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Toém tét - Trong bai bao nay, mét thuat toan didu khién déng bo
tinh mé-men dwoc trinh bay cho diéu khién bam quy dao cua tay
may robot song song phang 3 bac tw do. Trwéc hét, mé hinh déng
Iwc hoc cua tay méy robot song song phang 3 bac tw do duwoc xay
dwng trén co sé& ap dung nguyén ly D’lambert. Sau dé, dwa trén
mo hinh dong Iwe hoc nay, mot thuat toan diéu khién bam dong bd
tinh md-men dwoc dé xuat. Khac voi cac thuat toan diéu khién
truyén thdng trwdc day chi xét dén sai sd cla riéng tirng truc
chuyén déng, thuat toan diéu khién déng bd duoc phat trién s
dung cac khai niém ham ddng bo va sai sé ddng bo dé xét dong
thoi sai s6 clia cac khép chl déng clia tay may robot song song.
Su 6n dinh ctia thuat toan dwgc chirng minh bang ly thuyét 6n dinh
Lyapunov. D& kiém chirng sw hiéu qua cla thuat toan didu khién,
cac mdé phdéng dwoc thwc hién trén Matlab/ Simulink va
SimMechanics cho tay may robot song song phéng 3 bac tw do va
s0 sanh v&i cac thuat toan didu khién truyén théng.

Tir khéa - tay may robot song song; diéu khién déng bo; ham déng
bd; sai s6 dong bg; dieu khién bam quy dao.

1. Pat vin dé

Ngay nay, tay may robot cong nghiép di tré' nén phd
bién va dwoc umg dung rong rai trong cong nghiép cling
nhu trong dan dung. Xét vé ciu truc dong hoc, tay may
robot cong nghiép dugc chia thanh hai loai: Tay may robot
nbi tiép va tay may robot song song. Mdi loai tay may nay
déu c6 cac uu nhuoc diém riéng va do d6 duoc g dung
dé thyc hién cac chic ning phu hop véi thé manh cua
ching. So véi tay may robot ndi tiép truyén théng, tay may
robot song song c6 nhiéu wu diém nhu d6 chinh xac cao,
d6 cung viing 16n, kha niang mang tai 1on, toc do chuyén
dong nhanh va mé-men quan tinh nho. Tuy nhién, tay may
robot song song c6 mot s6 han ché do tinh chét cia céu tric
dong hoc nhu khong gian 1am vi¢c nhd, mo hinh dong luc
hoc phtrc tap, nhiéu cau hinh ky di va tinh toan dong hoc
phirc tap. Chinh nhitng han ché nay lam cho viéc diéu khién
tay may robot song song phing gip nhleu kho khan va
thach thirc hon so véi tay may robot ndi tiép truyén thong.

Trong lich str phat trién cua 1y thuyét diéu khién cho tay
may robot, d c6 nhidu nha khoa hoc, nhiéu nha nghién ctru
cong bd cac cong trinh lién quan dén viéc didu khién bam
quy dao cho tay may robot song song. Trong [1], mot thuat
toan didu khién PD phi tuyen duoc dé xuit cho tay may robot
song song co xeét dén cAu trac co khi cua tay may. O mot
cong bd khac [2], thudt toan diéu khién PD co bu thanh phan
trong lyc dugc trinh bay cho tay may robot 6 bac tw do truyén
dong bang thay lyc. Ngoal ra, mot sO blen thé cuia thuat toan
dleu khién PD phi tuyén va PID phi tuyén ciing da dugc dé
Xuat cho tay may robot song song [3-5]. Bdc diém chung ctia
céc thuat toan diéu khién da duoc dé xuit & cac cong trinh
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nghién ctru ké trén 14 déu dua theo sai sé cac khop cua tay
may robot song song ma chua tinh dén mé hinh dong Iuc hoc
ctia robot. Thuat toan diéu khién dua theo sai sb tuy don
gian, dé thyc hién nhung c6 ‘nhitng han ché vé chat luong
diéu khién do khong tinh dén dong luc hoc ciia tay may
robot. Dé khic phuc han ché nay, cac thuat toan diéu khién
dya theo mé hinh dong lyc hoc da dugc nghién ctru va cong
bb nhu: diéu khién tinh mé-men [6, 7], diéu khién truot [8],
didu khién thich nghi [9, 10]. Céc thuét toan nay da khéc
phuc duoc han ché cia phuong phép didu khién chi dua theo
sai s0, tuy nhién, cac mach vong diéu khién déu chi léy thong
tin sai s tir cac khép chuyén dong riéng 1¢ cta robot. Didu
nay chura that sy pht hop véi dic diém dong hoc cua tay méy
robot song song. Trong cac tay may robot song song, cac
chudi dong hoc déu duoc n6i vao mot khau chap hanh cudi.
Chuyén dong ctia mdi chudi dong hoc déu anh huong dén do
chinh x4c diéu khién ctia khau chap hanh cudi. Vi vay, trong
thuat toan diéu khién nén tinh dén sai s6 cuia cac khép chi
dong anh huong dén nhau.

