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TOM TAT

Nghién ctiu nay trinh bay dé xudt vé thiét ké bd diéu khién trugt dua trén bd quan sat trang thai mé rong cho 6 tir doc truc cd xét anh hudng dong xody. Muc
dich ctia bai toan dua anh hudng ciia dong xody vao mo hinh toan hoc va dung phuang phap diéu khién loai bd anh huéng ctia dong xody, va tac dong cda nhiéu
ngoai vi bat dinh vao rotor dé dat dugc vi tri mong mudn. Mé hinh toén hoc di tugng thuc hién c6 xét dén anh hudng cta dong xody mot béc tu do dugc nghién
c(tu, nhung viéc nay rt phic tap dé xay dung b diéu khién khi di tuong c6 su anh hudng bi tong nhiéu phi tuyén nhu: nhiéu do anh hudng ctia dong xody
trong ¢ cdu chap hanh, nhiéu tai bén ngoai tac dong vao rotor va nhiéu do céc tham 6 bat dinh trong md hinh. Phuong phép diéu khién truot dua trén b quan
sat trang thai md rong dugc nghién cu dong vai trd udc Iugng vi tri, van téc va tong nhiéu phi tuyén, tir d6 khang téng nhiéu bét dinh va tang sy bén viing clia
hé théng diéu khién. DE kiém chiing kha nang lam viéc clia 6 tir c6 xét dén anh hudng ciia dong xody, mét cau tric mé phong st dung mé trudng Matlab Simulink
thu duoc dap ting cho thdy 6 tir da git dugc can bang vdi sai léch tinh nhé d€ hé théng c6 thé hoat dong dugc dudi tac dong clia nhiéu bat dinh va ¢ kha nang
gidm cam bién do t6c do quay cla rotor so véi cac bd diéu khién trugt thong thuang.

Tir khod: Diéu khién truot; dong xody; bé quan sdt trang thdi mé rong; nhiéu tdi bén ngodi; dao ham bac phdn 6.
ABSTRACT

This paper investigates an extended state observer based sliding mode observer for active thrust magnetic bearings considering the eddy current influence.
The proposed control system is to incorporate the influence of eddy currents into the active bearing system and use control system to eliminate the influence of
eddy currents and external load disturbances acting on the rotor to achieve the desired position. First, a mathematical model of the thrust magnetic bearings
considering the influence of one-degree-of-freedom eddy currents is built. However, the under a lumped disturbance such as: the influence of eddy currents in
the actuator, uncertain parameters, and external load disturbances acting on the rotor. A sliding mode controller based an extended state observer is studied to
play the role in estimating position, velocity, total nonlinear disturbance. To demonstrate the performance of the active magnetic bearing considering the
influence of the lumped disturbance and eddy currents, Matlab/Simulink environment is used that the active magnetic bearing works stably following the
desired set value with static deviation compared with the conventional sliding mode control and reduce the sensor measuring the rotor's rotation speed.

Keywords: Sliding mode control; Eddy currents; extended state observer; external load disturbances; fractional-order.
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CHU VIET TAT

SMC Piéu khién truot

CMAC C4u trdc mé hinh tiéu nao

PID Diéu khién ty I&, vi phan, tich phan

FOPID Diéu khién ty 1&, vi phan, tich phan bac
phan sé

FBL Phan hoi tuyén tinh

ESO B& quan sat trang thai mé rong

SMC-ESO  Diéu khién trugt dua trén bd quan sat
trang thai ma rong

1. GIGI THIEU

Vi nhiing uu diém ndi bat 1a khong ¢é tén hao ma sat,
khong chiu mai mon, khéng chat boéi tron va kha nang
lam viéc & nhitng méi trudng khac nghiét, 8 tirdoc truc (6
chan dung luc ti) dang la d6i tugng dugc nghién ciu
nhiéu trong thoi gian gan day. Cac nghién ctu thuong
tap trung theo hudng vé cau trac, vé nguyén ly tao luc
nang, nhan dang tham s hay diéu khién nang cao chat
lugng lam viéc & ti doc truc. Do bé truyén déng 6 tu
khong tiép xdc mang lai lgiich to I6n cho nhiéu ting dung
codng nghiép bao gébm may quay [1], van chuyén kim loai
[2], quy trinh pha kim loai [3], van chuyén silicon [4], hé
thong servo céng cu [5] va quang khac [6].

