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Tém tat - Bai bao trinh bay tdng quan vé& hén loan - trang thai tén
tai trong cac hé phi tuyén, thwong dwoc goi béng thuat ngiy ‘chaos’.
Hé théng chaos van tuan theo céc dinh luat, nhung khé doan truéc
do tinh nhay cadm v&i cac diéu kién ban dau. Nghién ctiu dan dat
tim hiéu vé hanh vi hédn loan da dwoc cac nha khoa hoc kham pha
trong céc hé truyén dong dién. Tl d6 dwa ra mot vi du cu thé vé
ddi twong dong co khéng ddng bé rotor 16ng séc dé tién hanh phan
tich va mé phéng, phat hién ra hién twong hén loan trong déi twong
théng qua dap trng thoi gian, bidu @ pha va sé mi Lyapunov. T
dé rat ra nhan dinh tham sé déi twong IM thay dbi (co. thé la dién
trd; dién cam; dién cam tan hai phla rotor, stator; hd cam; ...) lam
anh hwdng dén chét lwgng digu khién va cé thé khién he thong roi
vao vlng lam viéc hén loan.

Tir khoa - dong co khéng déng bo; Iy thuyét hén loan; phan nhanh;
m Lyapunov; tap hit; biéu db pha; ma tran Jacobian.

1. Giéi thiéu vé hén loan

Nhu da biét, néu nghiém cua hé dong luc bi giam ham
trong mot mién giGi han trong khéng gian trang thai s& 1a
mot trong hai trang théi: mot 14 trang thai 6n dinh do mat
nang lugng hay tiéu tan boi ma sat, hai la trang thai dao
dong tuan hoan. Tuy nhién, trong thuc té con tdn tai trang
thai phuac tap, khéng phai hai dang trén. D6 1a vao nam
1873 [1], James Clerk Maxwell khi nghién ctru vé& chuyén
dong cua cac phan tir khi da cho rang nhiing thay doi rat
nho trong vi tri ban dau cua céc hat (phan tir, nguyén ti,
electron...) s& dan dén nhiing thay doi rat I6n trong quy dao
chuyén dong cua hat. Pén nim 1890, Henri Poincare’
nghién ctru bai toan ba vat thé da nhan ra hanh vi nhay cam
v6i didu kién ban dau. Nam 1972, nha khi tuong hoc
Edward Norton Lorenz da gidi thiéu truéc Hiép hoi Phéat
trién Khoa hoc Hoa Ky hién tuong nhay cam véi diéu kién
ban dau véi cai tén “hiéu Gmg canh buém”. Cho dén nim
1975, Tien Yien Li va James A.Yorke da dua ra thuat ngir
Chaos (hdn loan) trong bai bao “Trang thai tha ba”. Va
phai dén nhitng thap nién cudi thé ky 20, ly thuyét hdn loan
m&i bat dau dugce dua vao tim hiéu trong cac hé thong
truyén dong.

‘Trong bai bao nay, cac tac gid téng hop va trinh bay
ngan gon, dé hiéu tir nhirng khéi niém co ban nhat vé
hon loan, dén céc tinh chat cua hién tuong hdn loan
trong hé thong truyén dong dién - mot linh vuc nghién
ctiru con méi mé véi cac nha nghién cru trong nudce. Bén
canh do, dya trén viéc tong hop cac nghién ciru trén thé
gidi trong gan ba thap ky gan day vé hién twong hdn
loan, bai bao phan tich cac phuong phap diéu khién hdn
loan trong céc hé truyén dong dién, 1am rd mot phan dic
diém hdn loan cua di twong IM. Sau d6, qua vi du minh

Abstract - The study introduces an overview of chaos in
nonlinear systems. Chaos is governed by deterministic laws but
is so unpredictable because its sensitivity depends on initial
conditions. Chaotic behaviors in electric drive systems have been
explored by scientists. The investigation into chaos in electric
drive systems can be categorized as three themes, namely the
analysis of chaotic phenomena, the control of chaotic behaviors,
and the application of chaotic characteristics. Then the analysis
and simulation of a squirrel cage induction motor detects chaos
through time plot, phase diagram and Lyapunov exponents.
Therefore, the sensitivity to parameter variations of induction
motors (resistance; inductance; stator and rotor leakage
reactance; mutual inductance) affects the quality of controller and
can be the cause of the chaotic system.
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hoa cu thé, bai bao s& trinh bay mé phong dua trén y
tuong cua bai bao [18] nhung c6 bd sung dap ung thoi
gian va sé mii Lyapunov dé 1am ré ving 1am hdn loan
cua tham sé T, va diéu chinh tham sé thich hop dé hé
théng tro vé trang thai on dinh.

