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Tom tat:

SVC dudc st dung trong cac tram bién ap thudc hé théng truyén tai dién dé nang cao 6n dinh dién
ap va diéu chinh dd 16n dién dp 6 mot gia tri xac dinh. V4i déc diém c6 hitu clia cac thiét bi ding
van ban dan clia mach TCR, céc séng hai dugc sinh ra c6 thé anh hudng gay nhing tac dong xau
dén ludi dién. Bai bdo (’ng dung ky thudt mé phdng SVC trén mién séng hai dé khao sat dic tinh
phat sinh sdng hai ctia SVC trong mét s6 trudng hgp van hanh khong ly tudng. Két qua mé phong
cho thay tinh uu viét cta ky thuat phan tich hai trén mién séng hai. B4i véi SVC ngoai nhitng séng
hai dac tinh 3k+1, & cac diéu kién khong ly tudng clia nguon Iudi dién va cha ban than nd, song hai
boi 3 s& xudt hién vdi ti 1& tuang doi 16n méc du bd TCR ba pha dau A. biéu dé dan téi nhitng giai
phap bd sung can thuc hién dé€ giam thiu anh hudng cla ching téi Iudi dién va thiét bi dién trong
tram c6 dat SVC.

T khéa:
Séng hai, mién song hai, thiét bi bu tinh, TCR, séng hai boi 3.
Abstract:

SVC is used in substations in the power transmission system to stabilize the voltage at a specific
value. Because of the characteristic of the TCR using semiconductor valves, the SVC generates
harmonics which may cause negative effects to the electric network. This paper deals with the use of
harmonic domain technique to simulate SVC, inspecting its harmonic generating characteristic under
non-ideal operating conditions. The simulation results show that the harmonic domain technique is
an effective one to analyze harmonics. To the SVC, in addition to 3k+1 characteristic harmonics,
under non-ideal operating conditions of the electric network and the SVC, the triplen harmonic
appeared with the highest one is the third order despite the A connection of 3-phase TCR. It leads to
additional methods may be needed to eliminate the effects of them to the electric networks and the
installations within the SVC commissioned substations.

Keywords:

Harmonic, Harmonic domain, SVC, TCR, triplen harmonic.

1. MO DAU phan tich bing k¥ thuat bién déi chudi
Song hai trong hé thong dién c6 thé dugc  Fourier tir cac tin higu bién thién theo thoi
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gian. Trén mién tan sd, cac song hai duoc
thé hién day du va co thé khao sat toan bd
cac dac tinh cong huong song hai trong hé
thdng, phii hop véi cac bai toan & ché do
xac lap [1]. Pé nghién ciru dic tinh song
hai cua mot h¢ dong, ky thudt phan tich
trén mién song hai duoc ap dung phd
bién. o 1a su két hop phan tich song hai
trén mién thoi gian va mién tan s [1-3].
K¥ thuat nay dugc ap dung thuén lgi cho
cd truong hop phan tich cac song hai
trung gian (inter-harmonics) [4], va ca khi
xét dén su dich pha ctia ngudn [5].

Trong cac bai toan giai tich mang dién,
SVC c¢6 thé dugc md phong nhu mot
ngudn phat cong suit [6] phuc vu phin
tich ché do xéc 1ap, hoac mot ngu(‘A)n phat
véi ddc tinh vé song hai trong mién tan sb
[2]. B bu tinh (SVC) 1a thiét bi bu ngang,
két hop giira tu bu va khang bu c6 diéu
khién bang thyristor (TCR) giap diéu
chinh tron dong dién phan khang dugc
“bom vao” hay “rut ra” khoi ludi dién.
Céu tao cia TCR déng m¢ bang thyristor
khién cho né sinh ra cic séng hai dong
dién [7] va c6 anh hudng 1én ludi dién.
Trong bai bdo nay, phuong trinh mo ta
SVC va ludi dién dugc thé hién trong
mién song hai. Mo hinh mé phong s&
duoc xay dung cho truong hop cua SVC
két ndi tai tram trung gian 220 kV, sb lieu
tham khao la tram 220 kV Viét Tri va
Théai Nguyén [9], céac ché d6 lam viéc
khac nhau s& dugc mé phong dé khao sat
ddc tinh phat sinh song hai cua SVC, lam
co so dé thyc hién cac bién phap ky thuat
can thiét.

