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NGHIEN CUU CAC PAC TRUNG SUP PO PIEN AP TRONG LUOGI PIEN CO KET
NOI NHA MAY DIEN GIO

Trinh Trong Chuwéng
Truong Dai hoc Cong nghiép Ha Noi

TOM TAT: S6 luong cdc nha mdy dién gié dang ngay cdng gia ting & nwéce ta, tong cong sudt
ldp dat tinh dén cudi nam nay dy kién dat 50 MW. Véi mire gia ting ngay cang lom vao hé thong dién,
trong cong tac quy hoach va vin hanh can thiét phdi c¢6 cdc nghién cieu vé anh huong cua ching dén
cdc hé thong dién, do ddc diém ciia nguon dién nay khd khdc biét so véi cac nguon dién truyén thong
khdc, trong d@6 cdc cdp dién dp phdn phoi khi két néi véi dién gié sé ¢6 nhitng dnh hieong dang ké nhit.
N¢i dung chinh ciia bai bao nay la khdo sat mirc do on dinh cia ludi dién két néi cdc nguSn dién gio tai
it két néi chung (PCC) khi thay doi lwong cong sudt tic dung va phan khang ciia mdy phat dién gié
cho dén khi dién ra hién tuwong sup dé dién ap dé xdc dinh cdc diéu kién lam viéc gidi han. Gioi han lam
viéc én dinh cia dién gio dwoc nghién cuu dya trén cac tiéu chudn én dinh, tir d6 xdc dinh cdc khdu yéu
can quan tam: nhéanh, mit... dé dé xudt gidi phdp ndng cao én dinh va lam viéc tin cdy ciia hé thong
cung cap dién (HTCCD).

Tir khoa: sup dé dién ap, dién gio, én dinh tinh

1. GIOI THIEU

Kha niang 1am viéc én dinh cua nha may
dién gi6 (WP) trong cic Hé thdng cung cép
dién (HTCCP) phu thudc cac diéu kién nhu:
cong ngh¢ may phat dién gio, dung lugng va
cong nghé thiét bi bu cong suat phan khang cta
dién gi6, "d0 manh" cta ludi dién ma ching
két ndi...Véan dé nay dugc dat ra lién quan dén
su phat trién ngay cang manh mg, da dang ciia
WP va cac ludi dién. V6i cac nat nam gan WP,
dién ap c6 thé s& co nguy co giam thap va dao
dong manh, dan dén sup dd dién ap. ba co rat
nhiéu nghién ctru vé& anh huéng cia WP dén 6n
dinh dién 4p va chit luong dién ning trong
HTCCD [5, 7, 8], tuy nhién cac nghién ctru do

chua thue su dé cap dén cac dac trung én dinh

va gidi han vén hanh cua céac phén tir dong vai
tro quan trong trong HTCCD. Trong bai bao
nay tac gia tap trung nghién ctru cac chi tiéu
danh gia muc do 4n dinh dién ap, dé tir d6 xéc
dinh cac khau "yéu", va dé xuét bién phap nang
cao 6n dinh dién ap trong hé théng dién c6 két
ndi WP.
2. MOT SO CHIi TIEU PANH GIA ON
DINH PIEN AP NUT

Déi voi HTCCP, viée danh gia dugc xay
dung trén gia thiét thanh cai ngudn cung cép cd
cong sudt vo cung 16n. Gia thiét nay c6 ¥ nghia
khi xay dyng mo hinh cia dién gio, theo d6 cac

A"

anh huong "nhiéu" nhu: chap chon dién ap (do
hiéu tng cot thap), dao dong dién ap (do thay

d6i téc do gid)...phat sinh tir tuabin gié khong
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anh huong nhiéu dén sy hoat dong binh thudng
va chét luong dién ap cua hé théng dién va phu
tai. D& phan tich ché do van hanh mét 6n dinh
cuia chiing c6 thé st dung cac tiéu chuén vé sup
db dién ap nhu: phén tich d6 nhay, phuong
phép lién tuc, phén tich gia tri riéng, phan tich
trao luu cong suit.... Trong bai bao nay, tic gia
s€ tap trung nghién ctru Ung dung céc tiéu
chudn thuc dung, xay dung mién én dinh dién
4p trén mit phang cong suit dé danh gia gisi
han sup db dién ap trong cac HTCCD co Kkét
ndi WP.

