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Topological Design and Analysis of Novel 2T1R Parallel Mechanism
with Symbolic Forward Solutions and Motion Decoupling

SHEN Huiping KONG Xiangchao LI Ju YE Pengda
(Research Center for Advanced Mechanisms Theory, Changzhou University, Changzhou 213164, China)

Abstract: Based on the design theory and methodology of parallel mechanisms (PM) based on position
and orientation characteristics (POC) equations, a two-translation-rotation (2T1R) PM was designed. It
consisted of low pairs and possesses symbolic forward solutions as well as partial motion decoupling. The
primary topological features of the PM, including POC, degree of freedom, coupling degree, and motion
decoupling were analyzed. Subsequently, based on the kinematic modeling principle derived from
topological characteristics, symbolic position forward and inverse solutions for the PM were obtained.
Simultaneously, singularity analysis was conducted by using the inverse position solution while solving for
the workspace of the PM based on symbolic solutions. Furthermore, employing a sequential single-open-
chain method grounded in virtual work principles enables dynamic performance analysis of the PM along
with calculation of actuated forces exerted on its three driving pairs. The maximum driving forces required
for the three sliders were —58.52 N, 47.28 N and 64. 10 N, respectively. Ultimately, this PM can be
utilized as an end-effector and safety lander for UAVs; their conceptual design was elaborated upon. The
research can provide a theoretical basis for kinematics and dynamics modeling and analysis of 2TIR
parallel mechanism symbolized by positive solution and kinematically decoupled, as well as mechanism
performance optimization and prototype development.
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[ 8XA333 O:I QA3B3 + [ 8XB3C3 86336'3 :I QB3C3 +
[ BX@Dz 806303 } QC3D3 + [ 8X0353 800353 } QD3E3 +
[3X, 80,]Q,-[3Xye, OJ[F, 0]"=0

(25)
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5.2 EEHAHTEZLH
5.2.1 2%

LR 4 BRI HI0 : m,, =3. 6815 ke
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myc, = 2.305 8 kg, mg, =2.494 0 kg, m;,, =
2.4559 kg,my,, =13.842 2 kg, m, ,, =3.764 8 kg,
My, o, =1.306 3 kg AR SIBEE DL 3,

R3 J[HHHEINRESH

Tab.3 Moment of inertia parameters of each member

el IR/ (kg m?)

FrAF

I, I, I,
IPFE 1 0.747 4 0.6706 0.094 5
1 B, C, 0.060 9 0.0334 0.0387
¥+ B, C, 0.070 0 0.0354 0.0407
4 B Cy 0.0352 0.0121 0.023 1
¥ CyD;y 0.061 4 0.036 6 0.025 1
¥4 Dy E, 0.061 1 0. 050 4 0.0109
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