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NANG CAO CHAT LUONG BIEN TAN NOI LUG
BANG B0 DIEU KHIEN TRUGT VA BO LOC LAI

IMPROVING THE QUALITY OF GRID-CONNECTED INVERTER BY SLIDING CONTROLLERS AND HYBRID FILTERS
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TOM TAT

Bai béo trinh bay két qua téng hap b diéu truot (SMC) cho hé bién tan néi
lui (BTNL) <6 st dung bd loc lai, két hgp giifa bd loc chi dong (APF) va bd loc bi
ddng (PPF). B diéu khién da gidp gidm anh hudng cda tai phi tuyén va hién tugng
s6ng hai dén tinh 6n dinh cda ludi dién. Chat luong cda bo diéu khién va bo loc dé
xudt dugc danh gia thong qua két qua mo phong bang phan mém Matlab-
Simulink.

Tirkhéa: Bién tdin ndi ludi; diéu khién trugt; bé loc chi dong; phu tdi phituyén.

ABSTRACT

This paper presents the results of the synthesis of the sliding control unit
(SMQ) for the grid-connected inverter system using a hybrid filter, a combination
of active power filter (APF) and passive power filter (PPF). The controller has
helped to reduce the influence of nonlinear loads and harmonics on the stability
of the grid. The quality of the proposed controller and filter is evaluated through
simulation results using Matlab-Simulink software.

Keywords: Grid-connected inverter; sliding mode control; active power filter;
non-linear load.
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1.PAT VAN BE

Hién nay, nhu cau st dung dién dang ngay moét tang cao,
thi vai trd clia nang lugng téi tao ngay cang quan trong. D& st
dung hiéu qua ndng lugng mat trdi, nguoi ta thuong st dung
b6 chuyén déi quang dién két hap véi bo bién tan (BT) 2 tang.
Tang dau tién thudng la bo bién d6i DC/DC tan s6 cao, c6 thé
cach ly hodc khong, véi vai trd do diém cong suat cuc dai
(MPPT). Tang thu hai la mét bé DC/AC hai chiéu, dé 6n dinh
dién ap DC cling nhu dam bao qua trinh trao di cong suat
vGi lugi dién mot cach tron tru. Cau trdc nay dac biét phu hop
VGi cac ing dung PV ap mai trong pham vi cdng suat dudi
5kW do kich thudc nhé gon, hiéu suat cao [1]. D& c6 thé ndi
Iugi 8n dinh va an toan thi mot s6 tham s phai dap tng duoc
yéu cau nhat dinh nhu: téng dé6 méo séng hai dong dién [2].
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Bén canh d6 dong ra clia bién tan hoa luéi thudng dugc trén
vGi moét lugng 1én séng hai tan s6 cao sau khi diéu ché, diéu
dé anh hudng 16n dén chat lugng nguodn dién. Bo loc LCL, véi
nhing lgi thé rd rang nhu chi phi thap va hiéu suat b loc tét
hon, thudng dugc st dung dé triét tiéu song hai cao tan. Tuy
nhién, bd loc LCL thudc vé hé théng bac ba, c6 thé dua ra cac
dinh cong hudng, dan dén su mat 6n dinh ctia hé théng [1].
Do d6, can c6 phuong phép diéu khién va bo loc phu hop dé
dam béo hé théng 6n dinh va hiéu suit cao dé chat lugng
dong dién lugi c6 thé dap Uing cac yéu clu cu thé.
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Hinh 1. So d6 b0 tri BTNL 6 tram ndng lugng ti tao

Mét s6 phuong phap diéu khién maéi dugc dé xuat thong
qua cai tién phuong phap truyén théng nhu: Phucng phap
diéu khién cong hudng ty |é da dugc 4p dung cho bién tan néi
ludi trong [3]. Phuong phap diéu khién phan héi trang théi phi
tuyén tinh da dugc dé xudt trong [4]. Tuy nhién, cdc phuong
phép nay van c6 nhugc diém do 1a d6 6n dinh cta hé théng
cling nhu @6 chinh xac ctia diéu khién chua bén viing. Bd diéu
khién trugt c6 su hoi tu nhanh, bén viing d8i véi cac nhiéu
loan bén ngoai va 6n dinh tét; do d6 phu hgp dé diéu khién
cac hé théng cau tric bién d6i nhu bién tan [5].

