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Abstract: This study focuses on the mechanical characterization of GGV30 vermicular cast
iron. GGV30 has gained increasing recognition in the automotive and railway industries,
particularly for its use in critical components, like brake discs and clutch parts. Given the
demanding nature of these applications, a thorough understanding of the material's
mechanical properties and their variations under different operating conditions is essential
to ensuring reliability and performance. A comprehensive review of various testing methods
is provided, to analyze the mechanical behaviors of GGV30. These methods assess key
parameters such as strength, durability and hardness, which are crucial for evaluating
suitability, for automotive applications. By conducting these investigations, this study lays
the foundation for future machining tests, offering valuable data from the workpiece
perspective. This approach enhances the testing process, by identifying critical factors,
reducing redundant experiments and optimizing the overall assessment of the material's
performance.
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1 Introduction

During the first decade of the 215 Century in the automotive and railway vehicle
industry, there was the aim to replace the sliding part material in the cars because
of the reliability issues of the widely used GG25 grey cast iron (DIN 1691 [1], DIN
1561 [2]) material, and the choice was the GGV30 vermicular cast iron (DIN 1691
[1], DIN 1561 [2]). The comparison of the microstructure of the two materials
shows that in the case of the GG25 material, the graphite morphology shows a flake
form, and in the case of the GGV30 vermicular cast iron, the graphite morphology
is between the flake and spherical; however, the chemical structure is very similar
to the GG25 grey cast iron. The GGV30 vermicular cast iron is very similar to the
predecessor in case of wear resistance but has better mechanical properties
compared to the GG25 grey cast irons. It has a improved impact on toughness,
elongation, comprehensive strength etc. It is also less sensitive to changes in wall
thickness, during production and to variations in cooling speed. These parameters
make vermicular cast irons a better choice overall for producing sensitive parts,
such as brake drums, brake discs, or clutch sliding parts [3-5].

Vermicular cast iron, particularly grade GGV30, has been extensively studied for
its mechanical and metallographic properties, making it a critical material for road
and railway vehicle components. Also known as Compacted Graphite Iron (CGI),
this material combines the advantages of ductile and gray cast iron, offering a
balanced set of properties ideal for high-performance industrial applications. Its
mechanical behavior is closely tied to its microstructure, which differs significantly
from gray or ductile iron. The vermicular graphite morphology, for example,
provides higher ultimate tensile and yield strength than gray iron while remaining
below the values seen in ductile iron [6]. This balance makes GGV30 particularly
effective in automotive and railway systems, where components are subjected to
substantial mechanical stresses over time. Additionally, CGI exhibits superior wear
resistance and thermal fatigue resistance compared to other cast irons [7].
The unique graphite structure also enhances damping capacity and machinability —
key factors for parts exposed to dynamic loads and harsh operating conditions [8].
GGV30's thermal conductivity further supports its use in heat-sensitive
applications, e.g., brake components, where efficient heat dissipation is crucial [9].

Metallographic analysis of vermicular cast iron reveals a microstructure dominated
by graphite nodules with a distinctive "worm-like" shape. Unlike flaky graphite,
this morphology reduces the risk of crack propagation, thereby improving ductility
and toughness [10]. The resulting network of graphite enhances the material's
strength-to-weight ratio, making it suitable for lightweight yet durable components
[11]. Advanced techniques, such as X-ray tomography and electron microscopy,
have provided more profound insights into the 3D distribution of graphite,
clarifying how the microstructure influences mechanical and thermal properties
[12].
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Alloying elements play a crucial role in tailoring the properties of GGV30. Studies
indicate that vanadium or titanium additions can refine the microstructure, thereby
increasing hardness and tensile strength [13]. Post-casting treatments, such as laser
strengthening and austempering, have also been explored to enhance wear
resistance and fatigue performance [14]. However, production conditions must be
carefully controlled, as cooling rates and thermal treatments significantly impact
the final microstructure and mechanical behavior [15]. Historically, CGI has been
challenging to manufacture due to its sensitivity to process parameters, requiring
precise alloying and cooling to achieve optimal properties [15].

