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Moznosti magnetického méreni hloubky oduhlic¢eni v procesu izotermického ka-
leni litin

Possibilities of magnetic measurement of the depth of decarburization in the
pro-cess of isothermal hardening of castings

Zuzana Andrsova™, Pavel Kejzlar™®, Michal Petrii’, Bietislav Skrbek™

“Technické univerzita v Liberci, Studentska 1402/2, 461 17 Liberec

®E-mail: zuzana.andrsoval@tul.cz, "E-mail: pavel.kejzlar@tul.cz, °E-mail: michal.petru@tul.cz,
YE-mail: bretislav.skrbek@tul.cz

Abstrakt:

Pti jakémkoli zpracovatelském procesu spojeném s vysokou teplotou dochazi vidy k Zadoucimu ¢i ne-Zadoucimu
ovlivnéni povrchovych vrstev materialu. Jednim z nich je oduhlifeni, jeZ je nevyhnutelné, ale od urcité hloubky
povaZovano vidy za nezadouci, nebot” ma znac¢né negativni dopady na vysledné vlastnosti odlitku, zvlasté u
unavové namahanych soucasti. Proto je vhodné miru oduhlieni zji§t'ovat jiz v pribéhu vyrobniho procesu.
Idealnim prostiedkem je pak 100% nedestruktivni kontrola. Tento ¢lanek popisuje moZnosti magnetického mé-
feni hloubky oduhli¢eni na skupiné vybranych izotermicky kalenych litin, jeZ jsou nejprogresivnéjsi skupinou
grafitickych litin z hlediska hodnot mechanickych vlastnosti. K méfeni je vyuZita metoda magnetické skvrny,
ktera je jiz uspésné aplikovana na ocelich. Litiny s obsahem grafitu, a izotermicky kalené litiny s obsahem
ausferitu zvlasté, maji vSak néktera specifika, ktera mohou ovlivnit méfeni. I tato specifika jsou zde zminovana.

Abstract:

In any process involving high temperature, the surface layers of the material are always desirable or undesirable
influensed. One of the phenomena is decarburization, which is inevitable, but from a certain depth is always
considered undesirable, as it has significant negative effects on the resulting casting properties, especially for
fatigue-stressed components. Therefore, it is advisable to detect the decarburization rate during the production
process. ldeally by using 100% non-destructive control. The magnetic spot-pole method, which is already
success-fully applied to steels, is used for the measurement. Cast iron containing graphite, and isothermal
hardened cast iron with austeritie, however, have some specificities that may affect the measurement. Also, these
specifics are mentioned here.

Klic¢ova slova: izotermické kaleni litin, oduhli¢eni povrchu, méfeni pomoci zbytkové magnetizace

Key words: austempering, decarburized surface, measurement by residual magnetization
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Simulace technologického postupu kovani tvarového
polotovaru pro obrabéci noZe na drazku

Simulation of the forging technological process of the shaped
blank for the machine knife on the groov

Sofia Benegova®™,
1Zépadoéeské univerzita v Plzni, Fakulta strojni, Univerzitni 22, 306 14 Plzen
®E-mail: sbenesov@kmm.zcu.cz

Abstrakt:

Piispévek popisuje chronologicky vyvoj navrhu technologie kovani tvarového vykovku pro konkrétni typ
obrabéciho nastroje z rychloifezné oceli pomoci numerické simulace v softwaru Deform. Cilem bylo dosaZeni
predepsaného tvaru a maximalni vyuZiti vstupniho materialu v podobé Spalku omezené hmotnosti, ktery byl jiz
prokovan v predchozich operacich. Bylo navrZeno 7 postupii, na zakladé analyzy piedchoziho postupu byly vidy
provedeny zmény a tupravy nasledujicicho. Finalni postup bude ovéfen prakticky. Smyslem simulace je nahradit
drahy a zdlouhavy fyzicky experiment, proces kovani presné definovat a tim zajistit jeho opakovatelnost pro
poti‘eby vyrobni praxe.

Abstract:

The paper describes the chronological development of the design for forging technology for a particular type of
high-speed steel tool using numerical simulation in Deform software. The goal was to achieve the prescribed
shape and maximum use of input material in the form of a block of limited weight that had already been forged
in previous operations. 7 procedures have been proposed, following the analysis of the previous procedure,
changes and modifications have been made to the following The purpose of the simulation is to replace an
expensive and time-consuming physical experiment, to define the fitting process precisely and thus to ensure its
repeatability for the needs of manufacturing practice.

Klicova slova: Kovani, numerické simulace, obrabéci ntiz

Key words: Forging, numerical simulations, cutting knife
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Vliv rychlosti ochlazovani na podil zbytkového austenitu u
zapustkovych vykovkii z vysokopevnych oceli legovanych Mn a Si

Effects of cooling rate on the volume fraction of retained austenite
in high-strength Mn-Si steels

Dagmar Bublikova®®, Hana Jirkovélb, Katetina Rubeéovélc, Michal Pekoviéld, Julie Volkmannova®®
'Zapadoceské univerzita, RTI - Regiondlni technologicky institut, Univerzitni 22, 306 14 Plzei
3E-mail: natasha@rti.zcu.cz, "E-mail: hstankova@rti.zcu.cz, °E-mail: krubesov@rti.zcu.cz,
9E-mail: pekovicm@rti.zcu.cz, °E-mail: volkmann@rti.zcu.cz

Abstrakt:

V soucasné dobé se hledaji cesty jak zvySit mechanické vlastnosti oceli pii zachovani dobré pevnosti a taznosti.
Vedle vhodné legovaci strategie je dal§Si moZnosti zachovani urcitého mnoZstvi zbytkového austenitu v
martenzitické matrici, které vede ke zlepSeni houZevnatosti materidlu. Jako experimentalni ocel byla zvolena
ocel s obsahem Mn 2,5%, kiemiku 2,09% a chromu 1,34% s podily Ni a Mo. Z této oceli byl vykovan realny
zapustkovy vykovek. Vykovek byl na povrchu a uvniti opatien termoclanky a tepelné zpracovan Q-P procesem.
Q-P proces je charakteristicky rychlym zachlazenim z teploty ohievu na teplotu zakaleni, ktera leZi mezi
teplotami M; a M a naslednym ohi‘evem a vydrZi na teploté pierozdéleni, kdy dochazi ke stabilizaci zbytkového
austenitu. Jako kalici médium byla pouZita horka voda a pec. Z tidaji naméfenych pomoci termoclanka byly
sestaveny modely tepelného zpracovani a tyto modely byly odzkouSeny na termomechanickém simulatoru.
Nasledné byla provedena metalograficka analyza a byl posouzen vliv rychlosti ochlazovani na mechanické
vlastnosti a podil zbytkového austenitu. Bylo dosaZeno meze pevnosti kolem 2100 MPa p¥i taZnosti 15% a 17%
zbytkového austenitu. Nasledné byl porovnan model s realnym vykovkem z hlediska struktury i mechanickych
vlastnosti a bylo posouzeno, zda lze vyuZit materidlové technologické modelovani pro optimalizaci tepelného
zpracovani vykovki v laboratornich podminkach.

