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I.INTRODUCTION TO ENGINEERING
TECHNOLOGY

A simple grinder appeared in 1480. Its drive was with a pedal and a crank with a
connecting rod.

In 1565, the first ironing machine appeared, followed by a water-drill (1684).
Individual machines have improved, for example, a metal lathe with a support,
which allowed to cut threads, appeared after 1800.

In 1818, the first milling machine was drawn by S. Mortha
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1.I. Engineering Technology I

Is an introductory subject which provides an introductory explanation of the
technology used in engineering. A more detailed introduction to engineering
technologies will be provided in other specialized courses provided by the
Department of Mechanical Engineering.

Metallurgy deals with the management of raw materials on the material and its
properties. This part of the technology is divided into heavy metallurgy and
engineering metallurgy. Heavy metallurgy deals with the production of ferrous and
non-ferrous metals from ores, powdered metals and the management of
manufactured metals on semi finished products (sheets, rod, wire, etc.).

Machine-building metallurgy is characterized by the production of semi finished
products by casting, molding, heat treatment (changes in the internal structure of
the material such as hardening, brining, tempering) and non-releasable joining of
materials (welding, soldering).
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¢ Machining technology addresses machining, assembly and surface treatment
technologies.

e Surface treatment technology is achieved by changing the look of the product

or surface properties.

1.2. Preparation and organization of production

Pozadavek Konstrukéni piiprava Technologicka Zasobovani, planovani
zhkaznika
Eonstruktér Technolog Zasobovat, planovaé
Technické zpracovini Techni cké zpracovini Zaji$téni materi il
myélenky, poZadavki konstruk énich névrhii: polotovardl, novych
aj.: vipoity, vykresy, NavrZenych vyrobnich strojii, ndfadi, méfidel

se-
staveni detailn, tivaha

o zpisobu viroby, vol-

postupil, vihodnych
strojil, nastrojh,
méfidel, pombeek aj.

a)., zajisténi investic,
pracovnich sil apod.

ba vhodnéhe
‘ Zakaznik ‘- Odbyt matetidlu, polotovaru,
celkova fokumentace
@ 7
\\ y J
\‘\ f"
\\‘ "I
\‘\ ,}
L rd
™, v“'
Vyroba
Servisni
sluzba Délnik, provozni technik
Zéruni Vyrobek | Zkuiebna MontiZ Dilny
opravy Zkutenosti Zkugeni Sestavovani Zpracovani
(garance), eenosh 3 | akentrola | jednotlivych polotvarii na <
sluzby hotovych souéasti ve jednolité
zékarnikiim vyrobki skupiny soudsti:
a dile obribénim
v eelky {(soustruZeni,
viténi aj.),
lisovanim,
tvafenim,
svafovanim,
tepelnym
zZpracovinim,
povrehovou
iipravou aj.

Legend: poZadavek zakaznika - customer”s requirement, vyzkum, vyvoj - research, development, zpétna vazba -
feedback, tkol - task,

konstrukcni pfiprava - preparation of construction, konstruktér - designer, Technické zpracovani myslenky,
poZadavku (vypocty, vykresy, sestaveni detaild, ivaha o zplisobu vyroby, volba vhodného materialu, polotovaru,
celkova dokumentace) - technical processing of the idea, requirements (calculations, drawing, details, production
method, choosing suitable material, semi-finished material, documentation),

Technologicka pFiprava - technology, technolog - technologist, Technické zpracovani konstrukénich navrhi (nav-

rZzenych
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vyrobnich postupu, vyhodnych stroju, nastroji, méridel, pomiicek, aj.) - technical processing of designs (production
methods, suitable machines, devices, measuring tools, aids, etc.)

Zasobovani, planovani - supply, planning, zasobovaé, planovaé - stock provider, planner, zajisténi materiald, poloto-
vart, novych strojli, naFadi, méfidel aj., zajisténi investic, pracovnich sil apod. - ensuring materials, semi-finished
products, new machines, tools, measuring tools, etc., insuring finance, workforce, etc.

zakaznik - customer, client, odbyt - sale

servisni sluZba - service, zaruéni opravy (garance), sluzby zadkaznikdim - repairs under guarantee, customer service
vyrobek - product

zkuSenosti - experience

vyroba - production, délnik, provozni technik - operations technician, zkuSebna - testing room, zkouSeni a kontrola
hotovych vyrobkt - testing and checking finished products, montaZ - assembly, sestavovani jednotlivych sou&asti
ve skupiné v celky - mounting individual parts into sets, dilny - workshops, zpracovani polotovart na jednotlivé
soucasti: obrab&nim (soustruzeni, vrtani), lisovanim, tvafenim, svafovanim, tepelnym zpracovanim, povrchovou
upravou - machining (turning, drilling), pressing, forming, welding, heat processing, surface treatment

1.3. Organizational structure of the enterprise

e Functional with multiple subordination
o Staff

¢ Divisional

e Combined

Functional with multiple subordination
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Legend: vedouci - head (superordinate, boss), pro cmnost1 for actIVIty1 podrlzeny subordlnate
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Staff structure

Reditel podniku }

— T
}_.,_
[ [ i qr

l' AL ] [ . B |
| deditel | o reditel | e [ teditel
L_zavodu A | ' avodu B [ : __' ; ’

_zavodu A L_zavodu B | _zavodu € zavodu D |

I
. G Mo pecm : ‘
| vedouct J | vedouer | : vedouced ‘ vedouer 1
{ provozu A ) ‘ g &
| Provozu A | _provozu IA. |_provozu C | | brovozu l)_*
‘ PRI

o] M Bresace St NN
| vedoue —] ‘ B ' | | ‘
| d:\l;]’\. &ll\ vedouc ’ {_ vedouer | vedoucr
L dilny i \hh}\ B L _dilny C | dilny D
WL T | R R I
| delnik A " | de | f 3 ] |
| | déelmk B ! delmk ¢ ; j délnik D

Legend: Feditel podniku - company director, $tab - team, Feditel zavodu - director, vedouci provozu - operation
head, vedouci dilky - head of workshop, déInik - worker

Divisional arrangement

Reditel

| |

| osobni automobily nakladni automobily | motocykly

TREE e l | 11 L ||
:L y 'L»r.I behod [\\:-u’-u [nn:mu: } [\\!Lu:n I n!\chndJ vvroba ] finance ] [ ﬂ\Axm-l obehod I vyroba I finance Jj

Legend: Feditel - director, osobni automobily - passenger cars, nakladni automobily - trucks, motocykly - motor-
bikes, vyzkum - research, obchod - trade, sales, vyroba - production, finance - finance
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Combined structure

Reditel E

|

manazer lidskych zdroju

!

manazer proyozu

manazer finanéniho useku

I

|

| manazer prodeje A

I

| |
{
d

|

l

manazer prodeje B

1

[

L |

| nakupci

sckretarka

obsluha

nakupci

sekretarka

obsluha

prodavacs

|

L

prodavadi

Legend: Feditel - director, manaZer lidskych zdroji - human resources management, manaZer provozu - operations
manager, manazer financniho Useku - finance department manager, manaZer prodeje - sales manager, nakupéi -
purchaser, sekretarka - assistant, obsluha - service, prodavaci - sales assistants
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2. COMPOSITE MATERIALS

A composite can be defined as a material consisting of two or more heterogeneous con-
stituents. These components differ in their mechanical, physical and chemical properties.
In general, the composite material consists of a continuous and discontinuous phase. The
continuous phase is called a matrix, and in the composite structure its main task is to act
as a binder. The discontinuous phase is called reinforcement and has a reinforcing func-

tion in the composite.

2.1. Synergism

vlastnost

skutecny prubéh

matrice vyztuz

Legend: vlastnost - property, matrice - matrix, vyztuz - reinforcement, skute€ny priibéh - actual course
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2.2. Polymer composite materials

The properties of composite materials point to the perspective of these materials not only
for engineering but also for other industries. The basic feature of composite material is
the low weight of composite components while maintaining high mechanical properties.
Composites can be matched with steel in terms of mechanical properties.

Advantages of polymer composite materials

» High flexibility in deformation

« High strength and stiffness that can be adapted to the direction and type of load

* High adaptability to every shape

* High resistance to dynamic stress at high mechanical damping

« Low coefficient of linear thermal expansion

* Resistance to aging and corrosion

« Agreat possibility to combine different types of matrix and reinforcement, creating
a "tailor-made"

« Great weight loss against steel products.

(Carguideblog, 2013)
Disadvantages of polymer composite materials

« Thereis no standardized composite because of the many possibilities of combining
the matrix and the reinforcement

« Itis not possible to accurately estimate the behavior of the composite material (it
is not possible to easily read the properties of the individual components)

« Complex material testing (if non-destructive testing is a condition)

* Low tensile strength in the direction perpendicular to the orientation of the fibers
(cracks, weak connection of the fiber and the matrix)

« Complex repairs and machining of composite materials after manufacture

(Evaulationengineering, 2006)
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2.3. Possibilities of application in the transport
industry

Composite materials nowadays find use in almost every industry. In the transport indus-
try, this applies to all modes of transport, ie automobile, rail, air and shipping. The space
industry is also ranked here, although it is only marginal to the transport industry.

Automotive
In this transport sector, composite materials are produced for example, dashboards, ax-
les, body parts, bumpers, headlamp covers, drive shafts, seats, cockpits, ...

