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Mechanism of Machining Error Effects on a Novel Planetary Roller Screw
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Abstract: To meet the requirements of humanoid robot joints for high load capacity, high precision, and compact
integration, this study investigates the effects of machining errors on the meshing characteristics of a novel inverted
recirculating planetary roller screw mechanism (IRPRSM). Unified three-body helical-surface equations and a spatial
meshing model are established to determine the actual meshing position, meshing radius, deflection angle, and axial
clearance. Results show that eccentricity errors cause periodic fluctuations in the meshing radius and axial clearance,
with the frequency increasing with the number of screw starts. Within £0.03 mm, the difference between the axial
clearances induced by screw and roller pitch-diameter errors is less than 2 pym. When a flank-angle error occurs
separately in the screw or roller, the axial clearance peaks at 24.58 pum at 0° and decreases to approximately 10—12 pm
at +3°. When the screw and roller flank-angle errors vary equally in the same direction, the axial clearance increases
only from 22.87 pm to 26.11 um. Thread-start indexing errors do not change the axial contact position but redistribute
the clearances between the upper and lower helical flanks. The findings provide a theoretical basis for the
manufacturing and precision assembly of IRPRSMs in humanoid robot joint actuators and support the diversified

development of related joint technologies in China.
Keywords: humanoid robot; joint; planetary roller screw mechanism; meshing characteristics; machining error
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Fig. 13  Effect of pitch diameter error on axial clearance
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