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Kinematics modeling and static performance analysis of
a walk-behind parallel-joint riveting robot

Li Huizi, XuYong, Zhang Yuhao, Chen Yuhao, Feng Guoxin
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: To meet the requirements for multi-station, high-precision machining of large workpieces, a
walking parallel riveting robot based on an 8-UPS parallel mechanism was proposed. First, an inverse
kinematic model of the mechanism was established to solve for the extension and retraction lengths of
each drive rod. Second, the mechanism’s velocity was modeled, the Jacobian matrix was derived, and
the relationship between the moving platform's velocity and the extension-retraction velocity of the

drive rods was determined. Subsequently, based on the generalized load space of the parallel
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mechanism, the mechanism's static performance was analyzed and simulated. Finally, finite element

simulations were conducted to evaluate the overall strength and stiffness of the whole machine under the

most severe operating condition, where the riveting gun bears the maximum load. The simulation results

indicate that the working space of the walking parallel riveting robot exhibits stable static performance

and is capable of completing wing riveting tasks with the correct posture, good accuracy, and a smooth

operation process.

Keywords: parallel mechanisms; wing riveting robots; generalized payload space; static performance
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Fig.1 Schematic diagram of drilling and riveting operations
performed by a mobile parallel-processing robot
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Fig. 2 Schematic diagrams of the simulation of the parallel-joint riveting robot's motion pattern
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Fig.3 Schematic diagram of the overall configuration of a parallel mechanism
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Fig. 4 8-UPS parallel mechanism coordinate system
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Fig. 5 Drive forces in each link of a robotic mechanism when
riveting different holes on an airfoil
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Fig. 9 Schematic diagrams of the position changes of the moving platform when riveting different holes on the wing
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