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Tém tit:

Bai bdo dé xuét diéu khién ché& dd trugt SMC cho D-STATCOM dé bu &p cho hé thdng phan phdi dién
n&ng béng cach bam thém hodc hap thu mot lugng cdng sudt phan khang khi bi nhiéu. Tinh 6n dinh
clia bd diéu khién SMC dugc chirng minh bang tiéu chuén &n dinh Lyapunov. Hiéu qua cla bd diéu
khién dugc kiém chiing bdng md phdng trén Matlab-Simulink. Két qua khang dinh tinh uu viét cta
bd diéu khién dugc dé xudt vé kha ndng 6n dinh bién dd va cai thién chét lugng dién ap khi xay ra
nhiéu nho trong ché do xac lap cling nhu' viéc nang cao bién dd, giam dao dong dién dp, phuc hdi
nhanh V& gi4 tri ban d4u trong qud trinh quéa dd khi xay ra nhiéu I8n trong hé thdng dién.

T khéa:
B6 bu dong bo tinh Iugi phan phdi (D-STATCOM); bo bu tinh (SVC); bd nghich luu nguon ap (VSC);
cai thién chat lugng dién ap.

Abstract:

This article proposes SMC sliding mode control for D-STATCOM to compensate the power distribution
system by injecting or absorbing an amount of reactive power when disturbed. The stability of the
SMC controller is proven by the Lyapunov stability criterion. The effectiveness of the controller is
verified by simulation on Matlab-Simulink. The results confirm the superiority of the proposed
controller in terms of its ability to stabilize amplitude and improve voltage quality when small
disturbances occur in steady state mode as well as increasing amplitude and reducing voltage
fluctuations, recovering quickly to the original value during transients when large disturbances occur
in the power system.

Keywords:

Distribution static synchronous compensator (D-STATCOM); Static var compensator (SVC); Voltage
Source Converter (VSC); Voltage quality improvement.

1. MO’ DAU dién bang bo diéu khién tuyén tinh. Céng
Trong nhitg nam gan day, da ¢ nhiéu trinh [1] da phan tich viéc sa dung bo
cong trinh nghién ctu vé viéc tich hop D-  didu khién PI trong D-STATCOM dé
STATCOM trong hé théng phan phdi  giam tac dong khong mong mudn do ndi
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ludi tao ra. Biéu khién PID dugc sir dung
cho D-STATCOM dé bu tai mét pha
trong hé théng phan phéi dién nham hiéu
chinh hé sé cong suat [2]. Cac tac gia
trong [3], da trinh bay mot D-STATCOM
dua trén bién tan da cap xép tang on dinh
dién ap ludi théng qua bo didu khién Pl
dé bu cong suat phan khang. Trong [4], da
dé xuat mot PV-STATCOM két hop bo
diéu khién IP va PID vai tai phi tuyén,
khong can bang dé giam céc song hai. Bo
diéu khién trugt SMC duoc su dung thiét
ké D-STATCOM [5] nham bu ap cho hé
théng phan phédi dién. Tuy nhién, két qua
cho thay thoi gian phan héi rat cham cé
thé gy mat 6n dinh hé théng. Trong [6]
da dé xuat sir dung SMC bac hai trong
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D-STATCOM, nhung mo hinh toan kha
phtc tap. Hon nita, trong diéu kién tai
khéng can bang, tong méo hai dau ra
kha cao.

Trong bai béo, tac gia dé xuat mot bo diéu
khién truot duoc thiét ké cho vong dong
dién bén trong D-STATCOM nhiam bu
dién ap cho ludi dién ha ap. Nho mat
truot phi tuyén, hiéu qua diéu khién dugc
nang I&n rd rét va dugc kiém chang thdng
qua md phong bang phan mém Matlab-
Simulink.

2. CAU TRUC MO HiNH

Xét mot mo hinh hé thdng phan phéi dién
nang nhu Hinh 1.

