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The paper presents an analysis of directions for developing research on
selected parameters of conical picks used in mechanical rock cutting.

* Correspondence: The'_se tools constitute_the basic eq_uipmen'g _for the cujcti_ng drums of
mining and road machines, and their durability and efficiency depend
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Based on a review of the literature and current research methods,
limitations in determining cemented carbide grain size and assessing
material wear resistance were identified. Low repeatability of WC
grain-size measurements was observed despite the use of standardised
methods. The study also indicates a lack of laboratory methods that
enable the reliable reproduction of wear conditions encountered during
actual rock cutting. Standard tribological tests do not fully reflect the
complex nature of material degradation, while testing complete tools is
costly and time-consuming. Therefore, a new research method based on
a modified pin-on-drum approach is proposed to evaluate the wear rates
of materials and coatings under conditions similar to those in real
operating conditions. A concept for a test rig is presented, and the
ranges of key process parameters, such as cutting speed, normal load,
and counter-sample properties, are defined. The proposed approach
enables rapid, comparative testing of numerous material variants,
serving as an intermediate stage between tribological testing and testing
of finished tools. The results indicate the need for further work on more
repeatable methods for WC grain size determination and on test rigs
that enable better reproduction of the real operating conditions of
cutting tools.
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1. Introduction

Mechanical rock cutting is a key process in raw material extraction, excavation, and road surface
milling, and is used in underground and surface mining, road construction, and tunnelling. This
process is performed using various machines, such as longwall shearers and roadheaders, road and
floor milling machines, and tunnel boring machines.

The working elements of these machines are cutting drums equipped with cutting tools or disc
tools, with the largest share being cutting drums on longwall shearers and roadheaders fitted with
conical picks. These tools are directly involved in the rock-cutting process. The materials being cut
may include hard and lignite coal, metal ores, rock salt and potash salt, concrete, asphalt mixtures, and
various rocks such as sandstones, shales, clays, gypsum, and dolomites [1].

Currently, conical picks are the most commonly used tools. A standard conical pick consists of
a body comprising a shank part (3) and a working part (2), in which the tip (1) is located (Fig. 1).

Fig. 1. Construction and basic dimensions of a conical pick:
a) pick construction; b) basic pick dimensions; c) pick body; d) pick holder socket

The shank part consists of a cylindrical, single- or double-stage shaft. The working part of the pick
is a rotational body tapering towards the tip, of various shapes, reinforced with a cutting tip in the form
of a cemented carbide insert [2]. Various shapes and sizes of working parts and flanges of conical
picks are available.

The fundamental principle of operation of a conical pick is its ability to rotate freely and randomly
about its own axis during cutting, ensuring uniform wear and maintaining a tip shape close to its
original shape.

Such rotation depends on an appropriate distribution of forces acting on the pick. The pick must be
pressed into the holder along its axis; otherwise, bending leads to jamming and asymmetric wear [3, 4].

Cutting drums may be equipped with several to over two hundred picks. The smallest number of
picks is used on small adapter drums or milling attachments. Standard cutting drums of longwall
shearers and roadheaders are equipped with several dozen picks, whereas the largest numbers are used
in continuous miners and several types of floor milling machines. Picks used for cutting rock salt,
potash, or gypsum exhibit minimal wear. Higher wear is observed when cutting coal seams, while the
highest wear occurs when cutting surrounding rocks with high silica content, especially metal ores.
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Picks are subjected to various tests that allow the determination of their geometric and material
parameters as well as those describing their durability. These methods are well known and applied in
practice [1, 5, 6].

One of the key parameters of cemented carbide tips is grain size. Despite the use of standardised
methods, they do not yield repeatable, reproducible results; therefore, modifications to existing
methods or the development of hew ones are required.

Another important operational parameter is the wear rate of materials used for the body and the tip.
Currently applied tribological methods do not adequately reproduce the wear process occurring during
rock cutting and do not provide reliable results. In turn, methods that test complete tools require
manufacturing finished picks and conducting costly test-rig experiments. As a result, there is a lack of
systematic comparative studies on the wear resistance of various materials, coatings, and carbides, and
on the influence of manufacturing process parameters.

Therefore, this paper analyses the current state of knowledge, demonstrating the need to develop
a method for determining the grain size of cemented carbides, as well as a method and a test rig for
evaluating the suitability of materials for mining tools. The study aims to develop a method and test
rig concept enabling the laboratory evaluation of the wear resistance of materials used in conical picks,
with the most faithful reproduction of mechanical rock-cutting conditions. The study includes an
analysis of existing research methods, identification of their limitations, and the proposal of a new
research approach, along with assumptions for the test rig.

