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TOM TAT

Ngi dung bai bdo trinh bay mé hinh dong co servo thiy luc truyén dong canh quat tua-bin gié
dudi tac dong ciia tong nhiéu bat dinh gom sai s6 mé hinh, mé men tdi gié va mé men ma sdt, tir
dé, dp dung cdc bg diéu khién va quan sat nhiéu bat dinh dé tang do chinh xdc, bén viing trong
qud trinh diéu khién hoat dong goc nghiéng Pitch ciia canh quat tua-bin gid. Cau triic diéu khién
két hop b quan sdt nhiéu va bg diéu khién trieot mdt déng (DSC - Dynamic Surface Control) diroc
dé xuat, trong do, bg quan sat digc thiét ké @é han ché nhitng anh hwéng do thanh phdn nhiéu bat
dinh gay ra cho h¢é thdng tua-bin gio. Két qua mé phong va thuee hién so sanh bg diéu khién dé
xudt véi cdc b diéu khlen cuon chiéu (BSP-Backstepping) va diéu khién truot mat dong da minh
chitng su cdi thién vé chat heong diéu khién va dwoc danh gia dinh tinh diea trén can bdc hai dé
léch binh phwong trung binh (RMSE-Root Mean Square Error).

Tir khoa: Pong co servo thity luc; GOc nghiéng Pitch; Bo quan sat nhidu bat dinh; Diéu khién truot mat dong; Piéu
khién cuon chi€u; Mang no-ron co s& xuyén tam.

1.MO PAU

Trong nhiing nam gan day, tua-bin gi6 c6 tbc do thay ddi (Variable-Speed Wind Turbines) da
phat trién nhanh chong, chiém wu thé trong cac ung dung nang luong gié quy md 16n do mot s0
vu diém noi troi, chat luong dién nang duoc nang cao, hiéu suat chuyen d6i nang luong cao hon
va chi phi van hanh so véi cac tua-bin gi6 c6 tbe dd cd dinh s& thap hon. Tua-bin co6 téc do thay
d6i thuong tng dung phwong phap didu khién goc nghiéng Pitch dé thay dbi dic tinh khi dong hoc
cua tua-bin gid, gidm tai co hoc, han ché dao dong cong suét dau ra, han ché dao dong mo men
xoan khi xay ra sy ¢d toc d6 gié. Diéu khién goc nghiéng Pitch cho phép tua-bin gié hoat dong
trong vung tai cuc b vai hiéu sut cao, tir do, gilp tua-bin gi6 hoat dong hiéu qua va khai thac tbi
da nang luong gid. Do d6, phuong phap diéu khién goc nghiéng Pitch s& tdi wu hoa dic tinh khi
dong hoc va co hoc clia tua-bin gio, nang cao va cai thién hé thong didu khién goc nghiéng Pitch
tién tién hon c6 tim quan trong dic biét di voi do tin cy va do 6n dinh cta hé théng tua-bin gié
hién dai [1, 2].

Hé thong diéu khién goc nghiéng Pitch hién nay gém hai loai co ban: Loai dién co va loai thay
luc [3]. Hé thong diéu khién goc nghiéng Pitch dién co thuong sir dung mét dong co servo dién dé
xoay nghiéng canh tua-bin gio. Mac du hé thong nay c6 vé tuong ddi chinh xac va nho gon, nhung
1n6 c6 nhuoc diém la md men xoén han ché, pham vi hoat dong han ché va ty 16 cong suat trén khoi
luong tuong d01 thap. Hé thong diéu khién goc nghiéng Pitch thiy luc sir dung xi lanh thuy luc
lam co cau truyén dong, hé thong nay dang ding phd bién trong cac tua-bin 816 cong suat 1on, vi
c6 dac tinh 1a mat d¢ cong suat cao, khe hé nhé va do tin cay cao. Hé thong diéu khién goc nghiéng
Pitch dugc dan dong béi xi lanh thiy luc chuyén (101 chuyén dong tuyén tinh cta xi lanh thuy luc
thanh chuyén dong xoay tron cac canh bang co cdu truot tay quay, tir d6, diéu khién goc nghiéng
Pitch. Nhin chung, hé thong nay c6 mot s6 vu diém nhu kha nang chiu tai 16n, d tin cay cao, kha
nang tu lam mat va do bén vuot trdi. Tuy nhién, dé chinh xac diéu khién gbc nghiéng Pitch cta hé
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thong thiy luc tuong dbi thap do su bién ddi phi tuyén gitra chuyen vi cua piston thuy lyc va goc
nghiéng Pitch, co cau trugt tay quay s€ lam phirc tap co cau diéu khién goc nghiéng Pitch va dé
xay ra 16i [4, 5]. Bé khic phuc nhitng han ché cua hé thong didu khién goc nghiéng Pitch xi lanh
thuy luc, ndi dung bai béo sé tap trung phén tich wu diém dong co thiy lyc lam co cdu chip hanh.
Hé thdng diéu khién goc nghiéng Pitch sir dung dong co thity luc din dong céc banh ring dan
dong, co cAu tric don gian hon va d¢ tin cay cao hon so voi st dung xi lanh thuy lyc [6].

