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TOM TAT

On dinh qua do cua h¢ thdng dién (HTD) 1a kha nang duy tri ddng bo sau mot bién cb lon.
Muc dich cua danh gia on dinh qua d¢ la xac dinh xem bién cb xay ra trong HTD c6 dan dén mat
on dinh hay khong. Danh gia 6n dinh qua do trong ché d6 van hanh thoi gian thyc 1a t61 han vé
yéu cau thoi gian tinh toan. Bai bao gidi thi€u cac phuong phap danh gia on dinh qua do:
phuong phap mé phong mién thoi gian va phuong phap truc tiép; va uvu nhuoc diém cia chung.

Bai bao d& xuat phuong phap lai két hop gitra mé hinh dang tri mot may phat nbi véi nit co
cong suat vo cung 16n (SMIB) va phuong phap mang no-ron nhan tao ANN dé danh gia 6n dinh
qua do HTD. Phuong phap két hop lam giam thoi gian tinh toan boi kha nang danh gia nhanh
cua phuong phap mang no-ron nhan tao ANN dong thoi ting kha nang phan loai bién ¢ nho dit
lidu tinh toan duoc trong ché d6 khong truc tuyén.

Phuong phap nay két hop SMIB va ANN duoc ap dung dbi voi hé thong thir nghiém bao
gom 3 may phat, 9 nut. Két qua danh gia chi ra tinh kha thi cua viéc 4p dung phuong phap dé
xudt cho hé thdng dién thyc t& v6i quy mé 16n hon. Phuong phéap nay cho phép giam luong tinh
toan trong ché d van hanh thoi gian thyc va ting tinh chinh xac cia md hinh. Phuong phap nay
c6 thé mé rong sir dung cac cong cu tri tué nhan tao khac dé ting cudng danh gia 6n dinh qua do
ctia hé thong trong diéu kién thoi gian thuec.

Tur khoa: h¢ thong dién, 6n dinh qua d§, mo hinh dang tri mot may phat noi voi nut co cong suat
vO cung lon, mang no ron nhan tao.

1. GIOI THIEU

On dinh qua do 1a kha nang h¢ thong dién duy tri dong bd sau cac nhidu loan 16n nhu dong
cit cac duong day truyen tai, cac t6 may phat, cac phu tai 16m,... [1 - 3]. Cac nhiéu loan loal nay
thuong dugc goi la bién c¢b. Muyc dich cua déanh gia 6n dinh qua do 1a x4c dinh xem bién cb xay
ra trong hé thong dién (HTD) c6 dan dén mat 6n dinh goc khong, néi cach khac 1a kiém tra xem
c6 duy tri dugc van hanh dong bo cac may phat ciia hé thong hay khong.
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Phuong phép truyén théng danh gia 6n dinh qua d6 1a mé phong mién thoi gian TDS (time-
domain simulation). N6 dya trén giai hé phuong trinh vi phan mé ta qua trinh qua do dé thu
dugc cac thong so6 hé thong thay doi theo thoi gian (dudng cong chuyen dong may phat, goc 1éch
rotor, Van tbe rotor; gia tde rotor; cong suat V.v. ). Ngoai uu thé vé cung cap cac thong tin kha
day di vé hanh vi h¢ thong trong va sau sy cd, phuong phap nay cho phép xem xét hau nhur bat
ky m6 hinh va kich ban 6n dinh nao cua HTD ciing nhu dat dugc sai s6 yéu cau neu md hinh
HTPD duoc thiét ké du tét va cac thong s6 hé théng dugc cho véi d6 chinh xac can thiét. Tuy
nhién, phuong phap mé phong mién thoi gian chwa phu hop cho cac nhiém vu thoi gian thue,
cha yéu vi doi hoi khdi lugng tinh toan kha 16n va vi cac ti€u chi 6 on dinh thuong dwa ra khong
16 hodc kho tinh toan do du trir on dinh v&i mire chinh xéc can thiét.