In the automotive industry, composites are used due to their mechanical properties and
to reduce the weights of the individual components and thus the whole car

Aerospace and aerospace industry

Even today, a large percentage of innovations in the field of composite materials are used
in the aerospace and space industries. This is again because of weight reduction, which
results in a reduction in fuel consumption. The latest developed composites are used in
the military, that is, most of the aviation. An example of use in the military industry is the
fact that composite material can partly absorb radar waves.

In transport aviation composite materials are applied to propellers, wings, radar technol-
ogy, hulls of aircraft, but also to the interior.

Material composition of Boeing 787 Dreamliner

I Carbon Lanmunate
B Carbon Sandwich
B Other Composites
B Aluminum

I Titanium
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Rail transport

The main aspect is weight reduction (not only weight but also easier handling) and excel-
lent mechanical properties (high stiffness and strength, fire resistance, etc.). Another great
advantage and feature is the low maintenance requirement. The use is very wide on both
locomotives and wagons. Specifically, it is a rough construction, front and rear front, front,
rear panel, ceiling and wall paneling, interior composites, dashboard, etc.

Use of composite hoods on the train set

2.4. Forms

Mold production is based on several of the following criteria:

« form size, complexity and geometry,
« accuracy and surface quality, maximum cost limit
* required durability: number of pieces produced
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Formal Claims especially for manual layout and vacuum infusion:

* low weight due to form manipulation
« dimensional stability at temperatures around 80 ° C, mobile execution

2.4.1.  Process and realization of mold production

The entered future product is first modeled in 3D and 2D software. According to the re-
quirements, a model is then created, which is then used for production. Subsequently,
the finite element method (FEM) is used to optimize production. It is a verification method
that verifies mechanical properties, deformation, internal tension, stability, binder bond-
ing (speed, time, etc.)

Production of thick-walled composite components

2.5. Forms materials

+ Composite (laminate)
+  Metal molds
¢ Other materials
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Form for the production of composite components

2.6. Models

The model is an integral part of the manufacturing technology that makes both the mold
and the finished part. The model has the shape of a negative geometry of the resulting
form. Design dimensions require dimensional allowances. This is the case if the mold sur-
face is machined. For composite models, the surface of the model is lacquered and a sep-
arating agent applied for ease of deformation.

Model (prototype) of the future product

* X %
* *
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Darcy's law on composite materials

O K-Ap

A n-L

Veli¢ina | Jednotka Popis Veli¢ina | Jednotka Popis
Q m3.s-1 Objemovy priitok Ap 1 Tlakovy gradient
Viskozita
A m2 Plocha priitoku n Pa.s pojivého
systému
Permeabilita Penetrovana
K m? .y L m .
vystuZe délka

Legend: veli€ina - quantity, jednotka - unit, popis - description, objemovy prutok - volumetric flow, plocha
prutoku - flow area, permeabilita vyztuZe - permeability of reinforcement, tlakovy gradient - pressure gradient,
viskozita pojivového systému - viscosity of binder system, penetrovana délka - penetrated length

Requirements for materials for the railway industry

At present, composite materials are becoming an increasingly important element in the
construction. Composites have greatly penetrated into the aviation, shipping and auto-
motive industries, but in the rail industry the use rate of composites is still the smallest.
But we can say that they will find and find their place in this industry over time. The main
obstacle to mass expansion is the initial high cost of design, calculation and control in
simulation programs, but also raw materials and the production of composite compo-
nents.

Material requirements

At present, there are 8 major requirements for materials in the railway industry:

e Weight

e Mechanical properties
o Safety

o Lifetime

e Maintenance

e Ecology

e Shape properties

e Costs
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3.PLASTICS

Vyroba predmétl (vyrobk() z polymernich materiadld ma nékteré specifika, které je
potfebné zohlednit pfi navrhovani jednotlivych technologickych postupl. Rozmanitost
vlastnosti polymer(i v zavislosti od chemické povahy polymeru a jeho fyzikalniho stavu
vyZaduje pomérné velkou variabilitu i ve vyrobnich postupech, v podminkach zpracovani
polymerd.

3.1.  Polymers
Polymers can be divided into three basic groups:

e Thermoplastics
e Elastomers (rubbers)
e Reactoplasts (formerly called thermosets)

Thermoplastics

Thermoplastics behave like solids at normal temperatures, but at elevated temperatures,
highly viscous liquids (in all cases of pseudo plastic), which can be shaped and re-cooled,
fix their shape. This process is repeatable, that is, the polymer can be re-heated to re-melt
and re-mold.

Elastomers

Elastomers exhibit high elastic deformation at normal temperatures but are capable of
flowing at high shear stresses. After cross-linking between macromolecules, the plastic
flow of material is suppressed, the polymer becomes highly elastic, very resistant to plas-
tic deformation. The material is generally referred to as rubber.

Reactoplast

Reactoplasts behave like thermoplastics, have very little or no component of elastic de-
formation, they are usually lightly molded at normal temperatures or at slightly elevated
temperatures, and chemical structure changes occur during shaping. In order to stabilize
the shape of the article, a chemical crosslinking reaction occurs which can be induced by
mixing two reacting components, or only by the influence of an elevated temperature.
After the chemical reaction has taken place, a solid material is obtained which exhibits
practically no elastic deformation and can not be re-introduced into the plastic state.
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3.2. Extrusion

The extrusion of the mixture is an adiabatic process - this process converts mechanical
energy into heat. In practice, we are talking about the sub-adiabatic (polytropic) and super
adiabatic process of extruding the rubber compound. In the sub-adiabatic process, part
of the heat is fed from the external source to heat the mixture to the desired temperature
required for good processing of the rubber mixture, and part of the heat is formed by the
conversion of mechanical energy.

The extrusion machines are mainly divided according to the type of material to be pro-
cessed and the different design of the extrusion units. When we know the characteristics
of the material and its properties, we can select an extruder with a suitable pressure of
the extruded material. [Jahelka, 1969].

According to the method of forming the pressure on the mixture, the extruders are
divided into:

« Disks
« Piston
« Cylinders

 Threaded screws: - One screwdriver
« TwoO Or more screws

3.3. Pressing and overpressing

Pressing is one of the simplest and economically less demanding polymer processing
technologies. The principle of molding consists in forming the molten polymer in the cav-
ity of the die and subsequently fixing the shape of the article. The shape fixation depends
on the type of polymer being processed. Thermoplastics must be cooled before molding;
in the case of thermoplastics and rubber mixtures, chemical reactions - crosslinking, vul-
canization must be carried out.

Horizontal injection press

Overpressure is very pressed by its technological layout and process characteristics. The
difference between compression and overpressure lies in the design of the mold and the
resulting different dosing of the mixture into the mold cavity. The material is dispensed
into an auxiliary pressure chamber which is separate from the mold cavity. By pressing
the press the piston develops pressure on the mixture, which is then pressed through the
nozzles into the mold cavity. The pressure required to fill the mold cavity is lower, which
allows the use of vertical openable molds and hence the production of more sophisticated
products.
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hydraulicky

|

I '
pohybliva topeni
deska _—7]

trny

dutina
formy -

stacionarni . —N i
deska topenl

Legend: hydraulicky valec - hydraulic cylinder, pohybliva deska - movable plate, topeni - heatihg, forma - mould,
dutina formy - mould cavity, material - material, vodici trny - guide pins, stacionarni deska - stationary plate

3.4. Injection

The principle of thermoplastic insertion lies in their plasticization, i.e., placing the polymer
in a viscous liquid (melt) state and subsequently injecting it into the cooled closed mold
cavity. There, the material under cooling cools down and becomes stiff. The principle of
molding is identical to the molding except that the melting of the polymer does not take
place directly in the mold, and the flow rate of the polymer upon tapping into the mold
cavity is substantially higher than that of the molding or overpressure.

Injection machine

An injection machine is a device which allows the molten plastic to be homogenized, and
further to inject the melt under pressure into a closed mold. Closed forms must be se-
cured against openings by a force that is greater than the force induced by pressure in
the mold cavity.

The basic parts of the injection molding machines are:

e Injection unit - a hopper, dispensing device, plastication and injection chamber
with piston or roll, nozzle, heating and control.

e The closing unit comprises: a locking mechanism (joint or piston), a holding mech-
anism

e Form 3 - Shows product shape.

e Accessories of the injection molding machine - it is made up of an energy source,
a molding device and control and control elements.
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Horizontal injection presses

The most common design of the injection molding machines is a horizontal one-chamber
injection molding, That the axis of the injection unit is in a horizontal position perpendic-
ular to the molding plane of the mold.

Vertical Injection Presses

For special applications, vertical injection molding presses are used in many cases. Clamp-
ing plates have horizontal molding surfaces. The top plate is movable in the vertical direc-
tion, the lower plate is movable in the horizontal direction. The movement of the bottom
plate is made possible either by rotating the rotary table or by sliding the sliding table
moving. In both cases, the form then has one half of the mold on the top table and two
identical lower halves on the lower table.

