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Tom tat:

Thiét bi bu doc cd diéu khién (TCSC) dudc st dung trén cac dudng day truyén tai dé nang cao kha
nang diéu khién cong suét trong hé thdng dién. N6 cd thé tao ra cdng hudng & nhiéu tan s6 khac
nhau bén canh dic tinh phat sinh séng hai do str dung van ban dan. Séng hai sinh ra hodc séng hai
san cd cla Iusi dién lan truyén trén Iudi dién va 1am tdng d6 méo dién &p cac nut. Bai bdo (ng dung
ky thudt md phong trén mién séng hai d€ md phong va khao sat anh hudng clia TCSC trong viéc lan
truyén song hai trong luGi dién. K&t qua moé phong cho thdy mirc d6 anh hudng ctia TCSC dén lan
truyén song can phai xét tdi khi danh gia dé6 méo dién ap cac nit. Su gia tdng do6 méo song hai co
thé& gy qua tai cho céc thiét bi loc va nhitng tac dung phu khéng mong mudn.

T khoéa:
Séng hai, mién séng hai, thiét bi doc cd diéu khién, TCR, lan truyén séng hai.
Abstract:

Thyristor controlled series capacitor (TCSC) are installed in transmission lines to enhance power
controllability. It could give rise to resonance at different frequencies additional to harmonic
generating due to semiconductor valves. Harmonics are generated by or existing harmonics
propagated in power networks and increasing voltage distortion. This paper deals with the use of
harmonic domain technique to simulate and inspecting the effect of TCSC on harmonic propagation.
The result showed that the effect of TCSC on harmonic propagation and should be considered in
distorted voltage investigation. Consequently, the strong voltage distortion could make filters
overload and undesirable side-effects.
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1. MO’ DAU thdng dién. Pé nghién cau su lan truyén
Séng hai trong hé théng dién duoc sinh ra  song hai, ky thuat quét tan so bo cho thay
khong nhiing 1am anh huéng dén chat cic diém cong huong trén ludi dién, ky
luong 1am viéc cua cac thiét bi dién lién  thuat mé phong trén mién thoi gian c6 thé
k& ma n6 con c6 thé lan truyén trong hé  cho dang song thay do6i theo thoi gian
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nhung chung khong cho thay sy twong tac
gitra ludi dién va thiét bi dien phi tuyén
[1]. Trén thuc té thi thiét bi dién tir cong
suat 1a cac ngudn hai bi anh huéng nhiéu
boi tin higu dau vao va do d6 luén c6 su
twong tac (modulation) séng hai gitia
chung va ludi dién. Ky thuat phan tich
trén mién s6ng hai 1a su két hop phan tich
s6ng hai trén mién thoi gian va mién tan
sb, ap dung thuan loi cho ca trudong hop
phén tich cac hé dong, song hai trung gian
(interharmonic) [2, 3].

Theo xu huéng cua lugi dién truyén tai
dién xoay chiéu linh hoat, TCSC la mot
thiét bi hiru dung trong viéc nang cao kha
nang diéu khién cdng suat trong hé thdng
dién. Cac mo hinh tinh trong phan tich
siéu qua d6 dién tir khéng phu hop voi
qua trinh dong cia qué trinh déng cat
TCSC, ching c6 dd chinh xac cao nhung
lai han ché vé su thay d6i theo thoi gian
cua dac tinh phi tuyén [4-8]. Mac du trén
ludi dién Viét Nam hién chua lap dat
TCSC vi véan dé chi phi dau tu cao nhung
cac nghién ctu van can dugc thuc hién dé
6 céi nhin toan dién hon [9].

Trong bai bao nay, tc gia s€ md phong
TCSC va luéi dién trén mién séng hai.
Anh huéng cua TCSC dén qua trinh lan
truyén song hai trong ludi dién khu vuc
c6 két nbi TCSC sé& duoc phan tich va lam
13 trong cac truong hop: khi cac phu tai
phi tuyén trén luéi dién phat sinh song
hai, va khi phia hé théng c6 song hai
truyén toi.

