Vol 4 (1) (2023)

MEA

Measurement, Control, and Automation

IV BONG oA

Website: https:// mca-journal.org

ISSN 1859-0551

Ap dung ky thuat Backstepping cho 6 tir doc truc cau trdc nguyén khdi mét bac tw do
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Abstract

This paper proposes the backstepping technique for 1 DOF non-laminated active magnetic thrust bearings (1 pair of magnetic poles) in which
the mathematical model contains fractional order derivative components, this is the influence quantity of the eddy current. The purpose of
the problem is to control the setting value of the thrust disk to reach the desired position. First, the mathematical model of non-laminated
active magnetic thrust bearings in the form of a fractional order derivative component is introduced. To obtain the stability of the control
object, the Lyapunov function is selected to have a positive value, and the control current is chosen so that the fractional derivative of the
Lyapunov function is negative to verify the performance of the non-laminated active magnetic thrust bearings using backstepping control
technique, a simulation structure was performed on MatlabSimulink software. The results show that non-laminated active magnetic thrust
bearings stabilize the actual state variable values and reach the desired set value in a very short time.
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Cac tir viét tit

fa Pao ham bac phan sé (fractional order)
. . cuaa

biéu khleq BSC

Backstepping ]

SMC biéu khién truot

PID Proportional Integral Derivative

FBL bo diéu khién bu phi tuyén

Tém tit

Bai bao nay dé xuat ky thuat diéu Backstepping cho 6 tir doc
truc cdu triic nguyén khéi mot bac tu do (1 cip cuc tr) trong
d6 mo6 hinh toan hoc c6 chira thanh phan dao ham cip phan
s, day la dai luong anh huong cua dong xody. Muyc dich cua
bai toan 1a didu khlen cho gia tri gia tri dét cua dia quay dat
dugce vi tri mong 1 mubn. Pau tién, mé hinh dong hoc cua 6 tir
mot bac tu do ciu truc nguyén khdi dang hé phwong trinh
trang thai ma dong luc hoc c6 chira thanh phén dao ham cép
phan s duoc gidi thiéu. Dé théa man tinh 6n dinh cua doi
tuo‘ng diéu khién ham Lyapunov dugc chon co gid tri duong
va dong diéu khién duoc chon sao cho dao ham cdp phan sé
cua ham Lyapunov xac dinh 4m. Dé kiém chiing kha nang lam
viée cua 6 tir cau tao nguyén khbi doi v6i BSC, mét cau trac
md phong duoc thuc hién trén phin mém MatlabSimulink.

Két qua cho thay 6 tr lam viée 6n dinh gia tri cac blen trang
thai thuc te bam va 6n dinh theo gié tri dat mong mudn trong
thoi gian rat ngan.

1. Giéi thigu

O d5 tir cha dong 1a thiét bi co dién sir dung luc tir truong dé
nang rotor hoac dé giit rotor & vi tri chinh giira trong khe ho
khéng khi ma khdng cé tiép xuc co hoc. Vi vay hé thng
khéng c6 ma sat hoac mai mon, né khdng can boi tron. Ngoai
ra, 6 do tir khéng gay 6 nhidm méi truong, c6 tudi tho 1am
viéc lau dai va c6 thé dugc ung dung rong réi trong hang
khong vil try, ndng lugng, giao thdng van tai va cac linh vuc
cbng nghé cao khac, cling nhu trong cac may cong cu Siéu
chinh xac téc do cao [1]-[3].

