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TOM TAT

Bai bdo trinh bay vé mét phwong phdp ndng cao hiéu sudt lam viéc cia tua-bin gi6 bang hé
logic mo. H¢ logic mo dong vai tro mot hé chuyén gia nham xdc dinh goc Pitch mong muon tir toc
dé gié dé dam bdo cong sudt phat cua tua-bin gio dat gid tri toz wu. Pé dam bdo géc Pitch bam
goc Pitch mong muon, mot bo diéu khién mat dong duoc deé xudt. Két qud va chat lwong hé thong
diéu khién mdt dong Pitch két hop véi hé logic mo dwoe phdn tich bang mé phong sé véi cdc kich
badn khac nhau.

Tiwr khoa: Tua-bin gio; Goc Pitch; Piéu khién mat dong; HE logic mo; Piém cong sut t8i uu
1. MO PAU

Trong nhirg nam gan day, nang lugng sach dan thay thé cac ngudn nang lugng truyén théng
nhu than, dau mo va khi @6t dé san xuit dién ning. Mot trong nhitng ngudn nang luong sach co
nhiéu tlem nang khai thac la nang luong dién gio, nguon nang lugng dién gié thuong bién dong
theo toc do gio nén diéu khién chuyén doi ning luong gié 1a thach thirc 16n voi cac nha khoa hoc
[1, 2]. Théch thirc d6 1a diéu khién goc Pitch tua-bin gié dé dam bao hiéu suit chuyén doi ti uu.

Mot trong nhitng nhiém vu trong tim ddi v6i hé théng tua-bin gid la xac dinh duogc goc Pitch
dam bao tua-bin gi6 lam viéc voi dlem cong suét tdi wu. Trong [3, 4], cac tac gia da khao sat sy
phu thudc cua hé s6 cong suét theo toc do gio. Theo do, khi gié 6n dinh, xac dinh goc Pitch cua
tua-bin gi6 trong d6i d& dang. Nguoc lai, khi tc d6 gié thay ddi hodc khi ¢ bién dong do thoi
tiét, viec tu dong diéu chinh gbc Pitch ciia tua-bin gi6 sao cho duy tri dugc hé ) cong suat cuc dai
1a diéu khong hé dé dang. Pung trude thach thirc d6, hé chuyén gia dugc xay dung trén co sé mang
no-ron nhan tao [5] hodc hé logic mo, cic hé nay khong nhing c6 kha ning hoc rit cao ma quy
trinh thiét ké cua chung khéng phu thudc vao ciu triic cta tua-bin gié. Vi vy, ndi dung bai bao
nay, hé logic mo duoc dé xuét dé ty dong xac dinh goc Pitch mong muén. H¢ logic mo dugc huén
luyén trén co sd dir lidu da cong bo trong cac cong trinh [3, 4] va [18].

Dé dam bao goc Pitch bam goc Pitch mong mubn, di c6 nhidu cong trinh cong bd trong mot
thap ki gan ddy. Cac nghién ciru trai rong tir bo diéu khién PID truyén thong [5, 7] dén cac phuong
phap diéu khién dic thu nhu diéu khién t6i uu toan phwong LQR (Linear quadratic Regulator) [6]
hay diéu khién trugt [8-13]. Cac phuong phap ké trén miac du da chimg to dugc cong dung trong
diéu hudng goc Pitch, song van con ton tai nhimg nhugc diém mang tinh déc thu. Khi thyce thi bo
diéu khién PI trong [1] hay LQR trong [6] d6i véi tua-bin gid, yéu ciu bit budc phai tuyén tinh
hod m6 hinh trong pham vi gbc nghiéng nho. Trong trudng hop téc do gio vuot ra khoi pham vi
cho phép, bo diéu khién trong [5, 6] khong thé diéu hudng canh quat phu hop, nén cong suat phat
cua tua-bin gié khong thé t6i wu. D& khic phuc nhuoc diém nay, bo diéu khién truot di dugc dé
xuit & [8-10]. Mic dui mang lai tinh bén vitng song hién twong chattering sinh ra 1am cho bd phan
truyén dong clia tua-bin bi phat néng cuc bd [5]. Trude han ché d6, bai bao nay dé xuit sir dung
phuong phap diéu khién mat dong dé thiét ké bo didu khién goc Pitch, duwa trén co sé ky thuat
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Backstepping, bo diéu khién mat dong cho goc Pitch c6 kha ning loai trir nhidu cao tan va giam
b6t do phrc tap trong quy trinh thiét ké so véi bo didu khién Backstepping truyén thong [14] do
dugc tich hop cac b loc thong thép trong bo diéu khién. Cac bo loc tich hop duoc thiét ké sao cho
dong hoc cta hé thong diéu khién goc Pitch khong bi anh hudng bang cach lya chon thoi gian loc
phu hop. Cac dé xut méi trong bai bai bao dugc phan tich bang mé phong sb.

