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TOM TAT

Bai bao nay dé& xuat mot chién luoc diéu khién dé gia ting van hanh cua bo loc cong
suat tich cuc (APF). Dé giit cho dong dién ngudn hinh sin, mot phuong phap boi hoan hoa
tan hiéu qua duogc phat trién dua vao bo didu khién cong huong-ty 1¢ va lap (PR-Repetitive).
Hon nita, chi phi dé thuc hién APF duoc dé xuat tré nén thap hon, nhd str dung bo nghich
lru ba pha bon khoa. Két qua mé phong bo APF 1,5 kVA dung phan mém PSIM duoc thyuc
hién dé xac nhén tinh kha thi cua chién luge diéu khién duge dé xuét.

Tir khéa: Bo loc cong suét tich cuc, bdi hoan hoa tan dong dién, bo diéu khién cong huong-
ty 1& va 1ap, chat luong dién ning.

1. MO PAU

Gan day, viéc str dung céc tai phi tuyén nhu dong co co thé didu chinh tdc do, may han
hd quang dién va bd ngudn chuyén mach giy ra mot luong 16n dong dién hoa tan vao hé
thong phan phéi. Nhiing dong dién hoa tan nay da lam cho di¢n 4p nguon bi méo dang, lam
tang t6n that dién nang va gia ting nhlet trén mang dién va may bién 4 ap nén gay ra su CO cua
thiét bi dién tar hoat dong. Do nhiing van dé nay, céc tiéu chuan han ché hoa tan nhu IEEE-519
hodc IEC 61000-3-2 d3 duogc cong bd dé dap tmg yéu cu cac dong hoa tin dugc bom vao
cac mang dién phai thap hon céc gia tri dinh trudc [1-2]. Dé cai thién chét lwong dién ning
clia cac mang phéan phdi cling nhu dap tng céc tiéu chuan han ché nay, 2 giai phap chinh da
dugc gidi thiéu: bo loc thu dong (LC) va b loc tich cuc (APF).

Céc bo loc thu dong LC truyén thdng duoc sir dung dé bdi hoan dong dién hoa tan vi
chung don gian va chi phi thap. Tuy nhién, kich ¢ cua «chung thuong l6n va nang. Hon nira,
kha ning boi hoan caa b loc thu dong thuong dugc c¢b dinh va phu thudc rat nhiéu vao tro
khang cua mang, do d6 c6 kha nang gay ra cac van dé cong huong khong mong mudn.
Nguoc lai, cac bd loc cong suét tich cuc co kha nang tao ra dap ung nhanh, linh hoat dé boi
hoan dong hoa tan ma dwoc tao ra bai nhiéu loai tai phi tuyén [3-5].

Céc phuong phap diéu khién khac nhau da duoc ap dung trong bo loc tich cuc nhu diéu
khién tich phan-ty 1& (PI), diéu khién tr&, diéu khién deadbeat va diéu khién lap (RC) [6-12].
Do gigi han cua bang thong diéu khién, bo diéu khién PI khong phai 1a giai phap phu hop
cho bo APF vi bg diéu khién Pl phai xir 1y dong dién hoa tan vai tin hiéu tan s6 cao. Nguoc
lai, phwong phap diéu khién deadbeat c6 thé tao ra dap tng diéu khién nhanh nhung hiéu qua
diéu khién phu thudc dang ké vao mo hinh toan hoc cua bo APF. Mic du, bo diéu khién tré
don gian va bén chit, nhung bo diéu khlen nay ciing c6 mot nhuge diém do 1a xuat hién cac
van dé cong huong khong mong mudn Voi cac mang phan ph01 Ngoai ra, dé dat duoc van
hanh dong di¢n tot dai tre phai duoc thiét lap cang nho cang t6t. Diéu nay dan dén sy gia
tang dang ké tan s6 dong cit va do d6 gay ra ton that dong cét cao hon trén APF.
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Trong bai bao nay, mot chién luoc diéu khién boi hoan dong dién dua vao bo dicu
khién PR-Repetitive duoc thuc hién trong hé toa do dung yén (stationary reference frame)
dugc dé xuat dé nang cao van hanh ctia APF. Véi bo diéu khién PR-Repetitive dé xuat, dong
dién hoa tan duoc tao ra boi tai phi tuyén co6 thé duoc boi hoan twong ddi chinh xac. Ngoai
ra, tong chi phi dé thuc hién APF dugc dé xuat thap hon, nho véao viéc st dung bd nghich luu
ba pha bén khoa. Hon nita, thuat toan diéu khién duoc dé xuit co kha nang giam thiéu dong
dién hai ciing nhu cong suat phan khang dé dat duoc diéu kién hé sb cong suat bang mot &
phia ngudn. Viéc mé phong di dugc thuc hién dé xac nhan tinh kha thi cia chién lugc diéu
khién dé xuat.

