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Nhan dién va diéu khién hdn loan cho déng co dong bd nam cham vinh ciru
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Abstract

Permanent magnet synchronous motor (PMSM) can exhibit chaotic behavior when certain parameters reach critical values. This chaos can
significantly impair the performance of the PMSM and potentially jeopardize the safe operation of the power system if not addressed
promptly. Since system parameters can change during operation, the PMSM can enter a chaotic state at any moment. Therefore, the first step
is determining whether the system is experiencing chaos, followed by implementing control measures to eliminate this chaotic behavior. This
paper proposes an online observer designed to detect chaotic behavior as soon as it occurs in the PMSM. Additionally, a chaotic controller
based on state feedback is developed to counteract the chaotic behavior. Through mathematical analysis and simulation results, the paper
demonstrates that the observer can successfully identify chaos, triggering the chaos controller automatically when such behavior is detected.

This process helps stabilize the system quickly.
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DPong co ddng bo nam cham vinh ciru (PMSM) duoc biét dén 1a c6
biéu hién hanh vi hdn loan khi cac tham sé cia no dat dén gia trj nhat
dinh, didu nay s& lam giam hiéu suat cna PMSM mot cach dang ké,
c6 thé de doa dén hoat dong an toan cua hé théng dién néu nhu hanh
vi hdn loan nay khéng sém duoc triét tiéu. Trong sudt qué trinh hoat
dong cia PMSM, céc tham sb cua hé théng cé thé bién ddi, khién
PMSM ¢4 thé roi vao hién tugng hdn loan & thoi diém bat ky, do do
ma nhiém vu trudc tién 1a cin sém nhan dién hé roi vao trang thai
hdn loan, tir d6 didu khién dé triét tiéu hanh vi hon loan d6. Nghién
clru nay dé xuit b quan sat online d& nhan dién hanh vi han loan,
kip thoi phét hién ra hién turong hdn loan khi né xuit hién trong
PMSM. Tiép d6, bo diéu khién hdn loan dugc thiét ké dya trén phan
hdi trang thai dé triét tiéu hanh vi hdn loan. Théng qua phan tich toén
hoc va tir cac két qua md phong cho thay hanh vi hdn loan duoc nhan

diér] tr t}@ quan sét, khi xac dinh PMSM roi vao hdn loan thi bo diéu
khién hon loan ty dong dugc kich hogt. Tur d6 hanh vi hén loan da
dugc triét tiéu, giap cho PMSM sém 6n dinh tro lai.

1. Toéng quan

V6i sy phét trién cua vat liéu nam cham vinh ctru va cdng
nghé dién tir cong suat, nhiéu nganh céng nghiép da ap dung
PMSM lam thanh phan truyén dong chinh. Do ty 1€ m6-men
x04n trén thé tich cao va hiéu suat cung vai viéc bao tri thap
[1], [2] nén PMSM d3 duoc sir dung phd thdng trong truyen
dong dong co, dién hinh trong linh vuc xe dién dang phat trién
theo cap s6 nhan thi loai dong co nay di dwoc ung dung rong
rdi va thé hién duogc cac uu diém vuot troi. Tuy nhién, PMSM
duoc xac dinh 1a da bién, phi tuyén va lién két manh (1a diéu
kién can caa hé chuyén dong hdn loan), dong thoi PMSM
chira nhiéu tham s, thuong xuyén lam viéc trong méi truong
khic nghiét, do vay ma cac tham sé cua hé c6 thé bién doi
theo tudi tho, theo nhiét do, cac tac dong tir tai,... khi cac tham
sb nay dat dén gisi han nhét dinh thi PMSM s& roi vao trang
thai hon loan.