2. LY THUYET MIEN SONG HAI

Ham x(t) co6 chu ky T va lién tyc trong

v6i t € (—o0,0) c6 thé duge biéu dién
dudi dang chudi sd Fourier phirc phu
thudc thoi gian nhu (1) [1,2].

x(t):g){n (1) (1)

trong d6 wo = 2m/T; X,(t) hé sb cua
chudi Fourier phic phu thudc vao thoi
gian, dugc xac dinh dudi dang vecto dong
(dynamic phasors) nhu (2):

X, (1) =% j x(r)e "™ dr )

V6i mot luong song hai can khao sat nhat
dinh n € (—h, h), (1) dugc viét lai:

h

x(1)= D X, (1).e™™ (3)

—-h

Hay ¢ dang ma tran c6 thé viét:
x(1)= G (1)X(¢) )

trong d6 G(t) biéu dién cac thanh phan
truc giao cua x(t) va X(t) la vecto chira
cac hé so song hai cua x(t).

_e_jhwot_ —X_h (Z)_
e—./wof Xl(t)
G(r)=| 1 | X(1)=| X, (1) (5)
e./(l’of Xl(t)
_ejhwnt | _Xh (f)_

Ddi vé6i cac hé dong dugc mo ta br:ing mo
hinh khong gian trang thai:
x(t)=a(t)x(t)+b(t)u(t)
y(t)=c(t)x(t)+e(t)u(t)

va c6 dang trong mién soéng hai nhu sau:

(6)

X ={A-D(jho,)} X +BU

7
Y=CX+EU M
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trong d6 D(jhwy) 1a ma tran vi phan:

D(jhaw,)
= diag [~ jho, jheo, |
(8)

va cac ma tran A, B, C, E duoc goi 1a ma

—jo, 0 jao,

tran Toeplitz c6 dang sau:

A
_Ao A4, A4, 1
4 . .
. A, A, (9)
=\ 4, 4, 4, 4, 4,
A4, A, .
A,
L 4, 4, 4, i

3. PAC TiNH SONG HAI CUA svC

Thiét bi bu tinh (SVC-Static VAR
compensator) c6 cdu tao nhu hinh 1 gém
cuén khang diéu chinh bang thyristor
(TCR-thyristor-controlled reactor) ndi
song song voi tu dién (cé dinh hoac diéu
khién) dé nang cao hiéu qua diéu chinh
dién ap, cai thién chét luong dién nang.

Cong sudt phan khang tir SVC ¢ thé
thay ddi trong giai, tir tiéu thy max t6i
phat max bang cach thay doi goc mé «
tuong ung cua thyristor trong pham vi
90° < a < 180° [6].

Dong dién qua TCR, ircg(t), bién thién
theo thoi gian phu thudéc goéc mé cua
thyristor, goc m¢ cang 16n thi bién do
thanh phan co ban (& f;=50 Hz) cta song
dong dién cang nho, va tuong ung la
luong song hai cang ting. B 1on cua
thanh phan co ban cia dong dién phu
thudc goc mo van nhu sau:

1, (a) =%(2ﬂ—2a +sin Za)
L

(10)
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trong do U la gia tri hiéu dung cia dién ap
urcr(t), X, = 2nfyL 1la cam khang cua
cudn khang, L 1a dién cam cua nd.

Urca(t)

1

Hinh 1. So b nguyén ly ctia SVC

urca(t)

itca(t)

\

>

Hinh 2. Quan hé dong va ap TCR

Cac thanh phan song hai ciing 1a ham cua
goc md cua thyristor c6 thé dugc
tinh nhu sau :

1( ): 4U h.sina.cos ha —cosa.sin ha
' zX, h(h*-1) (11)

trong d6 h=2k+1, (k=1,2,3..) 1a bac
song hai.

