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Abstract

Chaotic behavior is beneficial in some areas, but in electric drive systems, it almost gives undesirable results, which can lead to self-oscilla-
tion, affect the quality of the systems, and even destroys the system. This is a phenomenon that only occurs with nonlinear dynamical systems,
sensitive to initial conditions and aperiodic but it is governed by deterministic laws, unlike random perturbations. DFIG system is complex,
multivariable, and strongly nonlinear, when operating under certain conditions, the system may fall into a chaotic behavior, which causes
disadvantages for the system. Therefore, the first and most important task is to identify the cause of DFIG's chaos. Based on the method of
theoretical analysis and through simulation, this study determines the chaotic phenomenon for DFIG when the parameter of stator winding
changes to a certain value. It will serve as a basis for parameterizing the system, building a control algorithm to eliminate this phenomenon,
and improving the operating quality of the system.
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Cic ky hiéu

Tém tit

Hdn loan c6 loi trong mot s6 linh vuc, tuy nhién trong hé théng
truyén dong dién thi hau nhu né mang lai nhitng két qua khong mong

Ky hiéu Ponvi Y nghia A ! t ) Ket qua #
S N . mudn, cd thé tu duy tri trang thai, anh hudng xau dén chat lugng cta
T.T, hang so thoi gian rotor va stator hé théng, tham chi 1am hé théng bi pha hily. Day 1a hién tuong chi
L L. L H hd cam, dién cam rotor, dién xay ra voi h¢ phi tuyén, nhay cam véi diéu Ki¢n ban dau, khong tuan
m* e cam stator hoan nhung tudn theo quy luat nhat dinh khong giong vai nhiéu.
o Hé s tan toan phan truc cua sta- DFIG dugc dénh gid 1a h¢ da bién, phi tuyén manh va c6 cu tric
tor phuc tap, khi hoat déng trong diéu kién cu thé nao do, hé thong co
, Wr, Ws rad/s  van tdc goc co, mach rotor va thé roi vao trang thai hon loan, chiing gy ra nhiing bég loi cho hé
mach stator thong. Do vay, nhiém vu dau tién va quan trong dé 1a can xac dinh
i, i, A Vector of stator, rotor current dugc nguyén nhan khién DFIG xay ra hdn loan. Dua trén phuong
isar isgr iras irgq A dq components of the stator, ro- phap phan tich I thuyet va thong qua mo phong, nghién ctru nay xac
tor current dinh hién tuong hon loan doi voi DFIG khi tham s6 cua cudn day
. u Vv Vector of stator, rotor voltage stator thay doi den mot gia tri nhat dinh. Tur d(’),_ lam 700_56 Fham_sé
us’ ru N v dq components of the stator, fo- héa h¢ thong, nham xéy dung thudt toan dieu khién de trigt tiéu hign
rd»Yrqr Bsdr Bsq tor voltage ' tuong hdn loan, nang cao chit lugng hoat dong cua hé théng.
v, P, Wb Vector of rotor, stator flux
Y, Yrg Psar Psq Wb dg components of the rotor, sta- 1. Tong quan Ve hOIl loan va u’ng dung trong
tor flux diéu khién
U \Y Dién 4 ap ludi
; Hz ;a”dso I‘III‘C" Mot hé dong lec c6 chuyén dong hdn loan can cé nhiing diéu
P o dot eut | kién [1-2]:
JTL Kzl'nr?z mg 222 ggg: sinh - He c6 it nhét ba bién doc Iap; ’ ’
D N.m/rad/ - Phuong trinh chuyén dong phai c6 nhitng s6 hang phi tuyen.