2. MO HINH TCSC TREN MIEN SONG
HAI

Cau hinh co ban ctia TCSC duoc thé hi¢n

trong hinh 1, bao gdm mot khang bu ¢
diéu khién (TCR) ndi song song Véi tu
dién, dé nang cao hiéu qua diéu chinh
cong suat trong ludi dién [1,2].
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Hinh 1. C4u hinh co’ ban ctia TCSC

Kha ning diéu chinh cia TSCS phu
thuoc vao gébc mo a twong ung cua
thyristor trong bo TCR. O tan sé co ban
cua dong dién, dién khang tuong duong
ciia TCSC c6 thé dugc md ta nhu (1):
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trong d6 k=1/@,WLC va X  =—5—",
Xc _XL

voi X.va X, la dung khang va cam
khéng.

TCSC lam viéc cd ba ché d6 co ban; ché
d6 khoa, ché do dan hoan toan, va ché do
dan mot phan. Hinh 2 mé ta dic tinh tong
tro cia TCSC & tan sé co ban, phan biét
rd rang hai vung lam viéc, vung cam tinh
va vling dung tinh. Trong ché do dan mot
phan, phu thudc vao goc mo, diém lam
viéc c6 thé nam & mot trong hai ving trén
2],

Ly thuyét vé mién song hai di duoc tac
gia trong [10] trinh bay rd. Dé phuc vy bai
toan phan tich sy lan truyén song hai,
téng dan cua TCSC c6 thé md ta nhu (2).
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Y,

TCSC

= Yier + Ye 2

trong d6 Y, =C.D( jhe,) 1a ma tran tong
dan cua tu va C la dién dung cia no;
YTCR=%Dl(jha)O)S la ma tran tong
dan cua TCR; D la ma tran vi phan, S la
ma tran ham déng cit cua van ban dan

thyristor [1].
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Hinh 2. Pac tinh téng tré cia TCSC

3. MO HINH BUONG DAY VA PHU TAI
Trong bai todn giai tich luéi dién, duong
day duoc thay thé bang so do hinh pi véi
téng tré noi tiép va cac tong dan néi song
song. Vé co ban, md hinh biéu dién cac
hién tugng vat 1y lién quan dén duong day
truyén tai, véi tong tre ndi tiép gom dién
tro ndi tiép voi dién khang, va trong da
phan truong hop thi téng dan ndi shunt
chi gom thanh phan dién dung.

Trong mién song hai, phan tir dién khang
va dién dung dugc mé ta nhu sau:
Y, =[L-D(jhe,)]"

Y, =C-D( jha,)

@)
(4)
L va C la gia tri dién cam va dién dung
cua duong day.

bién tro cua duong day 1a phan tir thu
dong cé gia tri khong ddi. Néu ta goi tong
dan cua dién tro R thi trong mién song hai
sé c6 dang sau:
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1
Ya=2U

()
trong do, U la ma tran duong chéo don vi.
Trong khi d6, md hinh phu tai tuyén tinh
duoc sir dung gém dién tro ndi tiép véi

dién khang. M6 hinh trong mién song hai
co duoc la:

Y =[Ra U+ Ly -D(jhe,)]" (6)

4, MO PHONG VA PANH GIA KET QUA

Phan mém Matlab duoc sir dung lam cong
cu hd tro cho qué trinh md phong. Mo
hinh trong hinh 3. NGt tai 4 ¢d két ndi mot
bo TCR déng vai tro 1a mot ngudn hai.
Luai dién 230 kV dung trong mé phong

¢6 s6 liéu nhu trong bang 1 [1].
4
g

Hinh 3. M6 hinh Iwéi dién mé phéng

Bang 1. Théng sé lwéi dién

Twndt | Téinat R (p.u.) X (p.u.)
1 3 0,01 0,05
2 4 0,01 0,05
3 4 0,02 0,06
3 (phu tai) 0,32 0,35
4 (phuy tai) 1,04 0,48

Bo TCSC c6 C = 67 p.u, L =0,0026 p.u.,
TCR 6 Lyr = 0,1 p.u.