Phuong phép truc tiép [5] dua trén ¥ tuong thay thé viée giai hé phuong trinh vi phan béng
cach khao sat ham nang luong Lyapunov va dua ra ti€u chi 6n dinh dé danh gia hon phuong
phap TDS. Du vay, phuong phap truc tiép gip phai mot sb tro ngai, chu yéu 1a kho xay dung
ham Lyapunov cho hé thdng nhiéu t6 may ciing nhu khé danh gia mién 6n dinh cho cac hé théng
thuc té.

Nhuoc diém cta 2 nhom phuong phap truyén thdng noi trén duge khéc phuc theo 2 hudng.
Giai phap tha nhat 1a xay dung phuong phap lai gitta m6 phong thoi gian va phan tich truc tiép
[6] nham vira giam thoi gian m6 phong mién thoi gian dé dap g cac nhiém vu thoi gian thyuc
vira danh gia duoc do dy trix 6n dinh ung voi diém van hanh va kich ban bién cb dua ra. Giai
phap thir hai 13 str dung céc cong cu tri tué nhéan tao [1] dé co thé thong qua huén luyén bang co
so dit lieu mo phong mién thoi gian TDS nhanh chong phén loai bién cb trong diéu kién thoi
gian thuc.

Bai bao nay dé xuat g1a1 phap két hop mot trong nhimg phuong phap lai hiéu qua (m6 hinh
dang tri mdt may phat ndi v6i nat c6 cong sudt vo cung 16n thay cho hé thdng nhiéu may, sau
day s& goi tat 1a “déng tri SMIB” - single machine - infinite bus) va phuong phép mang no-ron
nhan tao ANN (artificial neural network) trong danh gia on dinh qua do hé théng dién. Su két
hop nay giai quyét dugc mot s6 van dé sau:

- Giam thoi gian tinh toan trong thoi gian thue so v6i phuong phép lai md phong thoi gian
- tryc tiép nho “tich hop” trudc vao mang no ron nhén tao thong tin vé tinh 6n dinh hé thong
thong qua huan luyén mang

- Tang do chinh xac trong phan loai cac bién c6 thanh 2 nhom: 6n dinh/khong 6n dinh,
nho co s dit lidu thu dugc tir tinh toan off-line dung mé hinh déng tri SMIB.

Ngoai ra, phuong phap két hop nay con cho phép trong diéu kién truc tuyén xac dinh cac
tiéu chi lién quan dén du trir 6n dinh qua do nhu thoi gian cit t6i han hay do dy trit 6n dinh n
bang cach cho mang no-ron lam viéc & ché d6 mé phong. Nhu vy, su két hop nay 1a mot danh
d6i giita viéc tang thoi gian tinh toan off-line ding mé hinh déng tri mot may phat va huan luyén
mang no-ron v6i viéc giam thoi gian danh gia on-line nho ché d6 mé phong (phan loai, du bao)
cuia mang no-ron, tr d6 dat dugc muc ti€u chinh cua cac nhiém vu tryc tuyén va thoi gian thyc.

Phuong phap Kkét hop SMIB-ANN dé xuit s& duge minh hoa trén vi du mot hé théng dién 9
nat, 3 may phét véi kha ning mé rong cho cac hé thong dién 16n hon ciing nhu 4p dung céc loai
ANN khac nhau hoac céc cong cu tri tu€ nhan tao hién dai va phu hop hon.

2. MO HINH PANG TRI MOT MAY PHAT SMIB
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SMIB thudc nhém cac phuong phap phan tich 6n dinh qua do dva trén dang tri mot may
phat-nat céng suat vo cung 16n. Chinh xac hon, SMIB 1a phuong phép lai “tryc tiép”-“thoi
gian”: “thoi gian” vi dua trén tién trién hé théng nhidu may theo thoi gian; “tryc tiép” vi dya trén
phuong phap tryc tiép nhu tiéu chuan dién tich tuong dwong mé rong EEAC (extended equal
area criterion).

