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THIET KE BO DIEU KHIEN BAC HAI TUYEN TiNH
DUA TREN BO QUAN SAT NHIEU BAC CAO DE UGC LUONG
T6C DO GIO TRONG HE THONG CHUYEN DOI NANG LUGNG GIO

DESIGN OF A LINEAR SECOND ORDER CONTROLLER BASED ON A HIGH-ORDER OBSERVER
TO ESTIMATE WIND SPEED IN WIND ENERGY CONVERSION SYSTEM
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TOM TAT

Theo ddi diém lam viéc cong sudt cuc dai la nhiém vu quan trong trong hé thdng diéu khién bo bién ddi néng lugng gid, duac thuc hién thdng qua viéc diéu
chinh téc d6 tuabin gi6. Viéc nay doi hoi yéu cau vé thong tin téc o gi6 thong qua b do luding tdc dd gié va truyén dir liéu toc o gi6 téi bd di€u khién. Nghia la
can strdung nhiéu cam bién t6c d6 gi6 dé thuc hién, nhung két qua ciing chua dam béo su chdc chan vé do tin cay. Do d6, ngudi ta hudng dén sir dung céc phuang
phéap khac nhau d& udc luong téc do gio. Viec udc lugng chinh xac téc dd gié sé dan dén mot hé thdng diéu khién o hiéu qué cao. Da c6 nhiéu bd quan sat trudic
day dugc dé xudt dé udc tinh tdc d6 gio tuong (ng véi céc gia dinh coi mdmen khi ddng hoc thay ddi cham khdng ap dung dugc cho hé thdng thuc. Bai bao nay
dé xuat xdy dung mot bd quan sat nhiéu loan bac cao d€ udc Iugng chinh xac mé men khi dong hoc clia tuabin gi6, tir d6 udc lugng toc dd gid tuang ting. Tur két
qué cta bd quan sat nay, mdt bd diéu khién t6i uu hiéu sudt cao dugc phat trién git cho t6c do tuabin ludn t6i uu.

Tir khod: BG quan sdt nhiéu béc cao; diéu khién tdi uu; do bat dinh; hé thdng bién doi nang luang gié (WECS); uéc viong téc dé gio.

ABSTRACT

In the wind energy converter control system, monitoring the maximum power operating point which is accomplished by varying the wind turbine speed is
a crucial responsibility. This calls for the measurement of wind speed and the transfer of wind speed data to the controller. This implies that in order to do this,
a large number of wind speed sensors must be used, but the outcomes do not ensure accuracy. As a result, individuals try to measure wind speed using various
techniques. A highly efficient control system will result from an accurate estimation of wind speed. Many prior observation sets that are not applicable to real
systems have been offered in order to estimate wind speeds matching to assumptions of slowly fluctuating aerodynamic moments. In order to precisely
determine the aerodynamic moment of the wind turbine and, consequently, the appropriate wind speed, this article suggests building a high-order turbulence
observer. Based on the findings of this observation, a high-performance optimum controller that maintains the ideal turbine speed is created.

Keywords: High-order disturbance observer; optimal control; uncertainty; wind energy conversion system (WECS); estimate wind speed.
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1. GIGI THIEU lén clia cla toan cau va 6 nhiém lién quan dén nhién liéu
Nang luong téi tao (nhu gié, mat tréi va sinh khéi) 1a héa thach. Trong cac ngudn nang lugng tai tao thi nang
nhiing nguén ning luong dé giai quyét tinh trang néng ~ 1UONg gi6 la mét trong nhiing ngudn nang lugng tot
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nhat, né khong tao ra bat ky chat gay 6 nhiém hoac khi
thai nao trong qua trinh van hanh, ngoai yéu cau bao tri.
Hé théng chuyén déi nang lugng gid (WECS) dugc st
dung dé tao ra nang lugng dién ti nang lugng khi déng
hoc cua gié. Trong WECS t6c dé thay ddi, may phat dién
déng bé nam cham vinh ciu (PMSG) la moét trong nhiing
loai may phat dugc st dung rong rai nhat, vi né c6 mat dé
céng suat cao, hé s6 cong suat cao va do tin cay cao. Tuy
nhién, tir géc do ly thuyét diéu khién, WECS la mot hé
thong hé thong phi tuyén cao véi véi cac bién sé lién
quan chat ché dén téc dé gid [1]. Trong WECS toc do giod
thay d6i, van dé theo déi diém cong suat cuc dai (MPPT)
la rat can thiét & moi téc do gio sé cé mot diém van hanh
t6i uu, tai do tuabin sé quay vai téc dé tham chiéu téi uu
va hé théng thu dugc cong suat cuc dai [2]. Gia tri t6i uu
nay co thé dugc gilr bang cach diéu chinh téc d6 tuabin
G cac toc dé gio khac nhau, diéu nay cho thay su can thiét
phai do téc do gid [3]. Théng thudng, cac loai cdm bién
do gi6 dang c6c dugc st dung dé do toc do gid, that
khong may la may do gié dang c6c théng thudng khéng
thé do chinh xac t8c dé gié nham muc dich phuc vu cho
diéu khién, hoac rat dat dé do dugc chinh xac téc do gid.
Mot giai phap kha thi la usc tinh téc d6 gié bang bé quan
sat (DOs) [2]. Vi vay, hé théng diéu khién dua trén DOs la
giai phap hiéu qua cho nhiing van dé nay. Mot sé phuong
phap stt dung bd quan sat dé udc tinh thong tin gié nhu
mo hinh Gray va b6 loc Kalman [4, 5]. Mot phuang phap
thuat toan di truyén cling dugc ap dung dé ugc tinh chinh
xac toc do gio, tuy nhién, thuat toan phc tap véi mot s6
lugng I6n dau vao [6]. Mot gidi phap khac cho van dé nay
la quan sat moé-men xodn khi dong hoc thay vi udc tinh
t6c do gio [7].

