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PIEU KHIEN BQ LQOC TiCH CUC KIEU SHUNT SU DUNG DU BAO MO HINH

DONG TREN HE TQA PO dq

TOM TAT

Nguyén Vin Chi”
Truong Pai hoc Ky thudt Cong nghiép — PDH Thai Nguyén

Ngay nay cac phu tai phi tuyén c6 mit nhiéu hon trong Iudi dién do su phat trién ctia cong nghé k¥
thuat dién tir, sy gia ting cac thiét bi chuyén mach tan sé cao do sir dung cac ngudn dién phan tan
nho(nang luong mat troi, gié v.v). Céc phu tai phi tuyén ndy sinh ra cac song hai trén ludi va gay
ra anh huong xdu dén chat luong ludi dién thong qua cac hién twong nhu tang cong sudt phan
khang, qua tai cac duong day va thiét bi dién, hé s6 cong suat thap. B loc tich cuc kiéu shunt véi
bién tin ngudn ap c6 dong dién diéu chinh dugc(SAF) hién nay la mot thiét bj dugc str dung hiéu
qué trong viéc giam song hai va tao sy can bang dong dién giita cac pha bang cach tao ra cac dong
dién dé bu lai song hai sinh ra tir cac phu tai phi tuyén. Trong bai bdo nay chung toi dwa ra mot ciu
trac diéu khién tao dong dién bu ciia bo loc tich cyc sir dung ky thuat diéu khién du bao mo hinh
dong dién dau ra cua SAF. Cau tric diéu khién nay c6 loi thé hon vé khia canh qué trinh qua do so
v6i cAu triic didu khién PI hién dang st dung rong rii. Dong dién cn b duoc tao ra s& bam theo
mdt cach hi€u qua theo dong dién dat trén mién dq. Két qua md phong va thyc nghiém dugc thyc
hién cho tai phi tuyén 12 mach cau chinh luu toan pha, ¢6 so sanh véi bo didu khién PI cho thiy
qua trinh qua d6 duogc cai thién giam tir 0,1s xuéng 0,02s, chi s6 THD cua dong dién sau khi loc
song hai giam tir 27,65% xudng 5,4%.

Tir khéa: BS loc tich cuc kiéu Shunt(SAF), hé toa dé dq, loc song hai, dw bao mo hinh, t(fng do

méo hai THD

DAT VAN BE

Khi cong nghé k¥ thuat di€n ngay cang phat
trién, ludi dién tré nén phic tap véi nhiéu loai
phu tai dac biét khac nhau, trong do6 ting dan
cac phu tai cong nghiép, thuong mai va trung
tam dir liéu. Cac phu tai cong nghiép bao gdbm
dong co duogc diéu khién bang cac bd bién tin
dong cit tin sd cao, 16 dién cao tan, cac dong
co bao hoa; cac phu tai thuvong mai trong cac
tda nha cao tang 1a cac may bién ap bdo hoa,
cac phu tai HAVC, cac dén LED, may tinh,
cac hé théng dién toan luu trit di liéu v.v. Tét
ca nhitng loai thiét bi nay dugc goi chung la
thiét bi phi tuyén vi ching 1a nguyén nhan
gdy nén song hai trong lugi dién va co thé
sinh ra cac van dé vé chat lugng hé thong
dién [1]. M6t sb van dé vé anh hudng x4u lién
quan dén séng hai bao gom dao dong trong
dong co, chay may phat, hong mang may tinh
v.v. Bé danh gia mirc d6 anh huong ciia song
hai nguoi ta dung chi s6 THD, theo tiéu
chuan IEEE Std 519, THD ciia dong dién

