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Tém tit:

Nh&m nang cao chéat lugng dién ndng, dic biét 13 van dé 6 nhiém séng hai trén Iudi dién, ta cb thé
s dung céc bd loc thu dong (PF) hay tich cuc (AF). Trong d6, cac bd loc PF dudc st dung dé loc
mot s& thanh phan séng hai cu thé nao dd, ddng thdi tham gia bu cdng suét phan khang, gép phan
nang cao hé s6 cdng suét (cos@) clia Iudi dién. BO loc AF dugc st dung dé loai trir tat ca cac song
hai khac khéng bi tadc dong bdi PF do han ché vé khéng gian 18p d&t va van dé cong hudng. Viéc két
hgp gilta bo loc PF va AF sé tao thanh bd loc dang lai (HAF). St dung cac bo loc dang lai phu hgp
véi lugi dién phan phdi cap dién &p trung dp cho cac phu tai phi tuyén cdng suét I16n. Khi d6 co thé
chon céng sudt may bién ap va cdng suét clia bd bién d6i trong AF nhd hon. Bai bao thuc hién viéc
mo6 hinh hda va mé phéng bd loc dang lai str dung trén IuGi trung ap, trong dé (fng dung ly thuyét
tdp m& cho bd diéu khién AF. Két qua cho thiy bd loc dang lai vSi bd diéu khién logic m& giup triét
tiéu song hai dam bao trong gidi han cho phép, dong thai gop phan bl cong sudt phan khang, nang
Cao cosp.

T khoa:
Séng hai, bo loc thu dong, bd loc tich cuc, bo loc dang lai, logic ma.

Abstract:

To improve power quality, a Passive Filter (PF) is combined with an Active Filter (AF) to create a new
configuration of hybrid active filter (HAF). The PF not only mitigates one or more specific harmonics
injecting to power networks caused by nonlinear power loads but also compensates reactive power
to improve power factor (cos®). Meanwhile, the AF is used to eliminate other harmonics not tuned
because of restriction in site for the PF and danger of harmonic resonance. This HAF configuration is
corresponding to electric power distribution networks with large nonlinear power loads.
Consequently, the connected transformer and converter could be reduced in size. A model is set up
to simulate this issue with the use of a fuzzy logic based controller for the AF. The simulation result
shows that the proposed HAF coincide with solving the power quality problem in electric power
distribution networks, controlling harmonic levels in acceptable ranges, and compensating reactive
power to improve cos® as well.
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1. DAT VAN BE

Phu tai phi tuyén khi két ndi vao luci dién
s& sinh ra s6ng hai lam suy giam chat
luong dién nang cua ludi dién. Cac bo loc
thu dong ndi song song (PFsy) ¢ thé dugc
st dung dé loai bo cac thanh phan séng
hai khdng mong mudn, va cé thé b mot
lwong cdng suét phan khang theo yéu cau
[1-5]. So véi cac PFg, cac bo loc tich cuc
(AF) sir dung céc bo bién doi dién tir cong
Suit c6 uu diém loai trir bat ky thanh phan
hai nao xuit hién tai diém du ndi, tuy
nhién cac bo loc AF thuong cé gia thanh
dat va van hanh phuc tap hon cac bo loc
PF. Su két hop cua hai loai bu nay ciing
da dugc nghién ctu tuy nhién qui mo
cong suat thuong nho va cap dién ap thap
[4-7].

Vi muc tiéu &p dung cho ludi dién phéan
phdi trung &p c6 phu tai Ion, bai bao tap
trung nghién cau két hop PFg, va bo loc
tich cuc song song (AFs,) tao thanh bo loc
tich cuc dang lai song song (HAFg,). So
v6i ludi ha ap, ludi trung ap s€ anh hudng
16n hon t61 hi€u qua loc cua b loc. Mach
loc AFq, & dugc két ndi voi ludi dién qua
méy bién ap c6 cudn day dau tam giac dé
han ché lan truyén song hai bac 3 giira hai
phia. Bo diéu khién st dung ly thuyét
logic ma, 1a co s& dé nghién ciru mé rong
cac phwong phap diéu khién méi, hién dai
sau nay.

