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Brazing, welding, soldering

Brazing - The American Welding Society (AWS), defines brazing as a group of
joining processes that produce coalescence of materials by heating them to the
brazing temperature and by using a filler metal (solder) having a liquidus above
840°F (450°C), and below the solidus of the base metals.*

Soldering - Soldering has the same definition as brazing except for the fact that
the filler metal used has a liquidus below 840°F (450°C) and below the solidus
of the base metals.”

Welding joins metals by melting and fusing them together, usually with the
addition of a welding filler metal. The joints produced are strong, usually as
strong as the metals joined or even stronger. In order to fuse the metals, a
concentrated heat is applied directly to the joint area. This heat is high
temperature. It must be - in order to melt the "base" metals (the metals being
joined) and the filler metals as well.?

! Dostupné z: http://www.lucasmilhaupt.com/en-US/brazingfundamentals/brazingvssoldering/ [citovano
20.4.2015]
2 Dostupné z: http://www.lucasmilhaupt.com/en-US/brazingfundamentals/brazingvssoldering/ [citovédno
20.4.2015]

¥ http://www.lucasmilhaupt.com/en-US/brazingfundamentals/brazingvswelding/ [citovano 20.4.2015]
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addition /o'dif.on/ — ptidavani

apply /a'plai/ - pouzit

base metal /bers ‘met.ol/ — zékladni (hlavni) kov
brazing /'brer.ziy/ — pajeni

coalescence /kov.o'les.ons/ — sristani, spojovani
joining /d3o1niy/ — spojovani

filler metal /'fil.or met.ol/ — pfidavny material
fusing /fju:zim/ — slu¢ovani, taveni

heating /hi:.tiy/ — zahtani

liquid /' lik.wid/ — kapalny

melting /'mel.ti/ — taveni

solder /'soul.dor/ — pajka (ptidavny material)
soldering /'soul.darm/ — pajeni (letovani)

solid /*sol.1d/ - pevny

welding /'wel.diy/ — svarovani



Brazing
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Obrézek ¢&. 14

arc /a:k/ - oblouk

beam /bi:m/ — paprsek

discharge /dis'tfa:d3/ — vyboj (elektricky)

electric current /1'lek.trik 'kar.ont/ — elektricky proud
gas /gaes/ — plyn

inert /1'n3:t/ - nete¢ny

tungsten /'tan.stan/ — wolfram

MAG — metal active gas

MIG — metal inert gas

TIG — tungsten inert gas

* Obrézek dostupny: http://www.migweld.de/service/bilder-zum-download.html [citovano 20.4.2015]
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Schematics of GMA brazing
brazed seam /'bre1.zd si.m/ — pajeny Sev (spoj)
gas nozzle /gees 'noz.l/ — plynova tryska
shielding gas /[i:1dim gaes / — ochranny plyn
workpiece /ws:k pi:s/ — obrobek
wire feeder /warar 'fi:.dor/ — podavac dratu

wire spool /warar spu:l/ — civka dratu

1. Workpiece
2. Brazed seam

3. Wire feeder

4. Wire spool

5. Gas nozzle

6. Contact tip
7. Shielding gas @
8. Arc

Obrézek &. 2°

® Obrazek dostupny: http://www.migweld.de/service/bilder-zum-download.html [citovano 20.4.2015]
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filler metal /'fil.or met.ol/ — ptidavny material, plnivo

welding torch /'wel.din to:t[/ — svafovaci plamen

_ Welding tarch
Fillar medal i

Obrézek &. 6°

® Obrézek dostupny: http://www.lucasmilhaupt.com/en-US/brazingfundamentals/brazingvswelding/ [citovdno
20.4.2015]



broad heat /bro:d hi:t / — zeSiroka ohfat
instantly /'in.stant.li/ — okamzité

draw /dra:/ - natahnout

1. Broad heal to base metals

2. Filler metal applied, instantly
melted and drawn through joint

Obrazek &. 7'

" Obrézek dostupny: http://www.lucasmilhaupt.com/en-US/brazingfundamentals/howbrazingworks [citovano
20.4.2015]



Welding joint

square /skwear/ - ¢tverec
closed /klovzd/ - uzavieny
bevel /'bev.al/ - Sikmy, kosy
single /'sm.gl/ - jediny
double /'dab.l/ - dvojity
flange /fleends/ - ptiruba

tee /ti:/ - T (pismeno)

flare /flear/ - zvon

Obrézek ¢&. 8°
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Single-bevel Single-J
Drouble-bevel Double-J
Single-\f Single-U
Double-v Double-U
Flange Tee
()
Flare

8 Obrazek dostupny: http://en.wikipedia.org/wiki/File:Butt_Weld_Geometry.GIF [citovano 20.4.2015]




Metal forming

Sheet-Metal Forming Processes

Roll forming - Long parts with constant complex cross-sections; good surface
finish; high production rates; high tooling costs.

Stretch forming - Large parts with shallow contours; suitable for low-quantity
production; high labor costs; tooling and equipment costs depend on part size.

Drawing - Shallow or deep parts with relatively simple shapes; high production
rates; high tooling and equipment costs.

Stamping - Includes a variety of operations, such as punching, blanking,
embossing, bending, flanging, and coining; simple or complex shapes formed at
high production rates; tooling and equipment costs can be high, but labor costs
are low.

Rubber-pad forming - Drawing and embossing of simple or complex shapes;
sheet surface protected by rubber membranes; flexibility of operation; low
tooling costs.

Spinning - Small or large axisymmetric parts; good surface finish; low tooling
costs, but labor costs can be high unless operations are automated.
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Superplastic forming - Complex shapes, fine detail, and close tolerances;
forming times are long, and hence production rates are low; parts not suitable for
high-temperature use.

Peen forming - Shallow contours on large sheets; flexibility of operation;
equipment costs can be high; process is also used for straightening parts.

Explosive forming - Very large sheets with relatively complex shapes, although
usually axisymmetric; low tooling costs, but high labor costs; suitable for low-
guantity production; long cycle times.

Magnetic-pulse forming - Shallow forming, bulging, and embossing operations
on relatively lowstrength sheets; most suitable for tubular shapes; high
production rates; requires special tooling.’

bending /bend/ - ohybani

blanking /blaenkiy/ - sttthani

coining /koinmy/ - razeni (mince)

cost /kost/ - cena, naklady

contour /'kon.to:r/ - obrys, tvar

embossing /im'bosiy/ - razeni (reliéfove, plastické)

equipment /1’ kwip.mant/ - vybaveni

% Dostupné z: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]
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flanging /' fleend3iy/ - vytvéreni priruby, lemovani
forming /fo.m 1y / - tvarovani, formovani

hence /hens/ - tudiz, (a proto)

labor /'ler.bor/ - prace

membrane /' mem.brein/ - membrana, blana
punching /pantfiy/ - dérovat, razit

roll /raul/ - valcovat, kutélet

rubber-pad /'rab.ar - paed/ - gumova polozka
shallow /' f&el.ou/ - mélky

shape /[eip/ - tvar

spinning /'spin.iy/ - tlaCeni plechu na rotujici model, pfedeni, staceni
stamping /steempin / - raZeni, razitkovani

stretch /stret// - natahovat

surface /'s3:.fis/ - povrch, plocha

tool /tu:l/ - néstroj, opracovat

tubular /'tju:.bjo.lor/ - trubkovy

12



Shearing Operations

Discarded

Punching Blanking

@)

Parting

Lancing

(b)

FIGURE 7.8 (a) Punching and blanking. (b) Examples of shearing operations on sheet metal.

Obrazek ¢. 9*°

discard /d1'ska:d/ - odstaniovat

lancing /la:nsiy/ - natiznuti, propichnuti

notching /notfin/ - vrubovani, vytvareni zarezl

parting /' pa..tim/ - déleni
perforating /'p3:.for.ertiy/ - dérovat
shearing /ftorm/ - sttihani

slitting /slitiy/ - profiznuti

1% Obrazek dostupny: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]
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Rotary Shearing

Driven
cutter

Workpiece

liding
cutter

FIGURE 7.10 Slitting with rotary blades, a process similar to opening cans.

Obrazek & 101

blade /blerd/ - ostfi, cepel

can /keen/ - plechovka

clearance /'klia.rons/ - odstranéni, odklizeni
cutter /kat.or/ - fezny nastroj

driven /'driv.an/ - hnany

rotary /'rov.tor.i/ - otacivy

1 Obrazek dostupny: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]

14



Die-Bending Operations

(a) Vdie (b) Wiping die

FIGURE 7.22 Common die-bending operations, showing the die-opening dimension W, used in
calculating bending forces, as shown in Eq. (7.11).

Obrazek ¢&. 117
die /dar/ - zapustka, raznice, ohybnice

punch /pantf/ - ohybnik, (prubojnik, dérovacka)

12 Obrazek dostupny: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]
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Press Brake Operations

Channel Hemming Main Flywheel
Jong (flattening) gear
@ ®) (©) Crown
Main gear Motor
Connections — <&/ Clutch and
LS brake unit
Ram —i

Side

Die holder 3
housing

Floor line

Two-stage lock seam Offset forming
(d) (€) )

FIGURE 7.23 (a) through (e) Schematic illustrations of various bending operations in a press
brake. (f) Schematic illustration of a press brake. Source: Courtesy of Verson Allsteel Company.

