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Foreword

Theyear 2025 is the fourth year of the MEBUTRA periodical, and thisissue is
its fourth edition. We are very proud, especially as in April we received the
ISSN number 3071-9216 assigned to this magazine from the ISSN National
Center, the Periodicals Department of the National Library in Warsaw.

| would like to take this opportunity to encourage all students, especially
students of the Department of Electrical Engineering, Department of
Transport, Department of Mechanical Engineering and the Department of
Civil Engineering of Stanistaw Staszic State University of Applied Sciences
in Pifa, to submit their articles.

dr inz. Jarostaw Mikotajczyk

jmikolajczyk@ans.pila.pl
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Welding fixture design
PSM0000004116
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Abstract: This paper presents the process of designing a welding fixture intended to improve
the quality and efficiency of the manufactured finished product. Flat (2D) and spatial (3D)
documentation was prepared for the designed fixture. The entire fixture is made up of five
components: profile base assembly, leg base assembly, mounting assembly, profile pressure
assembly and base assembly. Because technological holes were used, the weight of the fixture
was reduced to 21.63 kg. The PSM0000004116 welding fixture has a design solution that
allows the height of the leg base to be adjusted within the range of £ 1 mm. This small
adjustment range is dictated by the ability to position the welds correctly.

Key words: welding technology, design process, welding fixtures
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1. Introduction

Welding is a process of joining materials (mainly metals) by locally melting their
edges with or without the addition of a filler metal. The joined elements are not pressed
against each other during the welding process [212]. The document containing information on
the welding process of a given product is the Welding Technology Manual. It contains, inter
alia, guidelines such as:

e type of joint;
e type of weld;
e welding position;
blowpipe angle;
welding method;
joint details;
method of preparing and cleaning the material,;
name of the machine (welding machine);
diameter of additional material (filler metal);
wire feed speed (m/min);
e arc intensity;
e arc voltage;
e welding speed;
e type of additional material;
e type of shielding gas.
The second important document for the welding process of a given product is the Welding
Plan which is an instruction for the assembly of elements. This manual shows, step by step,
where the weld should be placed to properly complete the product. The use of such a plan is
expected to bring benefits in the form of reduced training time for welders and increased
control of welds [13]. This document contains, inter alia, information such as:
e number of the welding drawing;
type of joint testing;
regulations, standards and related documents;
degree of welding mechanization: manual or robotic welding;
number of the welding fixture;
order of the assembly;
e welding sequence.
Because of the fact that welded joints are subjected to high loads and work in difficult
conditions associated with changes in stresses resulting from variable forces acting on a given
product, they should be subjected to thorough tests in terms of strength and compliance with
technological requirements. Testing of welded joints can be divided into destructive testing
and non-destructive testing. Destructive testing includes:
e breaking test;
impact test;
hardness test;
bending test;
tensile test;
macroscopic tests;
microscopic tests;
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e metallographic tests.

Non-destructive testing includes:

e LT leaktightness tests;
VT visual testing;
UT ultrasonic testing;
MT magnetic-particle testing ;
PT penetration testing;
RT radiographic testing.
One of the above-mentioned methods of destructive testing of welded joints is macroscopic
examination. It involves cutting a sample and observing its cross-section without
magnification or with magnification up to thirty times. The preparation of a sample involves
cutting the element perpendicularly to the weld axis and polishing the surface with sandpaper
of various granulations. The prepared polished section is etched with a strong acid in order to
reveal the weld, its shape, and the number of layers in the weld. We can also obtain
information on internal defects that occurred on the polished section, e.g. gas bubbles,
sticking, non-metallic inclusions [212]. An example of a macroscopic examination is shown
in Fig. 1.
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Fig. 1. Example of macroscopic examination (author's own research)
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The most common non-destructive testing method is visual testing (VT) (Fig. 2), also
called external inspection. This test involves a thorough visual observation of the weld, and
taking its measurements. The tools used for this test are a slide caliper and a weld gauge. VT
tests are mainly aimed at determining the dimensions of the weld and detecting most of the
external defects of the welded joint, such as: [212]:

e weld asymmetry;

e craters;

e cracks;
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Fig. 2. Example of a sample subjected to visual examination (author's own research)

undercut of the welded material on both the face and root sides.

A welded product with imperfections may be repaired (the imperfections may be

removed) by means of technological procedures (e.g. grinding, electro-air gouging). An item
that has irreparable welding defects after the welding process is unfortunately usually not
suitable for use [212].
The PN-EN- ISO 5817 standard lists the following external (surface) welding
imperfections and defects:

cracks

surface blowholes;

crater pipe end discordance;
incomplete fusion;

undercut;

excessive weld protrusion;
excess penetration bead;
improper toe of weld;

excessive weld asymmetry;
root concavity;

improper restart of welding;
insufficient throat of fillet weld;
excessive weld throat thickness;
erratic arc;

weld overlap;

weld sagging;

incompletely filled groove;
melt-through.

The above-mentioned standard also enumerates the following types of internal imperfections
and welding defects:

www.ans.pila.pl

gas cavities;

cracks;

metallic inclusions;
copper inclusions;
incomplete fusion;
no weld penetration.
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A very important feature of steel is its weldability, i.e. the ability to create strong and durable
welded joints without the occurrence of welding defects such as cracks, lack of joint
penetration, or porosity. To determine the weldability of steel, the carbon equivalent index Cg
is used.

Information on the chemical composition and the Cg carbon equivalent index should
be included in the material certificate delivered together with the steel products [15].

Welding is one of the most important methods of joining metals. In order to ensure
high quality of manufactured elements and precision of joints, in addition to the welder's
experience, it is also necessary to prepare the process, including the use of appropriate
welding equipment. Designing and implementing these fixtures is an important step in
optimizing the production process.

Welding fixtures is a set of special devices and tools designed to support the welding
process. Their design ensures accuracy, repeatability and positioning of elements before and
during the welding process. If it were not for the use of welding fixtures, welders during mass
production would have to struggle with difficulties related to the assembly of elements and
deformation of the material after welding. Currently, there are many different solutions of
welding fixtures on the commercial market (Fig. 3).

Fig. 3. Example of Siegmund S16 Extreme 8.7 welding table with accessories [16]

Among the many types of welding fixtures we can find, inter alia, turnover fixtures
and positioners. A turnover fixture is a device with the help of which we turn the element
around its own axis during the welding process. This solution eliminates the need for manual
manipulation of the welded object, and also affects the quality and precision of welding.
Turnover fixtures are mainly used when welding elements such as pipes and construction
elements where the welds performed are often subjected to detailed examination. The ability
to adjust the position of the element vertically, horizontally and at any angle allows the welder
to focus only on the welding process itself. Positioners are used in both individual and serial
production.

In addition to the above-mentioned devices, there is also a group of special welding
fixtures dedicated to specific elements that are to be welded. They enable quick and
convenient attachment and precise welding of a given product. Such solutions ensure
repeatability and high accuracy of the welding process, which is particularly important in the
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case of details that require precision. Welding fixtures are mounted on special frames,
mounting plates or welding positioners, which allows for their stable mounting and
adjustment to the needs of a given project. Various types of clamps are used to build such
devices, both manual and pneumatic, depending on the level of automation and the degree of
complexity of the structure. This allows the fixture to be adapted to production requirements,
ensuring optimal efficiency and quality of the work performed (Fig. 4).

Fig. 4. Special welding fixture mounted on the welding robot table (author's own research)

2. Design of a welding fixture for a product called "LEG"

For the purposes of this work, a product called "LEG" was used — a construction
element that can be used, inter alia, in public transport. "LEG" performs a key load-bearing
function ensuring the stability and durability of the structure, e.g. a seat, and ensures the
possibility of its safe attachment to the vehicle (chassis).

The type of material used for this construction of the product called "LEG" was
S235JR structural steel, selected for its good plastic properties and ease of welding.

S235JR steel is a material that is widely used in the construction and machinery
industry due to its universal properties such as [14]:

e strength;

e plasticity;

e case of machining.
The individual steel abbreviations are:

e S —structural steel,

e 235 — minimum yield point expressed in [MPa] for samples up to 16 mm thick;

e JR —indicates that the steel meets the impact strength requirements at 20°C.
Concentrations of chemical elements in S235JR steel are included in Table 1 based on the
material certificate 3.1 EN10204.

Table 1. Concentrations of chemical elements in S235JR steel based on the material
certificate EN10204 .

Concentration of elements

Chemical element Symbol Concentration value [%]
carbon C 0.12

silicon Si 0.014

phosphorus P 0.006

www.ans.pila.pl
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manganese Mn 0.42
sulfur S 0.006
copper Cu 0.02
vanadium \Y 0.001
aluminum Al 0.034
molybdenum Mo 0.002
titanium Ti 0.001
boron B 0.0002
niobium Nb 0.001
nickel Ni 0.005
nitrogen N 0.0059
chromium Cr 0.02

EN10204 are presented in Table 2.

The mechanical properties of steel grade S235JR according to material certificate 3.1

Table 2. The mechanical properties of steel grade S235JR according to material certificate 3.1

EN10204

Mechanical properties
Property Value
Yield point 259 MPa
Tensile strength 371 MPa
Elongation 34.5%

Based on the material certificate 3.1 EN10204 the Cg carbon equivalent index is 0.2%,

and the CE carbon equivalent index value calculated using the formula given in the standard

18 0.196%. The above results confirm the good weldability of S235JR steel.
Overall dimensions of the “LEG” type product (Fig. 5) are:
height: 36 I mm;

length: 672.4mm;

width: 240mm.

The production process of the above-mentioned product includes the following operations:
2D and 3D laser cutting;

www.ans.pila.pl

bending;
welding;
shot peening;

powder coating.
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Fig. 5. 3D model of "LEG" product designed in Solid Works

The 3D model of the designed welding fixture was made using CAD Solid Works
2016, and the flat documentation was made in Autodesk Inventor Professional 2022. Before
starting the design work, the welding fixture was assigned a unique number for verification
purposes: PSM 0000004116.
In order to create an appropriate 3D model that meets a number of technical factors

and to implement the project, the following design assumptions were made:

e the material used for the construction of the fixture is S235JR steel;
a fixture designed for manual welding;
elements cannot be displaced (use of clamps);
the weight of the fixture should not exceed 25kg;
elements should be made of sheet metal using laser cutting;
fixture assembled using welded joints (TIG method) and screw joints;
ergonomics of use: minimization of welder's effort and ease of operation;
fixture consisting of several smaller components;
possibility of placing tack welds as well as welding the entire product;
preparation of flat documentation (2D) for the person assembling the fixture;
round all edges of elements;
components should be positioned in relation to each other using mounting locks or
screw joints;

e possibility of replacing elements;

e using a solution that allows the MOUNTING element to be moved.

Because of limited technical possibilities, the following purchased components in the
form of mounting clamps were selected:

a) horizontal quick clamp with horizontal base type 903

In order to protect against the possibility of displacement of elements such as the
MOUNTING and PROFILE 80x40x2, a RAIS-TOOLS clamp No. 903 was taken (Fig. 6).
The selection was made based on the dimensions of the clamp.

The above-mentioned clamp is made of galvanized structural steel. Stainless steel
pins, mounted in thermo-chemically improved knurled bushings. The joints of the parts are
greased [33+74]. Flexible handle, made of plastic. The workpiece (welded object) is fixed
when the handle is in a horizontal position. [https://www.rais.pl ].

The specifications of the 903 clamp are as follows:
e mass: = 0.40kg;
e clamping force: = 210 daN [kG];
e length: 234mm;
e height: 65mm.
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Docisk poziomy / Horizontal clamp

Sita trzymania / Holding force - F = 210 Kg

Mgxs5~ 4 rF=20k6 __——

N 2

65

Waga / Weight - 0,40 kg

Fig. 6. Horizontal clamp 903 [https://www.rais.pl]

b) horizontal quick clamp with base type 952 [12]
In this project, a RAIS-TOOLS 952 (882) clamp was used which was selected due to
its properties enabling effective immobilization of the welded element, small dimensions, and
the possibility of mounting the clamp resulting from its construction.
The technical data of the 952 clamp are as follows [https://www.rais.pl]:

e mass: ~ 0.19kg;

e clamping force: = 130 daN [kG];
e length: 163mm;

e height: 59mm.

Docisk poziomy / Horizontal clamp
Sita trzymania / Holding force - F = 130 kG

M6 x35

F=130kG

59

{0

22+ 50
61

Waga / Weight - 0,19 kg

163

Fig. 7. Horizontal clamp 952 [https://www.rais.pl]
In order to make the welding fixture, an important step was to build a 3D model using
Solid Works. This software allows very accurate mapping of the geometry of the designed

www.ans.pila.pl
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components, makes it possible to assign the appropriate type of material (e.g. steel) to solids,
and visualize the assembly in order to obtain information including the number of components
used in the assembly.

In order to avoid unnecessary names of elements, they were given a main member
Base and an auxiliary member with the number and thickness of the sheet metal from which
they are to be made, e.g. Base 1-5Smm.

All mounting locks are enlarged by 0.1 mm around the circumference (Fig. 9). For a
better fit of the fixture elements, circular cutouts with a radius of 1 mm were created in the
corners of locks as shown in Fig. 8.

Fig. 8. Example of a mounting lock

&S

Fig. 9. Example of a model of a mounting lock

The first step in the welding fixture modeling process was to import the STEP file
containing a model of a component named “LEG” into a new Solid Works — Assembly
document. Then, taking into account the design assumptions, the welding fixture design was
started.

After analyzing the overall dimensions of the product, a Basel-5mm sketch was made
(Fig. 10), and then a solid model was created using a simple extrusion operation by a distance
of 5 mm (Fig. 11), to which a material was assigned by the program (in our case it was steel).
The obtained model is a base measuring 850mm in length, 200mm in width and Smm in
height. A welding fixture will be built on this model.
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Fig. 10. Base 1-5mm sketch

Fig. 11. 3D model of the welding fixture base

In the next step of modeling the welding fixture, the “LEG” element model was
programmatically linked to the welding fixture base using links (Fig. 12).

Fig. 12. Model of "Base 1-5Smm" assembly with "LEG" element

In the next stages, the following assemblies were made to form the components of the

welding fixture PSM0000004116:

* profile base assembly (Fig. 13);

* leg base assembly (Fig. 14);

» fixing assembly (Fig. 15);

» profile clamp assembly (Fig. 16);

* base assembly (Fig. 17);

 model of the entire fixture (Fig. 18).

As part of the design, the following were used in the Solid Works program: sketch tools,
plane extrusion, plane cuts, fillets, threaded holes. Additionally, common, concentric, width
and distance joints were used.
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Fig. 13. 3D model of the profile base assembly

Fig. 14. 3D model of the leg base assembly
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Fig. 15. 3D model of the mounting assembly

Fig. 16. 3D model of the profile pressure assembly
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Fig. 17. 3D model of the base assembly

Fig. 18. 3D model of the finished welding fixture PSM0000004116

To finish the design, the element planes were exported to a DXF file which allowed
the laser cutting operator to produce the designed components.

The implementation of the PSM0000004116 welding fixture project began with
cutting out the elements using a laser cutter. Files with compact surface outlines were laid out
on a Smm thick sheet of metal by the laser operator. The cutting process is shown in Fig. 19,
and the operating parameters are given in Table 3.
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Fig. 19. The process of cutting the components using a plasma cutter

Table 3. Laser cutting parameters

Parameter Value
Breakdown power 5000[W]
Cutting power 3500[W]
Velocity 3000 [mm/min]
Nozzle height 0.7[mm]
Pressure 0.8[bar]

Gas Oxygen

Focus 4[mm]

The next step in the technological process was to complete all the elements according
to the developed technical documentation. The quality of burning was checked to see if there
were any defects during the realization of elements. All elements made with a laser cutter are

shown in Fig. 20.

www.ans.pila.pl
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Fig. 20. Completion and checking after the laser cutting process

Then, elements were selected that included screw connections in the design. Conical
countersinks were made in the burnt holes, and then threads were made using a table drill
(Fig. 21).

Fig. 21. Threading in burnt holes
After laser cutting, it is necessary to remove burr from the edges of the burned

elements as well as smoke. For this purpose, an orbital sander was used with 180-grit
sandpaper. The cleaning process was then started (Fig. 22).
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Fig. 22. Elements of the PSM0000004116 welding fixture before (lower element) and after
(upper element) cleaning with an orbital sander

After threading and cleaning, the elements of PSM0000004116 welding fixture were
welded with spot welds using the TIG 141 method. This method was used due to the lack of
chipping, no possibility of having incomplete fusion weld, and because of flat face which
meant no further finishing treatment was necessary in the form of grinding. The main
locations of welds are marked at the mounting locks. The welding rig for assembling the
PSM0000004116 welding fixture is shown in Fig. 23. The welding rig is equipped with:

e universal assembly table with extraction of welding gases and fluids;
e mounting clamps;
e OTH DAIHEN DA300P welder;
e Allen, flat and tubular wrenches.
The following welding parameters were applied when making spot and continuous welds:
current intensity; [=150 [A];
shielding gas: mixture I1 (100% Argon);
gas flow: 6 [I/min];
purple electrode with a diameter of ¥2.4mm, sharpening angle 30°;
additional material: TIG bars Tigrod 12.64 2.4Esab.
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Fig. 23. View of the TIG welding rig

The first to be assembled was the profile base assembly. Prepared elements (Fig. 24)
were assembled in accordance with the previously prepared working drawing No. ANS-4116-
72 (Fig. 25). In order to lock the parts against movement, a screw clamp was used (Fig. 26).
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Fig. 24. Elements of the proﬁle baéing set fealdy
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Fig. 25. Drawing ANS-4116-Z2. Profile base assembly

In the next step, the leg bases were assembled according to the previously prepared
assembly drawing number ANS-4116-Z5 (Fig. 27). The elements shown in Fig. 28 were
pressed together with a screw clamp. Self-clamping pliers were also used for assembly (Fig.
29). Then, the welding process was started.

The mounting assembly was made as the third one. For its implementation, a
previously developed assembly drawing No. ANS-4116-Z3 was used (Fig. 30). The
components of the mounting assembly are shown in Fig. 31, and the erection of the mounting
assembly is shown in Fig. 32.

The last assembly of the PSM0000004116 welding fixture was the base assembly
made in accordance with the previously prepared assembly drawing number ANS-4116-Z4
(Fig. 33). During its installation, screw clamps were used to obtain flat surfaces of the joined
elements. The whole thing was welded in places where mounting locks were located. The
making of the base assembly is shown in Fig. 34 and Fig. 35.

The last step was to assemble all the units into one whole in linw with the previously
prepared drawing number ANS-4116-Z6 (Fig. 36). M8x1.25 screws and Allen keys were used
to assemble the whole thing. The finished welding fixture PSM0000004116 is shown in Fig.
37.

After putting together the PSM0000004116 welding fixture, assembly tests were
carried out on the finished product, which is the seat leg. It was checked whether the
clearances between the bases and individual elements were not too large. The clamp screws
were adjusted so that they properly pressed the elements to the bases. For this purpose, flat
and tubular wrenches were used. The components of the finished seat leg assembled in the
PSM0000004116 welding fixture are shown in Fig. 38.
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Fig. 26. The process of fitting the profile base assembly
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Fig. 31. Elements of the mounting asserilbly
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Fig. 32. Installation of the moun"[hg assembly éccording to the sembly drawing ANS-4116-
Z3 of the PSM0000004116 welding fixture
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Fig. 33. Assembly drawing ANS-4116-Z4 of the base assembly

Fig. 34. Components included in the base assembly
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Fig. 35. Installation of the base ass

embly according to the assembly drawing number ANS-
4116-Z4 of the PSM0000004116 welding fixture

Fig. 36. Assembly drawing ANS-4116-7Z6 of t
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Fig. 38. Assembly tests of individual elements of the finished product of the seat leg in the
welding fixture PSM0000004116

Finally, it is worth mentioning that the list of general standards in the field of gas and
electric welding is included, inter alia, in many standards [191+207]. And the list of standards
for carbide and welding gases refers to the standard [185+190]. The discussion of filler metals
and fluxes refers to the standard [165+184]. The discussion of gas welding equipment refers
to the standard [136+164]. The discussion of electric welding equipment refers to the standard
[124+135]. The shapes of welds refer to the standard [111+123]. Mechanical tests of welded,
spot-welded and soldered joints are discussed in standards [97+110]. Weld defects,
radiographic and ultrasonic testing are discussed in standards [82+96]. And steel intended for
welding is discussed in standards [76+81]. Of course, before applying a given standard, it is
necessary to check whether the given standard is currently valid.

A lot of interesting information on welding processes can be found, inter alia, in the
following literature [1, 10, 11, 20, 18, 19, 75, 209, 210, 211, 237]. Welding is also used in
construction (reinforcement of building structures) and may have an impact on the number of
construction disasters [73, 74].
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3. Conclusion

The designed and manufactured welding fixture did improve the quality of
manufactured elements and contributed to more efficient welding operations. Thanks to the
use of technological holes, the weight of the welding fixture was reduced to 21.63 kg. It was
assumed in the design that the weight of the fixture should not exceed 25 kg, which was
achieved.

