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TOM TAT

On dinh hé théng dién 1a nhiém vu quan trong trong thiét ké va van hanh hé théng dién. Trong do, viéc
giam dao dong cuia hé théng dién nhim lam tang tinh on dinh cho hé théng dién. Hién nay, trén thé gidi c6 nhidu
phuong phép khac nhau, nhung hau hét van sir dung bo 6n dinh hé théng dién (PSS) trong 6n dinh hé thong
dién. Bai bao nay dé xuat thay thé bang mang no ron thich nghi suy luan m& (ANFIS) dé gia tang tinh 6n dinh
hé thong dién. Chlng téi st dung ANFIS diéu khién hé thong kich tir dé 1am on dinh tin hiéu nho khi may phét
két ndi vao hé thdng dién, hoac két ndi vao phu tai trong hé thong dién. Cudi cing, viéc sir dung thuat toan

ANFIS dé diéu khién hé théng kich tir 1am cho ngudn dién 6n dinh trong qué trinh van hanh hé thng dién.
A STUDY ON THE USE OF ADAPTIVE NEURO FUZZY INFERENCE SYSTEM ANFIS IN STABLE

CONTROL FOR ELECTRIC POWER

ABSTRACT

Power system stability is a mission critical in the design and operation of the power system. In there,
damp the electromechanical oscillations of the power systems to increase stable power for power system.
Currently, the world has many different method, the most popular are still using the PSS in power system
stability. This paper proposes an alternative Adaptive neuro Fuzzy Inference System to increase power system
stability. We use ANFIS to control for excitation system generator to make the small signal stability when the
generator is connected into the power system or connected a load power into the power system. Finally, the
using ANFIS algorithm to control the excitation system generator, the power be stabilized in the process of
operating the power system.

1. GIOI THIEU

Hién nay viéc van hanh dong — ngat phu tai trén hé thong dién hodc viéc dong — ngat
ngudn cung cap 1én ludi dién sé tao ra cac nhiéu loan nho gay ra cac dao dong trong hé théng
dién, cong suét trén hé thong lic nay s& khong 6n dinh, lam chét lwong dién trong hé thong
giam xudng hodc tinh trang ning c6 thé dan dén kha ning ra ludi. Tuy nhién, cic nha may
dién da sb s dung bo tu dong diéu chinh dién ap kich tir may phat AVR, nhung nhuoc diém
khi ding AVR van con cac dao dong 16n khi chung ta thao tic dong — ngat phu tai trén hé
thdng hodc dong — ngit ngudn cap vao ludi dién, trong khi d6 trén thé gidi da xuét hién b 6n
dinh hé théng dién PSS, mot sd nha may dién da su dung PSS dé 6n dinh hé théng dién, no
mo ra mot phuong phap méi trong didu khién van hanh hé théng dién [7, 8, 9]. Tuy nhién,
trén thuc té véi su can thiép cua cac hé¢ diéu khién lai, tao ra cac thuat toan ung dung dot pha
trong nhiéu linh vuc khac nhau, dic biét trong linh vic nghién ctru phat trién ning luong. Bai
bao nay véi ndi dung nghién ctru sir dung thuat todn dung mang noron thich nghi suy luan
mo (ANFIS) cho diéu chinh kich tir may phat trong hé théng dién, gop phan t6i uu héa tinh
6n dinh cong suat trong hé thong dién. [4, 6].

2. NOI DUNG NGHIEN CUU
2.1. Téng hop cac phwong trinh co bin mé hinh hé théng

Viéc nghién nay dua trén mo hinh hé théng phat dién lam co s& nghién ctu, tong hop
mo hinh hé théng may phat dién déng bd 3 pha két ndi véi ludi dién duoce rat ra tir nhidu loan
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ctia hé théng [9]. Tir d6 rut ra dang cac phuong trinh hé théng tuyén tinh mé ta nhu (1) va
(2):
ATe = KjAS + KAy ¢
K3
Ay ¢4 =m[AEfd - K4A§}

AE = KgAS + KAy ¢

1)

1

pPAS = a)OAa)r

Trong d6 cac hé sé tir K1+K6 phu thudc vao cac thong sb ludi va dién ap hé thong [5,
7, 9]. Hé thong kich tir st dung loai ST1A duoc tong hop duéi dang nhiéu loan nho nhu sau
[10]:

K
__"A 2
AEd 1+sTA( AU

2.2. B 6n dinh hé thong dién PSS

Trong 1y thuyét on dinh hé théng dién, 6n dinh tin hiéu nho rat quan trong, né dung
nhan dang va phan tich cac dao dong trong hé théng dién [9]. Tuy nhién, dé triét tiéu cac dao
dong d6 thi can phai thong qua hé thong kich tir may phét dién voi mach AVR, véi AVR van
chua giai quyét tot van dé dit ra do.

