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TOM TAT

Ngay nay, viéc mdt on dinh cua h¢ thong dién tai cdc thanh cdi dau néi véi nha may dién gio van
chua dwoc cdi thién tét, gdy ra cdc nhiéu loan trong hé thong dién. Bai bao nay, dé xudt mot mé
hinh diéu khién méi sir dung thiét bi FACT la GUPFC dé nang cao su on dinh ciia hé thong dién
cho nha may dién gié Bac Liéu khi két néi véi hé thong dién quoc gia. GUPFC ¢é nhiéu cdu triic
linh hoat va bao gom it nhat hai va ba bé chuyén a"oz céng sudt trong cdu hinh ciia né, trong khi
né cé thé dwoc sir dung dé diéu khién dong céng sudt ciia mét nhém cdac dwong ddy va cac mang
dién con. Mot mé hinh co ban thuong ding cia GUPFC bao gom mot bo chuyen doi cong sudt
STATCOM mdc song song va hai by chuyén doi cong sudt SSSC mdc ndi tiép trén thanh cdi
110kV Bac Liéu. GUPFC véi sw diéu khién dién dp, diéu khién dong cong sudt téc dung va diéu
khién dong cong sudt phan khdng da dwoc dé xudt va dwoc thuce hién thanh céng trong viéc tich
hop vdi hé théng dién gio tai Bac Liéu sur dung mdy phat dién gio DFIG (mdy phat dién khong
dong bé cam g nguon kép). Be ddnh gid két qua dat dwgc, hé thong dién dwoc mé phong va
ghi nhdn két qua trén phdn mém Matlab. Qua két qua thu nhén duwoc da chimg minh phuong
phdp dwoe dé xudt cé tinh kha thi cao khi dp dung vao lwdi dién truyén tdi tai Bac Liéu.

Tir khoa: FACTS, GUPFC; STATCOM, SSSC; nha may dién gio.

ABSTRACT

Today, the instability of the power system in buses connected to the wind power plant has not
improved, causing disturbances in the electrical system. This paper proposes a new control
model using the FACT device, GUPFC, to improve the stability of the power system for the Bac
Lieu wind power plant when connected to the national grid. The GUPFC has a variety of flexible
structures and includes at least two and three power converters in its configuration, while it can
be used to control the power flow of a group of wires and subnetworks. A basic model used by
GUPFC consists of a parallel-mounted STATCOM power converter and two SSSC power
converters connected in series on the 110kV Bac Lieu bus. GUPFC with voltage control, active
power flow control and reactive power flow control have been proposed and successfully
implemented in integration with wind power systems in Bac Lieu using generators DFIG (dual
source induction asynchronous generators). To evaluate the results, the electrical system is
simulated and recorded on the Matlab software. The results showed that the proposed method is
highly feasible when applied to the transmission grid in Bac Lieu.

Keywords: FACTS; GUPFC; STATCOM; SSSC; wind power plant.

1. GIOI THIEU nay dugc dung dé diéu chinh tu dong ciu
hinh mang di¢n dé nang cao dac tinh on dinh
tinh ciing nhu 6n dinh dong [1]. M6t phuong
phap méi sir dung cac bd diéu khién FACTS
cho viéc diéu khién dong cong suat da chuc

Cung voi su phat trién cua céac thiét bi
ban dan cong suét cao, dién ap cao, va cong
nghé diéu khién dién tir cong suit téc do cao.
Do sy dap ng nhanh cua nd, nhimg thiét bi
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ning dugc dé xuit trong [2]. CO rat nhiéu
cach két hop mot cach linh hoat hai hay
nhiéu bd nghich luu. Cac cach két hop do, co
hai cdu hinh van hanh méi, 1a bo diéu khién
dong cong sudt hop nhat suy rong GUPFC
thé hién trong [3]

GUPFC da duogc nghién clru rong rai
trong cac tai liéu ky thuat va dugc ching to
rang n6 di nang cao dang ké sy 6n dinh cua
hé thong Boi véy, dung thiét bi GUPFC va
dé xuat mo hinh diéu khién méi dé nang cao
su on dinh cua hé thong dién cho nha may
dién gi6 Bac Liéu khi két ndi v6i hé thong
dién qudc gia.