Trong cac DOs tuyén tinh va phi tuyén thong thuong,
su héi tu clia sai s6 uéc lugng dugc dam bao bang cach
xem xét rang nhiéu c6 déng hoc cham so véi déng hoc
clia bo quan sat (tuc la dao ham theo thai gian bac moét
cta nhiéu bang vai s6 khong). Loai gia dinh nay la mét
loai gia dinh phé bién va cé tac dung trong nhiéu trudng
hop thuc té. Tuy nhién, d8i véi mot sé trudng hop cu thé
khi nhiéu cé déng luc nhanh, gia dinh nay khong phu hop
va c6 thé dan dén hiéu qua udc lugng khéng dugc thda
man. Trong WECS, mé-men xoan khi dong hoc cé lién
quan dén toc d6 gié ngau nhién theo méi quan hé ham
bac ba, thudc loai hé théng nhu vay. Xem xét cac cong
trinh nghién ctu trudc day, bai viét nay gidi thiéu mét bo
quan sat bac cao (HODO) dé udc lugng mé-men xodn khi
dong hoc, tir d6 giup udc lugng toc dé gid. Mat khac,
WECS hién dai yéu cau cac phuong phap diéu khién hiéu
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suat cao nhu diéu khién dao ham ty lé-tich phan thi tu
phan s6 (PID) thich tng [8], trong tai liéu [9], mOt bo diéu
khién tuyén tinh hoa phan héi (FLC) da dugc dé xuit dé
loai bd toan b tat ca cac tinh chat phi tuyén ctia PMSG
cho MPPT. Tuy nhién, hau hét cac ky thuat diéu khién nay
déu phtc tap va khéng dé thuc hién. Bai bao nay sirdung
b6 diéu chinh bac hai tuyén tinh (LQR), cho bai toan theo
déi téc d6 clia may phat. Hiéu qua ctia so do diéu khién
téng hgp téi uu dugc trinh bay dugc chiing minh bang
md phong may tinh trong Matlab/Simulink. Béng gép
chinh bai bao nay la:

- D4 gidi thiéu mét bo quan sat nhiéu bac cao dé udc
tinh mé-men xoan khi déng hoc cia WECS mét céach
chinh xac, tor d6 udc tinh van toc gié thuc té.

- Dé xuat bd diéu khién téi uu tuyén tinh bac hai va
danh gia hiéu qua ctia phuong phap dé xuat.

Cau trac bai bao gobm 5 phan, sau phan gidi thiéu,
phan 2 1a mé hinh hé théng chuyén déi nang lugng gi6
dung dé nghién ctu, phan 3 thiét k& bé diéu khién bac
hai tuyén tinh, phan 4 thiét ké bo quan sat bac cao dé uéc
tinh mé men xoan khi déng hoc trén truc tuabin, phan 5
la thiét ké bo diéu khién dua trén bd quén sat bac cao va
ching minh tinh én dinh cGa hé théng diéu khién vong
kin. Va cuéi cung l1a m6 hinh mé phéng, két qua mé
phong trén phan mém Matlab/Simulink cung mét s6
thao luan.

