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bieu khién hoi tiép bién cau truc trang thai cho hé thong
dém tir hai bac ty do

Variable structure control state feedback for two dof
active magnetic bearing system

Phan Vin Dirc'”, Poan Vin Pong?, Vii Quang S§*, Lé Ngoc Hiéu!, Nguyén Vin Binh'

Trudng Pai hoc Vin Lang
2Trudng Pai hoc Giao thong van tai Thanh phé H6 Chi Minh
“Email lién hé: duc.pv@vlu.edu.vn

Tom tit:

Bai bao nay dé xuat thiét ké bo diéu khién bién cau trdc (VSC) hdi tiép trang thai cho hé théng phi tuyén. Mo
hinh phi tuyén caa vong bi tir chi dong (AMB) hai bac tu do (DOF) thu duoc bang céch sir dung phuong trinh
Lagrange. Vi hé thong phi tuyén rat knd ap dung cac phuong phap diéu khién cho nén nhd dén phuong trinh
Lagrange nham chuyén di hé thong phi tuyén thanh tuyén tinh. Phuong phap diéu khién bién cau tric c6 mot
s6 ru diém nhu sau: Tinh 6n dinh cao cho mét loai hé thdng phi tuyén dugc xem xét; tin hiéu dap tng nhanh
va hiéu suit tot ngay ca khi ¢ nhidu dong va hiéu tmg dong. Va nhém nghién ciru dwa ra mot minh hoa nham
chitng minh tinh hiéu qua cta phwong phap néu trén.

Tir khda: Vong bi tir (dém tir); hai bac tu do; diéu khién bién ciu tric.

Abstract:

This paper proposes the state feedback Variable Structure Control (VSC) design approach for the nonlinear
system. A nonlinear model of two degrees of freedom (DOF) of Active Magnetic Bearing (AMB) obtained
using Lagrange’s equation is introduced. Since the nonlinear system is difficult to apply the control methods,
the Lagrange equation is used to convert the nonlinear system to linear. The VSC approach has some
advantages. Firstly, a robust stabilization for a class of nonlinear systems is considered. Secondly, fast response
and good performance even when disturbance and dynamic effects. Finally, a numerical example is used to
demonstrate the efficacy of this method.

Keywords: Two DOF; active magnetic bearing system; variable structure control state feedback.

1. Giéi thigu héa vé mot diém hoat, dong danh ?ghT’a. Hoat
dong caa mo hinh tuyen tinh co6 thé chap nhan
NGi chung, vong bi tir chu dong hay dém tir [1]- qyrgc khi diém hoat dong dii gin voi diém tuyén
[3], [5]-[8] dwoc xem x€t vi ching cho phép hoat  tinh h6a [3], [5]-[8]. DE dam bao hiéu suét cua hé
dong khong tiep xUc va co the dam bao he thong  théng trong nhiéu diéu kién lam viec, mo hinh
hoat dong tot ¢ toc do cao ma khong can boi tron. phi tuyén tinh nén dugc xem xét trong thiét ké bo
Tuy nhién, mo hinh hoa va dieu khien AMBs van 43, khién.
la nhitng van dé kho khan, vi AMBs c6 hoat dong
khéng on dinh va la h¢ thdng co dién tur phi
tuyén. Hau hét cac phuong phap thiét ké diéu
khién cho AMBs déu dya trén mé hinh tuyén tinh

Trong k¥ thuat cong nghiép hién dai, VSC da
tré thanh chién lugc phd bién nhat dé diéu khién
cac hé théng van hanh. Hon nira, cac VSCs c6
nhiéu ky thuat diéu khién tién tién sir dung md
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hinh dong cua hé thong dé mang lai sy 6n dinh,
phan hdi nhanh va manh [3]-[5], nhung tit ca
chung déu dua trén mé hinh tuyén tinh hoa.

