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LOI CAM POAN

Tén t6i la: Pham Thi Thay Ha

Sinh ngay: 23/02/1984

Hoc vién 16p cao hoc khoa 22 - Ky thuat dién - Truong Pai hoc Ky thuat
Cong nghiép Thai Nguyén.

Hién dang cong tac tai: Truong Cao dang nghé Cong nghiép Thanh Héa
T6i xin cam doan: Ban luan vin: “Nghién ciru &mg dung bd loc tich cue dé loc
séng hai trong lwéi dién phan phdi” do PGS.TS Lai Khic Lii huéng dan 1a cong
trinh nghién ciru ciia riéng t6i. Tat ca cac tai liéu tham khao déu c6 ngudn gbc, xuat
X 10 rang. Cac sb liéu, két qua trong luan vin 13 hoan toan trung thuc va chua ting
ai cong b trong bat ky cong trinh nao khic. Néu sai toi xin chiu hoan toan trach

nhiém.

Thai Nguyén, Ngay 12 thang 5 nam 2022

Tac gia luan van

Pham Thi Thuy Ha
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LOI CAM ON

Sau mdt thdi gian nghién ciru, dugc sy dong vién, giup d& va huéng dan tan
tinh cua thiy gido PGS.TS Lai Khic Lii, luan vin vé6i dé tai “Nghién ctu tng
dung bd loc tich cwe dé loc séng hai trong lwdi dién phan phdi” da hoan thanh.
Téc gia xin bay t6 1ong cam on sau sac dén:

Thay giao hudng din PSG. TS Lai Khic Lai di tan tinh chi dan, giup d& tac
gia hoan thanh luan van nay.

Phong quéan 1y dao tao sau dai hoc, cac thay gido, c6 gido Khoa Pién trudng
Pai hoc K§ thuat Cong nghiép Thai Nguyén di giup do tac gia trong sudt qua trinh
hoc tap ciing nhu trong qua trinh nghién ctru dé tai.

Toan thé cac dong nghiép,ban be, gia dinh va ngudi than di quan tam, dong

vién, giup d& tac gia trong sudt qua trinh hoc tap va hoan thanh luan van.

Thai Nguyén, Ngay 12 thang 5 nam 2022

Tac gia luan van

Pham Thi Thay Ha
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Pham Thi Thuy Ha

Y NGHIA CAC TU TIENG ANH VA CAC CHU VIET TAT

AF - Active Filter

Loc tich cuc

AFS - Active Filter Series

Loc tich cuc kiéu noi tiép

CSI - Current Source Inverter

Nghich luu ngudn dong

DFT - Discrete Fourier Transform

Bién doi Furier ro1 rac

FACT - Flexible AC Transmission

Truyén AC linh hoat

FFT - Fast Fourier Transform

Bién d6i Furier nhanh

PLL - Phase Locked Loop Vong lap khoa pha

SSSC - Static Synchronous Series Controllers | Bo diéu khién nbi tiép dong bo tinh
STATCOM -  Static  Synchronous | Bu dong bo tinh

Compensator

SVC - Static Var Compensation Bu cong suat phan khang

TCSC - Thyristor Controlled Series | Bu ndi tiép dung bo diéu khién

Compensation

thyristor

UPQC - Unified Power Quality Controller

B4 dicu khién chat lugng cong suat

VSI - Voltage Source Inverter

Nghich luu ngudn ap

THD - Total Hamonics Distotition

Méo dang song hai tong
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MO PAU

1. Tinh cép thiét ciia dé tai

Véi su phat trién khong ngimg khoa hoc va cong nghé, ngay cang c6 nhiéu
thiét bi dién tir cong suat tham gia vao ludi dién nhu cac b bién doi trong hé thong
dién mat tro1, dién gio, cac bo bién ddi trong cac may cong cu, bé ma, ... Do ban
chét phi tuyén cta bo bién ddi lam xuat hién nhiéu thanh phin séng diéu hoa bac
cao. Céc thanh phan séng diéu hoa bac cao nay giy anh huong nghiém trong dén
cac chi tidu chét lugng cua ludi dién nhu ting ton hao, lam giam hé sd cong suat,
giam tudi tho ctia cac thiét bi dung dién, ting chi phi san xuat... Vi vy viéc nghién
clru cac giai phap khir song hai, giam thiéu anh huong ciia cac bd bién doi dién tir
cong suit gop phan nang cao chit luong dién ning 1 van dé cap bach dit ra cho cac
nha chuyén mon khi van hanh luéi dién.

Hién nay c6 rat nhiéu giai phap khac nhau dé bu cong sudt phan khang, nang
cao hé sb cong suat ludi dién. Nhitng co s trén ddy 1a 1y do chon dé tai Thac si
nganh Ky thuat dién, dé tai nay c6 tén goi 1a “Nghién ctru wng dung bd loc tich
cwe dé loc song hai trong lwéi dién phan phéi”. Dé tai tap trung nghién ciru Gmg
dung dién tir cong suat dé giam thiéu anh huong ciia song hai dén chét lugng dién
nang cta ludi phan phbi.

2. Muc tiéu, ng¢i dung nghién ciru

+ Muc tiéu: Nghién ctru dé xuat giai phap nang cao hé s6 cong suét thiét bi ding
dién dua trén bién d6i dién tir cong Suét.

+ Noi dung nghién curu:

1) Nghién ctru tong quan vé song diéu hoa bac cao trong ludi dién

2) Anh huéng ciia song hai dén chét lugng dién ning

3) Xay dung b loc tich cuc kiéu song song cho hé théng dién c6 tai phi tuyén
3. Y nghia khoa hoc va thue tién

+ Luén van gop phan nang cao chét lugng loc séng hai ctia cac bo loc tich
cuc, giam tac hai song hai trén ludi dién, tang tudi tho cho céac thiét bi, tang do

chinh xac cho cac thiét bi do ludng.

Huong dan khoa hoc: PGS.TS. Lai Khdc Ldi
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Két qua nghién ctru cua luin vin s& gop phan ting ngudn tu liéu phuc vu cho
cbng tac hoc tap va giang day tai co quan noi hoc vién cong tac.
4. Dbi twong nghién ciru
béi trong nghién ctru 12 loc song hai bac cao trong hé théng dién 3 pha voi
tai phi tuyén.
5. Phuwong phap luian
+ Nghién cibu 1y thuyét: Phan tich danh gid va hé théng hoa cic cong trinh
nghién ctru duoc cong bd thude linh vuc lién quan: bai bao, tap chi, sach chuyén
nganh, ... tir 46 dé xuét giai phap cho bai toan cu thé cta dé tai.
+ M6 hinh héa va mé phéng: dé kiém chiing két qua nghién ctru 1y thuyét
6. Bo cuc luin vin
Luan van thuc hién theo bd cuc noi dung nhu sau:
= Mé dau
= Chwong 1: Tong quan vin dé nghién ciru dé cip tong quan mot sd kién
thirc co s¢ dugce str dung trong luan van nhu céc chi tiéu chat luong dién ning; song
hai va anh huong cua chiing dén chat lugng di¢n nang; phép chhuyén ddi hé truc toa
do; 1y thuyét cong suat tic thoi; cac phuong phap tao tin hiéu diéu khién hoat dong
ctia bo bién d6i mot chiéu sang xoay chiéu.
= Chuong 2: C4c giai phap han ché song hai trong lu6i dién trinh bay nguyén tic
loc song hai trong ludi dién; cAu triic clia cac b loc thu dong, loc tich cuc, so dd va cac
tinh nang ciing nhu wu, nhuoc diém cia timg loai loc song hai.
= Chuwong 3: Ung dung b loc tich cuc dé loc séng hai trong lwéi dién trinh
bay ciu trac bo loc tich cuc str dung IGBT; dé xuat cac phuong phap diéu khién bo
loc tich cuc theo vong hd, vong kin trong mién thoi gian va mién tan s6; dong thoi
md hinh hoa, mo6 phong mdt bo loc tich cuc cho hé thé)ng dién véi cac thong s6 cu
thé.
= K&ét luan va kién nghi
* Tai liéu tham khao

= Phu luc

Huong dan khoa hoc: PGS.TS. Lai Khdc Ldi
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CHUONG 1

TONG QUAN VAN PE NGHIEN CUU

1.1. CHAT LUQNG PIEN NANG
1.1.1. Khai niém

Chat luong dién ning 1a tit ca cac thong sb cua dién ap, dong dién ma co thé
gdy anh huong dén hoat dong binh thudong cua ludi dién va cac thiét bi st dung
dién. Chét lugng dién nang bao gém tan so, gia tri dién ap, dang song, va do can
pha (d6i v6i hé théng 3 pha).

- Tan s6 1a thong s mang tinh hé thong hau nhu dugc giir 6n dinh theo qui
dinh ctia mdi quéc gia.

- Dang song 1a mot chi tiéu chat lugng quan trong cua dién &p. Thuc té trong
ludi dién, song dién ap bao gdm thanh phan song co ban va cac thanh phan song hai
khong mong mudn. Trude ddy thanh phan song hai it dugc chli y dén vi yéu cau chat
luong dién chua cao, mit khac cac thiét bj gay ra séng hai con it. Hién nay, chat
luong di¢n yéu cau cao hon, cac thiét bi dién tir cong suit 16n st dung nhiéu, dan
dén tang ty 1& song diéu hoa so véi song co ban. Pé danh gia do 16n cua song hai
nguoi ta st dung thong s6 THD (Total Harmonic Distortion - goi 1a hé s6 méo

dang) duogc tinh theo cong thuc:

Cac thiét bi st dung dién hoat dong t6t nhat néu chat luong dién dam bao.
Tan sb la thong s6 cua hé théng, & moi diém 1a nhu nhau va duoc gil on dinh. Pién
ap 1a thong s6 ¢o tinh cuc bo, dién ap bi sut giam trén duong day va cac phén tr cia
lu6i dién dan dén cac phu tai dién lam viéc khong binh thuong. O cac vi tri dién ap
khong dam bao yéu cau d6 1a do thiéu cong suit phan khang Q. Vi vay, dé dam bao

dién ap tai cac diém nhu trén thi phai bu cong suat phan khang.

Huong dan khoa hoc: PGS.TS. Lai Khdc Ldi
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Ludn van thac st ky thudt Pham Thi Thuy Ha
Song hai diéu hoa sinh ra do trén ludi dién ton tai cac phan tir phi tuyén, gay

ra cac bat lgi nhu: gay meéo tin hi€u sin cua luéi dién, lam giam hé sb cong Sut,
tang ton that, giam do tin cdy cung cip dién, lam giam chat luvong dién ning. Nén
viéc loc bo cac thanh phan song hai dugc giai quyét.

* Nhitng anh hwéng ciia chit lwgng dién

- Chét luong dién ap ngay cang anh hudng 16n dén cac thiét bi hién dai véi
do nhay cam cao.

- Chét luong dién ning 1a mbi quan tim hang dau trong cic nganh san xut,
chat lugng dién niang thip co thé gy sut ap, lam hong céc thiét bj ban dan.

- Céac cong ty dién lyc ngay cang quan tdm, dam bao chat hrong dién
niing t6t nhat khi dén nguoi sir dung, do nhu ciu dugc cung cap dién ning c6 chat
lugng tot nhat ciia khach hang.

- Chat luong dién ciing 1a nguyén nhan truc tiép anh huong dén qua trinh
hoat dong cua thiét bi cling nhu tudi tho ctia nod.

- X3 hoi ngdy cang quan tdm t6i chat lugng dién. Nha nudc ciing da ban
hanh thong tu vé tiéu chuan danh gia chat lwgng dién ning.

1.1.2. Céc chi tiéu chat lwong dién ning & Viét Nam [18]

Ngay 18/11/2015 B§ Cong Thuong da ky va ban hanh van ban thong tu 39,
thay cho thong tu 32 vé tiéu chuan danh gia chat lwgng dién ning ¢ Viét Nam.
Thong tu ndy ¢6 mot so chi tiét nhu sau:

a) Vé tan sb

Tan s6 tiéu chuan cua hé théng mang ludi dién Viét Nam la 50Hz

o Trong diéu kién binh thudng, dai dao dong tin sb cho phép 1a £2% so véi tan
s6 tiéu chuén.

o Trong diéu kién hé thng chua 6n dinh, dai dao dong tan sé cho phép 1a +5%
s0 voi tan so tiéu chuan.

b) P$ méo hai THD theo tiéu chuén IEE 519-1992 (Bang 1.1 va 1.2)

Huong dan khoa hoc: PGS.TS. Lai Khdc Lii
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Ludn van thac st ky thuat Pham Thi Thuy Ha
Bing 1.1. Tiéu chudn |EE 519-1992 vé hé sé méo dang dong dién

Téng | TiléIsc/l. | Tong bién do song hai dong dién
do (Isc: dong THD: (%)
Séng | bién NM
- | <69kV | 69 <161kV |>161kV
Cip dien 4p -hAaI drilng IL: dong tai
rieng | song <20 5.0 2.5 2.5
1€ (%) | hai
THDv | 20<50 8.0 4.0 2.5
(%)
< 69kV 3.0 5.0 50 < 100 12.0 6.0 3.75
69kV-161kV | 1.5 25 |100<1000| 15.0 7.5 3.75
> 161kV 1.0 1.5 > 1000 20.0 10.0 3.75
Bdng 1.2. Song hai dién ap
Cap dién ap Tong bién dang séng hai Bién dang riéng 1é
110 kV 3,0% 1,5%
Trung va ha ap 6,5 % 3,0%

c) Dién ap

- Cac cp dién ap tiéu chudn bao gébm: 110 kV, 35 kV, 22 kV, 15kV, 10 kV,
0,6 kV va 0,4 kV.