The PSM0000004116 welding fixture has a design solution that allows the height of
the leg base to be adjusted within the range of £ 1 mm. This small adjustment range is
dictated by the ability to position the welds correctly.
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113. Norma PN-73/M-69015. Spawanie tukiem krytym stali weglowych i niskostopowych.
Przygotowanie brzegéw do spawania.
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niskostopowych. Przygotowanie brzegow do spawania.

115. Norma PN-65/M-69017. Spawanie argonowe elektroda nietopliwg stali stopowych.
Rowki do spawania.

116. Norma PN-67/M-69018. Spawanie zuzlowe stali weglowych i niskostopowych. Rowki
do spawania.

117. Norma PN-69/M-69019. Spawanie doczolowe rur stalowych. Rowki do spawania.

118. Norma PN-70/M-69023. Spawanie tukowe stali platerowanych stalag odporng na korozje.
Wytyczne projektowania i wykonywania zlaczy spawanych.

119. Norma PN-70/M-69024. Spawanie tukowe aluminium 1 jego stopow elektroda
wolframowa w ostonie argonu. Przygotowanie brzegéw do spawania.

120. Norma PN-70/M-69025. Spawanie gazowe miedzi. Przygotowanie brzegow do
spawania.

121. Norma PN-72/M-69026. Spawanie tukowe miedzi w ostonie argonu elektroda
wolframowa. Przygotowanie brzegéw do spawania.

122. Norma PN-73/M-69027. Spawanie tukowe aluminium 1 jego stopoéw elektrodg topliwg w
ostonie argonu. Przygotowanie brzegéw do spawania.
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123. Norma PN-78/M-69028. Spawalnictwo. Spawanie tukowe miedzi w ostonie argonu
elektrodg topliwa. Przygotowanie brzegéw do spawania.

124. Norma PN-76/M-69070. Spawalnictwo. Urzadzenia do mechanizacji spawania. Nazwy i
okreslenia.

125. Norma PN-61/M-69100. Spawalnictwo. Zrodta pradu do recznego spawania tukowego.
Klasyfikacja.

126. Norma PN-75/M-69101. Spawalnictwo. Szpule elektrodowe do automatéow i
poétautomatow spawalniczych. Gléwne wymiary.

127. Norma PN-75/M-69104. Automaty i1 pétautomaty do spawania tukiem krytym i w
ostonie gazo6w ochronnych elektroda topliwa. Nazwy i okreslenia.

128. Norma PN-75/M-69105. Spawalnictwo. Poélautomaty spawalnicze do spawania
tukowego w ostonie gazu ochronnego elektrodg topliwag. Ogolne wymagania i badania.

129. Norma PN-79/M-69106. Spawalnictwo. Automaty spawalnicze. Ogolne wymagania i
badania.

130. Norma PN-83/M-69108. Spawalnictwo. Zrodto energii elektrycznej do spawania
tukowego. Nazwy i okre$lenia.

131. Norma PN-69/M-69124. Elektrody wolframowe do celow spawalniczych.

132. Norma PN-76/M-69160. Spawalnictwo. Ostony twarzy przed promieniowaniem tuku
spawalniczego. Tarcze spawalnicze.

133. Norma PN-80/M-69161. Spawalnictwo. Uchwyty elektrodowe do spawania recznego
izolowane.

134. Norma PN-79/M-69010. Wyroby z wegli uszlachetnionych. Elektrody spawalnicze.

135. Norma PN-85/E-81106. Spawalnictwo. Jednostanowiskowe transformatory spawalnicze.
Wymagania i badania.

136. Norma PN-74/M-69102. Spawalnictwo. Przecinarki do cigcia termicznego. Dokladno$¢
odwzorowania.

137. Norma PN-74/M-69103. Spawalnictwo. Przecinarki potautomatyczne do cigcia tlenem
stali. Wymagania i badania.

138. Norma PN-80/M-69107. Spawalnictwo. Przecinarki do cigcia termicznego. Nazwy i
okreslenia.

139. Norma PN-80/M-69180. Spawalnictwo. Palniki, oznaczenia i cechowanie.

140. Norma PN-81/M-69181. Spawalnictwo. Dysze palnikow gazowych. Okreslenia, podziat
1 oznaczenia.

141. Norma PN-76/M69182. Spawalnictwo. Palniki do spawania gazowego 1 cigcia tlenem.
Wymagania i badania.

142. Norma PN-75/M-69200. Spawalnictwo. Wytwornice acetylenowe. Podziat.

143. Norma PN-76/M-69202. Spawalnictwo. Zawory bezpieczenstwa.

144. Norma PN-75/M-69210. Zbiorniki transportowe do gazdéw. Barwy rozpoznawcze i
oznakowanie.

145. Norma PN-79/M-69221. Butle do gazéw. Butle stalowe do gazdw.

146. Norma PN-76/M-69222. Butle do gazow. Butle stalowe bez szwu.

147. Norma PN-82/M-69223. Butle do gazéw. Gwinty stozkowe. Wymiary i tolerancje.

148. Norma PN-60/M-69224. Butle do gazow. Gwinty Whitwortha o $rednicach 21,8 i 24,3
mm.

149. Norma PN-80/M-69225. Butle do gazéw. Gwint Whitwortha o §rednicy 80 mm.

150. Norma PN-63/M-69226. Butle do gazow. Gwint stozkowy metryczny.

151. Norma PN-67/M-69227. Zawory butlowe do acetylenu VAI.

152. Norma PN-81/M-69228. Butle do gazéw. Zawory do butli. Wymagania 1 badania.

153. Norma PN-81/M-69229. Butle do gazoéw. Ztacza zawordéw butlowych.

154. Norma PN-74/M-69240. Reduktory spawalnicze. Gtowne wskazniki.
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155. Norma PN-80/M-69242. Spawalnictwo. Reduktory do tlenu.

156. Norma PN-77/M-69243. Spawalnictwo. Reduktory butlowe do gazéw ptynnych.

157. Norma PN-78/M-69244. Spawalnictwo. Reduktory do acetylenu.

158. Norma PN-72/M-69260. Spawalnictwo. Kroc¢ce do przylaczenia wezy gumowych.
Gtowne wymiary.

159. Norma PN-71/M-69261. Spawalnictwo. Przytaczki i ztaczki do wezy gumowych.

160. Norma PN-76/M-69774. Spawalnictwo. Cigcie gazowe stali weglowych o grubosci
5+100 mm. Jako$¢ powierzchni cigcia.

161. Norma PN-63/M-74905. Opaski zaciskowe przewodow gietkich.

162. Norma PN-77/C-94250.47. Weze gumowe. Weze ttoczne gumowe ze wzmocnieniem
tekstylnym do tlenu.

163. Norma PN-77/C-94250.48. Weze gumowe. Weze ttoczne ze wzmocnieniem tekstylnym
do acetylenu.

164. Norma BN-68/4122-02. Zawory butlowe do tlenu technicznego VT1.

165. Norma PN-67/M-69350. Topniki spawalnicze. Klasyfikacja.

166. Norma PN-81/M-69354. Spawalnictwo. Topniki do gazowego spawania miedzi,
mosigdzoéw, brgzoéw, aluminium i stopow aluminium.

167. Norma PN-73/M-69355. Topniki do spawania i napawania tukiem krytym.

168. Norma PN-67/M-69356. Topniki do spawania zuzlowego.

169. Norma PN-76/M-69400. Spoiwa cynowo-olowiowe do lutowania mickkiego. Gatunki.
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Abstract: This paper presents a general construction of a four-ball apparatus and an
outline of changes in standards related to tests carrid out on this type of devices.

Key words: four-ball apparatus, friction, lubricating properties of oil

1. Introduction

Four-ball apparatuses because of their simple construction are commonly used to
perform anti-wear and anti-seize tests. However, it was necessary to standardize the
methods of conducting individual tests, including in European Union countries. The
first national normative acts in this area date back to 1963. The PN-C-04147:1963
standard, published on 10 DEC 1963, is the first national standard describing the
method of conducting tests on a four-ball apparatus.

Initially, [kG] was used as the unit of friction contact load, and in the second
version of the standard PN-C-04127: 1976 it was replaced with [daN].
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The next standard replacing the above-mentioned one introduced minor changes,
such as the use of the conversion factor 1kG = 0.980665 [daN] and also specified the
following parameters:

e wear index under load In, expressed in [daN], and calculated on the basis of 10

consecutive runs with increasing load, carried out until welding;

e welding load P,, expressed in [daN], the minimum preset load at which a friction
contact composed of four balls will be welded;

e seizing load Py, expressed in [daN], the minimum preset load at which there will
be a significant increase in friction resistance in the contact, meaning there will
be a lubricating film interrupt causing an increase in the diameters of wear
marks on the balls;

e the maximum non-seizing load P,, expressed in [daN], at which the mean flaw
diameter d does not exceed the compensated flaw diameter ds by more than 5%
at a given load;

e wear limit load G,,, expressed in [daN/mm?], load intensity defining the pressure
in the friction contact at a constant preset load P, calculated on the basis of the
average diameter of flaws d which were formed on the three fixed balls during
the operation of the apparatus under this load;

e wear-load characteristic d=f(P), i.e. the quotient of wear marks on three fixed
balls to the given load, presented in the form of a graph.

The above standard was consistent with other European legal acts in this field, such as
ASTM D 2596/69, ASTM D 2783/71 and the Italian FIAT 50 500 standard. The PN-C-
04147:1976 standard was withdrawn on 26 OCT 2012, and on 27 MAR 2017 the Polish
Committee for Standardization published a new standard PN-C-04362:2017. In order to
ensure compliance of national standards with European standards and to unify their
designation, the PN-EN ISO 20623:2010 standard was introduced, and on 3 JUL 2019,
the Polish version of the PN-EN ISO 20623:2018-02 standard was published, which is
still in force.

Polish Standard PN-EN ISO 20623:2018-02: "Petroleum and related products.
Designation of anti-seize and anti-wear properties of lubricants. The four-ball method
(European conditions)” was adopted by the European Committee for Standardization on
6 DEC 2017 and it replaces the EN ISO 20623:2003 standard. It has the status of a
national standard.

One of the goals of introducing the new standard was to systematize the parameters
subject to testing, including setting a single rotational speed of the electric motor
driving the friction contact at 1450 rpm [42, 42, 44, 45, 46, 47].

The above standard introduces the following terms and definitions:

e wear — loss of material from the elements being tested;

e seizure — point melting of metal at the point of friction between the tested
elements;

e welding — joining of metal at the point of friction between the tested elements;

e Load Wear Index LWI — index of the lubricant’s ability to minimize wear for
the applied load in [N];

e wear-load curve — a graph presented on a logarithmic scale of the load
relationship as a function of the average diameter of the wear scar;

e lowest seizing load ISL — the lowest load at which seizure occurs;

e mean wear scar diameter MWSD — the average of six wear scar diameter
measurements, two from each of the stationary balls, made in the direction of
ball friction and at right angles to it.
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The extreme pressure four-ball lubricant testing apparatus can perform the
following tests:

e test run to determine the load wear index (LWI);
e test run to determine the wear-load curve;
e test run to determine wear.

Depending on the needs, the scope of tests performed can be modified only to the
selected user needs according to individual requirements [1, 2,4, 7,9, 11]

Fig. 1 shows a cross-section of a typical four-ball extreme pressure apparatus. The
tested lubricant is in an oil pan which also contains three passive balls and a fourth,
upper, driving ball [12, 17, 18, 21, 25, 27, 30, 41]. More and more often, newer versions
of four-ball apparatuses may have the balance beam replaced with electric, pneumatic or
hydraulic devices that exert the load via a pressure actuator [16, 28, 29, 31, 33, 42, 48,
49, 51, 52]. In old versions of four-ball apparatuses the load is changed discretely in
steps, whereas in newer ones it can be changed smoothly, depending on the nature of
work of a given friction contact and user's needs [3, 5, 8, 12, 22, 24, 33, 35].

Fig. 1. Cross-section of a four-ball extreme pressure testing apparatus

1 — ball clamp holder; 2 — ball clamp; 3 — ball clamp mounting device; 4 — ball holder; 5
— ball cup mounting disc; 6 — thrust bearing; 7 — load-bearing piston; 8 — bronze
washers; 9 — rubber ring; 10 — thrust insert; 11 — balance beam with counterweight; 12 —
support; 13 — thrust insert; 14 — pressure pin; 15 — machine body

2. Conclusion
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Four-ball apparatuses have been in use for a very long time. They have quite limited
tribological applications, nevertheless there is a visible development in this type of
construction. This means that there is still a need for this type of research to determine
the parameters of a given lubricant. Invariably, steel bearing balls are used as a friction
pair in this type of construction. Unfortunately, there is no mention of, for example,
bearing rollers, bearing barrels or needle rollers. And this type of rolling elements are
also commonly found in bearings. This approach demonstrates a certain conservatism
on the part of legislators. However, many users build their own "four-ball devices"
equipped with four barrels, four rollers or four cones that interact with each other. Of
course, the principle of operation is identical [17, 18, 22, 28, 29, 30, 33].
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Abstract: The paper presents the construction of a laboratory test rig for determining the
friction factor for threaded connections. The lab rig enables tests to be carried out with
or without lubrication between the mating threaded surfaces.
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Symbols and acronyms used in the work

Table 1. List of symbols and acronyms

Symbol Units Parameter name
d mm outside diameter of thread
D, mm nut inside diameter
d> mm average thread diameter
ds mm core diameter of thread
dm mm average diameter of the contact area
ds mm average working diameter of thread
E - Young's modulus
F N force
H N resisting force
1 mm length
M N moment needed to overcome the frictional
i resistance of the nut
N mm nut height
N N normal force to the contour
P mm pitch of thread
Q N axial force acting on the bolt
transverse force acting on the threaded
Qr N -
connection
Qw N initial tension of the bolt
R N radial force
z - thread multiplicity
a 0 thread angle
O 0 working angle of the thread flank
Y - helix angle
n % efficiency
p - friction angle
p’ - apparent friction angle of the bolt in the nut
" - coefficient of friction in a nut or between nut
and washer
Wi - coefficient of friction at the contact surface
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1. Introduction

Threaded connections belong to the group of friction-shaped connections in which

it is possible to use simultaneously the forces of connected elements and the friction
force that occur on the contact surface of connected elements — the nut and bolt. These
are also separable tension-shape connections. Transmitting of forces is made possible
thanks to their appropriate shape and initial tension [1, 2].
Threaded connections are related to the concept of the screw which was invented by
Archytas of Tarentum around 400 BC. It is now associated with Archimedes. Pliny in
the 1st century AD described the use of wooden screws in presses, but he did not
specify how they were made. The first threads were made by hand by cutting into the
wood. This technology was described by Pappus [30].

The first machine tool for cutting threads on shafts and the first tool for producing
threads in holes were described by Leonardo da Vinci. The first screws were made by
twisting metal bars. The first "screwing dies" were made as hardened nuts, and
screwtaps as bolts. These tools did not cut the thread but simply kneaded it [30].

The first satisfactory results of thread cutting on a lathe were not recorded until
1770; the first correctly cutting three-edged die was made and used by Joseph
Whitworth in 1834.The fluted screwtap was developed and patented by Johann Georg
Bodmer in 1841. In 1864, William Selers in the USA proposed the introduction of an
American standard for screws, which was adopted in 1901-1905. Earlier, in 1898 in
Zurich, an international standard for metric threads was established [30].

Threaded connections are among the most popular detachable connections used in
machine construction. The basic feature of threaded connections is the ability to
withstand loads after re-assembly.

2. Basic concepts

Thread pitch is the distance between adjacent threads measured along the axis of the
thread profile.

The thread pitch is the displacement along the axis of the thread profile after one
full rotation. The thread pitch can be equal to the pitch h = h, (single thread) or a
multiple thread that is a multiplicity of h=z - h,.

A helix is the trajectory of a point moving with constant speed on the surface of a
cone and shifting towards the cone's axis while simultaneously rotating about that axis.

The pitch P of a helix is the distance of the axial displacement of a point
corresponding to one rotation of this point around the axis.

A transverse jump is the distance of a radial displacement of a point corresponding
to one rotation around the base axis of the surface [2, 3].

Self-locking occurs when it is not possible to reverse the direction of the torque
(torque is only possible on one side). In self-locking threaded connections, rotation of
the bolt or nut will cause linear movement of the bolt or nut which will transfer the load
Q. The determined self-locking limit is shown in Fig. 1. Self-locking of the mechanism
occurs when it is not possible to reverse the drive direction (drive is only possible on
one side). Self-locking occurs when the resisting force H = 0, or when the direction
changes H<0[1, 2, 3, 4].

H=Q tg(yxp)<0 (1)
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where: H — resisting force; Q — axial force acting on the screw; y — helix angle; p” -
apparent friction angle

From the above formula it follows that the conditions will be met when the helix
angle v of the threads is smaller than the apparent friction angle p” or equal to its value

[1,2,3,4,31].
y<p’
100
nl%e]
20 i
60
s0)------- :
s E b
=
40 =
200
‘A,
0 : .
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0° 10° o0” 20° 40° s0° ¥

Fig. 1. Graph of self-locking limit [31]
where: 1 [%] — thread efficiency; nmax — maximum efficiency; tgy —helix angle tangent;
A area of coupling bolts; B — area of moving bolts; C — self-locking limit

3. Basic symbols

d [mm] — outside diameter of thread; d> [mm] — average thread diameter;

d; [mm] — core diameter of thread; D1 [mm] — nut inside diameter;

N [mm] — nut height; P [mm] — thread pitch; Q [N] — axial force acting on the bolt; Qr
[N] — transverse force acting on threaded connections; Qw [N] — bolt initial load; S
[mm] — bolt wrench size; z — thread multiplicity;

a — thread angle; y — helix angle; u — coefficient of friction in a nut or between nut and
washer; p’ — apparent friction angle of the bolt in the nut [5, 14]

4. Basic dimensions of selected metric thread diameters

Table 2 presents the basic dimensions of selected metric thread diameters which are
standardized according to PN-ISO-2:2001. They are divided into privileged ones
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(adopted according to the above-mentioned standard, without the need to mark the
thread pitch on the technical drawing) and non-privileged ones, which require thread
pitch marking [5, 14].

