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DANH GIA ON BINH BIEN AP THO1 GIAN THUC
VO VIEC SU DUNG HE THONG GIAM SAT DIEN RONG

EVALUATE REAL TIME VOLTAGE STABILITY USING WIDE AREA MONITORING SYSTEM

TOM TAT

St phat trién nhanh chdng clia hé thong dién ¢ vé quy md va chét lugng,
vGi céc trang thiét bi cong nghé cao, doi hi phai 6 cac cong cu di manh dé doi
phd voi cac rdi loan trong qua trinh van hanh cla hé thdng. Cac rdi loan nay c
thé do sy qué tai trén cac drong day tai dién, kéo theo st sup do dién dp vatan ra
hé thding. Khi ¢6 sir 4o tron I xAy ra, céc giai phap nham bao vé va kiém soét
hé thong ddng vai trd quan trong, dé ngén chan st sup d6 va khdi phuc hé thong
trd lai trang théi binh thuong, giam thiéu anh hudng clia céc sty ¢d. Vi cac tién
b ctia khoa hoc cdng nghé gan déy, két hop véi cac gidi phap thdng tin va truyén
thong hién dai, cac loai cdm bién méi, cling véi su da dang cac loai hinh s ¢6
trén hé thong dién da thic déy st xuat hién clia hé thdng gidm sat bao vé dién
rong, st dung thiét bi do lwong dong bd pha. Bai bao huéng tdi viéc md phong hé
thdng nay va phuong phap danh gia 6n dinh dién ap trong thoi gian thuc. Tir cac
nghién ciru véi so do trong duong Thevenin, bai bdo phan tich dé xuat chi s6 moi
NewVSI trong viéc giam sat danh gia 6n dinh dién ap trong thoi gian thuc. Cac
két qua duoc ching minh bang md phdng trén ludi dién chudn 39 nat IEEE, si
dung phan mém Matlab/ Simulink.

Tlr khda: Ha thong giam sat dién rong, on dinh dién ap thoi gian thirc, thiét bi
do lwdng dong bd pha.

ABSTRACT

The rapid development of power system, both in terms of scale as well as
technological advances, requires tools to deal with systemic disruptions that
cause overload on transmision lines, dragging down the voltage collapse and
power system disruption for many years. When major disturbances occur,
protection and control solutions play the most important role in preventing
system collapse, restoring the system to normal and minimizing the impact of
incident. New improvements in science, technology, information and
communications, sensor technologyand the emergence of large-scalehave
spurredapprearance of wide area monitoring system using phasormeasurement
unit. This article describes the simulation of this device and method of evaluating
real-time voltage stability. Simulation results are analyzed, evaluated on IEEE 39
bus system using Matlab /Simulink.

Keywords: Wide area monitoring system, real-time voltage stability, phasor
mesurement unit.
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1.DAT VAN BE

Hé thdng dién (HTD) cang ngay cang tré nén phc tap
voi sy da dang cla cac loai ngudn dién, bao gom ca cac
nguén nang lugng tai tao, su tang Ién qua nhanh clia phu
tai, dan dén sy van hanh gan gi¢i han 6n dinh cta nd. Thém
vao dé, khi tam véc clia cac HTD qudc gia khong con nita béi
su xudt hién ctia HTD lién két da quéc gia thi diéu nay cang
tra 1én phirc tap. DG6i vai 6n dinh dién ap, dirng trude cac kich
dong lon, kéo theo sy gidm manh cla dién ap tai cac nut,
dan dén céc bao vé sé tac dong cat lan truyén mot s6 dwong
day truyén tai va mét so phan tir khac, s sup do hé théng sé
xay ra néu khong c6 céac bién phap bao vé hop ly [1, 2]. biéu
nay doi hai phai cé mot co cau bao vé méi, ddm bao giam
sat lién tuc cac thong so, bao vé va diéu khién dap (ng nhu
cau nhanh chéng ctia HTD. Hé thdng do lwdng giam sat dién
rong WAMS (Wide Area Monitoring System) [9], két hop di¥
liéu duoc cung cép bai thiét bi do dong bd pha PMU (Phasor
Measurement Unit) la mot trong s cac giai phap hitu hiéu
nham giai quyét van d& nay, hinh 1. PMU Ia thiét bj do kj
thuat so co6 thé duoc tich hop trong role bao vé, thiét bi ghi
s ¢0 tai cac tram va nha may dién, c6 kha nang do duwoc diy
lieu dong bd pha (Phasor) trong thoi gian thuc, tan s6, mo
dun va géc pha cta dong dién va dién ap,... theo cac tiéu
chuén (nhw IEEE 1344, IEEE C37.118 [3]) va duoc déng bo thoi
gian cac tin hiéu qua ddng hd vé tinh GPS, viéc 1dy mau dong
bd trong 1ps [4]. Tin hiéu duwoc két hop véi cac hé théng
thong tin lién lac méi, cho phép giam sat, van hanh, kiém
soat va bao vé HTD trong khu vuc dia ly [10-11].