A | @, | |AS
= —£

GCX(S)

Grssl(s)

Hinh 1. M6 hinh téng hop tuyén tinh rit ra tic nhiéu logn ciia hé thong khi sir dung
PSS2A

Hién nay, van dé nay duogc giai quyét tét hon bai bd 6n dinh hé théng dién PSS, bd on
dinh nay s& gép phan giai quyét bai toan on dinh tin hiéu nho t6t hon. [5, 6, 8]. Tuy nhién, dé
phuc vu cho nghén ciru, viéc tdng hgp mo hinh tuyén tinh duoc rit ra tir nhidu loan cta hé
thong khi str dung PSS2A dugc mo ta dudi ddy (Hinh 1).

Trong nghién ctru 6n dinh cong suit hé thdng dién, khi phat sinh nhiéu loan gay dao
dong lam mat 6n dinh hé thong dién, viéc 1y két qua mo phong tir PSS2A dé gop phan khang
dinh t6t hon nita cho thuét toan ANFIS.

2.3.  Mang ANFIS trong 6n dinh cong suit h¢ thong di¢n véi dao dong nhé

Gan day, trén thé giéi dd nghién ctru cho ra nhiéu bd diéu khién véi cac thuat toan diéu
khién phong phti, da dang, mé ra nhiéu hudng di méi trong k§ thuat diéu khién hé théng dién.
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Bai bao nay tac gia nghién ctru tng dung ANFIS [3, 4] vao 6n dinh cong suat hé théng dién
khi bi nhifu nho tic dong, gop phan on dinh céng suét tot hon cho hé théng dién.

V6i ciu trac mang ANFIS d6, nhém tac gia nghién ctru tmg dung ciu trac bo diéu
khién ANFIS cu thé trong diéu khién 6n dinh cong suét hé théng dién nhu sau (Hinh 2).

Bs fip (AF)
Lopl Lop 2 Lép 3 Lép 4 Lép 5

Hinh 2. Cdu tric bg diéu khién siz dung mang ANFIS
- Lép 1: Mdi nit trong lép nay 1a mot ham nat c6 dang:
OH: (¥
/UAJ (3)

Trong d6: i=1+2, j=1+5, x la nut ddu vao va A; 1a nhdn ngdn ngix (nho, 16n, trung
binh...) két hop véi nit chirc nang nay. Trong nghién ciu ndy, ching toi chon ham lién thugc
hinh chuéng véi gia tri 16n nhat bang 1 va nho nhat bang 0, luc nay ham duoc viét cu thé & (4)
va (5).

1
g (X) = 0y Ay =—— L @
Aw—C.
14—
a
L (5)
He, (Y) = ptg (APE) = ——————
APe—c;
1+ !
a

Trong d6 {ajj, by, Cij} 1a cac tham s6 dit, cac tham s6 ndy goi la cac tham s tién dé.

- Lép 2: M&i ndt trong 16p nay 1a mot nut tron ¢6 nhan 11 1am ting tin hiéu dau vao, ngd ra
(6).
w; = Hp, (X)-,UBJ. (y)= Hp, (Aa))-fusj (APe) (6)

- Lop 3: MAi ndt trong 16p nay la mot nit tron c6 nhan N, c6 ngd ra w, (7):

W.
V_Vj = : (7)
W, + W, + W, +W, + W,
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- L6p 4: Mai ndt i trong 16p nay 1a mot hinh vuéng voéi ham nat (8), ¢ tham sb
dat 1a {p;,q;.r}:

O}‘:v‘vjfj=v‘vj(pjx+qjy+rj)=v_vj(ija)+quPe+rj) (8)
- L6p 5: N6 1a nut tron, c¢6 nhén tong, 1a tong két qua céc tin hiéu dau vao theo
(9):
5
Ol5 = f =U aveis ZZV_VJ' fj (9)
=1

Tin hiéungd ratrong I6p 5nay la f =U n6 duoc biéu dién nhu hinh 2

ANFIS ?
Trong do, ngd vao la x=Aw andy=AP,; Ngdrala f =U ..