Vertikdini vstiikovaci §s s otolnym stolem Vertikaini vstiikovacl s s otoénym stolem
8 vertikéini vetiikovaci jednotkou a vertikaini vstfikovacl jednotkou

Legend: Vertikalni vstfikovaci lis s otoénym stolem a vertikalni vstfikovaci jednotkou - Vertical injection press
with rotary table and vertical injection unit
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3.5. Hydraulic machines

Pevna deska Upinaci desky formy
pohybliva pevna

Vyhazovag Linedrni loziska vedeni

Zafizeni pro nastaveni dx sloupek potoyého vylisku PONYDIivé desky

vy$ky formy

Legend: pevna deska - stationary plate, upinaci desky formy, pohybliva, pevna - mould clamping plates, movable,
fixed, zaFizeni pro nastaveni vysSky formy - device for setting the mould height, 4x sloupek - 4 columns, vyhazovac
hotového vylisku - ejector of finished pressing, linearni loZiska vedeni pohyblivé desky - linear bearing guide plate

Two plate machine with one fixed and one movable plate
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Frequent is the construction of "no column" machines. The locking force transmits the so-
called C frame instead of the columns. The mild elasticity of the C frame is compensated
by the flexible attachment of the movable plate called flexline. This patent construction
allows precise closing of the mold without the risk of shear forces. More space is available
for clamping mold than for columnar machines.

Without a pillar machine

Hydrauicky tiakovy valec Flex-Link - pruZné uchycenli Upinaci desky formy
pro vybudovani uzaviraci sily  pohyblivé upinaci desky

Pojezdovy valec pro rychié pohyby
otevirani a uzavirani formy

Pfesné vedeni

C-ram dr2ici zaviraci silu uzaviraci jednot )
e — pohyblivé desky

Legend: hydraulicky tlakovy valec pro vybudovani uzaviraci sily - hydraulic pressure cylinder for closing force
creation, pruzné uchyceni pohyblivé upinaci desky - flexible clamping of movable plate, upinaci desky formy -
mould clamping plates, pojezdovy valec pro rychlé pohyby - running cylinder for fast movement, otevirani a

uzavirani formy - opening and closing of the mould, C-ram drZici zaviraci silu uzaviraci jednotky - C-frame holding
closing force of closing unit, pfesné vedeni pohyblivé desky - precise guiding of movable plate

Electric Injection Presses

Machine movements are driven by electric servo motors controlled by frequency convert-
ers. The price of a larger number of drive motors and their steering is compensated for
by more precise production and better reproducibility compared to hydraulic machines.
The cycle time of the machine is shorter, and it is also interesting to save energy resulting
from higher drive efficiency compared to hydraulics. Also, there is no need to cool the
hydraulic motor.

Hybrid machines
Hybrid machines with electrically driven injections are currently most widely used in multi-

component injection molding, where injection precision is the most important parameter
for successfully assuring the quality of molding of multiple materials.
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Two injection machine

Automation of injection presses

The use of robots and manipulators greatly accelerates and improves the production of
injection molded parts. Particularly for larger machines with closing forces above 1 500
KN, the use of robots is now common in almost all machines. Most linear manipulators
are used.

Linear manipulator with molding conveyor
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3.6. Rolling

Rolling is a technology that molds the polymer mass into the shape of foils and belts in a
slot between two counter-rotating rollers. Rolling, or also calendering, is the basis of sev-
eral technological operations applied mainly to the production of rubber products:

« manufacture of rubber belts themselves, which are also used in the manufacture
of finished products (eg tires, rubber footwear, conveyor belts etc.)
+ impregnation and rubber coating of fabric, friction coating

3.7. Blowing

The blowing technology is used to produce hollow articles, particularly bottles and other
closable containers. This technology is suitable for the production of hollow articles where
too high accuracy in wall thickness is not required. Typical examples are PET beverage
bottles, PET bottles and detergent containers, household chemistry, agrochemicals, etc.
This method currently manufactures about 90% of hollow bodies of plastics (bottles, cans,
tanks, etc.), with the largest containers having a volume of 10,000 Liter and weight up to
180 kg.

Blow mold and product
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3.8. Shaping

Shaping takes place in cold form. It must run out in the shortest possible time so that the
plastic temperature is constant during the molding phase. Therefore, the maximum
speed of the molding allowed by the plastic is chosen.

After molding, the product must not be molded earlier if its temperature does not drop
below the lower of the glass transition temperature. The result is that the shape memory
is not reflected. Plates and materials with a thickness of 0.4 mm to 10 mm are usually
processed and have the dimensions of 100 x 100 mm or 800 x 1500 mm, made of mate-
rials hPS, ABS, PMMA, PVC, PC.

Vacuum molding principle

Heater

Y
Plastic sheet . ‘\\\ Clamps
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3.9. Casting, soaking, heat and fluid application
Casting is a technology that can be processed by both thermoplastics and thermoplastics.
Depending on the forces acting on the polymer for its shaping in form, we recognize cast-

ing gravity, centrifugal and rotary.

The principle of rotary casting

Soaked

By soaking, the polymers are processed in liquid form, paste, and dispersion. The most
commonly used polymeric materials are PVC pastes but also latex rubbers. In the case of
PVC paste, gelling of the product is done in the case of solutions or latexes by evaporation
of solvents. When soaking latex rubber products, the vulcanization is usually required af-
ter drying the latex.

The principle of soaking latex gloves
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Warm application

Polymers which have a decomposition temperature sufficiently higher than the melting
temperature, respectively, can be processed. softening. The principle of hot meltis to melt
the polymer in a special gun and then spray the polymer melt onto the surface of the
selected material. The design of a spray gun is derived from a gun for hot metal applica-
tion. By means of a central tube of the gun, a powder polymer is fed and an acetylene-
oxygen burning mixture flows through the outer ring.

Fluid coating

Is used as the technology of applying a polymeric coating to the surface of articles for the
purpose of surface treatment. Provides a more uniform and superior coating such as hot
spray. The principle of fluid deposition is that the heated article is immersed in the fluid-
ized bed of the powdered polymer. The polymer particles are melted on the surface of a
sufficiently heated article and poured into a compact layer.
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4. SEMI-FINISHED PRODUCTS AND

SEMI-FINISHED PRODUCTS

By its principle, the different methods of metallurgy are different and are often di-

vided into:

Farming

Molding
Welding, soldering, heat separation, gluing, etc.

Thermal management

4.1. Discounts
From a wider metallurgical point of view, we distinguish:

e Casting of metallurgical castings
e (Casting of shaped castings

Casting of metallurgical castings

a) N/ b)

0080000000800

(a) calms steel; (b) steel does.not settle
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Scheme of ingot
Rolled steel rolled steel can be divided into (New, I. et al., 2006):

e Profiles of simple geometric shapes
o circular, square, rectangular, I-profiles, U-profiles, etc .;

e Sheetthickness 0,15-4 mm - depth 3000 mm, thickness 4-60 mm - depth 3500 mm;
Thickness 60 - 250 mm - Depth 4500 mm;

e Tubes - circular, rectangular, oval cross section ;,

¢ Rolling a profile obtained in a particular manner by rolling.

4
;_ Y

10 T 12

1-strip steel, 2-ring steel, 3-square steel, 4-isosceles angular, 5-angled isosceles, 6,7-1 profile, 8-
U profile, 9- Profile, 12-tram rail

Scheme of metallurgical rolled semifinished products

1

*s
:

Dependence of the technological properties of the alloy from the composition

A sklon ku tvorbe trhlin 3 povrchove) segregacl

hranica tekutosti
< d
[
A
" celkove zmrastenie 0
{ S e
porovilost
J redenych stiahnutin Aot
objem sustredenych stiahnuli SHO“ k Segregaui
A
c
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Legend: hranica tekutosti - fluidity limit, celkové zmraStenie - overall shrinkage, porovitost - porosity, objem ststredenych
stiahnutin - volume of concentric shrinkage, zabiehavost - convergence, sklon ku tvorbe trhlin a povrchovej segregdcii -
tendency to cracking and surface segregation, sklon ku segregdcii - tendency to segregation

Forms and models

‘ Liatie do foriem ‘
[

| Liatiz do trvalich foriem | | Liatie do netrvalych foriem ‘
Gravitadne Liatie Listie pdsobetim 3 trvalym 3 jednordzovim
liatie pdsobenit tlakn odetredive] sily modelom modelom
Liatie dokolal Tlakowé latie Odstrediveé latie Gravitadne Gravitafné
kontitaalne liatie lLiatie liatie
Ruéné formovanie Presné liatie
strojné formovatie liatie na
Ekrupinové formovande spalitelty
viluové formovanie model

Legend: liatie do foriem - mold casting, liatie do trvalych foriem - permanent mould casting, gravitacné liatie - gravity
casting, liatie posobenim tlaku - die casting, liatie posobenim odstredivej sily - rotational casting, liatie do kokil - chill
casting, kontinudlne liatie - strand casting, liatie do netrvalych foriem - casting in expendable mould, s trvalym modelom
- permanent mould casting, s jednordzovym modelom - expendable mould casting, ruéné formovanie - hand moulding,
strojné formovanie - machine moulding, Skrupinové formovanie - shell moulding, vakuové formovanie - vacuum moulding,
presné liatie - precision casting, liatie na spalitelny model - investment casting

Iron - carbon alloy diagram

saly
1536 -tavenina + d-ferit Fe,C
H (0.10) —{- B (0.51) 1499°C /
S-ferit =~ tavenina
\
\
1392 N\ D
S-ferit + austenil tavenina + austenit S
5 1. cementit
2
I 1147°C
< austenil T
g ‘ i 1
S |
il | &=
|2
an ; ¥ lodebiit 18
tenit austenil + austenit + ledebur |12 I. cementil + ledebuiit
Al Il. cementit + |I. cementit |
+ fent | 1
760 | ! 727°C
ferit | AP {s | | =
. =]
forit+ I ferit+ | perlit + : pedit + II. cementit |§ |. cementit
il cementtc | : perlit : 11l cementit " + ledeburit, 13 + ledeburit,,
!
t t t
O,bZ 0,765 2,14 43 6,687
—= obsah C (hm.%) 100% Fe,C
podeutek- | ) ) )
tiodné nadeutektoidné \ podeuteklicke nadeutekticke
| ocele ‘ biele liatiny a surové Zeleza

Legend: tavenina - melt, ferit - ferrite, austenit - austenite, cementit - cementite, teplota - temperature, perlit - perlite,

ledeburit - ledeburite, obsah C - C content, podeutektoidné - hypoeutectoid, nadeutektoidné - hypereutectoid, ocele -
steels, biele liatiny a surové Zelezd - white cast and pig iron
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Depending on the chemical composition we divide the casting steel into the follow-
ing basic groups:

¢ Alloy steels - contain alloying elements (one or more alloying elements).