S

Hé sé giam chin

Ngoai ra, khdng gian pha cua hé phai c6 s6 chiéu khong it hon
ba dé dam bao su ton tai ctia nhitng quy dao phan ky, bi giam
ham trong mot mién hitu han caa khdng gian cac bién dong
lyc va dam bao tinh duy nhit cua quy dao.
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Céc quy dao bi hat vao tap hit, nhung chiing khong 6n dinh
trén tap hut d6 va nhay cam véi cac diéu kién ban dau, mot
khi da ¢ trong tap hat la, diém pha bi giam ham trong do, c6
thé tiép can gan tly y mot diém nao d6 cua tap hat nhung
khong bao gio lap lai y hét & mot thoi diém vé sau. Quy dao
pha khéng on dinh & dau trén tap hat la, nhung nhin toan cuc
thi tap hat nay lai rat 6n dinh (Hinh 3). Nhitng van dé d6 duoc
thé hién rat rd boi hé cac phuong trinh vi phan do nha khi
tuong hoc Edward Lorenz [1][3] trong phuong trinh (1) dudi
day:

%w(y—x)

dt =X(p-2)-y @)
dz

at Xy — pz

V6ix, Y, z, 1a céc bién va ba tham sé o, p, B. Ta thiy phuong
trinh (1) thé hién rd tinh phi tuyén (1a diéu kién can cua hé
chuyén dong hén loan).

O diéu kién binh thuong, hé thdng 6n dinh (Hinh 1). Khi
cac tham sb o, p, S cuia hé thong thay d6i dén mot gid tri nhat
dinh thi hién trong hdn loan xuat hién (Hinh 2, Hinh 3).

15

X, ¥z

Hinh 1: Trang thai cia hé théng theo mién thdi gian voi céc tham s o =
10, p=8/3, p=10.
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Hinh 2: Trang thai cta hé thong theo mién thoi gian véi cac tham s6 6 =
10, p=8/3, p=28.
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Hinh 3: Quy dao pha cua hé théng véi cac tham s o = 10, p = 8/3, p=28.

Hinh 3 cho thiy: quy dao xuét phat tir goc toa do (diém
khoi dau tai x = 0, z = 0) vong qua bén phi roi lao vao tam
cua mot diém xoén ¢ ben tral sau do quy dao quay tro Ve
phia bén phai, thuc hién x0an 5c mot thai gian roi lai quay vé
phia bén tréi thuc hién xoén ¢, qua trinh nay cu tiép didn mai
mai va quy dao khong khi nao ty cit minh (trong khdng gian
ba chiéu). Bdng thoi the hién r6 rang cac quy dao di lang thang
mal méi trong mot mién gidi noi, ma khong di téi mot diém
¢b dinh nao hoac mot quy dao kin nao, chiing bi hat vao mot
vat thé hinh hoc phuc tap duoc goi 1a tap hit la (strange
attractor), d6 1a chinh 1a hién tuwong hdn loan [2].

Van dung hdn loan vao diéu khién:

Heé dong luc hén loan 1a mot trong nhimg phuong phép
phét trién chung nhat cua hé théng phi tuyén, céc ché do hdn
loan hién dién nhiéu trong tu nhién ciing nhu trong céac thiét
bi duoc tao bai con nguai, hdn loan c6 loi khi n6 1am ting toc
d6 phan g héa hoc bang cach tang cuong tron, cung cap mot
co ché manh mé dé truyén nhiét va khéi lugng [3]. Tuy nhién,
trong nhiéu tinh huéng, sy hdn loan 1a mét hién tuong khong
mong mudn, vi du dan dén sy mét moi co hoc ting thém doi
V6i cac dao dong khong déu, kha niang hip thu ning luong
khong d6i luu trong mot ché @6 hdn loan c6 thé dan dén céac
thdng sb hé thong vuot qua muc an toan.

Trudc hét ching ta can lwu ¥ rang, trong cac hé dong luc
tuyén tinh khéng bao gio xay ra hién tugng hdn loan. Vi vay
khi néi dén hdn loan 1a noi dén cac hé phi tuyén. Song, khéng
phai trong hé phi tuyén nao ciing ¢6 chuyén dong hon loan.
C6 nhimg phuong phap nhan biét hdn loan khac nhau nhu:
phuong phéap phén tich Fourier, cac dap Gng thoi gian, biéu
d6 pha, biéu do phan nhanh gia tri 1on nhat ciia bién trang thai
theo thoi gian va s6 mii Lyapunov 16n nhat duoc sir dung dé
minh hoa cho hanh vi hdn loan khi thay di tri s dac trung.
Tir d6 rit ra ving 1am viéc hdn loan cua ddi twong, dé& xuat
phuong phap diéu khién dé dua hé théng vé trang thai lam
viéc on dinh, dap tit cac dao dong tu duy tri véi bién do cao
va thay ddi bat thuong.