Han loan c6 loi trong mot s6 linh vyc, tuy nhién trong hé
thong truyén dong dién thi hau nhur nd mang lai nhiing két qua
khong mong mudn, cd thé tu duy tri trang thai, anh huong xau
dén chit luong cua hé thdng, tham chi lam hé thdng bi phéa
hily. Day 1a hién twgng chi xay ra voi hé phi tuyén, nhay cam
v6i diéu kién ban ddu, khéng tuin hoan nhung tuan theo quy
luat nhét dinh khéng gidng véi nhidu. Cac dao dong han loan
xuét hién khong tuan hoan, gay ra mét moi co hoc do dao dong
khong déu, diéu nay 1am giam hiéu suat hodc tham chi phéa
hiy hé théng. Hién tuong hdn loan 1a ngudn gbc gay ra 16 hé
thong truyén dong dién, nhu vay viéc phat hién hé théng bi
hon loan chinh la phuong phap dé du bao s6m vé nguy co hé
thong c6 thé xay ra 16i. Nhiém vu phat hi¢n 15i kip thoi hoac
ly tung 1a phét hién trong giai doan du phat trién cia su cd
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s& tranh dugc nhitng thiét hai c6 thé gay ra ddi véi hé thong,
cho phép bao tri kip thoi thay vi theo ké hoach, tir d6 khong
chi nang cao do tin cay va chat luvong hoat ddng ma con gop
phan giam chi phi van hanh va bao tri, ddng thoi ting hidu qua
cua hé thong.

Hanh vi hdn loan cia PMSM la khéng mong muédn vi n6
gay mat 6n dinh cua hé théng va tham chi khién hé théng
truyén dong bi pha huy [3]. Do do, kiém soat hdn loan Vi
muc dich ngan chan hanh vi hdn loan khdng mong muén cia
PMSM la can thiét va cap bach, diéu nay da thu hat sy chd y
ngdy cang ting nhiam cai thién hon nira hiéu suat va kha ning
lam viéc tin cay cua hé thdng truyén dong PMSM néi chung
[4]-[12], ung dung cho xe dién ndi riéng [13], [14] va da dat
dugc nhitng két qua dang ghi nhan. Tai liéu [9] dua trén
PMSM véi bo diéu khién PI, di thuc hién mot so kich ban
khién PMSM hén loan bang viéc dua cac tac dong dau vao.
Dé ngin chan hién tuong hén loan, tac gla trong [9] da sur
dung phuong phap diéu khién dya trén nhidu dau vao tuong
duong (EID). Nghién ctru [10] thiét ké bo diéu khién thich
nghi thoi gian hitu han, [11] trinh bay bo diéu khién dwa trén
thich nghi va ché do trugt dé diéu khién hdn loan cho PMSM,
ca [10] va [11] d4 ngan chan dugc hién tugng hdn loan cho
PMSM véi sy bat dinh cia tham s va nhidu tac dong. Tuy
nhién ca 2 phuong phap nay bo diéu khién hdn loan dwoc kich
hoat ngay tir ¢au, do vay ma s& lam giam chét luong lam viéc
cua hé. Bong thoi, do thuat todn phirc tap nén doi hoi cau hinh
cao tir phan cting cua b didu khién. Nghién ciru gan day [12]
da thyc hién md phong hién tugng hon loan cia PMSM xay
ra khi cac tham s6 cua hé c6 gia tri 12 6=5.46 va y=20, tir d6
c4c tac gia da dé& xuat mot phuong phap diéu khién ché do
truot dya trén ly thuyét 6n dinh Lyapunov dé kiém soat va
ngan chan hanh vi hdn loan. Cac nghién ciru [5] va [7] cling
nhu nhiéu nghién ctu khac da danh gia hdn loan d6i voi
PMSM khi tham cua né dat dén gia tri nhat dinh (cu thé 12 bo
tham s o = 5.46 va y = 20), tir d6 cac nghién ciru d xay dung
bo diéu khién hdn loan dya trén nhitng phuong phap khac
nhau dé triét tiéu hién twong hdn loan.

DAau vay, hau nhu cac cong b truée day mai ding lai &
viéc thyuc hién offline, cac nghién ciru d6 dua trén bo tham sb
gay hon loan cho PMSM, tir d6 thiét ké bo diéu khién (véi bo
tham sb gay hdn loan da co do) dé triét tiéu hanh vi han loan.
Tuy nhién, PMSM chtra nhiéu tham sd, véi bat ky sy bién doi
cua no s& khién cho céc tham s dai dién 12 o va y bién doi
sang nhirng gia tri khac nhau va c6 thé 1am cho PMSM roi vao
hon loan. Viéc xac dinh cu thé va triét dé tung bo tham sb o
va y khién cho PMSM hdn loan mot mit sé& rat kho khan, phirc
tap va khong triét dé dugc néu nhu thyc hién theo cac phuong
phap trudc day; mat khac 1a ta cting kho cé thé xéac dinh duogc
khi ndo PMSM xay ra han loan trong sudt qué trinh 1am viéc.
Do vay, ta khdng nhat thiét phai xac dinh chinh xac hién twong
hdn loan xuat phat tir sy thay ddi cua tham sé cu thé nao,
nhiém vu chinh I can nhan biét IGc nao thi hdn loan xuat hién,
tir 6 dua tin hiéu diéu khién (tir bo diéu khién hdn loan) dé
dap tat hién tuong hdn loan, sém phat hién tiém an rai ro dén
hé thong, ngan chin hong héc tong thé, nham nang cao d¢ tin
cay va kha niang lam viéc bén lau cua hé thng.

