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PHAN TiCH HIEU QUA PHOI HQP SVC VA PSS TRONG
NANG CAO ON DPINH QUA PQ HE THONG DIEN

Pao Ting Tin"
Truong Pai hoc Quoc té Hong Bang

TOM TAT

Nghién ciru ndy phan tich tac dong phoi hop bo bu VAR tinh (SVC) va bg 6 on dinh hé thong dién (PSS)
dé ndng cao on dinh qud dé hé thong truyén tdi da mdy. Sir dung mé hinh Simulink véi hai may phdt
thuy dién (1,000 MVA, 5,000 MVA), dwong ddy 500 kV dai 700 km va SVC + 200 Mvar. Phuong phap
mo phong phasor dwoc dp dung voi cac sy co ngdn mach. Két qua chi ra, hé thong khong co thiét bi
ho tro sé mdt dong bg nhanh chéng. PSS hiéu qua trong viéc ddp dao dong tan s6 thap, SVC hé tro
on dinh dién dp va tang kha nang truyén tdi. Viéc tich hop dong thoi ca hai thiét bi mang lai hiéu qua
vuot troi: dao dong duwoc ddp tt sau 10 - 20 gidy, dién dp phuc hoi on dinh va hé théng duy tri dong
bo ngay ca voi sw co nghiém trong. Nghién ciru khang dinh vai tro thiét yeu cua SVC va PSS trong
viéc néing cao do on dinh cho lu6i dién truyén tai dai, phit hop véi hé thong cé ty 1é thuy dién cao
nhuw Viét Nam.

Tir khéa: SVC, PSS, phasor, thiét bj FACTS

ANALYSIS OF THE COORDINATED EFFECTIVENESS OF SVC AND
PSS IN ENHANCING POWER SYSTEM TRANSIENT STABILITY

Dao Tang Tin

ABSTRACT

This study analyzes the coordinated impact of the Static VAR Compensator (SVC) and the Power
System Stabilizer (PSS) on enhancing the transient stability of a multi-machine transmission system.
A Simulink-based model is developed, consisting of two hydroelectric generators rated at 1,000 MVA
and 5,000 MVA, a 700 km long 500 kV transmission line, and an SVC with a £ 200 Mvar rating. The
phasor simulation approach is employed to investigate system behavior under short-circuit fault
conditions. The results indicate that the system without supporting devices rapidly loses synchronism.
While the PSS is effective in damping low-frequency oscillations, the SVC enhances voltage stability
and increases power transfer capability. The simultaneous integration of both devices provides
superior performance, with oscillations being effectively suppressed within 10 - 20 seconds, voltage
recovery achieved smoothly, and system synchronism maintained even under severe fault scenarios.
The findings confirm the essential role of SVC and PSS in improving the stability of long-distance
transmission networks, particularly in power systems with a high penetration of hydropower
generation such as those in Vietnam.

Keywords: static VAR compensator, power system stabilizer, phasor simulation, FACTS devices
1. PAT VAN PE

Hé théng dién Viét Nam c6 dic diém ty trong ngudn thiy dién twong di cao 30 - 40% cing vdi cac
tuyén truyén tai 500 kV c¢o6 chiéu dai 16n, lién két Bac - Trung - Nam. Cau tric nay lam gidm bién 6n
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dinh qua dg, d& phat sinh dao dong cong sudt tan s thip va lam ting nguy co mat dong bd sau cac su
co nghiém trong. Trong diéu kién phu tai ngdy cang tang va sy tich hop thém cac nguén dién moi, yéu
cau nang cao do tin cdy van hanh va kha ning duy tri 6n dinh hé théng tré' nén cap thiét.

Céc thiét bi diéu khién nhu Static Var Compensator (SVC) va Power System Stabilizer (PSS) da dugc
g dung rong rai nham cai thién 6n dinh dién 4 ap va giam dao dong goc rotor. Tuy nhién, hiéu qua phdi
hop g1u’a hai thiét bi nay trong diéu kién hé thong truyén tai dai voi thong sd gan thuc té van can duoc
danh gia mot cach hé thong, dic biét trong bdi canh van hanh dic thu ciia hé thong dién Viét Nam.