Gan day, viéc nghién ciru vé hién tuong hdn loan truyén
dong cho may dién da nhan dugc nhiéu sy quan tam, dlén hinh
14 c&c nghién ctiu [4-9], da cho phep hiéu r& hon vé cac hoat
dong dong luc hoc cia hé thong c6 thé dem dén mot s6 théng
tin hitu ich cho cong viéc thiét ké va diéu khién h¢ théng trén
thuc té.
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Tuy nhién, d6i véi hé thong phat dién sic gi6 si dung méay
phat khong ddng bo nguon kép thi méi chi lac dac mot vai
nghién ciru duoc céng bd, chua bao phu hét dwoc cac van dé
gay ra hdn loan cho DFIG, trong khi DFIG duoc coi la mot hé
thong da bién, phi tuyén, két hop chat ché vai nhau, hé thong
chiu nhiéu tac dong tir bén ngoai va phirc tap hon nhiéu so Vi
truyén dong dién don gian, do vay hé thdng co thé roi vao
trang thai lam viéc hdn loan trong nhiing diéu kién nhat dinh.

Mot s6 nguyén nhan din dén hién tugng hdn loan cho
DFIG s& duoc trinh bay trong nghién ciu nay. Tiép do, dé
tuong minh hon, bai béo s& chirng minh hién tuong hon loan
xay ra ddi vi DFIG khi tham s6 cudn day stator thay doi dén
mot gid tri nhét dinh, 13i ndy dwoc coi 1a phd bién nhat ddi voi
DFIG [10-12]. Két qua duoc thé hién dua trén phan tich co s&
ly thuyét va mé phong, cac ngi dung nghién ciu tiép theo cua
bai bao dugc t chirc nhu sau: cau tric va moé hinh toan hoc
ciia DFIG sé& duoc trinh bay tai muc 2, muc sé 3 s& phan tich
va md phong vé hién tugng hdn loan déi voi DFIG khi tham
s6 dién tro va dién cam cua stator thay doi dén mot gié tri nhat
dinh. Cudi cung 1a phan két luan s& duoc trinh bay tai muc 4.

2. Ciu triic va mé hinh toan hoc ciia DFIG

Su thdm nhap cua ning luong gié dang gia ting nhanh
chéng trong nganh san xuat niang luong ngay nay. Bac biét,
DFIG di tré thanh mét lya chon rat pho bién trong céc trang
trai gi6 (chiém khoang 50% thi truong phat dién sic gi6 [13]),
do c6 mot s6 wu diém nhu: chi phi dau tu thap, c6 thé van
hanh véi téc d6 gio thay doi, didu khién linh hoat,...

Bién thé

’.'

i Vi diéu chinh

Hinh 4: Cu tric ciia DFIG trong hé théng phat dién sirc gi6 [14]

CL: Chinh luu

NL: Nghich luu

MDN: May dong ngit

Tir cau trlic trén Hinh 4 ta thiy, DFIG trong h¢ thong phéat
dién c6 uu diém nol bat 14 stator dugc ndi truc tiép voi ludi
dién, con rotor ni vai ludi qua thiét bi dién tir cong suat diéu
khién dugc, do vay ma cdng suat thiét bi diéu khién nho hon
rat nhiéu cong suat may phat (trong dai toc do gisi han thi
cong suat ciia bo bién doi chi bang 30% cdng suét phat 1én
luéi [14-17]) va dong nang lugng thu dugc chay truc tiép tir
stator sang ludi, diéu nay rat hdp dan vé mat kinh té, dac biét
khi c6ng suat caa may phét ln.

V& ky thuat diéu khién, DFIG cho phép diéu khién doc lap
cong suat tac dung va cong suat phan khang, didu nay dugc
thé hién rd ¢ Hinh 5 va cac phuong trinh sau:

Hinh 5: Biéu d vector ctia DFIG trong hé toa do tua theo dién ap ludi
[18].
Theo hinh 5, khi usq = 0, cong suét tac dung va cong suat phan
khang qua thanh phan tuong ng la isq va isq [18]:

3 .