Cac nhiém vy trén sé dugc thuc hién trong nhirng ndi dung
tlep theo cuia bai béo, cu thé: md hinh hoa PMSM dudi dang
téng quat cé xét dén thanh phan han loan s& dwoc phan tich
va thuc hién tai noi dung 2; noi dung 3 s& thiét ké bo quan sét
bién trang thai va thanh phén hdn loan, tiép do6 1a xay dung

module phian mém tinh s6 mii Lyapunov online, dé c6 thé
nhan dién hdn loan trong sudt qua trinh hoat dong cua hé
thong. Khi hé thong dugc xac dinh 1a hdn loan thi bo diéu
khién hdn loan s& ty dong duoc kich hoat dé som triét tiéu
hanh vi hdn loan d6, nhiém vu thiét ké bo diéu khién hdn loan
nay s& duoc thyuc hién tai noi dung 4. Noi dung 5 sé trién khai
moé phong dé chirng minh higu qua cia cac thuat toan ma
nghién ciru nay da dé xuat. Va cudi cing la cac két luan cua
bai bao duoc dua ra tai noi dung sb 6.

2. M6 hinh ho4 ctia PMSM c¢6 xét dén thanh
phan hon loan

M6 hinh ciia PMSM trén tryc toa do dq c6 thé duoc md ta
nhu sau [15]-[17].

di, R- L - 1_

L= — i+ 2@l +—0,

@t L L L,

di, - L -

—E=—E|q——da_)ld —ﬂa_)+iﬂq 1)
at L ° L Lq L,

d@ n, B_ 1-
Tl e -3a-5T

Pé dd phirc tap trong viéc nghién ciru dong luc hoc cua
PMSM, ta thyc hién phép bién ddi afin [12] X=X /7, phép
bién ddi theo thoi gian t=t /7

véi:X:[iOI a)T,Y:[E i, E)T,
L i}
—k 0 0
4 0 07 |1
A=|0 4 0=l 0 k of
0 0 4 0 T

trong d6 7=L¢/R, kK =B/ (n,zy,)
Bing cach giai quyét van dé& diéu khién cua PMSM voi

khe ho khong khi tron tru, nguoi ta thay rang do tu cam cua

cuon day & truc d va truc g bang nhau (L = Lg = Lg).

Tir d6 ta c6 thé chuan hoa md hinh toan hoc (1) thanh mé hinh

(2) sau day:

did o
= o ity
di, .
E:—Iq—lda)—}/aH—uq (2)
dw .
EZO'(lq—a))—TL
Véi: w=dr, iy =i 1k, i, =11k, y=w, /(kL),

o=Bc/d, T, =2"T 13, Uy =0, [ (kR) ,u, =T,/ (kR)
trong do: ig Va iq 1a dong dién stator chuan hoa trén truc d va
g tuong (g, e la van téc goc chuan hoé cua rotor, ug va uq la
dién ép stator chuan hoa trén truc d va g tuong tung, T, Mo
men tai chuan ho4, ¢ va y 1a cac tham s6 cua hé thong.

Hau nhu cac cdng bo trude day déu thuc hién mo phong
hanh vi hdn loan caa PMSM duya trén bo tham s o = 5.46 va
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y = 20 [6], hodc nghién ctru [18] chi ra khi y = 17 thi PMSM
xay ra hon loan (Hinh 1 va Hinh 2). Tir d6 cac nghién ciru da
thiét ké bo diéu khién bang nhiing phuong phap khac nhau dé
triét tiéu hon loan va ciing d dem lai nhirng két qua nhat dinh.