2. Testing of Conical Pick Parameters

Cutting tools should be characterised by a long service life, and the durability of picks depends on
many factors. Methods are used to evaluate [1, 5, 6]:

» geometric parameters of the body and the tip,
«  material parameters of the body and the tip,

» wear rate indicator,

* non-invasive measurement of tip size.

These methods are applied both in research and in the evaluation of tender picks and in quality
control [1, 5, 6].

Testing of geometric parameters involves determining selected linear and angular dimensions of
the pick and comparing the results with user requirements and manufacturer documentation.

Material testing involves determining the type and properties of materials from which the conical
pick is made. Material testing requires separating the steel body from the cemented carbide tip. The
material analysis of the body includes determining the chemical composition of the steel, the hardness
of the shank and working parts, and the heat treatment. In contrast, the analysis of the cemented
carbide tip includes determining its composition, density, and hardness.

Under laboratory conditions, the durability of picks is defined as the amount of material (mass or
volume) that can be cut before replacement is required. The method for determining the wear rate of
conical picks involves milling a rock sample with four identical picks. The wear rate indicator is then
calculated based on the mass loss of the tested picks and the volume of material removed. All tests are
carried out on the same sample and under identical conditions, enabling comparison of different picks
and selection of the best one in terms of durability.

© 2026 Author(s). This is an open access article licensed under the Creative

Publisher: KOMAG Institute of Mining Technology, Poland
Commons BY-NC 4.0 (https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/

e-ISSN 2719-3306 Mining Machines, 2026, Vol. 44, pp. 46-59 -

Direct measurement of the tip (diameter and height) in a finished pick is not possible. Therefore,
the tip is removed by brazing to verify its geometry. This method is costly, time consuming, requires
specialised stationary equipment, and prevents further use of the tested pick. The dimensions of the tip
are very important, especially its height, which has a decisive influence on the service life. The need for
such verification has led to the development of new non-invasive methods for assessing tip size [1].

The above methods for testing selected parameters of picks are well established and provide comparable
and reliable results. Similarly, for determining WC grain size and assessing the wear resistance of materials
used in mining tools, the development of appropriate research methods is necessary.

3. Determination of Cemented Carbide Grain Size

The mechanical properties of tips used in mining tools made of cemented carbides determine their
suitability for rock-cutting. The tip must be characterised by sufficient strength to prevent chipping
and fracture, while maintaining the highest possible resistance to abrasive wear. The key parameters
are the WC (tungsten carbide) content and the WC grain size. These parameters determine the
properties of cemented carbides, such as compressive strength, bending strength, hardness, toughness,
and other characteristics describing susceptibility to cracking and brittle fracture.

These properties and parameters are determined using appropriate standards [7]. One of the key
parameters of cemented carbides is the WC grain size, which significantly affects the properties of the
entire tip. However, despite the use of standardised methods, the obtained results are not repeatable.
Various classifications of cemented carbides according to grain size are known [8, 9]. According to
PN EN ISO 4499 2:2021 (Hardmetals — Metallographic determination of microstructure — Part 2:
Measurement of tungsten carbide grain size [10]) and its Polish interpretation [7] cemented carbides
are classified by WC grain size dWC from nano fine-grained (below 0.2 um) to super coarse-grained
(above 6.0 um). The influence of Co binder phase content and WC grain size on the mechanical
properties of sintered materials is well known and confirmed by numerous studies [8, 9, 11-14].
Increased WC content results in higher strength and hardness, and thus higher resistance to abrasive
wear, but at the expense of toughness. In contrast, increasing WC grain size reduces abrasion
resistance, hardness, and bending strength, but increases resistance to cracking and toughness.
Examples of relationships between selected parameters and WC grain size in cemented carbides are
presented in Fig. 2, where the red frame indicates the range of cobalt content in typical grades used for
rock cutting. The variability in mechanical properties with grain size and cobalt content requires
consideration of operating conditions and expected tool performance. There is no universally optimal
cemented carbide for rock cutting.
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Fig. 2. Influence of Co content and WC grain size on selected mechanical properties of
cemented carbides (based on [14]): a) Vickers hardness; b) bending strength
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In mining applications, standard WC—-Co cemented carbides are predominantly used, where the
specified Co content and mean WC grain size are decisive. However, the properties of cemented
carbides are also influenced by the use of other binders, including nickel (Ni) or iron (Fe), as well as
additives such as titanium carbide (TiC) or tantalum carbide (TaC), and the production of materials
with graded microstructure [9, 15, 16].