2. Tong quan vé hdn loan trong cac hé truyén dong dién

Theo tir dién Oxford do John Simpson va Michael
Proffitt bién tap, hon loan la “hanh vi cua hé thong tuan
theq cac dinh ludt xdc dinh nhung khé dodn trudéc nhw
nhiéu, dac bi¢t nhay cam véi su thay doi nho cua cac tham
so hogc phu th,uéc vao cac bien déc ldp”. Nhu vay, hon
loan c6 tinh chat [2]:

- Chi xay ra trong céc hé thong phi tuyén.

- Nhay cam véi diéu kién ban dau.

- Khéng tuan hoan nhung tuan theo quy luét xac dinh
va c6 tap hat la nhu Hinh 1b.
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Hinh 1. Biéu d6 pha cua a) H¢ diéu hoa; b) Hé hdn logn Lorenz
Véi cac giatrir=28,0 = 10,b = g [2]
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Nhin chung, hdn loan ¢é vé giéng nhiéu vi khdng c6
trat ty va trong gidng ngau nhién nhung lai 1a mot hién
tuong hoan toan xéc dinh, diéu nay dugc ching minh qua
hang s6 Feigenbaum - ti 1¢ giira cac diém phan nhanh va
kha nang x4c dinh dau ra chinh xac néu biét duoc cac diéu
kién ban dau. Chinh vi vy, nhan dinh ra trang thai hn loan
tranh nham Ian véi nhiéu thuc sw quan trong, gitp cho viéc
diéu khién d6i tuong cd thé tot hon trong thoi gian lam viéc
dai han.

Dua trén cac nghién ciu trude day, trong gan ba thap
ky vé hdn loan trong hé truyén dong, bai bao téng hop ba
nhém cac phuong phap didu khién khac nhau cho cac ddi
tugng cu thé da dugc dé xuat dé 6n dinh hanh vi han loan:
2.1. Nhém phwong phdp diéu khién thoi gian lién tuc:

¢ Phuong phap khong phan hdi: thay d6i hanh vi caa hé
thong phi tuyén bang phuong phap ap dat dau vao hoic
kich thich bén ngoai, 6n dinh trang thai can bang hoic quy
dao mong muén: rung lac co khi (Blekhman, 2000) [3], .

e Phuong phép Ott-Grebogi-Yorke (OGY) [4]: st dung
mé hinh hé thong roi rac dga t(én su tuyen tinh cua so do
Poincare” S = {x: s(x)=0} d€ thict ke b dieu khien. Phuong
phép &p dung cho cac truong hop thuc nghiém cac doi
tuong khc“)ng c6 san hé dong luc hoc, danh gia thoi gian tac
dong 1én doi tugng dang lam viéc va anh hudng tiéng on
trong khoang tré T hinh thanh toa do vector X(t) = [z(t),
Z(t-T), z (t- 2T),..., z(t-kT)]; ...

e Phuong phap diéu khién tuyén tinh va phi tuyén: sir
dung b loc washout cho PMSM [5]; phuong phap OPCL
cuia Jackson va Grosu [6] kiém soat hon loan déi tugng co
dang: x(t) = f(x(t)) + B(w) véi dimx=dimu két hop voi
“phan  hdi Hubler”: u(t) =B [x,(t) — f(x.(0) —
K(x—x*(t))]; ‘

e Phuong phép khong phan hoi: Rajasekar, Murali va
Lakshmangn [7] ngén chan chuyén dong hon loan mot cach
don gian bang cach chuyén d6i hé théng dong hec vao mot
quy dao dinh ky; ...

e Phuong phap tri hodn phan hoi: Cho ddi tugng
PMSM [8]; ...