Vi nhitng phan tich & trén, bai bao nay dé xuat mot
thuat toan diéu khién dong bo cho tay may robot song
song phéng 3 bac tu do. Thuét toan diéu khién duoc xay
dung dua trén m6 hinh dong luc hoc cua tay may robot
két hop voi céc dinh nghia vé ham dong b va sai s0 dong
bd. Khac véi cac thuat toan diéu khién truyén thong trudc
day chi xét dén sai sé cua riéng ting truc chuyén dong,
thuat toan diéu khién cta bai bao xét ddng thoi sai s6 cua
cac khép chu dong cua tay may robot song song. Su 6 én
dinh cua hé théng duoc dam bao bang 1y thuyét 6n dinh
Lyapunov.
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2. Mb hinh d9ng luc hgc caa tay may robot song song 3
béc tuw do

A A,

©@ Active joint
(O Pasive joint

Hinh 1. Robot song song phdng 3 béc tu do

Mot tay may robot song song phang dugc thé hién nhu
trén Hinh 1. N6 bao gom 3 khép chi dong (A1, A1 va As)
va 6 khép thu dong (B1, B, Bs, C1, C; va Cs). Chiéu dai
cé(; thanh cta r’0b0t lalh=AB; 12=BiCi(i=1, 2, 3). Kh@u
chap hanh cudi cua tay may robot la mét tam gidc deu
C1C,C3 vai khoang cach tir dinh dén tdm P cua tam giac la
I3=CP (I =1,2, 3)

Ky hiéu céc vector cla tay may robot nhu sau:

o 0, = [041,042, 04317 12 vector goc ctia cac khdp chi

dong.

o 6, = [6,1,0,2 6,5]" 12 vector géc ciia cac khop thy

dong quan trong.

 Xp = [xp,¥p, pp]" la vector vi tri va huéng ciia khau

chap hanh cuoi.

‘Mo hinh dong luc hoc cua tay may robot song song
phang 3 béc ty do ¢ trén duogc thiét lap bang cach sir dung
nguyén ly D’lambert va phuong phap Lagrange. Trudc hét,
gid st tay may robot duoc cat ao thanh cau trac h nhu trén
Hinh 2. Sau do, cac phuong trinh Lagrange duoc thi€t 1ap
cho co h¢ vdi cau trac ho va cdc md-men ¢ cac khop chu
dong duoc tinh toan dé tao ra chuyén dong thoa man duogc
cac rang budc cua cac chuoi déng hoc kin.

