Tuyén tap Hoi nghi Khoa hoc thuong nién ndm 2024. ISBN: 978-604-82-8175-5

SO SANH THUAT TOAN DPIEU KHIEN PID
VA PIEU KHIEN TRUQT BAM QUY PAO ROBOT
HAI KHAU QUAY CO ANH HUONG CUA NHIEU

Nguyén Xuan Bién, Nguyén Tién Thinh
Truong Pai hoc Thuy lgi, email: xuanbien.ng@tlu.edu.vn

1. GIOI THIEU CHUNG

Robot cong nghiép 1a nhimg thiét bi linh
hoat, thuc hién cac chic nang tuong ty thao
tac cua con ngudi mot cach ty dong dudi mét
hé thong diéu khién theo nhimng chuong trinh
da dugc lap trinh sin. Trong qua trinh phat
trién robot hai van dé chinh can dugc quan tim
thuc hién do 1a tinh toén, thiét ké, ché tao mo
hinh co hoc va xay dung thiét ké b diéu khién
cho robot. VAn dé tinh toan, thiét ké, ché tao
da dugc cac nha khoa hoc nghién ciru dé cap
trong nhiéu cong trinh nghién ctu va ngay
cang dugc hoan thién, t6i wu thong qua cac
cong cu phan mém thiét ké, mo phong. Van dé
vé didu khién ciing duoc dé cip dén trong
nhiéu cong trinh nghién ctru tuy nhién cac bd
diéu khién ngay cang dwoc nghién ctru sdu hon
giup robot dam bao bam sat quy dao dit.

Trong véan d& diéu khién robot, thuat toan
PID dugc ting dung nhiéu nhét trong van dé
diéu khién bim quy dao ciia robot. Dd cb
nhiéu bai bao viét vé thuat toan nay danh cho
robot hai khau dién hinh nhu bai bao sb [1]
ndi vé diéu khién PD va PID co ban, hodc bai
bao s [2] trinh bay vé diéu khién PID két
hop diéu khién mod Fuzzy va bai bao s [3]
viét vé diéu khién PID két hop mang noron.
Tuy nhién thuat toan ndy con ton tai mot sd
nhuoc diém nhu do bam quy dao khong cao
khi robot lam viéc véi toc do cao hay c6 su
thay ddi dot ngdt cia cac tac dong moi
truong hay tai trong. Mat khac qua trinh ap
dung thuat toan diéu khién PID la tuyén tinh
trong khi cdc mo hinh tidc dong cuia moi
truong 1én robot 1a phi tuyén vi dy nhu higu

ung ma sat, gio... do do viéc st dung bd diéu
khién PID dem lai hiéu suat thip. C6 mot sb
thuét toan diéu khién da nhiém c6 kha ning
dap ung tot hon véi ca hé tuyén tinh va phi
tuyén, dién hinh 13 bo diéu khién truot
(SMC). Mot s6 bai viét [4]-[5] da trinh bay
vé diéu khién trugt SMC cho robot hai khau
va bai sb [6] ciing so sanh bo diéu khién PID
véi bo diu khién trugt SMC, tuy nhién trong
cac bai viét nay, nhom tac gia chwa thdy dugc
su anh huong cua nhidu dén kha niang lam
viéc ctia bd diéu khién PID va SMC.

Dé 1am ndi bat kha nang khang nhidu cua
diéu khién truot, trong bai bdo nay nhom tac
da xay dung, tinh toan, m6 phong dap tng
cua bo diéu khién PID va SMC cho robot hai
khau quay khi c6 tac dong cua nhiéu ngoai.
M0 hinh nghién ctru dugc thuc hién bdi phﬁn
mém Matlab-Simulink.

2. PHUONG PHAP NGHIEN CUU
2.1. M6 hinh toan hgc robot hai khau quay
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Hinh 1. M6 hinh robot hai khdau quay
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Hinh 2. So do hé thong diéu khién trueot cho robot hai khdau quay

MO hinh canh tay robot hai bac ty do duoc
(Hinh 1) gdm hai lién két khop xoay dugc
xdy dung véi cac tham sb trong h¢ toa do
OXY nhu sau:

+1; : D6 dai khau 1.

+ 1, : D6 dai khau 2.

+ m; : Khéi luong khau 1.

+ m, : Khéi luong khau 2.

+ q; : G6c quay cua khau 1.

+ qz : Goc quay cua khau 2.

M6 hinh dong hoc cua robot 2 khau cé

dang:
M(q)i+C(q.4)q+G(q)=1, (1
trong do:
(my +m2)l,2 -f-mzlzZ +2myl, cos(q, ) mzlz2 +myll, cos(q,)
M(q)= s :
moby” +myll; cos(q, ) myl,

| ol (2414, + 457 )sin(q,)
C(q,q):|: 2ty 1.22 .2 1
mylLq,” sin(q,)
_ (my+my)glicos(q, )+ mygl, cos(q,+q, )
G(q)=
mygl, cos(q, +q, )

= 7— 7 voi 712 momen diéu khién va
7 momen nhiéu phi tuyén ...