Obrazek & 128

channel /'tfeen.al/ - kanal

hemming /hem/ - lemovéni, obroubeni

joggle /'d3pg.l/ - otfasat, lomcovat

lock /lok/ - zamek, zarazka, uzaviit (sl.)

offset / pf set/ - ohyb, ohranovani, kompenzovat (sl.)
ram /reem/ - beranidlo, buchar

seam /si:m/ - Cev, Spoj

stage /sterds/ - stupen, etapa

3 Obrazek dostupny: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]
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Bending Operations

Punch - .
' ‘ FIGURE 7.24 Examples of various bending operations.
Die
Air bending Bending in a 4-slide machine
(@ (0)
Adjustable 7

roll

f

Driven
rolls
Roll bending

(c) (d)

Polyurethane
roll

Obrazky &. 13 a &. 14™

adjustable /o'd3as.ta.bl/ - nastavitelny

Roll-Forming

FIGURE 7.27 (a) The roll-forming operation, showing the stages in roll forming of a structural shape.
(b) Examples of roll-formed cross-sections. Source: Courtesy of Sharon Custom Metal Forming, Inc.

1 Obrazky dostupné: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]
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Forming with a Rubber Pad

Metal punch

Blank

Polyurethane pad

(b)

FIGURE 7.33 Examples of bending and embossing sheet metal with a metal punch and a
flexible pad serving as the female die. Source: Polyurethane Products Corporation.

Obrazky &. 15 a & 167

serve /s3:v/ - slouzit

Electrohydraulic and Magnetic-Pulse
Forming

Switch Switch
Chargerf* 1 Electrodes FIGURE 7.44 Schematic illustration of the
Iﬂ m m LI &— Water electrohydraulic forming process.

—— Clamp
Capacitor bank ﬁ‘— Sheet

Die

charger /'tfa:.d3ar/ - nabijecka, zdroj
clamp /kleemp/ - svorka

switch /switf/ - spina¢

15 Obrazky dostupné: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]
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Sheet Hydroforming

Pressure-control valve

Forming cavity (oil filled)

Blank

Rubber diaphragam
Draw ring

Punch

Part

2. 3. 4.

FIGURE 7.34 The principle of the hydroform process, also called fluid forming.

Obrazek &. 17%°

cavity /'keev.1.ti/ - dutina, prostor
diaphragm /'dar.o.frem/ - membrana, branice

valve /valv/ - ventil, klapka

18 Obrazek dostupny: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]
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Tube Hydroforming

Slide plate Centering
] o Die holder

s / plate

Top die Horizontal
Seal cylinder
punch Cylinder
Bottom holder
die bracket
v Die holder
plate

|
Bed plate Hydroformed part
(a) (b)

FIGURE 7.35 (a) Schematic illustration of the tube hydroforming process. (b) Example of tube hydroformed parts.
Automotive exhaust and structural components, bicycle frames, and hydraulic and pneumatic fittings can be
produced through tube hydroforming. Source: Schuler GmBH.

Obrazek &. 18Y

bracket /'brak.it/ - konzola, drzak
exhaust /1g°'za:st/ - vyfuk
frame /freim/ - ram

holder /' haol.dor/ - drzak

17 Obrézek dostupny: http://www3.nd.edu/~manufact/ MPEM_pdf_files/Ch07.pdf [citovano 20.4.2015]
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Peen-Forming

Traversing gantry machine

Stationary workpiece

Track

FIGURE 7.47 Schematic illustration of a peen forming machine to shape a large sheet-metal part, such as
an aircraft-skin panel. Note that the sheet is stationary and the peening head travels along its length.
Source: Metal Improvement Company.

Obrazek ¢. 198

18 Obrazek dostupny: http://www3.nd.edu/~manufact/MPEM_pdf_files/Ch07.pdf [citovéno 20.4.2015]
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Heat and chemical treatment

Heat treating is a group of industrial and metalworking processes used to alter
the physical, and sometimes chemical, properties of a material.

Heat treatment process

Anneal ing

Thermal refining

Induction hardening

w Flame hardening

Obrézek &. 20*°

19 Obrazek dostupny: http://tbl.com.my/products-and-services/ [citovéno 20.4.2015]
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Martensite, named after the German metallurgist Adolf Martens (1850-1914),
most commonly refers to a very hard form of steel crystalline structure. %

Austenite, also known as gamma phase iron (y-Fe), is a metallic, non-magnetic
allotrope of iron or a solid solution of iron, with an alloying element.**

Cementite, also known as iron carbide, is a chemical compound of iron and
carbon.?

Bainite is an acicular microstructure (not a phase) that forms in steels at
temperatures of 250-550 °C (depending on alloy content).?®

Stages of Heat Treatment

» Stage |—Heating the metal slowly to ensure a uniform temperature.

» Stage 2—Soaking (holding) the metal at a given temperature for a given
time and cooling the metal to room temperature.

» Stage 3—Cooling the metal to room temperature.

» Annealing is a heat treatment in which the metal is heated to a
temperature above its recrystallisation temperature, kept at that
temperature some time for homogenization of temperature followed by
very slow cooling to develop equilibrium structure in the metal or alloy.

 The steel is heated 30 to 50°C above Ae; temperature in case of hypo-
eutectoid steels and 30 to 50°C above A, temperature in case of hyper-
eutectoid temperature

» The cooling is done in the furnace itself.

« The aim of annealing is to increase the ductility.

2 Dostupné z: https://en.wikipedia.org/wiki/Martensite [citovano 20.4.2015]

2! Dostupné z: https://en.wikipedia.org/wiki/Austenite [citovano 20.4.2015]

22 Dostupné z: https://en.wikipedia.org/wiki/Cementite [citovano 20.4.2015]

% Dostupné z: https://en.wikipedia.org/wiki/Bainite [citovdno 20.4.2015]

2 Dostupné z: http://www.slideshare.net/RakeshSingh125/f-annealing [citovano 20.4.2015]
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« Normalizing consists of heating a suitable steel to a temperature 50-100°
C above Ae; temperature in case of hypoeutectoid steels and above A,
temperature in case of hyper-eutectoid steel, soaking for sufficient time
and then cooling in still air.

« The aim of normalizing is to increase the toughness. %

« In hardening heat treatment, the steel is heated 30 to 50°C above Ae;
temperature in case of steels and 30 to 50°C above A; temperathypo-
eutectoid ure in case of hyper-eutectoid temperature, held at that
temperature for some time followed by cooling at a rate faster than the
critical cooling rate to produce martensite which is a hard phase.

* The a2i6m of hardening is to increase the hardness and strength of the
steel.

» Tempering consists of heating a hardened steel to a temperature below
eutectoid temperature and keeping it at that temperature for a specified
time to reduce brittleness followed by air cooling.

« The aim of tempering is to decrease brittleness of hardened steel.?’

% Dostupné z: http://www.slideshare.net/RakeshSingh125/normalising [citovano 20.4.2015]
% Dostupné z: http://www.slideshare.net/RakeshSingh125/f46a-hardening [citovano 20.4.2015]
% Dostupné z: http://www.slideshare.net/RakeshSingh125/f-tempering [citovéno 20.4.2015]
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e CARBURIZING

Carbon is added to the surface of low-carbon steel. Two methods carburizing

steel.

I ) Heating the steel in a furnace containing a carbon monoxide

atmosphere.

i) Steel placed in a container packed with charcoal or some other carbon-

rich material and then heated in a furnace.?®

%8 Obrazek dostupny: http://www.slideshare.net/RakeshSingh125/f46a-hardening [citovéno 20.4.2015]
# Dostupné na: https://en.wikipedia.org/wiki/Carburizing [citovéno 20.4.2015]
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e NITRIDING
Methods in that the individual parts have been heat-treated and tempered before

nitriding.
The parts are then heated in a furnace that has an ammonia gas atmosphere.

No quenching is required so there is no worry about warping or other types of
distortion.

e FLAME HARDENING
Harden the surface of metal parts. When you use an oxyacetylene flame, a thin

layer at the surface of the part is rapidly heated to its critical temperature and
then immediately quenched by a combination of a water spray and the cold base
metal.

e QUENCHING
Rapid cooling of a workpiece to obtain certain material properties. It prevents

low-temperature processes, such as phase transformations, from occurring by
only providing a narrow window of time in which the reaction is both
thermodynamically favorable and kinetically accessible. For instance, it can
reduce crystallinity and thereby increase toughness of both alloys and plastics

others:

Batch Furnace — a heat-treatment furnace that soaks a stationary workpiece.

Phase - a portion of material with a uniform crystal structure, consistent
properties, and recognizable boundaries. At room temperature, steel
consists of two or more phases.

26



Quenching Medium - the liquid or air substance used to cool a metal during
quenching. Water, saltwater, air, and oil are common quenching
mediums.

