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Abstract: To meet the demands of humanoid robot joints for actuators with high load capacity,
high precision, and compact integration, and to address the difficulty in predicting the meshing

position and axial clearance of a novel inverted recirculating planetary roller screw mechanism
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(IRPRSM) under machining errors, this study establishes unified three-body helical surface
equations and a spatial meshing model for the IRPRSM. Consequently, the influence mechanism
of machining errors on key positional accuracy parameters—such as the actual meshing position,
meshing radius, deflection angle, and axial clearance—is revealed. Results show that eccentricity error
causes periodic fluctuations in the meshing radius and axial clearance during mechanism operation, with
the fluctuation frequency increasing with the number of screw starts. Within an error range of
+0. 03 mm, the difference in axial clearance induced by the pitch diameter errors of the screw and
roller does not exceed 2 pm. When a flank angle error is present solely in the screw or the roller,
the axial clearance peaks at 24. 58 pum at 0° and drops to approximately 10—12 pum as the error
increases to ==3°. When the flank angle errors of the screw and roller change equally in the same
direction, the axial clearance increases only from 22. 87 pm to 26. 11 pm, indicating that synchronous
error variation has a relatively minor effect on the clearance. Although the thread indexing error does not
alter the axial contact position, it causes a redistribution of the clearance between the upper and
lower helical surfaces. This study provides a theoretical basis for the manufacturing and high-
precision assembly of IRPRSMs in linear actuators for humanoid robot joints.
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Fig. 2 Schematic of eccentricity errors of the screw, roller,

and nut
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Fig. 5 Schematic of thread-start indexing errors of the screw
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Fig. 13 Effect of pitch diameter error on axial clearance
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