P= E Ugylgg )
3 .

Q = E Ugy Isq ®3)

Phuong trinh tir thdng rotor va stator [18]:

{WS = LSiS + Lmir

4
v, = Ly, + L, @

Trong h¢ toa dd tua theo dién ap ludi, phuong trinh (4) 6 thé
viét lai nhu sau:

L ~0

l//sd I—m sd +|
Ls )
l//s T s \Vs
q Lm ‘

Trong do: \|l/Sd =\, / Lm

Do vay, cac thanh phan dong dién dugc xac dinh nhu sau:

(6)

Dbi v6i may phat cong suit 16n thi Ld/Ly ~ 1, phuong trinh
(5) dugc don gian hda nhu sau:

Iy +i4 =0
)

' /
Isq + Irq ~ ‘\I’s = l//sq
Thay vao (2) va (3) ta dugc:
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5

3
2 t: usdlrd

3 .
Q:_Efusd (l//s/q _Irq) ©)

Hé phuong trinh bicu dién mdi quan h¢ gitta cuong do dong
dién thanh phan cua rotor va tir thong stator trén hé toa d6 dq
cta DFIG duoc viét nhu sau [18]:

P=- (8)

di, 1(1 1-o
E:—g T—+T— | +C()r|rq+
r s
l-0(1 , / 1 l-o0
T T_SV/sd a"//sq +O__Lrurd _O'_Lm sd
di, 1(1 1-0o).
it olT, T, et
r s (10)
]i lWs/q—i_a)l//s/d +iurq_]i sq
o \T oL, oL,
dy/! 1. 1
lé/tSd :-I-_Ird T_l//s/d +a)sWs/q + Uy
dyyg 1. 1 /
qu = -I-_Squ _T_Squ (O +_musq

vei: o=1-13/(LL); T, =L/R; T, =L /R

Tir hé phuong trinh (10) ta thay ré ban chat phi tuyén va
da bién cua DFIG. Nhu vay, theo ly thuyét hdn loan thi DFIG
c6 thé xay ra hdn loan khi cac tham s cua hé théng dat dén
mot gia tri nhat dinh. Dé 1am rd vé van dé hdn loan dbi véi
DFIG, néi dung 3 dudi day s& thyuc hién chi tiét va day du.

3. Hién twong hdn loan d6i véi DFIG

3.1. Mot sé nguyén nhan khién DFIG xay ra hién twgng
hén loan

Bén canh nhitng wu diém thi DFIG ciing thé hién mot sb
nhuoc diém nhat dinh nhu: cu trdc cia DFIG phic tap, 1a hé
da bién, phi tuyén, ky thuat didu khién khé khan. Do moi
tredng 1am viéc khic nghiét cua cac trang trai gid, nén céc
tham s6 caa DFIG c6 thé thay dbi theo nhiét do, tudi tho, céc
diéu kién phy tai,... dong thoi DFIG ciing d& bi cac 16i nhu:
15i hop sb, 16i bo bién doi cong suét, 16i cuon day stator, 16i
cudn day rotor, 13i ¢6 gop, 15i cam bién do tdc do, ... tir d6 dan
dén hé thong c6 thé roi vao trang thai 1am viéc han loan dan
dén chat lugng lam viéc cua hé thong kém, va 1a nguyén nhan
dan dén cac su cb, hong héc.

Nghién ciru vé van dé hdn loan déi v6i may dién noi
chung thi d& c6 kha nhiéu cong trinh nghién ciu dugc dwa ra

va mang lai nhitng két qua nhat dinh. Tuy nhién, nghién ciru
vé van dé hdn loan ddi véi DFIG, theo diéu tra nghién ctru caa
nhém téac gia, cho dén nay sb luong cong trinh duoc cong b
V6i 86 lugng con rat han ché. Mot sé nguyén nhan gay ra hién
tuong hdn loan déi véi DFIG duogc chi ra boi cac nghién ciu
cu thé nhu sau:

- Hién twong hdn loan xuét hién dudi diéu kién lam viéc cua
hé thong. Nghién cau [19] chi ra rang khi lugi yéu va tai
khong can bang, véi diéu kién lam viéc & toc do gid thap
(6m/s) thi hé théng lam viéc 6n dinh, tuy nhién, khi téc do gio
tang 1én (13 m/s) thi sy phan nhanh da dién ra, va 1a nguy co
dan dén hién twong hdn loan trong hé théng néu téc do gio
tang thém.