Nghién ctru nham phan tich hiéu qua phdi hop cua SVC va PSS trong viéc nang cao 6n dinh qua do,
g6p phan dé xuét giai phap k¥ thuat ting cudong do tin cay cho hé théng truyén tai 500 kV. Pong gop
chinh cuia bai bao gom: (i) phan tich dinh luong hi¢u qua phéi hop SVC-PSS thong qua thoi gian dap
dao dong va kha nang duy tri dong bo; (ii) 1am 13 vai tro tuong tac gitra hai vong diéu khién dién ap
va dap dao dong; (iii) dé xuat khuyén nghi ing dung cho luéi truyén tai 500 kV dai tai Viét Nam.

B4 cuc bai bao duoc to chirc nhur sau: Muc 2 trinh bay tong quan nghién ctru lién quan dén diéu khién
phdi hop SVC va PSS, muc 3 d6i tuong va phuong phap nghién ctru, muc 4 két qua nghién ctru va
ban luan, muc 5 két luan va hudng nghién ctru tiép theo.

2. TONG QUAN NGHIEN CUU

On dinh qua d6 cua hé théng dién da dugc nghién ctru rong rai trong nhiéu thap ky. Hi¢u qua riéng
1¢ ctia PSS trong viéc cai thién hé s tit dan dao dong rotor va ctia SVC trong diéu khién dién ap va
hd tro cong suat phan khang da dugc khang dinh trong cac cong trinh trude day [1].

Gan day, cac hudng nghién ciru tap trung vao tdi wu hoa tham s phdi hop gitta cac thiét bi diéu khién
s dung cac thuat toan metaheuristic nhu Coyote Optimization Algorithm [2], Moth-Flame
Optimization [3] va Rat Swarm Optimization [4]. Cac nghién ctru nay chu yéu tap trung vao bai toan
t6i uru tham sé hodc danh gia trén cac hé thong chuan IEEE.

Tuy nhién, cac nghién ctru danh gia dong thoi va c6 hé thong hiéu qua phdi hop SVC va PSS trén mo
hinh truyén tai hai may véi thong s6 thyc té (duong day 500 kV dai 700 km, tai 5 ,000 MW) van con
han ché. Bén canh d6, viéc khai thac phwong phap m6 phong phasor dé phan tich 6n dinh qua d6 dai
han va so sanh dap trng h¢ thong dudi cac dang sy ¢d ngan mach khac nhau (ba pha va mot pha) trong
bbi canh hé théng dién Viét Nam chua dugc nghién ctru day du [5].

Do do, nghién ctru nay tép trung vao viéc phan tich tuong tac dong gitta SVC va PSS trén m6 hinh
truyén tai dai nham 1am rd hiéu qua phéi hop cua hai thiét bi trong cai thién 6n dinh hé thong.

3. POI TUQNG VA PHUONG PHAP NGHIEN CUU

3.1. M6 hinh hé théng nghién ctru

Hé thong nghién ctru 13 mo hinh truyén tai hai may twong dwong cua ludi dién 500 kV, bao gém hai
ngudn phat cong suat 16n lién két qua duong day truyén tai dai 700 km, cung cap tai khoang 5,000 MW.
M6 hinh dugc xay dung trong méi truong MATLAB/Simulink sir dung thu vién Simscape Electrical.

Heé thdng duoc tich hop: Bo bu tinh SVC tai niit trung gian nham diéu khién dién ap va hd tro cong
suat phan khang. B6 6n dinh hé thong dién PSS tich hop trong bo di€u chinh kich tir cia may phat
nham cai thién hé s6 tat dan dao dong rotor.

3.2. M6 hinh toan hoc va nguyén ly diéu khién

3.2.1. Co sé Iy thuyét

Nguyén Iy hoat dong ciia SVC: SVC la thiét bi FACTS dua trén thyristor, thuong cAu hinh TCR
(Thyristor-Controlled Reactor) két hop TSC (Thyristor-Switched Capacitor) hodc c¢6 dinh capacitor.
SVC hoat dong nhu mot nguén cong suat phan khang bién thién nhanh (thoi gian dép ¢ ing vai chu ky
ludi). BO didu khién SVC do lién tuc dién ap nat (Vi) va so sanh v6i gia tri tham chiéu (Vier). Néu
Vin < Vier, SVC giam gbc mo thyristor dé ting dong cam, twong dwong ting cong suit phan khang
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phat ra (capacitive rpode). Nguoc 1~ai, néu Ym > Vier, SVC tang gbc mo dé hoa‘g dong & ché d6 cam
(inductive mode), hap thu Q. B9 dan nap tong B (susceptance) cua SVC thay doi lién tuc trong gidi
han +Bmax, giup gitt dién ap nit gan gid tri mong muodn.