Depending on the content of alloying elements, we divide them into:
Low alloy (content of alloying elements below 5%)

Medium alloyed (alloying content 5% - 10%)

High alloy (content of alloying elements above 10%)

O O O O

e Unalloyed - carbon steels - contain a small amount (0, 06 - 0, 5%) of the accom-
panying elements (S+ P, P, S, Mn, Si,). We can roughly divide these steels into three
groups:

o Low carbon (carbon content below 0, 25%),
o Medium carbon (carbon content 0, 25% - 0.6%),
o High carbon (carbon content above 0, 6%).

We refer to casting steels according to the CSN standard as follows: 42 XX YY. Z1Z2.

e First two digits
o 42 -aclass of standards for metallurgy
e The second two digits
o XX-type of casting material, eg casting method
e The third twin - XX
o 00-29 describes that castings cast in a different manner to sand molds,
o 30-99indicates the lowest tensile strength at 10 MPa (e.g., 42 2636 - tensile
strength 360 - 460 MPa).
o For high-alloy casting steels (42 29 YY), the third two-digit group of alloying
elements is used.
e Fourth double - Y1Y2 (additional digits)
o Y1 - denotes the final state of the casting material depending on its heat
treatment,
Y2 - indicates the casting process of iron alloys.
For alloy steels, four-piece castings have the same meaning as carbon steel
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4.2. Arrangement of the furnace with the tem-
perature and composition of flue gases

— A
|
vsadzaci ! .
otvor | ¢
| >
plast |~ | x
v 5 kovova
vymurovka | 4o 1 v
o ~ vsadzka 32
| koks + E
2~ caco, g 24
4 okruZzny x(‘: 1.6
7 vetrovod 32
vetrovod 7 v a ‘e
. 7 vyfuéne 208
= B \—4 W T T
odpich 3 X
; Dk . 3 3= vypliiovy koks b 0o 5 10 \53/ 20 25
18 yE; ety 69 800 1200 1600 obsah (%)
nistej | i "‘_\. teplota (°C)
C T T T —— odpich kovu
\7——-1—'-' A - prehrievanie vsadzky
dno” | I I B -taviaca zéna
2 A i C - predohrev vsadzky
uzaver ~ T, - teplota plynov
dna ! T, - teplota vsadzky

Legend: A - batch heating, B - melting zone, C - bach pre-heating, T1 gas temperature, T2 batch temperature

vsddzaci otvor - charging opening, pldst - wall, vvmurovka - liner, vetrovod - wind pipe, odpich trosky - slag tap, nistej -
furnace hearth, dno - bottom, uzdver dna - closing, odpich kovu - metal tap, vypliiovy koks - filler coke, vyfucne - exhaust
pipe, okruzny vetrovod - round wind pipe, koks - coke, kovovd vsddzka - metal charge, vySka Sachty kuplovne - cupola
furnace shaft height, teplota - temperature, obsah - Content
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Without a coke oven

J) 7
vsadzka
\ b
.‘/
keramicka
vyslielka { olvor pre
: / nauhliGovanie
rost /
\/.‘
o
- =i N ;L
roska ;
HSKE

Legend: vsddzka - charge, keramickd vystielka - ceramic lining, rost grate, troska - slag, kov - metal, hordky - burners,
otvor pre nauhli¢ovanie - opening for carburizing

Foundry molding materials

Foundry molding materials are raw materials (sands - bristles, binders and auxiliaries)

from which molding compounds are produced. These are used to make semi-permanent
and non-permanent cores and molds.

Sharpener and binder

e Sharpness of molding mixtures (sand) is a refractory material comprising 86-96%
by weight and by volume in the molding mixture

e The binder connects the brightener and the molding mixture gives the necessary
ductility and strength.
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4.3. Welding

L ® AN g |
® @

Electric resistance welding:

-spot welding

-seam welding

-resistance projection welding

-contact welding - forge welding
- flash welding

Friction welding

Induction welding
Ultrasonic welding
Svarovani tlakem za studena
Explosion welding
Svarovani kovanim
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Names and shapes of weld surfaces

Nésev Tvar svarovioh |(Zdkl. Nézev Tvar svarovych R4
svarau pleeh snak svaru ploch

omert 22| o Y
- ovar o= | 8
L otiee| CZGESNY | || - er | 22200\
- o il 772, S\
e 2 | V k| R

br- o | ZASS |,V SRS B
b e R | S

E.;,:'.'éam bvar dirov| L2774 T 777

p Eldvxovy | ACOSNNS
-

- svar

k

i

2l | €

=

> X< I< <D

Cloir -] |5

ey | 2L L2
bikoseny B AN NENN NN

Legend: svar - weld, ndzev svaru - weld type, tvar svarovych ploch - shape, zdkladni znak - basic symbol, lemovy svar -
flange weld, I-svar - square butt weld, I-svar na podloZce - square butt backing weld, V-svar -V-butt weld, X-svar - X-butt
weld, X-nesymetricky - X-butt weld asymmetrical, K-svar - K-butt weld, U-svar - U-butt weld, UU-svar - UU-butt weld,
koutovy svar oboustranny - T-fillet weld , rohovy svar - fillet (corner) weld , svar dérovy - plug weld, Zlabkovy - groove
weld, svar dérovy a Zlabkovy skoseny - bevel plug and groove weld
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4.4. Arcwelding

|

The arc has several characteristic areas (Blascik, F. et al., 1988):

e On the surface of the electrode which has a minus pole (cathode), a cathode spot
is formed over which the current passes. In the vicinity of the cathode, a cathode
region is formed in the gaseous column,

e On the surface of the electrode with the positive pole (anode) there is an anode
patch and an anode region connected thereto,

e The central part of the column is a positive column that forms almost the entire
length of the arc.

Manual arc welding scheme

(Fischer, U. a kol., 2004)

~ proud ze sité:
vysoké napéti, ————
maly proud

soucast svar

svarovaci
svorka

™ drzék elektrod

__ svafovaci

— [~ vodiée

- pol
jadro { /
\ elektricky
plynové clona oblouk
prechod
gtruska materialu nizké napéti

a velky proud

pro svafov p)
prechod materidlu v elektrickém oblouku ST zdroj svarovaciho proudu

Legend: soucast - part, svar - weld, obalend elektroda - coated electrode, jadro - core, plynovd clona - gas curtain, struska
- slag, pol - pole, elektricky oblouk - electric arc, pfechod materidlu - material transition, tavnd ldzen - molten bath,
prechod materidlu v elektrickém oblouku - material transition in electric arc, proud ze sité: vysoké napéti, maly proud -
power from power grid: high voltage, low current, drZdk elektrod - electrode holder, svarovaci svorka - welding clamp,
svarFovacivodice - welding conductors, nizké napéti a velky proud pro svarovdni - low voltage and high current for welding

1532 tavna lazen

—— + pol
(soucast)

Arc welding in protective atmospheres

When welding in protective atmospheres, we distinguish WIG welding and welding with a
molten metal electrode (MAG, MIG). The advantage is simple automation of welding pro-
cess and suitability for use in robotized workplaces.
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Separation of welding in a protective atmosphere

Zvaranie v ochrannej atmosfére

l
| |

Zvaranie wolframovou Zvaranie kovou elektrédou
elektrodou v ochrannej v ochrannej atmosfére
atmosféra |
I 1
Zvaranie Wolfram - Zvaranie kovovou Zvaranie kovovou
v inertnom plazmové clektrodou v inertnej elektréodou v aktivnej
plyne (WIG) zvaranic (WP) atmostére (MIG) atmosfére (MAG)

Legend: zvdranie v ochrannej atmosfére -shielded arc welding, zvdranie wolfrdmovou elektrédou v ochrannej atmosfére
- shielded tungsten electrode welding, zvdranie kovovou elektrédou v ochrannej atmosfére - shielded metal electrode
welding, zvdranie vinertnom plyne (WIG) - wolfram inert gas welding (WIG), wolfram plazmové zvdranie - wolfram plasma
welding (WP), zvdranie kovovou elektrédou v inertnej atmosfére - Metal inert gas welding (MIG), zvdranie kovovou
elektrodou v aktivnej atmosfére - metal active gas welding (MAG)

4.5. Molding

Deforming a portion of machining technology, which changes the characteristics, dimen-
sions and shape by external forces. The change of shape occurs by the transfer of metal
particles based on plasticity. It is the most important property of metals and strength and
flexibility. It is a permanent change in shape and dimension of the molded material (com-
ponents). This is caused by the external forces of the forming machine and the tool.

The part has been transformed, has a different shape.

