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DAI HOC BA NANG
TRUONG PAI HQC BACH KHOA

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén @ tai: Khao sat, diéu khién dic tinh hdn don va su phan nhanh trong

dong co dong bd nam cham vinh ciru

- M s6: D2013-02-82-BS

- Chu nhiém: TS. Nguyén Lé Hoa

- Thanh vién tham gia:

1. TS. Nguyén Hoang Mai Khoa Dién, Pai hoc Bach Khoa
2. TS. Lé Tién Diing Khoa Dién, Pai hoc Bach Khoa

- Co quan chu tri: Truong Pai hoc Bach Khoa

- Thoi gian thyc hién: T 12/2013 dén 11/2014
2. Muc tiéu:

Nghién ctru khao sat dac tinh hon loan cua dong co d(‘Sng bo nam cham
vinh citu (PB-NCVC) va dé xuét phuong phéap diéu khién dé 6n dinh héa tinh
chat hdn don cho dong co nham muc dich cao d6 tin cdy, su an toan va mo
rong pham vi tmg dung cho loai dong co nay trong thuc té.

3. Tinh méi va sang tao:

Béng viéc ap dung cac phuong phap phan tich chuyén dong hdn don, dic
biét 1a phuong phap s mii Lyapunov va phuong phap gian dd phan nhanh, dé
tai nay da cung cdp mot buc tranh téng quan vé tinh chat hdn don trong mo
hinh déng co PB-NCVC. Ngoai ra, két qua thu duoc cua dé tai nay da thé hién
b?ing viéc sur dung bd loc washout nhu mdt luat diéu khién phan hi trang thai
dong dé dich chuyén diém phan nhanh Hopf trong dic tinh dong hoc ciia dong
co dén mot vi tri m&i da cho phép loai bo duge sy xuit hién cua dic tinh hdn
d6n trong mién bién thién cua tham s6 dong co.

4. Tém tit két quéa nghién ciru:

DPong co PB-NCVC duoc sir dung nhiéu trong cac ing dung trong cong
nghiép vi né c6 nhitng tinh ning wu viét nhu kich thudc nho gon, cau tao don
gian, hiéu suét cao va mat do cong suit 16n. Tuy nhién, nhiéu két qua nghién
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clru d chi ra rang, khi tham sé dong co vuot qua gia tri ngudng nao do thi s&
xuat hién sy dao dong hon don va su phan nhanh trong dic tinh dong hoc cia
dong co PB-NCVC. Vi vay, lam thé nao dé khong xuat hién chuyén dong hon
don trong subt qué trinh lam vi¢c ctuia dong co la van dé thuc su cép bach hién
nay. Trén co s¢ d6, dé tai nay da dé cap dén van dé khao sat va diéu khién dic
tinh hon d6 trong mo hinh dong co PB-NCVC. Két qua thu dugc ciia dé tai c6
thé tom tat nhu sau:

- Dan ra m6 hinh toan hoc cta dong co BPB-NCVC trong h¢ toa do d-q.

- Chira riing khi tham sb cua dong co thay ddi thi co sur xuét hién cua hién
tugng phan nhanh Pitchfork, phan nhanh Hopf va ddc biét 1a tinh chat
hdn don trong dic tinh dong hoc ciia dong co.

- Gi6i thidu mot sb phuwong phap dé nhan biét sy xuét hién cua chuyén dong
hén don. Tu do, cung cép mot birc tranh téng thé vé tinh chit hdn don
trong mo hinh dong co PB-NCVC

- Dé xuét luat diéu khién phan hoi trang thai dong dya trén bd loc washout
dé loai bo sy xut hién ctia chuyén dong hdn don.

n

. Tén san pham:

Bai bao ding trén Tap chi Khoa hoc cong nghé, Pai hoc Pa Ning
6. Hiéu qua, phwong thirc chuyén giao két qua nghién ctru va kha niing ap
dung:

Vi viée hoan thanh dé tai nay s& cung cap kién thirc sau hon, ddy du hon
vé dic tinh dong hoc cia dong co BPB-NCVC, co thé lam tu liéu nghién clru
cho sinh vién, hoc vién cao hoc, nghién ctru sinh va can by nghién cuu tré
trong linh vic Ty dong hoa. Dong thoi, véi két qua thu dugc cua dé tai s& cung
cip cho nguoi thiét ké nhitng két qua méi phuc vu trong viéc ning cao chit
luong lam viéc, d0 an toan va md rong kha nang tmg dung cua loai dong co
PB-NCVC trong thyc té. Toan bd két qua nghién ciru ciia dé tai s& duoc tmg
dung tai khoa Di¢n, truong Pai hoc Bach Khoa dé 1am tai liéu tham khao cho
sinh vién, hoc vién cao hoc va nghién ctru sinh.

7. Hinh anh, so' dd minh hoa chinh
M6 hinh dong co PB-NCVC

dlZ T T~ diq T T~ do T o~
—~=—l; T i,0, — ==, 0, —N=O'(lq—a))
dt dt dt



Phén nhanh Hopf

Phin nhanh Pitchfork T oeeeennened

Sw phdn nhanh (trdi) va ddc tinh hén dén (phai) trong dong co khi chuwa c6 tin
hiéu diéu khién.

M6 hinh dong co véi luat diéu khién phan hi trang thai dong:
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Sw phdn nhanh (trdi) va déc tinh hén don (phdi) trong dong co khi ¢é tin hiéu
diéu khién.

Ngay 20 thang 11 nam 2014

Co quan Chi tri Chii nhiém deé tai
(ky, ho va tén, déng dau) (ky, ho va tén)
TS. Nguyén Lé Hoa



INFORMATION ON RESEARCH RESULTS

1. General information:
Project title: Investigation and control of chaos and bifurcation in the
permanent magnet synchronous motors
Code number: B2013-02-82-BS
Project Leader: Dr. Nguyen Le Hoa
Coordinators:
1. Dr. Nguyen Hoang Mai Dept. Electrical Engineering, DUT
2. Dr. Le Tien Dung Dept. Electrical Engineering, DUT
Implementing institution: University of Science and Technology-The
University of Danang
Duration: from December, 2013 to November, 2014
2. Objective(s):
- Investigate chaotic dynamics in the permanent magnet synchronous motor
(PMSM).
- Propose a new control law to stabilize the chaotic trajectory to improve
the stability, safety as well as to extend the application range for PMSMs.
3. Creativeness and innovativeness:

By using chaotic analysis methods, especially, by constructing the
bifurcation diagram and calculating the largest Lyapunov exponent, the
obtained results in this project provide a global picture of chaotic dynamics in
the model of PMSM. Also, the dynamic state feedback control law based on
the washout filter was proposed for the first time to relocate the Hopf
bifurcation point in the PMSM model. As a result, the chaotic behavior can be
avoided in wide range of the motor’s parameter.

4. Research results:

The PMSMs are intensively used in many industrial applications because
of its compact size, simple structure, high efficiency, and high power density.
The diverse applications of PMSMs call for more attention to its safety and
stability, so that the normal operation of those electromechanical systems can
be maintained. However, many studies have shown that the PMSM can exhibit

chaotic behaviors when its parameters lie in a certain range. In chaos, the
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motor torque will change randomly and the motor speed will oscillate. This is
not acceptable in practical applications. Therefore, controlling chaos in the
PMSM is getting more attention.

This project addresses the problem of investigation and control of chaos

in the PMSM. The obtained results can be summarized as follows:
- Derive the mathematical d-¢ model of the PMSMs
- The analysis results show that the PMSM can undergo a Pitchfork and

Hopf bifurcations, and especially exhibits chaotic behavior.

- Introduce some analysis methods for detection of chaos. Also, provide a
global picture of chaos in the PMSM.

- Propose a dynamic state feedback control law to eliminate chaotic
behavior in the PMSM.

