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TOM TAT

O tir d& chin (CAMB) la mét dang 6 do tiém ndng véi cau triic hinh cén déc dao gitip lam
giam s6 lwong nam cham dién va ton thdt nang luong trong hé théng. Tuy nhién, day la mot déi
tuong. rdt phire tap do tinh chat phi tuyén von c6 va tac dong xen kénh gitta cac chuyen dong, vi
vdy can phdi dwa ra mét moé hinh toan hoc phu hop ciing nhu cdu triic diéu khién c6 dé chinh
xdc cao. Bdi bdo nay dé xudt sir dung bé quan sat High-Gain (HGO) dé wéc lwong cdc trang
thdi cua hé tho”’ng CAMB. Dy trén két qua cua by quan sat, bo diéu khién truot dao ham ccfp
phén s6 (FOSMC) dwoc thiét ké gilip hé thong dap vmg nhanh hon ciing nhuw kha nang logi bo
nhiéu tét hon. Chat lwong cua bo diéu khién FOSMC-HGO duoc kiém chung qua cac kich ban
mé phong véi phan mém MATLAB/SIMULINK.

Tir khoa: O tir d& chin; Quan sat trang thai hé s khéch dai 16n; Diéu khién truot.
1. MO PAU

So v6i cac dang hé thong nang khong tiép xuc bang tir trudng co ban, hé thong 6 tir d& chan cho
phép diéu khién chuyén dong ngang va doc truc véi sb luong cyc tur 1a t6i thiéu. Trong cong
nghiép, CAMB dugc sir dung rong rai trong cac tmg dung yéu cau toc do nhanh ciing nhu giam
thiéu ton hao tdi da, ddc biét trong cac hé théng truyén déng [1], banh da lvu trir ndng lugng [2],
bom tuabin [3],... Trong hinh 1(a), ching ta c6 thé thay ngay loi thé 15 rang cia CAMB, cac nam
cham dién c6 thé cung cap hai lyc huéng kinh va doc truc, diéu d6 gitp hé thong giam co ciu chap
hanh ciing nhu giam ton that ning luong trong hé thong [4]. Tuy nhién, hé thong lai phal d6i mat
v6i cac anh huong xen kénh gilra céc truc, diéu nay chinh 1a mot thach thire khong hé nho khi xay
dung mot bo diéu khién dang tin cdy va dat dugc chit lugng mong mudn [5, 6]. Viéc dam bao chat
luong dau ra cta hé théng co ban xoay quanh viéc xur Iy hiéu qua hai van dé quan trong cua
CAMB d6 1a dong dién bao hoa cudn day va nhiéu gop hé thong Vi vay, ching ta can tim ra mot
bo diéu khién co kha nang xur 1y duoc hai Van dé nay. B6 diu khién trugt (SMC) dugc biét téi 1a
b diéu khién phi tuyén véi nhiéu uu diém ndi bat. Pang cha y, nghién ctru duoc dua ra trong [7-9]
da chimg minh duoc hiéu qua cia bo diéu khién truot dbi voi ddi tugng 6 d& tir truyén théng. Do
chinh 1 co s¢ dé nhom tac gia dé xuét b diéu khién SMC cho dbi tuong CAMB.

(b)

Hinh 1. M6 hinh va mgt cat ngang cuia hé thong 6 tir do chan.
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Trong bai bao niy, chung toi dé xuat mot bo diéu khién dugc goi 1a FOSMC-HGO (diéu
khién trugt dao ham c?ip phan s6 dua trén bd quan sat h¢ s6 khuéch dai 16m), loi thé cua bo didu
khién nay chinh 1a sy két hop wu diém cia bod quan sat HGO ciing nhu bd diéu khién truot dao
ham cip phan s6. Piéu nay gitip hé théng khir dwoc sai 1énh mé hinh, loai bé dwoc nhidu dong
thoi gitip hé thong 6n dinh nhanh hon. Trong hé thing CAMB, bd quan sat HGO dam bao dugc
viéc uoc lugng trang thai hé théng va cung cép thong tin cho viéc tinh toan lugng dat vi tri va
dong dién. Ngoai ra, bai bdo s& so sanh dap tng cua hé thong khi str dung hai bd diéu khién
ADRC va FOSMC-HGO dé chimg minh chat lwong diéu khién dugc cai thién.

DPong gbp chinh cia bai bao: i) Két hop bd quan sat trang thai HGO va bo diéu khién truot
dao ham cép phan sb dé dam bao cho CAMB 6n dinh tai vi tri cdn bang chdng lai su tac dong
cta ngoai lyc va cac tham s6 bat dinh. ii) B6 quan sat HGO dam bao viéc udc lugng cac trang
thai hé théng va cung cdp thong tin cho viéc tinh toan vi tri ciing nhu giam s lugng cam bién
can st dung.

