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PHAN TiCH PONG HOC VA bONG LUC HOC ROBOT SONG SONG
PHANG KIEU TAM GIAC - TAM GIAC

KINEMATICS AND DYNAMICS OF A DOUBLE TRIANGULARS PLANAR
PARALLEL ROBOT

V6 Quang Truong, Phan Nguyén Duy Minh, Tran Ngé Quoc Huy, Nguyén Phi Sinh
Truong Pai hoc Su pham K¥ thuat, Pai hoc Pa Nang

TOM TAT

Robot song song dwge sir dung rong rdi trong cdc ting dung yéu cau toc do lam viéc va dg
chinh xdc cao do né cé do cimg vitng tot va khoi lwong chi tiét chuyén dong nhé. Tuy nhién, vin dé
phdn tich ddng hoc thudn va dong lwc hoc robot song song thirong rat phire tap do né ¢é nhiéu rang
bugc vat ly cua co cau khép kin nhung viéc giai bai toan dong hoc thudn va dong luc hoc robot lai
déng vai tro rat quan trong trong thiét ké va diéu khién robot. Trong bai bdo nay, mé hinh déng hoc
va déng liee hoc ciia robot song song phang kiéu tam gidc - tam gidc sé dwoe trinh bay. Robot nay
gom hai tdm phdng dang tam gidc déu, néi véi nhau boi ba chdn robot. Dé biét chuyén dong cia
robot, trudc tién bai toan dong hoc va moé hinh van téc robot sé duwoc trinh bay. Trong do, dong hoc
thudn robot dwoc phén tich bang phwong phép gidi tich. Sau d6, bai toan déng liec hoc dwoc gidi
quyét bang cdch dp dung phwong phdp Lagrange. Pé chitng minh tinh chinh xdc cdc két qua dat
dige trong bai bdo nay, hai phirong phdp mé phong sé va hinh hoc dwge sir dung dé danh gid va so
sanh.

Tw khéa: Robot song song; Pong hoc; Pong luc hoc; Pong hoc thuan;, Mo phong.
ABSTRACT

Parallel robots are widely used for precise with high speed applications due to their high
stiffness and their low moving masses. However, forward kinematics and dynamics problem of the
parallel robots is a challenging task and it plays a crucial role in designing and controlling of the
robot. The kinematics and dynamics of the double triangular planar parallel robot is established
in this paper. This robot is composed of two triangle platforms connected via three identical legs.
Knowing the motion of the platform, the kinematic model and velocity model of this robot is first
developed. The forward kinematic model is derived and analyzed by using the analytical method.
Further, the Lagrangian equation will be applied to solve the inverse dynamics problem. In order
to validate the presented solutions, a series of simulations on the numerical and graphic software is
performed to verify the entire analysis of the parallel mechanism.

Keywords: Parallel robot, Kinematics; Dynamics; Forward kinematics, Simulation.
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1. PAT VAN PE