I“" ——] ——— plfetvédrnd
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zpétne odpruzeni
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|
V' / /
// /| soucéast
_./// —
/"//
//
oSS
/
/ /
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s
vychozi tvar po tvareni, po tvareni,
zatizeno uvolnéno
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Plastic deformation during molding

vysoce pevna ocel, napf. E 335,
‘ /‘\ Spatnég tvahtelnsa za stwudena
nizkouhlikova ocel,
' napf. DC 01,
dobfe tvafitelna za studena

()

mékky maternial,
napf. EN AW-AIMn 1,
velmi dobfe tvarl
teiny za studena

.

n‘\['u‘-f

prodiouzent i —

Areas of molding in the stress / elongation diagram
(Fischer, U. a kol, 2004)

Legend: pribéh vidken - filament flow, vychozi tvar - initial shape, pFetvdrnd sila - deformation force, po tvdreni zatiZeno
- loaded after forming, zpétné odpruZeni - back suspension, soucdst - component, po tvdreni uvolnéno - released after

forming

napéti - tension, prodlouZeni - extension, oblast tvdreni - forming zone, vysoce pevnd ocel (napfF. E 335, Spatné tvdritelnd
za studena) - high-strength steel (e.g. E 335, not suitable for cold forming), nizkouhlikovd ocel (e.g. DC 01, dobFe tvdFitelna
za studena) - low-carbon steel (e.g. DC 01, suitable for cold forming), mékky materidl (napF. EN AW-AIMn1. velmi dobre

tvdfitelny za studena) - soft material (e.g. EN AW-AIMn1, suitable for cold forming)
Laws of molding

e Law of stability (constant)

e The law of residual and complementary tensions

e The law of the least resistance

e The law of constant (constant) potential energy of shape change
e The law of similarity

¢ Law of non-compliances of elastic stresses (deformations)

e The law of consolidation

e Law frightened

Hot process molding processes
e ironwork - free and dump

¢ Rolling - for the mass production of simple shapes
e Extrusion - for the production of various profiles, rods, tubes
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Processes of cold forming

e Rolling

e Pulling

e Pressing - cutting, bending, spreading, twisting, pulling containers, bulk molding -
overpressing

Types of semi-finished products used

e rolling
e ingots
e Sheets

HiIlteIrecy —

Austria-Czech Republic N

European Regional Development Fund

OF APPLIED SCIENCES

~NO®) UPPER AUSTRIA

UNIVERSITY I “ 37
I [

EUROPEAN UNION



5.SURFACE TREATMENT

Workpiece surface treatment has previously served mostly for decorative purposes. It
gave the products a nice look, which was created with color, smoothness, gloss, etc., thus
increasing the product salesability. Today, this requirement is secondarily secondarily be-
cause the surface treatments are intended for functional purposes (eg corrosion re-
sistance, wear resistance). Surface treatments include all physical, chemical, electrochem-
ical and mechanical processes that will give the surface the desired properties without the
use of a cutting tool.

Scheme of the procedure for choosing anti-corrosion protection

Vyrobok Prostredie Material Ochranné
systémy
PoZiadavky na
funkénost’
Poziadavky na Y
Zivotnost Vyhodnotenie koréznej
agresivity

»  Navrh alternativ agresivity

A

Kinetika porusovania
ochrany

h

Ekonomicky rozbor
alternativ

h 4

Navrh optimdlnej
protikordznej ochrany
vyroblu

Legend: vyrobok - product, prostredie - environment, materidl - material, ochranné systémy - protective systems, poZi-
adavky na funkcnost - requirements for functionality, poZiadavky na Zivotnost - durability requirements, vyhodnotenie
koroznej agresivity - evaluation of corrosion aggressiveness, ndvrh alternativ agresivity - proposal of aggressiveness al-
ternatives, kinetika poruSovanie ochrany - protection kinetics, ekonomicky rozbor alternativ - economic alternatives
analysis, ndvrh optimdlnej protikoréznej ochrany vyrobku - proposal of optimal anti-corrosion protection

HILCIrcy “

Austria-Czech Republic g

European Regional Development Fund

OF APPLIED SCIENCES
UPPER AUSTRIA

UNIVERSITY I “ 38
H [

~hod

EUROPEAN UNION



Corrosion data acquisition scheme

The degradation of metallic materials by the chemical or physico-chemical effect of the
surrounding environment, ie metal corrosion, is an increasingly serious national eco-
nomic problem around the world. The natural corrosive environment is polluted by in-
dustrial activity and thus increases its aggressiveness.

In the chemical industry, power engineering, electrical engineering, engineering and other
industries, the demands for metal resistance against corrosion increase.

Diagram of the division of corrosion

KOROZIA
|
| | |

z hladiska vzhladn z hladiska vautornehe hiolobocks

mechanizmu

|
| | chemicka (nevovodive
rOWNOMm B A NErOVIOME & prostredie
| elektrochemicka
— Hlevrnitd, jambova {prostredie povahy
elektrolytu)

1 bodowva

— tmedzikriftalicka

— Strhinoba

nitlowa

— wibratna

— extralénd

Legend: kordzia - corrosion, z hladiska vzhladu - in terms of appearance, z hladiska vnitorného mechanizmu - in terms of
internal mechanism, biolobockd (biologickd) - biological, rovnomernd x nerovnomernd - uniform x non-uniform corrosion
, Skvrnitd /jamkovad - pitting corrosion, bodovd - spot corrosion, medzikristalickd - intercrystalline corrosion, Strbinovd -
crevice corrosion, nitkovd - reticulated corrosion, vibracnd - vibration-enhanced corrosion, extrakénd - extraction, chemi-
ckd - chemical (nevodivé prostredie - non-conductive environment), elektrochemickd (prostredie povahy elektrolytu) -
electrolytic corrosion
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7

Point Corset

Concentration cell with varying concentrations of metal ions

Crystal corrosion
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5.1. Types of corrosion in terms of internal
mechanism

e chemical corrosion
e electrochemical corrosion

+ =

)

Biological corrosion

Metal technical material can be disturbed by a living organism. For example, the Der-
mestes beetle eats Zn, Ag, Au and the most soft Pb. A beetle was observed which over-
crossed in Pb plate in 4 hours t = 0.2 mm and a diameter of 3 mm. Bacteria are also in-
volved in the disruption of the metal, which in their presence makes the formation of
chemical compounds increasing the aggressiveness of the corrosive environment.
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5.2. Corrosion protection of metallic technical
materials

Anticorrosive protection is carried out:

e By appropriate material choice

e Structural modification

e Corrosion treatment

e Electrical protection

e Surface treatments

e Plating by immersion in a molten metal bath - is one of the oldest methods of cor-
rosion protection. Immersion is mainly made of Zn, Sn, Pb. After heating and soak-
ing the surface, the baths are removed and cooled.

e Plate - When plated, the layer of protective metal on the components is formed by
bending, casting, soldering, or making a tough metal, protective metal, explosion.

Gun for hot metal spraying

A-wire gas gun: 1-mixture of C2H2 and A2, 2-compressed B-wire arc gun: 1-arc arc, 2-wound
air, 3-flame wire, 4-sprayed item wire, 3-feed rollers, 4-compressed air

Vacuum plating equipment

1-working vacuum chamber, 2-rotary vacuum pump, 3-feed vacuum flask, 4-Root vacuum
pump, 5-pipe vacuum pump, 6-valves, 7-vacuum metering, 8-vaporized metal, 9- Holder with
plated parts, 11-plated components
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Protective coatings and non-metallic layers

e Chemical surface treatment

e Oxidation

e Chromium plating

e Phosphating

¢ Diffuse sulfur and sulfanitriding

Protective coatings and non-metallic layers
e Enamelling
e Coatings of paints
e Mechanical surface treatment

e Plastic coatings

Sample of machines and preparations for grinding and polishing

BRUSKA

Legend: bruska - grinder

Corrosion protection of non-metallic technical materials

Legend: Antikorézna ochrana nekovového technického materidlu - anti-corrosion protection of non-metallic technical
material, plastov - plastics, povliaky kovov a zliatin - coatings of metals and alloys, metalizovanie - metallization, pokovo-
vanie - metal plating, chemické - chemical, vakuové - vacuum, galvanické - galvanic, katédové naparovanie cathodic vapor

* * %
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Antikorézna ochrana nekovového techniclcého materialn

plastow

Povlaky kovow a zliatin Podaky z ndterovsch latok
pokovovanie madanim
| chemické navalovatdm
[T] wikuowé — stierardim
M zalvanicke 1 potlifanim
L katiddowé
naparovanie

ostatnych nelkovoy

2l az o atuit

povlaky

z ndterovychl dtok

T RS AR

pokovoanim

amalgdtm o ar

— tetalizovatie

L{ <rakuowé
pokovoTatie

treatment, povlaky z ndterovych ldtok - paint coatings, striekanim - spraying, maéanim - dipping, navalovdnim - coating,

stieranim - wiping, glazovanim - glazing, impregnovanim - impregnation, amalgamovanie - amalgamation

qterreg

EUROFEAN UNION

Austria-Czech Republic

European Regional Development Fund

=g

EUROPEAN UNION

oo

UNIVERSITY

OF APPLIED SCIENCES
UPPER AUSTRIA

13

44



6.CHIP MACHINING

The history of working tools began to write about two million years ago. One started
Modify used items according to your needs.

In 1818, Morton was first designed by a milling machine

e O

. =
fn
[

6.1. Theory of chip formation

When machining the material, a cutting wedge is formed and part of the material is sep-
arated from the blank. We call this part a splinter. Before the chips are created, an inten-
sive plastic zone is created.