Abstract:

Various ways are sought today to increase mechanical properties of steels while maintaining their good strength
and ductility. Besides effective alloying strategies, one method involves preserving a certain amount of retained
austenite in a martensitic matrix. The steel which was chosen as an experimental material for this investigation
contained 2.5% manganese, 2.09% silicon and 1.34% chromium, with additions of nickel and molybdenum. An
actual closed-die forged part was made of this steel. This forged part was fitted with thermocouples attached to
its surface and placed in its interior and then treated using the Q&P process. Q&P process is characterized by
rapid cooling from a soaking temperature to a quenching temperature, which is between the Ms and the Mf, and
subsequent reheating to and holding at a partitioning temperature where retained austenite becomes stable. The
guenchant was hot water. Cooling took place in a furnace. Heat treatment profiles were constructed from the
thermocouple data and the process was then replicated in a thermomechanical simulator. The specimens
obtained in this manner were examined using metallographic techniques. The effects of cooling rate on
mechanical properties and the amount of retained austenite were assessed. The resultant ultimate strength was
around 2100 MPa. Elongation and the amount of retained austenite were 15% and 17%, respectively.
Microstructures and mechanical properties of the specimens were then compared to the real-world forged part
in order to establish whether physical simulation could be employed for laboratory-based optimization of heat
treatment of forgings.Kliova slova: zapustkové vykovky, Q-P proces, zbytkovy austenit, termomechanicky
simulator.

Klic¢ova slova: zapustkové vykovky, Q-P proces, zbytkovy austenit, termomechanicky simulator.

Key words: closed-die forgings, Q&P process, retained austenite, thermomechanical simulator
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Zobrazeni mikrostruktury oceli béhem deformace

Steel behaviour at deformation test

T e

S

J

_‘7 >
Martin Bystriansky*?, Ludmila Kucerova®™, Julie Volkmannova® ‘ - 4
"Regionalni technologicky institut, Zapadoceska univerzita v Plzni, Univerzitni 8, 306 14

Plzen

*E-mail: mbyst@rti.zcu.cz, "E-mail: skal@rti.zcu.cz, °E-mail: volkmann@rti.zcu.cz

-

Abstrakt:

Prace je zaméfena na mozZnosti zobrazeni zmén mikrostruktury vysokopevnych nizkolegovanych uhlikovych
oceli béhem tahovych zkouSek. K experimentim byl pouZit in-situ deformacni stolek umistény v skenovacim
elektronovém mikroskopu (SEM). V tomto usporadani je moZno provadét tahovou zkousku a zarovei pozorovat
vzorek pomoci SEM. K pozorovani byly vyuZity dva typy zobrazeni, a to sekundarni elektrony (SE) a difrakce
zpétné odraZenych elektroni (EBSD). SE byly pouzity pri sledovani vzniku a Sifeni trhliny, EBSD pro
pozorovani deformace jednotlivych zrn. Pro obé metody byly navrZeny specifické tvary vzorki. Vzorky také
vyZadovaly riizny zpusob pripravy povrchu vzorku. K experimentim byly pouzity zejména vysokopevné
nizkolegované TRIP oceli.

Abstract:

The paper focus on possibilities of imaging microstructure changes in high strength low-alloyed carbon steel
using an in-situ tensile stage placed in scanning electron microscope (SEM). The sample can be observed either
in secondary electrons (SE) or by electron backscattered diffraction (EBSD). We used both types of imaging for
different purposes: SE were used mainly for observation of crack initation and propagation and EBSD was used
for grain deformations observation. Both methods need different specimen preparation and moreover we used
different specimen shapes. Main experiments were performed with several TRIP (transformation-induced
plasticity) steels.

Kli¢ova slova: Deformaéni zkouska, mikrostruktura oceli, in-situ mikroskopie.

Key words: Deformation test, steel microstructure, in-situ microscopy
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Vyvoj novych Al-Si slitin pro automobilovy primysl

Jaromir Cais®?, Klara Jirounkova®
"Ustav technologii a materiali, Fakulta strojniho inzenyrstvi, Univerzita J.E. Purkyn& v Usti nad Labem
*E-mail: jaromir.cais@ujep.cz, "E-mail: klara.jirounkova@uijep.cz

Abstrakt:

Slitiny na bazi Al-Si jsou diky kombinaci vysokych mechanickych a dobrych technologickych vlastnosti
nejpouzivanéj$im typem slévarenskych hlinikovych slitin. V automobilovém primyslu nachazeji tyto slitiny
Siroké uplatnéni v Fadé aplikaci, nap¥.: pro odlitky blokid motori, pisti, diskd kol i ¢asti karosérii. Stale se
zvySujici poZadavky na jejich vlastnosti vyvolavaji potfebu vyvoje novych slitin.

Prispévek se zabyva dlouhodobym vyvojem nové slitiny pro aplikaci ve formé odlitkii segmentii forem urcenych
k vyrobé pneumatik. Zakladnim poZadavkem pro novou slitinu bylo ziskani vysSich mechanickych vlastnosti v
porovnani se stavajici slitinou a to zejména za vysokych teplot (coZ je u hlinikovych slitin obecné velky problém).
Pro ziskani stanoveného cile bylo v priibéhu nékolikaletého vyvoje vyuZito jak optimalizace chemického sloZeni
slitiny, tak i jejiho tepelného zpracovani.

Vysledkem vyvoje byla nova slitina pouzita v podminkach realné vyroby u renomovaného vyrobce forem pro
vyrobu pneumatik. Déle se vysledky vyvoje staly zakladem evropského patentu.

10
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Nanoindentace TRIP oceli

Nanoindentaion of TRIP steels

Jan Haj$man™

'Zapadoceska Univerzita v Plzni, Fakulta Strojni, Regionalni Technologicky Institut, Univerzitni 22, 306 14 Plzeii
®E.mail: janh@rti.zcu.cz

Abstrakt:

Vysoce pevné oceli oznacované zkratkou TRIP (tranformation-induced plasticity) se pro své jedine¢né vlastnosti
(vysoka pevnost a taznost, relativné nizka hmotnost) staly vyhledavanym materialem zejména v kontrukci
deformacnich zén automobili. Struktura TRIP oceli obsahuje metastabilni zbytkovy austenit, ktery v pribéhu
plastické deformace tranformuje na martenzit a prispiva tak k deformac¢nimu zpevnéni a rovnomérnému
prodlouZeni. Pravé mnoZstvi a stabilita zbytkového austenitu ma zasadni vliv na vysledné mechanické vlastnosti
téchto materiali. Stabilita austenitu zavisi na jeho chemickém sloZeni, predchozi deformaci, velikosti zrna a
morfologii. V minulosti bylo hodnoceni stability austenitu provadéno prostfednictvim makroskopickych
tahovych zkousek, které v§ak mohly poskytnout informaci pouze o vlastnostech materialu jako celku. V posledni
dobé vznikaji védecké prace zaméiené na testovani jednotlivych austenitickych zrn, pripadné ostatnich fazi
obsaZenych v TRIP ocelich pomoci nanoindentaéniho méreni, které byva obvykle doplnéno elektronovou
mikroskopii a difrakéni (EBSD) nebo spektrometrickou (EDS) analyzou. Timto zpisobem lze detailnéji
zmapovat a vysvétlit jednotlivé procesy, ke kterym ve struktuie v pribéhu deformace dochazi. Tento text si
klade za cil shrnout zakladni aspekty nanoindentace TRIP oceli.