Hinh 2: Hanh vi cta cac bién trang thai w, ig, iy theo thoi gian

Nhu di phén tich ¢ trén, PMSM chira nhiéu tham sé va
trong suét qué trinh van hanh cua nd thi cac tham sb c6 thé bj
thay ddi. Vi bat ky su bién ddi cua tham sé nao do6 (co thé 1
hoac nhiéu tham s thay d6i) thi déu co nguy co khién PMSM
roi vao hanh vi hdn loan, trong d6 véi o = 5.46 va y = 20 chi
1a 1 bo tham s trong rat nhiéu cac bo tham sé khién PMSM
hdn loan, viéc tim ra triét d duoc tirng bo tham sé do 1a khong
kha thi. Do vay ma cin c6 phuong phap téng quat dé c6 thé
nhan dién triét dé duoc hanh vi hdn loan cia PMSM.

Sy bién d6i tham sb noi tai hodc cac tac dong ngoai vi vao
hé théng dong luc dugc coi 1a dau vao chua xac dinh d6i véi
hé thong [19], [20]. Trong qué trinh van hanh cua PMSM, véi
su bién d6i cuia tham s nao do s& khién cho y, o thay doi sang
nhitng gia tri khac. Ta dinh nghia luong thay dbi d6 trong ng
la z1 va z,, & trang thai hoat dong binh thuong thi z; va z, sé
c6 cung gid tri 1a 0, khi tham s6 nao d6 cua PMSM thay dbi
thi 21 va z, s& khéc 0, néu z; va z dat dén gié tri nhit dinh thi
PMSM s& roi vao hanh vi hdn loan, vay nén ta c6 thé coi z, va
2, 1a c&c thanh phan han loan. Khi d6 mé hinh hoa PMSM c6
xét dén thanh phan han loan dugc md ta nhu sau:

X1 ==X XX + Uy
—(r+2z,)% +u, ©)
X, =(0+2,)(X, — %) =T,

MG hinh (3) s& dugc sit dung dé thyc hi¢n nhan di¢n hanh
vi hon loan va thiét ké bo diéu khién dé triét tiéu hanh vi hon

X, ==X, = X X

loan khi n6 xay ra. Cac nhiém vu nay s& lan luot duoc thuc
hién & cac noi dung sau day.

3. Nhan dién hanh vi hon loan

Hanh vi hdn loan c6 the dugc nhan dién théng qua mot 50
phuong phép, trong d6, mi quan tam chinh tap trung vao sb
mii Lyapunov, né6 mang lai xac nhan vé sy hién dién cua hon
loan trong dir liéu dwoc quan sat. S6 mii Lyapunov, do toc do
phan ky hoac hoi tu trung binh cua hai quy dao gan nhau, la
thudc do hiru ich vé tinh 6n dinh cua mot hé dong luc va la
chan doan dong hoc hitu ich nhét cho cac hé théng hdn loan.
Trén thyc té, bat ky hé thong nao chira it nhat mot s6 mii
Lyapunov duong déu dugc xac dinh 1a hdn loan, vai do Ién
cua s6 mil xac dinh thang thoi gian cho kha ning dy doan
[21]-[25], c6 thé biéu dién truc quan nhu Hinh 3.

Hon loan

Diém cb dinh Tudn hoan

w1
e
“\

Mot gid tri =

Toan bo s6 mii am 0,con lai laam Cé it nhat1sé mia>0

Hinh 3: Qu¥ dao cua hé thng twong g véi gié tri cua cac s6 mii Lyapunov

Phuong phép Jacobian dugc st dung dé tinh s6 mii Lya-
punov, trong d6 ma tran Jacobian dugc xac dinh tir md hinh
PMSM. DBé nhan dién hanh vi hdn loan trong sudt qua trinh
PMSM hoat dong thi s6 mii Lyapunov can lién tuc duoc tinh
toan (théng qua module phan mém tinh s6 mii Lypunov
online). Do vay ma ta can xay dung bo quan sat dé c6 thé udc
luong duoc cac thanh phan hdn loan z, o, tir d6 cap nhat
chang vao module phan mém tinh s mii Lyapunov. Dya vao
gia tri cua cac s6 mil Lyapunov do ta ¢6 thé xac dinh duoc hé
théng c6 bi hdn loan hozc khong.