GGV30 is widely used in road and railway vehicle components, including brake
discs, cylinder heads, and engine blocks. Its stability under thermal cycling is
especially valuable, as these parts frequently endure thermal shock and mechanical
fatigue [16]. For instance, GGV30's graphite structure improves heat distribution in
brake discs, reducing thermal cracking risks and enhancing braking reliability [16].

Despite its advantages, further research is necessary to optimize the performance of
GGV30. Investigating alloy compositions, cooling rates, and treatment methods
could yield even more resilient variants for specific automotive and rail applications
[17]. Machine learning and data analytics can also help predict material behavior
from microstructural data, aiding in design and production decisions [18].
Additionally, as sustainability becomes a priority, research into recycling CGI and
its property retention will be essential [19]. Understanding the interplay between
alloying elements, graphite morphology, and mechanical properties could extend
the lifespan of GGV30 components, reinforcing its role in modern engineering.

In this paper, the main properties of the GGV30 vermicular cast iron are presented
to demonstrate its impact stress resistance under various thermal conditions and to
provide an overview of its tensile stress stability. The parts machined from this
material are crucial in the perspective of safety in the automotive industry, and they
must be operational in very different weather conditions, ranging from very low
temperatures to very high ones, due to factors such as friction, for example, during
emergency braking. There is also a significant advantage of this material compared
to its predecessors: it is possible to produce lighter parts from this material due to
its better resistance to changes in wall thickness. However, there is a relevant
disadvantage: vermicular cast irons have much higher ferrite content compared to
grey cast irons, and this parameter limits the cutting tool materials that can be used
during the machining processes. For example, during the machining of grey cast
irons like GG25, it is possible to apply CBN (Cubic-Boron-Nitride) materials with
very high cutting speeds (between 1200 m/min and 2000 m/min), but in GGV30 is
impossible due to the relatively high ferrite content (between 40-80%). This
significantly reduces the efficiency of machining GGV30 materials compared to
GG25. The main aim of this paper is to identify the main properties of the GGV30
vermicular cast iron to be able to increase the productivity of the machining
processes during the following experiments and tests and to reduce the overall
production cost of these workpieces [20-22].
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The aim of the experiments — presented in the current paper — is to investigate the
mechanical and structural properties of the increasingly widespread GGV30
vermicular cast iron. The mechanical tests include a comprehensive analysis of
parameters such as tensile strength, hardness, and impact toughness. These tests
were conducted under various conditions, with some performed only at room
temperature, while others were carried out at sub-zero temperatures and an elevated
temperature of 200°C. This approach enables a deeper understanding of how
temperature variations impact the material's performance in real-world applications.

The structure of the paper is as follows: Section 2 deals with materials and methods,
and Section 3 presents the results and discussions; hence, Section 4 summarizes the
main findings.

2 Materials and Methods

The goal during the development of the entire testing system was to establish an
exact and reproducible method. To achieve this, adhering to the relevant standards
while preparing the test specimens and throughout the examinations was
imperative. The measurements carried out based on these standards provided highly
reproducible results, enabling precise and well-founded conclusions.

2.1 Materials

The specimens for the various investigations and tests were machined out from two
raw, not pre-machined clutch discs from the same casting batch (Fig. 1) in the
machining laboratory of the Széchenyi Istvan University using various metal
cutting methods and machine tools like a bandsaw, milling machine or universal
lathe. The preparation of the machining process began by removing the material's
surface (Fig. 2) to create markings for cutting (Fig. 3).

Figure 1

Raw material for the tests
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Figure 2

Pre-machined material for marking

Figure 3

Marked disc before cutting

It is visible in Fig. 3 that during the marking process, it was not possible to have all
the specimens marked in the same direction on the workpiece, but because of the
material properties, it is not important because, in the cast iron materials, there is
not possible to identify any fiber direction. After the marking, the specimens were
cut out with a precision bandsaw. The cut dimensions were at least 1 mm larger in
every direction to allow for milling the specimens to the exact size and meet the
dimensional requirements after the milling process.