Noi dung bai bao gdm 4 phan: Phan 1 mo dau, phaq 2 1a n61 dung phuong phap huan luyén hé
logic m¢ d¢€ xac dinh goc Pitch mong muoén va thiét ké bo dicu khién goc Pitch dua trén phuong
phap dieu khién mat dong, phan 3 mo phong s6 va phan 4 két luan.

2. NOI DUNG
2.1. Tong hop hé logic mor
Hinh 1 (a) mo ta dic tinh cong suét vao tdc do gid. Toc do gio gbm 4 vung. Tai ving gi6 yéu
(vung I) va ving gié manh (Vung V), cac thiét bi bao vé s& tu dong ngit hoat dong dé dam bao an
toan khi van hanh. Tai vang gi¢ 6n dinh (vang II va III), sy phu thudc cong suét tua-bin glo vao

toc do gio tai mot gia tri goc Pitch cu thé duoc thé hién trong hinh 1 (b). H¢ m¢ duoc thiét ké nham
dam bao tua-bin gi6 ludn van hanh tai diém cong suét cuc dai.
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Hinh 1. (@) Ddc tinh cong suat cua tua-bin vao  Hinh 1. (b) Sy phu thuéc hé so cong suat vao
toc do gio [19]. toc do gio [18] voi cac goc Pitch khac nhau.

Db thi hinh 1 (b) thé hién mbi quan hé giira hé s6 cong suit cia tua-bin vao A (ty sd gitra toc
d6 dau canh va toc d0 gio tai nhiing gia tri khac nhau cua goc nghiéng canh quat). Theo [20], ty s6
Avatoc do gi6é v lién hé vdi nhau boi cong thure.

ARy oR (1)
Vv A

Trong d6, @ 14 toc d6 goc cha tua-bin, R 14 chiéu dai canh quat. Khi toc d6 gi6 v thay doi
theo thoi gian, xac dinh 8 dé c6 C, = C, . theo cong thuc gidi tich twong minh la khong hé dé
dang. Can cu vao db thi hinh 1 (b), cling nhu dir liéu cong bb trong [3] va [4], mot bang s6 lidu va
tinh toan tdc d6 gi6 theo cong thirc (1) dé 1am co s thiét ké hé mo hoc tu dong duoc xay dung.

Bdng 1. Cac gia tri cua goéc Pitch f va A dé hé s6 cong sudt ciee dai.

p | 048 | 046 | 0.44 | 042 | 040 | 036 | 033 | 0.30 | 0.28 | 0.25 | 0.22

Ob 1 2 3 4 5 6 8 9 10 12
8 8.1 8.4 8.6 8.8 9.3 8.5 7.9 7.8 7.6 6.6
5.235 | 5.170 | 4.985 | 4.869 | 4.759 | 4.503 | 4.927 | 5.301 | 5.358 | 5.510 | 6.345
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» | 019 | 018 | 0.17 | 0.15 | 0.14 | 0.10 | 0.08 0.06 0.02

14 15 16 18 20 24 25 30 35
6.4 6.2 6 5.7 5 4.2 3.8 3.5 2.5
6.543 | 6,754 | 6.980 | 7.347 | 8.376 | 9.971 | 11.021 | 11.965 | 16.752

Thiét ké hé mo véi dau vao 1a tée do gio v, dau ra 1a gia tri goc Pitch mong mudn 4 sao cho hé
50 cong sudt C, dat cuc dai theo bang 1. Trong trudng hop gio do6i chleu d6 lon goc Pitch khong
thay doi nhung trai du. Hé mo dé xuét v6i khdu mo hoa dau vao bao gom 4 ham lién thudc dang
hinh Gauss, cac ham & dau ra c6 dang hinh Sin. Luat hop thanh duogc luan giai nhu sau.