Abstract:

TRIP steels are high strenght steel used mainly in automotive industry for their remarkable properties (hight
strength and elongation, relatively light weight). The microstructure of TRIP steels contains retained austenite
which transforms to martensite during plastic deformation. The transformation improves work hardening
properties and contributes to uniform elongation. The amount and stability of retained austenite determine the
mechanical propetries of the steel. In the past tensile test used to be the dominant method of testing mechanical
stability of austenite. In recent years nanoindentation has become widely used technique of TRIP steel research
which is capable of testing very small volume of material and provides us detailed information on properties of
particular phases. In combination with other experimental techniques (microscopy, EDS, EBSD)
nanoindentation is an advantageous method to study and explain the mechanisms of deformation. The aim of
this article is to summarize the basics of TRIP steels nanoindentation.

Kli¢ova slova:TRIP oceli, vysoce pevné oceli, nanoindentace

Key words: TRIP steels, high strength steels, nanoindentation
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Vliv hlubokého kryogenniho zpracovani na vlastnosti nitridované vrstvy

David Hradil* Michal Duchek®®, Tat4na Hrbackova®
'COMTES FHT a.s., Pramyslova 995, Dobiany, 334 41, Ceska republika
®E-mail: comtes@comtesfht.cz

Abstrakt:

Nitridace s naslednym tepelnym zpracovianim v kombinaci s hlubokym kryogennim zpracovanim (DCT) vytvaii
nitridaéni vrstvy se specifickymi vlastnostmi. Vrstvy unikatnich vlastnosti vznikaji diky rozpusténi
podpovrchové vrstvy nitridi Zeleza a naslednou diftizi dusiku do substratu béhem austenitizace. Vysledkem jsou
jemné precipitaty karbonitridi vznikajici v pribéhu procesu DCT a popousténi. Kryogenni zpracovani je
vloZeno mezi kaleni a popousténi. Priace je zaloZena na porovnani nové vzniklych nitridovanych vrstev s
konven¢né nitridovanymi vrstvami. Jako experimentalni material byla pouZita rychlofezna ocel DIN 1.3343 /
HS6-5-2 a nastrojova ocel pro praci za studenta DIN 1.2379 / X153CrMoV12. Chemicko-tepelné zpracovani bylo
vyhodnoceno a porovnano na zikladé méieni tvrdosti, zkouskami opotfebeni metodou pin-on-disc a
metalografickou analyzou.

12
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Tepelné ovlivnéni kovaciho lisu LZK 4000

Thermal influence of the forging press LZK 4000

Zdengk Chval®, Karel R4z 1b, Milan Cechura °
'ZCU v Plzni, Fakulta strojni, Regionalni technologicky institut, Univerzitni 8, 306 14 Plzefi
*E-mail: zdchval @rti.zcu.cz, "E-mail: kraz@rti.zcu.cz, °E-mail: cechura@rti.zcu.cz

Abstrakt:

Jednim z vyznamnych faktord ovliviiujicich funkci lisu a také piesnost vykovku je tepelné namahani stroje vzniklé
z technologického procesu tvareni. Deformace ¢asti kovaciho lisu, zejména beranu a stojanu, zptisobené tepelnym
namahanim je tiéeba eliminovat. VétSinou se to provadi spravnym nastavenim viili ve vedeni. Tento ¢lanek se zabyva
méfenim tepelného stavu kovaciho lisu LZK 4000 a souvisejicich numerickych simulaci. Tyto simulace jsou provadény za
ucelem dosazeni shody s méfenim s cilem predikovat tepelné namahani kovaciho lisu bez nutnosti ladéni vili za provozu
stroje.

Abstract:

Thermal loading of mechanical forging press is one of the most important factors which are influencing its function and final
accuracy of forgings. It is necessary to eliminate deformations caused by thermal loading of all main parts such as ram and
frame. This is done generally by correct settings of clearances in ram guidance. This article deals with measurement of
thermal loading during forging with mechanical press LZK 4000. Numerical simulations are also performed. These
simulations are performed with aim to compare virtual and real measurements. This results can be used for virtual
prediction of thermal loading and corrections without real testing during machine operation.

Klic¢ova slova: tvareci stroje, mechanicky kovaci lis, MKP, tepelné namahani, méfeni tepla

Key words: forming machines; mechanical forging press; FEM; thermal load; thermal measurement
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Vliv rychlosti ochlazovani na mikrostrukturu a vlastnosti oceli
42SiCr zpracované konvencnim TZ a QP procesem

The influence of cooling rate on the microstructure and
mechanical properties of 42SiCr steel manufactured by QP
process

Tomés Janda™®, Hana Jirkova'®, St&pan Jenicek™, Andrea Jandova™.
Regionalni Technologicky Institut, Zapadoéeska Univerzita v Plzni, Univerzitni 22, 306 14 Plzeii, Ceské republika.
*E-mail: jandat@rti.zcu.cz, "E-mail: hstankov@rti.zcu.cz, °E-mail: jeniceks@rti.zcu.cz, “E-mail: jandovaa@rti.zcu.cz

Abstrakt:

Inovativnimi metodami tepelného zpracovani (TZ) vysokopevnych oceli jako je QP proces lze dosiahnout velmi
priznivého poméru taZnosti a pevnosti. Materidl zpracovany touto technologii ma vysS§i obsah zbytkového
austenitu a dosahuje tak vyssi taZnosti. Popisovany experiment se zabyva tepelnym zpracovani oceli 42SiCr,
porovnava konvenéni metody TZ a QP proces z hlediska vlivu riznych kalicich medii na vlastnosti materialu.
V ramci experimentu bylo provedeno variantni TZ, metalografické analyzy, méfFeni tvrdosti, rentgenova
difrakéni fazova analyza pro zjiSténi obsahu zbytkového austenitu a zkouska tahem. U kalenych vzorkid byl
posuzovan vliv rychlosti ochlazovani na mikrostrukturu a realné vysledky byly porovniviny se simulaci
provedenou v programu Deform™ na zakladé zaznamii z termo¢lanki. P¥i konvenénim TZ projevoval material
malou citlivost na rychlosti ochlazovani. Oproti tomu QP procesem bylo p¥i vyssich teplotich zakaleni dosaZeno
vys$siho podilu austenitu ve struktuie a taznost az 15% pi¥i souc¢asné pevnosti 1800 MPa.

Abstract:

Innovative methods of heat treatment (HT) of high-strength steels such as QP process can achieve a very
favourable ratio of ductility and strength. Material processed by this technology has a higher retained austenite
content, and so a higher ductility. The described experiment deals with HT of 42SiCr steel, compares the
conventional methods of HT with QP process with respect to the influence of cooling media on the material
properties. As part of the experiment various HT, metallographic analysis, hardness measurement, X-ray
diffraction phase analysis (to determine residual austenite content) and tensile test were performed. For
hardened samples the effect of cooling rate on the microstructure was assessed and the real results were
compared with the simulations carried out in the FEM software Deform™ on the basis of the thermocouple
records. At the conventional HT the material showed little sensitivity to cooling rate. In contrast the QP process
at higher quenching temperatures resulted in a higher austenite content and a ductility of up to 15% at a
simultaneous strength of 1800 MPa.