Robot song song 1a robot ¢6 co ciu co
khi khép kin (closed-chain mechanism) gom
mot gia d& cb dinh (fixed platform) duoc nbi
v6i tAm phang di dong (moving platform) qua
cac chudi dong hoc (kinematic chains) hay con
goi 1a cac chan robot (legs). So véi robot ndi
tiép, robot song song co két ciu cung ving
hon, d§ chinh xac cao hon, kha nang tai 16n
hon [1]. Chinh vi nhimg vu diém nay, robot
song song dang duoc st dung nhiéu hon trong
cac Gmg dung cong nghiép va cudc sdng nhu
sir dung robot song song trong gia cong cat
got, md phong 1ai may bay, hay trong thiét bi
y té [2, 3]. Robot song song phing 1a mot dang
dac biét cua robot song song vdi ba bac tu do
gdm hai chuyén dong tinh tién va mét chuyén
dong quay. Pén nay, nhiéu kiéu robot song
song phang khac nhau di dugc gidi thidu, va
Merlet [4, 5] phan chia cac robot nay thanh 07
nhom véi tén goi tuy thudc vao loai khép sur
dung tai cac chan cua robot nhu: RRR, RPR,
PRR, RRP, RPP, PRP va PPR. Trong d6, R viét
tat cua khop quay (Revolute), P 13 viét tit cia
khép tinh tién (Prismatic). Ngoai ra, mot sd
kiéu robot song song phang khac di duogc gisi
thiéu nhu Arakelian [6] gidi thi€u robot song
song phang véi goc quay quanh truc z 1én hay
Zarkandi [7] trinh bay robot song song phing
kiéu ngoi sao - tam giac. Daniali et al. [8] trinh
bay m6 hinh robot song song phing kiéu tam
gidc - tam giac. Seo et al. [9] dd dé xuat mot
kiéu robot ma trong d6 tim phang di dong c6
thé chuyén dong quay quanh truc z dén 360 do.
Robot song song van luon duoc quan tdm va
nghién ctru boi nhidu nha khoa hoc trong nuéc
va trén thé gidi, vi bai toan dong hoc, dong
luc hoc va diéu khién cia robot song song kha
phirc tap so v&i robot ndi tiép. Dac biét 1a phan
phan tich dong hoc thuan va dong luc hoc, moi
két cdu robot song song déu c6 phuong phap

phan tich va cach giai bai toan khac nhau. Hau
hét cac phuong phap giai bai toan dong hoc
thuan hién nay déu st dung phuong phap sb
gan dung dé tim nghiém, do hé phuong trinh
rang budc dong hoc cua robot song song luén
1a hé phuong trinh phi tuyén. Phuong phap sé
¢6 nhuoc diém chinh 13 khong phai khi nao
chuong trinh ciing hoi tu va né khong thé tim
duoc tat ca cac nghiém co thé ton tai cta hé.
Ciing chinh vi c4c robot song song c6 rat nhiéu
rang budc do co ciu co khi khép kin nén bai
toan dong luc hoc cua robot song song ciing la
mot van dé phire tap va chua c6 mot phuong
phap giai chung nao cho tat ca cac loai robot
song song. Trong cdc dang robot song song
phang trinh bay & trén, hai kiéu robot ngdi
sao - tam giac (sau day goi la robot ST - Star
Triangular) duoc dé xuat boi Zarkandi [7] va
robot kiéu tam giac - tam giac (sau day goi la
robot DT - Double Triangular) dugc gidi thi¢u
boi Daniali et al. [8] c¢6 dic diém chung 1a phan
dé cua robot déu c6 dang tam gidc va tim dé
¢ dinh nay dugc ndi voi tim di dong boi ba
chudi khép dong hoc T-R-T gidng nhau. Dbi
voi robot ST, Zarkandi [7] da trinh bay phan
tich dong hoc, mo hinh van tdc, diém tdi han va
ving lam viéc cua robot nay. Dén nim 2016,
Javad and Mohammad [10] da trinh bay cach
giai bai toan dong luc hoc cua robot ST. Theo
tim hiéu ctia nhom tac gia, bai todn dong hoc
thuan va dong luc hoc cua robot DT dé xuat boi
Daniali et al. [9] van chua dugc nghién ctru va
trinh bay. Chinh vi vdy, bai bdo nay trinh bay
phuong phép phan tich dong hoc va dong luc
hoc ctia robot DT. Dé chirng minh phwong phap
phan tich bai toan dong hoc va dong luc hoc
trinh bay trong bai bao nay la chinh xac, nhém
tac gia da tién hanh mo phong va so sanh két
qua trén hai phan mém sb hoc Matlab va phan
mém d0 hoa chuyén duoc st dung dé phan tich
va mo phong dong hoc - dong lyc hoc hé co
khi, Adams View. Két qua tir hai phan mém déu
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gidng nhau, qua d6 chimg minh duoc tinh ding
dan cua cac cong thirc da trinh bay.