<l O

R1: Néuv 1a A Thi y, =acos(wv)+bsin(av) Hodc
R2: Néuv 1aA, Thi y, =a,cos(2amv)+Db,sin(2mv) Hodc
R3: Néuv la A, Thi y, =a,cos(3av)+bsin(3wyv) Hoic
R4: Néuv 1aA, Thi y, =a,cos(4av)+Db,sin(4mv)
Trong do, cac ham lién thude Bell tai khau mo hoa dau vao cua cac tap mo A,i=1,2,3,4 cb

|7i|4

——— - Gid tri rd cua goc Pitch tai khau giai mo dugc tinh boi.
7l +v—c

dang 4 (V’Vi'Ci):

By =2, +iyi (2)

Viéc huin luyén cac thong sb cua hé mo a,,b,c,7,@,i=12,3,4 luon can dam bao sai sb gitia
gi tri goc Pitch daura S, so véi gia tri goc Pitch trong bang 1, ky hiéu A, , luon nho nhét. Vi
vay, st dung ham muc ti€u cuia binh phuong sai léch nhu sau.

3(me) =5 (8~ s (m.0))" > min ®

Trong d6, 7, =a,,b,,¢,,7,®,. St dung phuong phap ha Gradient véi hé s6 hoc § du nho dé
cap nhap gia tri cho cac tham sd hé mo tai mdi bude lap theo cong thic.
't =n +5(ﬂm —py (77ik 'a)l))v Sy () (4)
Cubi cung, cAu tric chi tiét hé mo duoc thé hién trong hinh 2.
, N N \
Huan luyén hé mo Mo héa Hé i
V] |,/ ham lién thuge Bell logic mo

v i
[
bl +lv—a [}

Irm’ i=1,2,3,4
1, (v.7,.6)=

v |

Luat Giai m:')’ | EI:E

hop tll%lnh R; Bi=ag+% !

=1 !
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Hinh 2. Hé logic mo dé xudt.
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2.2. M6 hinh hé ddng hoc truyén dong géc Pitch
Trong [17], hé dong hoc truyén dong goc Pitch c¢6 dang chuan truyén nguoc chit nhu sau.
X =%
X, = X, ®)
% =f(x)+g(x)u+d, =123
Trong d6, x, = B 1a g6c Pitch tua-bin gid; x, = B va x, = B 1n lugt 1a van tc va gia tdc goc
Pitch. f(x)va g(x) 1 cdc ham phi tuyén va d 1a thanh phan nhi€u bén ngoai tac dong vao hé

théng tua-bin gi6. Hai ham phi tuyén f (X;)va g(x;)duoc xc dinh boi:
-1 2 .
f(x)= 1+k—D _4KD, xz—4KCT (me3+ka2+£j— T (6)
N NIYA J.V; r) J.r
sgn
(xi):—4KDmCdeV L (XV)(r\]mx3 +rkpX, +7,) (7)
‘]mVTr P po

Trong d6, k, >0 1a h¢ s6 khuéch dai cua van servo. Cyp 14n luot 1a hé s xa cia van va mat
d06 khdi lugng cua dong thiy Iuc, P, 1a p suat bom, D, 1a d¢ dich chuyén thé tich, C. 1a hé s6 ro
ri, V; 1a thé tich budng chtra, K 1a mo dun khdi chét 1ong. J_ 1a momen quén tinh cua truc dong
co thiy Iuc, k, 12 hé s6 giam chén nhét. Trong d6, 7, =7, + 7., 7, momen phu tai gio, z. momen
ma sat.

7 Gia thiét 1. Cac yéu tb nhiéu lgan d phu thudc vao cic trang thai cta hé thong nhung c6 bién
do61 cham theo thoi gian, cac yéu to nhicu cung voi dao ham theo thoi gian bi chan va dd nhé.

Gii thiét 2. g(x)=0, Vt>0. Gid thiét ndy nhim dam bao h¢ (1) la diéu khién duoc tai moi
thoi diem.

2.3. Tong hop bd diéu khién mit dong

Trong phan nay, ndi dung s& tr‘inh bé{y quy trinh thiét k& b diéu khién mat dong cho hé thong
tua-bin gio theo timg bude. B6~diéu khién mat dong dua trén co sé ky thudt Backstepping khi xét
lan lugt theo tirng hé con tai moi budc.

Buée 1: Xét hé con thir nhét.