Chuing t6i sir dung ham lién thudc dang chudng ¢ 16p 2 v6i 5 tap mo. Viée diéu chinh
cac tham sb ctia & 16p 2 va bo tham sb {p;, j, r;} 0 16p 5 sao cho tin hiéu cong sudt giam thiéu
cac dao dong trong khoang thoi gian ngén nhét, ddm bao duoc sai 1éch so véi tin hiéu dat 1a
nho nht.

2.4. M0 phéng trén phan mém Matlab - Simulink

Bai b4o nay cho ra két qua nghién ctru tir viée ing dung mang ANFIS, két qua nghién
ctru ndy dugc so sanh voi két qua st dung bd on dinh hé théng dién PSS2A. Pé c6 duoc két
qua nghién ctru cu thé va thuce té hon, tac gia da thu thap s6 liéu tir nha may thuy dién Krong-
H’Ning [12] dé phuc vu cho viéc nghién ctru. Bang s6 liéu dugc viét trong hé don vi twong
doi (bang 1).

Bing 1. Bing sé ligu mdy phdt nha mdy thiiy di¢gn Krong-H’Ning — DikLiik

Thong s6 Giatri  Ponvi Thong sb Giatri Ponvi
Dién tré mach stato: R, 0,167 pu Hé s cong suat: Cose 0,85 pu
bién khang doc truc Hang sb thoi gian ho
mach stato: Xq 1,044 pu mach: T4, 6,88 pu
bién khang ngang truc Y S
mach stato: x, 0,648 pu Hang s6 quéan tinh: H 15 pu
D}e;n ’khang doc truc qua 0,2887 ou ang suat tac dung dinh 0.85 ou
do: x’y muc: P
DlAen khang d(.z(,: truc 0,191 ou ang suat phan khang dinh 0,5268 ou
siéu qua do: x4 muc: Q
bién khang ro: x 0,1244 pu Dbién ap dinh muac: U, 1,0 pu
bién tré mach rotor: Ry 0,0005 pu Dong dién dinh muc: |, 1,0 pu
bign khang mach rotor: - 1594 pu  Técdo gboe dinh mic: o 1,0 bu

Xfd

Mo phong két qua nghién ctru thyc hién trén phan mém Matlab- Simulink [1, 2] (Hinh 3)
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SIMULINK SYSTEM

Hinh 3. M6 phéng hé thong trén Matlab — Simulink
Két qua md phéng:

TOC DO GOC ROTOR Wr(pu)
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; : : e With PSS2A
JY| LI R beeneaneans +---{ ——With ANFIS H
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Thoi gian (s)

Hinh 4. Diic tinh téc @ géc ciia rotor khi khéi dpng va tai thoi diém sau 6 gidy khi
mang tdi

TOC DO GOC ROTOR Wr(pu)

. . o N o |- - —Withow Pss ||
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Thoi gian (s)
Hinh 5. Dic tinh toc dé géc ciia rotor tai thoi diém sau 6 gidy khi mang tii (phong lon)

Dé rd rang véi két qua nghién ctu trén, nhom tac gia da thuc hién mé phong trén phan
mém Matlab — Simulink (Hinh 3), thoi gian mé phong 12s, két qua mé phong 1a dép ung téc
d6 goc rotor va dap tng cong suat dién P cia may phat dién dong bo 3 pha (duoc tinh trong
hé don vi tuong d6i). Viéc thuc hién md phong cho 2 thai diém, khi khoi dong méy phat dién
tai diém t=0s va thtr nghiém cho hé théng mang tai 200MW tai thoi diém t=6s.

Cu thé, tai thoi diém ban dau t=0s khoi dong hé thong (Hinh 4), véi thuat toan ANFIS
thi tbc do rotor tién dén xac lap lpu chi sau 1.4s, voi PSS2A la 2.8s va véi AVR (without
PSS) 13 4.4s.
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Sau 6s, tic 1a tai thoi diém t=6s, cho hé thdng dién mang tai c6 cong suit 200MW, lic
nay dap tng toc d6 goc rotor ciia may phat dién dong bd 3 pha nhu hinh v& (Hinh 5). Két qua
md phong voi thuat toan ANFIS c6 dap tng tée do goc xéac lap sau 1.3s (6s - 7.3s), Véi
PSS2A la 2.4s (6s - 8.4s) va v6i AVR (without PSS) la 3.8s (6s - 9.8s).