Table 2. Basic dimensions of selected metric thread diameters according to PN- ISO-

2:2001
Thread p d ds D, Thread p d; ds D,
diameter diameter
d [mm] [mm] [mm] [mm] [mm] d [mm] [mm] [mm] [mm] [mm]
1 5,35 4,77 492 3,5 27,73 25,71 26,21
6 0,75 5,51 5,08 5,19 3 28,05 26,31 26,75
0,5 5,68 5,39 5,46 30 2 28,70 27,55 27,84
1,25 7,19 6,47 6,65 1,5 29,03 28,16 28,38
1 7,35 6,77 6,92 1 29,35 28,77 28,92
8 0,75 7,51 7,08 7,19 0,75 29,51 29,08 29,19
0,5 7,68 7,39 7,46 4 33,40 31,09 | 31,67
1.5 903 816 838 3 34,05 32,31 32,75
125 | 919 | 847 | 865 36 2 347 | 33,55 | 33,84
10 1 935 877 892 1,5 35,03 34,16 34,38
075 | 951 | 908 | 9.19 1 3535 | 34,77 | 34,92
0,5 9,68 9,39 9,46 4,5 39,08 36,48 37,13
1,75 | 10,86 | 9,85 | 10,11 4 39,40 | 37,09 | 37,67
1,5 11,03 | 10,16 | 10,38 4 3 40,05 | 38,31 | 38,75
125 | 11,19 | 1047 | 10,65 2 40,70 1 39,55 | 39,84
12 1 11,35 10,77 10,92 1,5 41,03 40,16 40,38
0,75 | 11,51 | 11,08 | 11,19 1 41,35 | 40,77 | 40,92
0,5 11,68 | 1139 | 1146 5 | 4475 | 41,87 | 42,59
2 14,70 13,55 13,84 4 45,40 | 43,09 | 43,67
31,5 | 1503 | 14,16 | 14,38 48 3| 46,05 | 4431 | 44,75
16 1 1535 | 14,77 | 14,92 2 | 46,70 | 4555 | 4584
0,75 15,51 15,08 15,19 L5 47,03 46,16 46,38
0,5 15,68 15,39 | 15,46 1 47,35 | 46,77 | 46,92
2,5 18,38 | 16,93 | 17,29 55 | 5243 | 4925 | 50,05
2 18,7 | 17,55 | 17,84 4 53,40 | 51,09 | 51,67
20 1,5 19,03 18,16 18,38 56 3 54,05 52,31 52,75
1 19,35 18,77 18,92 2 54,70 53,55 53,84
0,75 | 19,51 | 19,08 | 19,19 1,5 | 5503 | 54,16 | 54,38
0,5 19,68 19,39 19,46 1 55,35 54,77 54,92
3 22.5 2031 2075 6 60,10 56,64 57,51
2 270 | 21,55 | 21.84 4| 61,404 59,09 1) 59,67
24 1,5 23,03 22,16 22,38 64 3 62,05 60,31 60,75
1 23,35 22,77 22,92 2 62,70 61,55 61,84
0,75 | 23,51 | 23,08 | 23,19 L5 163,03 1 62,16 ) 62,38
? ’ ? i 1 63,35 62,77 62,92

where: d [mm] — outside diameter of thread; P [mm] — thread pitch; d> [mm] — average
thread diameter; d; [mm] — core diameter of thread; D; [mm] — nut inside diameter

5. Basic dimensions of symmetrical trapezoidal threads

Table 3 shows selected dimensions of trapezoidal threads which are typically used

to carry significant loads in two directions but at low rotational speeds [4, 5, 14].
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Table 3. Basic dimensions of symmetrical trapezoidal threads according to PN — ISO

2902 : 1996
Thread P d ds D Thread P d ds D
diameter diameter
d jmmy | ] | fmm] | [mm] | fmn] )RR fmm] | mm] | fmm) | ]
12 2 11 9,5 10 3 58,5 | 56,5 57
3 10,5 8,5 9 60 9 55,5 50 51
16 2 15 13,5 14 14 53 44 46
4 14 11,5 12 4 63 65.5 66
2 19 17,5 18 70 10 65 59 60
20 4 18 15,5 16 16 62 52 54
3 22,5 20,5 21 4 78 75,5 76
24 5 21,5 18,5 19 80 10 75 69 70
8 20 15 16 16 72 62 64
3 26,5 24,5 25 4 88 85 86
28 5 25,5 22,5 23 90 12 84 77 78
8 20 19 20 18 81 70 72
3 34,5 28,5 29 4 98 95,5 96
32 6 29 25 26 100 12 94 87 88
10 27 21 22 18 90 78 80
3 34,5 32,5 33 6 117 113 114
36 6 33 29 30 120 14 113 104 106
10 31 25 26 22 109 96 98
3 38,5 36,5 37 6 137 133 134
40 7 36,5 32 33 140 14 133 124 126
10 35 29 30 24 128 114 116
3 42,5 40,5 41 6 157 153 154
44 7 40,5 36 37 160 16 152 142 144
12 38 31 32 28 146 130 132
3 46,5 44,5 45 8 176 171 172
48 8 44 39 40 180 18 171 160 162
12 42 35 36 28 166 150 152
3 50,5 48,5 49 8 196 191 192
52 8 48 43 44 200 18 191 180 182
12 46 39 40 32 184 166 168
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6. Principle of obtaining capacity to transfer loads

A combination of line segments of any shape that remains in the reference plane of
a convex figure. Each point of the reference surface profile lies simultaneously on a
cylindrical helix or on a conical helix (Fig. 2). A profile point on a cylindrical helix is
when the thread is created on a cylindrical surface and when the thread is created on a
conical surface it is said to be a conical helix. The path of a point moving with constant
speed on the surface of a cone or cylinder, shifting towards the axis while rotating about
the axis, is called a helix. The pitch of a helix is the distance of the axial displacement
of a point corresponding to one rotation of this point around the axis. The transverse
pitch of a helix is the radial distance a point moves and corresponds to one revolution
about an axis. The pitch of the helix is constant in each subsequent rotation of the point,
and ratio of axial and circumferential translational speed is maintained constant. The
helix angle y determines the quotient of these velocities [2, 4, 5, 16, 18, 19].

Fig. 2. Cylindrical helix
where: d — outside diameter of thread; P — thread pitch; A, A" — surface reference points;
v — helix angle

Maintaining the constant pitch of the helixes at all points is called the principle of
creating a threaded surface. This principle leads to different helix angles (Fig. 3). The
nominal thread surface angle is the angle of inclination of the selected point of the
profile [2, 3,4, 5, 17, 18].
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Fig. 3. Helix inclication angle

The value of the inclination angle is a function of the reference profile multiplicity,
i.e. the total number of repetitions with the same pitch of the profile figure along the
length of the thread surface pitch (Fig. 4 a, b). A fixed distance between points of the
same helix measured along the surface axis and corresponding to one revolution around
this axis is the thread pitch [2, 3, 4, 5, 16, 17, 18].

Fig. 4.a) Thread reference for the bolt
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Fig. 4.b) Thread reference for the nut

The external threaded surface is the surface that externally limits the area of the
connecting element - the bolt, and internally limited surface of the structural element is
the nut. The thread rotation can be either right or left. The right one is created when the
outline point rotates clockwise, and the left one is created counterclockwise.

Depending on the shape of the figure creating the outline, we distinguish threads [2, 3,
4,5,16]:

- triangular (a),

- square (b),

- trapezoidal symmetrical (c) and asymmetrical (d),

- round (e).

The above mentioned threads are those commonly used ones. In addition, threads can be
divided into:
- regular — they most often occur in low-precision elements in mass or serial
production;
- fine (fine thread) — characterized by high self-locking, i.e. there is a small angle y.
A small angle prevents the connection from loosening. They are most often used on
pipes and sleeves;
- coarse (coarse thread) — most often used in trapezoidal profiles in stationary
connections that are often unscrewed;
- single-start (single thread) — used in stationary connections due to self-locking,
protection against loosening;
- multiple (two-, three-fold) — most often used in pipe connections where a large
displacement is required in one turn [4, 14].

Table 4 presents the thread types along with the formation angle a and the designation.

They are divided into: metric, metric fine pitch, symmetrical trapezoidal, asymmetrical
trapezoidal, pipe straight and round [4, 14].
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Table 4. Designation of general purpose threads

www.ans.pila.pl

. Standards of
No. Thread name ¢ Marking measurements tolerance

Metric 0 PN-M- PN-M-

! 60 M) 02013:1970 | 02113:1970
Metric fine thread 0 PN-M- PN-M-

2 607 | M) 1 03013:1970 | 02113:1970
Trapezoidal 0 PN-M- PN-M-

3 symmetrical 30 Tr (dxP) 02017:1979 02117:1979
Trapezoidal 0.0 PN-M- PN-M-

4 asymmetrical 3730 S (dxP) 02019:1988 02119:1988

5 | Trapezoidal 30445° | S (dxP) PN-M-02027:1987
asymmetrical

6 | Pipe straight 55° G (d)?) PN-ISO 228-1:1995

7 | Round 30° Rd (d) PN-M-02035:1984

7. Bolt loading, determination of forces, anti-torque, efficiency of the threaded
mechanism and strength calculations.

Bolt loads have one criterion, the so-called criterion of identity of bolt loads with the
connection load.The first group of connections are mechanical connections or certain
stationary connections. These are axial loads that cause the bolt to stretch or compress
over appropriate sections of its length and torque loads that cause the bolt to twist and
transfer this torque to the external elements of the structure. Most often, such
connections are single-bolt connections. The second group of connections are pre-
tensioned systems (i.e. during assembly of the structural connection). They take or
transmit complex external loads (usually during operation). The main principle of this
group of connections is to create such assembly or operating conditions that the loads
on these bolts should be limited only to axial loads. Bolt loads during operation may not
be affected at all as regards design values. This type of load can be observed in
connections transferring transverse loads or during active torque. In this group, single-
bolt connections are rare; most often, they are multi-bolt connections. The purpose of
such multi-bolt connections is diverse and varies in terms of operating loads on
individual bolts. For this reason, this group of connections is computationally and
structurally difficult [2]. The value of resisting force H depends on the direction of the
nut movement and on the friction coefficient of the bolt and nut material (thread
tensioning, loosening) — (Fig. 5) [4, 31]. Figure 2.6 shows the load diagram of a bolt and
nut for a square thread o = 0°.

Mi=05-H-d»  (2)

where: H — resisting force; d, — average thread diameter

MEBUTRA | 63



Fig. 5. Bolt and nut load diagram for square thread H" = Q - tg(y + p) 3)
where: Q — feed force; y — helix angle; p — friction angle; tgp=p

Fig. 6 and 7 show how to determine resisting forces H for a square thread o = 0° [14,
30].

a) path of nut motion is opposite to the direction of force
N

nd 2
Q:
Fig. 6. Pulling, tensioning
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b) path of nut motion is in line with the force direction Q:

H"=Q-tg(y-p) 4

Fig. 7. Unbolting

H=Q tgly+p) (5)

tgy = (6)

Ty

where:

Q — feed force; P — thread pitch; d2 — average thread diameter; y — helical angle; “+” —
when the direction of the nut motion is opposite to the direction of force Q; “-” — when
the direction of the nut motion is in the direction of force Q; p — friction angle; tgp =
u;u - coefficient of friction of the bolt and nut material.

Anti-torque M; for a square thread a = 0 between the bolt and nut, when the loading
force is force Q, is equal to [5]:

M;=0.5-Q -da-tglyxp) (7)

where: Q — feed force; d> — average thread diameter; y — helical angle; p — friction angle,
tgp =, U - coefficient of friction of the bolt and nut material
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Fig. 8. Distribution of forces in threaded connections
where: Q — feed force; a — thread angle; N — normal force to the profile; R — radial
force; A — bolt; B —nut

T=p,-N=i.S§-Q=p’-Q (8)
N—ﬁg 9)
#'=i§ (10)
u = tgp' (11)

The moment of friction M', of a metric thread is greater than the friction moment

M; of a square thread of the same diameter because the apparent friction angle p' is
greater than the friction angle p [4, 32].
The friction moment M’, between a nut and bolt when the load is an axial force is

given by the following formula [4, 32]:
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M' =05-Q-d;, - tg(y £p") (12)

where:
Q — feed force; d» — average thread diameter; y — helix angle; p' - apparent friction angle

Tightening and unscrewing with the torque Mg of a metric thread with an angle of a =
60°.

On the resistance surface, the moment of friction My, is equal to:

M, =05-Q-d_ u (13)
where:
Q — feed force; dm — average diameter of the contact area; u1 — coefficient of friction on

the bearing surface

The moment Mgy is equal to:

M;=05-Q [dy-tglyxp") +d, - pl (14)

where: Q —feed force (tensioning the bolt) of the joint elements; d> — average thread
diameter; y — helical angle; p” - apparent friction angle; dm — average contact area
diameter; w1 — coefficient of friction on the bearing surface;

"+" and "-" — these signs are used in the following relationships:

- when tightening "+";

- when loosening "-" [4, 32].

Efficiency of a threaded mechanism [4, 32]
The ratio of the work received Lywy to the work supplied Lye in a unit of time is the

efficiency of the thread 1. In a threaded mechanism, it looks as follows:

- work delivered in full rotation

L, =2n"M (15)

where: T — mathematical constant

M, — torque needed to overcome frictional resistance of the nut and bolt:

M,=05-Q-d;, tgly £p") (16)
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where: Q — feed force (tensioning the bolt) of the joint elements; d» — average thread
diameter; y — helical angle; p” - apparent friction angle;

- work obtained during the shift of element by the pitch P
L,,=Q-P (17)

The following relationship results from the thread geometry (Fig. 9):

Y

n-d>
Fig. 9. Thread geometry [32]

P — pitch of a thread; y - helix angle
P=mw-d,tgy (18)

After transformations, the efficiency formula is:

gy

T~ tatrs) (19)
The apparent friction angle p” is defined by the relationship:
p' = m‘ctgﬁ (20)

where:
a — thread angle; p - coefficient of friction of the nut and bolt material; d> - average
thread diameter; v - helix angle; p” - apparent friction angle.

Strength calculations:

The axial force Q in the bolt core is generated by tightening the connection with the
torque Mgy [32].
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Fig. 10. Generation of axial force Q
ds — bolt core diameter; A — bolt; B — nut; S — nut height

a) stretching (compression)

6. =L <wk @21)

where:
Q — resistance force; w = 1 — precise execution; w = 0.75 — medium-precision
execution; w = 0.5 — rough execution; k. — allowable tensile (compression) stresses.

b) shearing of the nut and bolt threads
T, <k, (22)

where:
k¢ — allowable shear stresses of the weaker material;
Ts — shear stresses.

c) surface pressures — it is assumed that there is an even distribution of pressure in both
elements

p i pdap (23)

where:
p — actual calculation pressures; pdop — allowable calculation pressures

It should be remembered that of the three types of loads mentioned above, surface
pressure is the most dangerous [32].
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8. Definitions of mechanical properties for bolts

Tensile strength Rm [N/mm?] — the minimum tensile strength of a bolt is the value
of the tensile stress at which the thread breaks or strips. If whole bolts are tested, the
yield strength can be determined in an approximate way [25].

Tensile strength at thread stripping:

R =1 ] (24)

mm=

where:
F — max. tensile force; As — active transverse area of the thread

Yield strength Re. [N/mm?] — the yield strength is determined by the tensile stress
value from which, with increasing tensile force, the elongation increases more than
proportionally. After removing the tensile force, the bolt material permanently elongates
and plastic deformation occurs — the material becomes soft. Fig. 11 presents the
dependence of elongation Al on the tensile force F [25].

4 1)

I

F plast [I]

| | L

AL

Fig. 11. Relationship between elongation Al and tensile force F [25]

Yield strength Rpo> [N/mm?] — the material from which the tensile force was removed
exhibits a permanent relative elongation of 0.2%, this is called an offset yield strength.

Elongation after stripping A [%] — is the permanent elongation measured on the

broken bolt in relation to the measured length. The exception are bolts from Al to A4 in
which the elongation is measured on whole bolts ISO 3506 (Fig. 12) [25].
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Fig. 12. Graphical representation of the gauge length Lo of the test piece [25]

Wedge tensile strength — is determined by performing a test with a wedge placed
under the bolt head. Bolts are subjected to such a load test in order to determine the
ductility and strength of the bolt head. As a result of tension or stretching, the bolt strips

at the thread (Fig. 13) [25].

L
Fig. 13. Graphic representation of a wedge placed under the bolt head [25]

Hardness — is a measure of resistance of a material to penetration by an indenter.
Vickers Hardness HV: ISO 6507
- a pyramid-shaped indentation with a square base
Brinell Hardness HB: ISO 6506
- ball-shaped indentation
Rockwell Hardness HRC: ISO 6508
- cone-shaped indentation [25].

Head strength — the bolt head must withstand several hammer blows. After bending
to a given angle the bolt should not reveal any cracks at transition from the plain part to
the head.

Table 5 shows the marking system for nuts under a test load of height:

0,5d <H<0,8d

These bolt classes correspond to the resistance to thread stripping. If the nuts are
paired with bolts of lower strength classes, the external thread will be stripped, whereas
if they are paired with bolts of higher strength classes, the nut thread will be stripped
[27].
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Table 5. The system of marking for nuts under a test load [27]

Class of Stress in the Minimum stress in a bolt before thread stripping
mechanical nut under test | when paired with a bolt of the following class of
load [N/mm?] | properties
properties of [N/mm?]
nuts
6.8 8.8 10.9
04 380 260 300 330
05 500 290 370 410

www.ans.pila.pl

9. Hardness scale comparison tables

Table 6 shows a fragment of the scale of tensile strength of bolts according to the
Vickers, Brinell, Rockwell methods. The Vickers HV hardness measurement method is
applicable to a wide range of hardness. ISO 898 part 1 specifies the Vickers method as
the definitive hardness measurement when in doubt. The Rockwell C hardness
measurement method is suitable for hardened steel, Rockwell A method for hard alloys,
and Rockwell B method for soft steel, copper and zinc alloys, and bronzes. However,
the Brinell hardness measurement method is used for a large range of hardness scale

[24].

Table 6. Tensile strength according to Vickers, Brinell, and Rockwell method [24]

. Vickers . Rockwell Hardness
Tensile Brinell
Hardness
strength Hardness
[N/mm?] HF HB
[F>98 N] HRB HRC HRA
255 80 76 - -
270 85 80,7 41 -
285 90 85,5 48 -
305 95 90,2 52 -
320 100 95 56.2 -
335 105 99,8 - -
350 110 105 62.3 -
370 115 109 - -
385 120 114 66.7 -
400 125 119 - -
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415 130 124 71.2 - -
430 135 128 - - -
450 140 133 75 - -
465 145 138 - - -
480 150 143 78,7 - -
495 155 147 - - -
510 160 152 81.7 - -
530 165 156 - - -
545 170 162 85 - -
560 175 166 - - -

10. Properties of fasteners at elevated temperatures

As temperature increases there may occur a progressive reduction in the lower yield
strength at 0.2% non-uniform elongation or there may be stress at 0.0048d non-uniform
elongation for ready fasteners. The tensile strength also decreases. Elevated operating
temperatures can result in stress relaxation which increases along with temperature.
Class 4.8, 5.8, 6.8 fasteners are very sensitive to relaxation compared to stress relieved
or hardened fasteners.

11. Presentation of the concept of didactic test rigs

During the analysis when selecting a laboratory test rig design, several design
concepts of such rigs were analyzed. Various models of such test rigs are presented later
in this paper.

1. Lab test rig I (Fig. 14)

Thanks to the use of resistance strain gauges in this design, it is possible to measure
torque values. The advantage of this design is that the measured values are transferred
directly to the computer which records measurement results, and obtained results are
very accurate.

The installed hydraulic cylinder allows for quick application of load to the nut
through increasing the pressure.

Performing lab exercises on this model design allows to:

- determine the moment,

- determine the value of coefficient of friction,

- determine the efficiency of tested connections under given loads.
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Fig. 14. Lab test rig [ [28]

1 — pressure gauge; 2 — washer; 3 — tested bolt; 4 — nut; 5 — thrust bearing; 6 — ball joint;
7 — cylinder; 8 — hydraulic oil; 9 — piston

2. Lab test rig II (Fig. 15)

This testing rig consists of three basic elements:

- SCrew press,

- axial load mechanism of the bolt,

- assembly for developing and measuring the torque on the bolt;
In this model, the tested bolt is loaded with force Q using weights and a double-arm
lever supported at the joint.
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Fig. 15. Lab test rig I1 [29]

1 — screw press body, 2 — nut, 3 — bolt, 4 — rope pulley, 5 — movable jaw, 6 — lever
support, 7 — two-arm lever, 8 — set of weights, 9 — test rig body, 10 — lever, 11 —
tensioning screw, 12 — knob, 13 — set of rope pulleys with a cable, 14 — force sensor, 15
— thrust bearing; Fd — force acting on the dynamometer; Q — force loading the tested
bolt; G — force of the weight of the weights

3. Lab test rig III (Fig. 16)

The third test rig (Fig.16) shows how to test the bolt efficiency. The tested screw is
mounted between two flat springs and tightened with two nuts. As a result of tightening
the nuts, the flat springs deflect (the distance between them decreases), which in turn
creates a force Q that stretches the bolt. After applying force Q, a torque wrench is used
to measure the torque required to turn the bolt with the nuts being locked.
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Fig. 16. Schematic diagram of the thread efficiency test rig
1 — dial gauge; 2 — bolt; 3 — torque wrench; 4 — nut (two); 5 — flat spring (two)

12. Analysis and selection of a test rig

In order to facilitate the analysis of individual design models, certain criteria were
established to assist in selecting a didactic test rig. The criteria taken into account in the

analysis include:

- cost,

- easy replacement of tested elements,
- construction of the rig.
For the above-mentioned criteria, points from 1 to 3 were established, where number
one indicates the best solution. Table 7 presents the evaluation of the above laboratory

rigs.

Table 7. Evaluation of laboratory test rigs

Criteria
Easy : . :
Model Rig construction | Points Total
Cost replacement of
and assembly

tested elements

Lab test rig 3 2 3 8

Lab test rig I1 3 2 2 7

Lab test rig III 2 1 1 4
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After analysing all the pros and cons, laboratory test rig III was chosen because of
its simplicity, relatively low cost of building the rig, and also due to safety and ease of
replacing the tested elements.

13. Design and construction of a didactic test rig

The design basis was to build a lab test rig for testing the efficiency of bolts. The
test rig that has been built can be used for laboratory exercises at the university, which
will allow students to learn about the phenomenon of self-locking and the phenomenon
of thread friction between bolt and nut.

The rig will be made of two flat springs and two steel (S235JR) spacer sleeves
separating the springs. Everything will be connected with screws. To protect against
corrosion, the structural elements were coated with protective paint. The components of
the test rig are presented later in this paper.

Fig. 17. Test rig for testing the efficiency of bolts
1 — screws, 2 — spacer sleeves, 3 — nuts, 4 — tested bolt, 5 — reduction sleeve washer, 6 —
flat springs

www.ans.pila.pl MEBUTRA | 77



Fig. 19. View of the constructed test rig for testing the bolt efficiency
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14. Tables and formulas used for calculations

Table 8 shows the methods of attaching springs, and formulas for calculating the
maximum bending moment and deflections.

