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RYCHLA A EFEKTIVNI OPTIMALIZACE PROCESU
TEPELNEHO ZPRACOVANI POMOCI SOFTWARU HTO

FAST AND EFFICIENT OPTIMIZATION OF HEAT TREATMENT
PROCESSES USING HTO SIMULATION TOOL

P. Suchmann, U. Diekmann, J. Prehm
COMTES FHT a.s., Czech Republic, pavel.suchmann@comtesfht.cz

Heat treatment, particularly that of large tools and machine parts, always requires optimum heating and
cooling rates in order to avoid cracking and distortion. On the other hand, the process should produce the
desired final microstructure and properties at reasonable costs. The essential point is to minimize the
temperature difference between the hottest and the coldest point in each part during the entire process. For
this purpose, thermocouples can be used in many cases. Several types of large tools (typically injection
molds) are even provided with holes for measuring temperature curves in the center of the tool’s cross
section.

However, in many tools and machine parts, temperature measurement below the surface is not possible. In
such cases, heat treaters usually apply a conservative heating and cooling strategy with quite moderate
temperature gradients. Another option is to use FEM simulation tools for calculating the optimum heat
treatment approach. Such calculations usually involve high costs and computation times.

The FEM-based HTO (Heat Treatment Optimizer) software tool which is being developed by Metatech
GmbH makes it possible to perform calculations of optimum heating and cooling rates very quickly and
easily. Users are not expected to have any knowledge of FEM. The only user-defined inputs are the geometry
of the part (e.g. a step file), the steel grade and the heating/cooling rate to be applied. HTO calculates the
highest and lowest temperature of the part for the entire process duration within a short time (typically less
than 3 minutes). The present article describes several examples of calculations made using HTO and their
verification on real parts with measurement by thermocouples.


mailto:kriz@kmm.zcu.cz
mailto:kriz@kmm.zcu.cz

: 25" National Conference on Heat Treatment
9.3 g /
Z‘.@ﬂjﬁy Z‘.@Jlﬂ.'v 25 — 27 November 2014, Jihlava, Czech Republic

Notes:



e : 25" National Conference on Heat Treatment
) e J
Z‘.@_DJ].]ZI. Z‘.OJLZU 25 — 27 November 2014, Jihlava, Czech Republic

2 Ut/Tue 10:25

APLIKACE VIRTUALNICH NUMERICKYCH SIMULACI
PROCESU TEPELNEHO ZPRACOVANI JAKO PODPORA
VYROBY

HEAT TREATMENT VIRTUAL NUMERICAL SIMULATION AS
THE TECHNICAL SUPPORT DURING MANUFACTURING

Marek Slovacek
MECAS ESI s.r.0., VUT Brno, Technickad 15, 616 69 Brno, tel: +420 511188876, Czech Republic,
marek.slovacek@mecasesi.cz

Cilem tepelného zpracovani soucasti je dosdhnout pozadovanych vlastnosti, zejména na povrchu soucasti.
Ovsem, proces tepelného zpracovani, zejména kaleni, zplsobuje také nezadouci deformace soucasti a v
nékterych piipadech rovnéz vznikaji vady. K eliminaci nezadoucich efektl (deformace, vady) a k dosazeni
pozadovanych vlastnosti lze rovnéz pouzit numerickou analyzu tepelného zpracovani (program SYSWELD
od spole¢nosti ESI Group). Cilem numerické analyzy je nalézt takovou technologii tepelného zpracovani,
aby byly obdrZzeny pozadované materialové vlastnosti bez vad a nezadoucich deformaci. Kompletni
numericka simulace tepelného zpracovani se sklada z kaleni (kalici médium mtze byt voda, olej, polymery,
vzduch atd.) a zihani, resp., popousténi. Dale mizou byt numericky simulovany i povrchové kaleni nebo i
lokalni induk¢ni ohfev. Numerické simulace tepelného zpracovani se vyuzivaji jak v oblasti automobilového
pramyslu (pfevazné tepelné zpracovani ozubenych kol, klikovych hiideld, krouzky atd.), tak i v t€Zkém
pramyslu a energetice (¢asti tlakovych nadob, velké hiidele a desky atd.).

Heat treatment and especially quenching causes distortion and sometimes cracking of quenched part. To
eliminate these undesired side effects the whole circle of heat treatment is simulated by FEM ( SYSWELD
CODE, ESI GROUP), which makes possible a complete metallurgical, thermal and thermoplastic
calculation. The goal of this simulation is to bring the whole cycle of heat treatment to optimum - to reach
lowest level of residual stresses and distortion possible at its end and to meet the mechanical qualities
required by the customer. Heat treatment numerical simulation consists of quenching (in water, air, oil or
special medium), tempering follows. There is also possible simulate by SYSWELD code the laser, electro-
induction or plasma surface heat treatment. The whole calculation was held according to a pre-set thermal
cycle which was at the same time being corrected according to calculated distribution of local temperatures,
material structure and stress within the model in order to reach the lowest level of stress and distortion
possible after heat treatment. The numerical simulations of the heat treatment process have been applied in
automotive (for instance, quenching of gears, ring, wheel etc.) and heavy industry (heat treatment of ship
shafts, crank shaft, big plate etc.).
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NUMERICKA SIMULACE ELEKTROMAGNETICKO -
TEPLOTNICH SDRUZENYCH ULOH

NUMERICAL SIMULATION OF ELECTROMAGNETIC -
THERMAL COUPLED FIELDS

Antonin Podhrazky, Josef Vystr¢il
Indura s.r.o., Czech Republic, podhrazky@rillfem.com

Tento ptispévek se zabyva pouzitim multifyzikdlniho programu RillFEM ve vypoctech sdruzenych
fyzikalnich poli. V této prezentaci jsou pocitany rtuzné aplikace pro demonstraci moznosti programu.
Prvni pocitanou aplikaci je vypocet elektromagneticko-teplotniho problému (indukéni kaleni). Druhou
simulovanou aplikaci je feSeni elektomagneticko - teplotniho - tepelné elastického pole (svétovym patentem
chranény upinaci systém).

This paper deals with a use of a multiphysical software RIllFEM in coupled physical fields. In this
presentation are calculated different applications for the demontration of possibilities of software.
The first simulation is calculated as the coupled problem of electromagnetic and thermal fields (induction
hardening applications). The second simulated application (schrinking system - world patented application)
is solved as the electromagnetic - thermodynamic - thermoelastic fields.


mailto:podhrazky@rillfem.com

: 25" National Conference on Heat Treatment
9.3 g /
Z‘.@ﬂjﬁy Z‘.@Jlﬂ.'v 25 — 27 November 2014, Jihlava, Czech Republic

Notes:



e : 25" National Conference on Heat Treatment
) e J
Z‘.@_DJ].]ZI. Z‘.OJLZU 25 — 27 November 2014, Jihlava, Czech Republic

4 Ut/Tue 11:05

POCITACOVA MODELACE KALENI OCELI PRO
PRUMYSLOVE UCELY

COMPUTER MODELLING OF STEEL QUENCHING FOR
INDUSTRIAL PURPOSE

BoZo Smoljan®, Dario 11jki¢°, Ivan Katavi¢®

4Faculty of Engineering, University of Rijeka, 51000 Rijeka, Croatia, smoljan@riteh.hr
PFaculty of Engineering, University of Rijeka, 51000 Rijeka, Croatia, darioi@riteh.hr
‘Faculty of Engineering, University of Rijeka, 51000 Rijeka, Croatia, ivan.katavic@riteh.hr

Industry needs to control and to optimize the process parameters of the steel quenching can be accomplished
by considering achievement of desired mechanical properties distribution, achievement of required
component shape, by prevention of cracking, minimizing of distortion and realization of desired residual
stress distribution.

Thermo-metallurgical approach is applied to complete the numerical model of phenomena of steel
guenching. Because of wide range of applicability and ease of use of finite volume method (FVM), this
numerical method was suitable to create integrated computer program for simulation of transient temperature
field, microstructure transformation sand mechanical properties during quenching of steel components.

The computer model of steel quenching has been applied for simulation of quenching of steel components of
complex form. By experimental verification of the computer simulation results it has been found out that
phenomena of steel quenching could be successfully simulated by the proposed computer model.
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VYUZITI NUMERICKE SIMULACE PRO OPTIMALIZACI
TEPELNEHO ZPRACOVANI A ZABRANENI DEFORMACIM PRI
PREVOZU DLOUHYCH VYKOVKU

HEAT TREATMENT OPTIMIZATION FOR PREVENTION OF
IRREVESABLE DEFORMATION OF LONG FORGINGS USING
NUMERICAL SIMULATION

Jaromir Horsinka®, Michal Su§ovsky1, Radek SZtefekl, Jiri Petrielal, Vladimir
Laszlé!, Vu The Ha?
YWitkovice Heavy Machinery a. s., Ostrava, jaromir.horsinka@vitkovice.com

2Vysokd Skola banska — Technical University of Ostrava, Faculty of Metallurgy and Materials
Engineering, Regional Materials Science and Technology Centre

Spolec¢nost Vitkovice Heavy Machinery je lidrem v oblasti vyroby oceli, slévarenstvi, kovani velkych
vykovki a tepelného zpracovani. Spolecnost disponuje za svou dlouholetou historii znacnymi zkuSenostmi,
presto se fada vyrobnich procesti d4 optimalizovat s vyuZzitim moderni techniky, v naSem ptipadé pomoci
numerického modelovani tepelného zpracovani.

