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HE THONG PIEU KHIEN BAM QUI PAO CHO ROBOT HAN TU HANH
TRAJECTORY TRACKING CONTROL FOR SELF-PROPELLED WELDING ROBOT

Nguyén Manh Tién, BUi Vin Hanh, Nguyén Danh Huy, Nguyén Thi Lién Anh
Truong Dai hoc Bach khoa Ha Ngi

TOM TAT

Nghién ctru thiét ké va ché tao robot han da dwoc quan tam trong mot sé ndm gan day nhdm
muc dich chd déng ché tao sén phdm trong nwéc véi gia thanh thép so véi ngoai nhdp. Nganh déng
tau & Viét Nam véi nhitng buéc phat trién méi doi héi sw st dung céc robot han tw han. Bai béo trinh
bay moét sb két qué nghién ctu vé hé théng diéu khién robot han tw hanh va xay dung md hinh toan
hoc téng quét ctia co' cdu robot han tw hanh. Vi ti s truyén hép truyén 16n,mé hinh phan ly cho hé
thong truyén déng-co cdu chuyén déng ciia md hinh robot han duwoc xdy dung trén co S& coi thanh
phén mé men phi tuyen va rang budéc ctia hé théng chuyén doéng la nhiéu véi chuyen déng mot khop;,
xay dung hé thong diéu khién hé théng truyén déng véi 3 mach vong diéu khién va tong hop tham s6
céc bé diéu khién dong dién, téc do déng co va vij tri tay robot dua trén céc tiéu chuén toi uu. Céc két
qud mé phéng qui dao chuyén dong ctia co cau robot duroc minh hoa.

ABSTRACT

A research, design and production of the welding robots have been interested in recent years
for a purpose of producing them with lower price than the price of imported ones. With new
developments, the shipbuilding industry in Vietnam has required a large number of self-propelled
welding robots. This paper introduces some research results of trajectory control system of self-
propelled welding robot for the shipbuilding industry . The paper presents generally mathematical
model of self- propelled welding robot. With the high gear reduction ratios of the robot mechanism, the
components of nonlinear interacting term of the robot are treated as disturbance for the single joint.
On the basis of this, the decoupling model of robot drive system is built. The servo control system with
three control loops including the motor current and speed loops as well as end-effector position one
are designed and parameters of the current, speed and position controllers are synthesized based on
optimal criteria. Some simulation results of self propelled-welding robot trajectories are illustrated.

I. MO PAU mod hinh toan hoc doc 1ap cho mdt khdp robot,

Robot han tw hanh déng vai trd quan khi coi thanh phdn mé men phi tuyén rang budc

trong trong cong nghi€p dong tau thiy & Viét
nam v6i su gop phan ning cao ning sudt va
chat lugng san pham. Cac nghién ctru, thiét ké
va ché tao robot han tu hanh d4 va dang duoc
thuc hién nham tao co sé cho ché tao trong
nudc robot han dap tng nhu ciu cong nghiép
dong tau & Viét nam voi chat luong cao, gia
thanh thap so v6i ngoai nhap.

ciia hé théng chuyén dong robot 1a tin hiéu
nhidu tai d6i voi chuyén dong mot khép. Hé
théng didu khién chuyén dong mot khop duoc
thiét k& v6i 3 mach vong diéu khién dong dién,
tbc d6 dong co va vi tri dau han. Hé théng diéu
khién don gian, dé thuc hién trong thyc té do
céc bo diéu khién chuyén dong ciia khép co thé
duoc thiét ké doc 1ap, khong phu thudc vao
L, tham s6 cac khop 1an can dam bao d¢ chinh xac
Bdi bao s& trinh bay mot so két qua di chuyén cta dau han theo yéu cau cong nghé
nghién ctru vé hé thong di€u khién cua robot han.
han ty hanh. Dya vao hé thdng co khi ctia robot
han ty hanh, s& xdy dung mé hinh toan hoc tong
quat co cdu robot han. Co ciu robot c6 ti sb
truyén bo truyén kha 16n, anh huong rang bude
giita cac khop va tinh phi tuyén cua hé théng
chuyén doéng nho. Trén co s do, s& xay dung