2. PHAN TICH PONG HQC ROBOT
SONG SONG PHANG DT

Robot song song phiang DT gém c6 hai
tam phang c¢6 dinh va di dong hinh tam giac
dugc ndi v6i nhau boi ba chudi dong hoc TRT
nhu hinh 1-a. D& giai bai toan dong hoc robot,
chung ta gia sir dat mdt hé toa do Oxyz tai tam
clia vong tron ngoai tiép cua tam giac ¢ dinh
A A A, vamot h¢ toa do di dong Oxlylz duoc
dat tai tim ctia vong tron ngoai tiép tam di dong
B,B,B, (hinh 1-b). Gia su ba toa do cua co ciu
chép he‘mh laq, (i=1,2,3) twong tng la khoang
cach tir diém A dén R, va toa do tinh tién cua
0O, d6i voi diém O 1a x va y. Goc quay giira tam
phang di dong va tdm dé c6 dinh duoc ky hiéu
la 0.

Tt mo6 hinh dong hoc, toa do cua diém
R. do1 véi he toa do Oxyz la:

el 1 3

S Te 3% STt

r= _n (D
2a

0

1 W3
_;Tﬂ + 7 4y

0

Vi r 1a ban kinh vong tron ngoai tiép
tdm O di qua ba diem A, A,va A,.

Tém di dong

NN 5o i
P Dé co dint

Khép tinh.tién

Khép xoay =

Khép tinh tién
(@) (b)

Hinh 1. a) Robot song song phang DT: b) M6 hinh
dong hoc robot DT

Gia su 1. (1 = 1, 2, 3) la khoang cach
gitra dinh B, tam giac B B,B, va tam cua khop

xoay R’.. Ching ta dé dang xac dinh dugc toa
do cua R, d6i1 voi hé toa do c6 dinh O xy z:

NEN
2
Ay =

Bing phép bién doi, ta sé xac dinh dugc
toa do R’ _doi voi hé toa do Oxyz:

r{ = 0; + R, (8)r], (3)

Trong do, R (0) 1a ma tran quay quanh
truc z mot goc 0 va O = [x,y,0]" toa do cua tam
phang di dong. Boi vi toa d§ R, trén tdm c¢o
dinh ¢6 cung toa do voi R’ theo phuong x vay,
ta c6 h¢ phuong trinh rang budc nhu sau:

Thx = Ti::x va Tky = T.i::y (4)
Bang cach giai hai hé phuong trinh (4)
ta dé dang xac dinh duoc toa do cta cac co cau

chap hanh q, (voii=1, 2, 3) theo cac phuong
trinh sau:

(s6 +V3c8)q; = 1, + (V31 — 2x)s0 + (1, + 2y)cB.(5)
(58 +v3c8)as = 1, + (V31, + x —V3¥)s0 + (1, — V3x—y)ch.(6)
(s8+V3eB)qs = 15+ (V3ry + x +V3y)s0 + (1z +V3x—y)cb.(7)

I:)é gjéi bai toan dong hoc thuan, bfmg
cach bién doi va rut gon ba phuong trinh (5)

dén (7), ta tim duoc phuong trinh nhu sau:

(58 +/3c0)(qy + a2 + qs) — 375 — 37,¢0 — 3v/31,50 = 0(8)

bat s6 = va B = vGi
: 1.+IZ2 l+t2

t = tan £ , phuong trinh (8) trd thanh:
2
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—V3(g1 + g2+ qz)t* + 2[(@'1 + q:+q3)— 3\/§Ta]t

+V3(q:+ g2+ q3)— 61, =0 )

Sau khi gidi phuong trinh (9), ta tim
duogc goc quay 0=2 tan t thay vao trinh (6) va
(7), ta xac dinh duoc toa do cua tim phéng di
dong:
b= %{ﬁsﬂ[(sﬁ' +3c0)(qs + qs) — 27, — 21,00 — 2+/31,56]

+c6(s0 + V3c0)(qz — 3)) (10)

e isﬂ[(sﬁ' +vV3c8)(q: —as)] — %c&[(se +V3e0)(qz + 43)

2v3
—21, — 21,8 — 2~/31,50] (11)