Pfi tepelném zpracovani velmi dlouhych vykovkil typu ty¢i je obtizné zachovat rovinnost po celé délce.
Rizikové je obdobi nadhfevu a vydrze v peci a nésledny pfevoz ty¢i na misto vychlazeni. Obdobi, kdy ty¢
setrvava v peci lze relativné spolehlivé ovlivnit spravnym podloZenim vykovku. Problém tedy lze redukovat
na obdobi, kdy je ty¢ vytazena z nistéje pece a pievazena k mistu, kde chladne. U velmi dlouhych vykovka a
uchyceni pouze v n¢kolika mistech dochézi v priibéhu ptevozu k nevratnym deformacim.

Tento prispévek si dava za cil navrhnout takovy rezim TZ, aby nedoslo k stalym tvarovym zménam tyce pii
pfevozu na lanech a zaroven aby byly dosazeny pozadované mechanické vlastnosti. K tomuto navrhu bude
pouzit kone¢no-prvkovy program Sysweld.

Klic¢ova slova: Sysweld, tepelné zpracovani, dlouhy vykovek

The company of VITKOVICE Heavy Machinery a. s. (VHM) is a leader in the area of steel production,
foundry, large products forging and heat treatment. The company has a long history and considerable
experiences. In spite of this, many manufacturing processes can be optimized using modern techniques, in
our case using the numerical modeling of heat treatment.

During very long forgings - type bar - heat treatment is difficult to maintain the flatness over the total length.
Deformations can occur during heating in the furnace and transport to the cooling place. The period when the
bar remains in the furnace can be relatively reliably affect by the right underlay of the forgings. So the
problem can be reduced to a period when the bar is pulled out of the furnace hearth and transported to the
cooling place. Very long forgings which are during the transportation gripped only in few places are prone to
issue of irreversible deformation.

This paper aims to design such a system of heat treatment to prevent permanent shape changes on the bars
during transport and at the same time to achieve the desired mechanical properties. To calculation the finite-
element program SYSWELD will be used.

Keywords: SYSWELD, Heat - Treatment, Long Forging
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NOVE TRENDY POZADAVKU ZAKAZNIKU

NEW TRENDS IN CUSTOMER REQUIREMENTS

Stanislava Raskova
raskova.s@seznam.cz

Spolecnost potiebuje trvale prosperujici organizace, které jsou schopné poskytovat pracovni piilezitosti.
Spokojeni uzivatelé zvySuji svoje pozadavky a potieby. ZvySeni vazeb v fetézci zdkaznikli a jejich
dodavatell 1ze velmi dobie ziskat, pokud dojde k vzajemnému porozumeéni vSech zucastnénych stran. Cilem
prednasky je seznamit U¢astniky s obsahem nového standardu ISO 9001:2016, ktery muZe byt podporou pro
dosazeni trvale pozitivnich vysledku jejich organizace.

Society needs permanent prosperous organizations, which are able offer job opportunities. Satisfy users
advance their requirements and needs. Increasing structures of customers and their suppliers chains can be
reach by reciprocal understanding of all interested. There is aim to introduce participants with content of the
new standard ISO 9001:2016,that can be used as a support for achievement permanent positive results their
own organization.
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VLIV PROCESU SFEROIDIZACE KARBIDU NA ODOLNOST
PROTI OPOTREBENI ZUSLECHTENE OCELI 100CRMNSI6-4

INFLUENCE OF CARBIDE SPHEROIDISATION PROCESS ON
WEAR RESISTANCE OF HARDENED 100CRMNSI6-4 STEEL

Daniela Hauserova®, Jaromir Dlouhy®, Jana NiZiianska®
abC COMTES FHT a.s., Primyslova 995, 334 41 Dobrany, Czech Republic,
daniela.hauserova@comtesfht.cz

Tepelné zpracovani loziskovych oceli je komplexni proces, ktery obvykle zahrnuje zihani na mékko a
zuslechténi. Zihani na mékko je provadéno z diivodu zajisténi obrobitelnosti a tvafitelnosti. Zihani na mékko,
tedy sferoidizace karbidu, trva v nékterych ptipadech diky difusi az n€kolik desitek hodin. Nove navrzeny
proces vyvinuty firmou COMTES FHT, tento proces sferoidizace karbidi fadové zkrati a zajisti vyhodnou
vychozi strukturu pro nasledné zuslechténi. Zuslechténi se sklada z kaleni a popousténi. Cilem je zajistit
dostatec¢nou tvrdost a odolnost proti opotiebeni findlnich dild. Vysledna struktura a vlastnosti zuslechténé
oceli zavisi nejen na parametrech kaleni a popousténi, ale i na vychozi struktute po sferoidizaci karbidu.
V ¢lanku jsou porovnavany vlastnosti a mikrostruktury zuSlechténé oceli v zavislosti na jemnosti
sferoidizované vychozi struktury a teploté kaleni loziskové oceli 100CrMnSi6-4. Jemnéjsi sferoidizované
karbidy zajisti pfi nasledném kaleni vyhodnou mensi velikost austenitického zrna a jemnéjsi martenzitickou
finalni strukturu. Sledovan byl vyvoj mikrostruktury v jednotlivych stadiich procesu, tvrdost a odolnost proti
opotiebeni, které bylo testovano tribometrickym métenim.

Heat treating of bearing steels is a complex procedure, typically involving soft annealing and hardening. The
purpose of soft annealing is to provide machinability and formability. Soft annealing, which essentially leads
to carbide spheroidisation, may take up to tens of hours, owing to its diffusion processes. The process which
was newly developed by the company COMTES FHT shortens the duration of carbide spheroidisation by
orders of magnitude and provides the beneficial starting microstructure for subsequent hardening. Hardening
consists of quenching and tempering. Its goal is to provide adequate hardness and wear resistance of the final
parts. The resulting microstructure properties of hardened steel depend not only on the quenching and
tempering parameters but on the spheroidised microstructure configuration as well. The present paper
explores the properties and microstructure of hardened 100CrMnSi6-4 bearing steel with regard to its
microstructural fineness after spheroidisation and the quenching temperature. Finer globular carbides lead to
smaller austenite grain in the quenching process and to finer martensite. The microstructure evolution was
mapped at individual stages of the process and the material’s hardness and wear resistance was evaluated by
means of a tribometer.
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NITROCEMENTACE NASTROJOVE OCELI X37CRMOV5-1 PRO
PRACI ZA TEPLA V CHEMICKY AKTIVNIM FLUIDNIM LOZI

NITROCABRUZING OF X37CRMOV5-1 HOT WORKING TOOL
STEEL IN CHEMICALLY ACTIVE FLUDIZED BED

Aleksander Ciski®, Tomasz Babul?, Konrad Lankiewicz?, Jana Niziianska®, Pavel
Suchmann?

qInstitute of Precision Mechanics, Duchnicka 3 St, 01-796 Varsava, Poland

YCOMTES FHT a.s., Priimyslova 995, Dobrany 334 41, Czech Republic

jniznanska@comtesfht.cz

Tento ¢lanek prezentuje novou metodu nitrocementace pomoci chemicky aktivnich praski fluidizovanych
pomoci vibrace. Vyzkum byl proveden na vzorcich vyrobenych z nastrojové oceli X37CrMoV5-1 pro praci
za tepla, které byly podrobeny nitrocementovani pii teploté 560 °C s prodlevou 4 a 8 hodin na této teplot¢.
Poté byla vyhodnocena mikrostruktura, tvrdost, odolnost proti opotfebeni a vrubova houzevnatost.,. Ziskané
vysledky byly porovnany s konvenénim tepelnym zpracovanim skladajicim se zkaleni a popousténi.
Provedené procesy nitrocementace vedly k vytvofeni vrstev s podobnymi parametry jako u praskové
nitrocementace v boxu ¢i nitrocementace v plynné atmosféfe.