V6i khd nang do voi chu ky 1dy mau 1&n t6i 30 - 120
mau/gidy, cac PMU sé& cung cdp mot s8 luong Ion dir liéu
dwoc dong bd thoi gian thdng qua thiét bi dong bo thoi gian
GPS. Chang duoc lwu tri trong cac bo tap trung dit liéu pha
PDCs (Phasor Data Conentrator), phan tich va x& ly nham
danh gia duoc trang thai ctia hé thong, hinh 1. Bong bd
chinh xac thoi gian cho phép so sanh chinh xac cac phép do
theo thoi gian thuc va trén cac dia diém cach xa nhau. Céc
xung dién ap va dong dién dau vao duoc lay tir cac bién
dong va bién &p, dwoc qua céc bd loc nham loai bd céc
thanh phan hai bac cao. Qué trinh 18y mau cho ra céac gia tri
roi rac st dung phwong phap bién déi roi rac Fourier
(Discrete Fourier Transform - DFT) nham dat duoc uwéc lwvong
pha clia thanh phan co ban cda dién ap va dong dién [11].
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Hinh 1. C4c thanh phan clia hé théng WAMS [10]

Cac két qua nghién clru trude day vé 6n dinh dién ap voi
WAMS st dung mé hinh hé théng dién tinh dé danh gia
kha nang, gi¢i han 6n dinh nhu phuong phap duong cong
P-V va Q-V, phan tich dd nhay [5], s dung ma tran Jacobian
[6], chi s6 duwong day [7], danh gia 6n dinh dién &p bang céac
chi s6: FVSI, LQP, NSI, VCPI [8]. Cac phuong phéap trén duoc
xac dinh nho phan tich ché doé xac lap, (m6 hinh phan bd
cdng suat, md hinh dong tuyén tinh héa,...), do vay c6 mot
s6 han ché nhu: (i) cac thuat toan véi cac thong s6 khéng
ddi ctia HTD, diéu nay c6 thé dan dén nhitng danh gia
khéng chinh x&c trong thoi gian thyc; (i) khé danh gia
duoc anh hwdng cla cac thiét bi tw dong diéu chinh dién
ap nhv ty dong diéu chinh dién 4p may phat (AVR) hay
diéu 4p duoi tai (ULTC) tai may bién ap; (iii) viéc phan tich
on dinh dién ap, gidm sat HTD sé trd nén kho khan khi co
chudi su kién ddng xay ra nhu s ¢d dudng day, mat may
phat dién hodc tang hodc gidm dot ngét mot lwgng tai I6n;
(iv) kho xét anh hwdng ctia nhiéu 1&n cac s6 liéu do luong.

Dé cai thien mot so han ché trén, phwong phap so do
tvong dwong Thevenin st dung so liéu thu dwoc tir cac
thiét bi do luong ddng bd pha va chi s6 danh gia 6n dinh
dién ap dva trén md hinh HTD dién réng duwoc duwa ra trong
nghién cu nay. N6i dung chinh cta phuvong phap la: (i)
woc lwgng thong sé ngudn dién ap E,, va téng trd Z,, trong
so d6 twong dwong Thevenin tir cac thdng sd thu duoc
thong qua cac thiét bj do lvong PMU; (i) tinh toan chiso 6n
dinh dién 4p NEWVSI cho mét s6 nit tai trong HTD. Diéu
nay cho phép danh gia dién ap nat gan nhuv online.

2. CO SO PE XUAT GIAI PHAP DANH GIA ON DINH
DIEN AP

Bang cac théng sé do lwdng gia tri dién &p (V,) va dong
dién (1) tai nat, viéc danh gia sy mét on dinh dién ap duoc
thong qua mét so do twong duong Thevenin, bao gom mot
ngudn dién ap (E;) méc ndi ti€p véi mot téng tré (Z,,) nhu
hinh 2.

