Tap chi Tin hoc va Diéu khién hoc, T.28, S.1 (2012), 9-19

DIEU KHIEN PHI TUYEN HE THONG PHAT DIEN CHAY SUC GIO
SU DUNG MAY PHAT KHONG DONG BO NGUON KEP TREN CG SG
HE THU DONG EULER - LAGRANGE VA HAMILTON

DANG DANH HOANG!, NCUYEN PHUNG QUANG?2

Y Truong Pai hoc Ki thuat Cong nghiép Thdi nguyén
2 Truong Dai hoc Bach khoa Ha Noi

Tém tét. Viec ap dung phuong phap diéu khién méi dé diéu khién may phat dien khong dong bo
ngudn kép (DFIG) trong hé thong may phét dién stc gié nhim danh gid kha niang tng dung vao thue
tién c6 mot ¥ nghia hét sitc quan trong. Bai bao trinh bay két qua nghién citu van dung nguyeén ly
tua theo thu dong (passivity - based) dé thiét ké bo diéu khién bang phuong phap két hgp tua theo
hé thy dong Euler - Lagrange (EL) va luat Hamiltonian dé didu khién may phat dién khong dong bo
nguon kép. Bo diéu khién méi khic phuc duge sai lech tinh ctia bo diéu khién dong khi chua két hop
v6i luat Hamiltonian. Ngoai ra véi bo diéu khién nay hé théng lam viéc c6 chat lugng tot & cac ché
do trén va dudi toc do dong bo clia may phat.

Abstract. Applying a novel control method to control Doubly-Fed Induction Generators (DFIG)
in wind power systems for evaluating an applicability plays an important role in practice. In this
paper, the passivity based-principle is applied to design a controller for DFIG, in which the Euler
- Lagrange (EL) based-method and Hamiltonian rules are incorporated. The proposed controller
overcomes static error of the current controller without Hamiltonian rules. The system can also offer
exellent performances above and below synchronous speeds of the DFIG.

Ky hiéu
Ky hieu Don vi Y nghia
R(z) Ma tran suy gidm
J(x) Ma tran lien két cdc khoi trong ciu tric he thong
G(x) Ma tran biéu dién quan hé vao ra
L, H Dién cadm cua rotor
T, Tk s Hing s6 thai gian rotor va stator
Wy, W rad/s Van téc goc rotor, van téc géc cd hoc rotor

Vsd, Ysg Wb = Vs Thanh phan d va ¢ clia tir thong stator
Yrd, Yrq Wb = Vs Thanh phan d va ¢ clia tir thong rotor
o Hé s6 tan tong

L, H Dién cadm hé cdm giita stator va rotor

Chit viét tit
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DFIG Ma4y phat dien khong dong bo ngudn kép
PDSG Phat dién stc gio

EL Euler - Lagrange

PBC Diéu khién thu dong

1. MO DAU

O nuéc ta, ciing nhu trén thé gisi viec didu khién may phat dien khong déng bo ngudn kép
trong he thong may phat dien stic gi6 (PDSG) dang la mot van dé duge quan tam. Hieén nay
da c6 mot s6 tac gid st dung cac phuong phap diéu khién nhu tuyén tinh hoa chinh xac [6],
backstepping [2] va da c6 nhiing két qua nhat dinh. Bén canh d6 tac gid ciing da c¢6 mot s6
cong trinh nghién cttu [3, 4]. Bai bao nay dua ra phuong phap diéu khién passivity — based két
hop hé thu dong EL va luat Hamiltonain dé diéu khién may phat dién khong dong bo nguon
kép nhiam muc tieu:

- Dua ra thuat toan diéu khién méi nham khit sai lech tinh ([4] chua dé cap dén).
- Di¢u khién dam béo chét lugng lam viéc ctia hé théng & téc do may phét trén va dudi dong
bo.

Thuec té khi lam viéc thong s6 méy phat c6 thé bi thay doi dan dén khi lam viéec ton tai
sai lech tinh. Vi vay viéc khac phuc sai lech tinh 14 can thiét. Bén canh d6 trong qua trinh
lam viéc may phat dién stic gi6 phu thudc vao tdc do gio tu nhién nén thuong xuyen bi thay
doi téc do. Do do6 viec diéu khién dam béao chat luong lam viée ctia hé thong & cac toc do may
phat khac nhau la hét sitc quan trong. Trong nghién citu nay sé tap trung vao viec giai quyét
2 van dé tren.

2. NOI DUNG CHINH

2.1. Cod sé ly luan phudng phap diéu khién tua theo thu dong

2.1.1. Heé thu dong EL

Hé Fuler - Lagrange thu dong la hé ma dong hoc ctia ching duge mo ta bdi cac phuong trinh
Euler-Lagrange (EL) va ban than hé thong khong tu sinh ra nang lugng. Nhu vay khi nhic
dén he Euler-Lagrange ta hi¢u rang d6 la he ¢6 ban chat thu dong.

