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ABSTRACT

This paper introduces two cable-direct-driven robot (CDDR) manipulator
structures which are a planar 3-cable CDDR and a planar 4-cable
CDDR. Besides, a program is built to simulate kinematics models of these
manipulator architectures. The simulation results show that the 4-cable
CDDR requires less cable tensions and thus less energy compared to the
3-cable CDDR in performing the same simulated task. The results also
highlight the possibility and reliability of these CDDRs.

TOM TAT

Bai bdo nay gidi thiéu hai co cau robot ddy CDDR phdng 3 déy cap va 4
day cap, dong thoi xdy dung mot chuong trinh mo phong mé hinh dong
hoc cho cac co cdu robot day nay. Két qua mé phong cho thay rang co
cau 4 ddy cdp doi hoi it cang ddy hon so voi co cau 3 ddy cdp va do do
no yéu cau it nang luwong hon néu thyc hién trén cung mot tac vu moé
phong. Tir két qua mé phong ciing cho thdy dwoc tinh kha thi va dé tin cdy
clia cdc co cdu robot day nay.

Trich dn: Tran Thién Truong, Nguyén Van Ngoc Minh, B Minh Nhyt va Nguyén Hiru Cudng, 2017. Mo
phong md hinh dng hoc cua robot day trén mét phang. Tap chi Khoa hoc Truong Pai hoc Can
Tho. S0 chuyén dé: Cong ngh¢ thong tin: 54-57.

1 GIOI THIEU

Robot day (cable-direct-driven robot —
1a mét dang robot song song c6 end-effector duoc
dleu khién song song boi n diy cap cung voi n co
chu cing ddy. Bén canh nhimg déc diém nhu robot
song song, CDDR con ¢6 uu diém la trong luong rét
thip. Mot CDDR dugc NIST phat trién kha som 1a
Robocane dugc dung trong cac cang tau (Dagalakis
et al., 1989). Thiét bi ndy c6 sau bac tu do (degree-
of-freedom — DOF) vi sau day céap. Trong hé thong
nay, trong luc 1a mot co cAu quan trong dé dam bao
rang day cap luén duge gilt cang trong moi thoi
diém. Pén nim 2006, mot ho robot mang tén
IPAnemawas dugc phat trién dé lap rap, thao tac
nhing dbi twong kich thudc trung binh va 16n (Pott
et al., 2010). Ho robot Marionet bao gém mot két
céu ¢& nho dung cho nhitng mg dung tdc do cao,

mot can cAu cam tay cho phép ciru hd va cac bo phan
hd trg c nhan (Merlet, 2008). Bén canh d6, cac nha
nghién ctru da xay dung mot robot diy 16n nhat thé
giéi dé dinh vi guong cho kinh vién vong FAST
(Baoyan et al., 2008).

CDDR)

Pa s nhitng CDDR di dugc nghién ciru lién
quan dén chuyén dong tinh tién va chuyén dong
quay cua end-effector déu bang day cap. Tuy nhién,
trong mot vai treong hop doi hoi sy cang day am,
diéu nay khong thé nao thuc hién duge. Nghién ctru
nay thyc hién md phong mot dang mo hinh ciu trac
lai, trong d6 chuyén dong tinh tién va lyc dugc cung
cép boi cac day cap song song va chuyén dong quay
va moment dugc cung cap béi mot co cdu ¢b tay ndi
tiép (Robert and Paolo, 2001).

Bai bdo nay trinh bay hai mé hinh dong hoc cua
CDDR phang va xay dung chuong trinh moé phong
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dong hoc cho cac md hinh d6. Két qua mo phong
dong hoc cua nhiing mé hinh ndy tap trung chu yéu
vao chuyén dong tinh tién bang cac day cap.

