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TOM TAT

Bai bdo trinh bay viéc g dung cua bé bi dong b tinh (STATCOM) dé cai thién sir on
dinh dién dp trong hé thong dién cé két hop nguon dién gié sir dung mdy phdt cam 1#ng nguon
déi (DFIG) tuabin gi6 cé két noi ludi dién. Hé théng nghién civu bao gom hé 14 bus va nguon
nang lwong gié 6-MW bao gom 3 mdy phat DFIG 2-MW két néi véi bus 13.8 kV cuia hé thong
dién. Két quda mé phong dueoc thuc hién trong phan mém MATLAB. Cé thé két ludn tir két qud
mé phong rang tic dong cia STATCOM dwge dé xudt cé thé cai thién si én dinh cua hé
thong nghién citu.

Tir khéa: Bg bu dong bg tinh ( STATCOM ); May phat cam g nguon déi (DFIG); tua bin
gid; hé thong dién; on dinh dién dp.
ABSTRACT

This paper presents the application of a static synchronous compensator (STATCOM)
to improve stability of wind power voltage using doubly-fed induction generator (DFIG)-
based wind turbine connected to power grid. The studied system consists of a 14-bus system
and 6-MW wind power system of including three 2-MW DFIG generators connected to 13.8
kV bus of the power system. The simulation results derived in MATLAB software showed that
the impact of the proposed STATCOM can truly enhance the stability of the studied system.

Keywords: Static synchronous compensator (STATCOM), Doubly-fed induction generator
(DFID); wind turbine; power system; voltage stability.

I.  GIOI THIEU
V6i sy xdm nhap ngay cang ting cia SUAt va phan con lai thong qua stator ma

ning luong gioé vao ludi dién, may phat cam  khong can thiét bi dién tir cong sudt [1].

tng nguon doi (DFIG) dua trén tubin gi6

phan 16n duoc trién khai nho vao kha ning

diéu khién doc lap cong suat phan khang va

Tuy nhién, bang cach két ndi cudn day
stator tryc tiép véi ludi dién, n6 1a vo ciing
nhay cam véi cac su ¢b trén ludi dién. Dé cai
02l thign sw 6n dinh dién 4p cho cac bus cua hé
mdy phat c6 higu qua cao so V6i e thong  théng dien. Bo bu dong bo tinh (STATCOM)
nang lugng gid tryc tiep voi mot bo chuyen  da duge dé xuét sir dung dé cai thign cac van
do6i cong suat lon boi vi chi co khoang 20%  ¢& mit can bang va cai thién do tin cay cua
cong suit luu thong qua bo chuyén ddi cong hé théng dién.

cong suat tac dung. Ngoai ra, day con 1a loai
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Hinh 1. Cdu hinh cia hé thong nghién ciu

Trong bai bao nay, thiét bj bu déng bo
(STATCOM) dugc dé xuat dé diéu chinh
dién 4p tai bus 14 bang cach diéu khién
lwong cong suat phan khang duoc thém vao
hodc hap thu qua hé thong dién dé on dinh
dién ap trong hé thong dién.

Il. CAU HINH HE THONG VA MO

HINH TOAN HQC

Hinh 1 cho thay c4u hinh cua hé thong
nghién ciru. Mot trang trai gié 6-MW gém

3 x 2 MW may phat dién ngudn doi (DFIG)
két ndi vai bus 13.8 kV (bus 14) caa mot 1u6i

bus 14 dé cung cap cong suat phan khang
thich hop vao hé thong.

A. Mo hinh may phat dién gio DFIG

Trong bai bdo nay, mot md hinh DFIG
dugc thé hién trong hinh 2 xay dung theo hé
quy chiéu déng bo dg véi mot gia dinh véi
viéc bo qua nhiing tac dong thoang qua cudn
day stator [2].

Céc phuong trinh dién &p, dong dién
cua cac cudn day stator va cac cudn day rotor
ctia mot DFIG duoc viét nhu sau:
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dien. STATCOM duoc d& xuét dé kst ndi véi  Vasws swaaswa = © rwa ¥ gawe 1)
Turbine
— DFIG Bus
U N Pty | By
A GB 2 | |
— |
—
Prwd
s t GSC 4Py
| —T_+
I Cdcwd cwd —“i}
l =
|
|
|

CONTROL SYSTEM

Hinh 2. So dé nguyén Iy ciia mdy phdt dién gié DFIG
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Vqswd == std Iqswd + (Drwdwdswd (2)
1
Vdrwd = Rrwdldrwd - Swdmrwdwqrwd L p (\Vdrwd ) (3)
®
b
1

Vqrwd = Rrwdlqrwd +s

wd @ g Varwg T P (\Vqrwd ) (4)
© b

Trong d6: Wews VA Yrug 12 tir thong lién két tinh

trong hé don vi trong ddi (pu) cia cac cudn

day stator va cac cudn day rotor tuong ng.