5. Products:

01 article published by Journal of Science and Technology-The University of

Danang

6. Effects, transfer alternatives of research results and applicability:

The obtained results in this project provide in more detail the dynamic
behavior of the PMSMs that can be used as a reference for bachelor, master,
and Ph.D. students as well as for lecturers working on the field of automation
and control. Also, the obtained results in this project are expected to help
engineers to improve the performance and the safety of the PMSM drive
systems.

The research results of this project will be used as a reference at
Department of Electrical Enginering, University of Science and Technology-
The University of Danang.



MO DAU

Tong quan vé tinh hinh nghién ciru ciia dé tai

Pong co ddng bd nam chdm vinh ciru (PB-NCVC) duogc st dung nhiéu
trong cac tng dung trong cong nghi€p vi nd c6 nhiing tinh nang wu viét nhu
kich thudc nho gon, cAu tao don gidn, hiéu suét cao va mat do cong suét 1on.
Vi sy da dang trong tmg dung ciia loai dong co nay nén di thu hat nhiéu
nghién ciru vé viéc nang cao tinh 6n dinh va d6 an toan cho cic hé thong co
dién st dung dong DPB-NCVC. Tuy nhién, nhiéu két qua nghién ctru di chi ra
rang, khi tham sé dong co vuot qua gid tri ngudng nao d6 thi s& xudt hién su
dao dong hon don va su phan nhanh trong dic tinh dong hoc cua dong co PB-
NCVC [Hemati & Kwanty, 1993; Li et al., 2002; Jing & Chen, 2004]. Vi vay,
1am thé nao dé khong xuét hién chuyén dong hdn don trong sudt qua trinh lam
viéc cua dong co la van dé dang thu hut dugc sy quan tam cua nhiéu nha
nghién ctru hién nay. V& mit ché tao, Gao va Chau di chi ra rang dé loai bo su
xuat hién cua chuyén dong hon don thi kich thude ctia nam cham vinh ciru
phai khong duoc vuot qua gia tri cho phép [Gao & Chau, 2003]. Bén canh do,
v6i sy phat trién cta ky thuét diéu khién hién dai, mot sé phuong phap diéu
khién ciing d3 dugc dé xuat nham khéng ché chuyén dong hdn don trong mo
hinh cta dong co PB-NCVC [Harb, 2004; Ataei et al., 2010; Loria, 2009;
Choi, 2012].

Viét Nam 1a mot nudc c¢6 nén cong nghiép dang phat trién nén van dé
nghién ctru, ing dung dong co dong bd nam cham vinh citu vio trong cic hé
thong truyén dong, hé thong servo...dd dugc dé cap dén trong rat nhicu cac
cong trinh nghién ciru, cac luan van tién si, thac si. Tuy nhién, theo hiéu biét
cua cac tac gia thi hién nay chua c6 mdt cong trinh nghién ctru nao & trong
nude dé cap dén hién twong chuyén dong hdn don trong mo hinh cua dong co
DPB-NCVC.

Tinh cip thiét cia dé tai
Maic du su xuét hién cua chuyén dong hén don trong mé hinh dong co
DB-NCVC di dé cap dén trong cac cong trinh nghién ctru di chi ra ¢ trén. Tuy
nhién, chua c6 mot cong trinh nghién ctru nao dua ra duge bic tranh tong thé
vé dic tinh hon don trong md hinh cta dong co DB-NCVC, bao gdm phén tich
co ché hinh thanh chuyén dong hdn don, pham vi bién thién cta tham sé ma &
10



