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TENDENCE V)’(VOJE ZARiZENi PRO TEPELNE
ZPRACOVANI S VYUZITIM VAKUA

DEVELOPMENT TRENDS OF EQUIPMENT FOR HEAT
TREATMENT WITH USE OF VACUUM

Pavel Stolar )
ECOSOND s.r.0., K Vodarne 531, 257 22 Cercany, Czech Republic, stolar@ecosond.cz

Referat je prehledovym referatem zabyvajici se vyvojem vakuovych technologii tepelného zpracovani.
V ¢lanku je provedeno zatfidéni technologii pouzivajicich vakua rGzného stupné. Popsany jsou
vyvojové tendence konstrukce v klasickych pecich pro tepelné zpracovani i pece pro ruzné typy
chemicko-tepelné zpracovani s vyuzitim podtlaku.

This abstract is a survey abstract dealing with the development of vacuum technologies for heat
treatment. The article provides a classification of the technologies using vacuum of various degrees. It
describes the development tendencies of construction in classical heat treatment furnaces and furnaces
for various types of chemical heat treatment with the use of underpressure.
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TEPELN}JJ ZPRACOVANI NASTROJU V PROSTREDI
INERTNICH PLYNU

HEAT TREATMENT OF TOOLS IN NOBLE GAS
ATMOSPHERE

Miladen StupniSek, BoZidar Matijevi¢
University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, lvana
Lucicéa 5, Zagreb, Croatia, mladen.stupnisek@fsb.hr

ABSTRACT

V tomto pfispévku je popsan vyvoj zatizeni pro kaleni nastroji. Je dobfe zndmo, Ze s rostouci
ochlazovaci intenzitou béhem kaleni klesd vyskyt precipitace karbidli na hranicich zrn.
V disledku toho se zhorSuji dynamické vlastnosti nastroji. S ohledem na tuto skutecnost se
vyvoj vakuovych peci vydava dvéma sméry. Jeden smér je zalozen na zvySovani tlaku plynu
a hledani vhodné&jsich plynt pro kaleni v pietlaku plynu. Jiny smér spoc¢iva ve vyvoji zatizeni
pro kaleni nastrojii zalozeném na ohifevu v atmosféte inertnich plynii (argon nebo helium)
s naslednym zakalenim v termalni l4zni, ¢imz je mozné vyrobit technologicky zdokonalené
nastroje s nizSimi naklady nez maji vakuové technologie.

Kli¢ova slova: nastrojové oceli, kaleni, precipitace karbida, inertni plyn, rychlost kaleni

The development of equipment for tool hardening is described. It is a well known fact that an
increase in cooling intensity during quenching decreases the occurrence of carbide
precipitation on grain boundaries. Consequently, dynamical properties of tools in exploitation
are deteriorated. With that in mind, the development of vacuum furnaces is oriented in two
directions. One direction is based on an increase in gas pressure and a search for better suited
gasses for high pressure gas quenching. The other direction is the development of tool
hardening equipment based on heating in a noble gas atmosphere (argon or helium) followed
by quenching in a proprietary thermal bath basin, thus making the tools produced more
technologically advanced and cost-effective in comparison to those produced by the vacuum
furnace technology.

Key words: tool steels, hardening, carbide precipitation, noble gas, quenching rate

1. EQUIPMENT FOR TOOL HARDENING

Widely used atmosphere integrated quench furnaces are rarely applied for tool
hardening due to the inadequate protection of steel surface, or, on the other hand, due to the
reaction of active gas components with carbon in the steel surface, which may cause
decarburizing or carburizing. Even nitrogen from the gas atmosphere may change the
chemical composition of the steel surface by absorption in austenite, which is then stabilized.
Consequently, an increased amount of retained austenite is present in the hardened steel. The
application of conventional atmosphere furnaces is bad for the environment because they use
natural gas sources and emit harmful gas components, such as carbon dioxide and nitrogen
oxides. Vacuum furnaces are mostly used for tool hardening due to the protection of steel
surface during heating, but the limited cooling intensity during gas quenching is the main
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disadvantage of conventional vacuum furnaces. High alloyed tool steels have high
hardenability, as shown in Fig. 1, [1]. Due to a high amount of carbon in many cases, the
precipitation of pre-eutectoid carbides results in decreased toughness and thermal fatigue
resistance of tools, [2].
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Fig. 2. Carbides precipitated on grain boundaries [2]

Low carbon martensite near grain boundaries is the cause of lower resistance to tempering,
which consequently decreases hardness during the high temperature application.
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Fig. 3. Influence of quenching intensity on the softening of hot work tool steel under the
surface during die casting [3]
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In the past few years, the quenching intensity of vacuum furnaces has been notably increased
by the use of high pressure gas quenching or the integration of oil bath quenching. Figure 4
shows the influence of the kind and the pressure of gas on heat transfer in comparison to oil
bath quenching.
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Fig. 4. Comparison of high pressure gas quenching and oil bath quenching [4]

Fig. 5. Vacuum furnace with oil bath quenching [5]
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Vacuum furnaces have been developed in two main directions. One direction is based on an
increase in gas pressure and the substitution of nitrogen gas with helium or hydrogen, whereas
the other direction incorporates vacuum oil quenching technology [5].

2. ANEW TYPE OF ATMOSPHERE FURNACE FOR TOOL HARDENING

In common integrated quench furnaces the active gas atmospheres that are used cannot
fully protect the steel surface and decarburization or carburization take place on the surface of
tools. Also, nitrogen is not absolutely inert because, at high temperatures, it absorbs the
stabilizing austenite into the steel surface. Consequently, the amount of retained austenite in
hardened tools increases. The retained austenite decreases hardness and compressive stresses
in the surface layer. Only noble gases are absolutely inert to steel but their application in
common quench furnaces is not adequate due to high consumption of expensive noble gases.
To make the application of noble gases (argon and helium) possible, a new design of
integrated quench furnace has been developed in order to enable low consumption of
expensive gases. The design of the new type of furnace is based on the fact that densities of
argon and helium are significantly different from the density of the air, which enables simple
atmosphere changes based on the gravity principle to be made without evacuation. Argon is
40 % heavier than air and helium is 7 times lighter than air.

() IR L.

Fig. 6. Functional schema of integral quench furnace for thermal bath hardening from the
helium gas atmosphere [6]
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The new integral quenching furnace is a vertically arranged bell-type furnace with an
enclosed vestibule sealed on a quenching basin with a lift for vertical transport of charge in a
closed gas system [6]. Helium is placed in the upper part of the furnace. During heating, it
expands down through the vestibule to the expanding vessel where it resides until the start of
cooling cycle when it comes back into the vestibule. The vertical transport of charge from the
furnace through the vestibule into the quenching basin is carried out without any contact with
air and the steel surface remains perfectly bright. The whole hardening process, i.e. heating
and quenching, can be driven by the data obtained from two thermocouples built in the test
block, measuring the surface and the core temperature. For a quenchant, it is possible to
choose hot oil bath or salt thermal bath, or even water because its vapour cannot damage the
helium gas atmosphere.

Gas atmosphere pit-type furnaces are suitable for hardening in argon because argon is heavier
than air and the flow direction is from the bottom to the top of the retort. Furnaces for
tempering are designed by applying the same principles as for gassing retorts.

3. CONCLUSION

The developed integral quench furnace enables hardening in liquid media without any
influence on the steel surface. The quenching intensity of liquid media is very high and it is
comparable with that of high pressure gas quenching in vacuum furnaces using helium or
hydrogen at a pressure of more than 20 bars. Besides technological advantages, the developed
equipment is more economically justified by lower investment and exploitation costs.
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SAMOMAZNE TENKE POVLAKY PRO NASTROJOVE
OCELI

SELF-LUBRICATING THIN FILMS FOR TOOL STEELS

Peter Juréi®, Stanislav Krum®
qMtF STU Trnava, Paulinska 16, 917 24 Trnava, Slovac Republic
*CVUT v Praze, Fakulta strojni, Karlovo nam. 13, 121 35 Praha 2, Czech Republic

ABSTRACT

Vzorky vyrobené z oceli pro praci za studena Vanadis 6 byly vyrobeny tfiskovym
opracovanim, brouSeny a tepelné zpracovany standardnim rezimem pro dany materidl.
Nakonec byly vzorky lestény do zrcadlového lesku. V tomto stavu byl material povlakovan
povlaky CrAgN o koncentracich stiibra 3 hm.% a 15 hm.%. Mikrostrukturni analyzou vylo
zjiSténo, Ze ptisada 3 hm.%Ag nema vyznamny vliv na mechanismus riistu povlaku. Na druhé
stran¢ prisada 15 hm.%Ag ma na rist povlaku vyznamny vliv. Povlak s 3 hm.% Ag ma
vynikajici adhezi na zakladni material. Oba typy povlaka maji vyborné tribologické vlastnosti
pii tieni s protikusy z A1203 a lit¢ho cinového bronzu CuSn6.

Specimens made from Vanadis 6 cold work tool steel were machined, ground, heat processed
by standard regime and finally mirror polished. After that, they were layered with CrAgN.
The Ag-content in the layers was chosen to 3 wt% and 15 wt% respectively. Microstructural
analysis revealed that the addition of 3 wt%Ag did not influence the growth manner of the
films but the addition of 15 wt%Ag has made considerable changes in the film growth. The
layer with 3 wt%Ag had excellent adhesion on the steel substrate. Both films have also
superior tribological properties against hard material (alumina) as well as against soft
counterpart (CuSn6 as-cast bronze)

1. INTRODUCTION

Thin CrN-based films have been used in variety of industrial applications like copper
machining, aluminium die casting and forming and wood processing [1 - 7]. However, some
of tribological properties of these films cannot be changed in a sufficiently wide range since
they are given by the nature of the film compound itself. Therefore, the effect of self-
lubrication gained a great scientific importance in last few years.

The main idea to develop self-lubricating and multi-purpose coatings was based upon
the fact that commercially available lubricants (sulphides, oxides, graphite) exhibit
considerable shortcomings and can not be used effectively in tooling applications. Soft noble
metals, on the other hand, posse stable chemical behaviour and can exhibit self-lubricating
properties due to their low shear strength.

Self-lubricating effect is based on incorporation of small amount of noble metals,
mostly silver, into the basic CrN-film. Silver is completely insoluble in CrN and forms nano-
particles in basic CrN-compound. These particles are stable up to high temperatures, have low
hardness and shear strength and do not behave as abrasives. Siler containing transition metal
nitrides films have been extensively studied in recent years. Various authors established that
the addition of small amount of silver into ZrN, YSZ and CrN increases the H*/E? — ratio [8],
wear resistance [9] and significantly reduces the friction coefficient [10 - 13].
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CrAgN coatings deposited on various substrates, but excepting ledeburitic tool steels,
were studied by several authors [11 - 13]. They established alterations in the CrN-layer
growth orientation with increased Ag-content [12]. The friction coefficient of the layers with
22 at.% Ag, measured for the 100Cr6-steel counterpart at 600 °C was reduced from 0.64 (pure
CrN) to 0.47 (CrN+22 at.% Ag) [11]. As reported elsewhere [13], silver diffuses to the
surface at high temperature, forms lubricious grains there, which gives the principal
explanation of superior tribological properties of the CrAgN-films.

Current paper deals with the development of adaptive nanocomposite CrAgN coatings
on the Vanadis 6 Cr-V ledeburitic tool steel. It describes and discusses the basic coating
characteristics like wear resistance, friction coefficient, Young's modulus, as a function of the
silver content and deposition temperature.

2. EXPERIMENTAL
2.1. Material and processing

The experimental samples were made from the ledeburitic steel Vanadis 6 with
nominally 2.1 %C, 1.0 %Si, 0.4 %Mn, 6.8 %Cr, 1.5%Mo, 5.4 %V and Fe as balance. After
rough machining procedure to the semi-final dimensions (plates 55 x 10 x 1 mm), they were
subjected to standard heat treatment procedure. After that the samples were fine ground and
polished with the diamond suspension up to the mirror finish.

The CrN- and CrN/Ag - coatings were deposited in a magnetron sputter deposition
system, in a pulse regime with a frequency of 40 kHz. Two targets, opposite positioned, were
used: One made from pure chromium (99.9%Cr) and the second made from silver of 99.98%
of purity). The cathode output power was 5.8 kW on the chromium cathode. On the silver
cathode, the output powers were 0.1 and 0.45 kW in order to produce the silver contents in the
coating of 3 wt% and 15 wt%, respectively. The processes were carried out in a low pressure
atmosphere (0.15 mbar), containing the nitrogen and the argon, in a ratio of 1:4.5.

The substrates were placed between the targets on rotating holders, with a rotation
speed of 3 rpm. Just prior the deposition, the substrates were sputter cleaned in an argon low
pressure atmosphere for 15 min. The substrate temperature was 250 °C for the cleaning. For
the deposition, the temperature was increased to 500 °C using an internal wall heating.
Negative substrate bias of 200 V was used for the sputter cleaning and that of 100 V for the
deposition. The total deposition time was 6 hours.

2.2. Investigation methods

Microstructural analysis has been carried out on fracture surfaces of coated samples, on
the field emission scanning electron microscope JEOL JSM-7600F. Coated specimens were
immersed into liquid nitrogen and broken down before the analysis.

The nanohardness and the Young’s modulus (E) of the coatings were determined using
the instrumented nanoindentation test under a normal load of 20 mN, at a NanoTest (Micro
Materials Ltd) nanohardness tester equipped with a Berkovich indenter. For both coatings, ten
measurements were made and the mean value and the standard deviation were calculated.

The adhesion of the coatings on the substrate has been evaluated using a CSM Revetest
scratch-tester. The scratches were made under progressive increasingly load from 1 N to 100
N, with a loading rate of 50 N/min. Standard Rockwell diamond indenter with a tip radius of
200 mm was used. Five measurements were made on each specimen and the mean value of
adhesion, represented by the L and L, critical loads, respectively, has been calculated. The
critical loads were determined by the recording of the signal of acoustic emission as well as
by the viewing of the scratches on the light micrographs. The L; critical load corresponded to
the occurrence of first inhomogenities in the coating and the L, critical load was determined
as load when 50% of the coating was removed from the substrate.
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Tribological properties of the coatings were measured using the CSM Pin-on-disc
tribometer, at ambient and elevated temperatures, up to 500 °C. For the testing, the balls with
a 6 mm in diameter, made from sintered alumina and CuSn6 bronze have been used. No
external lubricant was added during the measurements. The normal loading used for the
investigations was 1 N. For each measurement, the number of cycles was 5100, e.g. at the
sliding radius of 5 mm, the total sliding distance was 100 m.

3. RESULTS AND DISCUSSION

The microstructure of the substrate material after the heat treatment is in Fig. 1. The
material consists of the matrix, formed with tempered martensite and fine carbides, uniformly
distributed throughout the matrix. As established recently [14] that it is mainly the M;Cs-
phase that underwent the dissolution in the austenite during the heat processing. This results
in the saturation of the austenite with carbon and alloying elements, which leads to high
hardness of as-heat treated material. Other part of the M;Cs-carbides, and almost complete
amount of MC-phase remained undissolved. After the heat treatment, the average hardness of
the material was 724 HV 10.

(S (5 9

Figure 1. Microstructure of PM ledeburitic steel Vanadis 6 substrate after heat treatment

Figure 2. SEM micrographs showing the microstructure of CrAg3N (a) and CrAgl15N (b)
films developed on the Vanadis 6 steel substrate

The thickness of the film with 3%Ag — addition was 4.2 um, Fig 2a. Previous paper
[27] was devoted to the analysis of CrAgN films prepared at the temperature of 260 °C
(corresponding to heating up due to ion bombardment only). It has been established that the
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films formed at low temperature have a similar thickness, e.g. higher deposition temperature
does not influence the growth rate significantly at a given Ag addition. On the other hand, the
film with an addition of 15 wt% Ag has grown much faster and its total thickness was
established to be 6.3 um, Fig. 2b.

The film with 3 wt% Ag addition grew in a columnar manner, with well visible
individual crystallites, Fig. 2a. There is no difference in a growth manner between this film
and that formed at 260 °C, as reported previously [15]. The situation in the case of the film
with an addition of 15 wt% Ag is clearly different — individual columnar crystals are not
visible but separate Ag-particles can be shown on the SEM micrograph, Fig. 2b.

Figure 3. SEM micrograph showing the surface microstructure of CrAg15N — film (a) and
corresponding EDS-map of silver (b)

SEM micrograph in Fig 3a, made from the surface in the BE-detection regime, and
corresponding EDS mapping of Ag, Fig 3b show that silver forms individual grains on the
surface at higher concentration. Previous paper [15] did not documented this fact — mainly
due to the fact that lower temperature was used for the deposition and the silver concentration
was too low for the formation of individual crystals of sufficiently large size to be detected by
SEM.

In the paper published previously [15] it was concluded that the addition of 3 wt% Ag
induced only very slight coating hardness decrease. The nanohardness of pure CrN was 16.79
+ 1.49 GPa and that of CrAg3N 15.97 + 1.44 GPa. Current results confirmed that small Ag-
addition does not result in significant changes in coating hardness — the hardness of 3 wt% Ag
containing film deposited at 500 °C was 16.13 £+ 1.83 GPa, Table 1. The addition of 15
wt%Ag, on the contrary, led to substantial hardness reduction — it was only 11.43 + 0.61 GPa.
Similar effect of the silver addition on the coating hardness has also been reported by Yao et
al. [16] for magnetron sputtered nanocomposite coatings with various silver additions. An
explanation can be given by the fact that Ag is very soft in nature and the Ag-particles
embedded in CrN make a softening of the coating. Also the size of Ag-particles should be
probably considered — the larger the Ag-grains are the more considerable softening of the
film.

The Young’s modulus of pure CrN and CrAg3N deposited at 260 °C were of about 240
GPa [15]. Also, small Ag addition in the film formed at 500 °C did not change the Young
modulus, see also Table 1. But, higher silver amount incorporated into the basic CrN has a
negative effect on E. The investigations published by Aouadi et al. [8], where decreased
Young's modulus with increased Ag-content in YSZ-based coatings has been established, has
thus been confirmed.
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Table 1. Mechanical properties of the layers deposited at 500 °C

Coating Hardness [GPa] Young’s modulus [GPa]
CrAg3N 16.13 +1.83 246 £ 17
CrAg15N 11.43+0.61 204 £6

For the film with 3 wt%Ag addition, the first symptoms of coating damage occurred at
the average loading of around 47 N (L.;). Coating damage begins with an appearance of semi-
circular tensile cracks, Fig. 4a. The “total” failure of the CrAg3N - film is in Fig. 4b. It is
typical by the occurrence of many parallel cracks in the scratch, where of about 50% of the
coating is removed from the substrate. Typical load when this symptom occurred was 74 — 88
N (Le2).

Figure 4. Light micrographs showing the failures after scratch test: a — CrAg3N, L, b —
CrAg3N, L¢y, ¢ — CrAgl5N, Ly, d — CrAgl5N, Leo

Relatively softer 15 wt% of Ag containing coating fails also by the manner of semi-
circular tensile cracks, but the distance between the cracks is much larger than that in the
CrAg3N-film, Fig. 4c. The critical load at which these symptoms firstly occurred was very
low — it ranged around 6.4 N, Table 2. Figure 4d shows the total failure of the CrAgl5N
coating. Here, higher distance between adjacent cracks is also clearly evident. One can
assume that softer CrAg15N - coating can store a higher amount of plastic energy before
failure. This seems to be logical since silver is soft in nature, forms individual particles in the
coating and can make the coating more resistant to the brittle failure. Total failure of the
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coating with the 15 %Ag addition became at much lower load than that of 3 wt%Ag
containing film, Table 2.

Compared the obtained results to those recorded from the coatings developed at 260 °C
it seems that elevated deposition temperature (500 °C) has favourable effect to the CrAg3N
adhesion. For the coating with 15 wt%Ag, weak adhesion has been recorded. It seems that
high silver content makes the coating too soft and very sensitive to the failure at higher
loading.

Table 2. Critical loads for defined degree of coatings failure

Coating Les [N] L [N]
CrAg3N 469 +8.1 82.6+8.4
CrAg15N 6.4+ 0.6 441+63

Table 3. Friction coefficients of coatings against two different counterpart’s materials

Testing temperature CrAg3N CrAg15N

[°C]/coating Al,O3 CuSn6 Al,O3 CuSn6

Room temperature 0.400 0.261 0.390 0.261
300 0.240 0.222 0.110 0.220
400 0.160 0.246 0.139 0.144
500 0.168 0.165 0.143 0.126

Table 3 shows results of the measurements of friction coefficients. In all the cases,
increased testing temperature led generally to decrease of the friction coefficient. At a room
temperature, however, the friction coefficient against alumina was practically the same and, in
addition, it does not exhibit any differences compared to pure CrN [15]. Therefore, our
previous findings [15] were confirmed, e.g. no positive effect of the Ag-addition can be
expected in low temperature applications. At higher operation temperature, on the contrary,
there was positive effect of the silver addition found. This effect is slightly more evident for
the 15 wt %Ag containing films.

The friction coefficient against bronze was lower for both coatings at a room
temperature. There is, unfortunately, no direct comparison to the pure CrN available. At
higher temperature, decrease of friction coefficient has been recorded, which is more
significant for the film with higher Ag-content. Practical application of the coating with
higher Ag-content is, however, doubtless. On the one side higher Ag-content induces an
improvement of friction characteristics for both types of counterparts. On the other side,
however, the film with high Ag-content had poor adhesion on the substrate. In addition,
increasing Ag-content makes the film deposition process more expensive.

CONCLUSIONS

Investigations of magnetron sputtered CrN-films with various Ag-additions have
brought the following findings:

The films with 3%Ag and 15%Ag formed at 500 °C had a thickness of 4.2 um and 6.3
um, respectively. Compared to the results obtained on the films developed at 260 °C it can be
concluded that while the deposition temperature did not affect the final coating thickness,
higher Ag-content led to greater thickness of the film.
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The CrAg3N-coatings grew in typical columnar manner. Addition of 15 wt% of silver
induced substantial changes in the growth mechanism of the films. Moreover, individual
silver grains became easily visible in the microstructure of the films.

The addition of 3 wt% of Ag into the CrN film did practically not influence the
hardness. On the other hand, incorporation of 15 wt %Ag resulted in substantial hardness
decrease and decrease of Young's modulus.

The adhesion of CrAg3N-film formed at 500 °C was much better than that of the film
with the same Ag-addition but made at 260 °C. The adhesion of the film with 15 %Ag was
Very poor.

Tribological measurements established excellent wear properties of both films at the
temperatures above 400 °C. The friction coefficient was reduced by 70-75% compared to pure
CrN.

From the point of view of the coating adhesion and, in addition, from the overall
economy aspects it seems that the addition of 15 wt% of silver is too high and can not be
recommended for the industrial use. On the other hand, the addition of 3 wt% Ag brings very
promising benefits and its practical use should be investigated in the near future.
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PRASKANI NASTROJU PO TEPELNEM ZPRACOVANI

TOOLS CRACKING AFTER HEAT TREATMENT

Antonin K¥iz
ZCU Plzen, Univerzitni 22, 306 14 Plzen, Czech Republic, kriz@kmm.zcu.cz

ABSTRACT

Clanek se zabyva sledovanim moznych pFi¢in rozvoje trhlin u nastrojii z nastrojové oceli
S500 Bohler. Rozvoj trhlin byl pozorovan po tepelném zpracovani pii nasledném brouseni. V
podstaté ptichazely v tvahu dvé pficiny - vnesené napéti pii brouseni a druhou
pravdépodobnéjsi pti¢inou bylo nevhodné tepelné zpracovani. Vysledky analyz prokazaly, ze
hlavni pfi¢inou bylo nedodrzeni parametrii tepelného zpracovani. V ¢lanku jsou také uvedeny
Sir§i souvislosti mezi pfi€inami rozvoje prasklin a vnitinim napétim. Tim jsou doplnény dalsi
informace, které byly uvedeny na minulé konferenci v souvislosti s rozvojem prasklin,
strukturnim stavem a zbytkovym napétim.

The paper deals with investigation of possible causes of cracking of tools made from S500
Bohler tool steel. The cracks were revealed during grinding after heat treatment. In essence,
two causes were possible: stress introduced during grinding and — more likely — an
inappropriate heat treatment process. The investigation showed that the main cause was
inadequate heat treatment parameters. The paper also describes broader interrelations between
the causes of cracking and internal stresses. These are supplementary to the data on crack
development, structure states and residual stresses presented at the previous conference.

1. UVOD

Proces iniciace a rozvoj trhlin je vzdy spojen s pfekroCenim koheznich sil materialu. Sama
podstata vzniku poskozeni je z hlediska funkce nastroje limitujici. Pfesto je tfeba vznik
poskozeni sledovat i z druhého hlediska, nebot lomovd plocha obsahuje velmi cenné
informace. Tyto informace se tykaji oslabené struktury popt. nevhodného zatéZovani. Toto
zatézovani mize byt zpisobeno jak nevhodnou aplikaci nastroje, ale také konstrukéni chybou.

