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TOM TAT

Cdc phan tich tinh 6n dinh dién dp thwong
tién hanh theo phdn tich @3 nhay V-Q hay phan
tich Q-V modal. Cac phan tich nay dua trén ma
tran Jacobian cia bai todn trao heu céng sudt va
con duoc goi 1a phan tich én dinh nat phy tdi.
Khi c6 mady phat dién gié kiéu DFIG vén hanh

theo mode PQ, cdc nut dién gio dwoc coi nhu nut

PQ. Do c6 céc rang bugc vé cac bé bién dai cong
sudt, cac nat PQ ndy sé tré nén dac biét va diéu
nay anh hwong téi phan tich én dinh dién 4p. Bai
b&o khdo sat mize dg xam nhdp va vi tri két noi
dién gié trén quan diém on dinh dién &p. Vi dy ap
dung cho mang di¢n 14 nat.

Tar khéa: DFIG, phén tich V-0 modal, phdn tich dé nhay V-Q, ma trgn Jacobian rat gon

1. GIOI THIEU

On dinh dién ap lién quan dén kha ning cua
hé thong & diéu kién van hanh binh thuong va khi
¢6 nhidu c6 thé duy tri dién ap tai moi thanh céi
trén hé théng & mac chip nhan tai cac nat. Mot
hé thong roi vao trang thai khdng 6n dinh dién &p
khi c6 tac dong nhiu, khi c6 yéu ciu tai ting. ..sé
c6 sy giam ap lién tuc khdng thé kiém soat duoc.
Nhan té chinh caa nguyén nhan gay ra su khong
on dinh 1a hé khong c6 kha niang dap wng yéu ciu
vé cong suat phan khang.

Nghién ciru 6n dinh dién &p khi c6 méy phat
dién gi6 dugc quan tam nhiéu vi sy phat trién cua
nang luong tai tao. Cac cong trinh gan day nhu
[1] m6 ta toan bg hé thong phat dién gi6 qua cac

hé phuong trinh vi phan va dai s6, ding phan
mém PSAT dé khao sét tri riéng caa ma tran trang
thai theo phuong phap dao déng bé. Trong [2],
coi DFIG nhu nit PV, md ta bang hé phuong
trinh vi phan dai s va phan tich theo Q-V modal
khi c6 trién khai FACTS trén ludi. [4] xem xét
DFIG la nat phat qua hé phuong trinh vi phan va
dai s6, tién hanh phan tich 6n dinh tinh qua
phuong phap dao dong bé.

Trong céac phan tich tinh vé én dinh dién ap
thi phan tich truyén thong dua trén cac tiéu chuan
kinh dién hay cac phan tich dya trén d¢ nhay V-
Q, phén tich Q-V modal [5] khi c6 c6ng cu may
tinh. Trong céc phén tich nay, céc tri riéng cua
ma tran Jacobian rdt gon dugc xem xét. Cac ma
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tran nay la c6 lién quan téi tinh toan trao luu cong
suat. Phan tich nay con duoc goi la phan tich 6n
dinh cua céc ndt tai vi chi xem xét 6n dinh dién
ap tai c&c nat tai. Trong cac phan tich nay, khdng
xét cac phuong trinh vi phan (lién quan ti nguon
phét) va chi c6 cac phuong trinh dai s6.

Khi hién htru may phat gi6é ¢ mode PQ, viéc
tinh toan ma tran Jacobian rdt gon nay s& cé su
thay d6i va do d6 anh hudng tai phan tich 6n dinh
dién ap. Bai bao nay trinh bay cach phan tich 6n
dinh dién ap khi c6 may phat dién gio.

2. PHAN TiCH PQ NHAY V-Q VA Q-V
MODAL

Phan tich do nhay V-Q dugc md ta nhu sau:
Nhu 13 két qua cuda bai toan trao luu cong suét, &
ché do xéc 1ap, ma tran Jacobian duoc viét 1a:

J J
3=| IPE PV )
JQg ‘]QV
Ma tran Jacobian rdt gon cua hé théng (cho
cac nit tai) la
-1
IR :(‘]QV _‘]QH‘]PH‘]PV) )
Phan tir duong chéo thir i cia ma tran J ;' 1a do
nhay V-Q & nut tha i.