d6 dac tinh hdn don xuit hién... Ngoai ra, cac phuong phap didu khién duoc
dé xuét chi tdp trung vao van dé 6n dinh héa cac chuyén dong hon don ma
chua c6 phuong phéap diéu khién nao dé cip dén viéc diéu khién co ché hinh
thanh cua chuyén dong hon don trong mo6 hinh dong co. Do do, van d& nhén
biét dic tinh hon loan, khao sat co ché hinh thanh hinh thanh cta né cting nhu
lam thé nao dé khdng ché dic tinh hdn loan trong dong co dong bd nam cham
vinh ciru 1a nhimg nhiém vu quan trong va cap thiét hién nay.
Muc tiéu ciia dé tai
- Khao sat dac tinh dong luc hoc ctia dong co PB-NCVC, tir d6 chi ra co ché
hinh thanh cuia chuyén dong hdn don
- Pé ra phuong phap dé nhan biét sy xuit hién cua chuyén dong hdn don
trong mo hinh ctia dong co
- Dé xuit luat didu khién dé khéng ché chuyén dong hdn don
Phwong phap nghién ctru
Phan tich chuyén dong hon don:
- Phan tich d&p tng thoi gian.
- Phan tich biéu dd pha.
- Phuong phap tinh toan s6 mil Lyapunov.
- Phan tich gian d phan nhénh.
Phuong phéap diéu khién hdn d6n va phan nhanh
- Phuong phap phan hdi trang thai dong dua trén bd loc washout.
Doi twgng va pham vi nghién ciru
D6i tuong nghién ciru ctia dé tai nay 1a md hinh toan hoc mé ta dong luc
hoc cta dong co PB-NCVC.
Ngoai ra, viéc thiét 1ap mé hinh cho doéng co DPB-NCVC thi cac gia thiét
sau duoc st dung:
- Pién 4p sinh ra boi cac cudn day stator c6 dang diéu hoa, bo qua cac song
hai trong khe h¢ khong khi.
- B0 qua hién tuong bio hoa ciia nam cham va sy thay déi tham s dong co.
- Dong kich tir sinh ra 1a khong déi.
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CHUONG 1. PAC TINH PONG LUC HQC PONG CO PB-NCVC

1.1. Gi6i thiéu vé dong co PB-NCVC

DPong co DPB-NCVC 1a mot may dién quay trong d6 phan tinh (stator) bao

gom 3 cudn day duoc dit doi xtimg nhau (Iéch nhau 120° trong khong gian).
Phéan quay la rotor trén d6 c6 gin cac thanh nam cham vinh citu. Tuy thudc
vao cach bd tri cac thanh nam cham trén rotor ma ngudi ta phan thanh hai loai:

Rotor cyuc an c6 cac thanh nam cham dugc dat phia bén trong rotor; rotor cuc

161 ¢6 cac thanh nam cham dugc dat ¢ trén bé mat cia rotor nhu duge mo ta

trong hinh 1.1.

r 0
Stator ) (\_:\2:1( J - Stator

Rumr—r—v——- '\ [ .
. SN Y 2

| C ls slj(_,; e B

ﬂ. - . o -

Thanh nam cham !

R Thanh nam chim

Hinh 1.1. MGt cdt ngang ciia rotor: (a) Rotor cuc 16i va (b) Rotor cire dn.

1.2. M6 hinh djng co PB-NCVC
1.2.1. Phwong cin bang ap:
Phuong trinh can bang dién ap trén cac cudn day stator s& co dang:

w —Ri +Wa (1.1a)
‘ dt
. dy,
u, =R.i, + , 1.1b
b sb dt ( )
u =Ri +3Ve (1.1c)
dt
Phuong trinh cin bang 4p trén hé toa do d-¢ (hinh 1.2)
: di .
u, =R, +Ld7;’—a)quq, (1.2a)
. di, .
u, =R, +qu+a)Ldzd + oy, (1.2b)
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Hinh 1.2. M6 hinh mdt cat ngang truc cua dong co cung cac hé toa dg.
1.2.2. Phwong trinh cian bfmg mo men
do 3
—=—ny.i +— n —L )i i o-T, . 1.3
=iy S m Ly L i, ~ po=T, (13)
1.2.3. M6 hinh toan d(}ng co DPB-NCVC trong hé toa d§ d-q
Két hop (1.2) va (1.3), ta co.

di, 1 . .