" Tel: 0944 122388, Email: ngchi@tnut.edu.vn

trong hé thong nén nho hon 5%. Dé giam anh
hudng cua song hai, nguoi ta sit dung bd loc
tich cuc, bd loc tich cuc méc phia truéc mot
nhom phu tai ¢6 nhiém vu bu cac séng hai bac
cao va bu cong sudt phan khang thong qua
mdt bién tdn ngudn ap dé diéu chinh dong cip
bu 1én ludi. Vi tri cua SAF nhu biéu dién trén
Hinh 1(trén). CAu triic cia SAF dién hinh nhu
Hinh 1(dudi) [2]. Gia thiét dong dién qua tai
phi tuyén bi méo do song hai i, SAF sé& do
dong i, va tinh toan dé dua 1én ludi dong
dién bu ic sao cho dong dién qua ngudn
is =iy, +ic ludn 1a hinh sin. C6 nghia la cac
ngudn hai cua tai sinh ra s& dugc bu hét bang
ic. Sach lugc diéu khién SAF gém hai mach
vong: mach vong ngoai dung dé xac dinh
dong dién can bl ieer dya trén dong tai iy,
dong dién can bu nay 1a setpoint cho mach
vong trong hay dong dién mong mubén ma bo
inverter phai tao ra duoc dé dua 1én ludi
nham muc dich b séng hai va cong suat phan
khang; mach vong trong c¢6 nhiém vu diéu
khién tao ra dong bu ic sao cho bam dugc
dong dién can bl i bing cach diéu chinh
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nghich luu ciu 03 pha toan phan nguén ap
dung IGBT.

Dé thuc hién mach vong diéu khién ngoai, tuc
la tao ra dong dién can bu, ta can thém mot
mach vong phy, mach vong nay c¢6 nhiém vu
xac dinh cong sudt tac dung ton that p., nham
phuc vu cho viéc tinh toan dong dién can bu.
Cong suét ton thit dugc xac dinh béng bd
diéu khién PI nham duy tri mot dién ap DC
trén tu ctua bo inverter bang hing s6. Ham
truyén dé x4c dinh b diéu khién PI cho mach
vong phu nay c6 dang:

Gule) = T s+1 @
trong d6 k,=R/2V,, 7o =2/RC, R la dién
tr¢ song song cua tu SAF, V,, 1a dién ap danh
dinh cua tu SAF, C la dién dung danh dinh
cua tu SAF. Mach vong ngoai c6 nhi€ém vu do
dong dién cua tai va dién 4p ngudn, sau do
tinh toan ra duwoc cong sudt phan khang va
cong suit tac dung can duoc bu, tir d6 tinh ra
dugc cac dong dién can bu, thong thudng cac
phép tinh nay dugc thuc hién trén hé toa do
dq. Tru6c hét dong dién tai iy =[in, iy i),

Vqu _l ] \FFV ' l o

1 —1/2 -1/2

0 V3/2 —\B/2

dugc cac dong dién i..i, VA w.,u,. Tiép
theo nhiing dién ap va dong dién nay s¢ dung
dé tinh ra cong suat tac dung va cong sut
phan khang tirc thoi duoc biéu dién dudi hai
thanh phén tan s6 thap va tan s cao nhu sau:

Lél = \EFiL 2)

voi F=

p_venZLa+vsizL5 ﬁ_._ﬁ (3)
q=wv i, tu g, =q+7

sa LB

trong d6 p,g la cong suét tac dung va cong
suat phan khang tirc thoi twong rng vai tan s
thap va

5,4 tuong tng vé6i tan sd cao. Thanh phan D
duoc dua qua bo loc thong thap(LPF) dé loc
bé thanh phan hai tan s cao 7, dau ra cua
LPF chi con thanh phan cong sudt tic dung
tirc thoi ¢ tan sb thap p. Tiép theo tinh duoc
cong suat tac dung va cong sudt phan khang
can bu bang cong thirc sau:

p=p—D+p —p,=—D—Dp, (4)
9 =q

Sau d6 cac dong dién can bu

dién 4p nguon 3 pha v, =[v. v, v.]" duogc Lreos = [iwa  iws]7 dugc tinh toan nhu sau:
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Hién nay c6 mot sé phuong phap tap trung cai
thién hon nita d4p Gng cua mach vong ngoai
nhu: lua chon mach loc LPF sao cho loc tdt
hon nita cac thanh phan bic cao chi con lai
duy nhét thanh phan séng co ban [11]. Ngoai
ra viéc chinh dinh tt hon nita tham sd bo
diéu khién PI ciing dwoc dé cap dén trong cac
cong trinh [12], [13] bang cach xac dinh
chinh xac céc gia tri R, V., va C ctia SAF, xét
dén su troi thong sb, ciing c6 thé cai thién
bang mot sd bién phap diéu khién thich nghi.
Ngoai bo diéu khién PI cho mach vong ngoai,
mdt sd cong trinh con nghién ciru st dung
mang Neural [14], [15], [19], mo [16] va
wavelet [17] @ diéu khién mach vong ngoai.
Mit khac dé ning cao chét luong mach diéu
khién vong ngoai, mot sd bién phap cai tién
tham sb bo diéu khién PI ciia mach vong phu
cling da dugc xem xét, vi du nhu st dung
phuong phap t6i wu PSO [18]. Khi xét dén
dién ap ngudn khong 1a 1y tuong(non-ideal
mains voltage), tai liéu trinh nay mét ky thuat
bu st dung hai bo loc théng thap cho hai dién
ap ngudn trén hé toa do dq [20].