2.1. Chi s6 sut ap L (L - indicator)

Mot hé théng dién 2 nit nhu hinh 1, trong
d6 c6 mot nut ngudn (G) va mot nut tai (L). Dé
¢6 phuong trinh viét & dang ddng nhét, cong
suét tai nat L vaAn duoc tinh theo chiéu di vao
nat G nhung mang déu 4m. Chi sb L duoc dinh
nghia nhu sau [1]:

*

e | S S m

Vol 7,27 Vo't

Trong truong hop tong quat mot hé théng
dién c6 nhiéu nat ngudn va nhiéu nit tai, cac
nut nay duoc thé hién & 1 trong 2 dang: niit PV
(d6i v6i cac niit ngudn) va niat PQ (dbi véi cac
nat tai). Dién 4p tai nit thtr j anh hudng boi
cong sudt va dién 4p ciia ngudn dién twong
duong va cach biéu dién 1a tuong tu voi truong

hop & hinh 1.

> i <
: Ly Ly
U YQ% Yf% Dl L

Hinh 1. H¢ théng dién 2 nat

Chi s6 6n dinh dién ap tai nut tai tha j
duoc cho bai:

W] T R TR €
J . .
U. U*Y. Uj.ij.

J J

Diéu kién 6n dinh cia hé¢ théng 1a Li<I.
Chi s6 6n dinh tai nit tai L; trong cong thirc (2)
cling phan anh muc do 6n dinh tai mot nut dang
xem x¢€t va cac nut 1an can. Chi ti€u nay dung
dé danh gia muc do sut ap trong ludi dién phan
phdi 1a rit hop ly, mirc do 6n dinh dién 4p hé
thdng dugc 1iy 1a L=max (Lj). Nhuge diém cua
chi s8 L 1a cn x4c dinh ma trAn hé sb phtrc,
khdi luong tinh toan 1on. Chi s6 L chi dic
trung cho kha nang mét én dinh trén phuong
dién sut ap, vi vay trong nhiéu hé théng (c6 cac
nha may dién xa trung tdm) chi tiéu nay khong
phai 1a ddc trung. Khi phy tai tai nit bat ky
thay d6i s& anh huong dén chi sé L cua cac nat
1an can, diéu d6 c6 nghia 1a trong mdt pham vi
nhét dinh, vin dé 6n dinh dién ap c6 anh huong
rong lon hon. Gia tri cua L; thay dbi gitra gia tri
“0” va “1”. Hé théng cang 6n dinh néu tit ca
céc gia tri ndy cang gan “0”, tirc 1a khoang cach
gitra gia tri chi thi va gia tri “0” 1a nhd.

Ciing dé x4c dinh muc do 6n dinh dién ap
nat, trong [2] dé xuit xay dung chi sé6 VCPI
(voltage collapse prediction index) dé danh gia
murc d§ sut ap nat:

U

m

vePr, =i - —;U 3)
k

Erlags

I3

trong d6 Uy, ¢o gia tri:
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U' = ]\/Yk’n Um (4)
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véi: Uy 1a dién ap pha tai nat k; Uy, 1a dién
4p pha tai nit m; Y, la tong dan giita nut k va
nut m; Yy la téng dan giira nut k va nut j; m 1a
nit c6 ndi voi nat k. Gia tri cia VCPI ndm
trong pham vi tir 0 dén 1, néu VCPI, coa mot
nut ndo d6 bang 1 thi nit d6 xem nhw mét én
dinh dién ap. Gia tri VCPI kha thuén loi cho
viéc xac dinh cac nut "yéu" trong HTD.

2.2. Cac chi tiéu danh gia 6n dinh dién
4p nut khi tinh bing chwong trinh

2.2.1. Cac chi tiéu chung

a.bé du triv 6n dinh theo kich ban dién
hinh

Mot trong nhimng kich ban thuong hay xay
ra: 1a sy gia ting ti 1¢ cong suat phu tai cac nut,
phan bd vao cac may phat theo dic tinh didu
chinh tinh. Néu trong ché do hién hanh tong
cong suét tai 1a Py, dén gidi han tai co tri sb 1a
Psgn thi hé $6 du trir duge dinh nghia bai [6]:

P, —P

K =% "2 1009 (5)

dt
0

Chi tiéu nay c6 thé d& dang xac dinh duoc
bing cac chuong trinh tinh toan gii han 6n
dinh.

b.Dé du triv 6n dinh theo cac kich ban
quan tam

+ Kich bdn theo cac yéu cGu van hanh

Hé théng c6 thé van hanh theo cac phuong
thitc khac nhau theo yéu cau huy dong cong

suat. Dé tim gi6i han on dinh can lam thay d6i

tir tir cac thong sb tir ché do hién hanh sang
phuong thuc méi. H¢ $6 du trix dn dinh co dang

[6]:

dt

P, -P
K, =—*-—""100% (©)
By

O day cong suit P; 1a thong sé quan tam,
thay d6i trong phuong thirc van hanh méi.