2. MO HINH HE THONG CHUYEN D61 NANG LUONG GIO

Hinh 1 thé hién so d6 khéi clia hé théng chuyén déi
nang lugng gié dua trén may phat dién kich tir nam cham
vinh cliu st dung so d6 diéu khién t8i uu dua trén bd
quan sat bac cao.

DC = link
')

DIEU KHIEN TOI UU r—> w6 chuyén ab
dq.gf PWM cing sust
La v
= may phat
1 W i ]
. | . ‘
L
BO QUAN SAT
BAC CAQ ) Néng lugng gié
| % ’
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%

Hinh 1. So d6 diéu khién bac hai tuyén tinh (LQR) cho hé théng chuyén doi
nang lugng gio st dung mdy phat dién dong b nam cham vinh ciiu (PMSG)
dua trén bd quan sat nhiéu bac cao d€ udc tinh toc do gio trong bd bién doi
nang lugng gié
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Trong phan nay, ching ta xem xét mé hinh hé théng
chuyén déi nang luong gié dua trén may phat dién kich
tU nam cham vinh ctu [2].

2.1. M6 hinh tua bin gié

Cong suat khi dong hoc Py, (kW), thu dugc tur tua bin

gi6 dugc cho bai cong thiic sau:

1
P, = EpTerbCPtb (AB)V? (M

Trong d6: p (kg/m3) - mat dé khéng khi; Ry, (m) - ban
kinh tua bin gi6; v (m/s) - téc do gi6, C, (A\,B)- heé s6
céng suat, la mét ham phi tuyén phu thudc vao ti s6 téc
do dau canh A va goc tan canh quat 3. Tir hinh 2 cho thay,
3 mdbi goc cla B, tuabin hiéu qua nhat cho mot gia tri cu
thé cda B. Ti s6 téc d6 dau canh A dugc xac dinh nhu sau:

w,.R

A= Dbt (2)
\"

Trong d6: ww - téc d6 goc cla tuabin (rad/s).

M6 men xoan khi dong hoc Ty, (N.m) clia tuabin dugc
xac dinh bé&i phuang trinh (3):

P 1
T, = = JomRLCy, (M) ®

tb
Trong d6: C; (AB)=C, (AB)/A la hé s6 mé-men

xoan khi déng hoc.

05—

Hinh 2. Hé s6 cong sudt dién hinh CP (4, B) cho cac gid tri khac nhau cla
Avap

Theo phuong trinh (1), cong suat khi ddng hoc Py, thu
dugc dugctilé vsihésé C, (N,B).Dai véi mot tuabin gio
nhat dinh, véi méi téc d6 gié va mét gdc canh quat nhat
dinh, sé c6 mot gia tri ti s6 toc d6 dau t6i uu (A\w), la gia tri
khéng déi; do dé, theo phuong trinh (2), cong suat thu
dugc t6i da dat dugc bang cach theo déi téc dé tham
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chiéu t6i uu (W) cla ro-to tuabin gié dugc xac dinh bai
cong thuc:

Wy = )\iv (4)
tb
Ngoai ra, m6i quan hé gilia téc d6 cla ro-to tuabin va
téc do ro-to may phat, mé-men xoan khi déng hoc trén
truc ro-to tuabin va mé-men xodn trén truc ré-to may
phat dién dugc xac dinh bai:

w
n, =Sme T (5)

" ow, T

mp
Trong d6: Npm - ti sO truyén ctia hop s6; Wmp (rad/s) - téc
dd goc cla ro-to may phat dién, va Ty (N.m) - mo-men
xodn khi déng hoc trén truc ro6-to may phat dién.
2.2. M6 hinh may phat dién
Phuong trinh khi dong hoc clia may phat dién kich tu
nam cham vinh cliu dugc thé hién dudi dang:

dw
oo = T =By, T, 6)
di, R,. PP 1
d_::_L_Iq —Pw, iy ———w, +L—Vqs 7)
di, R 1
d—'s =Ty P F Y, (8)

Trong dé: iq va iq lan luct la dong dién stator truc d va
truc g, (A); Vas va Vg lan lugt la dién ap stator truc d va truc
d, (V); Jmp & mO-men quan tinh ré-to may phat dién,
(kg.m?); P la s6 d6i cuc tu; Rs la dién trd stator, (Q); L la
dién cam stator, (mH); Bmp 13 hé s6 ma sat nhét (kg.m?/s);
Wmp la trthong nam cham, (V.s/rad); va Te la mé-men xodn
dién tu (N.m).

M6 men xodn dién tuor dugc tinh nhu sau:

T, :Keiq (9)

Trongdo: K, =3/2¢, P.