Trong mdt may phat dién ngudn kép
DFIG, ca cac cudn day rotor va stator co
thé cung cip cong suat tic dung, nhung
chiéu cua dong cong suit qua mach dién
rotor 18 thudc vao tdc do gio va theo toc do
mdy phat di¢n[4-5]. Khi dudi toc do dong
bd, cong suét tac dung di tur ludi dién dén
phia rotor va bd bién tan phia rotor (Rotor
side converter) (RSC) hoat dong giéng nhu
b6 nghich lwu ngudn ap trong khi bd nghich
luu phia luoi (Grid side converter) (GSC)
hoat dong gidng nhu mot bo chinh luu. Tuy
nhién, khi DFIG van hanh trén téc do dong
bd, RSC hoat dong nhu bd chinh luu va
GSC hoat dong nhu bd nghich luu. B
chinh luu diéu khién chi khoang 25% cong
suat dinh mirc ciia méy dién trong khi pham
vi dao dong téc do 1a 33% quanh téc do
ddng bo [4]. Mot chién luoc diéu khién
hi€u qua 1iét ké cac dac tinh dong cua mot
tua bin gié tbc do thay ddi dwa trén DFIG
va su van hanh cua bd chinh luu trong ché
d6 van hanh dudi ddng bd va qua dong bod
sudt chu ky chuyén tiép gitra hai ché do.

Grid

[
Hinh 1 So do diéu khién dong céng sudt trao
doi giita stator DFIG va luoi dién

GUPFC di duoc dé xuét dé thuc hién
viéc dieéu khién dong cong suat dong thoi

cua mot vai nhanh day va nang cao sy on
dinh hé théng dién [6]. Két hop ba hodc
nhiéu bd chuyén doi coéng sudt lam viéc
cung nhau, GUPFC m¢ rong khai ni€ém
diéu khién dong cong suit va dién ap vuot
ra ngoai nhiing gi ¢ thé dat duogc voi bo
diéu khién UPFC di dugc biét dén ma chi
sit dung hai bd chuyén ddi cong suit.
GUPFC ¢6 thém lgi thé va diéu khién linh
hoat hon moét UPFC dién hinh. 1a mot bo
diéu khién FACTS véi hai by chuyén doi
mic ndi tiép va mic song song, da dugc
cong nhén Ia co kha nang diéu khién dong

cong suit va dién ap tot hon, vuot ra ngoai
nhiing gi co thé dat duoc bsi mét diéu
khién FACTS c6 mot bdo chuyén doi,
STATCOM hogc SSSC [7]. Tuy nhién,
UPFC c6 thé diéu khién .dong cong suét cua
chi mot duong day truyén tai. Mat khac, so
véi UPFC va IPFC, GUPFC c6 nhiéu céu
trac linh hoat va bao gdm it nhét hai va ba
bd chuyén d6i cong suit trong ciu hinh cia
no, trong khi no co thé dugc sir dung dé
diéu khién dong cong suat cia mot nhom
cac duong day va cac mang dién con. Co
thé duoc dy doan rang cac bo diéu khién
FACTS s€ c6 kha nang dugc st dung trong
c4c mang truyén tai phuc tap khac dé giai
quyét nhitng van dé quan 1y mang ludi
truyén tai phic tap.

V; Q B%li/j
Vi
Myel, Qsel msjoa 2
[
Tf
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Hinh 2 Nguyén tic hoat dong cua
GUPFC voi ba bo chuyén doi.

2. MO HINH TOAN HQC
2.1 M6 hinh toian hoc may phat DFIG

May phéat dién khong dong bd ba pha
(DFIG) thyc chét 1a may dién khong dong bd
ba pha rotor diy quin. Gia thiét ring cac
cudn day stator va rotor bd tri mot cach ddi
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xung vé mit khong gian, duoc dau day theo
kiéu hinh Y-Y Bo6 qua cac t6n hao sat tir,
khong xét dén hién tuong bao hoa vat ligu tu.
H¢ phuong trinh thu dugc trong hé truc toa
do tinh a-f nhu sau:

@.;:M— YL -y

T Y s

_@_.—tm =

Hinh 3 So do dau ddy ciia hai bé ddy quin
stator va rotor dang Y-Y
Qui dbi cac thong sb vé mach stator, va dua
cac phuong trinh vé hé truc toa dd tinh a-f
gan trén stator, ta thu duoc:

Phuong trinh dién ap stator:

R 4+ W
dt
d
Ps Rs Ps +t— l//ﬂY
dt

Phuong trinh di¢n ap rotor:

Vi =R +—"=

Phuong trinh tir thong:
w. =L +1L
w =L i +L

Trong do:

Li- dién cam day quan stator, Ly=Lj+Ln

Ly~ dién cam tir hoa (H)

L,- di¢n cam day quan rotor qui ve phia stator,

L.=Ly+Ly

Lis, Li- 1a dién cam ro day quan stator va
rotor.