+ Kich ban nguy hiém nhdt

Vvé ly thuyét, tr mot trang thai hién hanh
¢6 mot kich ban nguy hiém nhét do6 1a kich ban
di theo dudng ngén nhit dén bién gi¢i mién 6n
dinh. Néu biét duong di ngin nhit nay co thé

dinh nghia hé s6 du trix [6]:

— @100% 7

i0

dt

L; 1 thong s dic trung cho hudng di ngin
nhit dén gi6éi han én dinh. Trong truong hop
chung, viéc xac dinh huéng di nguy hiém nhat
1a bai toan kha phirc tap, vi thé chi tiéu nay
thuong str dung cho cac truong hop riéng.

¢. Mién én dinh cac nit

Gia sir xay dung dugc duong dac tinh gigi
han én dinh hop véi hé truc toa dd xac dinh
duge mién lam viée cho phép trén mit phing

cong suét nhu hinh 2.

Py N

Hinh 2. Mién én dinh trén mit phing cong suét
O day O(Qo,Po) 1a mot diém lam viéc on

dinh (cong sudt nat tai). Can cr vao khoang
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cach tir O dén duong giéi han cho phép xac
dinh dugc do du trit 6n dinh, oa la d¢ du trir
cong suat tac dung khi giit Q khong ddi, oc 1a
do du trir céng sudt phan khang khi gitt P
khong dbi va ob 1a do du trit 6n dinh khi gitr hé
sO cong suit khong dbi. Pé xac dinh duoc
duong dac tinh gidi han tai mdt nat phu tai, co
thé str dung phan mém tinh toan giai tich mang
dién va phuong phap 1am ning ché do. Giit ¢b
dinh gié tri P, tang dan Q cho dén khi hé théng
chuyén tr trang thai 6n dinh sang trang thai
mét on dinh, tai d6 x4c dinh duge mot diém
trén déc tinh gidi han, thay dbi P va tinh toan
tuong ty s& tim duoc tip hop diém nim trén
dac tinh gidi han, ndi cac diém nay lai xac dinh
dugc mién 1am viéc cho phép cua cong suét
phu tai theo diéu kién gidi han én dinh. Dya
theo céc chi tiéu danh gia gidi han dn dinh, s&
tim duoc ché d6 xac lap, mién lam viéc cho
phép theo gidi han én dinh tinh.

2.2.2. Cac chi tiéu riéng

Ngoai cac chi tidu phan tich mirc do on
dinh chung cho hé théng, dé phén tich cac yéu
t6 anh huong dén tinh 6n dinh nguoi ta con dwa
ra cac chi tiéu riéng [6].

a.Heé sé sut dp cdc nut (d¢ nhay dao dong
dién ap)

ky% = wm% ®)

UO

trong d6 U, va Ug, twong tng la tri s6 dién
ap nut & ché d6 dang xét va ¢ ché do gidi han.
Vi cung mot kich ban nat co6 ky% 16n 1a cac
nut yéu.

b.H¢ 56 bién thién cong sudt nhanh

P, —P
k,% = %100% ©)

0

v6i Py va Py, twong tng 1a tri s6 cong suét
truyén tai trén nhanh & ché do dang xét va &
ché do gidi han. Vi cung kich ban nhanh c6

kp% 16n 1a nhanh nguy hiém.
2.2.3. Nhdn xét chung

Chi tiéu téng hop nhu hé sb du trix (k)
theo kich ban dién hinh c6 thé ding dé& danh
gia d0 manh cua toan ludi vé phuong dién én
dinh, ¢6 ¥ nghia kiém tra riéng cho tinh huéng
tang tai dot ngdt hay co dot bién cong suét phat
cua dién gio (d(')ng/cét tuabin ra khoi ludi). Tuy
nhién cac ngudn dién gié co cong sudt thudng
khong 16n, kho c6 thé gy ra dot bién cho hé
théng, do viy viéc sir dung chi tiéu nay danh
gi4 cho hé théng c6 két ndi ngudn dién gio s&
cho y nghia déc trung cho dd tin cay 6n dinh

khong that rd rang.

Céc chi tiéu riéng ky, kp t6 ra phu hop hon,
n6 cho phép xéc dinh nhanh cac nit yéu, nhanh
yéu dé dé xuat bién phép cai tao. Mdi phuong
thirc van hanh va muoc phat cong sudt khac
nhau cua dién gio sé dua ra mot gia tri chi tiéu
xac dinh. Chi tiéu én dinh dién 4p nut L; dugc
st dung nhiéu déi véi cac hé théng dién nhiéu
dang ngudn phat khac nhau, rat phu hop dbi
v6i ludi dién phan phdi; cho phép xac dinh gia
tri giéi han t6i da cua tai hay kha ning phat
cong sult cuc dai cia WP vao hé théng. Mién
6n dinh 12 chi tiéu riéng co thé cho biét mot nht
¢6 thé phat hay nhan t6i da bao nhiéu cong
suat. Do vy khao sat mién 6n dinh theo khong

gian céng suit nat ciing c6 thé dua ra nhidu
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thong tin c6 loi dé danh gia mirc 46 6n dinh hé
thdng. Chi tiéu nay c6 thé dugc ap dung trong
cac hé théng dién co két ndi may phat khéng
ddng bd nhu WP, theo d6 s& cho biét kha nang
phat trién phy tai cia HTCCD.