- Trong diéu kién binh thudng, pham vi dién ap dao dong so vai dién ap tiéu
chuan la:

+ Véi khach hang: £ 05 %

+ V&1 nha may dién: + 10% va — 05 %

+ Truong hop nha may dién va khach str dung dién d4u ndi vao cung mot
thanh cai trén ludi dién phan phdi thi dién ap tai diém dau ndi do don vi phan phdi
dién quan 1y van hanh ludi dién khu vuc quyét dinh dam bao phu hop véi yéu cau
ky thuat van hanh lu6i dién phan phdi va dam bao chat lugng dién ap cho khach
hang st dung dién.

Huwémg dan khoa hoc: PGS.TS. Lai Khdc Lii
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Ludn van thac st ky thudt Pham Thi Thuy Ha
- Trong trudng hop su ¢b nhe, dao dong dién ap cho phép trong khoang +5%

va — 10% so voi dién ap tiéu chuén.

- Trong trudng hop su ¢b nghiém trong, cho phép mirc dao dong dién ap
trong khoang £ 10% so véi dién ap tiéu chuan.

- Trong trudng hop khach hang str dung lu6i dién phan phdi muébn dién ap
cao hon c6 thé trao ddi véi cac don vi phan phdi dién.

d) Can bang pha

Trong ché do lam viéc binh thudong, thanh phan thir tu nghich cia dién ap
pha khong vuot qua 3% dién ap tiéu chuan dbi voi cap dién ap 110 kV hodc 05%
dién ap tiéu chuan dbi vai cap dién ap trung ap va ha ap.

e) Nhap nhay dién ap (Bang 1.3)

Bing 1.3. Mirc nhép nhdy dién dp

Cap dién ap Mikc nhap nhay cho phép

Pstoso% = 0,80

110 kV
Piteses = 0,60
) Pstoso = 1,00

Trung ap
Pitose = 0,80
Pstoso = 1,00

Ha ap

Pitose = 0,80

f) Dong ngin mach (Bang 1.4)

Bing 1.4. Dong dién ngin mach

Thoi gian chiu dung toi

Dong ngin Thoi gian toi da loai . .
thiéu cia thiet bi (s)

Dién ap| mach lén |trir sw co ciia bao vé

. Ap dung t6i ngay [Ap dung tir nga

nhét (KA) [chinh (ms) p CURE fOTRgdy AP CURS T nEaY
31/12/2017 01/01/2018
Trung ap 25 500 03 01
110kV 31,5 150 03 01
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g) Ché do noi dat (Bang 1.5)

Bang 1.5. Ché d¢ noi dat

Cap dién ap Piém trung tinh

110 kV NGi dat truc tiép

35 kV Trung tinh cach ly hodc ndi dat qua tré khang

NG dat truc tiép (03 pha 03 diy) hodc ndi dat lip lai
(03 pha 04 day)
06 kV, 10 kV  [Trung tinh cach ly

15 kV, 22 kV

_ NGi dat truc tiép (ndi dat trung tinh, ndi dat lip lai, ndi
Du6i 1000V | | ,
dat trung tinh két hop)

1.2. SONG HAI VA ANH HUONG CUA NO TRONG LUOI PIEN
1.2.1. Khéi niém vé séng hai [4, 5]

Song dicu hoa hay song hai co thé coi 1a tong cua cac dang song sin ma tan
s6 ctia n6 12 boi s6 nguyén cua tan sb co ban (Hinh 1.1).

15

Fundamental == Harmonic

Sten — Fundamental

: = 5th harmonic

500 . - = 7th harmonic
400 Total harmonic
05

o /NN el e
3 6 120 S0 1 b7 270 0
-100 05 W \y W
-200
\

time

Voltage(V)
o

Hinh 1.1. Dang séng sin va dang séng diéu hoa

O ché d6 van hanh ddi xing cac song diéu hoa bac cao c6 thé chia thanh cac
thanh phﬁn thir ty thuan, nghich, khong:

= Thanh phan tht ty thuan: cac song diéu hoa bac 4, 7, 11...

= Thanh phan thtr ty nghich: cic song diéu hoa bac 2, 5, 8.

= Thanh phan thtr ty khong: cac song diéu hoa bac 3, 6, 9...

Huong dan khoa hoc: PGS.TS. Lai Khdc Lii
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Ludn van thac st ky thudt Pham Thi Thuy Ha
Khi van hanh khong d6i xtng thi mdi song didu hoa c6 thé bao gdbm mét trong

ba thanh phan thi tu néi trén.

Séng diéu hoa bac cao anh hudng truc tiép toi chat luong ludi dién va phai cha
¥ khi tong séng diéu hoa dong dién bac cao hon muc do cho phép. Song diéu hoa
dong dién bic cao 1a dong dién c6 tAn sb bang bdi s6 nguyén lan tan sd co ban. Vi
du dong 150(Hz) trén ludi 50(Hz) 1a dong diéu hoa bac 3, dong 150(Hz) 1a dong
khong st dung dugc véi cac thiét b trén ludi. Vi vay no sé chuyén sang dang nhict
ning va giy tén hao.

Str dung chudi Furier v6i chu ky T(s), tan sb co ban f = 1/T(Hz) hay o = 2af

(rad/s) c6 thé biéu dién mot song dicu hoa véi biéu thirc sau:
0

) Z sin(not+y,) (1-1)

n=1
Trong do6:
- ao/2 la gi tri trung binh
- Fn: bién d6 cua song diéu hoa bac n trong chudi Fourier
- Fisin(ot+y1) 1a thanh phan séng co ban
- Fnsin(not+yn) la thanh phan song diéu hoa bac n
-y, la goc pha clia song diéu hoa bac n
Ta c6 thé viét:
Frsin(not+tyn) = Fn (sin(not).cosyn + sinyn.cos(nmt))
Dit bn = Fn sinyn - an =Fncosyn d6 1a 2 thanh phan truc giao, do d6 ta co thé
viét nhu sau:
f(wt) :‘fi—zo+ian cosn oat+§:bnsinn ot (1-2)
n=1 -1

Hay:

(ot) =%°+i£a cos( tj+bn sin(@n (1-3)

Huong dan khoa hoc: PGS.TS. Lai Khdc Ldi
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THD 14 mot tham sb quan trong dé danh gia séng diéu hoa va duoc goi 1a hé

s6 méo dang (Total Harmonic Distortion).

,/EXﬁ
THD =12

1

(1-4)

Trong do:
- X1 1a bién do thanh phan co ban
- Xn 12 bién do thanh phan diéu hoa bac n
Theo d6 tir (1-4) ta ¢ thé danh gia d6 méo hai dong dién va d6 méo hai dién ap

qua hé so0 méo dang dong dién va hé so méo dang dién ap.

> >
THD = —|2 va THD= —lj

1 1
Trong do:

- 11 1a bién @6 thanh phan dong co ban cta dong dién

- Inla bién d6 thanh phan dong diéu hoa bac n cta dong dién

- Ui 12 bién do thanh phan dién ap co ban cua dién ap

- Un la bién do thanh phan 4p diéu hoa bac n cia dién ap
1.2.2. Anh hwéng cia séng diéu hoa bac cao [17, 18]

Sy ton tai song diéu hoa bic cao gdy anh hudng téi tt ca cac thiét bi va
duong day truyén tai dién. Chung giy ra qua ap, méo dién ap ludi 1am giam chat
luong dién ning. No6i chung ching gy ra ting nhiét trong cac thiét bi giam cach
dién, lam tang ton hao dién nang, lam giam tudi tho cua thiét bi, trong nhiéu truong
hop tham chi con gay hong thiét bi.

+ P6i véi lwéi dién: SOng hai 1am ting gia tri hiéu dung va gia tri bién do

cua tin hi¢u dong dién hay dién ap tang, do:

Huong dan khoa hoc: PGS.TS. Lai Khdc Ldi
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Uy = /%flu(t)zdtz /zug SN (VT VE,
n=0
1,1 o) 2 2 12,12
|RMS=,/?jou(t) dt = Z;I = 2124

Vi vay 1am tang phat nong cua day din dién, thiét bi dién. Gay anh huong dén

d6 bén cach dién cua vat liéu, 1am giam kha ning mang tai ctia day din dién, gay
t6n that ludi dién, giam chét luong va cong suét truyen tai trén ludi dién.

+ Poi voi may bién ap: Cac song diéu hoa bac cao gy ra ton that dong, ton
that tir thong tan va ton that st 1am ting nhiét 46 may bién ap, do d6 lam ting t6n
that dién nang.

+ Poi véi dong co dién: Ton hao trén cudn ddy va 15i thép dong co ting,
]am méo momen, giam hiéu suat may, gy tiéng On, cac song diéu hoa bac cao con
c6 thé sinh ra momen xoin, thanh phﬁn song hai bac 3n tao ra tir truong dap mach
lam cho dong co bi rung, lic; thanh phﬁn song hai bac 3n+2 tao ra mo men can lam
cho dong co quay cham lai. Vay cac song hai da lam cho dong co quay cham hon,
rung hon va phat néng nhiéu hon.

+ Poi voi cac thiét bi do: SOng hai anh hudong dén sai sé cua céc thiét bi do,
lam cho két qua do bi sai 1&ch.

+ P0i v6i cac thiét bi bao vé: S6ng hai gay anh huong dén hoat dong cua cac
thiét bi bao V&, co thé lam momen tac dong cua role bién dang giy ra hién tuong
nhay, tac dong nguoc, co thé 1am méo dang dién 4p, dong dién dan dén thoi diém tac
dong cua role sai 1éch.

+ Poi véi tu dién: 1am cho tu bi qué nhiét va trong nhiéu truong hop co thé
dan téi pha hay chat dién méi (danh thing cach dién).

+ Poi v6i cac 10 luyén thép: Tang thoi gian nau chay kim loai, cling nhu
tang thoi gian tao ra san pham dan dén chi phi van hanh va chi phi ning luong ting
cao. Ngoai ra, con giam cong suat ngudn cap dan dén giam hiéu suat van hanh cia

16 Tuyén.
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+ P6i v6i cac thiét bi dién tir: Cac thiét bi dién tir rit nhay cam voi sy khong
6n dinh ctia ngudn cung cép cho né, cac séng dicu hoa bac cao co thé gy song dién
tir lan truyén trong khong gian 1am anh huéng dén thiét bi thu phat song.

+ Poi véi cac thiét bi dung dién khac: Cac song diéu hoa bac cao con lam
cé4c thiét bi sir dung dién va dén chiéu sang bi chip chon.

1.3. CAC NGUYEN NHAN GAY RA SONG HAI TRONG LUOI PIEN

Nguyén nhan co ban nhat giy ra song diéu hoa bac cao trong ludi dién 1a do
tinh phi tuyén cua cac thiét bi dién duogc ndi véi ludi dién, nhu may bién ap, may
phat di¢n, dong co dién, cac bo bién d6i dién tir cong suét trong h¢ théng nang
luong tai tao, cac tai phi tuyén, ...

1.3.1. May phat dién va may bién ap

May phat dién dong bo 1a ngudn phat dién phd bién bién nhit, may bién ap
lam nhiém vy truyén tai va phan phdi dién nang. Trong qua trinh van hanh may phéat
dién va may bién ap néu xuat hién hién tuong bdo hoa cia 15i thép do qua tai hoic
phai 1am viéc voi dién ap cao hon dién ap dinh muc thi ¢ thé sinh ra song diéu hoa
bac cao. Do dic diém cau tao, cac song hai do ching sinh ra chi bao gém cac thanh
phan bac1é (3,5, 7, ...)