Nguyén Iy hoat dong ciia PSS: PSS 14 b diéu khién phu gan vao hé théng kich tir tw dong (AVR).
PSS str dung mot hodc nhiéu tin hiéu dau vao (thudng 14 tdc d6 rotor Aw, cong suat dién Pe, hodc tan
s6) qua céac khéi ria (washout filter), bu pha (lead-lag) va gidi han bién dg. Tin hiéu dau vao duoc
xtr Iy dé tao tin hi¢u b sung Vpss dong pha véi dao dong toc dg, tir d6 tao momen dién tir damping
duong. Nguyén 1y c6t 15i dua trén ly thuyét diéu khién tuyén tinh: bu pha ding dé tin hiéu PSS nguoc
pha véi dao dong khong mong mudn, giam bién d6 dao dong thap tan (0.2 - 2 Hz) giita cac mdy phat
trong hé théng da may.

SVC hoat dong nhw mt nguon cong sudt phan khang bién thién nhanh, 1a thiét bi FACTS dién hinh
dé 6n dinh dién ap va nang cao kha nang truyén tai [1]. Trong khi do, PSS dugc thiét ké dé tao mo-
men damping duong, dap tat hi¢u qua cac dao dong cong suat tan so thap gitta cdc may phat [2 - 6].

Nghién ctru 4p dung phuong phap mé phong sé trén phan mém MATLAB/Simulink, sir dung toolbox
Simscape Electrical. Phuong phap mé phong phasor duoc Iwa chon vi wu diém tinh toan nhanh, phu
hop dé phan tich 6n dinh qua do va dao dong thap tan trong khoang thoi gian dai (dén 100 gidy) ma
khong doi hoi tai nguyén 16n nhur mo hinh chi tiét (detailed model).

Quy trinh nghién ciru bao gdm céc budc sau: Xay dung va xac nhdn m6 hinh hé thong truyén tai dua
trén vi dy chuan power_svc_pss cua MathWorks. Thiét 1ap cac kich ban su co: ‘ngan mach ba pha va
mot pha tai duong truyén gan nit gitra, véi thoi gian sy ¢6 100 ms (tirt =5 s dén t = 5.1 s). Thay d6i
céu hinh diéu khién: (i) khong PSS va khong SVC, (ii) chi c6 SVC, (iii) chi c6 PSS (loai Generic),
(iv) két hop ca SVC va PSS. Thu thép dir liéu tir cac scope: Dién ap nut (pu), cong sudt truyén trén
duong day (MW), goc rotor va tdc 46 may phat (pu), do dan nap cua SVC (pu). Phan tich dinh lugng:
thoi gian hdi phuc dién ap, bién do dao dong cong suat hé s6 damping va kha nang duy tri dong bo.
Nghién ctru ap dung phurong phap mé phong s6 trén nén tang MATLAB/Simulink, st dung mé hinh
chuan power_svc_pss. Mo hinh toan hoc cho h¢ thong da may vai cac bo diéu khién duoc mé ta chi
tiét trong cac nghién ciru kinh dién va lién quan [6 - 8].

3.2.2. M6 hinh todn

Mo hinh dgng hoc may phat ddng bd: M6 hinh phi tuyén bac 4 dugc sir dung phd bién dé phan tich
6n dinh qua do.

Phuong trinh chuyén dong (Swing Equation):

2H; d26i
o a2 = bmi = Fey = Di(wi — w5) (1)

Hay viét dudi dang hé phuong trinh vi phan bac nhat:

C;_ii = wW; — Wy
ds; (2)
@ = 7 [Py — Pey = Dil(w; — )]
Trong do:

61, w;: Goc rotor va tdc do goc clia may phat thir i, ws: Tbc do déng bo (377 rad/s cho h¢ 60 Hz), H;:
Hang s6 quan tinh (gidy), D;: Hé s suy giam (damping coefﬁ01ent) By,;: Cong sut co dau vao tir
turbine (xem xét md hinh governor néu co), B,.: e;- COng suit dién dau ra.
Phuong trinh mach kich tir (Simplified Exciter Model):

dEy,
Taoi—, = Era; = Eqi — (Xai — Xg)lai 3)

Trong do:
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E i Stre dién dong qua do trén truc q, Erg,: Dién ap kich tur (dﬁu ra cua hé théng AVR+PSS), T;;:

Hang s6 thoi gian hé mach kich tir, Xz; , X ,i: Dién khang dong bd va qua do truc d, I;;: Thanh phan

dong stator trén truc d.