Phuong trinh can bang coéng suat cho
bo chuyén d6i trong hinh 2 ¢ thé duoc viét
nhu sau:

P =P  —P (5)

dcwd

Trong d6: Prwd va Pgwd 1a nhitng cong suét
tai RSC va GSC, tuong ung trong Khi Pycug 12
cong suét tai lien két mot chiéu (DC). Ba
cong suat tac dung d6 dugc thé hién nhu sau:

Prwd = Vdrwd idrwd + Vqrwd iqrwd (6)
Pgwd = Vdgwd idgwd + ngwd iqgwd (7)
Poowa = Vaewa ldcws = (Vdcwdcdcwd ) p (Vdcwd ) (8)

Thay cac phuong trinh  (5) - (7) vao
(8), phuong trinh vi phan cuaa dién ap DC co
thé duoc thé hién nhu sau:

(VaewdCaewd) P (Vdewd)= Vdgwd ldgwd FVagwd
iqgwd —Vdrwd idrwd - Vqrwd iqrwd (9)

Dbi voi hoat dong binh thudng cua mot
DFIG, dau vao dién ap phia xoay chiéu cua
RSC va GSC c6 thé dugc diéu khién mot
cach hiéu qua dé dat duoc cac yéu clu diéu
khién dong thoi ngd ra cta cong sudt tac
dung va cong sut phan khang.

B. M6 hinh STATCOM

STATCOM d¢ xuat trong bai bao nay
dugc st dung dé diéu chinh dién 4p tai bus
14 bang cach thém vao dang luong cong suat
phan khang cho cac hé thdng dién. So do

diéu khién caa STATCOM duoc thé hién
trong hinh 3. Néu dién ap V2tao ra boi VSC
(STATCOM) c6 bién d6 thap hon dién ap V1
caa hé théng khién dong phan khang (Ig)
chay tir hé thong vao STATCOM, luc nay
dong di¢n Iy hoat dong nhu mot dién cam tiéu
thu cong suit phan khang tir hé théng, khi
dién 4p V2 tao ra boi VSC (STATCOM) co
bién d6 16n hon dién ap V1 caa hé thdng
khién dong dién phan khang (Iy) chay tur
STATCOM vao h¢ théng, liic nay dong dién
l, hoat dong nhu mot dién dung cung cip
cong suat phan khang dén hé thdng. Néu
dién ap V2tao ra boi VSC (STATCOM) va
dién ap hé théng V1 bang nhau thi khong c6
trao d6i cong sudt phan khang.

Heé Thong bién

Vi1

May bién dp X

Iy

NéuV2=Vl,Iq=0 ‘
Néu V2 < V1, Iq mang tinh cam
Néu V2 = V1, Iq mang tinh dung

YV
0

Nguﬁn De

Hinh 3. So do diéu khién ciia STATCOM

1. THIET KE BQ WPDIEU KHIEN
LOGIC MO CHO STATCOM

So @6 khdi caa bo diéu khién logic mo
duoc thé hién ¢ Hinh 4. Hinh 5 thé hién so
dd diéu khién logic mo két hop véi bo diéu
khién PI cia STATCOM.

Jh—p{erimre]
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Hinh 4. So do khoi cua bé diéu khién Logic mo
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Out

Hinh 5. So dé diéu khién ciia STATCOM két
hop véi bg diéu khién Logic mor

Trong bai bao nay, 5 bién ngdn ngit
duoc lya chon d6 1a NB (am 16n), NS (am
nho), ZR (khong), PS (duong nho), va PB
(duong 16m) va 5 bién ngd ra twong tmg la IB
(ting nhiéu), IS (tang it), KV (giit nguyén),
DS (giam it), va DB (giam nhiéu). Sy lién
quan gitra cac bién ngdn ngir nay duoc thé
hién ¢ bang luat 1.