This paper presents a new method of nitrocarburizing in chemically active powders fluidized by mechanical
vibrations. The research in the field of microstructure (light microscopy), hardness, wear resistance and
impact strength was carried out on specimens made of X37CrMoV5-1 alloy tool steel subjected to
nitrocarburizing at a temperature 560°C with thermo-chemical treatment time 4 and 8 hours. The obtained
results were related to the steel subjected to conventional heat treatment consisting of quenching and
tempering. Conducted nitrocarburizing processes enabled the formation of layers with parameters similar to
the layers obtained using other nitrocarburizing techniques, such as box methods in chemically active
powders or in gaseous atmospheres.
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STRUKTURNI CHARAKTERISTIKY CR-MO OCELI
MIKROLEGOVANYCH MISCHMETALEM

STRUCTURAL CHARACTERISTICS OF CR-MO STEELS
MICRO-ALLOYED WITH MISCHMETAL

Jaromir Drapala®, Pavel Machov&ak®, Petr Jonsta®, Vu The Ha?, Silvie Brozova®,

Gabriela Kostiukova®, Michal Madaj®

4Vysokd Skola banska — Technical University of Ostrava, Faculty of Metallurgy and Materials
Engineering, Regional Materials Science and Technology Centre, Av. 17. listopadu 15, 70833
Ostrava — Poruba, Czech Republic, Jaromir.Drapala@vsb.cz

bVitkovice Heavy Machinery a.s., Ruska 2887/101, 703 00 Ostrava - Vitkovice, Czech Republic,
pavel.machovcak@vitkovice.cz

V ¢lanku jsou prezentovany vysledky experimentalniho studia chovani mischmetalu a nezeleznych kovt v
42CrMo4 oceli. Vzorky byly pfipraveny mikrolegovanim mischmetalu a ¢istého ceru pii aplikaci plazmové
metalurgie a stfedofrekvenéniho taveni v atmosféie argonu s naslednym odstiedivym litim. Legovani ceru
bylo provedeno pii pouziti plnéného profilu. Dalsi vzorky byly odebrany ze dvou ingotd (24 tun), které byly
odlity v ocelarnach VHM (doba liti trvala asi 14 minut). Tti vzorky byly pfipraveny pomoci kovaciho stroje.
U vSech vzorkli byly provedeny analyzy: chemické slozeni, makro- a mikrostruktura (svételny opticky
mikroskop, SEM), rtg. EDX chemicka mikroanalyza, makro- a mikrotvrdost. Pfidavek ceru mél za nasledek
tvorbu inkluzi o velikostech v fadu mikrometrti, které mohou byt vyuzity pro fizeni velikosti zrn ve struktuie
ocelového odlitku. Vétsina castic se usadila ve spodni Casti odlitku, coz ukazuje, Ze konvekéni proudy béhem
tuhnuti byly velmi slabé. Pridavek kovil vzacnych zemin (REM) mirné snizil tvrdost oceli. Byly pozorovany
segregacni jevy pfi rozde€lovani ceru v objemu specialnich oceli po relativné rychlém krystalizaénim procesu.

In the paper the results of the experimental study of behaviour of mischmetal and non-ferrous metals in
42CrMo4 steel will be presented. The samples were prepared with micro-alloying of mischmetal and pure
cerium by application of plasma metallurgy and of medium frequency melting with centrifugal casting.
Alloying with cerium was carried out with use of filled profile. The next samples were taken from two ingots
which were casted in the VHM’s steelworks (the standard time of casting lasted about 14 minutes). Three
samples were prepared by using of the forging machine. Chemical composition, macro- and microstructure
(light optical microscope, SEM), X-ray EDX chemical microanalysis, macro- and microhardness of all
samples were obtained. Cerium addition resulted in the formation of micrometer size inclusions which can
be utilized for controlling the grain size structure of steel castings. The majority of the particles have settled
at the bottom part of the casting, indicating that the convection flow during solidification was very weak. The
rare-earth metals (REM) addition slightly diminished hardness of the steel. A segregation phenomena in the
distribution of cerium in the volume of special steels after relatively quick crystallization process was found.

Keywords: CrMo steel, rare-earth metals, microstructure, interaction, segregation
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PRICINA POSKOZENI CEMENTOVANEHO DISKU KOLA

CAUSE OF FAILURE OF CARBURIZED WHEEL DISC

Antonin K¥iz
University of West Bohemia, Faculty of Mechanical Engineering, Univerzitni 22, Plzen 30614,
Czech Republic, kriz@kmm.zcu.cz

Clanek vychazi z opakovanych analyz pro primyslového partnera zabyvajiciho se vyrobou stroji odolavajici
abrazivnimu opotiebeni. Pro dosazeni pozadované trvanlivosti stroje konstruktér zvolil vétsi hloubku
cementace (az 4 mm). Z divodu uspory ceny byla zvolena zahrani¢ni kalirna, kde bylo provedeno syceni
uhlikem. Kaleni bylo provedeno v kalirné v CR. Vedle prokazatelnych chyb v obou kalirndch byla rovnéz
chyba na stran¢ dodavatele polotovaru. V této situaci se obtizn¢ hledal vinik, ktery by nesl zodpovédnost za
chybné soucasti, které byly pravem reklamovany.

Pispévek se tak vraci k jedné ze zakladnich technologii chemicko-tepelného zpracovani. V vodni Casti je
popséana problematika cementace a jeji uskali v praxi. Druhd ¢ast ptispévku se vénuje konkrétnimu piikladu,
ktery dopliuje Givodni ¢ast a zachycuje realné zkuSenosti dokumentujici praxi nékterych kaliren. Vyrobce
celého soustroji ma dlouhodobou snahu celou véc fesit, bohuzel ma problémy sehnat v dané cenové kategorii
kvalitniho dodavatele a tak se ukazuje tento problém nefesitelny.

The present article is based on multiple examinations of a blasting wheel. According to specifications, the
wheel is to be carburized to obtain a case depth of 4 mm. This requirement was set out by the designer in
order to improve the wheel’s life. On the other hand, there is an effort to keep the cost of the untreated part
and the price of carburizing and quenching operations as low as possible, which in turn affects the selection
of material suppliers and heat treating contractors. As a result of this cost policy, the products are carburized
in one heat treating shop and then heat treated in another. If the resulting part fails to meet specifications, it is
difficult to identify the culprit. Omitting the tempering operation after quenching, as expressly specified by
the designer on the drawing, proved another deficiency. The quality of this product has been monitored on a
long-term basis. Emphasis was laid on metallographic observation and on measuring hardness profiles.
Results of these tests for the manufacturing route and the material in question are presented in the paper. The
manufacturer of the entire assembly strives to tackle the problem but fails to find good contractors in the
preferred price range. Consequently, no solution seems to be at hand. The objective of the paper is not only
to present optical micrographs of interesting microstructures and detail scanning electron micrographs of
hardening microstructures but mainly to point out the designer’s mistakes and the interrelationship between
inadequate input material, incorrectly chosen manufacturing route and the process non-compliance on the
part of the heat treating plant.
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VLIV PODMINEK AUSTENITIZACE NA STRUKTURU A
VLASTNOSTI NiZKOLEGOVANYCH ZARUPEVNYCH OCELI

THE INFLUENCE OF AUSTENITISING CONDITIONS ON THE
STRUCTURE AND PROPERTIES OF LOW-ALLOY HEAT
RESISTING STEELS

Jaroslav Purmensky
Rybi 155, 742 65 Rybi, Czech Republic, jaroslav.purmensky@seznam.cz

Vliv teploty a doby austenitizace na pevnostni a kiehkolomové vlastnosti vybranych nizkolegovanych
zarupevnych oceli, stanoveni optimalni teploty austenitizace. Teplotni zavislosti vrubové houzevnatosti v
riznych mistech ATP a ES svarovych spoji velkych tlousték, navrh vhodného tepelného zpracovani pro
zajisténi pozadovanych vlastnosti.
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VAKUOVE TEPELNE ZPRACOVANI OCELI VYRABENYCH
PRASKOVOU METALURGII

VACUUM HEAT TREATMENT OF POWDER METALLURGY
STEELS

Klara Tesarkova, Ing. Vladimir Prochazka
Bodycote HT s.r.0., Tanvaldska 345 Liberec 30, Czech Republic, Klara.Tesarkova@bodycote.com

V souladu s rychlym rozvojem strojirenského priamyslu se neustale zvySuji pozadavky na mechanické a
technologické vlastnosti oceli. Stale aktualngjsi je pozadavek na velmi vysokou otéruvzdornost (tvrdost) pii
zachovani dostate¢né houzevnatosti. Tyto vlastnosti spliiuji materidly vyrabéné praskovou metalurgii.
Tepelné zpracovani téchto materiald sebou vSak piinasi celou fadu tskali. Velmi zalezi na volbé optimalnich
kalicich a popoustécich parametra tak, aby bylo dosazeno pozadovanych vlastnosti. Piispévek se zabyva
porovnanim praktického tepelného zpracovani vybranych oceli ve vakuu s ochlazovanim pietlakem plynu a

standardn€ uvadénych postupti v ramci materialovych lista.