Trong phuong phap phan tich modal Q-V, ma
tran Jacobianan rdt gon Jr dugc phén tich thanh:

JR =&A7n 3)
Véi: & 1a vecto riéng phai cua ma tran Jacobian
rat gon Jg; 77 1a ma tran vecto riéng trai cua Jg;
A la ma tran tri riéng duong chéo, véi céc tri
rieng A, A, ,..., A, ciia ma tran Jacobian Jr. Ma

tran nghich dao cua Jr ¢ dang sau:

Igt=enly 4)

Suy ra d6 nhay V-Q & nat thir k duoc cho bai:

N _ i Sl _ ii 5)
aQK i=1 ﬂf. i=1 ﬂ’.
Hé théng 6n dinh dién 4p néu tat ca cac gia
tri riéng ciia ma tran Jacobianan Jr déu dwong
Trong (5) Pk 1a hé s6 tham gia cua nat k vao
mode (phuong thic) i va duge dinh nghia la:

Pi = Sl (6)

Gia tri Py cang I6n A, tham gia cang nhiéu

vao d6 nhay V-Q ¢ nit k.

Ung voi phuong thic i ¢o gia tri ﬂ,i nho
nhét, nit c6 hé s6 tham gia Py 16n nhat s& co d6
nhay V-Q 16n nhat, do d6 c6 do 6n dinh thip nhat.
Chinh vi vy trong phuong phap phan tich modal,
dé danh gia 6n dinh dién ap, chi xét dén céac
phuong thic ¢6 gid tri A4, nho nhét va ang voi
cac gia tri A, nay cac nit c6 h¢ sé Py I6n. Uu
diém cua phan tich Q-V modal 1a don gian va
ddng thai cho biét sy tham gia cua cac phan tir

mang dién vao mdi phuong thirc 4,

3. KHAO SAT ON PINH PIEN AP THEO
PHAN TICH Q-V MODAL KHI CO DFIG
MODE PQ

Céc méy phat DFIG khi két lu6i c6 thé cho
theo hai mode 1a PV hoic PQ. Kiéu thi hai
thuong dung cho cac ludi dién khi dién luc khéng
cho phép may dién gi6 tham gia diéu khién dién
4p. Nhu viy, trong bai toan trao luu cong suét, do
dic thu khong tham gia diéu chinh dién &p, cac
nlt méy phat gi6 nay dugc coi la nat PQ. Dé xét
on dinh dién &p can tinh dén ma tran Jacobian cua
bai toan trao luu cong suat. Trong mot sb tinh
huéng khi hé théng cang thang vé dién 4p, nghia
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1a cé4c tri dién &p tai cac nut c6 thé nam ngoai dai
dién 4p van hanh binh thuong cua cac may phat
gi6, cac may phat DFIG van tiép tuc van hanh.
Khi d6 cac bo diéu khién sé& thay doi céc tri dong
cai dat rotor [3], tuy nhién luén dam béao cac rang
budc vé bo bién doi cong suat (lién quan tai gioi
han cac dong thanh phan va dong téng cua rotor).
Céc gia tri dong cai dat anh huong tryc tiép toi
cng suit dau ra ciia may phat dién gio. Piéu nay
rd rang sé€ anh hudong tdi viéc tinh toan ma tran J.
Bai bao d& xuat thé hién sy anh huong nay vao
khao sét on dinh tinh, cu thé 1a: Trong mdi bugc
tinh toan ma tran Jacobian, néu cac gioi han dong
nay bi vi pham, can gan bang céc tri gici han, khi
4y cong suat dau ra Pe va Qe s& thay ddi sau moi
1an lap. Nhu vay dam bao dwoc tinh chinh xac khi
1

xé4c dinh I vatsi viéc danh gia 6n dinh.

