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TOM TAT

Robot han mach in tu dong hién dugc st dung phd bién trong cic déy
chuyén |3p rdp mach in. Mgt trong nhiing yéu cau khat khe ctia diéu khién vi tri
mé han cla robot la: diéu khién chinh xac véi d sai s6 thap, toc dd di chuyén dau
han nhanh dé gidm thi gian gia cong. Trong bai bao nay, ching t6i phat trién
phuong phdp diéu khién canh tay Robot han 4 bac tu do st dung cac dong co
budc véi cong nghé diéu khién vi budc ki€u tua hudng tir trudng két hop véi toi
uu truyén dong gilta cac khép nham nang cao do chinh xac va hiéu sudt gia cong
han mach in. Hiéu qué cia gidi phap diéu khién dugc minh chiing thong qua két
qua md phdng hé thong trén phan mém Matlab&Simulink.

Tir khod: Robot han, dong ca budc, mach in.

ABSTRACT

Printed Circuit Board soldering robots are now commonly used in PCB
assembly lines. One of the strict requirements of robot torch position control is:
precise control with low error, fast welding head movement speed to reduce
machining time. In this paper, we develop a method to control the welding robot
arm using stepper motors with magnetic field-oriented microstepping control
technology combined with optimal transmission between joints to improve
accuracy and efficiency of printed circuit welding. The effectiveness of the control
solution is demonstrated through the results of system simulation on
Matlab&Simulink software.

Keywords: soldering robot, step motor, PCB.
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CHU VIET TAT
PCBW Robot Robot han mach in
PCB Mach in
DAF B6 diéu khién thich nghi truc tiép
1. GIGI THIEU

Robot han mach in ngay cang dugc st dung phé bién
trong hé théng day chuyén ldp rap mach PCB. Cau truc
truyén déng clia robot nay thudng té chic thanh hé 3 hodc
4 bac ty do trén nén tang st dung dong co budc. Khé khan
chinh d6i véi qua trinh diéu khién la: 1) dam bdo dich
chuyén chinh xac vdi sai s6 ¢& 0,02mm; 2) phéi hgp chuyén
déng gilta cac truc mot cach t6i uu dé gia tang t6c do gia
cong; 3) tuyét d6i an toan, khéng xdy ra hién tuong troi
budc mat diéu khién. Phan 16n cac hé truyén déng st dung
déng co budc déu 1a diéu khién vong hd vai ky thuat diéu
khién toan budc hodc nlta budc. Uu diém cda gidi phap
trén 1a don gian, tuy nhién nhiing van dé ky thuat c6 thé
nay sinh trong hé théng trén bao gém: sai léch cao, c6 kha
nang mat kiém soat do troi budc diéu khién. D€ gidi quyét
van dé trén, trong hé bai toan diéu khién truyén dong cho
Robot han mach in nay, ching téi sir dung giai phap diéu
khién vong kin két hgp véi t6i uu héa phéi hgp chuyén
dong gilia 3 bac tu do trong hé. Ciu trac diéu khién bao
gém 2 mach vong xt ly. Mach vong dong dién s dung
c6ng nghé diéu khién vi budc dua trén phuong phap diéu
khién tua hudng tu trudng. Mach vong vi tri st dung giai
phap diéu khién ma thich nghi truc tiép. Két qud mé phéng
cho thdy, hé théng hoat déng 6n dinh, sai s6 tinh nhé, dap
Ung chuyén déng nhanh dam béo cac yéu cau ca ban cda
mot hé truyén dong Robot han mach in.

Néi dung chinh bao gém cac van dé nhu: 1) gidi thiéu
cau tric hé théng; 2) thiét ké giai thuat diéu khién; 3) két
quéa moé phong; 4) danh gia va két luan.

2. CAU TRUC TRUYEN PONG CUA HE ROBOT HAN MACH
IN

C4u trdc clia hé théng truyén dong Robot han PCB mo

ta trén hinh 1. Hé théng bao gom 4 truc tu do dugc diéu
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khién bang 4 dong cac budc. 3 ddng co budc thuc hién diéu
khién 3 truc (x, y, z) trong khéng gian hoat déng. Truc tu do
thit 4 dung dé diéu khién xoay dau mé han. Trén thuc té
viéc diéu khién chinh xac vi tri mé han chi phu thudc vao
viéc diéu khién 2 truc tu do (x, y), truc z va truc thit 4 khong
déng vai trd chinh yéu trong diéu khién vi tri han.
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Ddng co budc 2 pha
Hinh 1. Khéi hinh PCBW Robot va dong co budc 2 pha

Mbi mot bac tu do st dung dong co budc va cau tric
truyén déng vit me-thanh trugt. Cau trdc nay cé uu diém

M6 hinh dong co budc hai pha:

(B R K e
! T Lla+ 3 wsin(pd) + L

dib _ R Kt Vb (1)
LE =-{h- rwcos(pd)) + T

Te = Ki[—izsin(pd) + ipcos(pd)]

Phuang trinh can bang déng luc hoc:

dw

o

Trong d6: L la dién cdm cudn day, R |a dién trd cudn day,

iy Ips Vo V,, la dOng dién - dién ap chay clia cuén A va B; w la

téc do goc truc déng co, ¢ la goc truc dong co, K, la hang sé
momen, K; |a hé s6 ma sat, p la s6 cuc clia déng co.