Mot sb bo didu khién goc nghiéng Pitch gan ddy duoc trinh bay dé nang cao d6 chinh xac khi
diéu khién. Bo diéu khién goc nghiéng Pitch sir dung phuong phap ty 1é-tich phan dwoc dé xuat
boi Zhang va cong su cho hé théng dicu khién goc nghiéng Pitch thity luc véi mé hinh dong luc
hoc béc hai [7]. Tuy nhién, quy trinh thiét ké bo diéu khién dua trén biéu dién ham truyén tuyén
tinh ctia hé ma khong xem xét dong luc hoc hé thong phi tuyén hodc bat dinh. Bo diéu khién goc
nghiéng Pitch sir dung phuong phép thich nghi dugc thiét ké theo [8] dé gidi han cong suat dau ra
0 gia tri dinh mirc dya trén cac mang no-ron co sd xuyén tdm RBF (Radial Basis Function) dugc
sir dung dé u6e luong dong luc hoc phi tuyén ctia tua-bin gid co tdc do thay d6i. Tuy nhién, mang
no-ron RBF thudng doi hoi tinh toan téc do nhanh va khong thé thuc hién trong thoi gian thuc. Bo
dleu khién goc nghiéng logic mo da dugc trinh bay trong [9] dé 1am giam su bién dong gay ra boi
tdc do gié khac nhau dé diéu chinh cong suat dau ra. Tuy nhién, bd diéu khién goc nghiéng Pitch
sir dung phuong phép logic md nhay cam véi bat ky su thay d6i nao ciia tap mo.

Noi dung bai bao xdy dung mo hinh toan hoc dong co servo thuy luc truyén dong canh quat
tua-bin gié dudi tic dong ctia tong nhiu bat dinh gom sai s6 mé hinh, mé men tai gié va mé men
gdy ra boi ma sat. Ngoai ra, cac bo diéu khién va bd quan sat nhiéu bat dinh dé ting d6 chinh xéc,
tang do bén vitng diéu khién gbc nghiéng Pitch cua tua-bin gi6. Nhitng ndi dung chinh ctia bai bao
bao gom:

(1) M6 hinh dong co servo thiy luc truyen dong canh quat tua-bin gi6é dugc phan tich dudi tac
dong cua tong nhleu bét dinh gdm sai sé md hinh, mé men tai gi6 va mo6 men gdy ra boi ma sat,
bo diéu khién dé xuét si dung bd diéu khién va quan sat nhiéu bét dinh dé tang d6 chinh xac va
bén viing trong qua trinh diéu khién goc nghiéng Pitch cua tua-bin gio.

(i) Xay dung bo diéu khién goc nghiéng Pitch sir dung diéu khién truot mat dong két hop véi
b6 quan sat nhiu bat dinh cho hé théng dong co thuy luc dé nang cao kha ning bam goc nghiéng
cua canh quat tua-bin gi6 va tang do chinh xac.

2. NOI DUNG
2.1. M6 hinh h¢ théng ddng co thity luc cho tua-bin gié

Dé tua- -bin gi6 t6i wu hoa dong ning cua gio, cac canh cta tua-bin gi6 s& dugc xoay nghiéng

mot goc tdi wu, goi 1a goc nghiéng Pitch. H¢ thong truyén dong cua dong co thuy luc thue hién

diéu khién goc nghiéng Pitch, ciu trac c¢6 dang nhu hinh 1. Trong so dd cau tric, dién ap dau vao
diéu khién van servo (U) lién hé v6i d6 mé cua van theo biéu thirc.

