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Tom tat:

Bai bdo nay dé cap dén viéc rng dung thuét todn diéu khién bén virng cho hé chuyén déng tay may
Almegal6 & khdng gian khdép. Phuong phap diéu khién bén vitng trén tiéu chudn Lyapunov nay cb
diém manh 13 gidm thiéu céc tinh todn on-line, 6n dinh khi thém vao nhiéu ngoai, dong thdi khong
can biét trudc cac tham sd bat dinh ddng Iuc hoc va dam bao dudc 6n dinh tiém can. K&t qua dudc
biéu dién qua md phdng trén phan mém Matlab/Simulink cho thdy hé chuyén déng Robot ALmega16
da dap ¢’ng dugc yéu cau diéu khién,dam bdo sai s8 clia cac khdp quay va vi tri cia khdu tac dong
cudi nhanh chéng dat t6i khdng trong thdi gian qua d6 nho lam cho hé thdng kin 6n dinh.

T khoa:
Piéu khién bén viing, tiéu chuén Lyapunov, robot ALmega16.

Abstract:

This paper presents an application of robust control algorithm for the motion system of Almegal6
manipulator in joint space . The control method has strengths that minimize the on-line calculations
and is stable when external noise are added, and it does not need to know previously the dynamic
uncertain parameters and it guarantee asymptotic stability. The results are presented through out
Matlab/Simmulink simulations and show that the motion system of Robot Almegal6 satisfies the
control requirement: the cartesian position steady state errors of rotating joints and the last stage of
act upon quickly converge to zero within a short transient time, so that closed-loop system is stable.

Keywords:

Robust control, Lyapunov method, robot ALmegalé.

1. PAT VAN BE

Robot cong nghiép - robot Almegal6 la
mot d6i twong 6 tinh phi tuyén cao voi
nhiéu thong s6 bat dinh, chiu tac dong xen
kénh gilta cdc khdp véi nhau do la cac
nguyén nhan gay ra do sai léch bam quy
dao nén viéc nghién ctru nang cao chét

luong diéu khién chuyén dong bam quy
dao chinh x4c cua robot cong nghi¢p luén
duoc nhiéu nha khoa hoc trong va ngoai
nudc quan tdm [4, 5]. C6 nhiéu phuong
phap da nghién ctru va 4p dung diéu khién
bam quy dao cho hé chuyén dong cua tay
may cong nghiép va mdi phuong phip
dugc ap dung lai c¢6 nhimng wu diém va

44

S6 16



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

nhuoc diém khac nhau [6] va duoc ap
dung tuy theo tng dung cu thé, ciing nhu
tiy thudc vao bai toan kinh té can giai
quyét. Vi vay noi dung bai bao lya chon
dé cap toi van dé diéu khién chuyén dong
ctia robot cong nghiép 1a dé& xuit va tng
dung giai phap diéu khién ning cao chit
luong chuyén dong ciia robot cong nghiép
trong khong gian khép, diéu khién bén
vitg c¢6 uu diém 1a khong can phai biét
chinh xac thong s6 cua ddi twong, khi dbi
tugng thuc té lai c6 thong sb thay doi va
nhiéu khong xac dinh trong moi trudng
lam viéc.

2. UING DUNG THUAT TOAN BDIEU
KHIEN BEN VIPNG TRONG HE CHUYEN
DONG ROBOT CONG NGHIEP

2.1. Giéi thiéu vé 6n dinh bén virng va
o6n dinh bén virng bang phwong phap
Lyapunov cho tay may cong nghiép

Bo diéu khién bén viing c6 nghia 1a néu
c6 thé xac dinh dwoc mot mat truot va
dua ra gigi han vé d6 bat dinh cua md
hinh hé théng, tim ra mémen dé lai tin
hiéu sai s6 t6i diém giao cua mat trugt
[4]. Nhu vay bo diéu khién nay loai bo
dugc anh hudng tinh phi tuyén cia cac
khép bang cach dit momen hé thdng didu
khién chuyén dong cac goc khop toi tir
mit truot. Luat diéu khién nay ciing duoc
xdy dung dua trén tiéu chuan 6n dinh
Lyapunov.