Mach tir (stator va rotor) cta 6 d& tir thuong duoc ghép bang
cac 1a thép k¥ thuat dé giam ton hao dong xody khi co tir thong
bién thién trong vat liéu sit tir. Tuy nhién, d6i voi 6 tir doc
truc trong mot s ing dung cac co céu chzip hanh thuong cdu
tao nguyén khoi. Dac biét, do yéu cau vé do bén co hoc va chi
ph1 nén dia quay cua 6 tir doc truc thuong duoc chu tao nguyen
khdi. Trong céc (mg dung cua ¢ d& tir cu tao nguyén khoi
hoat dong khi cip dong dién mét chidu (DC) thay déi theo
thoi gian vao hai diu cudn day, dong xo4y s& anh huéng sau
sdc dén hoat dong cua co ciu chdp hanh va phai duoc xem xét
trong mo hinh hoa hé thong va thiét ké bo diéu khién. Puoc
bat dau tir ddu nhirg nam 1990, BSC 1a mot phuong phap
thiét ké bo didu khién 6n dinh theo tiéu chudn Lyapunov cho
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cac hé phi tuyén c6 dang truyén nguoc chit. Bing phuong
phap truy hdi, ta s& tim dugc ham diéu khién Lyapunov ciia
hé d cho tir cac ham diéu khién Lyapunov cua cac hé con bén
trong. Bé hé thong 6n dinh theo tiéu chuan Lyapunov ham
Lyapunov xéc dinh duong va dao ham cta n6 xac dinh am.
Mot hé théng c6 thé dua ra dudi dang mot md hinh toan hoc
dang dao ham bac s6 nguyén, hoic hé thdng co thé duoc vé
dang mo hinh toan hoc dang dao ham bac phan sé. O tir doc
truc cau tric xép 1ép dong luc hoc dugc dua vé dang dao ham
cap s6 nguyén, trong d6 6 tir cau trdc nguyén khbi dong luc
hoc dwoc dua vé dang dao ham cap phan sb. Viéc cé cac ky
thuat va cong cu can thiét cho nhiing truong hgp ma mé hinh
toan hoc c6 dang dao ham bac phan sé méi duoc phéat trién
trong nhitng nim gan gan day tro thanh mot van dé quan
trong. Tuy nhién phwong phap diéu khién theo k§y thuat
backstepping dugc &p dung cho dbi tuong théng thuong ma
mo hinh toan hoc chira dao ham bac sé nguyén la kha nhiéu,
trong d6 diéu khién cho dbi tugng ma mé hinh toan hoc c6
chira dao ham bac phan sé 1a rat it cong trinh nghién cau da
cong bo.

Méc du BSC da 4p dung cho 6 tir thong thuong khi stator va
rotor duoc cau tao bai c4c 14 thép ky thuat mong ghep lai trong
d6 dong luc hoc c6 chira thanh phan dao ham Cap sd nguyén
da duoc &p dang rat nhiéu. Nhung ddi véi 6 tir cau tao nguyén
khéi [4]-[9], [15], trong d6 dong luc hoc cé chira thanh phan
dao ham cap phan sé chua c6 cong trinh nao nghién ciru vé
didu khién phi tuyén néi chung va diéu khién backstepping
n6i riéng dugc cong bd. CAc tac gia chi &p dung phuong phap
diéu khién kinh dién trén mién tan sé nhu PID, FOPID [4],
FBL [4] FBL-PID [4]. Pic biét van dé diéu khién cho nhitng
dbi twong ma dong luc hoc c6 chira dao ham cap phan sb la
mot van dé mdi, chi phét trién trong vong 1 thap ky vira qua.
Do do viéc nghién ctru phuong phép diéu khién backstepping
cho 6 tir cAu tao nguyén kh01 dé hoan thién va nang cao chat
lwong diéu khién cho 6 tir ciu tao nguyén khdi 1a van dé moi
va can thiét. Bai bao nay tap trung vao viéc diéu chinh k§ thuat
diéu khién backstepping ddi vai 6 tir doc truc ciu tric nguyén
khbi ma dong luc ¢ dang dao ham bac phan sé.