Recovery Annealing - an annealing process that attempts to partially restore the
original grain structure of the metal and still preserve the strain hardening that
has developed.®

Obrazek & 22%
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%0 Dostupné na: http://www.slideshare.net/kartikm1991/14250-ch2 [citovano 20.4.2015]
*! Obrazek dostupny: https://en.wikipedia.org/wiki/Carburizing [citovano 20.4.2015]
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accessible [ok'sesobol] — dostupny, ptistupny
anneal /o'ni:l/ - Zihat

austenite /aus-ten-ite/ - austenit (tuhy roztok uhliku v zeleze)
batch [baet[] — davka (zpracovavat po davkach — sloveso)
boundary /'bavn-dri, -da-ri/ - hranice, mez

brittle /'brit.l/ - kichky

carbon [ 'ka:ban] - uhlik

cementite \si- ment- 1t\ — karbid Zeleza

charcoal [ 'tfa: koul] — dievéné uhli

common [ 'koman] - bézny

consist [kon'sist] — skladat se

decrease /d1 kri:s/ - snizovat

distortion [d1'sto:fan] — poktiveni, pokrouceni
ductility /dak'til-1-ti/ - houzevnatost

cooling [ku:liy] — ochlazovani

ensure /m’ fvar/ - zajistit

favorable /'fer-vor-o-bal/ - ptiznivy

forging [ 'fa:d3m] — kovani

furnace /'f3r-nos/ - pec

heat treatment [hi:t 'tri:tmant] — tepelné zpracovani
harden /"ha:.danm/ - tvrdnout

increase /in’'kris/ - zvySovat

Kinetic /koa'net-1k/ - pohybovy

layer ['lers] - vrstva

28



martensite /'ma:tin, zait/ - martenzit (nestaly tuhy roztok uhliku v Zeleze)
occur [o'k3:] — nastet, ptihodit se

pearlite /"p3:lait/ - perlit

rapidly [ ‘reepidli] — rychle

recognizable [ 'rekognaizobal] - rozeznatelny

reduce [rr'dju:s] — snizit omezit

refining /ri'famn/ - rafinace, Cisténi

restore [ri'sto:] - obnovit

soaking [ ‘soukin] — ponofovani, napousténi, namaceni
stationary [ 'sterfonari] — nehybny, pevny

strain [strein] — napor, tlak

surface [ 's3:fis] - povrch

quench /kwent[7 - kalit

temper [ tempa] — popoustét

thermal ['03:mol] - tepelné

toughness [ 'tafnis] — tvrdost, tuhost

uniform [ ju:n1 fo:m] — jednotny, stejny

warp /worp/ - ohybat, deformovat

29



Machining

A material removal process in which a sharp cutting tool is used to mechanically
cut away material so that the desired part geometry remains

* Most common application: to shape metal parts

» Most versatile of all manufacturing processes in its capability to produce a
diversity of part geometries and geometric features with high precision
and accuracy

Classification of Machined Parts

» Rotational - cylindrical or disk-like shape (a)
» Nonrotational (also called prismatic) - block-like or plate-like (b)

(@) (b)
Obrazek ¢. 23%

capability [ kerpa'biliti] — schopnost

cone [koon] — kuzel

cutting [ 'katig] — fezny

cylindrical [sr' lindrikal] — valcovity

determine [dr't3:min] — urcit, stanovit

diversity [da1'v3:siti] — riznost

feed [fi:d] — posouvat

%2 Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovdno 20.4.2015]
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feature ['fi:tfa] — znak, rys, prvek

machining [ma’ fi:nm] — obrdbéni, strojni zpracovani
prism [ ‘prizom] — hranol

removal [r1'mu:val] — odstranéni

versatile [ 'v3:s9 tail] — viceuéelovy, univerzalni

Machining Operations and Part Geometry

Each machining operation produces a characteristic part geometry due to two
factors:

1. Relative motions between tool and workpart
» Generating — part geometry determined by feed trajectory of
cutting tool
2. Shape of the cutting tool
« Forming — part geometry is created by the shape of the cutting tool

31



Generated surface = cylinder
\ Generated surface = cone Generated surface

4

at

-

(a) (b)

Generated surface = plane

v

IS

Generated surface

(e)

Obrazek &. 24%

Generating shape: (a) straight turning, (b) taper turning, (c) contour turning, (d)
plain milling, (e) profile milling.

% Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovdno 20.4.2015]
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Forming to Create Shape

Formed surface

Formed surface
Work /
v

Work

(a) (b) (©
Forming to create shape: (a) form turning, (b) drilling, and (c) broaching.

Forming and Generating

Form-generated surface

f

Work Threading tool

Form-generated surface

(@) (b)

Obrazky ¢&. 25 a 26

Combination of forming and generating to create shape: (a) thread cutting on a
lathe, and (b) slot milling.

% Obrazky dostupné na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovdno 20.4.2015]
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Turning

Single point cutting tool removes material from a rotating workpiece to generate
a cylinder

» Performed on a machine tool called a lathe
» Variations of turning performed on a lathe:
— Facing, Contour turning, Chamfering, Threading

-

Workpart (original surface)

New surface

Chip

Single point tool

L

Y

A

Obrazek ¢&. 27%

broaching [broutfin] — protahovani
chamfer [ 'tfeemfa] — srazit, zkosit
contour [ kontua] — obrys, tvar
drilling [drilim] — vrtani

milling [ 'mil] — frézovani
planing [plemnin] — hoblovani

slot [slpt] — drazka

threading [Orediy] — fezani zavititurning [ 't3:niy] — soustruzeni

% Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovano 20.4.2015]
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Engine Lathe

Headstock

Spindle
Speed controls

Tool post

Tailstock
Feed controls

Cross slide

Carriage
Ways

Lead screw (threaded) Bed

Obrazek &. 28%°

bed [bed] — loze

chuck [tfak] — skli¢idlo

lathe [lerd] — soustruh

spindle [ 'spindal] — vieteno, hiidel

tool post [tu:l paust] — nozova hlava

% Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovano 20.4.2015]
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Methods of Holding the Work in a Lathe

» Holding the work between centers
» Chuck

» Collet

» Face plate

Jaws (3), adjustable
to clamp work

Dog (clamped to work, \

driven by dog plate) Workpart

Workpart

Center (other center
at headstock end)

(b)
Dog plate (driven by lathe spindle)

@)

Mo

Collet with three slits to
Obrézky &. 29, 29, 30, 31% /_ permit squeezing of work

Workbar

Sleeve (advances forward to squeeze collet)
()

Faceplate
(attached to spindle)

Turned surface

Workpart

Clamps (4)
(d)

%7 Obrazky dostupné na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovano 20.4.2015]
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Boring

 Difference between boring and turning:
— Boring is performed on the inside diameter of an existing hole
— Turning is performed on the outside diameter of an existing
cylinder
* In effect, boring is internal turning operation
« Boring machines
— Horizontal or vertical - refers to the orientation of the axis of
rotation of machine spindle

Drilling (b)

» Creates a round hole in a workpart

* Compare to boring which can only enlarge an existing hole
» Cutting tool called a drill or drill bit

* Machine tool: drill press

Obrazky ¢&. 32, 33%

/—b Feed

P .
motion
(tool)

Drill
bit

L Work

" (b)

% Obrazky dostupné na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovdno 20.4.2015]
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Reaming (a)

» Used to slightly enlarge a hole, provide better tolerance on diameter, and
improve surface finish

Tapping (b

» Used to provide internal screw threads on an existing hole
* Tool called a tap

Obrazek &. 34%°

(b)

% Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovdno 20.4.2015]
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Milling

Machining operation in which work is fed past a rotating tool with multiple
cutting edges

» Axis of tool rotation is perpendicular to feed
» Creates a planar surface
o Other geometries possible either by cutter path or shape
» Other factors and terms:
o Interrupted cutting operation
o Cutting tool called a milling cutter, cutting edges called "teeth™
> Machine tool called a milling machine

Two Forms of Milling

Obrazek ¢&. 35%

Speed motion

Cutter

Cutter

Speed motion

o

Depth

Feed Workpart

Workpart

(a) (b)

Two forms of milling: (a) peripheral milling, and (b) face milling.