X =X (8)
Trong do, x, = va X, = ,[3 Gia tri dat goc Pitch cua tua-bin gid 1a S, co dugc tir hé mo thiét
ké trong phﬁn 2, ki hi¢u sai léch bam giira gia tri thyc va gia tri dat nhu sau.

e=p—P=0F—% )
Tir phuong trinh (9), lay dao ham 2 vé thu dwgc mé hinh ctia hé con thir nhat theo sai 1éch bam.
&=L —%=F—-% (10)

Trong phuong trinh (10), X, 1a mot “tin hi¢u diéu khién 40”. Do d6, néu X, thoa man.
X, =0y =C& +b139n(el)+ﬂd (11)

M0 hinh hé con (10) c6 dang.
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é1=ffd—a1=—cle1—blsgn(el)={_ 670 620 (12)
—Ce +b, <0

Trong do6: ¢,,b, 1 hing s duong. Phuong trinh (12), khi e, >0 thi ¢ =—ce, —b, <0. Do vay,
quy dao ctia sai léch bam e, s& luon giam vé gdc toa d6. Nguoc lai trong truong hop e, <0 thi
€, =—Ce, +b >0. Quy dao cua sai léch bam trong khong gian trang thai s€ luon tang dén gbc toa
d0. Vay trong ca hai trudng hop, luén c6 e, — 0 khi t —+o0 va |e| <+ . Do d6, nhiém vu ciia
budc tiép theo phai lam cho x, — o, khi t —+0.

Bude 2: Nhiém vu clia bude nay 14 1am cho x, — @, khi t —+o0. Dé lam duoc diéu d6, xét
hé con thir hai trong mé hinh diéu khién géc Pitch ciia tua-bin gio.

X, = X, (13)

Trong do, X, = ﬂ Va X, = p, . RO rang gia tri ¢, bay gio dong vai tro nhu tin hiéu dat cua X, .
Do d6, dinh nghia sai léch bam thi hai 1a e, =, — x,. Liy dao ham 2 vé ctia e, két hop véi cac
phuong trinh (9), (11), (13) ta co.

ézzdl_xsz[cl(lgd_Xz)"‘bl‘s(el)"‘léd]_xs (14)
d : =0
Trong do, 5( el) = w = {-}-oo & ki hiéu cho ham xung Dirac. Do ham xung Dirac
0, =0

khong thé tao ra dugc trong thuc té nén (14) khong thuc hién dugc. Vi vay, cho ¢, di qua bg loc
thong thap voi hang s thoi gian T,. B loc thong thap dé xuat 1a hé LTI (Linear Time-Invariant)
v6i bién trang théi z, thoa man diéu kién dau z,(0)=0, mo hinh toan hoc nhu sau.
A =—l Z +£al (15)
Tl Tl
O Buéc 1,do 6 |e,|<+oo nén tir (11), cling ¢6 |y | < +o0. Mt khéc do hé (15) 1a LTI nén suy
ra h¢ (15) 1a 6n dinh BIBO (Bounded Input — Bounded Output). Tir d6, ciing s& ¢6 |z,| <+oo va
|2,| < +o0 . Theo [15], néu chon héng s6 thoi gian T, ciia bd loc rét bé, tir (15) ta c6.

o -7

=T+, =>a~1,>0=+&(7)=

+&(z) (16)

1
Voi rf(zl) 14 sai s6 ciia bo loc thoa man |§(Zl)| <40 va 5(0) =0. T, cang bé thi sai s6 §(Zl)
cling cang bé [15]. Do vay, (14) tr¢ thanh.
&= —%=T," (o, —2)—%+&(z) (17)
Twong tw nhu Bude 1, trong phuong trinh (17), X, ciing dong vai tro nhu mot “tin hiéu diéu
khién 40”. Vi vay, néu X, thoa man dicu kién.
X, =0, =C,e, +h,sgn(e,)+ T, (o — 7,) (18)
Véi c,,b, 1a cac héang sé duong. Thay phuong trinh (18) vao phwong trinh (17), ta co.

