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Kinematics Modeling and Trajectory Planning of Series Spherical Scissors Mechanism

WANG Xiu-jiao, LI Rui-qin, FAN Xiao-qin, GUO Wang-wang

(School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

ABSTRACT: The work aims to study the kinematic performance and trajectory planning of a series spherical scissors
mechanism used in spherical surface decoration. The degree of freedom of the mechanism was calculated by screw theory
and modified Kutzbach-Griibler formula. The kinematics model of the series spherical scissors mechanism was estab-
lished by spherical triangle operation rule and coordinate transformation method. The forward kinematics and inverse
kinematics of the mechanism were solved by Denavit-Hartenberg (D-H) quaternion method. The workspace of the mech-
anism was solved by Matlab software. The trajectory planning of the mechanism was simulated by SolidWorks dynamic
simulation method and the kinematic performance was analyzed. Through the example, the kinematic performance of the
mechanism running according to a given trajectory on the sphere was proved to be consistent with that according to actual
planned trajectory. The mechanism has the advantages of large workspace, flexible movement and good motion perfor-
mance and is suitable for engraving and spray painting on the spherical surface, and other related application fields.
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Fig.1 Configuration of the series spherical
scissors mechanism
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Fig.2 Kinematic screw

M:d(n—g—l)+§fi+v—§:1 2)

i=1

K d AP BIEEG o PRI EECE 5 ¢
B RIECH 5 O8N dh R A R ERH ; v oy
TUARAMBERHE; SR A mERH

S50 MU Iz sh AL T, AL R — 58
B A Z AL B F i, HOZ 2R FLAROR 2
MOEL IR R . BRI A0, HLA S A4 —A>
FR I IR THT AL ALY R 8 10 ik ke 32 4 % gl ) ol £ 5
4 11 P B AR A S S AR i 22 12 S I ) e sl 11 oh E
PIZ BRI — 3647 3 sl F i

2 BREUIKE S XAMBIEEhFE o

2.1

Fy T 5 156 X Bk 1T B X HLAY 5 B A BY ALK )32
SFEMESE AR, B AR Y AL #EA T8 3l 2R 4y
B o ICIIEFFRT R RO AR o, PR MIEH ¢
(i=1,2,3,4), 3%t i AR 0i=1,2,3),
J7 1) SCMIRHER R 67, 38 A IE o DLt BRI ER O
AR S 2 T (] 3 R @R 53 ). A Querfelli
A1 Kumarl"E B 7 i dESr an il 3 R 10 3 A
F, LKl O JAsbr i, 57 B2 AR H5 R O-xopozo,
ST AT sl AR R R O-xyizi, zi (i=1,2,3,4) {5
R e shRl ik A, x (i=1,2,3,4) HEET
SIUE AT B 72 R 9T - AH M ) Denavit-Hartenberg( D-H )
2R 1,

10 ER ARG AR i ¥ 1 AR AR 2R Ry {4}
RISy AP, HIUICESIR IR R AP,
FRE O-xopozo TR N OP,

T HA e, Wl D-H MITHukRR L
MRz 32 T R

AR R {4}
T[] 52 Ak



- 164 - £, %% T

2019 4E 4 H

A Xy

2(0,1,2)

K3 AT AR R

Fig.3 Coordinate systems of the connecting rod
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Tab.1 D-H parameters of the mechanism
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Tab.2 Structure parameters and kinematic parameters of the mechanism
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Fig.4 Workspace of the mechanism
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Fig.7 Kinematics results of the series spherical
scissors mechanism
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