1.3.2. Dong co di¢n

Tuong tu may bién ap dong co xoay chiéu khi hoat dong sinh ra séng diéu
hoa dong dién bac cao. Cac song diéu hoa bac cao duoc phat sinh boi may dién quay
lién quan chu yéu t6i cac bién thién cua tir trd gy ra boi cac khe hé giira roto va
stato. Cac may dién dong bo c6 thé san sinh ra song diéu hoa bac cao bdi vi dang tir
truong, sy bao hoa trong cac mach chinh va cac dudng do va do cac ddy quéan ding
dé giam dao dong dat khong dbi ximg.

1.3.3. Thiét bj dién tir cong suit [3]

Ban than cac bo bién doi dién tr cong suat (chinh luu, nghich luu, diéu ap
xoay chiéu...) déu duoc cau thanh tir cac thiét bi ban din nhu diode, thyristor,
MOSFET, IGBT, GTO... la nhitng phan tir phi tuyén 13 ngudn gbc giy song diéu

hoa bac cao.

Huong dan khoa hoc: PGS.TS. Lai Khdc Ldi
20



Ludn van thac st ky thuat Pham Thi Thuy Ha

Tuy thude vao cdu tric cia cac bd bién déi ma soéng didu hoa sinh ra khac
nhau. C4c mach chinh luu trong bién tan thuong la chinh Ivu cau ba pha ¢6 wu diém 1a
don gian, ré, chic chin nhung thanh phan dau vao chtra nhiéu soéng diéu hoa. Do dd,
dé giam bét song dicu hoa cé thé dung hai mach chinh luu cdu ba pha ghép lai véi
nhau tao thanh chinh lwu 12 xung hoidc ghép 4 bo chinh luu cau ba pha vao taothanh
bo chinh luu 24 xung sé& cho ra dong dién tron hon, giam dugc cac thanh phén didu
hoa. Tir 6 c6 thé thay 1a khi mudn giam séng diéu hoa dong dién ta c6 thé ting sb
van trong mach chinh luu 1én. Tuy nhién khi d6 gy ra mot s6 bat lgi nhu cong
kénh, ning, ton thit dién ap 16n va sinh ra song diéu hoa dong dién bac cao khi tai
khong ddi xung hodc dién ap khong di xtng.

Vi du: Bo chinh Iuu ciu 3 pha khong diéu khién cé so d6 nguyén 1y mach
lgyc nhu Hinh 1.2; dang song dong dién ludi nhu Hinh 1.3 va dudng cong dong di¢n
chinh Iuu ddi véi tai thuan tré nhu Hinh 1.3, pho cac thanh phan diéu hoa chi ra trén

Hinh 1.4. Ta thiy tong d6 méo song hai 1én t6i 28,52%.

Ia D:* D; i D;
—_—

Hinh 1.2. So @6 mach lwc chinh lwu cdu 3 pha khéong diéu khién

Fundamental (50Hz) = 56.7 . THD= 28 52%

20t 1
10+ 4
0 ° 10 15 20

Hamome ordes

o

Mag (% of Fundamertal)

oF

Hinh 1.3. Dong di¢n lwdi gdy ra béi chinh luu cau 3 pha khéong diéu khién
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Hinh 1.4. Phé dong dién ciia chinh lwu cau 3 pha khéng diéu khién
1.3.4. Céc thiét bj hé quang

Cac thiét bi thuong gip trong hé thong dién 1a cac 10 ho quang cong nghiép,
cac may han...Theo thdng ké thi dién ap 10 hd quang cho thdy song diéu hoa bac
cao dau ra bién thién rat 16n vi du nhu séng diéu hoa bac 5 1a 8% khi bat dau nong
chay, 6% & cudi gian doan ndng chay va 2% cia giai doan co ban trong subt thoi

gian tinh luyén.

1.4. KET LUAN CHUONG 1

Chuong 1 trinh bay tong quan vé cac chi tiéu chit luong dién ning; Song hai
va anh hudng cta ching dén chét luong dién nang va tac hai cua ching ddi véi cac
thiét bi dung dién, dong thoi phéan tich cdc nguyén nhan gy ra song hai trong ludi
dién. Nhitng van dé néu & chuong 1 1a co s& cho viéc nghién ciru, dé xuét cac giai

phép han ché song hai trong cac chuong tiép theo.
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CHUONG 2

CAC GIAI PHAP HAN CHE SONG HAI TRONG LUOI PIEN

2.1. NGUYEN TAC CHUNG
Nhu phan tich & chuong 1 cho thay séng hai 1a nguyén nhan gay ra méo dang
ctia dién ap va dong dién trong luéi dién 1a giam chat luong dién ning, ting ton thit
nang lugng va giam tudi tho cua cac thét bi trong hé thé)ng dién. Vi vay, viéc khir
s6ng hai trong 1udi dién 1a cap thiét.
Vé nguyén tac dé khir hodc 1am suy giam song hai trong ludi dién ta co thé dung
cac giai phap sau:
= Nang cao chat luong cac bo bién d6i dién tur cong suat ndi véi ludi dién.
* St dung cudn khang chan thanh phﬁn song hai di vao tai.
= St dung bd loc dé loc thanh phﬁn song hai, bo loc 1a nhiém vu ré mach song
hai khong cho chung di vao tai (loc thu dong) hoac tao ra song hai c6 cung
bién d6 va tan sb v6i song hai, nhung nguoc pha voi chung dan dén triét tiéu
duoc song hai trén ludi dién.
Trong chuwong nay s& trinh bay mot sb giai phap khtr séng hai bang viéc nang
cao chat luong cac bod bién d6i dién tur cong sut, sir dung cudn khang chan va bd
loc thu dong. Phuong phap str dung bd loc tich cuc s& dugc trinh bay chi tiét &

chuong 3.

2.2. CUON KHANG CHAN VA CAI THIEN CHAT LUQNG CAC BOQ BIEN
POI PIEN TU CONG SUAT
2.2.1. Swr dung cudn khang chan

Cudn khang dugc mic ndi tiép vé6i tai dé ngin can song hai bac cao chay trén
duong day dén tai, & goc d6 nao d6 co thé cd cudn khang chan 1a mot dang ciia bo
loc thu dong. Giai phap nay don gian, song c6 nhugc diém 13 khong thé ting qua
cao dién khang cia cudn chan vi sut ap trén chiing s€ lam gidm cong suét cua tai.
2.2.2. Cai thién chat lwong cac b bién do6i dién tir cong suat [3, 7]

Céc bo bién dbi dién tir cong suit bao gdm bo dién doi mot chiéu - mot chiéu

(DC-DC), bo bién doi xoay chiéu - mot chiéu (AC-DC), bd bién ddi mot chiéu -
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xoay chiéu (DC-AC) dugc sir dung rat phd bién trong cac may cong cu (CNC), céc

day chuyén cong nghé, trong cac hé théng khai thac ning luong tai tao dién gio,
dién mat troi [8].

Do ban chat phi tuyén ciia cac linh kién ban din, nén ban than chiing 1a ngudn
phat sinh séng hai khi tham gia lu6i dién. Van dé dit ra 1a 1am sao dé han ché bién
d6 song hai do ching sinh ra. Da c6 rat nhiéu giai phap duoc dé xuit trong giai
doan gan day dé han ché song hai phat sinh tir bd bién ddi dién tir cong suét, chiang
han:

= St dung bo chinh luu nhiéu pha dbi véi bo bién doi AC-DC

= Luya chon phuong phép tao xung diéu ché (PWM) phu hop cho cic bo bién

doi DC-AC

Trong pham vi luan van khong di sau nghién ctru cac giai phap nay.

2.3. CAC BO LOC THU PONG

Loc thu dong bao gdm cac phan tir thu dong (R, L, C) duoc ghép ndi véi
nhau va dugc lra chon chomét tan sb loc xac dinh. Nguyén 1y lam viéc caa bo loc
loai nay 1a tao ra mot dudng dan c6 téng tré x4p xi bang khong d6i véi song diéu
hoa can loc dé song diéu hoa d6 chay ra khoi hé thong.

Trong so dd loc ba pha co hai loai bo loc 1a bd loc RC va bo loc LC. Trong
ca hai loai bd loc nay déu co tu dién, tu dién c6 thé méc hinh tam giac hodc hinh
sa0. Khi méc tu dién tam giac thi tiét kiém dung luong tu, xong khong loai trir dugc
hét song diéu hoa dién 4p day.

B6 tu d4u hinh sao c6 dung luong tu tang 1é€n 3 lan nhung loai dugc song
diéu hoa ca dién ap day va dién ap pha va dic biét khi tu déu sao c6 trung tinh thi c6
thé loai ludn dién ap thu ty khong sinh ra khi chuyén mach van ban dan. Sau day ta
xét mot sb loai b loc:
2.3.1.Bo loc RC

Két cau cua bd loc RC duoc chi ra trén Hinh 2.1, tu dién dugc méc song

song v6i duong day. Tong tré pha cta b loc la:
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1 2
Z; = R? +(—C) (2-1)

Q)

Biéu thirc (2-1) cho thdy tong tré ciia bo loc ti 1& nghich vdi tan sb, do vay
cac song hai bac cao dé dang di qua tu va xudng dat, két qua trén dudng day chi ton

tai song co ban. BS loc RC c6 vu nhugc diém sau:

R
Vao e e Ra
D — .

Hinh 2.1. Bé loc RC

e Uu diém: Bo loc RC 1 loai bo loc don gian nhét, gia thanh ré, van hanh dn
dinh.
e Nhuoc diém: Do co dién tré nén phat sinh ton hao, ton hao nay cang lon khi
cong suét 16m; hiéu qua loc kém.
2.3.2.Bo loc LC
Ciu tao co ban cta bd loc LC nhu Hinh 2.2. Ddi véi loc ndy dién cam s&
ngan can dong di¢n tan sb cao, dién dung cho thoat tin hi¢u tan sb cao xuéng dat.
Loc loai ndy c6 nhitng dic diém sau:
e Uu diém: Mach loc LC c6 kha ning loc t6t nhét, n6 loc dwoc nhiéu tan Htheo
¥ mudn.
e Nhuoc diém: Gia thanh dat va su van hanh caa mach kém tin ciay hon mach
loc RC do trong mach ¢6 cudn cam. Gay nhiéu cho cac thiét bi thong tin do
¢6 su phat sinh séng dién tir tir cudn cam. C6 thé xuat hién hién tuong cong

hudng lam ting dong va ap dan dén hong thiét bi.
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Hinh 2.2. Bj lpc LC

2.2.3. Khao sat hiéu ning caa loc thu dong ddi véi lwéi dién co tai phi tuyén

Xét ngudn dién cung cap cho tai phi tuyén 1a mot bo chinh luu ¢6 didu khién
sir dung Thyristor. Ta s& mo phong hé thdng trén Matlab -Simulink - Simcape trong
2 truong hop khong c6 bd loc va ¢6 bo loc thu dong [2, 10, 13].

a) Khi khong sir dung loc: So d6 mo phong duogc chi ra trén Hinh 2.3. Sau
khi chay mé phong ta thu duoc cac két qua nhu Hinh 2.4 va Hinh 2.5. Trong d6:

- Hinh 2.4 1a dang song dién ap va dong dién trén duong day

- Hinh 2.5 14 d6 thi phd Furier cua dién ap trén duong day

alpha
(deg.) —{apha deg
A PY

B

C
""‘ PO 05H
tan so EI 'lm

Bo phat xung dong bo v_l +
B1 B2
8—2=a
1000 M S Ve
—0 [ oflc ofic 3
—0 o ofle ofic o I

1200 MVA Chinh luu 12 xung

Hinh 2.3. Mach chinh luu 12 xung khéng cé bé loc Két qud phan tich
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= 10% Vabc_B1

Hinh 2.4. Dang song dién ap va dong dién trén duwong day
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Hinh 2.5. Phé Furier dién dp va dong dién trén dwong day
b) Khi co sir dung loc:
So d6 md phong hé théng khi c6 b loc thu dong duoc chi ra trén Hinh 2.6.
Sau khi chay mo phong ta thu dwgc dd thi phd Furier cua dién ap trén dudng day

nhu Hinh 2.7.
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Hinh 2.6. Bj loc thu dong
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Hinh 2.7. Phé dién dp khi siv dung bé loc thu dong

* Nhén xét: Ta thiy ring khi khong c6 b loc thu dong dang séng dong va

ap trén duong day c6 dang khac sin, hé s6 THD xap xi 16%. Khi c6 lap thém loc

thu dong, dang duong cong dong dién va dién ap di giam dang ké, hé sé THD chi

con khoang 9%.
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2.4.LOC TICH CUC

2.4.1. Pinh nghia [13, 15, 16,]

Loc tich cuc (hay con goi 1a loc chu dong) 1a loc tan s6 ma ciu tao cua ching
ngoai cac phan tir thu dong (R, L, C) con chira cac phan tir tich cyc (nhu Tranzistor,
diot, FET, IGBT, ...). Ngay nay, cac bd loc tich cuc chu yéu duwa trén nén tang 1a
cac bo bién ddi dién tir cong sudt 16n do d6 bo loc tich cuc co nguyén ly lam viéc
khac bo loc thu dong ciing nhu ¢6 nhiéu wu diém va tinh ning hon.