Phuong trinh mo6 ta quan hé gitra dong
dién vao cac nat va dién &p c&c nit nhu
sau:
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|1 Y11 _YTCSC _YLZ 0 U1
Iz — _YTCSC Y22 0 _YLl x Uz
|3 _YLZ 0 Y33 _YLS Us
|4 0 _YLl _YL3 Y44 U4
(7)
trong do:
Y11= Yresc+ Y2
Y22 =Yresct Yiu
(8)

Y33= Y2+ Y3+ Yiai

Yar =Y+ Yig+ Yein + Y1cr

Vi nat 1 12 nt can bang cua hé thong,
trong mé hinh thi khéng c¢6 nguon dong
dién bom vao cac nat 2, 3 va 4 va do do,
hé (7) c6 thé viét gon lai, xac dinh dugc
dién ap cac nut nhu sau:

-1
Uz Yzz 0 _Yu YTCSC

U3 = 0 Y33 _YLS x YLZ xUl (9)
U4 _YL]. _YL3 Y44 0

So d6 khéi md phong duoc md ta trong
hinh 4, tat ca cac mddun tao ngudn dién
&p, tinh tong dan cua céc phan tir trong
mién song hai déu duoc thiét lap trong
cac chuong trinh con. Bai toan dugc thyuc
hién lap Gause-Seidel vai sai sé6 10* cho
phép tinh dién ap cac nat, dong dién céc
nhéanh vaéi gia thiét giir U; 1a khong doi.
Pé khao sat sy anh huong cua TCSC
trong viéc lan truyén song hai trong ludi
dién, ta xét truong hop TCR két ndi tai
ndt 4 1am viéc véi goc ma cac van la 120°
va xét:

e Truong hop 1 (TH1): Khi chua c6
TCSC, song hai phat sinh tir TCR s¢€ lan
truyén trén ludi dién;

e Truong hop 2 (TH2): Khi chua c6
TCSC, ngoai séng hai cia TCR con co
s6ng hai bac 5 tir hé thdng truyén vé.

e Truong hgp 3 (TH3): Khi c6 TCSC
lam viéc trong vung dung tinh, géoc mo
cua van thyristor la 150° va khi chi ¢
song hai tir TCR tai nut 4 anh huong.

e Truong hop 4 (TH4): Khi c6 TCSC
lam viéc trong vung dung tinh, géoc mo
cua van thyristor la 150° va khi bén canh
song hai tir TCR tai nut 4 con c6 song hai
bac 5 tir hé thdng truyén ve.

/ 7

N

7%
é/
.

Hinh 4. So* d6 kh6i mé phéng

Bang 2. Gia trj dién ap co ban & cac nuat

14

U2 (p.u.) U3 (p.u.) | U4 (p.u.)

TH1 / 0,9100 0,8443

TH2 / 0,9104 0,8451

TH3 1,1175 0,9408 0,9065

TH4 1,1148 0,9414 0,9078
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Két qua dién ap cho cac truong hop mé
phong c6 thé thay & trong bang 2. C6 thé
thy, sau khi c6 TCSC (TH3&TH4) dién
ap nut 2 ngay sau TCSC tang 1én cao, kéo
theo dién ap tai cac nut tai 3 va nit tai 4
tang 1én so v&i treong hop trude khi co
TCSC (TH1&TH2).

Tong d6 méo song hai cua cac séng dong
dién va dién ap nhu trong bang 3, 4. Bang
3 cho thay do méo I6n xay ra tai nit 4 1a
nGt c6 ngudn hai bom vao kéo theo méo
song xay ra cho dién &p nat 3. Trong khi
do d6 méo song dién ap sau TCSC la
khong dang ké Pho hai dién ap nat
truong hop 4 ¢6 thé quan sét trong hinh 5
cho thiy rd hon diéu d6. Gitta cac truong
hop tong d6 méo song hai cua dién ap cac
nit lai thay d6i khong dang ké, tham chi
1a giam.