At the pressure of a harder tool and a softer blank, the bonding of its elementary parts is
broken. At initial contact with the tool with the machined metal (Fig.), The pressure of the
tool face causes the elastic first and then the plastic deformation O12.
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Types of chips and their division

Tiiska
tvaiena netvarena

(vznika plastickym skluzem) (vznika stipanim, prestithnutim
nebo odlomenim; Typicka pro
dievo, sklo, plasty)

soudrzna elementarni

’\ (litina, bronz)
clementarni plynula

(oceli, tvarné litiny,

Slitiny médi a hliniku)

Legend: tFiska - chip, tvdFend (vznikd plastickym skluzem) - formed (created by plastic chute), soudrZnd - compact, ele-
mentdrni (litina, bronz) - elementary (cast, bronze), plynuld (oceli, tvdrné litiny, slitiny médi a hliniku) - continuous (steels,

malleable cast, copper and aluminium alloys), netvdarend (vznikd Stipdnim, pFestfihnutim nebo odlomenim, typickd pro
drevo, sklo, plasty) - not formed (created by splitting, cutting or breaking off, typical for wood, glass, plastics)

6.2. Basic chip shapes

For materials with higher plasticity, the cut-off material remains intact at the deformation
displacements of the individual parts of the chips and creates a continuous chip (Figure
b). When the material does not withstand the deformation displacement, particles of the
shear layer are formed to form a broken chip. It is either divided (Fig. C) or friable (Fig. A).

Using lines on machine drawings

The shape of the chip depends mainly on the angle of the front and the cutting speed.
The larger the angle of the forehead, the less
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The chip is compressed and broken. Then the chip develops smooth. When the angle of
the knife edge decreases,

The compression of the chips increases, the chip breaks and splits into smaller pieces.
Then a chip develops

The figure shows an example of a zone with an increase in the cutting wedge, where the
increase

Modifies the original geometry of the cutting wedge. Here, the angle of both the forehead
and the back increases.

The material is steel 12050.1, tool SK, v=40 mm.min-1, s = 0.2 mm.

Metallography of the material Of the workpiece in the formation of the chips with
an increase

Metallography of the material of the workpiece during chip formation an extreme
increase
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6.3. Cutting materials

The basic condition for the required technological operation, the reliable and good work
of the tool is the correct choice of cutting material. The most important feature of cutting
tools is their cutting ability. From a tooling point of view, this term includes the ability,
under sufficient toughness, to maintain strength characteristics at high temperatures and
to withstand wear at the point of contact of the tool edge with the workpiece and the
leaving chips.

The tool material is chosen with respect to its stress. A cutting wedge enters the workpiece
material at high pressure. The material is separated in the shape of a chip.

Basic properties of the material:

e O sufficient rigidity, strength, toughness

e () stability of mechanical properties even at elevated temperatures
e @ low vulnerability to thermal fatigue

e () resistance to wear

e @ thermal conductivity

e @ technological production and processing

The most used cutting tools for metal machining:

e @ sintered carbides

e (@ tool steels

e (D cutting ceramics

e @ very hard materials

The use of a suitable type of material for a tool is influenced by some factors includ-
ing:

e @ Blade stress

e @ Requirements for durability or performance of the tool
e @ tool design

e @ Tooling and cutting edge as a whole

e @ Required tool life

e @ required performance

e @ availability of required material

e @ the price of the material

e @ grinding machining especially for shaped tools
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Cutting properties of cutting edge and tooling of tooling

To design a cutting edge, we should consider a comprehensive assessment of available
data on machined material and selected cutting material. The best solution is to rely on
the results of rigorous tests. These tests are the most reliable performance indicator.

2500 — o e s R o

keramika

>
4000}

3000-< .
vysoko
vykonné

2000

[

— pevnost v ohybu (MPa)

500 1000} pOSKbs

keramika
| Y A PR IO RIS, | S Rl L L
0 100 200 300 400 500 600 700 800 900 1000 ; 200 400 600 800 1000
— teplota (°C) — teplota (°C)
a b

Legend: tvrdost - hardness, keramika - ceramics, vykonné - efficient, vysoko vykonné - highly efficient, teplota - temper-
ature, pevnost v ohybu - bend strength

The temperature dependence of the strength characteristics of the steel tools is summed
up under the term tempering resistance. These dependencies are a decisive criterion for
the performance of the tool when machining metal materials with high melting tempera-
ture. The most common method of assessment is to determine the hardness of the ma-
terial at 20 ° C or the so-called hot hardness (a). Fig. B shows the effect of temperature on
bending strength.

Wear mechanisms depending on cutting speed

Another significant feature of chemical shrinkage is chemical resistance at high tempera-
tures and resistance to wear. Wearing mechanisms occur at the point of contact of the
cutting edge with the machined surface and chip. The most important wear mechanisms
include oxidation, diffusion, adhesion and abrasion. Their occurrence is linked to the tool-
work interaction, cutting conditions (Fig.) And other factors (eg cutting environment).
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A — plastickd deformace bffitu ‘
B - adheze ,
C - abraze !

| D— difuze w

l E - oxidace

— opotfebenf (mg)

—— peznd rychlost (teplota fezdni)
Legend: opotiebeni - wear, celkové opotiebeni - overall wear, plastickd deformace bFitu - plastic deformation of cutting

edge, adheze - adhesion, abraze - abrasion, difuze - diffusion, oxidace - oxidation, Feznd rychlost (teplota Fezdni) - cutting
speed (cutting temperature)

The working abilities of the cutting material, which comprehensively determine the rate
of its performance, express the notion of rigidity. The control is determined by the sum
of the physical, chemical and technological properties of tool materials that influence the

choice of cutting materials. We must take into account the quality of the machining oper-
ation.

Control of tooling

The control of the tooling material is expressed by an index:

VT

Where:

Vcr - the cutting speed is reached on the evaluation of the cutting materials during the life of the
cutting wedge T,
Veer- cutting speed is reached by the reference material at the same durability of the cutting

wedge T with the same dulling criterion under the same test conditions as with the rated cutting
material.
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6.4. Materials
Sintered carbides

They are pulverized metallurgy products. Their discovery meant an increase in labor
productivity,

It meant an increase in cutting speeds. The basic component is the tungsten carbide, it
can also

Containing chromium oxide, cobalt, tantalum carbide, molybdenum carbide, titanium car-
bide, and

Niobium carbide. Depending on the number of components we obtain cutting material
with different

Mechanical, chemical and physical properties. The respective type of sintered carbide

The manufacturer assigns to a particular use group according to ISO 513.

According to this standard, sintered carbides are divided into groups P, M, K and another
two-digit number.

P - suitable for fluent materials,

M - universal,

K - for materials with a short, crumbly chip.

¢ Advantages: maintaining high hardness, wear resistance, cutting edge durability
At temperatures of 900 ° C - 1000 ° C.

o Disadvantages: fragility, do not tolerate bending stress, sensitivity to temperature
shocks

Tool steels

Tool steels are divided into:
e (@ carbon steel
e @ alloy steels

e @ high-speed steels
e @ Casting steel
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Cutting ceramics and metal ceramics

Cutting ceramics and metal ceramics, especially strength and

chemical resistance and resistance to wear.

oxidowva

Cistd oxidowd
00%, Aly0s

FolosméEszowvaox -
dovadlaDs+ Zrls

REZN A KERANIFS

SMESHA

| AlyO5+Tic |

| AlyOa+Tic + TiN |

| AlgOrat WO + Tad |

pressure. Further good

bezoxidowa

Eubicksy nitrid
EBEorm ETNE

FPolokristalicks
diatmant PCD

Legend: Feznad keramika - cutting ceramics, oxidovd - oxide, Cistd oxidovd - pure oxide, polosmésovd - semi-mixture,
smésnd - mixture, bezoxidovd - oxygen-free, kubicky nitrid boru - cubic boron nitride, polokristalicky diamant - semi-

crystalline diamond

Dependence of hardness of cutting materials - from cutting temperature

250
keramika
> 5
= 2000
Z 1500/ P05,K05
= M30
1000 K40
vykonne
500G— YYSso
vyk.
1 1 u=g 1 1 L 1 Y
o) 200 400 600 800 1000

——=teplota (°C)

Examples of cutting elements

Basic distribution of cutting materials and their area of use in relation to the cutting
speed and the permitted cutting temperature

Type Cutting speed [ m/s ] Temperature[
OC ]
TOOL STEEL
a/ carbon 0,16-0,2 220
b/ alloyed 02 -03 280
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high speed steel 1 600

CEMENTED CARBIDE 416 /10/ 1000
CERAMIC MATERIALS 16.6 /25/ 1400
ABRASIVES 15-30 1500

Cutting edge geometry
In general terms, a machining tool is an instrument that consists of:

e Cutting wedge - formed by the front and back

e Tool body - part of the tool that serves to secure the cutting tool

e Tool holder - a part of the tool that serves to secure the outer surface

e Clamping hole - The part of the tool that serves to fasten the inner surface
e Tool axes base Forehead Ag Main spine Aa Minor back

UPINACIA DIERA
TELESO NASTROJA

ndstrojovy :
o2 et 0S NASTROJA

Agct / A ¥

Aga L==
L
A\;;>§R VT

/ﬁl\
,\m \

HROT

“

Legend: Spicka - tip, Feznd Cdst - cutting part, ndstrojovy drZdk - clamp, os ndstroja - tool axis, upinacia diera - clamping
hole, teleso ndstroja - tool body, hrot - tip

Cutting wedge

The cutting wedge is the part of the tool that has the ability to penetrate the machined
material. The cutting wedge forms differently the surfaces of the back and the faces, re-
spectively. The sides of the back ridge. The fore and aft intersection forms the main cutting
edge, and the intersection of the forehead and the back ridge forms a minor cutting edge.
Intersection of the face and ridge surfaces are cutting edges (CSN 22 00 11 Cutting tools).
In general, the surfaces can be screw, planar, cylindrical, tapered, etc. Surfaces on differ-
ent types of tools: 1-face, 2-main spine, 3-spine, 4- cutting edge, 6th peak
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Machine machining

The machine tool processes the blank in the desired size, shape and surface quality. In
order to secure machined parts of the parts, the machine tool ensures reciprocal move-

ments of the workpiece and tools.

