CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

DIEU KHIEN TRUQT CHO ROBOT KHGP MEM 2-DOF
XEM XET TG1 CAC THANH PHAN BAT DINH

FRACTIONAL ORDER SLIDING MODE CONTROL FOR PLANAR FLEXIBLE-JOINT ROBOT 2-DOF

CONSIDERING PARAMETRIC UNCERTAINTY

TOM TAT

Bai bdo trinh bay md hinh héa chi tiét va diéu khién Robot khdp mém 2-
DOF. V6i ddc di€m Robot Ia hé hut co cdu chdp hanh nén viéc thiét ké diéu khién
dé 6n dinh dugc cd khdp duoc truyén dong truc tiép va khdp khong dugc truyén
dong gap nhiéu thach thic. Vi vay bd diéu khién trust duoc dé xuat sir dung két
hop sir dung Iy thuyét 6n dinh Lyapunov dé chiing minh tinh 6n dinh cda hé
thong gom ca khdp khong dugc truyén dong. Mo phong Matlab/Simulink dugc
stt dung d€ kiém tra tinh hiéu qué cta bd diéu khién trong trutng hop md hinh
€6 xem xét va khong xem xét tdi thanh phan bat dinh. Két qua md phong bo diéu
khién thu dugc két qua diéu khién cai thién ro rét dac biét khi hé thdng anh
hudng bai cac thanh phan bat dinh.

Tir khéa: Robot khdp mém, diéu khién trugt, hé thdng hut co cdu chdp hanh,
dn dinh Lyapunov.

ABSTRACT

This paper presents modeling and control for planar flexible-joint 2-DOF, an
underactuated system. Thus designing to obtain stability of actuated joint and
underactuated is a challenge of a control system. Therefore, a fractional order
sliding mode control based on Lyapunov theory and fractional calculus is
proposed for the robot to achieve global stability of two joints. The effectiveness
and feasibility of the proposed method are demonstrated by Matlab/Simulink
simulation that the robot model considering parametric uncertainty.

Keywords: Flexible-joint robot, Fractional order sliding mode control,
Underactuated system, Lyapunov stability, Fractional calculus.
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1.GIGI THIEU

Trong nhiing thap ky gan day, robot da thu hat nhiéu su
quan tam cla cac nha khoa hoc va dugc st dung rong rai
trong cac nghién cdu khoa hoc, iing dung ky thuat. Robot
dugc st dung réng rai trong cac cong viéc nguy hiém, tiép
xUc véi hda chat, han, cét, 13p rap, ciing nhu phun son. Dé
dat dugc cadc muc tiéu diéu khién t6i uu, cac bd diéu khién
can dugc thiét ké sao cho c6 dé rung t6i thiéu bam theo
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quy dao dat, dac biét la & khau cuéi. Do d6, ching dugc
lam bang vat liéu ndng va cing. Cac tay may nay dugc goi
la ciing nhac (Rigid), doi hoi nhiing thiét bi truyén dong
I6n; ngoai trong lugng, c6 muc tiéu thu dién nang cao va
téc d6 van hanh han ché déi vai tai trong van hanh [1].

Trong nhiing nam gan day, robot nhe (Lightweight
Robots) da dugc phat trién dé khic phuc nhiing van dé nay
va cai thién nang suat céng nghiép. Tinh linh hoat cda lién
két 1a hé qué cla dac diém ciu tao nhe trong cac bo diéu
khién robot dugc thiét ké dé hoat dong & t6c do cao Vi
quan tinh thap [2]. Nghién cdu vé hé théng hut co cdu chap
hanh 1a mot cht dé nghién cdu hién tai trong cong dong
diéu khién [3]. Cac hé théng d6 dugc dic trung béi viéc co it
hon cac co cdu diéu khién doc 1ap so véi cac bac tu do cé thé
diéu khién dugc. Diéu khién hé théng ca khi hut ca cdu chap
hanh phi tuyén la mot van dé day thach thic vi n6 yéu cau
khai thac day du cac dac tinh Non-Holonomic. Vi du nhu céc
hé théng tay may véi khdép linh hoat nhu tau thay (Ships), vé
tinh (Satellites), con lac ngugc don va déi, Acrobot [4],
Underactuated Planar Robot [5], Pendubot [6],... Cac ky
thuat dugc phat trién cho cac bd diéu khién robot co khi du
G cdu chap hanh khong thé st dung truc tiép dé diéu khién
cac hé thong co khi hut co cau chdp hanh. Mét vai bo diéu
khién da dugc dé xuat cho cac hé théng hut chdp hanh cu
thé nhu cac ky thuat tuyén tinh héa phan héi mét phan
(partial feedback linearization) cho Pendubot [7], luat diéu
khién phan hoi trang thai phi tuyén (nonlinear state
feedback control law) cho con ldc ngugc (Inverted
Pendulum) [8], diéu khién dua trén su thu dong (Passivity
based Control) cho con ldc ngugc [9] va Pendubot.