Uvedeny prispévek pojednava o strukturni .. (Mpa)

slabing, ktera byla odhalena az v souvislosti 3p0 <120 06p 240 420 600
S naslednym technologickycm zpracovanim. P T e
, L Uniform @ 1
Obr. 1 — Hloubkové rozlozeni zbytkového ]
napéti iniciovaného vnesenym teplem od 4t ot e

brouseni[1]
Fig. 1 — Depth profile of residual stress
resulting from the heat introduced by

¢ Analytical (E{astic)

Depth (mm)
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Po brouseni dradzky ve vrtdku z oceli 1.3247 S500 Bohler o priméru 12 mm se zacaly
iniciovat trhliny, které vedly k totalni destrukci nastroje. Jak zachycuje obr.1, pti brouseni se
iniciuji pomérné vysokd zbytkovd napéti, kterd jsou dana jak nerovnomérnym ohievem
a ptipadnou strukturni transformaci, tak i napétovym pole od brusného kotouce. V ptipadé
bezdefektniho ndstroje tato vnesend napéti nemaji za nasledek poskozeni. Jestlize je
u materidlu narusena vnitfni (kohezni) pevnost, pak tato vnesena napéti prekro¢i limitni
hodnotu a dalsi energie se uvoliiuje rozvojem trhliny [2]. Pfi posuzovani poskozeni nastroje
pfi brouseni je nezbytné hledat Sir§i souvislosti, jinak se stane to, ze bude oznacena
technologie brouseni jako nevhodnd. V nékterych pripadech mize také nastat, Ze trhlina se
objevi, az odstranénim povrchové vrstvy. Materidl pfi povrchu mize mit nasledkem vétsiho
pritvafeni jemnéjsi strukturu a ndsledkem toho také snese vétSi vnitini zbytkoveé napéti. Ve
sttedni ¢asti se mohou jiz nasledkem hrubsi struktury iniciovat poskozeni po zakaleni a po
odstranéni materialu na povrchu dojde k objeveni popf. iniciaci trhliny[3].

Nasledujici ptipad dokumentuje rozvoj trhlin po brouseni nasledkem strukturnich slabin, které
byly vyvolany nedodrZenim podminek tepelného zpracovani. Trhlina se obvykle Sifila od
hrany budouciho hlavniho ostii smérem k jadru vrtaku.

2. MATERIAL A TEPELNE ZPRACOVANI

Vrtaky byly vyrobeny z materidlu 1.3247 S500 Bohler, ktery ma 1,1%C; 3,8%Cr; 9%Mo;
0,9%V; 1,4%W,; 7,6%Co.

V prvni fazi byly dodany vrtaky z vyrobni davky 400ks, ve které popraskalo 58 ks.

Z této davky byly dodany vrtaky jak s trhlinou, tak bez trhliny. Vrték s trhlinou byl oznacen
jako A, vrték bez trhliny jako B. Kaleni bylo provedeno v solné 14zni s nasledujicim rezimem.

Tab. 1 Rezim tepelného zpracovaini
Table 1 Heat treatment schedule

Pec ¢ 1 2 3 4 5
Popis — Vzduchova | Piedehiev — | Pfedehiev — | Austenitizace Kalici —
napli susSici GS 540 GS 750 Semperneutr. GS 430
:Feplota (D): Do 400°C 850°C 1050°C 1170°C+£10°C 550°C max
Cas p(‘s’)“:""e“‘ 137 137 137 137 137
Popusténi | Datum Cas (hod) Teplota VydrzZ na teploté
¢: popousténi
1 19. 3. 4:00 — 6:25 565°C 60min
2 19.3. | 10:30 - 12:45 565°C 60min
3 21. 3. 6:05 — 9:20 565°C 60min
4 21.3. | 17:45-19:55 565°C 60min

Kaleni a popusténi bylo provedeno tak, ze vysledna tvrdost vrtaki byla HV10= 960 — 974.

V dalsi sérii poZadovanych analyz byly dodany nasledujici vzorky:

Polotovar — K — pouze kaleno 1170°C/137 s — Z tohoto vzorku byl odebran vzorek pro
podélnou a pri¢nou metalografickou analyzu — vzorek byl odebran od budouci Spicky

Polotovar — P - kaleno 1170°C/137  s;popusténo  560°C/60min+
580°C/60min+560°C/60min+530°C/105min— Z tohoto vzorku byl odebran vzorek pro
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podélnou a pricnou metalografickou analyzu — vzorek byl odebran od budouci Spicky
nastroje.

Polotovar — N —kaleno 1170°C/137s popusténo
560°C/60min+565°C/60min+565°C/60min+565°C/60min — Z tohoto vzorku byl odebran
vzorek pro podélnou a pii¢nou metalografickou analyzu — vzorek byl odebran od budouci
$picky nastroje.

Vrtak C1 (4910846) — byl zuslechtén jako polotovar P. Z tohoto vrtaku byl odebran
vzorek pro podélnou a pficnou metalografickou analyzu — vzorky byly odebrany od Spicky
nastroje. U tohoto vrtaku byly pozorovany trhliny iniciované po brouseni.

3. VYSLEDKY ANALYZ

Jako prvni byla posouzena materidlova shoda, ktera byla zjiS§téna méfenim koncentraci
dilezitych prvkl u vSech vzorkii. Z méteni vyplynulo, ze se ve vSech ptipadech skutec¢né
jedna o ocel S500 Bohler a vSechny prvky jsou v daném toleran¢nim poli koncentraci.

Dalsi analyzou byla stanovena mikrotvrdost HV0,05.

Lokalitou, v niz byla zjisténa hodnota mikrotvrdosti HV0,05, byl pficny metalograficky
vybrus, ktery byl zhotoven v misté poskozeni (u nastroje A to byl jiz dodany stav, u nastroje
B doslo k rozvoji trhliny az pfi roziezu na metalografické vzorky). U vzorku A bylo dosazeno
hodnoty HV0,05 =1156,4+53,8 a u vzorku B to bylo hodnoty HV0,05 =1211,6+58,7.

Tab.2 Prehled tepelného zpracovani jednotlivych analyzovanych vzorkii a dosazené
priumeérné hodnoty HV0,05

Table 2 Heat treatment schedules for individual specimens and average HV0.05 hardness
values

Oznaceni Rezim tepelného zpracovani Hodnoty
vzorku HV0,05
Polotovar — N | kaleno 1170°C/137 a popusténo 1306,2+100,2
560°C/60min+565°C/60min +565°C/60min+565°C/60min | 1124,2+84,6
Polotovar —P | kaleno 1170°C/137 a popusténo 560°C/60min+ 1032,4+38,7
580°C/60min +560°C/60min+530°C/105min 1234,2+67,8
Vrtak C1 kaleno 1170°C/137 a popusténo 560°C/60min+ 1348,6+162,9
580°C/60min +560°C/60min+530°C/105min 1106,6+54,3
Polotovar — K | pouze kaleno 1170°C/137 s 871,2+52,6
837,8+20,2

Z ARA diagramu oceli vyplyva, Ze pro zakalenou a nepopusténou strukturu je
charakteristicka tvrdost okolo 880HV. Této hodnoty bylo dosaZeno i u vzorku K. Rovnéz byly
potvrzeny vysledky tvrdosti nezakalené stopky polotovaru (nastroje), u které byla dosazena
tvrdost okolo 310+324HV0,05 a zjiSténa nezakalend struktura tvofena glubulitickymi karbidy
pfedevSim primarniho charakteru.

Z dal$ich hodnot vyplyva, Ze hodnoty jsou velmi vysoké az 1348HVO0,05. Tato tvrdost je tak
vysokd, Ze ani piepoctové tabulky na hodnoty HRC neumozZiuji pfepocet (nejvyssi
pfepoctend hodnota je 940HV = 68HRC. Jak vyplyva z obr. 2 je pro ocel S500 nejvyssi
sekundarni popoustéci tvrdost pravé hodnota 68HRC. Dosazené vysoké hodnoty Ize
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v nékterych piipadech zdivodnit pfitomnosti karbidd, které jsou rozmistény v matrici
a v pripadé¢ métfeni v misté, kde je karbid pod povrchem je ovlivnéna i hodnota méfeni. Tyto
rozdily se pak projevily na velikosti smérodatné odchylky. AvSak i s vylou¢enim téchto
vysSich hodnot je celkova tvrdost vysoka. Nasledujici snimky dokumentuji umisténi malych
vtiskit HV0,05 (velké vtisky byly zhotoveny pfi zatizeni HV2 a korespondovaly s dosazenymi
hodnotami mikrotvrdosti HV0,05).

70

" \
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60 \
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Harte in HRC / Hardness HRC
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Anlasstemperatur, °C / Tempering temperature, °C
Obr.2 Prubeh tvrdosti v zavislosti na teploté popousteni. Nejvyssi hodnoty HRC68
je dosazeno pri popousteni na teplotu 540°C [4]
Fig. 2 Hardness vs. tempering temperature curve. The highest value — 68 HRC — was
obtained with the tempering temperature of 540°C

Vysoké hodnoty tvrdosti vychazi ze strukturniho stavu, ktery je uveden v nasledujici kapitole,
ale také z pritomnosti vysokého zbytkového napéti a tim 1 zvySeného nebezpeci vzniku trhlin.
Tyto trhliny mohou vznikat jiz po tepelném zpracovani, ale jak jiz bylo uvedeno, i po
brouseni. Pro nalezeni pfiCiny je nutné sledovat Vsechny dostupne informace a davat jejich
vysledky do korelace. Proto byla - ‘

vénovana pozornost 1 stavu
lomové plochy, nebot jak jiz
bylo uvedeno, trhlina se muze
Sifit v misté strukturniho
oslabeni. Tim u nastrojové oceli
byvaji  nejcastéji  nevhodné
vyloucené velké popi.
vyfadkované karbidy.

Dalsi provedenou analyzou byla
faktograficka studie rozlomeného
vrtdku A. Tato analyza byla
provedena za ucelem toho, aby
byl zjistén stav oslabené oblasti,

v Det WD p—— 500 um
kterou se §ifil lom. 0 50 SE 101 Lom

Lom byl iniciovan od povrchu
tj. béhem brouseni dosSlo ke
zvySeni zbytkového napéti a
nasledkem toho byly vytvofeny
napétové podminky pro Sifeni
trhliny.

Obr. 3 Lomovd plocha vrtaku A. K poskozeni doslo pri
brouseni

Fig. 3 Fracture surface of A drill. The failure occurred
during grinding
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Jak jiz bylo uvedeno v tivodu,
trhlina se obecn¢ v materidlu $iii
nejslabsim mistem popt. oblasti,
kde jsou vysS§i napétové stavy
napf. koncentratory napéti,
defekty, ale i karbidy. Proto je
ptinosné detailné sledovat lomovou
plochu a wvyhodnotit ji nejen
Z hlediska kiehkého poruseni, ale i
z hlediska stavu, velikosti a
rozmisténi karbidd. Z provedené ' }
fraktografické analyzy (obr.3; 4) . ¢ LY g
vyplyva, Ze poruSeni nenastalo 4 | ] . o

nasledkem  jejich nevhodné - ‘. . ﬁ
redistribuce. Jak Vyp|yne SpotMagn  Det WD }——m———— 5um .

Z nasledujici metalografické Casti [ QRENA AU . .

jejich  tvar a rozlozeni ve
struktufe je odpovidajici normé a
kladenym poZadavkim.
Metalograficka analyza a jeji

vysledky jsou vzdy stézejnim bodem expertiz posuzujici ptri¢inu poskozeni nastroje ve vazbé
na jeho strukturni stav. UmozZnuje zachytit jednotlivé souvislosti mezi pouzitym stavem
polotovaru z hlediska protvafeni, rozmisténi karbida, ale i provedenym tepelnym
zpracovanim. Pro dosazeni snimkl v pozadované kvalité byva vyuzit nejen svételny
metalograficky mikroskop, ale také fadkovaci elektronovy mikroskop. Tak tomu bylo i v této
presentované expertize. Vedle popisu struktury, popt. jeji mikrocCistoty byva posuzovana
i velikost austenitického zrna dle normy CSN EN ISO 643.

Uvedené struktury byly zviditelnény leptdnim ve 3% Nitalu po dobu 15 s. Pouze polotovar ve
stavu pouze zakaleném bylo zvoleno 30% leptadlo HNO3 v etylalkoholu s dobou leptani 30s.

Obr. 4 Detail lomové plochy
Fig. 4 Detailed view of the fracture surface

SpotMagn Det WD p——— 20m
50 1000x SE 24.0 VrtakA - pricny

Obr. 5 Strukturni stav vrtiku A v pricném smeéru metalografického vybrusu.
Fig. 5 Microstructure of A drill on metallographic cross section.

Ze ziskanych vysledkid metalografickych analyz vrtakli A; B byl zékaznik upozornén na to, Ze
struktura neni ve spravném stavu. Kaleni bylo provedeno z vyssi teploty, nez bylo
zadavatelem uvedeno (1170°C). Piedpokladana teplota kaleni byla 1190 — 1200°C. Tato
teplota odpovidé oceli S 500 Bohler[4]. Pii zdkaznikem uvadéné teploté 1170°C by nedoslo
k tak vyraznému rozpusténi karbidii. Rovnéz stav dodaného polotovaru je spravny. Nebylo na
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ném sledovano zadné nezadouci karbidické vyradkovani. Piesto by bylo vhodné, kdyby byl
vice protvaren a to kviili velikosti austenitického zrna (bylo posuzovéano az u druhé série a je
uvedeno v tab.3).

Podle strukturniho stavu je velmi nevyhovujici proces popousténi. Jak vyplyva z tab.¢. 9
jsou sice teploty 565°C voleny ve vazbé na sekundarni tvrdost, ale struktura tomu
neodpovidd. Ve struktufe jsou zachovany desky martenzitickych jehlic, které jsou
charakteristické pro nizkoteplotni popousténi. Jejich ptitomnost nasvédcuje tomu, ze proces
popousténi neprobehl podle pozadavki. Podle vlastnich vypocti je potieba dobu prodlevy na
popoustéci teploté i s dobou ohfevu prodlouzit alespoit na 120 min, aby probehly vSechny
procesy.

Ve druhé sérii byly dodany dalsi polotovary i vybrousené vrtaky, které mély rovnéz podobnou
strukturu, jako ty z prvni série. Také u vrtaku C byla pozorovana poSkozeni shodna s defekty
vrtaku ,,A* a posléze i vrtaku ,,B“. Tak jako u ptedchozi série byly i u této zdokumentovany
a posuzovany oblasti ve stfedni ¢asti a u okraje. V podélném a pticném smeéru.

SpotMagn Det WD pb———————{ 20um P SpotMagn  Det WD |—— 10um
50 1500x SE 20.7 Polotovar - kaleno - pricny | C 50 2500x SE 106 Polotovar 1170°C; 530°C - podel,

Obr. 6 Strukturni stav vzorku K zachyceny Obr. 7 Desky martenzitu jsou zachyceny
pomoci radkovaciho elektronového 1 u tohoto vzorku P

mikroskopu Fig. 7 Martensite plates have been found in
Fig. 6 Scanning electron micrograph of K P specimen as well

specimen microstructure

Jak dokumentuji vSechny tyto strukturni snimky bylo kaleni provedeno z teploty, ktera byla
vy$$i nez je uddvano zadavatelem. Tento usudek vyplyva ztoho, ze je pomérné velké
mnozstvi primarnich karbidi rozpusténo. Ocekéavana teplota kaleni je 1190-1200°C. Tato
teplota neni na kaleni v solné lazni nijak vysoka, nebot’ u podobné oceli CSN 19857 je
doporucena teplota kaleni v solné 1azni 1240-1270°C! Jedna se o pomérné vysokou teplotu a
proto je autorem doporucena max. teplota 1230°C a to i pfestoZe byly na pracovisti KMM
zkouSeny teploty az 1280°C a po kratké Casy austenitizace tj. do 3 min nebylo zaznamenano
Zhrubnuti zrna nebo vznik nezaddouci ledeburitické struktury.

Nejvétsim nedostatkem je, dle zjisténé struktury, popousténi, nebot’ nedoSlo ke vzniku
sorbitické struktury. Zakalend a popusténad struktura je tvofena martenzitickymi jehlicemi,
které jsou znakem nedokonalé¢ho popusténi. Toto nedokonalé popusténi bylo zjiSténo i pies
uvedenou zménu u vzorku P; C.
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Obr. 8 Vrtak s oznacenim C. Polotovar tohoto ndstroje byl tepelné zpracovan shodné se
vzorkem P. Rovnéz struktura je shodnd, obsahuje velké mnozstvi jehlic.

Fig. 8 Drill designated as C. The stock for this tool was heat treated according to the same
schedule as P specimen. Their microstructures are identical, containing a large amount of
laths.

Posledni analyzou bylo zjisténi velikosti austenitického zrna dle normy CSN EN ISO 643.
V tab. 3 jsou pro druhou sérii uvedeny velikosti zrna zjisténé z pficného metalografického
vybrusu v oblasti stfedu a okraje.

Tab.3 Velikost austenitického zrna
Table 3 Austenite grain size

Velikost austenitického zrna dle normy CSN EN ISO 643
Vzorek Oblast Hodnota G
N Stred 7
Okraj 9
P Stred 10
Okraj 10
K Stred 7
Okraj 9

Pro zajiSténi poZadovanych vlastnosti se vyZaduje, aby u nastrojovych oceli byla max.
velikost zrna G 10. Cim je vét§i hodnota G, tim je zrno jemngj§i. Tuto podminku splnil pouze
vzorek P. U ostatnich dvou vzorkd N; K byla ve stfedu mensi hodnota tj. vétsi zrno, nez
V oblasti okraje, ale obé hodnoty nejsou vyhovujici. Tento rozdil napovida, Ze na velikost zrna
mél pfedevsim vliv protvafeni polotovaru. Stfed byl méné€ protvaren a proto zde byla vychozi
struktura hrubsi oproti okrajovym oblastem. Z toho vyplyva doporuceni na dodavatele, aby
zajistil vétsi protvateni stiedni oblasti polotovard.
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4. ZAVER

Z dosazenych vysledkd vyplyva, ze nastroje jsou kaleny z teploty, ktera je o 20-30°C vyssi
nez udavéa zadavatel. Presto ji lze je§té nepatrné navysit. Podobna ocel 19857 (dle CSN) se
v solné 1azni doporucuje kalit az z teplot 1270°C. Dalsim doporuc¢enim bylo pouzit teplotu
austenitizace az 1230°C. Po zakaleni by mé¢l mit polotovar tvrdost 65HRC. Doba zvolené
austenitizace byla odpovidajici priméru polotovaru. Doporucené teploty je tieba jesté
odzkouset a odladit ptipadné nepfesnosti s métenim teploty solné 1azn¢.

Popousténi v soucasném stavu neplni svoji funkcei, nebot’ struktura je tvofena martenzitickymi
jehlicemi, primarnimi a sekundarnimi karbidy. Ve struktuie je pfili§ vysoké zbytkové napéti,
které s dalSim vnesenym napétim od brouSeni vede k iniciaci poSkozeni. Pro snizeni
zbytkového napéti je nutné dosahnout jemné sorbitické struktury. K jejimu dosaZeni je nutné
nejen odpovidajicich teplot, ale také doby prodlevy. Na zdklad¢ ziskanych zkuSenosti
1 doporuceni je navrzeno, aby prvni popousténi bylo provedeno na teplotu 570°C. Druhé, tteti
a Ctvrté popusteéni pak na teplotu 550°C. Rozhodujici je doba prodlevy, kterd samotna by méla
byt alespot 60min a ohfev na popoustéci teplotu dalSich 40 min.

Z hlediska dodaného polotovaru, nebyly shledany odli§nosti v chemickém slozeni. Rovnéz
vyhovujici je stav karbidii, které jsou tvafenim rozbity aniz by byla pfitomna piiliSna
vytadkovanost popf. anizotropie. Jedinym nedostatkem polotovaru je jeho nerovnomérné
protvareni, které se projevilo odliSnou velikosti zrna ve stfedu a na okraji. Ve stiedni ¢asti je
nasledkem mensiho protvafeni  vEtSi velikost plvodniho austenitického zrna oproti
okrajovym oblastem.
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OPTIMALNI POSTUPY VAKUOVEHO TEPELNEHO
ZPRACOVANI MATERIALU PRO PRACI ZA TEPLA

OPTIMAL PROCESSES OF VACUUM HEAT TREATMENT
OF HOT WORKING MATERIALS

Jiri Stanislav
Bodycote HT, Tanvaldskad 345, 46311 Liberec 30, Czech Republic,
jiri.stanislav@bodycote.com

ABSTRACT

Cr-V ledeburiticka ocel Vanadis 6 byla tepelné zpracovana riznymi zpusoby, s i bez periody
zmrazovani. Na tepelné zpracovanych vzorcich byla zjistovana houzevnatost pomoci zkousky
tfibodovym ohybem. Vysledky naznacuji pon¢kud piekvapive, ze zmrazované vzorky maji o
néco niz$i tvrdost, avSak nikoli houzevnatost oproti vzorklim bez zmrazovani. Ve vybranych
piipadech bylo dokonce zaznamenano, Ze zmrazované vzorky vykazovaly vyssi plastickou
deformacni praci do lomu nez vzorky nezmrazované. Tato vyssi plasticka energie do lomu se
projevuje rovnéz ve zvétsSeném reliéfu lomovych ploch materialu po tiibodovém ohybu.

The Cr-V ledeburitic steel Vanadis 6 has been subjected to the heat treatment with and
without a sub-zero period. As a measure of toughness, three point bending tests have been
carried out on heat treated specimens. Results indicated that, rather surprisingly, slight
decrease of the as-tempered hardness and no worsening of toughness of the material occurred
due to the sub-zero processing. On the contrary, higher plastic component of the work of
fracture was observed for sub-zero processed material. Higher plastic energy until the fracture
was reflected in the topography of the fracture surfaces.

1. UVOD

oboru. Nejenom z hlediska vlastnich postupt, ale pifedev§im z hlediska ur¢eni a dodrzovani
parametrii procesu pro dosazeni optimdlnich vysledkil zivotnosti pifi znafené variabilité
tepelné zpracovavanych dili. Pii volbé parametrii procesu je ale vzdy nutné vzit v uvahu, co
jsou postupy objednané a co postupy obvyklé.

A zde vznikd rozpor mezi pozadavkem vyrobce nastroje na zajiSténi Zivotnosti nastroje, a
postupem objednanym ¢i obvyklym. Je paradoxem, ze pravé objednavatel nemd vétSinou
zajiStény postupy obvyklé, nebo nemé o nich ani Zadné povédomi, na druhé strané pravé toto
poZaduje od dodavatele tepelného zpracovani.

Samoziejmé, Ze dalsi obsahlou kapitolou je konstrukce nastroje, volba materidlu a jeho
tvrdost, nebo zplisob pouziti nastroje ve vyrobg, vtomto ¢lanku ale budeme vychazet
z predpokladu, Ze toto objednavatel jiz zkoumal a uvedl do souladu s postupy obvyklymi jako
,»the best praxis®.
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2. VSTUPNIi MATERIAL A JEHO KONTROLA

I kdyz skupina materiald pro préci za tepla je obsahla, pro vSechny oceli plati v podstaté
stejnd pravidla vstupni kontroly. Jeji definice je obsazena v Nadca 207, rev. 2008 [1]. Tato
definice je sice urcena predevsim pro formy na tlakové liti, 1ze ji ale obecné aplikovat i na
ostatni aplikace jako je napf. zapustkové kovani, nastroje pro extruzi Al profild, valcovani
nebo lisovani za tepla.

“Grade A" | Type HI3 - Premium 0.37.0.42 | 0.20.0.50 | 0.025 max | 0.005 max | 0.80-1.20 | 5.00.5.50 | 1.20-1.75 | 0.80-1.20
“Grade B | Type H13 - Superior 0.37-0.42 | 0.20-0.50 | 0.015 max | 0.003 max | 0.80-1.20 | 5.00.5.50 | 1.20-1.75 | 0.80-1.00
“Grade C" | Type 2367 & Medified | 0.32-0.40 | 0.10-0.60 | 0.020 max | 0.005 max | 0.10-0.50 | 4.70-5.30 | 2.00-3.30 | 0.40-0.70
“Grade D" | Type H11/2343 0.35-0.42 | 0.20-0.60 | 0.025 max | 0.005 max | 0.60-1.20 | 5.00.5.50 | 1.10-1.60 | 0.30-0.60
“Grade E* | Type H11 Modified 0.33-0.43 | 0.10-0.70 | 0.020 max | 0.003 max | 0.10-0.55 | 4.70.5.70 | 1.10-2.10 | 0.30-0.80

Tab. 1 — Klasifikace materidali dle Nadca
Tab. 1 — Hot-work steels classification by Nadca

Z hlediska vstupniho testovani je kontrola chemického sloZeni zakladni, ne vSak rozhodujici
podminkou.