Measured

Z : !

l |—m| l‘——L—‘ i
— — ||z
I 1

Hinh 2. So d6 trong duong Thevenin

Cac thong sb Ey va Z, dugc uwéc lwong théng qua
phuong phap binh phuong cuc tiéu, st dung gia tri do
lvong dong bo pha vé dién ap, dong dién va géc pha (8)
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clla chiing. Cac gia tri dwgc bién déi thanh thanh phan thuc
(r) va ao (j):

Vo=Vo+ Vo L=l
L r JI L r JI (l)

Ew =B + B Zy =Ry + X,
Va dwa ra dwgc mét phuong trinh tuyén tinh [12]:
Er
AX=B, :‘1 0 -l I ||E :‘vr‘ @
0 1 - —L|[Rs| [V,
X

th

Pé udc lvong cac gia tri E, E, Ry, va X, can it nhat gid tri
dong dién va dién ap tai hai thoi diém do khac nhau.
Nhung dé két qua chinh xac hon thi c6 thé sir dung nhiéu
két qua do dé loc anh hudng clia sy qua do va nhiéu theo
phuong trinh [12]:

X = (ATA) {(ATb) 3)

Hinh 3 thé hién so db6 vecto mach twong dwong
Thevenin.

Hinh 3. So d0 vecto mach tvong drong Thevenin [13]
Tir dinh luat Kirchoff:  E, =V + Z,, I, )
Phan chia phuong trinh (4) thanh hai thanh phan thuc
va ao:
Ey, COs B =Ryl +V cosd .
EySing =Xyl +V sing ©)
Vi E, =E, 28 vaV =V, £0
Binh phuwong va céng twong (ng cac vé cac phuong
trinh va bién doi ta c6:
2 2 thh 2 Zth 2
< By =V =5 +2V"—cos(6,, —0)+V, (6)
ZL ZL
- Co s& danh gia 6n dinh dién ap bangchi sé VSI
(Voltage Stability Index):
Theo mot s6 két qua nghién ctu trwéc day [14], kha
nang mang tai t6i da lién quan tdi chi s6 én dinh dién ap
VSI (Voltage Stability Index):

vsi = Zn
z

L
Theo cac két qua nghién clru céng b6, [14], hé théng chi
on dinh khi 0 < VSI < 1 va khi VSI = 1 (tng véi trang thai
truyén tai dang & gia tri gi¢i han.
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- Tham s6 dé xuat danh gia dé on dinh dién ap NewVSl:
Thay vao phuong trinh (6) ta cé:
EZ
—“2“ =VS|? +2.VSI.C0S(6’th —6’)+1

' (7

2
< f(VSI)=VSI? +2VSl.cos( 4, —9)+1—% =0
L
Theo tinh chat nghiém cla phuong trinh bac hai (7) véi
an so VSl ta co:

f(VSI = 0)*f(VSI=1) <0

E: E:

< |1-—2 | 2+2c0s(6,,—0)——2 |<0
VL VL
2

E
<:>1§V—“2‘s 2+2cos(6,, —9)
L

EZ <1
V2 (2+2cos(6, -0))

=S Ew <1
v, \/2(1+ cos(6,, —0))
Phuong trinh (8) dwa ra mot chi s6 khac, gilp danh gia

kha ndng mang tai ctia hé théng va tinh trang én dinh dién
ap cta hé théng:

Vay: 8)

Eth
Vi /2(1+ cos(6y, — )

VoI Zy =Z2,26,; 0=\, . —|

Theo d06, cung quan diém véi chi so VSI, hé thong dwoc
danh gia on dinh dién ap théng qua danh gia chi s6 dé xuat
NewVSlI, cu thé nhu sau:

- NewVSI <1: hé thdng 6n dinh;

- NewVSl| =1: hé thdng & gi¢i han on dinh;

- NewVSI| >1: hé thdng mét 6n dinh.

Lru dd thuat toan danh gia 6n dinh dién a4p ngan han
thoi gian thuc dya trén phwong phap so do twong duong
Thevenin dwgc néu ra & hinh 4, theo trinh tv tinh toan va
V@i cac chi s6 tuong ing véi cac phuong trinh da phan tich
& phan trén. T viéc wéc lvgng thong s6 so do nay st dung
phuong phap binh phuong cuc tiéu, chi s6 NewVS| dugc
tinh toan.

Nhu vy, giai phap méi cd thé xem xét danh gia sw 6n
dinh dién ap trong thoi gian thuyc la st dung chi s6 NewVSI.
Cac két qua trong phan tiép theo, 4p dung véi luti dién
mau IEEE s& cho thay tinh kha thi cGa chi s6 danh gia 6n
dinh dién 4p NewVSI nay.