Table 8. Formulas for calculating rectangular flection springs [33]

Maximum bending Deflection
No. Spring attachment method moment (point A) (point B)
Mgmux f
F
~ 3
1 A - Bv L F-l
____________ F -l 3-F 'f_x
l A
< s
F
vA,B » F-l F-1?
2 lﬂ ------------- 2 48-E -],
G
V2 U2
F
1 4y laB |§ F-l F-1
3 T l& IER 192-E -],
o
e Y
Vk K-F-1°
- F — F-l —_—
o o 3-F -f:::o
B A
A
K-factor value for trapezoidal springs
4
0
bi/bp| 1 |09 |08 1| 071|061 05]|04]|03]02]0,1 .
triangle
K 1 | 1,02 1,05|1,09 1,121,016 | 1,2 | 1,25 | 1,32 | 1,39 1,5
_ b, - h? b, h?
xo 12 xo 6

where: F — force; 1 — length; E — modulus of longitudinal elasticity of the material
(Young's modulus), a constant value for a given material [MPa]; K — coefficient; Jx —
moment of inertia; Wx — bending strength index of the section; bo — width; h — height
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The strength of flat springs with constant cross-section working under bending is
calculated using the formula:

Mg max
9% = _EW— =k (25)

X

The deflection depends on the method of attaching springs (as shown as examples in
Table 8), the shape of the cross-section, value of the Mg max load and properties of the
material from which they are made (Table 9).

Table 9. Values of the longitudinal modulus of elasticity of steel [9]

No. Type of material Young's modulus [ E ] Units
1 | Unalloyed steel 2,1-10° MPa
2 Alloy steel (2,05+ 2,3)-10° MPa
3 | Bronze 1,25-10° MPa
4 | Nickel brass 1,35- 10° MPa

Formulas used to calculate the efficiency of a bolt thread [5]

Formula for calculating the lead angle y

tgy = > (26)

Formula for calculating the apparent angle of friction p”

. —(1+B)+,/(1+E) +4:AT:E
P = arctg[ AR (27)
=M
- (28)
B =tg’y (29)

Checking the self-locking condition of the thread
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Y=p (30)

Calculation of thread efficiency

_  tgy
= tgly+p GD

Calculation of the flank angle of friction oum

tga,, = tgo,, cosy (32)

o
a?"i’! ~ rx?“

Calculation of the friction coefficient between the turns of the bolt and nut u”

tgp' = —— > p'= "2 (33)

COEOrn COEdrn

At the thread efficiency test rig (Fig. 3.3) we tighten the nuts which brings an
axial force Q which stretches the bolt through the nuts. By measuring the proximity of
springs with a dial gauge and having the spring characteristic Q = f(u), we can
determine force Q.

After tightening the nuts, we activate the axial force Q and use a torque wrench
to measure the torque required to turn the bolt, and then enter the result in the table
(Table 10). We proceed in this way for M24, M30, Tr24x5, Tr30x6 bolts, and make ten
measurements of force Q for different degrees of nut tightening.

Table 10. Example of a table with measurement and calculation results

Measurement | Tested 4= M , ’
number thread QNI | M[Nm] Qd, H p n
1
2
3
4

From the spring characteristic (Fig. 20) we read the axial force Q and also enter its
value into the results table.
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a osiowa Q [N]

Ugiecie sprezyny f [mm]

010203040506070809 1 111213 141516171819 2 212223242526272829 3 313233343536373839 4 414243 444546474849 5 515253 545556575859 6 616263646566

Fig. 20. Characteristics of a flat spring
Q — axial force [N]; f— spring deflection [mm)]

Once the torques required for bolt rotation and axial force Q have been determined, the
standardized values for the thread pitch pn, mean thread working diameter ds, and
thread flank working angle o, are also needed to determine the efficiency, apparent
friction angle, and apparent friction coefficient. In the table (Table 11) below given are
some values of these parameters.

Table 11. Table with values of: thread pitch pn, average working diameter of the thread
ds and working angle of the thread flank o [5]

Thread M24 M30 Tr 24x5 Tr 30x6

Pp [mm] 3.0 3.5 5.0 6.0

ds [mm] 22.051 27.727 21.5 27.0
or [°] 30 15

www.ans.pila.pl

15. Calculation of efficiency and determination of apparent friction angle and
apparent friction coefficient for M24 thread and spring deflection f = 1.4 [mm]

From Table 11 we determine the following data:
- Pp = 3,0 [mm] = 0,003 [m];

- ds.=22,051 [mm] = 0.022051 [m];

- oy = 30°

Calculation of the lead angle v:
P, 0,003

nd, m-0,022051

tgy = = 0,043 » y = 2,48°
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Measuring the torque M required to turn the bolt:

- we set the distance of springs - deflection 1,4 [mm)]

- from the spring characteristics we read Q = 3740 [N]

- we check the torque M of the bolt with a torque wrench M = 8 [Nm]

Calculation of apparent friction angle p’:

—(1+13j+1.,e“[j1+13]2+4-,aﬁ-13f_1 M 8

2AB Qd. 3740~ 0,022051

= 0,097F = tg*y = 0,00433° = 0,00187p"

—(1+ 0,00187) + /(1 + 0,00187)2 + 40,0972 - 0,00187
2-0,097 - 0,00187

= arctg P

= arctg0,0968 — p' = 5,52°

Checking the self-locking condition of the thread:

y = p'2,48° < 5,52°

The thread is self-locking.

Calculation of thread efficiency:
tgy B tg2,48°

T gy +p)  tg(2,48°+ 5,52°)

=0,31-100% = 31%

Calculation of the flank angle of friction oum

tge,, = tgo,, cosy =1g30° - cos2 48— a,, =2997%,, ¥«

"

Calculation of the friction coefficient between the turns of the bolt and the nut u’:
, b , _ tgp’  tg5,52°

tgp' = ad = .

COSd,., cosa,, cos30

=0,112

16. Calculation of efficiency and determination of apparent friction angle and
apparent friction coefficient for M30 thread and spring deflection f = 1,7 [mm]

From Table 11 the following data are determined:
- Pn = 3,5 [mm] = 0,0035 [m];

-ds=27,727 [mm] = 0,027727 [m];

- o= 30°
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Calculation of the lead angle vy:

P, 0,035
nd, m-0,027727

tgy = = 0,0401 — y = 2,30°

Measuring the torque M required to turn the bolt:

- we set the distance of springs - deflection 1,7 [mm]
- from the spring characteristics we read Q = 4540 [N]
- we check the torque M of the bolt with a torque wrench M = 16 [Nm]

Calculation of apparent friction angle p”:

—(1+B)++/(1+B)*+4-A2-B
2AB

M 16
Qd, 4540-0,027727

A= =0,1271

B = tg’y = 0,0401% = 0,00161

—(140,00161) + /(1 +0,00161)2 + 4-0,12712 - 0,00161
2-0,1271-0,00161

p’ = arctg

p = arctg0,1268 = p' = 7,22°

Checking the self-locking condition of the thread:

y=p
2,30°% < 7,22°
The thread is self-locking.

Calculation of thread efficiency:
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_ tgy _ tg2,30°
T gy +p)  tg(2,30°+ 7,229

=0,24-100% = Z24%

Calculation of the flank angle of friction oun:

tge,,, = tgo,, cosy =tg230° - co0s2,30 - a,,, = 29,97°

e
rx?"?‘! ™~ rx?"‘

Calculation of the friction coefficient between the turns of the bolt and the nut pu’:

, b . tgp’  tg7,22°
— I"L = = 5
COSd,., cosa,, cos30

= 0,146

17. Calculation of efficiency and determination of apparent friction angle and
apparent friction coefficient for Tr24x5 thread and spring deflection f = 1,4 [mm]

From Table 11 the following data are determined:
- Pp =5 [mm] = 0,005 [m];

- ds=21,500 [mm] = 0,021500 [m];

-op=15°

Calculation of the lead angle vy:

P, 0,005
tgy = —= = =0,0740 —» y = 4,23°
9Y = Td, 70021500 i’

=

Measuring the torque M required to turn the bolt:

- we set the distance of springs - deflection 1,4 [mm]
- from the spring characteristics we read Q = 3740 [N]
- we check the torque M of the bolt with a torque wrench M = 6,5 [Nm]

Calculation of apparent friction angle p”:

—(1+B)+4/(1+B)?+4-A*-B
2AB

p’ = arctg
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M 6,5

A= = =
@d, 3740-0,021500

0,08

B = tg?y = 0,0740% = 0,00548

—(1+ 0,00548) + /(1 + 0,00548)2 + 4- 0,082 - 0,00548
2-0,08-0,00548

p’ = arctg

p = arctg0,0796 = p" = 4,55°

Checking the self-locking condition of the thread:

y=p

4,23% < 4,55"

The thread is self-locking.

Calculation of thread efficiency:

_ tgy _ tg4,23°
Tty +p)  tg(423° + 4,559

=0,48-100% = 48%

Calculation of the flank angle of friction oum:

tge,, = tgo,, cosy =tgl5%-cos4,23 = 0,2672 - a,, = 1497°

™n L

Calculation of the friction coefficient between the turns of the bolt and the nut u’:

, b . tgp’  tg4,55°
tgp = W= = 2
COSd,., cosa,, coslb

= 0,082
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18. Calculation of efficiency and determination of apparent friction angle and
apparent friction coefficient for Tr30x6 thread and spring deflection f=1, 7 [mm]

From Table 11 the following data are determined:
- Pp =6 [mm] = 0,006 [m];

-ds =27,0 [mm] = 0,027 [m];

-op=15°

Calculation of the lead angle vy:

t P 0,006 0,0707 4,040
= = = R — = R
ar md, m-0,027 ¥

Measuring the torque M required to turn the bolt:

- we set the distance of springs - deflection 1,7 [mm)]
- from the spring characteristics we read Q = 4540 [N]
- we check the torque M of the bolt with a torque wrench M = 16,5 [Nm]

Calculation of apparent friction angle p’:

—(1+B)+4/(1+B)?+4-A*-B
2AB

p’ = arctg

M 165
Qd, 4540-0,027

A= =0,1346

E = tg%y =0,0707% = 0,005

—(1+ 0,005) ++/(1+ 0,005)% + 4 -0,13462 - 0,005
2-0,1346- 0,005

p’ = arctg

o = arctg0,133 = p" = 7,57°

Checking the self-locking condition of the thread:
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y=p

4,04° < 7,57°

The thread is self-locking.

Calculation of thread efficiency:

_ tgy B tg4,04°
T gty +p)  tg(404° + 7,57°

=10,34-100% = 349

Calculation of the flank angle of friction oun:

tge,, = tga, cosy =tgl5 -cos4,04 = 02672 = a,, = 14,97°

-
rx?"?‘! ~ rx?"‘

Calculation of the friction coefficient between the turns of the bolt and the nut p”:

' tgp’ 7,57°
tgp' = - —u = CLA i = 0,137
COSd,., cosa,, coslh®
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Abstract: The article presents the results of work on the design and manufacture of a drive
adapter for a passenger car. The reason for its making was a change in the type of gearbox in
the car, and thus a change in the dimensions of the interacting components. The work was
carried out in two stages, i.e. first a prototype was made on a 3D printer and then, after it had
been tested, a finished drive adapter was made. The use of 3D printing in prototyping new
construction elements allows to avoid many errors that may occur during the design process.

Key words: 3D printing, prototyping, machining

1. Introduction

3D printing, also known as additive manufacturing or three-dimensional printing, is, as
defined by ISO/ASTM 52900, a family of technologies used to construct objects (usually
layer by layer) from a computer design file. It is an additive manufacturing (AM) technique,
the essence of which is the production of three-dimensional solid objects based on computer-
aided design (CAD) [10+24].

The principle of operation of 3D printers depends on the technology of applying and
curing the material. Currently, the most widespread additive technology is FDM (Fused
Deposition Modeling). In this technology, the applied material (usually a thermoplastic) is
pressed through a nozzle heated to the melting temperature and then distributed layer by layer
according to the designed outline of the 3D model saved in a computer file [4, 6, 7, 10].
Popular materials used in this technology include:

e acrylonitrile-butadiene-styrene copolymer (ABS);
e poly(lactic acid) (PLA);
e nylon.
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Traditionally understood incremental techniques have been used for thousands of years,
including in pottery (making clay elements, vessels, religious figurines), construction
(building walls with layers of bricks and mortar), shipbuilding (building boats and ships),
furniture making, baking, confectionery (baking sekacz cakes, decorating cakes with
embossed creams, melted chocolate) and others. Modern machines for additive manufacturing
techniques are numerically controlled devices, similarly to CNC milling machines or lathes
[1, 3, 5, 7, 9, 26, 28]. The construction of a real object (printout) is possible after
programming it in a special CAM system based on a virtual 3D model (usually in the form of
a triangle mesh saved in an STL file) [26, 28, 29, 30]. This paper attempts to solve the
problem of making a spare part for a car whose production has long been discontinued.

2. Construction of a drive adapter

In a passenger car, after the automatic gearbox type SHP19 A5 S325 Z-TW (made by
ZF) was damaged, a manual five-speed Getrag gearbox, model S5D250 G-TAJT, was
installed in its place. Both these gearboxes differ in length and in the star-piece mounting the
gearbox to the drive shaft. The main shaft coming from the manual gearbox has a cross with
holes spaced 78 mm, and the automatic gearbox had holes spacing 95 mm (Fig. 1, Fig. 2).

A question arises here: what is the problem, if it is enough to buy a drive shaft of the
appropriate length for a given model and the problem is solved. Unfortunately, in this case,
the car is long outdated and it is difficult to obtain appropriate spare parts. Therefore, it was
decided to produce a drive shaft adapter that would eliminate the dimensional differences
between the two types of gearbox designs. This type of solution is often found on the
American market. The adapter is an intermediate element between the gearbox output shaft
and the car's drive shaft. Of course, a torsional vibration stabilizer is also installed on the drive
shaft side of the car (Fig. 3).

The first step in designing the adapter was dimensioning of the flange connector from
the manual gearbox with the flange connector on the car's drive shaft. After obtaining all
necessary dimensions, the adapter was initially designed in Inventor Professional (Fig. 4) and
then printed on an Anycubic Kobra 2 Pro 3D printer to check its suitability for assembly on a
real object.

After making the adapter on a 3D printer (Fig. 5) and mounting it on a real object, it
was found that both the holes and linear dimensions were selected correctly. Then, an
identical drive adapter was made from C45 steel. The steel adapter (Fig. 6) was made in
several stages:

e selecting a shaft of the appropriate diameter;
cutting the shaft to the appropriate length on a conventional lathe type TUJ 50M;
making possible outer and inner diameters of the designed adapter;
machining of the remaining surfaces on the AVI4A VMC 650 CNC milling machine;
securing the finished adapter with oxidation;
powder coating of the finished product.
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Fig. 2. Dimensions of the car drive shaft flanged joint
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Fig. 3. Torsional vibration stabilizer for car drive shaft

The finished steel adapter was then mounted to the vehicle. Inside the adapter, a guide
shaft was mounted between the drive shaft and the manual gearbox in order to stabilize the
shaft in the gearbox axis and prevent excessive "angular tilt" to either side.

A view of the installed adapter together with the central guide shaft ensuring correct
alignment of the mating parts, is shown in Fig. 7. Three bean-shaped millings on the surface
of the adapter flange allow to mount the clamping screws.

Views of the installed adapter together with the torsional vibration stabilizer of the car
drive shaft, both from the manual gearbox side and from the car drive shaft side, are shown in
Fig. 8 and Fig. 9.
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Fig. 4. Designed in Inventor Professional, the adapter between the gearbox and the car drive

shaft
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Fig. 5. View of the 3D-printed adapter with a torsional vibration stabilizer for the car drive
shaft
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Fig. 7. A view of the installed adapter together with the central guide shaft ensuring correct
alignment of the mating parts

) A
AN\
Fig. 8. View of the installed adapter from the gearbox side
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Fig. 9. View of the mounted adapter from the car drive shaft side

3. Summary of the work carried out

The drive adapter was made in two stages. In the first stage, a design and 3D printing
were made to check the correctness of its assembly. In the second stage, a finished product
was made of C45 steel based on a previously completed design in Inventor Professional. The
above-mentioned drive adapter was made last year, in 2024, and so far the car has driven
approx. 18 thousand km, which proves that the drive adapter was properly designed and
manufactured.

4. Literature

1. Budzik G., Ptocica M.: Metodologia odnowy dziedzictwa kulturalnego z wykorzystaniem
innowacyjnych technologii RE 1 RP. Wydawnictwo Centrum Naukowo-Technicznego,
Rzeszow 2007.
2. Budzik G., Wozniak J., Przesztowski L.: Druk 3D jako element przemystu przysztosci.
Analiza rynku 1 tendencje rozwoju. Oficyna Wydawnicza Politechniki Rzeszowskiej,
Rzeszow 2022.

www.ans.pila.pl MEBUTRA | 97



3. Chlebus E., Boratynski T., Dybata B., Frankiewicz M., Kolinka P.: Innowacyjne
technologie Rapid Prototyping — Rapid Tooling w rozwoju produktu. Oficyna Wydawnicza
Politechniki Wroctawskiej, Wroctaw 2003.

4. Chlebus E.: Techniki komputerowe CAx w inzynierii produkcji. Wydawnictwo Naukowo-
Techniczne, Warszawa 2000.

5. Czerwinski K., Czerwinski M.: Drukowanie w 3D. Wydawnictwo Info Adult, Warszawa
2013.

6. Dobrzynska E., Szewczynska M., Kowalska J., Kondej D.: Zwiazki chemiczne i pyty —
emisja 1 ograniczanie zagrozen podczas drukowania przestrzennego 3D. Zalecenia
profilaktyczne. Wydawnictwo Centralnego Instytutu Ochrony Pracy — Panstwowego Instytutu
Badawczego, Warszawa, 2022r.

7. Dodziuk H.: Druk 3D/SM. Zastosowania oraz skutki spoleczne 1 gospodarcze.
Wydawnictwo Naukowe PWN, Warszawa 2019.

8. France A. K.: Swiat druku 3D. Przewodnik. Wydawnictwo Helion, Gliwice 2014r.

9. Noorani R.: Rapid prototyping principles and applications. John Wiley & Sons, Hoboken,
USA 2006.

10. Norma ISO/ASTM 52911-2:2019. Wytwarzanie przyrostowe — Projektowanie — Czg$¢ 2:
Stapianie proszkoéw polimerow za pomoca lasera.

11. Norma ISO/ASTM 52902:2019. Wytwarzanie przyrostowe — Probki wzorcowe — Ocena
doktadnos$ci geometrycznej systemow wytwarzania przyrostowego.

12. Norma ISO/ASTM 52911-1: 2019. Wytwarzanie przyrostowe — Projektowanie — Czg$¢ 1:
Stapianie proszkow metali za pomocg lasera.

13. Norma ISO/ASTM 52941-20. Wytwarzanie przyrostowe — Wydajnos$¢ i niezawodnosé
systemu — Testy akceptacyjne maszyn operujacych w technologii Laser Beam Powder Bed
Fusion dla materiatéw metalowych do zastosowan lotniczych.

14. Norma ISO/ASTM 52942-20. Wytwarzanie przyrostowe — Zasady kwalifikacji —
Klasyfikowanie operatorOw maszyn i urzadzen operujacych w technologii Powder Bed
Fusion dla metali i elementow wytwarzanych przyrostowo do zastosowan lotniczych.

15. Norma ISO/ASTM DIS 52900. Wytwarzanie przyrostowe — Zasady ogolne —
Terminologia.

16. Norma ISO/ASTM TR 52912:2020. Wytwarzanie przyrostowe — Projektowanie —
Wytwarzanie przyrostowe z podziatem na grupy funkcjonalne.

17. Norma PN/EN ISO 17296-2:2016-10. Wytwarzanie przyrostowe — Zasady ogdlne — Czgs¢
2: Przeglad kategorii proceséw 1 materiat wstgpny.

18. Norma PN/EN ISO 17296-3:2016-10. Wytwarzanie przyrostowe — Zasady ogdlne — Czgs¢
3.: Gléwne cechy 1 odpowiednie metody badan.

19. Norma PN/EN ISO 17296-4: 2016-10. Wytwarzanie przyrostowe — Zasady ogolne —
Czesc 4.: Przeglad przetwarzania danych.

20. Norma PN/EN ISO/ASTM 52900: 2017-06. Wytwarzanie przyrostowe — Zasady ogolne —
Terminologia.

21. Norma PN/EN ISO/ASTM 52901:2019-01. Wytwarzanie przyrostowe — Zasady ogoélne —
Wymagania dla kupowanych czgSci wyprodukowanych w procesach wytwarzania
przyrostowego AM.

22. Norma PN/EN ISO/ASTM 52902: 2021. Wytwarzanie przyrostowe — Probki wzorcowe —
Wytyczne do oceny doktadno$ci geometrycznej systemow wytwarzania przyrostowego.