O vyslednych mechanickych vlastnostech rozhoduje predevS§im mikrocistota, velikost zrna,
mnozstvi a rozlozeni primarnich karbida. Z tohoto hlediska, pro rozliSeni pravé téchto vlivi,
je postupem obvyklym povinnost zkoumani vstupni jakosti materialu pomoci rdzovych
zkousSek houzevnatosti.

Je prokdzano, Ze ¢im vysS$i je razova houzevnatost materialu, tim vyssi je odolnost materialu
proti tvorbé trhlin ztepelné unavy. Vys$s$i hodnota razové houZevnatosti mize rovnéz
pozitivné ovlivnit vznik makro trhlin souvisejicich s napétovymi stavy.

Razové zkousky jsou provadény na vzorcich idealn¢ kalenych za podminek ochlazeni do oleje
a métené hodnoty by mély dosahnout hodnot definovanych standardem Nadca 207, rev. 2008
(Tab. 3). V ptipadé, Ze predikované hodnoty nejsou dosazeny, je odpovédnost na dodavateli
materidlu nahradit dodany material materidlem, ktery by pozadované parametry zajistil.
Razové zkousky jsou provadény na vzorcich s nejméné vhodnym smérem vladken a tim je
zajisténo, ze budou hodnoceny limitni mechanické vlastnosti materialu.

3. TEPELNE ZPRACOVANI

Tepelné zpracovani téchto oceli by mélo byt provedeno dle obecné zndmych, obvyklych
postupll. Je otdzkou, co se t€émito obvyklymi postupy mysli. Pro vétSinu modernich oceli
neexistuji ¢eské standardy, existuji jen firemni materidlové listy. Vyjimku tvoii standard
Nadca 207, rev. 2008 [1], i ten je ale jen doporucenim pro Cleny asociace tlakového liti
v USA.

Spravné vedeny proces tepelného zpracovani by mél =zajistit dosazeni ocekavanych
mechanickych vlastnosti podle vstupniho materidlu. KdyZ pomineme mozné problémy s
deformacemi pti ohfevu, pak nejdilezitéjSimi fazemi TZ je austenitizace a ochlazovani.
Austenitizace by méla zajistit na jedné strané spravné rozpusténi uhliku v matrici, ¢astené
rozpusténi karbidii, na druhé strané by ale neméla umoznit nadmérné zvétseni austenitického
zrna oproti vychozimu stavu. Tyto dva pozadavky jsou v protikladu a je nutno volit
kompromisni feSeni vazané na dobu a teplotu austenitizace, a s ohledem na to, ze ohiivame
3D téleso v heterogennim prosttedi vakuové pece.
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Tab. 2 — Tabulka povolenych a doporucenych teplot austenitizace
Tab. 2 — The table of temperatures allowed or recommended for austenitizing

V ptipad¢€, Ze neni pozadovano TZ dle specifikace NADCA, pak za obvyklé teploty jsou
povazovany teploty ur¢ené vyrobcem pouzité oceli. Pokud je TZ pozadovano dle NADCA,
pak tyto teploty jsou uvniti povoleného pasma, obvykle na jeho dolni hranici (Tab. 2)

Vyssi teploty austenitizace sice zajiStuji lepSi rozpustnost primarnich karbida, tyto karbidy
ale naopak precipituji béhem ochlazeni (kaleni v proudu plynu) po hranicich zrn a snizuji
vyslednou houzevnatost materidlu. Paradoxné, a to praveé vlivem vétsi rozpustnosti karbidi,
vys$i teplota austenitizace znamena vysSi odolnost proti popousténi béhem pouziti oceli na
pracovni teploté nastroje (Obr.1), vétsi odolnost proti trhlindm z tepelné tinavy, soucasné ale
velké nebezpeci riistu zrna.
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Obr.1 — Odolnost proti popousteni dle kalici teploty pro Dievar a QRO90 [2]
Obr.1 — Temper resistance of quenched and tempered Dievar and QRO90, tempered on 600 C

[2]

Kromé teploty a doby austenitizace je jesté dilezita rychlost ochlazovani, kterd sniZzuje nebo
omezuje moznost precipitace téchto karbidi. Vyssi teplota rovnéz diky vice obohacenému
austenitu uhlikem sniZzuje Ms a zvySuje mnozstvi zbytkového austenitu v matrici. Ten pak
transformuje na nepopustény martenzit, popf. cementit a ferrit, pficemz ve vSech téchto
ptipadech dochazi k poklesu houZevnatosti.

musi byt dostatecna pro homogenizaci austenitu, pfitom dojde také k ¢astecnému rozpusténi
karbidii, nesmi viak umoznit nadmérny, nekontrolovatelny rist austenitického zrna. Cim
vys$i je teplota tim krat$i Cas austenitizace by mél byt. V piipadé, Ze je poZadovéano tepelné
Zpracovani obvyklé, je nutno se drzet piedpisu vyrobci oceli. V ptipad¢, Ze se jedna o tepelné
zpracovani dle Nadca, pak cas austenitizace je Cas pfedepsany jako 30 minut od uplného
prohrati dilu do ukonceni prodlevy za splnéni nasledujicich podminek (Obr. 2):
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Obr.2 Rizeni teplot vakuové pece béhem ohievu a austenitizace

Pic. 2 — Temperature control of vacuum furnace during the heating up and austenitizing
Obr.3 Umisteni termoclankii Ts a Tc

Pic. 3 — Location of thermocouples Ts(surface) and Tc(core)

Ts (povrch) = Tp (pec) a soucasné Ts (povrch) -Tc (jadro) < 14 C

V piipadé€, ze pec neni vybavena méfenim teploty vsazky 2 termoclanky Ts a Tc, je
maximalni doba prodlevy na teploté povolena na 90 minut od Ts=Tp

Proto, aby tento parametr m¢l objektivni a kontrolovatelny charakter, musi byt kromé vyse
uvedenych podminek definovana i poloha umisténi termoclankti. Odpovédnost za vyhotoveni
spravnych otvort pro termoclanky Ts a Tc ma vyrobce nastroje. (Obr.3).

Velice dilezitym parametrem vedeni procesu je rychlost ochlazovani v oblasti mezi teplotou
austenitizace a dosazenim teploty cca 400-450°C. Ta by méla byt kontrolovanym parametrem
s minimalni hodnotou 28°C/min. Jedin¢ za této podminky lze minout oblast precipitace
karbidi u materiald typu HI11(1.2343) a HI13(1.2344), znamenajici zhorSeni rdzové
houzevnatosti materialu (Obr.4).

Proto, aby materidl ptezil tuto velkou rychlost ochlazovani bez trhlin a extrémnich deformaci
je nutné, aby jeho tvar byl tomuto cili uzplsoben. Daleko dilezitéjsi pro dalsi vyvoj
zivotnosti, vice nez-li deformace, jsou tepelnym zpracovanim dosazené strukturni vlastnosti
materidlu. Precipitace karbidi a extrémni riist velikosti austenitického zrna jsou jednim ze
zakladnich zdroju netspéchu. Extrémni rdst zrna muze v nékterych piipadech vyvolat i
nehomogenni deformace hutniho polotovaru, nemusi tedy vzdy souviset s nadmérnou ¢i
nevhodné zvolenou teplotou austenitizace. VSechny dily pro vysokorychlostni ochlazovani
musi byt vybaveny minimalnimi radiusy R3-5 mm na vSech kritickych tvarech, musi byt
oSetfena drsnost povrchu po obrabéni, a nesmi byt vytvareny jakékoliv vruby, na kterych by
se koncentrovalo napéti. Je tedy obvyklé, Ze vyrobce ndstroje svoje dily pfipravi tak, aby
mohly podstoupit proces vysokorychlostniho ochlazovani bez ohledu na deformace.
V opaéném piipadé€, jakdkoliv vyjimka z tohoto pravidla, mize zpisobit a obvykle i vede
ke zhor$eni mechanickych vlastnosti oceli.

Rychlost ochlazovani neni obvykle pfedepsdna a volba je tedy na dodavateli tepelného
zpracovani vyjma piipadl, kdy je objedndno TZ dle Nadca. ProtoZe tento parametr neni ani
obecné uvadén na materidlovych listech, pak lze jen velice obtizn€ hovofit o parametru
obvyklém. Proto, aby bylo jednozna¢né rozliSeno, zda-li tento parametr byl volen vhodné
nebo nevhodné je nutno provadét objektivnéjsi hodnoceni TZ pomoci razovych zkousek.

Po kaleni musi byt material popustén, a to minimalné 2x. I pfes veSkerou snahu o dokonceni
martenzitické pfemény obsahuje material stale jesté velké mnoZstvi zbytkového austenitu.
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“Premium” Heat Treating
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Obr. 4 — Obecny IRA diagram se zndazornénim kritickych oblasti pro materidalu typu HI3
Pic. 4 — CCT diagram H13 steel with critical regions and temperatures
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Jednak je to dano polohou Mf, a jednak tim, Ze se jedna o 3D téleso s heterogennim
rozloZenim teploty uvnitt. V okamziku kdy je povrch ochlazen na 70 °C uvnitt télesa se miize
nachézet jesté i vice jak 50% zbytkového austenitu. Je tedy otdzkou, kdy zapocit s prvnim
popousténim, kdyz jesté neni dokoncena pfeména austenitu na martenzit.

Zplusob obvykly tikd, Ze co nejdiive po kaleni, jakmile dil dosdhne teploty 50-70°C.
Problémem ale je, Ze pravé pii dochlazovani je nejvétsi nebezpeci vzniku trhlin vzhledem k
tomu, ze jsme ji pod Ms a dochézi k superpozici pnuti jak zrozdilu teplot, tak z fazové
premeny. Proto dochlazovani v peci pod proudem plynu je aplikovano obvykle az do dosazeni
Tc = 150°C (nekteti vyrobci oceli doporucuji dochlazovat v peci az do 100°C), déle pak jiz



‘!lTll'.Z.UJﬂJ 22 — 23 November 2011, Jihlava, Czech Republic

jen na volném vzduchu. Cas do dosazeni Ts=Tc=50°C je pak vézana na hmotnost a tvar
télesa.

Proto ¢asova definice doby do prvniho popousténi je abstraktni pojem a nelze jej povazovat
za predem definovany parametr. Dochlazovani po kaleni musi byt ale fizeno i po vyjmuti dilu
z pece. Ztohoto divodu se na dily umistuje magneticky upinany (obvykle bimetalovy)
teplomér a méti se teplota povrchu dilu pti dochlazovani mimo pec. O této fazi procesu (proto
obvykle) neni zaznam.

Po dosazeni obvyklé¢ teploty Ts=50 °C je mozno zapocit s popousténim, tato doba ale mtize
trvat u rozmérnych nastrojii i n€kolik hodin. Rovnéz nahled na tuto teplotu Ts=50°C je
rozdilny mezi Nadca a nékterymi vyrobci oceli. Z tohoto diivodu se postup obvykly bude lisit
dle zadavatele, a mize se lisit i podle typu pouzitého materialu.

Popousténi musi provedeno minimalné dvakrat, a to s ohledem na nepopustény martenzit

v v

vSechny strukturni slozky minimalné 2x a proto 3-nasobné popousténi je nutnosti.
4. VYSTUPNI KONTROLA TEPELNEHO ZPRACOVANI

Tak jak je dilezitd vstupni kontrola nakupovaného stavu materialu pro vylouceni budoucich
sportl, tak stejn¢ dilezitd je kontrola stavu po TZ. Kontrola je provadéna opét pomoci
razovych zkouSek na vzorku materidlu, ktery prochazi spolu s realnym dilem celym
pochodem tepelného zpracovani. V piipadé, ze razové zkousky nedosahnou po TZ obvyklych
hodnot KCV, dodavatel TZ je povinen provést opravné tepelné zpracovani. Obecné je shoda
na tom, Ze je povoleno pouze jedno opravné tepelné zpracovani. Jesté¢ ale pred jeho
aplikovanim je nutno materidl vyzihat na mekko. Podminky zihéni vyplyvaji bud’ z ptedpisu
dodavatele oceli a nebo Nadca, pokud jsou urceny.

V piipad¢€, Zze ani opakované TZ nedava odpovidajici vysledky, a pfitom vstupni zkousky
testovani materialu jsou toleranci, poskytovatel TZ by mél byt povinen uhradit vSechny
doposud vynalozené naklady.

Stav Zihang Stav  kaleny  a
popusteny

Promér Min Pramér Min

) Q) Q) Q)
H13 13,6 10,8 10,8 6,1
Thyrotherm 2367 13,6 10,8 10,8 6,1
Dievar 19,0 14,9 14,9 12,2
W403 VMR 13,6 10,8 10,8 6,1
W300 Isobloc 19,0 14,9 14,9 12,2
Thyrotherm 2343 Supra 19,0 14,9 14,9 12,2
Vidar Supreme 19,0 14,9 14,9 12,2
W400 VMR 27,0 23,0 21,7 19,0
Vidar Superior 19,0 14,9 14,9 12,2
TQ-1 19,0 14,9 14,9 12,2
Thyrotherm E-38K 19,0 14,9 14,9 12,2
Aubert Duval ADC3 19,0 14,9 14,9 12,2

Tab.3 Hodnoty rdazové houzevnatosti KCV pred a po TZ dle Nadca [1]
Tab.3 Theoretical values of toughness for steel documented by Nadca [1]
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Obr. 5 Razova houzevnatost materialu HI3 pri ruznych rychlostech ochlazovani a stejné
tvrdosti 45 HRC [3]
Pic. 5 Toughness of H13 steel after different cooling speed on samples with the same
hardness 45 HRc [3]

Hodnoceni vysledku TZ pomoci méfeni tvrdosti je naprosto nedostate¢né. Je znamo, Ze
vSechny typy struktur po TZ mohou mit za urcitych okolnosti stejnou tvrdost, jen nékteré ale
spravnou houZevnatost, piipadné zcela jiné dal$i mechanické vlastnosti a to jak pti okolni tak
1 zvySené teploté.

V piipadé, Ze po TZ je tvrdost vySSi jak zadana, pak je vhodné zaradit 4. nebo 1 dalsi
popusténi na tvrdost pozadovanou. Vychdzi se z toho, ze zadavatel ma exaktné dolozené
davody, proc takto tvrdost stanovil a dodavatel TZ nema povinnost tyto diivody zkoumat.

V piipad€, Ze tvrdost po TZ je ale niz8i nez-li objednand, pak bez znalosti rdzové
houzevnatosti nelze optimaln¢€ rozhodnout. Vzhledem k tomu, Ze nizsi tvrdost znamena vyssi
houzevnatost, obvykle je spolehlivéjsi material uvolnit do pouziti, nez-li jej opakované
piepracovavat. Kritérium, které tento proces ale muze rozhodnout, je pouze v razovych
zkouskach. Pokud tedy objednavatel tyto rdzové zkouSky neprovadi jako obvykly zplsob
testovani, pak nelze ani ocekavat, ze by mohl byt uspésny ve sporech o reklamaci TZ.

5. VYMRAZOVANI

Kryogenni zpracovani oceli pro praci za tepla se doposud pievazné uplatiiuje pro nastroje na
tvareni za tepla. Proces vymrazeni je zafazen obvykle ihned po kaleni tak, aby pokles teploty
pod Mf umoznil dokoncit fAzovou pfeménu. Pii dalSim poklesu teploty pak dochazi nejenom
k dokonceni rozpadu ZA ale i k precipitaci sekundarnich karbida zlepSujicich odolnost proti
opotiebeni.

1200 - —
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Obr.c. 5 Typicky priibéh teploty pri uplatneni kryogenniho zpracovani [4]
Pic. 5 Typical cryogenic treatment graph [4]
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Z hlediska zmény rdzové houzevnatosti nebyly shledany zasadni zmény v jejich hodnotach,
byla ale zjisténo vyrazné zlepSeni abrazivnich vlastnosti materidlu. Proto tento zpusob
dochlazovani je vice obvyklé u néstroji pro tvareni za tepla nez-li u nastrojii pro tlakové liti.
Standard Nadca 207, rev. 2008 tento proces doposud nezna.

6. POVRCHOVE UPRAVY

Optimalni zpracovani oceli pro praci za tepla ma za zasadni ukol, tim je nezhorsit vychozi
vlastnosti materialu. V zadném piipadé je ale nedokaze zlepSit. V piipadé, Ze aplikace
vyzaduje jiné, specifické vlastnosti, pak je lze teSit dalSimi naslednymi povrchovymi
Uupravami.

Jedna se bud’ o nitridaci, PVD vrstvy a nebo kombinaci obojiho, tzv. duplexni povlaky.
tahovych namahani na tlakové nebo kdyz je potieba zabranit zvySenému opotiebeni nebo
difuzi tvafeného nebo odlévaného materialu do oceli. Povrchové upravy maji rovnéZ vyznam
v okamziku, kdy je potieba zabranit interakci zpracovavaného materidlu s materialem
nastroje. U forem na tlakové liti se jednd pfedevSim tzv. soldering, tedy interakci povrchu
nastroje a AL

Uspé&sné se ale rozviji i procesy znamenajici lepsi zab&hové vlastnosti materialu formy, jako
napf. fizend oxidace v pfipadé forem pro tlakové liti. Jeji vyhodou je zlepSeni rovnomeérnosti
rozptyleni lubrikantu pii zabéhu nastroje a tim i lepsi chlazeni povrchu s niz§im abrazivnim
uc¢inkem a predev§im zamezeni pfimého kontaktu hliniku a povrchu oceli v pocatku provozu,
kdy forma jesté neni zajeta a je nachylnd k iniciaci mikroobjemovych center pro soldering a
praskliny z tepelné tinavy.

Obr. 6 — Forma pro tlakové liti po procesu rizené oxidace
Pic. 6 - Die casting mould after process of oxidation

7. ZAVER

Tepelné zpracovani je kvalifikovano jako zvlaStni proces, jehoz parametry maji mnoho
proménnych. Tyto parametry maji nejenom technicky aspekt souvisejici s proveditelnosti
procesu, maji souvislost i s parametry obvyklymi, které ovliviiuji pravni stranku véci. I pies
vyrazné zlepSeni povédomi o tomto problému lze konstatovat, Ze neustaly ekonomicky tlak
vede fadu firem k vynechéani zdkladnich, 1 kdyz obvyklych operaci, a v tom okamZiku pravni
stranka véci se stava obtizné obhajitelnou.
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ABSTRACT

Tento prispévek vysvétluje potfebu Globalni databaze ochlazovacich intenzit pro kapalna
kalici média za tcelem piedpovédi tvrdosti, mikrostruktury, napéti a deformace po zakaleni,
piicemz méteni se provadi na redlnych strojirenskych dilech se slozitymi tvary. Soucasné
laboratorni postupy pro vyhodnoceni ochlazovaci intenzity pouZivaji malé testovaci vzorky a
pro vypocet koeficientu prestupu tepla se predpokladd metoda soustiedéné tepelné kapacity.
Byla vypracovana metoda teplotniho gradientu pro vypocet piestupu tepla za pouziti
hustoté tepelného toku. Je predstaveno zvlaStni zafizeni pro testovani intenzity kaleni v
provoznich podminkach. Zminén je dvoufazovy projekt Mezindrodni federace pro tepelné
zpracovani a povrchové inzenyrstvi (IFHTSE), ktery byl nedavno schvalen.

Kli¢ova slova: kaleni, modelovani, ochlazovaci intenzita, databaze

This paper explains the need for the Global Database of Cooling Intensities for Liquid
Quenchants, in order to predict the quench hardness, microstructure, stresses and distortion,
when real engineering components of complex geometry are quenched.The existing
laboratory procedures for cooling intensity evaluation

using small test specimens, and lumped-heat-capacity method for calculation of heat transfer
coefficient, are presented. Temperature gradient method for heat transfer calculation in
workshop conditions, when using the Liscic/Petrofer probe, has been elaborated. Critical heat
flux densities and their relation to the initial heat flux density, have been explained. Specific
facilities for testing quen-

ching intensity in workshop conditions are shown. The two phase project of the International
Federation for Heat Treatment and Surface Engineering (IFHTSE), as recently approved, is
mentioned.

Key words: quenching, modelling, cooling intensity, database

1. INTRODUCTION

When hardening real engineering components, modern quenching technology uses different
qguenchants (different kinds of oils, different polymer-solutions and other water-based
solutions, molten salt-baths, fluidized beds, and fast moving compressed gases). Any of these
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quenchants may be used in different conditions (bath temperatures and agitation rates), thus
contributing to the immense number of possible combinations.

There are also different quenching techniques: direct immersion quenching; intensive
quenching; interrupted quenching; delayed quenching; martempering; austempering; spray
quenching.

Yet there is no generally recognized method and technique for the measurement, recording
and comparison the relative cooling intensities of different quenchants. From the other side
computer modeling and simulation enable today scientifically based prediction of quench-
hardness, microstructure, stresses and distortion in quenched workpieces. An indispensable
prerequisite for any computer model is adequate heat transfer data for the entire duration of
the quenching process, for actual quenching medium and quenching conditions. Currently, for
measuring and recording the cooling intensity of liquid quenchants, the tests used are
predominantly laboratory type (ISO 9950 and ASTM D 6200 for oils, and ASTM D 6482 and
ASTM D 6549 for polymer-solutions), using a small specimen of 12.5 mm diameter X 60 mm.
The results of these tests (temperature/time and temperature/cooling rate plots — see Fig. 1)
are not directly applicable to real engineering components, because they do not provide heat
transfer data for the complete quenching process of a real workpiece, and because the
workshop conditions at quenching widely differ from those in laboratory tests. There is need
to have a database of cooling intensities, also in workshop conditions, for different kinds of
liquid quenchants, as a tool for designers and workshop engineers, available worldwide.

1000 ‘ . T
nc | |

50 = ] Fig. 1. Typical a) temperature/time and b)
\ | | temperature/cooling rate plots for test
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The absence of adequate heat transfer data results in many cases of less than optimal selection
of quenchant and quenching conditions. This leads to poor quality of manufactured
workpieces, rework or even scrap. Hence, millions of dollars could be saved in manufacture,
if designers and engineers in the workplace had adequate comparative data for cooling
intensities of different quenching media with specified conditions.

Given such a database, as a tool for computer programmers, computer modeling and
prediction of quench-hardness, microstructure, stresses and distortion can become a normal
practice when quenching real engineering components of complex geometry.

The foreseen project for development of the database is two phase:

Phase 1: Compiling the experimental results from different investigators, and
establishing the database.
Phase 2: Further development of computer models (3-D) for engineering components

with complex geometry, using the results from Phase 1.
Compiling the database, a reasonable number of selected quenchants will be included, every
of them with specified conditions as they are normally used. In [8] Kobasko suggests:
e To use small silver probe for evaluation of critical heat flux densities [1].
e To calculate the heat transfer coefficient based on testing by the Liscic/Petrofer
probe and solving the inverse problem [2].
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e To apply the noise control system for investigation of transient boiling processes
[3].

Taking into account very complicated cooling mechanisms from the one side, and the
complex shape of the quenched workpiece (having thin and thick cross-sections, many holes
and non-symmetric cavities), from the other side — one has to be aware how difficult task is to
provide real heat transfer data at quenching in workshop practice. This situation becomes
even more complicated because, as it is known, the heat flux and consequently the heat
transfer coefficient (HTC) vary around the workpiece's surface, which in some cases means
different duration of the vapour-film phase at different points, and this leads to distortion.
Because we cannot measure the temperature at so many different points on the surface, the
question is: What is to be done to obtain real heat transfer data using an appropriate
temperature measuring and recording method? The possible solution should incorporate:
a) The probe itself should be of similar mass and shape as the workpiece to be quenched.
This means that for cylindrical workpieces a cylindrical probe, for plate like workpieces a
plate like probe, and for ring like workpieces a ring like probe, should be used.
b) To calculate the HTC in different points on the surface of workpieces having complex
geometry, an new advanced 3-D inverse heat conduction model, combined with local heat
flux densities for different points, would probably be a possible solution.
For the most frequently used liquid quenchants the database will give the following
information:

e Description of chemical and physical properties;

e Specification of test conditions;

e Incorporate own testing methods;

e Laboratory test ISO 9950 with resulting cooling and cooling rate curves, and heat
transfer coefficient as function of surface temperature, calculated using a uniformly
predetermined mathematical procedure;

e Workshop test using the Liscic/Petrofer probe of 50 mm dia. x 200 mm with three
resulting cooling curves and calculated heat transfer coefficient as function of surface
temperature and of time, respectively;

e Critical heat flux densities determined by e.g. Japanese New Silver Probe, according
to JIS 2242- method B;

e Noise test to determine transition from film to nucleate boiling processes.

