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TOM TAT

Bai bdo nay trinh bay kj thudt thiét ké bg on dinh hé thong dién diéu chinh theo thoi gian
thiee diing mang noron truyén thang cé delay ngé vao véi gidi thudt lan truyén nguoc sai sé
(FTDNN-PSS). B6 FTDNN-PSS) dwoc mé phong trén mét hé thong dién nhiéu may phat. M6
phéng va déanh gia 6n dinh hé thong ding b FTDNN-PSS dé xudt trong cdc truong hop su
6 ngdn mach ba pha, ting giam phu tdi trén dién réng, dap g ciia hé théng nhiéu mdy sir
dung b FTDNN-PSS so sanh véi bé PSS Kundur [1]. Két qua mé phong cho thdy déc tinh
cua bo FTDNN-PSS trong hé nhiéu may trong diéu kién thay doi phu tai trén dién rong, hé
th(fng tré lai vi tri 6n dinh hién hanh hay tai mot diém can bc%ng maoi hiéu qua, thoi gian dap
ung nhanh hon, dai van hanh réng hon.

ABSTRACT

In this paper, a novel technique for real-time tuning of the parameters of the dual input power

system stabilizers (FTDNN-PSS) updated by error BP method in a multi machine system
using Focused- Time- Delay Neural Network is presented. To simulate and evaluate the
performance of Dual input FTDNN-PSS under wide variations in loading conditions such
as three phase short-circuit on transmision line; light loading conditions, heavy loading
conditions, the system response is compared with these cases where there is conventional
power system stabilizer (PSS Kundur). Simulation results demonstrate the effectiveness and
robustness of dual input FTDNN-PSS in a multi-machine system, ensuring that generators
quickly remain stable at a new position with better and faster damping and larger operating
conditions.

Tir khoa: Mang noron, Bo én dinh HTP.

Keywords: Neural network, Power system stabilizer.
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I. GIOI THIEU

On dinh hé thong dién bao gém 6n dinh
gdc léch rotor, on dinh tan s6 va 6n dinh dién
ap lién quan mat thiét v6i nhau [1, 2].

Bo 6n dinh PSS Kundur véi mét tin hi¢u
ngd vao la do léch toc do (dw) da duoc sir
dung rong rdi nham cung cdp tin hiéu 6n
dinh bo sung vao hé thdng kich tir may phat
dé xoa bo dao dong dién co va nang cao sy
on dinh toan cuc cta hé théng; cung cép mot
moment can duong trong pha dé x6a bo anh
huong ciia moment can 4m cia hé thong.

Vi cac thong s6 ¢b dinh, bo PSS Kundur
khong thé cung cip dudng dic tinh ti uu
cho tat ca cac diém van hanh khéc nhau; vi
hé théng c6 thé thay doi theo thoi gian va
cac thong s6 cua bo PSS Kundur phai duoc
phuc hoi lai dé n6 c6 thé tiép tuc cung cap
cac duong dic tinh mong muén. Ung dung
cac bd PSS nay trong mot hé théng nhiéu
may phat gay ra nhiéu sy phirc tap khi téng
hop céc thong sb cta bo PSS; cac thong sb
nay dugc tdi vu hoa bang cach sir dung mot
mo hinh dong tuyén tinh dat duoc do tuyén
tinh hoa mé hinh phi tuyén xoay quanh mot
diéu kién van hanh cb dinh ban dau, thuong
khong cung cip két qua thoa dang trén dién
rong cua diéu kién van hanh [1,2].

B FTDNN-PSS hai ngd vao (dw va dPa),
duoc dé xuit thay thé cho bo PSS Kundur
mot ngd vao (dw). B6 FTDNN-PSS diéu
chinh theo thoi gian thuc su dung mang
noron truyén thang ¢ delay ngd vao véi giai
thuat lan truyén nguoc sai s6. Uu thé cta
mang noron 13 kha ning tong hop, tinh toan
tbe do va nang luc hoc cao, chung da dugc
tmg dung thanh cong dé nhan dang va diéu
khién hé thong phi tuyén.