Trong bai bdo, nhém tac gia dé xuat mot bé loc APF

lai két hgp bo diéu khién SMC nham cai thién hiéu qua cda
b6 loc, 6n dinh dién ap néi ludi.
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2. XAY DUNG MO HINH HE BTNL

iiiiiiiii Bién tan Va i‘hluu‘:"“"“""'""--“_
| Ve | n A i
[ H Il'v”’fl Vh i, load! Trayen i
i i ' - — dan va i
R i lyarr] . taiphi
\ = " o s, load: 4 :
i i Ve o] ¢ tuyén
77777777 "._‘rm‘l
dcC JcCc Jdc
T T T Bo loc Shunt
Loofr L
"""""""""" Voo d
Bé loc APF

Hinh 2. BTNL st dung b loc lai

Trong d6: Chi s6 “abc” biéu thi cac bién trong toa d6 ba
pha; iapr Ia dong dién di vao b 10¢; iad la dOng dién ra tai; V.
13 hiéu dién thé tu dién; L., C. 1an luot 1a dién cdm va tu dién
clia bd loc Shunt; Cyc la dién dung cula tu loc APF.

Phuang trinh can bang dién ap ctia bé loc lai:

L. % =WL ipppg = Veg —UgVg +Viy
Lc%:—chiAmd =V UV Vi, "
C, % =ippg TWCV 4

. d(;/;q) =iupq —WC Vg

Trong d0, iarpa, iareqla dong bu hé dq; vy, veq dién dp bd
loc PPF.
Phuang trinh dong dién DC lién két:

d(v,.) . .
de d: =Uglaepq T Uglarp g (2)
Pua vé phuang trinh trang thai dang:
d
—X=A(X)+B(X)u
” (X)+B(X) 3)

Y =C(X)+D(X)u

Z. _n T' _ T
Trong d6: X =li,ep 4 siapp a1 VearVeg] sU=1Ug,U,]

- udVdc + VLd)

L NN

_(U‘)LCIAFP,d Ve
C

1 .
_(_U‘)LCIAFP,d - VCq - uquc + VLq)

—

fa)

(ipppq +WCVey) ;

(iAFP,q _chVCq)
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Iarp.q

C(X) = {f’*“’"‘ };D(X) =0

Tién hanh tuyén tinh hoa hé (3) theo ma tran Jacobean
co:
d

aX:ALX+BLu+H+h (4)
0A,(X) 0A,(X) 0A,(X)
oX, ox,, a—u1
V6i A = : ;B = :
0A,(X) OA,(X) OA,(X)
0ox, Toox, ou,

Trong dd, h la phan nhiéu tai va H tuong (ing vai phan
ma tran khéng xac dinh cia mé hinh khong gian trang thai
do tuyén tinh héa.

3. XAY DUNG BO DPIEU KHIEN SMC

Goi X4 la tin hiéu dat, cé phuong trinh sai léch:

E=X-X, (3)
Theo (4), (5) cé:

d d
—E=AE+Bu——X+AH+Ah (6)
dt dt

D€ loai bd nhiéu hiéu qua dé xuat st dung trugt bac cao
véi mat truot nhu sau:

s=kE+k, [ Edt 7)

Vi ki, ks la hdng sé duang. Dao ham hai vé cua (7), két
hop véi (6) co:
d d
as:k1(ALE+BLu—aX+ALXd+AH+Ah)+k2E (8)

Tiép tuc dao ham hai vé cua (8) co:

2
j?s =(k,A? +k,A ) +k,ABu+ (kA +k,A E
d d’
+X, —kzaxd —k1¥Xd +(k,A_ +k,)(AH+Ah) (9)

+k, i(AH +Ah)+k,B, iu
dt dt

Dé thiét ké bé SMC bac 2, chon mat trugt bac hai:
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d
S=ys+—s
R

Trong d6: y la hang sé duong.
Tu (8,9, 10) cé:
2

:9= —S+—5
ydt dt?

(10)

=(k,A +k,A +7k,A +7k,)E+ (kA B, +k,B_ +vkB )u

+ (kA7 +k,A +7kA X, —(vk, +k,)—X,

d, &
dt dt’

+kB, %u +(vk,A_ +vk, +7k,)(AH+Ah)

+k, i(AH +Ah)
dt

Dé hé hoi tu vé 0, dé xuat luat diéu khién sau:

{(k,A? +k,A_ +YkA, +Yk,)E

u=—(kB)"[
+m,sign(9)

Chung minh:

Chon ham Lyapunov sau:

Volg
2

EVZSXES
dt dt

| +(k,A B, +k,B +VvkB )u

t (12)

o | HKA? +K,A + VKA X, +m,9

Pao ham 2 vé€ (13) két hgp (11) co

=Kk A +k,A +YKA +Yk,)E+(kAB, +k,B ykB u

+(kA +KA + VKA X, — (YK, +k2)axd -

+kB, %u +(yk,A, + Yk, +yk (AH+

+k, E(AH+Ah)}
dt

Tu (12) co:

d &

a

X, (14)

Ah)

u=—(kB ) {(k,A? +k,A_+YkA, +Yk,)E

+(k,A B, +k,B, +VYkB, )u
+

Thay (12) va (15) vao (14) cé:

(
(k,AZ +k,A, +Vk,A X, +m3+m,sign(P)}
(

%V =H—-m,F—m,sign(9) +(yk,A, + Yk, +Yk,)(AH+Ah)
d d d’
'i‘k1 a(AH‘l’Ah) —(Yk1 +k2 )axd —de} (1 6)
=-m&F -m,|9+T.9
VGi T=(yk,A_+ Yk, + Yk,)(AH+ Ah)
d d d?
+ k1 E(AH + Ah) — (Yk1 + k2 )axd —de
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X, (1)

Chon

m; > 0;

m, > (yk,A_ + Yk, + Yk, )(AH+ Ah)

d2

d d
(AR A= vk +ho) X ==X

dt
Khi d6 %V<O, nhu vay hé én dinh theo tiéu chuan

Lyapunov.
4. KET QUA MO PHONG

Trong phan 3, cac tac gid da téng hgp luat diéu khién
SMC cho BTNL két hop bé loc APF lai. M6 phéng kiém chiing

dugc thuc hién trén Matlab/Simulink nhu hinh 3. Tham s6 hé
bién tdn nhu bang 1.

Bang 1. Tham s6 hé bién tan

Ky hiéu Tham sd mé hinh Gia tri
E Hiéu dién dp ludi 220V
f Tan 50 dién ap ludi 50Hz
Vi Hiéu dién ap mot chiéu 420V
L Dién cdm b loc Shunt 1,4mH
C Dién dung bd loc Shunt 220pF
Ri, R, Dién trd bo loc 1,80
Cac Dién dung tu loc APF 4mF
Mosfet Power switches 600V, 6A
Iradiznce mdance W/m)
Vec mesn (V)
BT
X T 1T =
I " ALEL ' —
= : &) @QW
: i sk G ) gl O
e &
¥

Hinh 3. M6 phéng tram phat dién 75kVA st dung BTNL

B6 chuyén ddi trong mé hinh céach sir dung cau H dugc
diéu khién bang bién tan PWM vdi b loc APF lai két hap bo
diéu khién SMC. Luéi dién dugc 1ap mé hinh béng cach s
dung may bién &p gan trén cot dién hinh va nguén AC ly
tudng la 14,4kV. Cudn day thd cdp 240V clia may bién ap
dugc ndi gilta va day trung tinh trung tam dugc néi dat
thong qua mét dién tré nhd Ry, tdi dan dung 20kW.

Trudng hop 1: Cong sudt blc xa nang lugng mat troi
gidm tU 1000W/m? xuéng 200W/m? tai thoi diém 0,4 giay.
Cac két qua mo phong kiém ching trén Matlab/Simulink
nhu dugc trinh bay trén hinh 4 + 9.
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Hinh 4. Cong sudt bic xa nang lugng mat troi
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Hinh 5. Dong dién clia PV
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Hinh 6. Dién ap dau ra hé pin nang lugng mat trdi
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Hinh 7. Cudng dd dong dién vao bd loc
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Hinh 8. Cugng do dong dié

0.4 0.6 0.8 1 1.2
Thoi gian [s]

n ni ludi

400 - I

300

200

100

0

Dién ap [V]

-100

-200

-300

-400 I

0 0.2

L
0.4 0.6 0.8 1 1.2
Thoi gian [s]

Hinh 9. Dién ap pha A ndi ludi

Truong hop 2: Co
thai diém 0,4s tang tu
ngau nhién 100W/m?2

ng suat buc xa anh sang mat troi tai
250W/m? [én 750W/m? két hgp nhiéu
Cac két qud mo phong kiém ching

trén Matlab/Simulink nhu dugc trinh bay trén hinh 10 + 15.
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Hinh 10. C6ng suat biic xa nang lugng mat troi
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460 ' ' ' ! ' Nhan xét:

440 1 Két qua sau khi m6 phong cho thay, bé SMC két hgp bo

a0 RN Nl . loc APF lai da giup BTNL dat dugc cac yéu cau dat ra. Khi
= 400 § ‘ AR R Y c6ng suat bilic xa mat trai thay déi, c6 nhiéu, dong dién dau
5 380 vao bo loc khéng 8n dinh véi sailéch 11% song dap ting dau
- ra ndi ludi van gilt 6n dinh, sai léch 0,2%.

a0 | | 5.KETLUAN

320 . Bai bao da mé hinh héa hé BTNL s dung bé loc APF lai,

a00 L _ trén co s& d6 dé xuat luat diéu khién SMC. Két qua sau khi
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Hinh 12. Dién ap dau ra hé pin ndng lugng mat troi cho cac tram ngudn dién ti tao hién c6.
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