Fast pace of engineering advancements results in correspondingly increasing demands on mechanical and
processing properties of steels. The requirement for a very high wear resistance (hardness) while maintaining
sufficient toughness is frequently growing. The powder metallurgy materials deliver such properties.
However, heat treatment of these materials brings several new challenges. An optimization of hardening and
tempering parameters is very important in order to achieve the desired characteristics. This lecture compares
real cases of heat treatment in vacuum with high pressure gas cooling for selected steels and standard
procedures shown in the material data sheets.
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DLOUHODOBE ZMRAZOVANI PM LEDEBURITICKE OCELI
VANADIS 6 - UVODNI STUDIE

LONG-TERM SUB-ZERO TREATMENT OF P/M VANADIS 6
LEDEBURITIC TOOL STEEL — A PRELIMINARY STUDY

Peter Jurdi', Martin Kusyl, Jana Ptaginova', Vladimir Kuracina®, Petra Salabova®
IFaculty of Material Sciences and Technology in Trnava, Paulinska 16, 917 24 Trnava, Slovakia,
p.jurci@seznam.cz (corresponding author)

*Prikner - tepelné zpracovani kovii, Martinkovice 279, 550 01, Czech Republic

V ptispévku je prezentovana analyza mikrostruktury, fazového slozeni a popoustécich kiivek Cr-V
ledeburitické oceli Vanadis 6 po zmrazovani v tekutém dusiku po rizné dlouhou dobu zmrazovani.
Mikrostruktury byly charakterizovany pomoci svételné mikroskopie, fadkovaci elektronové mikroskopie a
rentgenové difrakce. Tvrdost byla hodnocena pomoci metod podle Vickerse. Matrice materidlu je
martenziticka s ur¢itym podilem zbytkového austenitu. Nicméng, obsah zbytkového austenitu klesa az do
doby zmrazovani 17 h a poté zlstava v podstaté konstantni. Ve srovnani s nezmrazovanou oceli,
mikrostruktura zmrazované oceli obsahuje zvySeny podil malych globularnich karbidl. Tyto castice maji
velikost kolem 100 nm ve vétSin€é pfipadi. Tvrdost po zmrazovani je oproti konvenéné kalenému stavu
mirn€¢ vyssi. Behem nasledujiciho popousténi tvrdost klesa, pfiemz pokles tvrdosti je vyrazngj$i u
zmrazovanych vzorkt.

The microstructure, the phase constitution and the tempering charts of Cr-V ledeburitic steel Vanadis 6
subjected to sub-zero treatment with various soaking times in liquid nitrogen have been investigated. The
microstructures have been characterized using the light microscopy, scanning electron microscopy and X-ray
diffraction. The hardness has been evaluated by Vickers method. The matrix is martensitic with certain
amount of retained austenite, irrespective to the time of sub-zero treatment. The amount of retained austenite,
however, decreases up to the soaking time of 17 h and then remains almost constant. The microstructure of
sub-zero treated steel contains enhanced portion of small globular carbides, as compared to conventionally
heat treated material. These particles have a size of around 100 nm in most cases. The as-quenched hardness
manifests a moderate increase due to the sub-zero treatment. The hardness decreases during subsequent
tempering and this decrease is more pronounced in sub-zero treated samples.

Keywords: Cr-V ledeburitic steel, sub-zero treatment, microstructure, retained austenite and martensite, carbides, hardness
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MERENI HLOUBKY TEPELNE ZPRACOVANE VRSTVY

MEASURING THE DEPTH OF HTE HEAT-TREATED LAYERS

Petr Cvanda
TSI System s.r.o0., Czech Republic
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VLASTNOSTI A STRUKTURA OXIDICKYCH VRSTEV NA
TENKEM POVLAKU ZE SLITIN TITANU

PROPERTIES AND STRUCTURE OF OXIDE LAYERS ON THIN
LAYER OF TITANIUM ALLOY

Jan Kr¢il, Jana Sobotova
CVUT Praha, Czech Republic, jan.krcil@gmail.com

Tato prace se zabyva problematikou tvorby a charakterizace tenké oxidické vrstvy na povrchu povlaku ze
slitiny titanu a niobu. Oxidicka vrstva na povrchu titanu a titanovych slitin je nositelkou vyrazné korozni
odolnosti a také biokompatibility pro ptipady uziti v 1ékatstvi. Ackoliv vrstva vznika samovoln€, z divodu
praktického vyuziti je nutno proces tvorby urychlit. V této praci byla oxidicka vrstva vytvarena na PVD
povlaku ze slitiny Ti39Nb, ktery byl nanesen na tfi druhy zakladniho materialu: CP Ti grade 2,
korozivzdornou ocel 316LVM a titanovou slitinu Ti-6Al-4V ELIL Piiprava oxidické vrstvy byla realizovana
procesem termické oxidace a to pii teploté 600 °C a po tfi rizné ¢asy oxidace: 1 hodinu, 4 hodiny a 8 hodin.
Nasledné byl zkouman vliv oxidacnich podminek a zakladniho materialu na charakteristiky vytvorené
vrstvy. Pozorovana byla zména zbarveni a drsnosti povrchu vzorkl, mikroskopicky byl hodnocen povrch
vytvorené vrstvy a byla méfena jeji tloustka.

This present work discusses issues of growth and characterization of thin oxide layer formed on the surface
of titanium-niobium alloy. Oxide layer on the surface of titanium alloys is bearer of strong corrosion
resistance and also of bio-compatibility, for the use in medical appliances. Although this oxide layer is the
result of spontaneous process of passivisation, for the practical usage there is need to support the growth of
oxides. In this work the oxide layer was formed on the PVD coating from Ti39Nb alloy which was sputtered
on three different base materials: CP Ti grade 2, stainless steel 316LVM and titanium alloy Ti—-6Al-4V ELI.
Creation of the oxide layer was realized by the process of thermal oxidation at temperature of 600 °C and for
three different oxidation periods: 1 hour, 4 hours and 8 hours. After the oxidation process the influence of
oxidation characteristics and base materials on the thickness and properties of oxide layer was studied. There
was observed change of color and change of roughness on the surface, microscopically there was studied
surface of the oxide layer and the thickness of oxide layers was measured.
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KALENI V SOLNYCH SMESICH PROVADENE V
AUTOMATICKYCH MODULARNICH LINKACH PRO TEPELNE
ZPRACOVANIi: OMEZENI, TECHNICKA RESENI A PRAKTICKE
PRIKLADY

QUENCHING IN SALT MIXTURES APPLIED ON AUTOMATIC
MODULAR HEAT TREATMENT LINES: CONSTRAINTS,
TECHNICAL SOLUTIONS AND PRACTICAL EXAMPLES

D.Zimmermann
CODERE SA, Switzerland, d.zimmermann@codere.ch

Proces kaleni v solnych smésich provadény v modernich automatickych linkach tepelného zpracovani
predstavuje fadu vyhod s ohledem na chemické slozeni lazné a umoziuje znacnou tepelnou vymeénu s
moznosti uZziti Sirokého rozsahu kalicich teplot.

Jeho pouziti umoziuje nejen provedeni klasick¢ého martenzitického kaleni konstrukénich a nastrojovych
oceli provazené zlepSenim mechanickych vlastnosti a minimalnimi deformacemi , ale predstavuje stale
exkluzivngj§i pramyslové feSeni izotermického kaleni s tvrdymi poZzadavky na homogenitu a tepelnou
vyménu v kalicim médiu, napt. loziskové oceli a komponentt z tvarné litiny.

Diky modularnimu zatizeni, kde je fyzicky oddélena vysokoteplotni pec a kalici lazenn , CODERE nabizi
moznost austenitizace v ochranné ( endo ) atmosféte, transfer a pfimé kaleni vsazky bez snizeni teploty
vsazky a jejiho kontaktu se vzduchem pfi sou¢asném dodrzeni vSech norem v oblasti zivotniho prostiedi.
Nase linky pro tepelné zpracovani spliuji vSechna omezeni potfebné pro tyto aplikace : prace v Cistych a
bezpeénych podminkach : austenitizace ( cementace ) bez znecisténi soli ; rizné moznosti dimenzovani a
konstrukce solnych 14zni; sil je ze vsazky odstranéna béhem praciho procesu a recyklovana v regeneratoru
soli.

Tato prezentace vam ukaze prakticka pouziti procesu u vsazek od ne€kolika kilogramti do 10 tun hmotnosti s
porovnanim mechanickych vlastnosti a deformaci pti kaleni do oleje , dale pak potencial rozvoje a vyvoj nasi
technologie tohoto procesu.

The quenching process in salt mixtures applied on modern and automatic heat treatment lines leads to many
advantages due to his chemical composition and high calorific exchanges with the possibility to be used on a
large range of quenching temperatures.

His applying field allows classical martensitic quenching processes on structural and tool steels with
improvement of the mechanical properties and minimizing of distortions of parts, but constitute more and
more the exclusive industrial solution for austempering treatments that asks about drastic requirements of
homogeneity and cooling exchanges on quenching medium: example for bearing steels and ADI
components....

Due to his modular installations with physical separation between high temperature furnace and quenching
tank, CODERE propose the possibility to austenize under protective (endo) gas, transfer and direct
guenching of the load without temperature losses and contact of air while respecting all environmental
norms.

Our treatment lines follow all the constraints required for these applications: working in clean and safe
conditions: austenizing (or carburizing) without pollution of salt; dimensioning and design of quenching tank
with various possibilities; salt is eliminated during washing process and recycled after salt recovering device.


mailto:kriz@kmm.zcu.cz
mailto:kriz@kmm.zcu.cz

: 25" National Conference on Heat Treatment
9.3 g /
Z‘.@Bjﬁy Z‘.@ﬂﬂ.‘v 25 — 27 November 2014, Jihlava, Czech Republic

This presentation will show practical applications with loads from any kilogram’s to 10 tons weight with
final results on mechanical properties and distortions’ comparisons with oil, as well as the potential of
development and evolution of our technology associated on this quenching process.
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PROCESNI TECHNOLOGIE A DESING ZARIZENI PRO
BAINITICKE KALENI

PROCESS TECHNOLOGY AND PLANT DESIGN FOR BAINITE
HARDENING

Herwig Altena
Aichelin Holding GmbH, A-2340 Médling, Austria,; herwig.altena@aichelin.com

Bainite hardening or austempering is a commonly used process especially in the bearing industry. In the last
years an increased interest in austempering processes for different applications can be found.