=T, — Kfw — Fesin(4pd) — Ty, ()

S dung phép chuyén déi hé truc toa dé ¢é dinh sang
hé truc toa do quay (d,q) véi téc d6 quay ¢, = pd va
phuong trinh chuyén déi gitta hé toa do c8 dinh va hé toa
do6 quay nhu sau:

{a = dcos(dpe) — gsin( Ppe)

b = dsin( ¢p.) + qcos( d.) (3)
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Trong d6 a, b la cac bién trong hé toa dé c6 dinhvad, q
la cac bién tuong ting trong hé toa d6 quay (d, q). Theo [1,
2] thi so d6 cau tric hé cta dong ca budc trén hé truc toa
do quay (d, g) dugc moé ta nhu trén hinh 2.

Hinh 2. Mé hinh ddng co budc trén hé truc toa dé quay (d, q)
3. GIAI THUAT DIEU KHIEN
3.1. Gidi thuat diéu khién vong kin

C4u truc diéu khién déng co budc theo kiéu vi budc voi
cdng nghé tua huéng ti trudng bao gébm 3 mach vong
diéu khién: mach vong dong dién, mach vong téc d6, mach
vong vi tri dugc mé ta nhu trén hinh.

Da6i véi vong diéu khién dong dién, st dung cdu trac
diéu khién decoupling két hop vdi bo diéu khién Pl (hinh 3).

Js+K, [T

sin()

Hinh 3. Vong diéu khién dong dién

Tham s6 bo diéu khién dong dién tinh theo (3). Trong
do t} la thai gian xac lap cia mach vong dong dién.
3L 3R 1
PI(S)=E+EXE 4)
Tu dé, gia tri diéu khién ug va ug dugc xac dinh theo (4)

ug(® = 3t—R fo t iz = iq(®) dr

3R ) )
+ s (1;(1) — 1q(r)) + pLo(®)ig(t) + Kiw(t)
3R [t )
ug(t) = —Efo ig(Ddr

3R, )
- E lq (T) - pr(t)lq (t)

Thiét ké vong diéu khién vi tri: Néu chon thdi gian xac
lap cta mach vong dong dién rat nhé so vai thai gian xac
lap ctia mach vong téc dé/mach vong vi tri. Diéu do cé
nghia c6 thé bé qua tinh quén tinh cda mach vong dong
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dién, khi d6 mach vong dong dién dugc xem nhu la mét
khau khuéch dai. Lac nay, mé hinh déi tugng diéu khién sé
la khau bac hai. Cac théng s6 momen luc can T, va T, dugc
coi 1a nhiéu. Theo [4, 5] thi c6 thé ap dung gidi thuat diéu
khién mg thich nghi truc ti€p (DAF) cho d6i tuong dong cd
budc. Viéc 4p dung luat diéu khién DAF vao trudng hop nay
6 |gi thé |a van cd thé diéu khién t6t déi tugng khi tham s8
Jva K; chua dugc xac dinh ré rang.

-——== T,
T T &
DAF FuzzysystTem N ko I, K e 1 _‘w 1 ¢»—>
u(x|0) =07¢(x) [ Js+K, s
controller 2 | -
A B == I
— =0 & | i FJesin)
Initial Adaptlve rule | <) ¢ —
condition |3
0(0) *—repé(X) o
et ymgm,é: |x-t44
point

Hinh 4. Vong diéu khién vi tri st dung b diéu khién thich nghi truc ti€p DAF

B6 diéu khién DAF dugc thiét ké cho déi tugng dong co
budc téng quat nén cac théng sé nhu Kf, J... Theo [4, 5] c6
thé st dung moét hé théng ma Takagi-Sugeno (T-S fuzzy
system) dé udc lugng tin hiéu u(x|0) xap xi véi luat diéu
khién t6i uu u* (chu y: x = [x1, x2] = []la vector trang théi va
0 la vector tap gia tri cac luat ma). Khi dé hé théng ma T-S
dugc mé ta bdi luat diéu khién nhu sau.