Trinh ty thuat todn chung ctia mé hinh SMIB nhu sau: sau khi bat dau bién cb va giai trir
bién ¢b, & mdi budc thoi gian, SMIB sir dung két qua tinh toan ciia module mé phong mién thoi
gian TDS dé phan loai cac may phat thanh nhom t6i han va nhom khong toi han; thay hai nhom
may nay bang hé thong hai may phat; thay hé thong hai may phat bang hé thong mot may phat
nbi véi nat co cong suat vo cing 16n SMIB; cudi cung 1a dénh gia 6n dinh qua do ciia SMIB nay
bang phuong phép dién tich twong duong EAC.

Module mé phong mién thoi gian ¢ chirc nang giai hé phuong trinh dong hoc ctia hé thdng
dién [2, 3].

Céc thong sb cua hé déng tri SMIB 8- goc 1éch rotor; ®- vén tde goc rotor; M - mb men
quan tlnh Pn - cong suit co; P - cong sudt tac dung; P, - cong suit ting toc tinh dugc tir cac
thong s cua timg méay phat trong hé thong, st dung khal niém tdm quén tinh, theo [7].

_ Mat kl}ac, theo tiéu chuén <’11¢n tich twong duong EEAC, dg du‘ trit 6n dinh n dugc tinh
bang hi¢u s6 cta dién tich giam toc so vdi dién tich tang toc cua biéu do SMIB P, smis(0):
N = Adec-Aace (1)
V&1 Agec - dOng nang tich luy trong thoi gian tdn tai su cé; Agee- thé nang co thé xa sau su cd.
Piéu kién mat 6n dinh ciia SMIB 12 N <0, thrc Agec<Aacc, duong cong Pe(d) cit duong cong
Pm(d), tlrc cong suat gia toc P,(8) di qua 0 va tiép tuc tang, twong duwong vdi:

Pa(t,)=0; Pa(t,) = dr,

>0 (2)
t=t,
voi @ > 0 doi voi t > to,
~ Khi d6 do dy trlr mat 6n dinh 7, , chi tiéu thé hi¢n h¢ thong cach xa bao nhiéu so voi diem
on dinh, tinh bang:
M= '(1/2)]‘/[0%2 3

Piéu kién on dinh ciia SMIB 1a >0, tic Agec>Aace, dOng nang nhd hon thé nang cyuc dai, tirc
dudng cong Pe(8) ding di tiép theo chiéu ting cua goc rotor tai 8=3;, trudc khi cit duong cong
Pm(8). Néi cach khac, tai 8=3,, 5 dimg ting dé bat dau giam. Nhu vay c6 thé phat biéu rang mot
quy dao SMIB 6n dinh s& dat goc hdi &, (8, < &) tai thoi diém t(3,),

o) =0; P,(t,) <0 (4)

~ Khi do6 d6 dy trix 6n dinh 7 (stable margin) thé hién hé thong cach xa bao nhiéu so véi
di€ém mat on dinh, tinh bang:

do (5)
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3. PHUONG PHAP KET HQP SMIB - ANN TRONG PANH GIA ON PINH
QUA PQ HTD

3.1. Phwong phap
Trong giai phap d& xuat SMIB két hgp voi ANN chi yéu & giai doan huan luyén mang no

ron nhan tao trén co s¢ s6 liéu thu dugc tir md phong qua trinh dong cua hé thong TDS va danh
gia 6n dinh dung mé hinh déng tri mot may phat SMIB nhu trén hinh 1.

