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Abstract: To improve positioning accuracies of precision linear platforms at micro-stroke scales,
based on their mechanism under different displacement scales and assembly errors, an optimization method
for assembly error decoupling and positioning accuracy improvement was proposed. First, using a refined
probability density function transfer operator and the many-to-many error distribution coupling mappings of
“components - assembly error items-geometric accuracies” s a comprehensive prediction model for preci-
sion motion platforms was established, including positioning accuracy variation trends during assembly and
assembly error transfer laws; second, with assembly sequences as variables, error measurement verifica-
tions and coupling mapping characterizations were performed by indirectly changing assembly error cou-
plings; then, based on assembly error transfer laws, platform assembly optimizations and positioning accu-
racy improvements were realized. Optimized assembly results show that, per ISO standards, at a 1 mm
stroke, bidirectional positioning error decreases from 20 pm to 6 pm, absolute distribution means from 3.9
pum to 0.5 pm, and standard deviations from 4.9 pm to 2.4 pm, indicating that this method is effective for
improving precision linear platform positioning accuracies.

Key words: micro-distance; probability density function; assembly error; error modeling; positioning
accuracy optimization
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Fig.1 Multi-stage system based on error flow theory
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Fig.3 Flowchart for assembly error decoupling based

on error flow theory
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Fig.6 Basic assembly form diagram
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Fig.7 The error modeling mechanism
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Fig.15 Component pose parameter distribution diagram
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