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PIEU KHIEN MAY PHAT PIEN CAM UNG CAP NGUON TU HAI
PHIA DUNGPHUONG PHAP MO HINH NOI

CONTROL OF DOUBLY FED INDUCTION GENERATOR USING
INTERNAL MODEL CONTROL METHOD

Ho Anh Vii
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bai Hoc Bach Khoa - PHQG Tp HCM
TOM TAT
Bai bao nay gioi thiéu hé thong diéu khién mdy phdt dién cam vmg cap nguon tir halphza
(DFIG) ding phirong phdp diéu khién mé hinh néi (IMC). M6 hinh may phat bzeu dién
trong hé toa do d-q dinh huong theo vector dién ap stator, va la mot hé thong tuyen tinh
bién thién theo thoi gian. Hé thong diéu khién mé hinh ngi ¢6 nhitng wu diém nhur sau:
hé théng diéu khién cho phép xdc dinh chat lwong danh dinh va tinh bén viing doi véi
cdc thay d6i ciia tham sé6 mé hinh théng qua bg 1éc IMC. Céc két qua mé phéng dwoc sir
dung dé minh hoa.

ABSTRACT

In this paper, we develop an internal model controller (IMC) for a doubly fed induction
generator (DFIG). The plant is represented in the stator d-q reference frame and is a
linear time-varying system. The main advantage of the proposed IMC controller is that it
allows to specify the transfer function of the closed-loop system as well as the trade-off
between the performance and the robustness of the control system. Simulation results are
provided for illustration.

1. GIOI THIEU Di c6 nhiéu bai bio dé xuit cac
phu’O'ng phap diéu khién nhu phuO'ng phap
diéu khién vecto cho phép diéu khién doc
lap cong suit tac dung va phan khang [2],
diéu khién trugt [4], diéu khién PI [6]. Bai
bao nay gioi thidu phuong phap diéu khién
dung mé hinh ndi cho DFIG. Uu diém cua
phuong phap nay 1a thi tuc thiét ké don
gian do ham truyén dat ciia hé thong vong
kin danh dinh va tinh bén vimng c6 thé biéu
dién mot cach don gian theo bd loc IMC

Nhu cau ning lugng ting nhanh
do chét luong séng ngay cang cao. Nhimng
ngudn nhién lidu dé phat dién thi c6 gidi han.
Vi véy, van dé tim ngudn ning lugng moi
an toan, khong gay 6 nhiém méi truong, va
hiéu ting nha kinh 1a can thiét. O cac nudc
phat trién, nang luong gié cung véi nhiing
dang nang luong tai tao khac dugc xem la
su lua chon thich hop nhét. O Viét Nam,
khu vuc duyén hai Trung B va Nam B9 c6
tiém nang vé nang luong gio6 rat 16n. [1].

May phat DFIG tmg dung pho bién
trong cac hé thong phat dién gio cong suit
cao, v6i cac wu diem la dai tbe do van hanh
rong tir dudi tbe do dong bo dén trén toe do
ddng bo , cong suat bd chuyén doi khoang
30% cong suat may do dit phia rotor [3].

NoGi dung con lai ctua bai bado nhu
sau: phan II trinh bay mo hinh may phat,
bo didu khién mo hinh noi trinh bay &
phan III, phan IV trinh bay két qua mo
phong, va két luan trinh bay & phan V.
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IL MO HINH MAY PHAT
Mo hinh may phat DFIG bicu dién trong hé toa d6 d-q dinh huéng theo vector dién
ap stator [3], [4], [6]:
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Trong do:

Vas Vs Vas Vaslgnlyslys 1 Wy, W, lan luot 1a cac thanh phan cua dién ap
stator, di€n ap rotor, dong dién stator, dong di¢n rotor va tir thong rotor trong hé toa d6 d-q.
L_,L, L lan luot la hd cam va dién cam cua stator va rotor. R, R 1a dién tr¢ day quéan

\ 2 A \ A A LN 5 \ v N
stator va rotor. ;_j_Ltu , ; =25, + =L lan luot 1a h¢ so tir cam ro, thot hang stator, thoi
'R, " R

s s r
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hang rotor, o = 1a toc d6 goc cua tir trudng quay stator, vdip la s6 doi cuc trva f 1a