Dé khtr duoc song hai trén ludi dién thi loc tich cuc tao ra cac song hai co6 tri
s6 bang tri sd cac song hai cia ludi dién va goc pha nguoc véi pha cia song hai
twong ung cua ludi.

2.4.2. Phan loai mach lgc tich cuc

C6 nhiéu cach phan loai dua theo cac tiéu chi khac nhau chrfmg han nhu dua
vao bd bién doi cong suat dugc st dung, dua theo so dd két ndi mach loc, dua theo
ngudn cap. ..

a) Phan logi theo bg bién déi cong sudt

Can ct vao bo bién dbi cong sudt trong mach loc ta c6 hai loai mach loc tich
cuc: Cau trac VSI (bo bién ddi ngudn ap) va CSI (bo bién d6i ngudn dong).

e Céiu triic mach loc tich cuc VSI (Hinh 2.8): Dya trén co s& mach nghich luu

ngudn ap, Pac diém cua cau truc nay 1a cé thé md rong ra cau truc nghich luu da

P

cap

T T

QR

Hinh 2.8. Céu triic mach loc tich cwe VSI

e CAu trac mach loc tich cuc dua trén bd nghich luu nguén dong CSI (Hinh
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2.9): bac diém cau trac mach loc CSI 1a ¢6 tan s6 dong cit han ché, ton hao dong

cat 1on, khong thé md rong ra cau truc da bac.

Ay
/|

Hinh 2.9. Céu triic mach loc tich cwe CST

b) Phan logi theo so do néi

Can ctr vao so d6 mach loc noi vao Iudi dién ta phan ra mach loai tich cuc

mac noi tiép, mac song song.

e Mach lgc tich cuc song song

Trong trudng hop ndy loc AF duoc mic song song véi tai phi tuyén (Hinh 2.10)

IT
—

Dt
v

Nguédn dién

1

Tai phi
hlyén

Hinh 2.10. Cau hinh bd loc tich cwc song song (AF)

Céac phan tir trén so d6: Tai phi tuyén co thé 1a cau chinh luu di6t hodc

thyristor. Dong dién ¢ ngd vao tai phi tuyén it bao gdm nhiéu thanh phan bac cao.
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Néu dong ngd vao i cta bd loc cling sinh ra cac bic cao nhu vy nhung ngugc pha
thi dong & phia ludi iL s& chi con chira thanh phan song bac nhat. Nhu vay, dic diém
ctiia mach loc tich cuc song song: bu séng didu hoa dong dién, bu cong suit phan
khang, bu thanh phan dong dién khong can bang.

So dd nguyén 1y bo loc song song (AF) duoc chi ra trén hinh 2.11.

Ls  is=ie L= s
0 S P Y AN ——
Ay
Vs (A 1C=1h1§ 1N
Y QL

—
-

\?‘ Shunt-APF

) ] 1, dectection
1A

Hinh 2.11. So do nguyén Iy bj loc song song AF

Chtrc ning cua AF 13 triét tiéu cac song diéu hoa dong dién bac cao sinh bai
tai phi tuyén anh hudng 1én duong day, tra lai cho dong dién trén dudng day hinh
sin chuan. Ngoai ra, AF con c6 thé bu cong suit phan khang tai diém két nbi giira
AF va ludi dién. Viéc xac dinh vi tri dat bo loc can phai duge tinh toan theo mot s6
nguyén tac nhu sau:

=  Giam thiéu t6i da thoi gian truyén, khoang cach lan truyén cta song diéu hoa
trén duong day. Piéu nay duoc thuc hién bang viée dat thiét bi loc gan ngudn
sinh song diéu hoa.

= Pit thiét bi loc gilta ngudn voi cac thiét bi nhay cam véi song diéu hoa dé
han ché anh huong cua song diéu hoa t6i thiét bi.

»  Pé thuc hién chirc nang nay bd AF hoat dong nhu mot bd nguén ba pha tao
ra dong dién thich hop bom 1én dudng ddy. Dong ndy bao gdm hai thanh
phan:

- Thanh phan triét tiéu cac séng diéu hoa bac cao sinh boi tai phi tuyén: 1a

thanh phan nguoc pha véi tong song diéu hoa dong dién bac cao.
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- Thanh phan bu cong suat phan khang

Ta c6 thé phan tich thanh phan dong tai thanh hai thanh phan: thanh phan co
ban ir va thanh phan song diéu hoa in:
I, =1 +1,

Dong do AF bom 1én duong day:

Khi d6 dong trén duong day sé la:
i i, =i i, i, =
Nhu vay dong trén duong day chi chira thanh phan co ban, cac thanh phin
diéu hoa bac cao di duogc bd loc loai bo. Néu nhin tir phia tai, b6 AF tuwong duong
v6i mot trd khang song song, c6 thé thay doi voi trd khang bang khdng hodc rat nho
s0 vOi cac song diéu hoa va bang v cling 16n voi thanh phan co ban.
e Mach lgc tich cue ndi tiép (AFs)

So dd mach loc tich cuc méc ndi tiép nhu hinh 2.12. Trén mét duong day ndi
giita 2 bus hé thdng c6 dién ap UL va Upn. Phia bus Uiy c6 thé ¢c6 mot hay nhiéu
phu tai phi tuyén lam cho Uiy chira nhiéu thanh phan song bac cao. Bo loc AF bao
gdm mdt chinh luu tich cuc, cung cip phan mot chiéu cho mot bd nghich luu, dau
nghich luu théng qua mot may bién ap dwa ra dién 4p Ur, mic nbi tiép giita hai bus
hé thng. Do d6 c6 thé hiéu chinh gia tri, goc pha cling nhu thanh phan song hai ciia
dién 4p Ur sao cho nguoc pha vdi cac tac dong gay nhiu cua dién 4p Uiy ma cac

song bac cao s& khong anh hudng duoc sang bus hé thong Ul
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Hinh 2.12. Céu hinh bg loc tich cuwc néi tiép (AFs)

So dd nguyén 1y bo loc ndi tiép AFs duoc chi ra trén Hinh 2.13

LS Vc = Vh
Y\ .]
A VAN A
l"'Y'\"'\
N\
v: (Y —/ VL= Vg \b i
vy, detection

T 1
Series-APF g

Hinh 2.13. So d6 nguyén Iy bé loc néi tiép AFs

Ta c6 thé phan tich dién 4p ngudn thanh hai thanh phén 1a: thanh phan co ban
Ur va thanh phan song diéu hoa Un: Us= Un+ Uk

Dién 4p doc dudng day do AFs tao ra nguoc pha véi tong séng diéu hoa dién
ap bac cao VA triét tiéu thanh phan dicéu hoa bac cao nay dam bao dién 4p c6 dang
sin. Nhin tir phia tai AFSs tao ra mot tong tré dudng day. Tong trd ndy bang 0 ddi véi
song co ban va bang vo cing 16n vai cac song diéu hoa bac cao, do d6 gitra ngudn
va tai c6 su cach ly song diéu hoa.

Mach loc ndi tiép vira triét tiéu song hai vira co thé bu sut 4p trén duong day.

Tuy nhién, h¢ théng phirc tap chi phii hop vé6i cong suat 16n va rat 16n. Vi vay, sau
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day chi con quan tdm dén mach loc tich cuc song song, phtl hop véi tat ca cac dai

phu tai tir nho t6i trung binh (Dai ¢6ng suét tir nho dén trung binh bao goém sb lwong
16n cac thiét bi) nén mach loc song song c6 ¥ nghia quan trong d6i véi cac tng
dung thuc té.
c) Phan logi theo sé pha ciia hé théng
Theo sb pha cta hé thong ta chia ra loc 1 pha, loc 3 pha 3 day va loc 3 pha 4
day.
e Mach loc tich cyc mot pha: dung cho tai phi tuyén mot pha, loai nay
thudng c6 cong suit nho.
e Mach loc tich cuc ba pha ba day: dung cho tai phi tuyén ba pha khong c6
trung tinh (Hinh 2.14).
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Hinh 2.14. Mach loc tich cwc 3 diy

e Mach loc tich cwe bén day: Loc loai ndy dung cho tai phi tuyén ba pha c6
thé dung cho tai phi tuyén 1 pha cAp ngudn tir hé thong ngudn cip bdn day (co thém
day trung tinh) hodc. Trong h¢ nay mach loc s€ loai bo sy qua dong ¢ day trung
tinh.

Trong mach lgc tich cuc 4 day co thé chia ra thanh 2 loai:

e Mach loc tich cuc 4 day c6 diém gitra (Hinh 2.15)
e Mach loc tich cuc 4 day (Hinh 2.16)
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Hinh 2.15. Mach loc tich cuwec 4 diy cé diém giira

Mach loc tich cuc 4 day c6 diém giira thudng duoc sir dung hon do né yéu
cau sd van ban dan it hon tuy nhién dutric diéu khién s& phirc tap hon va yéu ciu tu
c6 dung luong 16n va van dé can bang dién ap trén tu cin phai dugc quan tam.
Trong khi d6 cau truc 4 day thi diéu khién don gian hon, dung luong tu yéu cau thap

hon nhung can s6 van chuyén mach lén hon.
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Hinh 2.16. Mach lgc tich cuc 4 day
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d) phan loai theo cng sudt

Theo cong suét ta phan loc tich cuc thanh loc c6 cong suét nho, cong suét

trung binh va cong suat 16n.
e Loc cong suit nhé

Str dung trong cac Gmg dung c6 cong suit nhé hon 100kVA, chi yéu phuc vu
cac khu dan cu, cac toa nha kinh doanh, bénh vién, cac hé truyén dong cong suét
nhd va vura.

Tinh chét cua cac hé théng tai nay doi hoi hé théng mach loc tich cuc tuong
d6i phirc tap c6 dap tng dong hoc cao, thdi gian dap tng nhanh hon nhiéu mach loc
tich cuc & ddy cong suat cao hon thay doi trong khoang chuc ps dén vai ms.

e Loc cong suit trung binh

Pham vi cong sudt hoat dong cua cac thiét bi nam trong khoang tir 100kVA
dén 10MVA. Vi du cac mang cung cap dién trung va cao ap va cac hé théng truyén
dong dién cong suat 16n méic vao nguén ap 1én. Muc dich chinh ctia cac mach loc
tich cuc 1a khir b hodc han ché cac song diéu hoa bac cao dong dién. Tbc do dap
g bu loc trong hé théng & khoang hang chyc ms.

e Loc cong suit rat l6m

Diy cong suat rat 1on thuong gip trong hé théng truyén tai hoic truyén dong
dong co DC cong suét rat 16n hodc hé théng truyén tair dién. Mach bu loc tich cuc
cho pham vi cong suét rat 16n rat ton kém vi doi hoi phai sir dung céc linh kién cong
suat co kha ning dong ngit dong dién & cong sut rat 16n.

2.4.3. Tinh niing cua loc tich cuc

B0 loc tich cure ngoai tinh ning loc tan sd con cé cac tinh nang khac: bu cong
suét, bu song diéu hoa, ...

a) B cong suat

Thém ca chic ning bu cong suit ddng thoi két hop vé6i chirc ning loc thi
viéc diéu khién mach s& rat phuc tap, bi han ché vé cong suét. Do do, thuong két

hop chtrc ning bu cong suit phan khang va loc song diéu hoa & dai cong suat nho, &
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dai cong suat 16m thi c6 thé bu bang SVC - dong ngit bang thyristor tuy n6 dap tmg
cham nhung gié thanh ré hon.

b) Bu séng diéu hoa

- Bit séng diéu hoa dién dp:

Thudng khong duge cha ¥ nhiéu trong hé théng dién vi dién 4ap tiéu thu ti
diém du day chung thuong duy tri trong pham Vi giéi han co ban ddi véi cac su cb
tang hodc giam ap. Van dé bu dién ap chi dugc xem xét dén khi tai nhay véi sy xut
hién séng diéu hoa dién ap bac cao trong ludi nguén nhu c4c thiét bi bao vé hé
thdng dién.

- Bii séng diéu hoa dong dién:

C6 ¥y nghia quan trong ddi véi cac tai co cong sudt vira va nho. Viéc giam
thanh phan song diéu hoa dong dién trong ludi con c6 tac dung giam do6 méo dang

dién &ptai diém dau day chung.