Dé c6 duoc wéc tinh tham s chinh xac hon cho PMSM,
c6 thé sir dung cac phuong phap nhu mang no-ron, thuat toan
di truyén, Luenberger obsever, bo loc Kalman mé& rong
(EKF), déy la nhitng phuong an hiéu qua va hiéu suat cao dé
theo ddi bién thién tham sé, ciing c6 thé duoc sir dung dé use
tinh tham sé va trang thai cia PMSM theo thoi gian thuc
[26]-[28]. Trong d6 EKF dugc danh gia 14 c6 kha ning tdi wu
va c6 sy hoi tu tot hon [29]. M& hinh EKF ¢6 thé duoc mo ta
nhu Hinh 4 sau day:

Hinh 4: M6 hinh PMSM véi b EKF wéc tinh cac thanh phan han loan

Khi xét dén thanh phan nhiu trang thai va nhiu do lwong,
thi (3) co thé dugc viét dudi dang tong quat nhu (4)
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{xi f(x,z,u,w) @
y=h(xv)

trong d6: X = (i, iq , @) 1a vector trang thai, Z = (Zl, Zz)

la cac thanh phan hdn loan, U = (Uy, Uy, T ) 1a vector dau
vao h¢ thong, f(x) 1a ham biéu thi cac phuong trinh dong ciia
hé thong phi tuyén, w 1a nhiéu qua trinh (trang thai), v la nhiéu
do luong.. ) i
_He thong phi tuyen tinh thoi gian lién tuc (4) duoc bicu
dién trong mién roi rac (st dung phuong phap Euler nguoc)
theo cdng thac sau:
{Xk = f(xk—l' Zk—l’uk—llwk—l)
Y =% 1, Viy)

Thuat toan EKF dé uéc tinh bién trang thai (14,1, @) va

()

thanh phan hdn loan ( Z;, Z, ) duoc thuc hién nhu sau:
Buéc 1: Du béo

kk\k—l =f (kk—l‘k—l’ 2k—2\k—l’ uk—l‘k—l) (6)
Buwéc 2: Tinh ma trgn khuéch dai L va S

Pk‘H =J PMHJI +Q, (7
Sc=H, Pk‘HH: +R, (8)
L= Pk\k—lH-krS;1 9)

VGi Pyk-1 & hiép phuong sai udc lugng du doan ¢ budce thir k-
1; J la ma tran Jacobian cua ham f theo x, H la ma tran Jaco-
bian ctia ham do lwong h. Qk va Ri 1a ma tran hiép phuong sai
twong g cia w va v.

Xac dinh ma tran J: roi rac hoéa (3) bang cach ap dung
phuong phap Euler nguoc, ta thu duoc:

X (k=1 +x%(k=Dx,(k-1)
+u, (k-1) ]
X, (k=1) =% (k=D)x,(k-1)

—(7+zl(k—l))xs(k—1)+uq(k—1)j (10)

xi(k)=x1(k—1)+m[

X, (K) = x, (k —1)+At[

0= x (-0 +t| (o+ 2,000 2 P71 -y

% (K)=X(k-)+At| (c+2,(k- -T (k-

3 3 2 Xs(k—l) L

Trong d6 chi s6 k va k-1 1an luot biéu thi cac thoi diém r=kAt
va t=(k-1)4t; At |a thoi gian trich mau.

Tu d6 ta thu duoc ma tran J nhu sau:

1-At X, (k-1)At X, (k-1)At

J =| X, (k-D)At 1-At -A((7+2,(-0)+xk-1)| (12)
0 (o+2,(k-D)At 1-(o+17,(k-1))At

100 100 100
Ho=[0 1 0]:Q.=1070 1 0|;R,=10%/0 1 0| (12)

001 001 001
Buéc 3: Cdp nhdt
L = Repes + L (yk —h, (f(k‘kfl)) (13)
zk—uk = 2k—1\k—1 +S. (Y —h, ()’ik\k—l)) (14)
P = P — LicHiPy (15)

Tir (14) ta c6 thé xac dinh dugc cc thanh phan bat dinh z; va
Zp, CAC gid tri nay duogc cap nhat vao (3), hé (3) nay s¢ dugc
dua vao module phan mém tinh s6 mii Lyapunov.