2.2. Nhém phwong phdp thoi gian gidn dogn: véi tinh
than trich mau va phdn héi, phan tich tinh on dinh
trong truwong hep hé thong hon logn: ap dung cho doi
twong PMSM [9], ...
2.3. Nhom cdc phwong phdp khdc
e Phuong phap no ron thich nghi: cho PMSM [10]; ...
e Phuong phap md truot: cho méay phat dong bo [11]; ...

e Phuong phéap diéu khién mo thich nghi: cho PMSM
[12];...

e Phuong phap thich nghi: cho ddi tugng PMSM [13]; ..

MGt trong nhitng phuong phap trén da o 6n dinh hanh Vi
hdn loan trong hé truyén dong AC va DC cho nhirng dbi
twong khac nhau. Riéng hé truyén dong AC, dbi tugng hé
truyén dong PMSM, dugc nghién ciiu sau cac phuong phap
truot thich nghi , phuong phéap diéu khién phi tuyen cubn
chiéu, phuong phap diéu khién phan hdi phi tuyén, phuong
phap gan sé mii Lyapunov, ... dé 6n dinh hién tuong hén
loan. Trong khi d6 cac nghlen ctru vé hdn loan trong hé

truyén dong s dung dong co IM con bo trong nhidu van
dé chua duoc giai quyét trigt dé.

Dé l1am rd mot vai dac diém hdn loan dbi tuong nghién
clru cuiia bai bao, trudc tién can phan tich qua cac nghién
ctru di trudce:

- Nghién ctu cua Romeu Reginatto, Francisco Salas,
Francisco Gordillo va Javier Aracil [14] chi ra phan nhanh
trong diéu khién FOC d6i twong IM qua hé phuong trinh:

( X, = —C1x — x2x4 + Cyxy

key
= u—gxlx4 —Ci1x; + Czu2

{ o
L 0
X3 = —C4 [Cs (xpx4 —xu3) = T},

o )
_c_4 wref] — C3X3
Xy = —kpCs [65(x2x4 —xud) =T, _Z_i Wref ] + (ki —kpez)xs
Diém can bang dugc xac dinh boi phuong trinh :
kr3 —r*k*r?24+kr—r*=0 (2)
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Hinh 2. Phan nhéanh trong mat phdang (k, 7*)[14]

Phan vang phan nhanh gay ra boi hang sé thoi gian
rotor (Hinh 2), nhin nhan anh huéng cua su thay doi tham
s6 nay Ién hé truyén dong. Trong d6: BT: phan nhanh
Bogdanov-Takens, HB: phan nhanh Hopf, SN: phan nhanh
yén ngua, C: phan nhanh cusp, HC: két n6i Homocilic. C6
thé néi ddi twong IM c6 tat ca cac dang phan nhanh co ban.

- Nghién ctu cia Francisco Gordillo va cac ddng
nghiép [15] véi hé dong luc:

x=1fxp . 3)

V6i x ER"vapu € R c6 diém cln bing tai x°, véi

W= o thi f(x°,u®) = 0.

GoiA(w) =D f(x‘)(u) w) 1a ma tan Jacobian cua hé
thdng tai diém can bang c6 nghiém A(u°) = +jw tai diém
(x%, %) xuat hién duong tron giéi han. Trong truong hop
khong tai, T, = 0 hé chi c6 mot diém can bing x° =
x9,x9,x3,x)) = (Cz ud, 0 0,0).

Trudng hop ¢6 tai T, # 0 hé s& c6 3 diém can bang va
xay dung ma tran Jacobian phuc tap. Bé dé md phong bai
bao chon tham s6 cho 4 trudng hop:

E;g“”g kK, | T, [k Hanh vi
A 01 0 1,65 |Ondinh
B 0,1 0 1,8 Duong tron gigi han
C 0,15 |0,2 3,7 On dinh
D 0,15 0,2 3,9 Puong tron gidi han

V6i ¢ =4,c,=4,c,=1,cs =1vaud =1 va céac
nghién ctru ciing da ching minh néu k<3 hé chi c6 mot
diém can bang va dam bao cac diéu kién dé hé o6n dinh,
ngoai diéu Kién do hé s& mat 6n dinh, xuat hién dudng
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tron gigi han do xuat hién phan nhanh Hopf. Két qua mo
phong Hinh 3 [15]:
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Simulation D
Hinh 3. Két qua mo phéng trong triromg hop A, B, C, D [15]

Bing cach diéu chinh téc do théng qua khau Pl vong
ngoai dap tét cac dao dong tu duy tri xuét hién trong IM.