M0 hinh dong lyc hoc ctia tay méy robot voi céu tric
hé ho dugce viet nhu sau:

M,6 +C,0 =1, (1)
Trong d6:

MoeR*°1a ma tran quan tinh cta hé ha;

Coe R4 ma tran cua céac luc hudng tAm, lvc Coriolis
cua hé ho;

o= [Ta, Tp Tx] €M™ 12 vector mb-men ciia tit ca Cac
khop cuia tay may robot;

0=1[6 6, X]eR> la vector tat ca cic bien khép va
bién toa d khau chap hanh cudi cia robot.

Trong tay mdy robot song song, chi ¢6 cac khép chu
d(f)pg dugc truyén dong, do dérmérhinh dong luc hoc ( 1) cht}a
the sir dung d¢ lam co s¢ thict ke cac thuét toan di€u khién
cho tay may robot. B¢ xay dung thuat toan di€u khién, can
thiét phai dua mo hinh dong luc hoc vé xay dung trong moi
quan hé voi cac tin hiéu vao 1a mé-men cua cac khop chu
dong va diéu khién ¢ h¢ toa do cac bien khop chu dong.

4
T v © Active joint
O Pasive joint

\1

X

00
Hinh 2. Cdu tric hé hé cia robot ¢ dwoc b&ng cach cdt ao
0 cdc khop thu dong
Dua trén nguyén ly D’lambert, chiing ta c6 mdi quan hé
sau day gitra vector mo-men cua tat ca cac khdp va vector
mo-men cua cac khép chu dong [11]:

WTt, =1, (2)
trong d6 Ta = [Ta1, Taz, Tag]" 12 vector mé-men cua céac khép
chu dong; W 1a ma tran Jacobian dugc tinh tir mo6i quan hé
dong hoc rang budc cua co h¢ kin ban dau cua tay may
robot song song. Phuong trinh cia ma trdn Jacobian W
duoc tinh nhu sau:

W = [1,06,/86,,0X,/06,] ¢ RO 3)
Ttr phuong trinh (3) chiing ta ciing s& c6 mbi quan hé
sau day:
6 =11,00,/06,,0X /aea]
tuong duong voi:
6=wé, ®)
Dé xay dung mé hinh dong luc hoc cia tay may robot

song song trong hé toa do khop chu dong, ching ta nhan 2
vé ctia phuong trinh (1) vi WT. Két qua c6 duoc:

WT(M,6 + C,0) = WTt, (6)
Thay phuong trinh (2) va (4) vao phuong trinh (6)
ching ta cé:
WTMWo, + WTM, W + WTC, W), = 7, (7)
bat:
M, = WTM,W la ma trn quan tinh cua tay may robot
trong hé toa d§ khop chu dong.
Co = WTM W + WTC,W la ma tran cac lyc hudng tim
va Coriolis cua tay may robot trong h¢ toa do khop chi dong.

T aaa

(4)

Nhur vy, phuong trinh (7) c6 thé viét lai nhur sau:
Maéa + Caga =Tq (8)
Phuong trinh (8) chinh 1a m6 hinh dong luc hoc cua tay
may robot song song phang 3 béc tu do trong hé toa d6 khop

chu dong. Trong cac muc tiép theo, cac thuat toan diéu khién
s& dugc thiét ké dwa trén mé hinh dong Iuc hoc (8).

3. Thuit toan didu khién tinh md-men cho tay may
robot song song phang 3 bac tw do

Goi Bha(t) 12 quy dao goc quay mong mudn cia cac
khép chu ddng cua tay may robot. Cac vector sai sO quy
dao va sai s6 van toc dugc dinh nghia nhu sau:

e = 0gq(t) — 0,(t) 9)
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é = 0gq(t) — 6,(0) (10)

Diéu khién tinh md-men 1a mot thuat toan ndi tiéng va

rat hiéu qua cho viéc didu khién chuyén dong bam quy dao

cua tay may robot cong nghiép. Bén canh do, thuat toan

nay con dam bao dugc tinh 6n dinh toan cuc cua hé thdng

[12]. Thuat toan diéu khién tinh mé-men truyén thong cho

tay may robot song song phang 3 béc tu do trong bai bao
nay duoc viét nhu sau:

o =My(04q + Kpe + K, &) + C,0, (11)

Trong d6, Koe R¥*3 va K,e R¥® 14 cac ma tran tham sb
xac dinh duong.

