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TOMTAT

On dinh tan s6 13 mot trong nhiing yéu cdu quan trong d6i vdi cac nha may thiy dién nhd nhim dam bao chat luong dién ning va van hanh an toan hé
thdng. Do ddc tinh phi tuyén va chiu dnh huéng cla nhiéu nhiéu tai, cac phuong phap diéu khién truyén thdng thudng gap kho khan trong viéc duy tri hiéu sudt
on dinh. Trong bai bdo nay, mt bd diéu khién Backstepping két hop b udc lugng no-ron dugc dé xudt dé diéu khién co cdu canh lai hudng, nham 6n dinh tan
56 méy phat ctia nha may thy dién nhd. Trén co 6 mé hinh todn hoc cda hé turbine - may phét va co cdu chdp hanh, b diéu khién dugc thiét ké theo phuong
phap Lyapunov nhdm dam bao tinh 6n dinh cta hé thdng. Bd udc lugng no-ron dugc sit dung dé xap xi va bu cac nhiéu tai va bat dinh md hinh. Két qua mé
phdng trén Matlab/Simulink cho thdy bo diéu khién dé xudt gitip hé thong dat dugc dap ng nhanh, on dinh tan s6 tot va duy tri chat lugng dién nang ngay i
khi ¢d nhiéu tac ddng. Cac két qua thu dugc chiing minh tinh hiéu qua va kha nang ting dung ctia phuong phap dé xuat ddi véi cdc nha mdy thiy dién nho.

Tirkhéa: Diéu khién Backstepping, on dinh tdn s6, mang na-ron, nha mdy thdy dién nho.

ABSTRACT

Frequency stability is one of the critical requirements for small hydropower plants to ensure power quality and safe system operation. Due to nonlinear
characteristics and the presence of load disturbances, conventional control methods often face difficulties in maintaining stable performance. In this paper, a
Backstepping controller combined with a neural network estimator is proposed to control the guide vane mechanism for stabilizing the generator frequency of
a small hydropower plant. Based on the mathematical model of the turbine-generator system and the actuator dynamics, the controller is designed using the
Lyapunov approach to guarantee system stability. The neural network estimator is employed to approximate and compensate for load disturbances and model
uncertainties. Simulation results obtained in Matlab/Simulink demonstrate that the proposed control scheme provides fast dynamic response, effective
frequency stabilization, and maintains power quality even in the presence of disturbances. The results confirm the effectiveness and applicability of the proposed
approach for small hydropower plants.

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

Cac nha may thay dién nhoé ngay cang dugc khai thac
rong rai nham tan dung nguén nang lugng tai tao phan
tan va dap ting nhu cau dién nang tai cac khu vuc xa trung
tam. Tuy nhién, do quy mé nho va thudng van hanh trong
diéu kién lu6i yéu hodc ché dé cé lap, bai toan 6n dinh
tan sé clia cadc nha may thuy dién nho van la mét thach
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thuc I6n déi vai hé théng dién. Su thay déi tai, dao déng
thay luc va cac bat dinh mé hinh c6 thé gay ra sai léch tan
s0, anh hudng truc ti€p dén chat lugng dién nang va do
tin cay van hanh hé théng.