By applying the newest theory and methods, the foreseen database would supply
comprehensive information about cooling characteristics of different quenchants, some of
them not yet widely known, and enable an accurate comparison among them.

Development of contemporary quenching technologies and testing methods, is taking place at
many institutions/companies. Some of them from Europe, USA and Japan are widely known.
From the other side we do not know enough about relevant developments in fast growing
economies — Brasil, Russia, India, China, which actually constitute the major part of potential
database users. Because nowadays the industrial production is often transferred from one
country to another, the database should be global, i.e. available to everyone in the world.
During the 19™ Congress of the International Federation for Heat Treatment and Surface
Engineering (IFHTSE) held on 17-20 October 2011 in Glasgow, U.K. the “Liquid Quenchants
Database Project” has been officially launched, and Dr. Imre Felde from Hungary was named
as its leader.

The immediate activity is to establish the project Consortium and its Core Group which will
be responsible for: General operational management; Detailed planning; Communications
within IFHTSE, public information dissemination and progress reporting.
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2. THE LUMPED-HEAT-CAPACITY METHOD FOR CALCULATION OF THE
HEAT TRANSFER COEFFICIENT

Fundamental concept of this simple method, according to [4] is the following: If the probe
temperature is uniform, the heat loss from the probe Q is equal to the decrease in the internal
energy of the probe

dT
Q=hA(T,-T,)=—cpV d—t" (1)

where h is the heat transfer coefficient on the probe surface, A is the surface area of the probe,
Tp the probe temperature, T, the quenchant temperature, ¢ the specific heat of the probe
material, p the specific density of the probe material, V the volume of the probe, t time, and
dTp/dt the cooling rate of the probe.

If the quenchant temperature around the probe T, is uniform, the next relation is derived from
equation (1):

dT,
a=h{r, ~T)=~{ oo - @
where q is the heat flux on the probe surface, and
NG (dT /dtj -
AL T, -T

The heat transfer coefficient can be directly calculated from the cooling rate dTy/dt, therefore
the preciseness of g and h values depends on the accuracy of the cooling rate calculated from
measured cooling curve data.

The Lumped-Heat-Capacity Method can be used only if we can justify the assumption of
uniform probe temperature during the cooling process. Temperature distribution in a probe
depends on the thermal conductivity of the probe material and the heat transfer from the
surface of the probe to the quenchant. In general, the smaller probe size and the higher the
thermal conductivity of the probe material, the more realistic the assumption of uniform
temperature of the probe.

According to Kobasko it is assumed that a temperature field in a section of the silver probe is
uniform, if the Biot number B; = h R/A < 0.2, where R is the radius of the probe and 1 is
thermal conductivity (for silver 4 is 16 times higher than for stainless steel or for Inconel).

Fig. 2a shows the Japanese New Silver Probe of 10 mm diameter and 30 mm length,
according to JIS 2242-method B; Fig. 2b shows some cooling curves of different quenchants
measured by this silver probe, and Fig. 3 shows the heat transfer coefficients calculated from
these cooling curves, using the Lumped-Heat- CapaC|ty Method
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rod = (JIS K 2242 - method B) 800 Quenchant :No agitation
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Fig. 2. a) Japanese New Silver Probe of 10 mm diameter x 30 mm according to JIS K 2242 —
method B; b) Examples of cooling curves measured by the silver probe [5]
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Due to the small size of this probe, and the very high heat conductivity of silver, as it can be
seen from Fig. 2b, when quenched in oils this probe cools down to 200 °C in 15 to 20
seconds, and when quenched in brine, water or polymer-solution of low concentration, in less
than 2 seconds. Such probe is well suited for laboratory evaluation of the critical heat flux
densities of a quenching fluid in the very beginning of the cooling process.
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E e T —{ —O— 0il §I52:1),120°C !
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g J Fig. 3. Examples of calculated heat transfer
% 1 = = — - . . .
g coefficients from the cooling curves shown in
R <o i . Fig. 2b [5]
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When quenching real workpieces of bigger size, made of steel, the temperature field across its
section is not uniform, and the cooling time to 200 °C in the core (depending on the cross-
section size and the quenchant's cooling intensity) takes many hundreds seconds, or even
several tens of minutes. It is obvious, that the heat transfer coefficient calculated for the small
silver probe does not represent the real heat transfer data on the surface of real engineering
components, not only because of this vast difference in cooling time, but also because the
workshop conditions (fluid flow and direction) greatly differ from those in laboratory tests.

3. TEMPERATURE GRADIENT METHOD FOR HEAT TRANSFER
CALCULATIONS WHEN REAL WORKPIECES ARE QUENCHED
The method itself, described in detail in [6] is based on the known physical rule that the heat
flux at the surface of a body is directly proportional to the temperature gradient at the surface,
multiplied by the thermal conductivity of the material of the body being cooled:
oT

A P 4)
where: q is the heat flux density (W/m?) that is the quantity of heat transferred through a
surface unit per unit time, A is the thermal conductivity of the body material (W/mK), 0T/0x is
the temperature gradient inside the body at the body surface, perpendicular to it (K/m).
When using this method for evaluation of the cooling intensity in workshop conditions, the
essential feature is the Liscic/Petrofer probe. It is a cylinder of 50 mm diameter x 200 mm
length instrumented with three thermocouples placed within the same radius at the half length
cross-section. One thermocouple is placed 1 mm below surface, the second one 4.5 mm below
surface and the third one at the centre of the cross-section. The probe is made of Inconel 600,
the structure of which does not change during heating and cooling, thus there is no latent heat
because of structure changes.
When the cooling intensity is to be determined, the probe is heated to 850 °C until its central
thermocouple reaches this value, then transferred quickly to the quenching bath and immersed
vertically. The probe is connected to a data acquisition system including a personal computer.
The data acquisition card contains three A/D converters and amplifiers with a programme

enabling digital recording all three thermocouple signal outputs, and simultaneous drawing
three cooling curves in real time, see Fig. 4.
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Temperature Gradient Method can, of course, be used also for probes of the same design
having different diameters, but always the same ratio L/D = 4:1. Fig. 5 shows results of such
probes of a) 20 mm Dia. x 80 mm and b) 80 mm Dia.x 320 mm, quenched in low viscous
accelerated oil of 50 °C with medium agitation.
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i el Fig. 4. Cooling curves measured by the
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Fig. 5. Cooling curves measured by the probes of a) 20 mm Dia. x 80 mm and b) 80 mm
Dia.x 320 mm, of the same design as the Liscic/Petrofer probe, quenched in low viscous
accelerated oil of 50 °C with medium agitation

Irrespective of the probe diameter and mass the Temperature Gradient Method exhibits two
very important features:

a) It displays clearly the dynamic of heat extraction during the whole quenching

process.

b) It shows the initial heat flux density at the beginning of cooling.
ada) The probe of 80 mm Dia.x 320 mm has a mass of 13.6 kg, a ratio surface/volume of
only 56 m?, and a heat capacity of 6045 J/K representing a case of great volume (and heat
capacity) and relatively small surface area.
The probe of 20 mm Dia.x 80 mm has a mass of only 0.2 kg, a ratio surface/volume of 225 m’
! and a heat capacity of only 94 J/K representing a case of small volume (and heat capacity)
and relatively big surface area. The heat capacity of the bigger probe is 64 times bigger than
the heat capacity of the smaller probe! Why it is then the complete cooling time to 200 °C of
the bigger probe (600 seconds — see Fig. 5b) only 9.2 times longer than the complete cooling
time for the smaller probe (65 seconds — see Fig. 5a)?
This can be explained by comparing the maxima of relevant temperature gradients:
max. ATgo =415 °C and max. ATy = 114 °C, as the mentioned figures show.
ad b) Two seconds after immersion the temperature gradient between 1 mm below the
surface and the centre of the probe for the small probe was already 29 °C, while for the big
probe the same temperature gradient was only 8 °C, as shown in Fig. 5a, and Fig. 5b
respectively.
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It appears that the smaller probe cools from the beginning faster than the bigger one, but later
the temperature gradients within the bigger probe are much bigger (i.e. the heat fluxes are
bigger) than within the smaller probe. This is the reason why the cooling time of the bigger
probe is only 9.2 times longer than of the smaller probe, although its heat capacity is 64 times
bigger. This analysis shows how the Liscic/Petrofer probe, based on the Temperature
Gradient Method can precisely describe the dynamic of heat extraction during the whole
quenching process.

To calculate the heat transfer coefficient based on experiments with the Liscic/Petrofer probe,
the 1-D inverse heat conduction method is used. Because of the length to diameter ratio of 4:1
of the probe, the heat transferred through both ends is negligible, and the probe can be
considered a long radially symmetric body of a given radius R. The temperature distribution
T(r, t) inside the cylinder, for times > 0, depending only on the radial coordinate r from the
centre of the cylinder, is determined by the 1-D heat conduction equation:

pc%r =div(AgradT) (5)

All physical properties: p (density), ¢ (specific heat capacity) and 4 (heat conductivity) of the
probe's material are temperature dependent, so the whole problem is nonlinear. The initial
condition T(r,0) = To(r) is assumed uniform for 0 <r <R and equal to the initial value
measured at the place of the thermocouple. The problem to be solved is to determine the
surface heat transfer coefficient o for the boundary condition at r = R:
oT
A= =e(T-T) (6)
where Tex is the measured external temperature of the quenchant. To determine o, the
measured cooling curve at 1 mm below surface at r = r; = R-1 mm is used. The inverse
problem of computing « is solved by the following numerical procedure:
1. Solve the heat conduction equation (5) within the spatial domain 0 < r < r; with the
measured
T = Tmes as a Dirichlet boundary condition at r = ry.
2. Because r; <R, extend the solution towards the boundary fromr=r;to r=R and
3. Calculate o from equation (6) with measured Tex by using numerical differentiation.
= Since temperatures are measured at discrete times, they have to be smoothed. This
is done by cubic spline least-squares approximation to get sufficiently smooth
global approximation over the whole time range.
= Numerical solution of the heat conduction equation (5) is done by the nonlinear
implicit method, with simple iteration per time step, to adjust all physical
properties to new temperatures.
= The solution extension in step 2 is computed by local extrapolation based on low
degree polynomial least-squares approximation. The same approximation is also
used for the numerical differentiation needed to compute « in step 3.
Based on this calculation the heat transfer coefficient is determined as function of surface
temperature — see Fig. 6a, and as function of time — see Fig. 6b.
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Fig. 6. a) Heat transfer coefficient for the Liscic/Petrofer probe (50 mm Dia. x 200 mm)
quenched in low viscous accelerated quenching oil of 50 °C with medium agitation, — as
function of surface temperature; b) Heat transfer coefficient for the Liscic/Petrofer
probe quenched in low viscous accelerated quenching oil of 50 °C with medium
agitation, — as function of time

4. CRITICAL HEAT FLUX DENSITIES — THEIR INFLUENCE ON DISTORTION
OF THE WORKPIECES AT QUENCHING

In every quenching process there is an initial heat flux density which depends on the
workpiece to be quenched, from the one side, and the critical heat flux densities gc1 and Qerz
which depend on the quenchant, from the other side. The initial heat flux density depends on
the ratio between the volume (heat capacity) and the surface of the body. At the very
beginning after immersion, according to equation (4), the heat flux density depends on the
temperature gradient at the surface. Bodies having a relatively small volume and a big
surface, will have a bigger temperature gradient i.e. a bigger initial heat flux density than
bodies having a relatively big volume and small surface, as shown in Fig. 7. Cooling curves
measured by the Liscic/Petrofer probe — see Fig. 5a and 5b, prove this fact.

204 80d
: /—0.] sek. .' /—0.1 sek
| 8550 | ar =220 | ar  Fig. 7. Schematic presentation of the
| a [ '. \ A= temperature gradient at the surface, in
|| = i ar | = the very beginning of cooling a) for a
| b At Mo | o cylinder of 20 mm Dia. < 80 mm and b)
A R for a cvlinder of 80 mm Dia.x 320 mm

Critical heat flux densities qc1 and gere are inherent properties of any vaporizable liquid. The
first critical heat flux density gem is the maximum heat flux density that causes film boiling
(vapour blanket) at the very beginning of the quenching process, as shown in Fig. 8.
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Fig. 8. Four modes of cooling at quenching a), critical heat flux densities b), according to [7]

The second critical heat flux density gcr2 is the minimum amount of heat energy necessary to
support film boiling, this is the point at which the surface of a hot part has cooled enough to
allow the collapse of the vapour (end of film boiling), and nucleate boiling begins. There is a
relation between g1 and qer. that is true for all vaporizable liquids:

qcrl = 5X qch (7)

According to [8] upon immersion of a steel part into the quenchant, the initial heat flux
density can be:

q D qcrl; q ~ qcrl; q D qcrl (8)
When g L' qe full film boiling (vapour blanket) will appear. When q = g1 transition boiling
is observed. In case q [ g1 film boiling stage is absent i.e. nucleate boiling starts from the
beginning. Each of these three cases will produce different values of the heat transfer
coefficient. The first critical heat flux density g1 has a great effect on the cooling rate of steel
parts and their distortion. It depends on the saturation temperature of the liquid, and the
difference between the saturation temperature and the actual temperature of the quenchant.
The more resistant a liquid is to boiling, when heat is applied, the higher is the liquid's qcr1.
The more resistant a quenchant is to boiling, the more uniformly the part will be quenched
(without film boiling) thus yielding less distortion.
When water is applied as quenchant the gc1 value depends on the water flow rate and the
water temperature [9]. It can be increased by increasing the agitation rate. Besides, a small
amount (e.g. 0.1 %) of chemical additive can increase gcr1 by 2-3 times.
To provide for uniform cooling i.e. to eliminate distortion variation, the critical heat flux
density gcr1 should be greater than the initial heat flux density. To achieve this, the practical
know-how includes the knowledge of the additive, its concentration, and adequate water
velocity.
Both critical heat flux densities ge1 and ger2 can be determined experimentally using a small
silver probe as e.g. the Japanese New Silver Probe shown in Fig. 2. Finding the highest qcr1
for a given quenchant will optimize the quench system for all parts quenched in that system,
minimizing distortion and maximizing the part properties after the quench.
This clearly shows the need to systematically investigate critical heat flux densities for
different liquid quenchants in the framework of the proposed database.

5. FACILITIES WHICH ENABLE MEASUREMENT AND RECORDING THE
COOLING INTENSITY IN WORKSHOP CONDITIONS

When Liscic/Petrofer probe of 50 mm Dia.x 200 mm, having a mass of 3.3 kg is used for
measurement and recording the cooling intensity of any liquid quenchant (oils, water-based
solutions), in workshop conditions, adequate facility is necessary. Besides the required
quantity of quenchant it should enable different quenchant's temperatures, and different
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agitation rates. Fig. 9a shows such facility at the Quenching Research Centre at the Faculty of
Mech. Engineering and Naval Architecture, University of Zagreb, Croatia. This facility has a
range of working temperatures from 20 °C to 80 °C, and a flow velocity (agitation rate) from
0to 1.4 m/s.
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Fig. 9. a) Experimental quenching tank of 300 liter capacity for evaluation of the cooling
intensity of oils, water, water-based solutions and polymer-solutions b) Experimental salt-
bath of 1 m® capacity for evaluation of the cooling intensity of quenching salts for
Martempering and Austempering [10]

For isothermal quenching in salt-bath the same centre has a proprietary salt-bath of 1 m* salt
capacity for Martempering and Austempering processes, see Fig. 9b. By the violent
downward flow of liquid salt, a very effective cooling intensity is achieved which is enhanced
by automatic addition of small quantities of water. This enables to martemper workpieces of
up to 150 mm cross-section, and austemper workpieces of up to 30 mm thickness. The
working range of this facility is: temperature 180 to 450 °C; agitation rate 0 to 0.6 m/s; water
addition 0 to 2 vol. %.

6. CONCLUSIONS

Development of new computer aided experimental techniques enable to characterize every
liquid quenchant in concrete quenching conditions, in respect of their cooling intensity, more
comprehensive and accurate than ever before. The possible consequences of this achievement
are twofold:

a) Computer modeling of hardness distribution, microstructure, stress and distortion
The results of investigations during Phase 1 of the mentioned project, will serve in Phase 2 as
input into new advanced 3-D software code for calculation of the heat transfer coefficients at
every point of the surface,for real engineering components of complex geometry. This will
enable to predict the hardness distribution, microstructure, stresses and distortion at every
point of any section of the workpiece.

b) Virtual selection of optimal quenchant and quenching conditions

Once the Database will contain the mentioned comprehensive information, for sufficient
number of different quenchants under specified conditions, virtual computer aided selection
of optimal gquenchant and quenching conditions, according to specific requirements in every
concrete case, will be possible. By the virtual comparison one will gain the following
important information:
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1. What are the critical heat flux densities g¢1 and gere Of the relevant quenchant. This
information is vital to know whether or not film boiling will occur, on which deformation of
the quenched workpiece depends.

2. From the laboratory test: what is the cooling rate, especially in the critical temperature
region of possible pearlite and ferrite formation.
3. From the test in real workshop conditions: Because the calculated heat transfer

coefficient represents the heat flux during the whole quenching process, it represents best the
real quenching intensity, which is directly proportional to the expected depth of hardening.
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ABSTRACT

Clanek popisuje dosazené vysledky a pouziti nové generace vakuovych peci HPGQ
(vysokotlaké kaleni inertnim plynem). Provedeni kaleni pfi tlaku 25 barll umoZiuje
dosahnout takovych vlastnosti pfi vytvrzovani, které jsou srovnatelné¢ s hodnotami
dosazenymi pii pouZiti oleje, zatimco vakuova cementace a nitridace navic vytvari velky
potencial pro spusténi odlisSného tepelného zpracovani a termochemickych procesii a rovnéz i
vice procest kombinovanych do jediného pecniho cyklu. Seznamime Vas s technickymi a
technologickymi aspekty vyuziti pece, pfi¢emz budeme prezentovat snizeni provoznich
naklada a Gspory energie.

Navzdory globalnim ekonomickym obtizim pokracuje vyvoj vakuovych technologii a
vybaveni pro tepelné zpracovani v aplikacich, kde vakuum ptedstavuje nezbytny zaklad
vybaveni pece . Jedna se zejména o pece jednokomorové vybavené vysokotlakymi plynovymi
kalicimi systémy (HPGQ). Intenzifikace plynového kaleni umoziuje tepelné zpracovani nejen
legovanych oceli, ale 1 typti oceli konvencné kalenych v oleji. Dochézi k trvalému pokroku
ve vakuové cementaci (LPC — FineCarb®, PreNitLPC®), ktera piredstavuje stale veétsi
konkurenci pro cementaci tradi¢ni. Navic se objevily prvni aplikace vakuové nitridace(LPN -
FineLPN®).

Tyto pece jsou plné automatické, fizené pocitacem a vybavené systémy technické
podpory ve formé simulacniho softwaru pro vakuovou cementaci (SimCarb®, SimHard®) a
kaleni (G-Quench Pro®). V soucasnosti jsou jednokomorové vakuové pece HPGQ schopny
pracovat s celou fadou technologii tepelného zpracovani, jako naptiklad: Zihdni, tvrdé pajeni,
slinovani, kaleni, popousténi, cementovani, nitridace atd. Tyto postupy tepelného zpracovani
lze provadét individualné nebo je seskupovat do jediného cyklu, napt. tvrdé pajeni +
cementace + kaleni + popousténi [1] nebo kaleni + popousténi + nitrifikace atd. Diky tomu je
pec HPGQ vSestrannym, pruznym a viceucelovym zafizenim v sestavé pro tepelné¢ a
chemicko-tepelné zpracovani, které zajistuje vysokou kvalitu, opakovatelnost a spolehlivost
pfi minimalnich nakladech, kdy soucasné zkracuje dobu zpracovani a spotiebu energii a
surovin a zaroven zachovava neutralitu vii¢i okoli a pfirozenému Zivotnimu prostiedi.

The article describes the achievements and application of a new generation of HPGQ vacuum
furnaces. Implementation of 25 bar quenching enables reaching hardening properties
compared to the ones obtained with oil, while vacuum carburizing and nitriding additionally
create a great potential for running different heat treatment and thermo-chemical processes as
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well as multi-processes combined in a single furnace cycle. Technical and technological
aspects of the furnace exploitation are presented and operational costs reduction and energy
saving are considered.

Despite the global economic difficult, the development of vacuum technologies and heat
treating equipment continues in applications wherein vacuum is the basis for protective and
technological atmosphere. This pertains especially to the applications based on single
chamber vacuum furnaces equipped with high pressure gas quench systems (HPGQ).
Intensification of gas quench enables heat treatment of not only alloy steels but also steel
grades conventionally quenched in oil. There is continuous advancement in vacuum
carburizing (LPC - FineCarb®, PreNitLPC®), which is becoming more and more
competitive to traditional carburizing. Furthermore, first applications of vacuum nitriding
have appeared (LPN - FineLPN®).

Those furnaces are fully automatic, computer controlled and equipped with technical support
systems in the form of simulation software for vacuum carburizing treatments (SimCarb®,
SimHard®) and quenching (G-Quench Pro®). Presently, the HPGQ single chamber vacuum
furnaces are capable of handling a number of HT technologies such as: annealing, brazing,
sintering, quenching, tempering, carburizing, nitriding, etc. These treatments may be run
individually or grouped in a single treatment cycle, e.g. brazing + carburizing + quenching +
tempering [1], or quenching + tempering + nitriding, etc. This makes the HPGQ furnace a
versatile, flexible and multipurpose piece of heat and thermo-chemical treatment equipment
which ensures high quality, repeatability and reliability at a minimal cost, while cutting down
on process time and consumption of utilities and maintaining neutrality to the surroundings
and the natural environment.

SINGLE CHAMBER VACUUM FURNACE HPGQ

The sophisticated vacuum furnace HPGQ is a unit featuring an internal quench system based
on gas nozzles distributed evenly in the heating chamber around workloads or selectively
depending on the shape of the workpieces and workload configuration. The outstanding
effectiveness of the nozzle system comes from the fact that the nozzles aim the gas stream
directly onto the workload and accelerate to the velocity of 150-250 km/h. Such an intensive
gas stream at high pressure results in very efficient quench and thorough penetration even
through densely packed workloads [2, 3].

In the middle of the previous decade the p—
single chamber HPGQ furnaces were only
available in the pressure class of 10 — 12
bar, which enabled quenching of alloy
steels, mainly tool and high speed steels
(titanium and molybdenum), for cold and G
hot working (1.2379, 1.2080, 1.2363, &
1.2367, 1.2343, 1.2344), with a limitation
imposed by the size of workpieces and
workload  density. Those  furnaces
achieved cooling efficiency expressed by
heat transfer coefficient o at the level of
300-500 W/m?K. The current standard is
class 15 furnaces which feature cooling
efficiency of 400-700 W/m’K and thus Fig.1. Furnace HPGQ 25 bar N2/He type 25.0VPT-
have a wider application range which 4035/36 manufactured by Seco/Warwick S.A.

/
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includes alloy steels for carburizing (16MnCr5, 18CrNiMo7-6), tool steels and HSLA (high
strength low alloy 42CrMo4, 40CrNiMo6) for workpieces of small cross-sections [3].

The next border was crossed in 2009 with the appearance of 25 bar single chamber furnaces
for nitrogen and helium quench (Fig. 1).

These furnaces obtain impressive cooling rates in helium comparable to slow and medium oil
quench, at the level of 1000-1500 W/m?K, WhICh enables quenchmg of a wide range of
typical carburizing steels and HSLA [4] ]

grades and even bearing steels (100Cr6).
As far as tool steels are concerned, the
cooling efficiency parameter is met even
by the standard 10 bar furnaces. Using the
example of hot working tool steel H13
(1.2344) and the NADCA [5] heat
treatment requirements for dies, a
minimum average cooling rate was
determined at 28°C/min in the temperature
range of 1030 do 540°F. The tests
following the requirements, done on a
400/400/400” steel block in standard *

'\ S s o
HPGQ furnaces confirmed the Fig.2. Cooling rate test for dies in HPGQ furnace
effectiveness of the latter in die hardening size 600/600/900 mm’’ (Seco/Warwick)
(Fig. 2).

The cooling rates obtained significantly exceeded the limit and, depending on the
furnace working area, were respectively: for a 600/600/900 mm furnace approx.. 80°C/min,
900/800/1200 mm — 55°C/min, and for 1200/1200/1800 — 40°C/min [4]. Therefore, class 15
bar furnaces may be expected to yield cooling rats higher by approx. 30 % and the 25 bar He
ones — even twice to three times higher [2].

Cooling rate is of key importance for impact strength and thus for the resistance of tools and
dies to thermal fatigue cracking. For example, in the Charpy V-notch test for H13 (1.2344)
steel, the cooling rate of 55°C/min gave the impact strength of 17 J, the rate of 100°C/min
produced approx. 24 J, while a significantly lower cooling rate of 8°C/min yielded a mere 8 J
[6].