Tur mo hinh toan hoc s& di dén thiét ké bo
diéu khién cho robot. V&i bo diéu khién PID
co ban, tic gia s& khong trinh bay ciu tric
didu khién, bai bao nay s& tap trung vao trinh
bay cAu trac cua bo diéu khién trugt SMC.

2.2. Thuit toan diéu khién trugt SMC

Ap dung phuong phap didu khién truot
trén co sO cau truc dong luc hoc robot. Tur

md hinh dong hoc ctia robot (1) chuyén vé ta
thu duoc:

G=M" (TD -G)
= q:jq

q=jq'

2

‘Ap dung cong thie (2), so d6 hé thong
dicu khién trugt SMC c¢6 dang nhu Hinh 2.
Str dung mat truot c6 dang:

€)

\ de
s(e)=kye +e, va 7]:62
t

trong do:

e, =q,—q lasailéch vi tri;

e, =g, —q 1a sai léch toc d9, k, 1a tham sb
mat truot.

Pé dam bao tinh on dinh coa hé théng, su
dung 1y thuyét 6n dinh Lyapunov [7], ham
Lyapunov c¢6 dang nhu sau:

V(s):%s2 4)

Tir m hinh diéu khién trén Hinh 2, két hop
phuong phap tinh toan bo diéu khién truot
SMC ta thu dugc tin hi€u diéu khién cé dang:

©)

Ap dung cong thuc (5) dé xay dung bd
didu khién cho robot, tuy nhién, khi sir dung
ham sgn s€ c6 hién tugng ring cua
(chattering) gdy rung lic khi dao _dong. bPé
khic phuc hién tuong nay, co thé sir dung
ham Saturation két hop v6i khau PI nhu cong
thirc (6):

u=r=M(G,+ k%+k sgn(se)+Cq+G+1'

sgn(s(e))
*<e> k[ s(0)di ki |s(e)|< e

khi |s(e) [> &
SatPi(s) = (6)
Str dung phan mém Matlab-Simulink dé
tién hanh m6 phdong va thu duoc ket qua.

3. KET QUA NGHIEN CUU

Bai toan kiém chimg: Diéu khién quy dao
chuyén dong cua robot hai khau quay bam
theo mdt quy dao cho trudc trong khoang
thoi gian 5s, kiém tra dap tmg chuyén dong
clia cac bién khép theo ca hai phuong phap
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diéu khién PID va trugt SMC khi ¢6 nhiéu
tac dong. Quy dao dat cua cac bién khop ¢
dang nhu biéu thirc (7)

{‘]m =0.7sin(3xt)

C0n (M
44, =0.25in(0.67t)

St dung phian mém Matlab-Simulink dé
mé phong quy dao chuyén dong cho robot 2
khau quay. Tai thoi diém 1s = 4s ta bo sung
mot nhidu phi tuyén c6 dang hinh sine
,_|0.5sin(571)

{l.Ssin(lO;rt)
2. Kiém tra dap umg cua cac khop quay theo
hai bo diéu khién. Két qua mo phong thu
dugc nhu trong Hinh 3 va Hinh 4.

tac dong vao khau 1 va khau

Dap tng vi tri khdép 1
T T T
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N e P \ fa
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Hinh 3. Dap img vi tri bién khép 1

Bap trng vi tri khép 2
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Hinh 4. Ddp img vi tri bién khép 2

Tir két qua ta thdy rang khi c6 nhidu tac
dong, voi bo diéu khién PID, quy dao chuyén
dong cia cac khép bi anh huong nhiéu dan
dén dao dong manh. Vi bo diéu khién truot
SMC, khi c¢6 nhidu tac dong, quy dao chuyén
dong cia cac khép van bam sat theo gia tri
dat, sai léch quy dao nho, didu d6 minh ching
cho viéc bd diéu khién truot SMC giup cho
robot luén hoat dong chinh xac theo quy dao
cho trudc ngay ca khi c6 nhiéu tac dong.
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4. KET LUAN

Viéc lya chon st dung bd diéu khién
danh cho robot 1a mt van dé quan trong
cho cac doanh nghiép khi san xuat robot.
Biang viéc so sanh két qua dap ung cua hai
bo diéu khién dung cho robot hai khau quay
khi ¢6 nhiéu tac dong, bai bao nay da khing
dinh kha ning khang nhiu phi tuyén manh
mé cua bd diéu khién truot so voi b diéu
khién PID, qua d6 cac nha san xuit c6 thé
lwa chon phuong phap diéu khién nay ding
cho viéc san xuét cac robot da dung trong
cong nghiép.
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