2.5. BQO LOC HON HOP
Bo loc hon hop 1a su két hop cua b loc chu dong va bo loc thu dong. Muc

dich 1a gidm chi phi dAu tu ban dau va cai thién hiéu qua cua bg loc dong. B9 loc
thu dong s€ loc nhiing song hai diéu hoa ma bd loc chu dong khong loc dugc hoac
loc mot cach kho khin. Chinh vi thé, thong sb chi tiéu ciia bo loc chu dong s& khong
can qua cao, qua do giam duoc chi phi. Tuy theo su két hop gitra bo loc thu dong va
loc tich cuc ma ta ¢ cac so do bo loc hdn hop khac nhau dugc biéu dién nhu cac
hinh v€ dudi day:

= Hinh 2.17 13 so d6 két hop bo loc thu dong voi bo loc tich cuc ndi tiép

» Hinh 2.18 14 so dd két hop bo loc thu dong vad1 bo lgc tich cuc song song

= Hinh 2.19 14 so d6 két hop bd loc thy dong véi bo loc tich cuc nbi tiép - song

song
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Hinh 2.17. Két hop bé loc thu dpng véi bé loc tich cwe néi tiép
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Hinh 2.18. Két hop bé loc thu djng véi bé loc tich cwe song song

Khi két hop ndi tiép va bo loc tich cuc song song ta duge bd loc hdn hop,
tan dung dugc tinh nang cua ca hai loai loc tich cuec.

B6 loc hdn hop véi loc tich cuc mic nbi tiép - song song c6 chirc ning cach
ly song diéu hoa gitra tai va nguén, diéu chinh dién ap, giam dao dong, gilr dién ap

can bang. Tuy nhién gia thanh dat va diéu khién phirc tap.
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Hinh 2.19. Két hop bé loc thu déng véi bé loc tich cwe noi tiép — song song

2.6. KET LUAN CHUONG 2

Chuong 2 trinh bay nguyén tic loc song hai trong ludi dién; ciu tric ciia cac bd
loc thu dong, loc tich cuc, so dd va céc tinh ndng cling nhu vu, nhuge diém coa tung loai
loc séng hai.

Bo loc LC cho phép giam THD t6i 10%, c6 thé t6i 5% khi phdi hop vé6i dién
khang chin. Song, dbi véi cac phu tai dong ¢ dic tinh phi tuyén tic thoi ludn bién
dong nhu may han, 160 hd quang... cic song hai luon thay ddi, do d6 bo thu dong
khong dap tmg duoc yéu cau khtr hét song hai. Pé khic phuc ta can b loc tich cuc
dugc diéu khién theo tin hiéu dang song nguodn, dang song tai va duoc phan anh qua
phan hoi dong dién.

B6 loc tich cuc cho chat luong loc tdt, c6 kha nang khu hét song hai trong
moi ché d van hanh cua hé théng.

B6 loc hdn hop ciing c6 kha nang khir song hai tbt, ngoai ra né con giam

kinh phi dau tu.
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CHUONG 3

UNG DUNG BQ LQC TiCH CUC PE LQC SONG HAI TRONG LUOI PIEN
3.1. LUOI PHAN PHOI VOI BQ LOC TiCH CUC

3.1.1. So a6 khéi caa loc tich cwe trong lwéi phan phoi

Nguyén 1y chung dé loc soéng hai diéu hoa 1a thiét bi loc sé& tao ra dong bu
bang tong dong séng didu hoa bac cao nhung nguoc pha, tir d6 sé triét tiéu song
diéu hoa bac cao trén dong phia ngudén. Nhu vy, van dé co ban 13 phai xac dinh
duoc dong bu dugc tao ra bdi bo loc dé loai bo cac song diéu hoa bac cao chay trén
duong day. Trong thuc té c6 nhiéu phuong phap dé xac dinh dong bu nay. Luin vin
dé xuat xay dung bo loc tich cuc song song dya trén 1y thuyét cong suat tic thoi p-
q.

So d6 khéi bo loc tich cuc trong ludi dién phan phéi duoc chi ra trén Hinh
3.1. Gia thiét rang, dong dién chay trén duong ddy iL bao gdm nhiéu thanh phan
diéu hoa do tac dong cua cac tai phi tuyén, bd loc cong suét tich cuc s& do dong 1.
va tinh toan dé dua 1én ludi, dong dién bu ifi sao cho dong dién qua ngudn igrig =

lload * Ifil luon 1a hinh sin. C6 nghia 1a, cac nguon hai cua tai sinh ra s€ dugc bu hét

bang isi.
lgrid iL .
Ludi o\ # /e TAI
Uabe lahe
ifi

L L J

Loc tich § . .
cuc | Dbiéu khién

Hinh 3.1. So' d6 khéi bg loc tich cuc trong lwéi dién

Chuong nay s& di sau phan tich thiét ké va diéu khién bo loc cong suét tich
cuc song song dé loc song hai trén dudng day truyén tai tir ngudn cung cap dén tai,
sao cho giam thiéu séng hai ctua dong dién truyén tai trén dudng day. Cac ndi dung

s& dugc trinh bay trong chuong nay bao gdm:
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=  Xay dung cAu tric bo loc tich cuc

= D¢ xuét phuong phép diéu khién
= M5 hinh hoa, m6 phong danh gia hé théng
3.1.2. So' @6 mach luc caa loc tich cuc
So d6 mach luc bd loc tich cuc song song dugc chi ra trén hinh 3.2. Chlng
gdém 6 van IGBT nbi theo so d6 cau 3 pha lam viéc & ché do nghich luwu, bién doi

dién ap mot chidu trén ty dién Cqc thanh dién 4p xoay chiéu

RORCRC

]
UL, @_l — Y YL * e
ULb@ —1 Y Cde
UL @_; 1 Y

CECES

Hinh 3.2. So' @6 nguyén ly mach lyc ciia loc tich cuc
So d6 thay thé 1 pha cua loc nhu hinh 3.3.

|(1JL]L Rip

uL @ us @

Hinh 3.3. So' d6 thay thé 1 pha bé loc tich cuc
Trong do:
- R, L 1a di¢n tr¢ va dién cam duong day

- UL la dién ap ludi
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- Us la dién ap cua bd bién ddi duge chuyén ddi tir dién ap trén tu dién thong
qua diéu ché d6 rong xung PWM

Ta thdy rang bd loc tich cuc c6 cdu triic phan cting gidng bd nghich luu
ngudn ap (VSC). Do d6, dién ap do chiing phat ra (us) phu thudc vao hé sb diéu ché
cua VSC va dién ap trén tu. Do thi vée to dong dién va dién &p cua so dd Hinh 3.3

duoc chi ra trén Hinh 3.4.

Hinh 3.4. Pé thi véc to dong dién va dién dp

Tt do thi véc to ta thay di€n &p roi trén cudn cam L 1a uz chinh 14 hi€u gitra
dién 4ap nguon u. va dién ap cua bo bién doi us: Uia = UL - Us, V&1 uL khong doi do 1a
dién ap nguon do do s& di€u khién dugc u: thong qua di€u khién us. Tu viéc dicu

khién dugc uz ta s& diéu khién duoc dong dién iv chay trén dudng day.

3.2. PIEU KHIEN BO LQC TiCH CUC
3.2.1. Nguyén tic diéu khién [8, 9, 10]

C6 hai phuong phap chinh dé loc séng diéu hoa béc cao tuy thudc vao cach
ma dong dién dugc do. Hai cach nay cé cdu tric diéu khién khac nhau, do d6 sé& co
mét sb dic diém khac nhau.

a) Pieu khién vong hé

Phuong phap nay dua trén viéc do thanh phan dong dién phia tai tir d6 tach
ra thanh phan séng diéu hoa chira trong dong tai. Cau truc diéu khién vong hé cho
chinh luvu PWM thuc hién chirc nang mach loc tich cuc:

Theo phuong phap nay thi khong c6 thong tin phan hoi vé dong dién trén

ludi. Tat ca sai léch trong hé thong ca trong qué trinh do va diéu khién s& gay ra cac
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song diéu hoa trén dong dién ludi, cac thanh phan nay 1a khéng xac dinh. Cau trac

diéu khién nay cé uu di€ém la 6n dinh nhung yéu cau so cam bién do dong nhiéu (4

cam bién).

\ K3
Y

Q)
Us ic'“'
PWM
L 1
p
A 4 A
Bo diéu
_|  khién

Hinh 3.5. Céu triic diéu khién vong hé mach loc tich cwc

b) Pieu khién vong kin

Phuong phéap nay dua trén viéc do dong dién trén ludi tr 46 xac dinh duogc
dong bu can thiét. Theo phuong phap diéu khién vong kin s& c6 thém mot mach
vong diéu chinh dong dién ludi bén ngoai mach vong diéu chinh dong tai. Phuong
phap nay c6 wu diém 13 thuat toan diéu khién don gian hon so véi ciu trac vong hé
va yéu cau s6 cam bién do dong it hon (2 cam bién). Cau trac diéu khién vong kin

cho chinh luu PWM thyc hi¢n chitc ndng mach loc tich cyc.

©
v

Bo diéu
khién

Y

Hinh 3.6. Diéu khién vong kin
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3.2.2. Phwong phap diéu khién trong mién tan sé

Phuong phap nay dua trén phan tich Furier. Trong 16p phuong phap nay co 3
phuong phéap chinh Ia:
o Phuong phap bién d6i Furier rdi rac (DFT - Discrete Fourier Transform)
o Phuong phap bién d6i Furier nhanh (FFT - Fast Fourier Transform),
o Phuong phap bién ddi Furier roi rac dé qui (RDFT - Recursive Discrete
Furier Transform).
Déi v6i phuong phap DFT 1a thuét toan bién do6i cho cac tin hiéu roi rac, két
qua cua phép phan tich dua ra ca bién do va pha cua thanh phan séng diéu hoa
mong mudn theo cong thuc:

—— N N-1
X =ZX(H).COS(2'n'h'nj—j. X(n).sin(z'ﬁ'h'nj
N h=0 N

n=0

Ta c6 thé viét dudi dang:
Xy =Xy ] Xy

‘X_b‘ =4 Xﬁr + Xﬁi

X,
=arctan| —
Oy (Xbr J

- N 1a s6 mau trong mot chu ky tan s6 co ban

Trong do:

- X(n) 14 tin hiéu dau vao (dong hodc ap) ¢ thoi diém n

- Xn 14 vecto Furier cta song diéu hoa bac h cta tin hiéu vao, [Xn| 13 bién do
cua vecto Xh, @n la goc pha cta vecto Xn

- Xhr 12 phén thuc ciia Xa

- Xni 12 phan 4o ciia X

M3di thanh phan diéu hoa dugc xac dinh sau d6 tong hop lai trong mién thoi
gian dé tao tin hiéu bu cho bd diéu khién.

Dbi v6i phuong phap Fast Furier Transform (FFT) ta thyc hién theo céc

budc sau:
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e Lay mau dong dién tai va tinh toan bién d6 va pha cta tirng thanh phan séng
diéu hoa (img véi mdi tan s6 khac nhau).

e S6 lwong mau trong mot chu ky cang 16m thi gia tri fmax cang 1on.

e Tach thanh phan dong co ban tir dong dau vao. D& dang thuc hién viéc nay
bang cach thiét 1ap tan sb tir 0 dén 50 Hz sau d6 thyc hién phép bién doi
nguoc dé co tin hiéu trong mién thoi gian bao gdm bién d6 va pha ciua mdi
thanh phan song diéu hoa. Viéc tinh toan nay thuc hién trong mdi chu ky cua
dong chinh dé dam bao rang FFT tinh toan hoan tit trong mot chu ky dé
tranh méo do pho tan sb.

e Tong hop dong bu tir céc thanh phan song didu hoa.

Uu diém cua phuong phap FFT 1a c6 thé tac dong t6i ting thanh phan song
diéu hoa theo ¥ mudn nhung c6 khéi lwong tinh toan rat 16n
3.2.3. Phwong phap diéu khién trong mién thei gian

Phuong phap ndy c6 uu diém hon 1a khdi luong tinh toan it hon so véi
phuong phap dya trén mién tan sb. Theo 16p phuong phép ndy c6 mot sé phuong
phap nhu phuong phép trén khung toa d6 dq, phuong phép dua trén thuyét cong

suét tuc thoi p, g.