Néu ¢ 1a SPiva ¢ la SVj thi u;; = 6;;

Trong d6 SPi (1 <i<m)vaSVj (1 <j<n)lanlugtla cac
tap ma clia bién &, ¢ va dugc ma hda bai cac ham thudc
uf’ va ujd’. SU dung luat hgp thanh tich, mo héa singleton,
gidi m& theo phuong phép trung binh trong sé, ta co gia tri
dau ra ctia hé ma theo (6).

in1 Zjn—l eij H? lljd)

u(x|0) = (6)
in1 Xij= T u,

Dinh nghia: @ = [0, 05, ..., 0}xnl T va

§(X) = [0, 85, s Emxnl "

Trong dé:

* | i
0 +mG-i) = Oijj S+mG-1)) = ()
inq Xij= T u

Do d6 (6) viét gon lai dudi dang.
u(x|6) = 87¢(x) 8)
Véi 0 1a vector théng s6 ctia bo diéu khién ma va E(x)la
vector cap nhat théng sé. Theo [5] dé u(x|0) xap xi u* va hé
thda man tiéu chudn 6n dinh Lyapunov, thi vector 8 dugc
cap nhat theo phuong trinh (9).

t
o) = f v eT(O)p,E(x(1))dt + 6(0) (9)
0
Trong d6 v la hang s6 cdp nhat duong, p,la cot cudi clia
ma tran P, vGi P théa man phuang trinh Lyapunov (10).
ATP + PA = —Q (10)
Q la ma tran déi xting xac dinh ducng.
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3.2. Phéi hop chuyén ddng giira cac bac tu do

Méi mét truc dich chuyén dugc gan vai truyén dong clia
mét dong co budc. Vi vay, quy dao chuyén dong trong
khong gian ctia dau han dugc hinh thanh dua trén su chuyén
dong cla 3 truc tu do x, y, z. Phuong an diéu khién chuyén
dong la phéi hgp chuyén déng song song déng thai hai truc
xy. Truc z ctia hé dugc diéu khién sau khi két thuc dich
chuyén cla hai truc x, y. Thdi gian han (thdi gian tiép xtc ctia
dau han va diém han) sé phu thudc vao kiéu dang méi han
(dién tich va thé tich méi han, kiéu méi han...).

A

\

Hinh 5. Phuang, chiéu van téc cla trucx, y

Viéc dich chuyén dau han tu diém A(x1, y1) sang diém
B(x2, y2) phai d@m bao yéu té hai truc x, y phai dich chuyén
song song dong thai dé rdt ngdn thai gian. Phuong trinh
quang dudng trén mat x, y trong khoadng thaoi gian At nhu
sau:

At
X=X, =X, = IO w, (t)dt

At
y=y,-y, =] ©,tdt
Van t6c dai cia dau han:
W,, =W, +Q,

_ 2 2
W, =W, +w;

Trong qua trinh thiét ké van hanh thi nghiém hé thong
Robot han sé linh hoat hoa viéc lya chon phuong an phoi
hop chuyén déng dau han mot cach hop ly dé gidm thai
gian gia cdng clia may dong thai van dam bao d6 chinh xac
clia qué trinh dich chuyén dau han.

4. MO PHONG HE THONG
4.1. Mé ta thiét 1ap hé théng

Trong phan mé phéng hé théng thuc hién diéu khién
phdi hop 2 truc x,y trén mat phang. Tham s6 mé phong hé
thong nhu sau:

Tham s6 clia déng co va hé théng co khi: J = 0,08kg.m?,
K, = 3kg/s.m, R = 3Q, L = 0,3H, K, = 3Nm/A, F, = 6Nm. Hé
théng st dung co cau dich chuyén puli va day dai, ty s6
chuyén déi gitta chuyén déng quay va chuyén déng tinh
tién la K = 6cm/2m.

Tham s8 b6 diéu khién mach vong dong dién: Lua chon
thdi gian xac lap cla mach vong dong dién la ti = 0,1s. Tu
(3) c6 thé tinh dugc tham s6 bo diéu khién PI(s) nhu sau:
K, = 3L/ti =9, K; = 3R/t} = 90.
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Tham s6 bo diéu khién mach vong vi tri: Mach vong vi
tri st dung b diéu khién ma thich nghi truc tiép. Hai bién
dau vao la gia tri vi tri va dao ham vi tri (van t6c) dugc mo
héa bai 5 tdp md tam gidc déu. Dai gia tri vi tri [0, 400lmm,
dai gia tri van t6c [-800, 800Imm/s. Bién dau ra st dung kiéu
tdp md singleton. Téng cong ¢6 25 luat ma, st dung luat
hop thanh m& Max-PRO, gidi m& theo phuong phap trung
binh trong sé. Gia tri cai dat ban dau cho cac luat ma la

