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DIEU KHIEN TAN SO DUA TREN HE THICH NGHI HAM GAUSS
SU' DUNG LYAPULOV CHO HE THONG DIEN HAI VUNG

FREQUENCY CONTROL STRATEGY APPLYING GAUSS-BASED ADAPTIVE CONTROL USING LYAPUNOV

FOR TWO AREAS POWER SYSTEMS
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TOM TAT

Nghién ciiu nay tap trung vao viéc diéu khién tan s6 cda hé théng dién da
két noi hai viing st dung cac tua bin khdng hoi nhiét. Véi doi tugng nay, trong hé
thdng bao gdm nhiéu thong s6 va la hé phi tuyén. Cac bd diéu khién tan s6
truyén théng (nhu P, Pl va PID) chi dat dugc hiéu suat diéu khién chua nhu mong
mudn vdi thai gian dap ing chdm va do qua diéu chinh Ién. Chinh vi véy, nghién
c(fu nay dua ra bo diéu khién thich nghi ham Gauss st dung Iy thuyét 6n dinh
Lyapunov nhdm néng cao chét lugng diéu khién hon so vdi cac phuong phap diéu
khién thdng thutng. Cc két qua mé phdng thu dugc thuc hién trén phan mém
MATLAB/Simulink khéng dinh tinh kha thi cGa gidi thuat diéu khién da dé xudt.

Tir khéa: Diéu khién tdn s6, hé thong dién da két ndi, diéu khién thich nghi
ham Gauss.

ABSTRACT

This study focuses on frequency stabilization of the interconnected power
system with two areas non reheat tuabin. With this object, the system includes
many parameters and is a nonlinear system. Conventional controllers (P, PI, PID)
only achieve poor control performance such as slow response time, large
overshoot. Therefore, this study proposes a Gauss-based adaptive control using
Lyapunov to improve control quality compared to conventional control methods.
The numerical simulation results obtained on MATLAB/Simulink software
confirm the feasibility of the proposed control algorithm.

Keywords: Frequency control, interconnected power system, Gauss-based
adaptive control.
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1.GIGI THIEU

Hé théng dién da két ndi trong thuc té la mot hé théng
v cling phc tap. Khi khéng co su can bang vé nang lugng
do tai thay déi dan dén tan s6 clia hé thong thay ddi lién
tuc so vdi tan s6 danh dinh trong mét khoang thaoi gian
ngan. Piéu nay dan dén cac dong co khong lam viéc dung
tai tan s6 dinh muc, khi hoat déng & tan s6 dudi 49,5Hz mét
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6 tua bin hai va ré t6 bi rung qua mdc. Su thay déi tan s
s& gay ra su ¢6 tai nguén dién do viéc tao ra song hai. Doi
vGi nhiing tram phat dién song song thi diéu can thiét la
tan s6 phai khéng ddi dé déng boé may phat dién. Rat nhiéu
thiét bi dién trong hé thong dién da két néi sé khéng lam
viéc binh thudng néu nhu tan sé khéng & tan s6 danh dinh.
Su suy gidm tan s6 qua lon trong hé théng sé lam tang cao
dong tur héa trong cadc dong ¢ cdm (ing va may bién ap.

Chinh vi vay rat can thiét dé thiét k& cac bo diéu khién
8n dinh tan s6 trong cac hé théng dién da két ndi. Nhiéu
nghién ctu vé diéu khién hé thdng dién da két néi da duoc
céng bé.

Nghién ctu [1] nghién ctiu bo diéu khién PID thich nghi
dua trén mang md - naron trong viéc Ung dung diéu khién
tan s6 hé tua bin may phat cda hé théng thay dién nho cho
két qua 6n dinh tan s6 tot.

Nghién ctu [2] tac gid da thanh 1ap mot mé hinh toan
hoc clia hé théng dién I6n. Phuong phap diéu khién dé
xudt trong nghién ctu nay la thanh 1ap cac phuong trinh
dai s6 Riccati mdi cho mé hinh diéu khién la hé théng dién
I6n dang xét roi ti€n hanh tim ra 16i gidi t6i uu cho nhing
phuong trinh nay.

