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Abstract

This article reports the results of a simulation modelling of a closed-die cold forging process
used to manufacture a part made of 5235JR. All tools and parts were developed with
SolidWorks 2023 CAD software. Two simulation runs, with and without lubricant, were
carried out by use of the QForm 11 simulation software. The simulation parameters and
results are described in the article. The analysis showed that the simulated process could
certainly be used for the manufacturing of quality products with high dimensional precision
and improved strength, suitable for use in various industries. It further proved the QForm
professional software’s suitability for use in the above industries for precise simulation of
various cold and hot working processes.

Keywords: simulation modelling; cold forging; punch; die; workpiece; QForm
specialised software

1. Introduction

Improving the dimensional accuracy and quality of workpieces is among the main
objectives of modern-day mechanical engineering. This objective is most fully achieved by
using the cold working processes based upon plastic deformation. The most progressive
methods based upon cold working by plastic deformation include the mutually comple-
mentary processes of sheet metal forming and cold (die) forging [1].

Cold forging contributes to: enhanced deformation strengthening, minimisation of
defects, improved dimensional precision (compared to other processes, such as machining,
casting, and hot forging), improved utilization of the forged metal, and significantly
reduced labour intensity and need for subsequent processing [2,3]. The cold forging
processes are distinguished by their high degree of mechanization and automation, which
is substantially higher than in the processes of casting and hot forging [4].

Further expansion of the scope of cold forging applications as a replacement for
machining, casting, and hot forging can be achieved by improving the process performance
characteristics, overcoming the complex shapes constraints, and increasing the overall size
of the forged details [3].

The cold forging’s main characteristic is that it is carried out at speeds significantly
exceeding those of phase transformations in the workpiece material, which generally cause
strength reduction and stress relief [5,6]. As a result, the strength of the deformed material
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increases considerably. On the one hand, this causes problems in ensuring sufficiently
strong tools and introduces limitations to the accuracy class of the processed part, depen-
dent on the ductility properties of its material. On the other hand, in some cases, the process
allows for the exclusion of the subsequent hardening heat treatment procedures and the
use of cheaper input materials.

The list of materials that are suitable for cold forging is long. Nevertheless, the
materials that are commonly processed by using this technology on a large industrial scale
are limited to the alloys of aluminum, copper, and nickel, as well as to some low-carbon
steel grades. In the industry, cold forging is most frequently used for processing parts
of low-carbon and boron steels alloyed with chromium and manganese [7]. The carbon
content in those steels, as a rule, does not exceed 0.35%. The increase in the carbon content
generally causes an increase in the rate of hardening during the cold plastic deformation [8].

Basic Features of the Manufacturing Process

In cold forging, a workpiece with a simple geometry is plastically deformed between
two tools (a punch and a die)-Figure 1. As the tools “imprint” the desired shape by
applying pressure to the deforming material, the workpiece acquires a more complex
geometry. Cold forging usually produces little or no waste and gives the part a final shape
in a very short time, usually by applying one or a few blows by the press or hammer [9,10].

Figure 1. Closed-die cold forging: (1) workpiece, (2) die, (3) punch, (4) product.

2. Methods and Materials
2.1. Material of the Workpiece—Material Specifications

The material used for the workpiece is structural steel grade S235]JR. The steel belongs
to the low-carbon steels and is specially developed for use in construction, as well as in
many other industries. The excellent machinability of S235]R allows the precise manufac-
turing of parts with complex geometric shapes and small tolerances. Its ability to withstand
the working processes without compromising its structural integrity makes it an ideal
choice for the manufacture of high-quality products. Steel grade S235]R is characterized by
exceptional durability and wear resistance.

The mechanical properties of S235]R make it suitable for various structural applica-
tions. Its strength characteristics provide sufficient load-bearing capacity, while its good
ductility allows for considerable deformations without structural failures. These properties
are essential for structures that are subjected to high dynamic loads. Due to its favourable
mechanical properties, S235]R is widely used in construction, automotive, machine build-
ing, and shipbuilding industries.

The steel’s strength and durability make it ideal for the manufacturing of parts with
increased requirements for their service lives, thus effectively contributing to the final
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products’ overall longevity. However, its constraints include lower corrosion resistance
compared to high-alloy steels, which may require the application of a protective coating to
ensure the product’s use in certain aggressive environments [11].

Table 1 lists the alternative designations of the steel, while Table 2 shows the chemical
composition of S235]R, as well as the major elements having a significant influence on
its properties.

Table 1. Alternative designations of steels.