2. BO LOC TICH CUC DANG LAI
2.1. Cau hinh

CAu hinh va tén goi cua cac bd loc dang
lai phy thudc vao sy d4u nbi gitra cac bo
loc véi phu tai. Hai cAu hinh chinh thuong
ding 14 cau hinh b loc song song véi phu

tai: nbi tiép AF & PFq, (goi 1a dang lai nbi
tiép - HAFg), hinh 1a, va song song
AFh& PFg, (goi 1a dang lai song song -
HAFg,), hinh 1b.
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Hinh 1.So d6 thay thé twong dwong
cuacac bé loc

o

Fh

Trong hinh: ush Va ish 12 dién ap va dong dién hai
v& ngudn; Zsh va Z, la tdng tré hai lwsi dién va
cla AFsh; Uarn 1a dién &p hai ttr AFsp; ith Va iarn 12
dong dién hai cla tai va cla AFsp; iprn la dong dién
hai qua bd loc thu dong.

Bo loc tich cuc dang lai song song
(HAFg,) duoc sir dung dé loai trir song hai
dong dién tr phia tai tro vé ludi. Ta coi
PFs, va phu tai phi tuyén 1a mot thanh
phan riéng, do d6 AFg, s& bu thanh phan
hai cua thanh phan d6 véi mot hé sd
khuéch dai k.

Thanh phan hai cua dong dién ngudn cé
thé x4c dinh duoc:

P (1_k)(ush + iLhZFh)
= (1-K)Zg, +Z, @)
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C6 thé thay chi khi |1-k|>0 thi i,>0, tic
1a tién hanh bu dong dién hai cua phu tai
va hé thong.

2.2. CAu trac diéu khién

V&i cdu hinh nhu trén, HAFg, hoat dong
trén nguyén li diéu khién dong dién cua
AFg,. Hé théng diéu khién gém hai khau
chinh 1a mach tao dong bir hai tham chiéu
va mach phat dong dién bu. Trong d6
mach tao dong tham chiéu c¢é chirc ning
chu yéu 13 dua ra cac thanh phan hai can
bu tir tin hiéu dong tai diém tai két ndi, sur
dung bo loc théng dai két hop bo loc
thong thap nhu hinh 2. Mach phéat dong
dién bu co tac dung tao ra dong bu thyc té
phu hgp véi tin hiéu dong bu hai tham
chiéu c¢6 duoc tir mach tao dong.

i i Tai
O
BPF tuyén

AF PWM

Hinh 2. Cau trac diéu khién cta AFsh

Mo hinh dé xuat st dung bo diéu khién
logic mo do wu diém cua b diéu khién
nay l1a khong can mot md hinh toan hoc
chinh xéc, trong nhiéu truong hop cac md
hinh toan hoc nay doi khi rat kho xac
dinh. Ngoai ra, bo diéu khién logic mo
con c6 thé 1am viéc véi cac dau vao chua
xac dinh, xu ly hiéu qua vai cac bai toan
phi tuyén.
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Bo6 diéu khién logic mo bao gdm 4 khau
chinh: mo hoéa, co s tri thirc, co ché suy
luan va giai mo (hinh 3). Trong do, co so
tri thirc bao gdom céc co so dit lidu va luat
md, co s& dit liéu cung cap cac thong tin
can thiét cho qua trinh m& hoa, co ché suy
luan va giai mo. Luat md bao gom cac
quy tic ngdn ngit nham tao ra cac bién
dau ra mong mudn.

Co so tri thac

Co so Luat
. dix liéu mo
Qau I v vy Dau
vao C h; ra
—>| Mohoa (»f SO |y Giai |
suy luan mo

Hinh 3. So’ dd khéi chivc ning
b6 diéu khién logic m&

3. TINH TOAN THONG SO VA XAY
DUWNG MO HINH MO PHONG

Hinh 4 thé hién ludi dién phan phdi c6
U=22 kV, f=50 Hz, véi cong suét ngén
mach cta hé thong tai diém dau 1a 500
MVA.

Hé thing
&.E:I'L. 22kV BCC
o—+ | T phi
- Q Toc tuyen

thu
T dong
bac 3

Biloc

tich ciee

Hinh 4. So’ dd khéi ctia mé hinh HTD mé phéng

Mé hinh nguon dién trong mé phong: 1a
mot ngudn twong duong Thevenin va
mach LLR c6 goc tong trobang 80° & tan
s6 co ban va tan s6 hai bac 3.
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Phy tdi: duoc mod phong co sb liéu nhu
bang 1 voi hai muc cong suat khac nhau,
trong d6 cong suat biéu kién cua tai phi
tuyén 14 hop véc-to cia 3 thanh phan cong
suat tic dung (P), phan khang (Qp), va
cong sut phu thém do cac thanh phan hai
gay ra (Dp).