3.3. CAC PHUONG PHAP XAC PINH DONG PIEN BU

Viéc xac dinh dong dién can bu déng vai trd quan trong quyét dinh dén
phuong thirc diéu khién va hiéu nang hoat dong cua loc tich cuc. Dong dién bu la
phé cac song hai voi bién do va tan s6 khac nhau. Tuy theo cach thie thu nhan dong
dién bu trén hé tham chiéu d, g ma ta co co thé xac dinh toan bo dong bu hoac cé
thé lua chon ting thanh phan song diéu hoa can bu.
3.3.1. X4c dinh dong dién bu dwa trén hé qui chiéu dq

a) Bién d6i hé thong ba pha sang 2 pha

Dé tranh diéu khién ba dong dién/ dién &p mot cach riéng biét, nguoi ta
bién ddi hé thong ba pha. Piéu nay dua trén thyuc té 1a trong mot hé théng 3 pha
d6i xtng chi ¢6 2 thanh phan dong dién/ dién ap doc lap, thanh phan thu 3 duoc

rit ra tir 2 thanh phankia. Cac hé théng nay thuong duoc goi 1a khung tham chiéu
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(hay hé qui chiéu). Trong ky thuat dang st dung 2 loai khung tham chiéu la

khung tham chiéu ¢ dinh va khung tham chiéu dong bo (quay)

+ Khung tham chiéu (hé qui chiéu) c6 dinh (chuyén déi Clarke)

Hé théng 3 pha duoc chuyén sang hé thong 2 pha, thuong dugc goi 14
chuyén tir hé truc abc sang hé truc ap (hodc af0 khi st dung Véc to zero). Ca hai
hé théng 3 phava 2 pha déu duoc coi 1a cb dinh, béi 18 céc truc bi khéa tai mot
vi tri, song trong chimg muc nao d6, khai niém hé qui chiéu cé dinh thudng ding
dé chi hé qui chiéu 2 pha c¢6 dinh.

Viéc chuyén d6i duoc thuc hién bang cach ap dung cong thirc chuyén doi
Clarke, trong do lugng 3 pha phai la gia tri pha, khéng phai la gia tri day.

Bang cach dao nguoc ma tran hé sé luong 3 pha c6 thé xem c6 chic ning nhu hé 2

pha.
, 11
X, 2 2 X,
XB = E 0 ﬁ - —3 X,
% 3 2 2 %
0 1 1 1 ¢
2 2 2

Viéc chuyén ddi dugce coi nhu su thay doi hé truc toa do, tir hé th6ng 3
tryc (3 pha) sang hé théng 2 truc (2 pha) nhu hinh 3.7. Ta thiy rang, trong hé
qui chiéu abc chi can 2 pha la ¢ thé xac dinh dugc Véc to Xy, va do do, né
dugc biéu dién trén hé qui chiéu 2 pha of giéng nhu véc to X,, ma khong bi mat
thong tin. Trong hinh v& o la toc do goc cua véc to con O 1a goc tic thoi (goc
pha dau) cua véc to. Néu X 1a dién ap ludi thi ® dai dién cho tan s ludi con 0 1a
gbc pha tirc thoi.

Thong thuong hé thong 3 pha duoc gia dinh 13 dbi xtmg, nén bo qua thanh
phan ther tr khong. Khi d6 gia tri tic thoi cua cong sudt tic dung va cong suit
phan khang cta 3 pha dugc xac dinh boi (3-1) va (3-2)
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3,
paﬁ _E (uala +u[3|[3) (3-1)
3 . .
Qs =5 (uﬁla + Ui, ) (3-2)
Bh
Xabe
abc — af3 X b _‘(a_b Xabe
) o
Xa 0 : ,
Xa ]

Xe

Hinh 3.7. Chuyén déi tir hé toa dé abc sang hé toa dp aff

+ Khung tham chiéu dong bj (Chuyén déi Park)

Trong hé qui chiéu nay, hé truc toa d6 khdng bi khda cd dinh ma quay theo
mot VEC to tly y. Vi vdy, hé qui chiéu dong bd con duoc goi la hé qui chiéu
quay dq (hay dq0). Chuyén dbi nay duoc sir dung rong réi trong diéu khién dong
co dién, & d6 hé truc quay theo vi tri roto hodc tir théng roto. Trong hé bién
tan néi ludi nd thuong duoc dung dé khda cac truc véi dién &p hoac dong dién
(thwong la dién &p luai). Trong hinh 3.8 truc d dugc khda vai véc to Xab, do do
Xg = Xgp V& Xy = 0. Hé truc s& quay Vvéi toc dd goc w va c6 gdc tuc thoi bang 6
(goi tat 12 hé tham chiéu ¢ dinh).

Viéc chuyén d6i duge thuc hién bai ham chuyén d6i Park

X, cos(8) sin(6) 0] [X,
X, =§ —sin(6) cos(6) 0[.| X,
X, 0 0 1||X,

Néu hé truc dq duoc khoa véi dién ap ludi, cac truc s& quay voi tan sb goc

2nfg va cac gid tri dq s& tré thanh gid tri mot chiéu c¢b dinh. Néu van coi hé
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théng 3 pha 1a déi xtng, khdng cd thanh phan thir ty khdng thi cong suét tac

dung va cdng sut phan khang duoc tinh theo cic cong thirc.
3 ) i
pdq = E (udld _uqlq )
3 : i
pdq = E (Uqld —Udlq )

B

a

Hinh 3.8. Chuyén déi tir hé qui chiéu af sang hé qui chiéu dq

Trong cac phuong trinh trén ca dién ap va dong dién déu dugc chuyén doi
sang hé truc dq biang céch st dung cung mdt hé qui chiéu. Khi khung tham
chiéu dinh hudng vao véc to dién ap thi thanh phan dong dién trén truc d s& dai
dién cho dong dién trong pha vai dién ap va do do, n6 dai dién cho cong suat tac
dung trong mach. Thanh phan dong dién trén truc q dai dién cho cong sudt phan
khang trong mach.

b) Phwong phap xac dinh toan bg dong bu

Dua trén khung toa d6 dq dé tach thanh phén song diéu hoa bac cao ra khoi
thanh phan song co ban. Thuit toan phuong phap dugc minh hoa Hinh 3.9.

Phép quay khung toa d6 dq quay véi goc quay cia tan sé co ban. Khi d6
trong khung toa o dq thanh phan dong dién véi tan s6 co ban dugc xem nhu thanh
phan dong mot chiu va cac thanh phan séng hai nhu thanh phan dong xoay chiéu.
Sau d6 sir dung bd loc thong cao tach ra thanh phan xoay chiéu, thanh phan nay

chinh 13 thanh phan cua cac séng diéu hoa bic cao. Sau khi tinh duogc dong bu can

Huong dan khoa hoc: PGS.TS. Lai Khdc Ldi
48



Ludn van thac st ky thudt Pham Thi Thuy Ha

thiét trong hé dq ta cAn chuyén sang hé toa do chuén abc. Bién doi tir dq sang abc

nhu sau:

. cos 0 cos(e—ﬁj cos[9+ﬁj I,

{ld } 2 3 3 i

i.| 3] _ _ |

! —sin® —sin 6_2_71] —sm(6+2—ﬂj i

3 3
iy abe iy =i, +t‘;r L . .
i . HPF , dq i
i [, =i+ f; Filtering !q - b
g dq " g abc >l
A i
-0 7}

]

-—— PLL

Hinh 3.9. Minh hoa phwong phdp xdc dinh dong bu dq

¢) Phwong phap xac dinh tirng thanh phan séng diéu hoa can bu

Phuong phap ndy dua trén co sé phép quay khung toa do. Diém khac biét so
v6i phuong phép trén 1a tir dong can tach ra song diéu hoa s& chuyén sang khung
toa do dq voi gbc quay bang boi sd 1an ciia goc quay thanh phan co ban, khi d6
trong khung toa d6 méi dq thanh phan mét chiéu twong (mg v&i thanh phan séng
diéu hoa can tach va béng cach st dung bd loc thong thép ta ¢ thé tach ra dugc
thanh phan mot chidu nay. Sau d0, chuyén sang khung toa d abc theo cong thirc s&
xéac dinh dugc thanh phan séng diéu hoa twong tmg.

Nhu vy, bang phép quay khung toa do véi gbc quay tmg voi mdi thanh phan
song diéu hoa. Uu diém cua phuong phap nay 1a c6 thé tac dong téi tirg thanh phan
song diéu hoa bac cao mudn loc. Hinh 3.10 thé hién thuét toan ciia phuong phap

nay.
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=1 +1 1,
ds ds ds ds
—|abe : ~ .. | LPF " " das '
| dgs| las = los +ld5: Filtering [ o5 | abe [
i —6.1 " . " -t Te- la
0 e— 3 - -~ —iy
- gy =147 T1g 147 ’
i * abe ; = - LPF " " dqr — -
i _9 f . . . .k e 1 ¥
c— — ~ 7 — |
! Ly =l Tla g c
—*abc i T i * LPF - *| das —
dqe | qk qk= Filtering ak abe
t
-6, t - 0,
U—sp! PLL |[—0
U

Hinh 3.10. Minh hoa thudt todn lwa chon séng diéu hoa can bit trong hé dq

3.3.2. Xac dinh dong bu dwa trén ly thuyét cong suit tiec thei p, g

a) Ly thuyét cong suat tic thoi [6, 14]

Cong suat tirc thoi p(t) 1a tich cua dién ap va dong dién tic thoi, cong suat
turc thoi duge ap dung cho hé 3 pha c6 trung tinh hay khong c6 trung tinh. Cong
suat tirc thoi khong chi co gia tri trong trang thai 6n dinh ma ca trang thai qua do.
Ly thuyét cong suat tirc thoi linh hoat va hiéu qua trong viéc thiét ké bo diéu khién
cho cac bo diéu hoa cong suat dua trén cac phan tir cong suat. Hinh 3.11 mo ta cong

suét tirc thoi cua hé thong 3 pha 4 day, trong dé:

v,(t) =2V cos(wt+9¢,) i, (t) = 21 cos (ot + ¢,)
v, (t) = \/EVCOS(O)I+(I)V _2?71) va i, (t) = V2 cos(o)t+<|>l —%n)

Vc(t)=x/§Vcos(o)t+¢v+2—;j ic(t):\/fl cos(mt+¢1+2§j
boi sang h¢ truc toa do af ta co:

v, =3Vcos(otxd,)  [i, =+3lcos(wt+0,)
vB=\/§Vsin(cot+¢v) va iﬁZ\/§|Sin((Dt+¢|)
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Hinh 3.11. Dong, dp cong sudt ticc thoi mach 3 pha 4 day
Biéu dién véc to dong, ap sang hé qui chiéu ap

e= \/§V[cos(oot+<|>v)+ jsin(wt +¢v):|

VEVe JVB = jN3(at+a)
e =+/3Ve!

i =+/31[ cos(wt+ ¢, )+ jsin (ot +¢) ]
- \/§Vejﬁ(°‘”¢')

Cong suit biéu kién tirc thoi la:

s=Vi"= (v, + [V, )i, = i, )= (Vad, + iy )+ §( Vi, Vi ) =p+ ]

=i, +]ji;=

Trong do:

D = Vaio + Vpip 12 cong sudt hiéu dung tirc thoi

P = Vpi - Vaip 12 cong sudt phan khang tirc thoi

Mit khac, ta c6 cong suit tic dung va cong sut phan khang ctia mach 3 pha
duoc tinh:

p = 3VIcosd voi ¢ = dv - h1

p =3VIsing véi ¢ = dv - d1

Trén co s& 1y thuyét p-q ctia mach 3 pha, ta phat trién tinh todn véi truong

hop téng quat véi ham dién ap va dong dién 1a khai trién ctia mot chudi Furier:
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Vo (0) = Y V2V, sin(o,t+0,) k=(a,b,c)

(1) = V2l sin(o,t+0,) k=(ab,c)

n la bac cua song hai, khin =1 ta c6 song diéu hoa co ban
Ly thuyét cong sut tirc thoi cho phép phan tich cong suit trong hé thong 3
pha thanh 2 thanh phan:
p=P+p
=Q+(
Trong do:
- P, Q 1a cong suét tac dung va cong suat phan khang Gmg véi diéu hoa co
ban.
- P,Gla cong suat tic dung va phan khang twong tmg voi cac song hai.

Céc cong suat nay dugc tinh nhu sau:

Z oln COS( —é3+n)+§:3v_wl_n cos(¢_,—5_,)

n=1 n=1
:i +n +n Sm _6+n)+i3\/—”l—” Sin(¢_”_6_n)
n=1 n=1

p=13"13 3V, I, sin w,—w, t+db., -5,
n=1

m=1
—1—2 2_3\/ wl o SIN Wy —w, t+o =0, }
m=1 [ n=1
21—Vl sin wytw, t4o,, 40 }
m=l | n=1
_|_Z 2’:—3V7m|Jrn sin w, +w, t+o +o.,
m=1 | n=1
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Z 23V+m|+n sin Wy — Wy t+¢+m_6+n

m=1 | n=1
m=n

o
I

|23Vl sin Wy —w, to =0, ‘

m=1 | n=1

+Z > =3V, sin w, Fw, t+d, +0, ‘

a & q P

AT
"=t

POWER

SOURCE LOAD

ACTIVE
POWER

Hinh 3.12. M6 hinh bg loc tich cuec theo Iy thuyét cong sudt tivc thoi

Cac buoc thuc hién thuat toan:
- Tinh dong dién va dién ap trong hé toa do quay af} tir ianc Va Uanc theo cong
thire chuyén dbi Park.

