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Abstract: To explore the influence of joint clearance on the dynamic characteristics of flexible ma-
nipulators, a coupled dynamic model considering joint clearance and arm flexibility is established
and the dynamic characteristics are analyzed. Firstly, a contact force collision model and an im-
proved friction calculation model are used to characterize the joint clearance. Secondly, a dynamic
analysis model, with the planar rotational joint clearance considered, for flexible manipulators is
constructed by using the assumed mode method, and the corresponding coupled dynamic equation
is derived based on the Lagrange method. Finally, the influence of clearance value and elastic
modulus parameters on the dynamic characteristics of flexible manipulator systems is analyzed.
The simulation results show that, as the joint clearance value increases, the contact collision

force increases, while the collision frequency decreases, which makes the translational accelera-
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tion at the end of the manipulator increase and the motion fluctuation frequency decrease. When

the clearance value is 0. 1 mm, the contact impact force is increased to 17. 76 times that without

clearance. The flexible arm can alleviate the internal collision of the joint and decrease the ampli-

tude of the collision force by more than 80% , but the reduction in the elastic modulus can escalate

the acceleration amplitude at the end of the manipulator. The analysis results can provide refer-

ence for the research of reliability and stability of robot systems.

Keywords: flexible manifulator; joint clearance; coupling dynamics; coutact collision
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Fig. 1 The decomposition diagram of joint clearance vector
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Fig. 2 Schematic diagram of joint clearance model
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Fig. 3 Diagram of rotating joint contact state
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Fig. 4 Flexible robot arm model considering joint clearance
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Table 2 Simulation parameters of flexible robotic arm
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