CONG SUAT Pe (pu)
T T T

- - - Without PSS
; ; ----- With PSS24
b A S fi|——With ANFIS ||

Thoi gian(s)
Hinh 6. Diic tinh cong sudt khi khéi dpng va tai thoi diém sau 6 gidy khi mang tdii
CONG SUAT Pe (pu)
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Thoi gian(s)
Hinh 7. Pdc tinh cong sudt tai thoi diém sau 6 gidy khi mang tdi (phéng lon)

Tuong ty nhu trén, tai thoi diém ban dau khi khdi dong hé théng (Hinh 6), voi thuat
toan ANFIS thi dép tng cng suat dién ngd ra cua may phat dién Pe tién dén xac lap chi sau
0.8s, vai PSS2A 1a 2.5s va vai AVR (without PSS) la 4.3s.

Sau 6s, tirc 14 tai thoi diém t=6s, cho hé thong dién mang tai ¢ cong suit 200MW, lic
nay dap ng cong suat dién ngd ra ciia may phat dién P, nhu hinh vé (Hinh 7). Két qua mo
phong véi thuat toan ANFIS c6 dap ang toc do goc xac 1ap sau 0.4s (6s - 6.4s), véi PSS2A la
2.2s (6s - 8.2s) va vaoi AVR (without PSS) la 3.4s (6s - 9.4s).

3. KET LUAN

Véi két qua md phong ¢ trén cho thay, khi nghién cttu bo diéu khién dung mang noron
thich nghi suy luan m& (ANFIS) thi kha ning tac dong véi két qua dac tinh cong suat dien va
dac tinh tdc d6 goc cua may phét dién on dinh nhanh hon so véi khi str dung bo 6n dinh hé
thdng dién PSS2A hoic khi khong c6 PSS. Nhu vay, két qua tinh toan sir dung bo diéu khién
v6i thuat toan ANFIS trong nghién ctru ndy cho phép khuyén céo sir dung bo diéu khién véi
thuat toan ANFIS nham 6n dinh tin hiéu dao dong nho trong hé thong dién, ting cuong kha
nang giam x4¢ cua hé thong kich tir may phat dién ddi nhidu nho trong hé thong dién. No giai
quyét bai toan khi bi nhidu nho tac dong trong luc van hanh thao tac dong — ngat tai dbi voi
hé thong dién hodc dong — ngit ngudn cép tir cac nha may dién vao ludi dién, déng thoi qua
d6 no ciing thé hién dugc tinh chat wu viét cia hé théng kich tir tinh danh cho may phat dién
ddng bo trong hé théng dién.

TAP CHI KHOA HOC CONG NGHE & THUC PHAM SO 09/2016 22



KHOA HOC CONG NGHE

TAI LIEU THAM KHAO

[1]. Nguyén Phung Quang, Matlab & Simulink Danh Cho K§ Su Diéu Khién Ty Dong,
NXB Khoa hoc va Ky thuat, Ha Noi (2008).

[2]. Nguyén Birc Thanh, Matlab va tng dung trong diéu khién, NXB PHQG TPHCM
(2004).

[3]. R. Sivakumar, C. Sahana, P. A. Savitha, Design of ANFIS based Estimation and
Control for MIMO Systems, ISSN: 2248-9622, Vol. 2, Issue 3, May-Jun (2012) 2803-2809
[4]. Jyh-Shing Roger Jang, ANFIS: Adaptive-Network-Based Fuzzy Inference System,
IEEE transactions on systems, man, and cybernetics, vol. 23, no. 3, may/june (1993) 665—
685.

[5]. XIHL, HJI-RgeReE M ok s bLabsdzed, b s ) AR (2007).

[6]. E.V. Larsen and D.A. Swann, Applying Power System Stabilizers, Parts I, 11, and IlI,
IEEE Trans., Vol. PAS-100, June (1981) 3017-3046

[7]. Chee Mun Ong, Dynamic Simulation of Electric Machinery, Prentice Hall PTR (1998).
[8]. Anders Hammer, Analysis of IEEE Power System Stabilizer Models, Master of Science
in Electric Power Engineering, Norwegian University of Science and Technology (2011).

[9]. Kundur P, Power System Stability and Control, McGraw—Hill Book (1994).

[10]. IEEE Recommended Practice for Excitation System Models for Power System Stability
Studies, IEEE Standard 421.5 (2005).

[11]. Sauer Peter W. and Pai M. A, Power System Dynamics and Stability, Pretice Hall
(1998).

[12]. Sichuan Dongfeng Electric Machinery Works Co., Ltd, Hydrogenerator Product
Instructions, Product type: SF32.3-16/4500, August (2008).

TAP CHI KHOA HOC CONG NGHE & THUC PHAM SO 09/2016 23