Bang 1. Théng sé phu tai trong mé hinh

Muc tai 1 Muc tai 2
(100% tai)
Im1 (A) 510,48 826,68
Ims (%01 m1) 7,6293 8,5816
Im7 (%0lm1) 5,0611 5,3442
Im1z (%0l ) 2,6605 2,2208
Imiz (%0l my) 1,9760 1,4106
S(MVA) 13,723 21,652
P (MW) 10,376 16,982
Qu (MVAr) 3,992 13,223
Dy (MVAD) 0,68 2,365
cosQ 0,7561 0,7843
THDi (%) 9,7204 10,5096

Bo loc thu déong bdc 5 (PFg): ngoai tac
dung loai trir thanh phan song hai bac 5
(h=5) con 1am nhiém vu bu cong suét
phan khang cho phu tai. Cong sudt phan
khang phat ra ctia bg loc la:

QPF = a)cfh [—juszl 2)

h? -1
Véi yu cau bu dé cosp=0,93 ta s& lya
chon cong suat bu twong tng véi hai mirc
tai tr bang 1 1a S MVAr va 7 MVAr.

B0 loc tich cuc (AFg,):_ bao gdm bo bién
dbi ngudn ap ndi vao luéi dién qua may

bién &p c6 cudn tam giac & phia ludi dién.
Dién ap DC cua bo bién d6i, tu dién DC
va khang dién AC (tac dién khang MBA)
can chon dé dong dién iar ctia bo loc tich
cuc phai dap tng toc d6 bam theo dong
dién can bu. Mudn vay dung luong bo
AFy, phai thoa man dung luong can bu, va
téc d6 bién thién dong dién dau ra cua AF
(diag/dt) phai 16n hon tdc d6 bién thién
ctia dong hai 16n nhét [1].

U, =13-2,45-U, ©)
S 1 (4)

n

TUL AU, 20

trong d6, Us 1a dién &p pha ngudn tai diém
dau; AUgc=5%Uqc 1a d6 bién thién dién ap
DC; S, la cong sut biéu kién caa bo loc;
o |2 tan s6 goc co ban cua ludi dién;

Gi4 tri dién cam AC cua bo bién ddi co
thé giam nho dé dam bao toc d6 bam theo
su thay doi cia dong dién, nhung phai du
l6n dé giam thiéu sy xuat hién song hai
bac cao ¢ tan s xung tam giac cua PWM:

Uf_Us
fZ—
4¢

trong d6, Us 1a dién ap dau ra cua bo
nghich luu; £, f_la bién do va tan sb cta

(5)

Xung tam giéac;
Bg dieu khién cuia AFg:

Bai béo str dung bo diéu khién logic mo
voi hai dau vao 1 sai léch e=ip rer-iar VA
dao ham sai léch de/dt. Thuc hién mo hoa
Vi bién ngdn ngir: A (&m), K (khong), D
(dwong), AN (4m nhiéu), DN (duong
nhiéu). Mién gié tri bién dau vao sai léch
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la e={-10+ +10} ={AKD}; mién gia tri
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Bang 2. Bang matran lwa chon me

cua bién diu vao thé hién tdc do bién
n Ca . e
thién sai léch la de = {-1e5 + +1e5} AND
—{AKD}; mién gia trj cia bién diu ra I A K D
u={-1++1}={AN A K D DN}. A AN D DN
Luat mo diéu khién bién dau ra dugc xay ~ de/dt | K AN K DN
dung theo cic nguyén tic véi cdc ham D AN A DN
thudc nhu trong bang 2.
< 1.000 (a) Dong dien phu tai
~ ’ AAAR A A A s aprlaa A aNAAN
S AARAAAAANAAAARRAAAAAAAAANAAARAAAAARARARAAARAARAR
0
= PATAATAAA'ATAATA'A'A AT A A A A AAAAA'A' ljlvllvllvll lvf‘HfIH RTATRTATRIAVATATAIATAVATAIA]
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@ 4000 (b) Dong dnlen nguon
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o v
o -4000
@ 0 01 02 03 4__ 05 06 07 08 09 1
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Hinh 5. Dong dién tai (a) va dong dién nguén (b)
4. KET QUA do méo da giam xuéng tuy nhién van vuot

Két qua dang song dong dién tai va dong
dién ngudn toi trong toan bo thoi gian md
phong c6 thé quan st trong hinh 5, gia tri
cos@ di thay d6i nhu trong hinh 6.