Machining is one of the criteria for cutting machine tools. Machine tools are divided into

types:
e Lathes
e Milling machines
e Grinders
e Drills
e Boring machines
e shavings
e Slides

e Protractors

e Honing machines

e Lakoping machines

e Superfinishing machines

6.5. Basic movements, machining areas and

cutting conditions

The following two movements are required for machining cutting chips:

e the main cutting movement
e More cutting movement

Cutting according to the main cutting motion:

¢ Rotational movement performs workpiece - turning

e rotary movement is performed by the tool - drilling, drilling, reaming, countersink-

ing, milling, grinding, sawing
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e linear rectilinear motion performs work-planing
e linear reciprocating movement is performed by the tool - reaming, extrusion,
stretching, frame sawing, sawing, sawing

S

{ i
obrazeni

. ]
brouseni

1 1 1
frezovani

Legend: soustruZeni - turhing, vrtdni - drilling, hoblovdni - planing, frézovdni - milling, brouseni - grinding, obrdZeni - slot-
ting

6.6. Base areas

When the cutting wedge enters the workpiece and the feed, three base surfaces are
formed (Figure 7.26):

e Machined surface 1 - is machined
e Cutting surface 2 - Becomes just beyond the cutting edge on the component

e Machined surface 3 - is machined
2

AU [Tl
|

°
x<‘ L
F
|
|

E d
N

Base areas Chip cross-section dimensions Main machining
movement
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6.7. Turning

Turning is the most widespread technological operation. By turning it is possible to ma-
chine the inner and outer cylindrical surfaces, spherical and general rotary surfaces. The
lathes can drill, drill, ream, produce external and internal threads with turning knives or
taps.

The lathe and its main parts

Division of turning machines

There are many types of lathes. In general, we categorize them according to CSN 200200
to:

e Center point

e Revolver
e Frontal
e vertical

e Semi-automatic
e automatically
e Special lathes
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Basic types of turning knives and the surfaces with which they can be produced

a)
J?
e L & s
s B
T = | SR
: = < NS N | =
k) {) m) n) ) p) r)

A) bent left-hand, b) corner left, ¢) straight, left-handed, d) bent right,
E) narrow, smoothing, f) grooving, g) side scrolling right, h)

J) radius right, k) inner right, ) inner corner, m, n) internal grooving, o) internal threaded, p)
inner straight, r)

Determination of right and left knives

When working, the lathe uses a right or left knife. The right knife turns the longitudinal
The feed from the tailstock to the headstock and the left knife away from the headstock
to the tailstock. Direction of knife with Determines where the main edge of the blade lies
on the palm

Hand, with its tip pointing to the body of the turner

Clamping of workpieces during turning
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We generally recognize two basic ways clamping:

e Gentle - without support
e With the support of a tailstock (chuck and tip, between spikes)

1

&\\\w&\\\
‘_‘ N(“\“ (

(///////// b

6.8. Milling

The main cutting movement is rotary and is executed by a milling cutter. The secondary
movement is sliding and is

Carried out by the workpiece. The tool used is a milling cutter. It is a more wedge rotating
tool.

The resulting cutting movement of the tool teeth is cycloid shortened along the path.

Speed of main
Cutting motion - the cutting speed (vc) is calculated according to the formula

m.D.n

v, =— m/ min
e = 1000 [m/min]
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Where:
D - the diameter of the cutter

N - rotor speed per min
Vc - Cutting speed

The feed rate for milling is calculated according to the relationship
v.= f..z.n =f.n [mm/min]

Where:

Fz - tooth movement

F - feed rate per revolution
Z - number of teeth

N - speed

Depending on the position of the tool axis on the work surface, we distinguish mill-
ing

¢ Cylindrical milling - whose axis is parallel to the machined surface and the depth
of the cut is set in a plane perpendicular to the axis of the cutter

e Front milling - whose axis is perpendicular to the machined surface, the depth of
cut is adjusted in the direction of the tool axis

¢ Circular milling - The tool axis and the workpiece are usually tilted a the depth of
cut is set in a direction perpendicular to the workpiece axis

¢ Planar milling - fig. 7.5

Cylindrical Frontal Planets
Milling machines

Milling machines are produced in a large number of models and
Sizes with different maximum capacities. It can be

Divided into four basic groups: console,

Table, planar and special. Special category
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Are tooth milling machines and milling machines.

5

Console horizontal milling machine
Console vertical milling machinel-console, 2-transverse slide, 3-way table, 4-spindle, 5-arm, 6-
stand

6.9. Grinding

Grinding is a chip cutting of material with multiple cutting wedges created
Abrasive grains. Abrasive grains are fastened in the tool with a binder so that

The tool has a porous structure. Characteristic is irregular

Layout of cutting wedges (grinding grains), which are additionally random
Orientation and random geometry. The peculiarity of grinding is that the process is
It happens with the participation of a large number of relatively small grains in short sec-
tions.

The chip is cut off in a relatively short time period of about 0, 001

seconds. As a rule, most of this time period is needed on

Plastic deformation (by compression and recording of material before cutting
Wedge. Due to high cutting speeds and significant deformation

The material layer creates a temperature at the cutting point 1200 - 1500°C.

Operation of grinding wheel grains during the process
The essence of each grinding method is abrasion grain removal as the effect of grinding

grain effects
For machined material. This is the bonding of the grain and the material of the workpiece.

Ze SMER POHYBU e
T ey

k‘_-.

1-workpiece, 2-grain grain, 3-binder, 4-cut material, 5-chip chip,
smér pohybu - movement direction
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Vk-peripheral disk velocity, a-depth, cut-off layers, V-peripheral disk velocity

Main and minor movements and grinding operation of the blade

N

HLAVNY REZNY POHYB

PRiSUVl

L PRIECNY
POHYB

_—— L POSUN

Legend: hlavny rezny pohyb - main cutting movement , prisuv - infeed, priecny pohyb - transverse movement

Shape of grinding wheels

A) flat grinding wheel

B) the sanding wheel is one-sided

C) a single-sided grinding wheel

D) a double-sided grinding wheel

E) the sanding disc is tapered on both sides
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H) a cup grinding wheel,
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l) a disc grinding wheel

Classification of grinding machines
Depending on the purpose and the way we work, we sort the grinding Machines for:

e Studs

e Without need

e On holes (holes)
e Planar

e Tooling

e Parallel plan

Tool grinder
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Instrumentation of an automated manufacturing system

The tooling system is one of the factors that it makes conditional
Operational reliability of automated manufacturing systems. Reliably

And high performance cutting tools are a prerequisite for efficient i

Stable operation of an automated manufacturing system. Cutting tools on
Analysis of existing systems can be divided into:

e Normalized,

e Combined,

e Tool heads

e Multi spindle heads
e Special cutting tools.

Combined block tool

v

Set of knife holders with coated cutting inserts intended for warehouse blocks
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7.ASSEMBLY AND REPAIR TECHNOL-
OGY

Mounting is the creation of fixed or movable joints between rigid components, but also
between liquids and gases. The assembly creates the final process of the production sys-
tem. The production system can be understood as a manufacturing enterprise. Then the
assembly system is just one subsystem of the production system.