Cong suit tire thoi dugce tinh:
p ua UB ua
q| |-us u, | u
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Cong suit nay c6 thé tach 1am 2 thanh phan:
= Thanh phan mot chiéu P, Q twong tng véi thanh phan co ban cua dong dién
tai

= Thanh phan tmg véi cac diéu hoa bac cao P, G

,{p=P+ﬁ
Ta co: B
q=Q+(q

Nguon dién s& cung cap thanh phin cong suat mot chiéu P, Q (cong suét tac
dung va phan khang 3 pha), mach loc c¢6 nhiém vu cung cép thanh phan cong suét

ung voi cac diéu hoa cao P, (. Cong suat cung cap boi mach loc la:

{pAF =p
Uar :q

Dong dién bu dugc tinh theo cong thirc:
ICOL _ 1 uOL uB |:_p:|
x| T, ~
i | Ug+Ug|—Up U, |-G
ChU y: Khi mach loc lam viéc dién dp trén tu luén bién déng. Vi vdy, ta can
c6 mach duy tri dién dp khéng doi trén tu dién, nghia la trong céng thire tinh todn
dong bl can thém chire ning bii céng sudt phan khéng
ica _ 1 Ug UB |:—f) + p0:|
x| T 5 ~
i | U, +ug|—Uy U, || -0

Tir d6 ta tinh dugce dong dién bu trong hé qui chiéu abce

" 1 O
I *
Sl 2|1 VB,
21N 2 2 |
|
cc _1 _E

2 2

Thuat todn tinh dong dién bu dugc minh hoa nhu hinh 3.13
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Hinh 3.13. Minh hoa thugt todn chon dong dién bit theo Iy thuyét p, q

Nhu vay bang cach sir dung thuyét p, q ta di xac dinh dugc dong bu can
thiét, tir d6 x4y dung cu trac diéu khién cho bo loc song song. Theo phuong phap
sit dung thuyét p,q dé tinh toan dong bu can thiét cho chirc ning loc soéng diéu hoa
bac cao va bu cong suit phan khang c6 han ché 1a dién ap trong tinh todn yéu cau
phai sin va can bang. Néu diéu nay khong duoc thoa man thi ban than thuyét p,q
khong con dung nita. Giai phap dé khac phuc hién tuong dién ap ludi khong sin
hozic mét can bang c6 hai cach la:

* Cach thir nhat 13 loc bo thanh phan séng diéu hoa trong dién ap luéi trudc
khi dua vao tinh toan. Giai phap nay thuong dugc sir dung khi séng diéu hoa dién

ap c6 tan sb cao va khi loc thanh phan diéu hoa khong lam thay do6i goc pha cia
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dién ap. Hon nira, giai phap nay chi dap tng t6t khi khéng c6 thanh phan the ty
nghich. Pay 13 han ché cua giai phap nay.

* Cach thir hai nguoi ta thuong st dung d6 la dung mach PLL (Phase-
lockedloop) dé xac dinh thanh phan co ban cila dién 4p tai diém két nbi. Ngoai ra,
khi str dung thuyét p-q dé thuc hién thuat toan diéu khién thiét bi loc song diéu hoa
bac cao va bu cong suat phan khang con xuét hién thanh phan dong dién ao. Tat
nhién, thanh phan dong 4o c6 thé bi triét tiéu néu nhu loc véi dac tinh gidng nhau
tic 1a thanh phan nay chi xuat hién khi trong qua trinh tinh toan dong bu chuan ta
chi bu p % hodc q % hoac chi bu q. Khi tinh toan dong bu cho ca p % va q % thi sé

triét tiéu duoc thanh phan dong 4o nay.

3.4. XUNG PIEU KHIEN BO NGHICH LUU TRONG AF

Thanh phan co ban nhét cua loc tich cuc 1a bd nghich luu ngudn ap, chiung co
nhi€m vy tao ra tap hgp cac song hai c6 cung bién do nhung ngugc pha voi song hai
cung bac cua dong dién tai.

Pé diéu khién hoat dong ctia bo nghich luu ta sit dung phuong phap Piéu
ché d¢ rong xung (PWM - Pulse Width Modulation).

PWM duoc tng dung nhiéu trong diéu khién. Dién hinh nhit ma ching ta
thuong hay gip la didu khién dong co va cac bd xung ap, diéu &p... St dung
PWM diéu khién d6 nhanh, chim cua dong co hay cao hon nira, nd con dugc
ding dé diéu khién su on dinh toc do dong co. Ngoai linh vic diéu khién hay 6n
dinh tai thi PWM con tham gia vao diéu ché cac mach ngudn nhu: boot, buck,
nghich Iuu 1 pha va 3pha...

PWM con gip nhiéu trong thuc t& ¢ cac mach dién diéu khién. Diéu dic
biét 1a PWM chuyén ding dé diéu khién cac phéan tir dién tir cong suat co duong
dic tinh 14 tuyén tinh khi c6 sdn 1 ngudn 1 chiéu c¢b dinh. Nhu vay, PWM duoc
g dung rat nhiéu trong céc thiét bi dién - dién tu.

Cac bod didu ché do rong xung 1 bo diéu khién dién &p vong ho, cac

phuong phap phd bién nhét dé didu ché do rong xung la:
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- Diéu ché do rong xung dya trén séng mang (CB-PWM- Carrier Based

Pulse Width);
- Diéu ché véc to khdng gian (SVM -Space Vecto Modulation);

- Piéu ché d6 rong xung dua trén bang tré.

3.4.1. Piéu ché dd rong xung dwa trén séng mang (CB-PWM)

Day 1a cach phd bién nhat dé diéu ché tin hiéu chuyén mach (Hinh 3.14).
Phuong phép nay co thé chia thanh phuong phéap diéu ché d6 rong xung hinh sin
va phuong phap diéu ché do rong xung dua trén séng mang voi chudi tin hiéu
zero (ZSS - Zero Sequence Signal). P6i voi didu ché @6 rong xung hinh sin
(SPWM), tin hiéu tham chiéu hinh sin duoc so sanh véi s6ng mang tam giac cé
tan s6 cao dé tao ra tin hiéu logic diéu khién cac chuyén mach. Trong khi do,
phuong phap ZSS dugc dua trén SPWM véi viéc bo sung tin hiéu ther tu zero

clia s6ng hai tan sb bac 3.

Xung di¢u khién Songtya  Séng mang
i / /
1 1 N T Lo
\ | { |
0.5 ;
0 §
N |
0.5 \‘\\
| | | -
y » || ’ | »
0 0.004 0.008 0.012 0.018 0.02

Hinh 3.14. Piéu ché dp rong xung dwa trén séng mang hinh sin

Viéc dua thém song hai bac 3 khong lam bién dang dién &p pha hoic gia
tri trung binh ctia dong dién tai. Tuy nhién, n6 mé rong ving hoat dong tuyén
tinh, 1am giam tan s6 chuyén mach trung binh va lam gidm sGng hai dong dién.

Phuong phép ZSS c¢6 thé chia thanh diéu ché lién tuc va diéu ché gian doan, tiéu
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biéu cua phuong phép didu ché lién tuc 1a phuong phap ZSS hinh sin, doi khi sir

dung ZSS tam giac.

Nguyén tic tao ra tin hiéu chuyén mach duoc chi ra trén hinh 3.14, trong d6
tin hiéu mang tam giac dugc so sanh véi dién ap tham chiéu hinh sin dai dién cho
dién &p pha. Néu tin hiéu sin 16n hon séng mang, chuyén mach s& mé va néu tin
hiéu hinh sinnhé hon, chuyén mach s& déng.

3.4.2. Piéu ché véc to khong gian (SVM)

SVM la phuong phap dua trén biéu dién véc to khdng gian cia chuyén do6i
bén dién &p xoay chiéu AC, chi ra su khac biét giita SVM va CB-PWM ¢ viéc
xu ly cac lugng 3 pha. CB-PWM hoat dong trong cac diéu kién cua cac thanh
phan 3pha tu nhién, trong khi d6 SVM sir dung véc to chuyén dbi nhan tao.

Véi bién tan 3 pha 2 muc ¢6 8 trang thai chuyén mach, gdm 6 trang théi
chuyén mach hoat dong va 2 trang thai chuyén mach bang khdng. C6 nhiéu
phuong phép khac nhau dé tao ra mau chuyén mach, sy khac biét duy nhat giita
chdng 1a vi tri véc to zero. CAc trang thai chuyén mach khac nhau dugc biéu dién
trén Hinh 3.15.

U,(010)

_—— e - — -
—

Y T

U,(001) U,(101)

Hinh 3.15. Biéu dién véc to khong gian ciia dién dp ra
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Phuong phap phd bién nhat 1a SVM 3 pha véi sy phan bd ddi xing cua céc

VEC to zero. Phuong phap nay tuong duong véi phuong phdp CB-PWM véi ZSS
tam giac gdm 1/4 bién d6 va c6 ham luong s6ng hai gan nhu bing véi CB-
PWM véi ZSS hinhsin. N6 rat dé dang thuc hién trong bo vi xu Iy va dé 1a su lya
chon ty nhién cua SVM.

Hai ky thuat khac caa SVN 1a didu ché véc to v6i Vo = 0 (dién 4p giira
trung tinh chuyén d6i va trung tinh ludi bang khéng, tuwong duong véi sine
PWM) va diéu ché véc to véi diéu hoa bac 3 (twong duong véi CB-PWM véi
ZCC hinh sin) nhung d& thyc hién hon so voi CB-PWM. Diéu ché véc to khong
gian 2 pha la mét phuong phéap khac, né tuong duong véi CB-PWM khong lién
tuc voi ZSS (DPWM). Phuong phdpnay s€ chi c6 1 trang thai zero trong thoi
gian 1dy mau, va do dé tot nhat 1a sir dung & cac ti 18 diéu ché cao. Pién &p day
cuc dai d6i voi SVPWM va ciing vay d6i voi PWM2 pha la:

U = L U,.=0,707U
LL-SVPWM DC ! DC

J2

Ngoai ra con mot sé bién thé cia SVM goi 1a SVM thich nghi (ASVM),
nd két hop cac SVM khéc nhau thanh mét giai phap chung. Phuong phap nay
cho pham vidiéu khién day da bao gom qua diéu ché va sau budc hoat dong
(hoat dong song vudng), hiéu qua cia bién tin cao hon, song bién tan s& chu
yéu hoat dong ¢ ving tuyén tinh trén cua diéu ché, vi vay phuong phép nay
khéng duoc quan tdm. Viéc tao ra tin hiéu chuyén mach dbi véi SVM dua trén
co s& toan hoc, né thuc hién dé dang trong vi xur ly.
3.4.3. Piéu ché dd rong xung dwa trén bang tré

bay la phuong phap dugc st dung trong luan van nay

a) So' @6 nguyén ly diéu khién

So dd ciu trac diéu khién nhu hinh 3.16

Ngudn mét chiéu cap cho nghich luu co thé cap truc tiép tir nguon mot chiéu
hodc tur tu dién. Trong thuc té, nguoi ta thuong st dung tu di¢n dé tao dién ap mot

chiéu cép cho bg nghich luu.
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Pé dam béo dién ap mot chiéu cép cho nghich luu c6 gié tri on dinh, ta st

dung vong diéu khién dién ap. Pién ap trén tu duoc do va so sanh vai gid tri dién ap
tham chiéu, sai 1éch cua hai tin hiéu nay dugc dua vao bd diéu khién, tin hiéu ra cua
bo diéu khién duoc st dung dé tinh toan dong bu can thiét dé loai bo song diéu hoa
béc cao va bu cong suit phan khang. Dong bu nay duoc coi nhu 13 tin hiéu chuén va
dong dién phat ra boi bo nghich luu phai dam bao bam theo dong nay. Dé thuc hién
viéc ndy c6 thé c6 nhiéu cach nhung phuong phéap diéu khién bang-bang (hysteresis
current control) 1a phuong phéap diéu khién duoc sir dung phd bién boi nhitng wu

diém cua n6 nhu dap ing dong dién nhanh, chinh xac, don gidn va dé thuc hién.

