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Coupled Design of Plate Thickness, Clamping Force and Safety Margin for End-Effectors
of Pneumatic Power-Assist Manipulators
(Jiangsu Aurek Intelligent Technology Co., Ltd., Jiangsu China)

Abstract: To address the empirical “thickness-by-experience, force-by-amplification, margin-by-conservatism”
problem in designing non-standard end-effectors for pneumatic power-assist manipulators, a unified coupled
framework relating plate thickness, clamping force and safety margin is established under publicly available
operating boundaries. The mechanical and thermophysical parameters of common structural steels, stainless steel,
aluminium alloy, TPU pads and cast-iron workpieces are determined from national standards, material databases and
manufacturer data. Verification models for friction clamping, cylinder thrust, bending deflection, Euler buckling,
torsion, vacuum adhesion and bolt/weld/pin connections are built. Three worked examples—a 50 kg friction clamp,
an 80 kg 90° flip and a 6/8/10 mm thickness comparison—together with schematic finite-element analysis, sensitivity
analysis and FMEA form an analysis—simulation—test closed loop. Results show that, under a conservative 0.5 MPa
design baseline, plate thickness governs deflection by a cubic law and eccentricity governs the flipping moment by
a linear law, both controlling safety more directly than the nominal yield grade of the material; the worst case for
vacuum adhesion is generally not vertical lifting but lateral anti-slip with the cup in a vertical posture. The framework
provides a reproducible quantitative basis for robust design of non-standard end-effectors.

Key words: pneumatic power-assist manipulator; end-effector; plate thickness; clamping force; safety margin;
vacuum adhesion; sensitivity analysis
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