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ON DINH TAN SO CHO NHA MAY THUY DIEN NHO
DUA TREN BO DIEU KHIEN BACKSTEPPING

FREQUENCY STABILITY FOR SMALL HYDROPOWER PLANT BASED ON BACKSTEPPING CONTROLLER
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TOM TAT

Mot trong nhiing van dé chinh cla cac nha may thly dién nho la hé
thong diéu khién tan s6. Trong bai bao nay, mot hé thong diéu khién dua
trén bo diéu khién Backstepping dugc dé xuat d€ diéu khién canh 1ai hudng
gitip 6n dinh tan s6 cia may phét. K&t qua md phong cho thdy hé thdng diéu
khién c6 kha nang kiém soat tan s6 phat ngay c khi c6 sutac dong ctia nhiéu
[én hé thong.

Tirkhéa: Diéu khién Backstepping, on dinh, tan s6, nha mdy thiy dién nhé.

ABSTRACT

One of the major problems of small hydropower plants is the frequency
control system. In this paper, a control system based on Backstepping
controller is proposed to control the rudder to stabilize the frequency of the
generator. Simulation results show that the control system is capable of
controlling the generating frequency even when there is an impact of
disturbances on the system.

Keywords: Backstepping control, stability, frequency, small hydropower
plant.
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1.DAT VAN BE

Trong cac nha may thay dién, viéc duy tri tan s6 may
phét 6n dinh déng vai trd quan trong trong dam bao chat
lugng dién nang va én dinh hé théng dién [1]. Mét trong
nhiing yéu t6 &nh hudng dang ké dén tan s6 la hé théng
canh lai huéng, cé nhiém vu diéu chinh dong chay nuéc
vao tuabin. Viéc diéu khién chinh xac canh lai hudng giup
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duy tri suén dinh clia téc dé quay tuabin va do dé én dinh
tan s6 may phat [2]. Tuy nhién, hé théng canh lai hudng
c6 tinh phi tuyén cao va chiu anh huéng clia nhiéu yéu to
nhiéu loan nhu thay déi tai, dao déng thuy luc va dac tinh
dong luc hoc phuc tap clia dong chay. Cac phuong phap
diéu khién truyén théng nhu PID c6 thé khong dam béo
dugc hiéu suat t6i uu trong diéu kién lam viéc thay déi [3].
Do d6, can c6 mot phuang phap diéu khién tién tién hon
dé cai thién kha nang thich nghi va én dinh clia hé théng
[4, 5]. Phuang phap diéu khién Backstepping la mét trong
nhiing ky thuat hién dai, dua trén nguyén ly Lyapunov dé
thiét k& bo diéu khién theo tiing budc, ddm bao tinh 6n
dinh toan cuc cda hé théng. Phuong phap nay dac biét
phu hgp cho cac hé théng phi tuyén va co thé dp dung
hiéu qua trong diéu khién canh lai huéng nham én dinh
tan s6 may phat thay dién. Bai bao nay trinh bay viéc xay
dung bé diéu khién Backstepping cho hé théng canh lai
hudng, bao gobm mo hinh hoa hé théng, thiét ké bo diéu
khién va danh gia hiéu suat théng qua mé phdng. Két qua
nghién ctiu nham cung cadp mét gidi phap hiéu qua dé cai
thién d6 én dinh tan sé trong cac nha may thuy dién, gop
phan nang cao chat lugng van hanh hé thong dién.

2. MO HINH HE THONG

Dang co Bg
servo | dieu khien
Giam sat
tan so
Turbine May phat

Ta

Hinh 1. S d6 mach vong diéu khién vi tri canh li hudng
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Canh lai huéng la mét co cau quay, cé kich thudce va
khoi lugng 16n, chiu ap luc ctia cot nudc, phuong trinh mé
ta gdc quay canh lai huéng dugc viét nhu sau:

2
cd_?-'_Kad_a:Mu _MA
dt dt

Trong do6:

(1

Jc - Momen quan tinh clia cd cum canh 1ai huéng;

Ka- Hé s6 can ty 1é véi toc do quay canh lai hudng;

Ma - Momen thuy tinh;

M, - Momen do xilanh thuy luc tao ra d€ quay canh lai
huéng (momen diéu khién), momen nay c6 thé coi la tilé
thuan vdi tin hiéu diéu khién u, tuc la:

M, =K,u (2)

Thay (2) vao (1) va chia hai vé phuong trinh (1) cho K4
nhan dugc:

d’a da
GE d_ KUU'f'Z2 (3)
v, e K, M,
a Ka ch

Cac tham sé T, K, c6 thé coi la hdng s6, phu thudc vao
kich thudc va khéi lugng co cau canh lai hudng (khéng
phu thudc vao nang lugng cot nudc), con nhiéu tai z, phu
thudc vao ap luc cot nudce va la tham sé can xac dinh bang
phuong phap nhan dang.