In the case of the Charpy specimens, after the cross-section and the length were
prepared, it was necessary to prepare a U-shaped notch according to the ISO 148-
1:2016 standard [23] (Fig. 4). It was machined by a special rounded disc mill with
a bottom radius of 1 mm (Fig. 5). In the case of tensile stress specimens, after the
milling process, it was necessary to use the lathe to prepare the round cross-
sectioned specimens (Fig. 6).

Some pieces that fell off during cutting were retained for microstructure checking
and hardness testing. From these pieces, one was embedded in phenolic resin under
high pressure at room temperature and prepared for checking by the polishing
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method. To be more precise, microstructure checking and hardness testing were
done on the same specimen (Fig. 7).

Figure 4
Charpy specimen with U shape notch

Figure 5
Special disc mill and the machining process

Figure 6

Special disc mill and the machining process
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Figure 7
Special disc mill and the machining process

2.1 Methods

After the specimens had been prepared, the following tests were performed in the
laboratory.

Charpy impact test on —20°C, +20°C, +200°C according to the ISO 148-1:2016
standard [23]. During the test, 3 specimens were placed in a VOTSCH climatic
chamber to reduce the temperature to —20°C (Fig. 8), and 3 specimens were placed
in a Binder climatic chamber to increase the temperature to 200°C (Fig. 8). While
these specimens achieved the desired temperature the 3 remaining specimens were
tested on room temperature on the mechanical Charpy testing device.

Figure 8

Votsch and Binder climatic chambers for exact tempering of the specimens

After the three specimens reached the desired temperature for the "cold test", they
were removed one by one and immediately placed into the Charpy testing device to
prevent further temperature increase, and the test was performed. The "hot test"
with the other 3 specimens did the same process. In all 9 cases, the results were
documented from the Charpy testing device and recorded in an Excel file for further
analysis.
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Tensile strength test on 20°C according to the ISO 6892-1:2019 standard [24].
The 3 prepared specimens were tested on an INSTRON 5582 100 kN Universal
Testing Machine (UTM) equipped with a non-contact video extensometer.
The specimens were clamped prismatically. Before the tests, all specimens were
marked with a white permanent marker to provide reference points for the non-
contact video extensometer. During the tests, the results were taken from the data
of the non-contact video extensometer and saved in an Excel file, for further
analysis.

Microstructural investigation of the raw surface, according to the ISO 945-1:2019
standard [25], reveals the graphite structure in the investigated material. It was an
additional test to check the exact spreading of the graphite in the material under
investigation. The investigation was conducted using a ZEISS Discovery V20
Stereo microscope and documented with pictures directly from the system at two
different magnifications.

Microstructural investigation after Nital etching, according to the ISO 643:2019
standard [26], is a process that enables the identification of grain size and spread in
austenitic and ferritic materials within the investigated material. In this case, the
investigated components were the ferrite content and ferrite grain size because of
their influence on machinability with CBN cutting tools. To perform this
investigation, the specimens must be etched in a 5% Nital solution, which contains
5% nitric acid and 95% ethanol or methanol. After the etching, the test was
performed on the same ZEISS Discovery V20 stereo microscope, and pictures were
taken with different magnifications to investigate the ferrite content and spreading
in the material.

Brinell Hardness test, according to ISO 6506-1:2014 standard [27], is a mechanical

testing process. In this case, the method used was the HBW 2.5/62.5/10 method.

During the test, a 2.5 mm diameter tungsten carbide ball is pressed into the surface

with a 62.5 kgf (612.9 N) force for 10 s, and the hardness value is calculated from

these values and the diameter of the marking left on the surface using Eq. (1).
0.1022°F

HBW = ey (1)
where:

HBW is the Brinell-hardness value in HB

F is the force in N unit

D is the diameter of the ball in mm unit

d is the diameter of the marking on the surface in mm unit

The tests were performed on the KB Priiftechnik KB 750 universal hardness tester
device, which is capable of evaluating the tests in automated mode to ensure
consistency and avoid human errors. During this process, three tests were made on
the same surface prepared for the microstructure investigation.
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3 Results and Discussions

After every test and investigation, all the saved data had to be evaluated to get a
comprehensive picture of the investigated material.

