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Piéu khién 6 d& tir chii dong bang phwong phap
backsteping silding mode control
Control Active Magnetic Bearing with Backsteping Silding Mode Control
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Tém tat

Nhuw da biét, déi véi 6 d& tir chd dong thi luc tir t71é véi binh phurong dong dién va ti1é nghjch véi binh phuwrong
khodng céch khe hé gitra stator va rotor. Dé thiét ké duoc cac thuat toén diéu khién, thi ta phai tuyén tinh héa
méi quan hé trén tai diém lam viéc. Biéu nay ndy sinh van dé Ia khi do6 thuat toan diéu khién chi ddm bdo chét
luong tét, diing nhuw thiét ké chitai diém Iam viéc dé. Bai bao dé xudt mét gidi phap gitip thuc hién thiét ké bo
diéu khién ma khéng cén phai thuc hién tuyén tinh héa tai diém lam viéc str dung thuét toan backsteping két
hop véi bo diéu khién trurot. Cac két qué dat duoc da duoc kiém nghiém bdng mé phdng Matlab/Simulink.

T khoéa: O tir chi dong, diéu khién cudn chiéu, diéu khién trwot, bé quan sat
Abstract

In active magnetic bearing systems, the magnetic force is proportional to the square of the current and
inversely proportional to the square of the distance gap between the stator and rotor. In order to design the
control algorithm, we must linearize this relationship. Control algorithms ensure good quality, exactly as
designed only at the point of operation. This paper proposes a solution designed to help implement the
controller without linearization. The proposed algorithm is combined of backstepping and sliding mode control.
In addition, an observer is integrated to estimate load variation. The obtained result was verified with simulation
Matlab/Simulink. Simulation results prove the effectiveness of the control structure.

Keywords: Magnetic bearing, Backstepping control, Sliding mode control, Observer

Ky hiéu Pon vi Y nghia giam tén hao do dong xody, rotor va stator thudng

duogc lam bang cac 14 thép k¥ thuat dién ghép lai [2].

F, FuF Luc;[u Cam bién vj tri ¢6 chire nang do do dich chuyén cua
Fa Nhieu luc rotor trong long stator. Phai sir dung 2 cam bién dé c6
i i A Dong dién trén cac cugn ddy thé co6 thong tin day du theo ca tryc x va truc y. Bo diéu
X, X1, X2 Vi tri cua rotor khién nhan thong tin vi tri cia rotor tir cac cam bién vi
Ls H Di¢n cam cua cugn ddy Stator tri tir 6 diéu chinh dién ap cip cho cac cudn diy thong
R Om  Dién tré cugn day stator qua d6 thay doi luc tir va dua rotor dén vi tri mong
m Kg Khéi leong rotor mubn.

@, & Wb Tur thong do cac cudn ddy sinh ra

L, 110 B¢ tir tham cua sdt tir, khong khi
n S6 vong ddy cua cudn ddy stator C? bién
i \ vi
A Dién tich mach tir Rotor
g Khodng cdach khe hé mach tur |, e dai
Stator 1 i cong sudt
Y

1. Gi6i thi¢u

: Nam cham dién (cuc tir), Rotor, cam bién do khoang
cach, khuéch dai cong sudt va bo diéu khién[1]. Dé

Cau truc co ban cua mot 6 do tur tich cyc bao gdm

Hinh 1. Hinh dang co ban cua 6 d& tir chii dong
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Dé thiét ké dugc bo diéu khién, can c6 mé hinh
mb ta toan hoc 6 d& tir chu dong. Cac dang mo hinh
toan hoc dugc st dung dé diéu khién 6 d& tir chu dong
d6 la: Dang phuong trinh vi tich phan, dang ham
tmyén dat va dang mo hinh trang thai[3]. Dang phuong
trinh vi tich phan 14 dang day du nhét, tuy nhién viéc
thiét ké bo didu khién truc tiép tir dang nay kho khin
vi mbi quan hé phi tuyén gitra cac dai luong trong mod
hinh toan hoc. Dé ¢6 2 dang mo hinh trang thai va ham
truyén dat, ta phai tuyén tinh hoa tai diém lam viéc tir
céc phuong trinh vi tich phan va dai lugng dugc tuyén
tinh hoa rd rang nhat ddy 1a lyc tir. V& co ban Iyc tir 1a
dai luong ti 1€ thuan véi binh phuong dong dién va ti
1¢ nghich v&i khoang cach khe ho sau khi tuyén tinh
hoa tai diém lam viéc luc tir ti 16 thuan v6i dong dién.
Diéu nay da nay sinh van d& 14 khi thiét ké cac bo diéu
khién ma duya trén mo hinh tuyén tinh hoa thi hé chi
hoat dong chinh xac tai diém lam viéc.