The decisive elements of the assembly subsystem

e Assembly product

e Assembly technique

e Assembly technology (ways of creating the connections of the required function)
¢ Manin assembly

e Information System

e Energy system

Basic assembly activities
MONTAZ

MANIPULACIA SPOJOVANIE

SKLADOVANIE = tvarovy spoj = pritomnosti
= sypanie = silovy spoj = spravnosti polohy
— = ukladanie = latkovy spoj = spravhosti
= vkladanie = 3pecialny spoj zloZenia
= stohovanie = 3pecialne skusky
ORIENTOVANIE SPECIALNE PROCESY
= nahodné . .
= vynitené " justovanie
— = tvorenie pradu = dodatodné obrabanic
= delenie prudu = uprava povrchu
= oddelenie sudiastky » balenie
= demontaz
= mazanie
PRENASANIE = predmontaZne prace
= uchopenie " iné
~{ = prenesenie
= uvolnenie
= $pecidlne

Legend: montdz - assembly, manipuldcia - manipulation, skladovanie - storage, sypanie - loose-filling, ukladanie - stowing,
vkladanie - insertion , stohovanie - stacking, orientovanie - orientation, ndhodné - random, vyniitené - imposed, tvorenie
prudu - current generation, delenie prudu - current separation, oddelenie suciastky - component separation, prendsanie
- transmission, uchopenie - grip, prenesenie - transfer, uvolnenie - release, $pecidlne - special, spojovanie - joining, tvarovy
spoj - form joint , silovy spoj - joint by forces, Idtkovy spoj - fabric joint, Specidlny spoj - special joint, skiSanie - testing,
pritomnosti - testing presence, sprdvnosti polohy - testing of positioning, sprdvnosti sloZenia - testing of composition,
Specidlne skusky - special tests, Specidlne procesy - special processes, justovanie - adjustment, dodatocné obrdbanie -
additional machining, dprava povrchu - surface treatment, balenie - packaging, demontdz - dismantling, mazanie - lubri-
cation, predmontdzne prdce - pre assembly work, others
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Diagram of general assembly system

M o
E g = TECHNIKA EAS é’
VYRABANE SUCIASTKY ]
TECHNOLOGIA Lovek é
-@- # @ | PRODUKTY
KUPOVANE SUCIASTKY U o
" <l P —
) — .Mj 3
NASTROJE
— [
INFORMACIE ENERGIA LuuFoanA'ue
-
ENERGIA | -y

Legend: vyrabané suciastky - components produced, kupované suciastky - components purchased, ndstroje - tools, in-
formdcie - information, energia - energy, technika - technics, technoldgia - technology, cas - time, clovek - human, in-

formdcie - information, produkty - products, odpad - waste

The notion of assembly Process for assessing the technology of the construction in

terms of assembly

Upinacia skrutka

2 sudastka
3 tv Ws
h,
1808, 1
4 syc. - N h
2
) EIRER
?l' hi__ Y lP
h, ; 0
Polohovadlo h
[6) 5 [6)

Legend: suciastka - component, positioner, upinacia skrutka - clamping screw
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Fundamentals of assembly work

e Shape and position control

e Screw connections

e Connecting collars, wedges and pens

¢ Sliding bearings

e Roller bearings

e Rotary motion transmission components
¢ Mechanisms for movement change

7.1.  Assembly workplace

The assembly workplace is a defined space with the appropriate technical equipment.
Workplace equipment is designed for manual, mechanized or partially automated assem-

bly provided by one or more persons.
Typical parts of the assembly workplace

¢ Montage table

e Stool

e Footrest - it's adjustable footrest

¢ Motorized tools mounted on brackets using balancers
e Boxtrays

e Local lighting

e Shoulder and forearm support

Mounting workplace
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Light desktop assembly workplace by BOSCH

Mounting equipment is also installed on the assembly workplaces

e Basic units of dismantling equipment,

e Base units of mounting devices,

e Basic units for individual workplaces,

e Basic units for assembly machines and lines,

e Assembly equipment is an assembly technique
e Manually operated (transmitted) equipment,

e Manual assembly,

e Machine assembly equipment,

e Assembly lines,

e Stationary building units
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7.2. Robotic assembly

Robots are generally considered as free programmable devices. He has three or more
degrees of freedom. These are designed in one device.

e The portal robot works in three Cartesian coordinates.
¢ Robot with rectangular workspace

e The arguments about which of these structures are more advantageous for
mounting are the following (Valentovi¢, 2001):

e The SCARA column prevents access to the mounted product by the column

e The pallet with the components and the assembled product are listed in the Car-
tesian system, programming the Cartesian robot does not require recalculation.

e The positioning accuracy of the scarified SCARA robot is smaller than the packed,
the accuracy of the Cartesian robot is roughly the same across the work field.

e Generally, the rotation pairs of the SCARA robots are simpler, more rigid and less
tangible than a linear pair of Cartesian robots, in which the portal support at its
higher span represents a considerable problem in terms of weight minimization
and precision errors.

The first prototype of the SCARA robot

250 ++——400
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Mounting robots

\f Y20

OT0CNE ZAPASTIE

HOPOVAC.
ng:r{wmml

T VERTIKALNE SANE

_.— KONCOVA DOSKA

____ DOSKA_PRE
T ADAPTERY

HORIZONTALNE SANE

Legend: koncovd doska - end plate, montdZna patka - mounting foot, otocné zdpdstie - swivel, linedrny modul - linear
module, vertikdlne sane - vertical slide, doska pre adaptér - adapter plate, horizontdine sane - horizontal slide

Robotic center (BOSCH) with vibrating component feeder and carrier conveyor

i
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7.3. Architecture of robotic assembly tech-
niques

e Assembly workplace with one universal robot

e The robot as a synchronous station or asynchronous lines
e Workplace as a mini line with two robots

e Flexible assembly line with circulating supports

e Assembly line SMASH

e One technological robotic systems

Automatic mounting systems

¢ Asynchronous machines composed of automatic assembly lines are created where
we can automate operations.

e Asynchronous lines - products can be moved in a line without a carrier, i.e., having
a flat base for entrainment. The base part also functions as a driver.

Line diagram of asynchronous mounting systems

Alternative (1), robots (3), assembly stations (2), unloading manipulators (5)

Synchronous mounting machines are built as multi-station machines, ordinary au-
tomata for which they are valid

e There is a fixed connection between the transport medium and the technological
carrier, the carrier with the clamp of the partially assembled product moves simul-
taneously with the medium,

e All carriers prepared on the transport medium move synchronously. Synchronicity
is parallelism in time, present,
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o All workstations work synchronously. The working cycle starts at the same time
and returns to its starting point after its end. The cycle time of the individual work-
stations is the same, but the partial cycles within the overall cycle may not be the
same, the return of the working organs to the starting position may no longer be
simultaneous,

¢ In synchronous machines, the current work on all workstations with the simulta-
neous displacement of assembled products from each of the previous work-
stations is alternated.

Classification of synchronous machines to:

e Rectilinear, drilled linear parts of closed circuits, rectilinear parts of tree-like cir-
cuits,

e Circular, drilled closed circuits, not only circular but also any, eg, oval, polygonal,
most often quadrangular shape

Connecting drives to mechanisms

A&;_&g\ofoo bdod i
=

| A ==X —
a g\ U ©

fododbdbdbd
— ™ 1
b & ‘._M,‘;__.‘ | ]
i cf o\‘.o —
| ML ]

g | ] g

Aodoobabdhba,
FV |
[ .": L' ’;/. _Jv""l,c
o Eﬂf olo)

—_ ot | R |

umﬁ*@“i 0.
= =

Toothed rack bar
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Classic Maltese Mechanism

Technological systems of synchronous machines are generally divided into:

e Machines with central drive units
e Machines with individual drive units

Linear synchronous automaton

1-way transport unit for MPAX 10, 2-control unit, 3-technology units, 4 control units, 5-tanks
Continuous machines

e Assembly equipment for final assembly of cars
e Rotor assembly machines
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Basic unit of the rotor machine with working P and conveyor D rotors

7.4. Coupling device

Assembly presses - we use for making molded and pressed joints and general molding
and molding. The most common mechanisms used in mounting presses are hydraulic,
pneumatic, pneumatic-hydraulic, pneumatic-mechanical and mechanical with rolling
tools.

Pneumatic assembly sheet

e Riveting device - Used to form a non-detachable rivet joint. We can divide rivets:
e According to the mutual position on one and on two sides

e Depending on the type of hollow shaft rivet, full shaft and special

e According to design, direct and indirect

9 0

Privod tlakového vzduchu
Odvod spotrebovaného vzduchu
> Dvojruéné ovladanie

Privod elektrickej energie

-3
]
gow>

0 . 1 Mechanizmus nitovacej jednotky
2 Riadiaca skrinka
3 Upravna jednotka tlakového vzduchy
4  Dvojruéné ovladanie
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Screwdriving devices - screw connections are detachable mounting joints. The base is a
bolt and also a matrix of washers of various types.

Screws and nuts are classified into special attachment, coupling, drive, movement and
screws (adjusting, spacing, etc.). The threads are right and left. The most common are true
threads.

Screw devices are used during assembly, among which we include technical tools for man-
ual screwdriving, screwdrivers, torque screwdrivers, mounting wrenches, torque

wrenches and motorized handwheaels.

Screwing of small screws - pipe system - WEBER

!

u
1 2 3 4
The following procedure is maintained when screwing:

1 - Product Head - Screw Fits Head 2 - Product Tool
3 - Screwdriver 4 - Head up - Screw not screwed out of the head
5-Up Tool

o =3

7.5. Screw drive unit

Repairs of equipment, machinery and equipment

Current quality new technology, machinery and equipment enable us to diagnose a prob-
lem quickly and securely with the use of diagnostic tools. The failure can be remedied by
repairing existing components, replacing these components, or replacing whole groups
or subgroups exhibiting a malfunction.

The causes of the malfunctions can be divided into internal and external

e Internal causes of failure are caused by inappropriate shapes, properties and re-
silience of material, technology, machinery and equipment.
¢ Internal malfunctions:

o construction material (composition, properties), working mode (cooling, lu-
brication), surface protection, control points (diagnostics)

o aging
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o technological - material change, material quality (defects), unattended tech-
nology, unattended working mode

External faults occurring

e wear - Abrasive, Adhesive, Erosion, Cavitation, Fatigue, Vibration, Burning

e excessive load - ignorance of technical conditions, negligence in meeting the man-
ufacturer's technical conditions

e mechanical damage - impacts, falls, accidents, failure to observe the conditions of
installation, maintenance and repair

e electric shock - electric sweep, lightning strike, improper handling

o fires - the result of some faults (excessive braking, shocks, crashes, traffic acci-
dents)

e corrosion - atmospheric, biological, chemical, electrochemical
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