After the Charpy test, the results were evaluated in Excel (Table 1), and the impact
of the cold and hot environment was identified to get the thermal stability of the
GGV 30 vermicular cast iron.

Table 1
Charpy test results at different temperatures (SD is Standard Deviation, RSD is Relative SD)
Specimen Results [J] Results [J] Results [J]
at +20 °C at-20°C at +200 °C
1 6
2 5
3 5
4
5
6
7 6
8 6
9 6
Average 5.33 4.00 6.00
SD 0.58 0.00 0.00
RSD 10.88% 0.00% 0.00%

According to the results, it is evident that the temperature difference affects only
one Joule in the results compared to the room temperature. However, since the room
temperature value is only 5 Joules, this difference represents a £20% change in the
investigated material. In the case of higher notch impact energy values, this 20%
difference would be significant; however, because the room temperature value
serves as the basis is low, the impact of the temperature change can be disregarded
concerning the notch impact energy change [28].

During the tensile strength test, all data were saved from the video extensometer in
digital form, allowing for evaluation in Excel to view the results in a single table
and diagram (Table 2, Fig. 9).

Table 2
Result of tensile strength test (SD means standard deviation, RSD means Relative SD)

Specimen Yield [MPa] Strength [MPa] A Fmax. doy
Specimen 1 353 458.50 3.73 23.05
Specimen 2 305 332.77 0.72 23.05
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Specimen 2 314 435.50 4.33 23.05
Average 324 408.92 2.93 23.50
SD 25.51 66.95 1.93 - -
RSD 7.87% 16.37% 65.90% - -
500
450
e Specimen 1
350
300
T i )4 Specimen 2
5 200
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100
50
o I
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Figure 9

Result of tensile strength test

In the evaluation process, it was necessary to consider mistakes or false data during
the tests because the second specimen showed a much smaller tensile strength result
than the other two. There is a possibility that the specimen had some internal defects
or uneven spreading of the ferrite and the graphite, and that was the reason for
having more than 25% less tensile strength; however, the yield strength is only 8.5%
below the average of the two other specimens. Both specimens breaking at a higher
tensile stress were within the standard range for GGV 30, from both tensile strength
and yield strength perspectives. However, the specimen breaking at a lower tensile
stress was outside the standard range in terms of tensile strength but within the range
from a yield strength perspective. This means there must have been a defect in the
material [24].

During the microstructure investigation of the raw surface, pictures taken with the
ZEISS Discovery V20 stereo microscope revealed a clear image of the two types of
graphite forms (Fig. 10).

In the two pictures, the small black dots represent the distribution of compacted
graphite, while the short black lines indicate the presence of flake-type graphite.
Based on the graphite distribution seen in the two pictures, it can be concluded that
the examined material is vermicular cast iron.
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Graphite forms on microscopic pictures on raw surface

In the microstructure investigation on the etched surface, the exceptionally high
ferrite content is visible as a bright part (Fig. 11). According to the standard for
GGV 30 materials [1] [2] [25] [26], the ferrite content must be between 40-80%. In
the case of the specimens, the tolerance level was near the upper level during the
investigation. Because of this high level of ferrite content, there would be a high
risk of tool wear if this workpiece was machined with CBN inserts because of the
chemical reaction between the ferrite and the CBN material at higher temperatures
[29-35].

: 1st specimen, GGV30, 3% Nital etched
¢+ Nobj=20x i Nobj=50x

1 lrpmlmurl BGV30, 3% Nital 0, J%Nw\mhad

etched Nobj=10x

Figure 11
Graphite forms on microscopic pictures on raw surface

The results of the Brinell hardness test method were calculated automatically by the
KB Priiftechnik KB 750 device and recorded in an Excel file for evaluation (Table
3).