%0 Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovdno 20.4.2015]
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Horizontal Milling Machine

Overarm

Arbor
Worktable
Gltter N Speed motion
Column Saddle
Knee
Feed

(a)

Obrazek ¢. 36"

arbor [ 'a:ba] — hridel

axis [ 'aksis] — osa, souradnice
base[beis] — zakladna

boring [ 'bo:rim] — vrtani

clamp [kleemp] — svorka, upnout
collet [kalot] — kleStina

column [ 'kolom] — hiidel
enlarge [in'la:d3] — zvétsit
interrupt [ inta'rapt] — pierusit

jaw [d30:] — Celist

“! Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovano 20.4.2015]
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motion [ ' maufon] - pohyb
path [pa:0] — dréaha

ream [ri.m] — rozsifit otvor
saddle ['sadal] — sedlo
shapeing [feipm] — tvarovani
slit [slit] — zafez, fez

squeeze [skwi:z] — sevtit, zmacknout

Shaping and Planing

» Similar operations
« Both use a single point cutting tool moved linearly relative to the

workpart
Speed motion
(linear, tool)
Feed motion
Feed motion New surface (intermittent, tool)

(intermittent, work)

New surface

Workpart Speed motion Workpart
(linear, work)

{a) Shaping (b) Planing

Obrézek &. 37%

v

A straight, flat surface is created in both operations
Interrupted cutting

o Subjects tool to impact loading when entering work
Low cutting speeds due to start-and-stop motion
Typical tooling: single point high speed steel tools

v

v v

%2 Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovdno 20.4.2015]
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Ram

Toolhead
Feed Column
Workpart Crossrail
Worktable
Base
Obrazky ¢&. 38, 40"
Crossrail
Column

Toolhead

Workpart

Worktable

Speed

Base

“3 Obrazky dostupné na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovano 20.4.2015]
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Broaching

* Moves a multiple tooth cutting tool linearly relative to work in direction
of tool axis

Speed

Obrazek &. 41%

Advantages:

» Good surface finish

» Close tolerances

» Variety of work shapes possible
Cutting tool called a broach

» Owing to complicated and often custom-shaped geometry, tooling is
expensive

* Obrazek dostupny na: http://www.slideshare.net/MuhammadMuddassir1/2-machining-operations-and-
machine-tools [citovdno 20.4.2015]

43



Obrazek &, 42%

Classification of Modern Machining Processes

Type of Mechanizsm of Transfer Energy Processes
ERErEy mefal removal media source
Mechanical Emsilnn High velocity  Pneumatic/ ATM, USM,
particles hydraulic WIiM
pressure
Shear Physical Cutting tool  Conventional
contact machining
Electrochemical Ion displacement Electrolyte High current ECM, ECG
Chemical Ablative relation Reactive Corrosive CHM
environment agent
Thermoelectric  Fusion Hot gases Ionized IBM, PAM
material
Electrons High voltage EDM
Vapourization Radiation Amplified LBM
light
Ion stream lonized PAM
material
AJM  Abrasive Jet Machining IBM Ton Beam Machining
CHM Chemical Machining LBM Laser Beam Machining
ECG Electrochemical Grinding PAM Plasma Arc Machining
ECM Electrochemical Machining USM Ultrasonic Machining
EDM Electric Discharge Machining WIM Water Jet Machining

** Obrazek dostupny na:
https://books.google.cz/books?id=uC3rHzhogmMC&printsec=frontcover&dg=machining&hl=cs&sa=X&ved=0

CDcQ6AEWA20VChMI7b3Ny_uTxglVxFgUChOadAB4#v=onepage&g=machining&f=false [citovéno
20.4.2015]
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Surface finishing

Obrazek ¢&. 43

— Electro-plating
Electrical methods Anodizing
L Electro polishing/Passivating

Wet

process _
methods — Electroless plating

Mon-electrical methods Chemical processes
— Chemical palishing

Surface

finishi g — Painti ng

methods .
Mechanical methods Thermal spraying

— Mechanical plating

— Vapor deposition

In-vacuum coating — Vacuum deposition
methods — Sputtering

— lon plating

Diffusion coating method ——— Hot dipping

Surface hardening
Others — (Carburizing, Nitriding)

“¢ Obrazek dostupny na: http://www.misumi-techcentral.com/tt/en/surface/2009/07/0001-hydrogen-
embrittlement.html [citovano 20.4.2015]
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1. Electroplating

Electroplating is a process of coating deposition on a part, immersed into an
electrolyte solution and used as a cathode, when the anode is made of the
depositing material, which is dissolved into the solution in form of the metal
ions, traveling through the solution and depositing on the cathode surface.

acidic [o'sidik] — kysely, kyselinovy

anode [ @&noud] — anoda, kladny pol
cathode [ 'kaOoud] - katoda

cellular [ 'seljula] — bunéény, porovity
coating [ 'kooutiy] — natirdni, nanaSeni barvy
conversion [kan'v3:fan] - pfeména
deposition [ dep.a'z1f.an] — usazovani, nanaseni
dissolve [dr'zplv] - rozpustit

dye [dar1] - obarvit

electrolyte [1'lektrau lait] - elektrolyt
electroplate [1'lektrau plert] — pokovovat
immerse [1'm3:s] - ponofit

layer [ 'le1a] - vrstva

solution [sa'lu:fan] — roztok, feseni

power supply [ 'pave so'plar] — elektr. zdroj

surface [ 's3:fis] - povrch
46



Electroplating of Cu

DC Power supply

Cu coating

+— (Cytt
Cathode

SOs™ - : Cu anode

CuS0, clectrolyte
www substech.com

Obrazek ¢. 44"
2. Anodizing

Anodizing is an electrochemical process of growing conversion oxide coating as
a result of oxidation of an anodically connected metal in an acidic electrolyte
solution.

Anodizing

Cellular oxide layer
with dye/color deposit

Original Barrier type Cellular oxide layer
metal part oxide layer

Metal (aluminum) substrate www.substech.com

Obrazek &. 45%

“T Obrazek dostupny na: http://www.substech.com/dokuwiki/doku.php?id=electroplating [citovano 20.4.2015]
“8 Obrazek dostupny na: http://www.substech.com/dokuwiki/doku.php?id=anodizing [citovéno 20.4.2015]
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3. Electropolishing

Electropolishing
DC Power supply Electrical potential distribution
— |+ N
- N
s
Work part Ax .

Cathode Polishing (anode) % + +\/++++ P +
electrolyte + + s e
Surface profile before electropolishing

Vv

Surface profile after electropolishing

www.substech.com

Obrazek ¢&. 46*

Electropolishing is an electrochemical process in which the atoms of a work
piece submerged in an electrolyte convert into ions and are removed from the
surface as a result of a passage of an electric current. In electropolishing the
metallic work piece dissolves in the electrolyte in contrast

to Electroplating where the metallic ions traveling through the electrolyte
solution deposit on the work piece surface.

“9 Obrazek dostupny na: http://www.substech.com/dokuwiki/doku.php?id=electropolishing [citovano 20.4.2015]
48



4. Electroless plating

Electroless plating uses a redox reaction to deposit metal on an object without
the passage of an electric current. Because it allows a constant metal ion
concentration to bathe all parts of the object, it deposits metal evenly along
edges, inside holes, and over irregularly shaped objects which are difficult to
plate evenly with electroplating. Electroless plating is also used to deposit a
conductive surface on a nonconductive object to allow it to be electroplated.

bathe [berd] - omyt

conductive [kon'daktiv] - vodivy
edge [ed3] — hrana, kraj

evenly [ 'i:vonl] - rovhomérné
irregularly [1'regjolali] - nepravidelné

passage [ ‘paesids] - prichod

5. Chemical polishing

Product Cathode

It is possible to
treat, if the CP
solution would

It is impossible &
treat, because of
different distance

penetrate. from the cathode

CP EP
Obrézek &. 47°

Chemical Polishing (CP) treatment is possible to remove the pollutions which
cannot remove by only Super Micro Cleaning (SMC), moreover the smooth
surface is provided and reduce “real” surface area. Finally CP treatment forms a
uniform oxidized layer on the surface which prevent outgassing from inside of
materials. Because needless of the cathode unlike Electropolishing (EP), CP is
very suitable for treatment of complex shape products.

%0 Obrazek dostupny na: http://www.san-ai-plant.co.jp/en/chemical_polishing/ [citovano 20.4.2015]
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smooth [smu:d] - hladky

pollution [pa’'lu:fan] - znecisténi

treatment [ 'tri:tmont] — oSetieni, zpracovani
prevent [pri'vent] — pifedchazet, zabranovat
polishing [ 'polifig] - lesténi

outgassing [aovt'gaes] — vypusténi plynu
needless [ 'ni:dlis] - zbyte¢ny

suitable [ 'su:.ta.bl] - vhodny
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6. Thermal spraying

The gas fuel and oxygen are mixed and ignited to produce a flame. The material,
either a wire or powder is fed into the flame. For wire flame spray, the material
Is melted and the compressed air, passing through a spray nozzle atomises the
molten metal and sprays it onto the work piece.

Obrézek ¢&. 48

Powder Delivery

Plasma Gas Delivery
Powder

Electrode

Water Cooling

*! Obrazek dostupny na: http://www.stellite.com/ [citovano 20.4.2015]
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7. Mechanical plating

Obrézek &. 492

Altivator

Eupfer-
grund

Promaotor

Zink-Flash

Flating-Zink

'
AN

glasbeads parts
bacl to ta
the passivation
barrel and diving

Mechanical Plating is a surface-treatment process for coating parts, iron and
steel with a metal layer of zinc, tin as their alloys which protects them against
corrosion.

%2 Obrazek dostupny na: http://www.tolkmit-industries.de/e_mechanical_plating.htm [citovano 20.4.2015]
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Mechanical Plating extensively prevents the occurrence of hydrogen
embrittlement on tempered steel parts.