Numerous methods are available for determining grain parameters, including grain size. Cemented
carbides are at least two-phase materials; only selected methods are applicable [17, 18]. Grain size
determination is based on images of metallographic specimens obtained by optical microscopy,
scanning electron microscopy (SEM), or electron backscatter diffraction (EBSD). It is also performed
using a scanning microscope. Grain size is determined from two-dimensional images [19, 20].

In practice, the most commonly used methods are the linear intercept method and the area-based
method. Several studies have compared these methods [21, 22, 23], also depending on whether images
were obtained using SEM or EBSD [24, 25]. This issue is often analysed for very fine WC fractions,
significantly below 1 pm [26, 27]. One study proposed a new method for determining grain size with
accuracy comparable to EBSD [28]. Other studies compared EBSD-derived grain sizes with those
obtained for powders using laser diffraction [29, 30]. The EBSD method yielded errors of 3.4% to
approximately 12%, indicating limited accuracy; however, the extent of WC grain growth during
sintering was not specified.

The most widely used method is the linear-intercept method described in PN EN 1SO 4499-2:2021
[10]. This standard specifies the procedure for determining the average tungsten carbide grain size.
The method involves calculating the average segment length between grain boundaries by drawing
intercept lines on a properly prepared metallographic specimen. Due to the lack of well-defined grain
boundaries, operator interpretation is required, which introduces significant error and leads to poor
reproducibility. Despite proper etching, grain boundaries are not always clearly visible and
unambiguous. Fig. 2a shows an example microstructure of a fine-grained cemented carbide. In this
image, the operator, based on experience, identified the grain boundaries used for grain-size
determination [27]. The same image was later analysed by an experienced operator from AGH, who
added missing grain boundaries (red lines). This example clearly illustrates the problem of subjective
interpretation. In Fig. 2b intercept lines were drawn according to the standard requirements.
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Fig. 2. Fine-grained microstructure of WC from SEM with added grain boundaries,
magnification 2000% (based on [27])
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ISO 4499 also refers to ASTM E112 — 13 (Standard Test Methods for Determining Average Grain
Size [31]), which describes a circular (planimetric) method for determining grain size. This method is
based on a circle of known area and counting grains fully or partially within it. The 1SO standard
highlights key requirements allowing measurement error below 10%. It also states that the method is
not intended for determining grain-size distribution or grain shape, which requires further
investigation.

Fig. 4 presents grain-size distributions determined using the 1SO 4499 method for three intercept
lines on a single specimen for two cemented carbides. Each graph includes the mean grain size value.
The distributions differ significantly, confirming the limitations indicated in the standard. Mean values
between individual intercept lines also differ considerably, with differences exceeding 40%.
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Fig. 4. Results for two cemented carbides for three intercept lines:
a) carbide W1; b) carbide W2

For example, Tab. 1 presents results obtained by two independent laboratories for three cemented
carbides. Differences between results obtained under the same standard can reach up to 39%. These
tests were conducted at the request of a cemented carbide manufacturer to meet tender requirements.
Despite producing carbides from WC powder with an appropriate grain size, standardised
measurements may indicate non-compliance. A mining company specified minimum mean WC grain
sizes (AWC) of 2.5 um or 6.0 um, depending on the pick type [32]. For the carbide labelled No. 2, the
tender would have been rejected by laboratory 1 and accepted by laboratory 2.
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Table 1. Example results of WC grain size dWC determination [1]

Carbide | Mean grain size dWC, pm Relative
No. Lab 1 Lab 2 difference, %
1 6.27 8.70 38.87
2 5.79 7.90 36.44
3 7.07 8.80 24.56

The large variation in grain-size determination results constitutes both research and a practical
problem, particularly when specific grain sizes are required. Therefore, it is justified to develop new
methods or refine existing ones. The primary objective is to achieve high repeatability and
reproducibility, ensuring that results across laboratories and operators remain within acceptable limits.
An automated method is desirable, as it eliminates operator interpretation and improves
reproducibility.

The method should also ensure consistency with the grain-size values determined for WC powders
before sintering, while accounting for microstructural changes that occur during manufacturing.
During sintering, WC grains grow via mechanisms such as Ostwald ripening [9, 33, 34]. Therefore,
grain size measured on metallographic specimens cannot be directly compared with that of powder.
One possible validation approach is to produce special sintered materials in which grain growth is
suppressed.