2. MO HINH BQ LQC TICH CUC

Hién nay, bo chinh luu ba pha st dung diode dwoc sir dung rong rai trong cac bo truyén
dong trong cong nghiép. Cac loai tai nay dua cac song hai bac lé6on+1(n=1,2,3..)) cua
tan sé co ban vao ludi dién. Do cac dong dién hoa tan ‘nay gy anh huong nghlem trong va
lam giam chat luong dién ning ctia hé théng phan phdi dién. Vi vay, cac bd loc cong suat
tich cuc dugc phat trién dé bdi hoan cac dong dién hoa tan d6 nham cai thién chét lugng dién
nang.

B6 loc cong suit tich cuc két ndi véi hé thong ludi ba pha duoc thé hién trong Hinh 1.
V& co ban, bo loc tich cuc 1a mot bd nghich luu 4p ba pha su dung 4 transistor c6 cyc diéu
khién cach ly (IGBT) (thay vi 6 IGBT nhu truyén thdng) duoc két ndi song song vai tai phi
tuyén tai mot diém chung thong qua cudn cam Lg. Ngd vao cua bo loc tich cuc 1a mot nguon
ap DC ghép v6i 2 tu dién c6 gia tri bang nhau. Cac tai phi tuyén duogc thé hién bang bo chinh
Iuru 4p ba pha két véi ngd ra duoc két ndi véi tai RLC.

B6 loc tich cuc 1a mot giai phap linh hoat bdi hoan dong hoa tan béi vi no c6 kha niang
bdi hoan cac dong hoa tan duoc tao ra boi nhiéu loai tai phi tuyén khac nhau cling nhu boi
hoan dong hoa tan nhanh cho tai thay doi. Muc tiéu cua b APF 1a tao ra dong hoa tan (ig. abc)
cd do I6n glong nhau va nguoc pha so vei dong hoa tan duoc tao ra bai tai phi tuyén, va de
dam bao rang dong dién nguon (isanc) chi chira thanh phan co ban. Bé dap ung cac yéu cau
nay, so do diéu khién truyén thong doi hoi mot bo phat hién hai va bo diéu khién dong dién
trong d6 ca hai phai duoc thiét ké hop 1y dé dat duoc hiéu suat diéu khién tét. Tuy nhién, n6
¢6 thé gay ra sy phic tap trong qué trinh thiét ké.
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Hinh 1. So d6 hé théng dién dung bo loc tich cuc.
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3. PIEU KHIEN DONG PIEN CHO BQ APF DUNG BQ PIEU KHIEN PI

Dé don gian héa so dd diéu khién, mot chién lugc diéu khién sir dung bo diéu khién Pl
dugc thé hién trong Hinh 2. Dong dién tham chiéu trong hé toa do quay d-g-e (rotating
reference frame) trong so dd c6 duoc bang cach sir dung bo loc thong thap cho dong dién tai
va dugc xac dinh boi phuong trinh:

i;e = ide - ideL(s) (l)
e = ige ()
Trong d6: L(s) 1a ham truyén caa b loc thong thap (LPF) duoc cho trong phuong trinh sau:
ke,
L(s)=——— @)
S+,

Véi k 1a d6 loi, o = 2xf. va f.1a tan sé cit. Trong nghién ciru nay, ta chon k = 1,
.= 31,83 (rad/s).

