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NG DUNG GIAI THUAT BACKSTEPPING
XAY DUNG THUAT TOAN ON DINH TAN SO QUAY TURBINE
O NHA MAY THUY BIEN VUA VA NHO
USING BACKSTEPPING APPROACH TO DESIGN ALGORITHM FOR STABILIZING THE
FREQUENCY OF TURBINE IN SMALL AND MEDIUM HYDROELECTRIC POWER PLANT
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Tém tét:

M6t thudt todn diéu khién canh Idi hudng cdp nudc cho turbin dua trén giai thudt backstepping da
dudc xay dung. Trén cd s& thudt todn dé xudt nay tan s6 quay cla turbin trong t6 may phét dién véi
cdng sudt vira va nho dugc diéu khién 6n dinh.

T khoéa:

Thuy dién vira va nhd, canh lai hudng cap nudc, diéu khién, giai thuat backstepping.

Abstract:

An algorithm to control the water inlet valves of turbine based on backstepping approach is

designed. Using proposed algorithm the frequency of turbine in the small and medium hydroelectric
power plant will be stability controlled.
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Small and medium hydroelectric plant, water inlet valves, control, backstepping approach.

1. DAT VAN DE D6i voi cac nha may thuy dién cong sudt
vira va nhé ¢ Viét Nam hién nay phan
thiét bi thuong 13 nhip ngoai. Dbi véi cac

, thiét bi nhap ngoai nay thi thiét bi diéu
mdy phat dién” thuong c6 cau tric nhu  khién vi tri canh ldi hudng thuong co cu

So d6 chirc ning qua trinh diéu khién on
dinh tin s6 quay cho t6 may “turbine +

N , 3
hinh 1 [1]. truc [1, 3] nhu hinh 2.
~ | wo Cd cautao Cd cau tao U Cd cdu quay canh | o w
Cd cau tao tan —»@-» 1énh 6n dinh 1énh digu 1ai huéng dong Turbine + May
s6 chudn Wo tan sé quay khién vi tri nudc phat dién
w turbine (Van)

a canh lai hudn

Cd cdu do géc

Co c4u do tan sd|
quay

Hinh 1. So’ dd chirc ning qua trinh diéu khién quay turbine may phat dién
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u €t | Bo digu khién| Ut
'®_’ Vi tri

Van dién - Thuy luc

Fv a

Servomotor >

Cam bién vi tri

Hinh 2. So’ dd mach vong diéu khién vj tri canh lai hwéng

Ciing theo tai liéu [3] cho thiy, “mach
vong diéu khién vi tri canh lai hudng”
duogc rut gon va xap xi vé khau quéan tinh
béac nhat voi ham truyén cé dang nhu sau:

G, (s)= 2 _ Ko (1)
u(s) Ts+1
Tir ham truyén (1) cho phuong trinh sau:
7% a-Ku @)
dt

Dbi v6i to6 may “turbine + may phat dién”
phuong trinh dong hoc dugc viét nhu
sau [1]:
do
I'—+w=Ka+z 3)
dt

Nhiém vu diéu khién & day 1a can xac
dinh quy luat thay doi tin hiéu u dé tan so
® On dinh xung quanh gia tri danh dinh
@, . Gia tri danh dinh phu thudc vao tan
s6 dién luéi qudc gia va sb cap cuc cua
nam cham dién ¢ rotor may phat di¢n:

W, = 27r£ 4)

P

trong d6 dbi voi Viét Nam f, = 50 Hz,
p- s cdp cuc nam cham dién.

Hién nay luat diéu khién o cac thiét bi
nudc ngoai chuyén giao thuong la luat
PID:

ut)=K,(o—aw,)+

d(w—w,) (5)

K, ! (0(0)=0))dr+ K, —=—

Céac hé s6 K,, K,, K, trong ludt diéu
khién PID duogc cing hoa (1a cac sb duogc
nhap vao thiét bji va khong doi trong qua
trinh van hanh) nén khong tuong thich véi
su thay ddi cua cac tham s6 Ky, Ty, T, K,
z; trong céc phuong trinh mo6 hinh (3) va
(2). Trong khi d6, d6i véi nha may thiay
dién cong sut vira va nho, cac tham sd
nay thuong thay doi theo ning luong cot
nudc noi dat turbine. Vi vy trong bai bao
nay s& tong hop luat diéu khién u co day
du thong tin vé sai léch (w(r) - ,) va cac
gia tri cua cac tham $6 Ky, To, T, K, z1.
Tirc 1 luat didu khién c6 tinh thich nghi.

2. XAY DU'NG THUAT TOAN ON DINH
TAN SO QUAY TURBINE TREN CO SO
(NG DUNG GIAI THUAT
BACKSTEPPING

Giai thuat backstepping 1a giai phap thiét
ké luat diéu khién theo tht tu cudn chiéu
[2], [4], [5], [6] 4p dung t6t cho cac hé
truyén nguoc offine dang nhu hé (2) va
(3). Sau day s€ ap dung giai thuat
backstepping cho viéc tong hop 1énh 6n
dinh tan s6 quay turbine.