3. MO HINH CONG SUAT CUA WP

Trong trudong hop chung, cac nat két ndi
WP ¢6 thé duge mé ta nhu mot nat PQ hay nut
PV, cong sut phat phu thudc dién ap. Trong
[3] dd mo ta cong suat phat ciia WP dudi dang:

2

n n

2
P,=P|C, +CIP.UE+CZP.Z—} (10)

& day cac hé s6 Cyp, Cip, C,p biéu dién ty
trong thanh phan P(U) caa WP khi coi chung
tuong tmg v6i cong suit hing, dong dién hing
hay téng tré héng; Ugms, Pam 18 cac gia tri dinh
muc cia dién ap, cong sudt tac dung. Ry 1a hé
s6 hiu chinh phu thudc cac diéu kién khac

nhau.

Thoéng thuong khi c6 dao dong toc do gio
va dién ap ludi dién thay dbi thi cong suat phat
cling dao dong. Tu khi bat dau khoi dong
tuabin (khi chua dat dén gia tri dinh muc) céng
sudt phat bat diu ting dan, dién 4p may phat
ciing thay di tir gia tri khoi diém Uy, 1én dén
gia tri Uy, trong d6 dién ap Uy, 12 gia tri ma
tbc do gi6 va cong suat phat xap xi gia tri dinh
muc. Trong khoang gia tri [Uy;; Uy;] tuabin gid
lam viéc 6n dinh, cac gia tri dién ap va cong
sudt dat gia tri dinh muac. Khi tbe do gio vuot
qua gia tri "cut out", mg véi gia tri dién ap
U>U, thi tuabin s& duoc cit ra khoi ludi dién.
Dién 4p U trén hinh 3 cling dugc xem xét khi U

la dién ap phia ludi dién. Néu gia tri nay sut

giam s& lam giam cong sut phat tac dung P(U)
cia dién gi6 va ting lwong cong suit phan

khang ma may phat s€ nhan tir ludi dién.

v
[}

Ua 1 Ua2

Hinh 3. Dic tinh cong sudt ctia WP phu thudc dién
ap

Do vay trong thuc t& mot hé sd hiéu chinh
Ry s& dugc thém vao mo hinh phat cong suat
cia dién gié P(U) theo toc d6 gi6 va dién ap
méay phat. Ung v6i duong ddc tinh cong suét
tuabin gio, néu U>U,, hay U < Uy, thi Ry s€ c6
gi4 tri ndm trong khoang tir 1 dén 0 tuy theo gia
tri cia van tc gié ("cut in" hay "cut out") va
tuong tmg s& cd cic gia tri cong sudt Py, cia
WP. Véi mot tap hop nhiéu tuabin gié trong
WP cung cép cong suét dinh mirc Pg4,, thi Ry c6
gia tri xdp xi bang 1. Trong da sb cac trudng
hop, thuc nghiém di cho két qua: Uy, = 1,2pu;
U = 1,3pu; Uy = 0,7pu; Uy, = 0.1 pu. Theo
hinh 3, trong [3] dd xac dinh quan hé gitta Ry

va dién ap U nhu sau:

2

U<U, R, = max 1—((]”‘_(]] ;0

L Ubl_UbZ ]|
U,<U,<U, R, =1

_ -
Usu, R, =max|1- = Y

Ual_UaZ

(11
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Cac thong s6 U, Uy, Uy, Uy, c6 nghia
quyét dinh dén hé s6 hiéu chinh Ry, cing véi
cac hé s6 Cyp, Cips, Cg» Ciq bi€u dién sy thay doi
cong sudt phat ciia may phat (WP), trong do:
Cip + Cy, + C,, = 1. Theo d6 phuong trinh cong

suét dugc biéu dién boi:

u U
P=B{&.C;+RJ-C;-U %-U}=B(&,C;,,C;,,C;,,ul/n

(12)
Tuong tyr ciing c6 thé xay dung dwoc mdi
quan hé gitra Q cta dién gi6 vai dién ap cla

Iudi dién nhu sau:

U
&Q{&qﬁ&%%-Q}Q(Rﬂqq,@fcwm)

(13)

¢ day Ciq + Cyq + C,q = 1. Nhu vay ting véi
mot téc do gi6 xac dinh s€ tim mdt gia tri dién
4p va cong sudt phat tuong tmg cua dién gio.
Biéu thuc (12) va (13) c6 tinh tdng quat, thé
hién duoc nhiéu tinh hudng lam viéc cua dién
gi6 khi toc do gi6 va dién ap thay doi. Goi Upcc
1a dién 4p tai nat két ndi may phat WP véi lu6i
dién (hinh 4) va Zy, = Ry, +jXi, 12 tong tro
duong day két ndi, m 13 ty sb bién ap. Néu bo
qua ton that nang luong va tbn thit dién ap cua
MBA ta s& tim dugc quan hé giita cong suat
WP véi dién ap ludi dién nhu sau:

P+ jO __ Upce = (U e I m) (14)

UPCC Rkn + ijn

Urce Ui -
» . /\/ l:l dién
P4Q X R
Méy phit
dién gio

Hinh 4. M5 hinh két néi WP véi hé théng cung cip
dién

Theo (14) thiy ring khi dién ap tai diém
két ndi suy giam manh thi lac nay WP s& hoat
d6ng nhu mot dong co khong ddng bd va nhan
cong sudt tir phia hé thong vé, didu nay d& gy
mét 6n dinh dién ap va anh hudng 16n dén kha
nang phat cong suat ciia ching. Giai phap
thuong ap dung truong hgp nay 1a sir dung cac
thiét bu c6 diéu chinh nhu SVC, STATCOM
[8].
4. UNG DUNG TiNH TOAN

Luéi dién khu vuc Ninh Thuan nam 2015
c6 mot WP cong suat 20 MW ndi ludi dién 22
KV, sau d6 két ndi voi ludi dién 110 kV nhu
hinh 5 [4]. May phat st dung 1a loai may dién
khéng dong bd nguon kép DFIG (cta hing
VESTAS-Pan Mach). Céong suit dinh mtrc mdi
tuabin may phat 1a 2 MW két ndi véi ludi dién
phan phdi 22 kV qua may bién ap 0,69/22 kV -
2MVA. S4 hiéu céc nut cho trong hinh 5. Pic
tinh cong suat may phat theo toc do gi6 cho

trong hinh 6.
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Hinh 6. Dic tinh cong suat ciia may phat DFIG
(VESTAS) - 2 MW

Gia thiét tit ca cac tuabin gio tai thoi diém
tinh toan déu nhan dugc mot nang luong giod
nhu nhau. Mat d§ khong khi bz"mg 1,125 kg/m3,
dd cao ¢t thap 60m. Voi bién thién tdc d6 gio
trung binh ¢ Ninh Thuén tir 10 m/s dén 16 m/s
thi & dai gia tri nay cong suit phat khoang 1,5
MW. Khi téc d6 gi6 ndm trong khoang 16 m/s
dén 25 m/s thi Uyp = U, = 1,2 pu va cong suét
phat 6n dinh & mirc 2,03 MW. Khi téc do gio
vuot qua 25m/s, tuabin gi6 s€ dugc cét ra khoi

ludi dién.
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Panh gia 6n dinh dién ap nit qua cac
chi tiéu

Tt mé hinh céng sudt ciia may phat dién
gi6, tai gia tri toc do gi6 v = 16 m/s ing Vi
dudng dic tinh cong suét, xac dinh dugc cong
sudt phat cia mdi may phat trong ché d6 xac
lap (Ry = 1). Ché dd co bdn 1a WP chi phat
cong suit tic dung P theo mo hinh (12), tién
hanh xé4c dinh gia tri dién ap giéi han tai mdi
nit, theo d6 tim dugce chi sé VCPI tinh theo
cong thirc (3) théng qua gia tri dién ap va téng
dan nat. Theo két qua tinh toan trong hinh 7
(nit 1 1a nit can bang); c6 thé nhan thiy cac
nat 18, 99, 100 va tir 101 dén 110 1a cac nit ¢6
chi s VCPI 16n, day l1a cic nit yéu trén
phwong dién 6n dinh dién ap. Mot sb nut ciing
¢6 chi s6 VCPI kha cao: niit 17, niit 20 - day 1a

nhitng nit ndm 1an can nat két néi WP.

Két qua tinh toan chi sb én dinh dién ap
nit L cho nat 100 & hinh 8 cho thay: niit nay s&
mét 6n dinh tai gia tri cong suét 22,5 MW (lac
nay L = 1), dién 4p giéi han Uy, = 0,61pu. Khi
nut két ndi cac may phat dién gié mit on dinh
cling 1am anh huéng dang ké dén ché do lam
viéc clia cac niit khac, thong sb chi thi L & mot
s6 nut 1an can c6 xu hudng gia ting. Trong
hinh 8 cling mé ta anh huéng cia chi s6 L nat
100 dén niit 19 (thay ddi thong s6 niit 100 cho
dén khi mat 6n dinh, trong khi giir nguyén cong
sult nat 19). Tai gia tri sup db dien ap cua nut
100, théng sb chi thi L ciia nut 19 ting tir gia tri
ban diu L = 0,05 1én gia tri L = 0,2, két qua

biéu dién trén hinh 8.