Bai bao xay dung giai thuat xac dinh 6n dinh
dién ap nhu sau:

Tai mdi budc lap cua bai toan trio luu cong
suat, néu dién ap dau cuc ctia nit may phat dién
gi6 DFIG vuot qua mirc binh thuong sé thuc hién
cac tinh toén sau:

Véi dién &p V va Qe 1a théng sb cho trude
thi Qe = Qecho trusc va tinh lyg:

_ VI 2Qe(X, + X,,)

I (7
X, 3|V X,
NEu 126> 2dmax thi 126=12dmax , can tinh lai Qe:
3 X |V
e 3y Ko VI, ®)
Q 2| |X5+Xm(xm 2)
Néu I2¢<l2dmin thi 12¢=l2gmin , tinh lai Qe:
3 X \
Q=3 VI, @

20 X X, X,

Trong céc cong thic trén 1, thé hign dong rotor.

Néu DFIG la Type-1 [6], khi céc tri cai dat Pe va
Qe khong thé dap ng do vi pham gidi han dong
tong, thi viéc duy tri Qe s& dugc wu tién hon
(nghia 1a gitr nguyén lyq ) va do d6 Pe sé bi thay
d6i nhu sau:

_ 2Pe(X, +X,,)
2 3IVIX,

(10)

o /2 2

NEU 12>1omax thi 12=l2max Va l2g khong doi thi:
I 2
2d (12)

Pe:§|V| X

_m (13)
20 X 4 X, X

Do khudn khd va pham vi bai bao chu yéu
tap trung vao phuong phéap khao sat on dinh dién
ap, cé&c gia tri ladmax, ladmin, l2max S€ khong duoc
trinh bay. Cac dong nay dugc trinh bay trong
[7][8] va duoc coi la cac thdng s6 cua méy phat.

Ngoai ra can luu y t6i phuong trinh can bang
cdng suit tai nit c6 DFIG s& c6 Pe va Qe phu
thudc vao dién 4p mdi budce lap, cu thé cho cong
suét tac dyung nhu sau:

n
Pei (Vi) — 2ViVkYik cos(6f — 0 —aik) =0(14)
k=1

Khi dién ap DFIG nam trong dai gié tri binh
thudng, niit DFIG dugc coi nhu cho trudc cong
suat P, Q nghia Ia mot nut tai binh thuong.

Sau khi xay dung duogc Jg, cac tri riéng va
céc hé sb tham gia s€ dugc xac dinh dua trén (3),

().

Khi c6 may phat gi6 dat tai vi tri cho trudc,
tién hanh so sanh cac gia tri riéng khi c6 va khong
c6 may phat gid dé cho mot nhan dinh vé& anh
huong ciia may phét gio. Sau dé, tién hanh chét
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tai nhu nhau cho ca hai phuong an 1a c6 va khong
¢6 may phat gi6 dé xem xét vé kha nang 6n dinh
cua hé.

Dé danh gia kha ning thdm nhap cia dién
gi6 1én 6n dinh dién ap, ting dan cong suat phat
cua may phat dién gio vao ludi dién. Gilr nguyén
tai hién hitu, quan sat tri riéng nho nhét rat ra két

luan vé mirc d6 phat cho phép cua dién gio.

Néu cting mot lwong cong suit bom vao ludi
clia may phat dién gié nhung néu dit tai cac vi tri
khéc nhau s& co sy phan bd cong suét (nhét la
cong sudt Q) trén ludi khac nhau, kéo theo su dap
tng khac nhau vé thay d6i cong suét phan khang
tai cac nut tai. Nghia 1a s€ c6 anh hudng khac
nhau 1én tinh 6n dinh dién ap. Dé khao sat anh
hudng cua vi tri dat may DFIG, tai cac nat co thé
dat may phat dién gidé va gia st cac vi tri nay co
cung lwong phat nhu nhau, giit cing cac diéu kién
tai nhu nhau va tién hanh quan sat cac tri riéng
nho nhat. Néu vi tri ndo c6 tri riéng nho nhat ma
dat gia tri lon nhét thi s& 12 vi trf t6t nhit trén quan
diém vé 6n dinh tinh dién ap. Ciing c6 thé giir
nguyén cung kiéu chat tai ting nhu nhau cho dén
khi nao tri riéng nho nhat dat tri am, vi tri ndo c¢6
muc chét tai cao nhat s& 1a t6t nhét, hay ndéi mét
cach khac 1a c6 do du trix 6n dinh cao nhét.