Van dung phuong phép tinh s mii Lyapunov tir [30], ta
xay dung dwoc thuat toan tinh s mii Lyapunov online - tir
viéc cap nhat gia tri z; va z; dugc thuc hién nhu Hinh 5.

1
| Cap nhat gié tri z; va z tr hé quan sét |
»l
v
Thiét 1ap hé phuong trinh vi phan
x=f(x)

v

Giai ma tran Jacobian

A
F ()=
Ox,
J
Xay dung phuong trinh
w,=F(w,

v

Giai hé phuong trinh vi phéan véi cac diéu kién ban dau

G-
¥

| Tinh toan Iap truc giao GSR |

xp=x,(f)

| Céc s6 mii Lyapunov cta hé thong: 4 |

C6 it nhit 1 Sai
1>0

| He thdng xay ra hdn loan | |Hé théng khong xay ra hdn loan

< |

\ 4
Két thac

Hinh 5: Thuat toan tinh s§ mii Lyapunov

Hé (3) bao gom 3 bién trang thai, két qua tinh tir phan mém
s& cho ra 3 gia tri s6 mii Lyapunov twong tng. Tir gié tri cua
c4c s6 mil Lyapunov do, ta co thé xac dinh dwoc hanh vi hdn
loan ctia hé théng c6 xuat hién hay khdng. Néu c6 it nhat 1 sb
mii Lyapunov 1a dwong thi c6 thé khang dinh Ia hé da roi vao
hién twong hdn loan, tir d6 kich hoat bg diéu khién han loan
dé triét tiéu hién hanh vi loan nay. Bo diéu khién han loan s&
duoc trinh bay tai ndi dung 4 sau day.

4. Thiét ké b diéu khién tri¢t tiéu hanh vi hén
loan

Hanh vi hdn loan s& gay ra dao dong khong lién tuc cua
dong dién stato, dién &p stato, tdc do géc, md-men xoén dién
tir khong déu va su bat 6n cua hé théng. Do dé, hanh vi hdn
loan chic chin khong dugc chap nhan trong hau hét cac hé
truyén dong dién. Diéu nay thuc day cac nha nghién ciu dua
ra nhiéu phuong phap diéu khién hon loan va da dem lai
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nhiing hi¢u qua nhat dinh. Phuong phap diéu khién phan hoi
trang thai dugc coi la mot trong nhirng phuong phap kinh dién
[31], [32], duoc &p dung trong viéc diéu khién cho nhiéu dbi
tuong ciing nhu chién lugc diéu khién khac nhau. Véi viéc
van dung vao diéu khién hdn loan, phuong phap diéu khién
phan hoi trang thai da dugc ap dung kha rong rii cho ddi tuong
1a may dién [25], [33].

Tur hé (3) voi gié tri caa cac thanh phan z; va z, da dugc
udce luong tir hé quan sat, ta co thé tim dwgc diém can bang l1a

— — — 1T
X=[x % %]

Khi hé thdng xay ra hién twong hdn loan, z; va z, s& dat
dén gia tri va c6 dac tinh nhit dinh, va khi d6 diém can bing
trén 1a khong 6n dinh, véi tinh chit cua hdn loan 1a "cac quy
dao di lang thang mai mai trong mot mién gidi noi, ma khdng
di t6i mot diém cb dinh ndo hodc mot quy dao kin nao”. Dé
dua quy dao vé diém can bang, ta sir dung luat diéu khién phan
hdi trang thai sau:

u, = -k (x, = X);u, ==K, (X, — X,) (16)

Ghép céac didu khién trén lan luot vao cac phuong trinh cua
dbi tugng (3) ta nhan dwoc phuong trinh hé kin sau:

X, ==X + XX + Uy —K (% — %)
Xy = =X, = XX = (¥ +2.)% + Uy —Ky (X, — %) (17)
X, =(0+2,)(X, —%X;) =T,

Diém dirng cua hé thong kin (17) chinh 1a diém can bang
X caa hé (3). Tuyén tinh hoa (17) quanh diém dumng, tir d6 ta
tim dugC ma tran Jacobian nhu sau:

-1- k1 %, X
A=l =X -1-k, X -y-1z (18)
0 oc+z, —(o+1z,)