Xuat phét tir phuong trinh dong luc hoc

tong quat ctia hé tay may cong nghiép viét
dudi dang [5]:
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7. momen dat 1én khdp i khi thuc hién
chuyén dong quay;

M: ma tran quan tinh;

C: vecto twong hd va ly tam;

G: vecto trong truong;

q: bién khép.

Tir d6 xay dyng luat diéu khién bén viing
theo Lyapunov nhu sau:

Luét diéu khién bén virng dugc dua vao
nhu sau:

T = M@V + C(,a)v + G(a) + Ksgn(r) (2)
Trong do:

Tg: momen diéu khién dat 1én khép i khi
thuc hién chuyén dong quay;
M(q),C(9,),G(q): céc thanh phin wdc
lugng cua M(q), C(q,d), G(a).
v=(qy+A(Qy—Qq)=q, + Ae

A > ma tran chéo, xac dinh duong
r=v-q

K: h¢ s6 “damping”, 1a ma trdn duong
chéo, xac dinh duong [4].

sgn(r) =[sgn(r),sgn(r,),....sgn(r,)1"

+1 néur >0
sgn(ri) = .
I |:: -1 néur; <0

+
T; néu r; >0

Ti = _ ,

Chon ham Lyapunov xac dinh duong:

7=M(q)§ +C(q,d)q + G 1 : -
(@3 +C(q,8)q+G(a) 1) VzerM(q)r: verM(q)merM(q)r
Trong do: 2 2
3
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Két hop (1) va (2) duoc phuong trinh
dong luc hoc kin cua robot nhu sau:
M(a)d +C(g,4)g + G(a)

=M(q)v +C(q,g)v + G(q) + Ksgn(r)

pat 4 =V M
" lb=v-g VA ce=c-c
G=G-G

Thé vao phuong trinh (4) ta dugc:
Mi + Cr + Ksgn(r) = MV +Cv +G

= Mi = MV + Cv + G — Cr — Ksgn(r) (5)
Do S:C(q,q)—%l\'/l(q) theo [4, 5] nén

I

C(q,4) _EM(Q) =0

Két hop véi (5), (6) ta dugc:
n

V=r" (Mv+Cv+G)- D k|r| (6)
i=1

Pé V <0 thita chon hé sb

Ki >[[Mv+Cv+G]; +n| véi m; >0

Khi do

Do d6 hé thong s& 6n dinh theo tiéu chuin
Lyapunov.

2.2. Vu nhwoc diém cua 6n dinh bén
virng bang phwong phap Lyapunov
Uu diém: B6 diéu khién nay ciing gidng
v6i bo diéu khién thich nghi Li-Slotine
[5], c6 nghia la ta khong can phai biét
chinh xé4c cac tham s dong luc hoc cua
robot ma van co thé on dinh dugc hé
thong, dam bao sai léch giita gia tri dat va
gia tri thuc giam vé 0 nhanh chéng, tir 6
6n dinh duogc hé théng ngay ca khi co
nhiéu tac dong vao.

Nhuwrge diém: Viéc xac dinh ving bao,
vung giéi han ma trong d6 hé thong on
dinh 1a rat khé khan va khong phai lac
nao cling xac dinh dugc, tham chi Ia
khong thé xac dinh dugc. Pé han ché
duoc nhuoe diém nay thi cach tdt nhat 1a
ta co thé két hop véi bo diéu khién thich
nghi vi bo diéu khién thich nghi c6 kha
nang xac dinh duoc su thay ddi cua vung
bao va do d6 ma h¢ thong c6 thé 6n dinh
duoc [4, 5].