Danh muc
bién cé
S (t) §
Kich ban —> wi(t) 7
Kich ban 2 Pmy(t) < OMIB__ o
= S Mang no ron
IG(t).VGy(t) Y CCT o | thiet ke
(/4
L2 ) S SIME AN _—
_V;.(L.).;E(ti) > %
Pi(t:); Qi(t:) > D/PD/H §
Kich ban n —> Pij(t); Qij(ti); Sij(ti) N
[

Hinh 1. So d6 huin luyén mang no-ron nhan tao dung dit li¢u tur TDS va SMIB

Ki hiu ¢ day: ok(ti), ok(ti), Pmk(ti), Pex(ti) = gbc 1¢ch rotor, van tdc goc, cong suét co, cong
suat tac dung cuia cac may phat k tai thoi diém t, k = 1, 2,.. NG; Paks Pax, M- cong suét tang
toc cong suat him, moment quan tinh ciia may phat k; to - thoi diém xay ra su ¢b; t; - thoi diém
ct su cO.

Ung véi ting bién cb trong danh sach dinh trude, hé thdng xem xét cac kich ban diém véan
hanh khéc nhau, thong qua TDS dé tinh dugc cic thong sb may phat, cac niit va nhanh; thong
qua SMIB dé xéc dinh trang thai On dinh qua do cua hé théng véi cac thong s kém theo (nhur hé
sO duy trir 1, thoi gian cat téi han CCT,...). Cac thong tin vé toan hé théng ciing nhu vé SMIB
ndy s€ dugc cung cap cho mang no ron nhan tao ANN dé huén luyén véi muc dich nhin dang
trang thai 6n dinh quéa do va tinh cac théng s kém theo néi trén.

Mang no ron dugc thiét ké va huan luyén nhu vay s& duoc dung dé danh gia 6n dinh qua do
nhu mé ta trén hinh 2. O day, cac thong sé ddu vao chu yéu nhan tir hé théng SCADA/EMS, dic
biét tir hé do ludng va module danh gia trang thai cia nd. Pau ra ciia mang ANN s& 1a trang thai
6n dinh/khong 6n dinh va/hodc cac thong sb phai sinh kém theo.
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Sy (t)
wk(ti)

Ey— OMIB

Measurement sl ceT
& 1Gk(t:); VG(t:) ANN ﬁ
State fi(t:)

Estimation ﬁ
Vi():84t) §
Pi(t); Qi(t:) %

Pii(ti); Qi (ti); Sis(t;

Hinh 2. So d6 danh gi4 6n dinh qua do va cac thong s6 6n dinh CCT, n

3.2. Thiét ké mang neuron nhan tao

Xét yéu cau bai toan, mang no-ron nhan tao dé xuit sir dung & ddy 1a mang nhiéu 16p huin
luyén theo thuat toan lan truyén nguoc sai s nhu trong [6].

3.2.1. Xdc dinh cdac bién dau vio

S6 lugng thong s6 thu duoc tir md phong dong TDS va SMIB 14 kha nhiéu, vi vy can lua
chon mét cach hop 1y cac bién dau vao cho mang ANN. Viéc lya chon dua trén ly ludn r?mg ban
chit 6n dinh qué do phu thudc co ban vao diém can béng trude su cb cling nhu vao dic diém cua
su cb. Goc rotor cua tung may phat truge sy ¢b thé hién trang thai ban dau cua hé théng, cong
sudt tang tde ciia mdy phat - cho d nghiém trong cua bién cb (dai dién la tai thoi diém ngay sau
su ¢d), cong sudt ham - dai dién cho kha nang cua hé thong cit giam anh huong cia su ¢, van
tbc goc ciing chira thong tin vé dién tién ning luong cua hé thdng. Céc dai luong nay tinh quy
dbi theo tdm quan tinh nhu trong [2].

> 6t M,
ek (toi) =5k (toi)_i:lNG— (6)
>

B NZG:wi(t:)-Mi
() = o, (t;) g )

2M,
w

S [ea ) -Pa )M

pa,k = Pe,k (to_) - Pe,k (tc_) -= NG (8)
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_ Z[(Pe,i (t(;) - Pe,i (t: ))M i]
Pd'k = Pe,k (t(;) - Pe,k (thr) -2 NG (9)

M

Ngoai ra, cong sut trén cac nhanh i-j & thoi diém trude su ¢d va ngay sau khi giai trir sy ¢b
Pii(to) va Pjj(t.") chira thong tin vé topo ludi dién ciing dugc st dung lam bien dau vao.