AR

(IR S 607 8 9 10 1 1213 14 15 16 17 18 19 20 2 2 30 2 34 9 10

Hinh 7. Chi s§ VCPI céc nat cta ludi dién Ninh

Thuan

pu

Hinh 8. Anh huéng ctia qué trinh mét én dinh dién
ap nat 100 dén nat 19

V6i thong s6 ché do van hanh nam 2015,
téng phu tai cia Py cia Ninh Thuan 1a 251MW.
Gia thiét ting dong thoi phu tai cac nit (cung
ty 18), cong sudt may phat ting theo hé s6 didu
chinh tinh s& tim dugc ché do gisi han twong
ung véi Pg,. St dung chuong trinh CONUS
(Bo mdn Hé théng dién - Pai hoc BK HN), mé
ta cong sut phat ciia WP theo cong thirc (12)
va (13) két hop v6i md hinh ludi dién Ninh
Thuan nim 2015 tim duge hé s6 du trit 6n dinh
bang 57,7%. Bang 1 1a két qua tinh toan chi sb
sut ap cla cac nut tai cia ludi dién Ninh Thuén.
Tur bang nay théy réng cac niit ¢6 chi s6 sut ap
khac nhau, ngoai ra con thé hién tri sd dién ap
nat truée khi hé théng mét 6n dinh. Két qua

nay ciling phu hop voi két qua xac dinh cac nit
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yéu bang chi sb L. Nut két ndi véi WP (nut 99)
¢6 chi sé sut ap 16n nhét, cac nut khac (tir nit
100 dén nat 110) 1a nit két ndi may phat dién
tuabin gi6 vai ludi dién dia phuong (thanh céi
22 kV tram Phudc Ninh) déu c6 chi sb sut ap >
20%. C6 thé hiéu cac nit d6 yéu vé phuong

dién 6n dinh dién ap (nut danh dau "*").

Bang 1. Chi sb sut 4p cac nit

Nit | UpnkV | UpkV | k% | Nit | UnkV | UpkV k%

220 220 20 22.877 20.052 12.34

114.219 | 110.535 .22 21 113.178 | 100762 10.08

112,958 | 107. 466 .86 22 23.47 20,771 11.49

23.221 21.642 .79 30 114.272 | 110.604 &larl

110,942 | 102,925 .22 34 116,974 | 106.918 8.59

23.009 21.045 .49 99 22.011 17.125 22.18 *

111.004 | 102.315 .82 100 | 24.317 19.082 21.52 *

w| al af o ovf | w| ]~

0
3
4
[
110.973 | 102.979 | 7.2 32 112.668 | 104.228 7.49
7
8
7
9
7

23.030 20.93 natil 101 0.7 0.609 20.9 %
10 111,117 | 102,524 .73 102 |0.77 0.609 20.9 *
1 22.738 20.393 10.31 103 | 0.77 0.609 20.9 *
12 111878 103,813 | 7.1 104 | 0.77 0.609 20,9 *
13 22.948 20,792 9.38 105 | 0.77 0.609 20.9 *
14 111,961 | 104,122 | 7.00 106 |0.77 0.609 20.9 *
15 220,037 | 216.716 |1 107 | 0.77 0.609 20.9 *
16 111,236 | 102,089 |@6.22 108 | 0.77 0.609 20.9 *
17 23.009 20.751 9.81 109 | 0.77 0.609 20.9 *
18 109.546 | 97.731 10.78 110 | 0.77 0.609 20.9 *