- Hién tuong hdn loan khi cac tham s cua hé thong thay doi:
Cong trinh nghién ciru [20] xuét phét tir hé phuong trinh tir hé
phuong trinh (11)

di =—i_ +oi
dt sd sq

di

B _ —iy, + ol +yw (11)
dt

do .

E = O-(Isq — (0)

Vé6i o vay 1a cac tham sb cua hé théng, ugg, Usg, isa, isq
tuong ung 1a dién ap va cuong do dong dién thanh phan cua
stator.

Trong truong hop usq(0) = usq (0) =T,(0) =0; 0 =5.46;y =
20; (isq, isq @)™ = (0.01, 0.01, 0.01)" thi h¢ théng s& tré nén
hén loan, diéu d6 duoc thé hién rd trén Hinh 6, Hinh 7 va Hinh
8 nhu sau:

o

mf ‘ M Il M{\
SILIl g | WU
W (\\ w “ \ \“K i i

I(s)

z‘;w

-10

0 80

Hinh 6: D4 thi biéu dién sw hdn loan cua tc do rotor theo thdi gian.

35

30

il wm M\ \M | r“ '\\
: U u\

\\

0 1‘0 2‘0 30 4‘0 5‘0 (;0 7‘0 80
t(s)

Hinh 7: D4 thi biéu dién sw hdn loan cia cudng d dong dién ig theo thoi

gian khi DFIG xay ra hon loan.
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Hinh 8: Mat phing pha cta is; VA 6 trang thai DFIG xay ra su cd.

Tiép d6, cong trinh nghién curu tiéu biéu gan day caa nhém
tdc gia Dan Jiang, Wenxin Yu, Junnian Wang, Guoliang
Zhong, Zuanbo Zhou [21]. O ché d6 binh thuong, bing
phuong phép phan tich 1y thuyét caa thir nghiém 0-1 di ching
minh hé théng 1a 6n dinh vai bo tham sé cho nhu Bang 1.

Bang 1: Tham sb cua hé théng [18]:

Pién ap ludi (V) 220
Tan sb ludi (HZ) 50
Dién &p lién két DC (V) 600
Toc d6 gié (m/s) 6

M6 men quén tinh (kg.m2) 0.01
Heé s6 giam chan (Nm/rad/s) 0
Cdng suat may (VA) 3730
S6 d6i cuc 2

Rs (2) 1

R (R) 1
Ly(H) 0.083
Lr(H) 0.08
Lm(H) 0.0515

Trong truong hop khi xay ra su ¢d, cac dién tro stator va
dién tro rotorr ¢ gid tri Rs = Ry = 0.02.2, ddng thai 16i cam
bién do toc do rotor: wo = 2w. Khi do, cuong do dong dién va
téc do rotor dao dong dir doi, hién twong hdn loan xuét hién,
dugc biéu thi qua cac hinh: Hinh 9, Hinh 10 va Hinh 11 duéi
day:

150 -

100 [

50

ird(A)
T =

-50

-100 b

200 | | I I I I | | I

Hinh 9: D4 thi biéu dién sw hdn loan ciia cudng do dong dién iy theo thoi
gian.