2. MO hinh toan hoc 6 d& tir chi dong

Céc dang mo hinh todn hoc dugc st dung dé diéu
khién 6 d& tir chu dong thuong thay d6 la: Dang
phuong trinh vi tich phan, dang ham truyén dat va dang
mo hinh trang thai. Tuy nhién ¢ day s€é xem xét mo
hinh 6 d& tir dudi dang phuong trinh vi tich phan, vi
day 1a dang thé hién dy du nhat mdi quan hé phi tuyén
gifta luc tir va khoang cach khe ho. Xét 6 tir bon cuc
c6 dang nguyén 1y don gian nhu hinh 2.

—

cudn déy

iy cugn ddy
thir nhat ' "

thur hai

Hinh 2. Phan tich luc cho mét cédp cuc tir Stator

Khi mat do tir thong trong 15i sét tir va trong mat
d6 khong khi 1a nhu nhau, d6 tu thAm cua st tur 1 rat
16n p>>1 khi 4y lyc tir do mot cudn day sinh ra sé
duogc tinh theo cong thue sau [1][6]:

2 N N2
o 1 [%NALJ =5[L] )
A A 29 4\9

Luyec tur ti 1¢ thuan véi binh phuong dong dién va
ti 1¢ nghich vdi binh phuong khoang cach khe ho
khong khi.

Mo ta cac phuong trinh toan hoc mé ta 6 d& tir
chi dong dugc xdy dung tor dinh ludt Newton
m% = F, — F, + F, két hop véi phuong trinh dién tir cia

cudn day:
. \2 . 2
X=£ I_l _£ I_Z +£F
4m{x ) 4m(x,] m°
. d, Kdfi
u1:R|l+Lsd—t1+?a[ZlJ )
. di, Kdfi
U2 = R|2 + Lsd—t2+za(x—2J
2

Trong d6 x1, i1 va u, lan lugt 1a vi tri, dong dién
va dién ap clia cudn day thir nhat (nim phia dudi) ciia
hé thong AMB, tuong g Xz, i va uy 1a vi tri, dong
dién va dién ap cua cudn day thir hai (nam phia trén).

Nhu vay véi mot cap cuc tir s€ co tht ca 1a 3
phuong trinh mé ta mé hinh toan hoc. Néu xét t6i mo
hinh 6 tir ¢6 2 cdp cuc tir s& 6 tat ca 1a 6 phuong trinh
md ta toan hoc cho 6 tir. Pay 1a cac phuong trinh vi
tich phan - dang ddy du nhét.

Gia thiét (xo, o, uo) dai dién cho céc trang thai
danh dinh ctia h¢ thong, khi do:

X =X =X X, =X +X
i =i, —i i, =i, +i
U =U,—U U,=U,+U

M6 hinh toan hoc cuia 6 tir tich cuc sé dugc biéu
dién nhu sau:

X=V

k(i Y k( i, ) Fd
V=— _ 4+ —
4m{ x, —X 4m{ X, + X m
2(%, —X) . Kvi,
h=—"——|-Rij———
2L, (% —x)+K 2(X,—x)

o

|2 :M _Riz +L22+u2
2L, (%, +x)+K 2(%, +X)

3. Piéu khién backteping sliding mode control

Phuong phap phéap tong hop diéu khién hé phi
tuyén trén co s¢ 1y thuét diéu khién hé thong c6 cau
trac thay doi, dac biét 1a diéu khién trong ché do truot
dugc nhidu nha nghién ciru quan tdm va dac biét c6 uu
diém it bj anh huéng boi nhidu va cac thanh phan
khéng xac dinh.