- Nghién ctu Yongyao Lu, Hongmei Li, Wensheng Li
[16] da chay md phong vai hé tuong tu (1), trong hai truong
hop nhan duoc két qua (Hinh 7) biéu din mot duong tron
giGi han ma quy dao hé thdng phan tan khi t — oo khdng hoi
tu vé 1an can duong tron thé hién chat lwong cua hé thdng
phi tuyén phu thudc vao diéu kién ban dau.

Tume t(s)
Hinh 4. Ddp img thoi gian cua x3 theo thoi gian voi
tham s6 k,, = 0,001; k; = 0,5;k = 1,2 [16]

xi()
& N ON a0

-200 0 200
x(t)
Hinh 5. Piém can bang én dinh ciia mdt phdang pha giga
X3Va x4 VoI k = 1,2 [16]
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Hinh 6. Pdp ing thei gian cia x; theo thai gian véi tham sé
k, = 0,001; k; = 0,5k = 1,5 [16]
8

xlt)
[= T R -
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x3(t)
Hinh 7. Puong tron gisi han ciia mat phang pha giia x3va x4
véi k = 1,5 [16].

Nghién ctru dé¢ xuat phuong phap phan hoi tré thoi gian
dé kiém soat phan nhanh Hopf véi bo diéu khién:
Xy = k(x4(t -7)— x4(t)) gitip ngdn chian hiéu qua sy
Xuét hién cua dao dong tu duy tri do hién tugng hdn loan
gay ra.

3. Vi du minh hea: Truyén déng dién khéng ddng bd
xoay chiéu ba pha

Tham sb cuia IM c6 thé thay déi do tac dong cua nhiét
do, tudi tho, 15i udc tinh va cac nguyén nhan mai truong
khéc, ... Cac tham sb nay (dién tro; dién cam; dién cam tan
hai phia rotor, stator; hd cam) thay d6i anh huong dén cac
chét lugng diéu khién FOC va dén vuing tham sé nhat dinh
c6 thé dan dén hién twong hdn loan. Bé c6 cai nhin téng
quan v& han loan trong IM bai bao thyc hién mé phong mo
hinh IM [17] [18]:

. RT
brq =—1 Prq ~ wsz¢)rd+ = Rrisq
. Rr
bra = _L_r¢rd +wsl¢rq +_ersd (4)
. R 1[3 L
Wy = _Twr +] [2 Lmnp(lsqurd lsdd’rq) - T ]
R
Ditc 6 =Ry =22 ¢y =,
att1 2 Ly r &3 Ji 4 ]
3L,
c — N, X ,
5 = 2 L pr 1 — ¢rq

Xy = Prg, Wg = W

Thuat toan diéu khién RFOC véi vong lap PI:

— WUy = W, Uy = lgg, Xy = g

w =68
1—C1u2
U, = uj (5)

Xy = Kp(wref - wr) + K; fot (wref(o - wr(o) dg
V6i ¢, 1a wdce lugng hang sé rotor c;, ug la hang sé dat
dong rotor (hang so thiet ke). Trong thoi gian lam viéc cua
hé thong, hang so thoi gian thay doi anh huong dén chat
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lwong didu khién. Véi hé s6 hing s thoi gian rotor k = Z—i
rd rang nhiém vu diéu khién 1a cho k dat gié tri bang 1.
_ Ditxs = wyer — w, la chénh léch gita toc do dat va
toc do co, tir (4) va (5) ta co:
(5(1 =—cx; — %xzn + Cyx,

. ke

Xy =g Ha¥e 01X, + cul

(6)

0
X3 =04 [CS(X2X4 -xud) =T, —= wref] — C3X3

Xy = _kpc4 [Cs(xzx4 —xuy) =T, _Z_i Wrer ] + (k; — kpc3)x3

Dé thuan tién cho viéc phén tich dgc tinh dong luc hoc

cua IM, bai bao chon tham s6 theo [18]:
¢, = 13,67;¢, = 1,56;c3 = 0,59; ¢, = 1176;

cs = 2,86; ug =4; kp =0,001;k; =1,k =1,5;

T, = 0,5 w,.; = 181,1 va trang thai ban dau:

x1 = 0; xZ = 0,4‘; X3 = _200; x4 = 6.