The first part of the presentation deals with the metallurgical requirements, the process technologies and the
materials which can be used for an austempering process. Furthermore the advantages, but also the
restrictions of the process are pointed out. Depending on the requirements, batch type furnaces or contiouos
plants can be used. The furnace design with regard to salt bath quenching and the most important factors
influencing the parts* quality are explained.

In the second part three practical applications of bainite hardening, the processes and the required furnace
technologies are shown with regard to the specific heat treatment demands of the austempering products.
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UVOD DO KALENI{ VE VAKUU, APLIKACE A VLASTNOSTI

INTRODUCTION TO VACUUM OIL QUENCHING, FIELDS OF
APPLICATIONS AND PROPERTIES

Lebigot Philippe
B.M.I. Fours Industriels, France, Philippe.LEBIGOT@tenova.com

Owing to the wide variety of steel grades available on the market and to the influence of the nature of the
guenching media over the final properties of the treated parts, BMI has not only specialized in vacuum gas
guenching but also in vacuum oil quenching. Thanks to its 40 years expertise, BMI is offering not less than 4
ranges of vacuum oil quenching furnaces to best match the most stringent market requirements. Through this
presentation, BMI will tend to highlight the fields of applications, the cooling mechanism and cooling
adjustment, the benefits of vacuum oil quenching and introduce its 4 dedicated lines of furnaces.
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MODULARNI A FLEXIBILNI ZARIZENI PRO VAKUOVE
TEPELNE ZPRACOVANI

MODULAR AND FLEXIBLE INSTALLATIONS FOR VACUUM
HEAT TREATMENT : THE ICBP® RANGE IS EXTENDING

Pierre Bertoni
ECM Technologies, France, p.bertoni@ecmtech.fr

Since 1991, the ICBP® installations have been in use worldwide in the heat treatment area for several
applications such as, for example, Low Pressure Carburizing, Carbonitriding, Brazing, or Sintering.

ECM Technologies’ long experience in vacuum carburizing is one of the key of the leading position held
today by ECM Technologies.

The most well-known installation is the ICBP® Flex type, a modular installation fitted with a closed transfer
chamber, heating and quenching cells. It offers a wide flexibility, high productivity and enables investment
optimization with a very easy extension of the installation.

Some emerging trends can be observed in the heat treatment field according to customers’ needs depending
on production volumes or quality issues.

Based on its long experience, ECM Technologies has designed innovative and modular solutions to answer
these trends. For example, the ICBP®Nano installation has been designed for small batch processing with a
high focus on quality, and the ICBP®Jumbo to fulfill very high capacity production. In both cases, high
uptime, reliability and easy maintenance were key points carefully looked at during the development.

The purpose of this presentation is to go through the applications and the solutions brought by the ICBP®
technology.
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KALENI SPECIALIZOVANYCH SOUCASTI POHONNYCH
USTROJI

HARDENING OF DEDICATED DRIVELINE COMPONENTS

Wilfried Goy
EMA-Indutec GmbH, Germany, wilfried.goy@ema-indutec.de

Prezentace pfedstavuje novou generaci stroji pro tepelné zpracovani dil hnaciho ustroji automobili a
nakladnich vozi, jako naptiklad homokinetickych kloubi, kulickovych pouzder, poloos, atd.

Zdrojem energie pro tyto stroje jsou pln¢ digitalné fizené stfedofrekvencni generatory s jednim
usmériiovacim mustkem, jednim stejnosmérnym proudovym okruhem a az s osmi samostatné pracujicimi
vystupy. Frekvence kazdého vystupu mtize byt nastavena podle pozadované aplikace ( stiedni nebo vysoka
frekvence ).

Z divodu rostouciho zajmu z fad automobilovych vyrobct, je design téchto stroji a induktor navrzen tak,
aby mohli umoznit praci pod ochrannou atmosférou. Dvé moznosti mohou byt nabidnuty:

«  Uplné zakryty stroj s uzaviratelnym dopravnim systémem pro dilce a nebo

*  Systém pracujici s malymi pouzdry, které kryji pouze pracovni / ohfivany prostor kvuli minimalizaci
spotieby plynu

Kaleni: Pro tyto dilce je kalena hloubka 2-6 mm. Vykon obvykle pottebny je 100 — 500 kW s frekvenci 10 —
20 kHz, maximalné 200 kHz.

The presentation introduces a new generation of machines for DRIVELINE components of cars and trucks,
like ball hubs, cv-joints, drive shafts, etc.

The energy sources of these machines are fully digital controlled MF-power supplies with one rectifier
bridge, one DC-circuit and up to eight individually working outputs. Frequency of each output can be
adapted to suit connected application (medium and/or high frequency).

Because of increasing interest by car manufactures the design of machine and inductor working heads allow
working under protection atmosphere to prevent scale. Two solutions can be offered:

«  Totally closed machine with lock transfer systems for work pieces and

» narrow housings which cover working/heating area only to minimize gas consumption.

Hardening: For this parts the hardening depth is 2-6 mm. Usually the power needed is between 100-500 kW
with a frequency of 10-20 kHz, maximum 200 kHz. Typical hardness patterns are shown.
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NIZKOTLAKA CEMENTACE SLITINY PYROWEAR 53

LOW PRESSURE CARBURIZING OF PYROWEAR ALLOY 53

Marcin Przygonski
SECO/WARWICK Europe Sp. z 0.0., m.przygonski@secowarwick.com.pl

Pyrowear Alloy 53 is an excellent material for the construction of power transmission components (gears,
shafts etc.) working in difficult conditions. They are mainly used in the aerospace industry. These elements
are characterized by high surface hardness and abrasion resistance, while maintaining a flexible core, able to
transmit high impact loads. They can work at elevated temperatures and with limited lubrication. The
foundation for heat treatment of these elements is case hardening, based on the surface carburizing. The
article shows low pressure carburizing (LPC) technology used for Pyrowear Alloy 53. It discusses the
methods of forming various carbon concentration profiles in the layer and its effect on the hardness profile. It
also considers the impact of sub-zero treatment and tempering processes on the properties of the case. The
low pressure carburizing simulator dedicated for Pyrowear Alloy 53 will be presented. It provides, with high
accuracy, a result of the process in form of the carbon concentration profile in the layer, or inversely,
determines the process parameters, ensuring the required profile.
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NOVE POJETI NITROCEMENTACE PRES NAVRH AZ DO
PRUMYSLOVEHO PROVOZU

NEW CONCEPT CARBONITRIDING FROM CONCEPT TO
INDUSTRIALISATION

Jens Baumann*, Karl Micheal Winter*, Alexandre Fleurentin**
(*) Process Electronic GmbH (**) Métallo Corner

More and more studies around the world (Japan, Germany, France, ...) demonstrate that the deep
carbonitriding process with high nitrogen content improve the contact fatigue life time.

This carbonitriding « new concept », characterized by:

- Surface nitrogen content >0.6%,

- Case depth >0.6mm,

- A retained austenite and martensite enriched in nitrogen, is one interesting technical solution to answer at
the problematic of the downsizing and the increasing of the applied strength and the temperature of the
tribological system.

Several high carbonitriding solutions are available into the heat treatment market, nevertheless it is important
to adapt the traditional carbonitriding furnace in order to measure and control the carbon potential and the
nitrogen potential independently. These evolutions could assure the quality of this new heat treatment in
order to be in phase with the CQi9, RQP1 and NADCAP standards.

This paper will present a new system able to measure and control both, the carbon potential and the nitrogen
potential independently, based on the activities of nitrogen and carbon in iron and the effect of alloying
elements.

After the description of this « new concept » carbonitriding and these mechanical advantages, this paper will
present a new system able to measure and control both, the carbon potential and the nitrogen potential
independently. This relation systém could be associated at a supervision which simulates the carbon and
nitrogen profiles depending on the heat treatment parameters selected.
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MODERNI DESIGN TOPNE KOMORY A PROUDENI
CHLADICIHO PLYNU VE VAKUOVYCH PECIiCH PRO VYUZITI
V AUTOMOBILOVEM PRUMYSLU

ADVANCED HOT-ZONE AND COOLING GAS STREAM DESIGN
IN VACUUM FURNACES FOR AUTOMOTIVE APPLICATIONS

Dappa Andreas
SCHMETZ GmbH, Germany, andreas.dappa@tenova.com

Heat treatment processes of various components and loads have most different requirements regarding
uniform cooling as well as for high quenching speeds. The single chamber vacuum furnace with rectangular
hot zone design and large scale gas through-streaming is still and again for many standard loads and also
special applications recommendable. Round hot zone design with nozzle cooling system *RD PLUS* can
offer advantages with higher cooling capacity for hardening processes of large size components.
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PRIPRAVKY A ROSTY Z GRAFITOVEHO KOMPOZITU PRO
VAKUOVE KALENI

GRAPHITE-COMPOSITE FIXTURES AND GRIDS FOR VACUUM
HEAT TREATMENT

Pater Marcel
Schunk Praha s.r.o0., Hrbitovni 37, 312 00 Plzen, Czech Republic
marcel.pater@schunk-group.com

Vyuziti kompoziti na bazi grafitu vyztuzeného uhlikovym vlaknem (CFC) se v poslednich letech rozsitilo i
do technologii vakuového kaleni. Rosty se vyrabéji z CFC desek fezanim vodnim paprskem. Diky tomu
dochazi k preruseni vlaken a vyraznému oslabeni pevnosti v ohybu a naslednému snizeni nosnosti rostu.
CFC rosty jsou obvykle vyrabény jako jednotucelové, coz je zna¢na technologicka i ekonomicka nevyhoda.
Spolecnost Schunk vyvinula a patentovala univerzalni modularni systém z grafitového kompozitu, ktery
umoznuje zmeny designu a opakované sestavovani ptipravku dle potfeby. Rosty jsou navic vyrobeny
specialni technologii, diky které neni snizena nosnost vrstvy. V prezentaci bude piedstaven novy systém
Schunk UniGrid, jeho vyuziti a porovnani s konvenénimi ptipravky z CFC.