B diéu khién (11) c6 thé dugc chia thanh 2 thanh phan.
Thanh phan thir nhat c6 tac dung bu céc thanh phan dong
luc hoc cuia robot theo quy dao mong muodn:

Ta1 = Maéda + Caéa (12)

Thanh phan thir 2 ¢6 tic dung 1am triét tiéu sai s6, dwa quy
dao thyc cua tay may robot bam theo quy dao mong muon:

Taz = My(Kpe + K,é) (13)

Trudc day, thuat toan diéu khién tinh mo-men truyén
thdng dugc ap dung nhiéu cho viée diéu khién bam quy dao
clia tay may robot néi tiép. Gan day thuat toan nay ciing da
dugc nhiéu nha nghién ctru, nhiéu cong trinh 4p dung cho
tay may robot song song, két qua da c6 hidu qua nhét dinh
trong viéc diéu khién tay may robot bam theo quy dao
mong mudn. Tuy nhién thuat toan diéu khién nay méi chi
xét sai 86 cuia ting khép chu dong riéng 18 ma chwa xét sy
anh huong qua lai cua cac khop chu dong voi két qua
chuyén dong cta khau chip hanh cudi. Dbi v6i tay may
robot song song, do cac chudi dong hoc dwoc ndi kin véi
nhau béng khau chdp hanh cubi nén can thiét phai didu
khlen ddng bo gitra cac khép chi dong [13]. Trong muc
t1ep theo cua bai bao, cac tac gia dé xudt mot thudt toan
diéu khién dong bo cho tay may robot song song phing 3
bac tu do dua trén sy cai tién cua thuat toan diéu khién tinh
mo-men truyén thong (11).

4, }?iéu khién bam ddng bd cho tay may robot song song
phang 3 bac tw do
Trudc hét, dinh nghia lai sai s6 quy dao nhur sau:
= 0,(t) = 04q(t) (14)
Trong thuat toan diéu khién dong b, khong chi riéng
sai s6 ctia mdi truc thanh phan phai tién vé khong

(€ai(t) > 0, 1=1,2,3) ma cdc sai sd nay phdi cung ddng thoi
bang nhau trong qua trinh didu khién bam quy dao:

ea1(t) = ea(t) = eas(t) (15)
Sai s0 dong bd duoc dinh nghia nhu sau:
€1(t) = eai(t) - eax(t)
&2(t) = eax(t) - eas(t) (16)

&3(t) = eas(t) - €ar(t)

Muc tiéu cua thuat toan diéu khién 1a cac sai sb dong bo
trong cong thuc (16) cung tién vé 0, diéu nay co nghia 1a
thudt toan diéu khién xem xét sai sd cua cac truc c6 su anh
huéng qua lai 1an nhau. Dé thyc hién diéu nay, chung ta dinh
nghia mot ham sai s xen kénh ngang nhu sau:

* t .
& =6 +ﬂ(j) (5 —&_4)dw, =123 (17)

trong d6 B 1a hang s6 duong, w 14 bién s6 thoi gian.

Thujt toan diéu khién dong bo tinh mo-men cho tay
may robot song song phéng 3 bac tu do ma bai bao de xuat
duoc viét nhu sau:

Tq = MyB4q + My (Kpe, + Ky65) + Co,  (18)

trong d6 Kpe >3, K, e W14 cac ma tran tham s6 xac dinh
duong. CA&c vector sai sb xen kénh ngang:
eq = [ef, e3,e3]", € = [€], €3, &3]".

bé ching minh tinh 6n dinh cua thuat toan diéu khién
d8é xuit, ham Lyapunov duoc chon nhu sau:

V(es ) = ef;Te{; + foe‘; o"Ky(0)do (19)
trong do, vi K 1a ma trin xac dinh duong nén ta c6 [14]:
Oe“ 0"K,(0)do = f:‘“ o1kp1(0y)doy +
foeaz 02kp2(07)do, + foeas o3kp3(03)dos (20)
Pao ham cua ham Lyapunov (19) dugc tinh bang cach
sir dung cong thire (20) va cong thire Leibnitz cho thanh
phéan tich phan nhu sau:
d e
Vel ey = éTér +— U 'K, (a)da]
dt|J,

- ec*LTe;; + Zl 1

de; Ul pl(o-l)do-l] €ai

- eZTe; + Zl 1eaz pi(eai)eai

=é.Té, + ey Kyé, (21)
Tu md hinh ddng luc hoc (8) va phuong trinh cua thuat
toan diéu khién dong bd tinh mo-men (18) chdng ta cd:
€yt Kpeq + K, =0 (22)
Nhan 2 vé ciia phuong trinh (22) véi é; va thay vao
phuong trinh (21) ching ta co:
V(ea €3) = —¢;'Kyé; (23)
Do Ky la ma trén xac dinh duong, nén V(eg, é;) < 0.
Vi viy ching ta c6 thé két luan la h¢ thong diéu khién 6n
dinh dya trén ly thuyét 6n dinh Lyapunov.

5. M6 phéng kiém chirng

Dé kiém chung tinh hiéu qua cua thuat toan diéu khién
bam ddng bo cho tay may robot song song phing 3 bac tu
do trong bai bao trinh bay két qua so sanh gitra bo diéu
khién mé-men truyén thong va by diéu khién dong bo.
Robot dugc xdy dung mo phong dua trén sy két hop phan
mém Solidworks va Matlab/Simulink.

Bing 1. Théng s6 ciia tay may robot

Théng sb
Thanh » - ™ R .
Chiéu dai (m)Khoi lwgng (Kg) Mé-men quén tinh
Chu déng l; =02 m, =05 I, = 0.002
Bi dong l,=02 mpy; =055 I, = 00025
Khau chap _
hanh I, =0.125 m, =0.17 I, = 0.0006
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Trongdo: 1, | pi la chiéu dai ctia thanh truyén 1an lugt

. +th NS WO
la cta chu dong va bi dong thir |t : |e la chi€u dai tir tam
khau chap hanh dén khép lién két v6i thanh bi dong. Trong
tdm cua cac thanh truyén va khau chap hanh duoc dac ¢
diém chinh gitta cua thanh va trung tdm cta khau chap

N N s 11 As 8 Y , «th
hanh. my; va m; la khoi lugng cua thanh truyén thir |

pi
lan luot ctia thanh chi dong va thanh bi dong; m, 13 khéi
luong cta khau chap hanh; I; 1A mb-men quéan tinh cua
thanh th ith (i=1, 2, 3).

Théng sb cua bo diéu khién mo-men truyén thong c6 hé
$6 K, =250 l5.4,Kg =25% 15, 12 ma tran véi 15, 12
ma tran don vi 3x3. Trong b¢ diéu khién dong bo hé s
dong bd p=0.2 dugc chon.

Quy dao thiét ké cua robot
x(t) = 0.25 + 0.03cos(t)
y(t) = /3712 +0.03sin(t)
#p(t)=0
va ma sat tai khap chu dong

f, =0.03sign(,) +0.020, (i=12,3)

Két qua sai sb cua khau chap hanh cudi theo cac truc
toa do X, y va sai léch goc quay duoc thé hién trén Hinh 3.
Puong nét dut | két qua cua phuong phéap diéu khién tinh
mo-men truyén thong. Duong nét lien 1a két qua cua
phuong phap diéu khién dong b6 tinh md-men ma bai bao
dé xuit. Ching ta c6 thé thay rd rang phuong phap diéu
khién dong bo tinh m6-men mang lai két qua sai s& nho
hon va nhanh tién dén xac lap hon so v&i phwong phap
truyén thong.