Bai bao gdbm 4 muc : Mo hinh co céu
robot han ty hanh , m6 hinh toan hoc co cau
robot , hé thong diéu khién doc 1ap mot khop;
va két qua mo phong qua trinh robot di chuyén
theo qui dao han dat trudce.
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I1. CO CAU ROBOT TU HANH

Robot han ty hanh véi co cau di chuyén
bao gdm 4 truc vai cac chuyén dong dé han céac
mdi han leo gidp mdi khi ghép nbi tong doan vo
tau thuy nhu mo ta trén hinh 1 va hinh 2 13 anh
co cAu robot han tu hanh.

Truc thi nhat di chuyén dau han theo
truc y, truc thir hai di chuyén dau han theo truc
X, truc thir ba di chuyén dau han theo truc z ¢
phuong vudng goc voi than tau , truc tha tu co
chirc ning lic dau han ngang duong han theo
d6 rong can thiét duong han. Trong d6 3
chuyén dong theo cac truc x,y,z duoc phdi hop
dé tao thanh quy dao chuyén dong cua déu han
bam theo mép han trén than tau.
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Hinh 1. M hinh co cdu robot han tw hanh

Hinh 2. Hinh dnh co cdu robot han tu hanh

I11. MO HINH TOAN HQC ROBOT

Hinh 3 mo ta hé toa do va cac thong s6
ciia co cau robot. Coi khdi lugng thanh ndi
robot tip trung tai cac diém cubi cac thanh ndi
tuong tng.

Hinh 3. Mo ta dong hoc co cau robot

Trén hinh 4 mé ta co ciu chuyén dong
cua mot khép robot han. Péng co P 1a dong co
Secvo xoay chiéu duoc cép dién tir bo Diéu
khién secvo (PKSV) s& truyén chuyén dong
cho truc vit TV thong qua bd truyén luc, co cAu
khép robot chuyén dong tinh tién voi tbe do Vs
nho hé théng truc vit vai budc rang S,.

Khép RB

o in O .
o v TV
Vs

Hinh 4 . Co cdu chuyén déng ciia khép robot

*

Phuong trinh dong lyc hoc cua co ciu
robot han ty hanh dugc viét & dang tong quat
[1, 2] nhu sau :

M =H(@)g+V(g,9) +G(q) (1)

v6i cac ma tran thanh phan c6 dang :

m, +m, 0 0
H®@Q) = 0 m+m,+m, O
0 0 m,
0
vV@gq)=0 ; G@=| 0
m,g
a=[xy.z]'

My, M, M : Tuong tng la khdi luwong cac thanh
noi 1, 2, 3.



TAP CHI KHOA HQC & CONG NGHE CAC TRUONG PAI HQC KY THUAT & SO 74 - 2009

DPong co truyén dong cac khép co ciu
robot 1 cac dong co dong bd nam cham vinh
ctru. Theo [3], phuong trinh dién ap stato dong
co khép i duoc viét & dang :

U.=R.i.+L dls'+j g
dt

N SISl si

. ()

O ché do diéu khién goc md men & duy
tri 90°, m6 men dong co khép i duge viét &
dang:

3

Mgy ==

Di 2

Phuong trinh dién 4p stato (2) dugc viét
0 dang toan tir laplace:

Ui (p) = R+ Tgp) 15 (p) + Yoo (P)  (4)
Twr (4) dong dién I dugc xac dinh theo :
= Us|(p) - p| s|(p)
° Rsi(1+ sip)

Tu (1), phuong trinh mé men mét khop
robot han dugc vict ¢ dang :

Mi = Hiiqi +Gi(q) (6)

Thanh phan H; ¢6 thé viét tach thanh hai
thanh phan :