Tac gia da thiét ké bo diéu khién Pl - ma dé kiém soat
tan s6 phu tai cho sdu vung s dung cac tua bin khéng hoi
nhiét trong nghién ctu [3]. Hé thong dién da két néi trong
nghién ctdu nay dugc tadc gid mdé hinh héa theo khéng
gian trang thai. Chién lugc diéu khién tac gia dua ra duoc
so sanh vadi cac phuong phéap diéu khién kinh dién nhu |,
Pl, PID.

B6 diéu khién tan s6 phan cap PID cho hé théng dién
lién két bén vung trong nghién cdu [4] cho nhiing trudng
hop khac nhau véi diéu kién AP, bang 0 (i =1,2,3,4). Véi
cdu truc dung bo diéu khién PID dé gidm thiéu anh hudng
clia GRC

Phuong phap diéu khién truct & nghién ctu [5] t6i uu
H.. tan s6 tai (SMLFC) cho hé théng dién lién két c6 thoi
gian tré. Tac gia da xay dung mét bé mat trugt phan tng
nhanh va cé hiéu suat cao tir d6 thiét ké bo diéu khién dam
bdo khd nang ti€p can clha mat truot trong moét khoang
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thai gian htu han. Nghién ctu chua xét dén nhiing trudng
hop c6 GDB, GRC va su thay d6i cac théng sé trong qua
trinh hé théng hoat dong.

B6 diéu khién md dugc dé xuat trong nghién cdu [3]
nham tim ki€m nhiing théng sé t6i uu cho b diéu khién
PID dé diéu khién tan sé cho ba vung.

Muc tiéu chinh la loai b hodc lam suy bién t6i da tat ca
cac dao déng tan s6 va cong suat trén dudng day. Sai léch
tan s6 khoang tir 0,01Hz dén 0,05Hz véi thoi gian xac lap 1a
tu 4 dén 5 gidy. Két qua cho thdy bd diéu khién hoat dong
t6t khi so sanh véi phuong phap PID ¢6 dién va phuong
phap PSO.

B6 diéu khién no ron trong nghién ctiu [6] lién tuc diéu
chinh cac théng s6 cta bo diéu khién PID theo su thay ddi
cla céc 16i kiém soat khu vuc (ACE). Tin hiéu 16i l1a dau vao
clia mang noron, bo diéu khién dugc huan luyén sao cho
thu dugc gia tri ddu ra mong mudn véi mdi gia tri dau vao.

Theo nghién ctiu [7] nhédm tac gia thiét ké bd diéu khién
cho hé théng dién hai ving tua bin khong hoi nhiét cé xét
dén cac yéu té bat dinh dé hé théng phi tuyén nhu GDB
(dai chét clia may diéu t6c), GRC (gidi han toc dé ciia may
phat dién), tinh tré cla thdi gian trong hé thong

Theo nghién ctiu [8] hé th6ng ma nhém tac gia xem xét
la hé thong dién ba vling gio, nhiét va hydro. Nhém tac gia
dua ra phuong phap diéu khién 13 cac bd diéu khién nang
cao nhu PID, FOPID, FPID va FFOPID chung dugc thiét ké
dua trén ham muc tiéu ITAE.

Phuong phap diéu khién dung trong nghién ctu [9] 1a
bo diéu khién lai hPSO-PS cho d8i tugng 2 vung tua bin
khong héi nhiét méi viung cé hai may phat.

Bo diéu khién du bdo truéc méd hinh (MPC) dé diéu
khién hé théng dién da két ndi bén vung tam may phat
dugc nghién cdu trong [4]. Tac gia co xét dén su thay déi
clia tai va cac yéu t6 bat dinh. K&t qua ctia nghién ctiu dugc
so sanh vai bo diéu khién PID

Trong nghién cutu [10] si dung thuat todn QOGWO dé
t6i uu cac théng s6 bo diéu khién PID dua trén ham muc
tiéu ITAE.

Thuat todn COA dugc dung trong nghién ctu [11]. Bay
la thuat toan dua trén dac tinh séng cta chim cuckoo. B
diéu khién dung dé kiém soat tan s6 phu tai cho hé da két
néi hai viing khéng héi nhiét, hai vung da may phat, ba
vling tua bin hydro nhiéu may phat cé xét dén cac yéu té
bat dinh nhu GDB, GRC.