2. XAY DUNG MO HINH TOAN HQC

M6 hinh CAMB bao gémq4 cdp nam chdm dién dugc dét ¢ cac vi tri nhu hinh 1(a), chuyén
dong cua rotor dL‘rqc dicu khién dong thoi theo hudng doc truc va hudng kinh bdi cac nam cham
hinh ¢on ¢ cac dau tryc. Trong hinh 1(b) 1& m6 hinh co gian luge cia CAMB, céc phuong trinh
dong luc hoc cua rotor dugc bi€u dien bang cach sir dung phuong phap Newton-Euler nhu sau:

mi=(F +F +F +F)sing—(F +F +F +F)sing+F

mi=(F.-F +F —F,)cos g +F

my =(F, —F,+F,—F,)cosf—mg+F (1)
3,0, +3 6w=[(F-F)b,+(F,-F)b]Jcosp+(F,-F +F,—F,)R sin +M,

3,0, -3 6.0=[(F,-F )b, +(F, -F)bJcosg+(F, -F, +F —-F )R sing+M,

Trong dé: z, y va x thé hién cho chuyén dong tinh tién con 6, va 0y thé hién cho chuyén dong
quay; m, Jq, Jp, ® lan luot 1a khéi lwong, momen quan tinh theo truc quay, momen quan tinh du
cuc va toc do quay cua rotor. Fi(=1,..,8)lacac lyc tr; F, Fy, Fy, My, My lan luot 1a cac luc va
momen nhiéu trén cac truc; b; va b, 1a khoang cach tu hai dau truc dén kh01 tam Rnvap lan luot
1a ban kinh va goc nghiéng. Gia tri cua cac thong s6 trén dugc trinh bay chi tiét ¢ [1Q]. Su hién
dién cua thanh phén luc hoi chuyén tao nén ngau luc tac dung 1€n céc truc quay, khi toc dg rotor
quay cang nhanh, thi sy anh huong cua cac chuyén dong nay cang ro rét. Diéu nay tao nén mot
thach thirc 1am thé nao dé hé théng on dinh khi 1am viéc vai toe do cao.

2.1. Tuyén tinh héa lyc tir
Ta c6 Iuc tir cua cac nam cham nhu sau:

HNTA T

F =

4 g,
trong do, Po= 4z x10" (H/m) 1a d6 tir tham khong khi. Phuong trinh (2) cho thiy luc tir tic dung
1én rotor ty 1& binh phuong voi dong dién va ty 18 nghich v6i khoang cach khe ho khong khi. Mbi
quan hé nay 1a mot trong nhirng nguyén nhan chinh gy ra tinh chit phi tuyén trong mé hinh
CAMB. Néu dit toa do trong tam COG nhu hinh 1(b), thi cac khe hé khong khi duoc thé hién
bdi cac phuong trinh nhu sau:

i=1..8 2

9,,=9,-zsinfF(y+b0)cosf g, =g —zsinfF(x-b,0,)cosp
9,, =9, +zsinfF(y-bo )cosp g -g + zsin ¥ (x+b,0, )cos

(3)
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Dong diéu khién cua hé théng duoc tinh toan dua trén chién luge diéu khién su dung ché do
dong vi sai. Tong clia dong diéu khién va dong bias s€ duoc cép cho 1 nam cham, trong khi do,
nam cham con lai s€ dugc cap 1 dong dién bang hiéu dong diéu khién va dong bias. Ap dung
chién luoc nay, hé théng chi can 5 dong dién diéu khién thay vi 8 dong dién. Cac dong dién diéu
khién theo thir tu cac cudn day dugc thé hién & biéu thirc sau:

i=1,+Hi (4)

Trong do: 1o ma ma tran dong bias; H la ma trén dong diéu khién [10]. Ap dung (4) va (3) cho
(2) va (1) va str dung khai trién Taylor, ta dugc luc tir da dugc tuyen tinh hoa nhu sau:

F. =-Kag+Ki (5)

trong do, Ky 1a ma tran d¢ cing khoang cach va K; 1a ma tran d¢ cing dong dién [10].
2.2. M6 hinh rat gon
St dung cong thie (5) ta c6 thé viét lai phuong trinh 1 dudi dang ma tran nhu sau:
MG +Gq+Kg=K;Hi, +L (6)
Troqg do: L 1a ma tran cac lup va momen nhiéu tac dgf)ng Ién hé théng; M, G lan luot 1a ma
trn khoi lugng va ma tran lyc hoi chuyén. Cac thanh phan xen kénh dugc loai bo nho st dung
cau truc sau:

I =(K{H) (u+K,0) (7)
Viét lai phuong trinh (6) ta dugc:
Mg=u+L (8)
v6i U 1a tin hidu diéu khién.
a, la

cac ma tran hing sé duong.
3.XAY DUNG BQ PIEU KHIEN

3.1. Xay dung bd quan sat HGO
Nhiém vu caa HGO 1a dé uéc tinh cac trang thai cua hé 6 tir & chan. Xét md hinh bac hai
trong phuong trinh (8), trong d6, X, =Q;X, =¢ lan luot 13 tin hiéu do vi tri va dao ham cua né,

phuong trinh cé thé duoc viét lai dudi dang trang thai véi b =M™ nhu sau:

X, =X, 9
X, =bu+M'L ©
Tir phwong trinh trang thai, b quan sat High-Gain dugc thiét ké nhu sau:

{);(1 =X, +Bl(xl _il)
X, =B, (Xl _il)

Trong do: X,;X, 1a cac trang thai quan sat; B, = diag(2am,),B, = diag(«?) 1a cac hé sé khuéch

(10)

dai ciia bo quan sat dugc chon dé s + Bs+ B, =0 la da thuc Hurwitz.
3.2. Xy dung b diéu khién FOSMC

Phép tinh phan sb l1a dang tong quat cua phép tinh s6 nguyén truyén théng thanh cac bac
khéng nguyén. Pao ham cap phan sb dugc dinh nghia bang cong thirc Riemann-Liouville:
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cemo_ L (dYi_ f@
D= (n_a)(dtj J o d(z) (11)

trong d6, I'(x) 12 ham Euler va n 1a s6 nguyén théa man n-1 < a < n. Bién d6i Laplace cta cong
thirc Riemann-Liouville dugc dinh nghia nhu sau:

L{, D f (1)} =s"F(s) (12)
Dinh nghia c4c tin hiéu sai s 1a €, =X, -I,e, =X, - ', trong d6 r 1a tin hi¢u vi tri tham chiéu.
Tur d6, ta co:
é =e, (13)
{éz =bu+M'L-¥
Mt trugt phan sb duge thiét ké vai ¢,c, 1 cac hang sé duong va a € (0,1] 14 bac phan so:
s=e,+ce +c,D%, (14)
Thém vao do, xac dinh mat trugt voi cac trang thai quan sat duoc la §=8, +C1él +c,D g
voi €, =X, -r, &, =X, —F. Do do, ta co:

$=¢,+ce +c,D"“e,=bu+ML-i+ce, +c,D" %, (15)
Lua chon tin hiéu diéu khién véi n>0
u=M(i-cg, —c,D" "¢, —nsgn(s)) (16)
Pé chimg minh tinh 6n dinh ctia phuong phap dé xuat, Iya chon ham Lyapunov nhu sau:
V= %STS a7

Pao ham cua ham Lyapunov thu dugc:
V=s' (—nsgn (§)+ML+c,(e,—¢,)+c,D" (e, —¢, )) (18)

L)

S—n|§|+n|sT —§|+(|§|+|sT —§|)(cl|x2 —%,|+¢,D"x, —i2|+M’al)

<-nf§| +1]|sT —§|+(|§|+|sT —§|)(cl le, —€,|+¢c,D"[e,

Béi vi su hoi tu ciia bd quan sat nén cac thanh phﬁn |X2 -X, | , |sT — §| bi chan va da nhd, do do,

taco V <0. Do d6, hé théng on dinh theo 1y thuyét Lyapunov.
4. KET QUA MO PHONG

4.1. Phuong phap, cong cu mé phéng

’Dé kiém tra tinh dung dén ciing nhu hi¢u qua va chit lugng cia bo dicu khién dé Xué.t, hé
thong CAMB dugc xay dung trén moi truong MATLAB/Simulink. Kich ban mé6 phong hién thi
va so sanh phan hoi cua h¢ thong véi bo diéu khién ADRC. Trong phén nay, bang cach thay do6i
toc do quay ciing nhu bo sung thém nh1eu loan tai rotor va ngoai luc, chit lugng cua hai by diéu
khlen duogc so sanh va danh gia. Cac hé so duogc lua chon cuia FOSMC-HGO bao gdm béc phan
s6 a = 0.6, hé s6 HGO mg = 600, thong s6 diéu khién ¢1 = 500, C,=10 va thong s6 ham switching
n = 100.