Két qua mo phong trong cac trudng hop su
cb ngin mach ba pha, ting giam phu tii trén
dién rong, vira tdng giam phu tai hai khu vuc

c6 xét dén ngan mach ba pha trén duong day
cho thdy bo FTDNN-PSS thay thé cho PSS
Kundur gép phan cai thién 6n dinh dong voi
thoi gian dap Gmg nhanh hon cing su dap tat
dao dong lién vung hi¢u qua.

II. PHUONG PHAP TIEP CAN
1.CAc tiéu chuin 6n dinh hé thong dién

1.1.Cdc tiéu chudn én dinh tinh

Tiéu chudn ning lwong:

Tiéu chuén nang lugng vé 6n dinh hé
dugc mo ta qua bat dang thuc sau:

AW 2.1
AH<O ()

Voi:
ATI - gia s6 thong s6
AW - nang lugng du
AW = AW, — AW,
AW, ,AW,: s6 gia nang lugng phat va tiéutan.

Mot hé & ché d6 xac lap khi co su can
bang gitra ning luong phat va tiéu thu. Hé
s& khong 6n dinh xay ra khi nang lugng phat
16n hon nang luong tiéu tan.

Phuwong phdp dao dong bé

Mot hé thdng dong thuong duge md ta
boi hé phuong trinh vi phan sau:

X =f(X;,X,,00 X, U, Uy,.U 1) (2.2)

Loi gidi cua phuong trinh nay la:

At

+¢. T 23)

A B &t
xi(t) = ¢1‘1 ce +... :en®
Voi: A, = 40,4 =@, A5 ¢, = 9,Ax(0)

(2.4)

Quan lfé gira nghiém phwong trinh ddc
trung va on dinh: o

- Nghiém la thuc duong: hé mat 6n dinh
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phi chu ky.
- Nghiém la phirc va c6 phan thuc duong:
hé s& mat 6n dinh dao dong.

1.2 Cic tiéu chudn én dinh dong

Tiéu chuin dién tich:“Hé théng s& 6n
dinh néu ton tai mot goc & dé tai d6 dién tich
dudi Pa giam t61 khong, nghia 1a tai d6 nang
luong tich liy trong qué trinh ting tbc da
tiéu tan hét (dién tich ting toc bang dién tich
ham téc)”.

Tiéu chuin ning lwong: “Néu trong
sudt qua trinh chiu tac dong nhiéu, ning
luong cua h¢ nho hon nang lugng gidi han
V(S,w) <V, (5,0) thi hé 6n dinh”.

2.Phuong an dé xuat

2.1. On dinh tin hi¢u nhé cho hé mét
mdy phat lam viéc véi thanh cdi vo han

(SMIB):

Hinh 1. Hé mgt mdy phdt néi véi hé thong

(SMIB).
E t Er
@ I —1 I Infinite bus
Z=Re+3XE

Hinh 2. So d6 Thevenin
tuwong dwong cua hé SMIB.

Khi may phat 1am viéc v6i hé thong cong
suat vo cung 16n thi dién ap dau cuc may
phat khong thay d6i. O mdi diém lam viéc,
bién do dién ap cua E ludn gitr 1a hang sb
khi may phat bi kich thich nhé nhung khi
trang thai xac 1ap ctia h¢ thong thay doi, bién
do dién ép E c6 thé thay doi theo.

Mé hinh thay thé mdy phdt:

E'/5

Hinh 3. M6 hinh may phat
lam viéc voi hé théng SMIB.

Phuong trinh chuyén dong ciia may phat
trong h¢ don vi twong ddi:

sAw, = L(Tm ~-T,-K,Aw,)
2H (2.5)
Ab = w,Aw,

Phuong trinh trang thai mo ta hé thong
SMIB:

dAwr_ﬁ;KSAwr LAT
a | as || 2 2 as T2 (2.6)

®,

Phuong trinh (2.6) c6 dang X = Ax+Bu
(2.7)

Thanh phin Ks

moment dong bo

ATe

+
ATm FZ — . 1 @ A5
Thanh phan \\J, 2H, 5
moment can
Kp

Hinh 4. So' do khoi khdo sdt may phat ding cho

ddp teng nhiéu nho.