H; =H,; +AH; (7)

P, oilesi = Kl @3)

pi ' gsi mi " si

()

. Trong do: Hyji — Thanh phan chi chira cac
hang s6 khop 1.
o AH;i — Thanh phan chira céc
hang s0 khop khac i va bién khop.
Khi d6 (6) duoc viét & dang :
M; =H,;d; + [AHiiqi + G.(G)] (8)
Thanh phan dau ciia m6 men khép (8) chi
phu thudc vao tham s6 hang s6 khop i, thanh

phan thir hai biéu thi sy rang budc giita cic
khép va su phi tuyen cua robot.

M6 men khép robot qui dbi vé truc dong
co 0 dang toan tir laplace c6 dang :
M (p) = K, Hoip7, () + [AH, %0, (p) + G, @) ]
(9)

Ky A'i
N Ko Kgi ai [ 1 1 _q"
Rsi(msip)”?_' e s
Te L

cl

Hinh 5. So d6 cdu triic hé thong truyén dong
khop robot

Mb hinh toan hoc co ciu dong co — robot
ciia mot khép dugc md ta bang cac phuong
trinh (3), (5) va (9) duogc trinh bay trén hinh 5.
Trén so d6 hinh 5 :

Mg = Moi"" Kgi[AHiiqi +Gi(q)]
can hé truyén dong khop i.

- M6 men

Moi - M6 men ton hao trong hop truyén

V. . \ \

Ky =—L- Hé s0 truyén tir truc vit vé truc
;

dong co.

Jsi=Jdp + K;iHoii - M6 men quan tinh téng qui
doi ve truc dong co
- Téc do cua thanh ndi robot (mny/s).
oi- Téc d6 quay dong co.
Joi — M6 men quén tinh dong co khop (Kgm?)

M6 men can biéu thi su rang budc phi
tuyén gitra cac khop. Do hop giam toc cua cac
khdp robot han co gia tri 16n, nén hé sb truyen
Kgi nho, ¢6 thé coi thanh phin md men biéu thi
su rang budc giita cac khép 1a thanh phan nhleu
ctia khop i. Nhu vdy mé hinh robot s& gom 3
hé théng doc 1ap nhau. Didu d6 cho phép d&
dang tong hop hé thdng diéu khién cac khép.

IV. HE THONG PIEU KHIEN MQT KHOP

So db hé thdng diéu khién phan hoi dién
hinh cho mét khép duge thiét ké c6 dang nhu
hinh 6. Hé thong diéu khién gdbm 3 mach vong
diéu chinh dong dién, téc do va vi tri khop voéi
3 bo diéu khién twong ung la Ry(p), Ru(p) va

Ro(p). Cau trac bo diéu khién dong dién, toc do
duoc téng hop theo cac tiéu chuan tdi wu c6

1+Tp . R, (p) = 1+4T,p
2K0,T, 2K T

0w ~ 0

dang: R,(p) =
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Ro(p) =~

_ 10
2K,T, (0

Trong d6 : T=L¢/Rs- H::ng sb thoi gian stato.

Ko , Koo Kop — Tuong tmg 1a hé sb
khuéch dai hé¢ ho mach vong dong dién, toc do
va vi tri.

P .
. < Usl(-) dy |0
qi i 1/Rsi 1 1 K i i
_Q_’Rpi(p "C“}'R@i(l? ?"(p)_’(l+'lzip) : (O o M pg-q»q
) S 6
K, |
L+ Tp)
Kmi P
(1+Twip) X
Ko [
@+Tup) |
Hinh 6. So' d6 hé thong diéu khién cho mét khop
K.K. K K,K doc theo truc x, z tir vi tri ban dau A(Xo,Yo,Zo)
Ky =—2—; o = T2 o = L dén vi tri B(Xe,YeZe) VOi toe do han dat trioc.
Rs KI‘]Z Kcu

Tor » Towr Top— Tuong tmg 1a hiang s6 thoi gian

nhd cua mach vong dong dién, toc d0 dong co
va vi tri dau han robot :

Tol = TB + TI ; Tom = 2Tol + Tm ; ToP = 2Tou) +TP

Tham s6 cic bd diéu chinh cic hé théng
diéu khién khép duge tinh toan theo cac thong
s6 cua timg khop.