2 MO HINH PONG HQC CUA CDDR
2.1 Co ciu CDDR

CDDR phing bao gdom mét diém end-point duogc
hd tro song song bang n dy cap duoc diéu khién boi
n co céu ciang ddy. Chung t6i st dung cic md hinh
CDDR lai, trong d6 nhimng chuyén dong tinh tién
dugc cung cap boi n day cap va chuyén dong quay
dugc thuc hién boi mot co cau b tay ndi t1ep Trong
nghién ctru ndy chung t6i chi quan tim dén van dé
chuyén dong tinh tién.

Ay

Az
Hinh 1: Co ciu CDDR phing 3 diy cap
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Hinh 2: Co ciu CDDR phing 4 day cap

Hinh 1 trinh bay mdt co. cAu gom ba day cap va
Hinh 2 trinh bay co ciu gdm bdn day cap dé dat
dugc hai bac ty do trong mit phiang X = {x ¥}7.
Trong Hinh 1 va 2 cho théiy hé toa do tham chiéu
{0} c6 gbc toa dd nam & trong tAm cua da giac nén.
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Céc da giac nén (hinh tam gidc va hinh vudng) c6
chiéu dai canh ¢ dinh 1a Lg. Mdi day cap duoc gin

vao lién két ndi dat tai A; = {Aix Ly} . Chiéu dai
ciia mdi day cap duoc xac dinh 1a L; va goc day cap
la 6 (i=1,.2,..,n).

Theo ly thuyét diém end-effector <o thé dat toi
bat ky diém nao bén trong da giac nén néu cac do
dai day cép c6 thé giam tdi khong.

2.2 M0 hinh déng hgc CDDR

Trong phan niy trinh bay phan tich dong hoc vi
trf va van toc chuyén dong tinh tién cua cac CDDR
mit phiang. Pong hoc nguge duge yéu cau cho diéu
khién va dong hoc thuan dugc st dung cho md
phong va diéu khién c6 giam sat boi cac cam bién.
Pong hoc vi tri lién quan dén cac mdi quan hé cua
céc bién khop va ti 18 vai vi tri Cartesian va cac bién
ti 1¢ ctia chuyén dong end-effector. Gia sir rang tat
ca cac day cap luon dugc giir cang, dong hoc CDDR
tuong tu vai dong hoc robot song song (Tsai, 1999),
tuy nhién, d6i v6i CDDR khong gian khép bi rang
budc twong ung vdi khong gian Cartesian.

2.2.1 Dong hoc vi tri

Bai toan dong hoc vi tri nguoc dugc dat ra nhu
sau: cho truge vitri X = {¥*  ¥}" tinh cac do dai day
cap L. Dya vao vi tri diém end-effector X =
{x ¥} vamdi dinh A; ctia khau nbi dat, ta co:

L= J (x— A" + (v — Ay)? (1)

voii=1,....n

Pé ap dung trong dong hoc van tdc, ta can tim
cac goc day cap:

0, = tan™? (y_Aiy)
t X—Aix

voii=1,....n

2

Bai toan dong hoc vi tri thuan dugc dat ra:
cho trudc cac do dai day cap L, tinh vi tri X =
{x ¥}". Bai toan nay bi rang budc va gia sir rang
c6 L; co gia tri thich hop. Trudc tién ta xét cac day
cap 1 va 2. Dé don gian ta dich chuyén gdc hé toa
d6 tham chiéu dén A ; trong hé toa d6 méinay A; =
0 0} vaA, ={Ly 0} .Ldigiai cho bai todn
dong hoc vi tri thudn 1a giao diém cua hai duong
tron, dudng tron thir nhit c6 tim tai A1 véi ban kinh
Ly va duong tron thir hai ¢6 tdm tai A, v6i ban kinh
Ly. Két qua la:

_ LE+13-13

2Lp y=i

12— x2 3)

Ta chon gia tri y duong cua (3) dé dam bao ring
lo1 giai dong hoc vi tri thuan nam trong da gia nén.
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Do d6, trong nhiéu kha ning (ta c6 thé sir dung hai
day cap bat ky dé co duoc 16 giai), chi co duy nhat
mot dap an ding. Cudi cing, 10i giai (3) phai dwoc
dich tré v& hé toa do tham chiéu {0}. Loi giai nay
ap dung cho bat ky CDDR phéng n day cap.