TU phuong trinh sé (6) dén (8), c6 thé viét lai phuong
trinh déng luc hoc cllia dong co PMSG nhu sau:

dw
mp :L b _ﬂwmp _LTe (]0)
dt J. " o, ™
dTe Rs : l'meKe e
F: —L—Te _PKewmpId - wmp +_Vqs (’I 1)
dig _ R g +iwm T +—V, (12)
d L, ° K, ™ .
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Gid thuyét 1: (a) T6c do ré to mdy phdt dién wpmp, va dong
dién iy iqc6 thé do dugc. (b) T6c db gié v va mé men xodn khi
doéng hoc Ty la khéng xdc dinh.

3. THIET KE BO PIEU KHIEN BAC HAI TUYEN TiNH

Pé tao thuan Igi cho viéc thiét ké bo diéu khién, cac
phuaong trinh (10), (11) va (12) c6 thé dugc chuyén déi
thanh phuang trinh déng hoc 16i nhu sau:

da B y
Orp _ Progy g (13)
dt Joo T e

di. R~ YPK. K
C=——T ——"—@ +—(v,-Uu, (14)
dt L L L( A

di, R,

(15)

Trong d6: @, la sai s6 theo déi cla téc do ré to,

(rad/s); T, la sai s6 theo dbi cia moémen dién tir ciia may
phat (N.m); vq1 va var 1an lugt 1a cac gid tri bu clia dau vao
diéu khién. Chiing dugc dinh nghia nhu sau:

A
= — . _ _ "Mu
wmp - wmp - wmp,tu ’wmp,tu - wtb,tunbm - V'nbm
th
~ 1 .
Te = Te _Te,tu;Te,tu = Ttb _Bmpwmp,tu _Jmpwmp,tu
bm
R L, . (16)
_ s H
ql — K_Te,tu +K_Te,tu +lmewmp,tu +Pstmp|d
e e
PL
_ s
ud1 - K wmpTe

e

Trong d6: ®mpsw 1 tdc d6 tham chiéu t6i uu clia may
phat; Tew la tham chiéu cla mo-men xoan dién tu va ()
biéu thi dao ham lan dau tién ctia mot bién.

Can luu y rang, vi toc do gié v va mdé-men xodn khi
dong hoc Ty, 1a khéng xac dinh, tham chiéu téc do ro to
may phat dién @mp,w va tham chiéu mo-men xoan dién tu
Terw chua biét.

Trong cac phan tiép theo, mét bo quan sat nhiéu bac
cao sé dugc thiét ké dé udc lugng mémen khi dong hoc
Tw va téc d6 gi6 v. Phuong trinh (13), (14) va (15) ¢6 thé
viét lai dugi dang phuang trinh khong gian trang thai nhu
sau:

x=Ax+B(u-u,) (17)
Trong dé:

x=|:(I)mp 'T'e idJT;u=[Vqs V‘,S}T;uﬁ[uq1 udJT
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__mp _L 0
mp Jmp 0 O
A= —TmPKe —& 0 |, B= & 0
LS LS LS
R
0 0 e 0 l
LS L LS _

Chuing ta hay xem xét chi s6 hiéu suat LQ sau:

J(x,u)= I(XTQx+uTRu) (18)
0
Trongdé:Q=0lamatran3x3va R >0 lamatran 2x2.
Trong cac ly thuyét diéu khién t8i uu, bang cach giam
thiéu chi s6 hiéu suat bac hai nay, luat diéu khién téi uu
dugc xac dinh. Luat diéu khién cho hé théng dugc xac
dinh nhu sau [10]:

Uy, =U, +K, X (19)

Trong dé: K, =—R"'B'P,, 1a ma tran khuéch dai ctia bo
diéu khién, vai Py, la nghiém xac dinh duong ctia phuong
trinh Riccati dai s6 sau:

P,A+AP, —P BT B'P_ +Q=0 (20)

Ghicht 1: C6 thé suy ra ti (19) rang d6 loi kiém soat Ky,
phu thudc vao ma tran trong s6 Q va R. Béi vdi gia tri Q
I6n, hiéu suat theo doi sé dugc cai thién; tuy nhién, diéu
nay sé doi hdi mot né luc kiém soat I6n. Mat khac, gia tri
I6n cta R sé gay ra 16i theo déi I6n vai nd luc kiém soéat
thap. Xem xét nhiing thuc té€ nay, nén tinh dén su danh
déi gitta hiéu suat diéu khién va muc tiéu thu nang lugng
khi lua chon cac tham s6 nay [11]. Sau d6, Q va R c6 thé
dugc diéu chinh thong qua cac nghién ciiu mé phong mé
rong cho dén khi dat dugc két qua ung y.

