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[ Abstract] The prediction of kinematic forward and inverse solutions and singular dislocations is a necessary part of robot design
and motion control. The paper proposes a mathematical model for finding the kinematic forward and backward solutions for the
mechanical structure of a two—armed parallel robot, which can control the trajectory of the robot’s end coordinates by driving the
angle of the robot’s main arm and determine the effective working space of the robot’s arm. Meanwhile, the prediction method of the
forward and backward kinematic singular dislocations of a two—armed parallel robot is derived by using the Jacobi matrix, and a
clear determination condition is given. The physical posture and runaway situation of the singular dislocation are analyzed through the
actual experiments of the parallel robot, and the correctness of the forward and inverse solution control and the prediction of the
existence of the singular dislocation is verified. The method proposed in this paper can provide reference for the motion control and
trajectory planning of the two—armed parallel robot.
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Fig. 1 Structure diagram of the two—armed parallel robot
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Fig. 3 Two—armed parallel robot
F1 WEHBRNB[ALEHSHER

Tab. 1 Structural parameters of the two—armed parallel robot

7N K/ mm
T 160
M 370

KBTI 176
R 3 S I B 76




4 I

it B

5 N M B2 %

TESEPRERVE R HLAR N A9 T 23 ]2 AR 4
B T TERE 1 00 S B AT 3 Sl B 2 1, S 7 1k B

A NE R RALEE A SCELI 5 0 3K 3l 519 7 M
A -30°,90°], HULAT ML NE TAEAS 8], A
4 JfiR
-200
-250
E -300
g& -350
Eﬁ -400

o 450

ik

=500

-400 =300 -200 -100 0 100 200 300 400
i -RIR A F5 F—x/mm

4 HHBFATEZNE
Fig. 4 Robot work space

4 WEHEIB[ANITRES TSN E

T Nz s & B, L e N Ab 7E 5 —
TENIERS, il 2 S EURALAF AL T A AT RPIRES
BN, 2 M HOR i 24 3 R R 5K B 5 A B JC i k)
JO7, I HL A AR S P SR i sl /D Y BRGE Bk
Plgs ARy S, DRI, X 45 e Hlde AR 4, I
PMZALA NS R B AFAE AT AR e AR W 2
AT, ARSCAR S T LU P B0 A 8 O8N E T ik T
XFRUE IR NG5 1, WS b HAL T a7 Ao
TSI #EAT 204, 3 Ay S8 B 0 07 3%
4.1 MEFEULEE ARRES LLAERE

Kz sh=e A2 (1) A1(2) 19 340 ] s et s [ oK
##(3) Azl (4)

jlx;é +jly:)./ =].19‘.91 (3)

].29'5 +].2>9./ _].2(9& (4)

FA, Jio iy g PRTTRR (L) oy 6, RF
HTJ‘I\EHSREIBLTE/:I%@’]U\ ]2).\ ]29 5}71']75777&(2) EF‘

x .y 0, KT B SR T 0 () Rk, AR R
S + L 0, + L
Jiw =% 3 « COSU, )
Jiy =y + L, sin6,
L .
?)Lasm@l -

l
Jig = (x - ? + L,cos 6, +

(y + L,sin6,) L, cosb,

l
Jo =% + 5" L,cost, — —
j2y =y + Lusin02
: l L .
Jw=—L[(x+ 5 L, cosf, - ?)Lusmﬁz +

(y + L,sin6,) L, cos0, |
B TTRE(3) F(4) AL A FEFERYIE A, W (5)

gilx j”H SxH g]w OH 801H
8j2x JZ)H gyﬁ SO ]on gezé ()
B
7. _8]1 JI)H J, g]w OH
8]2 H 80 JzeH
SyH 80,4
JifE(5) Bkl 5 AR (6)
JX=7,0 (6)

Horr, g, T, #1850 2 x 2 55 FR A BUE IEERAIL
i N ARAE S FURELR
il d 3 (6) i n] KLt —22 45 12 (7) MiE(8)

X=J"J,0 (7)

0=J,"J.X (8)

(7)) S AE T RIS B 05 A 3 L A AL T oK
KU, 2 (8) J&7E TR v 2k 2 B 1 1% 1
TR BRSO 1 A
4.2 WEHBHZANTFREERSN

FJFRALES NN R, 7 St A 3 sl XF
LR SR AT .
4.2.1 1EEFEE S

MR8 o LU AR A7 80 R e 25, Y kAR 1E s
e ey, SR (9) Fs BRHE .