Phuong phéap thiét ké cho diéu khién co cdu Robot
khép mém, véi 10 xo & gilta cac khép la dugce trinh bay
trong bai bao nay. Hé théng nay la hut co ciu do chi ¢
khdp dau c6 thé diéu khién dugc trong khi khdp thi 2 1a
khéng dugc diéu khién truc ti€p. Chién lugc diéu khién sé
dugc dua trén cach ti€p can nang lugng (Energy Approach)
va cac tinh chat thu dong (Passivity Properties) cla hé
théng [10] dugc so sanh vdi viéc sit dung bd diéu khién
truot [11]. Cac déng gdp chinh cuta bai bdo gom: i) M6 hinh
héa chi ti€t cho Robot khdp mém 2-DOF va thuc hién bién
d6i mé hinh dé phu hgp cho céc ing dung diéu khién nang
cao. ii) Thuc hién thiét ké diéu trugt cho Robot hut ca ciu
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chdp hanh, su én dinh cta hé théng ké cd khép khéng
dugc truyén dong ciing dugc chiing minh én dinh day du,
két qud diéu khién trugt dudc so sanh véi bo diéu khién
dua trén Passivity ctia Robot.

Bai bao nay cé cau trdc nhu sau: gidi thiéu mé hinh toan
hoc ctia Robot khép mém 2-DOF; Bo diéu khién trugt duoc
xay dung va dugc chiing minh su 6n dinh cho hé hut ca cau
dua vao ly thuyét 6n dinh Lyapunov; Mé phéng trén
Matlab/Simulink dé so sanh két qua gilia viéc sir dung diéu
khién trugt va diéu khién dua trén céach tiép can ning lugng
va két luan.

2. MO HINH TOAN HOC

’I(‘l

’//
/

X /
', ‘\-/ \

Hinh 1. Tay mdy 2 khau véi khdp ndi mém

Khao sat déng luc hoc tay may 2 khau phang c6 khép
néi dan héi gilra 2 khdp nhu trong hinh 1. Co cdu gém c6
hai khau déng. Phan tich chuyén dong trén mat phing
ngang (Oxy) va cac tham s6 vé khéi lugng, mémen quan
tinh khéi d6i véi truc di qua khoi tam, chiéu dai, vi tri khéi
tam nhu sau:

Khau 1 quay quanh truc c6 dinh di qua O, m, la khéi
luong khau 1, I, 1a moment quén tinh khéi déi vai truc di
qua khéi tam C,, |, la Chiéu dai khau 1, I, la khodng cach tur
g6c O, t6i C, va w,° 13 van téc goc clia khdu 1 so vdi hé c6
dinh. Khau 2 chuyén déng song phdng: m, la khéi lugng
khau 2, I, la moment quan tinh khéi d6i véi truc di qua khéi
tam C,, I, 1a chiéu dai khau 2, I, la khodng cach tir g6c O, téi
C, va w,’ la van téc géc chia khau 1 so véi hé ¢é dinh. k la do
cling clia ¢S cau |6 xo xodn gilia khép 1, 2. Tay may chuyén
dong dudi tac dung clia ngau luc cé6 mémen T, l1én khau 1.
Chon cac toa dé suy rong la q =[q, qz]T.