Pinh ly 1. Vi luat diéu khién trong (19), vécto trang thdi
x trong hé (17) hdi tu theo cdp s6 nhdn vé khéng.

Chiing minh: BE phan tich dé én dinh, xac dinh ham
Lyapunov nhu sau:

V(x)=x"Px 1)

R6 rang la V(x) la xac dinh duang va khéng bi chan. Tu
(17),(19) va (20), dao ham theo thdi gian clia n6 théa man:

V(x)= %XTPNX =2x"P, (A+BK,, )x
=2x'P,(A-BTB'P, )
=x"P, (P,A+A'P, -BTB'P,,)

(22)

Phuang trinh (22) cho thdy dao ham theo thoi gian cta
V(x) am déi vai moi gia tri khac 0 ctia x. Tu (21) va (22), ¢
thé suy ra rang x hoi tu theo cap s6 nhan vé khéng.
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4. THIET KE BO QUAN SAT BAC CAO

Trong phan trudc, chung ta c6 thé thiét ké bo diéu
khién t&i uu cho WECS, gia st rang téc dé canh quat téi uu
tham chi€u ompw Va mé-men xodn khi déng hoc Ty, dugc
biét tir phép do téc dd gid va mé hinh dong luc hoc tuabin
la ly tuéng, tuy nhién, trén thuc té, rat khé dé do chinh xac
t6c do gio hiéu qua. Trong phan nay, tac gia sé thiét ké cac
bo quan sat dé udc tinh mémen khi déong hoc Ty, CO cac
phép do Ty, va theo phuong phap da cong bé [12], ching
ta sé co thé xac dinh t6c d6 ré-to tham chiéu Ompyu.

Trong qua trinh phat trién bd quan sat, ngudi ta
thudng coi nhiéu chua biét 1a bién thay déi cham. Tuy
nhién, diéu nay co6 thé lam gidm hiéu suat ctia hé théng
diéu khién. Hon nira, trong mét sé trudng hgp, tan sé thay
déi chia téc do6 gid cao, dan dén téc dé tham chiéu tan sé
cao va mdé men xoan khi ddng hoc. Do d6, dudng nhu
khéng hgp Iy khi coi chung la cac nhiéu loan thay déi
cham theo thai gian hodc cac hang sé chua biét. Mac du
cac bdng ching thuc nghiém va moé phong trong nhiéu
an phdm cho thay rang, véi gia dinh nay, bo quan sat van
c6 thé udc tinh mot s nhiéu thay ddi nhanh, khéng cé ly
do chat ché nao dé dam bao su héi tu clia bd quan sat. Bo
quan sat bac cao c6 thé 1a mot gidi phap cho van dé nay,
diéu nay c6 thé dan dén su cai thién trong qua trinh udc
tinh va ca hiéu suat diéu khién. Xem xét thuc t& nay, trong
phan nay, bo quan sat bac cao dugc gidi thiéu dé ugc tinh
mo men khi ddng hoc Ty, clia tuabin.

Gid thiét 2: M6 men xodn khi déng hoc Tw, khéng nhdt
thiét phai la hdng sé nhung du tron. N6i cdch khdc, ton tai
cdc s6 nguyén duong k sao cho Ty € Crr. Hon niia, cdc dao
ham bdc (k+1) ciia mémen khi d@éng hoc la khéng thé biét

k+1
duogc, tacla, dt’”:b =0,

Dé udc tinh mé-men xoan khi dong hoc, phuong trinh

(10) dugc st dung:
dw,, 1 _Bﬂ —LTQ

—_— w
dat ) ® oy ™y

mp mp mp

(23)

Sau d6, bo quan sat mémen khi déng bac cao téng
quat dugc thiét ké nhu [13]:

z=-n,, (B w 'T'tb

mp ~“mp

+Te)+

mp' ‘bm
T =LoGo +L,9, +.+L,9,

gO - Jmpnbm -z
9, =9 24)
1

9,=9

9 = G
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Trong d6, (+) biéu thi uéc tinh ctia ham ddi s6 va Lo,
Ly,..., Lk 1a do lgi clia bo quan sat.

Dinh ly 2: D6 lgi cia bd quan sdt Ly, Ly,..., Ly dugc chon
sao cho cdc da thuc sau:

S LS +LS T L (25)

theo dinh luat Hurwitz 1a 6n dinh. Sau d6, mé-men
xodn khi dong hoc udc tinh trong (24) tiém can hoi tu vé
gia tri thuc ctia né.