19 11167 100,787 | 9.74

Bang 2. D) nhay bién thién cong suit nhanh

Nhanh | P,MW | Py MW | kg% Nhanh | P,MW | Py MW | kg%

1.5 -33.702 | -50.124 | 48.72 12-14 -31.156 | -50.054 | 60.65

12 34,265 | 63.059 | 84.03 12-16 14,361 | 24.794 | 72.64

23 22,478 | 43.357 | 92.88 12-18 9.212 22,808 | 145.98

25 16,277 | 27,334 | 6B.05 12-13 21,034 33112 | 97.42

230 -4.,499 | -0.35 85,59 14-15 -56,171 | -90.77 | 61.59

12N 9.165 21.18 131.09 | 16-19 -10.791 | -15.758 | 46.02

34 13.045 | 20,633 |58.16 16-17 25,027 |39.449 | 57.62

50 17.101 | 15,511 | -9.29 18-99 -3.926 | 1.084 -127.61

58 -1.075 | -0.933 | -13.2 19-21 -20,953 | -31.899 |52.24

6-7 17.014 | 26,785 |57.42 19-20 10,032 | 15.846 |57.93

§-10 -4.275 | -5.86 37.07 21-34 -39.235 | -61.029 |55.54

831 -11.904 | -18.756 | 57.56 21-22 168,017 |28.31 57.12

89 15.023 | 23.67 )Rk 99-100 | -16.951 |-19.435 | 14.47

1012 | -16.417 | -25.09 | 52.82 100-101 | -1.986 | -2.973 | 49.69

1011 | 12.043 | 19.023 | 57.95 100-102 | -1.986 | -2.973 | 49.69

Trong bang 2 trinh bay két qua xac dinh do
nhay bién thién céng suit nhanh dé phat hién
c4c nhanh yéu trong didu kién c6 WP. Két qua
cho thiy céc nhanh két ndi voi WP déu rat dé
mét dn dinh néu xay ra bién dong dot ngdt cua
phu tai hay khi ting cong suit truyén tai cia
nhénh két ndi. Qua bang 2 cho thiy nhanh 12 -
18 va nhanh 3-12 c6 céc hé s6 kp% lon nhat va
cach biét so vdi cac nhanh khac, day 1a nhitng
nhanh "yéu" vé& mat 6n dinh tinh, cin c¢6 bién

phap cai tao dé nang cao mirc 6n dinh.

Mot bo bu tinh cong sudt 10 MVAR gia
thiét 13p dat tai nt 99, giai phap nay duoc so
sanh véi truong hop cu trac lai ludi dién gan
khu vyc WP. Giai phap cu tric lai luéi dién
duogc thuc hién 1a: do vi tri dia Iy cua tram bién
ap Vinh Hao va tram bién ap Ninh Phudc di
qua khu virec WP, do d6 thay thé duong day lién
lac giita 2 niit nay bang cach: xdy dung duong
day 110 kV két nbi 2 tram bién 4p nay véi tram
bién 4p 110 kV Phuéc Ninh (niit PCC) tao
thanh cic mach kép. Tai nut PCC s& ¢6 4 xuét
tuyén lién lac voi hé thong, trong hinh 9 trinh
bay hiéu qua céc giai phap nang cao 6n dinh

cua ludi dién Ninh Thuan.
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Hinh 9. Mién én dinh nat 99 trén mit phing cong suét trong cac phuong 4n

Két qua tinh toan cho thiy hé sb du trit 6n
dinh cta hé thong tang tir 57,7% (truong hop
co ban) 1én 75,7% khi c6 dat bd bu tinh. Puong
cong bién thién dién ap cac niit trong hé thong
cling dugc cai thién rd rét, mién én dinh dién
4p nit 18 dwoc ting thém dang ké. Trong
truong hop co ban khi khong bu cong suat
phan khang néu tién hanh cai tao nhanh 12 -18

bang cach thay day dan AC 185 bang day din
ACSR 330, mtc dy trit 6n dinh hé¢ thong ting
thém 6,8%, dat gia tri 64,5% nhu hinh 10, dong
thoi dién ap cac nat dugc cai thién, hé s6 sut ap
nat 99 giam tir 22,19% xudng con 19,69%.
Mttc mang tai cac nit ting tir gia tri k = 1,57

lénk =1,63.
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T‘ Bien thien thong so nut theo he so lam nang
i 5 & o oy e .

Sto Hé 56 cy 1l &n dinh tinh (%) [57.7 %

- = nut 16 nut 18 nut 19 nut 100

D(MWY) ; 100.624(kY) [2025(vw) 87491 0ev)  [0iiw) : 98.075(Kk) [0y 18 658KV

TEEnG a8 gre b
Bienthien U | Dsta| dU | dDsia)
U {pu)

Nt 120

[

-

o.on
1.00 1.20 1.40 1.60

HEé 56 dut trit 6n dink tinh (%) (645 %

nut 16 nut 18 nut 19 nut 100
Theing sé g fan 1MW) ; 39 B18(KkV) [22 1000 97 857wy [0iMu) ; 97 BBE(KY) [0y - 19 ek
Bienthien: U | Defta| U | dbelta]
U {pu)
Mt .

|16
| |[E

0.00

1.00 1.20 140 1.60

b)

Hinh 10. Mién 6n dinh dién 4p cac nut trude (a) va sau cdi tao (b)

Trong bang 3 trinh bay két qua xac dinh kién B) va c6 két n6i WP, dong thoi co dit bo
céc thong sb ché do tai nit s6 18 trong cac diéu bu tinh 10 MVAR (diéu kién C).

kién: khong c6 két ndi WP (diéu kién A); c6
két ndi WP nhung khong dat thiét bi bu (didu
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Bang 3. Thong sb nut 18 trong cac didu

kién van hanh khac nhau

N Dién ap bién ap i Du trir 6n
biéu A Chi s6 sut
khoi diém gi6i han dinh hé
kién ap nut, % ,
U, kV Ug, kV thong,%
A 111,37 90.03 19,1 104,2
109.69 95,36 13,06 57,7
C 113,23 98,92 12,64 75,7