Standard Designation DIN JIS GOST Grade (UNS)
Workpiece S235]R St37-2 55400 St2ps K02600
Table 2. Chemical composition.
Standard Steel Number (Name) C Si Mn P, < S, <
EN 10025-2 S235]R 0.19-0.23 0.10-0.40 1.00-1.50 0.045 0.045
2.2. Materials for Manufacturing of the Tools
The materials used for the punch and die are X155CrVMo12-1 and X37CrMoV5-1
steels—Table 3. Their main characteristics are specified in the relevant tables below. The
steel designations correspond to the American Iron and Steel Institute’s (AISI) designation
system, where the classification is based on the steels” chemical composition [12].
Table 3. Alternative designations of steels.
Standard Designation DIN AISI JIS GOST Grade (UNS)
Tool 1 X155CrVMol2-1 1.2379 D2 SKD11 X12MP D2
Tool 2 X37CrMoV5-1 1.2344 H13 SKD61 4X5MP6C H13
Tool steels of type D, which are appropriate for cold working, are characterized by
high carbon and chromium content. They exhibit high wear resistance. Tool steels of
type H, which are appropriate for hot working, are characterized by chromium and other
alloying elements. H10 to H13 steels contain molybdenum-Table 4. They exhibit excellent
durability and high hardenability and are often used in cold work demanding durability at
relatively high hardness [13,14].
Table 4. Chemical composition.
Standard Steel Number (Name) C Si Mn P < S, < Cr Mo \%
EN ISO 4957 1.2343 (X37CrMoV5-1) 0.33-0.41  0.90-1.20 0.25-0.50  0.03 0.02 4.8-55 1.10-1.50 0.30-0.50
EN ISO 4957 1.2344 (X40CrMoV5-1) 0.35-042 0.80-1.20  0.25-0.50 0.03 0.03 4.8-5.5 1.20-1.50 0.85-1.15

The X155CrVMo12-1 tool steel is a steel appropriate for cold working. It has high
carbon and chromium content. The steel can be hardened and has extremely high wear
resistance. This D2 tool steel combines minimal deformation during heat treatment with
high hardness and wear resistance at the expense of poor machining when compared to
the other steel grades [15,16].

The X37CrMoV5-1 tool steel is a chromium steel alloy also known as H13. This steel
is one of the most commonly used alloyed steels of that group, due to its exceptional
fracture toughness. Other steels in the group contain more vanadium, which provides

https://doi.org/10.3390/engproc2026150138


https://doi.org/10.3390/engproc2026150138

Eng. Proc. 2026, 150, 138

40f8

better wear resistance and hardenability. Due to these properties, the H3 tool steel is quite
often used in the aviation industry. It is also used in hot working applications due to
its excellent resistance to cracking, thermal fatigue, and thermal shock properties when
water-cooled [8,9].

The entire tooling was developed by using the SolidWorks CAD software, whereas the
preliminary simulation modelling was carried out by using the QForm specialized software
for simulation of the deformation processes.

3. Simulation

SolidWorks CAD software was used to create 3D models of the final product, the die,
and the punch, as well as of the workpiece blank. The closed-die cold forging process
simulation was carried out by using QForm software. Two simulations were carried out:
one with lubricant and another without lubricant [17,18]. The main parameters set as initial
data for the simulation process were as follows:

- Workpiece material;

- Workpiece temperature;

- Tools materials;

- Tools lubricant;

- Tool drive;

- Tool temperature;

- Friction between tools;

- Stop conditions for the simulation.

Once the initial process data were set, the closed-die cold forging simulation was
carried out in the QForm specialized simulation software.

An array of points and lines was created to allow monitoring of the workpiece defor-
mation and material distribution, thus ensuring more precise analysis of the simulation
-Figure 2. A three-dimensional grid along X, Y, Z-50, 5, 5, axes was created to aid the visu-
alization of the metal flow’s three-dimensional displacement. The introduction of a grid
of discrete points with coordinates X, Y, Z-50, 10, 10, enabled tracking of the parameters
during the simulation at every single point.

1

(@) (b) (© (d)

Figure 2. (a) 1—tool 1; 2—tool 2; 3—workpiece; (b) three-dimensional crosslinking; (c) distribution of
the effective deformations; (d) discrete points.

To be able to better analyze the results, we traced some points of the workpiece. Their
movement is schematically presented in Figure 3. With their help, we were able to identify
and track the deformations during the simulation processes.

The discrete points enabled us to observe the differences in simulations with and
without lubricant and analyze them.
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Figure 3. Schematic representation of the used discrete points.

3.1. Plastic Strain—Effective Stress
Chart 1 represents stress—strain curves of the selected discrete points during the cold

forging process: effective stress—oy,; plastic strain—eg;.
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Chart 1. Effective stress—otr, plastic strain—etr, (a) simulation with lubricant, (b) simulation

without lubricant.