Chiing minh: Hay xac dinh 16i udc tinh la:

e=T,-T, (26)

Khi dé, tir phuong trinh th nhat va tha ba ctia hé
phuong trinh s6 (24), ta co6:

e=-g, (27)

Dua vao (27) va cac dang thuic khac & (24), qua mot s6
thao tac, suy ra:

e 4L ek +Le 4L e =T (28)

Trong dé: (o)(i) biéu thi dao ham thui cla sai léch udc

lugng e. Bang cach tham khao Gid thiét 3: 7;5,“” =0, ham
y rdng sai s6 udc luong trang thdi én dinh e bdng 0 theo diéu
kién 6n dinh Hurwitz.

Véi T, , dua trén phuong trinh s6 (3) va phuong trinh s6
(16), €6 thé truc ti€p udc lugng tham chiéu téc d6 bang:

el

a) =

mp,tu

: (29)

tu

=~

anbePtb,max

2N, Mo
5. THIET KE BO DIEU KHIEN DUA TREN BO QUAN SAT BAC
CAO VA CHUNG MINH TiNH 6N DINH CUA VONG KiN
5.1. Thiét ké bd diéu khién LQR dua trén bd quan sat
bac cao

Vi thong tin udc tinh vé tham chiéu toc do, mé-men
xo0dn khi déng hoc céc tin hiéu bu diéu khién dugc biéu
thi bang:

Trong dé: k,, =

By = W — B0 i =
mp ~ T mp mp,tu’ mp,tu k
tu
5 A 1 - ) x
Te = Te _Te,tu; Te,tu = n Ttb _Bmpwmp,tu _Jmpwmp,tu
bm (30)
R, 4 L, 4
Ol —_S s ~ .
uq1 _Te,tu +_Te,tu +Ll)mprmp,tu +Pstmp|d
Ke Ke
. PL
s
udl - K wmpTe
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Khi d6 luat diéu khién theo phuong trinh s6 (19) tr&
thanh:

u=0, +K x 31
S L, R LoaT
T, Id:| » Uy :|:uq1 ud1:|

Sau do, ti (30), cdc phuong trinh sau day dat duoc:

Trong d6: x = [&)mp

x=x+Dx,
3 (32)
u, =u, +Fx,
Trong do: x, =[e & €],
d 0 0
m, m, m,
D: d2 d3 O , F:
0O 0 O
0 0 O
e=T,-Ty
1
d = —,
\lktu (\ITtb + VTtb)
1 B,
d,=—-—d,+J ,n,, dy=-J 'n,
nbm mp
.'l'\_
n1: 1 ,nzz Atb d1,n3: n1 )
\/ktuTtb 2\/Ttb Ttb 2Ttb
N ={Ttb +;t;+f T,T, +¥]n2d”
th 't "
L R L, s
m, =L|)mde1 +En3 +K_ed2' m, = d3 +En4, m, :Enl

5.2. Chitng minh tinh én dinh ctia bé diéu khién vong
kin

Dé phan tich tinh én dinh cta bo diéu khién vong kin,
chung ta viét lai hai phuong trinh (31) va (32) dudi dang:

u=u, +K x+Nx, (33)

Trong d6: N=F+KD

Thay thé tin hiéu diéu khién u tir (33) vao phuong trinh
(17), khi d6 phuang trinh trang thai hé thong c6 dugc viét
lai nhu sau:

x=(A+BK,, )x+BNx, (34)

Phuong trinh (34) cling véi (21) hinh thanh hé théng
vong kin clia hé théng diéu khién duya trén bd quan sat.

Bé dé 1: Xem xét hé théng sau:

{2 =f(zy)

. (35)
y=s(y)
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Trong do: y =s(y)la én dinh tiém can tai y = 0. Néu
z=f(z,y) 6n dinh tiém can tai z =0, thi hé thdng (36) 6n
dinh tiém can tai (z, y) = (0, 0) [14].

Pinh Iy 3: V&i bo diéu khién (17), bd quan sat (24), va
b6 quan sat thu dugc théa man Dinh ly 2 va 3, sai s6 theo
déi x va 16i uSc lugng xe trong (32) thi hé théng én dinh
tai 0.

Chdng minh: Thi nhat, theo Dinh ly 1, hé thong:

x=(A+BK, )x (36)

6 trang thai can bang én dinh tiém can & muic 0.