Tt Hinh 4, phuong trinh dac trung dang:

SZ*%”K_}SI% _0(ATm=0)  (2.8)
Day la khau dao dong bac hai dang:
s°+28 s+ =0 (2.9)

Voi: o, 1a tan s6 dao dong tu
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@, (2.10)

& 1a hé sb tat dan:

§=l K, 1 K,

22Hw, 2.JK.2Hao,

Nhu vay, khi may phat bi kich thich bang
cac tin hiéu nhiéu nho s& xdy ra khau dao
dong bac hai tat dan va ca hai thong sb cua
may phat 1a Ao_va AS déu tham gia vao ché
do dao dong nay.

(2.11)

2.2. Anh hwong dpng hoc ciia mach kich
tir trong khdo sat éon dinh tin hiéu nhiéu
nho:

Tin hidu diéu khién dau vao b kich tir 1
dién 4p dau cuc may phat E, [3], vi E khong
la bién trang thai nén E duoc mo ta theo cac
bién trang thdi Aw,,Ad va Ayy . E c6 the
viét trong hé toa d6 d_q dudi dang:

Ei=e,+p,=>E =e,+e.  (2.12)

Trong khéo sat nhiéu nho:

(E,,+AE,) = (e, +Ae,) + (e, + Aeq)2

(2.13)

AE, = KAS + KAy, (2.14)
l Vet Exciter Efm
Eq 1 Vi T i
T sty ° =

®

Bé bién ddi dién ap dau cuc

EFuin

Limiter

Hinh 5. M6 hinh hé thong kich tir khdo sdt on
dinh nhiéu nhé.

Phuong trinh dong hoc cua mach kich tur:

a)ORﬂ

sWg =oy(ey —Ryig)= E, —oR, iy (2:1)

adu

Phuong trinh trang thai mo ta h¢ mot may:

Ao;r a, a, a, 0| Ao, b,

5 a, 0 0 0 AS 0
AS || ™ +|  |aT,

Ay, 0 a, a; a, ||[Ay, 0

A\"“ 0 a, a, a, | Av, 0
(2.16)

AT va AE, phu thudc vao cong suat co
dau vao va dicu chinh kich tur.

Néu Pe = constant thi AT_=0vadién ap
dau ra bo kich tir khong doi thi AE, = 0.

Hinh 6. M6 hinh chi tiét hé thong kich tir khdo

sdat on dinh nhiéu nho.

Khi c6 AVR, su thay ddi tir thong kich tir
gdy ra boi sy thay doi dién ap kich tir, ngoai
ra con gy ra bai phan tng phan tng. Tir so
dd khéi Hinh 2.6, ham truyén c6 dang:

_ KK+ )+ KG, |
s’TT, +s(Ty + T,) +1+ K K (G, )

Ay,
(2.17)

B AVR dap tng nhanh rat ¢6 loi nhim
ting moment dong bd nhung lai tao ra dao
dong tit dan am tiy thudc vao cac hang sb
K, K.

AE, = K A8 + K Ay, (2.18)

Mot cach hiéu qua nhat dé 6n dinh hé thong
d6 1a dua thém b PSS vao mach kich tir.
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2.3.Bj 6n dinh hé thong dién
(PSS-Kundur)

Chure nang co ban cua b PSS (Kundur) 1a
dap tit dao dong rotor bang cach diéu khién
tin hi¢u kich tir phu.

Tin hiéu diéu khién bo 6n dinh la d¢ léch
tbe do rotordw, . BO PSS (Kundur) tao ra
vira di moment can dé bi moment can am
do anh hudng cua AVR. Khi khuéch dai ciia
PSS (Kundur) tang thém, d6 16n moment cén
tang. Néu mach som pha bu quéa (goc pha
bu 16n hon goéc cham pha gitta AT, vaAvy
), ngoai thanh phin moment can, bd PSS
(Kundur) con tao ra thanh phdn moment
ddng bo am.