Phuong trinh déc trung cia hé nhu (19)

A+1+k, —X, X,
|A1-Al=| X, A+1+k, X +y+z
0 -c-2, A+(c+1,)

=2+ (k +k, +2+0+2,)A" +
@+k)A+k, +o+72,)+1+k,)(o+12,)+ 5 (19)
+
(c+2,) X +y+7)+%

(0 +2,)X2 +%,%,(c+2,)+(L+k,)
[(1+ ko +2,)+(0+2,)(X+y+ 21)]

Theo tiéu chuan 6n dinh Routh-Hurwitz, dé hé thong 6n
dinh can thoa man cac dieu kién sau day:
(k+k,+2+0+12,)>0
(L+k)U+k, +0+2,)+({L+k,)(0+2,) +(0+2,) (K +y+2)+% >0
(L+k)o+12,)+ 0
(6+2,)X +7+17)

(L+k)A+k, +o+2,)+(1+k,)o+17,)+
(0+7,)(} +y+ Zl)+X32

(1+k2)(o;+ 2,)+ Hw
(0+2,)(X +7+1)

(0+2,)% +%,%,(0+1,) 1+k1{ (20)

(k, +k, +2+a+zz){

—{(a+ )X +%,%,(0+12,) + (L+ kl){

_Nhu vay ta c6 thé lya chon dugc cac tham s6 ki, ko tir céc
diéu kién~(20), khi cac diéu kién & (20) qduqc thoa man thi
hanh vi hon loan sg b triét tiéu, hé thong on dinh tré lai.

5. Két qua mé phéng

Dé c6 thé thay rd duoc higu qua cua khau nhan dién va
diéu khién triét tieu hén loan, nghién ciru nay trién khai mo
phong tren phan mém Matlab/Simulink. Kich ban mé phong
co ban gém ba giai doan: lan dau thyc hién md phong trong
truong hop PMSM hoat dong ¢ trang thai binh thuong; giai
doan hai s& tién hanh md phong khi PMSM roi vao hanh vi
hdn loan; cudi cing 1a diéu khién dé triét tieu hanh vi hdn
loan.

20

iq

id, iq, w

0 5 10 15 20 25 30 35 40 45 50
Time(s)

Hinh 6: Van téc goc o, dong dién iy va dong dién iq theo thoi gian

O trang thai binh thuong cia PMSM, cac bién trang théi
o, ig ig (Hinh 6) thé hién on dinh ngay sau khi khoi dong
khoang 6 gidy. Hinh 7 va Hinh 8 la gia tri z; va z, dugc udc
tinh tir bo quan sat EKF, cac thanh phan han loan ciing sém
tién tGi gia tri 0, didu nay thé hién dung 1a khi chua c6 sy bién
d6i cua tham sé nao d6 thi s& khong ton tai hai thanh phan
nay. Két qua tinh cac s6 mii Lyapunov tir Hinh 9 cho thay ca
3 s6 mii déu mang dau 4m, nhu vay hé khong xay ra hdn loan
ma dang hoat dong 6n dinh.

253 21 - Estimate |
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Hinh 7: Gia tri cua z; () duge udc tinh khi PMSM ¢ trang thai binh thuong

100 - |, |
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Hinh 8: Gi tri caa z; (b) duoc udce tinh khi PMSM ¢ trang thai binh thuong
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Gia tri cua cac so mu Lyapunov
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Hinh 9: B thi biéu dién gia tri cua cc s6 mii Lyapunov dwoc tinh khi PMSM
& trang thai binh thuong

Budc tiép theo, nghién ctu nay thyc hién bién ddi tham sé
ciia PMSM dé hanh vi hdn loan cua hé xuat hién. Tir két qua
mo phong & Hinh 10 cho thiy cac bién trang théi w, i4, Va iq
dao dong dix doi, quy dao khong lap lai trang thai qua khu,
dong thoi tr mt phang pha (Hinh 11, Hinh 12) va khdng gian
pha (Hinh 13) cho thdy quy dao cua hé bi hat vao tap hit, quy
dao di lang thang trong khong gian gidi ndi, didu do cho thay
hé c6 dau hiéu cua hién tugng hn loan.

