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NGHIEN CUU - TRAO BOI

MIEN GIO'I HAN CHUYEN PONG VA QUY PAO
TRANG THAI CHUYEN DONG TOI VU
CUA ROBOT CONG NGHIEP

THE LIMITED ZONE OF MOTION AND OPTIMAL TRAJECTORY
OF INDUSTRIAL ROBOT

TS. Lé Vin Ngu', ThS. Pham Céng Kiém?, ThS. Nguyén Vin Huynh?
'Vién VIELINA
?Truong Pai hoc Cong nghiép Ha Noi
STruong Pai hoc K¥ thuat Cong nghiép, Pai hoc Thai Nguyén

TOM TAT

Bai bdo trinh bay phuong phap xdc dinh quy dao trang thdi chuyén déng téi wu, dwa vao
diéu kién gioi han dong lyc hoc dé xac dinh mién gidi han chuyén dong va tinh chdt cua tdt ca
cdc quy dao trang thdi chuyén déng thuéc mién dé. Ap dung cho viéc xdc dinh qui dao trang thdi
chuyén dong t0i wu thoi gian va t0i wu nang heong cho cdc giai doan ciia mot chu trinh chuyén dong

cua tay mdy co 2 khdu quay.

Tu khoéa: Robot; Gidi han; Chuyén déng; Ouj dao,; Toi wu; Thoi gian; Néing leong.

ABSTRACT

This paper presents the method for determining the optimal trajectory based on limited
condition of dynamics to define the limited motion zone and the characters of all of trajectories in
that zone. Its application to determination for the optimal trajectories of time and energy for periods

in motion cycle of manipulator with two rotary links.

Keywords: Robot,; Limit; Motion, Trajectory, Optimal; Time,; Energy.
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NGHIEN CUU - TRAO BOI

1. GIOI THIEU

Viée diéu khién chuyén dong cua robot
cong nghidp tir trang thai ban dau dén trang théi
cudi cho trude c6 thé duoc thuc hién theo vo
$6 quy dao chuyén dong khac nhau, vi vay, can
phai chon quy dao chuyén dong t6i wru theo muc
tiéu dugc dit ra. Viée ap dung cac 1y thuyét didu
khién t6i uu kinh dién cho bai todn nay con gap
nhiéu khé khan vi cac ly thuyét nay chi 13 nhiing
diu kién can ma khong du, cac két qua dat duoc
c6 tinh twong ddi, c6 thé chua phai la ti vu.
Trong tng dung, hién nay, nguoi ta thuong dung
nhing chuong trinh phdn mém tinh todn dé xéac
dinh gia tri ham muc ti€u cho mdt s6 lugng han
ché cua cac truong hop cé thé xay ra rdi chon
mot gié tri trong d6 theo nghia tuong dbi t6t.

Dé khic céc phuc han ché trén day, bai
bdo s& dé& xudt phuong phéap xac dinh quy dao
trang thai chuyén déng t6i uu dya vao gidi
han dong luc hoc dé xac dinh mién gi6i han
chuyén dong va tinh chét cua tat ca cic quy
dao trang thai chuyén dong co thé c6 thudc
mién gidi han dé.

2. MIEN GIOI HAN CHUYEN PONG

Bai toan di¢u khién chuyén dong ctia robot
duoc dat ra nhu sau.

Cho d6i tuong 1a robot ¢6 phuong trinh
dong luc hoc ¢ dang tong quat 1a:

A(q)g + B(q,9)q +C(q) =u )]

Véidiéu kién han ché lau  <u<u

max”

Hay xac dinh tac dong u sao cho trang
thai cua doi twong bién doi tu di€ém trang thai
ban ddu Mg, .4,) c6 toa d6 laqg,, va toc

do 1a ¢, dén diém trang théi cudi N(g...q, )
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c6 toa d6 lag, va tdc do 1a g, dé dat duge muyc
tiéu dinh trudc.