Mo hinh mang dién va phwong trinh dai s6: Hé thong duoc mo ta bang cac phuong trinh dai s6

dua trén ma tran tong dan nat (Y-bus).

Ipus = YousVbus 4)

Trong d6, dong dién phat vao nut I; tir may phat dugc tinh tir cac bién trang thai may phat:
E;£8;-Vi20;

I = X, (%)

Cong suét dién dau ra mdy phat (P,,): La mot ham phi tuyén cua cac bién trang thai va dién ép nat:

Pe; = R{V;26;.(I;)"} (6)

Mo hinh SVC (Thyristor-Controlled Reactor - TCR/FC): SVC dugc m6 hinh hoa nhu mot khang

bien doi lién tuc By, song song tai nut lap dat k.

Lsye = jBsyc Vi (7

BIMn < B < BM3* (Ché d6 cam dén dung) (®)

Mo hinh diéu khién dién 4p (Bo diéu khién PI):
X _ —

{ dar KI (Vref Vm) (9)

Bsye = Kp(Vref — V) + x4

Vin: Bién dp nat do duoc (pu), Vy..r: Dién ap tham chiéu, K,, K;: H¢ s6 ty 18 va tich phan cua bo diéu

khién SVC, Xq: Bién trang théi cua bd tich phan.

M6 hinh PSS (loai Wtin hi¢u ‘Eéc do - Aw): ’

PSS 1a bg di€u khi€n phu bo sung tin hi¢u V5 vao dau vao h¢ thong AVR.

Céu trac diéu khién Lead-Lag chuan:

Vpss (5) = Ko () (o) (o) A (s) (10)

1+sT,” “1+sT,
©_): Loai bé thanh phan DC, chi cho tin hiéu dao dong di qua, Khéi bu pha Lead-

ST,
1+sT,

1+ST3
1+ST4

B0 loc Washout (:

1+sTq 1+sT3
Lag (1+sT2)’ (1+ST4

dai K;: Bicu chinh bién d0 tin hiéu dau ra.

): Di€u chinh pha d€ tin hi¢u Vs tao ra mé-men damping t6i wu, H¢ s6 khuéch

Toan bo hé théng duoc md ta bang mot hé phuong trinh vi phéan - dai s6 (Differential-Algebraic
Equations - DAE):

X =f(x,yu) (11)
0=g(xy) (12)
x: Vector bién trang thai (State Variables).

X = [6i,a)i, E('ﬁ,xlm,xpssll.,xpsszl.,...]T (13)

Bao gdm bién méy phat, bién bo diéu khién SVC va PSS.
y: Vector bién dai s6 (Algebraic Variables).
T
Y =10kVireo Peyro. | (14)

u: Vector dau vao diéu khién/tham chiéu.
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T
U= [Veefypr | (15)
f: Tap hop cac phuong trinh vi phan tir may phat va bo diéu khién.

g: Tap hop cac phuong trinh dai s6 tir mang dién (phuong trinh can bang cong suét nit).

Trong md phong, su ¢6 duge mo hinh héa bang cach thay doi dot ngdt ma tran tong dan nuat Yy, tai
thoi diém trauit> Khoi phuc lai sau thoi gian toeqr. Su thay d6i nay ngat 1ap tic tac dong lén céc
phuong trinh dai s6 g(x,y) = 0, ddn dén su thay doi dot ngdt cia P,,va kich thich cac dao dong co -
dién trong phuong trinh vi phan % = f(x, y,u). Cac phwong trinh con lai tudn theo mé hinh chuan va
duogc trinh bay trong [1, 6].

Bang 1. Thong sb diéu khién cua PSS va SVC

Thiét bi Tham s Gia tri
2 X .y ~ Ks 20
PSS (chuan IEEE, mu6n gidm dao dong
manh hon: Tang Ks 1én 25) Tw 10s
' L ane TI/T2 0.1/0.03 s
SVC (PI controller, muc rat 6n cho hé Kp 40
500 kV) Ki 300
Bmax/Bmin + 0.3 pu

Céc tham s6 dugce lya chon dua trén khuyén nghi IEEE 421.5 va hi€u chinh thong qua mé phong
nham dat h¢ s6 tat dan dao dong t61 vu va thoi gian 6n dinh ngan nhat, va dugc tinh chinh thong qua
mo phong thir - sai nham dat hé so tat dan dao dong to1 wu.