Suy ra hé (6) co 3 diém can bang: E,(-0,017; 0,455;
0; 0,304), E, (-0,022-0,182i; 0,184+0,021i; 0; 0,187-
3,981i) va E; =(-0,022+0,182i; 0,184-0,021i; O;
0,187+3,9811). Nhung chi ton tai diém can bang thyc duy
nhat tai E;(-0,017; 0,455; 0; 0,304). Tur day ta tim c4c gia
tri riéng:

|1 = Jg,| = A* — 29,460334% — 1787,898954
—52681,222881 — 427469,94484 @)

Phuong trinh (7) ¢6 2 nghiém thyc cd gia tri ém:
1,=-18,98038; 1,= -13,77937 va 2 nghiém phtrc cé phan
thuc duong: A = 1,64971-40.39465i;
2,=1,64971+40,39465i va theo tiéu chuan Routh-Hurwitz
la hé khong 6n dinh.

Bai bao chay md phong 300 gidy, két qua phan tich ¢
trén thu dugc dap tng thoi gian cé nhitng hanh vi vo cung
phuc tap cia ¢rq, Pra, wg, isq- DE d€ quan sat trich mau
15 gidy, dao dong céc bién trang thai nay tu duy tri véi bién
d6 16n, dao dong manh:
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c) d)
Hinh 10. Ddp iing thoi gian: @) ¢yq, b) ¢4, €) wg, d) isq
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Hinh 11. Biéu d6 pha giiza a) ¢rq Va ¢ra; b)Prg, Pra VA wg

Hé théng IM trong ving tham sb trén 1a hé hao tan
(V.V < 0), vivay tir vi tri bat ky déu s& bi hut vao “tap hat”
¢6 hinh dang dic biét gidng canh buém (Hinh 11) va thé
hién tinh chat hdn loan & dap tng thoi gian (Hinh 10). Tiép
tuc khao sat s6 mii Lyapunov — mot tham sé dinh luong
hén loan (Hinh 12), bai bao thu dwoc két qua s6 mi
Lyapunov 16n nhit mang gié tri dwong khi T, nam trong
khoang (0; 3,2).

Hinh 12. Sy bién thién cia s6 mii Lyapunov theo tham sé Tv.

Tiép tuc thyuc hién diéu chinh tham sé hé thong lam viéc
trong viing on dinh L, giam 20 lan va T_ > 4N.m thu dugc
dap ing thoi gian cua cAc bién trang théi Grqr Bra» Wsp, isq
nhanh chéng dat gia tri cua diém can bang (Hinh 14) va
biéu din biéu d6 pha 1a duong xoan 6¢ khéng 6 hinh dang
tap hat la (Hinh 13). Ldc ndy s6 mii Lyapunov thu dugc
déu mang gié tri am (Hinh 15).
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wsl

Shird
Shirg

a) b)
Hinh 13. Biéu do pha giira a) wg; va ¢ra; b) rq, dra VA& wg

a b)

c) d)
Hinh 14. Ddp uing thoi gian trong trieong hop L, giam 20 lan va
TL > 4N.m: @) ¢rq, b) Prq, Qg d) isq.
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time

Hinh 15. Sy bién thién Czia,sé' mii Lyapunov trong
vung tham sé on dinh

4. Két luan

Dua trén md phong hé thng IM trong hai truong hop,
bai bao huéng dén xac dinh viing tham sb én dinh cua hé
théng. Pay 1 so s& dé hé théng hoat dong 6n dinh trong
thoi gian 1am viéc dai han. Vi vy, yéu cau dat ra dé tranh
hién twong hon loan xay ra voi hé truyén dong IM latimra
phuong phap diéu khién don gian, linh hoat nhanh chéng

diéu khién cac tham sé lam viéc va céc bién trang thai vao
bén trong “vung lam viéc an toan”, loai bé dao dong khong
mong mudn dé c6 thé nang cao chat lugng diéu khién trong
thoi gian 1am viéc dai han, dy sé 1a co s& cho cac nghién
ctru chuyén sau hon sau nay cua tac gia.
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