In the course of hardening it is equally [ Voot s woee

important to achieve uniform cooling from e e 1) )
all sides and to disallow extensive ¢ —t— T 1

temperature  differences between the | o
surface and the core of a workpiece as we J— 2
these may lead to major distortions due to ** o |
thermal stress and, in extreme cases, .. f|- R
cracking or damaging of the tool. o0 ! b o E

It is for such considerations that the = s = '
HPGQ furnaces are equipped with a | Ia e
system of controlled quench which e ] i El
provides for the adjustment of cooling rate  Fig.3. The real trend of interrupted quench of the
according to one of the thermocouples H13 tool

placed inside a workpiece. Apart from that,
it is possible to run cooling based on the temperature difference between the workpiece
surface and its core as well as interrupting the surface quench until the core reaches the
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temperature  (interrupted quench, martempering, austempering). The controlled cooling
options are provided by workload thermocouples interfaced with fan rotations, which directly
influences the cooling gas flow rate. An example of die quench acc. to NADCA with surface
and core temperature progress is presented in Fig. 3.

A major aspect of enhancing operational properties of the equipment is simulation
software which enables prediction oOf e m——"
treatment  results in  the given @ . - w2 o
circumstances. The G-Quench Pro®
software offered with HPGQ furnaces by | e e
Seco/Warwick  provides for quench
simulations of hot and cold working tool
steels. The simulator takes into account a
number of quenching parameters such as
the type and size of furnace, the type and .
pressure of quench gas, the steel grade, the = €=
geometry of the workpieces and their | =
loading density. Based on the above input,

a cooling curve is plotted for a selected
point from the surface to the core of the
reference part. The outcome of the Fjg.4. The tool steel hardening simulator G-Quench
simulation is a CCT graph with cooling Pro® (Seco/Warwick)

curve and expected hardness (Fig. 4).

Furthermore, the software facilitates on-line simulations in real time based on
temperature readouts obtained from workload thermocouples directly during the quench.
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THERMO-CHEMICAL TREATMENT IN HPGQ FURNACES

Vacuum carburizing by FineCarb®
method has been introduced in over 70
industrial  applications  with  single
chamber HPGQ furnaces. It is based on a
ternary mixture of carburizing gases
(acetylene, ethylene, hydrogen) and an
adequate manner of treatment, which
ensure high efficiency, uniformity and
purity [7, 8]. Combined with gas quench
it provides an attractive alternative to
conventional processes of case hardening
carried out in atmosphere furnaces with
oil bath [9] (Fig. 5). A further
sophisticated stage in the development of

3!

- ® P - :
FineCarb™ vacuum carburizing is the Fig.5. Sample workload after carburizing and
currently  implemented  method  of  hardening in vacuum furnace LPC+HPGQ type
carburizing preceded by nitriding - 15.0VPT-4022/24 (Seco/Warwick)

PreNitLPC®. This technology consists in

feeding ammonia at the initial phase of treatment i.e. at heating for carburizing. The nitrogen
introduced into the surface case in this way aids carburizing by accelerating carbon diffusion
and lowering the tendency to build up carbides and, most importantly, by significantly
limiting the growth of austenite grain (Fig. 6).
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Fig.6. The comparison of grain size
after the LPC and PreNitLPC®
treatment at 1000°C for steel
18CrNiMo7-6

These advantages facilitate a considerable shortening of treatment time through an
increase of the carburizing temperature. At the same time the case obtained features a proper
microstructure and mechanical properties which are equal to those obtained in conventional

treatments at a lower | Case Carburising time for 16MnCr5

temperature [11]. For | depth
comparison, carburizing | [mm] | 925°C | 950°C | 980°C | 1000°C | 1020°C | 1040°C

with  the PreNitLPC® 0.5 1h23m | 0h57m | Oh39m | 0h30m | Oh24m | 0h19m

method at the temperature
of 10400C is 4-5 times 1.0 5h30m | 3h50m | 2h35m | 2h0Om | 1h35m | 1h15m

shorter than the one 2.0 22h00m | 15h10m | 10h20m | 8h0Om | 6h10m | 4h50m
carried out at the
100% | 69 % 47% | 36% | 28% | 22%

conventional temperature
of 925°C (Table 7).

Due to their disequilibrous nature, running vacuum carburizing treatments requires a
computer assistance. The SimVaC® constitutes an integral part of the FineCarb® vacuum
carburizing technology and of the expert
system [12] which focuses on the SimVvaC®
development of the latter. It facilitates the Process Simulator
design of processes of vacuum carburizing
and hardening in high pressure gas as well
as the analysis and optimization of
treatments without the need for real tests (
which usually are time-consuming and / \
costly. The SimVaC® is a sophisticated
simulation software consisting of a vacuum
carburizing module SimCarb® and a «c C
hardening module SimHard® (Fig. 8). , {

Itgallows a high precis(ior;gpr()adiction SimCarb® SimHard™
of the results of real processes based on a “arburizing Module Quenching Module
process or an outcome simulation. The Fig.8. The structure of SimvaC® simulator —
process simulation presents the effects of a vacuum carburizing and hardening
preset process as a carbon profile and a case (Seco/Warwick
hardness profile. The outcome simulation
prompts the treatment for the input case requirements. The system takes into account the steel
grade, the shape and geometry of workpieces, their surface area, carbon concentration in the
surface case, the case depth criterion, the carburizing temperature, the time sequence for boost
and diffusion. Other factors considered include precooling for hardening, the type and
pressure of cooling gas and the size of the furnace. Apart from the carbon and hardness
profiles, the simulation yields the demand factor for the mixture of carburizing gases (Fig. 9).
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Similarly to vacuum carburizing,
the HPGQ furnaces may be used for
vacuum nitriding (already functioning in
the PreNitLPC® method). The treatment
consists in feeding ammonia to the vacuum
furnace chamber at conventional nitriding
temperatures. Currently research and tests
are being carried out, chiefly on tool steels
[13], aimed at mastering the process and
working out simulation methods. While it
appears obvious that the lengthy nitriding
treatments in the HPGQ furnaces will not
be justified, an interesting alternative might
come from the relatively short, limited to
several hours, nitriding of tool steels,
applied as complementary to hardening
and leading to a very hard and thin case
which boosts the functional parameters of
the tools. This would be particularly
advantageous when the entire heat
treatment is done at a single furnace cycle,
without opening the furnace door and

Hardness Trend

Fig.9. The outcome of SimVaC® simulation of
vacuum carburizing (LPC) and gas hardening
(HPGQ) shown as a hardness profile based on
carbon profile. During the 2 h treatment at the
temperature of 1040°C the case obtained was 1.40

mm for steel 20MnCr5

transferring the workload, by going through a sequence of: hardening, multiple tempering and
final nitriding. Further advantages of the so conducted treatment are: excluding the chemical
activation of surfaces before nitriding and obtaining a rapid and uniform increase of the
nitrided case. This is due to heating in vacuum, which has strong reduction properties and
cleans and activates the surfaces of the workpieces.

To confirm the above, a complete heat treatment of 1.2343 steel tools was run in a

HPGQ furnace type 15.0VPT-4022/24.
| vsoms meronca movcs |

-

process of tool steel H11

Fig.10. The trend of complex heat treatment

st e |

e b e e -

Fig.11. The hardness profile and
microstructure obtained after complex
treatment for steel 1.2343

Austenitization was effected at the temperature of 10300C, followed by hardening in
12 bar nitrogen, then twice tempered at 5700C/2 h and finally nitrided at the temperature of

5400C for 4 h (Fig. 10).

The treatment resulted in a uniformly nitrided diffusion case of approx. 0,14 mm,
surface hardness of approx. 900 HV and core hardness of 500 HV, respectively (Fig. 11).
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ENERGY EFFICIENCY

A reduction in energy requirements for the HPGQ furnace occurs at a few areas
simultaneously. Among the basic areas are technical solutions which reduce thermal losses in
the heating chamber and the application of electric receivers of increased energy efficiency.
Very important is the optimization of the process, mainly its length. For that purpose a
temperature monitoring in the workload is used as well as processes of high temperature
carburizing (PreNitLPC®). As far as electrical power supply is concerned, it is essential to
ensure a stable power demand not exceeding the maximum level while maintaining the
highest possible power factor (P/S).

The HPGQ vacuum furnaces are equipped with a power management system which
ensures:

- Power demand limitation depending on temporary requirements.

- Asubstantial improvement of the power factor P/S in the heating and cooling phases.

- Start-up of fan motor without exceeding the rated currents (elimination of the starting
current peak in the motor).

- Increased efficiency of the blower motor.

The HPGQ vacuum furnace comprises two main systems which use up most of the
electrical energy (heating and cooling), each of which is conventionally equipped with
individual power control systems. For heating, there are SCR controllers or a transducer to
control the power of the resistance heating elements. For cooling, there are a soft-start or an
inverter to control the blower motor. Since the furnace operating sequence does not provide
for simultaneous heating and cooling, only one of the control systems may be activated while
the other one is switched off. This dependency led to a search for a single system capable of
alternate control of heating power or cooling intensity in the furnace. After theoretical
analysis and testing an appropriate device was found — an inverter which, apart from
controlling the work of an induction motor, may control the power of the resistance heating
elements supplied through a transformer. What is more, such application enhances the
operating features of the furnace and decidedly reduces its power consumption by increasing
the power factor PF=P/S.

Power PP

Fig.12. The demand for active, passive and apparent electrical power during a hardening
process depending on heating control mode: conventional thyristor (SCR), and inverter
(INV)
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Tab.13. The energy comparison for Energy consumption | SCR | INV Safe
reference treatment for thyristor Pt [kWh] 325 1325 | 0 0
(SCR) and inverter (INV) controllers Qt [KVArh] 366 | 212 | 154 | 42 %
St [KVAR] 489 | 388 | 101 | 21 %

PFav 0.66 | 0.84 | 0.18 | 27 %

Fig. 12 presents a comparison of electrical power requirement for active, passive and

apparent power during the hardening treatment as exists between the traditional SCR
controller and an inverter. In the given case the inverter control reduced energy consumption
by 42 % and improved the power factor by 27 % (Table 13).

This method of heating and cooling with the aid of an inverter is protected with a

patent [14] and has been successfully used in a few dozen HPGQ furnaces all over the world.

SUMMARY

The single chamber vacuum furnaces HPGQ by Seco/Warwick provide a versatile and

efficient tool for heat and thermo-chemical treatment. They are sophisticated devices which
comply with the toughest quality, economic and environmental standards thanks to the
following advantages:

Multiple increase in cooling rate in the class of 15-25 bar N2/He furnaces enables heat
treatment of steels conventionally hardened in oil.

The exclusion of quench oil eliminates washing and utilization of washing means and
the oil, which reduces the HT cost and makes the technology environmentally
friendly.

The single chamber furnace within which the workload is not moved enables
application of workload thermocouples and complete temperature monitoring inside
the workpieces, which in turn permits process optimization while simultaneously
meeting the stricter requirements (the aviation industry).

The function of isothermal and controlled cooling enables control of cooling rate and
temperature distribution in the workload, thus reducing potential deformations and the
risk of thermal fatigue cracking.

The advanced high temperature carburizing acc. to the PreNitLPC® method permits a
multiple shortening of treatment time, thus minimizing the costs.

The possibility of vacuum carburizing and nitriding combined in a single cycle with
hardening and tempering broadens the technological potential by including the
multistage processes in one cycle.

The simulation software for hardening and carburizing enable prediction of treatment
results with high accuracy and eliminate the need for tests done on the treated
workpieces.

The electrical power management system facilitates economical and optimal use of
energy.
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PreNitLPC® - HIGH-TECH TEPELNE ZPRACOVANI

PreNitLPC® - HIGH-TECH HEAT TREATMENT

Petra Salabova
PRIKNER — tepelné zpracovani kovii, s.r.o., U Letiste 279, 54973 Martinkovice, Czech
Republic, p.salabova@prikner.cz

1.ABSTRACT

Podtlakova cementace (LPC) jako moderni progresivni technologie pfedstavuje budoucnost
cementac¢nich procesti. Dovoluje vést procesy pii vysokych nauhliCovacich teplotach, ¢imz
umoziuje ziskavat hlubsi vrstvy za krat$i ¢as. Podtlakovd cementace ma nesporné¢ mnoho
vyhod, pfesto existuji urcité limity z hlediska kvality ziskdvané mikrostruktury oceli, které
souvisi zejména s pouzitim vysoké teploty béhem nauhliCeni. Ptedchazeni ristu
austenitického zrna, vysoka rovnomérnost vrstvy, krat§i proces cementace, prevence
vysokého podilu zbytkového austenitu jsou priklady benefita, které technologie PreNitLPC®
pfindsi. Ekonomické uspory jsou jen dalSim dopadem aplikaci PreNitLPC® . V tomto
pfispévku jsou shrnuty komplexni vysledky z aplikaci technologie PreNitLPC®
V podminkach zakéazkové kalirny.

Low pressure carburizing (LPC) is modern progressive technology which represents
future of carburizing processes. It allows using of higher carburising temperatures achieving
deeper CHD in shorter time. Despite LPC has many advantages there are some limits for
quality of steels microstructures after high temperatures applications. PreNitLPC®
technology was developed to protect microstructure quality during high temperature
carburizing processes . Preclusion of grain growth, high uniformity, shorter carburizing
times, prevention of high residual austenite content are examples of PreNitLPC® benefits.
Economic savings are subsequent impact of PreNitLPC® applications. The article offers
experiences with real applications of PreNitLPC® technology in conditions of commercial
heat treatment shop with comprehensive evaluation of PreNitLPC® effects.

2. PreNitLPC®

Technologie PreNitLPC® byla vyvinuta Ustavem materialovych véd a inZenyrstvi na
Technické Univerzité v LodZi ve spolupraci s firmou Seco / Warwick S.A. jako dalsi krok ve
vyvoji podtlakové cementace FineCarb® . S vyuzitim pfednitridace povrchu posunula
technologie PreNitLPC® podtlakovou cementaci smérem k vy3$§im nauhli¢ovacim teplotam
a umoznuje tak vyznamnym zpiisobem Setfit naklady na tepelné zpracovani a vyuZiti SirSi
Skaly oceli nez je pro podtlakovou cementaci b&zné.

Technicky je proces zaloZzen na davkovani ¢pavku do komory vakuové pece béhem
nepretrzitého ohfevu na cementacni teplotu v intervalu 400°-800°C. Dusik, vpraveny do
povrchové vrstvy oceli, podporuje proces cementace akceleraci difuze uhliku, redukci

vvvvvv

vytvofend vrstva se vyznacuje vybornou mikrostrukturou a vyhovujicimi mechanickymi
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vlastnostmi, které rozhodné nejsou hor$i ve srovnani s vrstvou vytvofenou pii nizSich

teplotach.

S vyuzitim vlastnosti technologie PreNitLPC® je
mozné provadét cementaéni procesy pfi
teplotach vyssich jak 1000°C, coz vede

k vyznamnym ekonomickym usporam
v nédkladech na tepelné zpracovani.
[1,2,3]

3. PRIPADOVA STUDIE

T

1000°C

200°C

400°C

Ammonia Dosing Time

D Hydrocarbons Dosing Time

Boost
Diffusion
Boost
Diffusion

\ \

Qu;nching

Hardening temp

Obr.1 Proces PreNitLPC®
Fig.1 PreNitLPC® process

Vliv aplikace technologie PreNitLPC® na strukturu a vlastnosti cementované oceli bude

pfedveden na piipadové studii standardniho LPC procesu:

= Teplota cementace 1000°C

»  Vedeni procesu v 9 periodach (syceni — difuze)

= Kalkulovana povrchova koncentrace uhliku po procesu 0,7 %
= Kaleni pfimo po cementaci z teploty 820°C tlakem 15 bar dusiku

= Popousténi pii 200°C/ 2 hod.

Pocitacova simulace v program SimVac koresponduje s uzitim oceli 16MnCr5, ale do studie

byly zahrnuty také CrNi oceli a ocel 14 220.

Popsany proces byl aplikovan na uvedené vzorky oceli jako standardni podtlakova cementace
(LPC) a pro srovnani za stejnych podminek pii pouziti technologie PreNitLPC® . DosaZené
vysledky budeme nyni porovnavat a demonstrovat na nich ptinosy aplikace PreNitLPC® .

Case carbon profile

Surface carbon trend Cs

g
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00
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Obr.2 Pocitacova simulace procesu pripadové studie v programu SimVac
Fig.2 Simulation of case carburizing study made in SimVac software
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3.1. DosaZena hloubka cementované vrstvy (Eht, CHD)

Dosazené parametry cementované vrstvy lze porovnavat
z ruznych hledisek v zavislosti na druhu procesu a
jakosti hodnocené oceli (Graf 1). Dosazeni urcité
hloubky cementované vrstvy je zavislé predev§im na
typu pouzité oceli. Obecné se ukazuje, ze CrNi oceli
reaguji mnohem pozitivnéji a citlivéji na zplsob
cementace, véetné aplikace PreNitLPC® . Proto jsou
tyto oceli schopné dosdhnout az o a2 hlubsi vrstvu pti S ML :
aplikaci pfednitridace povrchu. Na prvni pohled se 16MNCIS 18CrNiMo7-6

rozdil nezda velky, v cementované vrstvé CrNi oceli  Graf 1 Porovndni dosazené hloubky Eht
je vSak ukryty jesté jeden vyznamny efekt, ktery Graph 1 Reached Eht comparison
napomaha vyznamné diferenciaci cementace tohoto

druhu oceli od jinych.

V ptipadg, Ze byla aplikovana technologie PreNitLPC®
na CrNi oceli, bylo zjiSténo, Ze na povrchu povrchova
koncentrace uhliku zistavd vyS$§i v porovnani se
standardnim LPC procesem (Graf 2). Rozdil
Vv koncentracich ¢ini kolem 0,07 — 0,08 % uhliku, coz je
dostate¢na zasoba k vytvoteni hlubsi cementacni vrstvy
(v tadu desetin ) nebo zkraceni doby procesu az o 1
hodinu.

Graf 2 Povrchova koncentrace uhliku
Graph 2 Carbon surface concentration

3.2. Velikost austenitického zrna

Na cementovanych vzorcich byla hodnocena
velikost austenitického zrna jak v cementované
vrstve, tak v jadie vzorki, viz. Graf 3. Cervena
linie vgrafu oznaCuje maximalni velikost
austenitického zrna, kterd je standardné

cwwvr

akceptovatelna.

Jak vyplyva zgrafu, Z74dnd ocel cementovana
standardnim LPC procesem pii 1000°C hodnoceni
prakticky nevyhovéla pravé z divodu narlstu
austenitického zrna na neptipustnou velikost.

Proti tomu stoji analyza vysledkii po cementaci
technologii PreNitLPC® . Vechny vzorky oceli, v&etn& oceli CrNi, které jsou znamé svou
nachylnosti k hrubnuti zrna, vyhovély pozadavkiim. V tomto parametru cementované vrstvy
spo¢iva jeden znejvétSich rozdili mezi standardnim procesem podtlakové cementace a
aplikaci ptednitridace povrchu.

Velikost zrna hodnocena v jadie se nijak vyrazné neménila a témét vSechny vzorky maji
vyhovujici zrno.

Graf 3 Velikost austenitického zrna
Graph 3 Austenitic grain size
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3.3. Mikrostruktura cementované vrstvy

Hodnoceni mikrostrukturdlnich charakteristik cementované vrstvy nejvice vypovidd o
ptinosech technologie PreNitLPC®. Na Obr.3 miZeme porovnavat mikrostrukturu
cementované oceli 16MnCr5 po standardni LPC pti 1000°C a po aplikaci PreNitLPC® za
stejnych podminek.

Ve struktufe oceli 16MnCr5 se vyskytuji cetné

ostrivky cementitu, a to nejen Vv exponovanych
LPC oblastech rohd, ale i v mistech s rovinym povrchem
§ Ras520%  yrorku. Pricemz vyskyt cementitickych struktur je
vyslovné nezadouci pro jakoukoliv cementovanou
: strukturu! Obsah zbytkového austenitu ve vrstvé se
. PreNit pohybuje v rozmezi 15-20%.
' Na spodni dvojici obrazku jsou struktury po aplikaci
PreNitLPC®. Tyto struktury jsou prosté cementitu,

Obr 3 Struktura oceli 16MnCr5 po bez wviditelnych jinych  strukturnich  defektd,
s jemnym austenitickym zrnem. Také diky tomu je
podil obdrzeného zbytkového austenitu o dva tfady
mensi, v rozmezi 5-10%.

\ \|

podtlakové cementaci
Fig 3 16MnCr5 microstructure after
LPC and PreNit comparison

Rozdily jsou jest¢ wvice wviditelné v pripadé Fe,C
hodnoceni CrNi oceli (Obr. 4). Jak jiz bylo '
popsano, tento druh oceli je velmi citlivy k hrubnuti
zrna pii vysSich teplotach. To se po kaleni projevi
narastem jehlic martenzitu, které vyrostou tak
velké, jak velké bylo zrno austenitu pred kalenim.
Pticemz pftilis dlouhé jehlice martenzitu vnaseji do R Tieht
struktury kiehkost. Kromé¢ toho, ostriivky cementitu
jsou ve srovnani soceli 16MnCr5 masivngjsi. f
Obsah zbytkového austenitu narostl na netnosnych  Qpr 4 Struktura oceli 18CrNiMo7-6

20-30%. . po podtlakové cementaci
Osetfenim  struktury pirednitridaci povrchu se Fig 4 18CrNiMO7-6 microstructure
podafilo mikrostrukturu natolik stabilizovat, Ze after LPC and PreNit comparison

neobsahuje cementitické utvary, velikost zrna je

pfiméiend a obsah zbytkového austenitu po kaleni a popusténi na 200°C se snizil na 15-20%.
Tento vliv technologie PreNitLPC® byl ovéfen i na vrstvach 2 a 3 mm, pii cementa¢nich
teplotdich 1050°C a vzdy s pozitivnim vyhovujicim vysledkem v oblasti hodnoceni
mikrostruktury.

4. EKONOMICKE HODNOCENI PROCESU PRI APLIKACI PreNitLPC®

Jednoznaéng pozitivni prinos technologie PreNitLPC®  spo¢iva
V pouzivani vysokych nauhliCovacich teplot pfi sou¢asném zachovani
vynikajici mikrostruktury oceli a jejich mechanickych vlastnosti,
zatimco béZznad podtlakovd cementace je limitovana jiz pii teploté
1000°C.

Na Grafu 5 je demonstrovan vliv teploty cementace na dosazeni - Graf5 an teploty
pozadované hloubky Eht. Dosdhneme-li pii teploté¢ 950°C 100% Graph 5 Temperature

impact
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pozadované hloubky Eht, pak pfi nauhlicovaci teploté 1000°C obdrzime za stejny ¢as 150%
Eht a pii teploté cementace 1050°C dokonce 220% Eht ! Tato zavislost se zda byt linedrni,
zZ praxe vsak vime, Ze je mnohem vice exponencialni.

Pfevedeme-li tyto technické parametry do tabulky, ktera hodnoti ekonomické ukazatele
procesu, dostaneme porovnani redlnych casti cementace. Tab.l porovnava celkové doby
cementacnich procesti oceli 16MnCr5, tzn. pro cementaci v plynu ¢as od zalozeni vsazky do
pece 750°C, ohfev na cementacni teplotu, cementaci, ochlazeni na kalici teplotu, kaleni do
solné lazn¢ a nezbytné prani. V piipad¢ cementace ve vakuové peci byl do hodnoceni zahrnut
Cas od zalozeni vsazky do vytazeni Sarze z pece pfi pokojové teplote.

T
oot | o [on
n 100 80 70 S0 S0

100

81 54 46 38

100 78 59 50 39

100 72 62 50 42

Tab.1 Porovnani celkova doby cementace oceli 16MnCr5
Tab.1 Total carburizing time comparison for 16MnCr5 steel

Pro teplotu cementace 1000°C jsou v tabulce uvedeny dvoje udaje — jednou jako standardni
LPC cementace, jednou s pouzitim PreNitLPC®. Z uvedenych daji je jasné patrné, Ze pii
stejnych parametrech nauhliovaciho procesu lze aplikaci PreNitLPC® zkratit das potfebny
k dosaZeni stejné hloubky vrstvy az o desitky procent, pfiCemzZ tuspory se s narustajici
hloubkou cementace zvysSuji. U cementaci kolem 5 mm mohou ¢init az 40%. Naopak, pro
velice kratké procesy se do doby cementace promita ponékud delsi doba ohtfevu, pii které se
provadi pfednitridace povrchu a vyuziti této technologie potom neni optimalni.