Klic¢ova slova: Vysokopevné oceli, tepelné zpracovani, QP proces, FEM simulace

Keywords: High-strength steel, heat treatment, QP process, FEM simulation
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Vliv ¢asteéné nahrady kiemiku hlinikem na mikrostrukturu a
mechanické vlastnosti tepelné zpracované oceli

The effect of partial substitution of silicon with aluminum on the
microstructure and mechanical properties of heat treated steel

Andrea Jandova™, Ludmila Kugerova®®

1Regioneilni technologicky institut, Fakulta strojni, Zapado&eska univerzita v Plzni, Univerzitni 8, 306 14 Plzen, Ceska
republika

*E-mail: jandovaa@rti.zcu.cz, "E-mail: skal@rti.zcu.cz

Abstrakt:

Vysoce pevné nizkolegované oceli vyuzivajici TRIP (transformation induced plasticity) efekt dosahuji vysoké
pevnosti (vice nez R, 800 MPa) a tazinosti (kolem A= 30 %). Podstatou TRIP efektu je stabilizace zbytkového
austenitu pii termomechanickém zpracovani s jeho naslednou pireménou na deformacné indukovany martenzit
v dusledku plastického pretvoreni, ktery tak prispiva k celkovému zpevnéni materialu. V tomto ¢lanku byly
vyzKkouSeny tii ruzné teploty austenitizace s chlazenim v solné lazni, a to na dvou experimentalnich ocelich
s odliSnym chemickym sloZenim. Vysledné mikrostruktury byly utvofeny z rizné koncentrace feritu, bainitu,
zbytkového austenitu ¢i M-A sloZKy. Struktury byly analyzoviany pomoci svételné a Fadkovaci elektronové
mikroskopie. MnoZstvi zbytkového austenitu bylo analyzovano rentgenovou difrakéni fazovou analyzou. U obou
oceli byly ziskany dobré mechanické vlastnosti v kombinaci vysoké pevnosti v tahu nad 800 MPa s taznosti nad
35 %.

Abstract:

The high strength low-alloyed steels using the TRIP (Transformation induced plasticity) effect achieve high
strength (up to R,, 800 MPa) and ductility (around A = 30 %). The TRIP effect is based on the stabilisation of
retained austenite in themo-mechanical treatment with subsequent conversion to the deformation martensite due
to plastic deformation which contributes to the overall strengthening of the material. In this article tested three
different temperatures of austenitization and the samples were subsequently cooled in salt bath on two
experimental steels with a different chemical composition. The resulting microstructures consisted of a different
concentrations of ferrite, bainite, retained austenite or M-A constituent. The microstructures were analyzed by
light and scanning electron microscopy. The amount of retained austenite was determined using X-ray
diffraction phase analysis. Mechanical properties were obtained for both steels with good combination of high
tensile strength up to 800 MPa with a ductility up to 35 %.

Klic¢ova slova: TRIP oceli, tepelné zpracovani, zbytkovy austenit, mechanické vlastnosti

Key words: TRIP steels, heat treatment, retained austenite, mechanical properties
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Priprava vzorku a kvantitativni hodnoceni ¢astic sekundarnich
fazi v oceli

Sample preparation and quantitative evaluation of secondary
phases in steel

Dagmar Jandova™®
1University of West Bohemia in Pilsen, Univerzitni 8, 306 14 Plzen
®E-mail: jandova@ntc.zcu.cz

Abstrakt:

Metalografické vybrusy a extrakéni uhlikové repliky byly pFipraveny ze dvou Ziropevnych oceli. Castice
karbidi chréomu a Lavesovy fize byly pozoroviny v fadkovacim (SEM) a transmisnim elektronovém
mikroskopu (TEM) a snimky byly vyhodnoceny pomoci programu obrazové analyzy NIS-Elements. Byla
optimalizovana priprava vzorkii a metoda kvantitativniho hodnoceni ¢astic tak, aby byly rozlisitelné jednotlivé
¢astice a vysledky odpovidaly skuteénym rozmérim ¢&astic. Hodnoceny byly ¢astice o ekvivalentnim priméru
nad 60 nm. Pro identifikaci uvedenych fazi byly pouZity energiové disperzni rtg. mikroanalyza a zobrazeni
v sekundarnich a odraZenych elektronech. Byly méreny velikosti obrazii ¢astic na snimcich zhotovenych pii
zvétSeni 10 000 a sestrojeny histogramy intervalové ¢etnosti. Pomoci jednoduchého modelu byly vysledky méieni
obrazu v ploSe prepoditany na objemové hustoty Castic. Byly porovnany vysledky ziskané ze snimki SEM a
TEM.

Abstract:

Metallographic samples and extraction carbon replicas were prepared from two creep resistant steels. The
particles of chromium carbides and Laves phase were observed using scanning (SEM) and transmission electron
microscopy (TEM) and micrographs were evaluated using NIS-Elements image analysis program. Preparations
of the metallographic samples for SEM and of the extraction carbon replicas for TEM observation were
optimized in order to distinquish individual particles and to obtain reliable results. Precipitates with an
equivalent diameter above 60 nm were evaluated. The energy dispersive X-ray microanalysis and the secondary
and back scattered electrons imaging were used for the identification of above mentioned phases. Equivalent
diameters of the precipitates were measured after the image processing of micrographs taken at a magnification
of 10,000. The frequency distribution and histograms were plotter. Volume densities were calculated using a
simple model. Results of SEM and TEM were compared.

Klicova slova: precipitace, kvantitativni hodnoceni ¢astic, fadkovaci elektronova mikroskopie, transmisni elektronova
mikroskopie, obrazova analyza

Key words: precipitation, quantitative evaluation of particles, scanning electron microscopy, transmission electron
microscopy, image analysis
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Identifikace pFitomnosti nepopusténého martenzitu v zakalnych
strukturach nové generace kovarskych oceli s vy$§Sim obsahem
kiFemiku pomoci barevného leptani

[=%
H
Identification of the virgin martensite in quenched W -
microstructures of new generation of forging steels with higher -
silicon content using colour etching

Stépan Jenicek™, Ivan Vorel *, Hana Jirkova™, Katefina Opatova®®, Vratislav Kot'sovec'®

'Zapado&eské univerzita v Plzni, Regionalni technologicky institut, Univerzitni 8, 306 14 Plzefi

®E-mail: jeniceks@rti.zcu.cz, PE-mail: frost@rti.zcu.cz, “E-mail: hstankov@rti.zcu.cz, “E-mail: opatovak@rti.zcu.cz,
°*E-mail: vkotesov@rti.zcu.cz

Abstrakt:

Pozorovani a identifikace vysledku fazovych transformaci austenitu p¥i procesech izotermického zpracovani na
bainit, Q-P tepelného zpracovani ¢i kaleni a popusténi byva velmi ¢asto nelehkou ulohou. Diivodem je zna¢na
jemnozrnnost vzniklych struktur, nedostatecny kontrast jednotlivych strukturnich sloZek, které tak odsouvaji
mikrostrukturni rozbory zakalnych struktur zejména do oblasti elektronové fadkevaci ¢i transmisni
mikroskopie. Tyto metody pozorovani se c¢asto vyznacuji pomérné sloZitou pripravou vzorkid a nemalymi
niklady na samotné mikroskopy a jejich podpiirna zarizeni. Pro ticely technologické kontroly ¢i spravnosti
postupt tepelného zpracovani je v§ak nutné pouZivat co nejjednodussich postupi, které by v co nejkratSim
casovém intervalu mohly podat zakladni informace o strukturnim sloZeni zpracovanych vyrobki s vyuZitim
svételného mikroskopu.