DPbi v6i mach vong trong hién nay co rat
nhiéu phuong phap dé thiét ké bo diéu khién
nhu: diéu khién PI hay con goi 1a diéu khién
tan s6 cb dinh hodc diéu khién dong tré [2],
[3]; k¥ thuat diéu khién SFX-ADF [4], [5]; k¥
thuat diéu ché Delta [6], [7], [8] hodc Dead—
Beat [9], [10]. Mach vong trong 1a mach vong
dugc céc tac gia tap trung nghién ctru va dua
ra nhidu giai phap nham cai thién dic tinh
dong hoc, bu hiéu qua va triét dé song hai,
giam THD, cai thién dac tinh qua d9, cai thién
dap ung d6i véi tinh dao dong cua ludi phi
tuyén v.v. Hién nay viéc ung dung cic k¥
thuat hién dai c6 kha nang nhu mang neural
[21] diéu khién mo, tuy nhién néu ap dung
mot minh cho mach vong trong trong mot
chung myc nhat dinh c6 thé cai thién thém vé
mit dong hoc nhung viéc thyuc thi thuc tién
hoan toan kho khin vi kho dap umg duge vé
mat tbe d6 xtr Iy va khdi lugng tinh toan, do
vay nhiing phuong phap dé hién tai méi dung
& mat 1y thuyét [22], [23].

Vi PI ¢6 nhiing dic diém vu diém nhu dap
ung nhanh, phu hop véi dac tinh dong hoc rat
nhanh ciia mach vong trong, dé dang cai dat
va chinh dinh, thuc thi bing mach analog.
Tuy nhién nhugc diém cua bo diéu khién PI 1a
dong hoc khong day du (inadequate) vi gidi
han dai tan cta bd diéu khién, do d6 SAF c6
thé khong dap tng dugc yéu cau khi tai co
béc phi tuyén cao [13].

Dé cai thién dic tinh dong hoc va chét luong
ctia b loc ngudi ta chi yéu sir dung bo Pl
sau d6 bd xung thém cac khau feedforward dé
cai thién thém dic tinh dong hoc va chat
lugng lgc song hai ciia SAF, trong do co sir
dung k¥ thuat bu dong hai trén hé toa do dq.
KV thuét nay st dung hai khau feedforward
song song véi hai bo didu khién PI trén hai
truc dq cho phép giam tinh phuc tap khi thuc
hién trén bd vi x1r Iy thuc [24]. Trong tai li¢u
[25] st dung k¥ thuat ADP(adaptive dynamic
programming) dé thiét ké hai bo diéu khién
feedforwad nham bu thém dic tinh dong hoc
cho hai bo diéu khién PI trén hé dq, k¥ thuat
nay st dung mang neural véi ham muc tiéu
sao cho hai dong 7, va i, bam theo mét cach
hi€u qua véi dong dat, lam tang tdc do cua bd
diéu khién PI din t6i kha ning bu séng hai
cao hon.