Bo diéu khién PI duoc st dung dé diéu khién dong dién tao ra dién ap tham chiéu duoc
cho béi (4) va (5):

V;de = Kpde (i;e - iFde) + Kide (i;e - iFde)dt (4)

V;qe = que (i;e - ine) + Kiqe (i;‘ - ine)dt (5)

*

Dién 4p tham chiéu ngd ra (Vi , Vi, ) CUa bo diéu khién dong dién duoc chuyén sang

hé toa d¢ a-b-c (V,,,) va dugc dung dé diéu ché do rong xung (PWM) dé diéu khién bo loc
tich cuc. Ky thuat didu ché do6 rong xung s& duoc trinh bay chi tiét trong phan 5.

*
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Hinh 2. So @b khi diéu khién dong dién bo loc tich cyc ding PI.

B loc tich cure

4. CHIEN LUQC PIEU KHIEN PE XUAT

Do gioi han ciia bang thong diéu khién, bo diéu khién PI khong phai 1a giai phap mang
lai hiéu qua cao cho cac wng dung APF vi bo didu khién PI phai xir Iy dong dién hoa tan, 1a
tin hiéu tan sb cao. Trong so d6 diéu khién d& xuét (Hinh 3), bo diéu khién PR-Repetitive
duoc sir dung dé diéu khién dong dién ngd ra cia APF.
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Hinh 3. So d6 khéi diéu khién dong dién b loc tich cuc dung PR repetitive.

Dong dién tai (1. ) do dugc tir cim bién va sau d6 duoc chuyén sang hé toa do ding
yén (d-g-s). Dong dién tham chiéu theo phuwong d (i;s) va theo phuong q (i;s) lan luot dat
duogc thong qua bd loc thong dai (BPF) dugc cho trong phwong trinh (6) va (7), nhu sau:

i;s = ids o ids H (S) (6)
iy =g —igsH (3) ()
Trong d6: H(s) 1a ham truyén cua b loc théng dai:
kBs
HS)=——"— 8
) s’ +Bs+a] ®)

Véi k 1a d6 loi, o = 2rf,, f,=[ff; 1a tan s6 trung tdm va B 1a do rong tan sé thong dai.
Trong nghién cttu nay, ta chon B = 125,66; w.= 376,99 vak = 1.

Dong dién tham chiéu igqs dugc so sanh vai dong dién do duoc tir ngd ra bd loc tich
CuC Ig 44~ Sau do, sai sd nay dugc thong qua bd diéu khién PR-Repetitive dé dat dugc dién

ap tham chiéu v, «qs duoc mo ta nhu trén Hinh 4.

> K

|dqs+ S

IF,dqs

Hinh 4. So d6 bo diéu khién dong dién dung PR-Repetitive.

Ham truyén cta bo PR-Repeptitive c6 dang:
—sT

S €
2 2+Kre

S+ 1-e

Gerre (8) =K, +K; (8)
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Trong d6 K, 1a h¢ s6 ty 18, K; 1a hé s6 tich phan, K. 1a h¢ s6 lap (repetitive) va
T =27/ w, 1a thoi gian tré.

Biéu do Bode cuia bo diéu khién PI va bo diéu khién PR-Repetitive duoc thé hién trong
Hinh 5, trong d6 tan s6 co ban cua hé thong (fo) bang 50 Hz va thoi gian tré (T) bang 0,02 s.
Thong qua dic tuyén dap tng tan s6 va bién do, ta co thé thay rang bo diéu khién PR-Repetitive
duoc lap di 1ap lai tao thanh cac dinh cong huong tai ¢6 tan s bac chin (1¢) cia tan sb co ban.

fo 2f, 3f 4f  5fo 6fg 7o 8fo9f; 11f0 13&,

EE I
Z
S0 PR-Repetitive
= \
&2
A 00 PI\\
PR-Repetitive
D T~ PI
[<5)
s / J T
g T { [ "
o 4!

