo ta nhu Hinh 9.

AK|
AE; Fuzzy i PI AV,
Ole Controller Controller
T AK|
dAE;,/dt Oc

Hinh 9. Khau diéu khién Fuzzy-PI

Maéi trudng cua hé théng bién dong lién tuc nhu
song hai, 46 gon song cua dién ap mot chidu va xoay
chiéu, va su léch pha giita pha dong dién va dién 4p
khién viéc cai dat tham sb cua bo diéu khién PI
thong thuong tryc tiép xac dinh khong dap tmg dugc
hiéu suat cua hé théng. Vi vay, bo diéu khién PI bu
du doan théng minh mo duoc sir dung dé thay thé
bo diéu khién PI thong thuong nham ting thém toc
d6 dap ing dong cua bo didu khién dong (17). Trong
c4u tric nay, AE;, 1a d6 sai léch dong dién trén hé
truc d-q, dAE:/dt 1a tbe do sai léch dong dién trén hé
quy chiéu d-q, ae va ac theo thir tu 1a hé sb lwong tir
cua AEj; va dAEi/dt, K|™ va Kp" theo thir tu 1a gia tri
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hé s6 tich phan ban dau cia Ki va hé s0 ti 1¢ ban dau
cua Kp. Luat Fuzzy duge dung dé moi quan hé gitra
hai cap hé so (K va Kp) and (dAEi/dt va AE;,).

Quy trinh tinh toan ciia bo Fuzzy-Pl lan luot
dugc mo ta bai cac phuong trinh sau:

DAu tién tinh AEi, va dAE;,/dt.

AEiz =i, —i;,
dAE, (k)/dt = AE, (k) -AE, (k-1) (12)
AE; (k) = AE; (k -1)
Trong d6 “z” dai dién cho “d” hoac “q”. Sau

do suy ra AE;; va dAE.z/dt AKp va AK| dugce tinh
toan boi quy tac mo Mamdani.
AK, = f,(AE,
AK, = f,(AE,

dAE, /dt)
dAE, /dt)

(13)

iz?

iz?
Tép theo 1a xac dinh cac hé s6 ti 1& va tich phan.

K, =K; +AK,
K, =K +AK,

(14)

Cubi cing 14 tinh chinh AVg, dugc thyc hién bgi
khau diéu khién PI kinh dién.

t
AVgz = k AEiz +K [ AEizdt (15)
0

Dong dién tham chiéu cua dong dién bu duoc tao
ra boi viéc tach thanh phan dong dién co ban cua
dong dién tai. Phan con lai 1a thanh phan hai bac cao,
theo nguyén ly tach song hai. Nguyén 1y cua giai
thuat tach hai bac cao la phén tach hai co ban ra khoi
tin hiéu tong hop dung Fourier, khi d6 dai luong
xoay chiéu hai co ban tro thanh dai lwong dong dién
mét chiéu (DC) dugc ky hiéu l.p, dai luong con lai
s& dai dién cho song hai can bu hodc triét tiéu dai
dién boi tin hiéu xoay chiéu ky hiéu 1a I n.e?, trong
d6 e?’ dic trung cho tan sb hai bac cao va Iy dac
trung cho bién d¢ hai bac cao.

Dong dién tham chiéu dang i* dua trén bo diéu
khién dién ap tu lién két DC va dong dién duoc tao
ra tir b tao dong dién tham chiéu ig dugc dung dé
tao ra dong dién tham chiéu chinh xac cho bg diéu

khién dong bu du doan gy g -

3. KET QUA VA THAO LUAN

Dé minh chiing cho két qua nghién ctru dbi voi
phuong an nang cao hiéu suat cua cau trac bg loc
tich cuc da dé xuat, két qua thyuc hién moé phong trén
Psim d4 xac minh tinh kha thi cua giai phap da dé
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xuit. Panh gia mach va cac thong s6 dwoc sir dung bay déi sanh két qua md phong va cac hinh bén duéi
trong mé phong sau dugc thuc hién véi cac thong so mo ta chi tiét:

hé thong da duoc trinh bay nhu trén. Bang 1 trinh

Bang 1. Bang dbi sanh két qua méd phang

A ) Khong st dun Ap dung predictive .
Thong s (THD) predicgtive céntgrol co[:1trbl oP Ghi chi
THD 18,7% 2,3% < 5%, Hinh 14,15
Thay d6i thuan trg 12 0.5 dén 3.5 Q
THD >18,7% Tir 1,6% dén 3,97% < 5%, Hinh 16
Thay d6i dién dung, gidi han trén thay doi dién dung 12 0,47 mF dén 6,6 mF
THD >18,7% Tir 1,6% 1én 3,1% < 5%, Hinh 17
Khi tai thay d6i dién cam, gidi han trén thay d6i dién cam 1a 0,0003 (H) dén 0,95 (H)
THD > 18,7% Tir 1,6% 1én 4,8% < 5%, Hinh 18
Khi tai thay doi gi tri tong hop ciia tai & gidi han trén 5 KW
THD > 18,7% <5,5% Chap nhan dugc, Hinh 19, 20

Vea. Veb Ve Hinh 10 va Hinh 11 cho thiy két qua mé phong

h o AR \/ \ khong sir dung phuong phap bu t6i wu. Pién 4p tham

chiéu tryc a c6 dang song hinh sin, vi dién ap bu

bang khong. Dong dién ludi ¢ cac song hai bac thap

W Vv : nhu bac 5, 7 va 11 do song hai dién 4p ludi, va do

R d6 THD ciia dong dién ludi duoc tinh bang phan tich
‘ FFT 1a 18,7%.

vga ) vgb 5 vgc
0 —

100
+
Vo ,Vac 50

*
50 Va \/\vﬂ_f /\ /\ -50
0 N -100 S
-150
50 3 )
\/ \/ \/ \/ lga, lgh, lgc
4 0.26 0.28 0.3

0.2

Time (s) 10

, L. 5

Hinh 10. Két qua moé phéng chura sir dung giai 0
phap bu dy doan thong minh 5

Hinh 10 14 két qua mo phong khi chua ap dung

giai thuat bu dong dy doan, cac thong sé chét luong . va;‘.
rat kém, THD > 18,7%. Hinh 11 thé hién cot hai bac 50 Va Yae
cao co gia tri rt 16n. 0
12 -50
10
8 Es 0.24 0.26 0.28 0.3
6 Time (s)
, Hinh 12. Két qui mé phéng sir dung giii phap
0 thich nghi du doan
1 Hinh 12 va Hinh 13 cho thiy két qua mo phong
ot khi &ap dung phuong phap bu du doan thong minh.
0o Dién 4ap tham chiéu truc a khong phai 14 hinh sin vi
Z'; I 14 dién 4p bu truc o. THD cta dong dién ludi gidm
% A xuong con 2,3%.

0 200 400 600 800 1000
Frequency (Hz)

Hinh 11. Phan tich phd chwa sir dung giai thuit
bu dw doan thong minh
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iga [A]
12
10

onNn & o

ioa [A
1tg,,[]

0.8
0.6
04
0.2

. A

0 200

A

400 600
Frequency (Hz)

Hinh 13. Phan tich phé sir dung gii thuat bu
dw doan théng minh

_La
H,\J‘T_‘ E
ga

800 1000

i
Fundamental Frequency 5.0/ +001 HZ

| tita

Hinh 14. Loc hé théng véi thong sb tai

_ Trong do, gidi han trén thay d6i thuan tro 12 0,5
den 3,5 Q, méo hai THD tang tir 2,2% lén 3,26% <
5% (Hinh 14, Hinh 15 va Hinh 16).

i_ga

NN
B

10 THD
0 Fundamental Frequency  5.0000000e+001 HZ
I_ga 2.2256711e-002
-10
-20 \/
0.2 0.22 0.24
Time (s)

Hinh 15. Méo hai gi¢i han khi tai bién dong
thong so thuan tré gioi han dwéi

i_ga
- AN
10 THD R
0 Fundamental Frequency  5$.0000000e+001 HZ
"° v
-20
0.2 0.22 0.24
Time (s)

Hinh 16. Méo hai gi¢i han khi tai bién dong
thong so dung khang giéi han trén
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Hinh 17 va Hinh 18 khi tai thay d6i dién dung,
gidi han trén thay doi dién dung 1a 0,47 mF dén 6,6
mF, méo hai THD tang tir 1,83% 18n 3,7% < 5%.