Stator va rotor cla & tU binh thudng dugc cau tao
bang cac 14 thép ky thuat dé gidm tén hao dong xoay khi
c6 dong dién thay déi theo thai gian cap vao hai dau cuén
day stator, khi cac 1a thép ky thuat cang mong thi tén hao
dong xody cang nho, tuy nhién cac la thép ky thuat du
madng dén muic nao van ton tai tén hao dong xody. Trong
mét s ting dung, dac biét d6i 6 tir doc truc do méi quan
tam dén kinh phi ché tao va yéu cau vé dé bén co hoc nén
rotor thudng dugc cau tao nguyén khéi. D& phan tich rd
rang anh hudng clia dong xody déi véi 6 tir doc truc, mét
s6 céng trinh da nghién ctu xay dung mé hinh toan hoc
cho & tirdoc truc cau tao nguyén khai [7, 9-15].

Cac nghién ctru vé diéu khién déi véi 6 tir doc truc cd
xét anh huéng cta dong xody chua cé nhiéu tac gia
nghién ctu. Vao nam 2014, cong trinh [7] da nghién cdu
bo diéu khién PID, FBL va FBL-PID cho 6 ti doc truc xét
dén anh hudng clia dong xoady. Vao nam 2015, cong trinh
[8] ciing da nghién ctiu bo diéu khién FO PID cho 6 tirdoc
truc cé xét anh hudng clia dong xody, da s6 cac cong trinh
noi trén cac tac gia da dung phuong phap diéu khién cé
dién trén mién tan sé cho & tir doc truc c6é xét dén anh
hudng cla dong xody mét cuc ti. Gan day trong céng
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trinh cla tac gid da cong b6 phuong phap SMC thong
thudng cho 6 tir doc truc c6 xét dén anh hudng clia dong
xo0dy mot cap cuc tir [9], cac phuong phap diéu khién hién
dai trén mién thgi gian noéi chung chua cé nhiéu cong
trinh cong b6 va phuong phap SMC dua trén bo quan sat
trang thai m& réng (ESO) néi riéng chua c6 céng trinh nao
céng bo.

Diéu khién cho nhiing d8i tugng ma déng luc hoc cé
dang dao ham cap phan s6 nhu & tir doc truc c6 xét dén
anh huéng cta dong xoady la mét van dé mdi, chi phat
trién trong vong hai thap nién trg lai day. Do dé viéc
nghién ctu dua anh hudng clia dong xody vao mé hinh
toan hoc, tir d6 dua ra phuang phap diéu khién phu hop
dé la SMC két hop véi bo quan sét trang thai mé réong cho
8 tir doc truc c6 anh hudng dong xody dé loai bé anh
hudng clia dong xody nang cao chat lugng lam viéc clia
4 turla van dé rat mai.

C6 thé noi nhiing déng gép mdi clia nghién cdu nay
dugc thé & hai y chinh nhu sau:

(i) Xay dung dugc phuong phap SMC dua trén ESO vdi
m& hinh todn hoc cé anh huéng clia dong xody va loai bd
su anh hudng clia dong xody dé nang cao chat lugng lam
viéc clia 6 tirdoc trug, trang thai mé rong chia bd quan sat
trang thai (ESO —X,) dugc udc lugng, tir dé dua vao SMC
dé tang kha nang khang nhiéu cta SMC. két qud mé
phdng cho chat lugng t6t hon cac bo diéu khién CMAC,
SMC thong thudng.

(ii) Néu SMC khéng dua trén ESO thi phai dung hai cam
bién la cdm bién do do6 dich chuyén va cdm bién do téc
dd quay cla rotor. Trong nghién cttu nay nhom tac gia
thiét ké phuang phap SMC dua trén ESO thi dau vao cua
ESO la d6 dich chuyén x cla rotor, dau ra cta ESO la cac
trang thai udc lugng dugc nhu d6 dich chuyén cla rotor
(X,), t6c d6 quay ctia rotor (X, ) va trang thai m&rong la
téng nhiéu phi tuyén (X, ). Tirdo, ba trang thai udc lugng
dugc nay dua vao bé diéu khién SMC, do d6 da giam dugc
cam bién do téc do quay cua rotor.