=7

Vlius

N
| —

D-STATCOM

VSC

Hinh 1. C4u tric co ban ctia hé D-STATCOM trong hé théng phan phéi dién
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Hinh 1 trinh bay ciu trac co ban cua
D-STATCOM bao gom: mét bo bién doi
nguén dién 4p ba pha (VSC) dua vao
chuyén mach dién tir céng suat chuyén
ngudn dién 4p DC sang AC két ndi voi
phia thir cip cua may bién &p véi ludi
phan phdi. Nguyén ly hoat dong cua D-
STATCOM chinh 1a viéc diéu chinh cong
suat phan khang dugc thyuc hién bang viéc
diéu khién bo VSC. VSC st dung cac linh
kién dién tir céng suat dé diéu ché thanh
dién 4p xoay chiéu ba pha V2 tir ngudn
mat chiéu Vde dugc tich trén cac tu dién.
D-STATCOM la mét thiét bi bu ngang,
dung diéu chinh dién &p tai vi tri ldp dat
dén gia tri mong mubn (Vref) thong qua
viéc diéu chinh bién do va goc pha cua
dién ap roi gitta D-STATCOM va h¢
théng dién. Trong ché do hoat dong on
dinh dién 4p thi D-STATCOM phat ra
dién &p V2 cung pha véi V1 (6 = 0), do d6
né chi ¢d chirc ning diéu khién cong suét
phan khang. Bang cach diéu khién VSC
dé dién ap V2 tao ra cliing pha véi dién ap
V1 cua hé théng nhung co bién do 16n
hon khién dong phan khéang (lg) chay tir
D-STATCOM vao hé théng dién, luc nay
dong dién Ig hoat dong nhu mot dién
dung cung cap cdng suat phan khang vao
hé théng dién, vi thé s& lam dién ap hé
théng ting 1én. Nguoc lai, néu dién 4p V2
tao ra boi VSC c6 bién do thap hon dién
4p V1 cua hé thong khién dong phan
khang (lg) chay tir hé théng vao D-
STATCOM, luc nay dong dién Iq hoat

dong nhu mot dién cam tiéu thu céng suat
phan khang tir hé thdng, qua d6 lam giam
dién ap hé théng dién tai chd két néi. Néu
dién &p V2 tao ra bai VSC va dién ap hé
thong V1 bang nhau thi khong co trao doi
cong suat phan khang.
Pé thiét ké D-STATCOM ba pha, gia tri
cua C, duoc tinh bang biéu thuc theo [7]:
3uAlLT

C. = s—™ L

« U2 _ugc

cmax

1)

Trong d6 C,, Uy, U,p Al U, T lan luot

la dién dung, dién ap tu dién, dién ap lon
nhat dat 1én tu dién, 5% dong tai (ty 1&
gon dong dién), dién 4p pha cuc dai
D-STATCOM va chu ky. Cac song hai
dugc loai bo bang céch st dung bo loc ba
pha. Gié tri cua cuon cam va tu loc duoc
chon theo biéu thuc sau:

L= 3mu )
12 f.aAl,
1
f = 3
27\ LC ®)
Trong d6, m, f,, a tuong tmg la hé sé diéu

ché, tan sé chuyén mach, hé sb qua tai.

Phuong trinh D-STATCOM trong hé toa
do abc duoc cho boi:

dla\bcLV — _RlabcLV Uabestart _ Uaberv (4)

dt L L L
Vél iabcLV’ uabcLV Va iabcstan’ uabcstart tlIO’l’lg 1'1’ng
la dong dién, dién ap ha ap va dong dién,
dién 4ap dau ra D-STATCOM. Dua
phuong trinh (4) vé hé toa do dg Voi
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Uy = (Ug/2).m CO:
diy, _—Riy, o UgeM _ Ugry
dt L “ooLoL (5)
diqu _Riqu . U,m  Ugy
T —Olyy + -
dt L 2L L

Khi tinh dén cac thanh phan bat dinh
phuong trinh (5) dua vé dang:

di
av _ L
= fy (Uyy Ugry o lay o Tguy )+Xmy + p,

dt (6)

di
qLv. H H
dt - fd (udLV 'quV ! IdLV ! IqLV ) + qu + pq

. u N N
Voi x==%:ham f (), f ()la:
ol X oL a (), T, )

f = dIdLV — _RIdLV + wi _udi
T dt L oL
. . (7
_ diy, _ —Riyy i Vg
q dt L dLv

3. XAY DUNG BO PIEU KHIEN

UgpeLyv LapeLv

< PLL [&| ~g abe|q—
dq dq

frer WMdgLV Y gLy
PI [—>

SMC
Lorer
qref +
PI Céng
SPWM tin hiéu
Hinh 2. So db diéu khién
Dat bién sai léch:
€ = idref _idLV
R 8

eq = Iqref - IqLV

Chon mat truot phi tuyén:
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sy =€, +AD”|e,|" sgn(e,)

(9)

_ a
sq—eq+lD

& ‘7 sgn(e,)

Véi D,a,y,21a céc hiang sé duong thoa
man a <1y <1

Dao ham hai vé (9) va theo (8) co:

. , . y-1
Sg = larer — oLy +/1RLDa |ed| Sgn(ed)

§, =1

. -1
q gref IqLV + A’RL D* Sgn(eq)

&
V6i Ay = Ay

Thay (6) vao (10) co:

Sa = T ()+Xmy + py + 2 D% e, |7’1sgn(ed)

. P -1
$,= f,()+xm + p, + 4, D“le,| son(e,)

Tur (11) c6 luat diéu khién cho bo diéu
ché xung SPWM c6 dang:

—: o () + 4 D[&g| " sgn(e, ) +k, sgn(s, )]
M= X

| f,()+ 2 D" eq|H sgn(e,) +k, sgn(sq)}
= X

(12)

Vi sig(.)” =|| sgn(.)
= Chitng minh h¢ én dinh:
Chon ham Lyapunov:
\Y; :%(sj +57) (13)

Pao ham hai vé (13) két hop (11) c6:
V=58, +5,8 =
Sy ( () + XM, + o, + A, D |6 sgn(e, )) (14)

4
[ 0+ 3m, + 9y 4 20, D[, s,
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Thay (12) vao (14) co:
V =5, (py —59N(34)) + 5, ( £y —k, 50N(s,)) )
:(Sdpd —k |Sd|)+(sqpq _kq|sq|)

Chon:

K :|pd|+§d;kq =|Pq|+§qtr0ng do: &,.¢,
la c&c hang s6 dwong. Khi d6 ta co:
V <&, |3y = &,[s,| < min(&, ,§q)(|sd|+|sq|)
=min(&;.&, )|s]
(16)

Nhu vay V <0 nén hé on dinh tiém can
vé6i thoi gian hitu han theo tiéu chuan 6n
dinh Lyapunov.

Hiéu qua diéu khién va chéng nhidu cua
bo diéu khién s& duoc khang dinh qua md
phong trén phan mém Matlab-Simulink.

4. MO PHONG

Bo bu déng bo tinh D-STATCOM dugc
sir dung dé diéu chinh dién &p trén mang

phan phdi 25 kV cd hai tuyén (21 km va 2

km) truyén tai dién t6i cac phu tai dugc
két ndi tai nit B2 va B3. Mot tu dién
shunt duoc st dung dé hiéu chinh hé sé
cong suat ¢ bus B2. Tai 600 V ndi vai bus
B3 thong qua may bién &p 25 kV/600 V
twong trung cho mot nha may hap thu
dong dién thay ddi lién tuc, trong ty nhu
10 hd quang, do d6 tao ra dién &p nhap
nhay. Cuong d6 dong dién tai thay doi
dugc diéu ché ¢ tin sb 5 Hz sao cho cong
suit biéu kién cua n6 thay doi trong
khoang tir 1 MVA dén 52 MVA, trong
khi van git hé s6 cong suat tré 0,9.
Sy thay ddi tai nay s& cho phép quan
st kha nang cua D-STATCOM trong
viéc bl dién &p. D-STATCOM diéu chinh
dién ap bus B3 bang cach hip thu
hoc tao ra cong suét phan khang. Thong
so cua bo diéu khién:y=0,9; 2 =1500;
a=0,8, k, =200; k, =200; &, =50; &, =55
D=5.

A A a =t A a A a
e e N— g -}{- b
i C C c o c c + + DT Yo 51
Programmable 25 KV, 100MYA B 24-km B2 2km B3 JOR 600V
Voltage Source System Seopef Feader Feeder %
pe =
v Vala (pu) » | 1
00 Bstatcom
Vel Va Inv (V) IV
- ’ 02 Mar g ‘
lg/qref v 108 L
et e o o \ariable
PO (MVA) T é n L oad
1] !
Wc(V)
Ve
madulation index
m
P_B3 (MW M
PQ_B3 5 (W W » 4 m o
VBV B3 (ou) Distribution DﬁT?;COM
— > Statcom|  py var .
Data Acquisition la STAT (pu) verage . %szcheStZ

Scope3

powergui

Hinh 3. M6 hinh md phéng hé théng bu dién 4p ding D-STATCOM
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Truong hep 1: Kiém tra dap tng cua
D-STATCOM khi dién &p ngudn thay doi.

bién & ngudn 25 kV tuong duong
1,077pu, thay dbi dién &p ngudn tai thoi
diém 0,2 giay va 0,3 gidy voi lugng thay
d6i twong ung 1a ting 6% va giam 6%,
sau do trd vé trang thai ban dau o
0,4 giay.