23. Norma PN/EN ISO 10360-1:2003. Specyfikacje geometrii wyrobow (GPS) — Badania
odbiorcze i1 okresowe wspolrzgdnosciowych maszyn pomiarowych (CMM) — Cze$¢ 1:
Terminologia.

24. Norma PN/EN ISO 9000:2015. Systemy zarzadzania jako$cig — Podstawy i terminologia.

www.ans.pila.pl MEBUTRA | 98



25. Przybylski W., Deja M.: Komputerowo wspomagane wytwarzanie maszyn. Wydawnictwa
Naukowo-Techniczne, Warszawa 2007.

26. Przybyt B., Kabat M., Mikotajczyk J.: Wplyw predkosci drukowania 3D na doktadnosc
zarysu kot zebatych. Zrédlo: Obrobka Metalu. Szczegély: 2023, nr 4, s. 26-30,
p-ISSN: 2081-7002;
https://obrobkametalu.tech/media/2023/08/2023-4 Nr54 ObrobkaMetalu.pdf

27.  Przybyt  B., Mikolajczyk  J.: Efektywnos¢  technik  przyrostowych.
Zrédlo: Obrobka Metalu. Szczegoly: 2024, nr 1, s. 22-25, p-ISSN: 2081-7002;
https://obrobkametalu.tech/media/2024/03/2024 1 nr55 ObrobkaMetalu-1.pdf

28. Przybyl B., Mikotajczyk J.: The influence of 3D printing speed on profile accuracy.
W: Szkota Logistyki 2024 / redakcja naukowa Janusz Zawila-Niedzwiecki, Adam Placzek.
Radom: Instytut Naukowo-Wydawniczy "Spatium", 2024, Poland. Szczegély:s. 199-216,
p-ISBN: 978-83-68026-07-8; e-ISBN: 978-83-68026-08-5.

29. Sieminski P., Budzik G.: Techniki przyrostowe. Druk, Drukarki 3D. Oficyna Wydawnicza
Politechniki Warszawskiej, Warszawa, 2015r.

30. Stryczek R., Wyrobek K.: Projektowanie operacji druku 3D metoda FFF. Wydawnictwo
Naukowe Akademii Techniczno-Humanistycznej w Bielsku-Biatej, Bielsko-Biata, 2022.

www.ans.pila.pl MEBUTRA | 99



Laser cutting technology

Mikolaj Lawniczak
Department of Mechanical Engineering
Stanistaw Staszic State University of Applied Sciences in Pita, Poland
https://orcid.org/0009-0008-9870-7237

corresponding e-mail: mikolaj.lawniczakl(@gmail.com

Abstract: This paper presents the characteristics of the laser cutting process. Discussed are
basic operating parameters of laser cutting devices and the advantages and disadvantages of
this type of technology.

Key words: laser, metal cutting, laser cutters

1. Introduction

Quantum electronics arose from research on the interaction of matter and
electromagnetic radiation. The work undertaken in this field led in the early 1950s to the
creation and implementation of the idea of using quantum systems to amplify and generate
electromagnetic waves, initially in the microwave range (masers), and a few years later also in
the optical range (lasers). The basis of operation of both of these fundamental quantum
electronics devices is the process of stimulated emission. The essence of this process was
discovered by Einstein and discussed in his paper published in 1917 in which he analyzed the
problems of absorption and emission in a system with quantized energy levels subjected to
external irradiation with an electromagnetic wave.

In June 1960, T. H. Maiman succeeded in obtaining a laser effect in a synthetic ruby
crystal and built the first working model of a laser. A necessary condition, in a nutshell, for
the laser action to occur is the existence in the active medium of a quantitative predominance
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of excited atoms over unexcited ones to such an extent that the acts of stimulated emission
overcompensate the acts of absorption of photons (absorbed during collisions with unexcited
atoms) and energy losses in a given device. Currently, the range of types of devices
generating laser beams is very large and there is a large number of their applications in the
world around us [1, 2, 4, 5, 10, 13, 25, 26], from military applications, through consumer
electronics, the metal industry, metallurgy, to medicine (ophthalmology, oncology, surgery).

2. Laser cutting technology

Laser cutting, as one of the most modern tools in material processing, plays a key role
in many industries [3, 4, 5, 7, 20, 21, 26] - from the automotive and aviation sectors to the
medical and electronics sectors. This technology is distinguished by its precision, versatility
of applications and high production efficiency. Laser cutting involves the use of a high-energy
laser beam to precisely cut materials. This process involves generating a laser, focusing the
beam on the surface of the processed (cut) material, and removing the melted or vaporized
material using assist gas [13, 16, 19, 20, 21, 24, 25].

Currently, a very popular method of generating a laser beam is to use a gas mixture
based on carbon dioxide (Fig. 1).

/

Fig. 1. Electrical excitation of a laser beam using carbon dioxide

For this purpose, the mixture is electrically excited. The laser beam is guided through a beam
path with an optical system (Fig. 2). Another type of laser is the fiber semiconductor laser. In
this case the active medium of the laser is a fiber, or glass or crystal disc. The beam is
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generated in the active fiber and delivered to the cutting head of the machine by the
transmission fiber.

Fig. 2. View of the CO2 laser cutting head

The wavelength of a fiber laser is 1um, and that of a carbon dioxide laser is 10um. A
shorter laser wavelength has a beneficial effect on reducing the heating of the processed (cut)
material.

The laser optical system, consisting of lenses or mirror systems, focuses the beam on a
small surface with a diameter of the order of several dozen micrometers. The energy density
in the focus can reach very high values, which is sufficient to induce intense thermal
processes such as melting, evaporation or burning of the processed material. The key
parameters of the laser beam focusing process are:

e focal length (a shorter focal length provides greater cutting precision but requires more
accurate distance setting);

e beam quality M? (this parameter indicates how much the light beam deviates from the
ideal Gaussian beam; the lower the M? value, the more uniform the energy in the
focus);

e cnergy stability (changes in stability can lead to uneven cutting or overheating of the
processed material).
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Fig. 3. View of the cutting head of a fiber laser

Techniques which optimize laser beam focus include:

e automatic focal length adjustment (advanced monitoring systems allowing dynamic,

real-time focal length adjustment);

e correction of optical aberrations (high-quality optical systems that minimize

distortions and ensure high accuracy).
The process of removing material from the cutting area is supported by the use of assist gases.
Depending on the type of material and cutting technique, the following gas types are used:

e oxygen O used for cutting carbon steel; it supports combustion reactions whereby

increases the efficiency of the cutting process;

e nitrogen N> used in the processing of stainless steel and aluminum, prevents oxidation

and improves the quality of the cut edge.
Assist gas speed and pressure are precisely regulated in order to:

e ensure effective removal of molten material;

e reduce heat affected zones (HAZ);

e Reduce the formation of splinters and contamination.

High energy density of the laser beam generates large amounts of heat in the cutting area.
Effective management of this heat is crucial to maintaining the quality of processing. To
minimize thermal deformations and side effects, the following are used:

e pulsing techniques that reduce the amount of energy delivered per unit of time;

e designing the cutting trajectory to avoid heating the same areas in a short time.
Advanced computer simulations enable precise prediction of heat distribution and
deformation. Thanks to this:

e you can design optimal parameters of the cutting process;

e the risk of unforeseen defects is minimized.

Laser cutting technology involves potential hazards, therefore the following protective
measures are of key importance:
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e protective screens (prevent beam dispersion and protect operators);

e gas detection systems (monitor the concentration of toxic substances produced during
processing).

Laser cutting is widely used in various sectors of the economy, including:

e automotive industry (precise cutting of steel and aluminum sheets for body
production);

e aviation industry (machining of high-strength titanium and aluminum alloys);

¢ medicine (manufacture of surgical instruments and implants);

e clectronics (manufacture of printed circuits and microcircuits).

Current laser cutting technology offers high precision and efficiency in processing different
materials. This is crucial in many industrial sectors where it is required to have high precision
and repeatability of cuts.

Factors influencing cutting precision include:

e laser quality (the stability and uniformity of the laser beam have a direct impact on
cutting precision; high-quality lasers emit beams with precisely controlled power and
focus, which allows accurate cuts);

e system stability (laser cutting precision also depends on the stability of the entire
system, including the precision of the control system and vibration resistance; any
vibrations can affect the cutting accuracy);

e cutting parameters (optimization of settings of parameters such as laser power, cutting
speed, focal distance, properties of the supporting shielding gas can significantly affect
the quality and precision of cutting);

e type and quality of the processed material (different materials react differently to laser
cutting, which may affect the precision of the cut; unevenness of the material, its
composition or thickness may affect the precision of the cut).

Laser cutting is characterized by high precision and flexibility. Unlike mechanical cutting
methods (guillotines, sheet metal shears, band saws, frame saws, circular saws), laser cutting
minimizes physical contact with the material, which reduces the risk of its deformation.
Compared to plasma or water cutting, laser cutting offers a much thinner cutting line and the
ability to produce more complex shapes with greater accuracy.

Laser cutting machines require significant amounts of electrical energy. Therefore, the
development of laser technology aims at increasing the energy efficiency of this type of
devices, inter alia, by using modern fiber optic lasers.

Fig. 4. presents a fragment of the operating parameters of the Star Fiber L803 laser
while cutting a 25 mm thick sheet of steel of S235 grade, with the following values:
tool radius: 0.22 mm;
rate of feed: 750 mm;
laser power: 15 000 W;
focal position: 13 mm;
nozzle gap: 0.8 mm;
pressure for G-3: 8 bar;
pulse frequency: 60 Hz;
pulse width: 9000 ps.
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Fig. 4. Fragment of parameters of Star Fiber L803 laser while cutting a 25 mm thick sheet of
steel, grade S235

3. Conclusion

The laser cutting process is a multi-stage process and requires advanced equipment
and precise parameter control. From generating a laser beam, through focusing energy into a
microscopic point, to effectively removing processing products — each phase requires
optimization to achieve the highest quality and production efficiency. Understanding the
operating principles of laser cutting machines allows us to better use the potential of this
technology in practical industrial and scientific applications. With further technological
development, laser cutting will remain one of the key processes in the industry of the future.
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Abstract:

The paper presents the results of mathematical analysis between the number of
construction disasters and the number of casualties (injured and killed) in these disasters.
Observation was made concluding that there is a significant relationship between the number
of people killed and the number of people injured, and this relationship is functional, thus its
formula was made. Statistically, the more people are injured, the more people are killed as a
result of these construction disasters, which has also been proven.
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1. Introduction

In Poland, pursuant to art. 73 of the Construction Law Act [2]: Construction disaster — an
unintentional, violent destruction of a building or its parts, as well as structural elements of
scaffolding, formwork elements, sheet pile walls and steening.

Annual reports on construction disasters are available on the website of the General
Office of Building Supervision. The register has been kept since 1995, and electronically
since 2008.

When thinking about building structures in the new millennium it is important not to
forget those structures that already exist. Solving the problem of durability of building
structures exposed to the influence of various factors should be considered an important
scientific and technical problem. Durability is a function of the performance properties of
materials, the quality of design and workmanship, and the various impacts on structures as
well as their manner of use and adopted levels of maintenance [27].

The finite element method FEM 1is currently the most commonly used method in
engineering calculations. With its development, the search for analytical solutions was
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abandoned. However, attempts to obtain such solutions are justified because they allow to get
a direct and quick qualitative analysis of the calculation results. In the case of FEM, each
change of the adopted parameters entails the need to construct and solve systems of algebraic
equations, which in the case of qualitative and parametric analyses is associated with the need
to conduct time-consuming numerical experiments.

An interesting method of difference equations in the analysis of one-dimensional systems
with disturbances of discretization regularity was presented in [8, 11, 16, 18].

If we consider a building disaster as an atypical state, a certain disturbance of geometrical
and physical parameters and a certain disturbance of mass discretization in the case of
dynamics, then, for example, by means of transform modification, we can derive appropriate
formulas that allow us to find a solution in the case of a disturbance in an arbitrarily located
element.

Construction disasters do not occur randomly. There is always some cause, either
external or internal (weakening of the structure of the object, its material, etc.). In today's very
dynamic world, vibrations can have a large impact on the number of construction disasters. is
What is very relevant today is the topic of active reduction of vibrations in building structures
based on the theory used in automation. There are many examples of construction disasters of
historic buildings that survived the ancient times, the Middle Ages, the Renaissance, and were
destroyed today due to, for example, excessive traffic, because someone did not foresee that
such a close communication route could destroy the historic building.

It is also generally known that the durability of an object is primarily influenced by
corrosion of the materials from which it is made. The causes of corrosion of concrete, and
also of reinforced concrete, may be different. Most often, it occurs under the influence of
external factors. This is also how it is described in the standard for concrete [21+26].
However, it is necessary to remember about certain risks associated with the use of cements
with various additives in the context of the introduction by concrete producers of fillers and
additives as for unmodified cements, and often also limestone or recycled aggregates.
Ultimately, this may lead to the destruction of the concrete structure due to undesirable
reactions between the given components of the concrete mix [21+26]. Unfortunately, the
corrosion processes that occur after periods of slowdown or even temporary inhibition may
intensify again if appropriate, favourable conditions occur. And then it is only one step away
from a construction disaster. Therefore, dynamic impacts and maintenance of the facility are
very important for its durability.

This paper is a continuation of the author's earlier work in this field [19, 20]. The
mathematical analysis of the data was based on the work [4, 5, 6, 7, 9, 10, 12, 13, 14, 15, 17,
28].

2. Statistical analysis

Based on data found in the General Office of Building Supervision in Poland and the
Central Statistical Office of Poland, the number of construction disasters was compared with
the number of injured people and fatalities in Poland at a given time. Then, correlations
between the above-mentioned variables were calculated in the R program. Data and
calculation results are included in Table 1. The number of construction disasters in Poland in
particular years is presented graphically in Fig. 1. It is clear that in different years this number
had different values.
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Table 1. Comparison of the number of construction disasters in Poland with the number of
people injured

Fig. 1. Number of disasters in Poland in given years

www.ans.pila.pl

Year Number of Number of Total number of Number of
fatalities persons injured casualties construction
disasters

2004 19 46 65 187
2005 16 54 70 132
2006 88 173 261 338
2007 26 90 116 520
2008 14 76 90 1113
2009 38 76 114 264
2010 12 71 83 731
2011 25 67 92 648
2012 17 63 80 426
2013 22 65 87 258
2014 14 62 76 209
2015 18 77 95 307
2016 14 40 54 367
2017 30 109 139 627
2018 24 81 105 249
2019 28 63 91 251
2020 18 71 89 272
2021 26 60 86 469
2022 24 53 77 663
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If we look at the data contained in Table 1 together with the number of casualties
(injured + fatalities) with the number of construction disasters sorted in ascending order, we
will obtain the data contained in Table 2 for which the correlation was calculated using the
Pearson’s method and the Spearman’s method. There is a visible lack of any relationship
between the number of construction disasters and the number of people injured in them, as
evidenced by the low values of the calculated correlations between the above-mentioned
variables. Indeed, when looking at the graphical representation of the number of construction
disasters with the number of casualties (fatalities and injured) in these disasters, it is difficult
to see any correlation (Fig. 2).

Table 2. Comparison of the number of construction disasters in ascending order with the
number of casualties (injured + fatalities) and the correlations calculated for them using the
Pearson’s and Spearman’s methods

Number of Casualties (injured Year Pearson’s Spearman’s
construction + fatalities) correlation correlation
disasters in
ascending order
132 70 2005
187 65 2004
209 76 2014
249 105 2018
251 91 2019
258 87 2013
264 114 2009
272 89 2020
307 95 2015
338 261 2006 0.01652465 0.2175439
367 54 2016
426 80 2012
469 86 2021
520 116 2007
627 139 2017
648 92 2011
663 77 2022
731 83 2010
1113 90 2008
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Fig. 2. Graphical representation of the number of construction disasters (x-axis) with the
number of casualties (killed and injured) (y-axis)
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Fig. 3. Graphical representation of the number of construction disasters (x-axis) with the
number of casualties (persons injured) (y-axis)
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Fig. 3 graphically presents the number of construction disasters (x-axis) with the
number of casualties in these disasters (persons injured) — y-axis. It is clear that the increasing
number of construction disasters does not necessarily correspond to the increasing number of
people injured in these construction disasters. Indeed, the calculated correlation value between
the above-mentioned variables indicates there is no relation between them (Table 3).

Table 3. List of the number of construction disasters in ascending order with the number of
casualties (persons injured) and the correlations calculated for them using the Pearson’s and
Spearman’s methods

Number of Casualties (persons Year Pearson’s Spearman’s
construction injured) correlation correlation
disasters in
ascending order
132 54 2005
187 46 2004
209 62 2014
249 81 2018
251 63 2019
258 65 2013
264 76 2009
272 71 2020
307 77 2015
338 173 2006 0.09709692 0.2485729
367 40 2016
426 63 2012
469 60 2021
520 90 2007
627 109 2017
648 67 2011
663 53 2022
731 71 2010
1113 76 2008

www.ans.pila.pl

A similar procedure was followed when comparing the number of construction
disasters with the number of people killed as a result of these disasters, as shown in Fig. 4. It
is clear that the increasing number of construction disasters does not necessarily correspond to
the increasing number of people killed in these disasters. Indeed, the calculated correlation
value between the above-mentioned variables indicates there is no relation between them
(Table 4).
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Fig. 4. Graphical representation of the number of construction disasters (x-axis) with the
number of casualties (fatalities) (y-axis)

Table 4. List of the number of construction disasters in ascending order with the number of
casualties (fatalities) and the correlations calculated for them using the Pearson’s and
Spearman’s methods

Number of Victims (fatalities) Year Pearson’s Spearman’s
construction correlation correlation
disasters in
ascending order

132 16 2005

187 19 2004

209 14 2014

249 24 2018

251 28 2019

258 22 2013

264 38 2009

272 18 2020

307 18 2015

338 38 2006 -0.1239038 -0.01495828

367 14 2016

426 17 2012

469 26 2021

520 26 2007

627 30 2017

648 25 2011

663 24 2022

731 12 2010

1113 14 2008

www.ans.pila.pl
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The last stage of comparison of the data presented in Table 1 is checking whether there
is any relationship between the number of people injured in construction disasters and the
number of fatalities, which is presented graphically in Figure 5. The resulting graph is very
interesting. One can observe a certain relationship which can be seen visually between the
number of people killed and the number of people injured, and it seems to be a strong
relationship. The trend in Figure 5 is that the increasing number of fatalities corresponds to
the increasing number of injured. So statistically, if the number of people injured in
construction disasters increases, then unfortunately the number of people killed as a result of
these disasters also increases. If we compare the number of fatalities (arranged in ascending
order) with the corresponding number of people injured, we get the data contained in Table 5
along with the calculated correlation values. A question arises here: what are the proportions
of the number of people killed to the number of people injured and possibly what is the
mathematical relationship between them. Of course, at first glance it is clear that the number
of injured people is greater than the number of people killed.

—160

—140

—120

—100

| | | | %

fiz=-
Fig. 5. Graphical representation of the number of people killed in construction disasters (x-
axis) with the number of people injured in these disasters (y-axis)
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Table 5. Comparison of the number of people killed in construction disasters with the number
of people injured in these disasters in ascending order and the correlations calculated for them
using the Pearson’s and Spearman’s methods

Number of people Number of people Year Pearson’s Spearman’s
killed in ascending injured correlation correlation
order

12 71 2010

14 62 2014

14 40 2016

14 76 2008

16 54 2005

17 63 2012

18 71 2020

18 77 2015

19 46 2004

7 65 2013 0.8597105 0.4268729
24 81 2018

24 53 2022

25 67 2011

26 60 2021

26 90 2007

28 63 2019

30 109 2017

38 76 2009

88 173 2006

www.ans.pila.pl

The simple regression model defined in R for the data contained in Table 5 concerning
the relationship between the actual number of people killed in construction disasters and the
actual number of people injured (hurt) is:

y=1,482+- x+ 36,621
where: X — number of fatalities; y — number of the injured

Based on a simple regression model defined by a mathematical formula, calculated
was the theoretical number of injured people for the actual number of people killed. The
theoretical number of injured people calculated according to the simple regression model was
not rounded to integers. It was left as obtained from calculations. It is obvious that in the real
situation we only have integers (a binary system), i.e. either someone was killed as a result of
the construction disaster, or is alive. The results of the theoretical number of injured people
calculated on the basis of simple regression should rather be interpreted in such a way that, for
example, if we have 92.937 people injured, then there is a very high probability that 93 people
are injured, not 92.

