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Tom tdt: Bai bdo ndy duwa ra mét huéng tiép can méi cho thiét ké mach loc tich cuec dang lai ghép.
Dau tién, mgt phan tich 6n dinh cho HAPF duoc thyc hién d@é tim ra mién on dinh cua ting théng so
trong hé thong HAPF. Sau d6 mét phwong phap 16i wu héa da myc tiéu dya vao thuqt toan Particle
Swarm Optimization (PSO) sé duroC sur dung dé tim ra gia tri tot nhat cua cac thdng so nam trong mién
6n dinh va nhizng rang bugc ma van théa man dwroc cac ham myc tiéu. Qua trinh thec hién tim kiém bé
thong sé tét nhar durgc thuc hién bang phwong phdp nhing giita chwong trinh t6i wu héa da muc tiéu
viét bang Mfile va md hinh Simulink cua hé thong HAPF. Tiép cdn nay cho ta tim dwoc Qia tri toi wu
cua ca phan mach déng luc va mach diéu khién ciia HAPF. Puwoc so sanh hiéu qua 1am viéc cia mod
hinh HAPF theo thiét ké truyén thang, mé hinh HAPF theo thiét ké méi da chirng té duwoc cdc wu diém
viot tréi trong viéc giam hai, cuc tiéu sai sé b va cuee dai cong sudt phan khang bl vao hé théng.

Tir khda: Mach loc tich cuc dang lai ghép, mach loc thy dong, loc hai, hé sé cong sudt, toi wu hod
da muc tiéu.

Chi sé phan logi: 2.2

Abstract: This paper proposes a new approach in the design of Hybrid Active Power Filter (HAPF).
First, a stable analysis for HAPF was performed to find the stable domain of HAPF system. Then a
multi-objective optimization method based on Particle Swarm Optimization algorithm will be used to
select a set of the best parameters in the stable domain and constraints that are still satisfied the
objective function. The process of finding the best set of parameters for HAPF was done by embedding
between the multi-objective optimization program written in Mfile and the Simulink model of the HAPF
system. This approach provides the optimal values of both the passive circuit and the active circuit of
the HAPF. By comparing the performance of the HAPF model with traditional design, the HAPF model
with new design has demonstrated superior advantages in reducing harmonics, minimum error
compensation and maximum reactive power compensate into the system.

Keywords: Hybrid active power filter, passive power filter, harmonic filter, power factor, multi-
objective optimization.

Classification number: 2.2

1. Gioi thiéu hiéu qua khéng cao, khéng cé kha nang cai

Ngay nay, van dé chat lugng dién ning di
tro thanh mot trong nhirng tiéu chi quan trong
trong hé thong dién. Nguyén nhan dan dén
chat luong dién ning kém (méo dang hai, do
méo dang hai tong 16n va hé s6 cong suit nho)
la do c6 ngay cang nhiéu cac tai phi tuyén
duoc két ndi vao ludi dién. Hién nay, trén hé
thdng dién thuong dung tu dé nang cao hé sb
cdng suat. Tuy nhién phuong phap dung tu bl

thién d6 meéo dang hai, khdng linh hoat trong
bl cdng suit phan khang, d& gay mat 6n dinh
trong hé théng dién [1 - 3]. Theo d6, dé giai
quyét cac van dé trén thi cac mach loc tich cuc
ra doi 1a mot tat yéu, trong d6 mach loc tich
cuc dang lai ghép 1a dang cai tién cua né [4 -
6]. Boi vay, nghién ciu vé mach loc tich cuc
dang lai ghép co y nghia cap thiét gép phan
nang cao dién ning trong hé théng dién.
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Xac dinh dung cac thong s6 caa mach loc
tich cuc dang lai ghép dong vai tro quyét dinh
dén hiéu qua lam viéc cua né. Hién nay, cac
thong sb ciia mach loc nay da phan duoc xac
dinh dya vao kinh nghiém va mang tinh cuc
bo [4 - 7], khong co co so khoa hoc. Do do két
qua dat duoc co thé s& khong thoa man diéu
kién 6n dinh hé théng. Hon nita, trong céac
nghién ctru da muc tiéu trude day chi tinh toan
cho phan mach thu dong [8 - 15], con céc
thong sb mach diéu khién thi chua c6 nghién
ctru ndo. Bé khac phuc nhugc diém trén, trong
bai bao ndy mot phan tich on dinh trén hé
thdng mach loc tich cuc dang lai ghép duoc
thuc hién dé tim ra diéu kién 6n dinh cua hé
thdng. Sau d6 sir dung phuong phép tdi vu hoa
da muyc tiéu Particle Swarm Optimization
(PSO) nham xac dinh bo thong s6 tét nhat cho
mach loc tich cuc dang lai ghép. Nhu vay két
qua dat dugc s& mang tinh ti wu toan cuc nhu
1a cuc tiéu sai s6 bu & xac 1ap, cuc tiéu do méo
dang hai téng, cuc dai céng suat phan khang
bl vao hé théng va thoa man diéu kién 6n
dinh. Diéu ndy c6 tac dung nang cao hiéu qua
lam viéc cua mach loc tich cuc dang lai ghép
va gop phan cai thién chat luong dién ning.
Céu trGic bai bao duogc trinh bay gE)m nam
phan Phan 1 trinh bay tong quan vé van dé
can nghién cuu, phan tich 6n dinh mach loc
tich cuc dang lai ghép dugc dwa ra ¢ phan 2,
phan 3 dua ra mot tiép can mai trong thiét ké
mach loc tich cuc dang lai ghép, cac két qua
md phong kiém chimg duoc trinh bay & phan
4 va phan 5 1 cac két luan cia bai béo.