AT Tai phi
tuyen

LU # iL PW AL

abo

afl

vy 2 T

L L ipel ]

Tinhp, q

- HI'F

™
i afl

Caleulatisn
e ®, efl® =

Al

r'ﬂh

Hinh 3.16. Nguyén Iy diéu khién PWM cho AF

Dau vao cta bo diéu khién nay duoc 14y tir sai 1éch khi so sanh dong thuc va

dong chuan tir d6 tao ra xung dong cit bo nghich luu dé dam bao dong bu cip tir bo
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nghich luu bam theo dong bu chuan duoc tinh tir thuyét p-q tirc thoi. Tiép theo, ta

xem xét nguyén 1y hoat dong cua bd diéu khién bang-bang. Nguyén 1y diéu khién
dong theo phuong phap bang-bang.

b) Phwong phap diéu khién

Co so cua phuong phap diéu khién bang tré (hysteresis current control) 1a
phuong phap diéu khién dya trén viéc diéu khién dong dién thuc bam theo dong
dién chuan. Theo d6, mot bang sai 1éch s& dugc thiét 1ap v6i viée dat sai 1éch gidi
han trén va sai léch gii han duéi, va muc dich ctua phuong phap diéu khién nay 1a
lam sao cho dong thuc bam theo dong chudn va nim trong cing dung sai ndy. Do
rong bang s& bang hai lan sai 1&ch, sai 1éch 14 hiéu giita dong gi6i han trén voi dong
chuan hodc ctia dong chuan véi dong gidi han dudi. Su chuyén mach cta cac van

theo nguyén tic nay nhu sau (Hinh 3.17):

Upper Limit i — _'"l-L_ _.-"',_ -I_._:_
| f =
Hysteresis Toberance Band e T L R L "t | Y
e I jf__]r ?* ] i/ Vv ‘l"__ ¥,
~ VAT OV N— e
A A
Pl P
A0 L [
LA Y Lower Limit Reference Actual
|~ Current Current of
_,-""‘ Inductor

LTy

Valtage across Inducior

Hinh 3.17. Nguyén Iy diéu khién bing tré

- Khi sai 1éch nam trong bang sai 1&ch thi s& khong co6 sy chuyén mach nao.

- Khi dong vugt qua gid1 han trén thi by nghich luu sé chuyén mach sao cho
dong giam xudng dé sai léch nam trong ving cho phép va nguoc lai, khi dong giam
xubng nho hon giéi han dudi thi bd nghich luu chuyén mach dé dong ting 1én. Dé

r& hon ta phan tich sy chuyén mach cta bd nghich luu véi dong pha A:
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Hinh 3.18. Piéu khién phdt xung pha A ciia AF

Trong do : ia 12 dong thuc pha A
i, 1a dong dat pha A
Al 13 sai léch gilta dong thuc va dong dit
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Hinh 3.19. Nguyén tic tao xung diéu khién pha A
Khi dong thyc gia ting dan t6i dong gidi han trén thi vgi = ”1” do d6 Ti1 dan
trong khoang thoi gian t1, khi d6 dong ia tang. O thoi diém ty thi iatién t6i gidi han
trén 0 vg1 =0, vgs = 1 do d6 T4 dan trong khoang thoi gian t,. Tai thoi diém t, thi ia

tién t6i gidi han dudi O vgr = 0, vga = 1, do d6 T1 dan, dong ia lai ting 1én va qué
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trinh lai 13p lai nhu ban dau, T1 va T lién tuc dong cat dé dong thuc 1a nam trong
bang gid1 han trén va dudi.

Theo phuong phéap diéu khién nay thi:

- Piéu chinh tan sb dong dat s€ diéu chinh duoc tan sb dong thuc

- Bién d¢ cua dong thuc duoc diéu chinh thong qua bién do cua dong dat

- Khi d6 rong cta bang giam thi dong dugc diéu chinh s& bam theo dong dit
min hon, tuy nhién khi d6 thi tin s dong cat ting 1én.

- Khi dong dit 1a sin thi dong thuc ciing sin nhung xuat hién mot sé song hai
bac cao, tuy nhién co thé dé dang loai bo béng viéc sir dung céac bo loc LC ¢ dau ra
bd nghich luu. Phuong phap nay c¢6 wu diém 1a don gian, dé thyc hién, dap tGng
nhanh tuy nhién bat loi 16n nhit caa phuong phap nay 1a tan sé chuyén mach cia
van ban din khong xac dinh va thay doi theo tai. Ngoai ra, do phuong phap diéu
khién dong dién nay khong cé su phdi hop dicu khién giita qué trinh diéu khién
dong gitta cac pha. Do d6, khong c6 kha ning diéu khién vecto khong va ton hao do

dong ngat 16n khi chi s6 diéu ché thap.

3.5. MO PHONG HOAT PONG CUA AF TRONG LUOI PIEN HA AP

Pé thiy ro hoat dong va hiéu ning cua bo loc tich cuc, trong phan nay sé tién
hanh mé hinh héa va phong bo loc tich cuc cho ludi ha ap trén Simcape cta phan
mém Matlab-Simulink.

3.5.1. Lwéi dién véi tai phi tuyén khi khong co loc

Xét mot nhanh cua ludi dién ha ap c6 so dd mo phong khi chua sir dung bo
loc nhu trén Hinh 3.20.

Trong so dd ludi dién 3 pha cung cap cho tai phi tuyén 1a cac bd chinh luu
ciu 3 pha khong diéu khién voi tai thun trg. Do tinh phi tuyén cia tai nén dong
dién chay trén duong day bao gdm nhiéu thanh phan diéu hoa. Cac thong sb cia
duong day nhu sau:

- Ngudn dién 3 pha c6 dién ap pha 220V, tan s6 50Hz, dién tré nguon bang
0,09Q2, dién cam pha L = 16.10°H.

- Tai 1 1a bo chinh luu cau 3 pha khong diéu khién, cong suat 10kW
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- Tai 2 1a bo chinh luu cau 3 pha khong diéu khién, cong suat 20kW

B Tail

Vabe

A 1—|_. ' labe
[

B a
B i al .
b ] 5 Téiz2
[ Cc . 1y cTl -
Load Bus cLz

Hinh 3.20. So' d6 mé phong ludi dién khi khéng cé loc

Két qua mod phong thu dugc séng dién ap trén dudng day nhu Hinh 3.21a,
dong dién chay trén dudng day dén tai nhu Hinh 3.21b, phan tich phd thu dugc
THD =30,11% (Hinh 3.22).
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a) b)
Hinh 3.21. Dang séng dién ap pha va dong dién trén duwong day
FFTanalyss FFT settings
' ' Funf!amen’tal(sos-lz)=9'.519.T'HD= 3'0.11%' ’ Starttime (s): 1060
Numberofcycles 6
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c
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Hinh 3.22. Két qua phan tich pho séng
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Két qua m6 phong chi ra ring, do tac dong cua tai phi tuyén dong dién chay

trén duong day bi méo dang dang ké, mic du dién ap ngudn phat 13 hinh sin. Hé s6
TDH 1én t6i 30,11% — khong dam bao yéu cau k¥ thuat. Do d6, can phai dung loc
song hai dé giam THD xudng dudi 6,5% theo qui dinh.
3.5.2. Céu truc va thong sé bd loec tich cuc

So dd khbi mé phong loc tich cuc nhu hinh 3.23, bao gém cac khdi chinh
Sau.

o Khdi mach nghich luu nguén ap (1) bao gém 6 tranzitor trudng IGBT mic
theo so d6 cau, ngudn cung cip cho nghich luu 1a dién ap trén tu dién C1 c6
dung luong bang 107F.

o Khéi (2) chuyén doi dién ap va dong dién tir khung tham chiéu abc sang
khung tham chiéu a8

o Khdi (3) ¢ chuc ning chuyén doi tin hiéu tir khung tham chiéu af sang
khung tham chiéu dq

o Khéi (4) Str dung phuong phéap diéu khién bang tré va 1y thuyét cong sut
tirc thoi dé tao tin hiéu diéu khién nghich luu.

o Khéi (5) c6 chic ning duy tri 6n dinh dién 4p trén tu dién (Trong luan vin
mong muén dién ap trén tu dién duy tri 6n dinh tai gia tri 600V)

o Khéi (6) 12 bd loc thong cao ngin thanh phan co ban
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Hinh 3.23. So' d6 mé phéng loc tich cuc

3.5.3. Két qua mé phéng

Céc két qua mo phong dugc biéu din trén cac hinh sau tir Hinh 3.24 dén

Hinh 3.26, trong d6:

o Hinh 3.24 biéu dién 1 pha dong dién qua tai va dong dién trén dudng day

o Hinh 3.25 14 két qua phan tich pho dong dién ludi khi c6 su tham gia cua AF

o Hinh 3.26 biéu dién dién 4p trén ty dién

40

20 1 '

| |
0 [ |

i luoi

209 |

-40

0.49 0.5 0.51 052 053

Offset=0 Time

057 0.8

Hinh 3.24. Dang song dién lwéi va dong dién tai
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FFT analysis FFT =ettings
Fundamental (50Hz) = 9.65, THD= 6.29%

0.8 F : Start time (z): |1 M/60

Number of cycles: 8
Fundamental frequency (Hz); =0

061 Max frequency (Hz): 1000
Wax frequency for THD computation:
Nyquist frequency W
Display style:
Bar (relative to fundamental) w

Base value: 1.0

Frequency axis: |Harmonic order

Mag (% of Fundamental)
o
-,

Hinh 3.25. Phan tich phé dong di¢n lwéi khi c6 AF

1000
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0 0.1 0.2 0.3 0.4 0.5 0.6
Offset=0 Time

Hinh 3.26. Pdp irng dién dp mot chiéu trén tu di¢n

NHAN XET:

Két qua méd phong cho thay, dudi tic dong ciia bo loc tich cure, s6ng hai dong
dién trén ludi dad giam di r6 rét. THD da giam tor THD = 31,11% dén THD = 6,29%,
nho d6 nang cao chat luong dién ning cua ludi dién. Pong thoi, nhd co bo dicu
khién dién 4p mot chiéu ma dién 4p dit trén tu dién duoc duy tri khong doi (600V)
trong suét qua trinh lam viéc.
3.6. KET LUAN CHUONG 3

Chuong 3 trinh bay cau trac bd loc tich cuc su dung transistor truong IGBT;
dé xuat cac phuong phap didu khién bo loc tich cuc theo vong hé, vong kin trong

mién thoi gian va mién tan sd; cac phuong phap xac dinh dong dién bu; cac nguyén
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tac tao xung diéu khién (PWM) cho bd nghich luu; xay dung bo loc tich cuc cho hé

théng dién, trong d6 dong dién bu dugc xac dinh dya trén 1y thuyét cong suét tirc
thoi; tao PWM cho nghich luu dua trén biang tré. Két qua mé phong cho thiy hiéu
nang cua b loc tich cuc trong viéc ning cao chét lugng dién ndng cua hé théng

dién.
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KET LUAN VA KIEN NGHI

1. Két luin
Luén vin di tap trung nghién ctru giai quyét mot sb ndi dung chinh sau:

= Phan tich cac thong sb cua chat lugng dién nang, céac chi ti€u chit lugng dién
ning; Nghién ctru nguyén nhan phat sinh séng hai va anh hudng cua chiing dén chit
lwong dién nang trong ludi dién;

= Nghién ciru cac phuong phép loc song hai phét sinh trong Iu6i dién; so do va
nguyén ly hoat dong cac loai loc thu dong, loc tich cuc, phan tich vu, nhuoc diém cta
tung loai loc dién;

= Xay dung cau tric bd loc tich cuc dua trén nghich luu cau 3 pha st dung
IGBT cho ludi dién phan phdi; dé xuét cac phuong phap diéu khién bo loc tich cuc
theo 1y thuyét cong suat tirc thoi p, g; mo hinh héa, mé phong mot bo loc tich cuc

cho hé¢ théng dién voi cac thong s6 cu thé.

2. Kién nghi

Do kién thirc va kinh nghiém thyc tién c¢6 han, thoi gian nghién ctru chua
nhiéu nén ludn vin khong tranh khoi con nhiéu sai sot ca vé hinh thirc va ndi dung.
bac biét, luan van chi nghién ctru tinh nang loc song hai cua bd loc tich cuc. Tac gia
xin chén thanh cam on su dong goép ¥ kién cia cac thay, c6 va ban bé dong nghiép.
Trong twong lai can tiép tuc nghién ctru khai thac ddy dii cac tinh ning cia bod loc
tich cuc nhu cai thién hé s6 cong suat, giam ton that dién nang, dong thoi xdy dung

mo hinh thtr nghiém bg loc tich cuc trong thuc té.
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