X, =k,u (1)

Trong do6, K, 1a hé s6 khuéch dai ctia van servo, co gi tri duong. Tdc d6 dong thuy lyc chay
qua van duogc xac dinh nhu sau.

Q=CWx,[(p, — psign(x, )/ @)

Trong do: Q,C,, u# tuwong Grng tdc do ctia dong chay, hé sé xa cta van, mat do khéi lugng cia

dong thiy luc. p,, p, twong tng ap sudt bom, ap sudt chénh léch trong budng dong co thuy lyc.
Khi xét kha ning nén cua chit 16ng thuy luc, phuong trinh mé ta dong co thiy luc.
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Hinh 1. Cdu triic ciia hé thong thiyy lec diéu khién goc nghiéng Pitch

Q =Dy @ + Cin PL +\A{L}2 P 3
Trong d6, D, 1a d6 dich chuyén thé tich, ¢, 1a do dich goc cia dong co thuy luc, C, ., 1a hé
sdro i, V, 1a thé tich budng chira, K 12 mo dun khéi chét long. Khi chiu tac dong cua cac ludng
gi6 bén ngoai va ma sat, dong luc hoc ctia hé thong dong co thity luc duge xac dinh
P.Din = 1P + PP + 7 + 74 4)
» 1amd men quan
tinh cua truc dong co thuy luc, o 1a hé ) giam chin nhét. Goc nghiéng Pitch £ duoc tinh

B=¢,lr

Trong d9, 7,,,7, twong tmg md men tai gio bén ngoai va mé men ma sat. J

(%)

Trong d6, r 1a hé s6 ti 16 banh rang cua hop s6. Két hop cac phuong trinh (1)-(5), mo hinh
toan hoc hé théng dong co thuty luc diéu khién goc nghiéng Pitch cua tua-bin gié dugc tdng hop
nhu sau:

X =%,
X, = f,x, + f,x;+d,

(6)
X5 = 0%, + 0,X + 03U P — X;Sign(X, ) +d,
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Trongdo, [x X%, %] = [ B B p ]T 12 ma tran cic bién trang thai, U 1a dién 4p diéu khién,

d;.d; 1a c4c thanh phan nhiéu bit dinh tac dong vao hé théng va c6 dang.

Ty T
d,=——+Af,
NI ()
d, = Af,

Véi Af,, Af, dic trung cho cac thanh phan phi tuyén va bat dinh c6 trong hé théng. Gia tri cac
P i _Dwm., _ 4KDyr. —_ 4KC, . . _ 4KCWK,
2

- - ] :g - ,g .
‘]hmr ‘]hmr ' th ? th ? th\/;

Gia str 1. Cac yéu t6 nhiéu loan d,,d, t6n tai trong mo hinh phu thudc vao céc trang thai cua

ham phi tuyén gom: f, = —

hé théng nhung c6 bién ddi cham theo thoi gian. Thém vao do, cac yéu td nhiéu nay cing véi dao
ham gid tri nhiéu theo thoi gian ctia chung ton tai gia tri hitu han, tic Ia
|0, <My, [dy| <M, [d,| <Ny Jds| <N, , (MM, N, N, >0).

Phuong trinh (6) 12 mé hinh toan hoc hé thong dong co thily luc cia tua-bin gi6, phwong trinh
(6) 1a co so dé xay dung cau truc di€u khién bén viing cho doi tugng.
2.2. B diéu khién trwet mit dong tich hep quan sat nhiéu bat dinh

Bo diéu khién truot mat dong tich hop quan st nhidu bat dinh, s& sir dung mot bd quan sat phi
tuyén dugc thiét ké d€ han ché tac dong tir cac thanh phan nhicu loan xuat hién trong hé thong. Sau
do6, bd quan sat dugc tich hop vao bg diéu khién truot mat dong deé tao thanh mot hé thong diéu khién
hoan chinh cho h¢ thong dong co thiy luc. Trudc tién, sai 1€ch quan sat dugc dinh nghia.

d, =d, -d,;d; =d, —-d, (8)

Véi d,,d, 1a cac gia tri nhidu quan sat dugc, do 1a tong nhidu va bat dinh, d; 1a thanh phn bét
dinh mé hinh. Dé quan sat dugc cac thanh phan nhiu hiéu qua va bu vao bd didu khién dé ting
dd chinh xac, cau tric diéu khién de xuat ludt quan sat 1a h¢ phuong trinh sau.