Hé phi tuyén c6 tinh két ting co thé ung dung
phuong phap téng hop Backstepping. Khi két hop
Backstepping voi diéu khién trong ché do trugt cho
phép d& dang tong hop ciu trac mat truot.

Xét hé phi tuyén dang cua hé truyén nguoc
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chat[5]:

X1:F1(X1)+G1(X1)Xz
X, = F. %, )+ G, (X% ) %
X:Z Z(Xi X )+ (Xl X )X (4)

%, = F (X0 %00 X, )+ Gy (X, X0 X, U

Trong d6 X, X, ...X, biéu dién céc trang thai cua
h¢ thong va F(x),G (x) véi i=12,...n-1 la cic

ham tuyén tinh, F, (x) &G, (X) 1a cac ham phi tuyén.

Muc tiéu clia bo diéu khién 1a diéu khién x, bam
theo X, , X, bam theo X, , ... X, bam theo X ,. Cac
budc dé thiét ké bo diéu khién trugt backstepping nhur
sau[7][8]:

Bueée 1: Piéu khién dé x1 bam theo x1d:

Dinh nghia sai léch : e =x —X, .Dao ham cta
e; duogc xac dinh boi:

él = Fl(xl)+Gl(X1)X2 _de
)

D& nhén théy néu diéu khién dugc x, bam theo
X2d-

Xq =G, (-F +%, —K&) (K, >0) (6)
Thi khi d6 ta thu dugc € =—K.g, , hay € tién téi
0 (vi & va dao ham ctia né & ludn trai du).
Buée 2: Piéu khién dé x» bam theo xaq:
Dinh nghia sai léch €, =X, —X,, Dao ham cula
e; dugce xac dinh béi:
€ = Fz(xz)+Gz(Xz)X3 —Xoq
0

Dé nhan thiy néu diéu khién dugc x; bam theo
X3d:

Xy =Gyt (—F, + % —K,8,) ®)

Thi khi d6 ta thu duoc
e, tién i 0.

€, =—K,e,, hay

Buoc ...
Budc n-1:Diéu khién dé xn.1 bém theo X(n-1)d:
Tuong ty nhu vay néu x,.; bam dugc theo

o =GP K] O

Thi khi Ay e, tién t&i 0

Buce n: Piéu khién dé xn bam theo xng:

Tai budc nay ta st dung phuong phap SMC dé
dua x, bam theo xnq trong khoang thoi gian hiru han.
Chon mit trugt S =X, — X4 Dao ham cua s
dugc mo ta boi:

S=F +GUu—X, (20)
Chon  tin  hiéu diéu  khién  dang
u=u, +u,,
Véi:
u, =G *(-F +%,—ks
e n ( n nd n ) (11)
u,, = —k.sign(s)
Car o . ds
Khi d6 voi k>0 ta co a.s <0

Vay Xn s& tién t6i xaa Khi d6 tAt ca sai léch
€,6,,...6,, titn vé 0 khi t — oo dong thoi cdc tin hiéu
X, X,...X , déusétién vé tin hidu dit. Hé thong sé& dat
duuoc trang thai 6n dinh.

4. PDiéu khién ting dua trén vong diéu khién trong
12 diéu khién tir thong

Dya trén 1y thuyét vé diéu khién backteping
sliding mode control, ta s& 4p dung lan lugt cac budc
dé xay dyng bo diéu khién backteping sliding mode
control cho 6 tir tich cyc c6 mé hinh (3):

Buwdc 1: Dat e = X—X,

Chon v, =%, —ke (k,>0)

Khi d6 ¢ =-ke thdamin e -0
Budéc 2: Bit e, =v -V,

R4 rang, viéc xac dinh ham vV qua hai bién chua
bict il va i2 theo (3) 1a kho khan, do d6 can thyc hién
mdt budc chuyén doi.

Xét thay, luc diéu khién cudi cing tac dong lén
truc rotor bdi hai cudn day doi nhau dugce biéu dién
nhusau: F =F -F, +F,

Trong trudng hop, néu dé ton tai song song cling
lac hai lyc Fy, F, tuong tng véi ton tai hai dong dién
i1, 12 trong hai cudn day, thi h¢ théng vira ton dién nang
khong can thiét, lai gay kho khin trong viéc tim ham
i1, iz diéu khién ham v theo ham vq. Nhu vay, dé kinh
té trong qua trinh van hanh, chién lugc diéu khién dugc
ap dung 1a diéu khién luan phién hai dong dién theo
kiéu dong ngit.