Theo luat Kierhoff dién ap, dién ap cua
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cudn khéang la:

diyer (1)
—a (12)

Mit khac, ug(t) c6 thé duoc biéu dién theo
ham cit s(t) (hinh 2) cta cac van [1]:
(1) = 5(t)uree (2) (13)

Két hop (12) va (13), biéu dién trén mién
song hai ta c6 quan hé gitra cac dai lugng
cua TCR:

Up (t)zL

lrer = YorerU

TCR TCR ~ TCR

(14)

trong d0 Y, = %Dl (jhew,)S 1a ma tran
tong dan ciia TCR.

Két hop v6i bo tu bu ¢b dinh, ta s& tinh
dugc tong dan ctia bo SVC la:

YSVC = YTCR + YC

(15)
trong d6 Y, = C.D( jhe,) 1a ma trin tong
dan cta tu va C la dién dung cta no.

4. MO PHONG VA DANH GIA KET QUA

Phan mém Matlab duoc sir dung 1am cong
cu hd trg cho qua trinh mo phong. Mo
hinh trong hinh 3 bao gdm mot MBA 250
MVA 220/23kV, t6 dau diay Y/A,
un%=30, ti s6 X/R=10; bo tu bu tinh 3
pha ddu Y (FC) c6 Qpc=50MVAr; bd
TCR 3 pha dau A c6 Qrcr=100 MVAr.

_fW‘\_[):ﬁ_TCR(A)

L FCY

Hinh 3. M6 hinh Iwéi dién mé phéng

MBA

Phuong trinh mo t4 mach tuong dugc mod
phong nhu sau:

e
|2 Y21 Y22 U2
trong do:

Yij la ma tran thanh phan cua tong dan
may bién ap trong mién song hai (i=1,2;
j=1.2) [8];

Uy, |1 1a dién 4p va dong dién phia so cp
MBA qui d6i vé phia thtr cap;

Uy, |2 1a dién 4p va dong dién phia tho
cip cia MBA, tirc phia dau nbi SVC, va
duoc coi la tai cia MBA:
|2=_YSVC'U2 (17)
Véi Y. la tong din SVC trong mién
song hai.

Thay (17) vao (16) va bién d6i ta duoc:
(18)

Vi Y,,.1a mot ham cua dién ap U, nén

Uz :_(Y22+YSVC)71 'Yzl'Ul

can tién hanh lap dé giai (18).

So d6 khdi moé phong cho mé hinh ludi
dién hinh 3 dugc mo ta trong hinh 4, tat
ca cac modun tao ngudn dién ap, tinh tong
dan cua cac phan tir trong mién song hai
déu duogc thiét 1ap trong cac chuong trinh
con. Bai toan dugc thuc hién 1ap Gause-
Seidel vdi sai s6 10 cho phép tinh U, véi
gia thiét giir U; 1a khong doi.

Pé khao sat dic tinh song hai cua SVC, ta
xét truong hop van hanh 1y tudng khi
ngudn 1a 3 pha d6i xtimg va goc mé cac
Thyristor ciia TCR cac pha bang nhau, va
3 truong hop khong 1y tudong dé so sanh:

e Truong hop 1 (THI): dieu kién Iy
tuong khi dién 4p nguon la sin chuan,
TCR c6 goc mo cua van la 110°;
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 Truong hop 2 (TH2): TCR ¢c6 goc mo
cta van 1a 110°, dién 4p ngudn mat ddi
xung voi ti 1¢ bién d§ va goc pha song
dién ap cac pha thay d6i nhu sau (p.u):
U,=0,98210°,U, =1,1/-120°, U, =1,0£125".

e Truong hop 3 (TH3): dién ap ngudn la
sin chuan, TCR ¢6 gboc m¢ van cac pha
tuong tng la 110°, 100°, 112°.

e Truong hop 4 (TH4): TCR c6 goc mod
van cac pha tuong Ung la 110°, 100°,

112° va dién 4p nguon bi nhiéu song hai
bac 5 vdi bién do 1a 5%.

