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Research on Air—loss Protection, Safe Release and Engineering Verification

Methods for
Non-standard Industrial Handling Fixtures

Abstract: Industrial handling fixtures are widely used in assisted manipulators, pneumatic handling
systems, robot end-effectors, vacuum lifting systems and dedicated loading/unloading equipment
Their safe release and air—loss protection design is closely related to the risk of workpiece
falling, equipment collision, operator injury and production interruption. This paper proposes a
design method for air—loss protection and controlled safe release of industrial handling fixtures
under rapid pressure drop, pipe rupture, valve malfunction and control signal failure. The method
follows the principle of “no unintended release under air loss, and controlled release after
confirmation” . It integrates clamping—force calculation, mechanical self-locking, geometrical
support, pressure holding, leakage detection, pressure—decay monitoring, release interlocking
maintenance reset and simulated verification. All numerical values in this paper are engineering

reference values or simulated verification settings and shall be recalculated for specific projects

Key words: industrial handling fixture; safe release; air—-loss protection; pneumatic clamp;
mechanical self-locking; clamping force calculation; pressure holding; leakage detection; high-—

temperature workpiece handling; engineering verification
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