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ROBOT HAN TU PONG
WELDING MOBILE ROBOT

Nguyén Thanh Phwong, Phan Van Hoan
Truwong Dai hoc Sw Pham Ky Thudt Tp. Ho Chi Minh

TOM TAT

Bai bdo dé nghi mét phwong phdp don gian ding trong han tw dong. Hé thong bao gom mot
robot di dong ba banh xe va mot bo dung cu han. Robot di dong dwoc diéu khién bcing bé diéu
khién on dinh don gian diea trén tiéu chudn on dinh Lyapunov. Két qua mé phong duwoe ding
dé kiém chirng dé on dinh ciia bé diéu khién. Thi nghiém da dwoc thwc hién cho thdy kha
ndng g dung ciia phwong phdp dé nghi.

ABSTRACT

This paper proposes a simple method for welding. The system includes a three-wheeled
mobile robot flatform and a tool for welding. A simple robust nonlinear controller design
method based on Lyapunov stability for tracking trajectory and velocity of welding. The
effectiveness of the proposed controller is shown through simulation and experimental results.

Tir khoa: Robot di dong, Lyapunov.

1. Giéi thiéu

Ngay nay, han duoc st dung rong rai
trong cac nganh cong nghip, dic biét l1a
cong nghi¢p dong tau. Vi moi trudong han
la mot moéi truong doc hai nén rat nhiéu
nghién ctru vé tu dong hoa qua trinh han da
dugc thuc hién véi muyc dich nang cao chét
lwrong han, nang cao ning sudt han va cai
thién diéu kién lao dong. Trong cong
nghiép dong tau, cac két ciu han thuong la
nhitng tim thép phang lién két khéi hop
v6i nhau nén ddy 1a mot trong nhimg diéu
kién 1y twong dé ap dung viéc han tu dong.
Theo hudng don gian va ré tién, bai béo
nay dé nghi mot phuong phap han ty dong
moi la st dung xe di dong ba banh.

Cac nghién ctu ['°! @& cap dén van dé
mo hinh hoa, diéu khién robot han di dong
hai banh va da ung dung thanh cong trong
phong thi nghiém. Tuy nhién dé tmg dung
vao thuc té, can o su cai tién vé hé théng
do cua robot. Trong robot di dong hai
banh, than robot dugc nang do boi hai
banh xe va hai bién bi d&. Do d6 robot tiép

xtc v6i mit phang nén qua bén diém. Khi
mit phiang nén khéng hoan toan phang,
robot s& lam viéc khong tot vi banh xe
khong tiép xuc duoc v6i nén. Didu nay co
thé khic phuc dugc khi ding robot di dong
ba banh.

2. M0 hinh h¢ thong.

Robot han ty dong (hinh 1) gdm: 1 robot
di dong ba banh (hai banh truyén dong doc
1ap va mot banh da hudng giir thing bang),
1 gid d& mang moé han co thé chuyén dong
theo phwong 1én xudng va vao ra, 1 binh
nhién li€u han.
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Hinh 1 M6 hinh Robot han

1.Cam bién do goc; @ Canh tay han
®),@ Mb to diéu khién hai banh tréi,
phai;



(® Piém can han; ® Cam bién do khoang
cach

Gi6i1 han han cia robot: Robot chi dugc
thiét ké dé han duodng tiép xtc giita hai d6i
tuong han thoa mén cac diéu kién sau:

e Hai ddi twong nay phai duoc dit
vudng goc voi nhau.

e Déi tugng dit theo phuong dung phai
c6 dang mat cong tron va c6 ban kinh
cong cua doan bat ky khong bé hon
khoang cach tir tim robot dén mit
cong nay.

e Di twong dat theo phuong ngang
phai c6 dang 1a mot mat phang.

Dé phuc vu cho viéc thiét ké bo diéu
khién, m6 hinh robot han tu dong duoc
dua vao mot hé truc toa do tuyét ddi
(xem hinh 2). Théng qua h¢ truc toa do
nay ta c6 thé dé dang tim dugc mbi quan
hé gitra cac thong so.

¥ Mt cong dimg

Fu

Hinh 2 Biéu dién mé hinh robot han trong
hé truc toa do tuyét ddi
Trong do:
(x,y): hé truc toa do tuyét déi [m,m]
r: ban kinh banh xe cua Robot [m]
b: khoang cach tir tam Robot dén banh
xe [m]
@: gbc nghiéng cua Robot [rad]
@w: goc nghiéng cua mat cong dung
[rad]
o W(xu,): diém can han[m,m]

Vé6i gia thiét 13 cac banh xe chi quay,
khong truot, phuwong trinh chuyén dong
ctia robot duoc biéu dién nhu phwong trinh
sau:
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[x cos¢d 0

y sing 0 [J] (1)
@ 0 1
Tuong tu ddi voi diém can han W(x,,y.,)
ta co:

" cosp,.

Vo | = | s w l [ )

b,
Phuong trinh duong thang t tiép tuyén
v6i mit cong dung tai diém W(xw,yw) c
dang:

(x —xw)sin@w- (y —-yw)cosw =0  (3)

C6 dugc phuong trinh tiép tuyén t tir
cong thuc (3) ta dé dang tinh duoc
khoang cach tir tAm Robot dén duong
thing nay:

= (x -xw)sinpw - (y -yw)cos@w
4) (4

Sai s0 e = [ey, e2]T duoc tinh boi cong
thure:
Voi:

e “1:sai s6 vé khoang cach tir tm
robot dén mat cong ding.

e ©2:saj sd vé goc giita dau robot
voi tiép tuyét cua mat cong dung
tai diém khao sat.