3.2.2. Xdc dinh bién dau ra

Phuong an mot bién dau ra sé la: i) Trang thai 6n dinh cua hé théng: 6n dinh/mét 6n dinh
glé phuong 4n xem xét trong bai bao nay) hodc ii) thoi gian cat tdi han CCT hoac iii) d6 du trir
on dinh.

Phuong 4n hai/ba dau ra: TS hop hai hodc ba bién dau ra noi trén.
3.2.3. S6 neuron I6p an va chu ky hudn luyén mang

Nhérr} giam anh huong cua hién tuong qua khép va thura thong 50, sb neuron 16p éu} va s6
chu ky huén luyén mang s& dugc xac dinh théng qua qua trinh kiém dinh. S6 neuron 16p an khoi
dau xac dinh theo cong thirc kinh nghiém trong [4]. Tang, giam so neuron l6p a an xung quanh gia
tri ban dau, thong qua huin luyén mang c6 kiém dinh, x4c dinh sb neuron 16p an tuong tng v6i
truong hop sai s6 d6i véi tap kiém dinh 1a nhé nhat. Ung véi truong hop nay ciing xac dinh sd
chu ky huan luyén mang.
3.3. Ap dung phuwong phap két hgp SMIB-ANN cho HTD cu thé
3.3.1. Vidu hé théng dién nghién ciru

Xem xét vi du hé thong dién cu thé gdm 9 nit va 3 té may phat nhu trén hinh 3.
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Hinh 3. Vi du so dd hé thdng dién can danh gia 6n dinh qua do

3.3.2. Xay dung danh muc bién cé va cac kich ban trang thai hé théng
3.3.2.1. Danh muc bién c¢é

B0 sb liéu dau vao duoc xay dung tir kich ban sy ¢b ngin mach 3 pha timg thanh cai ngudn
tai thoi diém to= 0; giai trur sy ¢o tai thoi diém t=0,3 s bé“lng cach khoi phuc lai thanh cai nguén
va cit duong day di tir nut sy ¢d. Ung véi mdi kich ban sy ¢b noi trén s& xem xét to hop véi cac
phuong 4n phu tai va phuong an ngudn phat khac nhau. Phuong an don gian 13 cho phu tai cac
nat bién thién véi 5 muc: tai dinh mirc (100%); tai cao (110%; 120%) va tai thap (70%:; 80%).
C6 thé xem xét phuong 4n md phong Monte Carlo cho phu tai bién doi ngau nhién xung quanh
gia tri dinh muc. Dbi v6i ngudn, cong suat phat bién thién trong dai tir thip nhat dén cao nhat
trong s6 liéu ban dau cho trudc

Vi vi du nay ta c6 sb mau dir liéu khoang: (12 bién ¢6)x5° phuong an tai = 300 mau. 250
mau s& dugc chon ngiu nhién 1am mau huan luyén. S6 con lai s& ding dé kiém tra hiéu qua phan
loai ctia ANN, trong d6 25 mau phuc vu kiém dinh va 25 mau thu, tuong tu da néu trong [6].

3.3.2.2. Lua chon théng s6 mé phong ANN

Véi tinh chat minh hoa, bai bao sir dung mang nhiéu 16p thuat toan lan truyén ngugc MLP
[4] v&i cac thong sO sau day:
- 86 bién dau vao: 21;
- Sb neuron 16p an: 15;
- Ham kich hoat neuron 16p 4n va 16p ra 14 ‘tansig’ va ‘hardlim’ twong (mg;
165



Trén Ky Phuc, Vi Toan Théng, Lé Thj Thanh Ha

- Thuét toan huén luyén ding Levenberg-Marquardt (Téc d6 hoc=0,05, Goal=0,00001,
epochs = 500).