C4u trdc ctia nghién ctu nay dugc trinh bay nhu sau:
Phan 2, trinh bay tém t&t mé hinh toan hoc clia 6 tir doc
truc c6 xét dnh hudng clla dong xody mét cdp cuc tu.
Phan 3, bd quan sat trang thai mé rong ap dung cho 6 tu
doc truc cé xét anh hudng clia dong xody dugc thiét ké
mot cach chi tiét. Phan 4, phuang phap SMC dya trén ESO
dugc dp dung cho & tirdoc tric co xét dén anh hudng cda
dong xody dugc xay dung. Két qua moé phong clia bé diéu
khién cho 6 tirdoc truc c6 dnh hudng clia dong xody mét
cap cuc ti trong trudng hgp cé tham sé thay d6i mé hinh,
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nhiéu ngoai vi bat dinh vao rotor dé ching minh chat
lugng SMC dua trén ESO dugc trinh bay trong phan 5.
Phan 6, két luan chung dugc rut ra.

2. MO HINH TOAN HOC 6 TU DOC TRUC CO ANH
HUGNG CUA DONG XOAY

Dai vai 6 tir doc truc do yéu cau vé dé cing va chi phi
ché tao nén rotor thong thudng cau tao nguyén khoi, khi
dé dong xody anh hudng rat 16n déi véi 6 ti doc truc khi
c6 dong dién bién thién cap vao hai dau cudn day stator.
Dé thdy ré rang va phan tich anh hudng ctia dong xoay
déi véi 6 tir doc truc cac nghién clu cau tric hé théng
diéu khién cda & tir doc truc co xét dén anh hudng cla
dong xody nhu hinh 1 gém: mét rotor dugc treo ty do tai
mot khoang cadch mong muén x, bai 2 stator déu cé cau
tao nguyén khoi.

Hé thong diéu khién

Bo khuech dai ||

I
Votv "

O do tir

Hinh 1. Cau tric hé thdng diéu khién 6 tir doc truc c6 xét dén anh hutng
dong xody mdt cap cuc

Theo [7, 9-15], phuong trinh chuyén déng véi vai 6 tur
doc truc cé xét anh hudng ctia dong xody gébm mot cap
cuc ti trén mién thoi gian la:

. 2K 2K C. Ck dx

X=—I+ T X
m m m mR dt N

k d*?x k d”z(fx) f

TROdt? 7 mR® dt? m

Vay (1) 1a phuong trinh chuyén déng clia 6 tir doc truc
gém mét cdp cuc tir co xét anh hudng dong xody. Trong
phuong trinh chuyén déng (1) c6 chia thanh phan dao
ham bac phan s8 3/2, 5/2 cta do6 dich chuyén x, day la
nhimng thanh phan thé hién anh hudng ctia dong xoay 6
tur doc truc.

Trong d6: c la chiéu dai stator, h la chiéu dai rotor, y,la
dé tir thadm tuong ddi cha vat liéu sat, po la do ti tham
chan khong, X, la khodng cach gilra stator va rotor tai vi
tri can bang, i, 1a dong dién tién tir hoa (dong cé dinh) dé
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nang rotor lén vi tri can bang, N |a s6 vong day stator, A la

tiét dién mach tu, C la hé s6 giam chan cda rotor [16, 17],

f« 1a nhiéu ngoai vi bat dinh vao rotor, m la khéi lugng clia

rotor, l; = 2h + 2c la chiéu dai dudng ti truong cla phan
2

, N ,
£ sit ti, K, =——° _ |3 ha s6 do ciing dong dién,

wAR)
2
1 (2Ni , ,
K, =—3[—'j I3 hé s6 d6 cing dich chuyén.
(R*) LKA

la hé s6

L b 16b’ ma o
k= +————tanh| —
4(a+b) 3a ma 2b M, M,

thé hién anh hudng dong xody trong 6 tU doc truc,

R = 1A (Zxo +|—'] la téng tl tré tinh cGia mach tir 6 tur
Ho '
doc truc.
bat:
X, =X=X,
X, =X .. XK 2K.
{ b o X, == Xx1—£x2+—'i+d1(x1,x2,t) (2)
X, =X m m m
=Ax, +Bx, +Di+d,(x,,x,,t)
2K — 2K.
Trong d6: A =—X, B, :—C, D=—,
m m m
3/2 5/2 1/2
f) f
d,(x;,x,,t) = Ckdx_kdx_ k_d ), 5

mR® dt?”? - R’ dt*2 mR® dt”2 m
la tdng nhiéu phi tuyén cda 6 ti mot cap cuc tir co xét dén
anh hudng clia dong xody va nhiéu ngoai vi bat dinh vao
rotor.