2. Phan tich én dinh cho mach lgc tich
cuc dang lai ghép

Mo hinh cia HAPF dugc biéu dién nhu &
hinh 1.

US Zs
O Y Y Tai
L—rm phi tuyén

Nghich
luu

LS,

Vdc

alm

Hinh 1. M6 hinh HAPF.

Trong H. 1, Us va Zs la dién &p va tro
khang cua luéi. Cr, C1, L1, Cp, Lp, Lo va Co
1a dién dung thém vao, dién dung cong huong
tan s6 co ban, dién cam cong hudng tan sé co
ban, dién dung va dién cam caa cac mach loc
thu dong, dién dung va dién cam cta mach loc
dau ra. Mot nhanh thém vao Cr- C1- L1. C1
va L1 cong hudng tai tan s6 co ban va mic
ndi tiép véi Cr. Tai phi tuyén duge xem nhu
ngudn tao ra hai.

Mach dién twong duong mot pha cua
HAPF thi dugc biéu didn nhu hinh 2.
>l Ik

n2 VAR

Hinh 2. Mach dién tuwong duong mot pha cua HAPF.

Trong do:
Z.=R +Ls; Z,=2Z,C IINZ;
1
ZZ =C—FS, ZLO = RO + I—()S

Ham truyén cua dong hai bu lIen theo
nguon dién ap dieu khién Uinv 1a Gout(s)

Gou (S) = JL“ =

inv 1
) - (1)

2 Z) 0224 2,42)
~ Gian d6 khéi diéu khién ctia HAPF duoc
bieu dien nhu hinh 3. Trong d6 Ge(s) va
Ginv(s) la ham truyen cua b dieu khién Pl
truyéen thong va ctaa bo nghich luu nguon ap.

LJin\/ l_'—
| Lh Gc (S)HGinv (S) H Gout(s) T@ﬁ Ish
- len

Hinh 3. So d@6 khoi diéu khién ciia HAPF.
Ham truyén caa bo diéu khién PI truyén
thong:

Ts

Trong d6 Kp 12 hé s ti 16 va Ti 1a hang sb
tich phan.

G.(s)=K £1+ij )
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Ham truyén caa VSI duoc biéu dién theo
thuc nghiém [11]:

K.
G, (5)=—"™ 3
s e ®
V6i Kiny 12 h¢ s6 khéch dai cua VSI va
Tinv 12 hang so thoi gian cua VSI. Dya vao so
do6 khoi cia HAPF ¢ H. 3, ham truyén dicu
khien cua dong hai tai I theo tin hiéu dong
hai nguon Ish ctia hé thong HAPF la:
|
G(s)=—= 1 (4)
ILh l+ Gc (s)'Ginv (s)'Gout (S)
Tu (4), phuong trinh dgc trung cua ham
truyén diéu khién cua hé thong dicu khién la
mot ham bac 6 nhu sau:

D(s)=a,s° +as’ +a,5" +a,8° +a,5° +a;s' + )
+a,8’ +a,

Trong d6 cac hé sb tir a0 dén a7 1a cac hé
sO cua phuong trinh dac trung (5). Tiur cac hé
sO cua phuong trinh (5) chiing ta c¢6 thé thanh
lap bang Routh dé chitng minh sy 6n dinh cua
hé thong HAPF nhu ¢ bang 1.