Trong cac nghién ctu trudc day, nhiéu phuong phap
diéu khién tuyén tinh da dugc dé xuat cho bai toan diéu
khién tan s6 thuy dién. Doolla va Bhatti [1] da nghién ctu
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diéu khién tan s6 cho nha may thay dién nhoé van hanh ¢
lap, trong d6 tap trung vao viéc gidm cong suat xa tai. Tuy
nhién, phuong phéap nay cht yéu dua trén mé hinh tuyén
tinh va cé hiéu qua han ché khi hé théng chiu nhiéu I6n
hodc tham s6 thay d6i. Tuong tu, Eker [2] dé xuat bo diéu
téc bén viing cho tuabin thay dién dua trén cau tric diéu
khién cascade da bién, song van gap kho khan trong viéc
XU ly cac phi tuyén manh va bat dinh mé hinh dac trung
clia hé thdng thuy dién nhé. D€ khac phuc cac han ché clia
phuang phap tuyén tinh, cac ky thuat diéu khién phi tuyén
da thu hut sy quan tam trong nhirng nam gan day. Trong
dé6, phuang phap Backstepping ndi bat nhd kha nang thiét
ké bé diéu khién co6 co s& Lyapunov rd rang, dam bao tinh
6n dinh cho cac hé thdng phi tuyén bac cao. Gan day, viéc
két hop Backstepping véi mang no-ron nham xap xi va bu
cac nhiéu khéng xac dinh da cho thay hiéu qua trong nhiéu
hé thdng nang lugng. Nath va cong su [3] da ap dung diéu
khién Backstepping két hop mang na-ron cho hé théng
nang lugng song, dat dugc kha nang bam tét va chéng
nhiéu hiéu qua. Zhu va cong su [4] tiép tuc m& rong hudng
nghién ctu nay bang cach két hop Backstepping véi hoc
tang cudng va mang na-ron cho cac hé phi tuyén co tré,
chiing minh tinh uu viét vé kha nang thich nghiva 6n dinh.
Bén canh do6, cac nghién cliu gan day vé 6n dinh tan s
trong microgrid va hé théng nang lugng phan tan cho thay
viéc tich hop cac ky thuat diéu khién tién tién la can thiét
dé nang cao d6 bén viing clia hé théng. Nghién ctu [5] dé
xuat chién lugc diéu khién tan s6 cho microgrid van hanh
6 lap dua trén quan tinh 4o va bo diéu khién FOPID, cho
thay hiéu qua cai thién dap (ng tan sé nhung van phu
thudc nhiéu vao qua trinh hiéu chinh tham s6.

TU téng quan trén c6 thé thay rang, mac du da cé
nhiéu nghién ctu lién quan dén diéu khién tan sé cho
thuy dién nho va cac hé théng nang lugng tuong tu, viéc
Uing dung diéu khién Backstepping két hop mang no-ron
tructiép cho co cau canh lai hudng clia nha may thuy dién
nho van con han ché. Do d6, bai bdo nay dé xuat mét bo
diéu khién Backstepping két hop bd udc lugng na-ron
nham 8n dinh tan s6 may phat thong qua diéu khién canh
lai hudng. B diéu khién dugc thiét ké dua trén phan tich
Lyapunov nham dam béo tinh 6n dinh cla hé théng
trong diéu kién ton tai nhiéu tai va bat dinh mé hinh. Hiéu
qua ctia phuong phap dé xuat dugc kiém chiing théng
qua cac két qua mé phoéng.

2. MO HINH HE THONG

Trong nha may thay dién nho, hé théng én dinh tan
s6 bao gom cac thanh phan chinh: tuabin thuy luc, may
phat dién va co cau diéu khién canh lai hudng. Trong do,
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canh lai huéng déng vai tro diéu chinh luu lugng nudc
vao tuabin, tir d6 anh hudng truc ti€p dén mémen co va
téc do quay clia turbine, quyét dinh tan sé phat dién cla
may phat. Do d6, viéc xdy dung mo hinh todn hoc ctia hé
théng tap trung vao méi quan hé gilta géc ma canh lai
hudng va t6c d6 quay cua turbine.

Ding co Bé )
Servo diéu khién
Song Dip Gidm sit
nudc tan so
Turbine May phit

Hinh 1. Sa @6 mach vong diéu khién vi tri canh 1ai hudng

Canh lai hudng la mét co cau ca dién - thuy luc c6 khoi
lugng va momen quan tinh 1én, chiu tac déng cla
moémen diéu khién tur xi lanh thuy luc va mémen thay luc
do ap luc cot nuGc gay ra. Phuong trinh déng luc hoc cla
€0 cau canh lai hudng dugc mé ta nhu sau:

J6+BO+KB=M,—M, (1)

Trong dé:

6 la g6c ma& canh 1ai huéng (rad);

J1a mémen quan tinh quy déi ctia cum canh lai hudng;

B la hé s6 ma sat nhét;

M, 1a médmen diéu khién do xi lanh thay luc tao ra;

Ms 1a médmen thly luc do ap lyc nudc tac déng lén
canh lai huéng.

Moémen diéu khién M, dugc gia thiét ty |é thuan vdi tin
hiéu diéu khién u:

My =Ku (2)

Thay (2) vao (1) va va gom cac thanh phan nhiéu vao
mot hang tir duy nhat, ta thu dugc:

J6+BO+KB=K,u+d, (3)

Trong d9, dp 1a nhiéu téng hgp, bao gém mémen thay
luc va cac bat dinh tham sé.