3.3.2.3. Két qud mé phong
Céc budc tinh toan duge thyc hién trén phan mém VNDSA. Bang 1 trich truong hop danh

gi4 6n dinh qua do voi phu tai gan véi dinh mirc & cac nat. Két qua cho thay tinh kha thi ctia viéc
ap dung giai phap dé xuat cho cac h¢ thong dién thyc té voi quy mo 16n hon.

Bdng 1. Mot s6 két qua danh gia on dinh qua do ding mang no-ron ANN

Nr. sw cé Nr. sw cé Nhénh bi cat | On dinh qua On dinh qua
(nut sy co)  (nut sy co) do theo TDS- | do theo ANN
SIME
1(5) 2(7) 5-7 1:S; 2:U 1:S; 2:U
3(7) 4(8) 7-8 3:U; 4:S 3:U; 4:S
5(8) 6(9) 8-9 5:S; 6:S 5:S; 6:S
7(9) 8(6) 9-6 7:S; 8:S 7:S; 8:S
9(6) 10(4) 6-4 9:5;10:S 9:5;10:S
11(4) 12(5) 45 11:5;12:S 11:5;12:S
4. KET LUAN

Giai phap két hop mé hinh ding tri mot may phat ndi voi nit ¢ cong sudt vo cung 16n
SMIB véi mang no-ron nhan tao ANN d& xuat trong bai bdo nay cho phép giam khdi luong tinh
toan trong van hanh thoi gian thyc khi danh gia trang thai on dinh hé théng dién (nho téc do tinh
toan nhanh ciia ANN trong ché d6 mo phong), déng thoi ting tinh chinh xac ciia cic mau hoc
(nh¢ kha ning ctia mé hinh SMIB c6 thé xac dinh cac hé sé dy trit voi do chinh xac cao hon
nhiéu phuong phap khac).

Giai phap nay c6 thé mo rong ra bang cach sir dung cic cong cu tri tué nhan tao khéc nhau,
mat khac voi cac hé théng dién thuc té khac nhau nham nang cao hiéu qua danh gia 4n dinh
trong diéu kién thoi gian thyc.
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ABSTRACT

POWER SYSTEM TRANSIENT STABILITY ASSESSMENT BASED ON SINGLE
MACHINE-INFINITE BUS EQUIVALENT AND ARTIFICIAL NEURAL NETWORK

Tran Ky Phuc”, Vii Toan Thing', Lé Thi Thanh Ha?

YInstitute of Energy 6, Ton That Tung Str., Dong Da Dist., Hanoi, Vietnam
Hanoi University of Science and Technology, 1 Dai Co Viet, Hanoi, Vietnam

“"Email: trankyp@hotmail.com

Transient stability of power system is the ability to maintain synchronization after a large
disturbance. Objective of transient stability assessment is to determine the power system is
stable or unstable after a large disturbance. Assessing transient stability of power system in real-
time operating mode is critical in term of computational time requirement. The paper introduced
stability assessment methods: time domain simulation method and direct method and their
advantages and disadvantages.

The paper proposes an hybrid approach combining single machine - infinite bus (SMIB)
equivalent and artificial neural network (ANN) for power system transient stability assessment.
The combination reduces real-time computational time because of quick assessment of ANN and
also increases performance of contingency classification due to data computed from off-line
SMIB equivalent study.

The method combines SMIB and ANN is applied on the specific power system consists of
3 generators and 9 buses for illustration purpose. Assessment results show the feasibility of
applying the proposed method for practical power systems with a large scale. This method
allows reducing the amount calculated in real-time operating mode and increasing the accuracy
of the model. It also can be extended using different tools of artificial intelligence to improve
transient stability assessment of power system in real-time operating conditions.
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