3. THIET KE BO QUAN SAT TRANG THAI MG RONG CHO
6 TU DOC TRUC CO ANH HUGNG CUA DONG XOAY
TU (2) €6 thé viét lai nhu sau:
x = Ax +B(Di+d(x,,x;,1))
{ y =Gx

) X, 0 1 0
Trong d6: x = , A= ,B=| |, G=[1 0],
X, 0 0 1

‘d(.)‘ <L, (Lla hdang sé duong)

d(x,,x,,t) =Ax, +Bx, +d,(x,,X,,t)

Theo [18, 19], b6 quan sat trang thai mé rong dugc
thiét ké nhu sau:

.k .

X, =X, +:‘(y—x1) 4)

%, =Di+ %, + 2y, (5)
3
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;o k .
X, =—=(y—X%,) (6)
€

Muc dich cla bd quan sat la: X,(t)—>x,(t),

X, (t) = X, (t), X;(t) > d(x,,x,,t) khi t—o

Trong dé: X, va X, la cac trang thai cda bo quan sat,
X, la trang thai m& rong ctia bo quan sat, trong d6 € > 0,
ki, k2 va ks 1a hang s6 duong, sao cho s* +k,s” +k,s+k, la
da thuc Hurwitz.

Theo [19, 20], b6 quan sat sai s6 dugc dinh nghia nhu
sau:

n=[n, n, nJ )
Trong dé: n, = al _2X1 , N, = X%, n, =d—x,, tu
£ €
£, = =l[x2 —()‘(2 +5(y—5<1)n
ke € € @)
= _E_;(X1 —X ) +_(X2 _)A(z) =—kn, +n,
Tuong tu:
en, = eX2 =%
) & 9)
= —g—i(x1 —%,)+(d(t) =%, ) =—k,n, +n,

. . [ :
sr13:e(d(t)—x3):£d—s—§:—k3n1+£d (10)

Tu trén, bd quan sat sai s6 cla hé théng c6 thé viét
dudi dang:

ef = An+&eBd (11)
& 1 0 0

Trongdé: A=|—k, 0 1|,B=(0
%k, 0 0 1

Phuong trinh dic tinh clia ma tran A la:

Ak, -1 0
N-A[=| k, A -1=0
k, 0 A

o (A+K )N +kA+ky =0 o ¥ +k N +k,A+k, =0

Néu ki (i = 1, 2, 3) dudc chon sao cho A 1a da thic
Hurwitz, thi déi véi bat ky ma tran déi xing xac dinh
duong Q da cho, ton tai mét ma tran doi xiing xac dinh
duong duy nhat P thoa man phuong trinh Lyapunov
nhu sau:
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A'P+PA+Q=0 (12)

Ham Lyapunov dugc dinh nghia nhu sau:

V, =en"Pn (13)

Do dé:

V, =eq"Pn+en'Pn
=n"A"Pn+ s(ﬁd)T Pn+n"PAn+&en"PBd
=n"(A"P+PA)n+2en"PBd (4
<-n"Qn-+2¢|PB|-[n|.|d|

Tu (14), suy ra (15):

V, = A (Q)[[] +2¢L |PB| ] (15)

Trong d6: Amin(Q) 12 gia tri riéng t6i thiéu cta Q.
TU V, <0, ta c6 thé két luan dugc bd quan sat sai s6

hoi tu khi théda man biéu thuc sau:
(16)

TU phuong trinh (16) c6 thé thdy su héi tu clia bd quan
sat sai sO n co lién quan dén &. Néu & dugc thiét ké l1a so
duong cuc nhé thi b quan sat sai s6 n sé hoi tuva n| la
ham clia e.

