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TOM TAT

Nghién ctru sup d6 dién 4p 1a mot trong nhiing bai toan quan trong trong qué trinh nghién
cuu hé thong dién. Ludn van nay gioi thiéu mot phuong phap xac dinh khoang cach ngan nhit Kmin
dan dén mét 6n dinh dién ap trong h¢ thong dién dua trén co s¢ xac dinh véc to n tor ma tran
Jacobian cua bai toan phan bd cong suit dé lam co s& va dinh hudng trong van hanh. Két qua thu
dugc tir cac tmg dung cho thdy khoang cach kmin. Mic dui, day chi 1a khoang cach cuc bo nhung
¢6 y nghia quan trong trong viéc van hanh hé thong dién. Néu van hanh theo huéng véc to 1 dan
dén kmin thi d6 1a hudng xau nhat va nhanh nhat din dén mét on dinh dién ap.

Tir khoa: khoang cach ngan nhét Kuin
ABSTRACT

Voltage collapse research is a significant problem in the electrical system studies. This
thesis introduces a method of determining the kmin shortest distance to voltage instability in power
system based on the determination of n| vectors from the Jacobian matrix of the power distribution
problem as a basis for substance load and operational orientation. Results obtained from the
application example shows the distance kmin only local distance but significant in the operation of
the power system, if operated under the direction vector 1 led to Kmin, it is worst and fastest lead

to voltage instability.
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1. PAT VAN DPE

Nghién ctru sup d6 dién ap trong hé thong dién
1a mot trong nhiing cong viéc hét strc can thiét
trong qua trinh phan tich 6n dinh dién 4p, dic
biét 1a d6i v6i hé thong dién phirc tap nhu Viét
Nam khi phai d6i mat véi tinh trang qua tai lién
tuc trong mua kho. Khi di¢n 4p tai cac nut
trong hé théng dién giam dudi mic cho phep
s& lam cho hé thong dién hoat dong khong 6n
dinh va nguyén nhan giy giam dién 4p tai cac
nut theo nhu dé tai nghién ctru 1a su thay doi
tai, néu co sy bién doi 16n phu tai trong hé
thong dién gy ra nhiing tic dong khong mong
mudn nhu sau:

+ Dién ap, tan so tai cac nht trong hé thong dién
giam xudng thip qua muc khong thé duy tri
trang thai [am vi¢c binh thuong.

+ He¢ thdng dién bi tan rd hoan toan, céc ro le
dién ap thép s& tu dong sa thai phu tdi, may
phat bi ct khoi ludi va ngimg lam viéc.

T nhitng 1y do trén, sy can thiét dé tim mot

khoang céch ngan nhit kmin din dén mat on
dinh dién 4p, hd tro viéc van hanh, theo doi
duoc tinh trang nguy hiém gay bat lgi cho hé
thong dién.

2. PHUONG PHAP NGHIEN CUU

- Phan tich tai li€u: st dung phuong
phdp phén tich van dung gia tri riéng, vécto
riéng ctia ma tran Jacobian dé xac dinh khoang
cach ngin nhat ddn dén mét 6n dinh dién ap
trong hé thong dién.

- M6 phong tinh toan: st dung phan
mém Matlab trong viéc xtr 1y s liéu va biéu
dién céc két qua tinh toan.

- Dir liéu m6 phong tinh toan: sir dung s0
liéu phu tai dién trong mo hinh hé thong dién cho
trudc.

3. PHUONG PHAP XAC PINH KHOANG
CACH NGAN NHAT Kwmin SU DUNG

PHUONG PHAP VECTOR RIENG CUA
MA TRAN JACOBIAN

Du béo sup d6 dién 4p trong hé thong



dién 1a mot trong nhiing bai todn quan trong
trong qua trinh phan tich 6n dinh dién ap, dic
biét 1a d6i v6i mot hé thong dién 1én va phirc
tap.

Trong luan van nay, du bao sup db dién
ap duoc dua trén co sé phan tich cia ma tran
Jacobian dugc thanh lap tir bai toan phan b
cong suat dé tim ra khoang cach ngan nhat gay
nén su ¢ sup d6 dién ap trong hé thong dién.
Qua co so 1y thuyét, rd rang rang dién ap cua
hé thdng dién s& bi tac dong khi c6 sy bién dbi
clia ca cong suat tac dung, 1an cong suit phan
khang. Tuy nhién, ddi voi bai toan nay chi tap
trung chii yéu vao viéc khao sat cac anh hudng
khi ¢ su bién d6i ctiia cong suat phan khang.
Trén co s¢ ma tran Jacobian rut gon Jr c6 thé
thuc hién phan tich cac dic tinh 6n dinh hay
sup dd dién ap cho h¢ théng dién.

Trén co sO clia cac ma tran Jacobian rat
gon J ta c6 thé trinh bay cac bude dé phan tich
va du bao sup d6 dién ap hay 6n dinh dién ap
cho hé thdng dién nhu sau [1]:

+ Budc 1: Phan b cong suat hé thong
dién.