2.1.Déng néng clia co hé

Xac dinh vector van t6c géc clia cac khau 1 va khau 2
gua méi lién hé sau:

@™ a vector dai s6 thé hién van téc géc cla khau i so
vGi khau (i-1) chi€u lén hé 0. Chiéu quay cta cac khau 1 va
khau 2 dugc thé hién trén hinh 1. Vai:

0 0 0
) = O+ Ol =| 0 [+ 0 |=| 0 (1)
q1 _qz q1_qz

Téng ddng ning ctia hé gém 2 khdp dugc xac dinh nhu
sau:
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T=T,+T, 2)
trong dé:

1 1 .
T =—low] = (L +mi, )& 3)

1 1
T,= Emzvéz +5|2w§

:%mz (%2, +y§2)+%|2 (4, -a,)

Vi tri kh&i tdm ctia khau 2 dugc tinh nhu sau:
Xc, =l cosq, +I, -cos(q, - q,)

{ycz =1,sinq, -, -sin(q, —a,)

Do d6, van tdc khéi tam cla khau 2 dugc xac dinh nhu:
{)’(c2 (4, -9,)-sin(a, —q,)
Ve (4, -4,)-cos(a, —ay)

Ve =XG Y6

|1 q1 +|éz (qz _q1)2 _2|1|czq1(q2 _q1)COSQZ
Thé cac biéu thuic (3), (4), va (7) vao (2), thu dugc biéu
thuc ddéng nang cda tay may:
T=T,+T,

(5)

=-1,9,sinq, -1, )
=l,¢,cosq, -1,

(7)

2

1 . 1 . .
2(I +m1lé1) +E|2(q2 -q,)

2.2 5 S 2
o [I +s (6 -4) ] ®)
2 2l1e,4,(9, —4,)cosq,

. .. 1 .
m11q12 +m,;,q,q, +Emzzq§

trong do:

+m.l

n=lhAml +m P+, +m, ,lle, cosq,

7a 2°C2
m,, = (I +m, 2 +moll, cosqz)

2
5 = +ml,

Su dung cac tham s6 sau:
2
0, =l +mp, +m,l}
2
8, =1, +m,Z, ©)
0, =m,l|

21°C2
Khi d6, cac phan tir cia ma trdn quan tinh sé la:
m,, =6, +86, +26, cosq,
=—(8, +6,cosq,)
m,, =6,
2.2. Thé ning cta co hé

Vi trong trudng hgp tay may chuyén déng trén mat
phdng ngang nén trong luc khéng tac déng, do dé khéng
xuéat hién luc suy réng c6 thé. Téng thé nang cla co hé tay
may 2 bac tu do dugc tinh nhu sau:
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I =T1(m,g) +I1(m,g) + H(l\_/lIX )
. 1
=m,gl, sing, +Ek(q2 -q, )2

+ng[l1 sing, I, sin(a, —q, )]
2.3. Cac luc suy réng khéong thé

Hé tay may thuc hién cac di chuyén o 6q1, 6q2 dudi tac

dung cla céc luc hoat dong khong thé va co thé. Véi
q=[q,
khau, véc-ta dinh vi mét diém thudc hé c6 dang :
§=1(0,,9,)
Vivay:

qz]T la cac toa do6 suy rong du clia hé tay may 2

(12)

5t = Z—5Q. (13)

Céng o cla cac luc hoat dong trong cac di chuyén 3o:

SA = iﬁkﬁk

k=1
2 2 - é‘F 2

_ z[za a—k}sqi ~S a4
izt \_k=1 q; i=1

Trong d6, Q; la cac luc suy réng cua céac lyc hoat dong
Ung véi cac toa do suy rong q;, cac luc hoat ddng cta hé tay
may 2 khau bao gobm momet dan déng. Luc hoat dong
khong thé la moment dan déng T, tir ddng co cta khau 1,
khau 2 clia hé hut dan dong nén luc suy rong khéng thé:

Q =r7,Q,=0. (15)

St dung phuong trinh Lagrange loai 2 cho hé tay may 2
khau chiu lién két H6-16-ném

(14)

____:__+Q
dt(aqk) oq,  oq,

Lan lugt tinh cac dao ham cda phuong trinh (16) thu
dugc:

(k=12) (16)

L2
o]
(17)
orT . .
- =m,q, +m,,q,
oq,
d( or . .. ..
dt{an m,,q, +m,,q, +M,,q, (18)
= m11q1 + m1zq2 + (63 Sinqz )qi

or . .
?:m12q1 +m,,q,
q, (19)
or . . . ..