Tén sb (Hz)
Hinh 5. Biéu dd Bode cua hé thong wng véi hai bo didu khién.
Dién 4p bo tham chiéu dat duoc tir ngd ra ctia bo diéu khién dong dién dwoc chuyén tur
hé toa do ding yén d-g-s sang hé toa do a-b-c. Sau do, dién ap tham chiéu ngd ra (v, ) dugc

abc

st dung dé Q1eu ché @6 rong xung (PWM) de'tao xung kich cac khoa cong sudt cho bo
nghich luu. O day, bo nghich Iuu chi st dung bon khoa cong suat thay vi str dung sau khoa
nhu truong hop thong thuong.

5. PIEU CHE PQ RONG XUNG CHO BQ NGHICH LUU BA PHA BON KHOA

Vi pha C dugc ndi véi trung tinh cua tu DC-link nén dién ap dung diéu ché PWM la
dién ap day thay vi dién ap pha.

V.. =V, coswt

V,. = V, cos(wt —2?”) (9)

V.. = V_ cos(wt + 2?7;)

Vi pha C ndi véi trung tinh, nén tir dién 4p pha, ta tinh duoc dién ap day va d6 Ion dién
ap day bang \/§ dién ap pha va léch nhauz /3:

Vo = V. -V =43V, cos(wt —2)
6 (10)
V.o = Vi, =V =<3V cos(at —%)

Béng cach str dung twong x(ing cua tam giac nhu Hinh 6, thoi gian dong cit c6 thé tinh
toan nhu sau:
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T, = LF \iTS T, = L+£Ts (11)
2V, 2V,

Trong do: \YA

ac’

gian chuyén mach.

V. la di¢n ap tham chiéu day, T, 1a thoi gian lay mau va Ty, T, la thoi

Sy suy méo dang dién dp ngudn c6 thé anh huong dén cac séng dién ap DC-link. Bing
cach sur dung dién ap bu, thoi gian dong cat dugc tinh lai nhu sau:

0T Voo . T VeV
T ==+ =TT, = % + =201 (12)
2 V. 2 Ve
V,, -V
Trong do: V,, = —4—% 5 =
VC
7d | Dang séng
vE %] tam giac
0 AN
Dang séng
sin
Ve
2
1
S; < >le P
0

Hinh 6. Tinh toan thoi gian dong cit ciia khoa S;.

6. KET QUA MO PHONG

Dé xac minh tinh hiéu qua cua chién luge didu khién dugce dé xuat cho bo loc tich cuc,
md hinh mé phong duoc xdy dung dya vao phan mém PSIM. Céac thong s hé thong dugc
liét ké trong Bang 1. Trong hé thong mé phong, tai phi tuyén bao gém bo chinh luu ba pha
diode két néi voi RLC phia ngd ra. Bo APF duoc lip dat dé boi hoan dong dién hoa tan va
cong suit phan khang, va do d6 dong cung cép co thé dugc bdi hoan dé co dang hinh sin va
cung pha véi dién ap cung cép.

Bang 1. Thong sb hé théng

Thoéng s6 Gia tri Thoéng s6 Gia tri
Dién ap 1u6i (Viigms) 135V Dién tro bo loc (Re) 0,05 Q
Tan s6 ludi (fy) 50 Hz bién tro tai (R) 15-25 Q
Cong suit (P) 1,5 kVA Dién cam tai (L) 1 mH
Dién ap DC (Vqo) 420V Tu DC tai (C,) 220 pF
Tu DC (Cyr= Cyc2) 1000 pF Bo diéu khién PI K =4, K,=25
Tan s6 lay mau (f,) 10 kHz B didu khién K, = 27, Kp = 1200,
bién cam bo loc (Lg) 2 mH PR-Repetitive Kre=0,5
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6.1. Két qua mé phong khi khéng sir dung b loc tich cuc
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Hinh 7. Két qua mo phong khi khong st dung bo loc tich cuc. (a) Dong dién ngudn ba pha.
(b) Dong dién ngudn pha A. (c) FFT dong dién nguon pha A.

