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TOM TAT

Véi s phat trién ciia nganh céng nghiép hién dai, cdc tai phi tuyén nhw déng co, cdc thiét
bi dién tw (bién tan, bé chinh luu, va chuyén mach cong sudt) dwoc s dung rong rai. Cac tai
phi tuyén hoat ddng tao ra cdc song hai trén lwdi dién, lam tang nhiét d¢ hé thong, giam cong
sudt va gdy nhiéu 1én ludi dién va dan dén dong dién va dién dp cung cdp bi bién dang va chat
lwong dién nang giam. Bai bao nay nghién ciru bg loc tich cuc song song ba pha ba day, loc
song hai do tai phi tuyen (bo chinh lwu tai RL). Sir dung thudt todn dieu khién dong dién truc
tiép, voi bo diéu khién truot. M6 phong trén phan mém Matlab- Simulink cho két qua tong do
méo diéu hoa (THD) ciia dong dién nguon dwoc gidm tir 26,80% xuéng con 2,30%. B¢ loc tich
cuee thiét ké lam giam dang ké lwong song hai dong dién, hoat dong dap ung tiéu chuan quy dinh
dé ndng cao chat lwong dién ndng.

Tir khéa: B¢ loc tich cuc; song hai; loc song hai; loc tich cuc; tai phi tuyén.
ABSTRACT

With the development of modern industry, a various nonlinear and time-varying electronic
devices such as inverters, rectifiers, and switching power supplies are widely utilized. These
solid-state converters inject harmonics into the power lines and result in serious distortion in
the supply current and voltage and decrease the power quality. Harmonics increase the
conduction losses, eddy current losses and also have bad impacts on other loads connected to
the same voltage source. This article presents a three-phase three-wire shunt active filter
configuration. The proposed scheme implements simplified control algorithms depending on
the direct current control (DCC) techniques for designing trajectories in sliding mode control
based shunt active power filter (SAPF). The performances of the AF were verified through a
simulation with MATLAB-SIMULINK. The THD of source current is reduced from 26,80% to
2,30%. The results indicate that proposed active filter can reduce the current harmonics.

Keywords: active filter; harmonic; harmonic filter; active filter; nonlinear load.

1. PAT VAN DPE

Song hai gay nhiéu khong mong muén,
lam anh huong tryc tiép téi chat luong dién
nang, séng hai 16n hon mtc do cho phép sé
lam cho céap bi qua nhiét, pha hong cach dién
c¢6 thé din téi pha huy chét dién méi hong
thiét bj hién thi s dung dién va dén chiéu
sang, 16i cac thiét bi bao vé co thé ngét dién,
may tinh hoat dong va thiét bi do luong.

Nguyén nhén gay ra song hai do cac qua
trinh khoi dong dong co, hoat dong cac bd
bién tan cac hé truyen dong dién, 16 luyén hd
quang, may han hd quang, may bién ap, may
tinh va céc thiét bj dién tir khac, ...

Trén thé gidi va ca trong nudc da co rat
nhiéu truong dai hoc, nhom nghién ctru di sau
vao nghién ctru mo hinh bd loc tich cuc nhu b
loc tich cuc mot pha, bd loc tich cuc ba pha ba
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day, bo loc tich cuc ba pha bdn day, cac nghién
clru rat da dang, st dung cac thuat toan diéu
khién hién dai nhu diéu khién PID, diéu khién
truot, diéu khién logic mo - noron. ... Mdi dé tai
nghién ctru déu co dic diém riéng tuong ung
v6i cac muc dich nghién ctru va thiét ké, ché tao

Bui Qudc Khénh, Nguyén Kim Anh [1]
nghién ctu su anh huong caa 10 niu thép cam
g 1én ngudn cung cip va trén co sé do thiét
ké bo loc tich cuc song song (AF) dé 1am
nhiém vu triét tidu song diéu hoa dong dién
bac cao va bt CSPK cho nguén 10. Bac diém
cta 10 Ia loai tai cong suat lon, mirc do phi
tuyen manh va 13 ganh ning cho nguon cung
cap vé cong suat phan khang (CSPK). Dé tai
nay di nghién ctru sy anh huong cua 10 nau
thép cam ung Ién nguon cung cip va trén co
s& d6 thiét ké bo loc tich cuc song song (AF)
dé lam nhiém vy triét tiéu song diéu hoa dong
dién bac cao va bu CSPK cho ngudn 10, tac gia
sir dung thuat toan thuyét cong suét tic thoi p
— q lam thuat toan diéu khién cho bo AF.

