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GIAM SONG HAI CHO LUOI PIEN PHAN PHOI SU DUNG MACH LQC TiCH CUC LAI KET
HQP BQ PIEU KHIEN PI MO: MO PHONG VA THUC NGHIEM
Harmonic Distortion Reduction in Distribution Power Network Using High-capacity Hybrid Active

Power Filter with Fuzzy PI Controller: Simulation and Experiment

V5 Tién Trung"’, Nguyén Thi Bich Lién?, Nguyén Minh Thu', Lé Thi Minh?

Tom tit:

Séng hai van 1a mot trong céc chi tiéu quan trong
dé danh gia chit lugng dién ning. Trén co s& ly
thuyét vé song hai va cac giai phap cai thién song
hai, bai viét dd dé xudt mo hinh giam song hai
trong ludi phan phdi dién bang viéc str dung mach
loc tich cuc két hop c6 diéu khién boi bo PI mo.
M6 hinh mach loc duoc tién hanh mé phong trén
phﬁn mém Matlab, sb liéu mé phong dugc dua trén
dic diém va thong sb cua ludi phan phéi dién cu
thé cia Huyén Nghi Loc — Nghé An. Cac két qua
mo phong vé song hai dwoc tinh toan, phan tich,
tong d6 méo cua song hai (TDH) dugc so sanh dbi
chiéu dap tmg dugc cac tiéu chuin vé& song hai.
Ngoai ra, trén co s& s6 lidu do dac, bai viét con dé
xuat mot mo hinh thyc nghiém thiét bi loc (bo loc)
dé giam lugng song hai trong hé thong dién.

Tir khéa: Chat lugng dién nang, Séng hai, Mach
loc tich cuc lai (HHAPF), Tong d6 méo song hai
(THD).

Abstract:

Harmonics are still one of the important
indicators to evaluate power quality. Based on the
theory of harmonics and solutions to improve
harmonic distortion, the article has proposed a
model to reduce harmonic distortion in the
distribution power network using a hybrid active
power filter with fuzzy PI controller. The model of
simulation by Matlab software, the simulation data
is based on the characteristics and parameters of the
specific distribution power network in Nghi Loc
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District - Nghe An. The simulation results on
harmonics are calculated and analyzed, and the
total harmonic distortion (TDH) meets specified
conditions by standards. In addition, based on the
measurement of voltage and current harmonic at
PCC, the article also proposed an experimental
model of a filter to reduce the harmonic distortion
in the power system.
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High-capacity Hybrid Active Power Filter (HAPF),
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I. GIOI THIEU CHUNG

Soéng hai 1a do su hién dién cua céac phu tai dang
phi tuyén trong hé thong dién. Mot dang song bét
ky khong sin c6 thé miéu ta nhu 1a tdng cua cac
dang séng hinh sin. Khi ddng nhét tir chu ky nay
sang chu ky khac né co thé dugc miéu ta nhu
nhiing song sin co ban va séng sin bdi s cua tan
s6 co ban, c6 nghia 13 bao gdm séng sin co ban va
chudi cua cac dang séng sin hai bac cao, ma duoc
goi 1a chudi Fourier. Nhitng thanh phan song hai
bac cao ndy la mot dang 6 nhiém dién ning va
dugce goi 1a méo hai. Song hai c¢6 thé phan tich
theo chudi phan tich Fourier cia mot ham c6 chu
ky u(t) nhu sau [1]-[4]:

u(t) =U, + Z::(U(”)S sin(na)t)+ U. cos(nwt)) (1)
1 27
Uy, =— Iu(t)sin(na)t)da)t
7 0

2z
Ui =% Ju(t)cos(na)t)da)t
0

Déu hiéu dé xac dinh mot dang séng méo cé
thanh phan hai bac chin hay bac 1¢ nhu sau:

Dbi xtng 1& f(-t) = - f(t), khong co sb hang sin
trong khai trién Fourier. Hai bac 1¢ xuat hién khi
nta chu ky a&m cua dang song méo ldp lai y hét
ntra chu ky dwong, nhung véi chiu am. Voi
chinh luu ciu xuét hién hai bac 1&, con cac hai bac
chén bj triét tiéu vi nira chu ky dwong va nira chu
ky am 1a d6i ximg nhau.
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Déi xtmg chan f(-t) = f{(t), khong co6 s6 hang cos
trong khai trién Fourier. Hai bac chin xut hién
khi nta chu ky am khong lap lai ntra chu ky
duong. Mot dic diém khac khi co hai bac chin dé
1a phan tu chu ky dAu tién va phan tu chu ky thi
tu 14 gidng nhau, phan tu chu ky thir hai va phan
tu chu ky thtr ba 1a gidng nhau.

Db6i xtmg nira bude song f(t£T/2) = - f(t) co
thanh phan mot chiéu bac 0 va khir cac song hai
bac chin (2,4,6,...). Tinh chit nay cho phép bo
qua cac song hai bac chan.

Méi quan hé cua bac song hai voi cac thanh
phan dbi xtng tuong tmg nhu sau:

Thanh phﬁn thir ty thuan: cac song hai 1, 4, 7,
L3k +1..

Thanh phén thtr ty nghich: cac song hai 2, 5, 8,.,
3k +2.

Thanh phan thtr ty khong: cac song hai 3, 6, ..,
3k+3...

(V6ik=0,1,2,3 ...).

Do méo diéu hoa téng THD la mét s do cua do
méo tan sd don vi gy ra boi séng hai trong hé
thdng va duoc xac dinh theo cong thirc [1]:

JZT S
[ THD, = (2)

1) U]

,/1+THDZ
,/1+THDZ

THD,, =

II. MO HINH MACH LOC TiCH CUC LAIKET
HOP BO PIEU KHIEN PI MO

C6 nhiéu phuong phap dé giam song hai duoc
ap dung nhu dung cac may bién 4p dé cach ly
song hai gitta ngudn va tai, sit dung thém cudn
day ndi tam giac trong may bién ap dé triét tiéu
song hai bac 3, sir dung cac cuon khang diéu hoa
nbi tiép v6i cac mach chinh luu, nghich luu, két
hop v6i sit dung cic mach chinh lwu nhiéu
xung.... Ngoai ra, mot giai phap dugc chi trong
hién nay la str dung cac bd loc. Trong bai viét nay,
st dung mdt dang Mach lgc tich cuc két hop song
song cai tién goi 1a High-capacity Hybrid Active
Power Filter (HHAPF). Muc dich cia dang nay
nham giam dugc cong suét cua mach loc tich cuc
(APF) do d6 c6 thé ung dung dugc véi mang ludi
c¢6 dién ap cao, cong suét 16n [4].

A. M6 hinh mach loc tich cuc két hop

Mach loc tich cuc két hop 1a mot td hop cuia cac
mach loc thy dong va mach loc tich cyc, chinh vi
su t6 hop nay ma no ké thira dugc wu diém cua ca
mach loc thu déng va mach loc tich cuc. Ciu triic
cia HHAPF duoc biéu dién ¢ Hinh 1 gdom cac
phan chinh sau: ngudn, tai phi tuyén, cac mach loc
thu dong (PPF), mach loc tich cuc APF (APF bao
gém: bd nghich lvu nguén ap VSI, bién ap, mach
loc ddu ra caa VSI va bd chinh luu khong diéu
khién) [5].
I

Tipina

Hinh 1. CAu triic cia Mach loc tich cyc két hop song song cai tién.

Trong do:

Us va Zs 1a dién ap ngudn va trg khang cua ludi;

Cp va L, 1a cac dién dung va dién cam tao nén
cac mach loc thy dong;

Ci va L 1a dién dung va dién cam cong huong
tai tan sb co ban;

Cr la dién dung dugc thém vao nham loc hai va
bu cong suit phan khang;

Méy bién ap co ti s6 n:1 nham bao vé, cach ly
giita ngudn va VSI;