Trong bai bao nay, mo6 hinh dém tur hai bac tu
do (DOF) dugc gidi thiéu. Mot mo hinh co dién
phi tuyén cua hé thong nay ciing dugc bat nguon
tir phuong trinh Lagrange bang cach sir dung
phan mém tinh toan nhu Maple®. Phuong phap
tiép can VSC duoc trinh bay va mét chién lugc
diéu khién dugc &p dung dé diéu chinh hé thdng
phi tuyén.

Cubi cung, két qua md phong sé duoc trinh
bay dé chirmg minh tinh linh déng cua hé thng
va hiéu sut ciia phuong phéap diéu khién VSC.

2. Phuong phap nghién ctru

2.1. M6 hinh co dién

Trong phan nay, md hinh AMB vé&i mét béc tu do
co hoc (hinh 1) duoc giéi thiéu ¢é minh hoa cach
tiép can phuong trinh Lagrange cho mét hé thong
co dién tir [9], [10].
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Hinh 1. AMB mét bac tu do.

Phan bd ning lugng cia hé thong nay duoc thé hién
trong cong thuc (1)

1
Ke, ==mx’,
M2
1 1
Ke. ==L,.6% +=L, g2,
E 2 x+qx+ 2 x—qx— (1)
Vv, =0, V. =0.

Trong d6: Keyy, Vy 13 dong ning va thé ning cua
phan co hoc; Keg va Vgla dong ning va thé niang
cua phan dién. Dién tich trong mdi cuon day,

G+, G5 latoa do tong quat ciia phan dién. X 1a do

L., L

dich chuyén cua roto va - 1a do tu cam cua

cuon day.

M&i quan hé cua do tu cam cua cudn day véi khe
hé khdng khi T va cac thong sé dic trung cia cun
day duoc mo ta trong phuong trinh (2).

Lo NZA
o T2(T - x) @
Lo, NA
< T x)

Trong d6: pg, T, A, N, R, K lan luot 1a do tir tham
cua cudn day, khe hé khong khi danh nghia, dién
tich tiét dién, s6 luong vong day, dién tré cuon day
va do nhay cua cam bién.
Sy tiéu tAn cta ton hao dong trong cac cudn day
la:
1 1
P=>=R4% +=Rg’ 3
5 R +5RAC €))
Phuong trinh dong hoc cia mé hinh AMB mét bac
tir do ¢6 thé dugc suy ra tir phuong trinh Lagrange:

d /(oL oL oP
5(5)‘?5—@ 4)

Trong do s 13 vecto toa do tong quét.

S= |:qx+’qx—’qy+ ! qy—’X’ X:|T ! (5)

Q la mdt vecto ctia ngoai luc tong quat (dién ap dau
vao diéu khién va luc co hoc)
.

Q=[u..u_u,u , F.0],
L la ham Lagrangian

L =Ke, +Keg -V, =V 7
2.2. Hai bac tw do cia AMB
Nhom ap dung phuong trinh (4) va (7), phuong
trinh chuyén dong cua hé thdng co thé duoc suy ra
duéi dang chuan ciia phuong trinh vi phan nhu sau:

Ks=] ®)

Trong do6 Sgiate = [il Ip i3i4xxy y]Tv] =
[u1 Uy U3z Uy Fx 0 Fy O]Tvé K € R8x8 la ma
tran quan tinh va J € R®!1a vector caa ham phi
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tuyén. Cac phuong trinh nay dugc giai trong
Jacobian bang phan mém Maple 17.

X

. Ngllfm
[\guml khuéch dai

Khuéch dai

Bo dicu
khién

Hinh 2. M& hinh hai bac tr do cia AMB.
2.3. Tham s6 cia AMB hai béc tw do

Céc thong sé cia md hinh AMB hai bac tu do nhu
bang sau:

Bang 1. Thong s6 Rotor.