The metal coating produced by Mechanical Plating is ductile and has a surface
with a dull finish. Parts produced in bulk with dimensions of up to app. 150 mm
or a weight of 400 gr. can be coated by this process.*®

barrel [ 'beeral] — sud, barel

bulk [balk] — objem, néklad

ductile ['daktail] — tazny, kujny

dull [dal] — matny, tmavy

glasbead [gla:s bi:d] — koralek, skl. kuli¢ka
occurrence [a'karans] — vyskyt, ptihoda

separating [ 'sep.or.at] - oddélit

%3 Dostupné na: http://www.tolkmit-industries.de/e_mechanical_plating.htm [citovéno 20.4.2015]
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8. Vapor deposition

Physical vapor deposition (PVD) methods are clean, dry vacuum deposition
methods in which the coating is deposited over the entire object simultaneously,
rather than in localized areas. All reactive PVVD hard coating processes combine:

A method for depositing the metal
Combination with an active gas, such as nitrogen, oxygen, or methane
Plasma bombardment of the substrate to ensure a dense, hard coating.

Chemical Vapor Deposition (CVD) is a widely used method for depositing
thin films of a large variety of materials. Applications of CVD range from the
fabrication of microelectronic devices to the deposition of protective coatings. In
a typical CVD process, reactant gases (often diluted in a carrier gas) at room
temperature enter the reaction chamber. The gas mixture is heated as it
approaches the deposition surface, heated radiatively or placed upon a heated
substrate. Depending on the process and operating conditions, the reactant gases
may undergo homogeneous chemical reactions in the vapor phase before
striking the surface. There is a great variety of chemical vapor deposition
processes such as:

atmospheric pressure chemical vapor deposition (APCVD),low pressure
chemical vapor deposition (LPCVD), plasma assisted (enhanced) chemical
vapor deposition (PACVD, PECVD),

PECVD Process - Institute for Semiconductor Electronics, photochemical vapor
deposition (PCVD), laser chemical vapor deposition (LCVD), metal-organic
chemical vapor deposition (MOCVD), chemical beam epitaxy (CBE), chemical
vapor infiltration (CVI)

bombardment [bpm 'ba:dmont] — bombardovani, osticlovani
chamber [ 'tfermba] — komora, dutina

dense [dens] - husty

strike [straik] — udeftit, narazit

vapor ['veips] — para
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9. Sputtering

Sputtering is a Physical VVapor Deposition method, utilizing argon ions for
bombarding a cathodically connected target, made of the coating material.
Atoms of the target are knocked out by the high energy ions and deposit on the
substrate surface.

Sputtering

Target Art Substrate

Yaciuum
- —".'
. - P
- Y
[ [

Target atom Coating

’ w A
Obrazek ¢. 5054 reon www substech.com

10. Hot dipping

Hot-dip galvanization is a form of galvanization. It is the process of coating
iron, steel or aluminium with a layer of zinc by immersing the metal in a bath of
molten zinc at a temperature of around 860 °F (460 °C).

Galvanizing  Inspection

Igese

Flux ~ Molten and
Rinsing gojution ZinC Bath cléaning

Surface preparation

s

s ng
Obrizek & 51  Caustic  onsing
Cleansing

> Obrazek dostupny na: http://www.substech.com/dokuwiki/doku.php?id=sputtering [citovano 20.4.2015]

% Obrézek dostupny na: http://www.china-anbermachine.com/Wire-Galvanizing-Line/Hot-Dipped-Wire-
Galvanizing-Line.htm [citovdno 20.4.2015]
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apply [o'plar] — nanéset, aplikovat

caustic [ 'ko:stik] — ziravy, leptavy

cleansing [Klenzig] - ocisténi

galvanizie ['gelvo naiz] — galvanizovat, pokovit
molten [ 'mouvlton] — taveny

paint [peint] - natér

pickling ['pik.lim] - naloZeni

rinse [rins] - oplachnout

utilize ['ju:tr laiz] - pouzit
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Activity in mechanical engineering

Job profiles at a company:

Design engineer

Design engineers research and develop ideas for new products and the systems
used to make them. They also work to improve the performance and efficiency
of existing products. In this job you will need to be able to use computer-aided
design software. You will need to be able to combine engineering and design
principles.

Blacksmith

Blacksmiths shape and join metals such as steel, iron, copper and bronze to
make decorative and everyday items. These can include wrought iron gates,
railings, furniture, tools and horseshoes. To do this job, you will need to have
good hand-to-eye coordination and practical skills.

Cad technician

Computer aided design (CAD) technicians use software to create design plans
for buildings and machinery. You could work in a wide range of industries, such
as engineering, construction and manufacturing. To be a CAD technician, you
will need to have good maths and IT skills. You will need to understand how
things are made and built. You must also be a creative person.

CNC machinist

Skilled engineering craft workers create precision parts used in manufacturing
and engineering. They use computer numerically controlled (CNC) machine
tools to cut, drill and finish components. To do this job well you will need basic
computer skills, an understanding of engineering instructions and the ability to
work to a high level of accuracy.
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Electrician

As an electrician you would fit and repair electrical circuits and wiring. This
would be in people’s homes or businesses. To qualify as an electrician you will
need to have industry-recognised training and qualifications. As an electrician
you will need to be organised and pay close attention to detail. You will also
need a full understanding of safety rules and regulations.

Electrical engineer

Electrical engineers design, build and maintain electrical control systems,
machinery and equipment. In this job you will need to be good at solving
problems, structuring your workload and enjoy working as part of a team.

Mechanical engineer

Mechanical engineers develop and design components and machinery used in
many industries like manufacturing, construction, water, power, health and
transport. They also manage teams of technicians and craftspeople who carry out
installation and maintenance work.

Production manager (manufacturing)

Production managers oversee the manufacturing process and make sure that
production lines are running smoothly and efficiently. They work closely with
supervisors and maintenance staff to plan work, set targets and make sure the
finished products meet quality standards.
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Purchasing manager

As a purchasing or procurement manager, you would be responsible for buying
the best quality equipment, goods and services for your company at the most
competitive rates. You will need a well organised approach to work, the ability
to analyse data and have good business sense. There are different ways into this
job, including starting out as an assistant and working your way up, getting a
relevant higher education qualification, or going through a management training
scheme.

Sheet metal worker

Sheet metal workers make products and components for the engineering,
construction and manufacturing industries. They cut metal sheets to precise
designs with equipment like laser cutters and join them together using methods
like welding and riveting.

Quality control technician

As a quality control technician your job would be to check that your company's
products meet national and international quality standards. You might also help
to set up and manage quality control systems for businesses.

Welder

Welders cut, shape and join sections of metal plate and pipes in a wide range of
industries. These include construction and engineering, transport, aerospace, and
offshore oil and gas. They also carry out repairs on manufacturing equipment
and machinery.*®

% Dostupné na: https://nationalcareersservice.direct.gov.uk/Pages/Home.aspx [citovéno 20.4.2015]
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attention [o'tenfon] — pozornost, péce
blacksmith [ 'bleek sm10] — kovar

carry out [ keerr aut] — provést, vykonat
computer-aided [kom pju:ts erdid] - provadény za pomoci pocitace
develop [dr'velop] — vyvijet, objevovat
developer [di'velopa] — vyvojar

director [dar'rek.tor] — feditel, ¢len spravni rady
furniture ['f3:n1tfo] — nabytek, vybaveni

gate [gert] — brana

horseshoe [ 'ho:s [u:] — kotiskd podkova

item [ 'ar.tom] — polozka, véc

machinist [ma’ [i:nist] — mechanik, strojnik
maintain [men'tein] — udrzovat

oversee [ ouVa'si:] — dohlizet, kontrolovat
pipe [paip] — trubka

railings [ 'rerlip] — zabradli, ty¢

regulation [ regju’lerfon] — predpisy, regulace
riveting [ rivati] - nytovani

rule [ru:l] — pravidlo, smérnice

sale [serl] — prodej , wrought [ro:t] — kovany
skill [skil] — dovednost

technician [tek 'nifon] — technik

workload [ 'w3:k lovd] — pracovni zatizeni
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accountant [o'kavontont] - tcetni

account [a'kaont] — ucet, konto

administrator [ad 'mini strerta] — administrativni pracovnik, spravce
advertising [ 'a&dva taizin] - reklama

assistant [o'sistont] — asistent, pomocnik

donator [dou'nerto] - darce

executive [1g'zekjotiv] — vedouci pracovnik, vykonna rada
financier [fi'ne&n.si.ar] - finan¢énik

HR — human resources [ hju:man ri'zo:s] — lidské zdroje
logistics [Ip'dzistiks] - logistika

manager [ menid3oa] — feditel, manazer, vedouci pracovnik
PR — public relations [ pablik ri'leifan ] — prace s vefejnosti
promotion [pra'moaufan] - propagace

shareholder ['fea houlds] - akcionar

solicitor [sa'lisita] — pravni zastupce
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Chief Finance Director

Finance

Investments

Resourcing (ad hoc for CDO)
Stock Operations

CID
Chief Infra Director

Information Mgmt

Tools, Processes, Training
Internal Comms & Induction
Workplace Mgmt

CMD
Chief Mafketfng Director
Marketing Activities, Brana mgmt
Products, Brand, Campaigns

Web Visibility, Nokia.com
Trend Creation & Criticism

Leadership Structure

for design-driven companies

JuhaniRisku, architect SAFA, designer, CCO

CEO CCO
Chief Executive Officer Chief Creative Officer
Chair Vision, Mission, Innovation
Adminstration Concepting, Design
Finance Solutions, Services, Content