Tém lai trong bai bao nay tac gia da dua ra mot sb dong gop
mMai nhu sau:

i) M6 hinh toan hoc cua 6 tir cdu trdc nguyén khdi dang hé
phuong trinh trang thi trén mién thoi gian da duogc trinh bay.
i) Két luan mot hé thdng ma mé hinh toan hoc cé chira dao
ham bac phan sé 6n dinh khi khi gia tri caa ham Lyapunov
xac dinh duong, dao ham cap phan sb cua n6 xac dinh &m
trinh bay.

iii) BSC da dugc ap dung cho 6 tir doc truc cau tric nguyén
khéi trong d6 mé hinh toan hoc ¢6 chira thanh phan cip phan
SO.

Bai bao nay dugc to chirc nhur sau: Phan 2 mé ta ngan gon md
hinh toan hoc dang hé phwong trinh trang théi trén mién thoi
gian cua 6 tir mot bac tu do cau triic nguyén khéi, phan 3 md
ta co s¢ vé phép dao ham tich phan bac phan so. Trong phan
4. Quy trinh 4p dung BSC cho 6 tir doc truc cau tric nguyén
khéi trong d6 mé hinh toan hoc c6 chtra dao ham bac phan sé
dugc md ta chi tiét. Két qua md phong cua bo diéu khién cho
o tir mot bac ty do cu tao nguyén khdi dwoc cung cap dé
ching minh chat lugng phuong phap BSC duoc dé xuit trong
phan 5. Két luan duoc rit ra trong phan 6.

2. M6 hinh toan hoc

Cau tric hé thong diéu khién ciia 6 tir cau truc nguyén khoi
mot cap cuc tir duoc thé hién nhu hinh 1 gdm: mot dia quay
c6 cau truc nguyén khéi duoc treo ty do tai mot khoang cach
mong mudn Xo boi 2 nam cham dién tir hinh C ciing ¢6 cau
trdc nguyén khéi.

Hinh 1. C4u trtc hé thong diéu khién 1 cap cuc tir hinh C ciu tao nguyén
khéi

Theo [15] dong luc hoc trén mién thoi gian ciia mot cap cuc
tir €6 cau tric nguyén khéi duoc thé hién theo (1)

d5/2
Sz = T +9(i+d(x) 1)
Trong d6:

2K, R° _CR°dx Cd*x R°d* R°g
f(x)= T o A2 & 2

mk dt m dt k dt k

2K, R° S A oA i FO

g(x)= , C la hé s6 giam chan cuia dia quay [14], M

la khéi luong clia dia quay, |, =2h+2c la chiéu dai duong tur
truong cua sit tir, k dwoc xéc dinh nhu (2) 1a h¢ 6 bicu thi
anh huéng dong xody trong 6 tir cau tric nguyén khdi.

2
{—Ii +£—16b tanh(”—aﬂ g )
4(a+b) 3a r°a’ 2b e Ly
Ro=_t [220+|—‘j la tong tir tro tinh.
oA Hy
N
K, :% la ha sb ti 16 voi dong dién,
AR

K, = 1 [ 2N, Ié hé sé ti 1é voi do dich chuyén.
(R) LA
f la nhiéu tai bén ngoai.
1 d¥’(f, ) R°f

d(x)= RO kmx 14 tng nhidu tai bén ngoai.

Tu (1) dit:
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X =X
d]JZ
dtl/)z(1 =X
d¥?x
aw ©)
d:IJZX3
dt?2 =X
dU2X4
dJJZX‘5 ]
o f (X0 X, X, X X ) + G (X, X1 X Xg )i+ (X)
Trong d6:
2K, R° CR° C R° R°
e L e
2K,R°
(X, Xy, X5, x4,x5)— . Khi bé qua nhiéu tai bén ngoai
(3) tro thanh:
dJJZXS .
gtz = T (40 X0 %55 X400 X6) + G (X5 X5 X Xy, X 4