Di¢u khién tita theo thu dong (Passivity Based Control - PBC) la thuat todn diéu khién ma
nguyén Iy ctia n6 dya trén dac diém thu dong ctia doi tuong (hé hd) véi muc tiéu lam cho hé
kin ciing la mot he¢ thu dong véi ham luu giit nang lugng mong muon.

Xét mot he dong hoc c6 n bac tu do, dong hoc ciia hé ¢6 thé duge mo td bsi phuong trinh
Euler - Lagrange ¢6 dang sau [11]:

d (0L ) oL .
i (&(X7X)> - &(va) = Q, (2.1)
trong do:

o x = (21, 9,..,2,)" vax la vector trang thai va dao ham vector trang thai ctia hé thong,

e L(x,%) dugc goi la ham Lagrangian,
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1a vector Iite tac dong len hé thong.

v6i: F(x)duge goi la ham tiéu thu Rayleigh, va thod man:

OF

.T .

— > 0. 2.3

SRE 2.3)

e Luc tac dong dicu khién B.u € R™ v6i u € R"1a vector di¢u khién va B € R ™ [3 ma
tran hang,

e Tac dong do nhiéu Q.

Xét mot he duge ky higu 1a ¥ ¢6 ham tong luu gitt nang lugng H (x, %), vector diéu khién dau
vao, dau ra u, y va coi nhu hé khong chiu tac dong ctia nhiéu. Nhu vay toc do cung cap nang
lugng cho hé sé 1a yTu. He tren duge goi 1a thu dong néu:

T
/0 yTudt > H(x(T),#(T)) — H(z(0),#(0))

— nang luong luu giu

nang luong cap

That vay tit 1), 22), [Z3) sau khi bién ddi ta duge:

T . T
F
H[T]— H[0] + / 1 (_X) dt = / xTBudt (2.4)
e e’ 0 aX 0
NL luu giu
NL tieu hao NL cung cap

Do diéu kien (2.3)), nen H|[T] — H[0] < fOT y'Budt; (y = &) suy ra h¢ EL la hé thu dong,
va mot tinh chat dic biet [5, 1I] khi phan tich h¢ EL thanh cac h¢ EL con cling nhu hé kin
(c6 bo dicu khién) déu thod man la thu dong. Day 1a mot trong nhing dic diém quan trong
khi thiét ké bo diéu khién theo phuong phap PBC.

T phuong trinh (2.4) ta ¢6 mot s6 nhan xét sau:

e Néu u = 0 thi ning lugng ctia hé khong tang, vi vay hé sé on dinh tai trang thai can
bing "tam thuong".

e Hé sé van 6n dinh néu nhu dau ra BiTbing khong, trong hé tuyén tinh thi hé théng
dugc goi 1a pha cue tiéu (minimum phase), tic 1a hé 6n dinh Lyapunov.

e Ta thay ring tin hiéu suy gidm cé thé duge phun vio mot cach dé dang qua cac trang
thai, dugc tac dong truc tiép béi tin hiéu diéu khién néu nhu céc trang thai d6 c6 thé
do dugc.
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2.1.2. Heé Hamiltonian
Céc hé thong diéu khién theo hé Hamiltonian viét dudi dang tudng minh [I]

{ x = (J(x) — R(x))0xH(x) + G(x)u
y = GT(x)0H (x)

trong do:
e x - la vecter trang thai
e u, y - la cac bién vao, ra
e H(x) - & haim Hamiltonian (thudng duge dé bicu dién ham nang lugng ciia he thong)
e Ox - la phép lay gradient theo x (do ngudi thiét ké)
Ménh de.
e 1.1) Ham H(x) dugc gidi han bdi:
H(x) > c khi * la nhé nhat.
e 1.2) Ma tran J(x) = —JT (x).
e 1.3 R(z) = RT(x) > 0.

Ching minh.
Lay dao ham ham Hamiltonian ta dugc:

H(z) = (0H) % = (0H)"(J(z) — R(x))0H + (0H) G (z)u

T ménh dé (1.2) ta dugc :

H(z) = —(0H)"R(z)0H +yTu

Mit khéc tit ménh dé (1.3) va xét khi u = 0:

H(z) <0
T két qua trén vA ménh dé (1.2), ta thady ham Hamiltonian théa man 1a ham Lyapunov. Nhu
vay v6i viec tinh ham Hamiltonian, ta c6 thé rit ra dugce céc cong viec thiét ké bo diéu khién
cho hé théng sau nay.
2.2. CéAu tric hé théng diéu khién
Theo [2, 4, [6], hé thong gom 2 phan diéu khién co ban nhu Hinh (211

e Diéu khién phia méay phat st dung may dién khong dong bo nguon kép (Doubly -fed
induction machines - DFIG).
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Thiét bi diéu khién

Hinh 2.1. So do cau tric hé thong may phat dién st dung DFIG

e Dicu khién phia ludi.