Bang 1 liét ké cac biéu thic tinh cac thong
s6 cla cac khép robot han ty dong. Gia tri cac
thong s6 co cau chuyén dong cic khép duoc
trinh bay ¢ phan phu luc.

Bdng 1. Cdc biéu thire tinh todn théng sé khop

K| K, I Mo

11 s, Jar Mg, + K2, (m, +m,)%
2

2 ﬁ \]d2+K§2m2 M,, + KZ,(m, +m,)y
iTL

3 Sos Jgs + Kgsms M; + Kg2;3m39
2ip T

V. KET QUA MO PHONG

Robot han dugc md phong khi thuc
hién chuyén dong dau han theo qui dao hinh sin

10

Thong s6 m6 phong duoc trinh bay ¢ phan phu
luc. Két qua mo phong dugc trinh bay trén hinh
7 va 8. Hinh 7, 8 1a qui dao chuyén dong cia
dau han trong mit phing xy va zy. Trén d thi
hinh 7, 8 duong nét dut 1a qui dao dat, duong
nét lién 1a qui dao di chuyén ciia dau han. Hinh
9 trinh bay sai léch vi tri doc theo céac truc X, y,
z.

Nhan xét : qui dao di chuyén cua dau han
bam kha chinh xac qui §30 giét, chi khac qui dao
dat ¢ khoang di chuyén dau do qué trinh qua
do.

Truc ¥ (mrm)

“n 5 o 15 200 25 30 3 40 45 BD  E5
Truc y (rm)

Hinh 7 . Qui dao di chuyén cia dau han trong
mdt phang Xy

+ Puong nét dut la qui dao dat

+ Puong nét lién la qui dao thire
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dam bao d¢ chinh xac di chuyén cao theo qui
dao dat. HE thong diéu khién dugc de xuat don
gian, khoi luong tinh toan nho va dé thuc hién
bang cac thiét bi diéu khién servo trong thuc té.
PHU LUC

? Bdng 2. Tham s6 co khi ciia robot
. Truc | m(kg) i S (Mm/vg)
X | 60 100 25
: Y 5.0 100 Rp=14 mm
3 I | I I I I I I I I Z 2.5 100 2,5
. ey . Bdng 3. Tham s6 déng co dién
Hinh 8 . Qui dao di chuyén cua dau han trong
mat phang zy:
+ Duong nét diit la qui dao dat Truc P n J , Ko Ke
+ Duong nét lien la qui dao thuc (W | (valp | (kgm?) | (e (VI1s)
o o ) | h
NI ANYANN ANV X |100 [3000 |0.67.10° | 032 | 0.21
ViR VAN Y | 100 [ 3000 |0.67.107 | 032 | 0.2l
I T Z | 50 [ 3000 |0.4210° | 0.16 | 0.8
gmﬁ IR N N T N N N Bdng 4. Tham s6 B diéu chinh
8 B Truc | Tham | Dong | Técdd | Vitri
O A 6 | dien
NN N N / K. | 33733 | 0.067 | 9666
<N <N X T(s) | 00223 | 1.3
B T K. | 3.3733 | 4.9034 | 137.36
Hinh 9. Sai léch chuyén dong doc theo cac truc Y T(s) | 0.0223 13
XY,z K, 2.1191 | 0.0163 4833
) i z T | 0.007 1.3
VL. KET LUAN
’Vc'ri mo hinl} toan hoc doc lap cua khop,
h¢ thong diéu khién phan ly voi 3 mach vong
dicu khién cho tirng khdp robot han ty hanh d&
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