Juntao Fei [2] da nghién cttu bo loc tich
cuc ba pha diéu khién dong dién gian tiép ap
dung phuong phap diéu khién truot. Trong dé
tai nay, phuong phap diéu khién truot méi
duoc thiét ké dé thyc hién giam sat dong dién
tham chiéu trong diéu khién dong gian tiép.
Uu diém cta viéc stir dung bo diéu khién truot
moi cho b loc tich cuc song song voi ky thuét
dong dién gian tiép 1a n6 khong can bo phén
phat hién séng hai. Bg loc tich cuc dugc thiét
ké c6 hiéu qua triét tiéu song hai tot va giam
nho song hai trong dai rong cua dong dién tai
clia tai phi tuyén khac nhau.

Farid Hamoudi [3] da nghién ctru bd loc
tich cuc ba pha bon day ap dung phuong phap
diéu khién trugt. Muc dich cai thién dang
song dong dién pha, giam dong dién trung tinh
hién tai, bu cong sudt phan khang trong hé
thdng phéan phdi.

ThS. Pham Van Hiép [4] da nghién clru
ché tao thiét bi tiét kiém ning luong thong qua
viéc loc, thu va sir dung ndng luong song hai.

2. NOI DUNG THIET KE

Pé khic phuc cac anh hudng cua song hai
nhom tac gia st dungbd nghich cau dugc su

dung nhu 1a mét may phat dong dién hai ly
tudng bao gém 6 chuyen mach véi diode noi
song song trén mdi chuyén mach. Céc thiét bi
ban dan thich hop 12 IGBT hodc MOSFET véi
diode song song dé vé qua dong dién. Nhom
tac gia thiét ké cau nghich luu st dung IGBT
nhu hinh 1.
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Hinh 1. Cd4u hinh mach loc tich cuc (AF) ba
pha ba day.

Mach thiét ké mach loc ba pha ba day su
dung k¥ thuat diéu khién dong dién tryc tiép,
dong dién tai I 1a tin hi€u ngd vao cua bd loc
AF, dong dién nay ding dé lam tin higu tham
chiéu, tin hiéu dong tham chiéu so sanh voi
dong dién do bd loc phat vao ludi I tao ra tin
hiéu dua vao khéi tao xung diéu khién céc
IGBT. Dong dién Ir cuia b loc phét vao ludi,
€6 cung bién do va nguoc pha vdi dong di¢n
hai, nén triét tiéu song hai do tai tao ra. Khéi
tao xung c6 st dung bo diéu khién truot vi thé
tang hidu suat triét tiéu song hai

Hai ky thuat diéu khién dong dién gian
tiép va truc tiép c6 diém chung 1a 13y tin higu
dién 4p & dau ngudn Us tao tin hiéu tham
chiéu, ky thuat diéu khién dong dién gian tiép
thi st dung dong dién nguon is, con ky thuat
diéu khién dong dién truc tiép thi sir dung
dong dién tai i, dé 1am tin hiéu so sanh cua
ngod vao bo tao xung kich. Ca hai k¥ thuat trén
c6 tinh chat 1a néu ngudn dién cach xa tai gy
kho khan trong viéc lép dat, tich hop bg loc
vao mach.

Do d6, dé tai sir dung k¥ thuat diéu khién
dua vao ky thuat diéu khién dong truc tiép
nhu hinh 2. Tin hiéu tham chiéu sir dung ngay
chinh dong dién tai chu khong st dung tin
hiéu dién ap ngudn va dién ap tu dién nhu hai
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ky thuat diéu khién di trinh bay ¢ trén. K§
thuat nay c6 uu diém 1a tit ca tin hiéu dau vao
cua b loc sir dung ngay chinh dong dién tai
nén dé dang lép dat, tich hop bo loc vao mach

dién/tai, nhu tich hop bd loc vao mach dién
cuia may bién tan, cac bd di¢u khién/khoi dong
mém dong co...

- .
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Hinh 2. Ky thugr diéu khién tgo xung kich cho cac IGBT

Theo hinh 2, dong dién tai i, duoc dua
vao khdi vong khoa pha (PLL) dé tao ra dong
dién tham chiéu i*, (1a thanh phan co ban cta
dong dién tai, loc bo cac thanh phan hai).

Lta = lLmax.Sin(at) (1)
i b = lLmax.sin(at + 120°) (2)
i Le = limax.Sin(at - 120°) (3)

Dong tham chiéu i*, dua vao khdi trir v6i
dong dién tai két qua thu duoc i ¢ la thanh
phéan dong dién hai:

i*Fa =iLa- i*La (4)
T T TS (5)
IFc:|Lc'|Lc (6)

Dong i ¢ so sanh v6i dong dién cia bo
loc i phat vao ludi thu duogc tin hi¢u sai 1éch,
tin hiéu nay chinh 1 ngd vao cta bo diéu ché
xung kich cho cac IGBT.