Phuong trinh moment dién tur:
(larlﬁv - lﬂrlm )

Trong d6 p 1a s cip cuc tir.

Thiét 1ap cac hé phuong trinh trén h¢ toa do
ddng bd d-g nhim mod phong va xdy dung
giai thuat diéu khlen t6i wu coéng suit tac
dung va cong suit khang cho may phat dién
nguon kép (DFIG).

Ta cb, truc cua diy quin stator va rotor
trong h¢ truc dq nhu sau:

as

Hinh 4 Truc ciia day quan stator va
rotor trong hé truc dq

Va mach dién tuong dwong mé hinh dong
DFIG trong hé truc toa dé tham chiéu dq
quay véi toc do dong bo nhu sau:

je (BRI ( 3, iy )1‘6 i¢
s R, 95 L, L Wy =W ) We R dr

e, a N -
T T — e
L,

Truc d

Truc q

Hinh 5 Mach dién twong dwong mo
hinh dong co DFIG trong hé truc toa
dé tham chiéu dg quay véi toc dé
dong bo

2.2 MG hinh toan thiét bi bu GUPFC

GUPFC c6 thé diéu khién toan bo nim
dai luong hé théng dién nhu bién do dién ap
ctia thanh cai i va ludng cong suat tac dung
va phan khang ddc 1dp cua cac duong day
d6i. Mach dién twong duong cua GUPFC
gdm c6 mot ngudn ap bom vao méc song
song ¢ thé dleu khlen dugc va hai nguon ap
bom vao mic ndi tiép c6 thé diéu khlen duoc,
dugc thé hién trong Hinh 2.4. Cong suét thuc
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c¢6 thé duoc trao d01 giira bo nghich luu méc
song song va nbi tiép thong qua lién ket DC
chung, va tong cia su trao doi cong suit thyc
nén bang khong.

Trong hinh 2.4, Z,,Zy) va Zy, 1a cac dién
khang may bién ap mac song song va n01
ti8p; Ven,Vee VA Veer NgUON ap bom vio mic
song song va hai ngudn ap bom vao mic nbi
tiép c6 thé diéu khién duoc cia cac bod
nghich lvu méic song song va ndi tiép;
Py,Pe; va Py, 13 cac cong sudt tac dung
trao ddi ctia cac bd nghich luu méc ndi tiép
va song song thong qua lién két DC chung.
Ngudn 4p bom vao c6 thé diéu khién dugc
dugc dinh nghia 1a.

Ve=V2Vy, sin (ot+0-ag,)

Vge1 = \/Evsel sin (wt+ 0 — ageq)
VseZZ\/zVscﬁ sin (mt+e'ase2)

Vi isel ng 1 erl Vj
—> 4 N\= —
U | I
ise2 vse2 Zse2
e W
T\ 1 T

Vi

‘ fl P + Prel + })seZ P dcG Ploss = 0

Hinh 6 Mach twong dwong cua GUPFC.

3. MO HINH HOA VA MO PHONG
3.1 Cac khdi bén trong ciia GUPFC
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Hinh 7 Cdu triic bén trong khoi diéu khién
chung cua GUPFC

Khéi didu khién chung cuia GUPFC dugc
chia lam bdn phan véi cac chirc ning riéng
biét nhur dwoc thé hién trong hinh 3.1 .Trong
d6 bao gom 3 khdi diéu khién t tmg cho
3 thiét bj cong suét va mot khé(ig(_)jl)lyen doi
cac tin hi¢u theo cac y€u cau khac nhau cho
cac bo diéu khién. Cac khdi nayFddc liét ké
cu thé nhu bén dudi.
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Three-Phase VOMsh Inductors Rectifier_3oh
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(Twa Windings)

Hinh 8 Cdu triic déng luc ciia STATCOM

CAu tric co ban cia mot STATCOM 12 mot
may bién ap déu song song voi ngudn cd
nhiém vy ha ap va cap nguén cho bd nghich
bd nghich lwu. Mdy bién ap co cip dién ap
110/25kV. Qua bd nghich luu cao ap, mot
dién ap 40 kV duoc gitr 6n dinh trong qua
trinh hoat dong cua GUPFC. Pé lam dugc
diéu nay, STATCOM c6 nhiém vu 6n ap trén
bus DC ctia ngudn mot chiéu. Nhu vay, ning
luong cép ra cho dudong diy hay tiép nhan
dugce tir dudng day s& dugc dibu tiét boi
STATCOM. Céu tric co ban cia STATCOM
dugc thé hién trong hinh 3.2.