A A re oA p N LA A r A A
tan sO ludi dién, o, 1a toc do quay rotor. Cac h¢ so

Cong sudt tac dung P_va cong suat phan khang Q_phia stator [4], [5], [6]:

Ps = E(Vdslds + Vqslqs )

3 2
Q.s = \5(\‘([;\‘1(1;\‘ - Vdsiqs )
Trong h¢ toa do d-q, ta co
Vd:\‘ = sm
ty,.=0 ®)
qs
V61V labién do dién ap stator
Thay (3) vao (2) ta co:
Ps = \ sm 1 dg
, )
5 =35
Q B 2 s q

Hé théng (1)co thé viét gon lai nhu sau:
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() =Ax()+B,v, () + B, v (1)
i i (D)

v(t) = Cx (1)
Trong do :
- _[q : T. . T.
X= [1 ds lqs “I'Iclr \I'Iqr] - V= [lds lqs] >

. . . . . 1F.
‘x :[\'ds Vqs] > “'1* :[\'(h* \'qr] k]

—a, o, aa, a,m, o, 0
A= O T T &y ;B | 0 ay ;
a,L 0 —-a, O —O, : 0 0
0 aL, o-o  —a, | 0 0
[—a, 0
0 —a,| 1000
B, = v :
! 1 0 0100
] 0 1 |
Tu(5)taco
Y(s)=H(s)V.(s) + H(5)V.(s) (6)
Trong do:
H_ (s)=C(sI- A)"'B, (7)
H, (s)=Cl-A)'B, (8)

II. PIEU KHIEN MO HINH NOI

Muc dich chinh ctia hé thong 1a diéu khién doc 1ap hai thanh phan cong suat phia
stator P vaQ_.Tur (4),doV_ = hang s, muc dich diéu khién doc lap P vaQ, tuong duong
v6i diéu khién doc 1ap hai thanh phan dong dién stator i, vai_.

Dbinh nghia:
wr 2R
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Véi P, QF la cong suat tdc dung va cong suat phan khang mong muon.
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de}
v, =
He(s) , {vm} l Vq:{[dl
k) ] 1. f——>] Hs) —9»
Bg loc IMC Mo hinh nguoc DFIG X
B3 diéu khién IMC §= {u}
v, I +
I
Mo hinh thuin

Hinh 1: Hé thong diéu khién dung
mo hinh noi
H¢ thong diéu khién dugc mo ta &
hinh 1. Trong d6, md hinh thuén H (s) xac
dinh bdi (8), mo6 hinh nguoc H (s) 1a nghich
ddo cua mo hinh thuan H (s) [7], [8].
H, () =[H,©]" (10)
Bo diéu khién IMC duoc x4c dinh
theo [7] nhu sau:
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H, () = I, ()] 'F(s) (11)
Véi F(s) 1a ham truyén dat cta bd
loc IMC.

1

T 1 0
F(s) = S+ 1

0
T,s+1

(12)

Thoti héng T, vaT, dqo’c chpn theo
thoi gian dap g mong muon. Néu T, va
T, nh(i) thi hé th@ng dap ung nhanh nhqng
tinh bén ving thap, T vaT, ‘lc'm thi h¢ thong
dap tmg cham nhung tinh bén virng cao [2],

[7].
KET QUA MO PHONG
Théng s6 thiét ké

Bo6 diéu khién IMC duoc thiét ké
véi céac thong s6 ¢ bang 1.

IV.
4.1

BANG 1: THONG sO MAY PHAT DFIG

Cong suat danh dinh SkW

Di¢n ap 220/380V
Tan s6 danh dinh 50 Hz

Sb cap cuc tur p=3

Toc do danh dinh o, = 100 rad/s
Momen quan tinh J=0,1 kg.m*
Di¢n tr6 diy quan stator | R_=0,95 Q
Dién tro day quan rotor R =1,80Q
Dién cam tan stator L =0,094H
bién cam tan rotor L_=0,088 H
HO6 cam L _=0,082 H

Tir thong s6 may phat DFIG ta xac dinh duoc:
; H

rl2
H 122

11l

H_,

2

Voi:

-3,54s> =72,9s-3,9x10*s - 5,4x10°

(13)

-16,7s* +2,5x10°s — 1,6x0 °

rl

gt +41,28° +1,2 x10*s? +3,1x10° s +2,32x10°
16,7s* —2,5x10°s +1,6x0 °

® s*+41,28° +1,2 x10%s* +3,1x10%s + 2,32x10°

-3,54s’ —72,9s-3,9x10*s - 5,4x10°

H =
Tt 441287 +1,2 x10%s? +3,1x10°s + 2,32x10°

2T st +41,28° +1,2 x10%s” +3,1x10%°s + 2,32x10°
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B0 loc IMC dugce chon v6i T, = T, = 0,1s, twong tmg voi thoi gian dap (mg cua hé
thong vong kin danh dinh bang 0,3s. Tu’ (1 1) ta xac dinh duoc.

