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IN HIGH-SPEED ELECTROCONSOLIDATION PROCESSES OF
NANOCOMPOSITES

PhD, Assoc. Prof. V.P. Nerubatskyi, Dr. Sc., Prof. E.S. Hevorkian, PhD,
Assoc. Prof. HL. Komarova, PhD, Senior Lecturer L.V. Voloshyna, PhD,
Assoc. Prof. D.I. Voloshyn, Ukrainian State University of Railway
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The current stage of industrial production and defense sector development in
Ukraine requires a transition from empirical design methods to intelligent quality
management systems based on Industry 4.0 concepts. This is particularly critical
for creating high-performance structural nanocomposites (specifically zirconia-
based), where traditional technological schemes are characterized by high energy
consumption and prolonged cycles. Solving this problem is possible through the
creation of integrated cyber-physical systems, the key element of which is the
Digital Twin of the electroconsolidation technological process.

Within the proposed approach, a mathematical model has been developed for
predicting density and temperature field distribution in the powder compact in real
time. Unlike static calculations, the digital twin concept integrates real-time data
on thermal field localization (reducing direct energy consumption by 65-70%),
the dynamics of thermomechanical wear of graphite tooling, and operational
metrological control parameters into a single information network.

The digital model provides not only the simulation of the sintering process
but also feedback for automatic correction of processing modes to minimize defect
rates and guarantee stable physical and mechanical characteristics of products for
critical applications in railway transport, heavy engineering, and the defense
industry. Compliance of manufactured parts with international quality standards
within the Smart Manufacturing environment is achieved through continuous
validation of digital twin data with non-destructive testing results.

The implementation of this approach allows for a detailed analysis of the
impact of deviations in initial raw material parameters and energy resources on the
final material structure. This makes it possible to adjust technological regulations
in advance directly during the production cycle.

Thus, the integration of mathematical modeling of electroconsolidation into
the digital manufacturing loop creates a reliable information framework for the
rapid scaling of technologies and quality management at domestic enterprises.
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