3.3. Bai toan

3.3.1. Phin tich bai todn va thiét Igp mé phong

Mo hinh héa mot hé théng truyén tai don gian chira hai nha may thuy dién. B bu tinh VAR (Static
Var Compensator - SVC) va bd on dinh hé théng dién (Power System Stabilizers - PSS) dugc st
dung dé cai thién 6n dinh qua do va giam dao dong cong suat ciia hé thong. Phuong phap mo phong
phasor duoc sir dung dé minh hoa hanh vi dong ctia hé thong. Tuy nhién, phuong phdp md phong
phasor cho phép mo6 phong cac ludi dién phic tap hon.

3.3.2. Mo ta h¢ théong truyén tii ) .
So d6 mot duong don gian dudi day dai dién cho mot hé thong truyén tai 500 kV don gian.

M1 13.8 kV/500 kV 500 KV/13.8 KV M2
1000 MVA D/Yg line 1 line 2 Yg/D 5000 MVA
@_} £ 350 km I 350 km | 3
¢ 1 3
— Bl —> B: B3 s
950 MW 944 MW sve 4046 MW
200 Mvar 1 5000 MW

Hinh 1. H¢ thng Truyén tai 500 kV

Mot nha may phat thiy dién 1,000 MWA (M1) duoc két ndi voi mot trung tam tai qua duong truyén
dai 500 kV, 700 km. Trung tdm tai dugc mo hinh hoa bdi mat tai tro thuéln 5000 MW. Trung tam tai
nay dugc bu boi mot nha may phat 5,000 MVA ¢ xa (M2). Dong cong suat dugc tao ra boi nha may
M1 1a 950 MW, do d6 nha may M2 tao ra 4,046 MW. Cong suét truyen trén duong diy gan nha may
M1 dat khoang 944 MW. B¢ duy tri 6n dinh & muc tai ning, hé théng dugc bu tai trung tim bang
mot bd bu VAR tinh 200 Mvar (SVC). Hai may phat déu duoc trang bi bd diéu chinh dao dong cong
suat (Power Oscillation Damping - POD) nhung chua dugc trang bi PSS.
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M1 Bl B2 B3 M2
13.8e3V 500e3v 500e3v 500e3V 13.8e3v
1pu 1pu 1.01pu 0.9925pu ipu
49.34deg 72.81deg. 48.39deg 24.42deg. Odeq. M2 5000 MVA
- B1 B2 B3
P TR . ‘ ‘ 3 A ¢ S
B% o b-358) B
o3 R —— ; i —— ‘ 3 [
M1 1000 MVA 1000 MVA L1 350 km L2 350 km SODOMA
13.8 KW/500 KV 13.8 KWIS00 kY
n_t ¢ L
Pm m - oy T »m Pm
sve % Load
Fault Braaker
5000 MW
\ (Phasor Type) I 0809094
Praf2
Turbine & Preft v ipul " Turbine &
Regulators b1 - TN Reguiators M2
SVC
Ganeric f—- V pos, seq -
oy ) ELPYCEY) thetal 2 et 2 (deg)

-o\y_ ww b
Multizand ——#-o T
pp e pawer (M) LA srvevryems

»o p

— step Machines
HoPss PV Measurements System —
lachine
sTOP

Stop Simulation
if loss of synchrenism

Hinh 2. M6 hinh hé thdng truyén tai (Power SVC_PSS)

Ve ruguisice

Hinh 3. M6 hinh bu cong suat phan khang bang Static Var Compensator (SVC) két hop voi Power
System Stabilizer (PSS)

P ED i 4 ED)
<Stator voitage wd (puj> |

<Glator voltage vy (pu)> gate 3

¢ 4 et
e

Co— et
m » Wl
<Rolor speed wm {pul> >
v 2
“ wE
<Rolor speed deviation dw (pu)> stab
-—bpss
. EXCITATIOl

n
N
<Ouiput active power Peo (puf>

=]
Hinh 4. M6 hinh Simulink cta hé théng diéu khién may phat dién véi PSS
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4. KET QUA NGHIEN CUU VA BAN LUAN

Céc két qua mé phong trong Hinh 5, Hinh 6 va Hinh 7 minh hoa r rang anh hudng riéng 1é va phbi
hop ciia SVC va PSS dén 6n dinh quéa do cta hé thong truyén tai hai may. Su ¢d ngin mach ba pha
X4y ra tai thoi diém t = 5 s gy ra sy suy giam nghiém trong cong suét dién va kich thich cac dao dong
co - dién gilra cac may phat.