THI: Tryc léch vé phia cudn day s6 2 tirc x <0 ,
lac nay ngit i, (i, =0 ) ta co:
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- i—\7 (12) Khi d6 $=-k;s hay %.s<0 néns —0
Vay ta da tim duge bg diéu khién dé dua i, — i,
=>V oV, =>X > X

TH2. Tuong tu truong hop trén ta cling co tin
hiéu di€u khién:

u - —KS + 1y TR 4 Kvi,
2 2 2
2(X, +X) (16)

e

Khi d6 €, =—k,e, hay e, >0 2(% +X)
2L (%, +x)+ K

A A , A A A > .
TH2. Truc 1éch vé phia cudn day so 1, x>0 U, = —k,sign(s)

=>cit i, ,i, =0 . Tuong tw trudng hop trén ta ciing ¢6
tin hiéu diéu khién: Vay ta da tim dugc bo diéu khién dé dua i, — iy,

VoV =X Xy

Iy = (% +X) Théng s6 Don vi
(14) Khe ha khéng khi danh dinh (g) 0.001m
Buée 3: So vong ddy trong moi cugn (n) 400
5 o o Dién tro cugn day (R) 20hms
THI. Chonmit trugt: §=1, —l, ta s co: Dién tich mdt cdt ngang khe ho khong khi (4)| 0.000625m2
L 2(%—X) A Kvi, . Khéi heong rotor (m) 11 kg
5= 2L (X, —X)+ K —~h- 2(x, — X)? U7 he Vi tri ban dau cia rotor (x) -0.0011 m
. 7 D6 tir tham khe ho khong khi (o) 1.256%10°
Tin hi¢u dicu khién theo (11) s€ 1a u, =u,, +u,, voi: Nhidu (N) 110 N
. 2L (% —x)+K . Kvi
U, = (Ild — kss)LSZ(O—)+ R|1 +—12
(% -x) 2(% —x)" (15)

U, =—k,sign(s)

Product2
F2

Produd®

Derivative1 R3 iz
Hinh 3. So dd simulink mé phong 6 d& tir chii dong

4
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Hinh 4. So @ simulink mo phong 6 d& tir chii dong véi bo didu khién 1a backteping sliding mode control
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Hinh 5. Qua trinh bam theo mat trugt cua dong dién
1d1.

o1 ©.2 CE Ga o8 o6 o7 o8 o)

Hinh 6. Két qua mo phong véi trudng hop nhidu xac
dinh

Hinh 7. Nhiéu quan sat duoc

x(m)  oF

o8|

o8

1z

o1 oz o3 o4 o8 o8 o7 ) o8

Hinh 8. Két qua mo phong véi truong hop nhidu
khong xac dinh

Két qua cho thay hé c6 kha ning thuc hién cta
thuat toan trong cac truong hop c6 nhiéu 14 hang sd,
nhiéu khong xac dinh.

Két luan

Bai bao da dé xudt mot giai phap giap thuc hién
thiét k& bo didu khién ma khong can phai thyc hién
tuyén tinh hoa tai diém lam viéc. Khi d6 bo diéu khién
dam bao hoat dong bén ving, dong thoi mé ra kha
nang thiét ké cac thuat toan ty nang don gian c6 thé
tich hop cung cac thuat toan diéu khién chinh dé diéu
khién 6 d& tir chu dong. Két qua dwoc md phong trén
simulink véi giup khang dinh kha nang thyc hién ciia
thuat toan.

Nghién ctru nay duqq tai trg bQi Truong Pai hoc
Bach khoa Ha N¢i trong dé tai ma so T2016-PC-182.

Nhom thuc hién d& tai xin chan thanh cam on
Vién Ky thuat Diéu khién va Ty dong hoa va Trudng
Pai hoc Bach Khoa Ha Noi da tao diéu kién gitip 4o
nhom tac gia trong qua trinh nghién ctru.
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