4. Research on Materials for Mining Tools

Rock-cutting tools are subjected to various tests to determine the parameters that influence their
durability. Such studies are conducted at research centres worldwide [35]. The applied methods can
generally be divided into:

* testing of finished tools under laboratory conditions,
» testing of finished tools under real operating conditions,
» determination of material wear rate using mechanical engineering methods.

Testing finished tools is an effective approach; however, it is costly and time-consuming because it
requires manufacturing complete tools and testing under conditions that reflect real operation. For this
reason, such tests are used to a limited extent, mainly for selected solutions of different geometries,
materials, or coatings. Testing under real conditions, despite its advantages, cannot serve as a standard
research method due to rock heterogeneity and anisotropy, natural hazards, and changing operating
conditions. In addition, such tests interfere with normal mining operations. Therefore, they are mainly
applied at the final stage to verify selected tool designs.

The last group includes abrasion tests widely used in mechanical engineering, which are well-
suited for evaluating construction materials and coatings. However, in these tests, the wear process is
mainly confined to the surface and reflects conditions typical of standard tribological systems. The PN
EN 1SO 28080:2021 standard defines three methods for evaluating the abrasion resistance of cemented
carbides. Each method is based on static wear of a specimen in contact with an abrasive material and
does not account for the dynamic character of operation [36].

Standard methods are not suitable for testing materials and coatings intended for mining tools,
since the wear process in such applications involves not only surface interactions but also dynamic
effects. For example, tests of the wear rate of conical picks with titanium nitride coatings did not
demonstrate improved resistance [37]. In contrast, TiN coatings significantly increase durability in
conventional tribological applications, such as machining tools [38, 39].
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Wear resistance is commonly determined using test rigs such as tribotesters or tribometers.
Numerous configurations exist, allowing simulation of specific wear mechanisms and measurement of
key parameters, such as the coefficient of friction. These tests are based on measuring the mass loss of
a specimen due to frictional interaction, typically involving relative motion between the specimen and
a counter-sample or an abrasive. Common configurations include pin-on-disc, ball-on-disc, disc-on-
disc, and pin-on-drum systems [8, 40, 41, 42].

The wide variety of methods and test rigs results from the diversity of tribological conditions. Even
rigs based on the same principle may differ in parameters, abrasives used, or operating conditions (dry
or wet). Consequently, modified or newly developed methods are often introduced to simulate specific
operating conditions characteristic of particular industries [8, 43, 44, 45, 46]. In such studies, either
modified setups were used, or parameters were selected to ensure results matched the wear observed
during actual operation.

Research findings indicate the need to develop and modify experimental methods and test rigs to
reproduce real processes better. It is essential to simulate operating conditions using parameter values
that provide results consistent with engineering practice [40].

During rock cutting, abrasive wear occurs through processes such as micro-cutting, scratching,
micro-ploughing, shearing, detachment of asperities, and chipping due to cracking. Despite the use of
water spray systems, tools operate at elevated temperatures. Methods used in tribological testing also
simulate these phenomena across a range of process parameters, which explains their diversity [8].

Similarly, in testing rock abrasivity, which is intended to predict tool wear, existing methods often
fail to account for key factors that influence results. Despite the availability of many methods, there is
a recognised need to develop new approaches that account for the specific nature of mechanical rock
cutting [47].

The same conclusions are drawn from comparative studies of the abrasion resistance of different
materials conducted using several test rigs. Results were compared with wear observed in field tests
under mining conditions. Only some laboratory methods produce results consistent with real wear. It
was also noted that even well-selected methods are mainly useful for eliminating less resistant
materials rather than identifying optimal ones [48, 49].

To address this, a new method and test rig were proposed for testing materials and coatings. Based
on an analysis of existing methods, it was concluded that a modified pin-on-drum arrangement can
reproduce conditions similar to those in rock cutting.

The classical pin on drum method is well known and described in the literature [50]. In this
method, a rotating specimen moves along the surface of a rotating drum, pressed against an abrasive
surface. The drum has a diameter of 0.509 m and a length of 0.610 m, rotates at 1.7 rpm (linear speed
2.7 m/min), while the specimen rotates at 17 rpm.