Lo, Co 12 mach loc déu ra cua VSL

Tai phi tuyén duge xem nhu 1a ngudn phét ra
hai, trong khi d6 bd nghich luu nguén ap VSI co
thé xem nhu mot ngudn ap c6 kha nang diéu khién
dugc. Cac hai tan s thap do tai phi tuyén tao ra
phﬁn 16n s€ dugc loai bo bdi cac mach loc thu
dong, con lai cac hai bac cao sé dugc loai bo bdi
APF. APF phat ra cac hai d& bu vao ludi nham
triét tiéu cac hai do tai phi tuyén tao ra. Chinh vi
vay ma hai trén ludi dugc loai trir. Nhanh Cg-Ci-
L; dugc thém vao nhim muc dich khu hai, bu
cong suat phan khang va giam duoc cong suit ctia
APF. Do d6 ma mach nay ung dung duogc & cac
luGi dién ap cao, cong sudt 16n. Qua trinh diéu
khién dong mo cac IGBT cua VSI dugce thyc hién
bam theo sy thay ddi cua dong hai tai. Do d06, viéc
tinh toan diing cac thong s6 va chon phuong phép
diéu khién 1a rat quan trong.
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B. B¢ diéu khién

Pé diéu khién cho mach loc cong suit tich cuc
lai ¢6 tu cao &p cai tién (HHAPF), thuong sir dung
cac phuong phap nhu: didu khién hysteresis, so
sanh, tién doan, trugt, PI, tich phan téng quat,
didu ché vecto khong gian,... va phuong phép
thuong duoc st dung nhit 1a phuwong phap diéu
khién hysteresis va phuong phap diéu khién PI.
Phuong phap diéu khién Hysteresis [5], [6] co uu
diém 1a don gian, dap tmg nhanh nhung khuyét
diém 1a phu thudc vao tan sb chuyén mach, viéc
khic phuc nhuge diém nay ciing duoc nhung
mach diéu khién hoi phtc tap.

Vi phuong phap diéu khién PI truyén thng thi
rat don gian, dé thyc hién thuyc nghiém [6]. Tuy
nhién, khuyét diém cta diéu khién PI 14 cac thong
s6 KP, K1 1a ¢6 dinh, néu chon mt gié tri KP qua
16n thi dap tmg s& nhanh nhung rat dé mat 6n dinh
va ngugc lai. Hon nita, trong linh vygc khit hai thi
qua trinh diéu khién 1a phi tuyén. Do d6, néu chi
str dung diéu khién PI truyén thong thi rat kho dé
dat duoc két qua tét. Dé giai quyét khuyét diém
nay ngudi ta thuong dung diéu khién mo, neural,
hoic dang két hop PI v6i md, neural, ... [5]-[7].

Mot bo didu khién PI-mé duoc dua ra trong ndi
dung nay, nhiém vu ctia n6 1a nham diéu khién bo
nghich Iuu ngudn ap phét ra dong bi nhu mong
mudn. Két qua mé phong chimg minh dugc rang
phuong phap diéu khién PI-mo cho két qua tbt
hon phuong phép diéu khién PI truyén thong.

e(k)

“ly,

L

B diéu khién
md

Hinh 2. So dd khéi diéu khién cia HHAPF ding PI-mo.

Céc thong sd Kp, K1 ban dau cua b diéu khién
PI dugc tinh toan offline dwa vao phuong phap
Ziegler-Nichols [6] va khong thay ddi trong qué
trinh diéu khién. B6 diéu khién md s& hiéu chinh
cac gia tri AKp va AKj, do d6 cac thong sé Kp, Ki
cliia bo diéu khién PI s& dugc diéu chinh hop 1y
theo su thay d6i cua tai.

{KPnew =K, 4 +AK,
K, . =K, .+AK,

(3)
I—new I1-old
Trong do, Kp va Ky lan luot 1a d6 loi ti 16 va do
loi tich phan cta bd didu khién.
Nhiém vu ctia ngudi thiét ké bo didu khién PI 1a
chon lya bd gia tri {Kp, Ki} thoa man cac yéu ciu

vé chit lugng diéu khién. Cac thong s6 do loi Kp
va Ky anh huong dén thoi gian ting (rise time), do
tang (overshoot) va thoi gian xac lap (settling
time) cua dap tng. Céc thong tin nay dugc xem la
co s tri thire dé xac dinh luat chinh dinh mo bo
diéu khién PI.