Composites from carbon fiber reinforced carbon (CFC) expanded to vacuum heat treatment technologies in
the past years. Grids are usually produced from CFC plates by water-jet cutting. As a consequence of fibers
interruption flexural strength is significantly decreased and loading capacity of the grid decreases as well.
Standard CFC fixtures are usually produced as single-purpose, what is technological and economical
disadvantage. Schunk developed and patented universal modular system from graphite composite, which can
be re-designed and re-assembled according to process needs. Furthermore, grids are produced by special
technology, which does not affect strength and load capacity. New fixturing system Schunk UniGrid will be
presented and compared to standard CFC fixtures.
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NOVE FUNKCE PRO KONTROLU NITRIDACNIHO
POTENCIALU

NEW FUNCTIONS FOR NITRIDING POTENTIAL CONTROL

Theisen F.
Stange Elektronik GmbH, Germany, FTheisen@stange-elektronik.de

With the dynamic gas amount control our mission is to increase the adjustment range before soaking phase
clearly and to decrease the NH3 consumption at controlled nitriding.

The reaction of the ammonia molecules is determined significantly by the temperature at the active surfaces
(retort wall and batch). With heating up phase the activity of the ammonia at the retort wall is very high
based on the temperature difference between batch and heating. After equalization between heating and
retort the activity moves to the batch.

With the creation of nitrides on the batch surface the reaction of NH3 decreases. Based on the diffusion law
Kn will increase and in result the H2 content in the furnace atmosphere will decrease. If this effects the
nitrogen could be decreased. So the ratio of ammonia is getting larger and the flow speed will be lower.

This dynamic nitriding potential control with new functions shall be discussed by our presentation.
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ZPRACOVANI POVRCHU ELEKTRONOVYM PAPRSKEM —
VYSLEDKY, PRUMYSLOVE APLIKACE A VYHLED DO
BUDOUCNA

ELECTRON BEAM SURFACE TREATMENT - CURRENT
RESULTS, INDUSTRIAL APPLICATIONS, AND PROSPECTS

Rolf Zenker™?, Anja Buchwalder?
U Zenker Consult, 2 TU Bergakademie Freiberg, Institute of Materials Engineering, Germany,
contact@zenker-consult.de

Electron beam is utilized for the surface treatment of a range of different materials (steels, cast irons, and Al,
Mg, Ti, Ni, alloys). This thermal high-energy beam technology is used for hardening, remelting, alloying,
dispersing, and cladding. A further innovative field is the combination of these treatments with other surface
technologies (e.g. nitriding or hard coating).

Rapid progress in these technical areas continually opens up new fields of industrial application. To date,
however, the potential of such surface treatment technologies has not been exhausted.

This paper deals with the characteristics of high-energy beam surface technologies. With the focus on
electron beam technologies, current scientific results as well as industrial applications will be discussed. The
technical and technological prospects and limitations will also be demonstrated.
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MOZNOSTI VYUZITI TECHNOLOGIE ELEKTRONOVEHO
PAPRSKU PRO ZPRACOVANI VYBRANYCH MATERIALU

ELECTRON BEAM TECHNOLOGY POSSIBILITIES FOR
SELECTED MATERIALS PROCESSING

Indrej Vyklicky, Miloslav KoufFil, Ivo Dlouhy, Petr Havlik, Jan Koufil
UMVI FS VUT Brno, Technicka 2869/2, 616 69 Brno, Czech Republic, vyklicky@fme.vutbr.cz

Technologie elektronového svazku je progresivni metoda zpracovani kovovych i nekovovych materiald,
které obvykle nelze jednoduse provést béznymi postupy. Jedna se o specialni svary, spoje obtizné
svafitelnych a reaktivnich materiald, tvorba nebo uprava povrchovych vrstev, povrchové kaleni a dalsi. V
roce 2013 byla na UMVI a NETME FSI VUT uvedena do provozu laboratoi technologie elektronového
svazku. Je vybavena technologii némecké firmy Pro-beam s primyslovou komorou K 26. Jeji rozméry
umoznuji realizovat procesy na rozmérnych dilech. Maximalni vykon elektronového svazku — 15 kW,
zjistuje podminky pro technologické aplikace v Siroké Skale vykont, rychlosti a trajektorii. V clanku je
predstavena technologie, jeji vykonové a technické parametry a moznosti aplikaci s konkrétnimi piiklady.

Electron beam technology is an advanced method for processing of metallic and non-metallic materials,
which usually cannot be easily done by conventional techniques. These are special welds, connections of the
difficult weld able materials and reactive ones, creation or modification of the surface layers, surface
hardening and more. In 2013 on IMSE and NETME FME has been launched the laboratory electron beam
technology. It is equipped with the technology of the German company Pro-beam with the industry chamber
K26. Its dimensions make it possible to implement processes for large parts. Maximum power electron beam
- 15 kW, determines the conditions for technological applications in a wide range of power, speed and
trajectory. The article introduced the technology, its performance and technical parameters and applications
with specific examples.
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MIKROLEGOVANI POVRCHU LASEROVYM PAPRSKEM

MICRO-ALLOYED SURFACE BY LASER BEAM

Stanislav Némecek
MATEX PM, Czech Republic, nemecek@matexpm.com

Prispévek popisuje vysledky ovlivnéni povrchu laserovym paprskem za souc¢asné modifikace chemického
sloZeni. Povrch vzorku je nataven a chemické sloZzeni modifikovdno pomoci ptivedeného prasku. Metoda je
vhodna pro lokalni zpracovani nizkolegovanych nizkouhlikovych oceli s dobrou svatitelnosti.

The  paper describes  the  results affecting  the surface laser ~ beam by modification  of  the
chemical composition. The surface of the sample is melted, and the chemical composition is modified by
using the applied powder. The method is suitable for local processing of low-carbon low-alloy steel with
good weldability.
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ANALYZA STRUKTURY A TVRDOSTI MEZI STOPAMI
KALENYMI ELEKTRONOVYM SVAZKEM

ANALYSIS OF STRUCTURE AND HARDNESS BETWEEN
ELECTRON BEAM HARDENED AREAS

Jiri Matlak
VUT Brno, Czech Republic, matlacek@seznam.cz

Pfima aplikace energie s pomoci elektronového svazku patfi k modernim a efektivnim zpiisobim
povrchového ohievu. Diky fokusaci vysokoenergetického zdroje do malého bodu vznika vysokad plosna
energeticka hustota, kterou lze vyuzit naptiklad pro svafovani, obrabéni, gravirovani, povrchové tepelné a
chemicko-tepelné zpracovani, aj. Z hlediska zac¢lenéni do soucasné strojirenské praxe se jedna o technologii,
ktera umoziuje velmi piesnou lokalizaci a kvantifikaci pfisunu energie na urCené misto a dovoluje tak
zpracovani urcité presné ohranicené plochy ¢i tvarového detailu s minimalnim ptebytkem energie.

Zatizeni lze provozovat v n€kolika rezimech v zavislosti na druhu lokalizace ohfevu. V prvni fadé¢ se jedna o
jednorazovy plosny ohfev, kdy se nepohybuje soucasti (flash heating, flash hardening, flash welding).
Velikost plochy ohfivané soucasné (kvazi-spojité) je dana vykonem zafizeni, schopnosti rychlého scanovani
svazku a moznostmi programovani vykonu svazku tak, aby vytvoiené teplotni pole bylo co nejvice
homogenni. Dale se jedna o postupny proces, kdy elektronovy paprsek ohfivad vymezenou oblast a soucast se
pohybuje vzhledem Kk exponované oblasti, popt. na statické soucasti se ohfivané pole pohybuje
vychylovanim svazku. Timto pfistupem je nejvyssi dosazitelnd plo$na hustota energie. Zakalena draha je
bud’ jedna, nebo jsou drahy kladeny vedle sebe, popt. s uritym presahem, diky cemuz je mozné zpracovat i
pomérné velké plochy. Tyto postupy vSak vyzaduji analyzu struktury a vlastnosti pfechodovych oblasti mezi
sousednimi stopami.

Tento ptispévek se zabyva nalezenim maximalni hloubky stopy pfi postupném kaleni s pouzitim zafizeni
0 vykonu 15 kW a urychlovacim napétim 150 kV a popisem piechodovych zén mezi jednotlivymi povrchove
zakalenymi stopami. Souc¢asné jsou stanoveny optimalni parametry procesu.