Viy (3) 1a dong luc hoc tuyén tinh tong quét trén mién thoi
gian viét dudi dang hé phuong trinh trang thai cua 6 tir doc
truc (1 cap cuc tir) cau tric nguyén khéi. Co the nhan thay ©))
1a hé phuong trinh trang thai dang hé phi tuyén c6 dang truyén
nguoc chat

3. Co 56 toan hoc vé phép dao ham tich phan bac
phan sb
3.1 Tich phan bac phan sé cia Riemann-Liouville

Theo [13] Dinh nghia cua Riemann-Liouville vé& phép tich
phén bac phan s6 dugc xac dinh nhu (5)

|a[f(t)]RL:j'( )
HE A N (29)
Trong d6: @ can dudi cua tich phan bac phan sb, « la bac
cua tich phan phan sb.

T(B) = (x-D(x~1) [e" " dt 1a ham Gamma
0

f(z)dr )

B(p,q) 1a ham chic ning beta.

Theo [13] khi f(t)=Y,(X)=X", tich phan bac phéan s6 cua

Y, (X) la:
yl(X) &'d
[
Xa+v
_mB(a,VJrl) (6)
_ I(v+) e
CT(a+v+1)’

3.2 Pao ham bac phan sé cia Caputo

Theo [13] Dinh nghia cua Caputo’s vé phép dao ham bac phan
S0 duoc xac dinh nhu (7).

X n-p-1
X—Z') d"
D[y, ()] = —( — 7' |d7 7
Trong B la bac cua dao ham phan sb, a can dudi cua tich
phan phén so. '
Tinh chat cua phép dao ham béc phan so:
Khi bac phan s6 £ =0 khi dé:

DT =1() ®)
Phep dao ham cap phan s6 c6 tinh tuyén tinh, véi b, ¢ 1a
hang sb:

D7 (bf (1) +cg(t))=b, D’ f (t)+c,D g(t) (9)
Déi voi cac toan tir bac phan sé véi >0, 8>0, phép dao
ham bac phan sb cua f (t) c6 quy luat cong cua sé mil:

D’(,D*f (t))=,D*" £ (t)
Xem xét a.,b, =R, &, <R Mot phuong trinh dao ham
bac phan s duoc dinh nghia nhu sau [12]:

(a“D"n +a,,D +...+a0)y(t) :(meﬁm +...+bo)u(t) (11)
Vi gid thiet rang tat ca cac dicu kién ban dau deu bang khong,
tir d6 ham truyén dugc xac dinh nhu sau [13]:
Y(s) b,s™+hb, s +..+b,

U@s) as™+a s +..+a,
Theo [13] khi f(t)=Yy,(X)=X", dao ham cap phan s} cua
Y, (X) la:

B X n & d’ v
D’ [, jr [ é]df

0

(10)

(12)

B (v+1) [(v-n+1)
S T(v-n+1)T(n-B+v-n+1)
_ TOVAD)  en
L(v-p+1)’
Dinh Iy 1: i
Theo [12] dinh ly dwoc phat biu nhu sau:
bat z 1a bién va chon ham Lyapunov dugc cho bai (14):

vl (14)

Xn—ﬂ+v—n

(13)

Néu zz° <Ova 0<q<1— z2<0thoéa man.

Dinh ly 2: )

Theo [13] dinh 1y dugc phét biéu nhu sau:

Gia sir rang ca hai ham f (u) va u(x) c6 dao ham bac phan
s0 bac q lan luot theo u va x. Quy luat Chain cua dao ham
phan s6 dugc mé ta boi phuong trinh sau:

UM vy a2 0t F(U) BU(x)
x° =Te-qu Au % (15)
Pinh ly 3:

Ciing theo [13] dinh ly dugc phat biéu nhu sau:

Néu quy luat Chain ctia dao ham phan s6 théa mén baoi (15)
vanéu V(x), x(t), va A duogc cho boi:

V(X)=x"Ax

X =[x *(

X, (0] (16)
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A=diag[4, 4, .. 4] A=-kz,+A" -z (24)
. .z -V, =_k1212 - kzzz2 +2,23 (25)
Dao ham phén s6 bac g theo thoi gian t c6 thé viét nhu Asm gV AT,
sau: 2w ! s
dV (x) 2 TAGq 2 0% 17) =—(k +K,)(z; + A) = (2, + A) + KA
dt¢ 2—q o' 2-qatt
1 Buéc 4: Tuong tu xét V, =2,2/"* +2,2)"* + 2,21
Két luan: Ap dung dinh Iy 2 va 3 cho ham V =§z2 trdo k2 -k, +2,2,+ 2,2
3 171
a =K 22 —Kk,22 +2,(z, + x]¥* 12 — ATV
dao ham bac phan sé q cua V(z) la g= 2 d > k2 o AT (26)
dt*  2-q “t =k, z? —k222+23(z4+A4—A3‘“2+22)
0<q<1, tir d6 4p dung dinh ly 1 va theo tinh chit on dinh o
cta ham Lyapunov trong bai bao nay tac gia manh dan duara A, =—kz, + A;ﬂz 7 7)
duogc dinh 1y dugc phat nhu sau: T 2
Tu d6 suy ra:
Néu ham Lyapunov V' théa mandinhIy'1, 2, 3vacodaoham Vs =Kz —k,z —kZ +2,2, (28)
f1/2 fU2 fl_ f1/2
. . . —k,z, "+ =—(k, +Kk, +k;)(z, +
bac phan s6 cua V : ¥<O—>V:2121<0 — Hé thong A o (ti/ 2+ A)
s dt —(2+kk;)(zs+ A) + A 2+k3A3 ’
diéu khién 6n dinh theo dinh ly Lyapunov
- n . 2 .\ A . Buwéch: T twxét V, =22 +2,2)"* +2,2]"* + 2,2,
4. Ky thuat Backstepping cho 6 twr cau truc ug Hong W =2z" e 3 4
nguyén khéi V, =-kz? —k,z5 —k,2Z + 2,2, + 2,2, 29)
2 fu2
Pit 7,,2,,2,,2, va z, lasai léch gitra gi thuc va gia dit duoc =k} —k,2; —kz; +2,(z, + A - A" +2,)
xac dinh nhu sau: Chon:
Trong d6: A=-Kz,+ A{ V2 Zy (30)
z, la sai léch giira @6 dich chuyén thuc ciia dia quay va gia tri  Khi dé:
dit twong ting. ' V, =Kz —k,z2 —k,22 -k, +2,2; (31)
z, la sai léch gitra van toc thuc cua dia quay va gia tri dat. Ajf]]z :—kAZAWZ _Zsfuz (k +k, +k, k) +A)

z, 1a sai léch giira gia toc thuc ciia dia quay va gia tri dat.

=X%-hL-A
Z,=%-hL—-A
Z=X%-—A (18)
2, =X -0 —A
Zy=%—T—A
Trong do: A =0.
Chon ham Lyapunov c6 dang nhu sau:
V=%(zf+z§+z§+z§+z§) (19)
Tir d6 ap dung dinh Iy 2 va 3 tinh dugc:
dV 2, i f12 f1/2 f1/2 f1/2
dt”2_3(zz +2,2,  + 2,2, + 7,2, + I, ) (20)
Buéc 1: Xét V, =z,2/"*:
Vo=, (%" —5")=2(x,—) =2z, +A) (21)
Budc 2: V6i k, >0, chon A =-kz , tir d6 suy ra:
Vi =_k1212 +47, (22)
A" =—kz" ==k (z,+A)
Budéc 3: Tuong tu xétV, =2,2"* +2,2,"%:
Vo =Kz +2,(z,+ A=A +2) (23)

Chon

_(klkz + k1k3 + k2k3 +3)(Z4 + A4) - (k1 + klkzks + ka)(z3 + A3) + Asfm + k4A4f1/2

Budéc 6: Tuong tu xét:

Vs =22+ 2,2, + 2,2 + 2,2 + 2,20 "
=—k 2> —k,2} —k,2?
=—kz -k, —k,25 —k,z{ + 75 (f () + 9 ()i =% = A?)