E:Z(ud_Rsld +a)quq), (1.4a)
di, 1 . .

7::L—q(uq — Rszq —-wL,i, + a)t//,), (1.4b)
do 1|3 3 ..

Ezj[E”PW + an(Ld ~L, )i, ~T, —ﬁw] (1.4¢)

Pé thuan tién hon trong viéc khao sat cac dac tinh dong luc hoc cua dong co, &
day ta thyc hién phép bién ddi affine sau [Hemati and Kwanty, 1993].

x =TIX,
{ N (1.5)
t=rtt.
Trong do:  x=|i; i, a)]T,iz[z:, Z, aN)]l
bk 0 0 I I
r={0 x~ 0 ,b=L—q,K= s ,T=R—q. (1.6)
n,t :
0 0 Ur ‘ PtV :
Khi d6, h¢ phuong trinh (1.4) duoc bién doi vé dang sau:
di, Ly~ ~ . _
Tl;:—éld+zqw+ud, (1.7a)
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-

=

oo T o (1.75)
‘%’ —oi ~a)r i T, (1.7¢)

1.3. Piém cin bang va sy phan nhanh

Xeét truomg hop khi T, =i, =i, =0,L;=L,=L.

Khi d6, diém can bang ctia hé (1.7) dugc xac dinh bai:
- udt o~ du

l, = 1 =
d ~7 9
1+o* 7 1+

(1.8)

5)[0'54 +o(2-p)o* +o(l- ,u)]z 0.
Giai h¢ phuong trinh (1.8), ta thu dugc két qua nhu sau:
- 0 < g < 1:Hg(1.8) c6 duy nhat mot diém cin bang tai Eo(0, 0, 0).
- u>1:Ngoai diém can bang Ey, hé (1.8) con xuat hién thém hai diém can

bang khac ddi ximg nhau:

E(u-1Lu-1yu=1) va Ey(u-1,-ypu-1,-\u-1).

Béng viéc khao sat sy 6n dinh cua cac diém can béng trén, ta co két qua:

- Tai u=1 diém can bang E, s& chuyén tir én dinh sang khong én dinh,
ddng thoi tai d6 hé théng s& xuét hién thém 2 diém can bang méi dbi ximg
nhau £, E,. Do do, theo ly thuyét vé sy phan nhanh [Khalli, 2001] thi h¢
thdng (1.8) xuit hién diém phan nhanh Pitchfork tai x =1.

- Tai p=p, = ‘j(0—+24) hé théng (1.8) s& xuét hién diém phan nhanh Hopf.

Ngoai ra, khi < g, thi Ey va E, 1a 6n dinh va khi g > g, thi ca ba diém
can bang déu khong 6n dinh.

Hinh 1.3. Gian d6 pha ciia hé théng khi = 14,1 (trai) va khi u = 23 (phdi).
14



Phén nhanh Hopf

Phan nhanh Pitchfork N L eammenne

Hinh 1.4. Gidn d6 phan nhénh mé td si bién thién ciia i,° theo tham s6 p.

CHUONG 2. KHAO SAT CHUYEN PONG HON PON TRONG
MO HINH PONG CO PB-NCVC

2.1. Chuyén dong hdn dén trong cac hé thong truyén dong
2.1.1. Khi niém vé chuyén déng hén don

Theo dinh nghia cua tir dién tiéng Anh Oxford, thi khai niém chuyén dong
hdn d6n duoc hiéu 1a “hanh vi ciia mot hé théng dugc mo ta bdi nhitng luat
xé4c dinh nhung dap tng ctia né xuit hién ngiu nhién, khong thé du doan duoc
va rét nhay cadm voi su thay ddi cua tham s hoac n6 phu thuoc vao mét $6
luong 16n céc bién doc lap”.
2.1.2. Chuyén dong hén don trong cic h¢ thong truyén dong