Su bién ddi trang thai chuyén dong tai
mdt diém duoc biéu thi boi quan h¢ cua bién ddi
ddvadg , ta co:

di _dgfdt i

dg dgfdt ¢

hoac@ :E 2)
dqg ¢

Y nghia hinh hoc cta (2) 1a d6 déc tai
mot di€m cua quy dao trang thai chuyén dong.
Tai mdi diém trang thai cho trudc (¢, §) thi tir (1)
ta c6 4(q), B(q,q)q vaC(g)la xac dinh. Vi u
cO gidihan,u_ <u<u_ ,dodd ciing co gid1 han,

§omiecl = Gonaxva d0 ddc tai mot diém cua quy
dao trang thai chuyén dong cling c6 gidi han:

'IQ::E:'.
g

(9 e .
dg g

Do d6, mién gidi han trang thdi chuyén
dong gitra hai diém tor M dén N dugc gidi han

bdi cac quy dao trang thai chuyén dong c6 G max

va ¢ diqua2 diém do, hinh 2.

Dmax '."'_“.‘—“‘-hr._ I?I"‘"""

) :‘ -1‘!:
M

b Ell..-v.-l
R .

:-2 'y-lrrr.m

-
0 q

Hinh 2: Mién gi6i han ctia cdc qup dao trang thdi

chuyén dong tir M dén N
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3. TINH CHAT CUA CAC QUY PAO TRANG
THAI CHUYEN DPONG VA QUY DPAO
TRANG THAI CHUYEN PONG TOI UU

3.1. Cac quy dao trang thai

Y/ imas
4

Hinh 3: Mién gi6i han va cdc quy dao
trang thdi chuyén dong tir M dén N

C6 v s6 quy dao trang thai chuyén dong
tir M dén N trong mién gidi han béi céc quy dao

trang thai chuyén dong c¢6§ ., vaq . di qua
hai diém d6, hinh 3. Pic tinh cta cac quy dao
trang thai chuyén dong 1a khac nhau. Dudi day
ta s& xét hai tinh chat quan trong 13 sy tiéu hao
thoi gian va nang lugng cua cac quy dao trang
thai chuyén dong.

3.2. Thoi glan cua qua trinh va quy dao trang
thai chuyén dong t6i wu thoi gian
Thoi gian cia qua trinh chuyén dong tir

diém trang thai dau (q 09 q 0 ) dén diém trang thai
cuol duoc xac dinh tir biéu thirc:

i

i

I =

(4)

1 Po— IIu_-I

g _
, 4

LR

Ti (4) ta thdy rang, quy dao trang thai

chuyén dong c6 téc d6 g hodc gia téc G 16n hon
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thi ti€éu hao thoi gian la nho hon. Tu hinh 3 ta
thdy ring, quy dao trang thai chuyén dong & cao
hon thi thoi gian ngin hon. Quy dao trang thai
chuyén dong c6 thoi gian ngian nhat 1a MGN va
1a gi6i han phia trén ctia mién giéi han chuyén

dong, c6 gia toc 12 4. 101 dén g i, c6 thoi
gian I6n nhat la MHG va la giéi han phia dudi
cua mién gidi han chuyén dong, cé gia toc la

é imin 01 déng max - Cac quy dao & bén trong
mién gidi han chuyén dong (nhu 1a 1, 2, 3, 4,5)
c6 ti€u hao thoi gian & trong khodng céac gia tri
gi6i han nho nhét va 1én nhét.

3.3. Nang lwgng cia qua trinh va quy dao
trang thai chuyén dong toi wu niing lugng

Biéu thic ning lwong tiéu hao cia
qua trinh chuyén dong tu diém trang thai dau

(q 0 q 0 ) dén diém trang thai cudi (9,9) duoc

xac dinh nhu sau. Thayq tur (2) vao (1) va tich
phan, ta cé:

q q
[4(@)qdi = [(-B(g.9)-C@)dg O
Fo To

Vé trai cia (5) 1a bién d6i dong ning
giita hai diém trang thai, vé phai 1a cong ctia cac
ngoai luc tic dong (ddy 1a ndi dung dinh ly vé
bién d6i dong niang). Dua vao (5) ta tinh dugc
ning luong tiéu hao gitta hai diém trang thai cua
qua trinh chuyén dong.

Tir d6 hinh 3 ta ¢6 cic két lun quan
trong sau day:

- Tt ca cac quy dao bién d6i don diéu
(qu¥ dao 1, 3, 4), ¢6 tidu hao nang lugng 12 bang

nhau va bang bién d6i dong ning gitta M va N.