2000 T T T T T T T

1500 -

1000 -

500

-1000 [

1500 . . L L L L |
-200 -150 -100 -50 0 50 100 150 200
ird

Hinh 10: Mat phing pha cta iy VA w & trang thai lam viéc hdn loan

2000 ~
1500 +
1000 +

= 500

-500 -

-1000 -|
200

Hinh 11: Khéng gian pha giita i,4, i, V& & trang thai lam viéc hén
loan

Céc nghién ctru trén d chi ra rang, dudi mot diéu kién hoat
ddng nhat dinh thi DFIG c6 thé xay ra han loan. Tuy nhién,
nghién cau [19] va [20] danh gia hién tuong d6 dya trén md
phong trén may tinh ma chwa danh gia trén co so ly thuyét
virng chic. Nghién ciu [22] da phan tich vé hién twong hdn
loan va dura ra mot s6 nguy co lam cho hé théng DFIG xay ra
hdn loan. Nghién ciru [20] chua dua ra duoc diéu kién cu thé
vé sy thay doi ctia tham s nao trong hé thong dan dén DFIG
xay ra hon loan. Cong trinh [21] d4 nghién cttu khé chac chan
d6 1a duya trén phan tich Iy thuyét (thuat toan kiém tra 0-1) va
qua md phong dé danh gia tinh 6n dinh va hon loan cua hé
thong, dong thoi nghién ctru ciing dua ra dwoc diéu kién cu
thé cua bo tham sb dua hé thong DFIG xay ra hdn loan. Tuy
nhién, diéu kién xay ra 3 15i dong thoi (15i cuon day stator, 13i
cudn day rotor va I6i cam bién do tdc do rotor) la hiém xay ra
trén thuc té.

Dé 1am 13 hon vé hién twong hdn loan déi v6i DFIG, noi
dung dudi dy dwa trén co s¢ phén tich ly thuyét va md phong
dé x4c dinh hién twong han loan xay ra ddi véi DFIG khi tham
sb ciia cudn day stator thay doi dén mot gid tri nhat dinh. Day
la diéu kién dé xay ra trong qua trinh 1am viéc cua hé thong.
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3.2. Xic dinh hi¢n twgng hén loan ciia DFIG dya trén
co s& phan tich ly thuyét va md phéng bat:
. =i, X Xy =@
Tur phuong trinh chuyén dong cua rotor [23], [24] X =t %o =l %
1{1 1-o0 l-o 1
ot :T Te-T,— (12) ol\T, T, o L, oL,
P 1-o 1-0 1y, 1
C,=—U, GG="—"="2 Cci=—,
n Lm(sqrd sdrq) (13) O'Lm (o3 TsLm o
Phuong phap diéu khién 14 tua theo vector dién ap ludi nvén ta — 3 & Ny Lml//s _ E C — &
C6 Wy =0, ¥y, = W, Vatir hé phuong trinh (6) tacé théviet 23 L "~ ° 3 7° ]
lai phwong trinh (12) nhu sau:
do n, 3 n, Lml//s _ B Tir d6 phuong trinh (16) c6 dang nhu (17) sau:
d'[ T E—Ird ——ow-T, (14)
n y
L P X1—C1X1+(ws_X3)X2_CZX3+Csurd_C4
Tir 2 phuong trinh dau cia h¢ phuong trinh (10) va phuong X, =C X, — (CUS - X3) X +C5 +Cgl 17)
trinh (14) ta thu dwuoc h¢ phuong trinh biéu dién cuong do =X —CxX—CT
dong dién thanh phan rotor va tbc d6 rotor cua DFIG nhu sau: 3 = G X =G Xy — Gl

diq 11 1-0). .
= S iy @i+

dt o\T, T

I—of1 i o |1y 129,

. TS Wsd l//sq GLr rd O'Lm sd
Gy 11 10) . as)
dt o\T, T,

1ol o 1oty 2129,

. Ts qu l//sd O'Lr rq ULm sq

n
o nfinn, 8, )
dt 3|2 L, n,
Phuong phap diéu khién tua theo dién ap 1uc'ri nén:
sd=o'l//sq:l//s’usd s' sq_O lr//sq l//sq/Lm’
l//éd :l//sd/Lm y O =W, — @ (a)s=272'f )-
Do d6 (15) duogc viét lai nhu sau:
di, 1(1 1-o). .
= =+ i, +(o, —®)i, -
dt a(ﬂ T, jm (@ =)
o v, 1, 1o,
o L, ol oL, °
di, 1(1 1-o). .
Ao _ 21 2,22% (0,-0)i,+ @9
dt a(ﬂ T, j“ (@ =)
loly, 1,
c T.L, ol
n n L
do _Ny §Mird_ia)_TL
t Jl2 L n,

Tham sb cua hé théng duoc lay tir [25]: P = 1.5MW; U = 690
(V); Rs = 2,139(mf2); Ls = 4,05(mH); Ry = 2,139(m); Lr
4,09(mH); L = 4(mH); vai f=50(Hz); J=2(kg.m2); n, =
D=0;T.=0.