Table 3
Values of the three Brinell hardness tests (SD means standard deviation, RSD means relative standard
deviation)
No. of the test HBW 2.5/62.5/10 values
1 166
2 167
3 167
Average 167 (166.667)
SD 0.577
RSD 0.350%
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According to the standard [1] [2] [13], all the 3 measured values and the average
value are below the defined tolerance of the GGV 30 material. The HBW value is
between 170 and 230. The main reason for this low value is the very high content
of ferrite, which is the softest microstructural component. In the microscopic
pictures, it was visible that the specimen material contained a very high amount of
ferrite.

Conclusions

The GGV30 vermicular cast iron investigation provided valuable insights into its
mechanical properties, thermal stability and microstructural characteristics.
The results obtained from Charpy impact tests, tensile strength measurements,
microstructural investigations, and Brinell hardness testing confirm that GGV30
exhibits a balanced combination of strength, toughness, and wear resistance,
making it a suitable material for automotive applications, particularly for
components such as brake discs and clutch parts. However, some limitations in its
machinability were observed, due to its high ferrite content.

Impact of temperature on mechanical properties

The Charpy impact test results demonstrated that temperature variations influence
the material's notch impact energy, but the absolute energy values remain relatively
low. The maximum deviation observed was +20%, which may not be highly
significant in the context of such a brittle material. This suggests that GGV30
maintains its impact resistance across a wide range of operational temperatures,
making it reliable under extreme weather conditions and during high-friction
events, such as emergency braking.

Tensile strength and structural integrity

The tensile strength tests revealed some variation in the results, with one specimen
exhibiting significantly lower tensile strength. This outlier suggests the presence of
internal defects or an uneven distribution of ferrite and graphite, which could impact
the consistency of mechanical performance. Nevertheless, most samples met the
required tensile and yield strength standards [10] for GGV30, reinforcing its
suitability for high-stress applications.

Microstructural analysis and machinability challenges

The microstructure analysis confirmed that the material exhibits the expected
graphite morphology for vermicular cast iron, characterized by a mixture of
compacted and flake-type graphite formations. However, Nital etching revealed a
high ferrite content, estimated to be near the upper tolerance limit (40-80%)
specified in the standard [11] [12].

This high ferrite content adversely affects machinability, increasing tool wear when
using CBN (Cubic Boron Nitride) cutting tools at high temperatures. While GG25
grey cast iron allows for high-speed machining with CBN (1200-2000 m/min), the
presence of ferrite in GGV30 makes such machining methods impractical.
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Consequently, optimizing cutting tool materials and machining parameters will be
crucial for enhancing manufacturing efficiency and lowering production costs.

Brinell hardness evaluation

The Brinell hardness test (HBW 2.5/62.5/10) results revealed that all measured
values were below the standard tolerance range (170-230 HBW) for GGV30 [13].
This low hardness correlates with the high ferrite content, confirming that ferrite is
the softest microstructural component in the material. While this property enhances
ductility, it also contributes to reduced wear resistance, compared to grey cast iron.

Final remarks

This study highlights both the advantages and challenges of GGV30 vermicular cast
iron. While the material offers improved mechanical strength, impact resistance,
and thermal stability, its high ferrite content presents machining difficulties that
must be addressed. Future research should focus on optimizing machining
processes, exploring alternative tool materials, and refining casting methods to
enhance the material's performance and cost-effectiveness in industrial applications.

Future research possibilities

Future research will aim to address the mechanical and metallographic
characterization of GGV30 vermicular cast iron applied in road and railway
vehicles by focusing, e.g., on Al-driven design and data analysis optimization [36-
38], fuzzy logic [39-41], or traditional statistical [42-44]. Sophisticated finite
element simulation and modeling methodologies can be applied for supplementary
investigations [45-48]. The aspects and trends of cognitive mobility and
sustainability, must be considered in detailed examinations [49-51] that encompass
the aspects of automotive and railway vehicles, transportation and engineering.
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