4.1. Pap ing dong hoc ciia may phat

Hinh 5 thé hién dap ung dong hoc ctia cic may phat thong qua goc rotor va téc dd. Trong trudng hop
khong c6 thiét bi hd tro, hé théng mat dong bd ngay sau khi cat sy ¢, thé hién qua goc rotor ting
khong gidi han. Khi chi sir dung SVC, dién ap duoc cai thién nhung dao dong goéc rotor khong duoc
dap tat hoan toan do thiéu moé-men damping, din dén mat 6n dinh sau mot khoang thoi gian. Truong
hop chi st dung PSS cho théy kha néng cai thién 1o rét dao dong thép tan, gbc rotor dao dong tat dan,
tuy nhién bién d6 dao dong ban dau van con 16n do dién ap tai nit trung gian chua duge hd trg day
da. Khi phéi hop ddng thoi SVC va PSS, bién do dao dong goc rotor giam dang ké va hé thong dat
trang thai 6n dinh nhanh nhat, cho thay sy bo trg hleu qua gitra hai bo diéu khlen

Time(s) 7 ¥ Trace Selection " x

T T T i T T
! ‘ [ ] d_thetal_2 (deq) - [—]
53.06[1 N
E | [ : 7 ¥ Signal Statistics %
S owf | ! , value Time
= | ' Max 1.0808+03 6.220
I
= el | i Min 5.2026+01 0.824
- | - Peak to Peak  1.027e+03
i Maan 1607e+02
- I | L - L L L : Median 5.396e+01
C T [T T T T T 1 T - RS 2.860e+02
i 3
\ H ¥ ¥ Cursor Measurements %
_oese —\\ : ] * Setings
3 \
So008—N v — & ¥Measurements
2 \ H Tima Valua
5 09997~ . ! B 1] 12,500
0.0906|— AN P | 21 37.500
) H AT 250005  AY
o.0008f— | 1 o
I I I I i 1 I I
_— 1/4T 40.000 mHz.
1 ;."\u T E I I I T :3 I I - AY [ AT
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Ready. Sampls based |T=6.220

Hinh 5. Dap tng goc rotor va tbc d6 may phat

4.2. Pap ting ciia SVC va 6n dinh dién ap

Hinh 6 mé ta dap tmg cua SVC thong qua sy thay ddi 6 dan nap va cong suit phan khang bu. Ngay
khi xdy ra su ¢d, SVC nhanh chong chuyén sang ché d6 dung, phat cong sudt phan khang cuc dai dé
ho tro dién 4 ap tai nit trung gian. Sau khi sy c6 duoc cit, SVC tiép tuc diéu chinh linh hoat nham duy
tri dién ap 6n dinh va giam dao dong dién ap do tuong tac vdi cac dao dong cong sudt. Piéu nay
khang dinh vai tro quan trong cua SVC trong vi¢c 6n dinh dién ap va tao diéu kién thuan lgi cho PSS
phat huy hi¢u qua damping.

' IO ‘ i ' v > 1=

I N T+ Signai Statistics -

Value Time:
- M 1.503¢+00 5784
Hin 191602 5.507
- Poak 1o Posk 14416400
Hean 8091201
Median 9.8566-01
Ams 8620a-01

leasurements x

<8 (pu

s Ay

1A 40,000 miz

o s "0 s 20 s ) 3 a0 £
Sample based | T-6.220

Hinh 6. Pap ting ctia SVC: Do din nap (B_svc) va cong suat phan khéang bu (Q_svc)
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4.3. Pap ting tong thé hé thong

Hinh 7 trinh bay d4p tng téng thé cua hé thdng, bao gém dién 4p nht va cong suit truyén tai. Trong
cac trudng hop khong c6 SVC, dién ap sut giam siu trong su ¢d va thoi gian héi phuc kéo dai. Nguoc
lai, cac truong hop c6 SVC cho thay dién ap chi syt nhe va nhanh chong tro vé gia tri danh dinh sau
khi cat su cd. Pong thoi, cong suét truyen tai trong truong hop ph01 hop SVC va PSS c6 bién do dao
dong nho nhat va thoi gian 6n dinh ngan nhat, phan anh hiéu qué tong hop cua hai thiét bi trong viéc
nang cao 6n dinh qua do va on dinh dién ap ctia hé thong

V pos qu‘!BzBJ(p u)

| | " |

B ¥ 7 Trace Selection %
-

7 ¥ signal Statistics X
\ H Value Time

Max 16420400 5794
Min 0.0008+00  0.000e+00
H | Peak to Peak 1 642e+00

V pos, seq. B1 B2 B3 (pu

Mean 7 680a-01
| Median 1.001e+00
RMS 9 008e-01
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> Seftings
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1 L 1 L 1 1 . Time Value
. 1IN 12.500
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AT 250005  AY -