Table 6. presents a comparison, in ascending order, of the number of people killed as a
result of construction disasters with the number of people injured in these disasters and the
number of people injured calculated according to a mathematical model, which is presented
graphically in Fig. 6.
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Table 6. Comparison, in ascending order, of the number of people killed as a result of
construction disasters with the number of people injured in these disasters and the number of
people injured calculated according to a mathematical model

Number of people Number of people Year Number of injured
killed in ascending injured (actual people according to
order (actual values) the mathematical
values) model of simple
first-order
regression
12 71 2010 54.405
14 62 2014 57.369
14 40 2016 57.369
14 76 2008 57.369
16 54 2005 60.333
17 63 2012 61.815
18 71 2020 63.297
18 77 2015 63.297
19 46 2004 64.779
22 65 2013 69.225
24 81 2018 72.189
24 53 2022 72.189
25 67 2011 73.671
26 60 2021 75.153
26 90 2007 75.153
28 63 2019 78.117
30 109 2017 81.081
38 76 2009 92.937
88 173 2006 167.037
4y

B - :

v=1482"x+ 36,621

L ,
L :
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1o)-g® 69,225 | x
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54405 81,081 92,937 167,037

Fig. 6. Graphical representation of the number of people injured, according to the
mathematical model
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x —number of injured according to the simple regression model; y — actual number of killed

If we divide the actual number of people injured by the actual number of people killed
in construction disasters in a given year, we will obtain a multiplication table in accordance
with the data contained in Table 7. One can observe that the maximum number of injured
people is almost six people per one killed (exactly 5.916), and the minimum is almost two
people per one person killed (exactly 1.965) as a result of construction disasters. Of course,
among these data there may be extreme cases, for example, ten people are injured and zero
are killed. And the second extreme case is when there are zero people injured and ten killed,
i.e. everyone dies. These are very sporadic cases, but they do occur. We are only operating on
numbers here, it is generally known that there is no such thing as 5.9 deaths. Only whole
numbers are given.

Unfortunately, the statistical data do not include medical information on the degree of
injury of people injured in construction disasters. Unfortunately, this group of people includes
(based on press, radio, television and internet reports) people who have had amputations of
upper or lower limbs, with vision or hearing damage, and with serious head injuries resulting
in permanent disability. It is, therefore, difficult to compare the effects of sustained injuries in
any way. Lucky are those who escaped the construction disaster untouched.

Table 7. Comparison of the number of people injured in relation to the number of people
killed as a result of construction disasters for a given year

Number of Number of Multiplicity Year

people killed in | people injured (number of
ascending order people injured

divided by

number of

people killed)
for a given year

12 71 5916 2010
14 62 4.428 2014
14 40 2.857 2016
14 76 5428 2008
16 54 3.375 2005
17 63 3.705 2012
18 71 3.944 2020
18 77 4.277 2015
19 46 2.421 2004
22 65 2.954 2013
24 81 3.375 2018
24 53 2.208 2022
25 67 2.680 2011
26 60 2.307 2021
26 90 3.462 2007
28 63 2.250 2019
30 109 3.633 2017
38 76 2.000 2009
88 173 1.965 2006
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Table 8. Summary of selected statistical parameters for the multiplicity parameter (the number
of injured people divided by the number of people killed as a result of construction disasters)

Min. Ist Qu. | Median | 3rd Qu. Max. IQR R S di Mean
1.965 2.364 3.375 3.825 5916 1.4605 3.951 1.119021 | 0.8723934 | 3.326
e Min — minimum value;
e 1% Qu. — lower (first) sample quartile (Q));
e Median — median (‘median value’ Q2);
e Mean — arithmetic mean;
e 3" Qu. — upper (third) sample quartile (Q3);
e Max. — maximum value;
e IQR - interquartile range;
e R —sample range;
e s —standard deviation;
e d; —average deviation from the mean value.
6 5916 ————
|
|
|
|
|
|
5 :
l
|
|
|
|
4 |
3,825
3,326
3_
2,364 .
|
27 1,965 — 1

Fig. 7. Box plot of the multiplicity parameter (the number of people injured divided by the
number of people killed in construction disasters)

Of course (Fig. 7) the minimum value of the multiplicity was recorded for the year

2006 — 1.965 people injured per one person killed (the lower “whisker of the graph”), the
maximum value of the multiplicity was recorded for the year 2010 — 5.916 people injured per
one person killed (the upper “whisker of the graph™). Sample range (R) — this is the difference
between the maximum value of the multiplicity and the minimum value of the multiplicity
which is 3.951 (the difference between the upper and lower “whiskers” of the graph). The
standard deviation value is s=1.119021. The first quartile (lower part of the box) has the value
19'Qu.=2.364. And the third quartile (upper part of the box) has the value 3"Qu.=3.825. The
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median value is Median=3.375 construction disasters. The sample range R is very large. The
mean value is unevenly distributed in the box plot. Whiskers are very distant from the box
plot. There are no outliers. Interquartile range IQR = 1.4605 (Table 8).

3. Conclusion

Based on the mathematical analysis of statistical data regarding the number of construction
disasters, one can conclude, inter alia, that:

e the correlation values calculated - using the Pearson’s and Spearman’s methods -
between the number of construction disasters and the number of casualties (injured +
killed) are 0.01652465 and 0.2175439, respectively, thus there is no relationship
between the above variables; the variables analyzed are therefore independent
variables;

e the correlation values calculated - using the Pearson’s and Spearman’s methods -
between the number of construction disasters and the number of casualties (only
injured persons) are 0.09709692 and 0.2485729, respectively, thus there is no
relationship between the above variables; the variables analyzed are therefore
independent variables;

e the correlation values calculated - using the Pearson’s and Spearman’s methods -
between the number of construction disasters and the number of casualties (only
fatalities) are 0.1239038 and -0.01495828, respectively, thus there is no relationship
between the above variables; the variables analyzed are therefore independent
variables;

e the correlation values, calculated using the Pearson’s and Spearman’s methods,
between the number of people killed and the number of people injured are 0.8597105
and 0.4268729, respectively, therefore there is a significant relationship between the
above-mentioned variables and it is a functional relationship.

The multiplicity parameter, i.e. the number of people injured divided by the number of
people killed in construction disasters, ranges from 1.965 to 5.916. The average value of
this parameter is 3.326 (Mean). The multiplicity parameter has no outliers, and the
Median parameter value is not evenly distributed in the box plot.
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Hard-facing as a method of regenerating railway or tram turnouts
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Abstract: The paper presents problems connected with the repair and assessment of the
condition of a railway track. As a repair method discussed is the process of hard-facing of
railway turnouts. The paper states that both the rolling stock and railway infrastructure
constitute one whole thing for the proper operation of the railway communication system and
should not be discussed separately. Both interact with each other, i.e., fast trains will not run
fast if there is no appropriate infrastructure for them and vice versa.

Key words: rolling stock, railway infrastructure, railway tracks, metal application, metal
melting, metal surfacing
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1. Introduction

Some components of installations have layers of molten metal put on them that have
different chemical and mechanical properties than the base metal. Other components worn out
by abrasion are replaced with the same metal from which the component is made.

The application process is divided into fusing and hard-facing. Fusing is a process in
which layers applied are from a metal other than the metal from which the installation or unit
assembly is made. For example, acid tanks are often made from low-carbon steel and then
beads of molten lead wire are laid side by side on the inside using an oxy-acetylene torch. In
this way, the lead-coated inner walls form a single unit that is resistant to corrosion by acids,
and these tanks can work in negative pressure chemical installations.

Cast iron parts damaged by corrosion or abrasion are filled with brass by fusing, e.g.
water turbine blades, pump pistons.

And hard-facing is the process of applying onto parts the material that is the same or
similar to the native material. The applied layer is fused in the base material. The thickness of
the padding weld and its properties depend on the chemical composition of the padding weld
and thermal treatments applied during and after the hard-facing. The elements welded by hard
facing may be made of steel, cast iron, non-ferrous metals or plastics. Hard-facing is used
when making new parts and regenerating worn ones.

You can weld using a gas flame. This method is used to pad, inter alia, tools designed
for crushing stones and coal and those working in the ground, such as excavator teeth, using
an acetylene-oxygen flame as the heat source.

Tungsten carbides are characterized by very high hardness and high melting
temperature. These carbides are used to pad geological drilling teeth, and they are contained
in the steel matrix because they do not melt in a gas flame.

Nowadays, widely used is hard-facing with coated electrodes. To remove material
losses caused by corrosion or wear due to friction used are electrodes whose filler metal is
similar to that of the native material, these are low-alloy or high-alloy electrodes.

At present there are various types of electrodes produced for hard-facing of cold-work
tools, hot-work tools and cutting tool.

During manual hard-facing an appropriate technique for laying individual beads must
be used to avoid excessive thermal deformations. Padding of shafts and journals should be
carried out so that the internal stresses are equalized. For this purpose, the individual beads
should be put on particular points around the shaft circumference, as shown in Fig. 1.

Hard-facing of surfaces damaged by corrosion is performed with the same filler metal
as the native material. Before hard-facing, the surface should be cleaned with a steel metal
brush or a hand grinder. The surfacing by welding should be carried out slowly to avoid
bulging of the padded surface.

The padded surface should have an ellipse or circle shape, as shown in Fig. 2.

www.ans.pila.pl MEBUTRA | 123



Fig. 1. The sequence of putting beads when hard-facing shaft journals

Surfaces padded in the shape of a square or rectangle are during hard-facing the cause
of concentration of large internal stresses in the native material, which may result in
dimensional deformations or, in special cases, even cracks.

Fig. 2. Hard-facing of deep surface damage

Hard-facing of large surfaces, for example in boilers or corroded tanks, is carried out
as shown in Fig. 3. On the cleaned surface, a chessboard is marked with chalk and the
individual fields are filled in in the order shown in the drawing. In this way one avoids stress
concentrations that could result in dimensional distortions and deformation. After hard-facing,
sharp transitions between the edges of the padding weld and the native material should be
ground down.

Hard-facing with critical arc is used for larger cylindrical or flat surfaces (Fig. 3). This
method is used for hard-facing of steel hot rolling mills, railway wheels of wagons and
overhead cranes. Acid-resistant steel wire is used for hard-facing with critical arc of the inner
surfaces of the boiler drums intended for acids. The hard-facing is performed in the horizontal
position using automatic welding machines for critical arc welding [20, 21, 22, 23, 24, 55,
181, 182, 183, 184, 185, 188, 189].
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Fig. 3. Sequence of hard-facing large surfaces
2. Hard-facing of rail turnouts

The railway surface should constitute a stable track enabling the use of the technical
and operational parameters of the line while maintaining the smooth running criteria and
using the permissible geometric parameters specified in the relevant standards and
specifications on railway interoperability, taking into account the permitted defects in the
conditions of changing operational parameters [1, 2, 3,4, 5,9, 12, 18].

The components of a railway track include, inter alia:
rails;
sleepers;
turnout sleepers;
connectors;
turnouts;
equalization devices;
bumper blocks;
e ballast.
A properly constructed and properly maintained railway line should last between 20 and 30
years.

Rail damage can occur through many factors including rolling mill wheels in steel
mills, passing vehicles with deformed wheels (flat spots), or contamination on the rail
surfaces. Sand is dangerous to railway tracks because it is hard. Sand can enter rail tracks in a
number of ways including through contaminated rail breakstone and from the system of
sanders in locomotives. Sand can also get onto the tracks during loading, transporting and
unloading of sand and gravel, when it constitutes the transported goods. Sand can also be
blown by the wind, especially when the line runs along sandy sea shores. The moisture
contained in the air has a certain viscosity that allows sand particles to stay on the surface of
the rails. Fig. 4 shows crushed breakstone contaminated with sand from unloaded self-
unloading wagons.
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Fig. 4. Sand-contaminated rail track

When a rail vehicle passes over a dirty rail, sand at the contact point between the
wheel and its surface destroys the structure of the rail like sandpaper. Places particularly
susceptible to such damage include railway platforms and sections in front of semaphores
where locomotives use sand to start moving and prevent the wheels from slipping. Fig. 5
shows damage to the rail caused by sand contamination and passage of rail vehicles.

In the initial stages of damage, rail can be rebuilt by grinding with the use of a rail
grinder, which then evens out any unevenness and minimizes further wear of the rail. This
process involves removing minor surface defects that could lead to more serious damage.

S 5 S LN i ie?”
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Fig. 5. Consequences of track sand-contamination

If the fault is not repaired in time, it will become worse during rainfall. Water is forced
into tiny cracks under high pressure by the rolling stock wheels, which leads to the formation
of micro-cracks. When the damage to the rail head is too extensive, it is necessary to cut out
the damaged section and install a new rail. Replacing the rail generates high costs and makes
it impossible to have rail traffic during the repair.

Another typical damage to the railway surface caused by rail vehicles is damage of
turnouts. What is most often damaged in a turnout is the switch point and actual frog point.
The switch point cannot be repaired, it must be replaced with a new element. The actual frog
point must have specific dimensions for lowering the height of the frog point relative to the
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wing rails. Correct repair involves hard-facing of the material to the surface using welding
wire. Fig. 6 shows the surfacing zones. These zones are used to prevent overheating and
changes in the structure of material in the repairable steel element.

Fig. 6. Railway turnout frog with visible surfacing zones
S1, S2, S3, S4 — individual surfacing zones

The next stage of repair is rough grinding of the pad-welded material using railway
grinders designed for turnouts. The ground material is subjected to PT penetration testing. A
sample of the dye penetrant is applied to the cleaned element. The penetrant penetrates the
structure of the metal into its crevices. After a specified time, we apply a developer to the
tested surface. The color change to red indicates places where there is a discontinuity in the
metal structure on the surface (Fig. 7). If such red spots appear on the surface they should be
sanded down again and repair work should be repeated [56+180].

This type of repair is performed directly on the railway or tram track. This means that
during repair work the track must be closed to train and tram traffic. The time it takes to
complete a repair depends mainly on the scale of the repair. Most often this time takes up to
three hours, depending on the availability of track closures and the complexity of the damage.

After the entire repair cycle, a detailed quality inspection is carried out to verify the
correctness of the work performed. It usually includes the measurement of geometric
parameters of repaired elements, assessment of the quality of welding and checking
compliance with applicable regulations in this area.
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Fig. 7. Railway turnout frog — PT penetrant testing
S1 — surface showing discontinuity of the surface structure

To assess the technical condition of the repaired railway turnout frog point, used is a
card with the reference dimensions of the frog point lowering. Measurements are taken at
characteristic points using a steel ruler, feeler gauge, millimeter wedge, and caliper. Fig. 8
shows examples of inspection and measurement locations of the railway turnout frog point.
The required measurement accuracy is 0.1 mm. Of course, one must have appropriate license
to carry out the acceptance of repair work.
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Fig. 8. Examples of reference dimensions for lowering the height of the railway turnout frog

point
H — level of the railway turnout frog point; S — width of the railway turnout frog point; L —
distance of characteristic points from the edge of the railway turnout frog point

3. Conclusion

Railway and tram infrastructure, i.e. the track and related elements, requires special
supervision. Railway rails which are exposed to enormous mechanical and dynamic loads,
temperature changes and atmospheric factors, must be regularly inspected and repaired. The
entire process of repairing railway and tram infrastructure is complicated, and maintenance
works are performed by specialized teams. Due to long service life of railway infrastructure,
each repair is treated as an important element ensuring further safety and efficient use, and
this involves rigorous requirements regarding the quality of the work performed [15, 16, 29,
186].
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98. Norma PN-70/M-69023. Spawanie tlukowe stali platerowanych stalg odporng na korozje.
Wytyczne projektowania i wykonywania ztaczy spawanych.

99. Norma PN-70/M-69024. Spawanie tukowe aluminium i jego stopow elektroda
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113. Norma PN-80/M-69161. Spawalnictwo. Uchwyty elektrodowe do spawania recznego
izolowane.
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114. Norma PN-79/M-69010. Wyroby z wegli uszlachetnionych. Elektrody spawalnicze.

115. Norma PN-85/E-81106. Spawalnictwo. Jednostanowiskowe transformatory spawalnicze.
Wymagania i badania.

116. Norma PN-74/M-69102. Spawalnictwo. Przecinarki do cigcia termicznego. Doktadnos¢
odwzorowania.

117. Norma PN-74/M-69103. Spawalnictwo. Przecinarki pétautomatyczne do cigcia tlenem
stali. Wymagania i badania.

118. Norma PN-80/M-69107. Spawalnictwo. Przecinarki do cigcia termicznego. Nazwy i
okreslenia.

119. Norma PN-80/M-69180. Spawalnictwo. Palniki, oznaczenia i cechowanie.

120. Norma PN-81/M-69181. Spawalnictwo. Dysze palnikéw gazowych. Okreslenia, podziat
1 0znaczenia.

121. Norma PN-76/M69182. Spawalnictwo. Palniki do spawania gazowego i ci¢cia tlenem.
Wymagania i badania.

122. Norma PN-75/M-69200. Spawalnictwo. Wytwornice acetylenowe. Podziat.

123. Norma PN-76/M-69202. Spawalnictwo. Zawory bezpieczenstwa.

124. Norma PN-75/M-69210. Zbiorniki transportowe do gazéw. Barwy rozpoznawcze i
oznakowanie.

125. Norma PN-79/M-69221. Butle do gazéw. Butle stalowe do gazow.

126. Norma PN-76/M-69222. Butle do gazéw. Butle stalowe bez szwu.

127. Norma PN-82/M-69223. Butle do gazow. Gwinty stozkowe. Wymiary i tolerancje.

128. Norma PN-60/M-69224. Butle do gazéw. Gwinty Whitwortha o $rednicach 21,8 i 24,3
mm.

129. Norma PN-80/M-69225. Butle do gazow. Gwint Whitwortha o §rednicy 80 mm.

130. Norma PN-63/M-69226. Butle do gazow. Gwint stozkowy metryczny.

131. Norma PN-67/M-69227. Zawory butlowe do acetylenu VAL.

132. Norma PN-81/M-69228. Butle do gazéw. Zawory do butli. Wymagania i badania.

133. Norma PN-81/M-69229. Butle do gazow. Ztacza zawordéw butlowych.

134. Norma PN-74/M-69240. Reduktory spawalnicze. Gléwne wskazniki.

135. Norma PN-80/M-69242. Spawalnictwo. Reduktory do tlenu.

136. Norma PN-77/M-69243. Spawalnictwo. Reduktory butlowe do gazéw ptynnych.

137. Norma PN-78/M-69244. Spawalnictwo. Reduktory do acetylenu.

138. Norma PN-72/M-69260. Spawalnictwo. Kroc¢ce do przylaczenia wezy gumowych.
Glowne wymiary.

139. Norma PN-71/M-69261. Spawalnictwo. Przytaczki i ztaczki do wezy gumowych.

140. Norma PN-76/M-69774. Spawalnictwo. Cigcie gazowe stali weglowych o grubosci
5+100 mm. Jakos$¢ powierzchni cigcia.

141. Norma PN-63/M-74905. Opaski zaciskowe przewodow gietkich.

142. Norma PN-77/C-94250.47. Weze gumowe. Weze tloczne gumowe ze wzmocnieniem
tekstylnym do tlenu.

143. Norma PN-77/C-94250.48. We¢ze gumowe. Weze tloczne ze wzmocnieniem tekstylnym
do acetylenu.

144. Norma BN-68/4122-02. Zawory butlowe do tlenu technicznego VT1.

145. Norma PN-67/M-69350. Topniki spawalnicze. Klasyfikacja.

146. Norma PN-81/M-69354. Spawalnictwo. Topniki do gazowego spawania miedzi,
mosigdzow, bragzéw, aluminium i stopow aluminium.

147. Norma PN-73/M-69355. Topniki do spawania i napawania tukiem krytym.

148. Norma PN-67/M-69356. Topniki do spawania zuzlowego.

149. Norma PN-76/M-69400. Spoiwa cynowo-olowiowe do lutowania miekkiego. Gatunki.
150. Norma PN-80/M-69411. Spawalnictwo. Spoiwa srebrne do lutowania.
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151. Norma PN-73/M-69412. Spawalnictwo. Druty do gazowego 1 tukowego metalizowania

natryskowego.

152. Norma PN-70/M-69413. Spoiwa miedziane, mosi¢zne, brgzowe i niklowe do spawania i
lutowania.

153. Norma PN-75/M-69414. Spawalnictwo. Spoiwa do spawania aluminium i stopow
aluminium.

154. Norma PN-77/M-69420. Spawalnictwo. Spoiwa stalowe do spawania i napawania.

155. Norma PN-74/M-69430. Spawalnictwo. Elektrody stalowe otulone do spawania i
napawania. Ogolne wymagania i badania.

156. Norma PN-77/M-69433. Spawalnictwo. Elektrody stalowe otulone do spawania stali
weglowych 1 niskostopowych.

157. Norma PN-74/M-69434. Elektrody otulone do spawania stali niskostopowych
przeznaczonych do pracy w podwyzszonych temperaturach.