Pin on drum test rigs are still widely used. It is estimated that properly conducted tests can reduce
measurement error to £0.5% [51]. These rigs are used in both original and modified forms, for
example, for testing coatings on steel substrates [52] or composites [53, 54], as well as in modified
configurations including vibration loading for heavy industry machines [46].

The proposed method assumes the use of small, simple-geometry specimens. Specimens made
from different materials, coatings, or subjected to specific treatments (e.g., thermochemical processes)
should be compared. Tests are conducted on artificial samples, such as concrete with controlled
properties. This approach allows rapid and cost-effective testing of numerous material and process
variants. A key aspect is defining appropriate ranges of process parameters based on real operating
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conditions. Some parameters must be determined experimentally and validated by comparison with
practical observations; a sufficiently wide parameter range must be considered.

Based on the pin on drum concept, a schematic diagram of the proposed test rig was developed.
Fig. 5 shows a simplified concept comprising a frame (1), a counter-sample (2), a transverse carriage
(3), a longitudinal carriage (4), and a specimen (5). Unlike in the classical configuration, the specimen
does not rotate. The figure shows two variants of the test rig design.
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Fig. 3. Schematic of the two variants of the proposed test rig
1 - frame, 2 — counter-sample, 3 — transverse carriage, 4 — longitudinal carriage, 5 — specimen

The counter-sample, in the form of a concrete ring cast on a pipe, is mounted on a shaft and driven
by an electric motor through a gearbox. Both carriages are driven independently, and the transverse
carriage may be pressed against the counter-sample with a constant force. The longitudinal carriage
holds the specimen and may be replaced with a fixture holding multiple specimens. Controlled
parameters include rotational speed and diameter of the counter-sample, as well as the positions of
both carriages.

The recommended development procedure for new tools includes:
1. testing multiple material variants on the proposed test rig,
2. laboratory testing of finished tools to select the best solution [1],

3. validation under real operating conditions.

Such an approach significantly expands research capabilities and allows ongoing evaluation of new
materials, coatings, and manufacturing processes. A 3D model of the proposed test rig is shown
in Fig. 4. The modular design enables easy reconfiguration and further expansion, e.g., for force
measurement or testing multiple specimens simultaneously.
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Fig. 4. 3D model of the test rig for evaluating wear rate of materials used in mining tools [1]:
1 — frame, 2 — drive system of counter-sample, 3 — transverse carriage, 4 — longitudinal carriage,
5 — transverse drive system, 6 — longitudinal drive system, 7 — electrical cabinet, 8 — debris container,
9 — protective housing, 10 — counter-sample, 11 — specimen, 12 — specimen shield, 13 — radius sensor,
14 — dust extraction system, 15 — cleaning system of the counter-sample

5. Conclusions

High demand for certain mineral resources, combined with the ongoing drive to increase efficiency
and reduce operating costs, is driving the development of mechanical rock cutting. This process
involves direct interaction between the cutting tool and the rock mass and is most commonly carried
out by milling using various types of mining machines. Currently, conical picks are the standard for
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equipping cutting drums, while radial picks and discs are used less frequently. Regardless of the
cutting method, the key factors are the tool itself and the cutting process.

Methods for testing conical picks allow evaluation of their quality by analysing geometric and
material parameters as well as wear rate. From the user's perspective, the most important parameter
determining tool durability is the wear rate indicator, which can be determined in laboratory tests
using test rigs that allow evaluation of individual tools and entire cutting drums.

Determining cemented carbide grain size remains a significant challenge. Research results confirm
the low repeatability of measurements despite the use of standardised methods. This indicates the need
to modify existing methods or develop new approaches, which should be validated while considering
WC powder characteristics and changes that occur during sintering.

Wear and durability testing using full-scale conical picks is costly and organisationally demanding,
which makes systematic studies of the influence of materials, coatings, and process parameters
difficult. There is a lack of a test rig capable of reproducing real wear conditions in a laboratory
setting. Therefore, a concept of a new method based on a modified pin-on-drum arrangement and
corresponding test rig assumptions has been developed.

The novelty of the study includes identifying the limitations of standard methods for WC grain-size
determination, identifying the gap between tribological testing and testing of finished tools, and
developing a concept for a modified test method that enables the evaluation of materials under
conditions similar to real operating conditions.

The proposed approach serves as a basis for the construction of a test rig enabling more reliable
evaluation of wear resistance. It may help reduce research costs and shorten the development time of
new cutting tools. Future work will include the construction and validation of the test rig, as well as
the comparison of laboratory and field test results.
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