Hinh 7 thé hién két qua mé phong dong dién khi hé théng khong sir dung bé loc tich cuc.
Dong dién tai ¢ cac pha bi méo dang dudi s anh hudng cua tai phi tuyén. Qua phan tich FFT
cho dong dién ngudn & pha A, ngoai thanh phan co ban 50 Hz con xuit hién thém cac thanh
phan hoa tan bac 5, 7, 11 va 13 tuong Gng Vi cac tan s6 250 Hz, 35 Hz, 550 Hz va 650 Hz.

6.2. Két qua mé phoéng khi sir dung b loc tich cuc ding PI

Dang song ngudn va dong dién ngudn trong trudng hop nay dugc thé hién trong Hinh 8.
Dong dién ngudn & cac pha da duoc boi hoan va cé dang song sin. Dang song ctia dong dién
bdi hoan duoc thé hién trong Hinh 9 (). Hinh 9 (a) cho thdy dang song ngudn & pha A co
dang sin, tuy nhién qua phén tich FFT nhu Hinh 9 (d) thi vAn con xuét hién cac dong hoa tan
bac cao vai gia tri bé.

0.14
Thoi gian (S)

0.16 0.18

Hinh 8. Két qui md phong dung bé diéu khién PI.
(a) Dién ap nguon ba pha. (b) Dong dién nguon ba pha.
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Hinh 9. Két qua md phong ding bo diéu khién dong dién PI.
(a) Dong dién pha A. (b) Dong dién cuia tai.

(c) Dong dién can bdi hoan (dong dién ngd ra bo loc). (d) FFT dong dién ngudn pha A.

6.3. Két qua md phéng khi sir dung b loc tich cuwe ding PR-Repetitive

Hinh 10 thé hién két qua mo phong dong dién ngudn pha A khi sir dung bo diéu khién
PR-Repetitive cho b loc tich cuc. Véi két qua dong dién ngudn nhu Hinh 11(a), kiém tra
FFT cua dong dién ngudn pha A gan nhu khong ton tai bat cir thanh phan hoa tan nao. Diéu
nay ching t6 rang viéc sir dung bo diéu khién PR-Repetitive trong bo loc tich cuc cho két

qua van hanh t6t hon viéc ding bo diéu khién PI.
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Hinh 10. Két qua md phong dung b diéu khién PR-Repetitive.
(a) Bién ap ngudn ba pha. (b) Dong dién nguon ba pha.
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Bang 2 thé hién két qua do méo hai tong (THD) cua céc trudng hop: khong sir dung APF,
sir dung APF ding bo diéu khién PI va st dung APF dung bd diéu khién PR-Repetitive. Qua
két qua ta co thé théy, d6 méo dang ¢ truong hop khong c6 APF kha cao (50,5%), voi APF
su dung bo diéu khién PI d6 méo hai tong (5, 13%) da giam dang ké. Tuy nhién, khi su dung
bo diéu khién PR-Repetitive ket qua d6 méo hai tong chi con 1,55%. Nhur vay, hé sb6 THD
ctia dong cung cap di giam xudng dudi 2%, hoan toan tuan thu theo tiéu chuan IEEE-519,
tiéu chudn IEC-61000-3-2 va [13]. Vi cac gia tri nay c6 thé thiy viéc dung bo diéu khién PI
cho két qua kha tét nhung véi viéc st dung bo dicu khién PR-Repetitive trong APF cho két
qua van hanh t6i wu hon viéc ding bo diéu khién PI.