Z pohledu srovnani podtlakové cementace vs. cementace v plynu lze uspofit pro 1 mm
hloubku cementace 20-50% casu v piipad¢ standardni podtlakové cementace a az 65% pii
aplikaci PreNitLPC®. Vsechny Gasové udaje lze samoziejmé velmi jednoduse piepoditat na
usporu finan¢nich prostredku.

5. ZAVER

Zamérem ¢&lanku bylo zhodnotit vysledky aplikaci technologie PreNitLPC® v porovnani se
standardni podtlakovou cementaci a vyvodit jeji pfinos pro uZiti v Siroké praxi tepelného
zpracovani. Za tim ucelem byla provedena fada zkouSek, pro které byla stanovena piesna
pravidla. Testovaci SarZze mély shodné parametry v teploté a pribéhu procesu, kaleni a
popousténi. Zavérem lze konstatovat, Ze technologie PreNitLPC® umoziuje:

v' Cementaci pii teplotach vysSich jak 1000°C bez negativniho vlivu na kvalitu
cementacni vrstvy, a to zejména u CrNi oceli

v Pouziti Sir$i $kaly oceli pro podtlakovou cementaci neZ je bézné, zejména u
nizkolegovanych a nelegovanych oceli
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v Dodrzeni velmi vysoké kvality cementovanych vrstev, zejména omezeni hrubnuti
austenitického zrna, tendence vyluCovani karbidd, tvorba nezadoucich struktur (
cementit, zbytkovy austenit)

v' Uspora nakladti na chemicko-tepelné zpracovani zkracenim ¢asu cementace aZ o
desitky procent
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ABSTRACT

Vakuové pece skalenim vplynu a vkalicim oleji jsou znamy kvalitou zpracovani,
spolehlivosti a reprodukovatelnosti dosazenych vysledkli po tepelném zpracovani. Pouzitim
ruznych zplsobti chlazeni je mozné piizpusobit pec specifickym potfebam pro danou aplikaci.
Soucasné metody obrabéni slitin umoziuji vytvaret tvarové slozité dily o velkych rozmérech
s velmi vysokou piesnosti. PoZzadované mechanické vlastnosti se stanovuji s ohledem na
¢innost, pro kterou budou pozdéji pouzivany.

Tepelné zpracovani je ovSem nutné piizpusobit pro kazdou soucést s ohledem na jeji sloZeni,
geometrii a vlastnosti tak, aby bylo dosazeno pozadovanych vysledka.

Vakuové zpracovani nam dava moznost piizpisobeni cyklu pomoci pfesného ovladani
n¢kolika parametrit béhem ochlazovaci faze. Po kratkém uvedeni principu ochlazovani ve
vakuové peci budou predstaveny 3 piiklady primyslového tepelného zpracovani masivnich
dilt v peci s kalenim v pietlakovém plynu s pfizpisobenym feSenim ochlazovani.

Poté co kaleni v pretlakovém plynu narazilo na limity kvili omezenym rozmértim
zpracovavanych soucasti a obsahu legujicich prvkd, stalo se vakuové kaleni v oleji
atraktivnim feSenim s dokonce jeSté vétsi spolehlivosti a reprodukovatelnosti dosazenych
vysledkti. Tato technologie je piedstavena jako ekonomické doplikové feSeni ve vakuovém
tepelném zpracovani, v ptipad¢ potieby vyrobeni vysoce kvalitnich materiala.

The gas and oil quenching vacuum furnaces are known for their treatment quality, reliability
and reproducibility. Precisely, they are able to be adapted to any specific need for each
application using different types of cooling.

The current machining methods of alloys allow realizing big sized parts, very complex,
presenting great sections heterogeneity and tight tolerances. At the same time, the mechanical
characteristics are defined in function of the type of effort; they will endure once finally used.
However, it is necessary to adapt the heat treatment to each part depending on its own
composition, geometry and characteristics in order to obtain the targeted result.

The vacuum treatment insure a flexible adaptation to the cycle, controlling precisely several
parameters during cooling phases. After a reminding of the phenomenon caused by cooling on
a vacuum furnace, we will present 3 industrial examples of heat treatment of massive parts in
gas quenching furnace with their well-adapted cooling solution.

Once gas quenching has raised its limit because of part size and alloy grade, vacuum oil
guenching becomes an attractive solution with even better quality reliability and



‘!lTll’.Z.UﬂﬂJ 22 — 23 November 2011, Jihlava, Czech Republic

reproducibility benefits. This technology is introduced as an economical complementary
solution in vacuum heat treatment when the same high quality material is required.

Other information on B.M.I. Fours Industriels
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INCREASE OF THE ENERGY EFFICIENCY OF GRAPHITE
INSULATED VACUUM FURNACES

Andreas Dappa

SCHMETZ GmbH, Holzener Strafse 39, 58708 Menden, Germany
Tel: +49 2373 686-155, Fax: +49 2373 686-200
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ABSTRACT

Stejné jako v jinych procesech tepelného zpracovani také i ve vakuovych pecich s grafitovou
izolaci se na nutnou provozni teplotu zahtivaji nejen zpracovavané dily, ale i topné prvky a
cela topna komora. Béhem tohoto procesu je velké mnozstvi dodané energie spotfebovano na
vytopeni neuzite¢né ,,mrtvé hmoty* v topné¢ komote. Pti nasledném kaleni v pietlaku plynu
teplo ulozené ve vsazce stejné jako v topné komote opét brani v predani energie.

Vakuové pece s inovativni konstrukci topné komory jako systém *eSS* SCHMETZ
spotfebuji méné elektrické energie diky mensim ,,zbyteCnym ztratdm®, a zaroven se zkracuje
doba ohfevu vsazky. Vzhledem k optimalizaci zatfizeni pro vedeni plynu se vstiikovymi
tryskami je mozné dosdhnout vyssi ochlazovaci rychlosti.

Like in any kind of heat treatment process also in graphite insulated vacuum hardening
furnaces not only the heat treated parts with the corresponding loading media but also the
heating elements and the complete hot zone are heated up to the necessary process
temperature. During this process a large amount of the added energy is lead into the “dead
mass” of the hot zone. At the subsequent overpressure gas quenching the heat energy stored in
the load as well as in the hot zone is reduced with a high amount of energy again.

Vacuum furnaces with innovative hot zone designs like the SCHMETZ system *eSS* need
less current due to less “empty losses”. Simultaneously shorter heating times are realised. In
addition weight optimised gas guiding systems with inflow nozzles also realise a possible
higher quenching speed.

1.0 IMPORTANCE OF ENERGY EFFICIENCY AT THERMOPROCESS
FURNACES

Not only due to the environmental changes that have become particularly apparent within the
last 50 decades the environmental protection has today become a competition decisive factor
besides the product quality and a reasonable cost-performance ratio.

Nevertheless environmental protection does not necessarily mean higher costs or loss in
productivity at the same time. Quite the contrary: especially beyond the background of
constantly increasing energy costs you can save a lot of energy by increasing the energy
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efficiency of industrial furnaces. Investments provide a double benefit: for the operating costs
and for the environment.

“The most environmental friendly and safest kilowatt hour is the one that is not consumed*
(German environment secretary Sigmar Gabriel). Nowadays the topic energy efficiency
spotlights not only due to the check of possible saving potentials during the financial and
economy crisis but also through new laws. A new “Energy using Products”-regulation (EuP
regulation) currently passes the authorization procedure of the European Union. This will then
have to be observed by the manufacturers of thermoprocess furnaces besides the already
existing Eco-Design-Regulation 2005/32 EC in future.

1.1 Heat energy processes during the heating cycle within the vacuum furnace

At any kind of heat treatment process not only the heat treated parts with the corresponding
loading media but also the heating elements and/or the complete hot zone is heated to the
necessary process temperature. A high extend of energy efficiency has thus to be pushed
during the heating mechanism.

Also at heating processes in graphite insulated vacuum hardening furnaces (pic. 1, pic. 2) a
high extend of the fed energy is lead into the “dead masses” of the hot zone. The bigger the
hot zone’s volume and the load the more energy has to be fed in for the heating. The aim is of
course to run as much parts as possible within one cycle. Thus the volume’s reduction is
restricted only to the design features of the hot zone and where applicable to the loading
media.

Pic. 1 SCHMETZ one-chamber vacuum furnace Pic. 2 Hot zone with graphite insulation

Graphite material is mainly used for the insulation of hot zones of vacuum furnaces due to its
high temperature and form resistance. All parts of the heating are optimised regarding their
functioning and weight. The heating rods and bridges weigh as less as possible without having
any risks regarding their stability and life time.

During the heating and temperature soaking cycle (pic. 3) the fed electrical heat energy has to
compensate ,,dead losses*. These “dead losses” of the hot zone are reduced through an
insulation structure that is as tight as possible. Usually a 40 mm thick graphite felt plate is
installed as basis. The characteristics of each graphite felt material play a decisive role. Many
different insulation characteristics can be noted in the several material qualities offered at the
market which laymen are not able to distinguish. Thus the exclusively use of OEM-quality is
absolutely necessary.
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Pic. 3 Vacuum furnace: Convection heating process

By using increased insulation better insulation values are achieved. An increase of the hot
zone’s insulation from the usual 40 mm (for example “SIGRATHERM”) to 60 mm reduces
the “dead losses” in temperature soaking cycles by approx. 15 %.

1.2 Heat energy processes during the cooling cycle within the vacuum furnace

Also at the cooling cycle the complete hot zone is cooled down besides the load (pic. 4). The
necessary energy expenditure should as well be reduced as far as possible. This means the
actively to be cooled “dead masses” have to be minimized.

SCHMETZ SYSTEM *2R* [ scrmerz |
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Pic. 4 Vacuum furnace: Cooling process

For the cooling of the load not only the cooling gas pressure and speed are important but also
the gas flow rate and gas distribution throughout the load space. To guarantee a uniform and
distortion-less quenching the gas flow is distributed via special gas guiding devices
throughout the complete load space. The gas guiding devices integrated in the hot zone — gas
distribution plates made of hard graphite (pic. 5) — have to guarantee an optimum flow ratio
on the one hand and on the other hand have to meet the requirements of a minor dead weight
at simultaneous high life times.
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Pic. 5 Standard gas guiding system made of hard graphite

At the gas guiding devices new developed insulated nozzle plates (pic. 6) can be installed
instead of the so far used distribution plates. The new developed nozzle plates have the
advantage of a considerably low net weight. This means for example a mass reduction of 26
kg at a standard vacuum furnace with the dimensions of useful space 600 x 900 x 600 (w X | x
h) with one gas inlet and gas outlet opening each. Here the energy need of the “dead mass” is
reduced at the heating as well as at the cooling process.

Pic. 6 Optimised gas guiding systems with nozzle plate

2.0 ENERGY SAVING SYSTEM *ESS*

To achieve a high degree of energy efficiency at the heating as well as the cooling the
SCHMETZ system *eSS* (energy saving system) combines the plant-specific improvements
of an increased hot zone insulation and the weight-optimised nozzle plates as gas guiding
devices.

Besides the process temperature the current consumption in the vacuum heat treatment
process generally also depends on indicators like for example heating ramps, soaking times,
cooling gas pressures, revolution number of the motor, a.s.0. A heating to a high hardening
temperature (for example high-speed steel) and a rough overpressure gas quenching have a
relatively high current consumption. A heating process to a low tempering temperature (for
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example stainless steel) or a slow cooling (for example at vacuum brazing processes) however
needs considerably less electrical energy.

The degree of the current consumption reduction by means of the energy saving system
*eSS* thus depends on the application. In addition it varies in the single cycles of a heat
treatment process.

By means of the mentioned effects at the heating and cooling, vacuum furnaces with the
innovative hot zone design SCHMETZ system *eSS* achieve savings of about 10 — 20 % of
the normal current consumption. Simultaneously shorter heating times are realized.

A hardening shop of a known group of companies operates among others two vacuum
hardening furnaces with the identical dimensions of useful space 900 x 1200 x 700 mm (w x |
x h). The older furnace has a usual graphite insulation thickness and standard gas distribution
plates, the new furnace is equipped with the energy saving system *eSS*. Identical hardening
and tempering loads with 1500 kg tool steel were heat treated in both furnaces. At this very
good load capacity a current saving of 362 KWh ~ 14,6 % could be detected with the new
system for the complete hardening and three-times tempering. Simultaneously the process
time was shortened with about 4 hours by 10,7 % (pic. 7).

heat treatment cycle 1.500 kg, hardening and 3 x tempering
furnace in standard design and system *eSS* in comparison

20 —— ——— —— ———————— ——
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Pic. 7 Heat treatment cycle load 1.500 kg, hardening and 3x tempering in a vacuum furnace
with standard design and a vacuum furnace with the energy saving system *eSS*

3.0 ADDITIONAL CAPACITY

At heat treatment processes of different kinds and in different sized furnaces a considerable
process time reduction could be determined. In the above mentioned 36h-hardening and
tempering process the process time is reduced by 10,7 % to about 32 hours.

The operator of these two furnaces has an average effective furnace utilization of about 5800
h per year. This means that in this standard furnace for this process with 36 h operating time
approx. 161 loads per year would be possible. At a shortened process with an operating time
of 32 h with the system *eSS* this can be increased to approx. 181 loads per year.
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4.0 MAXIMISING OF THE COOLING SPEED AT THE PART AND OPTIMIZING
THE QUENCHING HOMOGENEITY

The weight optimised gas guiding devices with inflow nozzles (nozzle plates) achieve a
higher quenching speed at the part. Comparative measurements were carried out in
corresponding furnaces with the dimension of useful space 600 x 900 x 600 mm (w x | x h)
and a 340 kg (gross) bolt load. Thermocouple measurements in reference bolts of different
diameters prove a cooling speed increase of approx. 10 %.

In addition a higher quenching homogeneity could be proven in analysis at the Berner
Fachhochschule — HFT Biel, Switzerland, also at a smaller vacuum furnace with the
dimensions of useful space 400 x 600 x 400 mm (w x | x h) with the new nozzle plate
compared to the standard gas distribution plates.

5.0 PROFITABILITY AND DEPRECIATION

The European industrial current prices vary between the local suppliers and highly depend on
the ordered quantity. For example: one bigger contract heat treatment shop has a typical
current price (incl. a power ratio) of € 0,12 per kWh and a smaller in-house heat treatment
department has to pay € 0,18 per kWh.

The profitability of the *eSS* system is analysed at an example of a vacuum hardening
furnace with the standard dimensions of useful space 600 x 900 x 600 mm (w X | x h). At the
hardening process at this furnace size with standard features an average current consumption
of about 70 kWh per hour is assumed.

For a vacuum hardening furnace of this size and a good capacity utilization of 7000 furnace
operating hours per year a current consumption of 490,000 kWh can be assumed. At an
expected current price of € 0,15 per kWh (incl. power ratio of the supplier) the current costs
for the hardening operation of this standard furnace would be € 73,500.00 per year.

Thus an average current consumption reduction of 15 % saves € 11,025.00 per year here. The
equipment with increased hot zone insulation and nozzle plates for this furnace size
additionally costs about € 25,000.00. The depreciation time would thus be < 2,5 years.

The life time of the graphite part of the hot zone can be influenced by several factors (for
example burn-off through oxygen break-in, mechanical wear and tear caused by not cleaned
parts, bring-in of cuttings, damage during loading). But providing appropriate operating and
thorough furnace care an average hot zone life time of eight years can be reached.

The total cost saving for the complete hot zone life time would be in this example by means
of the reduced current need 8 x € 11,025.00 = € 88,200.00. Considering the additional
investment costs this means a profit of € 63,200.00 (€ 88,200.00 - € 25,000.00). With this the
occurring costs for the hot zone replacement can be covered for example after eight years of
operation.

To complete the efficiency consideration the already mentioned increased furnace reliability
has of course to be considered. Thus a higher load volume can be treated with the invested
furnace.

6.0 RETROFIT ENERGY EFFICIENCY

The SCHMETZ system *eSS* was installed and commissioned in new vacuum furnaces with
different standard dimensions of useful space internationally. But the new concept with
increased hot zone insulation and gas distribution with nozzle plates can also be retrofitted in
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almost all older SCHMETZ one-chamber vacuum furnaces. Especially in the course of a hot
zone replacement that has to be carried out anyway in OEM quality a retrofit pays of
environmentally and financially very fast.

CONCLUSION

Vacuum furnaces with the innovative hot zone design SCHMETZ system *eSS* achieve less
current consumptions. 10 — 20 % of the usual current consumption and thus direct operating
costs can be saved.

Process time reductions of 10 % can simultaneously be achieved and thus a considerable
increase of capacity can be realised.

In addition weight optimised gas guiding devices with inlet nozzles (nozzle plates) achieve a
possibly faster and even more homogeneous quenching speed at the part. Comparative
measurements show a cooling speed increase by approx. 10 %.

Furnace operators as well as heat treatment customers can financially participate in the energy
efficient furnace technology. With regards to the environment the following is valid: “The
most environmental friendly and safest kilowatt hour is the one that is not consumed*.
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UZIVATELSKE ZADAVANI PROGRAMU POMOCI
KROKOVE VIZUALIZACE NA PRIKLADU PODTLAKOVE
CEMENTACE

USER PROGRAMMING BY THE HELP OF STEP
VISUALISATION BY LOW-PRESSURE CARBURIZING

Stefan Heineck
STANGE Elektronik GmbH, Germany, sheineck@stange-elektronik.de

ABSTRACT

Pro tizeni podtlakovych procest napt. cementace je mozné pouzit ¢idlo analyzujici vodik na
principu tepelné vodivosti. Vystup ¢idla dobie koreluje s nauhlicujicim t¢inkem podtlakové
cementace. Vodikova sonda ptedstavuje dopliujici informaci ke stavajicim fizeni procesu.
Bude predstaven systém uzivatelského zaddvani programi pomoci krokové vizualizace na
ptikladu podtlakové cementace.

The control of vacuum processes (e.g. case hardening) can be complemented by the use of a
sensor analyzing hydrogen based on the principle of thermal conductivity. The output of the
sensor higly correlates with the carburizing effect of vacuum case hardening. The hydrogen
sensor represents supplementary information for the current process control. The system of
user programme setting using step-by-step visualization on the example of vakuum case
hardening will be presented.

Other information on STANGE
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NUMERICAL MODELLING OF OF THE CARBURIZING
PROCESS AND THE FOLLOW HEAT TREATMENT

Pavel Suchmann?, Michal Zemko?, Bohumil Dostal®

8COMTES FHT a.s., Priimyslovd 995, 334 41 Dobiany, Czech Republic,
pavel.suchmann@comtesfht.cz
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ABSTRACT

Numerické modelovani technologickych procesi pomoci metody kone¢nych prvk nebo
jinych matematickych metod patii mezi bézné ndstroje pro navrh technologickych postupd,
které jsou Casto pouzivany v riiznych pramyslovych oborech. Utelné vyuziti numerické
simulace vede obvykle k vyraznému zvyseni efektivity vyvoje novych technologii. V oblasti
tepelného zpracovani jsou bézné provadény simulace kvili predikci pnuti a trhlin
souvisejicich s ohfevem a ochlazovanim materidlu. U procest spojenych s difuznim sycenim
povrchu soucasti a naslednym tepelnym zpracovanim (napf. cementace) je vSak pocitacova
simulace vyuzivana jen velmi ziidka. Souvisi to piedevSim s vyrazné¢ vysSSim poctem
technologickych parametrti, které musi simulace podchytit. Oproti klasickému tepelnému
zpracovani je navic tfeba zohlednit chemicky potencidl syticiho prostiedi, difuzni soucinitele
a dalsi parametry, jejichz ptesné hodnoty neni snadné stanovit.

V tomto ¢lanku je popsan numericky model cementace a nasledného tepelného zpracovani
ocelovych ozubenych kol. V modelu sestaveném ve spolecnosti COMTES FHT a.s. pro
simulacni software DEFORM HT byly zohlednény riizné rychlosti difuzniho syceni
Vv zavislosti na nastaveném uhlikovém potencialu. Simulace umoznuje s pomérn¢ vysokou
piesnosti piedpoveédét hloubkovy profil koncentrace uhliku pfi riizném nastaveni parametrii
cementacniho procesu. Déle model umoziuje predikovat vysledné rozlozeni fazi, profil
tvrdosti a velikost (resp. smér) deformaci po kaleni v riznych kalicich médiich.

Numerical modelling of manufacturing processes by means of finite element method or by
other mathematical techniques is one of the tools which are used routinely in many branches
of industry. Purposeful utilization of numerical models typically leads to significant
improvement in the effectiveness of new process design and development. In the field of heat
treatment, however, computer modelling is used scarcely. It is used almost exclusively for
predicting stresses arising from heating and cooling sizable tools and parts. There is very little
experience in using computer simulation in thermochemical treatment of tools and machine
parts still.

The present paper presents a numerical model of diffusion-based enrichment of surface of
steel gear wheels with carbon during carburizing at various carbon potential levels. The model
was constructed at the company COMTES FHT for DEFORM HT, a software tool based on
the finite element method. Computer simulation allows the carbon concentration depth profile
to be predicted with high accuracy for various parameters of the carburizing process. It can
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also describe the resulting distribution of phases, hardness profile and distortion upon
quenching in various quenching media.

1 UvoD

U ozubeného kola z materidlu 18CrNiMo7-6 znazornéného na obr. 1 se po cementaci a
nasledném kaleni pravideln¢ vyskytovaly deformace zubu. Cilem provedenych praci bylo
vytvofit komplexni numericky model pro analyzu vlivu jednotlivych technologickych
parametrl (teplota cementace, uhlikovy potencial, teplota austenitizace, kalici médium aj.) na
vznik a intenzitu téchto deformaci a pomoci tohoto modelu nalézt zptsob, jak deformace
ozubeného kola minimalizovat.

T 3289 o
2 % MI0-6H » 75 na © 292 , —
@ 265 | =

269

& ME-GH » 20 na @ 357

Obr. 1: Vykres ozubeného kola urceného k cementaci

2 VSTUPNI DATA PRO VYPOCET
Vypocet byl proveden na vyiezu kola, ktery byl zvolen tak, aby obsahoval jeden zub v celé
délce. Geometrie pouzitd pro vypocet neobsahovala diry, coz bylo dalsi nutné zjednodusSeni
kvlili zkraceni potfebného ¢asu pro vypocet. Na fezovych rovinach byla dale aplikovana
podminka rovinné symetrie. Tim bylo zajiSténo, Ze se segment pii vypoctu choval stejné, jako
by se nejednalo o vytez. Kvili zpiesnéni vysledkil v oblasti zubil byla sit’ uzlii pro numericky
vypocet V této ¢asti zjemnena. PouZity segment vcetné sité¢ konecnych prvkil je zndzornén na
obr. 2.

Obr. 2: Segment kola pouzity pri vypoctu
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Charakter prostiedi, ve kterém se kolo nachazi v pribéhu cementace a nasledného kaleni, byl
v numerickém modelu popsan pomoci nasledujicich okrajovych podminek:

e prubch teploty

e koeficienty ptfestupu tepla

e uhlikovy potencial

Zatimco teplotni kfivky a hodnoty uhlikového potencidlu bylo mozné prevzit piimo
z technologického postupu dodaného zakaznikem (viz diagramy na obr. 3 a 4), hodnoty
koeficientd pfestupu tepla pro rtuzné faze procesu musely byt stanoveny na zaklad¢
dostupnych udaji v odborné literatuie a diive provedenych méteni v laboratofich spole¢nosti
COMTES FHT. Koeficient piestupu tepla pro ohiev a ochlazovani v peci byl zvolen
konstantni, s hodnotou 0,1 N/(s.mm.°C). Pro kaleni do oleje o teploté 60°C byl pouzit
koeficient ptfestupu tepla podle grafu na obr. 5 a pro dochlazeni na vzduchu (po dosazeni
teploty kola pod 100°C) byl pouzit opét konstantni koeficient s hodnotou 0,02 N/(s.mm.°C).