Panh gi4 trang thai 1am viéc cua hé théng véi bo tham sé &
diéu kién lam viéc binh thuong, c6 duoc cac két qua duogc thé
hién ¢ Hinh 12, Hinh 13, Hinh 14:

450

400

350

300

25

=3

20

15}

150
100 !

50

0 O.‘1 0.‘2 0.‘3 O‘.A 0.‘5 O.‘G 0.‘7 0.‘8 O.‘Q 1

t(s)
Hinh 12: Dép tng thoi gian cua w khi hé théng 1am viée & didu kién binh
thuong.

-50 |
-100
-150 |

z |
S -200 |
250 F |
300 -\

-350

-400

0 0.‘1 0.‘2 0?3 0.‘4 0.‘5 0.‘6 0f7 0.‘8 0.‘9 1

t(s)
Hinh 13: Dép tmg thoi gian cla i, khi hé théng 1am viée & didu kién
binh thuong
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w0 ‘ Dynz?mics ?f LyaPunov‘expon‘ents ‘ (a)s _ Y3) CZ + XZ
det|A1 —J |_ A-¢ X
20
0 A
5 °f 2C1/12 ~%,) +C7(CZ+X2)]/I—
% 20 ‘M\/\/ WWA «vawvvvmf ISSSUCUSNNRUELLELSSSe _
o] e, (c +x) xl( ~%,)
g 4ol _ .3 2 .
Bl - AP -2c0%+ [ +(o,-%) +c7(c2+x2)}z_
| - - -
6y (€, %) =C% (0, = %)
Sy 6n dinh cua cac diém can bang duoc xac dinh.) bai cac ‘gié
0 0z 04 06 08 1 12 14 16 18 2 tri riéng cua ma tran Jacobian dugc danh gi4 tai diém can bang

Time

Hinh 14: Sy bién thién cta sb mii Lyapunov theo thoi gian khi h¢ théng
lam viéc ¢ diéu kién binh thuong.

Tathdy, véi cac tham sé & trang thai hoat dong binh thuong
cua hé thong thi két qua mé phong cho thiy ban dau hé théng
Xuét hién dao dong, tuy nhién chi mot thoi gian rat ngan thi
hé da tro V& trang thai hoat dong 6n dinh.

Tiép theo, ta danh gia hoat dong cua hé théng trong trudng
hop 15i cudn day stator dan dén dién tro va dién cam thay doi
sang mot gid tri khac (cac tham sé khac cua hé théng khong
thay ddi): Rs = 1,5mf2; Ls = 3.5mH;
< Dua trén co 6 phan tich ly thuyét, ¢é danh gia tinh 6n
dinh cua hé théng, ta thyc hién nhu sau:

Piém can bang cua hé dugc xéc dinh khi dao ham cua chiing
bang khéng. Tur hé (17), diém cén bang cua hé xac dinh dugc
nhu (18):

oG
=T
X c. L
- —\ G C
X, =(o,—%)—T —=
’ ( 3) G.C, G,
(18)
Coly %2 4+ (C_s _ 20,41, ]
3 3
C.C G GG,
Col, W2 — Cs n CCoT, -0

S

ce, ¢ G

Thay cac tham s va giai (18), ta c6 dugc diém can bang:
E1(0; -1439; 235.4)

Tuyén tinh hda hé (17) quanh diém dimg, ta tim duoc ma tran
Jacobian:

det|Al —J,| =0
—2c A% + [cl +(o, - x3)

+¢(c, +x2)}l—
C1(:7((32"'72)_(:771( ) 0

(19)

Thay cac tham s cua hé thong vao (18) ta duoc gié tri cua ¢;
nhu sau:

1(1 1-o
== 3.34
o)

o r S
vi €, =3.34 > 0nén h¢ sé thtr 2 ciia huong trinh dac trung

(19): —2¢, <0, do vay theo tiéu chuan Hurwitz thi diém can
bang nay khéng 6n dinh.