NLPL: Nghich luu phia ludi,

NLPMP: Nghich luu phia méy phat,

MDC: May déng cat,

IE: Thiét bi do tdc do bang khic vach xung.

2.3. Ap dung phuong phap két hop hé thu dong EL va Hamiltonian dé thiét ké
bo diéu khién
2.3.1. THhiét ké bo diéu khién dong dien roto phia mdy phdt
Thurc hién theo 2 bude:
e Thiét ké bo diéu khién tua theo hé thu dong EL.

e Két hgp véi luat diéu khién theo ham Hamiltonian dé xay dung bo diéu khién méi trén
¢ s6 ctia bo diéu khién EL.

e Budc 1:

Dé ap dung phuong phép ta tach hé théng phia rotor may phat dién thanh hai phan dong
hoc phan dien (ham n#ng lugng He) va dong hoc phan co (ham nang lugng Hm) - Hinh 2.2
Sau d6 ap dung céc phuong trinh dong hoc dé vao phuong trinh EL, dé hé tré thanh thu dong
[11]:

Tu Hinh ta xay dung so do nguyén ly cau tric di¢u khién theo phuong phép tia theo
thu dong nhu Hinh Ta c6 thé cu thé héa bang hinh [2.]]

Ap dung phuong phap thiét ké 1a dua bo diéu khién vao he dong hoc phan dien véi tuong tac
ciia hé dong hoc phan co, sao cho hé kin thod man 14 thu dong theo phuong trinh EL, ta duge:
ulBC = ul — D(w)(i,—i¥). (2.6)

T T
véi

2

L
M2 4+d,0<e<R,d>0. (2.7)

D(w) = 4e
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W i
He

myy

Hm

my

Hinh 2.2. Phan tich DFIG thanh dong hoc phan dién va phan co

i : u™ !
RIPBC > >
H,
(-)
PBC | pa 423 , 5
R,™ : B¢ diéu chinh dong ® H Mg
theo phwong phdp PBC (-) mw

(strc gid)

Hinh 2.3. So do nguyén 1y cau tric diéu khién theo phuong phap PBC

B& diéu chinh R,P”C

Tinhue trén
c0O s& ham
NL mong
mudn Hy.

Pt

(IgGiaTs

D@ ifii

Tinh hé sb

®-_)> suy gém (.st')t gio)

Hinh 2.4. Cau tric bo diéu chinh véc to dong PBC bao gom 2 khéi chitc nang

Nhu trong [3l [4] hé phuong trinh mo t& moé hinh dong rotor ctia (DFIG) sau khi dugce téch ra
trén hé truc toa do dq nhu sau:

dirq 11 . 1-o0,. ) Lo Ly

L e A

Lo, + o~ d, 2
= g g~ i+ 5,

e ! 1 _1-0c
+ o wwsd + oLy, Urq oLm Usq

Dé dat bai toan diéu khién ta dat bién ir 1a bién diéu khién, véi gia tri mong mudn la irx
duge 1ay tit bo dieu chinh mo men mG va cong suat Q.
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Bo diéu khién tya theo thu dong (PBC) duge xay dung theo nguyén tic can phai dua vao tin
hiéu diéu khién mot tin hieu suy giam dang D(w).ir va D (w) goi la hé s6 suy giam, dugc xac
dinh theo (2.6]).

Tin hiéu diéu khién duge xac dinh:

trong do:

° deQ PBcla dien ap do bo diéu khién PBC tao ra (theo d va q).

o uq*;up,: dien ap rotor mong mudn ctia may phat (theo d va ¢) duge xac dinh theo

23).

V6i phuong phap trén ta duge bo diéu khién dong dién rotor theo 2 thanh phan:

di* 1 l1-0
PBC rd .
=olL, L,
Uy = oLt F Lol =),
% 1 — g . I
—O'Lrwrqu — LT‘T(¢SCI — WTs¢sq) (210)
S
1-0 , . o
+L, I = D(w).(irg —irg),
ZBC r dt + L ( lr + 15—50)'5':;1
+0'Lrwr Ts (¢Sq + wTs¢sd *) (211)

+L A - D(w).(z’rq —iz,)

e Budc 2:
Sau khi c6 duge bo diéu khién (2.I0) va (Z.I) tua theo hé thu dong EL. Ta tiép tuc thiét ké
bo diéu khién duge tua theo luat Hamiltonian:

/UT(T).V(T)dT = H(z(t)) — H(2(0)) + d(t)
0 ~~

Nang luong du tru Nang luong tieu thu

Nang luong dua tu ben ngoai

Theo [1], dé he kin 1a thu dong, ta chon luat diéu khién la them vao bo didu chinh khau tich
phan:

WPBS = uPBC _ g, / (i — %) dt. (2.12)
véi KT > 0.
Thay (212) vao (ZI0) va (2I0) ta dugc:

ul (i = L (% 1_”) +oL, S
L2 (v, wTs¢sq) (213)

_ULTWT L,. T,
—I—LTL— u — D(w)(iry —iy,) — K [ (ir, — iy )dt,
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oy diy
ui@% — T(T% + lTs )/qu + ULT/dtq
o Lpwpi®, — Ly A7 (7 + wTp™) (2.14)

+L =2k — D(w)(ir, — if,) — K1 [(ir, — 7, )dt.