Zména teploty okoli s €asem
900 - ‘ ‘
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Obr. 3: Pritbéh teploty behem cementace a kaleni kola
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Obr. 4: Pribeh uhlikového potencidlu v peci béhem cementace a kaleni kola
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Prestup tepla do oleje
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Obr. 5: Priibéh koeficientu prestupu tepla pri kaleni do oleje

Z ktivky uhlikového potencidlu zndzornéné na obr. 4 bylo nutné odvodit koeficienty rychlosti
reakce uhliku pouzité pii vypoctu. Pro prvni zkuSebni vypocet byl zvolen konstantni
koeficient (resp. jeho hodnota byla pouze funkci uhlikového potencialu), coz se vSak ukazalo
jako nevhodné vzhledem Kk tomu, Ze rychlost difuze siln¢ zavisi na teploté, ktera se béhem
celého procesu pohybuje ve znaéném rozpéti. Z tohoto divodu byl koeficient rychlosti reakce
uhliku zadan jako funkce teploty, viz obr. 6.
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Obr. 6: Priibéh rychlosti reakce uhliku v zavislosti na teploté

Na povrchovou reakci uhliku bezprostfedné navazuje proces difuze. Difuzni soucinitel byl
zadan jako funkce teploty, a to shodné pro ferit, bainit i martenzit (viz obr. 7). Pro austenit byl
zadan konstantni souginitel difuze odpovidajici hodnot& 7,4.10™° mm?/s.
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Difusivita pro ferit, perlit, bainit
a martenzit
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Obr. 7: Pritbéh difuzniho soucinitele v zavislosti na teploté

Aby bylo mozné predikovat vyslednd pnuti v ozubeném kole po tepelném zpracovani, bylo
dale zapottebi definovat pro kazdou slozku vysledné mikrostruktury (martenzit, bainit, ferit)
piislusné fyzikalni vlastnosti (tepelnou vodivost a roztaznost, mérnou tepelnou kapacitu,
modul pruznosti a tvrdost). Tyto hodnoty byly stanoveny na zéklad¢ dat z materidlové

databaze spolecnosti COMTES FHT a v pribéhu zkuSebnich vypocta byly postupné
zpresnovany.

Pro umoznéni popisu strukturnich zmén v zavislosti na teploté byl do numerického modelu
vloZzen diagram IRA materidlu 18CrNiMo7-6. Vzhledem Kk tomu, Ze kinetika fazovych
piemén siln¢ zavisi na obsahu uhliku, bylo nutné¢ do vypoctu implementovat alesponi dva
diagramy IRA pro rizné obsahy tohoto prvku. Pouzité diagramy jsou znazornény na obr. 8.
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Obr. 8: Pouczité diagramy IRA pro limitni koncentrace uhliku
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3 VYSLEDKY VYPOCTU
Na obr. 9 je zndzornén vypocteny priubéh koncentrace uhliku béhem cementace a kaleni
ozubeného kola.

Zména koncentrace uhliku v peci powrch zubu
v porovnani s narastem obsahu uhliku v polotovaru
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Obr. 9: Pritbeh koncentrace uhliku v case

Béhem tepelného zpracovani je deformace soucasti zplisobena nejen samotnym teplotnim
gradientem, ale pfedevSim rozdilnym chovanim jednotlivych fazi. Tato deformace je nejlépe
vyjadiena posunem jednotlivych uzli sité. Na nasledujicich obrdzcich je tento posun
znazornén v 10nasobném zvétSeni ve zvolenych ¢asech béhem celého procesu.

Displacement
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R
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Obr. 10: Celkovy posun uzlu site, 10krat zvetseny
a) na zacatku simulace - teplota celé soucasti 650°C
b) behem sytici faze — teplota celé soucasti 920°C



MZ‘MM 22 — 23 November 2011, Jihlava, Czech Republic

Displacemesnt
Total disp {mm)

a4

3y

282

s 3 0973

= ;! 0487

0.000

a) b)

Obr. 11: Celkovy posun uzlu sité, 10krat zvétseny
a) cela soucast 820°C pred ochlazenim v oleji
b) po 30s kaleni do oleje
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Obr. 12: Celkovy posun uzlu site, 10krat zvetseny
a) po Smin kaleni v oleji
b) konec kalent

Pro posouzeni prihybu zubli na konci kaleni byly vypocteny celkové posuny v radialnim
sméru. Diagram na obr. 13 ukazuje, Ze po cementaci a kaleni dochazi k prihybu zubu
v radialnim sméru a maximdlni odchylka mezi nejniz§im a nejvysS$Sim mistem na hlavové
kruznici ozubeni ¢ini cca. 0,025 mm.
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Obr. 13: Vypoctena deformace zubii ve sméru osy Y

Numericky model ukazuje, zZe nejvetsi strukturni zmény v soucasti nastavaji podle o¢ekavani
béhem kaleni do oleje. V diagramu na obr. 14 je znazornén konecny podil jednotlivych fazi
Vv raznych hloubkach pod povrchem zubu. Porovnénim jednotlivych bodu je vidét, Ze nejvéEtsi
podil martenzitick¢ faze je v povrchové vrstvé a smérem ke stiedu kola klesd. Naopak
bainiticka faze smérem ke stiedu podstatné nartista. V nauhli¢ené povrchové vrstvé je velky
podil zbytkového austenitu, coz je zpiisobeno nizkou teplotou konce martenzitické premény
V materialu s vysokym obsahem uhliku.
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Obr. 14: Vypoctené podily fazi v riiznych hloubkdach pod povrchem zubu
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4 POROVNANI VYPOCTENYCH A NAMERENYCH HODNOT

Na obr. 16 — 18 jsou znazornény snimky mikrostruktury realného kola na povrchu zubu a
V hloubkach 6 mm a 10 mm pod povrchem. Podily mikrostrukturnich slozek vyhodnocené
Z téchto snimki se velmi dobte shoduji s vypoctenymi podily zndzornénymi na obr. 15.

Obr. 15: Mikrostruktura kola 0, mm pod povrchem (bz’é oblasti odovz'dajl' zbytkovému
austenitu, podil cca. 5 — 10 %)

Obr. 16: Mikrostruktura kola 6 mm pod povrchem (smés martenzitu a bainitu, podil bainitu
cca 15%)
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Obr. 17: Mikrostruktura kola 10 mm pod povrchem (smés martenzitu aainitu, podil bainitu
cca 30%)

V grafu na obr. 18 je dale uvedeno srovnani experimentalné zjisténych hodnot tvrdosti
V povrchové vrstvé cementovaného ozubeného kola a dat dosazenych simula¢nim vypoctem.
Simulacni vypocet je v grafu reprezentovan dvéma kiivkami, které se 1isi riznymi vstupnimi
hodnotami tvrdosti pro martenzit. Prvni kiivka ukazuje vypoctenou tvrdost pii zadani

konstantni hodnoty (martenzit = 55HRC). Druhd kiivka udéva ptfepocteny vysledek pro
tvrdost martenzitu v zavislosti na obsahu uhliku.
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——x
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Obr. 18: Porovnani nameérené a vypoctené tvrdosti
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V Tab. 1 jsou znazornény maximalni hodnoty vychylek naméfenych na hlavové kruznici
testované¢ho kola. Vzhledem k tomu, Ze bylo proméfovano celé kolo, nejsou tyto vysledky
statisticky zcela srovnatelné se simulaci, ktera postihuje pouze jeden zub. Maximalni
naméfend hodnota pruhybu je zhruba 2x vyssi, nez bylo vypocteno pti simulaci (viz obr. 13).

Tab. 1: Namérené hodnoty prihybu zubu
Zkusebni kolo |OL 232 575 (01915)

Stav pied kalenim | P° cementaci a
kaleni

m’ax. rozdil 0.0669 0.0563

vychylek

5 ZAVER

Ptedstavené vysledky ukazuji, Zze je moZzné s pouzitim dnes dostupnych simula¢nich technik
sestavit pomérné¢ presny numericky model celého procesu difuzniho nauhliCovani a
nasledného tepelného zpracovani ozubenych kol. Model poskytuje pomérné piesnou
informaci o rozloZeni fazi a pribéhu tvrdosti po finalnim zpracovani. Je mozné jej pouzit
rovnéz pro predikci deformaci, ovSem konkrétni velikost deformaci zatim v daném piipadé
neni v numerickém modelu kalkulovana s dostatecnou piesnosti.
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NOSNE ROSTY VYROBENE Z KOMPOZITNICH (CFRC) A
GRAFITOVYCH MATERIALU

CHARGING SYSTEMS MADE OUT OF CARBON FIBER
REINFORCED CARBON (CFRC) AND GRAPHITE
MATERIALS

Milada Zimov4?® Thomas Kampen?, Franti§ek Rybai®

8GL Carbon GmbH, Werner-von-Siemens-Str. 18, D-86405 Meitingen, Germany,
milada.zimova@sglcarbon.de

®SGL Carbon Polska, Letkov 120, CZ-326 00 Plzen 26, Czech Republic,
frantisek.rybar@pl.sglcarbon.de

ABSTRACT

Ptfednaska se vénuje nasazeni CFRC materidlii pro vyrobu nosnych rosti v oblasti tepelného
zuslechtovani kovovych materiali. Kratce je zminéna nomenklatura, pak samotna produkce
CRFC materialu. Podrobnéji jsou ptedstaveny vlastnosti CFCR materiali ve srovnani
S vlastnostmi dosud pro tyto ucely pouzivané oceli.

The topic of this presetation is the application of CRFC material for charging carriers in high
temperature treatment area. The nomenclature and the production of CFRC material is
mentioned shortly in this presentation. The material properties of CFRC in comparision to
steel are discussed.

Other information on SGL Carbon GmbH
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MATERIALY PRO VYROBU PRiPRAVKU PRO TEPELNE
ZPRACOVANI

ALLOYS FOR THE PRODUCTION OF FIXTURES FOR THE
HEAT TREATMENT

Stanislav Palka, Ag‘noét Svoboda
AFE CRONITE CZ, Skrobarenska 484/8, 61700 Brno, Czech Republic
stanislav.palka@afecronite.cz, arnost.svoboda@afecronite.cz

ABSTRACT

Pro zkoumani byla pouzita ocel pro praci za studena Vanadis 6. Vzorky z oceli byly
mechanicky opracovany, brouSeny, tepelné¢ zpracovany podle standardnich podminek a
lestény do zrcadlového lesku. Takto zpracované vzorky byly povlakovany CrN, resp. CrN
s pfidavkem stfibra. Pouzitd povlakovaci technologie bylo reaktivni magnetronové
naprasovani. Vzorky byly zkouSeny statickym tfibodovym ohybem. Bylo zjisténo, ze pevnost
ve tfibodovém ohybu nepatrné klesd pro vzorky, povlakované procesy PVD. Nicméné¢, jak
pokles pevnosti ve tfibodovém ohybu, tak snizeni plastické lomové prace bylo velmi malé.
Tyto skuteCnosti nas opraviluji konstatovat, Ze v piipadé nizkoteplotniho povlakovani
magnetronovym napraSovanim CrN s/bez ptidavku Ag tepeln¢ zpracované oceli Vanadis 6
neexistuje z praktického hlediska riziko zkiehnuti materialu.

The Vanadis 6 cold work tool steel has been used for the investigations. The samples were
machined, ground, heat processed by standard regime and finally mirror polished. After that,
they were coated with CrN with and without a silver addition, by reactive magnetron
sputtering. Three point bending tests were made on processed samples. It was found that the
flexural strength slightly decreased for the PVD CrN or CrAgN-coated material compared to
uncoated steel. But, as the decrease of flexural strength so the lowering of work of fracture is
very weak that allow to conclude that there is practically no risk of significant embrittlement
of the material due to the CrN- or CrAgN-coating.

Other information on AFE CRONITE CZ
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POUZITI CFC V TEPELNEM ZPRACOVANI

CFC USING IN THE HEAT TREATMENT

Martin Barthelmie, Matthias Noch
GTD Graphite Technologie GmbH, Raiffeisenstr. 1, D-35428 Langgdns, Germany
matthias.noch@agtd-graphit.de

Other information on GTD Graphite Technologie GmbH
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VZTAHY SE ZAKAZNIKY

CUSTOMER RELATIONS

Stanislava Raskova
raskova.s@seznam.cz, Czech Republic

ABSTRACT

Vztahy se zékazniky jsou vzdy dilezité pro kazdou organizaci a pro provozy tepelného
zpracovani. Je mozné zajistit soulad mezi pozadavky zakaznika a pozadavky provozu
tepelného zpracovani? Jak zlepSit vzijemné vztahy? Metoda CRM je vysledkem
dlouhodobého vyvoje zékaznickych vztahl. Aplikace analytického i1 operatvniho zptlisobu
CMR muze vztahy zédkaznikii a dodavateld vyrazné zlepsit.

Customer relations are always important for any organization and operations of heat
treatment. It is possible to ensure consistency between customer demands and requirements of
the heat treatment? How to improve relations? The method of CRM is the result of long
development of customer relationships. Application of analytical and operational method
CMR can be customer and supplier relations significantly improved.

1. ZAKAZNIK A PROVOZ TEPELNEHO ZPRACOVANI

vvvvvv

poskytuji sluzby charakteru specialnich procest svym zakazniktim. Je to vzadjemna zavislost.
Pro zakaznika neni snadné nebo se nevyplati provozovat provoz tepelné¢ho zpracovani. Je na
sluzbé svého obchodniho partnera v této véci zcela zavisly. Navic zékaznik tepelného
zpracovani je vétsinou vyrobce urcitych dilti a sam je dodavatelem. Proto ma své zavazky jak
mnozstevni, tak terminové a vzdy spojené s dodrzenim pozadované kvality plnéni
specifickych pozadavkli svych zdkaznik. Udrzet si dobrou pozici v tomto fetézu pro
zakaznika tepelného zpracovani taky neni vzdy snadné.

Naproti této zavislosti zdkaznika v fetézci dodavatelii, je zavislost provozu tepelného
zpracovani. Bez spolehlivych zdkazniki, kteti maji ditvéru ve sluzbu a vysledky pIlnéni svych
specifickych pozadavki je pro provoz tepelného zpracovani pozitivni vysledek jen obtizné
predvidatelnou otazkou. ReSeni vztahi tak, aby obé& strany byly pfevazné spokojeny je velmi
obtizné a Casto vyvstavaji otazky:

» Jak zjistit co pozaduje zakaznik, co miZze nabidnout a jaké jsou pozadavky jeho
zakaznika?
Jak najit soulad mezi poZadavky zdkaznika a poZadavky provozu tepelného
zpracovani?
Jak udrZet spokojenost zdkaznika na co nejvyssi hlading?
Kdo je ten nejvhodnéjsi zékaznik pro nas provoz tepelného zpracovani?

VV V¥V
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2. JAKE JSOU POZADAVKY ZAKAZNIKA?

Zakaznik potiebuje od provozu tepelného zpracovani velmi spolehlivé sluzby. Ocekava, ze
vyrobky ptedané k tepelnému zpracovani dostane zpét:

» Ve stanoveném terminu.

» Vzdy zpracované dle specifikace, kterou pozadoval.

» 'V plvodnim tvaru nebo v rozmérech predpokladaného toleran¢niho pole.

» Také ocekava, ze povrch vyrobkii bude neposkozen, identifikace a baleni budou

dodrzeny.

Jaké ma sam moznosti ovlivnit svého dodavatele? Od svého zdkaznika ma pozadavky na
tepelné zpracovani — druh, mechanické hodnoty, zkousky. Na zakladé¢ pozadavku kvality a
sveho zdkaznika mé povinnost fidit procesy svych dodavateli sluzeb. Ale protoze sam tyto
profese nema, je toto fizeni velmi obtizné. Jaké k tomu vyuzivd moZznosti?

» Komunikaci — vyménu informaci o specifikacich pozadavkli, mnoZstvi vyrobk,
druhu tepelného zpracovani, terminech

» Zakaznické audity — postavené na katalogu otazek svého zakaznika nebo
pfedpokladanych poZzadavcich.

» CQI-9 — soubor dotaznikii pro samohodnoceni provozu tepelného zpracovani a pii
zakaznickém auditu jen ovéfuji shodu skuteénych zjisténi s vysledky zjiSténymi
vlastni organizaci tepelného zpracovani.

Kazdy z uvedenych boda poskytuje pro vzajemné zédkaznicko- dodavatelské vztahy vyhody,
ale ne vzdy takové, které ob¢ strany potiebuji.

Komunikace je velmi odvisla od povah kontaktnich osob obou stran. Zda-li si vzajemné
porozumi nebo nikoliv. Zakladni informace jsou vyménény vzdy. Ale pokud neni schopnost
porozuméni — pracovni empatie pro pracovni pozadavky protistrany, tak v okamzicich, kdy se
vyskytnou ptekazky na jedné, nebo druhé stran¢ vyskytne pirekdzka, nebyva feSeni
nejsnadnéjsi.

Zakaznické audity — jsou velmi dobrym a objektivnim prostfedkem, pro ovéieni skutecnych
vztahl. K nesouladu vSak dochazi ze dvou divodd. Auditor zikaznika mé zkuSenosti
s urCitym provozem tepelného zpracovani, ktery se zabyval GpIn€ jinym zplsobem plnéni
pozadavku a zjisténé odliSnosti povazuje za odchylky, aniz ma moznost objektivné posoudit,
zda se skutecné o odchylku jednd. Nebo auditor zékaznika nemé viibec zkuSenosti s provozem
tepelného zpracovani a dotazy ma postavené na zaklad¢ pozadavkl dostupnych standardi
kvality. To ovSem muze vést taky ke vzniku neporozumeéni.

CQI-9 — soubor dotaznikii — je objektivnim nastrojem, kterym jsou do hodnoceni zappojeny
jak strana provozu tepelného zpracovani- provedenim samohodnoceni, schopnost podivat se
na vlastni provoz ,,zvenku*. Také pro zdkaznika, ktery zrovna neni v technologiich tepelného
zpracovani ,,doma“ tento ndstroj vyznamné pomuze pii objektivnim hodnoceni poZadavki a
schopnosti je splnit.

3. JAKE JSOU POZADAVKY TEPELNEHO ZPRACOVANI?

Provoz tepelného zpracovani ma obdobné pozadavky jako zdkaznik. Potfebuje praci — své
zakdzky na tepelné zpracovani a to vyrobky:
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Pro urcity druh tepelného zpracovani, ktery je schopen poskytovat

V dostatecném mnozstvi pro udrzeni rentability a spolehlivosti procest

S dostatecnym terminovym rozsahem, aby bylo mozno specifikaci pozadavkl splnit
S dostate¢nou informaci — identifikaci, dokumentaci,

V odpovidajicim stavu — neznecisténé, nedeformované

YVVYVYVYYV

Mnohé z téchto polozek vibec zdkaznik neznd, jiné nerespektuje. Mnohy zakaznika nema
znalost o tom, jaké podminky je vhodné splnit, aby proces tepelného zpracovani byl jednak
Vv odpovidajici kvalit¢ a jednak v pozadované rentabilit¢. Co velmi Ccasto zdkaznik
nerespektuje je termin. VétSinou je povazovana sluzby tepelného zpracovani za urcity casovy
polstat ve vyrobnim toku, ktery mad dohonit to, co pfed tim bylo ztraceno. Tuto piekazku
vétSinou musi fesit provozy tepelného zpracovani, které jsou soucasti velkych organizacnich
celkd.

4. JAK NAJIT SOULAD MEZI POZADAVKY ZAKAZNIKA A POZADAVKY
TEPELNEHO ZPRACOVANI?

Pozadavky na dobry soulad mezi pozadavky zakaznika a jeho dodavatele jsou dlouhodobou
radosti 1 starosti obou stran a ¢asto je hledano feSeni. Jedna se o vztahy Casto oznacované
CRM —Customer — Relationships — Management. Jedna se o databazovou technologii
podporovany proces shromazdovani, zpracovani vyuziti informaci o firm¢, vyrobkach.
V dutsledku probihajicich zmén v pozadavcich trhu, postaveni organizaci a zménach kvality
odbératelsko — dodavatelskych vztahli se ptivodni pfistup méni v orientaci vii¢i potfebam
zékaznika. Pro kazdou organizaci je vyhodné, kdyz zdkaznikem je organizace schopna piinést
dostateCny objem prace, za piijatelnou cenu v pfijatelnych pozadavcich. Vztahy
dodavatelského fetézce minulého stoleti byly orientovany na 4P — product (vyrobek), place
(umisténi), price (cena), promotion (propagace). Orientace na vyrobek vsSak neposkytuje
vzdy podnéty pro pozitivni vztahy obou stran.

Soucasnost podporuje orientaci na pozadavky zakaznika. Zékaznik je ten, kdo nese praci a tim
1 finan¢ni vysledek. Je snaha mit takovou skladu zakaznikt, aby bylo vzdy dostatek prace a
byl piedpoklad pozitivnich vysledkt. To spliuje blize orientace ke 4C - customer total cost
(naklady), customer value (hodnota), convenience (komfort) a communication
(komunikace).

Kazda spolecnost se zabyva témito problémy:

Udrzeni stavajicich zakaznika

Porozuméni zakazniklim

Schopnost jim naslouchat

Identifikace klicovych procest

Zvysovani spokojenosti zdkaznikl pti zlepSovani klicovych procest

Tvorba marketingové strategie k udrzeni stavajicich zakazniki a ziskani zakaznikd
novych

7. Schopnost oslovit nové zdkazniky

cukrwwhdE

Rizeni vztahi se zékazniky je strategie, ktera se orientuje na vybudovani a podporu
dlouhotrvajicich vztahii se zdkazniky. Neni to tedy jen technologie, ale zména filosofie
spolecnosti tak, aby dlraz byl kladen na zdkaznika. Vyhodné lze vyuzivat stale se rozvijejici
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technologie IT. Vétsina zakaznikll dnes vyzaduje stale blizsi kontakt se svymi dodavateli. Pan
prof. Ing. Jaromir Veber, CSc. Ize zavadéni CRM rozdélit do nasledujicich fazi:

1."pre-pre - staddium CRM": iniciativa obchodu na strané zakaznika, dodavatel zpracuje v
obchodnim odd¢leni, respektovani zakladnich technickych a zaru¢nich legislativnich
pozadavka

2. "pre - stadium CRM": obchodni odd¢leni/marketingové oddé€leni, fada prodejc,
nekoordinovany pfistup, indikator prodeje ,trzby* — tlak na cenu

3."0. stadium CRM": tradi¢ni marketing — zaméfeni na produkt, marketingovy mix — 4P

4. "1. staddium CRM": orientace na zédkaznika — napt. ve smyslu normy ISO 9001, reaktivni
pristupy — hodnoceni spokojenosti zakaznika

5. "2. stadium CRM": proaktivni ptistupy k zakaznikovi, win-win, vztahy, hodnoty,
partnerstvi, CRM-software

Operativni CRM - Operativni CRM je predevsim podporou obchodnich procest zahrnujici
prodej, marketing a sluZzby. VSechna komunikace se zdkaznikem je sledovana a uchovéna v
databazi a v ptipad¢ potieby je efektivné poskytnuta uzivateliim. Operativni CRM se vyuziva
predevsim v nasledujicich obchodnich procesech:

e Tvorba marketingovych kampani a jejich sledovani
e Automatizace prodejniho procesu a jeho sledovani

Analytické CMR - Analytické CRM analyzuje zakaznicka data k dosazeni rozdilnych cilu:

e Optimalizace efektivnosti marketingovych kampani a jejich vyhodnocovani

o Hledani potencialnich prodejnich kanald, udrzeni zdkaznika atd.

e Analyza chovani zdkaznikti — tvorba cen, vyvoj novych vyrobku

e Podpora pro rozhodovani — piedpovidani a analyzovani zdkaznické rentability atd.

Analytické CRM
C R M Méreni
Optimalizace hodnoty
pracovniki zakaznika
Caalyza Vyhodnoceni

zakazniki dodavatelli

Hodnoceni

Méfeni konhjbuce rizikovosti

partneru
Analyza
spokojenosti
Analyza zakaznikt
zisku/piijmu
Viyhodnoceni
Segmentace kampani
zakaznikt
Hodnoceni
zajemcl
Analyza
kanalt Analyza
sekvence nakupu

Modelovanitendencim
k dal$imu nakupu Ztrata zakazniki
analyza a predikce
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Kolaborativni CRM - Zahrnuje specialni funkcionalitu, kterd umoziuje komunikaci
organizacea jeho zékaznikl prostfednictvim riznorodych kandlii za ucelem dosazeni vyssi
kvality interakce se zakazniky. Operativni CRM nabizi uzitecné informace, které vznikaji pfi
interakci se zakaznikem, jednotlivym obchodnim oddélenim, jako je prodej, technicka
podpora a marketing. Jedna se napiiklad o poskytnuti informaci o specifickych zdkaznickych
pozadavcich ¢i dotazli na nové sluzby z technické podpory prodeje marketingu. Cilem
kolaborativniho CRM je sdileni téchto informaci ziskanych ze vSech oddé€leni pro zvyseni
kvality poskytovanych sluzeb zakaznikiim. Novy zplsob v komunikaci se zakaznikem
umozni srozumitelnym sdélenim pozadavkd tepelného zpracovani zakaznikim 1épe
porozumét a vztahy vyrazné zkvalitnit.