é,=—C,e, —b,sgn(e,)+<&(z,) (19)
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Tur (19), quy dao trang thai cua sai léch e, luon bi hut vé mot da tap bét bién bao géc

£(z)|
b

2

A= {ez eR|le,| < } . Khic6 T, << va b, du 16n thi datap A s& thu vé mot 1an can rat bé

ctia gdc toa d6. Do d6, hé (19) 1a ISS theo [16]. Chu y rang, sé& chi c¢6 e, >A khidaco x, > a,.
Tir day, nhiém vu cta bude cudi ciing s& phai 1am cho X; > a, Khi t—+o0.
Bude 3: Nhiém vu ctia budce nay 1a 1am cho x, — @, khi t —+o0. Dé lam duoc diéu d6, xét
hé dong luc hoc trong mé hinh diéu khién goc Pitch ciia tua-bin gio.
% =f(x)+g(x)u+d, i=123

Gi4 tri a,dong vai tro nhu tin hiéu dat cia x,. Do d6, dinh nghia sai 1éch bam thir ba 1a

(20)

e, =, — X, . Liy dao ham hai vé ctia e, két hop (20), ta c6.
&, =a,—f(x)-g(x)u—d (21)
&, =—Cx, +b,5(e,) -T2, +(c, +T{l)(cl (B —%)+bd(e)+ A, ) (22)
Biéu thire tinh ¢, trong (22) khong thé thuc hién do ham xung Delta 5(e,) khong thé tao ra.
Ngoai ra, day 1a biéu thirc kha cong kénh. Vi vay, dé tranh bung nd to hop, tién hanh cho «, di
qua mot bd loc thong thap véi cau trac giong véi (15) va c6 hang so thoi gian T, <T,, bién trang
thai z,. Tu day suy ra.
&, =T, (a,—2,)+&(2,) (23)
Voi cf(zz) 1a sai s6 ciia bd loc thoa mén |§(Z2 )| <400 Va 5(0) =0. T, cang bé thi sai s6 5(22)
cling cang bé. Tur (21) va (23) suy ra.

& =T," (o, ~2,)~ T (%)-g(x)u-d+&(z,) (24)

Tur phuong trinh (24), tin hiéu diéu khién tua-bin gi6, thiét ké theo k¥ thuat DSC c6 dang.
u=g"(%)[T,* (e, —2,)— T (X)+Cse, + D tanh (e,)] (25)

Véi c,,b, 1a cac hing sé duong. Thay phuong trinh (25) va phwong trinh (24) thu dugc:
é,=—Ce,—h,tanh(e,)-d +£(z,) (26)
Tir phwong trinh (26), quy dao trang thai ciia sai 1éch e, luén bj hut vé mot da tap bat bién bao
gbe A° = {63 e R|le,] <|§E)i)|+|;j—|}. Khi c6 T, << va b, du 16n thi da tap A° s& thu vé mot lan
3 d

can rat bé clia gbe toa do. Do do, hé (26) 1a ISS theo [16]. Két hop voi hé mo, so do vong kin dugc
the hién trong hinh dudi.

Dinh Iy I1: B diéu khién mit dong (25) cho hé thong diéu khién goc Pitch cua tua-bin gio s€
dam bao goc Pitch ctia cdnh quat bam 6n dinh theo goc Pitch mong muodn khi cac hang s6 bd diéu
khién c,, b,, b,voi i =1,2,3 thoia man: ¢, >c, >¢, >0, |§(Zl)| <b, va |§(Zz)| +|d| <b,, trong do,

&(z)) va &(z,) 1a sai sb cia hai bo loc.
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Chirng minh: Sir dung ham diéu khién Lyapunov c6 dang V = %ef + %eg + %ej . Pao ham hai

vé ham Lyapunov thu dugc V =eg€, +6,¢, +e,6,. Néu sir dung b diéu khién (25), két hop voi
(12), (19) va (26) thu duoc:

[e(-ce—bsan(e))+e, (~ce, ~bosan(e,)+ £(2,) @7
- +€,(—C,e, —b, tanh (e,) —d + £(z,))
=V <[—(:1e12 — €5 — el +[ey (1€ (2 )b, ) +(|¢(2, )|+|d|—b3)|e3|} (28)

Do viy, néu chon b, va b, duong va du 16n sao cho |§ (7, )| <b, va |§(Z2 )| +|d| <b, s& ludn tdn
tai 2 s6 duong 4, va 4,520 cho V <—c,&f —c,e; —c,e — 4 |e,|— 4,|e;| < 0. Ngoaira, chi c6 & — 0
khidaco e, > A. Tiép theo, ciing chi c6 duoc e, > Akhi da co e, »> A°. Vi vdy, phai chon c;,
i=1,2,3sa0 cho ¢, >¢, >¢, >0. Ta c6 diéu phai chimg minh.