3. PHAN TiCH PONG LUC HQC ROBOT
SONG SONG PHANG DT

Bang cach dao ham phuong trinh (5),
(6) va (7) theo thoti gian, ta s€ xac dinh dugc mo
hinh vén toc cua robot DT nhu sau:

qy sy +3ey 0 0 qi
X[, = 0 sy +3cy 0 X
3 0 0 sy ++3cy q3
Vi:

=\|Je21 Js22 Jges
Jez1 JBsz Jpas

11 Jeiz Iz
IB—[ }

Jp11 = —2586; Jpi2 = 2¢6;
Jp13 = — 1,50 — 2ys8 — 2xc@ + /31,60 — q,(c8 —\/356);

Jpz1 = s6— \V3c8; Jpz2 = —c— \/gsﬁ';
J5a3 = —Ta50 + 3x56 + ys8 + xc6 — 3yl + 31,060 — g, (c0 —/356);

Jg31= 58 + 3¢ Jgz, = —cB ++/3s0;
JB3z = —T,50 + ysO + xcO + \/gycﬂ —/3xs6 + \ET,,CB —qs (CB S \ESB).

Gia str gia toc cta tim di dong biéu dién
nhu sau:a = [%, ¥, H]T Méi quan hé glua gia
toc tam di dong va gia tdc co cdu chip hanh
duoc xac dinh dé dang bang cach dao ham theo
thoi gian phuong trinh van tc (12). Tir do,
nhan tir Lagrange dugc xac dinh bang phuong
trinh (15):

A :jEI(IDa_ Fext) (13)
Trong do, F_ 1a ngoai luc tdc dong vao
robot.
Mpy, 0 0 c1r Jeiz Jeis
Jo=| 0 mp 0 va]e = [J’czl Jez2 ]cz3}
0 0 Ipp + 3lp Jesr Jezz Jeas

Je11 = —256; Jc12 = =3¢ + 58 Jo1z =3¢O + 50

Jea1 = 2€0; Jeaz = —€O —V356; Jeaz = —cO +/3s0

Jezr = —(rz + 2y)s6 + (@Ta — Zx}cﬂ —q4(c8 —\3s0)

Jeaz = f(ra —/3x— y)sB + (\/ETQ +x— \f@y)cﬂ —q,(c6 — \/5519)
Jeas = f(rﬂ +/3x— y)sB + (\/gra +x+ v@y)c& — (3 (06‘ = ﬁsﬂ)

Sau do, luc tac dong cla cac co cau
chap hanh robot dugc xac dinh theo phuong
trinh sau:

F=M.§+N2A (14)
Trong do:
My + My 0 0 6 ++/3c 0 0
M=[ 0 M+ My 0 JvaN=[ o s6 + 3¢ 0o
0 0 My + My 0 0 56 +/3c8
4. KET QUA MO PHONG

Dé danh gia su chinh xac cua két qua
phan tich & trén, nhém tac gia sir dung hai phan
mém dé mo phong va danh gia: phan mém tinh
toan s6 hoc Matlab va phan mém d6 hoa chuyén
su dung dé phéan tich dong hoc va dong luc hoc
hé thong co khi Adams View. Két qua mo phong
tur hai ph?m mém trén duoc thé hién trén hinh 2
dén hinh 5. Trong cac hinh nay, duong nét dirt 1a
két qua tir phan mém Matlab, con dudng nét lién
ménh 1a két qua tir phan mém Adams View. Qua
cac hinh trén, ta nhan thiy rang két qua tir hai
phan mém hoan toan tring khép, diéu d6 ching
minh rang cc phuong trinh tinh toan trinh bay
trong bai bdo nay la hoan toan chinh xac.
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Hinh 2. Két qua mé phong dong hoc robot
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Hinh 3. Két qua mé phong mé hinh vén téc robot
Angular Acceleration of Moving Platform
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Hinh 4. Két qua mé phéng mé hinh gia toc robot
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Hinh 5. Két qua mé phong dong lic hoc robot
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5. KET LUAN