[Bét dau, nhip s6 liéu ]

Ehdi tao dién ap
nguén Uy

Tinh ma trin téng
din MBA

Tinh ma trin téng
dén FC

v __
[ GanUn=U1 |

[
e

Tinh ma trin téng]
din TCR

Tinh V2t (7)
Tinh saiso = [Uz-Uj]|

In dang song va phéhaicua
dong va dp SVC

v

[ Két thiic ]

Hinh 4. So’ 5 khéi mé phéng

Két qua md phong cho THI c6 thé duoc
c6 thé quan sat trén hinh 5, Cac song hai
xuét hién chi yéu 1a 3k1; tic bac 5, 7,
11, 13... trong d6 16n nhat 13 séng hai bac

(ISSN: 1859 — 4557)

5, va giam dan cho cac thanh phan khac
nhu cong thuce (11).

Céc truong hop khac co thé quan sat trong
hinh 6. So sénh va ddi chiéu véi TH1, do
tinh chat khong can bang cua ngudn va
clia goc md cac van ban dan, xuit hién
thanh phan khong cén bang cta song hai
boi 3 (3k) & phia dau ra TCR mic du nd
dugc dau A, trong do thanh phan bac 3
v6i bién do twong ddi 16n, xap xi song hai
bac 7.

Trong cac truong hop duoc khao sat, song
hai cia bd TCR hau nhu khong ddi dao
dong xung quanh 10% v&i séng hai bac 5.
Tuy nhién trong TH4 (hinh 6c¢) thi ti 1¢
song hai bac 5 trong dong TCR giam hon
cac truong hop khac. Pong thoi luong hai
bac 5 twong Ung ¢ cac pha cua cac tin
hiéu dong dién trén FC ciing giam. Diéu
nay c6 thé 1y giai song hai bac 5 tir nguén
t61, nguoc chiéu va c6 xu huéng lam giam
song hai dac tinh bac 5 cia bd TCR.

Trong céac truong hop do thi TH2 la su
khong can bang ngudn dién 4p ludi dién
c¢6 anh huong 16n nhat (hinh 6a), lam mat
can bang 16n gitta cac pha va lam song hai
dong dién qua FC ting cao nhat, anh
hudng manh téi cac song hai déc tinh 1€.

TH3 v&i goc mo van cac pha khong dong
b khong gy bién dong qua nhiéu téi
song hai dac tinh bac 1€, tuy nhién lai lam
tang cac song hai boi ba (hinh 6b). Cac
song hai bdi 3 can dic biét quan tdm vi n6
c6 thé 1am phat néng cac diy trung tinh
hogc 1am nhiéu nhiéu hon cac thiét bi khi
c6 nbi dat.

Trong van hanh thuc té, SVC phat cong
sudt twong Ung voi nhu cau diéu chinh
dién 4p, va dugc thé hién thong qua goc
mé ctia TCR. Khi goc mé thay doi, vé co
ban thi cic bic song hai 1a khéng ddi
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(a)Song dong dien qua FC (kA)

J4

i song

1

nhiéu. Nhu trong hinh 7 , khi goc m¢ dudi
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Bac song hai

(c) Truong hop 4

hai)

ac song

trwong hop kh

an & cac

Bac song hai

(b) Truong hop 3

(truc tung la % soéng hai so v&i bac 1, truc hoanh la b

Bac song hai

(a) Truong hop 2
Hinh 6. Phd hai dién ap SVC va dong qua cac bd ph
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% so voi bac

0 10 ] 15 -
Bac hai

Hinh 7. Ti I8 cac thanh phan hai
khi géc mé& TCR thay dbi

5. KET LUAN

K¥ thuat mé phong trén mién song hai da
cho thdy hiéu qua trong viéc mé phong va
khao sat ca dang song tin hiéu va phd tan
s6 ciia né.