3. KET QUA MO PHONG TiNH TOAN

Viéc 'ng dung phwong phap danh gia 6n dinh dién ap
theo chi s6 NewVSI duoc thuc hién trén lwdi dién chuén
IEEE 39 nut “New England” (hinh 5). Lwéi dién véi 32 dwdng
day truyén tai, 24 may bién 4p va 10 may phat, cdp dién
cho 19 tai voi tdng cong sudt 6097,1 MW va 1408,9 MVAr.
Céac phan tr nhv duong day, may bién ap, may phat dién
dugc md phong voi hé théng kich tir lwa chon theo chuan

NewVSI =

©)

Phase Phase

“|EEE-Type 1", v6i b diéu t6c duvoc md phang don gian voi
cac khoi c6 san trong thy  vién clia
Simulink/SimPowerSystems. Riéng may phat & nat 39 la tap
hop ctia mot s6 lvong I&én may phat dién thi duoc thie hién
theo nguyén tac thay thé tvong dwong.

V|_,||_, VPhaSe: IPhase tlr cac PDCs

y

Bién d&i sang dang (1)

v

Thanh ghi (n gia tri)
Vi Vi el

Xé&c dinh matrén A B, X (2)
1

\
Uéc luong E,, E;, Ry, X¢n tr ma tran X theo (3)

Tinh toan Eg, Zy, @ 4, O n gié tri tiép
theo clia

¢ Ve Vis Il

Tinh chi s6 NewVSI cho nat tai, (9)

Max {NewVsl} = 1

Yes

Hinh 4. Luu db thuat toan danh gia on dinh dién ap thoi gian thuc si dung
phirong phap so do trong deong Thevenin

DaGi voi hé thong WAMS, céc thiét bi do lvong dong bo
pha PMU dwgc mé phéng trén Simulink [16]. Cac tin hiéu
dong dién, dién ap, gbc pha dong dién, goc pha dién ap
duoc lwu trir vao thanh ghi. Sau dé, viéc tinh toan céc gia tri
wéc lugng Thevenin bang phwong phap binh phwong cuc
tiéu, duoc thuc hién voi n mau mai théng s (hinh 6). Trong
nghién ctru nay, cac théng s6 do anh hudng bdi nhiéu
Gausse duwoc lay véi SNR = 50dB (ti 0 tin hiéu cuc dai trén
nhiéu 16n) [14]. Mbi théng s6 dugc 18y 30 gia tri luvu vao
thanh ghi dé wéc lugng cac tham s6 cla so db twong
dwong Thevenin, tir d6 tinh toan chi s6 danh gia on dinh
dién 4p NEWVSI. Phuvong phéap dugc 4p dung voi so do
“New England” 39 nut, véi cac truong hop khac nhau dudi
day kéo theo s c6 mat di clla mot s6 duwong day va may
phat dién;

S6 44.2018 e Tap chi KHOA HOC & CONG NGHE | 19



CONG NGHE

- Trvong hop 1: Tang dan tai @ mot s6 nat yéu trong hé
théng (nat 4, 8, 20, 25).

- Truong hop 2: Tang dan tai nhv truong hop 1, nhung
may phat tai nat 31 bi tac dong tach ra khéi luvéi do qua
kich tr (Sw cd N-1).

- Truong hop 3: Tang dan tai nhw trvong hop 1, sau do
duong day 5-6 va dwong day 14-15 bj cat ra do qua tai (Sw
cd N-2).

20
o}

L o 11
8 ﬂ'

31 32 34
v @ l ©
Hinh 5. So do ludi dién 39 niit chuan IEEE [15]
Thannghi1 Deay
m
Tu =
Nhiéu Gauss Ling 4@ .
Thanh ghi2 Delay!
)
a2
Vel Wy o ol i i —I—»@
e :
Thanhghi 3 Delay2 Sqtl
2 e n
Nhiéu Gauss
Thanh ghi4 Delay3

P Utczong THEVENN

Hinh 6. So d0 khdi md phdng wéc lwgng thong sd clia so do twong duong
Thevenin

Hinh 7 thé hién két qua md phong ap dung phuwong
phap trén doi voi lwéi IEEE New England. Trong tét ca cac
truong hop, phu tai tdng dan déu tai cac nat ké tir thoi
diém 8,5s va si sup do dién ap duoc xem xét tai bon nat
4,8,20 va 25, la nhirng nGt nang tai trong hé théng.