+ Budc 2: Thanh 1ap ma trén Jacobian
Jx. Ma tran Jacobian Jx 1& ma tran thdng so hé

, V
thong, x = )
b x|,

~ +Buéc 3: Xac dinh no tir diém tai ban
dau po(Po, Qo) va no dugc chuan héa bang 1,

|770|=1.

Trong do6, no duoc tinh theo cac budc nhu
Sau:

+ Xac dinh tri riéng bé nhat cia ma
tran Jacobian Jx.

+ Xac dinh vector riéng trai Wx tir ma
tran vector riéng trai cua Jx.

Biéu thtrc xac dinh nhu sau:

o =Wy Jp

Trong do:

Jp 12 ma tran Jacobian thong sb ché do,

5

.+ Budc 4: Tai theo huéng nova kiém
tra diéu kién det Jx = 0.

Tang tai theo hudng no cho dén khi ma
tran Jacobian Jx suy bién, ttrc 1a det Jx =0. Khi
ay, s€ tim dugc diém tai m&1 pm(Pm, Qm).

Pm = po + Kmmo

+ Budc 5: Phan tich modal tai pm(Pm,
Qm) va tinh nm.

O budc nay, sau khi tim dugc pm(Pm,
Qm), tién hanh phan b cong suét hé thong
dién ang vé6i diém tai méi pm(Pm, Qm) va tim
dugc ma tran Jacobian Jx méi, twong tng tim
dugc mot vector riéng trai mai. Cudi cing,
xac dinh dugc nm mai va gia tri nm ciing duoc
chuan héa bang 1.

+ Budc 6: Xét didu kién hoi tu cua .

O bude nay, sau khi tinh duoc gia tri
ni, tién hanh kiém tra tinh hoi tu cua nd. Néu
gia tri nm+1 & budc 1ap sau co gia tri bang véi
gié tri nm ¢ budc lap truac thi s€ tim dugc gia
tri Kmin, theo cong thuc:

k |

Trong do:

kmin la khoang cach hinh hoc duoc xac dinh tur
diém tai p«(P+, Q) dén diém tai ban dau p
0(Po, Qo).

p~(P~, Q) 1a diém tai sau khi chat tai ma co
gia tri n hoi tu;

po(Po, Qo) 1a diém tai ban dau.

Néu gia tri nm+1 & budc lp sau co gia
tri khac vai gia tri nm ¢ budc lap trude thi tiép
tuc chat tai cho dén khi gia tri hoi tu. Biéu
thirc xac dinh p=(P=, Q«) khi gia tri nm da hoi
tu vé n*

P = py +Kan.
Tém lai, sau mdi budc lip:

+ Néu gia tri Nm+1 khic so véi nm thi
két luan h¢ thong dang 6n dinh.

+ Néu két qua nguoc lai sau mdi budc
1ap, gi4 tri m+ gan bang gia tri nm thi ta két
luan nm dang hdi tu va day cling 1a gia tri gy
mét 6n dinh trong hé thdng dién.

Trong qué trinh phan tich sup d6 dién
ap viéc xéac dinh cac nut gay ra anh hudéng cho
hé théng dién 1a rat quan trong. N6 duoc biéu
dién bang mot thong s6 goi 1a hé s6 tham gia
va tuong tmg nhu vy thi nat c6 hé sé tham
gia cang 16n thi muc d§ gy ra anh hudng cho
hé théng dién cang 16n. Pay chinh 1a mét



trong cac cong cu duoc su dung dé tim ra nut
yéu, niit c6 kha nang gy ra sup do dién ép.
Trong diéu kién van hanh binh thudng, ngudi
van hanh sé& xtr 1y tinh trang sut 4p bang cach
tang bién do dién ap 1én.

Tuy nhién, néu hé théng van hanh ¢
trang thai t6i han, giéi han 6n dinh thi viéc
tang bién d6 dién ap con lam ddy nhanh viéc
mét 6n dinh dién 4p. Néu tinh trang mit 6n
dinh dién ap khong xtwr ly kip thoi thi s€ lam
hé thong dién sup d6 hoan toan.

4. MO PHONG DU BAO SUP PO PIEN
AP SU DUNG VECTOR RIENG CUA MA
TRAN JACOBIAN

4.1. Xét mot hé thong dién 2 nut nhuw
Hinh 1

Z=025
vo W1

Hinh 1. Hé théng dién 2 nit
Céc thong s6 cia hé thong dién 2 niit bao
gom:
+ Chiéu dai dudng day, | = 480 km;
+ Dién tro duong day, r = 0 Q/km;

+ Dién khang duong day, x = 0,25
Q/km:;

+ Dién ap co ban, Uep = 220 kV;
+ COng suat co ban, Sep = 100 MVA;

+ COng suét tac dung cua tai, Pui = 80
MW;

+ Cong suat phan khang cua tai, Qui =
40 MVArr.