(9)

A 1/. - n
ds :_(Xs — 0% — 0% — gsuxf ps — x35|gn(xv) _ds)
K.

3
Trong 46, 1/ x,.1/ &, 1a cac d6 loi quan sat. Xem xét mo hinh hé thong & phuong trinh (6) va
bd quan sat & (9), cung véi gia str 1, sai léch quan sat duoc giéi han boi didu kién:
-1

Ko
d,[<N,x, +e

d,(0),n=23.

Sai 1éch bam dau ra cua hé théng duoc dinh nghia 1a € =X, - Y, , trong do6, Y, la géc nghiéng
Pitch tham chiéu, Xoq1 %3¢ 12 nhiing tin hi¢u diéu khién ao. Trong bd diéu khién dé xuét, st dung
hai bd loc thong th?ip béac nhét cho qua trinh tao ra hai tin hi€u 40 X,4, X, dé han ché tac dong
tir cac thanh phan dao ham xuét hién trong qua trinh tinh toan. Cac bd loc nay duoc biéu dién
nhu sau.

z'1)A(zd + X0 = Xoq '72)?3d + Xq =Xy (10)
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Trong do, 7,,7, 1a hang s6 thoi gian ctia b loc. X,4, X,y 14 tin hidu dau ra cua bg loc. Cac tin
hidu dAu vao va diu ra cta b loc déu c6 cing gid tri ban du: Xea (0) =Xaq (0), Xy (0) =%y (0) .
Sai léch cua cac trang thdi trong hé théng duoc xac dinh nhu sau.

€ =X, —Xoq,8 =Xy — Xgy (11)

Pinh Iy 1. Khi xét hé théng thuy luc diéu khién goc nghiéng Pitch & phuong trinh (6) va bd

quan sat & phuong trinh (9). Néu céc tin hiéu diéu khién 4o va tin hiéu diéu khién duoc thiét ké
dudi dang:

X,q =—k.&, + Y, —k, tanh(e,)
Xoq = f5 (_ fiX, + %, —kse, —k, tanh (e, ) - dz) (12)
u= 93_1(_91)(2 — 0%, + Xag — K8y — K tanh (e, ) - ds)

Khi d6, sai 1éch bdm ctia dau ra hoi tu vé khong va hé théng hoat dong on dinh, véi k; (i =1+6)

1a cac tham sb diéu khién. Pé kiém chung tinh 6n dinh cia toan bd hé théng vong kin, ham
Lyapunov dugc chon nhu sau

3 ~ ~
V =05 "€’ +0.5d2 +0.5d% +0.572 +0.572 (13)

j=1
Trong d6, 7,, 7, 1a sai 1éch ciia cac bo loc thong thap bac nhét, duge xac dinh nhu sau.
Xz =%oq — Xoqs X3 = Xaq — Xaq (14)
Thyc hién dao ham phuong trinh (13) va ap dung két qua ¢ phuong trinh (6).
V=eg +e6, +es +0,d, +d,d, + 7,7, + 7uis
=€ (X — Yy )+ 6 (X, + fo% +d, — %y )+ 0,d,+d,d, + 7,7, + 7.7, (15)
+e, (glx2 +0,%; + GgUy Py — XSigN (X, ) +dy — Xy )

Sau khi thuc hién bién doi, phuong trinh (15) s& rit gon nhur sau:

d,

2 2
V'S_lef_mfzz_ﬂzfs%r’?s_ﬂ en_idn ~7n _iNn +ian (16)
21 2y, 4y,
Trong d6, 7, =1/, -1/ 424 . Chon x, c6 gi4 tri 16n va thoa man &, <42 thi hé thong s& 6n
dinh tiém can va sai 1éch bam dau ra s& hoi tu tiém can vé diém 0.
3. MO PHONG

Bing 1. Thong s6 mé hinh dong co Servo dién thity lyc trong tua-bin gi6 [12].