Bangl. Tiéu chuan én dinh Routh

g6 ag az a4 as
5 a1 as as az
st bo b o B6
53 b1 b3 b5 b7
s? Co C2 Cs4

st C1 C3

S0 do

_ Bai vy, de hé thong on dinh thi tat ca cac
phan ti ¢ cot thr nhat phai duong. Ching ta
co:

a,a, —a,3, >0
b,a, —a,b, >0
b.b, —b,b, >0
C,0;—bc, >0
C,C, —C,C; >0

(6)

3. Thiét ké t6i wu hoa da muc tiéu
mach lgc tich cuc dang lai ghép

3.1. Céac rang bugc va ham muc tiéu

Khi thiét ké mach loc tich cuc dang lai
ghép thi tat ca cac rang budc sau day can phai
duoc xem xeét:

~ +Rang bugc Vé on dinh h¢ thong: Dé hé
thong HAPF 6n dinh thi diéu kién (6) phai
duoc thoa man.

+ Rang bugc vé diéu ki¢n cong hirong o
cac PPF: Céc thong s6 L va C trong mét
nhanh cong huong phai cong huong tai mot
tan so nhat dinh.

1
o,L=—
®,C

+ Rang bugc cac gia tri mach thy dong:
cac gia tri mach thu dong phai c6 gia tri duong
Vél‘ théa man diéu kién 6n dinh hé thong va
diéu kién cong huong.

0<R =R,
O<L <L, (8)
0<C, <C,,

Cac gla tri Rmaé, Lmax va Cmax dugC Xac
dinh theo diéu kién on dinh (6).

+ Cuyc dai dung luong bu vao bgi PPFs
nhung khong dwot Vot qua gidi han Ién nhat
can bu:

(7)

Qbmin < Qbi < Qbmax (9)

+ Rang bugc gia tri dién ap bus DC:

Vac < Vde < Vde-max (10)
_Trong do: Vac la bién do di¢n ap xoay
chiéu ¢ dau ra cua VSI.

+ Rang bugc cac thdng sé bg diéu khién:
cac giatri mach thu dong phai cé gié’tri duong
va thoa man dicu kién o6n dinh hé thong (6).

{0 < K, < Ko

11
0 <K, < T D

+ Ham muc tiéu: O déy ta xét ba ham muc
tiéu chinh nhu sau
min THDi,

max Q,;
min Error

(12)
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3.2. Thiét ké t6i wu hoa da muc tiéu cho
mach lgc tich cuc dang lai ghép

Pé thiét ké t6i wu héa da muc tidu cho
mach loc tich cuc dang lai ghép, mét thuat
toan tdi vu da muc tiéu dugc sir dung trén hé
théng HAPF 14 Particle Swarm Optimization
(PSO). Lay y tusng tir cach dan chim tim thic
an, nguén nudcC.

Theo gia thuyét cua bai toan, cac ca thé
ban dau dugc dyng 1én trong khong gian do.
MJi ca thé c mot van téc ban dau, va gitra cac
ca thé ciing c6 kénh lién lac. Cac cé thé sau d6
di chuyén trong khong gian 1oi giai, mdi ca the
s& dugc danh gia bang mot hay nhiéu tiéu
chuan thich nghi, dan dan cac cé thé nay sé di
chuyén vé phia nhitng c4 thé tot hon trong
pham vi cta ching.

Thuat toan PSO dit vao bai toan thiét ké
tdi uu hoa da muc tiéu cho HAPF dugc biéu
dién nhu & luu d6 hinh 4. Bit dau khai tao kich
thudc quan thé, trong sé quan tinh va kiém tra
diéu kién 6n dinh, nhap céc rang bugc ¢ cac
cong thuc tir (6) dén (11).

Kiém tra hoi tu 1a kiém tra ham muc tiéu
(12) véi mot sai s6 cho phép nho nhat c6 thé.
¢ day thuat todn chon min cac ham muyc tiéu
vai gid tri £ = 0. Tuy nhién, trong qua trinh
chay néu két qua tét rdi thi ta c6 thé ding bat
ctr 1dc nao. Theo [16] thi ta chon THDis%=3%
va £ =15.

4. Céc két qua mo phéng va thao luan

Pé so sanh hiéu qua cua phuong phap
thiét ké méi so voi phuong phap truyén thong.
Chung ta hdy xét mot mé hinh HAPF nhu ¢
hinh 1.

Tai phi tuyén & day duoc tao thanh bai
mot bo chinh luu khong diéu khién cau ba pha
Vi tai RL = 3Q ndi tiép véi L = 0.3mH. Pién
&p ngudn ba pha 380V-50Hz.

Theo [10 - 11] cac théng sé cua hé thong
HAPF xé4c dinh theo phuong phéap truyén
thdng duoc nhu sau:

Cr=116,8uF; C1 = 349,2uF; L1 = 29,77mH,;
R1 = 0,01Q; Lo = 0,2mH, Co = 80pF; Vi =
535V. Két qua do dugc: THDIis%=1,963%;
Qbu=3330Var; sai s6 bl (error) = +8A.