Van dé dat ra la phai thiét ké by dicu
khién sao cho e}, ¢; — 0 khi f — o
3. Thiét ké bd diéu khién.

Pao han phuong trinh (4), thé cac két
qua tu (1) va (3) vao ta duoc:

d=(i— i,)sing, + (x—x, Jw, . cosp,

(= v, Jeosp,. + (yv—y,)w, sing,,

= (x — x,)w,.cosd,
+(v =y, Jw,sing,, (6)
— vsin(¢ — ¢,.)
Mat khac:



i ) sing
Xx=-x,= d———————r
[t
l , cosg
y—1y, = —-d ———m—m—
! cos(., — 9)
Theé (7) vao (6):
d=dw, tan (¢ — ¢,.) — vsin(¢ — ¢,.)
(8) ,
Pao ham hai vé (5):
(ée,= d- d,
lé': = ¢- ‘E‘»‘

Suy ra:

{éi = dw,tan (¢ — ¢,.) —vsin(¢ — ¢,,)

€x = W — W,

Véid= e, = d,

fé’- = (e, + d,)w, . tan(e — @,.)
: —vsin(¢ — ¢,.) (9)
lé: = W oW
Chon ham Lyapunov c6 dang:
. 1 - l=cose, __
V= TerT T 2 0 (10)
Pao ham V:
V=ée, ~ L“ (11)
Thay cac gia tri €4, €.t (9) vao (11):
v =
st [ v ( )
k- sinea, vEy By :".2 w,, Case
Pé 1" = 0 ta chon luat diéu khién nhu sau:
v =,
..(w = k.eq [1‘.,_ - _L':E __,“] (13)

l — kysine. =

Thé v va wtir (13) vao (12):

V=—=:sin"e,<0

Ks

(théa man tiéu chuan 6n dinh Lyapunov)

eky = (w— )] | e2 = (122(0,0;,0,C)
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Vi : ky vak, = 01a cac h¢ so ciia ham
Lyapunov.
Tim duoc 1 va «, ta tinh duge van toc

hai banh xe phai va trai (o, ;) theo cong

thuec:
bir ] [ v ]
-b/r] lw

L‘J] [lr

4. Po luong sai sb.

(14)

0] phén trén e = [e;, e;/ r duoc tinh toan
dya trén mot hé truc toa do tuyét ddi do ta
khong c6 cam bién that. Trén thyc té thong
qua cac cam bién ta c6 thé d& dang do
dugc e = [e;, e;]” nhu hinh 3.

W(xw, yw) Mit cong ding

Ve

Hinh 3 Tinh toan sai sb
Dua vao hinh 3 ta tinh duoc:
e, = llcose.| +r, —d,

(15)

5. Két qua mé phéng, thue nghi¢m.

Chuong trinh mé phong duoc viét bang
phan mém Matlab phién ban R2010b. Mo
phong dugc thuc hién dua trén bang 56
liéu 1 véi quy dao két hop duong thing,
cung 1i, cung 16m.



5.1. Két qua mo phéng

Két qua mo phong bo didu khién robot
han dugc thiét ké & muc 3 theo bdng s6

liéu 1 dugc thé hién trong hinh sau:

X(m) sl Tes). i |

1
25 g &3 4 45 5 5A 1} 10 20 a0 40 50

e Hinh 4A: Két qua m6 phong sai sb e;
theo thoi gian.

e Hinh 4B: Két qua m6 phong sai sb e;
theo thoi gian.

e Hinh 4C: Két qua mé phong quy dao
di chuyén cua robot.

e Hinh 4D: Két qua m6 phong vén toc
hai banh xe theo thoi gian.

Hinh 4 M6 phong véi quy dao két hop

dudng thing, cung 161 va cung 16m.

Nhan xét :

Quan sat Hinh 4A va hinh 4B ta thiy
duoc kha niang hoi tu cua bo diéu khién da
thiét ké (e;, e; — 0 khi t — o). Hinh 4D
biéu dién su thay dbi cua van tdc hai banh
xe theo thoi gian nhung van téc trung binh
khong doi (thoa mén yéu cau robot di
chuyén vdi van tdc déu).

Két qquéqthuc nghiém.

bé kiém tra kha nang ung dung cua bd
diéu khién, tac gia da thi cong robot that
va tién hanh thuc nghiém kha nang hoat
dong cua robot nay trén hai dang quy dao
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la: quy dao tron va quy dao cong ngiu
nhién.
5.1.1 Thuc nghiém véi quy dao tron:

Hinh 5 thé hién két qua thyc nghiém voi
quy dao tron ban kinh 0.15 m.

Hinh 5 Thuc nghiém véi Iquy dao tron

Thuc nghiém véi quy dao ngau nhién:
Hinh 6 thé hi¢n két qua thyc nghiém véi
quy dao cong ngau nhién dai 2.3 m.

Bang 1 S6 liéu mé phéong

Ky Giai thich Gia | Don
hi¢u tri vi
vr Van tocAmong 0,06 | m/s
muon
Tham sb cta bd
k diéu khién 3
Lyapunov
Tham s6 cta bd
k> diéu khién 300
Lyapunov
Khoang cach mong
dr mudn ‘giﬁ:a} tam 0.18 m
Robot va mit cong
ding.
Khoang cach tur
b tam robot dén banh | 0.07 m
xe
r Ban kinh banh xe | 0.05 m




Hinh 6 Thyc nghiémvéri quy dao cong
ngau nhién
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6. Két luan
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