Abstract:

Observation and identification of phase transformations of austenite during isothermal bainitic processing, Q-P
heat treatment or quenching and tempering is often quite a tricky task. The reason is that obtained
microstructures are typically very fine with insufficient contrast of various structural components.
Microstructure analysis therefore has to be performed using scanning or transmission electron microscopy.
These observation methods however require relatively time consuming sample preparation and maintenance
costs of the microscopes and supporting equipment are also rather high. For the purpose of technological control
or checking of the accuracy of performed heat treatment, simpler methods of microstructure analysis are
required, which would enable to assess the microstructure of processed parts quickly using a common light
microscope.

Klic¢ova slova: tepelné zpracovani, ocel, nepopustény martenzit, Q-P proces

Key words: heat treatment, steel, martensite, Q-P process
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Vyuzitelnost vicefazové oceli typu TRIP pro technologii
press-hardeningu

Use of multi-phase TRIP steel for press-hardening technology

Hana Jirkova'®, Katefina Opatovélb, Stépan Jenicek™, Jiti Vrtacek', Antonin Radgicky™
1Zépadoéeské univerzita v Plzni, ,Regionalni technologicky institut, Univerzitni 8, 306 14 Plzen
3E-mail: hstankov@rti.zcu.cz, °E-mail: opatovak@rti.zcu.cz, °E-mail: jeniceks@rti.zcu.cz,
E-mail: vrtacekj@students.zcu.cz, °E-mail: racickya@rti.zcu.cz

Abstrakt:

Pokrocilé vysokopevné oceli nachazeji stale vétSi uplatnéni v riznych oblastech primyslu. Jejich hlavnim
odbératelem je automobilovy primysl, ktery klade diiraz na zlepSovani mechanickych vlastnosti, coZ vede
nejenom ke sniZzovani hmotnosti dilii a sniZeni emisi CO,, ale i ke zvySeni bezpecnosti cestujicich. Pro dosaZeni
poZadovanych mechanickych vlastnosti je nutné vyuZit vedle spravné legovaci strategie i vhodné tepelné
zpracovani. Problém u téchto zpracovani predstavuje izotermicka prodleva, ktera se u TRIP oceli provadi v
oblasti bainitické premény. Tato prodleva je v prumyslu ¢asové a financné narocna a hledaji se nové mozZnosti
jak ji zapojit piimo do vyrobniho procesu. Jednou z mozZnosti je vyroba vysokopevnych plechovych dili metodou
press-hardeningu. Tak je moZné vyrabét piresné plechové dily s vysokou rozmérovou piesnosti a malym spring-
back efektem. Na experimentalni oceli TRIP CMnSi byly odzkouSeny modely sestavené na zakladé dat ziskanych
primo z realné technologie press-hardeningu. Byly odzkousSeny jak postupy s kontinuilnim ochlazovianim pro
riznou teplotu nastroje, tak i zpracovani s izotermickou vydrzi. Byly ziskiany smésné martenziticko-bainitické
struktury s podilem feritu a zbytkového austenitu dosahujici mez pevnosti pires 1000 MPa.

Abstract:

Development of high strength or even ultra-high strength steels is mainly driven by the automotive industry
which strives to reduce the weight of individual parts, fuel consumption, and CO, emissions. Another important
factor is to improve the passenger safety. In order to achieve the required mechanical properties, it is necessary
to use suitable heat treatment in addition to an appropriate alloying strategy. The main problem of these types of
treatments is the isothermal holding time. In TRIP steel, the holding time is carried out in the field of bainitic
transformation. These holding times are economically demanding by the industry and they are looking for new
possibilities to integrate these processing methods directly into the production process. One option for
production of high-strength sheet is press-hardening technology, which delivers high dimensional accuracy and a
small spring-back effect. The material-technological models based on data obtained directly from a real press-
hardening process were examined on the CMnSi TRIP steel. Both, variants with a continuous cooling profile for
different tool temperature, as well as regimes with isothermal holding were tested. Mixed martensitic-bainite
structures with ferrite and retained austenite with tensilte strength over 1000 MPa were obtained.

Klic¢ova slova:vysokopevna ocel, kaleni do zapustky, TRIP ocel

Key words: High Strength Steel, Press-hardening, TRIP Steel
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Termomechanické Vlastnosti o Vysokopevnostni Fe-Al zakladové
ODS Slitiny

e =0
Thermomechanical Properties oh High Strength Fe-Al base ODS ~
Alloys \ f

Omid Khalaj*, Hana Jirkova®™, Jifi Svoboda®

1Regioneilni technologicky institut, Univerzitni 8, 306 14 Plzefi, Ceska republika

?Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Zizkova 22, 616 62, Brno,
Czech Republic

E-mail: *khalaj@rti.zcu.cz, "hstankov@rti.zcu.cz, svobj@ipm.cz

Abstrakt: V nynéjsi dobé, za dniu, které maji specifické materialové vlastnosti, je zapotiebi kombinace novych
technologii véetné nekonven¢niho pouziti riiznych druhi materiili. Jednou z téchto moZnosti by mohla byt
kombinace praskové metalurgie s naslednym mechanickym legovanim a horkou konsolidaci. Zac¢ne tim, Ze se
micha optimalni ¢ast praskového materialu ve vakuové fizeném mlyné s uréitym ¢asem a stlacuje se ve spravné
nadobé pro valcovani za tepla. Tento piFispévek bude demonstrovat termomechanické vlastnosti novych
zpevnénych slitin s vysokou pevnosti v oxidovém disperzi (ODS), které byly hodnoceny fadou zkouSek pii
ruznych termomechanickych tpravach. Pro zjisténi vlivu teploty na ziskanou strukturu se provadéji rizné
upravy pri teplotach mezi 30 ° C a 1200 ° C se specifickymi deforma¢nimi profily.

Abstract: Nowadays, to have specific material properties, combination of new technology including
unconventional use of different types of materials is needed. One of these possibilities could be a combination of
powder metallurgy followed by mechanical alloying and hot consolidation. It will start by mixing an optimum
portion of powder material in a vacuum controlled mill with a certain time and compressed in a proper
container for hot rolling. This paper will demonstrated the thermomechanical properties of new High Strength
Oxide Dispersion Strengthened alloys (ODS) which were evaluated by a series of tests under different
thermomechanical treatments. To find out the influence of the temperature on the obtained structure, different
treatments at temperatures between 30°C and 1200°C with specific deformation profiles are performed.