Trong nghién ctu [12] dé xudt bd diéu khién trugt
T- SMC cho hé théng dién da két noi hai viing véi cac tua
bin gié. M6 hinh hé théng dugc xdy dung theo mé hinh
khéng gian trang thai.

Trong nghién ctru [13] nghién ctu bo diéu khién quan
tinh 3o dé 8n dinh tan s6 trong hé théng dién da két néi hai
vlng ¢4 nguén cap la nang lugng tai tao gié va mat troi. Bo
diéu khién dugc cac tac gia dé xuat la bo diéu khién vong
trong hé théng nham 6n dinh tan s6 clia hé théng.
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Trong bédo céo nay, cac tac giad trinh bay vé diéu khién
thich nghi ham Gauss st dung Lyapunov 6n dinh tan s6
cho hé thong dién da két noi
2. MO HINH HE THONG PIEN DA KET NOI HAI VUNG

Hé théng dugc xay dung theo khong gian trang thai la
hé théng gém hai vliing tua bin khong héi nhiét. So d6 khoi
cla hé théng dugc trinh bay trén hinh 1. Hé théng dién da
két noi nay la hai viing, méi vung déu gém mdy phat téc,
tua bin khong hoi nhiét, may phat va tai. Hé théng dién da
két ndi la moét hé théng phc tap véi nhiéu thong s6 va la
hé théng phi tuyén.

Afl
X1

Non- Reheat Turbin Generator 1

)

Govemor 1

6 AP 5
; AR

1 Apt2

1

Tg2.8+1 Tch2.s+1 x5 M2s02 | x4

u2 < )
Govenor 2 x6 Goveror 3 Generator 2

APL2

Hinh 1. M hinh hé thdng dién hai viing st dung tua bin khdng hoi nhiét [14]
Cac bién trang thai dugc dat la:

=M x=M  x=M,  x=A X =4,
=0P,  x=M, x=[AEd x=[AEd

Cac bién diéu khién dugc dat 1a: u,, u,

Céc bién nhiéu dau vao: d, = AP, d,=AP,

Cac khéi ham truyén dugc danh sé tir 1 dén 9

Khéi 1 ta co:

D 1. 1 4

X, = L, X, - X, —~- 1
1 M,I 1 M1 2 M,I 7 M,I ( )
Khéi 2:
.- 1
X, _ﬁxz +sz (2)
Khéi 3:
A 1
X3 _R1'Tg1 X1 'ixs +T791u1 (3)
Khéi 4:
. D, 1 1.1
X, _WX4+WX5+WX7 Wd2 (4)
Khéi 5:
- -1 1
X, = X, + =X, 5
TchZ TchZ ( )
Khéi 6:

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619 SCIENCE - TECHNOLOGY

. -1 -1 1 Phuong phap chinh cta diéu khién thich nghi la su
Xs :szx +-|-7x6 +-|-7uz (6) dung mé hinh chudn MRAS (Model Reference Adaptive
e ” o System) day la hé théng thich nghi truc tiép c6 mé ta nhu
Khéi 7: trén hinh 2.
X, =27T, X, -27T, X, 7) Dé thi€t k& hé MRAS trong bai bao nay st dung ly
thuyét 6n dinh Lyapunov si dung ham Gauss. Xét doi
Khoi 8: tugng phi tuyén nhu sau:
X, =By X, +X, ®) X(t) = AX(t) +B[u, (t) + A(X)] (10)
Khi 9: A, B: La ma tran trang thai.
X, =B, X, -X, 9) u, (t) = u, () +u_(t) (1)
Ta c6 cdc ma tran trang thai la: U,,(t): La tin hiéu diéu khién thich nghi.
[ -D, 1 -1 ] A(x): La ham nhiéu dugc trinh bay nhu phuong trinh sau:
M R 0 0 0 0 W 0 0
‘ ! ‘ Ax) =Q, (t)p(x) (12)
o L 1 o o o 0 0 , el
T T Chon ¢(x) theo kiéu Gauss: ¢(x)=e 201 (13)
% 0 %1 0 0 0 0 0 O Vay phuong trinh khong gian trang thai cia déi tugng
11a1 gl |é
o o o 2 1 o 1 g9 |
A M. M, M X(t) = AX(t) +B[u, (1) +u,, () +Q, (DF()] (14)
0 0 0 0 T—1 T1 0 0 0 Mé hinh chuan cda déi tuong dugc cho nhu sau:
: 1 X, (t)=A_x(t)+B_u, (t) (15)
0 0 0 — 0 — 0 00 . . ’
R, T, T, Luc d6 b diéu khién thich nghi dugc thiét lap:
2nT, 0 -2nxT, 0 0O 0 O U (t) = Q X(t) +Q'u ® QA ) (16)
B, 0 0 0 0o 1 00 e e '
o o0 0 B, 0 -1 0 Taco:
_ - BQ, =A_—A
0 0 o 0 0 0o O o0 o .
0 0 0 0 0 0 0 0 O BQ, =B, -B (17)
T1— 0 0 0 0 0 0 0 0 Q, ¢(x) = Q, (HP(x)
gl . .
0 O 0 0 O 0 0 0 o Nhu vay x(t) sé bam theo xm(t) khit tién dén oo
B=]| o 0 0 0 0 0 0 0 O Can xay dung luat diéu khién thich nghi véi cac théng
1 s6 d6i tugng chua biét, nén ta phai udc lugng cac thong sé
0 o 0 0 0o O o0 o N
T2 diéu khién Q.,Q;,Q. trusc khi thiét Iap luat thich nghi.
0 0 60 0 0 0 00 Cac théng s6 udc lugng dugc cho nhu sau:
0 0 o 0 0 0o O o0 o
| o‘ O 0 0 0 0 0 0 O] limQ,(1=Q;
3. BO PIEU KHIEN THICH NGHI HAM GAUSS SU DUNG lim Q,(t)=Q; (18)
LYAPUNOV ot
—.{ M@ hinh tham chiéu th)rIJOQ)\ (t) = Q;

TU d6 ta c6 luat diéu khién thich nghi véi cac thong s6

L_Lj B6 diéu lj:én |£..| Déi tuong |— ‘ e uéc lugng dugc thiét lap nhu sau:
wl | el E Uy () = QX0+ Qe (6 -G, 0 (19
. ] Trong d6: Q,(t) - La uSc lugng clia Q,
Hinh 2. Hé théng diéu khién thich nghi truc tiép Q;(t) - La udc lugng clia Q,
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Q, (t) - La u6c lugng cda Q,

AQ,(t) =Q,(H)-Q,

Dat < AQ, (1) = Q, (1) - Q; (20)
AQ,(H)=0Q,(H)-Q;
Vay ta co:
X(t) = [A+BQ, (X(t)+ [B-+BQ, (t)]u, (1) 21)
+B-Qu (D () + Q, (DF (x)]
Thay cac gia tri:
Q,(t) =AQ,(1)+Q,
Q, (1) = AQ, (1) +Q, (22)
Q,(t=4Q,1+Q;
Vao phuong trinh ta cé:
x(t) = [A+BQj Ix(t) + [B+BQ; Ju, (1) (23)
+B[AQ, ()x(t) + AQ; (t)u, (1) — AQ, (1)f(x)]
X(£) = A X(£)+B,U, (1) (24)
+B[AQ, (D)X(t) + AQ, (t)u, (t) — AQ, ()f(X)]
Ta cé:
e(t) =x(t)—x,,(t) 25)
= A.e(t) +B[AQ, (1)x(t) + AQ, (D)u, (1) — AQ, (DF (X)]
Ma BQ, =B_-B suyraB=B_(1+Q;)" (26)
e(t) = x(t) —x,, (t)
= Ae(t)+B,,(I+ Q) '[AQ, (t)x(t) (27)

+ AQB (t)uo (t) - AQ)\ (t)f(X)]

Dé thiét 1ap luat thich nghi udc lugng théng s6 diéu
khién K(t), nén chon mét ham Lyapunov phu thudc vao e(t)
va K(t) nhu sau:

V(t) = e’ (t)Pe(t) +[tr(AQ, (H)(1+Q;) ' Y;'AQ, (1))
+r(AQ] (H)(1+Q;) ' Y;5'AQ, (1))
+tr(AQ] (H)(1+Q;) 'Y, AQ, (1))

Trong d6:

Y,, Y, Y :lahé s6 khuéch dai duong

(28)

P = P": 1a ma tran d8i xing xac dinh duong thdéa man
phuong trinh Lyapunov sau day:
AIP+PA_=-M (M=M">0) (29)

Vay ta cdé dao ham cla ham Lyapunov dugc tinh nhu
sau:
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V(t)=e" ()ATPe(t) +e" ()PA_e(t)
+2e" (t)PB, (1+Q;) '[AQ, (t)x(t)
+AQ, (t)u, (1) — AQ, (1)F(X)]
+trRAQL(H)(1+Q5) " Y, AQ, (1)
+trAQ] ()(1+Q;) "Y' AQs (1))

+trRAQI(1)(1+ Q) Y'AQ, (1)
Ta co két qua sau:
2e" (tPB,, (I+Q,) '[AQ, (1)X(t) + AQ, (t)u, (1) —AQ, (D (X)]
= tr(2€ (VPB, (1+ Q) '[AQ, (tX(t)
+AQ, (t)u, (1) - AQ, (1) (x)])
Vivay suy ra:

@31

V(t)=e' (t)[A] P+PA_le(t)
+tr(20+Q;) " AQ, (DIPB, DX (1) + Y, AQ(1)]) 52)
+tr(2(+Q;) " AQ, (H[PBe(t)u," (t)+ V' AQs (1))
+tr(20+Q,) " AQ, (H)[PB, e(H)s’ (¥)+ Y;'AQ, (1)])

V(t) =—e" (t)Me(t)
+tr(20+Q}) " AQ, ([PB, e(HX" (t) + Y, AQ4(t)])
+r(20+Q;) " AQ, (D[P, e(t)u, (1) + Y5 AQs (1))

+1r2(0+Q;) " AQ, (H[-PB,e(t)g’ () + Y;'AQ(1)])

Hé théng 6n dinh khi dao ham ctia ham Lyapunov phai
am chinh vi vay chon nhu sau:

PB, e(t)x" (t)+ Y;'AQA(t) =0
PB_e(t)u,” () + Y;'AQs(t) =0
—PB_e(t)g" (x)+ Y;'AQ, (t) =0
TU phuong trinh trén ta cé:
AQ,(t)=-Y,PB_e(t)x"(t)

AQg(t) =—Y,PB_e(t)u," (t)

AQ,(t) = Y,PB_e(t)¢" (x)

Theo (20) ma cac tham s6 diéu khién Q,,Q;,Q, la cic
hang s6 c6 dao ham bang 0. Nén bo diéu khién thich nghi
duoc thiét ké nhu sau:

Qa(t) =—Y,PB_e(t)x"(t)
Qs(t) =—Y,PB_e(t)u," (t)
Q. (1) = Y,PB_e(t)g (x)
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B6 diéu khién thiét ké mong muén e(t) - 0 khit —» o
(Theo bé dé Barbalat chiing minh hé théng 6n dinh tiém
can véi quy dao hdi tu). Theo doé tinh dugc cac gia tri
Qa(1),Qs(1),Q, (1) v6i thanh phan phan héi bac nhat nhu
sau:

Qa(t) = —(Y,PBe(t)x" (t) +1,Q,)
Qs (1) = —(Y4PB,e(t)u," (t) + 1, Q)
Qx t)= Y)\PBme(tWT (x)+u,Q,

4.KET QUA

Phan nay trinh bay vé két qua mé phong diéu khién tan
s6 hé théng dién da két néi hai vung tua bin khong hoi
nhiét. K&t qud cta bo diéu khién thich nghi ham Gauss
dugc so sanh véi bo diéu khién Pl, PID dé ching té dugc bd
diéu khién thiét ké c6 chat lugng diéu khién tét hon.

Cac théng s6 clia hé théng nhu trong bang 1.