. n d)\ A t , 5 A A kh-l A
VS_Zﬂi|ri|<0 7) SE)’ ohcau 1"uc cia bd diéu khién bén
—~ virng nhu sau:
| Ksgn(r)
dg-94-9q v=QgtAe Tak q.q
V=Gg+Ae Robot
Plr=¢+Ae
'y My+Cv+G

l

Hinh 1. So’ d6 céu truc cua luat diéu khién bén virng

Trong do
g: Goc khép thuc;

§: Van téc khop thuc;

e: sai s6 cua cac khép quay.
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3. NG DUNG THUAT TOAN BIEU
KHIEN BEN VIPNG TRONG HE CHUYEN
DONG ROBOT ALMEGA 16

3.1. Xay dwng mé hinh hé chuyén
dong robot Almega trén phidn mém
Matlab Simulink

DPé ap dung thuat toan diéu khién bén
viing theo phuong phap Lyapunov ta sur
dung phuong trinh dong luc hoc cua ddi
tuong chon diéu khién tay may Almega
16 véi 3 khop (khop 1, khdp 2, khop 3)
da thiét 1ap & [6].

Thong sé cua robot Almega 16: Do tong
khéi luong cta tay may Almega 16 1a
250 kg va dya vao s6 liéu cua 3 khép nén
ta c6 thé tinh duoc gan dung cac thong sb
co ban cta 3 khdp nhu sau [6]:

hy =67 [kg]; M, =52 [kg] ; 5 =16 [kg] ,
i, =0,1[m],4,=0.065; 45=0,047

Tur viéc tinh toan tham s6 va khao sat hé
thong bang phan mém Matlab/Simulink
va Matlab/Simechanic, két hop véi bang

MATLAB
Function
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tham s6 cua bd didu khién bén vimg
(bang 1) duoc md phong biéu dién nhu
hinh 2.

Trong do:

g, ¢, Dyna: cac ham tinh ma tran G, C, va
ham dé tinh{;

Inl, In2: 1an luot 14 cac gia tri dat cac bién
khép va cac gia tri thuc cua cac bién
khap;

Controller: bd diéu khién bén viing (bd
diéu khién nay duoc tinh nhu & phuong
trinh sd (2).

Bang 1. Tham sé cua bd diéu khién

Ky | Tén tham Gia tri tham s cac truc
hiéu SO khép
Hésé _ _ _
K “damping” K]_ - 31 K2 - 31 K3 - 3
Ug, = 2.5(rad),
0y | Giatridit | dg, =25(rad),
Ug, = 2.5(rad)
Ma tran
duong

25

25

8t
) al !
=
——

A\ 4

qd2 In2 Dyna

controller

25

MATLAB

MATLAB
Inl Functlon
Outl

Functlon

t

Hinh 2. M6 hinh Simulink mé phéng luat diéu khién bén virng
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3.2. Két qua mé phéng

3.2.1. Két qué mé phéng trong truwong
hop khéng cé nhiéu téac déng

ol le ; i
i s \*h k=
L neso
1 ‘U 02 0.4 0.8 0.8 1
Time &)
k=3
r,=50

Hinh 3. Sai léch 3 géc khép
khi khéng c6 nhiéu tac déng

3.2.2. Két qué mé phéng trong trwong
hop c¢6 nhiéu nhé tac déng
Nhiéu ngoai la vécto nx1 chua biét, duoc
xac dinh: ”Td || <d, d: ham v6 hudng
khong doi, duoc tinh trong truong hop tay
may cu thé. Gia tri nhidu nho tic dong
chuyén dong 3 goc khdp duoc chon la:
2sin(10t)
T4 =| 2sin(10t)
2sin(10t)

» Quy dao dat la ham 1(t)

3

<, pal
e 25
QZS
g ]
215 /\ﬂ k=3 1%, /\q; k; =3
I=30 T,=50
1
0 CE 0z 03 04 05 1
incta 0 CE 0z 85 o4 08
/q
25
S
b ky=3
s U 3
=50
1

a o1 02 03 04 05
Time (s)