CAu triic cia mot bd diéu khién mo ¢6 thé duge
biéu dién nhu Hinh 3.

Bau vao 4% Khau mé hoa H Co ché suy dién |—-| Giai mer |—> Daura

LECU s& dir lieu

Hinh 3. CAu trac cua bd diéu khién mo.

O day cac dau vao cua bo diéu khién mo 1a e(k)

va Ae(k):
e(k):_.u,_im (4)
Ae(k) = e(k) —e(k - 1)

Gia trj cua e(k) va Ae(k) thay doi theo hé thong
thuc. Cac luat mo nay cho phép suy dién gia tri
dau ra. Chon luat hop thanh theo nguyén tic min-
max va gidi theo phuong phap trong tdm. Ham
thudc cudi cung thu dugc bang cach tb hop tat ca
cac ham thudc. Gia tri nay la trong tdm cua cac
ham thudc va duoc tinh bdi cong thire sau:

> 1 (e(k), Ae(h))AK,
Kpor =Kp o + = n
D 4 (e(k), Ae(k))
o 5)
H; (e(k), Ae(k)).AKII.
K[—N@W = KI—ald + = n
21 (e(h), Aeh))

III. KET QUA MO PHONG

Dé minh hoa thé hién cac uu diém trong ché do
xac 1ap va trong cac dap ting dong cua hé thong
khi st dung b didu khién PI m& so v6i bo PI
truyén thong, tién hanh mé phong cho mot truong
hop phu tdi trong ludi dién phan phdi, cic sb lidu
cho viéc mo phong duge ldy tir luéi phan phdi
dién tai Huyén Nghi Loc — Ngh¢ An.

Céc théng s6 md phong:

Ngudn: 22kV-50Hz; Ry = 0.5Q, Ls = 0.2mH.

Cr = 20.65pF; C; = 690puF; Li = 14.75mH; R, =
0.0168Q.

Mach loc thu dong: Cp = 49.75uF; Lp =
1.77mH; Q = 50; Cp2 = 44.76uF; Lpo = 1.37mH; Q
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= 50CF = 19.65uF; C; = 690uF; L = 14.75mH;
R1=0.0168%.

Bo nghich luu ngudn ap: L, = 0.2mH; R, =
0.005Q; C, = 60uF; Vc = 600V. Viaguon, iL, 1s, iLh,
irn, error lan lugt 1a dién ap ngudn, dong tai, dong
ngudn, dong hai tai, dong bu vao hé théng va sai
s6 bu twong mg.

Bing 1. Két qua mé phéng véi phwong phap didu khién PI truyén
thong va PI mo

Chua thay dbi tai Thay dbi tai
° ; = = o @ © o)
5z | = |Zg|lax|2E|2E| 25|28
s| £ g | x| 8| 2% 2| 2|25
= ° © o= o B ol o B
£ a s % 8| ¢8| E=| 22| 22| 2
£ 3 = 8 E<| 8<| E<|8<
Diéu khién PI truyén théng
ic [ 10,97 | 061 [ 10,97 [ 0,61 [ 10,97 [ 0,61 [ 15,74 [0,65
is [ 10,97 [ 0,61 | 142 [ 096 | 62 [ 096 [ 63 [0,94
Piéu khién PI md
i | 1097 [ 0,61 [ 1097 | 0,61 | 10,97 | 0,61 | 15,74 [0,65
is [ 10,97 [ 0,61 | 142 [ 096 | 60 [ 096 [ 61 [0,96

10.00K

,g o WJM“LW i A e
o W ML A G

-600.00

600 DB

00 fm L A A AR VA AR AAMAA

-600.00

ith
50000
0.00 UA‘"
500,00
iFh
200,00

10

-200.00

error

400.00
0.00 ﬂV‘
-400.00
0.00 050 1.00 150 200
Time (s)