Khéi SSSC bao gdm mot bd nghich luu ba
pha mic song song v&i mot may blen ap.

May bién ap duoc st dung dau ndi tiép voi
thanh cai va duong ddy truyén tai 110 kV.
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May bién ap nay dugc dat trén gitta duong
day va thanh cai. Céu tric cu thé cia SSSC
dugc thé hi¢én trong hinh 3.3, hinh 3.4.

Throe-Prase Breaker
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Hinh 9 Cdu triic déng luc ciia SSSC 1
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Hinh 10 Céu tric déng luc ciia SSSC 2

4. KET QUA MO PHONG

D¢ danh gia dap tmg ctia GUPFC trong h¢
thong dién Bac Liéu, trong luan van nay tac
gid chon duong day truyén tai tir Bac Li€u di

Soc Tring dé khao sat. Bao gém 2 bd SSSC
va 1 b STATCOM.

Cac két qua mod phong sau ddy dugc thuc
hién trén cong cu Simulink ctia Matlab véi
truong hop khi ngét 1 SSSC trén hé thong ra
khoi duong day bang cach ndi tat (bypass) dé
kiém tra tinh 6n dinh cong suat truyén tai va
truong hop xay ra sy ¢d ngan mach 3 pha tai
bus 110KV cta tram Bac Liéu dé danh gia on
dinh dién ap cua hé thdng nghién ctu voi
thiét bi GUPFC dé xuat.

4.1 Két qua mé phéng ¢ khi ta ngit 1 SSSC
trén hé thong

Tk

Hinh 11 Dién ap Vdc GUPFC

Khi dién ap Vdc GUPFC bi dao dong tai thoi
diém t =1s dién ap dao dong 3.98 dén 4.2
(pu) nhd ¢6 GUPFC hé théng 6n dinh dién
lai tai thoi diém t=1,4 s sau thoi diém t=4s hé
thdng hoat dong lai binh thuong.

Hinh 12 Céng sudt PO trén tuyén 1

Khi cong suét P,Q tuyén 1 bi dao dong tai
thoi diém t =Is thi cong sudt P dao dong 3.9
dén 4.1 (pu). Cong suit Q dao dong tir -0,9
dén -1.1 (pu) nho c6 GUPFC h¢ thong 6n
dinh cong suat lai tai thoi diém t=1,4 s sau
thoi diém t=4s hé théng hoat dong lai binh
thuong.

_1“w \
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L

Hinh 13 Céng sudt P, O trén tuyén 2

Khi cong suét P,Q tuyén 2 bi dao dong tai
thoi diém t =Is thi cong suat P dao dong 1
dén 7 (pu). Q dao dong tir -5 dén 3 (pu) nho
c6 GUPFC hé théng 6n dinh cong suat lai tai
thoi diém t=1,4 s sau thoi diém t=4s hé thong
hoat dong lai binh thuong.
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Hinh 14 Céng sudt P.Q trén STATCOM

Khi cong sudt P STATCOM  bi dao dong tai
thoi diém t =1s thi cong suat P dao dong -0.3
dén 0.3(pu). Q khong dao dong nhd cod
GUPFC hé théng on dinh cong suét lai tai
thoi diém t=1,4 s sau thoi diém t=4s hé thong
hoat dong lai binh thuong.

Hinh 15 Bién d¢ dién ap
Khi dién 4p bi dao dong tai thoi diém t
=(1-1.1s) thi bién d6 dién ap dao dong rat be
sau thoi diém t=1.1s hé thong hoat dong lai
binh thuong.

Két luan: Qua két qua mé phong trong cac
diéu kién 1am viéc khac nhau cua hé thong
dién gi6 Bac Liéu khi ta ngat 1 SSSC trén hé
thong va c6 GUPFC, c6 thé dua ra cac két
luan sau:

Trong diéu kién lam viéc binh thuong, viéc
co sy thanh gia cia GUPFC ¢6 tac dung tang
cao dién ap tai diém két ni. Diéu nay la rat
quang trong khi n6 giip néng on dinh dién
ap trén hé thong, lam giam t6n that cong suét
trén duong truyen va bu dap cong suit phan
khang cho hé thdng tai diém két ndi qua hoat
dong cua khéi két ndi song song.