i_ga

[

20

10 M\ N

THD [~ |
0 T:i:?meﬂtal Frequency f:??f:?ﬁ:_‘;m HZ
-10 \/
-20
0.2 0.22 0.24
Time (s)

Hinh 17. Méo hai giéi han khi tai bién dong
thong so cudn cam gi¢i han dwdi

i_ga
20
0 /\ /\ /\
-20 i
7Fundam=ma\ﬂ=ﬂuency 5.0000000e+001 HZ h
i_Load_a - 3.7011993¢-002 .
7,sad,a 3.159 N
10
0 LLJHLJHL.
-10
0.2 0.22 0.24

Time (s)
Hinh 18. Méo hai giéi han khi tai bién dong théng
S0 cudn cam gi6i han trén

Hinh 19 khi tai thay dbi dién cam, gi6i han trén
thay do6i dién cam la 0,0003 (H) dén 0,95 (H), méo
hai THD cua dong dién lu6i pha a tang tir 1,45% Ién
4,55% < 5%, duogc thé hi§n chi tiét trong phan do
dat THD cua Hinh 20 tai tan sO co ban.

i_ga

|
10 N N
B 2
0.2 0.22 0.24
Time (s)

Hinh 19. Méo hai giéi han khi tai bién déng
thong so cam khang giéi han dwdéi
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10
5
0
-5
-10
0.2 0.22 0.24
Time (s)

Hinh 20. Méo hai giéi han khi tai bién dong
thong s6 cam khang gi6i han trén
Hinh 21 mb ta tong hop cac gidi han ngudng trén
clia cac thong sé tai, dong dién ludi co chi sé tong
méo hai THD = 5,04%, mdt con sd chép nhan duogc
theo tiéu chudn cta IEEE va IEC.

I_ga u
"/ \ /\ /\
0
THD
-10 a
TF Frequency S |
i_La La 3.1551249¢-00
10
5
0
-5
-10
0.2 0.21 0.22 0.23 024 025
Time (s)

Hinh 21. Méo hai gi¢i han khi tai bién dong
thong so tong hep gioi han trén
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4. KET LUAN

Nghién ctru da dé xuat mé hinh diéu khién bu du
doan théng minh dé cai thién chit lugng dién trong
cac hé thong dién ba pha nhiam khic phuc nhiéu
song hai bac cao, nang hi€u nang loc hai cia hé
théng loc nguén tich cuc. Hé théng loc tich cuc duoc
trinh bay dua trén xur 1y tin hiéu song hai boi giai
thuat trich séng hai phan tich Fourier 1am tham chiéu
cho mach loc tich cuc dé mach loc nay tri¢t ti€u hai
trén ludi ba pha véi viée du doan dai lugng bién
dong cua tung thanh phén hai bac cao trén hé truc
xoay d-q duoc quy doi, dai lugng Vored dq dd gop
phan nang cao hiéu qua loc hai cho hé thong va dat
dugc cac tidu chuan chat luong dién theo quy dinh
IEEE-STD519-1992 (Damon, 1981; Blooming &
Carnovale, 1992).

Str dung phan mém Psim két hop vai thiét ké cac
khau nguyén 1y duoc 1ap trinh hoa trong bo loc tich
cuc duoc hd tro boi cac khoi gia 1ap ngd vao va ngd
ra trén Vi diéu khién trong Psim, nhu C-block va
DLL-block, dd budc dau hién thuc hoa viée xay
dung md hinh ng dung cho bd diéu khién bu dy
doan thong minh da duoc dé xuét. Giai thuat da sir
dung cho phuong 4n nghién ctru ndy rat pht hop cho
cac hé thdng cii mudn cai tién chat lugng, ma khong
gap nhiu kho khin trong van dé k¥ thuat va gia
thanh. N6 cling phu hgp cho cac giai phap mang tinh
hoan thién va cap nhét h¢ théng theo thoi gian.

Céc dang song md phong cho thy sy chuan xac
clia giai phap nang cao chat lugng dién cho h¢ thong
dién ba pha. Véi cic thanh phan séng hai giam di
dang ké da thu dugc trong nghién ctru nay (THD
<5%) nam trong tam thay di tai cho phép. Hudng
nghién ciru tiép theo 1a ché tao hoan chinh mé hinh
phan cimg thuc nghiém.
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