Sau khi dung (3) dé giai bai toan dong hoc vi tri
tnuén, ta dung IQi g@éi dong hoc vi tri ngugc (1) cho
tat ca day cap dé kiém tra L; da cho thich hop.

2.2.2 Dong hoc van t6c

Pé tim duogc cac phuong trinh dong hoc vén tbe
ta xét phuong vector cta day cap thir i

X A + Licos(6))
{y} - {Aiy + Lisin(ei)} )
Pao ham theo thoi gian, ta duoc:
{x} B [cos(é?i) —L;sin(6,) {Li} )
y)  Isin(8)  Licos(6,) 0,

Nghich ddo ma tran Jacobian day cap tht i, ta
duoc:

()=
b;

Vi ta xét cac bién doi d6 dai day cap theo ti 1¢
Cartesian, nén ta c6 thé rut dong dau tién cua (6) dé
xay dung 101 giai véan toc. Doi voi truong hop cac
CDDR 3 va 4 day cap:

cos(6,)

sin(6;) P
Sin(gi)/L ]

cos(@i)/L

L, cos(0,) sin(6,)

L, ¢ =|cos(8,) sin(6,) x} (7)
Ls cos(03) sin(6s)

va

;1 |’Cos(61) sin(Hl)]

Lp{ _ cos(6,) sin(6,) {x} )
Ly [~ |cosey) sin(85) |

L, cos(8,) sin(6,)

Chu y rang ta d3 bo qua @, trong cac phuong
trinh vén toc. Dang tong quat cua phuorng trinh dong
hoc vén tbc 1a L = MX, trong d6 L 1a vector toc do
bién dbi do dai ctan day cap, M la ma trén Jacobian
nghich dao CDDR, va X = {* ¥} 1a vector van
toc cta diém end-effector.

Dé giai bai toan dong hoc van tdc thuan ta phai
tinh phuong trinh nghich dao, X = ML,

3 KET QUA MO PHONG

Trong nghién ctru nay ching t61 thuc hién tac vu

mo phong mo hinh dong hoc vi tri cho co cdu CDDR
phing 3 day céap va co cdu CDDR phéng 4 day cap
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bang ngon ngir 1ap trinh MATLAB. Trong do, cac
da giac nén 1a cac da giac déu (tam gidc va hinh
vuong). Canh tam gidc Lz = 1 m. Pé so sanh can
bang gitra hai m hinh, nén ca hai da giac dugc chon
¢6 cung dién tich, do d6 ddi véi hinh vuéng Lz =
0,658 m.
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Hinh 3: Két qui vé duong tron véi mo hinh
CDDR phang 3 day cap

Chuong trinh mé phong ddi véi diém end-
effector X = {x ¥} di chuyén theo mét duong
tron trong mit phang. Tac vu mo phong dugc thuc
hién trén ca hai mo6 hinh CDDR 3 day cap va 4 day
céap, cac két qua mod phong duoc trinh bay twong g
trong Hinh 3 va 4.
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Hinh 4: Két qua vé dwong tron véi md hinh
CDDR phang 4 day cap
4 KET LUAN

Bai bao da xay dung dugc mot chuong trinh mo
phong dong hoc vi tri cho hai mé hinh robot CDDR
phang 3 day cap va 4 day cap. Két qua moé phong
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cho thay rang kha nang diéu khién diém end-effector
cua cac co cau robot day dugc khao sat 1a kha thi va
do tin cdy cia mo hinh dong hoc cia cac co cau nay.

Nghién ctru s& tiép tuc thuc hién cac tic vu mo6
phong khac déi v6i nhitng dic tinh tinh va mé hinh
dong luc hoc trén co cAu robot day CDDR phéng 3
va 4 day cap dé tir d6 thiét ké dugc bo diéu khién
hoan chinh cho cic co cAu robot day néu trén.
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