Bién ap, déng dién pha A D-Statcom [pu]
o

| | | | | |
005 04 015 02 025 03 03 04 045 05
Thi gian [giay]

Hinh 4. Dién ap, dong dién dau ra D-STATCOM

o
o
T

Curérng 86 déng dign Iq [pu]
& o

— lgref
~ = Ig dap (g cla b didu khién

o

. . . . . .
0.05 041 015 02 025 03 035 04 045 05
Théi gian [gidy]

Hinh 5. Cwong dé dong dién |q

C6ng su#t D-Statcom [pu]

——Cdng suél phan khéng Q
L L L L L L L 1 1
[ 0.05 01 015 02 0.25 03 035 0.4 045 05
Thai gian [gidy]

Hinh 6. Céng suét D-STATCOM
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=——Bign &p ngudn B3
— —Bign dp 3 B1

Bign ap [pu]

0 0.05 01 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5
Théi gian [gidy]

Hinh 7. Bién ap ngudn B1 va dién &p tai B3

Tai thoi diém t = 02 s, dién &p nguon
ting thém 6%, D-STATCOM hép thu
cong suat phan khang tir mang Q=+2,7
Mvar, tai thoi diém t = 0,3 s, dién é&p
ngudn giam 6%, D-STATCOM phai phét
cong suat phan khang dé duy tri dién ap
1 pu (Q giam xuéng -2,8 Mvar). Két qua
cho thay bo diéu khién SMC di giup dong
I, bam sat tin hi¢u dat, duy tri dugc dién
&p 6n dinh trén tai B3.

Truwong hep 2: Cho tai thay doi tai thoi
diém 0,15 gidy, chu ky 0,1 giay.

6 T

T T
[— Cong sut téc dung 1ai B3
- = Cong subt phén khing t4i B3

@
T

=
T

Coing suft tai B MW, Mvar]
~ u
T T

L . . L L
0 005 0.1 015 0.2 025 03 035 0.4 045 05
Théri gian [gidy]

Hinh 8. Céng suét tai B3

T T
— Bign &p ngubn B1
= = Dign dp 14i B3

Dién ap [pu]

L L
0.3 0.35 04 045 05

L L L
0 005 01 015 0.2

0.25
Thed gian [gidy]

Hinh 9. Bién 4p ngudn B1 va dién ap tai B3
khi khéng c6 D-STATCOM
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T T T
—— Bign ép ngudn B1
- —Dién dp14i B3

Bign ap [pu]

[} 008 o1 015 0.2 025 03 035 04 045 05
Tho gian [gidy]

Hinh 10. Dién 4p ngudn B1 va dién &p tai B3
khi c6 D-STATCOM

Co6 thé thay khi tai B3 c6 cong suat thay
doi lién tuc, khi khong c6 D-STATCOM,
dién 4p nguon va tai ciing bi thay doi
theo, dién ap B3 dao dong trong khoang
0,96 pu dén 1,04 pu (+4%). Khi co
D-STATCOM dién 4p nguon va tai da
duoc gitt on dinh theo dién ap dat, dao
dong dién ap giam xubng (x 0,7%).

Nhan xeét:

Tir cac két qua md phong thdy rang bo
diéu khién trugt cuia D-STATCOM di
cho chat luong diéu khién tét. Trong diéu
kién tai chiu anh huong cua cac yéu té phi

tuyén hé théng van dam bao dugc do 6n
dinh dién ap va dong dién, ti I¢ song hai
thap.

5. KET LUAN

Bai bao di trinh bay két qua tdng hop bo
diéu khién truot phi tuyén cho thiét bi bu
dién 4p D-STATCOM, dé cai thién chat
lwong dién ap cua phu tai trong ché do
xéac lap khi dién ap nguon dao dong va
phu tai thay di trong qué trinh hoat dong
va su ¢6 ngan mach ba pha thoang qua.
Phan trinh bay duoc bat dau tir viéc xay
dung moé hinh toan hoc, xdy dung luat
diéu khién, xay dung mé hinh mé phong,
kiém nghiém bang phan mém Matlab-
Simulink. Qua kiém tra va so sanh véi céac
két qua cua cac cong bé trudc day [3]-[6]
cho thay bo diéu khién da nang cao duoc
chat lugng cia D-STATCOM, lam giam
dang ké tan s6 cao cua song hai, dam bao
kha ning 6n dinh tan sé, dién ap, dong
dién cua phu tai.
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