‘ 1 1447
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AY [ AT -

Sample based | T=6220

Hinh 7. Pap tng tong thé hé thong: Dién ap nat trung gian (V), cong suat truyén tai trén dudng day

4.4. Khac véi md hinh power SVC_PSS chuin cia MATLAB

Vén chi mang tinh minh hoa, mé hinh trong nghién ciru nay dugc hiéu chinh dé phan anh diéu kién
véan hanh thyc té cta ludi truyén tai 500 kV Viét Nam, bao gdm: (i) chiéu dai duong day 700 km, (ii)
mirc tai 16n va mét can dbi cong suat giita hai nha méay thity dién, (iii) danh gia dinh lwong thoi gian
dap dao dong va kha nang duy tri dong bo dudi cac kich ban su ¢d khac nhau. Trén co s d6, nghién
ctru tap trung phan tich sy twong tac dong giita vong diéu khién dién ap ciia SVC va vong diéu khién
dap dao dong cua PSS.

Tdng hop cac két qua cho thiy, SVC dong vai tro chi yéu trong viée 6n dinh dién ap va cai thién diéu
kién van hanh cta luéi dién trong va sau su ¢, trong khi PSS cung cAp mo-men damping can thiét
dé dap tit dao dong cong suat thap tin. Sy phdi hop dong thoi gitra SVC va PSS tao ra hiéu ing cong
huong, giup hé thong duy tri ddng bo, giam bién d6 dao dong va rat ngan dang ké thoi gian hdi phuc
sau sy ¢d nghiém trong.

Két qua md phong cho thay vong diéu kh1en dién ap cua SVC va vong diéu khién damping ctia PSS
c6 moi quan h¢ tuong hd. Cu thé, viéc on dinh dién 4p nhanh tai nit trung gian nho SVC giup giam
bién do nhiéu dién ap tac dong 1én hé thong kich tir, tir 46 tao diéu kién dé PSS phat huy hiéu qua dap
dao dong cong suat. Nguoc lai, PSS lam suy giam nhanh cac dao dong co - dién, gitp vong diéu khlen
SVC tranh bi kich thich dao dong thir cap. Diéu nay cho thiy hiéu qua phbi hop khong chi 1a tong
hiéu qua riéng 1¢ cta timg thiét bi ma 14 su b trg dong giita hai vong diéu khién.

Bang 2. So sanh dinh lugng hi¢u nang on dinh qua do gitra cac kich ban diéu khién (su ¢ ngan mach
3 pha, thoi gian sy ¢6 100 ms)

\ Thoi gian | Bién d§ dao dong goc Dao dong v A n
Truong hop xac lap (s) rotor ban dau cong suat Duy tri dong bo
Khong SVC, | Matdongbd | . N B R

khong PSS (< 35) Tang khong gidi han Khong
Chi SVC >50s ~580° +35% Khong 6n dinh
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\ Thoi gian | Bién d¢ dao dong géc Dao dong < A n
Truong hop xac lap (s) rotor ban dau cong suat Duy tri dong bo
Chi PSS ~35-40s ~620° +22% Co (bién hep)
Két hop SVC + ~530° — 6n dinh o .
PSS 10-20s ahanh + 8% Co6 (manh)

(Thot gian xdc ldp (settling time) dwoc xdc dinh khi bién do dao dong goc rotor giam xuong dudi +
2°; gia tri woc luwong tw do thi mo phong).

Tir Bang 2, ¢6 thé rat ra cac nhan xét dinh luong sau: (i) Két hop SVC+PSS rat ngin thoi gian xac
1ap 60 - 80% so voi tig thiét bi riéng 1¢, tir trén 50 gidy (chi SVC) va 35 - 40 gidy (chi PSS) xudng
con 10 - 20 gidy; (ii) Bién d6 dao dong cong sudt giam tir £ 35% (chi SVC) va + 22% (chi PSS) xudng
chi con + 8% khi phbi hop, minh ching dinh lugng cho hiéu tmg cong huong (synergistic effect) giita
hai vong diéu khién; (iii) Chi c6 kich ban phdi hop SVC+PSS duy tri duoc dong bd 6n dinh véi bién
6n dinh rong ngay ca khi xay ra sy cd 3 pha nghiém trong.