Tham s Gia tri Pon vi
k, 200 -
C, 0.63 -
K 6.86x 108 Pa
H 947 kg/m3
vV, 4x 1074 m3
D, 1.2x107* m3/rad
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Jin 4x 103 kg/m?
Cim 3.2x 10712 m5/(N-s)
P 32 N-s-m
w 0.01 m
P, 20% 10° Pa

e kiem ching s hiéu qua cua céc thuat toan da trinh bay, thuc hién tién hanh mo phong trén
phan mem Matlab/Simulink vé&i tham s6 md hinh dong co servo thuy lyc va goc nghiéng Pitch
mong muon c6 bién dd va tan s6 thay do6i, khi st dung cbng thuac lugng giéc
Y, = 2(sin (0.8t)+sin(0.4t)+sin (0.2t)) dua trén tai liéu tham khao [10].

Dé kiém chiing kha nang bam quy dao cuia thuat toan dieu khién da dé xuat két hop diéu khién
truot mat dong va bo quan sat nhicu bat dinh, hé thong dieu khién de xuat nay duoc dat tén la DOB
de so sanh véi hai bo dicu khién khac la Backstepping (BSP) va b dieu khién truot mat dong
(DSC), BSP va DSC la 2 bo diéu khién‘ph(‘) b@én va dugcC sur dung trong nhiéu nghién ciru & nhiéu
linh vuc khac nhau, dac biét 1a trong dieu khién hé thong servo thay luc.

De kiém chiing kha nang bam quy dao cuia thuat toan dieu khién da dé xuat két hop diéu khién
truot mat dong va b quan sat nhiéu bat dinh (DQB - Diwsturbance Observer) dé so s@nh yé'i hai bo
diéu khién khac la Backstepping (BSP) va bo diéu khién truot mat dong (DSC). Bé kiém chang
su hiéu qua khi sir dung bd quan sat nhiéu bat dinh da d& xuit DOB, tong nhiéu bat dinh d,,d,
duoc dinh nghia nhu sau:

d, =—3x10%sin(zt/2), d, =-3x10°sin(37t/10) (17)

Tir céc tham s6 mo phong, gia tri goc nghiéng Pitch mong mudn va céc dinh nghia vé tong
nhiéu bat dinh, ket qué kiem chl’rng thé hién tur hinh 2 dén hinh 9 nhu sau:

LR et

vV YA

Géc Pitch (d0)
[=)

BSP BSP

Goc Pitch (d6)

DSC DSC

5 | | d DOB DOB
| | | = = =Tin hiéu dat 15 | | | il =Tin hié¢u dat
0 10 20 30 40 50 0 1 2 3 4 5
Thoi gian (s) Thoi gian (s)
(a) (b)

Hinh 2. So sdnh (a) ddp itng géc nghiéng Pitch ciia cdc bé diéu khién (b) ddp img ban dau.
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Hinh 3. So sdnh sai sé dap ung goc nghieng  Hinh 4. So sanh dap vmg t(i'q do goc nghiéng
Pitch cua cac bo diéu khién. Pitch cua cac bo diéu khién.
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Khi lwong dit vi tri goc dau vao va tong nhidu bat dinh duoc xac dinh theo (17), cac dap tng
dau ra ctia hé thong duoc kiém chimng tir hinh 2 dén hinh 4, khi thuc hién so sanh dap (ng va sai
sb goc nghiéng Pitch cua bo didu khién BSP, DSC véi bo diéu khién dugc dé xuat gom bo diéu
khién truot mat dong va bo quan séat nhiéu bat dinh nhu trong hinh 2 va hinh 3. B3 minh chiing su
cai thién dap tmg vi tri goc nghiéng Pitch khi c¢6 tac dong ciia nhidu bat dinh véi DOB 1a t6t nhat,
sai sO duoc cai thién s€ nho hon BSP va DSC. Dé dat duoc két qua nhu vay, bo diéu khién DSC
da duoc nang cap khi ap dung thém bd quan sat nhiéu bat dinh, trong d6 déap g quan sat tong
nhiu bét dinh va sai s quan sat dugc kiém chung tur hinh 5 dén hinh 8. C6 thé thiy bo quan sat
da hoat dong hiéu qua khi quan sat tdt thanh phan nhiéu bt dinh khong biét trude tac dong vao hé
thng dong co thiy luc. Tir d6 giup DOB (Disturbance Observer) bam gié tri dit goc nghiéng Pitch
chinh x4c hon, giam thiéu tac dong ctia nhidu bat dinh bén ngoai ciing nhu anh hudng do su bét
dinh théng s6 mo hinh giita thyc té va mé hinh 1y tudng.