=—(0,sinq, )q; +(6,sinq, )4,q,
oq,
d( or .. .. ..
a[a_qzj =m,,q;, +m,,q, +M,,q, (20)

= m12d1 +mzzq2 +(63 Sinqz )éhqz
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oIl
% — =(m/l, +m|l,)gcosq, +m,l,gcos(a, —q,)
1
oIl 2mn
—=-m,l,gcos(q, —q,)+kq,
oq,

2.4. Phuong trinh Lagrange loai 2

Thé cac biéu thuc (15), (17) dén (21) vao (16), nhan dugc
phuaong trinh Lagrange loai 2 cho tay may nhu sau:

(6,+6, +20,cosq, )d, — (0, +6, cosq, )d,

+(0,sing, )q; +(m/l, +myl,)gcosq, (22)
+m,l,gcos(q, —q,) =1,
—(8, +6, cosq, )4, +6,d, +(0;sinq, )g; 3

m,le,gcos(q, —q;)+ka, =0
Phuong trinh Lagrange loai 2 dudi dang ma tran cé
dang:

Dq+C(q,9)q+9(q) + Kq=Bu
Ma tran quan tinh D dugc xac dinh tU (10) nhu sau:
— |:D11 D12:|

D21 D22

trong do:

(24)

D(q) (25)

D,,=6,+6, +26,cosq,,D,, =
12 2—(92 +e3 Cosqz)' 2 :ez

Ma tran quan tinh ly tam va Coriolis

. G, G,
C("-I,q)—{C21 C22:|
trong do:
C,, =—(8;sing, )q,
C,, =(855sing, )q, +(6,sinq, )4,
=(6,s
0

—(8, +6, cosq,)

C sing, ),

21

N
I

22

Véc ta luc trong trudng:

oIl G,
9= ( oq ) - {GZJ
trong do:
G, =(m, +m,)gcosq, +m,l.,gcos(q, - q,)
G,, =—m,l,gcos(q, -q,)

Vi trong trudng hgp tay may chuyén déng trén mit
phdng ngang nén g = 0. Ma tran dé cuing:

{3 4

Chon vecto diéu khién u = 1,. Khi d6 ma tran dau vao la:

B=[0 1 (29)

(28)
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Phuang trinh Lagrange Il dugc viét lai nhu sau:
D§+C(q,4)d+Kq =Bu

0,+6,+20,cosq, —(0,+6,cosq,) | q,
—(6,+6,cosq,) 0,

.\ .0 | (8,sing, )4, a1,[0 ofa 1)
(8,sinq, )4, 0 a,] 0 kja

{;}[ﬁ 0]

2.5. Cac tinh chat cia ma trdn quan tinh va ma tran
Coriolis

TU cac biéu thuc (25)
N=D(q)-2¢(q,4)

_ -20,q9,sing, 6,9,sinq,
93q25inqz 0

(30)

va (26), thu dugc:

| . (63 Sinqz)q2
| ~(0ssing,)a, L(e3 sinqz)q1]
(Osina)a 0 "
0 _[(e3sinqz)qz )
+2(6, sing, ),

[(93 sing, )4, ) .

+2(93 quz )q'l

Vi vy thu dugc ma tran quan tinh N=D(q)-2C(q,q)
la ma tran phan d6i xing.
3. PIEU KHIEN TRUGT VA PHAN TiCH SU ON PINH

Ngoai cach diéu khién co ban dua trén cach tiép can
nang luong dugc dé cap & trong cac nghién cdu [10, 12], bd
diéu khién trugt (Sliding mode control) 1a dugc dé xuat ap
dung cho co cdu canh tay Robot khép néi mém nham nang
cao chét lugng diéu khién trong nhiéu kich ban khac nhau.
3.1. Bién d8i mé hinh Robot 2-DOF

Hé canh tay Robot ¢6 khdp néi mém 2-DOF c6 hai bién
trang thai can dugc kiém soat, nhung chi c6 mét dau vao
diéu khién. Do d6, phuong trinh déng luc hoc ctia hé théng
(30) dugc phan tich thanh hai hé théng con véi cac bién
trang thai lan lugt 1a: g, va q,, dugc biéu dién nhu sau:

d11q1 +d12d2 + c11q1 + c12q2 =T (33)

d21d1 + dzzdz +C21q1 + czzqz + kzzqz =0 (34)