5. KET LUAN VA HUONG NGHIEN CUU TIEP THEO

5.1. Két luén

Nghién ctru cung cdp thém bang chimg mé phong cu thé, bd sung cho xu hudng nghién ctru vé didu
khién phdi hop FACTS-PSS trén thé gi6i, dong thoi dé xut tmg dung thiét thuc cho bai toan 6n dinh
ludi dién truyén tai dai tai Viét Nam.

Nghién ctru cho thiy viéc phdi hop dong thoi SVC va PSS mang lai hiéu quéa 6n dinh vuot trdi so véi
ting thiét bi hoat dong riéng l¢. SVC dam nhiém vai tro 6n dinh dién ap va cai thién diéu kién van
hanh cua luoi tmyen tai, trong khi PSS cung cAp md-men damping can thiét dé dap tit cac dao dong
cong suét tan s thap Su phdi hop nay tao ra co ché bo trg dong giira hai vong diéu khién, gitp hé
thong dat trang thai 6n dinh nhanh hon, v6i dao dong goc rotor va cong suat dugc dap tat trong khoang
10 - 20 gidy, dién ap phuc hdi 6n dinh va kha nang chiu dung su ¢b dugc cai thién.

Két qua nghién ctru c6 ¥ nghia thuc tién dbi v6i hé thong dién Viét Nam, noi co ty trong thuy dién
cao va cac tuyén truyén tai 500 kV dai chiu tai ning. Trén co s d6, nghién ciru khuyén nghi trién
khai déng bo cac thiét bi FACTS nhu SVC tai cac nut trung gian trong yéu, két hop véi viée hi¢u
chinh va duy tri hoat dong t6i wu ctia cac bd PSS trén cac may phat chinh, nham nang cao do tin cay
va an ninh van hanh cta ludi dién truyén tai.

Bén canh gia tri img dung, nghién ciru con cung cap mdt phan tich dinh lugng 16 rang, cho thay thoi
gian déap dao dong duoc rat ngan tu trén 50 gidy xudng duoi 20 gidy khi phéi hop SVC va PSS. Dong
thoi, mo6 hinh md phong duoc xay dyung co thé sir dung truc tiép nhu mot cong cu hidu qua cho giang
day va nghién ctru vé 6n dinh h¢ thong dién va thiét bj FACTS. Cac hudéng nghién ctru tlep theo co
thé mo rong sang t6i wu tham sd diéu khién, tich hop cac thiét bi FACTS thé hé m&i va hé thong dién
c6 ty 1€ nang luong tai tao cao.

5.2. Hwéng nghién ciru tiép theo

Nghién ctru dugc thuc hién trén m6 hinh hai may twong duwong, phu hop véi muc tiéu phan tich co
ché twong tac SVC— PSS nhung chwa phan anh toan bo d6 phure tap cua hé thong da ving thuc té. Cac
gi61 han cu thé bao gom: (i) chua xét trong tac da vung (multi-area oscillations); (ii) chua tich hop
ngudn ning luong tai tao bién dong (dién gio, dién mat troi); (iii) tham s6 PSS va SVC dugc chinh
dinh thu cong theo IEEE 421.5, chua ap dung t6i uu hoa tw dong. Nhimng han ché nay duoc nhan thirc
1d rang va dinh hudng cho cac nghién ctru tiép theo dugc trinh bay dudi day.

Ung dung trong quy hoach: Cén xem xét tich hop SVC va PSS ddng bo trong thiét ké, nang cip cac
duong truyen tai xa 500 kV, dac biét ¢ cac khu vuc ¢o ty trong thuy dién cao.

Nghién ciru tiép theo: (a) Khao sat hiéu qua vai cac loai sy ¢b phirc tap hon (nhu sy ¢6 kép). (b) Mo
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rong nghién ctru cho hé théng tich hop ning luong tai tao bién dong cao (dién gid, mat troi).

Hudng nghién ctru tiép theo co thé ké thira va mo rong dua trén cac phuong phap dang phat trién: tbi
vu hoa tham sé diéu khién phdi hop bang cac thuat toan tién tién (AL, PSO) [ 9], danh gia thiét bi
FACTS thé hé méi nhu STATCOM [10] trong hé thdng co tich hop ning luong tai tao [11], hodc
nghién ctru co ché diéu khién tap trung (wide-area control) dya trén tin hiéu PMU [12], Ngoai ra, cac
hudng tiép can t6i vu tham sd PSS-SVC [13] va on dinh hé théng da may [14, 15] ciing 1a nhiing
tham chiéu quan trong cho nghién ciu tiép theo.
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