Thu hai, v6i cac bd quan sat cho trong (24), va bé quan
sat thu dugc théa mén Binh ly 2 va 3, chitng minh dugc
hé 6én dinh tiém can tai e = 0. That don gian dé chiing
minh rang, vi e = 0 6n dinh tiém can tai 0. N6 c6 nghia I3,
Xe6n dinh tiém can & 0.

TU B6 dé 1 cho ta biét rang 16i theo déi x va 16i udc
lugng xe, trong (34) 8n dinh tiém can & muic 0.
6. MO PHONG

Trong phan nay, nghién ctiu dugc mé phong dugc trinh
bay dé chiing minh tinh hiéu qua cta so d6 diéu khién
dugc dé xuat. Chung ta hay xem xét mot WECS dua trén
PMSG véi cac tham sé: Cong suat phat dién dinh muc:
Prate = 5kW; SO déi cuc tur p = 14; Dién trd cudn day stator:
Rs = 0,3676C); Dién cadm cudn day stator: L = 3,55mH; Tu
thong may phat: wmp = 0,28667V.s/rad; M6 men quan tinh
ré-to may phat: Jmp, = 7,856kg.m? Hé s6 ma sat nhét trén 6
truc may phat: Bmp = 0,02kg/m?3; Ban kinh ro-to tuabin gié:
Rw = 1,84m; Mat d6 khong khi: p = 1,225kg/m3.

|—> wmp

>
>|
d
LQ Control

o Tib id
8 WECS

Téc 86 gio

Ttb_hat

Te

wmptu_hat

wmp
v_hat

Bo6 quan sat Ttb

Hinh 3. Sg 6 md phdng hé thong bang phan mém Matlab/Simulink

Trong hinh 3, sd @6 mé phong hé théng bang phan
mém Matlab/Simulink cla hé théng chuyén déi nang
lugng gi6 dua trén may phat dién kich ti nam cham vinh
cliu st dung so d6 diéu khién t6i uu dua trén bd quan sat
bac cao.
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T4t ca cac nghién ciru mé phong déu dugc thuc hién
thoéng qua Matlab/Simulink. Bién dang gié dugc chon véi
gia tri trung binh la 12,13m/s va cudng d6 nhiéu loan la
15,23% [15], bién dang nay dugc minh hoa trong hinh 4.
Hé sé cong suat C, dugc udc tinh phan tich bang mot
ham [16] v&i Aopt = 8,09 va Comax = 0,326. Cadc ma tran trong
s6 clia LQR dugc chon nhu sau: Q = diag(1e8,1,1) va
R=1e-3diag(1,1) va hé s6 bé quan sat dugc chon nhu sau:
Lo=50; L= 250; L= 500.

DPé ching minh tinh hiéu qua ctia phuong phap, tac
gia so sanh vai phuong phap diéu khién PID ¢6 st dung
bd quan sat bac cao. Hiéu suat danh gia bang sai s6 trung
binh (MAE) cua viéc theo déi toc d6 goc tuyét déi cla rod
to may phat dién |@).

Bang 1 tom tat cac két qua so sanh bang s6 cla cac
truong hop va phuang phap dugc diéu tra. Cac két qua so
sanh cho thay tinh uu viét cila phuong phap dé xuat so
vGi phuong phap diéu khién sir dung bd diéu khién Pl
thudng va Pl ¢6 st dung b quan sat.

Bang 1. Két qua so sanh giita LQ_HOOD véi Pl va PI_HOOD

Bo diéu khién Sai s6 trung binh (MAE)
B diéu khién LQ 0,0012
Bd diéu khién Pl st dung bd quan sét bac cao 0,0519
B diéu khién Pl thutng 0,1642

Téc dd gioé thwc té

13
12.5
0
E 12
>
11.5+
11t : ! ]
0 10 20 30 40
- Thei gian (s)

Hinh 4. Bién dang gi6 nghién ctu (duoc ldy tir bo do tdc dd gié thuc té)

Téc doé gio

14 N
T 12 " NASNNA NN
E
o 101 [
—
= 8 v
-§ ------ vhat_PID
o 6 — =vhat_LQ
n.l aql
—
3]
£ 2}
=

o
o 10 20 30 a0

Thoi gian (s)
Hinh 5. Tdc dd gio thuc té v va toc do gio udc tinh vhat_PID, vhat_LQ
thong qua bd quan sét bac cao
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Sai léch téc d6 gio

12 + Sai Iech téc d6 gic i
w10} £ -
£ =
o 2 g
_II E
3 © s
S 4 |
n_| ° e Théi ;li)an {s) i e
> 2
@D ev_PID