Bang 1. Thong s hé thong dién hai ving [14]

Ving 1 Gia tri Viing 2 Gia tri
M (p.u.s) 0,167 M, (p.u.s) 0,167
D, (p.u./Hz) 0,008 D, (p.u./Hz) 0,008
T (9) 04 T2 (5) 0,4
T.(5) 0,08 T,(5) 0,08
R, (Hz/p.u.) 24 R, (Hz/p.u.) 24
B, (p.u./Hz) 0,425 B, (p.u./Hz) 0,425
T,(p.u./rad.) 0,07 T,(p.u./rad.) 0,07
Trudng hgp 1: APL, =0,03(pu), APL, = 0,04(pu) (dang
ham step)
005
JAN

—— B diéu khién thich nghi him Gauss
—— B dicu khiénPID

—— B diéu hién PI

AF1(Hz)
N .
T

415
aar \/

425
0

I I
§ 10 15 20 2% 30 35
Time(s)

Hinh 3. Dap ing sai s6 tan so viing 1 trong trudng hgp 1

0.05

0

\/ —— B diéu Khién thich nghi him Gauss | |
——Bj diéu khién PID

AF2(Hz)

——Bj diéu khién PI 1

[7
_, /
i7a
Vo |

5 10 1§ 20 2% 30 35
Time(s)

Hinh 4. Dap (ing sai s6 tan s6 viing 2 trong trudng hgp 1
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Trudng hgp 2: APL, =0,03(pu), APL, =0,05(pu) (dang
ham random véi thai gian 1dy mau la 15s)

002

///’

0.02

/ / —— Bjdiu Khién thich nghi him Gauss
A \ / / — By diéukhién PID
006 \ By dituhién P

HAY

0.1

o\

0.4

A F1(z)

0 N 10 15 0 5 3N 3 4 % 30
Time(s)

Hinh 5. Dap ting sai s6 tan sd vling 1 trong trudng hgp 2

00 : :

————

o / L — Bj) dicu khien thich nghi ham Gauss L]

’ — B diu kidn PID
IR o
.04 Bi diéu khicn P1 i
206 |
\ /ﬂ

I

AF2(HZ)

0.8

0.1

-0.12 v

0.4
I N 10 15 20 2% 30 3 4 & 50

Time(s)

Hinh 6. Dap ting sai s6 tan s6 vling 2 trong trudng hgp 2

Mot tiéu chudn danh gia chat lugng diéu khién 1a ITAE
dugc tinh nhu sau:

t

ITAE = (|AF |+ |AF, | +|AP,,|)t.dt

Vi két qud & bang 2 cho thdy b6 diéu khién dé xuat co
tiéu chuan diéu khién ITAE va thai gian xac lap |a thap nhét.
Diéu nay ching té dugc bd diéu khién thich nghi ham
Gauss dung tiéu chuan én dinh Lyapunov t&t hon bé diéu
khién Pl va PID.

Bang 2. Bang so sanh cac chi tiéu chét lugng diéu khién

Truong hop 1 Truéng hop 2

Phuong phap diéu Thei gian Thei gian
khién ITAE | Xaclap(s) | ITAE | xaclap(s)

AF, | AF, AF, | AF,

Bo diéu khién P 92 | 1931205 | 1,5 |325]| 337
B diéu khién PID 1,1 68 | 68 | 22 | 278 | 285
ﬁ:r:gu:"e“ thich nghi 0> | 54 | 55 | 09 | 125 | 141

5. KET LUAN

Bai bao nay trinh bay vé bai toan diéu khién thich nghi
ham Gauss theo tiéu chudn 6n dinh Lyapunov cho hé
thong dién da két néi hai vung la tua bin khéng héi nhiét.
Bo diéu khién lubn mong mudn dat dugc két qua sao cho
sai sO tan s6 hai vung tién vé 0. Cac két qua mé phéng cua
b6 diéu khién thich nghi ham Gauss cling dugc so sanh vdi
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b6 diéu khién PID cho thdy két qua tSt hon so véi bo diéu
khién PID.

Hudng phat trién tiép theo ctia nghién ctu la thiét ké
b6 diéu khién nham diéu chinh nhiing théng sé thich nghi
cho hé théng nhiéu hon hai viing c6 xem xét dén cac yéu
té bat dinh va nang lugng tai tao trong hé théng dién da
két néi.
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