7= AS
Bl
Av AT,
: I’
Vref ABy ¥ © - AT, 1
+<ED. Bl + 1+_:1';7 _:@ Hs +K,
Av Bokich ti Déng kich ti
1
K, K,
1 o ~
11sT, @ Ks

B0 gidm dién dp

Hinh 7. Sor @6 khéi véi AVR va PSS.

Khi bu thiéu, bo PSS (Kundur) sé tao ra
thém thanh phan moment dong b duong.
Thong thuong, bo PSS (Kundur) can dap
tat dao dong rotor trong mot diy tan sd cang
rong cang tot.

Power system stabilizer
1+sT, vE

Aw .
Lq’\g\ Ksras Iy |2
1=sT, |7 *| 1+,

Phase compensation
_ +

= O]

1457,

: Ver

Hinh 8. B¢ 6n dinh HTD
phé bién (b¢ PSS Kundur).

Gamn washout

—

E:

Mb hinh khéng gian trang thai day du
(v6i cong suat dau vao AT =0):

Ao, -~ o ~

. a, a a 0 0 0 |Ao,
AS

a, 0 0 0 0 0 [AS

Ayy | |0 ay; a; a; 0 ag ||Ay,
A\.’l 0 a, a; a, 0 0 |Av

. a5 3, 44 as 0 JlAv, |(2.19)
Ava las ag a; 0 a; ag |Av, |
[AVs |

1. MO HINH HE THONG DPIEN

Mo hinh HTP dung dé khao sat 6n dinh
khi st dung bd FTDNN-PSS dugc mo ta nhu
Hinh 3.1:

T2 G3

4

G4®

Hinh 9. HTD go”‘m 2 khu vue,
4 may phat dién.

Hé thdng thir nghiém dung dé nghién ciru
va danh gia hi¢u qua cua b FTDNN-PSS hai
ngd vao gdm c6 hai hé thdng hoan toan dbi
xtng dugc lién két v6i nhau bang cac dudng
day truyén tai (co cp dién ap 230kV) giao
nhau ¢ gitta duong day. Hé théng 1 (Area 1)
va hé thong 2 (Area 2) lién két v6i nhau qua
duong day mach kép L1 va L2, ¢ chiéu dai
mach kép 220km, duong day mach kép dugc
nbi vao thanh cai B1 va thanh cai B2. Mdi
HTD c¢6 cac phu tai duogc gén tai thanh cai
B1, B2 va ty b méc tai mdi thanh céi d¢ céi
thién di¢én ap tai dau cuc céc may phat. Mo
hinh trén da dugc xay dung trén hdp cong cu
Power System Blockset trong Simulink cta
phan mém Matlab.
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IV. BO ON PINH HE THONG DIEN
MANG NEURAL: FTDNN-PSS

Chon hai tin hiéu d6 léch tdc d6 may phat
(dw) va do léch cong suat ting toc (dPa) cua
may phat dé lam tin hiéu ngd vao cho mang
noron truyén thang c6 delay ngd vao, giai
thuat hudn luyén lan truyén nguoc sai s6 BP
[3, 4, 5, 6] tao ra bd FTDNN-PSS 6n dinh
hé théng dién khi xay ra céc sy cd lam mét
6n dinh.

Hinh 10. Mang noron truyén thang c6 delay

ngo vao.

Tao dix liéu dau vao vadau ra
dé huin luvén mang

Tao mang noron

L
Thiét lip cdc théng s6 hudn luvén

(epochs, goal. . .}

v
Huan luvén mang
Ham train

Lav dit lidu 43 tao dé mé phong

MO phong mang 43 tao
Ham sim

Di¥ liéu ngd ra

Luu d6 giai thuat thuc hién mé phong
hudn luyén tao khdi diéu khién FTDNN-
PSS.