Nut 1: nat goc, dign &p nat géc: V. =1-0°

NuUt 2: nat tai, dién ap nat tai P, Q:
V,=V£6°

Sau 5 budc lap, gia tri ns trung lai na
va bai toan da hoi tu.
Khi ay:
=(0,4388 0,8986);

o= (0,9767; 0,7616).

Suy ra: Khoang cach ngan nhat dan dén mat
on dinh dién &p la:

Kmin = 0,40245.

Bing 1. Cac thdng s6 tim dugc qua 5 budc
lap

Buéc | Giatri, | Khoang Céng
lip ni cach dén | suat Pi;
mat 6n Qi
dinh, ki
1 [0,5257 0,40745 1,0142;
0,8506] 0,7466
2 [0.4513 | 0,40249 0,9816;
0.8924] 0,7592
3 [0.4406 | 0,40246 0,9773;
0.8977] 0,7613
4 [0.4390 | 0,40245 0,9767,;
0.8985] 0,7616
5 [0,4388
0,8986]

4.2. Xét mot hé théng dién 4 niit nhw Hinh 2
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Hinh 2. Hé thong dién 4 nit
Céc thong s6 cua hé thong dién 4 nit bao
gom:
+ Dién tré duong day, ri2 =ri3 =ruu=ru=rs
=0,1 Q/km;

+ Dién khang duong day, X12 = X13 = X14 = X24
= X34 = 0,7 Q/km;

+ Dién ap co ban, Ue, = 220 kV;
+ COng suét co ban, Sep = 100 MVA;
+ NGt 1: n(t can bang: V, =120°;
+ NGt 2: nit tai
-biénap, V, =V,£6,°;
- Cong suat, P2 = 120 MW, Q2 = 70 MVAr;
+ N0t 3: nit tai
- bién ép, V, =V,£6,°;
- Cong suat, P3 = 120 MW, Qs = 50 MVAr;



+ Nut 4: nat tai 0.4852 1.1634
0.4073 0.8889
-biénap, V, =V, 26, 0.5514] 1.0266
~ , [0.2807 1.4358
- Cong suat, P4 = 120 MW, Q4 = 50 MVAr; 0.2659 1.4234
L . 0.3665 0.8400 1.5079;
Sau 07 budc Iap, gia tri, n da hoi tu va xac 0.4841 ' 1.1066
dinh dugc khoang cach ngan nhat dan dén 0.4192 0.8521
mat on dinh dién ap: 0.5532] 0.9647
[0.2765 1.4281
n, =(0.2759 0.2603 0.3756 0.4806 0.4145 0.5588) 0.2618 1.4160
_ . 0.3734 1.5081,
=(1428114160 15081, 10971 0.8434 0.9598)| 6 0.4813 0.8250 10971
Suy ra: 0.4163 0.8434
, ek i aa 0.5573 0.9598
Krjoé,ng cach ngan nhat dan dén mat 6n dinh [0_2753
di¢n ap: 0.2603
_ 0.3756
Kmin = 0,8250 ! 0.4806
Bang 2. Cé4c thong s tim dugc qua 7 budc 0.4145
5 0.5588]
ap .
Khoang ; 5. KET LUAN
Buéc Gia trim cach téi Cong suat , S , ,
l3p latrin mét &n Pi; Qi Phuong phap xac dinh khoang cach
dinh ki ngan nhat kmin dan dén mat 6n dinh dién ap
[0.3793 1.5850 trong hé thong dién da the hién dugc nhicu uu
0.4005 1.6065 diém trong bai toan nghién ctru sup d6 dién 4 ap
1 0.4500 1.0150 1.6568; trong hé théng dién. Ph ha hié
0.3946 : 11005 rong h¢ thong dién. Phuong phéap nay c6 nhiéu
0.3894 0.8952 hitu ich cho cong tac dinh hudng van hanh h¢
0.4312] 0.9376 thong dién mot cach an toan khi c6 su bién
[0.1771 1.4143 dong cua phu tai.
0.1359 1.3644
5 0.9128 1.2100 2.3044; Cac m6 phong duoc trinh bay trong
0.2982 ' 1.0608 luan van cho thay phuong phap xac dinh
0.1625 0.6967 khoang cach ngan nhét Kmin c0 kha nang xac
([)0024;2 giggg dinh dugc lugng phu tai bién dong dan dén Kmin
0.2532 14355 tai cac nut trong hé thong dién. Cac gié tri clia
0.4696 1.6367: luong phu tai nay lam co sé gidi han cho cac
3 0.9300 ' o . A s A1y
0.4757 1.1424 gia tri phu tai ban dau trong khi van hanh.
0.3738 0.8476 L L y
0.5137] 0.9777 Két qua dat dugc bao gom tim duoc gia
[0.2842 1.4714 tri kmin trong hé thong dién.
4 0.2606 0.9550 1.4489
0.3820 1.5648;
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