Straight energy application by electron beam belongs to the modern and efficient tools for surface heating.
Thanks to focusing of high energy source to tiny spot arises high planar energy density, which is possible to
use for welding, machining, engraving, surface heat and chemical-heat treatment, etc. From the point of view
of nowadays machinery praxis this is a technique which allows extremely precise localization and dosage of
applied energy to the specified part of surface. Then the exactly bordered area or the profiled detail can be
treated with minimum energy surplus and thus minimal heat affected zone, distortions etc.

The device can work in several modes according to type of heating localization. First possibility is one-time
planar heating, when the part doesn’t move (flash heating, flash hardening, flash welding). Size of
concurrently (quasi-continuous) heated area is given by power of device, speed of beam scanning and
possibility of modulating beam power, when created heated area should be maximal homogenous. Other
possibility is gradual process, when electron beam heats defined area and the part is moving, eventually on
the stable part is heated field moving thanks to beam deflection. This mode provides highest surface energy
density. Hardened line could be only one or more lines are putted next to each other eventually with small
overlap thanks to is possible to treat large areas. But these processes require structure analysis and properties
of transitional areal between lines.

This contribution deals with finding maximal depth of hardened area by gradual hardening using device with
15 kW power and accelerating voltage 150 kV and describing transitional planar between individual surface
hardened lines. Moreover are determined optimal parameters of hardening process.
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VLIV PROUDENI KALICIHO OLEJE NA OCHLAZOVACI
UCINEK

INFLUENCE OF QUENCHING OIL FLOW ON IT’S COOLING
CURVE

Juda CiZkovsky
ECOSOND s.r.o0., Czech Republic, cizkovsky@ecosond.cz

Proudéni je vyznamnym parametrem ochlazovaciho uc¢inku kaliciho média. Tento piispévek popisuje vliv
teploty a rychlosti proudéni vysokovykonného kaliciho oleje. Zatimco teplota kapalného kaliciho média je
obvykle dobie znadma, rychlosti proudéni se v jednotlivych bodech pracovniho prostoru mohou lisit i o
nekolik radi. Dale jsou uvedeny vysledky méteni proudéni u dvou olejovych lazni.

The flux is an important factor of the cooling curve of the quenching medium. This paper describes the effect
of the temperature and the flux speed in a case of high-performance quenching oil. Whereas the temperature
of liquid quenching medium is usualy well known, the flux speed can differ by several orders of magnitude
in different pints of the working place. There are also quoted results of measuring the flux speed of two oil
guenching baths.
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TEPELNE ZPRACOVANI HLINIKOVYCH SOUCASTI

HEAT TREATMENT OF ALUMINIUM PARTS

Radan Potacel
LAC, s.r.0., Czech Republic, potacel@lac.cz

Tepelné zpracovani hlinikovych odlitkti ¢i vykovki je stale aktualnéj$Sim a castéji diskutovanym tématem.
Druh tepelného zpracovani se v praxi voli dle typu materidlu a pozadovanych vlastnosti finalniho vyrobku.
Tento ptispévek shrnuje druhy tepelného zpracovani hlinikovych materialt a také predstavuje automatickou
linku pro tepelné zpracovani téchto materialu.

Heat treatment of aluminium castings or forgings is still an actual and frequently discussed topic. The type of
heat treatment is chosen according to the type of material and desired properties of the final product. This
paper summarizes the types of heat treatment of aluminium material and also features an automatic line for
processing of these materials.
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VYUZITI REAKTIVNI SINTRACE PRI VYROBE TECHNICKY
VYZNAMNYCH INTERMETALIK

APPLICATION OF REACTIVE SINTERING IN PRODUCTION OF
TECHNICALLY IMPORTANT INTERMETALLICS

vrv

Pavel Noviak, Jan K¥#iZ, Alena Michalcova, Ivo Marek, Filip Prasa
Institute of Chemical Technology, Prague, Department of Metals and Corrosion Engineering,
Technicka 5, 166 28 Prague 6,Czech Republic, panovak@vscht.cz

Intermetalické slouceniny nabizeji mnoho zajimavych vlastnosti, jako jsou napiiklad vyborna odolnost vici
oxidaci za vysokych teplot a teCeni, specidlni magnetické¢ vlastnosti, tvarovd pamét nebo schopnost
reverzibilniho uchovavani vodiku. Z téchto divodd se jedna o velmi perspektivni materialy pro mnoho
modernich aplikaci v energetice, automobilovém a leteckém pramyslu, ale také v medicing. Jejich
masoveéjSimu vyuziti v souc¢asnosti v mnoha ptipadech brani kiehkost pii pokojové teploté a predevsim pak
problémy s jejich vyrobou. V této praci jsou prezentovany moznosti vyuziti praskové metalurgie vyuzivajici
reaktivni sintraci pro vyrobu intermetalik pro Iékafstvi (slitiny Ni-Ti) a pro vysokoteplotni aplikace
(aluminidy, silicidy). Je diskutovan vliv parametrti procesu na probihajici reakce a na vysledné vlastnosti
pripravenych materiali.

Intermetallics offer many interesting properties, such as excellent resistance against high-temperature
oxidation and creep, special magnetic properties, shape memory or the ability of reverzible hydrogen storage.
For these reasons, intermetallics are considered as very promising materials for many modern applications in
power generation, automotive or aerospace industry and also in the medicine. The factors limiting their wider
use are low room-temperature toughness and problems with their production. In this work, the possibilities of
the use of powder metallurgy using reactive sintering for the production of intermetallics for medicine (Ni-Ti
alloys) and for high-temperature applications (aluminides, silicides). The effect of process parameters on the
proceeding reactions and properties of obtained materials is discussed.
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TEPELNA STABILITA SLITIN NA BAZI AL-FE VYROBENYCH
Z RECYKLOVANYCH SUROVIN

THERMAL STABILITY OF AL-FE BASED ALLOYS PRODUCED
FROM SECONDARY MATERIALS

Jan Kiiz, Pavel Novak, Alena Michalcova
Ustav kovovych materialu a korozniho inZenyrstvi, Vysoka Skola chemicko-technologicka v Praze,
Technicka 5, 166 28 Praha, Czech Republic

Slitiny hliniku se vyznacuji mnoha piiznivymi vlastnostmi, jako je nizka hustota, dobra mérna pevnost nebo
elektrickd a tepelnd vodivost. Problémem béznych slitin hliniku je vSak jejich nizka tepelnd stabilita. Podle
predchozich publikovanych praci zvySuji tepelnou stabilitu nékteré prechodné kovy, jako napt. zelezo,
chrom nebo nikl. Pravé tyto kovy se mnohdy nachazeji v hlinikovém odpadu jako nezadouci kontaminace.
V této praci byly testovany slitiny vyrobené z hliniku a litiny nebo korozivzdorné oceli, simulujici hlinikovy
odpad s vysokym obsahem Zeleza. Materialy byly zpracovany metodou praskové metalurgie rychle ztuhlych
castic. Vysledky ukazaly, Ze se tyto slitiny vyznacuji vynikajici tepelnou stabilitou.

Aluminium alloys have many desirable properties, such as low density, good specific strength or electric and
thermal conductivity. However, the problem of common aluminium alloys is their poor thermal stability.
According to previously published works, thermal stabiltiy can be increased by adding some transition
metals, such as iron, chromium or nickel. These metals can be often found as undesirable contaminants in
aluminium scrap. In this work, the alloys prepared from aluminium and cast iron or stainless steel, simulating
high- iron aluminium scrap. Materials were processed by powder metallurgy of rapidly solidified particles.
Results showed, that these alloy exhibit excellent thermal stability.
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VYZNAM TEPELNEHO ZPRACOVANI SLITIN NEZELEZNYCH
KOVU PRO TECHNICKOU PRAXI

THE IMPORTANCE OF HEAT TREATMENT OF NONFERROUS
METALS FOR TECHNICAL PRACTICE

Pavel Novak
VSCHT FCHT, Czech Republic, Paja.Novak@vscht.cz

Ptispévek popisuje vyvoj a soucasné postupy tepelného zpracovani slitin nezeleznych kovil. Je prezentovan
pfinos jednotlivych procest ke zlepSeni vlastnosti vybranych materialti a tloha téchto procest v priamyslu.