Budc 1 1 budc rat quan trong, nd quyét
dinh tinh chinh xdc cia mang noron. Phai
tao dir liéu ngudn X va dich T sao cho chung
md ta dugc cac mau dic trung, khi co su
) xdy ra can tao tin hiéu 6n dinh. Dé dat
dugc dicu d6, bai bao nay chon giai phap mo
phong diéu khién 6n dinh hé théng theo bod
dleu khién PSS cua Kundur [1] Budc 2 tao
c4u hinh cua cac mang noron sb ngd vao, ngd
ra va khdi tao mang dugc thuc hién. Bude 3,
cung cap cac thong sb trong qué trinh huan
luyén, gia tri sai s6 ma ta mudn mang noron
dat duoc khi hoc tap, $6 vong lap huén luyén
mang. Budc 4 véi mdi bo thong sb cia mang
duogc cho ¢ trén, mang noron dugc huin
luyén véi tap dir licu nguén va dich duoc tao
ra & Budc 1. Budce 5, dir 1iéu ciia mang chua
dat phai quay vé Budc 1. Cac két qua mo
phong c6 duoc thong qua & Budc 6 va 7.

V.MO PHONG KIEM CHUNG

Mo phong va danh gia on dinh hé thong
ding bo FTDNN-PSS dé xuit dudi nhitng
diéu kién van hanh va sy nhiéu loan khéc
nhau, dap tng cta hé thong nhidu may st
dung bo FTDNN-PSS so sanh véi bd PSS
Kundur [1]. Nhitng nhidu loan nay 1a ngin
mach ba pha gitra duong day L1; su ¢d ngan
mach thodng qua cach B2 30km dong thoi
phu tai KV1 tang thém 10%.

Dap ting dong cua hé thong dat duoc khi
xem Xxét cac su ¢ tam thoi trong 10 chu ki
lan luot qua cac trudng hop mo phong.

1.TH1: Su ¢6 ngin mach thoang qua &
giira dwong day L1: t=1sdént=1+ 1/10s,
may cit tac dong tai t=1 + 8/60s.

So sanh hai bd PSS Kundur va FTDNN-
PSS cho thiy dap tmg dong cua hé thong tai
cac diéu kién van hanh hé théng dat duoc
v6i FTDNN-PSS c6 kha nang dap tat dao
dong t6t hon bo PSS Kundur.
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So sdnh do Iéch co mdy phdr 3 giita 2 bé PSS
PSS Kundur (dw)
PSS Noron (dw & dPa)

dtheta G3 (deg)

Hinh 11. So sanh d¢ léch goc co May phat 3
gitta PSS Kundur
va FTDNN-PSS.

Nhin thdy 13 bo FTDNN-PSS diéu chinh
goc léch ctia rotor méay phat tt hon so voi bo
PSS Kundur.

So sdnh dié¢n dp kich ni mdy phdr 3 giita 2 bg PSS
PSS Kundur (dw)
- ————- PSS Noron (dw & dPa)

Efd 63 (pu)

Hinh 12. So sanh dién ap kich tir May phat 3
gitta PSS Kundur va FTDNN.

Ng® ra tin hi¢u diéu khién b PSS Kundur
1a qua rong tai thoi diém bat dau ngan mach
va kho ma gi6i han dé bao vé hé thdng kich
tir. Tin hiéu diéu khién gidi han cua bo PSS-
Kundur khong thé dap ung su thay doi do
lech tdc do ngay lap tic. Vi vay, dao dong
d6 1éch toc do thi 16n hon so v6i bo FTDNN-
PSS.

So sdnh d6 léch toc d6 mdy phdr 3 gifta 2 bo PSS
PSS Kundur ()
————— PSS Noron (dw & dPaj)

00

1.00G [------ioo-o-

1.004

—=1.002
u

dwE3 (p

U g

0.99s

e

Hinh 13. So sanh do léch téc do May phat 3
giita PSS Kundur va FTDNN.

2. TH2: Su ¢ ngfm mach thoang qua
cach B2 30km va ting tai KV 1 thém 10%.

So sdnh do léch goe co mdy phdr 3 giita 2 b6 PSS
PSS Kundur (dw)
PSS Noron (dw & dPa)

dtheta M3 (deg)

Hinh 14. So sanh d¢ léch goc May phat 3 giita
PSS Kundur va FTDNN-PSS.

RO rang, trong khi dap img dong véi PSS
Kundur thi bi anh huong dang ké, dap tmg
dong v6i FTDNN-PSS van nhanh chéng tat
dan dao dong ngay ca khi thay d6i dang ké
trong diéu kién van hanh hé théng.