Trong diéu kién lam viéc binh thuong, viéc
c6 su thanh gia cuia GUPFC ¢6 tac dung phan
ludng cong suat chay trén cac nhanh. Piéu
nay c6 y nghia quang trong khi n6 tdc dong

tryc tiép 1én kha ning gdy nghén mach
duong day khi qua tai

4.2 M6 phéng sw ¢6 ngian mach 3 pha xiy
ra tai bus Bac Liéu 110kV trong trudng
hop c6 va khong c6 GUPFC.

P gio (MW)

0 01 02 03 04 05 06
Time (second)

Hinh 16 Céng sudt tic dung ciia Wind
tuabin

Khi khong ¢6 GUPFC (duong chiam den):
thi cong suat tac dung tai thoi diém

t=0.1s thi cong suit tac dung dao dong 16n,
khong 6n dinh
Khi ¢é GUPFC (duong mau d6 lién): Thi
cong suat tac dung dao dong b¢ hon va tuong
doi 6n dinh hon so voi khong c6 GUPFC.

0
Time (second)

Hinh 17 Pi¢n dp Wind tuabin
Khi khong ¢c6 GUPFC (duong chim den):
tai thoi diém t = 0.1s thi thi dién ap dao dong
16n, khong on dinh
Khi ¢6 GUPFC (duong mau do lién): Thi
dién ap dao dong bé hon va 6n dinh tai thoi
diém t=0.4s so voi khong c6 GUPFC.
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Hinh 18 Pi¢n ap DC trén DFIG
Khi khong c6 GUPFC (duong chdm den):
tai thoi dién} t = 0.1s thi thi dién ap dao dong
16n, khong on dinh
Khi ¢6 GUPFC (duong mau do lién): Thi
dién ap dao dong beé hon va on dinh tai thoi
diém t=0.45s so vdi khong co GUPFC.

I Il
0 01 02 03 04 05 06
Tim (second)

Hinh 19 Pién ap tai nut Bac Liéu
Khi khong c6 GUPFC (duong chdm den):
tai thoi dién} t = 0.1s thi thi dién ap dao dong
16n, khong on dinh
Khi ¢6 GUPFC(duong mau do. lién): Thi
dién ap dao dong bé hon va dan on dinh tai
thot diém t=0.38s so védi khong c6 GUPFC.

1
0 01 02 03 04 05 06
Time (second)

Hinh 20 Dién ap tai nut Tra Noc

Khi khong ¢c6 GUPFC (duong chim den):
tai thoi di€m t = 0.1s thi thi dién ap dao dong
16n, khong 6n dinh

Khi ¢6 GUPFC (duong mau d6 lién): Thi
dién ap dao dong bé hon va on dinh tai thoi
diém t=0.38s so véi khong c6 GUPFC. Tai
nat & xa noi xdy ra sy co.

5. KET LUAN

GUPFC dugc dé xuét da cai thién su 6n
dinh dong va diéu khién ludng cong suét cua
hé thong dién gi6 tai Bac Liéu dua trén may
phat dién cam tng ngudn kép (DFIG). Voi
thiét bi GUPFC dé diéu khién ludng cong
suét va cai thién su giam dao dong cua ludi
khi hoa vao ludi dién quéc gia.

Céc két qua phén tich d3 chi ra rang hé
théng c¢6 mot su cai thién khi c6 GUPFC Kkét
ndi véi hé théng. Hon nira, khi c6 GUPEC
tham gia hé thong co6 thé thuc hién giam dao
dong tdt hon . Do do, su 6n dinh dong cua h¢
thong dudi cac diéu kién van hanh khac nhau
va nhimg diéu kién nhiéu loan khac nhau co
thé duogc cai thién mot cach hidu qua.
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cda tac gia va Trwong Pai hoc Sw pham Ky thuit TP. H6 Chi Minh.

PE cO BAI BAO KHOA HOC TOT, CAN CHUNG TAY BAO VE TAC QUYEN!

Thwc hién theo MTCL & KHTHMTCL Nam hoc 2018-2019 cta Thw vién Trwong Pai hoc
Sw pham K§ thuat Tp. H6 Chi Minh.
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