1

’ M
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Thoi gian, s

Hinh 6. Hé s6 cdng suéat
cha td hop tai phi tuyén+PFgh

Khi chua c6 cac bo loc tic dong, dang
s6ng va phd hai cia dong dién phia ngudn
ung voi muc tai 1 nhu hinh 7. Sau khi bo
loc bac 5 dugc dua vao (hinh 8) thi téng

murc qui dinh cho phép 1a 5% [8]. AFg, s€
duoc dua vao dé loai trir cac song hai con
lai ctia hé tdi phi tuyén+PFg,, giam THDi
vé gia tri cho phép, ddng thoi nang cao hé
s6 cong sudt coso (hinh 6).

Pho hai |, THD=9.7202 (%)
nguon
g
=5
K=}
8 0 I I [ | K
0 5 10 15 20
Bac hai
Hinh 7. Dong dién nguén khi chwa loc
& morc tai 1
Pho hai |, THD=6.2835 (%)
nguon
g4
S2
8 0 | i l | I I l
0 5 10 15 20
Bac hai

Hinh 8. Dong dién ngudn khi cé PFsp & mic tai 1
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Hinh 9 cho ta thiy tong d6 méo song hai
cia dong dién ngudn da duoc giam rat
thap, va toan bo cac thanh phan hai déu c6
gia tri rat nho sau khi dong toan bo thiét
bi bu tich cuc dang lai.

Két qua moé phong cho tat ca cac trudng
hop cd thé quan sat trong bang 3.

Pho hai | , THD=2.0033 (%)
nguon
S
c
205
8 0 I X I I . I
0 5 10 15 20

Bac hai

Hinh 9. Phé hai cia dong dién nguén
khi tac dong toan bo HAFs, & mipc tai 1

Bang 3. Cac thanh phan hai ctia dong dién nguén trong cac truong hop (%)

Muc tai 1- Muc tai 1- Muc tai 1- Murc tai 2- Murc tai 2- Muc tai 2-
Khéng loc, Loc PFg, Loc HAFq, Khéng loc, Loc PFq, Loc HAF,
THD=9,72% THD=6,28% THD=1,96% THD=10,51% THD=5,17% THD=2%
DC 0,00 0,29 0,04 0,01 0,00 0,03
1% 100 100 100 100 100 100
0,00 0,30 0,05 0,00 0,01 0,03
7,51 2,25 1,01 8,58 0,96 1,16
5,02 4,41 0,26 5,34 4,26 0,50
0,00 0,17 0,03 0,00 0,00 0,01
11 2,61 2,60 0,74 2,22 2,12 0,95
13 1,92 1,95 0,29 1,41 1,40 0,49
17 1,04 1,16 0,56 0,66 0,64 0,63
19 0,76 0,86 0,19 0,55 0,51 0,31
5. KET LUAN phu tai da co AFg, va luéi dién cd thé

Bai bao da xay dung mé hinh b loc séng
hai dang lai 4p dung cho lugi phan phéi.
Véi cau hinh song song gitra HAFg, va tai
duoc lua chon, két qua phan tich va md
phong cho thay b loc dap timg duoc yéu
cau vé loc séng hai va nang cao hé sb
COSQ.

VoI mac tai 1 THD da giam tor 9,72%
xuéng 1,96% va tir 10,51% xudng mirc
2% ma&i muc tai 2.

Ngoai ra, giai phdp HAFg, nay cho ludi
phan phdi ciing hoan toan phu hop khi

xuat hién thanh phan séng hai méi lan
truyén thi viéc 1ap boé sung mot PFg, s&
phu hop (Vi AFg, truong hop nay chi chan
song hai tur tai vao ludi).

6. PHU LUC

Thong s6 mach twong duwong LLR cua hé
thong:

L, =2,276[mH], L=1140[mH ], R=0,5061[Q]

Théng sb cia mach AFg,:
Uge=14,19(kV);
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CdC:2,48.10-4(F); Cf5 (HF) Lf5 (mH) Rf5 (Q)
L¢=0,087(H). Mirc tai 1 | 31,578 12,8 0,504
Thong sb ctia mach PFg,: Mirc tai 2 | 44,195 9,2 0,3601

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]
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