PSS Kundur (dw)
PSS Noron (dw & dPa)

Hinh 15. So sanh d¢ léch toc dé May phdt 3
gitta PSS Kundur va FTDNN.

Bo FTDNN-PSS cung cap su tit dan tot
nhét cho loai nhiéu loan nay. Tir Hinh 16 thay
r::ing dd 1éch toc do thi tat dan qué nhanh c6
thé duoc cai thién bang cach sir dung nhiing
cai dit dap tmg mong mudnAw,,AR |,
khacnhau.

So sdnh dién dp kich tr mdy phdr 3 gitta 2 b6 PSS
PSS Kundur (dw)
PSS Noron (dw & dPa)

Efd G3 (pu]
NoOBRoo

Hinh 16. So sanh dién ap kich tw May phat 3
gitta PSS Kundur va FTDNN .

Két qua md phong (Bang 1) cho cac
diéu kién van hanh va nhiéu loan khac nhau
chung t6 tinh hi€u qua va manh mé cia bd
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FTDNN-PSS. Sy tit dan nhanh va t6t hon nghia 1a cac may phat ¢ thé van hanh gan t6i kha
ning phat toi da ctia chung. Vi vy, dam bao rang cac may phat duy tri 6n dinh sau céc su c¢b
nhu sy ngin mach ba pha.

Bdng 1. Bang két qua so sanh hai

bo BSS trong cac truong hop

hé thong co cac sw co khac nhau.

5TT

Vi trd xiv ;| Thedgian HT bat
Lirixay ra sweoi | g2y in dinh trélai
ngin mach, ting - -
giam phu tai

% Téc 36 may phat A
so dinh mirc khico | Son, Y PRAEEE | prg oo dinh mec khi

YoBiénapdan |\ 4 po oo ek b
dinh mnre khi co

I CO h CO ZIF CO
: S :

PEE PEg PEE
Kuondur| Neren | Kunduor

PER PEE PR PER PEE
Noron Kondur | Noron Kuondur| Neron

Swred WM thoing qua
erita dweme day L1 5.0s 5.7s 100%:

(110km).

32% 100% 67% 100% T2%

(%]

Sircd WM thoangqua
trén duéme div L1 7.0s 6.0z 100%
cach Bl 80 km.

100% 67% 100% 100%

]

Sured Nhthoangqua
trén dwémg div L1 5.2 43z 100%
Cich Bl 50 Em

65% 100% 81% 100% 0%
Ly

Sired WM thoang qua
trén duemg day L1 7.0z 7.0z 100%
Cich B2 50 Km

100% 100% 94%0 100% 87.5%

LN

Suwecd MM thodns qua
trén dwomg div L1 7.0s 6.0s 100%
Cich B2 B0 Em

100% | 100% | 92% | 100% | 36%

Surco Nhthoangqua
trén duwémg diy L1
Cach BZ 30 Em Ta1

ving hai ting 10%%

7.0s 6.0s 100%0

92% 100% 100% 100%0 100%

Sired WM thoang qua
cich Bl 70km vi 6.8z 6.8z 100%

™5

sidm tai KV2 3%.

Q3% 100%% 4% 100%% 100%

Surco Nhthoangqua
trén L1 & giita dwdme
day, phutai KV ting 7.3s 73 100%
thém 10%, phu ta1
EVI gidm bot 5%.

28% 100%% 100% 100% 100%%

VI. KET LUAN

Nhitng doéng gop quan trong cla cong tac
nghién ctru dugc trinh bay trong bai bao nay
nhu sau:

Dé xuit bo FTDNN-PSS hai ngd vao
(dw & dPa) bang mang noron truyén
thang c6 delay ngd vao thay thé bo PSS
Kundur mét ngd vao (dw) diéu chinh

tin hi¢u dién 4p kich tu on dinh cho mot
hé théng nhiéu may phat.

- BO FTDNN-PSS c6 kha nang thich
nghi phi tuyén s& co dap ung tét hon
va tat dan nhanh hon déi véi cac nhidu
loan 16n va nho tham chi cac thay do6i
trong cac diéu kién van hanh hé théng.
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