------ ev_LQ
o
(o] 10 20 30 40

Theori gian (s)
Hinh 6. Sai léch giifa toc do gid thuc té va toc dd gio udc tinh thong qua bd
quan sat bac cao (e, =v —v_hat (m/s))

Téc d6 ré to may phat

60 - ' .
550 va\’\/\/\/\z
=]

[l Téc a4 ré to may phat
a0 56
g z
~i130 s
= :
a g |
EI20 g
=10
=
0
1] 5 10 15 20 2‘5 30 35 40
Offsetets Thei gian (s)
Hinh 7. T8¢ d thuc € r6-to e va toc to udc tinh tham chiéu @, clia ro-
to mdy phat
) Sai Iéch‘téc d6 ré to may phat )
0.4 l—ew_Pl
—ew_LQ

0.2
— 0 OO\ N\~ AL VANY. N
0 SO SN 7 A AVl vanod
B-02
gl -0.4
=-0.6
CH
o -0.8
4
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® 1.2

1.4

-1.6 ; | i I i i ;
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Thori gian (s)

Q

Hinh 8. Sai léch giita toc d6 thuc té va toc do udc tinh tham chiéu cla ré to
may phat (e, =w—_ . (rad/s))

mp,tu

M6 men xoan khi déng hoc

E
580 L | | | |
<] \/\/\/\A/\/\/\’\’\/\/\/V\/\A/\/\J
_I|60 - ] | I il
e
=

- 40 |
=]
o
_QIZO
=
frams
g Of
=
e | | |
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Thoi gian (s)
Hinh 9. M6 men xoan khi dién tit thuc té Ty, va udc tinh ftb trén truc cla

tuabin
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Sai léch mé men xoan khi déng hoc

-

ON A~ O ® O

Sai Iech m& men xoén khi déng hac

(N.m)

aum)

s b
9

aTa_PID, eTa_L(
L o 4
E
5

eTa LQ

eTa_PID
ahme - =eTa_LQ

eTa_PID
N

0 10 20 30 40
Thei gian (s)
Hinh 10. Sai léch giita md men xodn khi dién tlr thuc té va udc tinh thong
qua by quan sétbac cao (e, =T, —T, rad/s)

Nhan thdy rang: b6 diéu khién LQ dap Ung dugc yéu
cau diéu khién vai téc do gio thay déi. Véi téc dé gié thay
déi, bo diéu khién van dap (ng yéu cau diéu khién téc dé
rd to may phat bam theo téc d6 r6 to tham chiéu. Trong
hinh 5 hién thi t6c dé gi6 thuc té€ (v), téc dé udc tinh
(v_hat). Hinh 6 hién thi két qua sai léch t6c d6 gi6 thuc té
v vatéc dod gié udc tinh v_hat. Hinh 7 hién thi t6c dé goc
tham chiéu (wic hat), t0C d6 goc thuc té (w) cta rdé to may
phat. Hinh 8 hién thi két qua 16i theo déi téc d6 gbc cla
ré to may phat dién (e, =O=w-w, ).

Hinh 9 hién thi mé men xoédn khi déng hoc thuc té
(Tw), md men xodn khi dong hoc udc tinh (T, ha). Hinh 10
hién thi két qud 16i mé men xodn khi déng hoc (
e; =T, —T,_hat), s&t dung phuong phét tinh gia tri

trung binh tuyét doi clia sai léch (Mean absolute error
performance - mae) ta c6 gid tri la: 0,0394.
7. KET LUAN

Trong bai bao nay, bd diéu khién bac hai tuyén tinh
(LQR) dua trén bo quan sat nhiéu bac cao (HOOD) da dugc
dé xudt cho bd chuyén ddi nang lugng gid (WECS) su
dung may phat dién déng bé nam cham vinh cru (PMSG)
ma khong can do t6c d6 gié hodc mé-men xoan khi déng
hoc. M6t bé quan sat nhiéu phi tuyén bac cao dugc s
dung dé udc téc dd goc téi uu clia rd-to may phat va mé
men xodn dién tir trong mdy phat dién. Két qua mo
phong chiing minh hiéu suat vugt troi ciia hé théng diéu
khién LQR dua trén bd quan sat HOOD dugc dé xuat so
vGi hé théng diéu khién dua trén Pl quan sat, Pl thong
thudng. Mac du, hé théng diéu khién dé xuat da dugc ap
dung cho WECS dua trén PMSG, chung téi tin rang c6 thé
mé& rdng bd diéu khién sang cac hé théng khac.
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