Bai bao da trinh bay két qua phan tich
déng hoc va dong luc hoc cua robot song song
phang kiéu tam gic - tam giac. Trong do, bai
toan dong hoc thuan da duoc giai quyét bang
phu:ong phap giai tich, nén két qua c6 thé tim
day du tat ca cac nghiém c6 thé ton tai so véi
phuong phép sé thong thudng duoc trinh bay
trude day. Bai bao ciing trinh bay két qua phan
tich dong luc hoc cua robot song song phing
tam giac - tam giac. Sau do, cac két qua phan
tich da duoc kiém chimg théng qua viéc mod
phong va so sanh két qua giira hai phdn mém:
phan mém tinh toan s6 hoc Matlab va phan mém
d6 hoa chuyén mé phong dong hoc va dong luc
hoc hé théng co khi Adams View. Dua trén cac
két qua so sanh giita hai phin mém, chung ta
nhan théy réng md hinh dong hoc va dong luc
hoc trinh bay trong bai bao nay la chinh xac.

Ngay nhan bai: 05/7/2022
Ngay phan bién: 19/7/2022

Loi cam on:
Nghién ctru nay dugc tai trg kinh phi

boi Truong Pai hoc Su pham K§ thuat- Pai hoc
Da Ning trong dé tai c6 ma s6 T2021-06-13.

Tai liéu tham khao:

[1]. Lopez, E.G., Yu, W. & Li, X.; “Optimum
design of a parallel robot using neuro-genetic
algorithm”. J Mech Sci Technol 35, 293-305
(2021).

[2]. Humaidi, A.J., Najem, H. T., Al-Dujaili, A. Q.,
Pereira, D. A., Ibraheem, 1. K., & Azar, A. T.
(2021); “Social spider optimization algorithm
for tuning parameters in PD-like Interval
TBype-2 Fuzzy Logic Controller applied to a
parallel robot”. Measurement and Control,
54(3-4), 303-323.

[3]. Harandi, M. R. J., Khalilpour, S. A., Taghirad,

[4].

[5].

[6].

[7].

[8].

[9].

[10].

H. D., & Romero, J. G. (2021); “Adaptive
control of parallel robots with uncertain
kinematics and  dynamics”. Mechanical
Systems and Signal Processing, 157, 107693.
Merlet, J. P.; “Direct kinematics of planar
parallel manipulators”. Proc. of the 1996
IEEE International Conference on Robotics
and Automation, Minneapolis, Minnesota,
3744-3749, 1999.

Guoning Si, Mengqiu Chu, Zhuo Zhang, Haijie
Li, Xuping Zhang; “Integrating Dynamics into
Design and Motion Optimization of a 3-PRR
Planar Parallel Manipulator with Discrete
Time Transfer Matrix Method”. Mathematical
Problems in Engineering, vol. 2020, Article
ID 2761508, 23 pages, 2020.

Arakelian, V., Briot, S., Yatsun, S. and Yatsun,
A.;“ANew 3-DoF Planar Parallel Manipulator
with Unlimited Rotation Capability”. 13th
World Congress in Mechanism and Machine

Science, Guanajuato, México, 19-25 June,
2011.
Zarkandi, S.; “Kinematics of a star-triangle

planar parallel manipulator”. Journal of
Mechanical Science and Technology 25(12),
3223~3230, 2011.

Daniali, M., Zsombor-Murray, H.P. and
Angeles, P.J.; “The kinematics of 3-DoF planar
and spherical double-triangular parallel
manipulators”. Computational Kinematics
- Solid Mechanics and Its Applications, 28,
153-164, 1993.

Seo, T. W., In, W. and Kim, J.; “4 new planar
3-DOF parallel mechanism with continuous
360-degree rotational capability”. Journal
of Mechanical Science and Technology, 23,
3088-3094, 2009.

Enferadi, Javad & Tavakolian, Mohammad,;
“Lagrangian Dynamics Analysis of a XY-Theta
Parallel Robotic Machine Tool”. Periodica
Polytechnica Mechanical Engineering. 61.
107-114. 10.3311/PPme.9368, 2017.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 298, thang 12 nim 2022

209

cokhivietnam.vn / tapchicokhi.com.vn



