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Abstract

A composite thermal-insulation structure and pneumatic circuit protection method are
proposed for high—temperature workpiece handling grippers used in forging, heat treatment,
die casting and furnace—front automation. The method addresses excessive heat transfer
from gripper jaws to actuators, pneumatic component overheating, hose aging, sensor
malfunction and reduced gripping reliability. A functional zoning principle is
established, including the high—temperature load-bearing zone, thermal isolation zone and
low—temperature actuation zone. A composite insulation path consisting of heat-resistant
jaws, alumina ceramic wear pads, machinable glass—ceramic thermal bridges, ceramic fiber
layers, air gaps and reflective shields is designed. Equivalent thermal conductivity
calculation and thermo—structural finite element analysis are conducted to compare
temperature distribution, thermal stress and deformation among different structural
schemes. The results show that the equivalent thermal conductivity of the proposed heat-—
transfer path can be reduced to approximately 0.25 W/(me*K). Under a representative

condition of 650 ‘C workpiece temperature, 20 s gripping duration and 35 ‘C ambient

e



temperature, the maximum temperature at the gripper root, cylinder mounting surface and
hose outer surface can be controlled within 83 °C, 55 C and 68 ‘C, respectively.
Compared with an integral metallic connection scheme, the main heat flux is reduced by
about 98. 7%, the pneumatic thermal protection efficiency reaches 76.9%, and the end
deformation is limited to less than 0.20 mm. The proposed method provides an engineering
reference for the design of high—temperature automatic handling grippers and customized

end effectors.

Keywords: high—temperature workpiece; handling gripper; thermal insulation structure;
pneumatic circuit protection; heat flux analysis; finite element analysis; pneumatic

safety
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