Tu cic bo dieu chinh dong dua trén thu dong ta thay né da ddm bao tach kénh nho b lien
két ngang bdi 2 thanh phan wy.iyq* va wy.iye™ va b duge cac thong s6 khac nhu dién ap ludi,
tit thong stator, tdc do ctia rotor va c6 thanh phan tich phan dé khit sai léch tinh. Tit (2.13),
(Z14) va n[ZF) ta cu thé hoa bing cau tric didu khieén tong thé phia mdy phat nhu hinh

Luwéi
uc v

MEN At

Tir mach mit
chiéu trung gian

y

Upe

TSP

,
W
QA

i ~ _tslﬂ W
s Ry Igaz| _ﬁ_-—rt::-G || s

Ind I 3 by
: |— 3 IZJ"BY 1 Q@
g el b} L n
2
Mg
a GIT
e g Tsu
[ — 3
| Lo 1y Iy
U
P PLL| .,
o= |ES|

Hinh 2.5. He théng diéu khién may phat (DFIG) trong hé théng PDSG st dung bo diéu
khién Passivity-Based

2.3.2.  Thiét ké bo diéu khién phia ludi

Do yéu cau ctia phia luéi chi 1a diéu khién on dinh dien ap mot chiéu Upc cung cap cho mach
mot chiéu trung gian. Vi vay trong noi dung bai bdo nay ciing chon phuong phap thiét ké
tuyén tinh don gidn d6 14 phuong phap tuyén tinh Dead — Beat thong thuong [21 3] [7].

2.3.3.  So do va két quda mo phéng bang Matlab — Simulink — Plecs

Mo phoéng véi may phét c6 thong so:
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Pdm = 4 KW Udmr =366 V | Rr =1,32 Q
Udms =230/400(A/Y) | ndm =1450 V/p | Los = 0,066H
fdm = 50 Hz Rs =1,07 Q Los = 0,0098H
zp = 2 Cosppdm = 0,85 | Lm = 0,1601H
J=0,032Kgm2

Hinh 2.7. Dap tng dong dién i,q va i,4 theo gia tri dat véi bo diéu khién tua theo hé thu
dong EL (a) va v6i bo didu khién tya theo hé thu dong EL va Hamiltonian (b).

Két qua mo phong lam viec ctia hé thong ¢ toc do dinh miic (dudi dong bo n = 1450v/ph)
nhu Hinh [2.8 Két qua mo phong 6 toc do dudi dong bo (n = 1350 v/ph); cong suat phat (mo
men c6 bude nhdy tit M = -5Nm len M= -10Nm, cong suat vo cong @ = 500Var) nhu Hinh
Két qua mo phong ¢ tdc do trén dong bo (n = 1650 v/ph); cong suat phat (mo men c6
bude nhédy tit M = -5Nm len M = -10Nm, cong suat vo cong @ = 500Var) nhu Hinh [2.70
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Hinh 2.9. Két qua mo phéng dong i,q va i,, theo gia tri dat (a) va két qua mo phong momen
theo gia tri dat (b).

Hinh 2.10. Két qua mo phéng dong i,q va ir, theo gid tri dat (a) va két qua mo phong
momen theo gia tri dat (b).

3. KET LUAN

- Bai bao da dua ra duge thuat toan didu khién méi bo sung cho [4]. ‘
- Két qua mo6 phoéng cho thay tinh ding din ctia thuat todn nhu: Bo diéu khién c6 kha ning
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khit duge sai lech tinh, diéu chinh duge cac dong dién thanh phan iyq,i,, bam theo gia tri
dat i}y, iy, (Hinh [27) va ddm bao chat luong & cac ché do lam viéec trén va duéi toc do dong
bo (Hinh [2.8 [2.9 [2.10). Nhu vay v6i két qua mo phong cho thay hé thong diéu khién da giai
quyét dude cac van dé nghien ciu dat ra.

- Nghién citu ndy md ra mot phuong phap thiét ké phi tuyén méi dé diéu khién qua trinh lam
viéc clia may phat dién khong dong bo nguon kép trong hé thong may phat dien sic gio, ti
dé 1a co s§ dé ting dung vao thuc tién.
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