Hcl Hcl
H,(s) = (14)
voi: LHa  He
Vi
—3.545* = 72,953 9x10*s -5 4x10° -16,78* + 2,5x10° 8- 1.6x10°

1 = 12 =

$h 41287 +1.2x10% % +3,1x10° 8+ 2.32x10° § +41,2¢ + 1,2 x10%° + 3, 1x10°s + 2,32x10°
16.75" - 2,5x10°s + 1,610’ -3 54«3 ~72,95-39x10%s - 5.4x10’
S 4128 412 510 4 30x10°s + 232x10° P ¢ 44128 + 1.2 x10% + 3.1x10% s+ 2.32x10°

121 T

Bo chuyén d6i PWM phia rotor ¢ vV, =800V, tan s6 song mang f =1050 Hz, ti
s6 diéu bién m = 0,8.

4.2 Dap ung danh dinh

Trong mo phong nay thong s6 ciia may phat tring véi thong sb thiét ké.

Két qua md phéng dugc cho ¢ céc hinh 2, 3 va 4 trong d6 gié tri mong mudn ctia
1, vai duoc thay d6i dot ngot tai cac thoi diém 2,4, 6 va 7s. Ta thay ,vai co thé dugc
dleu khién mdt cach doc 1ap voi nhau.

Anh huéng qua lai (coupling) giita hai tin hidu nay 14 khong déng ké.

Heé thong vong kin dap tng nhu mot khau bac 1 v6i thoi hang T,=T,=0,1 snhu
da chon ¢ (12).

Respone of thestator current ids

===rids ref
—ids

o 1 2 3 4 H 3 7 8 9 10
Times 5]

Respone of the stetor current igs

0 1 2 3 4 H 3 ? 8 9 10
Tmes(s]

Hinh 2: Dongdiéni vai
v s qs
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Torgue of DFIG

Hinh 3: Momen dién tur T,

Rotor phase vltage

Var [v]

Ths 216 2165 207 PALY 218 2185
Times 5

Hinh 4: Dién ap rotor V_
4.3 Tinh Bén Viing
Dé khao sat anh huong cta toc do gio 1én dap tng ciia hé thong vong kin, cac mo

phong 1an lugt dugc thuc hién voi o, =9 rad/s va ®, =125rad/s.

Két qua dugc cho ¢ cac hinh 5, 6, 7 va 8. Ta thay do thong s6 may phat khac véi
thong so thiét ke.

Viéc di€u khién i va iqs anh huong qua lai 13n nhau (coupling) trong qué trinh qué
do.

Qua trinh qua do c6 xay ra vot 1.

Respone of the stator current ids
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Respane ofthestator current igs

Hinh 5: Dong diéni, vai
: s qs

Torgue of DFIG

Hinh 6: Momen dién tir T,

Respane of the stafor current ids

\ N\ A
/ i i
" . A
PN AN
VA
0 4 13 8 10 1n 14 16 18
Times 5]
Respane of the sttor curvent i
A N\
o A A |
Vo )
I
1
v o .

Hinh 7: Dong diéni, vai
v s qs

Torgue of DFIG

Times 5

Hinh 8: Momen dign tur T,

V.KET LUAN

Bai bao da gidi thi¢u phuong phap
diéu khién ding m6 hinh ndi cho may phat
dién gi6 DFIG. Cac két qua md phong cho
thiy hé thong diéu khién c6 chét lugng danh
dinh tt va c6 tinh bén virng khi tdc do rotor
thay d6i. Uu diém chinh ctia phuong phap
nay la thu tyc thiét ké don gian do ham
truyén dat ctia hé théng vong kin danh dinh
va tinh bén vimng c6 thé biéu dién mot cach
don gian theo bd loc IMC F(s).
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