- Céc doan quy dao nam ngang (cac doan
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IL, EN, MF, CD) c6 tiéu hao ning luong bing
khong vi bién d6i dong nang bang khéng. Tir
do, ta 6 két luan rﬁng, ti€éu hao nang luong nho
nhat bang bién d6i dong ning (cua qué trinh don
diéu) gitta hai diém trang thai va c6 thé c6 v sb
qu¥ dao c6 cung tiéu hao nang luong nhu thé.
Do d6, dé c6 dugc quy dao tiéu hao nang lugng
12 nho nhét va duy nhét thi phéi ¢ thém cac diéu
kién rang budc nira, vi duy, vé thoi gian tiéu hao.

Tuy nhién, tuy thudc Vélo tri sb cua thoi gian
T cho trude & khoang ndo ma sd lugng cua quy dao
t6i uu ning huong 13 duy nhat hogc 1a vo sd.

4. APDUNG
Ta s& xét mot vi du cu thé sau day.

Vi du: Cho robot c6 2 khau quay trong
mat phing ndm ngang, hinh 4, véi céc thong s6
sau’déy. Chiéu dai cac khau,mm, 1,=600, L=400.
Khoi lugng, kg, m =10, m,=6. Khoang cach

2 +m (L +12 +2L1,cos6)+(J, +

17l

+Jc2]62 -myl,l, Sillﬁg(ﬁz' +2‘9192)

7, =[m

=[m, (15, +1,1.,c086,) + ch]él +(m,l% +J )92 +myll,, sinﬂzﬂ-f

Trong d6, 7,7, 1a m6 men lyc tdc dong
O cac khop. Giai hé phuong trinh trén ta dugc
gia toc gdéc cua cac khau la ham cua tac dong

diéu khién 7, va T, va xac dinh dugc gia tri 1on
nhét, nho nhat va cac gia tri cu thé khac nhau
cua é?'lvé 5:: tai mdi diém trang thai. Vi vay, ta
xac dinh dugc mdt cach lién tiép cac diém trang
thai 1an can & thoi diém trude va sau d6 dé duge
quy dao trang thai cua qua trinh chuyén dong.

TAP CHI CO KHI VIET NAM, S6 7 nam 2015

khdi tAm,mm, 1., =400, 1,=300. M6 men quan
tinh d6i vdi truc quén tinh chinh (di qua khéi
tam c), kgm?, J ;=0.3, J ,=0.13. M6 men quay

gidi han, Nm, 7, =£0.4 7, = £0.2 Giéi han

chuyén déng 8, = £152° .6, = +152°

Hiy xac dinh quy dao trang thai chuyén
dong dé diém tac dong cudi cua robot chuyén
dong theo chu trinh khép kin gom 3 giai doan nhu
sau: TUr diém M c6 toa dd x=1000), y=0va van tde

% =0, 1 =0dén diém N c6 toa do x = 775, y =
-36 va van toc x =-0.1550 m/s, y =0.0452m/s véi
thoi gian tiéu hao 12 nhé nhét; Tir N chuyén dong
déu vdi téc do trén theo duong thiang dén diém H
c6 toa dd x = 447, y = 45; Tir H trd vé diém M véi
trang thai ban d4u trong khoang thoi gian T=10s
sao cho tiéu hao nang lwong 1a nho nhat.

Tur nhitng diéu kién d cho, ta thiét lap
dugc h¢ phuong trinh dong luc hoc cua robot la:

)]6’1 +[m g(lc? +1,1_, cos6,)
(6)

Q)

Hinh 4: Mo hinh robot co 2 khdu
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Két qua cac quy dao chuyén dong duoc biéu thi ¢ hinh 5.

Hinh 5: Quy dao trang thdi chuyén dong ciia cdc khdu: a), b) va qui dao hinh hoc ciia diém cudi: ).
5. KET LUAN

Bai bao da trinh bay phuong phap xac dinh quy dao trang thai chuyen dong toi vu dwa vao
mién gidi han trang thai chuyen dong va tinh chit ciia cac quy dao trong mién gi6i han dé. Tir dé,
khang dinh rang, gi tri t6i vu cua qu§ dao 1a 16n nhat hodc nho nhat so véi tat ca cac quy dao b thé
¢6 & nhitng diéu kién gidi han cua bai toan. *

Ngay nhan bai: 04/6/2015
Ngay phan bi¢n: 14/7/2015
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