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Kinematics Analysis and Simulation of 3-CUR Parallel Sorting Robot
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ABSTRACT: In the traditional food production industry of China, manual sorting is the main method with low automa-
tion and a large amount of labor is needed. The paper aims to design a 3-CUR parallel robot for fast sorting in food pro-
duction. The number and type of the freedom degree of the mechanism were analyzed with the screw theory, and the
freedom degree of the mechanism was verified by the modified Grubler-Kutzbach formula. Then the inverse position so-
lution of the mechanism was solved by D-H kinematic chain parameter representation and Euler angle representation; and
the workspace of the parallel sorting robot was analyzed and simulated with the three-dimensional dynamic method and
the Matlab software. Finally, the motion performance of the robot was simulated with the ADAMS software. The mecha-
nism can realize the movement of one level (along z axis) and two revolutions (around x axis and y axis). It had large
workspace and can reach a wide range without singularities. The motion curves of the end-effector parameters changed
regularly and periodically, which could satisfy the motion and working range of the sorting robot. The mechanism has
excellent motion performance, good stability and good workspace. It can realize high-speed automatic scanning and sort-

ing in food production. It has potential application value in packaging automation.

: 2019-05-13
s oA A A (2016C31130); Tk A KA $ A4 (2015A610143 )

A FEM (1992—), F, PhRFMEHLE, EI5FHRNHM.
: B (1966—), B, PhRFaIHIE. MEAEFT, TEHEFTAHFENMAEEBINEA,



- 180 - 2019 11
KEY WORDS: 3-CUR; parallel mechanism; screw theory; inverse kinematics; workspace; sorting robot
R CUR C
C U C
R U
0—2 A i
(4] Bi i
0O 0O
I 2-PUR-PSR O-xyz O'-uvw
[6] 2
[7]
4-UPS-UPU
8] D-H
2-SPR/PUPR
3-CUR
3-CUR
1 2 3-CUR
Fig.2 Coordinate system of 3-CUR parallel mechanism
1.1 1.2
3-CUR (o=t 3.CUR
3 CUR
3
C U
R
s
L

1 3-CUR
Fig.1 Model of 3-CUR parallel robot

3 3-CUR

Fig.3 Branch helix System of 3-CUR Parallel mechanism



40 21 3-CUR - 181 -
CUR 4 3-CUR
$=0 0 I; 0 0 0) 3-CUR D-H 1 1
8 =0 0 I 0 0 h)
$; =1 0 1, 0 —h 0) {4} Oy — X ¥o%0
8, =(0 cos @ sin &; hcos @ 0 0)
8=1 0 0; 0 —h-Lsinf Lcosf) 1 0 0 -R
(1) 4 010 0
T = 4
1 CUR Y " 7loo1 o0 @
X p Ly U 1 000 1
h A U
1 1 Oy = %0020 O —x 0z
ro_ . _
$"=(100;,0 -~ 0) 2) 100 0
2 $ Al X ()T B 0 1 0 0 (5)
3-CUR 3 o 01k
3 000 1
3 O —xnz O, —x31,2,
6 —s6, 0 0
Kutzbach-Grubler K-G (121 c; s@ : 0 o
3-CUR 3 G (6)
< 0 0 1 4,
M=dn-g-1)+) fi+v-£=3 3) 0 0 0 1
i=1
3
x y z
2 3-CUR
2.1 3-CUR
D-H 13 CUR 4 3-CUR
4 Fig.4 Coordinate system of 3-CUR limb
1 3-CUR D-H
Tab.1 D-H parameters of 3-CUR parallel mechanism
i ai-1/(°) ai-1 0; di
1 0 0 0 h
2 0 0 62 di
3 90 d> 63 0
4 90 0 0 0
5 -90 L 05 0




- 182 - 2019 11
c s O, —x,,2, Os5 —x5y525
O, =302, 05 —x3323
cld; —sb6; 0 L
c; —s6; 0 d 0 0 1 0
T ; iT= )
21 _ 0 0o -1 0 ) -s65 —cb; 0 0
U7 s6, ¢4 0 0 0 0 01
0 0 0 1 Os —Xs5ys5zs {B}
Oy —X3)324 Oy —X4¥424 1 0 0 r
St 0 0 10
1000 270 -1 00 (19
00 -10
3 0 0 01
T= 8
lo1r o0 ®
00 0 1
coc(O,+6;) —cO, —cb,c(b5+65) rcbe(by+6;)+Lcby,cby+dcb, —R
AT AT OT T 2T AT ST s6,c(O,+65) cb, —s0,5(6;+65) rs6s(6y+65)+Lsb,cO;+d,s6, (11
s(6; +65) 0 c(6y+65) rs(6y+65)+Ls6 +d, +h
0 0 0 1
Z-Y-X (AXBO, Vo, AZBo,a,ﬁ)
P (h, 6,,06;,065)
5Rzrx (@.B.7)=R(Z,a)R(Y, B)R(X,y) = y
h="Zgy—rsf—LsO;—d,
cacf casfsy—sacy caspfcy+sasy (12) 0 —a
sacf sasfsy+cacy sasfcy—casy > p s
Yo, — —
—sp cfsy cpcy 0, :arccos( 50 =180, rsasﬂJ (15)
Lsa
O =—(6;+
SRZYX(a’ﬂay)z > (3 ﬂ)
cacfl casfsy—sacy caspcy+sasy AXBO 2.2 3-CUR
sacf sasfsy+cacy saspfcy—casy AYBO (13)
~sf cfsy cfcy Zyo
0 0 0 1
T (14—15] 3-CUR
APBO :|:AXBO AYBO AZBO:| 3-CUR
{8 {4 (@ 5.7) 2
{B} {A} 2 3-CUR
12 13 {B} y

4]

X po =rc0,c(0y +05) + Lebyc b, +dcd, — R
Yo = 1r30,5(05 +05) + Ls 0,05 + dys0,
1Zso =130y +05)+ LsOy +d, +h

(14)
=0,
B=—(0;+065)
y=0
14 Xz
y=90° y
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Fig.8 Automatic sorting system of parallel robot
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