4. AP DUNG

Vi myc dich minh hoa r6 tinh ding dén cua
giai thuat, bai bao sir dung DFIG vdi cong suat
phat Q am (tiéu thy Q), vi khi thém tiéu thu Q thi
tinh 6n dinh dién 4p s& x4u di. Ngoai ra, chat tai
tuong ddi cao trén mang dién dé c6 dugc nhirng
nat c¢6 dién 4p nam ngoai dai dién ap van hanh
binh thudong cua DFIG dé minh hoa cho giai
thuat.

Khao sat mang dién 14 nut cai bién IEEE
110kV:

Hinh 1. So db luéi dién 110kV

Céac may phat ddng bo duogc dat tai nat 1, 2
va 5 trong d6 nat 1 1a ndt can bang.

1-Trwong hop 1: Khi chua ¢é nguén dién gio

Tong cbng suat tai la: Pg=335MW,
Qui=168Mvar. Sau khi chay chuong trinh danh
gia 6n dinh dién 4p theo phuong phap phan tich
Q-V modal cho két qua tri riéng 1a: [1.948;
7.380; 10.568; 16.862; 21.048; 22.718; 30.499;
33.401; 44.401; 46.211; 57.289]. Vi tri nho nhit
Amin =1.948 > 0, h¢ thong c6 6n dinh dién ap.
Ung Véi gid tri Amin =1.948 , nit 12 c6 hé s6
tham gia nat 16n nhét (P2 = 0.2483) (Bang 1)
va c6 dién ap xau nhat bang 0.872. Bé xac dinh
dugc gidi han 6n dinh dién &p, mot cach don gian
1 ting tai déu tai cac nit (hé s6 COS @,,; tai cac
nit phu tai khong ddi) cho dén khi nao hé thng
mét 6n dinh (bo qua mot sé rang budc vé diéu
kién dét nong day dan). Khi tai dén 108.1% cong
suit toan hé théng (Pui = 697.135 MW, Qui =
349.608 MVAr) thi mit on dinh voi A, = -
0.013086 < 0.
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Bang 1. Hé s6 tham gia cua
cac nat vao mode tri riéng Amin=1.948

Nat Pki Nat Pki

3 0.0354 10 0.184
4 0.120 11 0.0165
6 0.02 12 0.2483
7 0.0064 13 0.1257
8 0.05 14 0.1771
9 0.0157

2- Truong hop 2: Khi c6 nguon dién gié 30MW
Ngudn dién gi6 c6 cong suit 30MW (sir

dung loai may dién DFIG cbng suit

1.5MW/1may duoc ndi vao ludi qua may bién thé

S0 Vi truong hop 1 Vi tri riéng nho nhéat bé hon
truong hop dau. Céc gid tri cia hé sé tham gia nat
duoc cho trong Bang 4.

Bang 3. Trj riéng khi c6 dién gid ¢ nit 2

Mode A Mode Iy

1 0.5358 8 28.086
2 1.8772 9 31.24
3 6.0522 10 33.72
4 7.4858 11 44.463
5 13.433 12 46.149
6 17.356 13 57.235
7 22.778 14 61.732

Bang 4. Hé s6 tham gia cua
cac ndt vao mode tri riéng Amin=0.5358.

2.5MVA 0.69kV/22kV) sau d6 dugc nang di¢n - - - -
4 1én 110KV bing bién thé 63MVA Nt Pki Nat_ | Pk
22kV/110kV qua cé&p ngam. Diéu nay tuong 3 0.0029 11 0.0012
duong vai viéc bd sung thém cac nat maéi la 15, 4 0.0116 12 0.0532
16 va 17. Ngudn dién gi6 nay dugc bom vao nut 6 0.0015 13 0.0136
12. Nhu vay ndt 15 s& duoc ndi vao nat 12. 7 0.0005 | 14 0.0218
. . 8 0.0043 15 0.0863
Bang 2. Thong s6 cua DFIG
9 0.0014 16 0.1119
S rate(MVA) 1.67 10 0.024 17 0.6657
V rate (kV) 0.69
Rs (pu) 0.0256 3- Truong hop 3: Thay déi vi tri dat may phat
Rr (pu) 0.0167 dién gio
X11 (pu) 0.0791 Van ngudn dién gié nay nhung thay ddi vi
X12 (pu) 0.1025 tri dat khac nhau va xem xét cac gia tri nho nhat
Xm (pu) 2.7368 cua L. Két qua duoc cho trong Bang 5. Tuong ty
Xc (pu) 0 két qua khi thay ddi cong suét tai duoc cho trong
H (s) 3.255 Bang 6.