Cung véi @6 1a cac thong sb diéu khién
duoc chon ngau nhién vai bo théng sb tét nhat

cua Kp = 100 va Ki = 0.1, tan sb chuyén mach
f = 10kHz. Céc qang §ong cua HAPF Vi
phuong phap truyén thong dugc thé hién &

hinh 5.

Khdi tao: kich thude quan the, trong
50 quan tinh va h¢ so gia toc, Kiém
tra diéu kién on dinh

Y
P

A

Khéi tao cac ca thé voi vi
tri, van toc ngau nhién

A 4

Tim ham thich nghi

Tim ham pbest, gbest

Y

Cap nhat vi tri, van e,
pbest, gbest cua timg ca the

Kiém tra
hoi ty?

Hinh 4. Luru do gidi thugt PSO ing dung cho HAPF.
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Hinh 5. Pap img dong ciia HAPF véi cac thdng so
duorc xdc dinh theo truyen thong.
Cac dang séng ¢ xac lap cua HAPF vai
cac thdng so duoc xac dinh theo truyén thong
duoc biéu dién nhu & hinh 6.

3 i i \\_/
. 1 L 1 L 1
“ha 091 0682 a3 054 095 0.96 oar 058 0.99 1
"mﬂmu%mu
N H

9

a1
N

W e om  em 0w 0% 6% 9w 0@ 0w 1
Hinh 6. Cac dang song ¢ xac ldp cua HAPF véi cac

théng so duoc xdc dinh theo truyén thong.

Tir hinh 6, ta nhan thy rang: THD cua is
giam tir 32,13% xudng con 1.963%. trong khi
d6 dung luong phan khang giam tir 4820Var
xuéng con 1490Var, tirc la dung lugng bu vao
la 3330Var. Sai s6 bu ¢ xac 1ap giam xudng
con +8A.

Véi cung tan sé chuyén mach f=10kHz,
phuong phép t6i vu da muyc tiéu s& tim ra tat
ca céc théng sb cua hé thbng HAPF, bao gom
cac thdng s6 mach dong luc va cac théng sb
mach diéu khién thi loi giai s& thoa man duoc
nhiéu rang budc va dat dwoc nhiéu muc tiéu.

Trong d6 cac thong sb can tinh toan 1a: Cr,
R1, L1, C1, Lo, Co, Ve, Kp va Ki lan luot
tuong ang voi cac bién can tim 1a f1, f2, f3, fa,
fs, fe, f7, fs va fo.

Bang tong hop cac két qua tim duoc Voi
phuong phép téi wu hoa da muc tiéu qua 100
lan lap. Két qua nhu sau: Cr = 170,32uF; C1

= 383,3pF; L1=25,92mH; R1=0,035€Q; Lo =
1,31mH, Co = 60,74uF; V4 = 687,2V. K¢ét
qua do dugc: THDIis% = 0,93%; Qou =
4040Var; sai so bu (error) = £3A.
~ Cling véi d6 1a céc thong so dicu khién tot
nhat cua Kp=59,9 va Ki=0.86. Cac dang séng
cua HAPF véi phuong phap PSO duoc thé
hién & hinh 7.
hr |t|r'||'”.|l:'“||"']| |I MARAAALARLS :Pul‘."l.l I|.'"i"’ I
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Hinh 7. Pdp irmg dong ciia HAPF véi cac théng sé
duoc xac dinh theo PSO.

Tima(s)

Hinh 8. Céac dgng song ¢ xac lap cua HAPF véi cac
théng so duoc xdc dinh theo PSO.

Tur H. 8, ta nhan thay rang: THD cua is
giam tir 32,13% xudng con 0.93%. trong khi
d6 dung luong phan khang giam tur 4820Var
xudng con 780Var, tirc 1a dung luong b vao
1a 4040Var, sai s6 b giam xudng con +3A.

5. Két luan

Bai bao nay di dwa ra dugc mot cach tiép
can méi trong thiét ké t6i wu hoa da muc tiéu
mach loc tich cuc dang lai ghép.

Cach tiép can nay cho phép ching ta xéac
dinh duogc tat ca cac théng sb cua ca mach
dong lre va mach diéu khién caa mach loc tich
cuc dang lai ghép.
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Két qua dat dugc vira mang tinh téi uu
toan cuc vira thoa min duoc diéu kién 6n dinh
hé thdng. Nghién ciru ndy c6 ¥ nghia thiét thuc
g6p phan nang cao chit lugng dién ning trong
hé théng.
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