Chon f(x)+g(x)i—r'"* — A™? =k z, sao cho dao ham cua

ham Lyapunov xac dinh &m.

-k, 22 +2,2, +2,2]"*

(32)

T :ﬂ( fO)+6"2+ A —z7, —k.z,) (33)
Thay f(x)+g(X)i—r"*— A" =—k.z, vao (32) ta duogc:
V5=—k1212—k Zz_kazaz_ 4 4_k525 (34)
JJZV 3 f12 f1/2 f12 f12 fu2
1/2=—(zz +2,2,7° + 2,2, +2,2, +127)
dt
:E(_klzlz _kzzz2 —k3232 —k42§ —k5252) <0
vei k, >0,k, >0,k; >0k, >0,k, >0,
— V=72+72,2,+2,2,+2,2,+2,2, <0 (35)

Do d6 ¢6 thé khing dinh hé thong on dinh.
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5. Mé phong

Céc thdng s6 trong md phong cho 6 dd tir (1 ¢ap cuc) cau triic
nguyén khoi 1 bac ty do dugc chon va tinh toan két qua nhu

bang 1: 152107
Bang 1: Céc thong sé cua b dd tir & md phong
M6 ta thong sé h}fe)(J Giatri
1/2 chiéu cao cua cyc tir a 7.5mm
1/2 chiéu réng cia cuc tir b 2.5 mm -
Chiéu dai stator (hinh 1) c 20 mm E
Chidu dai dfa quay (hinh 1) h 30 mm E
Do dan dién caa sat G 2.5x10° S/m S
Do tir thdm twong dbi T8 5000
Do tir thim chan khong W | 4nx107 T.m/A 151
Khéi lwgng dia quay cin nang m 2.25kg > | ‘ . |
Khe hg khong khi gitra stator va dia quay Xo 0.2mm 0 0.2 0.4 0.6 0.8 1
Sb vong day N 1200 Vong Thoi gian (s)
Dong di¢n danh dinh io 02A Hinh 3. Vi tri cua dia quay X va gia tri datr
Dién tich mit cit ngang cuc tir A 75x10¢ m? o 2107
Dong dién toi da trén cuc tir imax 0.5A
Tong tir trg tinh R® 4.4563x10° A/Wb
Hé s6 ti 18 véi dong dién Ki 307.7479 N/A
Ha sb ti 18 vai do dich chuyén Ky | 2.9309x10° N/m
Hé sb giam chén cua dia quay c | 001
Hé so dong xody K 5.1619x10* A/\Wb

Dé phan 4nh duoc d6 higu qua cia hé thong diéu khién dé
xuat, thi nghiém dugc mé phong trong thoi gian 1s dé dua dia
quay tir vi tri dudi ciing (x=-0.2mm) Ién gi4 tri dat mong

mudn co dang ham diéu hoa r =0.0001sin(8xt) , khi ¢ nhidu 0 02 o4 0 0 1

tai bén ngodi c6 dang nhidu Uniform Random c6 gia tri Thoi gian (s)
fin =1, faem =1Va co tham sé bat dinh caa mé hinh:
AT (X X0 X, Xgs %) FAG (X, X5 Xg, Xy X )i = X, + 0.2, +0.3%, Hinh 4. Bién trang théi x, =& va giatr dat r, =0T
+0.4x, +0.5x; +0.5i a a
tac dong vao dia quay ngay tir hrc khai dong (t=0). Chon céac 103
hé sé k, =10k, =10,k, =10 k, =70va k, =70 4
Két qua md phéong duoc thé hign trén hinh 2-8. |
Q
£
(&]
g
a (%-
< >
£
=
>
2
e
2
_30 0.‘2 0i4 0‘.6 0?8 1
‘ ‘ ‘ ; Thoi gian (s)
0 0.2 0.4 0.6 0.8 1
Thoi gian () Hinh 5. Van téc cua dia quay X va gid trj dat r;