Parameters Symbol Value  Unit
Mass m 5.13 Kg
Bias current io 04 A
Resistor of coils R 0.252 Q
Air permeability o 4qe’ H/m
Coil resistance N 150 m

3. Thiét ké va md phéng bé diéu khién
3.1. Thiét ké mit truot
M@ hinh AMB hai bac tu do dugc diéu khién thong
qua cach tiép can VSC. Loai md hinh dang duoc
xem xét 1a bat bién theo thoi gian tuyén tinh va roi
rac (LTI), phuong trinh (8) va dang khong gian
trang thai duoc cho boi:

Sstate = ASstate + Bu+ Df 9)

Trong d6 A € R®®, B € R®* la ma tran h¢
thdng va ma tran nhidu, D € R®* voi f =
[sin5mt+cos5t]. V&i ma tran Bco ban cua

ma tran chuyén vi BT, vi du B 1a mét phan bu
truc giao cua ma tran B . Xem xét cac bat ding
thirc ma tran tuyén tinh (LMIs) sau:

X>0,BT(AX + XAT)B <0 (10)

Mt truoc tuyén tinh @ duoc cho bai cong thirc
sau:

0 = SSstate = BTX_lSstate =0 (11)
Va u diéu khién dugc chon nhu sau:
=—(SB) ' ( ' kl +K, || X[+ kg h) (12)

Trong d6 ¢ 1a dai lugng bat ky duong vo huéng
va k, >0, k, >[sA|, k, > [sD|

Pinh ly 1. Gia sir raing LMI (10) c6 nghiém va
mét truot tuyén tinh dwgc cho boi phuong trinh
(11), va xem xét hé théng (9) véi u diéu khién
(12). Sau 6, d6ng luc hoc cua hé théng giam toi
gidi han & bé mit truot o =0 latiém can én dinh.
Va moi quy dao nghiém déu huéng vé bé mait
truot tuyén tinh va van & trén bé mit d6 mai mai.

Chitng minh. Xac dinh ma tran bién d6i va
vecto lién két v nhu sau:

= [grea] =[5 ]+

Trong d6 v, e R**, v, e R* va Vv, =o. Ta c0 thé
thiy rang:

[ ] = MSstqates

M~ = [XB(B"XB) ' B(sB)™|
Bing céach chuyén doi trén, c6 duoc:
v = Av + Bu (13)
Trong do:
A=MAM™!
_ [BTaxB(B"xB) BT AB(SB)™
~ |BTX'AXB(BTXB) ' BTX'AB(SB)™*

B=uB= [g’TX‘lB]
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Hé thdng (13) ¢ ché do truot 6=0=0 duogc
diéu chinh boi hé dong luc sau:

v, = BTAXB(BTXB) v,  (14)
B6 dé sau dy duoc sir dung:
B6 dé 1. Xem xét hé thong co phuong trinh
nhu sau [11].
x(t) = Ax(t) (15)

Hé thong (15) duoc cho 1a 6n dinh bac hai néu
t6n tai mot ma tran ddi xing xéac dinh dwong sao
cho:

AP+ PAT <0 (16)

Theo bd d& 1, ta c6 thé thay rang phuong trinh vi
phan bac mot (14) 12 6n dinh bac hai néu ton tai
mot ma tran xac dinh duong P sao cho:

BTAXB(B"XB) 'P+P(B"XB) B"xATB<0 (17)

Chon P=B"XB va thay n6 vao bit dang thuc
trén:

BT(AX + XAT)B <0 (18)
RO rang, bat dang thuc (18) twong dwong voi
(10). Sir dung mit truot tuyén tinh, ta c6 thé thu
dugc B. Xét ham Lyapunov c6 dang nhu sau:

V=c0¢To
V=0¢To

>V =20"¢=20"S%
=20TS(Ax + Bu + Df)

< 2|lolllISAllllx|l + 267S(Bu + Df)
< 2|lolllISAllllx|l + 2lle[ISD Ik + 20T SBu
= 2|lalllISAllllx]l + 2lla]lISD|A (19)
k
- 2ch53(53)—1(71 + ke, |1x|l
+hah)—2
*lloll + €
= 2|lalllISAIlllx]l + 2llalllISD|A
ky o
— 20T (= +k koh) ——
g (2 + 2”x”+ 3 )”O'”+€

= —killall <0

Diéu nay di duoc chiang minh.