158. Norma PN-79/M-69435. Spawalnictwo. FElektrody stalowe do spawania stali
wysokostopowych.

159. Norma PN-74/M-69436. Elektrody stalowe do napawania.

160. Norma PN-57/M-69451. Spawanie. Spoiwa. Prety Zeliwne.

161. Norma PN-64/M-69708. Spawalnictwo. Proby mechaniczne stopiwa.

162. Norma PN-57/M-69712. Spawanie. Proba statyczna rozciggania materialu spoiny.

163. norma PN-58/M-69717. Spawanie gazowe. Proba statyczna rozciggania stopiwa.

164. Norma PN-58/M-69730. Spawanie gazowe. Proba udarnosci stopiwa.

165. Norma PN-82/C-23050. Karbid.

166. Norma PN-77/M-69000. Spawalnictwo. Spawanie metali. Nazwy 1 okre$lenia.

167. Norma PN-84/M-69001. Spawalnictwo. Spajanie metali i procesy pokrewne. Podzial.
168. Norma PN-75/M-69002. Spawalnictwo. Pozycje spawania. Klasyfikacja i oznaczenia.
169. Norma PN-87/M-69008. Spawalnictwo. Klasyfikacja konstrukcji spawanych.

170. Norma PN-87/M-6990/01. Spawalnictwo. Egzaminy spawaczy 1 zgrzewaczy.
Postanowienia ogolne.

171. Norma PN-87/M-69900/02. Spawalnictwo. Podstawowy egzamin spawacza.

172. Norma PN-87/M-69900/03. Spawalnictwo. Ponadpodstawowy egzamin spawacza.

173. Norma PN-87/M-69900/04. Spawalnictwo. Egzamin spawacza-operatora.

174. Norma PN-87/M-69900/05. Spawalnictwo. Egzamin zgrzewacza.

175. Norma PN-87/M-69900/06. Spawalnictwo. Egzamin rozszerzajacy oraz sprawdzajacy
spawacza 1 zgrzewacza.

176. Norma PN-79/M- 01134. Rysunek techniczny maszynowy. Uproszczenia rysunkowe.
Zasady oznaczania spoin.

177. Norma PN-64/M-01138. Rysunek techniczny maszynowy. Potaczenia spawane i
powierzchnie napawane (zmiana Biul. PKN nr 6/67, poz. 67).

178. Norma PN-64/B-01043. Rysunek konstrukcyjny budowlany. Konstrukcje stalowe.

179. Norma PN-81/M-Z-53201. Sprzet ochrony osobistej oczu. Optyczne filtry 1 szybki
ochronne. Ogolne wymagania i badania.

180. Norma PN-73/Z-53205. Sprzgt ochrony osobistej oczu. Szybki ochronne
przeciwodpryskowe.

181. Patasz J.: Poradnik spawacza gazowego. Wydawnictwa naukowo-Techniczne. Warszawa
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1. Introduction

In recent years the global focus on eco-friendliness, zero-emissions, global warming
phenomenon and sustainable development has led to significant progress in the field of
alternative energy sources for vehicles. Hydrogen-powered cars, often referred to as fuel cell
electric vehicles (FCEVs), have become a promising solution for reducing carbon dioxide
emissions and independence from fossil fuels such as oil, natural gas, and coal. Currently,
consideration is being given to introducing aircraft using hydrogen batteries into service.
There is a ship that runs entirely on hydrogen. In addition, hydrogen vehicles are being mass-
produced for the US market, and many car manufacturers are building their own prototypes of
such designs. For educational and advertising purposes many manufacturers offer such
vehicles as educational aids for self-assembly (Fig. 1), most often with single-rear-wheel
drive. Such designs can also be printed using 3D printers (except for fuel cells).

Fig. 1. Educational hydrogen water-powered vehicle from the "Kosmos&Thames" company
for self-assembly

Hydrogen vehicles use hydrogen gas (hydrogen) as fuel to generate electricity in a fuel
cell. The fuel cell (based on the Volta cell) combines hydrogen with oxygen from the air,
producing electricity, heat Q, and water as byproducts.

Fig. 2 shows a diagram of a fuel cell with hydrogen gas H> flowing in from one side
and oxygen O> flowing in from the other side. The fuel cell structure separating these two
areas has a multi-layer structure. The outer layers of the fuel cell have a porous structure in
order to "trap" both oxygen gas O and hydrogen gas H» in order to come into contact with the
appropriate catalyst.
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Fig. 2. Fuel cell diagram

1 — porous layer; 2 — catalyst (nano-Pt); 3 — anode (Pt); 4 — polymer membrane (nafion); 5 —
cathode (Ni); 6 — catalyst (WOs3); 7 — porous layer; 8 — bulb; O — oxygen; H- hydrogen; Q —
generated heat

Unlike combustion engines that burn fuel to produce energy, fuel cells rely on a
chemical reaction, making them more efficient and environmentally friendly. The produced
electricity powers an electric motor that powers the car, providing a smooth, quiet ride.

Hydrogen can be produced, for example, by electrolysis of water. It is stored, for
example, in high-pressure tanks inside the vehicle, thus providing a fuel supply for long
journeys. Oxygen is of course supplied from the air. Fuel cell technology has been and is
being improved over many years, becoming more compact and efficient, which allows better
integration with modern vehicles.

Hydrogen cars use hydrogen as fuel to generate electricity in fuel cells. In this process,
hydrogen reacts with oxygen, which leads to the production of electricity, water and heat. The
key element of this design is the fuel cell, in which an electrochemical reaction takes place.
The electricity produced in the cell powers the electric motor that drives the vehicle. Of
course, the electric motor can also drive any power receiver, e.g. a production machine. The
only by-product, in relation to this chemical reaction, of course, is water. The fuel cell is
based on the principle of reverse electrolysis of water. In electrolysis, we supply electricity,
and oxygen and hydrogen accumulate on the appropriate electrodes. A water car works the
other way around: we supply gaseous oxygen to the fuel cell on one side, and gaseous
hydrogen on the other, which combine to produce electricity, water and heat. In electrolysis,
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the presence of H" and O ions in water is used, which, under the influence of the electric field
of the electrodes, move in the appropriate directions, attaching to the second H or O atom, and
thus producing hydrogen and molecular oxygen. In a fuel cell, the recombination of hydrogen
and oxygen takes place in a special membrane moving ions in the appropriate directions. The
presence of colloidal platinum forces the dissociation reactions of gaseous hydrogen and
oxygen into ions, which is a complicated and expensive process. A simplified diagram of a
hydrogen fuel cell is shown in Fig. 3.
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Fig. 3. Simplified diagram of a hydrogen fuel cell O2 — oxygen (air) supply; H2 — hydrogen
supply; H20 — water discharge; Q — heat discharge

Fig. 4 shows the chemical processes taking place in a hydrogen car. Gaseous hydrogen
is refueled at stations located throughout a given area. Hydrogen is most often refueled into a
high-pressure tank, from where it is supplied to the fuel cell. Oxygen from the air is most
often sucked in from the front of the vehicle using blowers and compressors and also supplied
to the fuel cell. Fuel cells can be connected to each other for better work control over them or
their replacement in the event of a failure. Water, as a by-product, can be removed or
collected from the vehicle. By accelerating or decelerating, we turn on a larger or smaller
number of fuel cells. Unfortunately, the heat emission Q also increases with the acceleration
of the vehicle, the value of which must be monitored and managed.
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. STEP5 | STEP4

Fig. 4. Chemical changes occurring in a hydrogen car

STEP 1 — air (oxygen) intake; STEP 2 — oxygen and hydrogen are supplied to the fuel cell;
STEP 3 — heat, electricity and water are produced as a result of the chemical reaction;

STEP 4 — electricity is supplied to the engine; STEP 5 — the engine starts working, the vehicle
moves; STEP 6 — water is removed outside the vehicle; A — electric current; B — electricity
generation; C — fuel cell set; D — electric batteries; E — high-pressure hydrogen tank; F —
hydrogen refueling station

Hydrogen cars can be equipped with high-pressure hydrogen tanks in gaseous form or
as liquid hydrogen tanks, depending on the technology. Hydrogen can also be stored in a way
other than conventional, i.e. using metal hydrides or using nanotubes, aerogels, nanofibers
(technologies currently being developed).

Fuel cells are electrochemical devices that convert the chemical energy of a reaction
into electrical energy [53, 54]. The byproducts are usually water and heat. Such devices can
have high efficiency of around 80%. A fuel cell uses hydrogen (or a hydrogen-rich fuel) and
oxygen (usually in the form of air) to produce electricity in an electrochemical process. A
single cell contains an electrolyte and two catalyst-coated porous electrodes: an anode and a
cathode. The operating principle of a fuel cell is as follows:

e hydrogen is introduced into the anode zone, where a catalyst separates electrons from
positively charged protons;

e at the cathode, oxygen combines with electrons and in some cases protons or water,
resulting in water or hydroxyl ions;

e in the case of fuel cells with an electrolyte in the form of a polymer membrane,
protons move through the electrolyte to the cathode, where they combine with oxygen
and electrons, producing water and heat;

e in the case of fuel cells with an alkaline electrolyte, with molten carbonates or solid
oxides, negative ions move through the electrolyte to the anode, where they combine
with hydrogen to produce water and electrons;

e clectrons from the anode zone of the cell cannot pass through the electrolyte to the
positively charged cathode; they must move through an external electrical circuit to
reach the other side of the cell; the movement of electrons is an electric current
capable of doing a certain amount of work.
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There are many ways to regulate the temperature generated in the fuel cell stack. Fig. 5 and

Fig. 6 show two examples of methods for removing heat Q generated during the operation of
the fuel cell stack.
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Fig. 5. Method of cooling a fuel cell stack using a cooler coil located in the fuel cell stack

1 — coolant circulation pump; 2 — cooler coil; 3 — fuel cell stack; 4 — temperature sensor
(thermocouple); 5 — cooler; 6 — microprocessor with communication ports; 7 —
communication cables; 8 - fans

Fuel cells are assembled into stacks or packs. Each pack or stack can contain hundreds
of fuel cells. Some types of fuel cells must have some type of filter to protect them from
contamination from the fuel before it is introduced into the cell. Fuel cells can be powered by
hydrogen, methanol, gasoline, diesel oil, coal gas, depending on the technology [4, 5, 6, 55].

Hydrogen is a specific element. Its Latin name is hydrogenium — water-forming.
Indeed, in chemical compounds, hydrogen is a fairly common element on Earth, e.g. in water.
However, in the Earth's atmosphere, its content is about 0.1 ppm, which is almost nothing.
Almost nothing, because it cannot be in the atmosphere [57, 56]. Hydrogen in its free form is
able to exceed the second cosmic velocity and leave the Earth forever, because the force of
gravity, and therefore the mass of the Earth, is too small to stop hydrogen. Therefore, if
hydrogen is created in a free state for some reason, it will "escape" from the Earth (Fig. 7). If
for some reason we produce hydrogen from water on a mass scale, e.g. for economic reasons,
and it will get into the atmosphere, e.g. due to incomplete combustion or leaks in installations,
then we may have a situation (of course in a rather distant perspective) where we have oxygen
but no water because the second component will be missing. Oxygen is not able to "escape"
from the Earth on its own unless as rocket fuel (oxidizer) on board a rocket.
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Fig. 6. Method of cooling a stack of fuel cells placed inside a cooler

1 — coolant circulation pump; 2 — cooler; 3 — fuel cell stack; 4 — temperature sensor
(thermocouple); 5 — cooler; 6 — microprocessor with communication ports; 7 —
communication cables; 8 - fans

2. Hydrogen characteristics

Hydrogen is the lightest chemical element with an atomic number of 1 and has three
isotopes: hydrogen (H), deuterium (D) and tritium (T). Hydrogen is a product of gasoline
reforming, olefin pyrolysis, catalytic cracking, coal coking, coking and gasification of refinery
residues. It can also be produced using industrial and municipal waste, sewage sludge,
biomass and other renewable energy carriers. It is currently assumed that hydrogen is the first
among the future energy carriers.
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Fig. 7. Symbolic representation of the escape of a hydrogen molecule H> from Earth into
space

Hydrogen gas occurs in diatomic molecules as H>. Hydrogen can be stored in
pressurized tanks or as a cryogenic liquid. Unfortunately, hydrogen has a wide flammability
range and a wide explosive range, with the flammability range increasing with temperature.

An important element of fuel quality assessment is the fuel energy density which
indicates the packing density of hydrogen atoms in a given type of fuel. Comparing the
energy density of hydrogen, whether in a gaseous or liquid state, with petrol or diesel oil, it is
about 4-6 times lower (depending on the pressure for the gaseous state and whether we are
dealing with a cryogenic liquid).

Hydrogen currently produced on a mass scale comes from natural energy resources
such as:
natural gas approx. 48%;
crude oil approx. 30%;
coal approx. 18%;

e water electrolysis approx. 4%

The above proportions will of course change gradually due to the introduction of new

hydrogen production technologies. Technologies used to produce hydrogen include:

e steam reforming of methane or other low-molecular-weight hydrocarbons;

e partial oxidation of refinery residues;

e hydrogen recovery from gaseous products of oil and coal processing;

e clectrolytic water decomposition;

e coal gasification.
Comparing the efficiency of different types of hydrogen production, water electrolysis as a
method of hydrogen production is very inefficient compared to methods of obtaining
hydrogen from natural gas, crude oil or coal. However, ultimately, at least theoretically, the
aim is for water and biomass to be the source of hydrogen with the support of renewable
energy sources (solar energy and its derivatives, i.e. wind energy, water energy). Biomass can
be used to produce hydrogen through the stage of pyrolysis, gasification or/and biological
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decomposition [2, 7, 8, 56, 57]. Biological methods of obtaining hydrogen include
fermentation methods regarding the disposal of various organic wastes such as:

e municipal and industrial;

e animal excrement;

e sewage sludge;

e from agricultural production;

e water and sewage from food production plants (sugar factories, fruit and vegetable

processing plants, food concentrate plants).

An interesting source of hydrogen production are deposits of methane hydrates found in
sedimentary deposits of Arctic permafrost.

Some publications claim that water resources on the Earth are inexhaustible. Indeed,
water resources in the world are large, but they are finite and exhaustible — the only issue is
the scale of their processing.

The diagram of the changes occurring in a hydrogen car shown in Fig. 4 actually
concerns a hybrid of a hydrogen and electric car. The electric batteries installed in it can
usually be recharged from the electrical grid. This type of hybrid design is unfortunately
necessary because a hydrogen car in its pure form is not able to compete with the driving
dynamics of combustion or electric cars. Therefore, it must have aid. It is impossible to obtain
such high power from hydrogen fuel cells in such a short time during acceleration, and thus to
receive the heat extracted from them during operation. Fig. 8 shows the diagram of the
chemical changes occurring in a pure hydrogen car (the accumulator batteries have been
removed from it). The mass of such a vehicle is then much smaller.

. STEP5 | STEP4

Fig. 8. Chemical changes occurring in a "clean" hydrogen car

STEP 1 — air (oxygen) intake; STEP 2 — oxygen and hydrogen are supplied to the fuel cell;
STEP 3 — as a result of the chemical reaction, heat, electricity and water are produced;

STEP 4 — electricity is supplied to the engine; STEP 5 — the engine starts working, the vehicle
moves; STEP 6 — water is removed outside the vehicle; A — electricity; B — electricity
generation; C — fuel cell set; E — high-pressure hydrogen tank; F — hydrogen refueling station

3. Conclusions
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Hydrogen cars will develop quite dynamically. However, certain conditions must be
met for them to work optimally. The pressure of the gas supplied to the membranes should be
(depending on the technology) about 10 atmospheres, while the temperature should be about
+ 25°C. In the latitude belt of the Earth between the tropics, the conditions for the operation
of this type of structures are correct. However, the closer to the poles, the use of hydrogen
cars may be seasonal (only for example in the spring, summer and autumn seasons) or
negligible (in circumpolar areas).

In Europe, central-northern Asia, northern North America (Northern Canada, Alaska),
southern Chile and Argentina, and of course Antarctica (currently inhabited by several
thousand people), especially in winter, there may be problems with operating this type of
vehicle. There are many manufacturers of hydrogen cars, this technology is developing
dynamically, which bodes well for it. However, in some residential buildings, a ban has been
introduced on parking cars powered by any type of gas (for safety reasons).

The oxygen content in the air is about 20%. The oxygen content supplied to the fuel
cell membranes can be increased, of course, from oxygen cylinders. However, it should be
remembered that oxygen in contact with lubricants from friction nodes in the car (if they had
contact with it) burns explosively [1, 9+43].

Water extracted from the engine could accumulate on the road in winter, which would
pose a significant threat to other road users.

Finally, it is worth mentioning that hydrogen fuel cells are also used as energy sources
for laptops, mobile phones or electric skateboards [44, 54]. Hydrogen - against all
appearances - is a difficult material to manage.

4. Literature

1. Domanski A., Mikotajczyk J.: Dimensional analysis of the selected type of rolling bearing
depending on the manufacturer. W: Szkota Logistyki 2023 / redakcja naukowa Janusz
Zawila-Niedzwiecki, Katarzyna Bialczak. Radom: Instytut Naukowo-Wydawniczy
"Spatium", 2023, Poland. Szczegoly: s. 79-89, p-ISBN: 978-83-67033-75-6;

e-ISBN: 978-83-67033-58-9.

2. Grzywa E., Molenda J.: Technologia podstawowych syntez organicznych. T. 1.
Wydawnictwa Naukowo-Techniczne, Warszawa, 2008.

3. Holubowska A., Szatanski B., Mikotajczyk J.: Laboratorium termodynamiki. Pifa:
Wydawnictwo Panstwowej Uczelni im. Stanistawa Staszica, 2020, Poland. Szczegély: 164 s.,
e-ISBN: 978-83-62617-93-7,
https://wydawnictwo.puss.pila.pl/files/Laboratorium_termodynamiki POL_version.pdf
4. Kijewski J.: Dlaczego wodor? Przemyst Chemiczny, 2005, 84, 799.

5. Kotowski W., Liicke B.: Zastosowanie ogniw paliwowych do produkcji energii
elektrycznej i ciepta. Karbo, 2001, 46, 227.

6. Kotowski W., Liicke B., Budner Z.: Katalityczne przetwarzanie metanolu w wodor.
Przemyst Chemiczny, 1997, 76, 387.

7. Kurzepa K., Grabowska A., Prokop J., Lipkowski A.W.: Perspektywy zastosowania
biologicznych metod produkcji wodoru. Przemyst Chemiczny 84 (11), 833, 2005.

8. Lewandowski W. M.: Proekologiczne odnawialne zrodta energii. Wydawnictwa Naukowo-
Techniczne, Warszawa, 2007.

9. Matuszewski M., Mikolajczyk J., Styp-Rekowski M: Modyfikacja cech srodka
smarujacego za pomoca standardowych dodatkéw smarowych. Modification of lubricants
features by means of standard additives. Zrodlo: Postepy w Inzynierii Mechanicznej

www.ans.pila.pl MEBUTRA | 148



[Developments in Mechanical Engineering]. 2013, nr 1 (1), s. 57-65, Wydawnictwo
Uczelniane Uniwersytetu Technologiczno-Przyrodniczego w Bydgoszczy; p-ISSN: 2300-
3383; http://wu.utp.edu.pl/uploads/oferta/Postepy 1 1 2013.pdf

10. Matuszewski M., Mikotajczyk J., Mikotajczyk T., Styp-Rekowski M.: The influence of
cooling and lubrication liquid quantity on the isotropy of a machine component surface during
machining = Wptyw warunkéw chlodzenia i smarowania podczas obrobki elementow maszyn
na stopieni izotropowosci ich powierzchni. Zrédlo: Tribologia. 2016, vol. 265, No. 1, s. 57-
65, p-ISSN: 0208-7774; e-ISSN: 1732-422X;
https://t.tribologia.eu/resources/html/article/details?id=158175

11. Mikiewicz J., Cieslikowski J.T.: Niekonwencjonalne urzadzenia i systemy konwers;ji
energii. Wydawnictwo Ossolineum, Wroctaw 1999.

12. Mikotajczyk J., Styp-Rekowski M., Swierk K.: Modyfikowanie cech $rodka smarujacego
za pomocg dodatkéw 1 komputerowe wspomaganie ich doboru. W: CAX'2009 : komputerowe
wspomaganie nauki i techniki : VI warsztaty naukowe, Bydgoszcz - Duszniki Zdr6j 2009 :
praca zbiorowa pod redakcja Tadeusza Mikotajczyka. p-ISBN:978-83-61314-65-3.
Wydawnictwa Uczelniane Uniwersytetu Technologiczno-Przyrodniczego w Bydgoszczy,
Bydgoszcz 2009.

13. Mikotajczyk J.: Zestawienie porownawcze dodatkow depresujacych do olejow.
W: Zaawansowana tribologia : XXX Ogolnopolska Konferencja Tribologiczna, Nateczow,
21-24 wrzesnia 2009 r. Ogolnopolska Konferencja Naukowa XXX Szkoty Tribologicznej
"Zaawansowana Tribologia" : Wydzial Materialoznawstwa, Technologii 1 Wzornictwa
Politechniki Radomskiej, Instytut Technologii Eksploatacji - PIB Radom oraz Komitet
Budowy Maszyn, Sekcja Podstaw Eksploatacji Maszyn PAN. Wydawnictwo Naukowe
Instytutu Technologii Eksploatacji - PIB, Radom, 2009.

