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AHHOTAIHAA:

B nanHoO#i cTatbe MPOBOAUTCS CUCTEMHBIA aHANM3 MPOLIECCOB MPOCKTUPOBAHUS ITAMIIOB U
IITAMIIOBOYHOTO 00OPYIOBaHUS JIJIsI XOJOJHOW IITAMIIOBKH. PaccMaTpuBalOTCS TEXHOJIOTHYCCKHE
O0COOCHHOCTH Tpoliecca MITaMIOBKH, AeopMaliis MaTepualna, CUIOBBIE BO3JICHCTBUS, a TaKXkKe
KOHCTPYKTHUBHBIE TlapaMeTpbl obOopyaoBanus. Ocob0oe BHUMAaHHWE YACISICTCS IOBBIIICHUIO
MIPOYHOCTH, TOYHOCTHU U pecypca paboThl 3JIEMEHTOB LITaMIla B IIpoIecce MPOeKTUpoBanus. Takxe
AQHAIM3UPYIOTCS COBPEMCHHBIC WH)KCHEPHBIC IOJXOJbI, HANpPABICHHBIC HA IIOBBIIICHHUE
3¢ (HEeKTUBHOCTH IITAMIOBOYHOTO 000PYAOBAHHUS.

KurwueBble cji0Ba: XOJ0JHAas IITAMIIOBKA, IMPOEKTUPOBAHUE IITAMIIOB, ILITAMIIOBOYHOE
obopynoBaHue, MIacTHIeckas aedopMaliis, MHKCHEPHBIN aHAIIN3, TEXHOJIOTHYSCKUN TIPOIIECC.

Annotation:

This article provides a systematic analysis of the design processes of dies and stamping
equipment used in cold forming. The technological features of the stamping process, material
deformation behavior, applied forces, and structural parameters of the equipment are examined.
Special attention is given to improving the strength, accuracy, and service life of die components
during the design stage. Modern engineering approaches aimed at increasing the efficiency of
stamping equipment are also discussed.

Keywords: cold stamping, die design, stamping equipment, plastic deformation, engineering
analysis, technological process.

Introduction

Cold stamping is one of the most important and widely applied manufacturing processes in
modern mechanical engineering and industrial production. It is used for the fabrication of high-
precision metal components by plastic deformation of sheet materials without the application of
heat. This process is highly valued due to its productivity, cost-effectiveness, material efficiency,
and ability to produce complex-shaped parts with high dimensional accuracy and repeatability. As a
result, cold stamping plays a key role in automotive, aerospace, appliance manufacturing, and many
other industrial sectors.
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The effectiveness and reliability of the cold stamping process are strongly determined by the
quality of die design and the performance of stamping equipment. The design of stamping dies is a
complex engineering task that requires careful consideration of material behavior under load, stress
distribution, friction conditions, and deformation characteristics. In addition, the structural integrity
of die components, including punches, matrices, guides, and supporting elements, must be ensured
to withstand repeated cyclic loading during operation.

A crucial aspect of the design process is the accurate calculation of technological parameters
such as forming forces, energy consumption, clearance between die elements, and wear resistance.
Improper design may lead to defects such as cracking, wrinkling, springback, and premature tool
failure. Therefore, optimization of die geometry and selection of appropriate materials are essential
steps in ensuring stable production and high-quality output.

Modern engineering approaches increasingly rely on computational modeling, finite element
analysis (FEA), and simulation tools to predict material flow and stress distribution during
stamping. These methods allow engineers to improve design accuracy, reduce development time,
and minimize production costs. Furthermore, advancements in CAD/CAM systems and digital
manufacturing technologies have significantly enhanced the ability to design complex stamping
systems with higher efficiency.

Given the growing industrial demand for high-quality stamped components and the continuous
development of manufacturing technologies, the analysis of die design processes and stamping
equipment remains a highly relevant research area. Understanding these processes is essential for
improving tool life, reducing production defects, and increasing the overall efficiency of cold
stamping operations.