det(J,)=0 det(J,) #0 (9)

3 (9) ATk oy S e T LUAERE J, %R AT 51 5K
RN T, X AT 5 AN Ry 2 R i A A i, Blte A
WAL TIEIE S A A

U (6) TR (9) 40T, 43K 856 15 #f1 K FE 0
WA AEAEA ST 1 R X, 75 20
(6) WAL, B —FEoL, (7)o, i THESE L
FERE J, AN AT RY  SHUKEh A A FROK A4 £
JEE IS, AR S (4 ek P 1) T 655K



59 1

A, S5 BUEIFERAL AR A1z g2 I 0 il SO A S SO A7 A P B 5

422 Wizt
Z2%3(6) FUHE T L 47 90 208 g 251, &
A s Bl 2E A SR, 7 R (10)
det(J,)=0 det(J,) #0 (10)
0(10) Bz Iy, HE S I O, B F A AN
F7s o TR (6) , YALER AR S XTI Y 2 2 B )

WX NFER AAAEAEF A 0, i (6) K
o HTHETE U T, AR IR A RE J, SRR
SRR, X T2 (8) , MR it DA — a8 1 2l A5 17
B, 3K 20 O 7 s T B U — AN To g5 Ky B 5 =2 )
N
423 REGw
YOHE T LUAR PR g, RN T TR B AN A, BRI 2 5K
(11) B, SUE FFBALER R & A TR A AT Sk
det(J,) =0 det(J,) =0 (11)
MU FFEE AL AL T R A AR I, 2[R
B BRE 3058 Bl A A R AE R IR
4.3 WEHBNI[IAWEFRAAETN A E
kT RS S BN BUE IR MLAS A A3 500 1 7
W ARSE(9) (2R (10) , AT A H BUE I BRHLER A AL
FIE I AT S E T A S
HLES ANALTEIE S 3l 2 45 SO0 B F 7 200,
s A BRI .
(g =2e)(yp —yp) = (w5 =) (3, —¥) =0
(12)
Hrdr w, w, x v, ZE 2 A B C D TEAR A
PR R BB AL AR, vy g ey 72 AB.C.D B AL
Fro
BLEF NALTE 15052 B2 25 S A0 9 e SRR 2
IR 2 A2k 2 A0 e —1
[ Rt =y
2
R Bl A A B SR T B kY
PlLas NAb T3 is gl 27 a1 B R, B 2 iy oK s b

X L-1 ' L-1 ‘
O ERSR( - » ) AR, 0) HFh

tanf, =
x +

x -

2
ARSI 1 B IEDIEARSS

5 SLIGFN4SHT
51 SIBEE

ISR RUEE FEBCAIL A A E 395 At FIAT S A7 1 i)
I IERGTE | 7R XUE I AL g AN BRAEE 5 AT 5
Y U0 E , S PR BEFF 45 4 Omron NJ i #5 , 4Kk

13135 Sysmac Studio,
5.2 IEFfFSEINIGIE
AR S I3 0 2 A8 - B AR bR R B SRk
S BREESIE
TESGIEAL 4% NS BRI AT, Se A7 IG5 AL Bk
BRI, -5 52 BRoR s O AL B X T, IR 2,
®2 ESFHERIER

Tab. 2 Numerical verification table of positive and negative
solutions
6,/ (%) 6,/ (°) +/ mm ¥/ mm
0 0 0 -304.630 9
30 45 -114.678 6 -357.510 6
30 60 -89.432 0 -436.472 8
45 60 -45.906 4 -464.074 3
30 30 0 -398.345 1
60 60 0 -484.974 2
0 90 -256.644 9 -367.048 0
90 90 0 -526.606 1

T K AR o 5 T 300 i 36 WE TE ), L — S B
AR A AR , 60k B AL e R F il 5
AR IERYE . PE N — R A K A
REITRBE, I 5 FroR . SERUEIA A SCHE H 1Y
TE SR TT 122 IE A 1), RE A8 38 1o 9K ) 5 19 e £ 9 4%
i, TE A o R AL AR Sz S

=300
=320

=340

y/mm
| |
(9%} (9%}
% X
S S

-400
—-420

440
-140 -120 -100 -80 -60  -40  -20 0

x/mm

B 5 #H3AEXRRESITHT

Fig. 5 Actual trajectory of robot arms
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Fig. 6 Theoretical positive singular dislocations of the two—armed parallel robot
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