Phuong trinh (33) va (34) dugc viét lai nhu sau:

q1 — T _d126|2 _C11q1 _Cuqz (35)
d11

dz — _d21q1 _c21q1 _czzqz _kzzqz (36)

d

22
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Thay phuong trinh (36) vao (33), thu dugc:

a1d1 +E11q1 +E12qz +E1q2 =T (37)
trong do

- d.d, ) _ d

d =(d” _9nYy j’cﬂ _ [C” _ 12C21J

dzz dzz
<, :[Cu _%J K, _ ik,
dzz dzz
Thay phuong trinh (35) vao (34):
- . . = d,t
dzqz +¢0 + G0, + kzqz = _% (38)
1

trong dé:

9 d 1d1 = d 1S

dz = [dzz _Zdﬂzjv G = (czw _zd”j

_ d,.c =

) —(sz _3”12} kz = kzz
Viét lai phuong trinh (37) va (38), thu dugc nhu sau:
Eh — 2 _Enéh __Enqz _qu (39)

d1
dm - . — . =
- -6,0, - 6,4, —k,q

. d” 214 T 4 242 (40)
q; =

d,
3.2. Thiét ké bo diéu khién
Muc tiéu ctia phan nay la tao ra bd diéu khién dua trén
ky thuat diéu khién truot dé g, tién vé q,4 va g, tién vé g, =0
hay q tién vé qq. Trong qua trinh thiét k&, gid s rdang
4,y =0, G,, = 0. Mat trugt dugc lya chon nhu sau:
s=¢ +ke +k,é, +k;e, 41)
trong d6: e =(q,—-0qy), e, =(a, —0y) la sai léch vi

tri, ky, k,, ks 1a cac tham s6 diéu khién dugc thiét ké. Thuc
hién dao ham mat trugot:

s=e +ke +k,e, +k,é,

.. . .. . (42)
=q,+ k1q1 +k2q2 + k3q2
Thay (39) va (40) vao (42) thu dugc:
§ = T _E11q1 __Euqz _qu +k1q1
d1
dt, — . _ . = (43)
- 31 t— G4, — 6,9, — kzqz
+k, L ) +k,q,
Viét lai (43) thu dugc nhu sau:
o —d,c, +d,dk
s :(dndz _d1k2d21)r1 +d11( _ ”_ v 1]Ch
_d1k2c21
- —— (44)
+d” [_i{zfu _d1k2C22Jq2 +d” _Ezkﬂz ]
+d,d,k, —-d.k,k,q,
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Tin hiéu diéu khién gilt trang thai & lai mat trugt dugc
dua ra bang cach xem xét $=0:

(45)

Thanh phan tin hiéu diéu khién giup trang thai tién vé
mat truot dugc thiét ké nhu sau:
k,sgn(s)

T1sw = ol - (46)
(dndz - d1kzd21)

Nhu vay, két hgp hai thanh phan cla tin hiéu diéu khién
(45) va (46), dua ra tin hiéu diéu khién nhu sau:

3.3. Chiing minh su én dinh
Pé ching minh sy 6n dinh cda mat trugt, ham
Lyapunov dugc chon nhu sau:
1

V=—s 48
3 (48)
Pao ham phuong trinh (48), thu dugc:
V=s$
(dnaz _a1k2d21 )11
+d11 _az_n +a1azk1 _a1k2E21)q1
=s L (49)
k, Gy, +d,dk, )qz

RS rang, véi k, > 0 ddm bao V <0, tuy nhién viéc 6n
dinh mat trugt khédng phan &nh tinh én dinh d4u ra cta hé
théng. Su én dinh d4u ra hé théng dugc phan tich bang
cach xem xét phuong trinh déng luc hoc s = 0 cung v&i
phuong trinh clia phuong trinh khéng dugc truyén dong
(40). Thay tin hiéu diéu khién gil lai mat trugt (45) vao
phuong trinh khong dugc truyén dong (38) nhan dugc:

g, =Rq,+P,q, +P; (50)

trong do:
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(_d1 1_2q2 - d21E1q2 )
(dnaz _a1k2d21)

3=

Xem xét mat trugt trong (41) bang khéng, dat dugc két
qua nhu sau:

a, =k, (q1 _qw)_ k.4, —k,a, (51)