4. PIEU KHIEN TRUQT DUA TREN BO QUAN SAT
TRANG THAI MG RONG CHO 6 TU DOC TRUC CO XET
ANH HUGNG CUA DONG XOAY

Ta c6 cau trdc hé théng diéu khién SMC dua trén bd
quan sat trang thai mé réng cho 8 tir doc truc cé xét anh
huéng clia dong xody dugc thé hién nhu hinh 2.

Moteap |
cue tw

hiéu dat

|

|

I

I

|

|

|

I
L
} X Tao tin
I

I

|

|

|

I

I

|

|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Hinh 2. Cdu tric hé thong diéu khién trugt dua trén bd quan sat trang thai

md rong cho 6 tit doc truc
Gia tri dat theo yéu cau diéu khién larva e, =x, —r,
e, =X, —F la sai s6 gilfa cac tin hiéu diéu khién va cac tin
hiéu dat. Do do sai s6 hé thong dugc viét dudi dang sau:
e =e,

{. . o (17)
e, =d,(t)-r+A (e, +r)+B,(e, +r)+Di(t)
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Chon bién mét trugt c6 dang nhu sau: s=e, +ae,,
trong dé: a > 0 la mét hang s6 duang. Do dé bo quan sat
mat trugt la: s=¢, +aé,. Trong dé: & =X,—r, &, =X, —F.
TU d6 ta cé:

s=e, +ae, (18)
=d,(t)-r+A, (e, +r)+B,(e, +r)+Di(t) + ae,
Xét ham Lyapunov nhu sau:
To
2
TU (18) va (19) suy ra:

V=s$=s(d,(t)—F +A, (e, +r)+B,(e, +F)+Di(t) + ae,) (20)

Do d6 chon dong diéu khién nhu sau:
i(t) :%(—fg +7—A,(&,+1)—B,(&, +1)—cé, —Isigmoids) (21)

Chitng minh tinh én dinh ctia hé théng:

Thé (21) vao (20) ta duoc:

V =s(d, (t) X, —Isigmoid(3)

+A,(e,—€,)+B, (e, —&,)+0e, —08,)
=—(S+s—S8)lsigmoid(s)
+HS+s—8)(d,(t)—%;)+A,(5+5-5)(e, —€,)

+B, +a)(S+s5—5)(e, —€,)
<—$lsigmoid($) +1|s —§| +(d, (t) -, )|

oA le, -2 (6, e, )i

H|d, (1) =%,)| +A, (e, —& )|+ B, +a)|(e, —&,))[s -

Do su héi tu ctia bo quan sat m& réng nén

(|d, () =%,)|+A,|(e, &) + B, +a)|(e, —&,)])[3]

+(|d, (1) —%,)| + A |(e, &)+ (B, +a)|(e, —&,))|s —§|

bi chan, d nhd, khi d6 ta co: V <0, khi d6 hé théng
én dinh.
5. MO PHONG VA KET QUA

Dé kiém chung dugc do hiéu qua cda hé théng diéu
khién dugc thiét ké cho & tir doc truc cé xét dén anh
huéng ca dong xody, véi cac thong sé & tir doc truc dugc
lay nhu trong [9]. Thi nghiém dugc mé phdng trong phan
mém matlab Simulink v&i thoi gian 1s trong hai thai gian
khac nhau nhu sau:

Giai doan 1: Trong khoang thdgi gian tu 0 + 0,55 véi
diéu kién ly tudng, déi tugng chi chiu anh hudng cla
dong dién xody, khéng chiu anh hudng clia cac nhiéu
nhiéu ngoai vi bat dinh khac.

Giai doan 2: Trong khoédng thdi gian 0,5 + 1s va tai
thai diém t = 0,5s déi tuong diéu khién chiu dnh hudng
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cta nhiéu ngoai vi bat dinh vao rotor fy = 120sin(100t) va
anh hudng cla tham s thay d6i mé hinh AA + Adi =
(0,15x + 0,5i). M6 phéng phuong phap SMC dua trén ESO
(SMC-ESO) dugc so sanh véi cac phuong phap diéu khién
nhu mé hinh tiéu ndo (CMAC) va SMC théng thudng. Véi
thong s6 mo phong: € = 0,01, ki = 1800, k, = 1080000 va
ks = 216000000.