Trong thuc té&, vong diéu khién vi tri canh lai huéng
thudng cé dap Ung nhanh so véi dong hoc cda turbine.
Do d6, hé théng canh lai hudng c6 thé dugc xap xi bang
mot khau quan tinh bac nhat:

T0+0=u 4)

Trong d6, T la hdng s6 thai gian cla co cdu chap hanh.
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Tu ham truyén (4) cho phuong trinh sau:
6=—Llo+lu (5)
T T

Bong luc hoc quay cuda turbine - mdy phat dugc mo ta
bdi phuang trinh can bang mémen:

Jw=T —T —Dw (6)

Trong do6:

w la téc d6 quay cla turbine;

Ji:1a mémen quan tinh quy d6i ctia t6 may;

Tmla mémen co do nudc tac ddng Ién turbine;

Tela mémen dién tu clla may phat;

D |a hé s6 ma sat va tén hao co.

Trong vung lam viéc gan diém danh dinh, mémen cg
Tm phu thudc chti yéu vao géc mé canh lai hudng va cé
thé xap xi tuyén tinh:

T.=K0© (7)

Trong khi dé, mémen dién tur va cac bién dong tai
dugc gop vao thanh phan nhiéu téng hgp d(t). Khi dé,
phuang trinh (6) c6 thé viét lai:

w=ab+d(t) (8)

VGi a:§lé hang s6 duong, d(t) la nhiéu tai khong

t
xac dinh, bao gbm bién dong céng suat tai, dao dong
thay luc va sai léch mé hinh.

Két hgp mé hinh canh lai huéng va mé hinh turbine -
may phat, mé hinh t8ng thé clia hé théng 6n dinh tan s6
dugc mo ta bai hé phuong trinh phi tuyén sau:

w=aB+d(t)
. 9)
6:—16+lu
T T
3. PIEU KHIEN BACKSTEPPING KET HOP BO UGC
LUGNG NG-RON

Trong muc nay, bé diéu khién Backstepping dugc
thiét ké cho hé théng diéu khién canh lai hudng nham 6n
dinh tan s6 quay turbine clla nha may thay dién nho.
Dong thai, mét bd udc lugng no-ron dugc tich hgp dé xap
xi va bu nhiéu tai khéng xac dinh, qua d6 nang cao kha
nang chéng nhiéu va dé bén vimng ctia hé théng.

Sai s6 gilfa toc do gdc thuc clia turbine w va téc d6
chuin w" laetaco:

(10)

Xay dung ham Lyapunov cho sai léch bam nhu sau:

e=w-w
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Vy=2e
2
Tién hanh phép toan ldy dao ham d6i véi ham
Lyapunov V;:

(1)

V,=eé=el@—w) (12)
Vi w 1ahdngsénén w =0, vivay:
V, =eé=ew
Thay (9) vao (13) nhan dugc:
V,=e(ab+d(t))
* Thiét ké diéu khién &o:
Khéng thay déi gia tri V, khi thém va bét vao biéu thiic
(14) gia tri aBq c:
V,=ea(6-6,)+e(ab, +d(t)) (15)
Chon bién diéu khién 4o 6, sao cho:

ab, =—k,d(t) (16)

Vi k; > 01ahang sé thiét ké va a(t) la gia tri uGc lugng
clia nhiéu tai.

Khi dé:

V, = —k,e* + aez +ed (17)

Trong d6: z=6-0, la sai léch diéu khién &o;
d :d(t)—a(t) la sai s6 udc lugng nhiéu.

* Thiét ké bo udc lugng no-ron cho nhiéu tai

Do nhiéu tai d(t) co tinh phi tuyén va khéng xac dinh,
moét mang no-ron dugc sir dung dé xap xi nhiéu theo
dang:

d(t)=W'd(x)+e (18)

Trong dé:

W’ la vector trong sé ly tuéng; @(x) la vector ham kich
hoat; € la sai s6 xap xi bi chan.