Trén mién song hai, cac dang song va phd
tan song hai cia cac dai lugng dong dién
va cua bd SVC da dugc phan tich. RO
rang rang trong cac truong hop van hanh
khong 1y tuong, su khong can bang dién
ap cac pha cua ngudn dién s& dan toi anh
hudng chinh tdi cac song hai dac tinh bac
1¢, trong khi sy 1am viéc khong d6i xtng
ciia cac van ban dan s& c6 anh hudng
nhiéu hon dén cac séng hai boi 3. Trong
khi d6, néu ludi dién c6 song hai truyén
vé tring véi song hai dic tinh cta SVC lai
c6 xu hudng lam gidm séng hai cia bo
SVC.

Két qua khao sat qua mo phong 1a co s
ban dau cho viéc dé& xudt cac giai phap
giam thiéu anh hudng cua song hai, ly
giai cho viéc xuit hién bd loc song hai
bac 3 trong khi song hai didc tinh chu yéu
la bac 5 va bac 7.

(ISSN: 1859 — 4557)

PHU LUC

% Code cho truong hop 1

Sn=250; uN=30; X R=15;

V2n=23; % Kv

w=2*pi *50;

Sncap=50; % MVAR

Snrea=100;

al ph_a=110*pi / 180;

al ph_b=110*pi / 180; al ph_c=110*pi / 180

Xt = (uN 100) *V2n~2/ Sn; % Chm
Rt = Xt/ X_R;

Xcap = V2n”2/ Sncap;

Xrea = V2n”2/ Snrea;

h=15; cycl es=2;
Vap=V2n*sqrt (2/ 3);
Vbp=V2n*sqrt (2/3); Vcp=V2n*sqrt(2/3);
Va=Vap*[1]; num_ha=[1]; pha=0*num ha;
[ Val] =sour ce_VI1f ( Va, pha, h, num_ha) ;
Vb=Vbp*[ 1] ; num_hb=[1]; phb=-
120* num_hb;
[ Vb1] =sour ce_V1f ( Vb, phb, h, num_hb);
Ve=Vep*[1]; num hc=[1];
phc=120* num hc;
[ Vc1] =sour ce_VI1f ( Vc, phc, h, num_hc);
V1=[ Val; Vb1l; Vc1];
[ Va2] =sour ce_VI1f ( Va, pha- 30, h, num_ha) ;
[ Vb2] =sour ce_V1f ( Vb, phb- 30, h, num_hb);
[ Vc2] =sour ce_VI1f (Vc, phc- 30, h, num_hc) ;
V20=[ Va2; Vb2; Vc2] ;
[Yt11, Yt 12, Yt 21, Yt22]=transf(Rt, Xt, h)
Ycap=i nv(form Zm 0, - Xcap, h));
Ycap_Ss=[Ycap 0 O; O Ycap O; 0 O
Ycap] ;
error=1; iter=0;
whil e error>0. 0001 Ytcr_D=cal c_TCR
(Va2, Vb2, Vc2, al ph_a, al ph_b, al ph_c, w, X
rea, h);
Ysvc=Yt cr _D+Ycap_Ss;
V2=-inv(Yt22+Ysvc)* Yt 21* V1,
error =nor m( V2-V20);
Va2=Vv2(1: 2*h+1);
Vb2=V2(2*h+2: 4*h+2) ;
Vc2=V2(4*h+3: 6*h+3) ;
V20=V2;
end
I 1=(Yt 11*V1+Yt 12*V2);
| 2=Ysvc*V2;
| fc=-Ycap_Ss*V2;
Itcr=Ytcr_D+V2;
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T6ng sd d6 qui hoach dién VII.

Gidi thiéu tac gia:

Téc gia Nguyén Phic Huy t6t nghiép dai hoc va nhan béng Thac si tai Trudng Dai
hoc Bach khoa Ha N&i vao cac ndm 2003 va 2010. Ndm 2015 nhan bang Tién si
nganh hé théng dién va ty dong hoa tai Trudng Dai hoc Dién Iuc Hoa Bic, Bic
Kinh, Trung Quéc.

Linh vuc nghién c(u: chat lugng dién nang, U'ng dung dién tir cong suat, do tin
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