The design process of dies and stamping equipment for cold forming consists of several
interrelated stages that ensure the technical reliability, durability, and efficiency of the
technological system. The first stage involves analyzing the product geometry and functional
requirements. At this stage, the shape, dimensions, tolerance limits, and surface quality
requirements of the final part are studied in detail. Based on these parameters, a preliminary
technological process is developed, which defines the sequence of deformation operations.

The second stage is the selection of material for both the workpiece and the die components.
The material of the workpiece must have suitable plasticity, strength, and deformation
characteristics to ensure successful forming without defects. At the same time, die materials must
provide high wear resistance, hardness, and fatigue strength due to repeated loading conditions
during stamping operations.

The third stage includes the calculation of stamping forces and energy requirements. These
parameters are essential for selecting appropriate press machines and ensuring stable operation of
the equipment. Incorrect force estimation may lead to machine overload, tool failure, or insufficient
forming quality. Therefore, analytical and numerical methods are often used to determine accurate
force values during deformation.

The fourth stage focuses on die structure design, which includes the development of punches,
dies, holders, guiding elements, and ejector systems. Proper alignment and precision of these
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components are crucial for achieving high-quality stamped parts. Clearance between punch and die
is carefully calculated to prevent defects such as burr formation or material tearing.

In addition, modern design approaches incorporate simulation and computer-aided engineering
methods. Finite Element Analysis (FEA) is widely used to model stress distribution, material flow,
and potential failure zones during the stamping process. This allows engineers to optimize die
geometry before manufacturing and reduce the risk of costly design errors.

Another important aspect is the analysis of wear and service life of stamping tools. Due to
continuous cyclic loading, dies are subjected to significant mechanical and thermal stresses.
Therefore, surface treatment methods such as hardening, coating, and lubrication systems are
applied to increase tool durability and reduce friction.

Finally, optimization of the entire stamping system is performed to improve productivity,
reduce energy consumption, and ensure stable quality output. Automation and modern control
systems are increasingly integrated into stamping lines, enabling higher precision and repeatability
of operations.

Conclusion

The analysis of the design processes of dies and stamping equipment for cold forming
demonstrates that this field is a highly complex and multidisciplinary engineering task that
integrates aspects of material science, mechanics, manufacturing technology, and computer-aided
design. The overall performance of cold stamping operations is directly determined by the
correctness of engineering decisions made during the design stage, particularly in relation to
geometry selection, force calculation, material choice, and structural configuration of the tooling
system.

One of the key conclusions of this study is that the quality of stamped products cannot be
considered separately from the reliability of the die system itself. Any inaccuracies in design, such
as improper clearance between working elements, insufficient strength of die components, or
incorrect estimation of deformation forces, may lead to serious technological defects including
cracking, wrinkling, excessive wear, and dimensional instability of the final product. Therefore, a
systematic and scientifically based approach to die design is essential for ensuring stable
production.

The research also confirms that modern engineering methods significantly improve the
effectiveness of cold stamping equipment design. In particular, the use of numerical modeling
techniques such as finite element analysis (FEA) allows for accurate prediction of stress
distribution, material flow behavior, and potential failure zones during deformation. This enables
engineers to optimize die geometry before physical manufacturing, thereby reducing trial-and-error
costs and improving production efficiency.

Another important aspect is the role of advanced materials and surface engineering
technologies in extending the service life of stamping tools. The application of high-strength tool
steels, protective coatings, heat treatment processes, and advanced lubrication systems contributes
to reducing friction, minimizing wear, and increasing resistance to cyclic loading. These
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improvements directly enhance the operational stability and economic efficiency of stamping
processes.

In addition, automation and digitalization of manufacturing systems have introduced new
opportunities for improving process control and consistency. Computer-integrated manufacturing
systems, real-time monitoring, and adaptive control algorithms make it possible to maintain stable
forming conditions and quickly respond to deviations during production.

Overall, it can be concluded that the development and optimization of die and stamping
equipment design methods remain a critical direction in modern manufacturing engineering.
Continuous improvement in this area is necessary to meet increasing industrial demands for high
precision, productivity, and cost efficiency in cold stamping technologies.
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