Gia tri udc lugng nhiéu dugc xac dinh bai:

d(t)=W o(x)

Sai s6 trong s6:

W=w"—W

Xay dung ham Lyapunov mé& rdng cho toan hé:

2

1 1 1.~ ~
V=—e+—22+-W'T7W
2 2 2

Trong d6, I la ma tran hoc duong xac dinh.
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Lay dao ham theo thdi gian:

V, =V, + 22+ W' T"'W (22)
* Thiét ké luat diéu khién thuc:

Tu dinh nghia z=6-6,:

c6

Truong hop 1: On dinh tan s6 trong diéu kién khong
nhiéu.
Trong trudng hop nay, hé théng dugc khao sat trong

diéu kién van hanh binh thuong, khong xét dén nhiéu tai

va

bat dinh mé hinh. Muc tiéu diéu khién |a dua téc do

quay turbine dat tGi gia tri danh dinh tuong (ng vdéi tan
s6 dat 60Hz.

Tén sé [Hz]

— Backstepping
= = = ‘Backslepping-NN|
| | | 1 1 1 1 1 1

0 05 1 15 2 25 3 35 4 45 5
Théi gian [s]

7=6-89, (23)
Thay (9) vao (23) c6:
1 1 :
z=——0+—-u-6 24
7ot T d (24)
Chon luat diéu khién:
u=T(—kzz+éd +%9] (25)
Véik; > 0.
* Luat cap nhat trong s mang nc-ron:
W =Td(x)e (26)
Khi do6:
WTW =W d(x)e 27)

* Ching minh tinh én dinh
Chitng minh V, <0

Thay cac biéu thuic trén vao V,, thu dugc:

1.4

o

o
o™

Téc d6 quay turbine [pu]
o o
= o

o
n

—Backstepping 7
= = = -Backstepping-NN B

o
T

V,<—ke’—k,z’ +¢€ (28)

Do k;, k> la cac hdng sé duang, nén hé théng dam bao
6n dinh tiém can theo tiéu chuan Lyapunov va cac sai s8
e, z bi chan trong mét mién nho phu thudc vao sai s6 xap
xi cla mang no-ron.

Nhu vay, bo diéu khién Backstepping két hgp bd udc
lugng no-ron dugc thiét ké dam bao 6n dinh tan sé quay
turbine ngay ca khi ton tai nhiéu tai va bat dinh mo hinh.
4. KET QUA MO PHONG

Trong phan trén, bai bao da xay dung bd diéu khién
Backstepping cho hé diéu khién canh lai hudng ctia may
phat thay dién. M6 hinh mé phéng dugc thuc hién trén
Matlab/Simulink. Tham sé mé phong ctia canh lai hudng:
Momen quén tinh J = 5.10°kgm?, hé s6 ma sat nhét
B = 0,02Nms/rad. Tham s6 may phat thay dién: Toc do
quay danh dinh wo = 1pu, cong suat dién danh dinh
P. = 1pu. Hé s8 6n dinh Lyapunov cta bo diéu khién
ki =12; k=18, hang s6 thai gian clia ca cau chap hanh
T = 0,2s. Tham s& mang no-ron: S6 nut I6p an N =7, ma
tran hoc ' = 25/, trong s6 khai tao W(0)=0, gidi han

bao hoa udc lugng nhiéu t;l(t) €[-0,80,8](pu).
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bién ap phat [pu]

o
&

Dong dién phat [pu]
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Hinh 3. T6c d0 quay ctia Turbine
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Tai thai diém bat ddu moé phong, téc dé turbine dugc
gid thiét léch khoi gia tri danh dinh. B6 diéu khién
Backstepping tac déng thong qua diéu chinh géc mé
canh lai hugng dé thay déi luu lugng nudc vao turbine, ti
d6 diéu chinh mémen co va téc d6 quay clia té may.

Cac két qua mé phoéng dugc thé hién trén cac hinh tur
hinh 2 + 5 cho thdy: Tan s6 phat nhanh chong hoi tu vé
gia tri 60Hz véi thoi gian qua dé ngén; Dap tng khong
xuat hién dao déng dang ké va khong cé hién tuong qua
diéu chinh; T6c dé quay turbine dat trang thai xac lap 6n
dinh; Dién 4p va dong dién phat dugc duy tri 6n dinh sau
giai doan qua do. Két qua nay cho thdy bo diéu khién
Backstepping dam bao t6t yéu cau 6n dinh tan s6 va chat
lugng dién nang trong diéu kién van hanh ly tudng.