This paper describes the development and current procedures of heat treatment of nonferrous metals alloys.
The contribution of individual processes to the improvement of properties of selected materials is presented
as well as the role of these processes in the industry.
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SPAJKOVANIE HLINIKOVYCH POLOTOVAROV TEPELNYM
SPRACOVANIM

BRAZING OPERATION FOR ALUMINIUM SEMI-PRODUCTS BY
HEAT TREATMENT

Jan Bezecny, Andrej Dubec, Mariana Janekova

University of Alexander Dubcek in Trencin, Faculty of Industrial Technologies, Department of
Materials Engineering, I. Krasku 491/30, 020 01 Puchov, Slovakia

jan.bezecny@fpt.tnuni.sk

V ramci modernizacie vyrobnych technoldgii je snaha znizit' ich ekonomickil naro¢nost’ vratane manualnej
prace. Jednou z operacii vyzadajucich si zruénost a skusenosti pracovnikov je operacia spajkovania.
Prispevok sa zaobera modernou technoldgiou tvrdého spajkovania polotovarov z hlinikovych zliatin len
ohrevom v elektrickych peciach. Pdsobenim tepla sa da dosiahnut’ dokonaly spoj polotovarov z materiadlov A
3004 a AA 4045. Na materiali AA 4045 je nanesena vrstvicka tzv. Cladu, ktory sa pri predpisanej teplote
Vv peci roztavi, ale zakladny material nie. Po ochladeni Clad vytvori dokonale metalurgické spojenie medzi
spajanymi plochami. Vyslednd mikrostruktira zodpoveda siluminovej zliatine. Prechod medzi vzniknutou
siluminovou zliatinou a Al - matricami suciastky je suvisly, bez chyb vo forme nespojitosti, resp. porov, ¢o
bolo preukazané hodnotenim mikrostruktary. Touto technoldgiou sa vyrabaji chladice batérii
elektromotorov hybridnych automobilov. Tesnost” spajkovaného spoja sa kontroluje tlakovym a héliovym
testom. Analyzovany chladi¢ tymto testom vyhovel.

KrPuacové slova: chladi¢, hlinikové zliatiny, silumin, tvrdé spajkovanie.

Nowadays, there is an effort to increase economic effectiveness, including manual work, from the aspect of
the modernization of production technologies. The brazing operation is one of the operations requiring skill
and experience and therefore, the paper deals with modern brazing technology of aluminum alloy semi-
products which are heated only in electric furnaces. Application of heat can lead to the formation of the
perfect join of semi-products based on such materials as A 3004 and AA 4045. A thin layer called
CLAD is deposited on the AA 4045 material, while the mentioned thin layer is molten at the prescribed
temperature in the furnace but the most important fact is that there is not occurrence of melting in relation to
the base material. After cooling, CLAD creates a perfect metallurgical join between the joined surfaces. The
resulting microstructure corresponds to silumin alloy. The transition between silumin alloy and aluminium
matrixes of the component is continuous and without any defects in the form of discontinuities or pores and
this fact was confirmed by the evaluation of the microstructure. This technology is used in the production of
battery coolers in electric hybrid cars. Tightness of brazed join is controlled by pressure and helium tests.
Analysed cooler was suitable from the aspect of the performed testing procedures.

Key words: cooler, aluminum alloys, silumin, brazing.
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PRIPRAVA INTERMETALICKYCH FAZI FE-AL
MECHANICKYM LEGOVANIM

PREPARATION OF FE-AL INTERMETALLIC PHASES BY
MECHANICAL ALLOYING

Milan Valalik’, Pavel Novak', Tomas FrantiSek Kubatik?, Dalibor Vojtéch®

'Department of Metals and Corrosion Engineering, Institute of Chemical Technology Prague,
Technicka 5, 166 28, Praha 6, Czech Republic, valalikm@gmail.com

? Institute of Plasma Physics AS CR, v.v.i. Za Slovankou 1782/3 182 00 Prague 8

Intermetalické faze Fe-Al se jevi jako vhodny material pro primyslové vyuziti za vysokych teplot. Vzhledem
ke svym specifickym vlastnostem, jako jsou vysoké teploty tani, nizka houzevnatost za pokojovych teplot a
Spatné slévarenské vlastnosti, je vyzadovano zkoumdni riznych moZnosti jejich vyroby. Perspektivni
alternativou feSeni problémi pii vyrobé takovych fazi je technologie praskové metalurgie. V posledni dobé
byla zkoumana moznost pfipravy téchto materialtt z praskl zeleza a hliniku technologii reaktivni sintrace.
Dalsi moznosti se jevi metoda mechanického legovani a nasledna kompaktizace metodou SPS (Spark Plasma
Sintering).

Cilem této prace byl popis mechanismu vzniku intermetalickych fazi Fe-Al v prabéhu mechanického
legovani a optimalizace parametrd tohoto procesu. Byl porovnan mechanismus vzniku intermetalik Fe-Al pii
mechanickém legovani s prib&hem reaktivni sintrace v tomto systému.

Fe-Al intermetallic phases appear to be a suitable material for industrial use at high temperatures. Due to
their characteristic properties, such as high melting point, low toughness at room temperatures and
inconvenient casting properties, is required exploring another possibilities for their production. Promising
alternative in the production of these phases is the technology of powder metallurgy. Recently, the possibility
of preparation of these materials from powder iron and aluminium by reactive sintering technology was
studied. Another way of preparation seems to be the method of mechanical alloying and subsequent
compaction by SPS (Spark Plasma Sintering).

The aim of this study was to describe the mechanism of intermetallic Fe-Al during mechanical alloying and
optimization of the process parameters. The mechanism of the formation of Fe-Al phases during mechanical
alloying was compared with reactive sintering in this system.
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PRIPRAVA INTERMETALICKYCH FAZI V SYSTEMECH FE-AL-
SI A TI-AL-SI MECHANICKYM LEGOVANIM

PREPARATION OF INTERMETALLIC PHASES IN FE-AL-SI AND
TI-AL-SI SYSTEMS BY MECHANICAL ALLOYING

ij'i Vystril, Pavel Novak, Alena Michalcova
Ustav kovovych materidlu a korozniho inZenyrstvi, Vysoka Skola chemicko-technologicka v Praze,
Technicka 5, 166 28 Praha 6, Czech Republic, panovak@vscht.cz

Slitiny na bazi intermetalickych fazi jsou v soucasné dob¢ povazovany za velmi perspektivni materialy pro
intermetalik branici jejich SirSimu primyslovému vyuziti je jejich nizka houZevnatost pii pokojové teplotg.
Moznost ptipravy intermetalickych fazi s ultrajemnozrnnou strukturou by mohla byt jednou z cest jak zvysit
jejich plasticitu a eliminovat nachylnost k nizkoteplotni kiehkosti. Pfispévek popisuje moznosti piipravy
ultrajemnozrnnych slitin na bazi intermetalickych fazi praskovou metalurgii s vyuzitim mechanického
legovani a naslednou kompaktizaci pomoci metody ,,Spark Plasma Sintering (SPS). V praci byl studovan
vliv jednotlivych slozek slitinovych systémti na prubeéh mechanického legovani a na vysledné vlastnosti
slitin. Na kompaktnich slitinach byly stanoveny zakladni mechanické vlastnosti za laboratorni i zvysené
teploty, dale pak odolnost proti vysokoteplotni oxidaci a tepelna stabilita.

Alloys based on the intermetallic phases are presently considered to be very promising materials for
demanding technological applications in a wide range of industries. The biggest disadvantage of
intermetallics is their low toughness at room temperature. One of the way how to increase their plasticity and
eliminate susceptibility to low temperature brittleness is preparing intermetallic phases with ultrafine grain
structure. The paper describes the preparation of ultra-fine grained alloys based on intermetallic phases by
mechanical alloying and subsequent compaction by the "Spark Plasma Sintering" (SPS). Influence of the
individual alloy components on the preparation and mechanical properties of intermetallics alloys were
studied. The basic mechanical properties at room and elevated temperatures, resistance to high temperature
oxidation and thermal stability of alloys were measured.
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TEPELNE ZPRACOVANI HLINIKOVYCH BRONZU

HEAT TREATMENT OF ALUMINUM BRONZES

Jifi Hajek®, Antonin K¥iz", Vaclav Hrdli¢ka®

ZAPADOCESKA UNIVERZITA V PLZNI, Univerzitni 22, 306 14 Plzesi, Czech Republic,
hajek@kmm.zcu.cz

ZAPADOCESKA UNIVERZITA V PLZNI, Univerzitni 22, 306 14 Pizesi, Czech Republic,
kriz@kmm.zcu.cz

ZAPADOCESKA UNIVERZITA V PLZNI, Univerzitni 22, 306 14 Plzesi, Czech Republic,
hrdlicka@kmm.zcu.cz

Hlinikové bronzy jsou vyuzitelné v mnoha strojirenskych aplikacich diky svym vynikajicim vlastnostem,
kterymi jsou piedevsim vysoka odolnost proti korozi, dobrd pevnost, dobra mez unavy a mez teceni zatepla.
Mechanické vlastnosti téchto slitin 1ze vSak dale zlepSovat, a to pfedevsim tepelnym zpracovanim. Druh
tepelného zpracovani se voli podle pozadovanych vlastnosti daného vyrobku a jeho pouziti v provozu.

Tento prispévek se snazi o souhrnny obraz o mikrostrukturnich zménach, ke kterym u hlinikovych bronzi
béhem tepelného zpracovani dochazi. Dal§im cilem piispévku je ovéfeni schopnosti martenzitické
transformace u pfislusného typu hlinikovych bronzi. Jako metody hodnoceni tepelného zpracovani byly
S ohledem na dostupnost metod zvoleny méteni tvrdosti a nasledné pozorovani struktur pomoci svételného
mikroskopu a tadkovaciho elektronového mikroskopu. Vyhodnoceni mikrostruktury bylo podpofeno
meétfenim mikrotvrdosti a také chemicky rozbor za pouziti EDX analyzy.
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