Vong diéu khién vi tri canh lai huéng dugc rat gon va
xap xi vé khau quan tinh bac nhat véi ham truyén c6 dang
nhu sau:

a(s) _ K, @)

G =
w8 us) T,s+1

Tu ham truyén (4) cho phuong trinh sau:
Tad—a+a =K, u (5)
dt
3. XAY DUNG BO DPIEU KHIEN BACKSTEPPING
Goi sai sO gilta tan sé quay thuc cla turbine w va tan
s6 chuan wo la &, ta co:

5, =w-w, (6)

Xay dung ham Lyapunov cho sai léch bam tan sé
chuan nhu sau:

1

V1 256161 (7)

Tién hanh phép toan ldy dao ham déi véi ham
Lyapunov Vi:

V,=8,8,=8,(0-w,) (8)
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Vi wo la hang s6 nén w, =0, vi vay:

V,=8,8,=6w (9)
TU phuang trinh (1) c6:

. dw 1

W " [T( a+z,-w)] (10)

Thay (10) vao (9) nhan dugc:

V, =65, :6@:61[%(K0+21—w)] (11)

Khéng thay d6i gia tri V, khi thém va bét vao biéu thiic
(11) gid tri ¢,, (trong d6 ¢, la hang sé duong dugc chon):

V,=6,8,=6,0=58,[-,, +¢5, +%(Ka +z,-w)] (12)

Trién khai (12) nhan dugc:

V,=6,8,=6,0=-c,5+86,c,5, +%(Kq +z,-w)] (13)

Dat diéu khién o la B, sai léch gilia diéu khién 3o va
g6c ma@ canh lai hudng sé la &.:

6,=a-f

TU (14) sé co:

a=4,+p

Thay (15) vao (13) nhan dugc:

(14)

(15)

V. =68,=60=-c8 +5cH, +%(K(62 +B)+2,— )]
(16)
— & +$5152 +8.[c5, Jr%(KBJrz1 —w)]
Néu diéu khién do B dugc xac dinh sao cho téng:
5, +%(KB+Z1 -w)=0 (17)
Tuc la:
1
BzR[(.o—z1 -¢,6,T] (18)
Khi nay:
: , K
V1 = —C161 +?6162 (’I 9)
Xay dung ham Lyapunov cho téng sai léch bam tan s6
chuan va sai léch gitra diéu khién 3o va géc mé& canh lai
huéng:
1
V2 = V1 +56262 (20)

Tién hanh phép lay dao ham theo bién thai gian d6i
vGi ham Va:
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V, =V, +8,8, 1)
T (14) co:
5,=a-p (22)
Tu phuong trinh (5) c6 thé xac dinh a nhu sau:
_da_K —la (23)
dt T, T,
Thay phuong trinh (23) vao (22) nhan dugc:
. K 1 .
6, =—u——a- (24)
T, B
Thay 8, & phuong trinh (21) bing vé phai (24) c6
V,=V,+8 ( (25)

u—T—a B)

Khong thay déi gia tri V, khi thém va bét vao biéu
thuc (25) gia tri ¢,8, (trong d6 c; 1a hang s6 duong dugc

chon):
. . K 1 :
V, =V, +9,(-¢c,6, +¢,9, +T—au—T—a—B)
i
=V, -8,c,8,+6,(c,8, +—2u——a—f
1 2272 2( 272 Ta Ta B)
Chon luat diéu khién u sao cho t6ng:
K, 1 .
(c,5, +T—au—T—aa—B):0 (27)
Tuc la:
u =Ki(a+TaB—Tac262) (28)
Khi nay V, sé la:
V,=V,-c,5 (29)

Thay V, & vé phai phuong trinh (29) bang vé phai (19)
nhan dugc:

V,=—,87 + 56162 -c,82
T (30)

=—(c,8 —%6162 +¢,82)

Ching minh V,<0

Vi hai tham sé K va T la hai sé duong, nén thuong sé
$ cling sé luén luén duong, khi d6 c6 thé chon hai sé c;
va ¢ la hai s6 duong nhu sau:
(31

K K
. :E+Ac1 , G :E+AC2
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Trong d6, Aci, Ac; a hai s6 duong tuy chon. Thay ¢; va
C2 ¢ (31) vao (30) c6:
+Ac,)5? —55152 +(£

. K
Vv, = —((E +Ac,)83)

:—(—62 6 6, + 62) (Ac,87 +Ac,83)

o Cen BB o

—(A¢,87 +Ac,8))

fo o

Vi Ac; va Ac; la cac s6 duong tuy chon, nén dé dang
nhan thay néu chon c¢; va ¢, theo biéu thic (31) thi ham

—(A¢,87 +Ac,8))

V, ludn ludn am. Theo ly thuyét 6n dinh Lyapunov, cac
sai s6 &1 va &, sé tiém can vé gia tri 0. Tuc la tan sé quay
turbine sé tiém can 6n dinh vé gia tri chudn wy.

Nhu vay véi luat diéu khién u clia co cau tao Iénh 6n
dinh tan s quay turbine dugc thiét lap theo biéu thuc
(28) thi hé théng dam bao tan s quay turbine w én dinh
xung quanh gia tri chuan wo.