Bang 3. Téng dé méo séng hai dién ap

THD, THDy; THDy,
(%0) (%) (%0)
TH1 / 5,49 12,29
TH2 / 8,19 14,36
TH3 1,76 5,48 11,82
TH4 4,77 8,11 13,75

Bang 4. Téng dé méo séng hai dong dién

THDj; | THD;; | THDjs | THDjs

< (%) | (%) (%) (%0)
TH1| / 1858 | 1611 | 24,69
TH2| / 1879 | 1625 | 2511
TH3| 16,79 | 1860 | 2510 | 4288
TH4| 17,06 | 1895 | 2531 | 4417

Déi véi dong dién cac nhanh co thé thay
tir bang 4, tong d6 méo dong dién ngudn
bom vao nat 1 gan nhu khong thay doi,

(ISSN: 1859 — 4557)

trong khi dong dién cac nhanh khac cua
ludi dién thi ting 1én manh, dac biét la
nhéanh lién két giita cac nat tai. Tong do
méo dong dién nhanh qua TCSC thay doi
rat it gitta truong hop 3 (16,69%) va
truong hop 4 (17,16%). Piéu dé co thé
thdy rang anh huéng cia TCSC dén séng
hai lan truyén 1a rat nho trong trudng hop
cua bai toan da dat ra.
(a)Pho hai dien ap nut 2 (U(21J:1.1148 p.u.)

0.0SJ
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(b)Pho hai dien ap nut 3 (U(31):0.9414 p.u.)

— i

LJ
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(c)Pho hai dien ap nut 4 (Uil):0.9078 p.u.)
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A _ i m mm
0 5 10 15 20 25
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Hinh 4. Phé hai dién cac nit & TH4
(a)Pho hai dien ap nut 2 U(21)=1.1156 p.u.
0.05 I
0
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(b)Pho hai dien ap nut 3 Ug1)=0.9412 p.u.
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(c)Pho hai dien ap nut 4 U21)=O.9074 p.u.

= I m mm
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Hinh 5. Phé hai dién cac niut & TH4
khi hé théng c6 séng hai bac 7
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Tién hanh mé phong truong hop 4 khi hé
théng c6 séng hai bac 7, d6 méo ting cao
& tat ca cac nat (hinh 6).

(@) TCSC lam viéc ¢ vung cam tinh
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(b) (b) TCSC lam viéc & ving dung tinh

Hinh 6. Tdng hop phé hai dién ap cac nat
va dong cac nhanh

Truong hop khi TCSC hoat dong trong
vling cam tinh ciing c6 két qua tuong tu
nhu trén, tong hop hai trudng hop 6 thé
quan sat trong hinh 7.

5. KET LUAN

K3 thuat mé phong trén mién song hai da
cho thy hiéu qua trong viéc md phong va
khao sat ca dang séng tin hiéu va phd tan
s6 cua no.

Bai bao da phén tich séng hai tir cac phu
tai phi tuyén va tir nguon hé thong lan
truyén trong ludi dién trén mién séng hai.
Khi chua c6 TCSC trén ludi, song hai
dugc lan truyén chi phu thudc vao tong
trd riéng tai ting nat cua ludi dién. Khi co
lip dat TCSC, dac tinh song hai lan
truyén c6 mot sé thay doi do xuét hién co
cac diém cong huong khac nhau. Trong
truong hop da moé phong, anh huong cua
TCSC t6i lan truyén cua song hai 1a twong
tu nhau trong ca hai truong hop van hanh
& vung cam tinh va vung dung tinh.

Két qua khao sat qua mo phong la co s
ban dau cho viéc dé xuat cac giai phép
giam thiéu anh huang cua song hai.
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