3.2. M6 phéng

Trong phan nay, c4c bién doi dong niang cua hé
théng va hiéu suit diéu khién duoc thao luan
trong két qua mo phong. Xét hé théng (9) véi mat
truot (11) va bo didu khién u (12).

Cwrirng d9 démg dién (A)

Thivi gian {giiy)

Hinh 3. Pap ng thoi gian cia dong dién
trén tmg cudn day khi chua c6 nhiéu tac dong.
0.1 T

008} el

0.06 f2

Cudmg A3 dong dién (A}

Thiri g..m (gidy)
Hinh 4. Pap ng thoi gian cia dong dién
trén timg cudn day véi anh huong cia nhiéu.

ety

B dich chuyén cia rotor (mm)

-2
1]

Theri gian (gidy)
Hinh 5. Pap tmg thoi gian véi dich chuyén
ctia rotor khi khong co nhiéu.
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Nhidu 1
Nhidu 2

B dich chuyén cia rotor (mm)

Thiri slirm (gidy)
Hinh 6. Dap tmg thoi gian voi dich chuyén
clia rotor véi anh hudng ctia nhiéu.

Tin higu 1
—=— === Tinhiéu2

Tin higu mét trwrgt (pu)

1
Thiri gian (gidy)

Hinh 7. Mat truot cta tirng cudn day.

Dibu khidn u (v}

Théri glan (gidy)

Hinh 8. Diéu khién u cho timg cudn day.

Hinh 3 va 4 biéu dién tin hiéu cuong do dong dién
cua 04 cuon day trong AMB hai cuc tu do co
nhiéu va khong c6 nhidu tac dong, dap Gng tién
vé 0. Hinh 5 va 6 biéu dién d6 dich chuyén roto
theo phuong x va phuong y, do léch nay van tién
vé 0 trong ca hai truong hop c6 nhiéu va khéng
c6 nhiéu tac dong.

Hinh 7 biéu dién mit truot cua 04 cuon day
dap ng tién vé 0 va on dinh t6i vo cung. Hinh 8
biéu dién tin hiéu u diéu khién tac dong vao 04
cudn day ciing tién v& 0 va on dinh dén vo cing.

Tir hinh 3 dén hinh 8, c6 thé d& dang nhan thiy
rang bo diéu khién dé xuat VVSC cd hiéu suat tét,
dap ung nhanh va hiéu qua trong viéc xir ly nhiéu.

Trong hinh 4 d@n hinh 6, nhiéu 1 va nhiéu 2
tac dong hudng dén cac dong ix+, iy- va cac dich
chuyén x, y, nhung tat ca ching van 6n dinh.

Pay 1a loi thé cua bo diéu khién VSC, c6 thé
loai bo tac dong cua nhidu. Két qua md phong
cho thay bo diéu khién dam bao hé thdng c6 thé
6n dinh trong thoi gian vo han.

4. Két luan

Trong bai bao nay, md hinh hé théng phi tuyén
va hé théng dém tur hai bac tu do da duoc gidi
thiéu. Hé théng c6 cau tric cua mot vong bi tir
(dém tir) hai bac ty do nhan duoc bang phuong
trinh Lagrange. Trong mo hinh, dong dién trong
mdi cudn day dugc coi nhu mot bién trang thai
va dau vao diéu khién 1a dién ap dat vao mdi cuon
day, cach tiép can nay mang lai nhiéu vu diém
hon so véi cach tiép can didu khién la dong dién.
Diéu khién bang dién &p 1a thyc té hon va ciing
cho phép ta tong hop céc bo diéu khién VSC véi
dau vao 1a dién ap. Bién ddi dong ning cta hé
théng dém tur hai bac ty do va hiéu suat caa bo
diéu khién da cho thay rang bo diéu khién VSC
c6 thé dam bao do cung viing khong bi léch truc
ngay ca khi c6 tac dong cua nhiéu.
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