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Nghién ciru mé phéng b loc tich cwe trén phan mém
Matlab/Simulink cho giang day mon Chat lwgng dién nang
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Abstract: This article presents a study of active filter simulation using MATLAB/Simulink software for
teaching Power Quality. Active filters effectively address various power quality issues, such as harmonic
distortion and reactive power compensation. The simulation results illustrate the performance of active
filters in improving power factor, reducing harmonics, and ensuring compliance with power quality
standards. This educational approach strengthens students’ grasp of fundamental concepts and prepares

them for real-world applications in power systems.
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1. Pit van dé

Chat lugng dién ning la khai niém dung dé ch1
murc do phu hop cua dong dién va dién ap cung cap
v6i cac yéu cau ky thuat dé dam bao hoat dong on
dinh va hiéu qua cua cac thiét bi dién. Ngay nay,
cac may moéc phuce tap st dung rong rai trong cong
nghiép ciing nhu trong doi song doi hoi chat luong
dién nang ngay cang cao. Trong khi d6, cac nganh
cong nghiép sir dung ngdy cang nhiéu thiét bi ban
dan nhu bo diéu chinh téc do, 10 hd quang, ngudn
cung cdp may tinh, méy in... lai 1a ngudn tao ra
cac thanh phin song hai gdy nén sy suy giam chat
luorng dién nang. Song hai (harmonics) la cdc thanh
phéan song dién 4 ap hodc dong dién co tan sb 14 boi s6
nguyén cia tan s6 co ban cia hé théng dién. Song
hai gay qua dién ap, méo dién ap ludi, gay qua nhict
cho cac phu tai. Chung con lam tang dong dién trung
tinh, gia ting t6n hao dién nang va lam giam hé 50
cong suit. Tham chi chang con c6 thé gy ra su cb
truyén thong, sai 1éch hé thdng tu dong hoa va gia
tang sy hoat dong bét thuong cua hé théng dién. Do
d6 van @ quan trong dit ra 1a can phai giam thiéu
hodc loai bo cac song hai trong hé théng dién.

Pé xac dinh mirc d6 hai cua dang song (hodc
mirc méo ctia dang song), thuat ngit “Tong cac méo
song hai” (THD- Total Harmonic Distortion) duogc
st dung va co thé duogc ap dung cho ca dién ap hoac
dong dién. THD cua dong dién dugc dinh nghia la:
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B0 loc tich cuc (Active Power Filter - APF) 1a
mot gidi phap tién tién d€ loai bo cac soéng hai va cai
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thién chét luwong dién nang trong cac hé théng dién.
So voi cac bo loc thu dong (passive filters), bo loc
tich cuc ¢6 nhiéu uu diém vuot troi nhd kha nang X
1y song hai hi¢u qua va linh hoat hon. B9 loc tich cuc
hoat dong lam viéc trén nguyén tic 1a kiém soat ludi,
phat hién song hai va khir song hai bang cach bom
vao ludi song hai dong dang, nguoc pha dé triét tiéu
song hai. Ngoai ra, bd loc tich cuc con co nhiéu chirc
nang khac nhu triét tidu song hai va nhiu, diéu chinh
dién ap dau cuc, tranh cong huong.

Dé giang day vé giai phap han ché song hai trong
cong nghiép, tac gid nghién citu md phdéng bd loc
tich cuc trén phan mém Matlab/Simulink, qua d6
minh hoa cdu trac, nguyén ly lam viéc va tac dung
trong viéc cai thién chét luong dién nang.

2. N§i dung nghién ciru
2.1. Céu tricc va nguyén ly lam viéc cuia bg loc tich
cuc

V6i cac phu tai phi tuyén, dién ap diéu hoa nhung
dong dién chtra cac thanh song hai bac cao, dé dong
dién ludi trd lai hinh sin can phai triét ti€u cac song
hai bac cao d6. Str dung phd bién nhét 13 b loc tich
cuc méc song song, phat ra cac song hai twong tmg
nhung nguoc chidu. Gia sir dong dién qua tai ¢ dang:
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-Véii, la song tan s co ban, i
sO clia tan so co ban.

- Nguyén ly lam viéc cua bd loc tich cuc mic
song song la tao ra dong di¢n c6 dang:
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dé triét tidu song hai do.

Céu trac tong quan bd loc tich cuc song song

, 12 song hai boi
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thé hién trén hinh 2.1. Bo loc song song c6 tac dung
nhu nguon dong, bom dong dién vao de triét tiéu cac
thanh phan song hai bac cao.
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Hinh 2.1. Céu triic ciia bé loc tich cuc mdc song song
2.2. Diéu khién dong dién bi

B0 diéu khién dong dién c6 anh huong quyét dinh
dén chit lugng dong dién cung cip cho ludi, ¢ dam
bao cung cip cho dong dién luéi dang hinh sin voi
song hai nho nhat. Phuong phéap diéu khién duoc sir
dung phd bién 1a PI, trong d6 thanh phan hinh sin ba
pha qua phép bién dbi Park vé hé
toa d6 quay d-q va bo diéu khién
PI dugc thyc hién trong mién
khong gian nay.

