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Metrological and Technological Assurance of Surface-Layer Parameter Conformity in 
the Restoration of Machine Parts 

The article addresses ensuring the conformity of surface-layer parameters of internal combustion engine 
(ICE) piston pins restored to nominal size by vibratory expanding followed by mechanical finishing. The aim is 
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to develop a metrologically traceable methodology for assessing and controlling surface integrity with due 
regard to the interchangeability and tribological performance of the pin–bushing pair. 

An integrated approach is proposed: the set of indicators is identified (surface roughness, out-of-
roundness, microhardness, compressive residual stresses, friction coefficient, and wear rate), and a complete 
traceability chain to SI standards is established. Four technological routes are compared: P0 – vibratory 
expanding; P1 – finishing machining; P2 – machining with a standard cutting fluid (coolant–lubricant); P3 – 
machining with a special cutting fluid containing a biocidal additive. Using DOE plans, factor–parameter models 
are built and corresponding process windows are determined. 

A multicriteria Surface Integrity Index (SII) is proposed, based on desirability functions and a weighted 
geometric mean, with explicit allowance for measurement uncertainty; recommended decision thresholds are 
provided. The results confirm the metrological soundness of comparing the routes, support the justified 
establishment of acceptance criteria, and enable tuning of restoration processes to ensure interchangeability, 
reduce wear, and increase the predicted service life of the assembly. 
Restoration, surface roughness, wear, surface integrity, residual stresses, microhardness 
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