GEB Group Executive Board
Social Responsibility

HR Human Resources
Strategy & Operations
Corporate Communication

Chief Technology Officer ’

Technologies, Information
Implementation, SW/HW

Production, Logistics, Sourcing

Platforms, Ul technologies
Networks (all suppliers)

User/Consumer Experience
Developers, Students
Product/Category Mgmt
Brand Leadership

HR Creative Organisation

Juhani Risku 2011

Chief Community Officer

Owners, Developers
Analysts, Investors
Stakeholders/Communities
External Communication
Internal Communication, HR
Round tables, Universities

Operations | Vision, Innovation

Backoffice routines
Daily, monthly and annual routines

Ideation, Product Creation
Concepting, Design, Brand Leadership
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annual [ '@njusl] - roéni

brand [breend] — znacka (obchodni)
cognition [kog nifon] - poznani

content [ 'kontent] - obsah

corporate [ 'ko:.par.ot] - podnikovy

creative [kri: ertiv] - tvofivy

innovation [ 1na'verfan] — novinka, inovace

network [ net w3:k] — sit’ (silnice, spoje)

=<

-_—
|

Chief Strategy Director

Corporate Strategy

Group Tactics

Organisation Operations, HR
Strategy Implementation

|
Chief Future Director

Mind & Cognition & Instincts
Change Antenna , Vision
Proposal Generator

Moon & Space & Astral

Juhani Risku 2011

Chief Drama Director

Internet, Media, Communities
Drama, Film, Theatre, Street
Anthropology, Demographics
Love, Caring, Flora & Fauna

%8 Obrézek dostupny na: https://interestmachine.wordpress.com/interest-machine/concepts-and-patents/

[citovano 20.4.2015]
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owner [ auna] - vlastnik

platform [ 'pleetfo:m] — program, stupinek, nastupisté

proposal [pra’pavzal] - navrh

responsibility [rr sponsa’biliti] - zodpovédnost

sourcing [so:si] — zajistovani zdroju

stock [stok] — akcie, cenné papiry

stakeholder [ 'steik houlda] — zainteresovana osoba (subjekt)

supplier [sa'plaia] - dodavatel

Ul technology - user interface [ ju:zo "n.ta.fers] — uzivatelské rozhrani

workplace ['w3:k pleis] - pacovisté
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Assembly

The evolution of assembly lines: A brief history

The assembly line has long been considered one of the greatest innovations of
the 20th century. It has shaped the industrial world so strongly that businesses
that did not adopt the practice soon became extinct, and it was one of the key
factors that helped integrate the automobile into American society.

The Early Assembly Line Concept

Prior to the Industrial Revolution, manufactured goods were usually made by
hand with individual workers taking expertise in one portion of a product. Each
expert would create his own part of the item with simple tools. After each
component was crafted they would be brought together to complete the final
product.

As early as the 12th century, workers in the Venetian Arsenal produced ships by
moving them down a canal where they were fitted with new parts at each stop.
During its most successful time, the Venetian Arsenal could complete one ship
each day.

Eli Whitney and Interchangeable Parts

With the start of the Industrial Revolution, machines began to perform work that
once required human hands. With the use of machines, factories sprang up to
replace small craft shops. This change was made possible by the concept of
interchangeable parts, an innovation designed by Eli Whitney.

The concept of interchangeable parts first took ground in the firearms industry
when French gunsmith Honoré LeBlanc promoted the idea of using standardized
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gun parts. Before this, firearms were made individually by hand, thus each
weapon was unique and could not be easily fixed if broken.

It wasn’t until Eli Whitney introduced the idea in the United States that the
practice took off. He was able to use a large unskilled work force and
standardized equipment to produce large numbers of identical gun parts at a low
cost, within a short amount of time. It also made repair and parts replacement
more suitable.

Henry Ford

Henry Ford improved upon the assembly line concept by using the moving
platforms of a conveyor system. In this system the chassis of the vehicle was
towed by a rope that moved it from station to station in order to allow workers to
assemble each part.

Using this method, the Model T could be produced every ninety minutes, or
totaling nearly two million units in one of their best years. Often credited as the
father of the assembly line, he would be more appropriately referred to as the
father of automotive mass production.

Mass Production and the Robotic Age

Throughout the 1950s and 1960s, engineers around the world experimented with
robotics as a means of industrial development. General Motors installed its own
robotic arm to assist in the assembly line in 1961. In 1969, Stanford engineer
Victor Scheinman created the Stanford Arm, a 6-axis robot that could move and
assemble parts in a continuous repeated pattern. This invention expanded robot
use in ways that continue to be applied in modern assembly. At Philips
Electronics factory in the Netherlands, production is completed by a number of
robot arms assigned to specific tasks.”

adopt [o'dopt] — prizplisobit se

%9 Dostupné na: http://robohub.org/the-evolution-of-assembly-lines-a-brief-history/ [citovéno 20.4.2015]
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assembly [2'sembli] - montaz

assigned [o'sain] — zadat, prid¢lit

craft [kra:ft] — femeslo, dovednost
complete [kom pli:t] — dokoncit, plny
disassembly [ disa'sembali] - demontaz
extinct [1k'stigkt] - vymiely

firearms [ faror, a:m] — stfelna zbran

fit [fit] — pasovat, umistnit, vhodny
identical [ar'dentikal] - shodny
industrial [in'dastrial] - primyslovy
innovation [, 1na'verfon] - inovace
manufactured [ menju ' feekt[o] — vyrabét, primyslova vyroba
replace [r1'plers] - nahradit

unskilled [an'skild] - nekvalifikovany
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TOOLS

Obrézek ¢&. 54%

1 hammer ['haemso] - kladivo, 2 mallet ['malit] - palice, 3 axe [e&ks] — sekera, 4
saw [so:] - pila, 5 hacksaw [ 'hak so:] — pilka na Zelezo, 6 level [ 'leval] —
vodovaha, 7 screwdriver ['skru: drarva] - Sroubovak, 8 Phillips screwdriver
['skru: drarva] — kfizovy Sroubovak , 9 wrench [rentf] — kli¢, 10 monkey
wrench [ 'mankr rent[ ] — francouzsky kli¢ , 11 chisel [ 'tfizal] — dlato, 12
scraper [ 'skreipa] - Skrabka, 13 wire stripper [waia stripa] — klesté na draty, 14
hand drill [haend dril] — ru¢ni vrtacka, 15 vise [vais] — svérak, , 16 pliers
['plataz] - klesté, 17 toolbox [tu:]l boks] — bedna na nafadi, , 18 plane [plen] —
hoblik, 19 electric drill [1'lektrik dril] — el. vrtacka, 20 (drill) bit [bit] - vrtak, 21
circular/ power saw ['s3:kjula/ ‘pava so:] — kotoucova pila, 22 power sander
[pava senda] — bruska na brus. papir , 23 router [ 'ru:ta] — spec. pila, 24 wire
[wara] — drat, 25 nail [nerl] - hiebik, 26 washer [ 'wp[s] - podlozka, 27 nut [nat]
— matka, 28 wood screw [wod skru:] — vrut do dieva, 29 machine screw

[ma' fi:n skru:] - Sroub, 30 bolt [bavlt] - Sroub

% Obrézek dostupny na: http://kidspicturedictionary.com/english-through-pictures/things-english-through-
pictures/workshop/ [citovéano 20.4.2015]
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Automobile Assembly Process

The Parts

Individual parts of the car are constructed in various plants around the country.
The parts are shipped to the construction plant via trains or trucks, and it is here
that the car is actually assembled.

Start With the Frame

Cars are constructed from the ground up. The car's frame is secured to the
assembly line, and from here, the car will be pieced together.

Installing the Parts

The frame moves down the line, and installation of parts begins. The
suspension, gas tank, axles, drive shafts, wheel drums, steering boxes, gear
boxes and breaking systems are all installed at this phase.

Engine and Transmission Installed

The engine and transmission are paired together and hoisted into place in the
car. This is usually done by robots, as the parts can be extremely heavy. The
parts are bolted into place by workers.

Building the Shell

The shell of the car is built next. The floor pan is laid down, and the quarter
panels are attached. The front and rear door pillars are attached. Robots are also
generally used in this phase.
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Final Body Components

The final body components are installed, including, doors, hood, fenders, trunk
lid and bumpers.

Inspection and Washing

The body of the car is brought into an inspection area, where it is checked for
any dents or damages. Once it is approved, the entire body is washed thoroughly
to remove residual oils.

Paint

Calibrated robots apply the paint job, and the car is then put into a baking area
where the paint dries into the typical sheen.

The Inner Workings

Workers take the car's shell and install all of the electrical wiring, lights, seats,
door trim, brake pedals, gas pedals, carpeting and all the glass, except for the
windshield.