Céc két qua nghién ctru di chi ra ring chuyén dong hdn don co thé xuit
hién trong hé truyén dong dong co mot chidu [Chau et al., 1997], mé hinh cua
dong co DC khong chéi than nam cham vinh citu [Hemati, 1994], m6 hinh
dong co xoay chiéu khong chdi than nam cham vinh citu [Hemati and Wang,
1993; Li et al., 2002].
2.2 Cac phuwong phap phan tich chuyén déng hdn don
2.2.1. Dap ung thoi gian
2.2.2. Biéu d6 pha
2.2.3. Ban db Poincaré
2.2.4. S6 mi Lyapunov
2.2.5. Gian d6 phin nhanh
2.3. Pic tinh hon don trong mé hinh dong co PB-NCVC

15



Trong phan nay s& tap trung khao sat tinh chat hon don trong mé hinh
dong co ddng bo NCVC. O day ta chi xét truong hop &, =i, =T, =0. Khi

d6, phuong trinh m6 ta dong luc hoc cua dong co dugc viét nhu sau:

50
40
30

id

20

iq

100

di, v s di ~
— =1 LO+U

~ d d»

dt 1 dr 1
PR I I I IR ]
0 20 40 60 80

Time
(a)

q N o~ ~
— =—1 —lda)+ua),

30

20

-20
0

%?=a@—5) @.1)

10 20

(b)

30 40 50

Hinh 2.1. Bdc tinh hén don trong mé hinh déng co PB-NCVC khi u = 23: (a)
ddap thoi gian cia dong iy, (b) Biéu do pha ig-ig.

max(ig)

So mu Lyapunv lon nhat

20

12 14 16 18 20 22
mu
0.6
e L

0.4 bt
0.2

0

—
02

12 14 16 18 20 22

mu

Hinh 2.2. Su bién thién ciia s6 mii Lyapunov I6n nhdt (trén) va gian doé phan
nhénh (dwdi) theo tham sé u.
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Két luan: Tir gian d6 phan nhanh, ta thiy rang dong co PB-NCVC s& thé hién
tinh chat hdn don khi z > 14,3 . Ngoai ra, tir d6 thi s6 mii Lyapunov 16n nhit ta
thy Aax d6i ddu tir 4m sang duong khi tham sé x vuot qua gia tri ngudng

cang 16n, mac d6 hon don cua

X

e =14,3. Khi u cang tang thi gia tri cua 4,
hé thdng cang ting.

CHUONG 3. PIEU KHIEN PHAN NHANH HOPF TRONG MO HINH
DPONG CO DB-NCVC
3.1. Phan nhanh Hopf
3.1.1. Khai niém:

Phan nhanh Hopf (hay con goi 1a phan nhanh Andronov-Hopf) 1a su thay
doi trong dac tinh dong lyc hoc cua mot h¢ théng dugc mo ta bdi h¢ phuong
trinh vi phan, & d6 mot chu trinh giéi han (limit cycle) s€ dugc sinh ra hodc
mat di tir mot diém cin bang khi mot tham sb cua hé thng (goi 1a tham sb
phan nhanh) bién thién qua mot gia tri toi han (critical value).

3.1.2. Piéu ki¢n dé xuit hi¢n diém phan nhanh Hopf

Xét hé thong nhu sau:
dx
—=1(x, p),
a1 3.1

f:R"™" >R", xeR", ueR
Hé théng (3.1) s& xuét hién diém phan nhanh Hopf tai = u° néu cac diéu
kién sau dugc thoa man [Khalil, 2001, Nguyen and Hong, 2012].
(i) Ma trén Jacobian J (xe, ,ue) c6 mot cap gia tri riéng thuan 4o l(,ue)z Tjé
va tit ca cac gia trj riéng con lai ¢6 phan thuc 4m.
(ii)Khi z bién thién tir 1an can #" dén 4" thi gia trj riéng /1(/16) di qua truc
40 v6i toc do khac khong, nghia 1a l(/f’) va /I(,ue*) nguoc ddu nhau.
Piéu kién twong dong dé xudt boi Liu [Liu, 1994].
Goi P(1, 11°) 1a da thire ddc tinh cia ma tran Jacobian J(x°, z¢), khi dé ta cé:

P(ﬂ;,ue)z det(/ﬂ—J(xe, ,u))z Do (/f)/l" +p (/f)/l”_l ++p, (/f). 3.2)
Thanh 1ap ma trdn H, nhu sau:
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e

plgxfg Polu
g - W) plf

n . .