Kli¢ova slova: Teplé tvafeni, ODS, slitiny, termomechanické, Fe-Al, Al,O3

Key words: Hot Forming, ODS, Alloys, Thermomechanical, Fe-Al, Al,O5
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Mikroskopie oceli X3NiCoMoTi 18-9-5 zpracované 3D tiskem

Microscopy of X3NiCoMoTi 18-9-5 steel processed by 3D printing

Ludmila Kugerova®, Ivana Zetkova®™, Andrea Jandova™®, Martin Bystriansk}'lld, Katetina Opatovai1e
1Regioneilni technologicky institut, Univerzitni 8, 306 14 Plzefi, Ceska republika
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Abstrakt:

Mikrostruktura oceli zpracovanych aditivnimi technologiemi (3D tiskem) se vyrazné li§i od mikrostruktury oceli
se stejnym chemickym sloZenim pripravené konvenénim litim a tvafenim. Mikrostrukturni rozdily jsou
zpusobeny piedevSim velkymi gradienty rychlosti pi'i ohi‘evu laserem a nasledném ochlazeni, které vedou ke
vzniku silné nerovnovaznych struktur. Pro maraging ocel X3NiCoMoTi 18-9-5 je typicka bunééna
mikrostruktura tvofena smésni rovnoosych a protazenych bunék tuhého roztoku s vyskytem malého mnoZstvi
zbytkového austenitu na hranicich téchto bunék. Podil zbytkového austenitu se méni pfi nasledném tepelném
zpracovani vyti§téné oceli. Po Zihiani na sniZeni pnuti na 820 °C dojde Kk uplné austenitizaci ptavodni
mikrostruktury a jejimu pomalému ochlazovani, pii kterém zbytkovy austenit ze struktury zcela zmizi. Na
druhé strané, pri precipita¢nim vytvrzeni na niZsi teploté 490 °C dochazi k rozpadu pi‘esyceného tuhého roztoku
matrice za vzniku novych precipitati a dalSiho zbytkového austenitu (tzv. reverze austenitu). RovnéZz vady
mikrostruktury jsou pro materidly ziskané 3D tiskem odliSné od konvencnich materidli. Ve vét§i mire se
v tiSenych strukturiach objevuji pomérné hrubé, sferiodizované, oxidy Ti a Fe, kavity charakteristickych tvara
Vv mistech dotyku tifi zrn a nerozpu$téna zrnicka praskida, nebo jejich casti. Vzhledem k velkému vlivu
mikrostruktury a jejich vad na mechanické vlastnosti je velmi dilezita analyza vztahu mezi parametry tisku a
nasledného tepelného zpracovani, vznikajici mikrostrukturou a mechanickym i vlastnostmi.

Abstract:

Microstructure of steel processed by additive technologies (3D printing) is very different from microstructures of
steels with the same chemical compositions obtained by conventional casting and forming. Microstructure
differences are caused mainly by high thermal gradients produced by laser heating and subsequent cooling,
which result in development of non-equilibrium microstructures. For printed maraging steel X3NiCoMoTi 18-9-
5, the typical microstructure consist of cells of super-saturated solid solution with thin films of retained austenite
placed at cell boundaries. The amount of retained austenite changes with subsequent heat treatment of printed
parts. Solution annealing at the temperature of 820°C full austenitization of the original microstructure and its
slow cooling results in disappearance of the retained austenite. On the other hand, precipitation hardening at
lower temperature 490 °C creates not only new precipitates, but also growth of more retained austenite (so called
reversed austenite). The microstructure defects are also slightly different in steels obtained by additive
manufacturing than in cast and forged steel. Printed microstructure suffer by higher presence of rather coarse
and spherical Ti and Fe oxides, cavities of characteristic shapes placed at triple points and undissolved powder
particles or their parts. Due to the high effect of microstructure and its defects on mechanical behaviour of steel,
it is of the utmost importance to analyse the relationship between processing parameters of 3D printing and
subsequent heat treatment on the final microstructure and mechanical properties.

Klic¢ova slova: 3D tisk, maragingova ocel, mikroskopie, tepelné zpracovani

Key words: 3D printing, maraging steel, microscopy, heat treatment
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Vliv parametra technologie press-hardeningu na vlastnosti
AHS oceli pro automotive

Influence of Press-Hardening Parameters on AHS Steels
Properties for Automotive

Katefina Opatova’?, Hana Jirkova™, Michal Pekovié'®, Adam Stehlik™

1Zépadoéeské univerzita v Plzni, Univerzitni 8, 306 14, Plzen

®E-mail: opatovak@rti.zcu.cz, bE_mail: hstankov@rti.zcu.cz, °E-mail: pekovicm@rti.zcu.cz,
9E-mail: stehlika@rti.zcu.cz

Abstrakt:

Béhem vyvoje novych oceli pro automotive primysl je kladen diiraz predev§im na vysoké hodnoty jejich
pevnosti. Diky tomu je moZné uspofit naklady na material a tedy i sniZit provoezni naklady. Za timto Gcelem
byly firmou SSAB navrZeny dvé nové vysokopevné (AHS) oceli Docol PHS 1800 a Docol PHS 2000. Obé oceli
jsou legované borem a jsou urcené pro zpracovani technologii press-hardening. I pi‘es malé mnozZstvi legujicich
prvka dosahuji tyto oceli po tvaieni extrémné vysokych pevnosti a ve vozidlech slouZi jako konstruk¢ni prvky v
prostoru pro cestujici. Pro navrh idealniho pribéhu tepelného zpracovani bylo pouZito materialoveé-
technologické modelovani a termomechanicky simulator. Touto cestou bylo moZné ménit a sledovat velké
mnoZstvi procesnich parametri a nasledné zjistovat vyvoj mechanickych vlastnosti, pricemZ doslo k uspoie
materialu i naklada, diky pouZiti malého mnoZstvi materialu a odzkousSeni reZimi mimo realny proces.

Abstract:

During the development of new steels for the automotive industry, a great emphasis is placed on the high values
of their mechanical properties. This makes it possible to save material costs and thus reduce operating costs. For
this purpose, two new high-strength (AHS) Steel Docols PHS 1800 and Docol PHS 2000 were designed by SSAB.
Both steels are alloyed with boron and are intended for processing by the press-hardening process. Despite the
small amount of their alloying elements, they reach extremely high strength values after forming and thanks to
that they serve as safety elements in the passenger compartment. The design of the ideal treatment was
determined using material-technological modeling and thermomechanical simulator. This way, it was possible to
change and monitor a large number of process parameters, and then to determine the development of
mechanical properties while saving material amount and costs by using a small amount of material and testing
modes outside the real process.

Kli¢ova slova: Press-hardening, DOCOL, PHS, AHSS, oceli s borem

Key words: Press-hardening, DOCOL, PHS, AHSS, boron steel

21



P I N G 20 1 8 Moderni trendy tepelného a termomechanické zpracovani kov.

11. - 12. zafi 2018, Plzen, Ceska republika

Termomechanické zpracovani oceli s pouZzitim zarizeni
pro inkrementalni tvareni ty¢i HDQT-R 30-12

Thermomechanical treatment of steels using device
for incremental forming of rods HDQTR 30-12

Michal Pekovié™®, Hana Jirkova®™, Jifi Vrtacek', Opatova Katefina'®, Tomas Janda’®, Rubesovéa Katefina®
Fakulta strojni — Regiondlni technologicky institut, ZapadoGeska Univerzita v Plzni, Univerzitni 8, 306 14 Plzeii
®E-mail: pekovicm@rti.zcu.cz, bE-mail: hstankov@rti.zcu.cz, E-mail: vrtacekj@rti.zcu.cz,

YE-mail: opatovak@rti.zcu.cz, °E-mail: jandat@rti.zcu.cz, 'E-mail: krubesov@rti.zcu.cz

Abstrakt:

V dne$ni dobé se pro redukci priméru valcovych ty¢i pouziva predevsim konvencni technologie podélného
valcovani. V primyslovych valcovnach se vSak ve vétSiné pripadi vyskytuji pouze jednoucelové valcovaci traté,
které nejsou vybaveny moduly pro primé tepelné zpracovani po valcovani. Experimentilni zafizeni pro
inkrementalni tvaieni ty¢i HDQT-R 30-12 je urceno k redukcei ty¢ového materidlu kosym valcovanim s vyuZitim
inkrementalnich deformaci a s moZnosti dal§iho zpracovani vyvalkd bezprostifedné po valcovani. Zaiizeni je
modularné uspoiadano, takze je moZné zaradit ohrev, pripadné prudké ochlazeni piimo za krok valcovani. Diky
modularité celého systému je zafizeni schopno realizovat rizné varianty termo-mechanického zpracovani.
Zavizeni miize produkovat valcové, kuZelové a jiné rotané symetrické tvary s pfimou podélnou osou. Jako
vychozi material lze zpracovavat Siroké spektrum jakosti oceli, od uhlikové aZ po uSlechtilou konstrukéni ocel.
Béhem celého procesu je navic zaznamenavano velké mnozZstvi dat o pribéhu valcovani. Jedna se piredevsim o
snimani teploty valcované oceli, a to v nékolika mistech po délce valcovaci trati. Dale jsou snimany sily a
momenty ve valcovaci stolici a dal$i data, na zdkladé nichZ lze zjistit, jaky byl pfesny pribéh termo-
mechanického zpracovani. Tento ¢lanek popisuje spektrum vyuZiti tohoto zarizeni, s ohledem na mozZnosti
valcovani a nasledné tepelné zpracovani oceli.

Abstract:

Nowadays, conventional longitudinal rolling technology is used to reduce the diameter of the rods. In industrial
rolling mills, in most cases, there are only single-purpose rolling lines that are not equipped with modules for
direct heat treatment after rolling. The experimental device for the incremental forming of rods HDQT-R 30-12
is designed to reduce the diameter of rods through rolling by using incremental deformations and with the
possibility of subsequent processing of rolled material immediately after rolling. Because the device is modularly
arranged, it is possible to include the heat treatment of the rolled rods directly after the rolling process. Thanks
to the modularity of the whole system, the device is capable of realizing various variants of thermo-mechanical
processing. This machine can produce cylindrical, conical and other rotationally symmetrical shapes with a
straight longitudinal axis. It is possible to process a wide range of steel grades, ranging from carbon to high-
grade construction steel. Data from the whole thermo-mechanical treatment are also continuously recorded
during the entire process. This means essentially a temperature sensing of rolled steel in several places along the
rolling mill. Furthermore, the forces and moments in the rolling mill are recorded and all these data are used to
determine the exact parameters of thermo-mechanical processing. This article describes the spectrum of use of
this device, with regard to the possibilities of rolling and subsequent heat treatment of steels.

Klic¢ova slova: valcovani, inkrementalni deformace, tepelné zpracovani, ocel
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Progresivni hodnoceni trvalé pevnosti kovovych materiali pomoci
termografie

Rapid evaluation of the fatigue limit of metals using thermography

Radek Prochazka'®, Pavel Konopiklb
'Comtes FHT, Primyslovéa 995, 334 41 Dobfany
®E-mail: rprochazka@comtesfht.cz

Abstrakt:

Piispévek se zabyva vyuzitim termografickych metod jako nastroje pro progresivni hodnoceni cyklickych
unavovych zkousek kovovych materiali v oblasti vysokocyklové inavy. Potencial této metody lze naplno uplatnit
Pri vyvoji a optimalizaci kovovych materiali a technologii zpracovani. Cilem prace je verifikovat vysledky trvalé
pevnosti ziskané na zakladé pasivni termografické a konvenéni metody. UZitim termografické techniky v bézné
praxi Ize aspésné zredukovat pocet zkuSebnich vzorki a testovaci ¢as na minimum. V ramci experimenti bylo
provedeno hodnoceni oceli na trvalou pevnost ve dvou stavech tepelného zpracovani. Teplené zpracovani bylo
provedeno na zakladé zrychlené sferoidizace karbidi (ASR).

Abstract:

The article deals with use of thermography methods as a tool for rapid evaluation of cyclic fatigue tests of metals
in the high cycle region. The potential of this method can be fully applied in the development and optimization of
metallic materials and processing technologies. The aim of the work is to verify the test results of fatigue limit
obtained on the basis of passive thermographic and conventional methods. Using thermography technique in
routine practice, the number of test specimens and test time can be reduced to a minimum. Within the
framework of experiments, two kinds of heat treatment state steel was evaluated for fatigue limit. The heat
treatment was performed on the basis of accelerated carbide spheroidization (ASR).

Klic¢ova slova: Vysokocyklova unava, Trvald mez pevnosti, Termografie, ASR
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Problematika vyhodnocovani karbidické faze v rychloreznych
ocelich

Aspects of evaluation of carbide phase in high-speed steels

Vojtéch Priicha’®, Antonin K¥iz™, Vilém Vesely'®

'Faculty of Mechanical Engineering, University of West Bohemia. Univerzitni 22, 306 14 Pilsen, Czech Republic
*E-mail: vprucha@kmm.zcu.cz, "E-mail: kriz@kmm.zcu.cz, °E-mail: vesely.vilem@gmail.com

Abstrakt:

Piispévek se zabyva vlivem vSestranného kovani na vyslednou velikost karbidické faze a jeji podil v matrici.
Analyza byla provedena u nastrojovych rychloieznych oceli s riiznym stupném prokovani (Pk =4,93 a 11,24). Pri
vyhodnocovani karbidické faze byla odzkouSena ruzna leptaci ¢inidla pro nalezeni optimalniho kontrastu pro
snazsi obrazovou analyzu. Obrazova analyza byla provedena v softwaru NIS Elements. Byl zjiS§tén vyrazny vliv
matrice na rozliSeni karbidické faze pii obrazové analyze.

Abstract:

Effects of multiaxial forging on the size of the carbide phase and its volume fraction in the matrix are described.
The analysis was performed on high-speed tool steels with different aggregate forging ratios, as defined in
CSN 42 0276 standard (Elfmak - Pk = 4.93 and 11.24). Several etchants were tested for optimal contrast in image
analysis using NIS Elements software. Strong effect of the matrix on resolution of the carbide phase in image
analysis was found.

Klic¢ova slova: nastrojova ocel, karbidy, obrazova analyza
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Rozpusténi chromovych karbidi nekonvenc¢ni technologii tvareni
s pirechodem pres semi-solid stav

Dissolution of chromium carbides by unconvential technology with
transition through a semi-solid state

Katefina Rubesova®®, Hana Jirkova'®, Michal Pekovi¢ ', Tomés Janda™
1University of West Bohemia, Regional Technological Institute, Univerzitni 22, 306 14, Plzeni
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Abstrakt:

Zpracovani klasickych nastrojovych oceli je jiz v pramyslové praxi béZné vyuZivano, presto je diky dalSimu
vyzkumu jinych metod tvaieni obfas mozZné objevit nové dosud nevyuzZivané metody pro modifikaci vyslednych
struktur a ziskani lepSich mechanickych vlastnosti. Jednim z problémi u vysocehromovych oceli je tvorba
ostrohranych karbidi chromu, které sice zlepSuji odolnost vii¢i opotiebeni, ale souc¢asné sniZujici houZevnatost
materidlu. Proto se hledaji postupy, jak tyto karbidy ze struktury odstranit. Jednou z téchto technologii miZze
byt metoda s vyuZitim semi-solid zpracovani. V prechozich letech bylo pfi zpracovani nastrojové oceli pomoci
tixoformingu dosaZeno nekonven¢ni struktury a mechanickych vlastnosti. Toto zjiSténi se nasledné stalo
objektem dalSich experimenti. Struktura ziskana kombinaci semi-solid zpracovani s naslednou deformaci méla
oproti standardné dosahovanym strukturam po semi-solid zpracovani odliny charakter. Karbidické sit’ovi bylo
redistribuovano v celém objemu materialu, tim vytvarelo zpeviiujici prvek a nezpiisobovalo kiehkost oceli,
kterou trpi materialy s vyraznym karbidickym sitovim. Na zakladé téchto poznatki byla sestavena nova
technologie, umoziiujici zasadni modifikaci struktury a tim i zlepSeni mechanickych vlastnosti. Tento postup
zpracovani byl dale aplikovan na polotovary vétSich rozméri a byl zjistovan i vliv jednotlivych stupiia
deformace i smér tvareni na vyvoj struktury.