Dinh nghia cac bién trang thai cta hé théng nhu sau:
x=[x, %, %] =[a, & a-a,.]. Viét lai phuong
trinh (50) va (51) thu dugc:

X, =PX; +P,x; +P; (52)
X5 = —kx; —k,x, —ksX, (53)
Thay (53) va (52) thu dugc:
X, =P, (=kx; =k, %, —kyX, ) +Pyx, +P,

(54)

= —P1k3X1 _(P1k2 _Pz)xz —P1k1X3 +P

Luu y rdng x, =X, Vi vay c6 thé viét (53) va (54) dudi
dang ma tran nhu sau:

X, 0 1 0 X, 0
Xz = _P1k3 P, _P1k2 _P1k1 X, |+ Py (55)
X -k -k -k, || x 0

3

Tinh &n dinh cGa hé théng phi tuyén (51) dugc danh gia
bang cach st dung dinh ly tuyén tinh héa cla Lyapunov.
Phuong trinh (51) c6 thé dugc tuyén tinh héa vé vi tri can
bing x = 0 nhu sau:

3 2 1 3

X, 0 1 0 1
Xz =1 Ay A, Aslx
X3 _k3 _kz _k1 3 (56)
hoac
x = Ax
trong do:
A, = _P1k3 |q=qd Ay = _P1k1 |q=qd
(0,+0,)kk, (0, +0, )2

0, -k, (62 +93)
Azz = Pz - P1k2 |q=qd
(6, +6,)(k; —kk,)
0, -k, (6,+6,)
D& dam bao tinh 6n dinh cGa hé théng tuyén tinh héa
dugc dua ra bsi phuang trinh (56), hé théng tuyén tinh héa

véi ma tran trang thai A phai la Hurwitz (tuc la cac gia tri
riéng clia nd nam & niia bén trai cia mat phdng phtic). Do

0, —k,(6,+6;)
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do, da thic dac trung cha hé théng tuyén tinh dugc cho
b&i phuaong trinh (56) dugc biéu dién nhu sau:

A(s)=det(sl; —A)

S -1 0
=det||-A,, s—A, -A,,
k, k, s+k,
(57)
By
-A -A
_{_AB (s+k) [k k]
Két qua la:
ey
_A21 S_Azz
A(s)=(s+k,) 0 0
- _A23k3 _A23k2
s+k, s+k,
(58)
s -1
=(s+k,) —A21+A23k3 s—A22+A23k2
s+Kk, s+Kk,
Ak Ak
=(s+k,) S(S_A22+ﬁj_A21+ﬁJ
Viét lai phuong trinh (58) thu dugc:
2, (8,40,)(kk; k)
0, —k,(6,+6,)
B (62+6)3)k12k2 S
s+k,)(6,-k,(6,+6
A(S):(S+k1) ( 1)( 2 2( 2 3)) (59)
. (6, +6;)kk,
0, —k,(0,+6,)
+(6, + 6, )kik,
(s+k;)(0,—k,(0,+6,))

Diéu kién da dé 8n dinh mat trugt c6 thé dugc xac dinh
bang céch chon cac théng s6 diéu khién {k,, k,, ks}, sao cho
cac da thuc A(s) la Hurwitz. SO dung cac tiéu chi Routh -
Hurwitz, thu duogc:

k >0 k,>0 .
0, -k,(0,+0,)>0 k, < 2

2 2( 2 23) hay 2 92+93
—(6,+6,)kik, >0

—(6,+65)k, >0
(6, +6,)kk, >0 (6,+0,)k, >0
Tém lai, tin hiéu diéu khién (47) véi diéu kién da (60)
gitp hé théng én dinh vé trang thai x = 0. Do d6, dap Ung
cla bién trang thai g, q, ti€n vé gia tri mong mudn q,4, 9uq
khi t tién ra vé cling.

(60)
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4. KET QUA MO PHONG

DPé quan sat hiéu suat cla bo diéu khién dugc dé xuat
dua trén nang lugng va bé diéu khién phi tuyén ché do
trugt (Sliding mode control), ching t6i da thuc hién mé
phong trén Matlab/Simulink. Ching t6i xem xét hé thong
vGi cac tham s6 0, nhu sau: 6, = 0,0799, 6, = 0,0244,

i,1<i<3
0, = 0,0205. Tham s6 b6 diéu khién dya trén cach ti€p can
nang lugng dugc st dung la: k, = 1, ky = 1, ke = 1, d6i v6i
hang s6 d6 cing k = 1 va d6i vai vi tri ban dau dugc khai
taola: q,=2n/3,9,=n/8,4,=0,9, =0.