Bai bao nay trinh bay mot phuong phép didu
khién mach vong trong ctia SAF sir dung mo
hinh dy bao dong dién dau ra ctia SAF trén hé
toa do dq. Céu trac diéu khién nay c6 uu diém
hon vé khia canh qua trinh quéa d¢ so vdi cau
trac diéu khién PI hién dang st dung. Dong
dién can bu dugce tao ra s& bam theo mot cach
hiéu qua theo dong dién dit trén mién dq. Két
qua mo phong va thtr nghiém duoc thyuc hién
cho tai phi tuyén 1a mach cau chinh luu toan
pha, c6 so sanh voi by diéu khién PI cho thay
qua trinh qua do duoc cai thién giam tir 0,1s
xudng 0,02s so trudng hop st dung bo didu
khién PI, chi s6 THD ciia dong dién sau khi
loc song hai giam tir 27,65% xubng 5,4%.
CAu trac cia bai bao nhu sau: phan 1 1a phan
gidi thiéu; phan 2 13 ciu trac didu khién cho
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mach vong trong ctia SAF, phan 3 1a két qua
mo phong va thir nghiém, phan 4 1a két luan.
DPIEU KHIEN MACH VONG TRONG CHO
SAF DUNG DU BAO MO HINH DONG
PAU RA TREN HE TOA PO dq

Céu tric diéu khién nhu mo ta trén Hinh 2.
Dé xdy dyng mé hinh dy bao dong dau ra cho
SAF ta st dung phuong trinh mé ta SAF trén
hé toa do abc viét theo dinh luat Kiechop II

l’lhlI Sau, Vé'l Var = [’l}uﬂ, Vapp Vafe }T 1?‘1 VéC tO’
dién ap cua SAF:
. d
v,=Ri + LEIC +v, (6)

trong d6 R va L la dién tré va dién cam cua
cudn khang dau ra SAF. Chuyén sang hé toa
d6 dq dung phép bién doi F, dién ap dau ra
bd diéu khién mach vong trong trén hé toa do
dgla

Vg = [’UML Uy, ’Usn]T = %FvS (7)
véi F dugc xac dinh trong tai liéu 0.
» oL
=
Z: i-“‘ l': Bidukhida dy bio _,g_ Vi |\ abe :.. Diu ché

Y md hish dong din vecto
i . radq v, khong
(1] » 2% v, gian

1 dq

FYYYYY

Hinh 2. Cdu triic diéu khién mach vong trong
SAF dya trén dy bao mo hinh dong dau ra trén hé
toa do dq

Ta c6 phuong trinh (6) viét trén hé toa do dq 1a
+wL[—i (k) k) i,k I

d.
+L—i w TV
dt cdq sdq

v. = Ri

afdq cdq

(8)

Dé xay dung mo hinh dy béo, ta rdi rac phuong
trinh trén v6i chu ky trich mau 7. dugc
Vatig (k) = Ricaq (k) + wL[—ieg (k) dca(k) o (R)]"

L. . (9)
+? lcdq(k) - lcdq(k - 1) + Vsdq(k)

Thanh phan wIf—i, (k) iu(k) io(k)]’ 1a mbi
lién két chéo trén hai truc d va g. Gia thiét
dién 4p ngudn 1a dbi xing, hinh sin, ta c6 thé
bo qua v, (k), vay khi d6 phuong trinh (9)
con lai 1a
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Vg (K) = w - %icdq(k - (10
+w[—i (k) i,(k) 1, (k)]
Dua vao phuong trinh nay, viét tién 1én mot
chu ky trich mau %k =%+1, ta dugc mo hi}lh
du bao dong dién cua SAF tai thoi diem
k+1la:
_ T Vaag(k + 1) L .

fegq(k +1) feaq (K)
_ RT, + L RT. +L (11)
ST ) i) e
RT.+ L cq ed 0

Khi mo hinh héa bo diéu khién du bdo, tin
hiéu hiéu chinh phan hdi can phai dugc xét
dén do troi trong cac phuong trinh moé hinh
phu thudc vao tinh phi tuyén tu nhién cua
APF, goi sai 1éch giita dong thyc dau ra cua
SAF do duocC ig(k) va dong du bao i, (k)
thong qua mo hinh (11) tai cung thoi diém
trich mau 13 e(k) = fugu(k) —ieq(k). DO VAy sai
Iéch e(k) can duoc thém vao dong dau ra du
béo cua SAF dé hiéu chinh lai, goi dong dién
dau ra cta SAF dy bao sau khi da higu chinh
la iy, taco:

g (k1) =i, (k+1)+ le(k) (12)
v6i A 13 hé s6 hiéu chinh. Sir dung ham muc tiéu:
J = Efigg (kD) — 1y (b + D + v, (k+1) (13)

trong d6 ¢~ 1an luot 14 cac hé sb hiéu chinh
trong sb cua sai léch du bao va cta bién diéu
khién. Chu y rang cic bién diéu khién cua
SAF la dién ap v, la 1énh dat vao SAF.
Thay i.(k +1) bang cong thirc (11) ta dwoc

