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Abstract. The paper presents a simulation-based model for synchronizing subsystems of a foundry 

shop, aimed at optimizing production efficiency, resource utilization, and product quality through 

coordinated operation and adaptive control. 
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A foundry shop is a complex engineering and production system whose 

efficiency depends on the coordinated interaction of various subsystems, 

technological equipment, and control elements. Reliable and productive operation of 

such a system is only possible if all its components are precisely synchronized. The 

aim of this study is to develop an effective mechanism for coordinating the actions of 

the foundry's subsystems, taking into account the specifics of its production structure, 

product range, requirements for the geometric and mechanical properties of castings, 

the technical condition of the equipment, and the efficiency of maintenance services. 

 An integrated approach was used to model the foundry's operations, 

combining the principles of aggregate theory, queuing theory, and simulation 

modeling methods. The mathematical model for synchronization is based on an 

aggregate-simulation principle, where the system is represented as a set of interacting 

aggregates that follow a defined sequence of operations system [1, р. 607]. Each 

aggregate represents a specific stage of the production process, and their coordinated 

operation is ensured by a specially designed control program. This program 

determines the logic of interaction based on specified production parameters and the 

chosen strategy for handling molten metal requests. As a result, an algorithm was 

developed that effectively solves the synchronization task with a focus on 

productivity and the quality of the produced castings.  

 Coordinated operation of subsystems is a key condition for stable and 

rhythmic production and for reducing downtime and losses. The foundry shop 

performs a large number of interrelated operations, and delays at any stage can 

disrupt the entire production cycle [2, р. 263]. Taking into account the production and 

technological structure makes it possible to adapt the model to the specific conditions 

of a given enterprise. The product range plays a crucial role, as different types of 

castings require different sequences and durations of technological operations. 

Equipment reliability directly affects production consistency, so assessing failure 

probabilities and repair times is essential. The effectiveness of maintenance services 

determines the speed of response to breakdowns and the efficiency of technical 

maintenance, which in turn influences overall productivity. 
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 Simulation modeling allows visualizing the foundry structure as a system of 

interrelated elements, each performing a specific function [3, р. 5]. This approach 

enables the analysis of various operational scenarios without interfering with actual 

production. The control program allows adjustments to service strategies and 

adaptation to changing conditions [4, р. 97]. The developed algorithm helps ensure 

not only high quality and output but also optimal resource use, reducing production 

costs. 

A distinctive feature of the process is the high interdependence between stages, 

which requires precise timing coordination. Modeling considers not only the duration 

of operations but also equipment downtimes and internal transport logistics. 

Aggregates are represented as autonomous units that are triggered by events 

corresponding to the start or end of a particular operation. This structure enables real-

time monitoring of each aggregate’s status and rapid adaptation to production 

changes. The model also incorporates request prioritization for molten metal, 

allowing for scheduling based on the technological importance of castings. It includes 

tools for load monitoring and forecasting on each aggregate, helping to avoid 

overloads and resource imbalances. The software implementation enables 

experimentation with various planning strategies to find the most efficient solutions 

for real production environments. 
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