Sy bién doi cuia tham sb ciing da khién cho céc thanh phan
hén loan z; va z, dat dén gia trj va c6 dic tinh nhat dinh (Hinh
14 va Hinh 15). Cac gia tri z, va 2z dugc ude lugng nay (tir bo
quan sat EKF), sé duoc cap nhat vao module phan mém tinh
s6 mii Lyapunov Ket qua tinh s6 mii Lyapunov & Hinh 16 cho
thdy ludn c6 mot sé mii Lyapunov mang gia tri 1a duong, diéu
nay c6 thé khiang dinh ring PMSM d xay ra hdn loan va can
diéu khién dé triét tiéu hanh vi han loan nay.

0
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Hinh 10: Hanh vi cua c4c bién trang thai w, i, iq theo thoi gian
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Hinh 14: Gia tri ctia z; dugc wéc tinh khi PMSM & trang thai hon loan
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Hinh 15: Gia tri ctia z, dugc wéc tinh khi PMSM & trang thai hdn loan

Khi PMSM duoc nhan dién 1a da roi vao hon loan (vi c6
it nhit 1 s6 mi Lyapunov mang gia tri duong) thi bo diéu
khién phan hdi trang thai (dwoc xay dung tai ndi dung 4) & tu
dong dugc kich hoat dé triét tiéu hién tugng hdn loan nay.
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Hinh 16: Gia trj cia cAc s6 mii Lyapunov khi PMSM & trang thai hdn loan
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Hinh 17: Qua trinh hoat dong én dinh cia PMSM
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Hinh 18: Qua trinh hoat dong roi vao hdn loan cia PMSM
25

20 [

il o ‘
15 p- ” il W \\‘ \H M ‘J‘H |

Ul
IR ”“”‘”‘H\H”

I ‘ ‘\m ‘
5 I ‘\“ \\ | “H
3 ‘ 'l \ \\ |

50 100 150
Time(s)

Hinh 19: Qua trinh hoat dong én dinh tro lai cia PMSM

Dé c6 thé thdy ro dugc hiéu qua cua viéc didu khién hdn
loan, kich ban m6 phong dugc thuc hién la: khi PMSM dang
lam viéc binh thuong (6n dinh), tai giay thu 30 xuét hién hanh
vi hdn loan, bo diéu khién hdn loan duoc kich hoat tai thoi
diém 100s. Tir két qua mo phong tai Hinh 17, Hinh 18 va Hinh
19 cho thdy, ngay sau khi bo diéu khién hdn loan dugc kich
hoat thi hanh vi hon loan da nhanh chong bi triét tiéu, dua hé
6n dinh tro lai. Thoi diém kich hoat bo diéu khién hdn loan cé
thé duoc thuc hién ngay sau khi nhan dién dugc hé ¢ hanh vi
hdn loan, dé c6 thé dé quan sat dugc hanh vi hdn loan va hoat
dong on dinh caa PMSM, & md phong nay, bo diéu khién hon
loan duoc kich hoat sau 70s ké tir khi hdn loan xuét hién.

6. Kétluin

Nghién ciru nay da dé xuat phuong phap nhan dién hanh
vi hdn loan cho PMSM dua trén bo quan sat EKF két hop véi
module phan mém tinh s6 mii Lyapunov (la phuong phap
nhan dién dong chir khdng phai 12 nhan dién tinh ma hau nhu
cac cong b trude day thuong lam), tir d6 ¢6 thé kip thoi nhan
dién duoc hanh vi hon loan trong subt qua trinh hé thong hoat
dong. Tiép do, nghién ctru da xay dung bo diéu khién han loan
dua trén phuong phéap phan hoi trang thai, dy 1a phuwong phap
it phirc tap va c6 hiéu qua cao di vai nhiém vu triét tiéu hanh
vi hdn loan. Thong qua két qua md phong cho thay, bé quan
sat da kip thoi nhan dién duoc hanh vi hdn loan cia PMSM.
Tur d6 bo diéu khién hdn loan da duoc kich hoat, hanh vi hdn
loan da sém duoc triét tiéu ngay sau do, dwa PMSM tr¢ lai
trang thai hoat dong 6n dinh, diéu nay s& gilp nang cao chat
lugng va do tin cay trong sudt qué trinh hoat dong cua hé
thong.
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