T = g (k1) 4 0elh) =28 b+ Vi (k1) (1)
g (B +1) + 7V, (+1)

crefdgq
Dé tim dién 4p didu khién SAF tai thoi diém
tiép theo v, (% +1), ta dao ham J va cho bang
khong, hay dJ /dt =0 ta dugc
¢ RT +1L
Yl D) = T
vy RT. +L +T7¢ (15)

L .
m Lig (k) — e(k)

i (k+1)—

crcqu(
Luat diéu khién mach vong trong cho SAF
dugc xay dung theo bieu thirc (15) c6 cau trac
tuong doi don gian, trong do tac dong dicu
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khién tai thoi diém tiép theo 1a dién ap diéu
khién cho mach diéu ché vector khong gian
nham diéu khién IGBT sao cho tao ta dong
dién bu nhu dong dién bu mong mubn. Trong
luat diéu khién (15) c6 ké dén dong dién bu
du béo tai thoi diém & +1, ieaq(k +1), vO1 muc
tiéu la sao cho sai 1éch gitra dong dién du bao
dAu ra cta SAF fcaq(k+1) va dong dién dau ra
mong mudn feeag(k +1) cia SAF 1a nho nhét
tai thoi diém tiép theo, ham J tién toi min.
Ham muyc tiéu J ¢ hai thanh phan d6 1a thanh
phan sai léch 1cdq(l<;+1) imetaq(k+1) VA thanh
phan dién ap diéu khién v,u,(k+1) v6i hai hé
s0 hiéu chinh 1a ¢ va ~. Khi cha trong dén
yéu cau sai 16ch  iuq(k+1) —imesa(k +1) CANG
nho thi ta s& hiéu chinh tham sb ¢ tang lén,
con khi chu trong dén tac dong diéu khién sao
cho nho nhét thi ta s& hiéu chinh tham s6 ~.
KET QUA MO PHONG VA THUC
NGHIEM

Céac tham s ciia mach mo phong: Tai phi
tuyén bao gdbm mach cau chinh luu toan chu
ky cap dién 4p cho tai mot chiéu c6 R =100,
méc song song v6i tai tuyén tinh 3 pha khong
can béng co cac thong sd
Riy =20, Ry = 4Q, Ry = 692. Trd khang dudng
day cta tai 1a Ry, = 0.0010,L,, = 10°H . Ngudn
ba pha ddi ximg ¢6 U, = 380V, f = 50Hz , dién
cam cua ngudn 1a L, =10°H. Tré khang
duong ddy tr nguébn dén tai  co
R, = 0.001, I, =10-H . Mach loc tich cuc co:
nghich luu IGBT c6: dién trd snubber
R, =10000Q, dién dung snubber C, = ou(F),
dién tr¢ khi dong: R, =10+Q, dién ap roi
trén IGBT va Diod lan lugt 1a 1V va 1V, thoi
gian 7; =105, 7; =2x10%s , Cudn khang lam
min ¢6 dién cam L, =12x10°H. Bo diéu
khién phu PI: ¢6 K, =0.,K, =1, Uy, = 1000V .
Chu ky trich mau tinh todn 7, = 5.10-%s, phwong
phép tinh dao ham 1a Tustin. Két qua mé phong
dugc thé hién trén Hinh 3 dén Hinh 12.