x10”
0
B
AT/ SE———— R b
= ¢ ——doluong-x, - — -Ubclwong
20 H H i H
0 0.2 0.4 0.6 0.8 1
Thoi gian (s)
Hinh 3. Vi tri do lutng va gid tri udc lugng tuong tng
0.1
)
é 0.05 Fromrrererm s e e
© i
8 0
&
0.05 s e Jessaans PR Brosemsasannes =
- Uoc Iu;uug X, - -@0 luong %

0 02 04 06 08 1
Thai gian (s)

Hinh 4. Van t6c do lung va gid tri udc luong tuong ting

Véi két qua mo phdng dugc thé hién nhu hinh 3 cho
thdy gia tri udc lugng clia vj tri diéu khién X, bam rat sat
gia tri thuc té x; vdi sai s6 gan nhu bang khéng va tin hiéu
diéu khién x; ciing bam tin hiéu dat (r = 0) vdi sai léch tinh
gan nhu bang khéng vai thai gian én dinh khoang 0,015
la rat nhé. Trén hinh 4 cho thay gia tri udc lugng ctia van
toc rotor X, cling bam rat sat gia tri thuc té x. véi sai s6

gan nhu bang khéng.
300
£ .
z 200 |
E 100
=
D
= il 3
z
-100 : : ; '
0 0.2 0.4 0.6 0.8 1
Thoi gian (s)

Hinh 5. Nhiéu tai thuc té va gia tri uéc lugng tuong ting

Vi két qua mé phong nhu hinh 5 cho thay gia tri udc
lugng clia téng nhiéu phi tuyén bam rat sat gia tri nhiéu
thuc té véi sai s6 gan nhu bang khéng.

Do v6i trudng hop phuong phap SMC-ESO, SMC
théong thudng va CMAC dugc thé hién nhu hinh 6 cho
thay: Doi véi SMC-ESO rotor bam gia tri dat véi thoi gian
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6n dinh 0,01s la rat ngdn, khéng cé hién tugng dao déng
quanh vi tri dat can bang, dac biét khi c6 nhiéu tai bén
ngoai tdc ddng vao rotor thi rotor bam gia tri dat vdi sai
léch tinh nhé hon SMC thong thuang va CMAC rat nhiéu,
dac biét la do6i v6i SMC théng thudng cé chat lugng
khang nhiéu kém nhéat trong ba phuang phéap. Nhu vay
qua két qua mo phong nay tac giad c6 thé khang dinh rang
SMC-ESO loai bd sy dnh hudng clia dong xoay, c6 kha
nang khang nhiéu ngoai vi bat dinh vao rotor, nhiéu do
tham s6 thay d6i mé hinh tét hon so v6i SMC théng

thudng va CMAC.

%1073
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20 i i i i
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Hinh 6. Ddp tng vi tri cla rotor
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Hinh 7. Dong dién diéu khién cho & tirdoc truc cd xét anh hudng dong xody
mot cdp cuc tur
6. KET LUAN

Bai bao nay da nghién cuu thiét ké phuang phap SMC
dua trén bd quan sat trang thai ma rong dé diéu khién vi
trirotor cGia 6 tirdoc truc cé xét anh hudng clia dong xody
dat dugc muc dich diéu khién 1a rotor & vi tri can bang.
Mé hinh toan hoc ctia & tir doc truc cé xét dén anh huéng
clia dong xody c6 thé khéng can phai xac dinh mét cach
chinh xac so véi mé hinh thuc té. Bé diéu khién duoc thiét
ké v&i muc dich loai bo dugc su anh huéng cta thanh
phan bat dinh lam gidm chat lugng bo diéu khién nhu:
Anh hudng clia dong xody, anh hudng nhiéu ngoai vi bat
dinh vao rotor va anh hudng cta tham sé thay déi mo
hinh. K&t qua mé phong cho thdy SMC-ESO cho két qua
rotor bam vi tri can bang vdi sai léch tinh nhé han CMAC
va SMC thong thudng khi c6 anh huéng ctia dong xody,
anh hudng clia nhiéu tai bén ngoai tac déng vao rotor,
anh hudng cda tham sé thay d6i mé hinh va gidm cam
bién do téc d6 quay rotor.
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