D6i v6i mach tao xung st dung mach
diéu khién dong tré (Hysteres1s Current
Control). Cac dai luong | Fa, | Fb, i Fc tuong
tmg 1a dong dién yéu cdu cac pha cia bod
nghich Iuu, cac dai luong ira, IFp, Irc twong
mg 1a dong dién hdi tiép cua bd nghich luu.
Sai I¢ch cua hai tin hi¢u nay 1a tin hi€u tao sau
xung kich cho cac IGBT nhu hinh 3.

Do bg nghich luu dugc stir dung theo quy
tac kich dong d6i nghich, cac IGBT (T1-T4),
(T2-T5), (T3-T6) c6 xung kich dong nguogc
nhau. Ta dung cong NOT dé tao xung kich

dong cho cac IGBT (T4-T5-T6), tir cac IGBT
(T1-T2-T3). Bién d0 sai soO (hysteresis band)
cua mach s& dugc dat theo gia tri yéu cau.

Piéu khién ham phat xung song hai
nguoc st dung mit trugt bao gom dong dién
tham chiéu. Cho (I*) 1a gié tri tham chiéu cua
dong dién tai. Gid tri tham chiéu cua dong
dién tai 1a diém can bang ctia h¢ thong.

Mat truot:

S=(i*k-ir) + Af (if — ip)dt,[5] (7

V6i i*e la dong dién tham Chiéu va Ala
thong s6 diéu khién hay goi 1a hé sd truot. HE
sO truot co gid tri dwong dam bao sy on dinh
cua AF.

_ Trong bd diéu khién truot dé dép tmg
diéu kién ton tai, ching ta xac dinh U nhu sau:
(1 if §>0
U _{—1 if $<0 (®)
Nhu vay ta c6 trang thai dong ngit theo
ngd vao di€u khién ba pha theo bang 1.

Bing 1. Trang thdi déng ngdt

U, | T1 | T4 Uy | T2 | T5 U | T3 | T6

1 |OFF|ON| | 1 |OFF|ON| | 1 |OFF|ON
-1 |ON |OFF| | -1 |ON [OFF| |-1 | ON |OFF
0 |OFF|OFF| | 0 |OFF|OFF| | 0 |OFF|OFF




Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 45(01/2018)
Truwong DPai Hoc Suw Phagm Ky Thugt TP. Hé Chi Minh

3. MO HINH MO PHONG

»T1 M6 hinh mé phong sit dung Matlab theo
so dd khéi hinh 5.Két qua khao sat hoat dong
ctia mo hinh cho gié tri dang song, THD cuia tin
hi€u dién ap, dong dién nguén va tai khi mach
khi chua ¢6 mach loc, khi mach ¢6 b0 loc tich
cuc (AF), va thiét ké khau diéu khién truot vao
b loc tich cuc (SMAF). Céc thong sb cai dit
cho mé hinh dugc biéu dién ¢ bang 2.
Bing 2. Théng sé cai dat ciia mé hinh
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Hinh 5. So d6 khéi cua bg loc tich cuc ba pha ba day
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3.1 Két qua hé thdng khi chuwa c6 mach loc
Vi tai Nonlinear load 1 dong vao mach
tai thoi diém t = 0s, Nonlinear load 2 doéng
vao mach tai thoi diém t = 0,1s, Nonlinear
load 3 dong vao mach tai thoi diém t = 0,2s),
ltc nay hé thdng chua c6 mach loc séng hai.
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Hinh 6. Dang séng dién &p nguén cung cap
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Hinh 9. THD cuia dong dién nguon pha a tai
t =0,05s la 26,8%
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Hinh 10. THD cua dong dién tai pha a tai t
= 0,05s la 26,8%

Hinh 6 hién thi dang séng cua dién ap
ngudn cung cap, hinh 7 hién thi dang séng cta
dong dién ngudn va hinh 9 hién thi THD cua
dong di¢én nguén pha a la 26,8% tai t = 0,05s.
Hinh 8 hién thi dang séng cua dong dién tai va
hinh 10 hién thi THD ctia dong dién tai pha a
1a 26,8% tai t = 0,05s.

3.2 Két qua md phéng hé théng khi mach
loc AF dong dién vao lwéi
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Hinh 11. Dang song dong dién nguO‘:n va tdi
khi cé mach loc AF trén cung do thi
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Hinh 12. THD ciia dong dién nguon pha a
khi c6 mach loc AF la 2.32%
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Hinh 11 biéu dién dang song dong dién
ngudn va tai khi c6 mach loc AF trén cing d6
thi, tin hiéu net dut la dang séng dong dién tai
bi méo dang do tai phi tuyén gy ra, tin hi¢u
nét lién 1a dang séng dong dién nguon thuan
tay sin. Va THD cua dong dién ngudn con
2.32% nhu hinh 12. Khi c6 bd loc thi THD
cia dong dién ngudn giam tir 26,80% (hinh
10) xudng con 2,32% (hinh 12).