Hinh 4. Sai léch 3 goc khép
khi ¢6 nhiéu nhé tac déng

3.2.3. Két qué mé phéng trong trurong
hop c6 nhiéu tic dong Ién

Gi4 tri nhidu 16n tac dong chuyén dong 3
g6c khép duoc chon la:

[1000sin(10t)

T4 =| 1000sin(10t)

| 1000sin(10t)

= Quy dao dit I3 ham 1(t)

15 10

. ENEDA el I A
5|4 \.
NI G N D i
H N X 5 D’\ .................... \\ .......
S 0N - \ <
: ’\ k=3 N k,=3
oo 7 Ti=50 \V/‘ = r,=50 TN
0 02z 04 06 08 1% 02 04 06 08 1
Time (s Tinse ()
15
I LAY
4,
i | W N H\ ..............
H s £.. P 4
g ’ "1 k3:3 l‘k /
S os I,=50 -/
10 02 04 06 08 1
Fims (s)

Hinh 5. Sai léch 3 géc khép khi c6 nhiéu
tac dong I&n véi quy dao la ham 1(t)

Nhin xét: Tir két qua mo phong phuong
phap diéu khién bén viing & trén véi robot
Almegal6, (hinh 3, hinh 4, hinh 5) cho
thdy 1a bo diéu khién nay chi c6 kha ning
6n dinh hé thong trong mot ving bao nio
d6 clia cac thanh phan trong phuong trinh
dong luc hoc (1), [4]. Trong ving bao do6
thi dii ¢6 nhidu tac dong thi hé thong van
on dinh, sai léch goc khop giira gia tri dat
va gia tri thuc khong tién vé 0, va khong
xudt hién dao dong. Con ngodi ving bao
gidi han d6 thi bo diéu khién bén viing
khong on dinh dwoc hé thong, sai léch
khong tién vé 0 ma dao dong rat manh.
Mo phong trén trong trudng hop cé nhidu
16n tac dong thi khong co bat ctr tham sd
ndo clia by diéu khién co thé lam cho hé
thong 6n dinh (hinh 5). Diéu nay din dén
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viéc khé khan khi ap dung vao hé thong
robot that vi khi robot hoat dong thi co
nhiéu tidc dong va nhiéu nay khong duogc
x4c dinh chinh x4c dan dén s& c6 luc vugt
khoi ving bao gy ra mat on dinh cho hé
théng, [4].

4, KET LUAN

Bai bao dé cip dén van dé ching minh lai
thuat toan diéu khién bén ving bang mo
hinh m6 phéng cho robot Almegal6 trong
khong gian khép dé tir d6 thay rang: Pam
bao chét lugng bam chinh xac quy dao ma
khong phu thudc vao tham sd hing bat
dinh cua m6 hinh déng lyc hoc (1) va
chiu tdc dong cac thanh phﬁn xen kénh
gitta cac truc khép (C(g,4)q). Uu diém
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ctiia phuong phép diéu khién 13 viéc giam
dang ké khéi luong tinh toan online so voi
phuong phap diéu khién thich nghi [6],
gitp hé thdng nhanh chéng on dinh dam
bao tinh thoi gian thuc trong xir 1y didu
khién 1a rat quan trong véi cac hé thong
cong nghiép ndi chung va 1a yéu t6 quyét
dinh d6i v6i kha ning dap tng cac yéu
cau cong nghé cua robot thé hé moi noi
riéng. Tuy nhién viéc tinh todn chinh xéc
cac ving bao, giéi han trong diéu khién
bén vimg ciing gip nhiéu kho khan, doi
khi khong thé thuc hién duoc. Qua d6 c6
thé duc két kinh nghiém thiét ké va tng
dung thuat toan diéu khién bén ving phu
hop cho hé chuyén dong tay mdy cong
nghiép (TMCN) nhiéu bac tu do.
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