Trong tat ca céac truong hop, chi s6 NEWVSI dao dong
khi c6 cac bién dong xay ra trong hé théng do tac dong
diéu khién kich tlr tai cac may phat dugc moé phang déng.
Nguoc lai, chi sd nay tai cac nat sé tang dot ngdt néu vuwgt
ngudng 1 nhw hinh 7a, 7c, 7e.

K&t qua chi ra si so sanh chi s6 NewVS| gilta c&c nat nay
va sir sup do dién ap tai nat yéu nhat (chi s6 NewVSI vuot
gia tri 1 dau tién) nhw hinh 7b, 7d, 71.

e Trvong hop 1. chi s6 NewVS| vugt mic 1 tai nat 8 vao
thoi diém 12,51s va sup dé dién ap dién ra sau dé khi phu
tdi ti€p tuc tang.
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e Trvdng hop 2: phu tai ting dan tdi may phat tai nat 31
bi cat ra cho b&o vé quéa kich tir tai thoi diém 12s va chi s6
NewVSI da vurot gia tri 1 tai nt 8 kéo theo su sup dé dién ap.

o Trvdng hop 3: xay ra sup do6 dién &p do viéc phu tai
tang nhanh khién hai dudng day 14-15 va 5-6 bi cat ra do
qua tai tai thoi diém 12s khi chi s6 NewVSI virot mic 1 tai
nuat 8.

TRUONG HOP 1

& 7 8 9 10 " 12 13 14 15
Thei gian (s)

a)

TRUONG HOP 1

V8 va NewVS|

04

0 1 12 13 14 15
Thoi gian (s)

b)

TRUONG HOP 2

16 17

6 7 8 9 10 1" 12 13 14 15 16 17
Thoi gian (s)
c)
TRWONG HQP 2
16 7
—va i
==== NewV'SI v

V8 va NewVsl

6 7 8 9 10 1 12 13 14 15 16 17
Thoi gian (s)

d)
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TRUONG HOP 3

8 9 10 11 12 13 14 15 16 17
Thei gian (s)

e)

TRUONG HOP 3

V8 va NewVSI

8 9 10 1 12 13 14 15 16 17
Thoigian (s)

f)

Hinh 7. Két qua md phong phuong phap trén ludi dién 39 nit chuan IEEE

a) Chi s6 NewVSI clianiit tai 4, 8, 20, 25 trong truong hop 1

b) Bién &p vachi s VSl tai ndt tai 8 trong trudng hop 1

¢) Chi s6 NewVS clia niit tai 4, 8, 20, 25 trong trudng hop 2

d) Bién &p va chi s6 VSl tai ndt tai 8 trong trudng hop 2

e) Chi s6 NewV/Sl clia nt tai 4, 8, 20, 25 trong trudng hop 3

f) Dién &p va chi s VS tai nit tai 8 trong truong hop 3

Chi s6 NewVSI da chi ra dugc thoi diém mang tai cuc dai
tai cac nut tai, danh gia dwoc sy thay d6i khi cé bién dong
thong qua mé hinh dong cda hé théng theo cac kich ban
khac nhau. Khi so sanh két qua nay véi két qua danh gia véi
chi s6 VS|, ta thdy déu dua lai két qua hop ly nhu nhau.
Diém khac biét co ban & day la phrong phap NewVSI danh
gia hé théng trong qua trinh déng, bang giai phap tinh
toan lién tuc cac tham s6 vé thoi gian. Con md hinh véi VSI
chi danh gia voi cac tham s6 trang thai & ché do xac lap.

4. KET LUAN

Phrong phap danh gia 6n dinh dién ap thoi gian thuc,
str dung so do tuvong duong Thevenin chi ra gi¢i han cong
sudt truyén tai Ién nhat &ng khi hé théng cé nhitng bién
dodng bang chi sé 6n dinh dién ap NewVsI.

Phuong phap nay chi can gia tri do luong tai nat ma
khong can st dung thdng s cla hé thong nén cho phép
danh gia dwgc hé théng doi véi md hinh dong, danh gia
dugc 6n dinh dién ap thoi gian thuc voi chudi sy kién dong
xay ralién tuc.

Tuy vay phuong phéap van con mot s6 han ché: (i) chua
xem xét duoc anh hudng clia nhiéu manh qua cac két qua

do lvong khi ti s6 tin hiéu cuc dai trén nhiéu nho, (i) chua
danh gia dugc véi nhiéu loai m6 hinh tai khac nhau.

Trong cac nghién ctru tiép theo, viéc xem xét dén anh
hudng clia nhiéu do lvong va cac bién phap nham ngan
chén viéc sup d6 dién ap sé duoc thuc hién.
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