10. UUK —————

;ggﬁ \/ R e o T
A.J"J/"\'\\

600. on - . —
0000 bt ’\x\\&f,/ / '\-\\

500,00 L

i
400.00 — T
R i e i

-400.00

et e g

iLh
200.00

000 {nAAn i \mtf»\,mw pimsin frgrnd pfimtin f WL Apmstiafp et
-200.00

iFh
200.00
0.00 flpng MJHM«/\ prom fv\;\—«,»’\ PP firpann \,W-J‘-\J“v\/u\r"w’\rw
-200.00
nnnnn

g N sty

1825 1.95 1875 200
Time (s)

D00 [Py o ooy Pt N i VAT

Hmh 4. Két qua md phong dap ing dong voi b diéu khién PI.
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Hinh 5. Két qua md phong dép tng dong véi bo diéu khién PI mo.

Hinh 4 thé hién dap ung dong ciia hé thong khi
sir dung bo diéu khién PI truyén théng. Trude thoi
diém 0.3s hé thong chua c6 PPF va APF thi i. va
is 1a nhu nhau va c6 d6 méo dang hai tong THD =
10.97%, hé s6 cong suét 1a 0.61. Khoang thoi gian
tir 0.3s dén 0.6s cac mach loc PPF dugc dong vao
hé thong: THD cua is ting 1én dén 14.2%, tuy
nhién hé sd cong sudt cua ngudn ting duoc ting
1én dén 0.96 tir 0.61. Khoang thoi gian tir 0.6s dén
1.2s cac mach loc PPF va APF dugc dong vao hé
thong: THD cua i. 1a 10.97%, THD cua is giam
xuéng con 6,2% tir 14.2%, sai sd bu duge giam
dén £20A trong 0.07s, hé s6 cong suat ciia ngudn
1 0.96. Khoang thoi gian tir 1.2s dén 2s, tai thay
d6i (THD cuia tai tang 1én dén 15.74% tir 10.97%),
cac mach loc PPF va APF van & trang thai nhu
trude d6: THD cua i 1a 15.74%, THD cua is tang
tir 6,2% 1én 6,3%, sai s6 bu tang 1én dén +25A tir
+20A.

Hinh 5 thé hién dap ng dong cua hé thong khi
sir dung bo diéu khién PI-mo. Trude thoi diém
0.3s hé théng chua co PPF va APF thi ip va i 1a
nhu nhau va c6 d6 méo dang hai tong THD =
10.97%, hé sb cong suét 1a 0.61. Khoang thoi gian
tir 0.3s dén 0.6s cac mach loc PPF dugc dong vao
hé thong: THD cua is ting 1én dén 14.2%, tuy
nhién hé s6 cong suat ctia ngudn ting dugc ting
1én dén 0.96 tir 0.61. Khoang thoi gian tir 0.6s
dén 1.2s cac mach loc PPF va APF duoc dong vao
hé théng: THD cua i 1a 10.97%, THD cua is giam
xuéng con 6,0% tir 14,2%, sai sb bu dugc giam
dén £7A trong 0.06s. Khoang thoi gian tir 1.2s
dén 2s, tai thay d6i (THD cua tai ting 1én dén
15.74% tir 10.95%), cac mach loc PPF va APF
van ¢ trang thai nhu trudc d6: THD cua ip la
15.74%, THD cua is 14 6.1%, sai sd bu tang 1én
dén £10A tir £7A.
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IV. THUC NGHIEM MACH LQC TiCH CUC
KET HOP

Noi dung nay thyc hién cac cong viéc mo6 phong
mach loc tich cuc két hop HHAPF trén Matlab st
dung toolbox Target Package TC2 wva thuc
nghiém. Ngudn cip cho hé théng thyc nghiém la
nguén dién 3 pha, ha ap 380V, vdi muc tiéu giam
d6 méo song hai xudng dudi 6,5% theo TCVN.
Cu thé tai huyén Nghi Loc (ngudn cap 1a may bién
ap phan phdi 22/0,4-cong suat 750 kVA) thi ty sb
Iso/IL ¢6 gia tri 48,6 (ndm trong khoang gia tri 20-
50), c6 nghia la tong d6 méo dang hai dong dién
ngudn (THD) cho phép dén 8% [8]. Tuy nhién,
gi4 tri nay c6 y nghia thoi diém (thuc nghiém vao
gio thap diém, cao diém), co nhimng thoi diém, dic
biét cac phuy tai 1an can c6 phu tai phi tuyén cong
sudt cao (may han, cong suat dén 50 kVA) vuot
qua nang luc cua thiét bi thiét ké (d¢én 20 kVA) sé
c6 thé cho gia tri vuot qua mire cho phép.