4. KET QUA MO PHONG

Trong phan trén, bai bao da xay dung bé diéu khién
Backstepping cho hé diéu khién canh lai hudng ciia may
phat thay dién. M6 hinh m6 phdéng dugc thuc hién trén
Matlab/Simulink. Tham s6 m6 phong cla canh lai huéng:
Momen quan tinh J = 5.103kgm?, hé s6 ma sat nhét B =
0,02Nms/rad, d6 ciing hé thong K = 0,5Nm/rad. Tham s6
may phat thay dién: Té6c d6 quay danh dinh wo = 1pu,
céng suat dién danh dinh P. = 1pu. Hé s6 6n dinh
Lyapunov cla bé diéu khién c; =3, c; = 4.

Trudng hgp 1: D€ gé¢c ma canh lai hudng la 10 d6, 6n
dinh tan s6 may phat la 60Hz. K&t qua nhu thé hién trén
hinh 2 + 5.

T T T T T

Goc mé canh lai huwong [d6]

Thai gian [s]

Hinh 2. Ddp ting géc mé canh 13 huéng
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Téc dé quay cla Turbine [pu]
bt o = o
%) = [=>] [--] —_
Il L 1

o
T

Thei gian [s]

Hinh 3. Tdc d quay cla Turbine

1 /”
\H \ \h
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:)1

\\\
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Thoi gian [s]
Hinh 4. Dién dp phat
60
N
L50r
kS
G40
a
T30
@
kel
o 20
w
£ 10
i
ol
0 1 2 3 4 5 6 7 8 9 10
Théi gian [s]

Hinh 5. Tan s6 dién ap phat

Trudng hgp 2: G6c md canh lai hudng la 10 dg, tai thai
diém giay thi 5 c6 nhiéu tac dong lam géc mé canh lai
tang dot ngot. Két quéa nhu thé hién trén hinh 6 + 9.

151

o
T

Goe mé canh lai hwéng [do]
o
T

o

| | ! . | 1 I | .
0 1 2 3 4 5 6 7 8 9 10
Thoi gian [s]

Hinh 6. Ddp (ing clia gdc md canh ai hudng khi ¢ nhiéu tac dong
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Hinh 7. Tdc d6 quay cla Turbine khi ¢ nhiéu

Bién ap phat [pu]

Thoi gian [s]

Hinh 8. Dién ap phét khi c nhiéu

o
=)

5.}
o
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o
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o

T4n s dién ap phat [Hz]

o

o
T

o 1 2 3 4 5 s 1 8 8 w0
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Hinh 9. Tan s6 dién ap phat khi cd nhiéu

Nhan xét:

Cac két qua mo6 phong cho thdy, bé diéu khién
Backstepping da cho két qua tét, viéc diéu khién canh lai
huéng 6n dinh, khéng c6 d6 qua chinh, thai gian quéa do
ngan, may phat git dugc 6n dinh tan sé dau ra. Khi c6
nhiéu tdc dong hé théng nhanh chéng 6n dinh, ddm béo
dién ap phat.

5. KET LUAN

Bai bao da trinh bay két qua téng hgp mé hinh may
phat thay dién nho va téng hgp bo diéu khién
Backstepping cho hé truyén déng canh lai hudng, ching
minh tinh 8n dinh cia hé theo tiéu chuan Lyapunov. Két
qua thu dugc cho thay bo diéu khién dam bao dugc yéu
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cau chat lugng ctia may phat, c6 thé tiing dung trong viéc
thiét ké bé diéu khién cho canh lai hudng clia cac nha
may thuay dién c& nhé.

TAI LIEU THAM KHAO

[1]. Doolla S., Bhatti T. S., “Load frequency control of an isolated small-
hydro power plant with reduced dump load,” /EEE Transactions on Power
Systems, 21(4): 1912-1919, 2006.

[2]. ilyas Eker, “Robust governor design for hydro turbines using a
multivariable-cascade control approach,” The Arabian Journal for Science and
Engineering, 28, 2B, 195-209, 2003.

[3]. Lie Jasa, Ardyono Priyadi, Mauridhi Hery Purnomo, “PID Control For
Micro-Hydro Power Plants Based on neural network,” in Proceedings of the
IASTED Conference Modelling, Identification, and Control, Phuket, Thailand,
2012.D0I: 10.2316/P.2012.769-039.

(4]. Chen Jian, Liang Gui-shu, Dong Qing, “Design of Additional Mix
Robust Governor Control for Hydraulic Turbine Generator,” in 2008 Third
International Conference on Electric Utility Deregulation and Restructuring and
Power Technologies, Nanjing, China, 2008.

[5]. C. Xu, D. Qian, “Governor design for a hydropower plant with an
upstream surge tank by GA-based fuzzy reduced-order sliding mode,”
Energies, 8,12, 134-143, 2015.

AUTHORS INFORMATION
Dang Tien Trung’, Lam Van Duc?, Ngo Thi Ngoc Anh’, Le Thi Phu’
"Faculty of Electrical Engineering, Electric Power University, Vietnam

Department of Academic Affairs, Petrovietnam College, Vietnam

Vol. 61 -No. 5A (May 2025)

HaUl Journal of Science and Technology | 51