Trudng hop 2: On dinh tan s6 khi c6 nhiéu tac dong.

Trong trudng hop thu hai, hé théng dugc khao séat
trong diéu kién co6 nhiéu tai va bat dinh mé hinh, nham
danh gia kha nang chéng nhiéu va d6 bén viing cta bd
diéu khién.

T T T
——Backstepping
———-Backstepping-NN

o
T

Tan s6 [Hz]

w &
S
T

0 0?2 054 O“S OiS ; 1;2 1?4 1?6 1f8 ;
Thei gian [s]
Hinh 6. Dap (ing tan s phat khi cd nhiéu tac dong
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Hinh 7. T6c d0 quay cta Turbine khi ¢4 nhiéu
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Hinh 9. Dong dién phat khi ¢ nhiéu

Khi nhiéu xuat hién, tan s6 va téc dé quay turbine c6
xu huéng sai léch khoi gi tri danh dinh. Tuy nhién, nh&
bo diéu khién Backstepping két hgp b udc lugng no-ron,
hé théng nhanh chong bu nhiéu théng qua diéu chinh
g6c mé canh 1ai huéng.

Nhan xét:

Cac két qua mo phong dugc thuc hién nham danh gia
hiéu qua ctia bo diéu khién Backstepping két hop bd udc
lugng no-ron déi véi bai toan n dinh tan s6 cla nha may
thay dién nhé. Trong truong hop khéong cé nhiéu, hé
théng diéu khién cho dap ung tét. T6c d6 quay cla
turbine nhanh chéng dat téi gia tri danh dinh tuong tng
V@i tan s6 60Hz. Dap tng tan s6 c6 dang tron, khéng xuat
hién hién tuogng dao déng hodc qua diéu chinh dang ké,
thai gian qua do ngan. Diéu nay cho thdy bo diéu khién
Backstepping dugc thiét ké phu hgp véi dac tinh dong
hoc cla hé théng. Cac dai lugng dién clia may phat nhu
dién &p va dong dién sau quéa dé dugc duy tri 6n dinh,
dap Uing yéu cau vé chat lugng dién nang trong diéu kién
van hanh binh thudng. Trong trudng hop cé nhiéu téc
dong, bao gobm nhiéu tai va cac bat dinh mé hinh, hé
théng van duy tri dugc khd nang 6n dinh. Khi nhiéu xuat
hién, tan s6 va toc dé turbine 6 sai léch trong thai gian
ngan, sau d6 nhanh chéng tré vé gia tri xac lap. Bién do
dao déng nhé va thai gian phuc héi ngan cho thay kha
nang chéng nhiéu va tinh bén viing ctia bd diéu khién. Bo
udc lugng no-ron déng vai trd quan trong trong viéc xap
xi va bu nhiéu khéng xac dinh, gép phan nang cao chat
lugng diéu khién.

TU cac két qua mé phong cé thé két luan rang bé diéu
khién dé xuat dap ung tét cac chi tiéu chat lugng déng
hoc va ddm bao 6n dinh tan sé cho hé théng thay dién
nho trong cac diéu kién lam viéc khac nhau.

5. KET LUAN

Bai bdo da trinh bay viéc xay dung moé hinh toan hoc
cla hé théng 6n dinh tan sd cho nha may thay dién nho,
trong d6 tap trung vao dong hoc clia co cau canh lai
huéng va hé turbine - may phat. Trén cc s& mé hinh phi
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tuyén cla hé thdng, bo diéu khién Backstepping két hop
vGi bé udc lugng na-ron da dugc thiét ké nham nang cao
kha nang én dinh va chéng nhiéu. Tinh én dinh clta hé
théng diéu khién dugc chiing minh thédng qua phuong
phap Lyapunov. Cac két qua moé phéng cho thay bo diéu
khién dé xuat dam bao én dinh tan s6 phat, dap ung
nhanh, han ché dao dong va duy tri chat lugng dién nang
ngay ca khi cé nhiéu tai va bat dinh mo hinh.

Két qua nghién ctiu cho thay phuang phap diéu khién
Backstepping két hgp no-ron la mét hudng tiép can phu
hgp va c6 tiém nang Ung dung trong thiét ké hé théng
diéu khién canh lai hudng cho cac nha may thay dién nho.
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