So d6 diéu khién goc Pitch két hop gilta hé¢ mo dé xuét va bo diéu khién mat dong dam bao tua-
bin gi6 van hanh tai diém cong sut tdi wu khi téc do gid thay d6i dugc thé hién hinh 3.

Goc Pitch
I Cbb I(

F

Y e

R >| Bo diéu khién
mat dong (25)
Ba T £

Hé logic mo
(2) & (4)

VT
l [Bfm chira dau thiy luc l '

I
| | Hé truyén dong goc Pitch [17]
N i MO0 hinh dong hoc (5)

Hinh 3. So do diéu khién goc Pitch két hop hé logic mo.
3. MO PHONG
Thuyc hién m6 phong vai tham s6 md hinh bang 2, ciu trac diéu khién trinh bay hinh 3.
Cac tham s6 bd diéu khién dugc lya chon lan luot 1a ¢, =8, ¢, =5, ¢, =3; b =0.2, b, =0.1
Tham s6 hai b loc dugc lya chon 1a T, =0.1(s) va T, =0.01(s) . Thuc hi¢n mé phong, h¢ thong
tua-bin gi6 ludn chiu anh hudng cia nhiéu ngau nhién, bién d6 dao dong trong khoang (-30,30).
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Bing 2. Tham s6 mé hinh hé thong diéu hudéng tua-bin gio [17].

K, 200 J. (kg.m?) 4x10°
G 0.63 C.(m°/N.s) 3.2x107%2
K(Pa) 6.86x10° ko (N.s.m) 32
p(kg/m?) 947 W(m) 0.01
V; (m°) 4x10™ P,(Pa) 20x10°
D, (m*/rad) 1.2x10™

3.1. Kiém chirng két qua huén luyén hé mo
Dua vao gia tri tip mau trong bang 1, két qua huin luyén hé mo duge thé hién trong hinh 4.

40 F _
= * Gia tri mau
o-
E 50 | = baura do huan luyén hé mo
a
=
o 0
Nl
]
20 ]
-40 !

-15 —iO -S 0 5 16 13
Téc d6 gio (m/s)
Hinh 4. Két qud hudn luyén hé mo.
Quan st hinh 4, dya vao s6 liéu di c6 trong bang 1, hé mo da xap xi chinh xdc sy phu thuge

cua goc Pitch vao toc d6 gi6 ma tai do cong suat dat t6i wu. Ngoai ra, thiy ring trong khoang téc
d6 gio yéu —5(m/s) <v<5(m/s), mic du hé md van cho ra mot dic tinh tron, lién tuc song khong

anh huong dén hé théng‘tua—bin gi0. Boi vi khi gio yéu, hé t}léng dong ngat ty dong di dimg toan
bd hoat dong. Két qua dau ra khi huan luyén hé mo dugce the hién bang phuong trinh (29).
a, +a,c08(mV)+bsin(@Vv)+a,cos(2mv) +b,sin(2av)
| +a,008(3@V) + bysin (3eyv) + 8,c08(4@v) + b,sin (4amv)
Trong do6: a,=0.009421, a =0.08501, a,=0.1719, a,=-0.003714,
b =27.11, b, =-18.29, b, =4.167, b, =-6.41 va »=0.1624.

3.2. Kiém chirng két qua diéu khién géc Pitch va bam cong suét t6i wu

(29)

a, =0.3343,

Két qua duoc thue hién 2 truong hop gdm: Khi tée do gié v 1a hing s va khi téc do gié v thay
doi theo thoi gian. Gia tri dat goc Pitch dugc tinh theo cong thire (29).

Trudng hop 1: Toc do giov 1a hang sb.

Trong trudng hop nay, toc d6 gio v duoc chon bang v=8.2(m/s) . Tir cong thirc (29), tinh toan
dugc B, =20.0914 (d6). Két qua dugc thé hién trong hinh 5 va hinh 6, truong hop goc Pitch ¢b
dinh tai #=25°, giit nguyén toc do gio.