Hinh 4 thé hién so sanh tin hiéu m6-men dau vao truyén
dong cho cac khép chu dong cua tay may robot (duoc tinh
bai thuat toan diéu khién). Két qua cho thay tin hiéu md-men
& trudng hop sir dung phuong phép diéu khién dong bo tinh
mo-men it d4p mach hon so v&i phuong phap truyén théng.

a) Sai so truc X

T T T
= w= = X Computed Torque Controller Error L

o
o
R

o
9
N

X Synchronization Error

Sai so X(m)

S
0
0.02
1 2 3 4 5 6 7
Time(s)
x 10" b) Sai so truc Y
2
B 0 gomN L e
= -~ i A 4
A N’
r
S 2 = w= =Y Computed Torque Controller Error
4 =\ Synchronization Error
0 1 2 3 4 5 6 7

Time(s)
) Sai so goc quay

o

-0.5

Sai so Phi(°)

I
== w= = Angle Computed Torque Controller Error
Angle Synchronization Error

T T

1 £ £ i
0 1 2 3 4 5 6 7
Time(s)

Hinh 3. Sai s¢ ciia khau chdp hanh cugi

a) Mo-men dung bo dieu khien CTC

=xmns Torque 1
0.6 === Torque 2 [
04 e Torque 3 ||

o= Ay i %

Torque in Computed Torque Controller

0.5 1 15 2 25 3 35
Time(s)

b) Mo-men dung bo dieu khien dong bo

T
=== Torque 1 L

= = = Torque 2
1 | = Torque 3

Torque in Synchronization

0 05 1 15 2 25 3 35
Time(s)

Hinh 4. Md-men cung cdp tai khop chai déng ciia robot

0.19 T T T

==me= XY Desired

== = XY Computed Torque Controller
XY Synchronization H

017 P .
rd N\
0.16
4"
E 015 22
]

LN A

0.12 \ /"
et
0.11
0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29
X(m)

Hinh 5. Két qua bam theo quy dao cia khau chdp hanh

Két qua diéu khién bam quy dao cua khau chip hanh
cudi duogc thé hién trén Hinh 5. Chlng ta c6 thé thiy rd
phuong phap diéu khién dong bo tinh mo-men cho két qua
b&dm qu¥y dao nhanh hon va chinh xac hon so v&i phuong
phéap diéu khién tinh mé-men truyén thong.

6. Két luin

Bai b4o d3 trinh bay mot thuat toan diéu khién dong bo
bam md-men cho viéc diéu khién bam quy dao ctia tay may
robot song song phing 3 béc tu do. Trong bai bao, dua trén
mo hinh dong lyc hoc cla tay may robot, mdt thuét toan
diéu khién bam ddng bo di dwoc dé xuit. Khac voi cac
thuat toan diéu khién truyén thong trude day chi xét dén sai
sO cua riéng timg tryc chuyén dong, thuét toan didu khién
dong bo dugc phat trién sir dung cac khai niém ham dong
bd va sai sb ddng bo dé xét ddng thoi sai sé cua cac khép
chu dong cua tay may robot song song. Su 6n dinh cua
thuat toan dugc chimg minh bang 1y thuyét 6n dinh
Lyapunov. Cac mé phong kiém chimg da dugc thuc hién
trén Matlab/Simulink va SimMechanics cho tay may robot
song song phing 3 bac ty do. Két qua cho thiy thuét toan
diéu khién ma bai bao d¢ xuat mang lai ket qua tot hon so
v6i thuat toan diéu khién tinh mé-men truyén thong.

Lo1i ghi nhin
Bai bao 1a két qua nghién ctru cua dé tai cip Bo Gido
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duc & DPao tao ma s6 KYTH-17 nam 2017, tén d¢ tai
“Nghién ctru thict ké bd diéu khién dong bg thich nghi cho
tay may robot song song phang”.
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