Goi sai s g@ﬁ?a ,t:‘?ln §6 quay thuc cua
turbine @ va tan so chuan o, 1a J,, tic la:

0, =0—0, (6)

Xay dung ham Lyapunov cho sai 1éch
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bam tin sd chuin nhu sau:
1
Vl = 5 5151 (7)

Tién hanh phép toan lay dao ham ddi voi
ham Lyapunov V:

V=060 =0(w-w,) (8)
Vi o, 1a hang s6 nén @, =0, vivay:
V=060 =6 9)
Tur phuong trinh (3) c6:
. do 1
w=—=[—(Ka+z -w 10
% [T( | —w)] (10)

Thay (10) vao (9) nhan dugc:
; : : 1
V=60, =6mw= 51[?(Ka +z,-w)] (11)

Khong thay doi gia tri ¥ khi thém va b6t
vao biéu thirc (11) gia tri ¢,0, (trong do

¢ la hang s6 duong dugc chon):

V=30 =00=
0,[-¢c,6,+c¢c 0, (12)
+%(Koc+zl -—m)]
Trién khai (12) nhan dugc:
V=60 =8i=-cd +
(13)

d,[c,6,+ %(Ka +2z - m)]

bat diéu khién ao l1a S, sai 1éch giira dieu
khién 40 va géoc mé canh 1ai hudng sé€ la
0,:

o,=a-p (14)
Tu (14) sé co:
a=0,+p (15)

Thay « theo (15) vao vé phai (13) nhan

duoc:
V. =30 =00=-c0d

1
+0,[c 6, + ?(K(é2 +P)+z, —w)]
(16)
— e+ Rss 18cs
T
1
+?(K/3’ +z -w)]

Néu dicu khién a0 £ dugc xac dinh sao

cho tong:

c151+%(K,B+zl—a)):O (17)
Tuec la:

y/; :%[a)—z1 —c0,T] (18)
Khi nay:

V,=-c6 +§5152 (19)

Xay dung ham Lyapunov cho tong sai
léch bam tan s6 chuan va sai léch giira
diéu khién a0 va goc mé canh lai hudng:

1
V,=" +55252 (20)
Tién hanh phép lay dao ham theo bién
thoi gian doi véi ham V :

V,=V +6,0, 1)
Twr (14) co:
8 =a-p (22)

Tir phuong trinh (2) c6 thé xac dinh ¢
nhu sau:

(23)
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Thay ¢ & phuong trinh (22) bang vé phai
(23) nhan dugc:

. K 1 .
0, =—2u-—a-
T T p

a a

(24)

Thay 52 & phuong trinh (21) bang vé phai

(24) nhan duoc:
. K 1 .
V2=V]+62(7;"u—ia—/5) (25)

Khong thay doi gia tri ¥, khi thém va bét
vao biéu thirc (25) gid tri ¢,8, (trong d6
¢, la hang s dwong dugc chon):

Vz = Vl + 52 (_0252 + 6252

K 1 ;
+—tu-—aoa-
U a=p)

“ .0 (26)
= Vl - 52C252 + 52 (0252
K 1 .
+—tu-—aoa-
T B)

Néu diéu u dugc xac dinh sao cho tong:

K 1 .
(0262+T:u—za—ﬁ)=0 (27)
Tt la:
u=i(a+Ta[3-Tac252) (28)

Ka
Khi nay 7, sé la:
S )
V,=V-c9, (29)

Thay V. & vé phai phuong trinh (29) bang
vé phai (19) nhan duoc:
; K
V,= _01612 + ?5152 - 02622
. (30)
2 2
=—(c,6; - ?6152 +c,0,)

C6 thé chimg minh b dé sau:

Bo dé. Véi bat ky cdc gid tri dwong nao
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, K \
cua thuong so ? déu chon dwoc hai hé
s6 ¢, va ¢, dé ham so:
y=106,8,)=(d;

31
_§6;§2 +Cz522) Gh

Luén luon duong, tirc la V2 luén luén am.

Chirng minh. Vi hai tham sé6 K va T 1a
: A A A K ~ ~

hai s6 duong, nén thuong so T cling s€

luén luén duong, khi do c6 thé chon hai
sO ¢, va c, la hai s6 duong nhu sau:

K
CIZE+ACl , 02:E+Ac2 (32)

Trong d6 Ac,, Ac,la hai s6 duong tuy
chon. Thay ¢, va ¢, ¢ vé phai phuong

trinh (31) vao bang vé phai phuong trinh
(32) s€& nhan dugc:

K
Y= y(é‘laé‘z) = ((E+Acl)§12

Kss +(£+Ac )67)
T 172 2T 2 2
(33)
K K
=Grd T

K
+ﬁ522) +(Ac, 67 +Ac,5y)

C6 thé bién d6i cac s6 hang trong tong
thir nhat ¢ vé phai (33) nhu sau:

K K
_52: _52
79 ("2T )

(34)
K K K
?5152—2( E@)( 552) (35)
Ko Koo
552 —(\/;52) (36)

Thay céc sd hang trong tong thtr nhat ¢ vé
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phai (33) bang cac biéu thiac ¢ vé phai
(34), (35), (36). Khi d6 ham y(5,,5,) s&

c6 dang:

K K
y=y(6,,6,) = (5512 —?5152
K 2 2 2
+—0,)+(Ac, 6] +Ac,05)
2T

=(( 2T5) =2 2T5)(\/7 3,)

57+ (A7 + Ac,52)
2T (37)

Theo quy tic tam thirc bac hai, ham
¥(5,,8,) & (37) s& dugc bicu dién dudi

dang sau:

y= Y(51a52)

K 2 K K K 2
= ()P =20 0D 05+ (09
2T 2T 2T 2T

+(AcySF +Acyd3) (38)

= (s - [R5 4 (a7 + Aeyod)
ar ' \ar

Vi Ac,va Ac, la cac s6 duong tuy chon,
nén dé dang nhin théy néu chon ¢y va ¢
theo biéu thure (32) thi ham y(6,,6,) luén
luon 1a sb duong. B6 d& da duoc ching
minh.

Khi y(5,,6,) luén duong thi ¥, ludn dm.
Theo 1y thuyét 6n dinh Lyapunov, cac sai
sO O, va o, s€ tiém can vé gia tri 0. Tuc la
tan s6 quay turbine s€ ti¢ém can 6n dinh vé
gia tri chuén @, .

Nhu vay véi luat diéu khién u cua co chu
tao 1énh On dinh tan s0 quay turbine dugc
thiét 1ap theo bicu thuc (28) va (18) voi
cac hé so ¢, ¢, dugc xac dinh theo biéu
thirc (32) thi hé thong dam bao tan sb

Tl trung tdm chi

quay turbine @ On dinh xung quanh gia
tri chuan o, . Hinh 3 thé hién luu d6 thuat

toan backstepping 6n dinh tin s quay

turbine.

Nhip K,,T,,Ac,Ac,,®,

T chuong trinh
nhan dang tham 90

Doc thong tin
o, 0, Z;

s =w-a,

©)

|

E+Acl;cz =

¢ =

K
—+A 32
bYa ¢, (32) ‘

‘ﬁ:%[w—zl—c.a.rl (18) ‘

U= @+ T, f-T,e8) (9)

v

Cép 1¢nh diéu khién u

!

Doc 1énh KT

Cho
MVDKVTCLH

huy chung

Co

Két thuc

Hinh 3. Lwu d6 thuat toan téng hop Iénh
on dinh tan so quay turbine

Trong luu do thuat toan ¢ hinh 3 ¢6 céc
luu y sau:

e Viéc xac dinh /3’ trén co s& chudi
thong tin vé B(i),i=1,2,...,N duogc thuc
hién theo cac thuat toan da co;

e MVDKVTCLH viét tit ciia cum tir
“Mach vong diéu khién vi tri canh lai
hudéng”;

e KT la Iénh két thiic, duoc doc tir Trung
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tam chi huy chung.
Trén hinh 4 va hinh 5 13 d6 thi két qua mé
phong qua trinh 6n dinh tin s quay mot
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chung loai t6 may vé&i luat diéu khién
PID, con trén hinh 6 va hinh 7 1a do thi
v6i luat diéu khién backstepping.

Goc quay canh 18l hudng (4]

PRI PR U PRSI U EEPU S P B PPN B SR B S B

7 []
Thiri gian [s]

Hinh 4. G6¢c m& canh lai hwéng véi luat didu khién PID

Thn b quay lurbine [radias)

T 0
Than gean [s]

Hinh 5. Tan sé quay turbine v&i luat diéu khién PID

3505

Gée quay canh lai hudng [8d]

T 3
Thin gian [s]

Hinh 6. G6c mé& canh lai hwéng véi luat diéu khién backstepping

E]
B

2
in

]
=

Tdc af quay Turbine [radiars]

1 L 1 L L L 1 | 1 L L L L L
4] 1 2 3 4 5 B 7 8 b 10 1" 12 13 14
Theri gian |s]

Hinh 7. Tan sé quay turbine v&i luat diéu khién backstepping
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3. KET LUAN

Qua két qua mé phong cho thiy véi luat
didu khién backstepping tin s6 quay
turbine 6n dinh nhanh chong vé gia tri
chuén, con luat diéu khién PID tin s
quay turbine ciing on dinh vé gia tri chuan
xong thoi gian dao dong lon. Nhu vay
chat lugng luat diéu khién backstepping
t6t hon. Didu nay 1a hop 1y vi luat didu
khién backstepping c6 tinh thich nghi voi
su bién dong cua cac tham $6 trong mo
hinh m6 ta ddi twong diéu khién. Ddi voi

cac nha may thuy dién cong sudt vira va
nho thi cac tham sé6 mé hinh thuong thay
dbi theo sy thay dbi ctia ning luong cot
nude noi dat turbine. Tuy nhién, dé tng
dung duogc luat diéu khién backstepping
can phai c¢6 phwong tién va giai phap
thudng xuyén cép nhat cic tham sb cua
md hinh mé td h¢ canh lai hudng va
t6 may. Ap dung luat didu khién
backstepping s€ khai thac hiéu qua nang
lugng thiy nang.
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