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Abstract. Production is one of the basic branches of the economy. Along with the development of
techniques and technology, it expanded the scope of its activities, including a wide flow of
information concerning, inter alia, the quality of manufactured products in order to increase
competitiveness in meeting customer needs. The article assesses the quality of the first patterns of
the selected product (detail X) by measuring the hardness using the Vickers method. The
measurements were carried out for four samples marked with the letters A1, B1, C1 and D1, which
for the Vickers test had to be properly prepared, which was associated with the need to meet both
the requirements relating to surface roughness, the size of the detail and getting rid of
contamination. This process follows the procedure prepared by the quality control section,
specified in the detailed execution manual for detail X. The measurement of the samples confirmed
the research carried out in the scope of quality assessment and the validity of the selection of the
Vickers method for hardness measurement.

Introduction

Production is an activity that is spread over time and is mainly based on the physical production
of a specific product [1, 2]. It is also considered to combine various types of inputs and production
resources in order to obtain a specific effect in the form of a semi-finished or finished product [3-
5]

The variety of materials used in production requires defining, inter alia, their mechanical
properties, which determine the load-bearing capacity of the material [x6]. Mechanical properties
affect the quality and strength of materials, and thus — the properties of the finished product [7, 8].
The study of mechanical properties is extremely important, e.g. during the production of large
structures, where every smallest element is responsible for the safety and quality of the entire
structure. One of the mechanical properties is hardness [9], and hardness is assessed by static
hardness tests, dynamic hardness tests and scratch tests. Hardness measurement is a simple, quick
and low-cost test. The obtained result can be converted into material strength by applying an
appropriate formula, taking into account the linear relationship between the material hardness and
tensile strength. Hardness is the resistance of a material that occurs when a specific object
(indenter) is pressed into it. If the indenter goes deeper into the material with the same load, it
means that the indenter is softer. To perform the measurement, a ball-shaped element is used,
which is made of tungsten carbide or hardened steel. Sometimes an indenter is also used, which is
in the form of a diamond cone or diamond pyramid. The element is pressed into the material in a
static or dynamic manner.
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The methods of static hardness measurement include the Brinell, Vickers and Rockwell
methods. The Brinell method is one of the oldest methods of hardness measurement [10] and
consists in perpendicularly pressing a hardened ball (or carbide ball) with a diameter of D and a
force of F value into the tested material. The Rockwell method consists in pressing an indenter in
the form of a diamond cone or steel ball into the surface material and consists of 2 stages: loading
with the initial force FO (in order to reduce the impact on the measurement of non-uniformity of
the sample surface), and then applying the main force F1 and unloading to the force FO. This
determines the permanent increase in the depth of the impression resulting from the initial force
after unloading [11]. The Vickers method [12] consists in measuring the hardness (Fig. 1) using
an indenter in the form of a simple pyramid, characterized by a square base and an apex angle
equal to the Brinell ball indentation angle, i.e. 136° with an accuracy of 0.5". The hardness is
calculated as the ratio of the load F to the side surface of the permanently imprinted part of the
pyramid.
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Fig. 1. Scheme of hardness measurement by the Vickers method [12]

The aim of the study is to use the Vickers hardness method to assess the quality of the first
patterns of a selected product in the automotive industry [13].

The obtained results and methodology should be of interest to researchers in the field of material
sciences [14-17], energy [18, 19], machining [20-22] and coating [23-25] but also quality
engineers of the steel industry [26, 27], food [28, 29] and the automotive industry [30-33].
Increasing the quality of the materials produced will have a positive effect on the production of
highly responsible parts and machines, where there is a risk of contamination [34], costly
breakdowns [35, 36] or injury [37, 38]. The results can also inspire the further development of data
analysis methods [39-41] and the development of risks in failure scenarios [42, 43] as a valuable
source of experimental information.

Methodology

The tests used a hardness test with a low loading force, symbol HV1, i.e. with a nominal force
value of 9.807 N. In order to carry out a hardness test using the Vickers method, it is necessary to
properly prepare a sample of the detail. The surface of the sample should be free of impurities and
characterized by a roughness of not more than 2.5 um. The duration of the load for most of the
tested materials should be in the range of 10 to 15 seconds, assuming an accuracy of 2 seconds.
The sample thickness should not be less than 1.5d.
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This is done according to an appropriate procedure, specified in the X detail execution manual,
prepared by the quality control department. First, the upper part of the X detail is cut. It is necessary
to properly set the handle before the cut, in order to properly set the laser line of the cutter, which
determines the direction of the cut. Then the detail is fixed in the holder. Before the first cut, it is
necessary to adjust the table setting by a blade thickness of 2 mm. The cuts are made along the
angles determined for the X detail. In the selected detail for analysis, the cut was made along an
angle of 88° and 110° along the cross-section of the entire detail. After each cut, the target area is
marked. A transverse cut is then made below the X detail at a distance of 2 mm to avoid damaging
the measuring surfaces. Fragments of the detail are then placed on the plunger of the
metallographic press with the measuring side facing down, and then covered with thermosetting
resin. Then the samples are included. After this process, the samples are polished and placed on
the hardness tester pad, ready for measurement. In the case of the lower part of X detail, the first
cut is made 2 mm above the upper part in order to obtain a fragment for further examination. Then
the detail is placed in the holder in such a way that the laser line of the cutter passes through the
center of the cam. The last cut is made 2 mm above in order not to damage the measuring surfaces.
The obtained fragments are placed on the plunger of the metallographic press, and then, after the
completed process, they are placed on the pad of the polishing machine. After its completion, the
samples can be measured.

Results
The measurements were carried out for four samples marked with the letters A1, B1, C1 and DI.
Basic measurement parameters are presented below (Tab. 1)

Table 1. Measurement results for four samples by the Vickers method
MEASUREMENT RESULTS FOR SAMPLE Al
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POINT HARDNESS POSITION
1 716 0,10
2 279 0,50
3 257 1,00
4 271 1,25

MEASUREMENT RESULTS FOR SAMPLE B1
1 683 0,10
2 277 0,50
3 261 1,00
4 265 1,25
MEASUREMENT RESULTS FOR SAMPLE C1
1 714 0,10
2 276 0,50
3 250 1,00
4 272 1,25
MEASUREMENT RESULTS FOR SAMPLE D1
1 715 0,10
2 293 0,50
3 267 1,00
4 269 1,25
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Obtaining similar hardness values for all analyzed samples proves about the good effectiveness
of the Vickers method. Therefore, it can be used to assess the quality of the first standards, with
special care for the proper preparation of the sample.

Summary

Modern enterprises operate in difficult market conditions. The demand for specific products
depends on many factors, including meeting customers' requirements. Due to the variety of
available offers, users have more and more requirements, including the high quality of
manufactured products.

Checking the first patterns ensures early detection of abnormalities in manufactured items. It is
very useful in simulating production processes, which are then translated into production.
However, the effectiveness of this control depends on the methods used. The solution analyzed at
work, used in the surveyed company of the automotive industry, is based on the application of the
Vickers method, which based on the PN-EN ISO 6507-1: 2018-05 standard, it consists in indenting
a diamond indenter into the sample surface with a predetermined force. The advantage of the
Vickers method over the Brinell method is the universality of the diamond indenter. In addition,
considering the advantages and disadvantages, it can be stated that the Vickers method, having the
advantages, has the widest scale and high measurement accuracy, and the measurement result does
not depend on the load applied during the test. On the other hand, the disadvantages of the Vickers
method include: the difficulty of applying the method on heterogeneous or coarse-grained
materials.
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