(3.3)

Pan (ﬂ) P2 (ﬂ) P, (ﬂ)
trong d6, p,(1¢)=0 khi i <0 hodc i > n. Khi o, didu kién dé xuat hién diém
phan nhanh Hopf (i) va (ii) s& tuong duwong voi cac didu kién sau:
p.lut)>0,
@), (¢ )=det(m, (u€))> 0, i=1,-n-2, (3.4)
A, (uf)=det(, , (u))=o0.

d(A,, (1)

(i1”) #0. (3.5)
du u=p°
3.2. Diéu khién phan nhanh Hopf théng qua bé loc washout

Trong phan nay dé xuat phuong phap thiét ké luat diéu khién phan hoi

trang thai dong dya trén bd loc washout dé dich chuyén diém phan nhanh Hopf

trong mo hinh (2.1) tir vi tri ban dau tng voi u =14,93 sang vi tri méi tng véi
1 =25. Tuc la s€ md rong pham vi on dinh cua diém can béng, do do sé loai
bo dugc hién tuong hén loan trong dac tinh cua déng co trong mién bién thién
c6 thé cua . Luat diéu khién dua trén bd loc washout dugc dé xuét nhu sau:
d ~
BT —ax=y, u=ky. (3.6b)
dt
Két hop phuong trinh (2.1) véi phwong trinh (3.6), ta thu dugc hé phwong trinh
mo ta hé thdng diéu khién vong kin nhu sau:
@, - e 0o
—L=—L +io+kli,—ax),
dt d q ( d )
U_ 5 2o (3.7)
—=-1 —L,0+ U, .
dt q d H
dw ~
— =0l -0
dt ( q )’

dx ~
— =1, —Qax.
dt
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O day ta chon a = 0,5. Tai gid tri & =25, diém cin bang cua hé théng (3.7) s&
la (7°,7¢,@°,x° )= (24,+4.9,+49,50). Tir do, ta tinh dugc ma tran Jacobian

tai diém cin bang
k-1 +49 49 -0,5k

49 -1 1 0
Jo = . (3.8)
0 546 -546 0
1 0 0 05

Va da thuc dac trung thu dugc s€ 1a:

P(Ask)=det(A1—0¢ )= po 2 + p 22 + py 22 + piat p,. (3.9)
Trong do:  p, =1, p, =7.96—k, p, =342~ 6,46k,

Py =277,425, p, =131,094

Tur 46, ta thanh 13p dugc ma tran H, nhu sau:

P oy 0 07 [796-k 1 0 0
Ho_|Ps P2 Popo|_|277:425 342-646k 7,96k
1o op, b o p| |0 131,094 277,425 34,2-6,46k
0 0 0 p, 0 0 0 131,094

Diéu kién (3.4) khi d6 tré thanh
p, =131,094>0,
A, =det(H,)=7,96-k >0,
A, =det(H,) = 6,46k — 85,622k —5,193 > 0,
A, =det(H;) =1661,1k* —21667k —9747,5=0.
Giai hé (3.10) ta thu dugc & =—0,4354 . Vi gid tri nay cta k dé dang kiém tra

diéu kién (3.5) ciing duoc thoa mén.