Quan sat hinh 5 va hinh 6, v6i bo didu khlén mat dong dé xuat, gia tri goc Pitch bam theo gia
trj dat rat nhanh (khoang 2 s). Cung v6i do, h¢ s6 cong sudt tuong tmg v6i trudong hop sir dung hé

mo ciing dat dén gia tri t6i vu gan véi gia tri trong bang 1. Chung t6 hi¢u qua ctia phuong phép dé
Xudt trong viéc giup tua-bin gidé bam diém cong suét tbi wu.
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0.5 T T - :
20 = — H&é s cong suat véi g tinh tir hé mo
<O :‘\ — A A A £ XN ~
S — Goc Pitch é 0.4 H? s? c?ng su:it vglﬂ 25 (do)
':3 15 — - Géc dit ﬁ = = Hé s0 cOng suat toi wu
= = 0.3
8 107 2
Q Q0.2
5
0 0.1 ]
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
Hinh 5. Goc Pitch tua-bin gié va gia tri dat. Hinh 6. Do thi hé s6 cong suat.

Truong hop 2: Khi téc d6 gio v thay ddi theo thoi gian.
Trong trudng hop nay, toe do gi6 v duge gia thiét thay ddi theo thoi gian, ¢ quy luat sau.
v(t)=4[sin(0.3t)+sin(0.4t)+sin(0.2t) | (30)

Gi4 trj dat theo cong thire (29) c6 duoc tir hé mo. Két qua mé phong thue hién trong 40 s voi
diéu kién dau goc Pitch 3(0)=10°. Két qua mo phong duoc thé hién hinh 7 va hinh 8.

Quan sat hinh 7 va hinh 8, goc Pitch bam 6n dinh theo gié tri goc Pitch dit trudc sau mot khoang
thoi gian nho (goc Pitch va hé sb cong suat C, déu bam sau khoang 1 s). Ngoai ra, hé s6 cong suét
bam gié tri cuc dai d tinh duogc tir bang 1. Khi Iy thoi diém t =30 slam vi du, tai thoi diém 30
s, goc Pitch thu dugc khoang 5 6. Mat khac, trong hinh 8, thoi diém 30 s, hé sb cong suét dat

0.37. Gia tri nay, hoan toan phu hop khi so sanh gia tri C, tai gia tri f= 5°trong bang 1.
30 : .

T 0.5 . X
2 m— H¢ 50 cOng suat
10 - Héfﬁ\/
2 BN &5 04 d
g 0 05 1 15 2 25 3 Qg
= Géc Pitch @ 0.3
S on
Z 10 — = Gié tri dat fa E oaf f<
8 w 02 F 0.3
] o 0.2
0 2
& 0.1
0 0.5 1 1.5 2 2.5 3
-10 0
0 10 20 30 40 0 5 10 15 20 25 30 35 40
Thoi gian (s) Thon gian (s)
Hinh 7. Goc Pitch tua-bin gié va gia tri dat Hinh 8. Ddp g ciia hé so cong suat Cp.
goc Pitch.

4. KET LUAN

Noi dung bai bao da dé xuat dugc mot cdu trac diéu khién mai dya trén hé logic mo Kkét hop
diéu khién mat dong dé diéu chinh goc Pitch trong didu kién toc do gio thay doi, dam bao tua-bin
gi6 van hanh ¢ diém cong suét toi wu. Bo dicu khién dé xuat dam bao gdc Pitch bam goc Pitch
mong mudn va c6 kha ning loc nhidu cao tan. Cac két qua mé phong cho thay tinh ding din va
hiéu qua ctia cau triic diéu khién méi dugc dé xuat trong bai bao.

Kha ning khang nhidu bién do 16n va bu sai 1éch mé hinh s& duoc tiép tuc nghién ctru dé ap
dung cau triic didu khién nay cho cac diéu kién lam viéc phirc tap hon cua tua-bin gid.

Léi cam on: Nhém tdc gia cam on chan thanh sdu sdc sy gitip do vé y twong khoa hoc ciia GS.TS Phan
Xuén Minh.
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ABSTRACT

Synthesis of optimal power tracking Pitch angle controller for wind turbines
based on fuzzy logic system and dynamic surface control

This paper proposes a method to enhance the performance of wind turbin by a fuzzy logic
system. The fussy logic system is carried out as an intelligent system in order to determine
a desired Pitch angle for each value of wind speech such that the rurbin’s power is
maximum. To ensure that the Pitch angle can track stably the desired angle, dynamic
surface control is developed. The control quality of closed-loop system is analysed and
simulated with different scenarios.

Keywords: Wind turbin; Pitch angle; Dynamic surface control; Fuzzy logic system; Optimal power point.
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