4000 F ‘ - ‘ p— o[

2000

Nhiéu bat dinh d2
(=]
Sai s6 quan sat (:12
(=}

-2000

0 10 20 30 40 50 0 10 20 30 40 50
Thoi gian (s) Thoi gian (s)

Hinh 5. Bdp ting quan sdt nhiu bt dinh d, . Hinh 6. Sai 56 quan sat nhiéu bdt dinh d, .

4000 F : i gy P———)
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3 E
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0 10 20 30 40 50 0 10 20 30 40 50
Thoi gian (s) Thoi gian (s)
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C6 thé thay, bd quan sat da hoat dong hiéu qua khi quan sat t6t thanh phan nhidu bat dinh tac
dong vao hé thong dong co thiy luc, trong do, sai sb quan sat 16n nhét chia cho gia tri sai sd bét
dinh 16n nhét 12 0.143% khi quan sat d, va 0.071% khi quan sat d, . Tir d6 gitip DOB bam gia tri
dat goc nghiéng Pitch chinh x4c hon, giam thiéu tic dong cua nhidu bat dinh bén ngoai ciing nhu
anh hudng do sy bat dinh théng sé mo hinh giira thyc té va mé hinh 1y tuong. Két qua sanh cac bo
diéu khién v6i nhau cho hé thong didu khién goc nghiéng Pitch cho dong co thuy luc, gia tri cin
bac hai ctia d 1éch binh phuong trung binh RMSE duoc str dung, két qua dugc trinh bay nhu trong
hinh 9 va bang 2. Tir d6, c6 thé thdy khi két hgp bo quan sat truot mat dong va by quan sat bat
dinh dat dugc két qua tot nhét khi so sanh véi BSP va DSC.

Bing 2. Gia tri cua can bdc hai do léch binh phuong trung binh RMSE.
B¢ diéu khién BSP DSC DOB
Gid tri I6n nhat ciia RMSE 0.26410 0.12790 0.0079
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Ky thudt diéu khién & Dign tiv

BSP
DSC
DOB

Do léch binh phuong

Thoi gian (s)
Hinh 9. Sai s6 quan sdt nhiéu bat dinh ds.

4. KET LUAN

Noi dung d& xuét ciu trac didu khién gdm bd quan sat nhiéu va bo diéu khién truot mat dong
da cai thién chat lugng didu khién. BO quan sat duoc thiét ké dé han ché nhimg tac dong do thanh
phan nhiéu giy ra dbi véi hé thdng tua-bin gi6. Ngoai ra, b diéu khién két hop wu diém cia
phuong phap diéu khién truot v4i bo loc thong thap bac nhat dé didu khién chinh xac goc nghiéng
Pitch cua tua-bin gi6 bam quy dao dat. CAu trac dé xuit dam bao su 6n dinh cho toan bo hé théng
tua-bin gié thong qua 1y thuyét 6n dinh Lyapunov.
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Nghién ciru khoa hoc cong nghé

ABSTRACT

Pitch angle control based on uncertainty observation
for hydraulic motor system in wind turbine

This article presents a model of a servo hydraulic motor driving a wind turbine blade
under the influence of total uncertainty including model error, wind load moment and
moment caused by friction, thereby Apply uncertainty controllers and monitors to increase
accuracy and stability in the process of controlling the pitch angle of the propeller. A control
structure combining a disturbance observer and a Dynamic Surface Sliding Controller
(DSC) has been proposed, in which the observer is designed to deal with the harmful effects
that the uncertain disturbance component causes to the system. Wind turbine system, the
accuracy of the control system is significantly improved thanks to the appearance of the
observer. The proposed control structure ensures stability for the entire wind turbine system
through verification using Lyapunov stability theory. Numerical simulations were
performed comparing the proposed controller with Backstepping controllers (BSP) and
dynamic surface sliding controls, clearly showing a clear improvement in control quality.

Keywords: Servo hydraulic motor; Pitch angle; Uncertainty disturbance observer; Dynamic surface controller;

Backstepping; Disturbance observer; Radial basis function.
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