C6 thé thiy khi c6 sy tham gia ctia ngudn
dién gi6, dién 4p tai nut két ndi ciing nhur cac
nat khac duoce cai thién, tuy nhién mc dy tri
on dinh dién ap thap hon do kha ning phat
cong suét phan khang han ché ciia WP. Khi c6
su tham gia cia WP va khi dat tu bu, dién ap
van hanh va dién ap gidi han dugc nang lén
nhung c6 gid tri kha gin véi dién ap khoi diém
va dién ap gioi han. Didu nay ciing c6 thé dugc
giai thich bang mo ta toan hoc 1a: Trj s6 dung
dan cua tu dién s& dugc tinh cong thém vao tri
s6 phan tir tong din Y. Nhu vy khi xét vé
quan hé toan hoc s€ lam giam tinh trdi cua ma
tran tong dan nut, tirc 1a 1am giam kha nang xac
dinh nghiém dién 4p mo phong trang thai xac

1ap cta hé théng.

Mot dic diém ciing d& nhan thay la: khi
mé ta dién gi6 nhu mot ngudn phat cong suit
tac dung thi khi cong suét phat cang gia ting s&
déng nghia voi viée cong suét phan khang ma
WP nhan vé tir hé thdng cang tang, didu nay s&
gay giam dién 4p & cac nit 1an can va lam tang
nguy co mét dn dinh dién ap. Nhu vay chi sb L
thuc chat 1a chi tiéu riéng danh gia mic do 6n
dinh dién ap nat nhung van c¢6 thé xem xét Nut
két ndi voi WP ¢6 chi s sut ap 16n nhét, ké dén

1a cac nut két ndi may phat dién tuabin gi6 véi

luéi dién dia phuong. Diéu nay hoan toan phu
hop thyc té 1a: khi gia ting cong suét tai nat
PCC, luong cong suit phan khang ma méay phat
nhén tir phia hé théng ting 1én [7, 8], cac nut
lan can c¢6 nguy co bi giam thép dién ap. Pac
biét nguy hiém khi co su ¢b ngén mach tai nut
thanh cai 22 kV, dién ap tai day s€ bi suy giam
manh, 1am mat can bang cong suat phan khang
trong WP, néu khong c6 giai phap ngin chin s&

dan dén sup db dién ap.

5.KET LUAN

Bai bao da phan tich cac chi tiéu danh gia
on dinh dién ap trong hé¢ thong cung cép dién,
tr d6 luya chon chi tiéu trong truong hop hé
thong cung cdp dién c6 cac ngudn dién gio
tham gia. V&i céc chi tiéu da lya chon nay cho
phép xac dinh dugc cac nut yéu, nhanh yéu
trong hé thng dién c6 két ndi nha may dién
gi6 st dung loai may phét khong dong bo va dé

xuét cac bién phap nang cao 6n dinh dién ap.

Cac WP cong suét 16n khi két ndi hé théng
dién, trong qué trinh van hanh c6 gdy anh
hudng nhét dinh dén dn dinh dién ap cua ludi
dién. Viéc mit én dinh dién ap cua chuang cé
thé gay anh huong dén mot s nit 1an can. Viéc
tmg dung céc tiéu chuin 6n dinh dién ap nat dé
danh gia mirc do 6n dinh cia hé théng dién c6
két ndi nguon dién gi6 dong vai trd quan trong
trong qua trinh thiét ké, cai tao hay quy hoach
mang dién, trong d6 c6 cac khau yéu can quan
tam: cac nat két ndi (PCC), cac nhanh c6 ndi
v6i nha may...Giai phap bu cong sudt phan
khéng luén dugc chii trong dé bu vao phan
cong sudt ma WP nhan vé tir phia hé théng,

gop phin ning cao chit luong dién ap.
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STUDY OF VOLTAGE COLLAPSE CHARACTIRISTICS IN GRID CONNECTED
WIND POWER PLANT

Trinh Trong Chuong
HaNoi University of Industry

ABSTRACT: The scale of wind power plants is increasing continuously in Vietnam. The
installed capacity of the largest wind farm is about 50MW by the end of this year. Therefore, power
system planners will need to study their impact onthe power system in more detail. Wind energy
conversion systems are very different in nature from conventional generators. Therefore dynamic
studies must be addressed in order to integrate wind power into the power system. The impact of this
wind power on voltage distribution levels has been addressed in the literatures. The majority of this
work deals with the determination of the maximum active and reactive power that is possible to be
connected on a system load bus, until the voltage at that bus reaches the voltage collapse point. This
article introduces the methods of research standards, evaluation criteria of stable electricity supply; it
identifies the centers of loads and focuses on the branch is "weak" in small signal stability to improve

operational efficiency, reliability in electricity power supply.

Key words: voltage collapse, wind power, small signal stability
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