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Inverse Dynamics of 3PUS — S(P) Parallel Metamorphic Mechanism

Chang Boyan Liu Yanru Jin Guoguang
(Key Laboratory of Advanced Mechatronics Equipment Technology, Tianjin Polytechnic University, Tianjin 300387, China)

Abstract; The primary goal of this paper is to analyze the kinematic and dynamics of a 3PUS — S(P)
parallel spherical metamorphic mechanism. It consists of a moving platform, base platform, three PUS
legs and one middle S(P) metamorphic leg. A complete description of the position and orientation of the
moving platform requires six variables. Since the parallel metamorphic mechanism has three degrees of
orientation freedom in 1st configuration and extra one degree of translational freedom in 2nd
configuration, which implies that only three variables are independent in 1st configuration and four
variables in 2nd configuration. Firstly, the constraint equations describing the six motion coordinates of
moving platform are derived and kinematic equations are established based on vector algebra method.
Secondly, inverse dynamics equations of this metamorphic mechanism are established based on the
Newton — Euler formulation. According to geometric and physical parameters of real mechanism, required
driving and constraint forces can be obtained when the motion of moving platform and working load are
given by solving the inverse dynamics equations. Furthermore the simulation result illustrates that
3PUS — S(P) parallel metamorphic mechanism can avoid impact damage by activating the constrained
prismatic pair in middle leg.

Key words; Metamorphic mechanism Newton — Euler formulation Inverse dynamics Driving force

Constraint force

(L#EE 342 I0)

Experimental Study on Mechanical Properties of
Flexible Pneumatic Bending Joint

Shao Tiefeng'®> Zhang Libin' Dou Mingyu' Bao Guanjun' Luo Xinyuan' Yang Qinghua'
(1. Key Laboratory of E&M, Minisiry of Education & Zhejiang Province, Zhejiang University of Technology, Hangzhou 310018, China
2. Engineering Training Center, China Jiliang University, Hangzhou 310032, China)

Abstract; A new type of flexible pneumatic bending joint ( FPBJ) and its mathematical model were
proposed. To implement its real-time closed-loop control system, its mathematical model was simplified ,
and the mechanical characteristics were studied experimentally. An experimental platform for mechanical
characteristics testing was set up, and two FPBJs with different length (40 mm and 60 mm) were tested.
The experimental results were analyzed with Matlab curve and surface fitting toolbox, and the FPB]
empirical model was derived. The model showed a non-linear relationship among the bending angle, the
FPBJs internal and external pressure difference, joint length and the output force of the FPBJs. Contrast
to the simplified mathematical model, the empirical model was more precise, the mean relative error of
output angle model was less than 6. 7% , and the mean relative error of output force model was less than
2% . Meanwhile, an error, the joint length is proportional to the bending angle in the mathematical
model, was avoided in the empirical model.

Key words: Flexible pneumatic bending joint Mechanical characteristics Empirical model  Surface

fitting