Nhu vay, khi tham sé cua cudn day stator thay doi dén gia
tri nhu trén thi hé thong khéng on dinh. Tiép theo ta xac dinh
s6 mil Lyapunov dé xac dinh hé c6 xay ra hdn loan hay khéng.
Tir hé (17) cuing véi bo tham sé di cho, sé mii Lyapunov tinh
duoc nhu sau:

Bing 2: Su bién thién cua sb mii Lyapunov

Time A A, A3
0.05 3806.086 3.252 -685.689
0.10 3807.193 3.233 -646.147
0.15 3807.562 3.227 -690.443
0.20 3807.746 3.223 -717.382
0.25 3807.856 3.221 -702.143
0.30 3807.931 3.220 -687.982
0.35 3807.983 3.219 -681.753
0.40 3808.023 3219 -680.341
0.45 3808.053 3.218 -683.131
0.50 3808.078 3.218 -680.302

Ta thay, h¢ lubn ton tai 2 s6 mii Lyapunov mang gia tri

dwong. Do d6, vai diéu kién hoat dong trén thi hé xay ra hién
tugng hon loan.
% Hién tuong hdn loan duge xac dinh théng qua md
phong: tir bo tham s6 cua hé thong va trong truong hop 15i
cudn day stator, md phong hé théng trén phan mém matlab,
ta ¢ két qua nhu dudi day:
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Hinh 18: Sw bién thién ctia sé mil Lyapunov theo thoi gian.

Theo két qua md phong & trén ta thdy quy dao pha cua hé
thdng khong 6n dinh (Hinh 16) tuy nhién ching bi giam ham
va bi hat vao diém can bang (Hinh 17) nhung khong bao gid
lap lai y hét & mot thoi diém vé sau, day chinh 1a biéu hién
cua hién tuong hdn loan. Bong thoi két qua md phong theo
thoi gian thi sé md Lyapunov ludn c6 2 gié tri duong (Hinh
18), do vay hé théng 1a hdn loan khi gia tri dién tro va dién
cam cua cudn day stator thay d6i dén mot gié tri nhét dinh.

4. Két luan

Cau tric ciia DFIG phuc tap, la hé da bién, phi tuyén va ky
thuat diéu khién kho khin. Do méi truong lam viéc khéc
nghiét cua cac trang trai gié, DFIG rét d& bi cac 151 nhu: 15i
hop s, 15i bo bién doi cong suat, 15i cuon day stator, 15i cudn
day rotor, 15i c6 gop, 15i cam bién do tdc dd,... hé c6 thé roi
vao trang thai 1am viéc han loan, dan dén chat lwong lam viéc
cua hé théng kém, tham chi Ia bi phé hay.

Nhu da néu ¢ trén, hién tugng hon loan 1a c6 hai cho hé
thdng DFIG, tuy nhién dén nay mai chi lac dac mot vai nghién
clru va chua bao phu hét dwoc céc van dé vé hdn loan ddi voi
DFIG. Nhu vay, nhiém vu nghién ciru xac dinh duoc cac van
dé hdn loan trong hé théng DFIG la quan trong cho viéc thiét
ké bo diéu khién cho hé thong.

Bai bao da phan tich mot s6 nguyén nhan khién DFIG roi
vao trang thai 1am viéc hdn loan. Bdng thoi, thdng qua phan
tich dua trén co so ly thuyét va qua mé phong da minh chiing
su hdn loan ddi vai hé théng khi cac tham sé cua cuon day
stator thay dbi dén mot gié tri nhat dinh. Xéc dinh duoc ving
lam viéc gay ra hdn loan cua hé théng, tir 6 thuan loi cho
viéc tham s6 hda hé théng, van dung céc thuat toan diéu khién
dé xay dung bo didu khién nham tranh hozc triét tiéu su hdn
loan d6, giup hé théng lam viéc tin cay va ¢ chat lugng tét
hon.

Loi cam on

Nhom téc gia xin giri 16i cam on dén Ban linh dao va cac
chuyén gia thuoc Vién Ky thuat Diéu khién va Ty dong héa -
Pai hoc Béach khoa Ha Noi di luon hd tro trong qua trinh
nghién cau tai day. Nghién clru nay duoc tai trg boi Truong
Pai hoc Giao thong van tai trong Dé tai ma s6 T2022-DT-003.
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