Vé6i tii ban dau Pu = 335MW, Qui =
168MVAr, dién &p tai nat 12 dugc cai thién
(0.877) vacd Amjn =0.5358 > 0 (Bang 3). Véi
thdng sb ciia nguon phat dién gio da cho, hé c6
on dinh dién 4p, tuy nhién tinh 6n dinh x4u hon

T Bang 5 va Bang 6, nhan thdy véi cling
lwong cdng suat bom vao luGi cua may dién gio,
néu dat tai nat s6 3 s& cho ra két qua tét hon vé
mit 6n dinh dién &p.
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Bang 5. Giatri A, tai cac vi tri c6 két néi gio

va khéng két ndi gi6

Chua Vi tri gi6 két ni
két NG
ndi | Ngt1z | Do | Nt 3
gioé
2 | 1948 | 05358 | 0.601 | 0.88881
min

Bang 6. So sanh mirc d6 tang tai t6i da (%)
cho céc vi tri dat DFIG

Chua Vi tri gi6 két néi

két noi

gi6% | NGt12 | Nat 10 | Nt 3
108 83.5 95 107.7

4- Mike dg xam nhdp cia gi6 vao hé thong hedi
truyen tdi

Tang dung lugng cua dién gi6 téi P =
43.5MW, Q = -5.8MVAr (giir nguyén hé s6 cong
suat) thi A, van con co gia tri duong, vuot qua
trinay A, s&co giatri am.

Tuong ty, tién hanh cho céc vi tri dat khac
nhau, tim mtc do xam nhap 16n nhit c6 thé cua
may phéat ma hé van duy tri 6n dinh dién &p. Két
qua dugc cho trong Bang 7 vai nat 3 cho phép
tham nhap cao nhat.

Bang 7. Murc d6 xam nhap téi da cua dién gi6
tai cac vi tri dat khac nhau

Nat két ndi | Nat 3 Nat 10 | Nat 12
gio

Pgis(MW), 54 42.1 41.39
Qgis(MVAr) | -7.2 -6 -5.8

5. KET LUAN

Khi cac ngudn phat dién gi6 DFIG duoc
xem nhu nhiing nGt PQ thi trong mot s6 tinh
hudng, céc nit nay s& c6 cong suat P,Q thay doi
trong qua trinh giai bai toan trao luu cong suat
kéo theo su thay dbi tinh todn ma tran Jacobian
rdt gon va do d6 anh huong téi phan tich 6n dinh
dién &p. Giai thuat cua bai bao dé xuat van cho
phép st dung phuong phap phéan tich Q-V modal
dé tan dung cac vu diém cia phuong phép nay la
don gian ciing nhu tim dugc nhitng phan tir nao
trong lui anh huong nhiéu nhat toi cac mode
(thé hién qua cac hé sb tham gia), tuy nhién cé
tinh dén dic thu cia may phat DFIG. St dung
giai thuat nay cling cho phép xac dinh dugc vi tri
két ndi gi6 tot nhat ciing nhu mic d6 xam nhap
t6i da cua dién gi6 trén quan diém 6n dinh dién
ap.
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Static analysis of voltage stability with DFIG
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ABSTRACT

The static voltage stability analysis is
carried out by V-Q sensitivity or Q-V modal
analysis. These analyses are based on the
Jacobian matrix of power flow calculation. This
is regarded as load bus stability analysis. With
DFIG of PQ mode, the wind generation bus is
considered as the PQ bus. Due to the limits of

converters, these PQ buses became very special
and this influences on the voltage stability
examining. This paper also examines the
penetration level and the location of wind
generation injection based on voltage stability.
The reliability of the algorithm is illustrated in a
study of 14 buses power network.

Keywords: DFIG, Q-V modal analysis, V-Q sensitivity analysis, reduced Jacobian matrix
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