Bang 2. 6 méo hai tong & cac truong hop

Khong sit dung | Bo didu khién | B0 diéu khién PR-Repetitive
APF Pl 6 khéa IGBT | 4 khoa IGBT

Do méo hai téng (THD) 50,5% 5,13% 1,34% 1,55%

0.1 0.12 0.14 0.16 0.18 0.2
Thoi gian (s)

0 200 400 600 800 1000
Tan so (Hz)

Hinh 11. Két qua md phong ding bo diéu khién dong dién PR-Repetitive.
(a) Dong dién pha A. (b) Dong dién cua tai. (¢) Dong dién ngd ra bd loc.
(d) FFT dong dién nguodn pha A.
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6.4. Két qua mé phéng dung PR-Repetitive khi tai thay doi

Va Vb e (V)

120 :

60

(@ o

-120

0.25 0.3 0.35 0.4 0.45
Thoi gian (S)
Hinh 12. Két qua md phong khi tai thay doi. 7
(a) bién ap nguodn ba pha. (b) Dong dién nguodn ba pha thay doi.

@@ o

(k) 0

© o

0.25 03 0.35 0.4 0.45

0 200 400 600 800 1000
Tén sb (Hz)

Hinh 13. Két qua md phong trong trudng hop tai thay dbi.
(a) Dong dién nguon ¢ pha A. (b) Dong dién tai ¢ pha A.
(c) Dong dién ngd ra bd loc & pha A. (d) FFT dong dién nguon pha A.
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Hinh 13 két qua mé phong bdi hoan dong dién dung bo loc tich cyc dung PR-Repetitive
véi tai thay doi tir 0,3s. Nhur két qua phan tich FFT cua dong dién nguon pha A (Hinh 13(d))
cho thiy gan nhu khong cé sy Xuét hién cta cac thanh phan hoa tan bac cao. P méo hai
t6ng duoc tinh trong truong hop nay 1a 1,42%. Nhu vay, bo loc van bdi hoan tdt khi tai thay
d6i, qua trinh qua do khong gay vot 16 1am anh hudng dén hé théng.

7. KET LUAN

Bai bao da d¢ xuat bo diéu khién cong huong-ty 1¢ va lap (PR-Repetitive) dé gia ting
hiéu suat cua bo loc cong suat tich cuc (APF). Vi phuong phap dé xuat, hoa tan duoc boi
hoan hiéu qua, so véi viéc dung bo diéu khién tich phan ty 1¢ (PI). Ngoai ra, tong chi phi dé
thuc hién APF dugc dé xuat tré nén thép hon, nho str dung bo nghich luu ba pha bdn khoa.
Hon nira, thuat toan diéu khién d& xuat khong nhitng c6 kha nang giam thiéu dong dién hai
nguon ma con c6 kha niang diéu khién nang cao hé sb cong suat nguon thong qua viéc diéu
khién cong suat phan khang tiry thudc vao yéu cau cua ludi. Két qua mé phong b APF cong
suit 1,5 kVA dung phian mém PSIM duoc thuc hién dé xac nhan tinh kha thi cua chién luoc
diéu khién duoc dé xuét.
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ABSTRACT

CONTROL SCHEME OF ACTIVE POWER FILTER
USING PROPORTIONAL-RESONANT PLUS REPETITIVE CONTROLLER

Nguyen Ngoc Minh Doan, Van Tan Luong*, Tran Hoan
Ho Chi Minh City University of Food Industry
*Email: luongvt@hufi.edu.vn

This paper proposes a control scheme to enhance the performance of the active power
filter (APF). In order to keep the sinusoidal source current, a harmonic current compensation
method was developed by using a proporional-resonant (PR) repetitive controller. Also, the
cost to implement the proposed APF becomes lower due to using a four-switch three-phase
inverter. The simulation results of the APF 1,5 kVA set using PSIM were carried out to
confirm the feasibility of the proposed control scheme.

Keywords: Active power filters (APFs), harmonic current compensation, power quality,
proportional-resonant controller plus repetitive.
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