3.3 Hé théng mach loc tich cuc c6 b$ diéu
khién truet (SMAF)

Bo diéu khién truot vao bo loc cho két
qua md phong vai cac thdng sé dau vao nhu
trén cho ta:

oo oA
=

Tl
=+

Hinh 13. Dang song dong dién ngué‘n‘va tai
khi c6 mach loc SMAF trén cung do thi

alacted signal: 20 cycies. FFT window (n red): 1 cycles
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Hinh 14. THD ciia dong dién nguon pha a
khi c6 mach loc SMAF la 2.30%

Mach dién tai khong tuyén tinh lam cho
dang song dong dién ngudn cung cap bi bién
dang, khi cong suit tai ting cao thi do bién
dang va cuong do tang cao.

Qua phén tich mé phong ta thdy mach loc
st dung da phat 1én ludi mot dang soéng hai
nguoc pha véi song hai do tai gay ra lam triét
tiéu song hai trén ludi, dong dién ngudn cung
cép sin hon.

Khi chua loc tai thoi diém t=0,05s, THD
ctia dong dién ngudn 1a 26,80% (Hinh 9), khi

c6 mach loc tich cuc AF thi thi THD cua dong
dién ngudn 1a 2,32% (Hinh 12), khi mach loc
c¢6 khau c6 khau diéu khién truot, thi THD cua
dong dién ngudn 13 2,30% (Hinh 14).

3.4 So sanh véi mo hinh cia Juntao Fie [2]

Juntao Fie [2] da nghién ctru bo loc tich
cuc ba pha ba day diéu khién dong dién gian
tiép dé giam song hai dong dién do tai phi
tuyén gay ra trén ludi.

DPé danh gia hiéu sudt cia mo hinh da
thiét ké, tac gia tién hanh mo phong mé hinh
theo thong s6 hé thdng mang dién nhu thong
s6 hé thong mang cia mo hinh Juntao Fie.

Mag (*of fendaments

Frecuerscy (3 x>

Hinh 15. THD ciia dong dién nguon pha a
cua md hinh Juntao Fie [1]
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Hinh 16. THD ciia ddng dién nguon pha a
cua mo hinh

Nhu vdy theo két qua mod phong cia
Juntao Fie thi THD cua dong dién ngudn pha a
tai t = 0.05 gidy 13 2,51%, con theo két qua mo
phong nghién ctru ctia dé tai thi THD caa dong
dién ngudn pha a 1 2,00%. Nhu vdy mé hinh
thiét ké ctia dé tai dat duoc két qua téi wu hon.

Déi chiéu véi tiéu vé song hai cia B
Cong Thuong qui dinh, trong truong hop khi
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chua stir dung bo loc tich cuc cac thanh phén
song diéu hoa trong dong dién tai déu vuot
qua tiéu chuén cho phép duoc quy dinh theo
bang tiéu chuan trong bai bao séng hai cho két
qua nhu y

Ngoai ra trong qua trinh hoat dong néu
phu tai c6 thay doi thi bo loc van dam bao han
ché duoc luong hai gy ra va do méo dang
THD% dam bao trong gidi han cho phép.

Qua cac phan tich va mo6 phong két qua
cho mach loc tich cuc song song ba pha ba
day cho ra duoc két qua tot, dap ing dugc yéu
cau k¥ thuat.
4. KET LUAN

Qua qué trinh nghién cau, tim hiéu va
thiét ké. Nhom tac gia da thiét ké mach loc
tich cuc ba pha ba day véi so d6 diéu khién
bo loc st dung thuat toan diéu khién dong

dién truc tiép, c6 khau didu khién truot. Thuc
hién md hinh hoa va md phong hé théng trén
phan mém Matlab-Simulink. THD cua dong
dién nguén duoc giam tir 26,80% xudng con
2,30%.

Két qua chi ra rang bo loc tich cuc sir
dung dat c6 thé giam dang ké luong song
dong dién hai, dong dién nguon sau khi loc
c6 tong d6 méo dang THD dat tiéu chuan cho
phép theo tiéu chuan vé& song hai cua Bo
Cong Thuong qui dinh.

LO1 CAM ON

Nhém téc gia tran trong cam on khoa
bién — bién tir, phong Pao tao Sau Pai hoc
truong Pai hoc Su pham K thuat da tao diéu
kién, giup d& cho nhém tac gia trong sudt
thoi gian qua.
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