Trong kich ban mé phong tha nhat, dap ing géc quay
cla ca hai khdp theo bod diéu khién PID va bd diéu khién
ché a6 trugt déu cé thai gian dap Ung tai thoi diém 4 giay
dugc thé hién ti hinh 2 dén 5. Trong khodng thai gian tir 0
gidy dén 4 gidy, nhan thay dap Ung cta bo diéu khién ché
dé trugt cho thay it dao déng hon so véi bo diéu khién PID.

Hinh 6 dén 9 biéu thi dap ing dau ra cla canh tay Robot
c6 khép ndi mém trong trudng hgp mé hinh ¢cé chira cac bat
dinh. K& qua mé phong cho thay dap (ing vuat tréi cta bd
diéu khién ché dé truct khi n6 c6 kha nang bén viing véi cac
yéu t6 bat dinh ctia mé hinh, diéu ma bd diéu khién PID chua
giai quyét dugc

q, - SMC

[3*]

0 5 10 15 20
Time (seconds)

Hinh 2. Dap ting gc quay cla khép dau

0.4
= 02
E
o
ll
LY
0.2 -
0 5 10 15 20
Time (seconds)
Hinh 3. Dap ting gdc quay clia khdp thir 2
0.5
Ty 0
B p
= =00
e f
—8_ -1 4 1 1
= 1
-1.5 dql - SMC
a As | — - -dq, -PD |
0 3 10 15 20

Time (seconds)

Hinh 4. Dap ting dao ham gdc quay khdp dau
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1 —_—dg, - SMC
L 2
= = =dg_-PD
= Ofrv
s
=z .0
=, |
c1:I
S
'
0 5 10 15 20
Time (seconds)
Hinh 5. Dép ting dao ham gdc quay khép thii 2
[ I = q, - SMC
2 | :
|l— —9,- PD
s 18
=
o3
E 1
=
0.5
.“- — —
0 — - — e
0 5 10 15 20

Time (seconds)

Hinh 6. Dap ting gdc quay cla khdp dau khi xem xét tdi tham so bat dinh

| ' —q,-SMC
0.4 —— —q.-PD
T 02
g
= 0
|I
- I
0.2
0 5 10 15 20

Time (seconds)

Hinh 7. Dap ting gdc quay clia khdp thi 2 khi xem xét ti tham so bat dinh

0.5
) 0 —_— = —_— == =
E
= -0.5
g /
= -1 41
o
-1.5 dq, - SMC
v
-2 b i M. it
0 5 10 15 20

Time (seconds)

Hinh 8. Ddp ting dao ham gdc quay khdp dau khi xem xét t6i tham so bat dinh

1 dq, - SMC
h = =sadg, = PD
) 0 ”—'l . l
: Y
= 1
A [
=" I
-2 L
t
0 5 10 15 20

Time (seconds)
Hinh 9.Dap ting dao ham gdc quay khdp thi 2 khi xem xét tdi tham s6 bat dinh
5. KET LUAN
Nghién ctiu thuc hién mé hinh héa chi tiét va diéu khién
Robot khdp mém 2-DOF. Véi dic diém Robot 1a hé hut co
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cdu chap hanh, vi vay bo diéu khién trugt dugc dé xuat st
dung két hgp st dung ly thuyét 6n dinh Lyapunov dé chiing
minh tinh én dinh cla hé théng gém ca khdp khong dugc
truyén dong. M6 phéng Matlab/Simulink dugc st dung dé
ki€ém tra tinh hiéu qua cta bd diéu khién trong trudng hgp
mo hinh c6 xem xét tGi thanh phan bat dinh. Két qua mé
phéng bo diéu khién dugc so sanh véi phuong phap diéu
khién dua trén Passivity cGa Robot, thu dugc két qua diéu
khién cai thién r6 rét dac biét khi hé théng anh hudng béi
cac thanh phan bat dinh.
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