Abstract:

The processing of conventional tool steels is common industrial practice, yet it is possible to discover new,
previously unused methods for modifying the resulting structures and obtaining better mechanical properties.
One of the tasks in high-chromium steels is the removal of the sharp angular chromium carbides from the
microstructure, which are formed in the microstructure during the processing of the material and improving
wear resistance but decreasing the toughness of the material at the same time. In previous years, unconventional
structure and mechanical properties have been achieved in the processing of tool steel using tixoforming. Based
on this knowledge further experiments were performed. The structure obtained by a combination of semi-solid
processing and subsequent deformation had a different character compared to the standard structures achieved
via semi-solid processing. Carbide mesh was redistributed in the whole volume of the material, creating a
reinforcing element while not causing the brittleness of steel. Based on these findings, it was proposed a new
technology allowing fundamental modification of the microstructure and hence better mechanical properties.
This processing procedure was further applied to semi-finished products of larger dimensions for which it was
also investigated the influence of individual degrees of deformation and the forming direction on the
development of the structure.

Kli¢ova slova: semi-solid zpracovani, X210Cr12, karbidy chromu, zjemnéni karbidd, termo-mechanické zpracovani
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Vliv parametri tepelného zpracovani na mechanické vlastnosti a
vyvoj mikrostruktury u vysokopevnych oceli legovanych Mn a Si

Influence of heat treatment parameters to mechanical properties
and development of microstructure for highstrenght steel alloyed by
Mn and Si

Adam Stehlik™ Dagmar Bublikova™, Hana Jirkova'®, St&pan Jenicek'®
'Zapado&eské univerzita v Plzni, RTI - Regionalni technologicky institut, Univerzitni 22, 306 14 Plzefi
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Abstrakt: V soucasné dobé je u modernich oceli poZadovana vysoka pevnost a taznost. Toho 1ze u modernich
vysokopevnych martenzitickych oceli docilit dosaZzenim vhodné mikrostruktury s uréitym podilem zbytkového
austenitu. Vyslednou mikrostrukturu dosaZenou vhodnym tepelnym zpracovianim ovliviiuje nejen legovaci
strategie, ale také vhodna volba parametri tepelného zpracovani. Pro tento experiment byly odlity ctyfi
experimentalni oceli legované predev§im manganem, ki‘emikem, chromem, molybdenem a niklem. Tyto oceli
byly s vyuzZitim materidlové-technologického modelovani tepelné zpracovany tzv. Q-P procesem s naslednym
zakalenim mezi teploty M a My. Bylo odzkouSeno nékolik riiznych rychlosti ochlazovani a byl posuzovan jejich
vliv na vyvoj mikrostruktury. Vysledna struktura po Q-P procesu byla analyzoviana pomoci svételné a
elektronové mikroskopie. Bylo dokazano, Ze variaci rychlosti ochlazovani je i u téchto AHSS moZno dosahnout i
jinych struktur nejen na bazi martenzitu. Pfi spravné navrZenych parametrech byly ziskany meze pevnosti vyssi
nez 2000 MPa s taznostmi 10-15%.

Abstract: For modern steels in present time is required high strenght and ductility. This could be possible for
high-strenght martensitic steels with good microstructure with some residual austenite. Resulting microstructure
made by proper heat treatment are not affected only by alloying strategy, but even by well chosen heat treatment
parameters. For this experiment we casted four experimental steels primaly alloyed by manganese, silicon,
chromium, molybdenum and nickel. These steels were heat treated with assistance material-technological
modeling by so called Q-P process followed by quenching between teperatures Ms a Mf. There we tested a few
different cooling velocities and observed their affection to development of microstructure. Resulting
microstructure after Q-P process was analysed by light and electron microscophy. We found, that variations of
velocities cause changes in this AHSS and it is possible to make another structures then martensitic. With
correctly chosen parameters there a gain of strenght limit over 2000 MPa with ductility 10-15%

Kli¢ova slova: materialové-technologické modelovani, zbytkovy austenit, Q-P proces, AHSS, RTG difrakce
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Navrh nastroje pro zpracovani plechii z vysokopevnych oceli

Design of tool for treatment of high-strength steels
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Abstrakt:

Oceli pro automobilovy primysl hraji velkou roli v konstrukcich modernich automobili. Hlavnim diivodem
pouZiti pokroc¢ilych materiali jako jsou vysokopevné oceli je redukce hmotnosti jednotlivych dild karoserie
automobili se zvySenymi poZadavky mechanickych vlastnosti slouZicich k ochrané cestujicich. SniZzeni hmotnosti
téchto dilii vede k redukci emisi, které jsou produkovany spalovacimi motory. V tomto ¢lanku je popsan navrh
prvniho kroku vyvoje nastroje pro zpracovani plechi z vysokopevnych oceli, ktery povede k postupnému vyvoji
tvarového nastroje pro technologii press-hardening. Mezi cilové materialy budou patfit nejenom vysokopevné
PH oceli, ale i oceli vicefazové tieti generace. Clanek popisuje navrh plochého nastroje pro sledovani pribéhu
ochlazovani béhem zakaleni predehiatého plechu jak ve zpracovavaném materidlu, tak i v nastroji. Vzhledem
k tomu, Ze zejména oceli tireti generace pozaduji specificky teplotni profil béhem ochlazovani, aby bylo dosaZeno
jejich mechanickych vlastnosti, byl do nastroje integrovany ohfev pomoci topnych patron.

Abstract:

Steels for automotive industry are very important in design of modern vehicles. Advanced materials, such as
high strength steels, can be used as car body safety elements due to their high mechanical properties while
reducing the weight of the manufactured parts. Weight reduction leads to a significant reduction in emissions of
combustion engines. In this article the first step of tool design for thermomechanical treatment of high strength
steel plate is described. It will lead to a die design for press-hardening process. Choose of materials aims not only
for high strength PH steels but for the third generation of high strength steels too. The article describes the
design of flat tool for observing temperature changes during hardening of preheated plate in both the processed
material and the tool. Due to the fact that especially third-generation steels require a specific temperature profile
during cooling in order to achieve their mechanical properties, the tool has been integrated with heating
cartridges.

Klic¢ova slova: press-hardening, vysokopevné oceli, termomechanické zpracovani, rychlost ochlazovani
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