Hinh 6. Hinh anh thuc nghiém.

B6 ngudn ba pha (Programable Power Ametek
Model 2003RP): dugc sir dung dé gia ngudn ludi
dién 3 pha 50Hz. V&i kha nang thay doi dién ap
dau vao, cho phép hé thi nghiém xay dung tir mirc
dién ap thap dén mirc dién ap cao.

Khdi gia tai: bao gom 1 chinh luu cdu diode 3
pha mic song song v&i bo tai mot chiéu lap trinh
dugc cho phép bo loc chay véi cac dang tai va
cong suat khac nhau.

Bo phén tich chat luong dién ning: cho phép
quan sat dang ludi dién 3 pha trén ludi dién, dang
dong tai va dong bu tir bd loc. Bo phén tich chat
lwong dién ning c6 chirc ning tinh toan chi sb
THD dénh gia chit luong b loc.

Khéi Debug chuong trinh: bao gém bo
Emulator XDS100 trén cad diéu khién va may
tinh cho phép quan sat cac gia tri tinh toan trong
DSP vi du nhu cac gia tri dau vao dau ra bo diéu

khién, thong tin goc pha, khoang diéu ché... Cac
bién trong chuong trinh ciing c6 thé quan sat
thong qua ham chutrc ning ePWMDAC va hién thi
trén Oscilloscope Agilent 54622D.

Két qua chay thir nghiém thyc té:

— Signal to analyze

(@) Display selected signal (7 Display FFT window

Selected signal: 20 cycles. FFT window (in red): 4 cycles
20
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Hinh 7. THD trudc khi loc.
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Hinh 8. THD sau khi lgc.

Tir két qua chay thyc nghiém, thé hién trén cac
Hinh 7 dén Hinh 8 nhén thiy: dong dién dau ra da
khir dugc cac thanh phﬁn hai bac cao (3, 5, 7, 11,
..) dong dién di c6 dang sin. Dong dién c6 tri sb
THD ¢ muc thip (tir gia tri 21,6% xudng con
4,96%). Két qua mo6 phong va thuc nghiém cho
thdy muc tiéu dé ra da hoan toan dat yéu cau, voi
két qua thtr nghiém dat mrc 4,96%.
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V. KET LUAN

Bai viét nay di d& xuit mot giai phap giam song
hai bﬁng viéc sur dung mot dang mach loc tich cuc
két hop song song cai tién c6 diéu khién bang b
PI mo. M6 hinh dugc tién hanh mé phong diwa
trén thong sé cua mot ludi dién phan phéi thyuc té
tai Nghé An. Két qua mo phong cho thiy viée ing
dung mach lgc nay cé thé cai thién dugc song hai.
Két qua khi trang thai xac lap ctia HHAPF s
dung bd diéu khién PI truyén théng: THD giam
xuéng con 6,2% tir 15,74% va hé sb cong suét
tang 1én dén 0.94 tir 0.65. khi sir dung b diéu
khién PI-mo: THD giam xudng con 6,0% tir
15,74% va hé sb cong suit ting 1én dén 0.96 tir
0.65. Bbi voi phan thue nghiém, két qua chay cho
thdy hiéu qua ciia bd loc khi dat duge két qua
4,96% tir 21,49%. Cac két qua nay cho thiy hiéu
qua cua viée str dung mach loc 13 t6t va dap tmg
dugc tiéu chuan vé song hai theo tiéu chudn
TCVN la giam THD xudng duéi 6,5% ddi voéi
ludi dién trung ap 35 kV tré xubng.
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