(3.10)

Hinh 3.1 la gidn d6 phan nhanh cua diém can bang 7,° theo tham s6 4 cho

hé thong diéu khién vong kin duwge mé ta nhu trong (3.7). Tir hinh v& ta thdy
rang dudi tac dung cua bo diéu khién, diém phan nhanh Hopf dd duoc dich
chuyén t6i vi tri m6i ng voi u = 25, nghia 1a pham vi én dinh cta diém can
bang d3 duoc mo rong. Hinh 3.2 mé ta gian dd phan nhanh cua max(z;) theo

u cia hé thdng diéu khién vong kin (3.7). Tir hinh v& ta thdy rang dudi tac
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dung ctia bo didu khién thi diém xuét hién chuyén dong hdn don da dwoc dich
chuyén tir gia tri = 14,3 sang gia tri u = 23,5.

15

Phan nhanh Hopf

Hinh 3.1. Gian do phdan nhanh mé ta sw bién thién cia qu theo u khi co tin
hiéu diéu khién.

25

20F

15

10

max(ig)

5

0

sl

10 i i
15 20 2 0
mu

Hinh 3.2. Gidn d6 phdan nhénh mé td su bién thién ciia max(i,) theo y khi c6

. . . t}'n h{éu diéu khién. i
Keét ludn: Bang viéc dicu khién d€ dich chuyén diém phén nhanh Hopf, ta co
thé loai bé duogc su xuét hién cua chuyén dong hén dén trong mot mién bién
thién theo yéu cau ctia tham sb 4. O day mién bién thién cua tham sé « 1a xung
quanh gi tri ngudng s, boi vi khi x vurot qua gia tri ngudng s, thi s& lam xuat
hién sy phan nhanh Hopf trong dac tinh dong luc hoc ctia ddng co.
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KET LUAN VA KIEN NGHI

Két luan

Trong bao c4o ndy, nhom tac gia di dé& cap van dé vé viéc khao sat dic
tinh hdn don trong mo hinh déng co PB-NCVC. Trén co sé mo hinh cia dong
co trong hé toa d d-¢g, dac tinh dong lyc hoc cua dong co da dugc khao sat chi
tiét. Két qua thu duoc da chi ra rang khi tham sé dong co ¢ trong mot mién xac
dinh thi dong co thé hién sy phan nhanh trong dac tinh dong hoc (phan nhanh

Pitchfork, phan nhanh Hopf), dac biét 1a sy xuét hién cua hién tuong hdn loan

trong dap ung dau ra ciia dong co. D1 voi cac hé thong truyén dong thi sy

xuét hién dic tinh hdn don 1a khong mong mudn, do do viéc khéng ché, loai
b6 dic tinh hdn don trong md hinh dong co 1a mot yéu cau cap thiét. Trén nhu
ciu do, cac tac gia di dé xuat phuong phap didu khién phan hoi dong dua trén
bd loc washout cho phép dich chuyén diém phan nhanh Hopf dén mot vi tri
méi nham muc dich mé rong mién On dinh cia cac diém can béng cling nhu
loai bé duogc su xuét hién cua chuyén dong hon don trong mién bién thién co
thé cua tham s dong co. Két qua mo phong da chimg minh tinh hiéu qua cua

b diéu khién dugce thiét ké, dap ing yéu cau dit ra.

Kién nghi

Céc hé thdng truyén dong st dung dong co PB-NCVC duoc str dung rat
nhiéu trong cac ung dung thuc té. Tuy nhién, tinh an toan, d6 tin cdy cua céc
hé théng nay lién quan dén sy xuét hién hién tuong hon don trong dic tinh
dong co chua thyc sy dugc quan tam. Do do, két qua thu duogc tir dé tai nay sé
1a tai li€u hiru ich cho cac nha nghién ctru, cac k¥ su trong linh vuc Ty dong
hoéa.

Huwéng phat trién

Mot s6 hudng phat trién ciia dé tai trong tuong lai bao gom:

- Khao sat chi tiét hon dic tinh dong luc hoc ctia hé truyén dong xoay chiéu
sir dung dong co PB-NCVC trong d6 c¢6 ké dén ca khau ngudn cip (mach
cong sut)

- Trén co so d6, xdy dyng mo hinh thyc té dé kiém nghiém lai nhiing két qua
thu duoc tir Iy thuyét.
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