The Shell and the Frame

Robots suction cup onto the windshield and put it in place on the car. The shell
of the car is then mounted on top of the car frame. Once properly connected, the
car receives its battery, tires, anti-freeze and gasoline.
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Test the Car

The vehicle is started and driven to a test area to make sure it meets the proper
quality standards of the manufacturer. ®

axle ['aksol] — ndprava
bumper [ ' bamps] - naraznik

fender ['fendo] — blatnik

gas tank [gees tenk] - nadrz

gasoline [ 'gaesa li:n] - benzin

gear boxe [gro boks] — pfevodovka
hood [hud] — kapota

piece [pi:s] - slozit

pillar ['pila] - sloupek

plant [pla:nt] — tovarna

suspension [s9'spenfon] — zavéSeni kola

tire [ taro] - pneumatika

transmission [trenz mifan] - ptevodovka
trunk lid [trank 1id] - kufr

windshield ['wind [i:1d] — ¢elni sklo

81 Dostupné na: http://www.ehow.com/how-does_4928886_automobile-assembly-process.html [citovano
20.4.2015]
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Materials

The characteristics of ferrous metals

Ferrous metals include mild steel, carbon steel, stainless steel, cast iron, and
wrought iron. These metals are primarily used for their tensile strength and
durability, especially mild steel which helps hold up the tallest skyscrapers and
the longest bridges in the world. You can also find ferrous metals in housing
construction, industrial containers, large-scale piping, automobiles, rails for
railroad and transportation, most of tools and hardware you use around the
house, and the knives you cook with at home.

Due to the high amounts of carbon used when creating them, most ferrous
metals and alloys are vulnerable to rust when exposed to the elements. While
this isn’t true of wrought iron, which is so iron pure that it resists oxidization, or
stainless steel, which is protected thanks to its high chromium content, it’s a
good rule of thumb that if you see rust, it’s a ferrous metal.

Most ferrous metals also have magnetic properties, which makes them very
useful in the creation of large motors and electrical appliances. The reason you
can tack your child’s artwork to the refrigerator with that magnet with the local
pizza place’s phone number on it? Ferrous metal.

Most importantly, ferrous metals make up the most recycled materials in the
world. In 2008 alone, 1.3 billion tons of steel were produced, and 500 million
tons of that was made from scrap materials. But we’ll get to why that’s
important a little later.

The characteristics of non-ferrous metals

Non-ferrous metals include aluminum, brass, copper, nickel, tin, lead, and zinc,
as well as precious metals like gold and silver. While non-ferrous metals can
provide strength, they are primarily used where their differences from ferrous
metals can provide an advantage.
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For instance, non-ferrous metals are much more malleable than ferrous metals.
Non-ferrous metals are also much lighter, making them well-suited for use
where strength is needed, but weight is a factor, such as in the aircraft or
canning industries. Because they contain no iron, non-ferrous metals have a
higher resistance to rust and corrosion, which is why you’ll find these materials
in use for gutters, water pipes, roofing, and road signs. Finally, they are also
non-magnetic, which makes them perfect for use in small electronics and as
electrical wiring.

As far as recycling goes, aluminum is the third most recycled material in the
world. However, many other non-ferrous materials like copper, brass and lead
are relatively scarce, and metallurgists rely heavily on scrap material recycling
to make new ones. *

aluminum [ &ljo ' mintam] - hlinik
brass [bra:s] - mosaz

canning [ 'keenin] - konzervovani
copper [ 'kopa] - méd’

corrosion [ka'rauzan] - koroze
ferrous [ 'feras] — obsahujici zelezo
gold [gould] - zlato

gutter [ gato] — okap, koryto

hold up [hauld Ap] — zvednout, obstat
lead [li:d] - olovo

make up [meik ap] - vytvorit

%2 Dostupné na: http://www.altonmaterials.com/the-differences-between-ferrous-and-non-ferrous-scrap-metal/
[citovano 20.4.2015]
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malleable [ 'meliobal] — tvarny, poddajny
nickel [ ‘nikal] - nikl

non-ferrous [non'feras] — neobsahujici zelezo
pipe [paip] - trubka

rely [r1'lar] — spoléhat, byt zavisly

resistance [r1'zistons] — odpor, odolnost
roofing [ ru:fig] — stfeSni krytina

rust [rast] — rez, koroze

sign [sain] - znacka

silver [ 's1lva] - stiibro

scarce [skeas] - vzacny

scrap [skreep] — srot, zbytek

stainless steel [ 'sternlis sti:1] - nerez

tin [tin] — cin, plechovka

vulnerable [ 'valnarabal] — nachylny, zranitelny
wiring [ 'wararm] - elektroinstalace

wrought iron [ro:t aron] — kujné Zelezo

zinc [zmk] - zinek
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mild steel

Mild steel is the least expensive of all steel and the most common steel used.
Used in nearly every type of product created from steel, it is weldable, very hard
and, although it easily rusts, very durable. Containing a maximum of 0.29%
carbon, this type of steel is able to be magnetized and used in almost any project
that requires a vast amount of metal. Its structural strength prevents it from
being used to create load-bearing girders and structural beams.

Many of the everyday objects that are created of steel are made using mild steel,
including automobile chassis, motorcycle frames, and most cookware. Due to its
poor corrosion-resistance, it must be painted or otherwise protected and sealed
in order to prevent rust from damaging it. A light coat of oil or grease is able to
seal this steel and aid in rust control.®®

carbon steel

It is important to clarify the meaning of carbon steel in the generic sense
and in the more narrow context used in this report. The term steel is
usually taken to mean an iron-based alloy containing carbon in amounts
less than about 2%. Carbon steels (sometimes also termed plain carbon

steels, ordinary steels, or straight carbon steels) can be defined as steels that
contain only residual amounts of elements other than carbon, except those (such
as silicon and aluminum) added for deoxidation and those (such as manganese

and cerium) added to counteract certain deleterious effects of residual sulfur.

% Dostupné na: http://www.wisegeek.org/what-is-mild-steel.htm [citovéno 20.4.2015]
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stainless steel

The material we know as stainless steel (also commonly referred to as "Inox" or
"Rostfrei") is such a common feature of 21st century living that there can be few
of us who have not seen or handled articles made from it. Like all types of steel,
stainless steel is not a single metal but an alloy that is a material made from two
or more separate elements alloyed or "melted" together. What all steels have in
common is that their major "ingredient” (alloying element) is the metal iron, to
which a small amount of carbon has been added. Stainless steel was invented
early in the 20th century when it was discovered that a certain amount of the
metal chromium (usually a minimum of 11 per cent) added to ordinary steel
gave it a bright shiny gloss and made it highly resistant to tarnishing and rusting.
This rust-resisting property which we call “corrosion resistance” is what sets
stainless steel apart from most other forms of steel.*

cast iron

Cast iron, an alloy of iron that contains 2 to 4 percent carbon, along with varying
amounts of silicon and manganese and traces of impurities such as sulfur and
phosphorus. It is made by reducing iron ore in a blast furnace. The liquid iron is
cast, or poured and hardened, into crude ingots called pigs, and the pigs are
subsequently remelted along with scrap and alloying elements in cupola
furnaces and recast into molds for producing a variety of products

Most cast iron is either so-called gray iron or white iron, the colours shown by
fracture. Gray iron contains more silicon and is less hard and more machinable
than is white iron. Both are brittle, but a malleable cast iron produced by a
prolonged heat treatment was developed in France in the 18th century, and a cast
iron that is ductile as cast was invented in the United States and Britain in 1948.
Such ductile irons now constitute a major family of metals that are widely used
for gears, dies, automobile crankshafts, and many other machine parts.®®

% Dostupné na: http://www.worldstainless.org/what_is_stainless_steel/introduction_to_stainless_steel [citovano

20.4.2015]
% Dostupné na: http://www.britannica.com/technology/cast-iron [citovano 20.4.2015]
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wrought iron

Wrought iron is best described as a two-component metal consisting of iron and
a glass-like slag. The slags are in effect an impurity, the iron and the slag being
in physical association, as contrasted to the chemical alloy relationship that
generally exists between the constituents of other metals. Wrought iron is the
only ferrous metal that contains siliceous slag and it is to this slag that wrought
iron owes the properties, which are of interest to the conservator and the
blacksmith.

‘Charcoal Iron' - made in a charcoal fire and used from the Iron Age to the end
of the eighteenth century.

'Puddled Iron' - made from cast iron in an indirect coal fired furnace and used
since the dawn of the modern industrial era.