3.2. Tool Movement (Stroke)

Chart 2 shows the changes in the applied force in relation to the punch movement
(stroke). The three main stages in the metal flowing and filling the deformation zone are
clearly visible. The first stage is up to 3 mm of the punch stroke. Then, a sharp increase in
force is observed, which marks the second stage, at 2.45 mm. During the third stage, the
applied force increases slightly, with the increase being more significant at the very end,
which is caused by the punch approaching the die.

Tool 1 tool-gorna-chast - Load, MN

12 T T T T T T T T T

L
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Distance, mm

Chart 2. Tool movement.
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3.3. Changes in Temperature

The step-by-step simulation of the closed-die cold forging allowed us to monitor and
record the temperature change at every single step of the process. The initial temperature
of the workpiece was set in the simulation software to 500 °C.

Chart 3 shows the temperature changes at the set discrete points during the
workpiece deformation.
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Chart 3. Time-temperature diagram: (a) Simulation process with lubricant, (b) simulation process
without lubricant.

The highest temperature achieved by the deforming workpiece in the absence of
lubricant was 721 °C, while the lowest temperature was 465 °C. In the presence of graphite
and water, the maximum temperature achieved by the workpiece was 655 °C, while the
minimum temperature was 438 °C.

In terms of temperature, 3 distinct stages were observed in the volume closed by the
punch and die during the simulation process: initial, intermediate, and final. These are
shown in Figure 4.

Figure 4. Temperature changes during the different stages of deformation.

The detailed data on these three stages can be seen on Charts 4 and 5 and in Tables 5 and 6.

P qm 95% :__m @

Volume %
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Chart 4. Volume-temperature diagrams: (a) Workpiece temperature in the intermediate stage
of the process, without lubrication; (b) workpiece temperature in the final stage of the process,
without lubrication.
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Chart 5. Volume—temperature diagrams: (a) Workpiece temperature in the final stage of the process,
with lubrication; (b) workpiece temperature in the final stage of the process, with lubrication.

Table 5. Temperature dataset analysis of the deformation without the use of lubricant.

. Minimum Maximum Standart . o Coefficient of Excess
Step Time [s] Temp. [°C] Temp. [°C] Deviation [°C] Median Temp. [*C] Skewness Kurtosis
1 0 500 500 1.13677 x 10~° 500 —0.043665816 0.152976434
5 0.000994539 480.434147 525.7080287 3.454185319 500.0481557 0.786887901 4.987410187
10 0.00209202 475.5871987 570.1778857 12.2546184 501.0088532 1.81976504 5.175570005
18 0.004919558 467.0574217 642.2086133 25.6242272 508.11674 1.206251538 1.362164143
25 0.007192164 465.1344748 650.2536811 29.34898971 515.4549002 0.820780339 0.427377673
35 0.008965673 468.1147237 704.4568236 29.60728731 520.2664745 0.634171638 0.27303475
42 0.010701811 467.1417021 721.564929 28.28041812 523.0591186 0.356621147 0.34826492
Table 6. Temperature dataset analysis of the deformation with the use of lubricant (graphite
and water).
. Minimum Maximum Standard . o Coefficient of Excess
Step Time [s] Temp. [°C] Temp. [°C] Deviation [°C] Median Temp. [*C] Skewness Kurtosis
1 0 500 500 1.13677 x 10~° 500 —0.043665816 0.152976434
5 0.00097265 474.6003928 523.9678569 3.909166697 500.0683247 —0.025396307 3.291488434
10 0.002167761 473.8143108 532.2084648 5.549683947 500.2085764 0.621271624 3.826059279
18 0.005189217 455.9055559 603.0051751 23.2337217 510.7356627 0.126725295 0.267991967
25 0.008067226 449.8194581 621.2360565 26.81828882 519.4867594 —0.41914601 0.165538878
35 0.01055761 438.2733621 653.2801564 28.76213933 523.0420381 —0.698408385 0.321547544
42 0.011210256 438.1828609 655.102784 29.3847712 522.5106961 —0.76194403 0.379529532

4. Conclusions

Simulation modelling of the manufacturing of an industrial part made of steel grade
5235]R by using a closed-die cold forging process demonstrates the applicability and high
accuracy of the simulation carried out by using specialized software applications, such as the
QForm professional engineering software for simulation, analysis, and process optimization.

The analysis showed with a high degree of certainty that the simulated cold forging
process can be used to manufacture a product made of a particular material. That prod-
uct would have high quality and performance indicators and would be ready for direct
incorporation into other products intended for use by the machine building, automotive,
shipbuilding, and other industries without additional processing.

In this sense, the simulation modelling described herein would be very useful for those
industrial enterprises that need to analyze and determine the suitability for processing of
certain types of materials by the use of closed-die cold forging processes.
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