Mot giai phap hay duoc su
dung 1a xac dinh dong dién bu
theo 1y thuyét cong suit tirc thoi
[2]. So dd cdu trac ciia bo xac
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tré. Cac nhugc diém vira néu trén lam cho khd ning
ung dung cuia phuong phap bi han ché doi vdi cac tai
cong suat 16n.
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Hinh 2.3. Cau triic diéu khién dong dién sir dung
hiéu chinh PI

Phuong phap diéu khién dong dién str dung hiéu
chinh PI (Ramp Comparision Current Control): thuc
hién dong ngit cac cong tic voi tan sb ¢ dinh (hinh
2.3). Do str dung mach diéu ché véi song mang co
tan s6 khong d6i nén phuong phap da loai bé mot
s6 khuyét diém cua phuong phap diéu khién ding
mach tao tré.
2.3. M6 phong bé loc tich cwce trén Matlab/Simulink
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Hinh 2.2. Cau tric ciia bg xdc dinh dong dién bu

Hién nay c6 rat nhiéu phuong phap diéu khién
trong d6 phuong phap phd bién nhét 1a k¥ thuat dung
mach kich tré (Hysteresis Current Control) hodc
dung khau diéu chinh dong dién (Ramp Comparision
Curent Control). Cac cau triic diéu khién nay doi hoi
thong tin vé dong dién thuc té.

Phuong phap Hysteresis Current Control c¢6 uu
diém 1a don gian, dé thyc hién, dap tmg nhanh. Tuy
nhién, nhuge diém cua no 1a tan sb chuyén mach ctua
van ban dan khong xac dinh va thay doi theo tai va
sai s trong qua do co thé dat gia tri 1on. Sai sé dong
dién c6 thé dat 2 lan gia tri sai s6 cho boi mach tao

Hinh 2.4. M6 phong bé loc tich cuc trén Matlab/
Simulink.

Hinh 2.4 14 m6 hinh md phong bang Matlab/
Simulink bd loc tich cuc vai thong sb cho trong bang
2.1. Dé xem xét tinh hiéu qua cua bd loc tich cuc, no
duoc ndi song song véi phu tai qua may cat, dong lai
tai thoi diém t = 0,04 giay.

Bdng 2.1. Théng s6 so d6 mé phong

Tan s6 ngudn 50 Hz

Dién ap pha 220V

Mach phi tuyén Chinh Iuu cau 3 pha
Cdc 700 V

Vdc 40 pF

Lf 0,0012 H

PI Kp=0,1;Ki=1

*Truong hop 1: Téi 1a dién tro R=10 Q, L=0,01H
qua mach chinh luu cau 3 pha.
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Hinh 2. 5. Két qua mé phong cho truong hop 1, tie
trén xuong diwedi: Pién dp nguon, dong dién phu tai
phi tuyén, dong dién bix ciia bg loc tich cuc, dong
dién nguo”‘n.
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Hinh 2.6. Phan tich FFT cua dong dién phu tai (hinh
trdi) va dong dién nguon (hinh phdi) truong hop 1.

Tai phi tuyén sinh ra dong dién c6 chi s6 THD
cao lén dén 29,54% (hinh 2.6). B0 loc tich cuc duoc
mé phong dong tai thoi diém 0,04 gidy. Két qua mo
phong cho thiy, dong dién ngudn thay dbi khi dong
bd loc tich cuc (hinh 2.5). Khi sit dung b loc tich
cuc, chi s6 THD giam xuéng chi con 3,06%, dat yéu
cau (hinh 2.6).

*Trudng hop 2: Tai phi tuyén nhu truong hop 1
nhung méc song song véi phy tai khong can bang 3 pha.

Dong dién khong can bang thé hién trén hinh
2.7. Trong tmong hop nay, dong dién phu ta1 vira
khong can bang vira ¢6 song hai cao, chi s6 THD
1én dén 30,31% (hinh 2.9). Khi sir dung b0 loc tich
cuc, khong nhiing chi s6 THD giam xuéng con 3,8%
(hmh 2.9) ma con dua dong dién vé tinh trang cén
bang (hlnh 2. 8)
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Hinh 2.7. Dién ap nguon va dong dién phu tai
khéng cdn bang 3 pha.
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Hinh 2.8. Két qua mé phong cho trieong hop 2, tir trén
xuong dudi: Pién dp nguon, dong dién phu tai phi tuyén,

dong dién bu cua bo loc tich cyc, dong dién nguon.
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Hinh 2.9. Phan tich FFT cua dong dién phu tai (hinh
trdi) va dong dién nguon (hinh phdi) trirong hop 2.
3. Két luin

Bai viét trinh bay md phong bd loc tich cuc st
dung céu trac diéu khién kinh dién PI. Phuong phap
nay duoc kiém ching qua md phong bang Matlab/
Simulink cho hai truong hop phu tai khac nhau. Két
qua md phong cho thdy, bd loc tich cuc giam thiéu
song hai dam bao tiéu chuén tiéu chuan IEEE 519.
Théng qua két qua mé phong, SV hiéu rd cau tric va
nguyén 1y lam viéc cta b loc tich cyc cling nhu cach
thirc han ché song hai. Mo hinh 1a co s¢ dé SV kha
gioi ¢ thé nghién ctru cac phuong phap didu khién
cho bg loc.
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