14. Mikotajczyk J.: Zestawienie poréwnawcze wiasnosci fizykochemicznych dodatkow
smarnych w oleju podstawowym SAE-30. W: Terotechnologia 2009 : materialy konferencji
na ekspozycji Metal i Control-Tech : Targi - Kielce (29.09-01.10.2009). VI Konferencja
Naukowo-Techniczna "Terotechnologia 2009" : Politechnika Swietokrzyska, Centrum
Laserowych Technologii Metali, Katedra Inzynierii Eksploatacji, Wydzial Mechatroniki 1
Budowy Maszyn, Polskie Towarzystwo Naukowo-Techniczne, Towarzystwo

Eksploatacyjne, Kielce: Wydawnictwo Politechniki Swigtokrzyskiej, 2009. Seria: Zeszyty
Naukowe - Politechnika Swigtokrzyska, nr 13.

15. Mikotajezyk J.: Badanie wpltywu preparatu eksploatacyjnego Mind M na zmiang
wlasnosci smarnych oleju bazowego SN-150. Zrédlo: Inzynieria i aparatura chemiczna
[Chemical Engineering and Equipment]. 2012, nr 5, s. 235-236, p-ISSN: 0368-0827.
http://inzynieria-aparatura-chemiczna.pl/rok-2012-nr-5/

16. Mikolajezyk J., Styp-Rekowski M., Matuszewski M., Musiat J.: Einfluf der
kompositionen von schmierzusidtzen auf die exploitations-eigenschaften der mischung mit
Basisol SN-150. W: Tribologie und mobilitét : beitrage der tribotechnik zur optimierung von
fertigungsprozessen, wartung, schmierung (reibungskonditionierung) und betriebssicherheit
von verkehrsmitteln und verkehrswegen. Wien, 15 November 2012. Symposium 2012
"Tribologie und mobilitit" : Osterreichische Tribologische Gesellschaft. Osterreichische
Tribologische Gesellschaft, Wien, 2012.

17. Mikotajczyk J.: EinfluP der ausgewihlten schmierzstoffzusétze auf betriebseigenschaften
der mischung mit Basisdl SN-150. W: Reibung, schmierung und verschleif : forschung und
praktische anwendungen. Band 1. Tribologische systeme maschinenelemente und
antriebstechnik fahrzeugtechnik priifen, messen, kontrollieren. Gottingen, 22-24 September
2014. 55. Tribologie Fachtagung "Reibung, Schmierung und Verschleif" : Gesellschaft fiir
Tribologie e.V. Stolberg-Venwegen : Gesellschaft fiir Tribologie e.V., 2014. Germany.
18. Mikotajczyk J.: Einfluss der ausgewdéhlten zusatzschmierstoffe auf die intensivitit des

www.ans.pila.pl MEBUTRA | 149



verschleifprozesses (Ra, Rq, Am) mit Basisél SN-150. W: Tribologie in industrie und
forschung : werkstoffe, konstruktion und technologie. Leoben, 26 November 2014. OTG
Symposium 2014 "Tribologie in industrie und forschung" : Osterreichische Tribologische
Gesellschaft. Wien : Osterreichische Tribologische Gesellschaft, 2014. Austria.
19. Mikotajczyk J., Matuszewski M.: Einfluss der ausgewéhlten schmierzstoffzusédtze auf AT
und AP mit Basisol SN-150. W: Tribologie in industrie und forschung : werkstoffe,
schmierstoffe und technologie. Wiener Neustadt, 25 November 2015, Austria. OTG
Symposium 2015 "Tribologie in industrie und forschung" : Osterreichische Tribologische
Gesellschaft. Wiener Neustadt : Osterreichische Tribologische Gesellschaft, 2015, s. 145-152.
20. Mikotajczyk J.: Vergleich charakteristischer parameter des abbott-firestone-diagramms
fiir ein kinematisches paar mit konformem kontakt. W: Tribologie in industrie und forschung
: verschleifschutz, instandhaltung und anlagenzuverléssigkeit. Linz, 22-23 November 2016,
Austria. OTG Symposium 2016 "Tribologie in industrie und forschung" : Osterreichische
Tribologische Gesellschaft. Wiener Neustadt : Osterreichische Tribologische Gesellschaft,
2016; s. 105-110.

21. Mikotajezyk J.: Wptyw dodatkéw smarowych na transformacje warstwy wierzchniej. Pita
: Wydawnictwo Panstwowej Wyzszej Szkoty Zawodowej im. Stanistawa Staszica, 2017r.,
Poland. 215, [1] s., p-ISBN: 978-83-62617-76-0; www.ans.pila.pl

22. Mikotajczyk J.: Influence of consumables on the amount of power consumption of
kinematic vapor of conformal contact. Wpltyw PE na pobdr mocy pary kinematycznej o styku
konforemnym. Zrédle: Postepy w Inzynierii Mechanicznej [Developments in Mechanical
Engineering]. Szczegoly: 2019, nr 13 (7), s. 39-50, p-ISSN: 2300-3383; Wydawnictwa
Uczelniane Uniwersytetu technologiczno-Przyrodniczego im. J. J. Sniadeckich w
Bydgoszczy, Poland.
http://yadda.icm.edu.pl/baztech/element/bwmetal.element.baztech-2faf200b-3010-4192-
9fd0-062f53b49d38

23. Mikotajczyk J.: Statistical analysis of the mass variation of samples as a result of the wear
process. Analiza statystyczna zmiany masy probek w wyniku procesu zuzywania.
Zrodlo: Postepy w Inzynierii Mechanicznej [Developments in Mechanical Engineering].
Szczegoly: 2019, nr 13 (7), s. 51-61, p-ISSN:2300-3383; Wydawnictwa Uczelniane
Uniwersytetu Technologiczno-Przyrodniczego im. J.J. Sniadeckich w Bydgoszczy, Poland.
http://yadda.icm.edu.pl/baztech/element/bwmetal.element.baztech-2faf200b-3010-4192-
9£d0-062f53b49d38

24. Mikotajczyk J.: Tribotestery : budowa 1 przeznaczenie. Pita: Wydawnictwo Panstwowej
Wyzszej Szkoly Zawodowej im. Stanistawa Staszica, 2019, Poland. Szczegdly: 160 s., e-
ISBN: 978-83-62617-90-6;

https://wydawnictwo.pwsz.pila.pl/files/Tribotestery.pdf

25. Mikotajczyk J.: Determining the energy validity of the Kostetsky's hypothesis on the basis
of models for relative motion velocity v = 0.08 m/sec. Zrédlo: Developments in Mechanical
Engineering. Szczegély: 2020, nr 16 (8), s. 17-29, p-ISSN: 2720-0639; Wydawnictwa
Uczelniane Uniwersytetu  Technologiczno-Przyrodniczego im. J.J. Sniadeckich w
Bydgoszczy, Poland.

DOI: 10.37660/dme.2020.16.8.2

26. Mikotajczyk J.: Finding the correlation between wear of samples kinematic pair of
conformal contact and electric power consumption. Zrédle: Postepy w Inzynierii
Mechanicznej [Developments in Mechanical Engineering]. Szczegoty: 2020, nr 15 (8), s. 59-
68, p-ISSN:2300-3383; Wydawnictwa Uczelniane Uniwersytetu Technologiczno-
Przyrodniczego im. J.J. Sniadeckich w Bydgoszczy, Poland.
https://dme.utp.edu.pl/art/15(8)2020/59.pdf

DOI: 10.37660/dme.2020.15.8.6

www.ans.pila.pl MEBUTRA | 150



27. Mikotajczyk J.: The effect of temperature lag on the value of power-temperature
correlation for frictional pair of conformal contact. Zrédlo: Postepy w Inzynierii
Mechanicznej [Developments in Mechanical Engineering]. Szczegoty: 2020, nr 15 (8), s. 79-
86, p-ISSN:2300-3383; Wydawnictwa Uczelniane Uniwersytetu Technologiczno-
Przyrodniczego im. J.J. Sniadeckich w Bydgoszczy, Poland.
https://dme.utp.edu.pl/art/15(8)2020/79.pdf

DOI: 10.37660/dme.2020.15.8.8

28. Mikotajczyk J.: A method of determining mathematical models of a seizure test of friction
pairs. W: MIK-21 : Migdzynarodowa Innowacyjnos¢ i Konkurencyjnos¢ w XXI wieku :
aspekty innowacyjne / redakcja naukowa Radoslaw Luft. Lublin : Fundacja Innowacji i
Nowoczesnych Technologii INOTECH, 2022. Radom : naktadem Instytutu Naukowo-
Wydawniczego "Spatium", 2022. Szczegoély:s. 7-24, p-ISBN: 978-83-67033-43-5; e-
ISBN: 978-83-67033-44-2.
http://inw-spatium.pl/wp-content/uploads/2022/09/MIK-21-2022-Aspekty-innowacyjne-
2.pdf

29. Mikotajczyk J.: Friction machines. Pita: Wydawnictwo Akademii Nauk Stosowanych im.
Stanistawa Staszica, 2022, Poland. Szczegoly: 488 s., e-ISBN: 978-83-62617-96-8.
https://wydawnictwo.ans.pila.pl/files/FRICTION_MACHINES.pdf

30. Mikotajczyk J.: Rolling bearing heating charakter. W: Szkota Logistyki 2022. Radom:
Instytut Naukowo-Wydawniczy "Spatium", 2022, Poland. Szczegély: s. 231-239, Materialy z
IX Konferencji Naukowej "Szkota Logistyki 2022"; p-ISBN: 978-83-67033-33-6;

e-ISBN: 978-83-67033-34-3

31. Mikotajczyk J.: Determination of the modified coefficient of variation from the number of
samples. W: MIK-21 : Miedzynarodowa Innowacyjnos¢ i Konkurencyjnos¢ w XXI wieku :
Aspekty innowacyjne / redakcja naukowa dr Lukasz Wojtowicz. Lublin: Fundacja Innowacji i
Nowoczesnych Technologii INOTECH : nakladem Instytutu Naukowo-Wydawniczego
"Spatium", 2023, Poland. Szczegély: s. 111-122, p-ISBN: 978-83-67033-89-3;

e-ISBN: 978-83-67033-90-9.

32. Mikotajczyk J.: Friction Machines II. Pita: Wydawnictwo Akademii Nauk Stosowanych
im. Stanistawa Staszica w Pile, 2023, Poland. Szczegoty: 598 s., p-ISBN: 978-83-67684-00-
2; https://wydawnictwo.ans.pila.pl/files/FRICTION_MACHINES_V_ANS PILA.pdf

33. Mikotajczyk J.: Oil can talk. W: Szkota Logistyki 2023 / redakcja naukowa Janusz
Zawila-Niedzwiecki, Katarzyna Bialczak. Radom: Instytut Naukowo-Wydawniczy
"Spatium", 2023, Poland. Szczegély:s. 109-115, p-ISBN: 978-83-67033-75-6;
e-ISBN: 978-83-67033-58-9.

34. Mikotajczyk J.: Pobor mocy elektrycznej przez parg kinematyczng jako parametr oceny
jakosci oleju. W: Logistyka w ratownictwie 2023 / pod redakcja Andrzeja Chudzikiewicza i
Anny Stelmach. Radom: Instytut Naukowo-Wydawniczy "Spatium", 2023, Poland.
Szczegoly: s. 223-230, p-ISBN: 978-83-67033-95-4;

e-ISBN: 978-83-67033-96-1.

35. Mikotajczyk J.: Rola dodatkéw smarowych w olejach. W: Logistyka w ratownictwie 2023
/ pod redakcja Andrzeja Chudzikiewicza i Anny Stelmach. Radom: Instytut Naukowo-
Wydawniczy "Spatium", 2023, Poland. Szczegoély: s. 231-237, p-ISBN: 978-83-67033-95-4;
e-ISBN: 978-83-67033-96-1

36. Mikotajczyk J.: Temperature as a parameter for assessing the work of a friction pair.
W: Szkota Logistyki 2023 / redakcja naukowa Janusz Zawita-Niedzwiecki, Katarzyna
Bialczak. Radom: Instytut Naukowo-Wydawniczy "Spatium", 2023, Poland. Szczegdly: s.
101-107, p-ISBN: 978-83-67033-75-6; e-ISBN: 978-83-67033-58-9.

37. Mikotajczyk J.: Tire as a selected element of a car subject to diagnostics. W: Szkota
Logistyki 2023 / redakcja naukowa Janusz Zawita-Niedzwiecki, Katarzyna Bialczak. Radom:

www.ans.pila.pl MEBUTRA | 151



Instytut Naukowo-Wydawniczy "Spatium", 2023, Poland. Szczegély:s. 117-131,
p-ISBN: 978-83-67033-75-6; e-ISBN: 978-83-67033-58-9.

38. Mikotajczyk J.: Wplyw dodatku modyfikujgcego cechy pltynu obrobkowego na zmiang
temperatury w strefie kontaktu wspotpracujacych powierzchni. Zrédlo: Obrobka Metalu.
Szczegoty: 2023, nr 2, s. 43-46, p-ISSN: 2081-7002;
https://obrobkametalu.tech/media/2023/05/2023 2 52 ObrobkaMetalu.pdf

39. Mikotajczyk J.: Zmiana geometrycznych cech wspotpracujacych powierzchni miarg
intensywnosci procesu zuzywania ostrzy skrawajacych. Zrédlo: Obrobka Metalu.
Szczegoty: 2023, nr 1, s. 50-54, p-ISSN: 2081-7002;
https://yadda.icm.edu.pl/yadda/element/bwmetal.element.baztech-9¢73eb05-2a91-4df5-
853b-22abf7a6ee77

40. Mikotajezyk J., Goéra F., Jedrzejeczyk D.: Analysis of selected surface roughness
parameters for wear processes. Analiza wybranych parametréw chropowatos$ci powierzchni
pod katem procesow zuzywania. W: MIK-21 : Miedzynarodowa Innowacyjnos¢ i
Konkurencyjnos¢ w XXI wieku : Aspekty innowacyjne / redakcja naukowa Radostaw Luft.
Lublin: Wydawnictwo Naukowe FNCE, 2024. Szczegély: s. 93-117,

p-ISBN: 978-83-68074-82-6; e-ISBN: 978-83-68319-03-3.

41. Norma PN-EN 590. Paliwa do pojazdéw samochodowych. Oleje napedowe. Wymagania i
metody badan. PKN, Warszawa, 2005.

42. Olechnowicz J., Mikotajczyk J.: Truck scales : the key to safe transport and road
protection. Zrédlo: Mebutra. Szczegoly: 2024, nr 2, s. 03-08, Wydawnictwo Akademii Nauk
Stosowanych im. S. Staszica w Pile, Poland.

https://wydawnictwo.ans.pila.pl/filess MEBUTRA2024.pdf

43. Pikulik J., Pikulik K.W., Mikotajczyk J.: The relationship between the clearance of the
coupling mechanism used in uniaxial light car trailers and the date of their production.
W: MIK-21 : Miedzynarodowa Innowacyjno$¢ i Konkurencyjnos¢ w XXI wieku : aspekty
innowacyjne / redakcja naukowa Radostaw Luft. Lublin : Fundacja Innowacji i
Nowoczesnych Technologii INOTECH, 2022, Poland. Radom : nakladem Instytutu
Naukowo-Wydawniczego "Spatium", 2022. Szczegély: s. 221-233, p-ISBN: 978-83-67033-
43-5; e-ISBN: 978-83-67033-44-2;
http://inw-spatium.pl/wp-content/uploads/2022/09/MIK-21-2022-Aspekty-innowacyjne-
2.pdf

44. Piotrowski L., Gora F., Mikolajczyk J.: Construction of an electric longboard with one-
wheel driver. Zrédlo: Mebutra. Szczegély: 2024, nr 2, s. 16-27, Wydawnictwo Akademii
Nauk Stosowanych im. S. Staszica w Pile, Poland.

https://wydawnictwo.ans.pila.pl/filess MEBUTRA2024.pdf

45. Piotrowski L., Gora F., Mikotajczyk J.: Design and construction of an electric longboard.
W: Logistyka w ratownictwie 2024 / pod redakcja Andrzeja Chudzikiewicza i Andrzeja
Krzyszkowskiego. Radom: Instytut Naukowo-Wydawniczy Spatium, 2024, Poland.
Szczegoly: s. 167-178, p-ISBN: 978-83-68026-24-5; e-ISBN: 978-83-68026-25-2.

46. Rutkowski M.: Polskie silniki i pojazdy wodorowe. Przemyst Chemiczny, 2005, 84, 873.
47. Rybak W.: Spalanie 1 wspotspalanie paliw statych. Oficyna Wydawnicza Politechniki
Wroctawskiej, Wroctaw, 2006.

48. Styp-Rekowski M., Mikotajczyk J.: The influence of Mind M preparation on the lubricant
properties of base oil SN-150. W: Reinung, Schmierung und Verschleify : forschung und
praktische anwendungen : Band 1 : tribologische systeme schmierstoffe und
schmierungstechnik zerspanungs : und umformtechnik priifen, messen, kontrollieren / 53.
Tribologie-Fachtagung. 24.bis 26. Septembet 2012 in Goéttingen. Aachen : Gesellschaft fiir
Tribologie e.V., 2012. p-ISBN: 978-3-00-039201-6

www.ans.pila.pl MEBUTRA | 152



49. Styp-Rekowski M., Mikotajczyk J.: Wplyw dodatku na wilasnosci smarowe oleju
bazowego SN-150. Zrodlo: Tribologia. 2012, vol. 244, No. 4, s. 227-232, p-ISSN: 0208-7774;
e-ISSN: 1732-422X; https://t.tribologia.eu/resources/html/article/details?id=167726

50. Styp-Rekowski M., Mikotajczyk J.: Wplyw preparatu eksploatacyjnego stanowiacy
kompleks weglowodorowy na zmiang¢ wlasno$ci smarnych oleju bazowego SN-150.
W: Tribologia blizej praktyki : XXXII Ogodlnopolska Konferencja "Jesienna Szkota
Tribologiczna 2012". XXXII Ogoélnopolska Konferencja "Jesienna Szkola Tribologiczna
2012", Kudowa Zdr6j, 18-21 wrze$nia 2012r. Politechnika Wroctawska Wydziat
Mechaniczny, Instytut Konstrukcji Eksploatacji Maszyn, Polskie Towarzystwo Tribologiczne,
Sekcja Podstaw Eksploatacji KBM PAN. Wroctaw : Polskie Towarzystwo Tribologiczne,
2012

51. Styp-Rekowski M., Mikotajczyk J.: Zmiana temperatury na drodze tarcia dla kompozycji
olej bazowy SN-150 - preparat eksploatacyjny Mind M. Temperature variability during
friction for composition bese oil SN-150 - exploatational preparation Mind M. W: III krajowa
konferencja nano- i mikromechaniki / Komitet Mechaniki Polskiej Akademii Nauk,
Politechnika Rzeszowska im. Ignacego Lukasiewicza, Instytut Podstawowych Problemow
Techniki Polskiej Akademii Nauk. Warszawa, 4-6 lipca 2012 r. III Krajowa Konferencja
Nano- i Mikromechaniki pod Patronatem Ministra Nauki i Szkolnictwa Wyzszego Prof.
Barbary Kudryckiej : Komitet Mechaniki Polskiej Akademii Nauk, Politechnika Rzeszowska,
Instytut Podstawowych Probleméw Techniki Polskiej Akademii Nauk, Warszawa, 2012.

52. Styp-Rekowski M., Mikotajczyk J., Matuszewski M.: Wybrane zagadnienia stosowania
ptynéw obrébkowych w obrobce skrawaniem. W: Obrobka Metalu, 2014, nr 3, s. 10-14,
p-ISSN: 2081-7002; http://www.e-obrobkametalu.pl/

53. Surygata J., Sliwka E.: Emisje komunikacyjne w $wietle unormowan prawnych. Nafia-
Gaz, 2001, 57, 282.

54. Surygata J.: Wodor jako paliwo. Wydawnictwa Naukowo-Techniczne, Warszawa, 2008.
55. Tendaj B.: Ogniwa paliwowe zasilane bezposrednio metanolem. Przemyst Chemiczny,
2000, 79, 222.

56. Urbaniec K., Grabarczyk R.: Kierunki badan nad wykorzystaniem biomasy do
otrzymywania wodoru. Przemyst Chemiczny, 2005, 84 (11), 836.

57. Waligorski M., Laniecki M.: Biomasa zrodtem wodoru. Przemyst Chemiczny 2005, 84 (5),
333.

www.ans.pila.pl MEBUTRA | 153



O
-
o
T
—
P~
S
(ap]
P
=