Hinh 3 mo ta dién ap ngudn, Hinh 4 1a dong
dién qua tai hay ciing chinh 1a dong dién qua
ngudn khi chua st dung SAF. Hinh 5 13 dong
dién qua ngudn khi st dung SAF. Hinh 6 la
dong dién bu dat dugc xac dinh boi mach
vong ngoai va dong dién bu thuyc dugc tao ra
boi mach vong trong dua vao ludi, cac dong

dién bu thuc té cua ba pha A, B, C duogc tao ra
boi luat diéu khién (15). Hinh 7 va Hinh 8 13
phan tich séng hai ctia dong dién tai va dong
dién ngudn sau khi sir dung SAF.
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Source currents (A)

Time(s)
Hinh 5. Dong dién qua nguon khi sit dung SAF
dé loc song hai
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Hinh 8. Phdn tich séng hai cia dong dién qua
nguon khi da dwoc loc séng hai bang SAF
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Hinh 13. Két qud thir nghiém khi loc séng hai,
THD dong dién giam tw 24,8% xuong con 5,4%
Hinh 9 13 dang bién thién dién ap trén ty cua
SAF. Hinh 10 mo6 ta dang dong dién bu dat va
dong dién bu thuc té trén truc d. Hinh 11 1a
dang dién 4p diéu khién trén truc q. Hinh 12
la Dang dién ap diéu khién trén hé truc toa do
abc dua dén diéu ché véc to khong gian. Hinh
13 mo ta két qua thtr nghiém khi loc séng hai,
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THD cta dong dién da giam tir 24,8% xudng
con 5,4%.

KET LUAN

Bai bao nay trinh bay mot phuong phép diéu
khién dong dau ra ctia SAF trén hé truc toa do
dq str dung m6 hinh du bido dong ctia SAF,
tac dong diéu khién dugc xay dung bang cach
cuc tiéu hoa ham muc tiéu lién quan dén hai
thanh phan d6 1a thanh phin sai léch giita
dong dién du bao dau ra ciia SAF i, (k+1) VA
dong dién dau ra mong mudn ik +1) tai
thoi diém tiép theo va thanh phan dién 4p diéu
khién Vaaq(k +1) . Luét diéu khién c6 dang kha
don gian va c6 thé thuc hién dugc béng cac
mach analog. Két qua mé phong ciing nhu
thuc nghiém thuc hién dbi voi tai phi tuyén
bao gdm mach cau chinh luu toan chu ky cip
dién ap cho tai mot chidu méc song song voi
tai tuyén tinh 3 pha khong cin bang chi ra
rang chat luong loc song hai da dap ung tot
theo yéu cdu cua tiéu chuin IEEE Std 519,
trong d6 THD cua dong dién sau khi loc song
hai c6 THD giam tir 27,65% xudng 5,4% voi
bién do song co ban bac 1 chiém gin 100%,
cac song hai bac 3, 5, 9, 11, 13 khoéng vuot
qué 1% bién do, thanh phan séng hai bac 7
chiém 3%. Sau khoang thoi gian qua do la
0,012s dong dién bu thyc té dau ra cia SAF ¢
ba pha A, B, C da hoan toan bam theo dong
dién bu dit dugc tao ra bdi mach vong ngoai.
Qua trinh qua d6 dugc cai thién hon so véi
phuong phap dung bo diéu khién PI trong tai
lidu [28], [29].
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CONTROL OF SHUNT ACTIVE FILTER BASED ON CURRENT MODEL

PREDICTION ON dq FRAME

Nguyen Van Chi’
University of Technology - TNU

The nonlinear loads present more in the power systems in the practice today by developing of
electronic technology and using the small distributed power sourses (solar power, wind power
ect...), this causes the increasing the high frequency switch devices ect in the power network.
Nonlinear loads cause non-sinusoidal currents and voltages with harmonic components, increasing
the reactive power, overload of power lines and electrical devices, low power factor and affecting
badly to the networks. Shunt active filters (SAF) with current controlled voltage source inverters
(CCVsSI) are used effectly to reduce the harmonics and to balance the phases sinusoidal source
currents by generating the currents to compensate the harmonic currents caused by the nonlinear
loads. In this paper we suppose a control stratergy to generate the compension currents of SAF by
using the current model predictive engineering. This method is better than the control strategy
using PI controller in term of transient time. The desired compensation currents can track exactly
the reference compensation currents on the dq frame. The simulation results implemented on the
nonlinear load, a full bridge rectifier and 3 phase unbalance load, show that the transient period
decrease from 0.1s to 0.02s in comparing with PI controller. The experimental results proof that
the THD of source currents decrease rapidly from 24.8% to 5.4% when using the proposed

method,

Keywords: Active Power Filter, Power Quality, CCVSI, total harmonic distortion (THD), PI

controller
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