Hinh 2. Nhiéu tai bén ngoai tac dong vao dia quay
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0.14

4
——

012}
o1}
0.08 |

0.06 T

f4 va X4

-0.04 : s .
0 0.2 0.4 0.6 0.8 1
Thai gian (s)
, d3/2 d3l2r
Hinh 6. Bién trang théi x, = e va giatri dat r, Oy

10

—15
= =x5

Gia tc (m/s?)

45 ‘ : :
0 0.2 04 06 08 1
Thoi gian (s)
Hinh 7. Gia téc cuia dia quay xs va gia tri dzt rs
03
025} |
0.2 1

Dong dién (A)

-0.1

0 0.2 04 0.6 0.8 1

Thoi gian (s)
Hinh 8: Dong dién diéu khién cho ddi tuong

Két qua trén hinh 2-8 cho thay:

Khi khai dong ban du dia quay bam va 6n dinh tai gia tri dat
rat nhanh, chi mat 0.01s dé dua dia quay vé vj tri dat ma khong
¢ d6 vot 1. Trong d6 van téc mat 0.03s, gia toc mat 0.02s dé
dat trang thai 6n dinh.

Do nhiéu tai c6 dang ngau nhién c6 gié tri cuc dai gan 1N nén
mac du trong sudt qua trinh [am viéc dia quay bam gia tri dat
kha chinh xdc (Hinh 3), nhidu do tham s bat dinh cua md
hinh duoc thém vao tai thoi diém (t= 0) c6 gia tri khong déang
ké nén ciing khong anh huong dén chat luong lam viéc cua 6
tur, nhung van téc va gia toc co sy dao dong quanh gié tri dat
trong sudt qua trinh ¢ nhidu tac dong, trong khi d6 dong dién
cling c6 sy giao dong trong subt qué trinh ¢ nhidu tac dong
vao tuy nhién mie @6 kha nho (Hinh 5 va 7). Khi nhiéu cang
I6n thi mic @6 dao dong quanh gia tri dat cua dap ap vi tri,
van téc, gia toc, dong diéu khién cang Ién. C6 thé nhan thay
tat ca 5 bién trang thai thi chi co dap tmg vi tri x 12 bam gié tri
dat t6t nhat khi c6 nhidu tac dong, cac bién trang thai khac nhu
X2 VAN t6C (X3), X4, gia toc (xs) déu dao dong quanh gié tri dt.
Dac biét 1a x3, X4, va Xs,

6. Két luin

Bai bao nay da trién khai thanh cong k§ thuat backstepping
cho 6 tir doc truc ciu tric nguyén khéi trong d6 dong huc hoc
¢6 chira thanh phan dao ham bac phéan sé va anh huong dong
xody. Két qua md phong cho thay vi tri dia quay bam vi tri dat
mong mudn trong khoang thoi gian rat ngan, van toc va gia
té¢ 6n dinh bam theo gié tri dat, khong c6 do vot 16 trong sudt
qué trinh hoat d6ng khi nhidu tai bén ngoai cé gia tri nho. Tuy
nhién, vi trong nghién ctru nay tac gia chua dwa bd wée lugng
nhiéu, bt nhiéu va khang nhiéu nén khi nhiéu tai bén ngoai cé
gid tri lon theo thoi gian thi dia quay khong con bam dung nhur
gia tri dat, dac biét van toc va gia toc ¢ su dao dong quanh vi
tri dat quan sat thay rat rd rang, chat lugng diéu khién kém
dan, véi nhuge diém nay s& dugc khic phuc trong cong trinh
duogc cong bé trong thoi gian sap téi.
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