Historically Wrought Iron has been worked by blacksmiths, using traditional
techniques in both forging and construction, to make high end 'Decorative
Wrought Ironwork'. Today however, the term Wrought Iron is becoming
debased and misinterpreted, as demonstrated by any Internet search, to cover all
ornamental ironwork, including cast iron and mild steel as well as incorporating
modern construction techniques. The difference in quality and value is
enormous. Whereas it would be unthinkable to repair historic stonework with
concrete or cast stone and Portland cement, it is common for historic Wrought
Iron to be repaired using mild steel and electric welding.®®

charcoal ['tfa: kouvl] — dfevéné uhli
common [ 'koman] — bézny, obecny

cookware [ 'kuk wea] — kuchynské nadobi

% Dostupné na: http://www.realwroughtiron.com/about_wrought_iron-217.html [citovano 20.4.2015]
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deleterious [ delr'trorias] - skodlivy
durable [ 'djuarabal] — trvanlivy, odolny
girder [ 'g3:da] — nosnik, traverza

gloss [glos] - lesk

grease [gri:s] - mazivo

Impurity [1m'pjoariti] — necistota, pfimes
frame [frecm] — konstrukce, ram
ingredient [in’gri:dront] — slozka, piisada
prolonged [pra'lond] - dlouhotrvajici
residual [r1'zidjual] — zbytek, zbytkovy
slag [sleeg] — struska, Skvara

tarnishing [ta:.n1fin] — ztracejici lesk, matovani

wrought [ro:t] — kovany, kujny

aluminum

Aluminum is the most common metal found within the earth’s crust (8 percent)
but does not occur as a metal in its natural state. Aluminum ore (bauxite) must
first be mined then chemically refined through the Bayer process to produce an
intermediate product, aluminum oxide (alumina). Alumina is then refined
through the Hall-Heéroult process into the pure metal by an electrolytic process.
Aluminum is 100 percent recyclable without loss of its properties. Aluminum’s
physical properties make the metal light in weight, strong, noncorrosive,
nonsparking, nonmagnetic, nontoxic and noncombustible.
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Cool Facts
Once, more precious than gold and silver

Before the discovery of the Bayer and Hall-Héroult processes, aluminum was
more expensive than gold or silver. Napoleon Il served state dinners on
aluminum plates.

Aluminum helped pioneer flight

The Wright brothers used aluminum to build key parts of their biplane’s engine
because no manufacturer could provide an engine light enough with the needed
horsepower.

The lifespan of an aluminum can

A can recycled today can be back in the marketplace in 60 days. Unopened
aluminum cans are very strong, despite being so thin. Four six-packs of cans are
able to support the weight of a 2-ton vehicle!

Recycling efforts can be improved

Every three months, Americans throw away enough scrap aluminum to rebuild
the entire U.S. commercial airplane fleet. Recycling that metal would save the
energy equivalent of 16 million barrels of oil.®’

Brass is the generic term for a range of copper-zinc alloys with differing
combinations of properties, including strength, machinability, ductility, wear-
resistance, hardness, colour, antimicrobial, electrical and thermal conductivity,

and corrosion resistance.

¢7 Dostupné na: http://www.aluminum.org/aluminum-advantage/student-educational-resources [citovano
20.4.2015]
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Brasses set the standard by which the machinability of other materials is judged
and are also available in a very wide variety of product forms and sizes to allow
minimum machining to finished dimensions. Brass does not become brittle at
low temperatures like mild steel.

Brass also has excellent thermal conductivity, making it a first choice for heat
exchangers (radiators). Its electrical conductivity ranges from 23 to 44% that of
pure copper.®®

copper

We’re in no danger of running out of copper. Worldwide resources of this
important and valuable metal are estimated at more than 8.1 trillion pounds of
which only about 1.1 trillion (~13.6%) have been mined throughout history.
Copper’s ability to be recycled, again and again, without any loss in
performance, is an important sustainable benefit. Copper’s technical and social
values, combined with its infinite recyclability, make it one of the important
materials

for building a sustainable world. Copper is essential for modern living. It
delivers electricity and clean water into our homes and cities and makes an
Important contribution to sustainable development. More than that, it is essential
for life itself.”

% Dostupné na: http://www.copperalliance.org.uk/copper-and-its-alloys/alloys/brasses [citovéno 20.4.2015]
% Dostupné na: http://www.copper.org/education/copper-is/pdf/Copper-is-brochure-enus.pdf [citovano

20.4.2015]
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gold

Gold is a very rare substance making up only ~3 parts per billion of the Earth's
outer layer. (Imagine 1 billion Smarties in one place and only 3 of them were
made of gold!). Its rarity and its physical properties have made it one of the most
prized of Earth's natural resources.

Gold, like iron, copper, lead, tin is a metal. Metals are good conductors of heat
and electricity and are almost all solid at room temperature (with the exception
of mercury). They are malleable and ductile.

Gold is heavy - it weighs over nineteen times more than water, and is almost
twice as heavy as lead. If you had enough Gold to fill a one litre milk carton, it
would weigh 19.3 kilograms, the same volume of milk weighs only one
kilogram.

Gold, like most metals, can be hammered into thin sheets (malleable) or drawn
out into thin wires (ductile). This has made gold sought after for a wide range of
applications, like jewellery and in electronics. "Gold leaf”, for example, is gold
that has been beaten into a sheet less than one tenth of a millimetre thick. It is
then used for lettering on honour rolls in schools, or for putting gold onto picture
frames and ornaments.”

"0 Dostupné na: http://www.australianminesatlas.gov.au/education/down_under/gold/properties.html [citovano
20.4.2015]
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Lead is a bluish-white lustrous metal. It is very soft, highly malleable, ductile,
and a relatively poor conductor of electricity. It is very resistant to corrosion but
tarnishes upon exposure to air. Lead isotopes are the end products of each of the

three series of naturally occurring radioactive elements. Lead is a major
constituent of the lead-acid battery used extensively in car batteries. It is used as
a coloring element in ceramic glazes, as projectiles, in some candles to threat the
wick. It is the traditional base metal for organ pipes, and it is used as electrodes

In the process of electrolysis. One if its major uses is in the glass of computer
and television screens, where it shields the viewer from radiation. Other uses are
in sheeting, cables, solders, lead crystal glassware, ammunitions, bearings and as

weight in sport equipment.”

nickel

Nickel is the only element named after the devil. The name comes from the
German word Kupfernickel, meaning "Old Nick's copper,” a term used by
German miners. They tried to remove copper from an ore that looked like
copper ore, but they were unsuccessful. Instead of copper, they got slag, a
useless mass of earthy material. The miners believed the devil ("OIld Nick™) was
playing a trick on them. So they called the fake copper ore Old Nick's copper.
Nickel is a silvery-white metal. It has the shiny surface common to most metals
and is both ductile and malleable. Ductile means capable of being drawn into
thin wires. Malleable means capable of being hammered into thin sheets. Nickel
makes up about 0.01 to 0.02 percent of the Earth's crust. It ranks about 22nd
among the chemical elements in terms of abundance in the Earth's crust. Nickel
is thought to be much more abundant in the Earth's core. In fact, many experts
believe that the core consists almost entirely of iron and nickel.”

silver

Silver has many special properties that make it a very useful and precious metal.
It has an attractive shiny appearance, although it tarnishes easily. The tarnish is
silver sulphide and it forms as the silver reacts with sulphur compounds in the
atmosphere. Of all the metals, silver is the best conductor of heat and electricity

™ Dostupné na: http://www.lenntech.com/periodic/elements/pb.htm [citovano 20.4.2015]
"2 Dostupné na: http://www.chemistryexplained.com/elements/L-P/Nickel.html [citovano 20.4.2015]
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known, in fact it has the highest electrical and thermal conductivity known for
any material. It is strong, malleable and ductile, and can endure extreme
temperature ranges. Silver is also able to reflect light very well.”®

=
>

Tin is a highly workable metal that was once as valuable as silver for jewelry,
coins, and special dishware. Today it is used as sheets in the construction of
buildings and roofs, for soldering or joining metal parts, for storage containers,
and in alloys like bronze and Babbitt metal. One of tin's most interesting
properties is its tendency to give off a strange screeching sound when it is bent.
This sound is sometimes known as "tin cry." B-tin is both malleable and ductile.
Malleable means capable of being hammered into thin sheets. Ductile means
capable of being drawn into a thin wire. At temperatures greater than 200°C, tin
becomes very brittle. Tin is relatively unaffected by both water and oxygen at
room temperatures. It does not rust, corrode, or react in any other way. This
explains one of its major uses: as a coating to protect other metals. At higher
temperatures, however, the metal reacts with both water (as steam) and oxygen
to form tin oxide.™

zinc

Centuries before zinc was discovered in the metallic form, its ores were used for
making brass and zinc compounds and also for healing wounds and sore eyes. It
is believed that the Romans first made brass in the time of Augustus (20 B.C. —
14 A.D.). In the 13th century Marco Polo described the manufacture of zinc
oxide in Persia. Zinc is a natural component of the earth’s crust and an inherent
part of our environment. Zinc is present not only in rock and soil, but also in air,
water and the biosphere. Plants, animals and humans contain zinc. 80% of zinc
mines are underground, 8% are of the open pit type and the remainder is a
combination of both. About 12 million tons of zinc are produced annually
worldwide. More than half of this amount is used for galvanizing to protect steel

3 Dostupné na: http://www.australianminesatlas.gov.au/education/down_under/silver/properties.html [citovdno
20.4.2015]
" Dostupné na: http://www.chemistryexplained.com/elements/T-Z/Tin.html [citovéno 20.4.2015]
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from corrosion. Approximately 14% goes into the production of zinc base
alloys, mainly to supply the die casting industry and 10% to produce brass and
bronze. Significant amounts are also utilized in rolled zinc applications
including roofing, gutters and down-pipes. The remainder is consumed in
compounds such as zinc oxide and zinc sulfate.”
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"> Dostupné na: http://www.zinc.org/basics/ [citovano 20.4.2015]
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