M6 hinh mé phong hé théng thuc hién trén
Matlab&Simulink dugc thé hién trén hinh 6 va 7.
Setpoint

Stepper motor X P> D
X Setpoint Speed|— —— P

Load  Position r}
0.2 p{1T Load1 4
Time Stepper motor Y
7 P Setpoint  Speed D
Load  Position
Load2

Hinh 6. S0 d6 mé phdng hé thdng diéu khién 2 trucX, Y trén Matlab&Simulink

Current confrol loop

Setpoint

b
x
ol

Hinh 7. So d6 diéu khién vi budc kiéu tua hudng tir trutng cho stepper motor

Riapive
Controller

4.2. Két qua mé phéng

a) Truong hgp 1: Khao sat dap tng qua dd/sai s6 tinh cda
stepper motor. Tin hiéu dat 100mm, hé théng chiu nhiéu
tai 0,2Nm tai thai diém 0,4s. K&t qua diéu khién cho thay:

- Hé lam viéc 6n dinh. Lugng quéa diéu chinh vé vi tri
POT = 1,5%. Thoi gian qua dé t, = 0,3s, nhu vay khodng
cach dau han di chuyén trén 1 truc trong 1 gidy c6 thé 1én
dén 300mm. Sai s6 tinh e, = 0,002mm. Sai sé tinh kha nhé,
tuy nhién day mdi la két qua mo phong ly thuyét, trén thuc
té khi trién khai trén mot hé théng thuc thi sai s6 nay c6 thé
[6n hon.

- Tai thai diém t = 0,4s cho hé chiu mét tac déng tai
nhiéu 0,2Nm thi phan (ing cla dong dién iy nhanh lam cho
hé c6 kha nang chéng lai nhiéu tai tot. K&t qua la dap ung
vi tri cla truc dong co dugc gilt nguyén.
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- Kha nang diéu khién cap dong dién iy, iq clia bo diéu
khién decupling t6t. Thai gian xac 1ap cla dong dién c&
0,03s.
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Hinh 8. Két qua md phdng Iy thuyét cho 1 truc tu do clia Robot

b) Truoing hgp 2: Khao sat dap ung qua do/sai s6 tinh cla
hé théng dich chuyén ddu mé han trén mat phdng x, y. M6
phéng trudng hop dau han di chuyén tur diém gdc toa do
(0,0) dén diém (100, 250)mm vdi diéu kién hai truc x,y di
chuyén song song déng thdi. Thai gian cai dat cho di
chuyé&n mé han trén phuong x, y la 1s. Mic d6 nhiéu tai tac
déng lén truc x 1a 0,5 Nm tai thoi diém 0,3s va tac dong lén
truc y 1a 0,4Nm tai thai diém 0,6s. K&t qua moé phong thé
hién trén hinh 9.
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Hinh 9. Két qua mé phdng Iy thuyét cho 1 truc tu do clia Robot

K&t qua mo phéng cho thdy dau han di chuyén trén mat
phéng (x, y) c6 d6 chinh xac cao vé vi tri va thdi gian dich
chuyén. Hudng dich chuyén cda dau han la mét dudng
thang. Kha nang khi nhiéu trén hai truc x, y tét.
5. KET LUAN VA HUGONG PHAT TRIEN

Bai bao nay mé ta thuc hién thiét ké hé théng diéu
khién vi tri trén mat phéng x,y cho Robot han mach in. Hé
théng st dung ky thuat diéu khién vi budc theo phuong
phdp tua hudng tu trudng (FOC) trong vong dong dién, st
dung ky thuat diéu khién mg thich nghi cho mach vong vi
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tri. K& qua moé phong trong diéu kién mot s6 tham sé cla
déi tugng chua xéac dinh ré rang, vi tri géc cla truc déng co
budc van bam theo géc tin hiéu yéu cau. Viéc phoi hgp
chuyén ddng song song, déng thai cta hai truc (x, y) tét.
Sai s6 tinh nhd. Hudng dich chuyén la mét dudng théng.
Budc tiép theo ca nghién cliu nay la phat trién hé théng
diéu khién vi tri c6 t6c d& phan tng dong nhanh va khao
sat &nh hudng clia cac théng sé trong bo diéu khién DAF
nhu: hé s6 cap nhat y, vector k... Ién chat lugng hé théng.
DPong thai cling thuc hién trién khai két qua nghién cliu nay
trén mot hé théng thuc.

LOI CAM ON

Bai bdo la sdn phdm cua dé tai cap B6 ma sb
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