Bdng 1. Tap lugt cia hé thong

AVpCC
NB NS ZR PS PB
d AV,

PB 1B 1B KV DB DB
PS 1B IS KV DS DB
ZR IS IS KV DS DS
NS DB DS KV IS 1B
NB DB DB KV 1B 1B

IV. KET QUA MO PHONG

Pé thiy 16 uu diém cua thiét bi bu
STATCOM, trong phan niay md hinh hé
thdng phi tuyén duoc sir dung dé so sanh cac
dic tinh dap tmng cua STATCOM dé xuat vé
cai thién sy on dinh cua hé théng duoc
nghién cuu véi mot sy cd nghiém trong. Gia
dinh ring céac tuabin gi6 van hanh véi toc do
cia gi6 8 m/s. Két qua mo phong cua hé
théng duwoc thuc hién bang cong cu

MATLAB / Simulink. Hinh 6 biéu dién két
qua so sanh khi c6 su cb ngidn mach 3 pha
cua hé théng nghién ctru khi c6 STATCOM
+ Logic Mo (duong mau do) va khong co
STATCOM (duong mau xanh). Su ¢b ngan
Xay ra tai thoi diém t = 2 s va két thuc sau 5
chu ky. C6 thé nhan thiy tir két qua mo
phong rang dap @ng qua do cua hé théng
nghién ciru thé hién trong Hinh 6 (a)-(d) tot
hon khi ¢c6 STATCOM.

=
[N

S oS o o
= © © -
T T

Dien ap tai PCC (pu)
=
T

o
o
T

o
=~
T

o
-
~
w
~
o
ES
-
=

Thoi gian (s)

(@) Dién ap tai Bus 1

Dong dien tai PCC (pu)
-
T

Thoi gian (s)

(b) Dong dién tai Bus 1

g
>

=
w

=
N

=
-

Toc do Rotor (pu)
-

o
©

o
©

o
3

Thoi gian (s)

(c) Téc do Rotor cua DFIG



4 Tap Chi Khoa Hoc Gido Duc Ky Thudt Sé 37 (09/2016)
Truwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

1500

1400

1300

1200 -

1100

1000

Dien ap Vdc tren DFIG (V)

©

S

S
T

800
0

Thoi gian (s)

(d) bién ap Vg trén DFIG

o
©

o
3

=)
o

o
o

Cong suat tac dung P (pu)
o o
w

o
N}

0.1

Thoi gian (s)
(e) Cong suat tac dung cua DFIG

0.2 T T T T T T T

Cong suat phan khang Q (p.u)

03 r r r r r L r
0

Thoi gian (s)
(f) Cong suit phan khang cuia DFIG

Hinh 6. Pdp itng qud dé cia hé thang
nghién ciru khi xay ra ngan mach 3 pha

Ngoai ra, dé thidy duoc sy anh huéng
cia STATCOM dén hé théng khi toc do gio
thay d6i. Hinh 7 (b) trinh bay dap ung cua
dién 4ap tai PCC khi hé théng khong co
STATCOM (duong mau xanh) va khi hé
théng c6 STATCOM (dudng mau do6) trong
khi tbc do gio dugc gia lap thay ddi nhu
trong Hinh 7 (). Tir két qua nay ta d& dang
nhan thay rang khi c6 STATCOM thi dién ap

tai PCC duogc nang Ién cling nhu do dao dong
s& giam khi téc d6 gié thay dbi manh trong
thoi gian ngan.
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Hinh 7. Dap irng qud dé cua hé thong

nghién ciru khi toc dé gié thay doi
V. KET LUAN

Bai bao di trinh bay viéc cai thién on
dinh dong cua mot hé thong may phat dién
gié DFIG c6 két ndi véi hé théng dien. Dé
cung cap cong suat phan khang thich hop
cho hé théng, thiét bi bu STATCOM di
dugc dé xuat va két ndi tai bus 14 cua hé
théng nghién ciu. Két qua so sanh trong
mién thoi gian voi su ¢b ngdn mach 3 pha
va khi tbc d6 gio thay d6i da dugc thuc hién
dé chiing minh hiéu qua cia STATCOM
duoc dé& xuit trong viéc han ché dao dong
cua hé thdng. Co thé két luan tir két qua mo
phong rang khi c¢6 STATCOM trong hé
théng két hop véi bo diéu khién logic mo da
cai thién ro rét chat luong dién ning ciing
nhu 6n dinh cua hé théng nghién ctu trong
truong hop su ¢b xay ra.
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