C‘llién lu’oc‘di‘éu lghién dugc trinh bay trong hinh 2. Tt di liéu vi tri duge do bﬁng cam bieftn
va dau vao diéu khién, HGO udc tinh bién trang thai cia hé thong va gui chiing dén b diéu
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khién vi tri. B di€u khién dong dién di€u chinh dong dién tur tin hi€u diéu khién dé thay doi lyc
tir nham 6n dinh vi tri cua rotor.
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Hinh 2. Cdu tric diéu khién chi tiét cia CAMB.
4.2. Két qua va binh luin
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Hinh 3. Cac dap ung vi tri goc cua CAMB khi sir dung ADRC va FOSMC-HGO.
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Hinh 4. Cac ddap vng vi tri cua CAMB khi sir dung ADRC va HGO-FOSMC.
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O trang thai ban diu rotor dugc dit & vi tri can bang. Hinh 3 va 4 mé ta dap tng cua hai bo
diéu khién dudi tac dong cua nhiéu bén ngoai 1én cac tryc tai thoi diém 0,05s. Do léch cua truc z
s0 voi vi tri can bang 1a khong dang ké voi bo diéu khién FOSMC-HGO, nhung truc z va truc y
¢6 @6 1éch so véi vi tri can bang 1a 5.10° (m) va trd lai vi tri cAn bang sau 0,01s. Vi bo diéu
khién ADRC rotor co do léch dang ké so voi vi tri can bang doc theo truc z, y va x, do 10.10®
(m), 15.10°° (m) va 15.10° (m) va twong tng, trudc khi tré vé vi tri cn bang trong vong 0,1 gidy.
Theo cach tuong tu voi truc theta y va theta z, thoi gian quay lai cua bo diéu khién FOSMC la
0,01 gidy, trong khi thoi gian quay lai ctia bd diéu khién ADRC 14 0,1 gidy.

Két qua ndy néu bat nhimg uu diém vuot troi ctia bo diéu khién FOSMC két hgp HGO so véi
bo diéu khién ADRC trong viéc han ché chuyén vi cua rotor, dac biét khi van hanh tde d0 cao va
khi c6 nhiéu tai va ngoai luc.

5.KET LUAN

O tir @& chan 1a mot ddi twong dic trung boi tinh phi tuyén manh ciing nhu xen kénh gilra cac
truc chuyen dong. Trong bai bao nay, chién Iuge diéu khién FOSMC-HGO dugc sir dung de XU
1y cac nhifu va tham sb bat dinh ciia m6 hinh CAMB. Viéc két hop dao ham cap phan sé véi
diéu khién truot dam bao do chinh xac ciia diéu khién va kha ning bam vi tri manh mé& ma khong
gdy nhidu hodc lam giam tdc d6 phan hoi dong ctia hé thong CAMB. Theo két qua mo phong, bo
diéu khién FOSMC-HGO mang lai hi¢u suét phan hdi vuot troi cua hé théng CAMB duéi anh
hudng ctia nhidu va ngoai luc so voi bo didu khién ADRC vé sai s vi tri, 6 qua diéu chinh va
thoi gian xir Iy. Nghién ciru tiép theo c6 thé bao gdm thir nghiém thoi gian thyc ctia hé thong
CAMB trong ung dung banh da dé xé4c nhan tinh 6n dinh va hiéu qua cia b diéu khién.

Loi cam on: Nghién cuu nay duoc tai trg boi Pai hoc Bach Khoa Ha Ngi (HUST) trong dé tai ma s6
T2023-PC-029.
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ABSTRACT

High-Gain observer based fractional order sliding mode control
for conical active magnetic bearing

The Conical Active Magnetic Bearing (CAMB) presents inherent complexity owing to
its nonlinear characteristics, which requires us to develop an accurate mathematical
model as well as an appropriate controller. This paper proposes a control system using an
observer called the High-Gain Observer (HGO) to estimate the states of the CAMB
system. Based on the HGO observer, a fractional-order sliding mode controller is
designed, referred to as FOSMC-HGO (Fractional-Order Sliding Mode Control based on
High-Gain Observer). The advantage of this controller lies in the combination of the
benefits of the HGO observer and the fractional-order sliding mode control. Finally,
MATLAB/SIMULINK simulation results demonstrate the effectiveness of the FOSMC-
HGO controller, enhancing the system's faster response time and improved noise rejection
capability. Additionally, the simulation results showcase the controller's ability to stabilize
the system within a very short time.

Keywords: Conical active magnetic bearing; High gain observer; Fractional order sliding mode control.
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