Vyzkumy ukézaly, Ze spolecnosti, které vytvareji spokojené a loajalni zadkazniky maji vice
opakujicich se obchodd, nizsi ndklady na akvizice novych zakaznikt a silnéjsi znacku. To vSe
se transformuje do lepSich finan¢nich vykont. Jestli tyto strategické nastroje vyuzivaji jina
zékaznickd partnerstvi, pro¢ se o nich néco nového nedozvédét a nevyuzit ty kroky, které
pomohou stavajici vztahy se zdkazniky zlepsit?
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EXTREMNI PRIPADY ZPRACOVANI POVRCHU
LASEROVYM PAPRSKEM

EXTREME CASES OF LASER BEAM SURFACE
TREATMENT

Stanislav Némecek
MATEX PM s.r.o., Teslova 1080/7, 301 00 Plzen, Czech Republic, nemecek@matexpm.com

ABSTRACT

Ptispévek se zabyva extrémnimi ptipady vytvrzovani povrchu laserem. B€hem kaleni soucasti
s tenkou sténou je tfeba fesit dostatecny odvod tepla. Ale i takové soucasti mohou byt kalené.
Kaleni velkych dilii s hmotnosti mnoha desitek tun je opakem dfive uvedeného piipadu.
Celisti bucharu s hmotnosti 40 tun piedstavuji takovy piipad, kdy bylo laserové zafizeni
provozovano na pracovisti zakaznika. Diskuse je vénovéana odpovédi na otdzku, proc je

laserové kaleni pfiznivéjsi z hlediska potlaceni vzniku trhlinu vysokouhlikovych oceli a litin s
tvrdostmi nad 65HRC. Piedevsim diky velmi jemné martenzitické mikrostruktute.

Contribution deals with extreme cases of laser beam surface hardening. During hardening of
parts with thin wall thickness it is necessary solve insufficient heat dissipation. But they can
be processed. Heavy part hardening with many tens of tons in weight is counterpart to before
mentioned case. 40 tons in weight forging hammer heads hardening will demonstrate an
example of laser transport on costumer workplace. Discussion is dedicated to answer the
question why laser processes are gentler to avoid cracking for high carbon steels and cast
irons with hardness over 65 HRC. Presumably due to very fine martenzitic transformation
products occurrence.

UVOD

Laserové technologie na sebe strhavaji stale vétSi pozornost. Sved¢i o tom 1 narustajici
pocet prispévkll na konferenci tepelného zpracovani. Vzristd také pocet akademickych
pracovist, utrdcejich grantové prostiedky na stdle vykonnéjs$i lasery a leps$i vybaveni.
Vykonovy laser jiz lze najit v Plzni, Brné Bratislavé. Piesto je v CR dosud jediné realng
fungujici komeréni pracovisté vytvrzovani povrchu laserovym paprskem. Vznik a pocatky
fungovani laserového pracovisté¢ firmy MATEX PM jste mohli sledovat pii minulych
ro¢nicich Dnil tepelného zpracovani.

V tomto roce se prispévek vénuje meznim piipadim kaleni povrchii materialu laserem.
Pfi kaleni soucasti s tenkou sténou je tieba feSit nedostatecny odvod tepla. Protipdlem je
kaleni soucasti o hmotnostech mnoha desitek tun. Budou pfedvedeny ukéazky kaleni 40
tunovych berantl, kdy byl laser pfevezen na pracovisté zakaznika. Diskuse je vénovana také
otazce pro¢ vysokouhlikové oceli a litiny po kaleni nepraskaji ani pii tvrdostech kolem
65HRC? Pravdépodobné diky velmi jemnozrné martenzitické mikrostrukture, jak bude
ukazano.
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KDYZ NEMUZE MOHAMED K HORE...

Pokracujici osvojovani technologie laserového kaleni vede od segmentli forem a
ozubenych kol pies velké formy o hmotnostech do 20tun az po strojni dily rozmérti 12 metrti
a hmotnosti v desitkach tun. ProtoZe ale nedisponujeme tak tézkou manipula¢ni technikou,
musi byt laser pfevezen na pracovisté zakaznika.

Na ptani zdkaznika v dvodnych ptipadech je mozné provadét laserové zpracovani na
jeho pracovisti. Podobnym zptisobem se realizuji kaleni ve Skoda Auto na litych litinovych
formach pro tazeni plechti karoserie automobill. V soucasnosti se buduje kompletni mobilni
bunika laserového kaleni a svarovani, ktera zjednodussi, usnadni a zrychli stdle se mnozici
pozadavky na vyjezdy do externich pracovist’.

V rédmci renovace kovaciho lisu ve spole¢nosti CPF bylo pozadovano vytvrzeni tfecich
ploch a drazky pro upinani zépustky u dvou beranil, kazdy o hmotnosti 42 tun. Celkova
kalena plocha ¢inila 60000 centimetrii ¢tverecnich, obr. 1.

Obr. 1. Kaleni beranu kovacich lisut u zakaznika

Protoze vysledky byly vynikajici, probéhla béhem letni odstavky oprava a kaleni dal$iho
beranu. Tentokrat, aby se uSetfily dalsi ndklady, bylo kaleni provedeno bez demontédze celého
zatizeni. Obdobné bylo zafizeni namontovano do vyrobni linky zdkaznika pro odzkouSeni
podélného svafovani trubek.

Opacnym problémem je kaleni tenkych véci, kde mize nastat potiz s nedostatecnym
odvodem tepla. Obecné pravidlo, ze tl. stény ma byt alesponi desetindsobek hloubky kaleni,
zhruba plati. Je tedy mozné kalit 1 sténu 1 nebo 2 mm, ale jen do hloubky tadové dvou
desetin. Ale Ize délat i jemné;jsi véci, vlastné mikrokaleni. Pfikladem jsou stfizniky na papir a
samolepky, kde na tenké ocelové folii o sile asi 0,2 mm je specidlnim postupem vytvotena
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tenkd Spicka pfislusného tvaru, obr. 2. Bézn¢ se provadi povlakovani TiN a podobnymi
vrstvami, ale provazi to mnoho problémii a vysoké ndklady. Jen nékolik firem na svété je
schopno takové zakazky realizovat. Kaleni je obtizné zejména proto, Ze nesmi dojit
k deformaci tenké zakladové podlozky ani k nataveni $picky.

Obr.2. Kaleny hrot vysekdvaciho nastroje na papir

Mezi extrémni pifipady lze zafadit i1 kaleni litiny vzhledem k dosahovanym tvrdostem.
Podminkou ziskdni vysokych hodnot je stav matrice. O vysledku rozhoduje zejména
struktura. Nejtvrd$i povrchy se dosahuji u litin Sedych a tvarnych s perlitickou matrici, tedy
typ GGG60, GGG70, resp. GG30 a GG35. V jednotkach HRC jsou laserem dosahovany
tvrdosti mezi 60 a 66 HRC. Litina Ize laserem i svafit, trhliny se zatim nikdy nevyskytly.

PROC JE LASER SETRNEJSI?

Jak prokézala fada ptipadll, je laserem kaleny povrch vyrazné odolnéjsi proti vzniku
povrchovych trhlin. Napf. u rozmérnych ozubenych kol pro dilni rypadla z materidlu oceli
16 343 dochazelo pfi induk¢nim kaleni opakované k popraskdni. Laserem kalena stejna kola
(po opravé) neukazala ani kapilarni zkouSkou piitomnost vad. Za dobu kaleni ve firmé
MATEX nebyla reklamovédna jedind zakézka z divodu pfitomnosti trhlin. Pfi¢iny jsou
pravdépodobné dvé — vznik jemnozrnné struktury a zpisob ochlazovani samotné kalené
vrstvy.

Rychlost ohfevu v fadech 1000°C/s omezuje hrubnuti zrna a zpevijicich precipitata.
Diky tomu je také velikost martenzitickych struktur velmi nizk4, vysledné vzajemné
dynamické uc€inky desek jsou menSi a piipadné trhliny maji vice piekazek, které jim
zneptijemiuji pohyb.

Ptiznivéjsi jsou 1 podminky chladnuti. Je tfeba si uvédomit, Ze pii klasickém kaleni
povrchu indukci nebo plamenem je nejvysSsi teplota na povrchu a do materidlu teplotni
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gradient klesa. Pfi ochlazovani ostfikem chladici kapalinou lezi nejvétsi , teplotni Sok* prave
na povrchu. A jak znamo, naprosta vétSina trhlin se generuje na povrchu, nikoliv uvnitf
matrice. Pfi kaleni leserem je situace opacnd. Teplota je pochopitelné nejvétsi opét na
povrchu, ale ochlazovani bez chladici kapaliny probiha odvadénim tepla vedenim do matrice.
Dochazi tedy ke neustalému odvodu tepla do materidlu a rovnomérnéj$imu vyrovnavani teplot
mezi matrici a povrchem. Svoji roli zde muize sehrat epitaxialni rist nové vznikajici faze na
hranici transformacni teploty Ac3. A povrch neni tolik zatizen vznikajicim pnutim.

Obr.30zubené kolo pfévodovky pro dulni rypadlo

ZAVER

Nové typy lasert, mySleno lasery diodové a vldknové, maji dostatek vykonu a pfitom
dostatecné malé rozmeéry. Stejné€ roste ucinnost, coz dale snizuje naroky na elektricky piikon a
chlazeni. A tak je moZné uvazovat o mobilnim laserovém pracovisti. Takové je praveé
budovano ve firmé¢ MATEX PM, ktera jiz v letoSnim roce realizovala fadu zakazek na
externich pracovistich. Pokud je ndm znamo, jedna se v Evropé€ teprve o 3 mobilni pracovisté
s vysokovykonnym laserem (samoziejmé existuji napf. malé pulsni lasery na opravy forem
apod., ty ale spadaji do zcela jiné kategorie). Témét dvouletd praxe ukazuje na rozsahlé
moznosti vyuziti laseru pro vytvrzovani povrchl. Zatim ve vSech piipadech bylo mozné
nahradit kaleni indukci a plamenem. Jedinou vyjimkou jsou pozadavky na prokaleni do
vétsich hloubek nez 2 mm. To se tyké jen nejvice zatizenych strojnich soucésti, kde povrch
kromé& odolnosti proti otéru musi jesté prenaset velkd mérna zatizeni.
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VAKUUM JAKO PROSTREDI PRO TECHNOLOGIE
VYUZIVAJICI ELEKTRONOVY PAPRSEK

VACUUM AS AN ENVIRONS FOR TECHNOLOGIES USING
ELECTRON BEAM

Filip Vrablik
ECOSOND s.r.0., K Voddrné 531, 257 22 Cercany, Czech Republic, vrablik@ecosond.cz

Other information on Pro-beam
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VLIV PULZNI PLAZMOVE NITRIDACE PulsPlasma® NA
NAKLADY A PROSTREDKY TEPELNEHO ZPRACOVANI
POVRCHOVE VRSTVY U PREVODOVEK A NASTROJU

COST- AND RESOURCE EFFECTIVE SURFACE LAYER
HEAT TREATMENT IN GEAR AND TOOL INDUSTRY BY
PulsPlasma®-NITRIDING

Reinar Griin %, Dietmar Voigtlinder "
4PlaTeG GmbH, Siegen, Germany, Fon: +49.271.7724110, E-Mail: gruen@plateg.de
®PlaTeG GmbH, Siegen, Germany, Fon: +49.271.7724117, E-Mail: voigtlaender@plateg.de

ABSTRACT

Pulzni plazmova nitridace PulsPlasma® pievodovek a nastroji se ¢im dal tim vic pouziva
jako alternativa ke standardnim procesim tepelného zpracovani pro zvySeni tvrdosti
povrchové vrstvy, pro zlepSeni otéruvzdornosti a odolnosti proti korozi.

Diky specifickym podminkdm procesu tim dochazi ke zvySeni Zivotnosti soucasti oproti
tepelnému zpracovani vysokoteplotni cementaci nebo standardni nitridaci plynnym
amoniakem. Pulzni plazmova nitridace PulsPlasma® je bezodpadova technologie, kterd Setti
energii a dalsi prostiedky. Celkové ndklady na vyrobek je mozné vyznamné snizit. Diky
vysoce zdokonalenému zatizeni pro technologii PulsPlasma® je mozné jednotné zpracovavat
jak mnoho malych dili v jedné vsazce, tak vétSi nastroje a dily prevodovek pro vétrné
elektrarny.

The PulsPlasma® nitriding of gears and tools is used more and more as an alternative to
standard heat treatment processes for surface layer hardening for the improvement of wear
and corrosion protection. By this the lifetime will be longer due to the specific process
conditions against the case hardening by high temperature carburizing or by standard
Ammonia nitriding (gas nitriding). The PulsPlasma® nitriding is a pollution free technology
saving energy and other resources. The total manufacturing costs of workpieces can be
reduced significantly. Highly developed concepts of plants and the use of PulsPlasma®
technology a uniform treatment of many small parts in one workload is possible as well as the
nitriding of large tools or gear parts for wind power plants.

1. INTRODUCTION

For the improvement of wear resistance of tools and gear components of steel the functional
surfaces are case hardened usually. Depending on the specific application and the component
of expected load the designing engineer defines both the material, as well as the process
characteristics like surface hardness and case depth.

That means, for example for wind energy gears subject to high stress, these gear wheels must
be carburised at temperatures of more than 900 °C longer than 90 hours before the hardening
in order to realize case depths between 1 and 2 mm. The case hardening leads to structural
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changes in the treated material and therefore to measure and shape changes. The handled
components must be kept on in an additional heat treatment step in order to reduce the
internal stress. For the adjustment of the required surface quality and the final dimensions an
extensive mechanical processing of the parts after the heat treatment is needed.

An alternative to the case hardening usable surface layer heat treatmentprocedure is the
nitriding. It is a thermo chemical diffusion method for the enrichment of the workpieces
surface zone with Nitrogen.

This accepts in this case chemical compounds with the base material and his alloy
components. As a result of the nitriding treatmentarises in the peripheral zone a nitriding layer
with an external area, the so called white layer or compound layer (CL), and in the direction
to the core subsequent diffusion zone (DZ). Accompanied through a nitriding process is the
formation of a hardening zone in the border area and the formation of internal compressive
stresses through the procedure characteristic. This will allow to influence the wear behaviour,
the corrosion resistance and the endurance of a workpiece without changing the material-
dependent mechanical properties of the component. Indeed, a major advantage of nitriding in
contrast to the case hardening is, that the necessary heating for diffusion of nitrogen can be
made below the tempering temperature of heat-treated- and tool steel. Microstructure
transformations and the consequent loss of dimensional stability and strength are avoided
during nitriding. Nitrided parts are immediately usable and require, with a few exceptions,
no post machining.

2. NITRIDING PROCEDURE OVERVIEW

Nitriding processes are often referred to the physical state of aggregation for the nitrogen
donor starting compounds.

- liquid: Salt bath for nitrocarburising
- gaseous: Gas nitriding, for ammonia gas nitriding and nitrocarburising
- ionised gas: Plasma nitriding, Plasma nitrocarburising

The aforementioned nitriding procedures have their pros and cons, which before deciding in
favour of a possible nitriding alternative to the case hardening in terms of the required
component properties and accessible nitriding characteristics must be balanced.

Nitriding Nitriding Treatment Duration of Result
Method Medium Temperature Treatment (h)

O
Salt Bath Cyanide/ _
Nitriding Cyanate (480)560 — 580 0,2-3 Carbonitrides
Gas NH; 510 — 540 20 - 120 Nitrides
Nitriding NH; + CO, 550 - 620 15-6 Carbonitrides
Plasma N, + H, 300 - 590 5-60 Nitrides
Nitriding N, +H, + CH, 500 - 590 02-6 Carbonitrides

Table 1: Comparison of various nitriding methods
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2.1  Salt bath nitrocarburising

The salt bath nitrocarburising is a very flexible nitriding procedure due to the short processing
times at higher temperatures. It is usefully usable on all those applications, at which in the
first place it depends on the rise of the wear resistance and/or corrosion resistance of the
component surface. More or less serious procedure disadvantages restrict, however, the
applicability in particular for the nitriding treatment of large components:

- High washing effort after the nitriding-treatment,

- High regeneration and disposal costs for salt and washing lye,

- High energy costs for the operation of a bath, therefore restricted bath size,
- Treatment temperature strongly restricted,

- Partial nitriding is difficult,

2.2 Gas nitriding and gas nitrocarburising

Gas nitriding and gas nitrocarburising are universally applicable nitriding procedures, that
have experienced an plant specific and control technical further development in the last 10
years. Both process variants are very well alternatively usable to the case hardening. In
particular during the treatment of big tools and gear wheels are to be expected due to the
clearly smaller treatment temperatures as well as the immediate suitability for further
processing of the nitrided economic advantages components opposite to the case hardening.
In spite of the achieved high technological level of these procedures are resulting from the
treatment needful raw gases Ammonia and Carbon dioxide and some procedural basic
conditions disadvantages of process engineering that limit the applicability of the technical,
economic and environmental point of view in some cases:

- High gas consumption (m*/h)

- Use of flammable gases, i.e. special measures are required to ensure a save kiln
operation

- No possibility to remove the natural passive layers and/or. coming passive layers
from the manufacture of parts during the nitriding,

- Nitriding of rust- and acid-resistant steels not possible,

- High expenditure for covering areas that are not to be nitrided and after nitriding
for removing the cover paste

2.3 PulsPlasma®-Nitriding

First applications of the plasma nitriding go back until the thirties and forties of the last
century. Later, in the sixties/seventies, the procedure was developed up to the industries
requirements. First direct current cold wall installations for plasma nitriding were used in
production. Another development was the thrust of the plasma nitriding mid eighties with the
introduction of the so-called pulse technique.

This is done by means of plasma excitation in a pulsed DC area. The emergence of arcs is
determined by the constant interruption of the voltage flux is avoided.

And last, but not least, the pulsed DC voltage allows the necessary heating up to the treating
temperature and decoupling from supporting plasma power. That necessary equipment for the
cooling of the vessel wall to transfer the excess heat energy (cold wall installation) can be
omitted. Hot wall installations with separate heating of the vessel wall are now state of the art
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in plasma nitriding.

With the classical salt-bath nitrocarburising with cyanide containing salts and the gas nitriding
with ammonia the dissociation effects of the Nitrogen-giving donor media and the formation
of the nitride in a thermo chemically activated process under atmosphere pressure conditions
and/or in the low pressure area. The energy needed for the activation of the process and for
the formation of nitrides is provided on thermal ways. For the maintaining of the nitriding a
certain minimum temperature is necessary, below that temperature the nitriding process
cannot work or it will be uneconomically slow. Process temperatures are mentioned in table 1.
In Contrast to this the energy of a high-current glow discharge is used by the PulsePlasma®-
Nitriding in order to activate the reactions necessary for the surface layer, the dissociation of
the nitrogen molecule into his atoms, ions and electrons.

The parts to be nitrided (charge/workload) are loaded into a external heated vacuum chamber.
(hot wall system). After the evacuating of the chamber on working pressure (50 to 400 Pa) a
pulsating voltage of several hundreds of volts is applied between the charge (cathode) and the
chamber wall (anode), so that the process gas in the chamber is ionized and becomes
electrically conducting by this. Depending on the applied voltage between the components to
be treated and the chamber wall the ignition of the glow-discharge will be done. Such a glow
has a characteristic light which depends on pressure-, temperature- and gas-mixture.

Fig 1: Glow discharge around a tool during PulsPlasma®-nitriding

The reactive Nitrogen ions in the gas mixture can form a chemical compound with the iron
atoms of the steel to be nitrided. In addition to this nitrogen atoms will diffuse into the surface
layer of the steel. This diffusion is depending on temperature and treatment time.
The diagram of an installation for PulsPlasma®-Nitriding is shown in picture 2.
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Fig. 2: Diagram of a PulsPlasma®-nitriding plant

To For the PulsPlasma®-Nitriding and/or -Nitrocarburising Nitrogen /Hydrogen gas-mixtures
and gases with Carbon additions, like Methane, are used. By the nitriding the formation of a
compound layer Fex Ny (iron nitride) at the surface of the components will be done.
Depending on treatment time and treatment temperature nitrogen atoms diffuse into the
surface layer of component and will form the diffusion zone. This can be either atomic
nitrogen, dissolved in the iron lattice, as well as in the form of included nitride precipitations.
PulsPlasma®-nitrided layers have basically the same structure like nitriding layers, which are
produced by other nitriding processes. The thickness of compound layer will depend on
material quality and process parameters in the range between 1 to 20 um. The thickness of the
diffusion zone, characterized by the nitriding case depth can reach up to 0.6 mm under
standard nitriding conditions (picture 3).

Hvas Nitriding depth Nht
Mht {GH + 50 HY0.5)= mim
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Fig. 3: Surface layer of a nitrided steel component

The nitriding of components with a case depth higher than 0,6 mm, for example for gears is
possible by using the right material with adapted process parameters for plasma nitriding.
subject to high stress, is in the case of choice of suitable materials possible.
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3. PROCESS ADVANTAGES PulsPlasma®-NITRIDING

3.1  Temperature distribution

The use of a chamber with an electrically heated wall has a considerable influence on the
temperature distribution within a charge next to energy saving-effects due to the wall
insulation. In order to avoid a significant temperature rising in the centre of a charge of a cold
wall chamber, people refrain in many cases from using this room. Therefore the charge is
arranged in a ring-shaped way in a cylindrical chamber. With hot wall installations a nitriding
treatment can be carried out through the reduced energy supply about the pulsating plasma for
a completely filled charge without the risk of the overheating at certain places. Both the
nitriding of charges closely packed and also the treatment of big components is realizable due
to the good temperature uniformity in PulsPlasma®-Nitriding installations (picture 4).

Ring Gear, 1.7225 (42 CrMod) Chain Wheel, 1.7131 (16 MnCr§)
approx. 500 kg/pcs. 8000 pcs./charge

Fig. 4: Various Gear wheel loads

Bell type PulsPlasma®-Nitriding installations are used mainly due to handling advantages
compared to pit type installations (picture 5).

N

L

Fig. 5: PulsPlasma®-nitriding plant @ 2000x3000 Tandem design
The charge is built up on an available base directly or with the aid of an workload fixing.
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Such a work load fixing can be filled and prepared outside of the chamber and moved into it
by a crane.

In the case of especially big, heavy tools or gear components it can be reasonable to use
another furnace principle and to carry out the installation as a chamber furnace with a front
door. Such a PulsPlasma®-Nitriding furnace for the treatment of sidewall tools with unit
weights of up to 40 t is shown in picture 6.

Fig. 6: PulsPlasma®-nitriding plant @ 4300x10500 Chamber design

With such a installation a truck-type charge wagon is loaded by means of crane with the tools
to be nitrided and they are moved into the chamber together with this. In this way big and
heavy components are easy to handle and will be very good for the nitriding process inside
the chamber.

3.2 Process gas consumption

PulsPlasma®-Nitriding Nitrogen-Hydrogen-Methane gas mixtures are used, depending on the
application and the results required. During the nitriding no harmful reaction products will be
formed so that the process exhaust gases can be given to the environment. Due to the plasma
activated nitriding process and the fact of working at low pressures the process gas
consumption is very low. An installation with the chamber size of @1200x2000 mm height
requires an average of 180 I/h process gas mixture. A gas nitriding installation with similar
chamber size would have to be supplied with 6000 to 10000 I/h ammonia and carbon dioxide-
containing process gas mixture. For classical case hardening processes the required gas
volume will be as high.

Due to these facts, the ammonia-gas nitriding and case hardening are producing great amounts
of waste gases inflammable and harmful which have to be disposed under expenditure of
additional energy, for example by post-combustion.

3.3  Variable treatment temperatures

Due to the additional plasma activation of the nitriding process and the dosing of the plasma
power by the pulsated mod it is possible to carry out PulsPlasma®-treatments in a wide
temperature range between 350 °C and 600 °C. Parts with a risk of distortion can be nitrided
under optimal low temperature conditions. The core hardness and themechanical strength of
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the nitrided components is maintained because nitriding temperatures can be used which are
below the tempering temperature of the base. After the nitriding no further heat treatment is
necessary. PulsPlasma®-nitrided components can be used immediately.

Steels with higher Chromium content can be nitrided by salt bath only under loss of the
corrosion resistance and by gas nitriding only with an additional depassivation procedure
before nitriding. By PulsPlasma®-Nitriding such a treatment can be done directly. Before the
nitriding treatment the required depassivation of the surface will be done by the ionic
bombardment of the surface in a process-specific way. By choosing nitriding temperatures
below 450 °C and with exact controlling of the gas mixture the nitriding requirements are
adjustable and controllable. This allows to form hard, wear-resistant nitriding layers at the
surface of the components without reducing the corrosion resistance of the material.

3.4  Treatment of sintered steel

Components made of sintered steel can be treated by case hardening. Salt-bath
nitrocarburising and gas nitriding/-nitrocarburising are possible, but due to the porosity and
the process conditions a hardening inside of the sinter material is done also. The complete
component could be get brittle in result.

During the treatment in the plasma only the outside surface, surrounded by the glow-
discharge, is treated. Due to the low pressure (vacuum) and the low gas flow during the
plasma nitriding the risk of an over nitriding inside the material does not exist. Any
calibrating oil or similar inside the porosity of components have to be removed before a
nitriding-treatment will be done. A subsequent treatment and/or cleaning of the parts after the
plasma nitriding is not necessary. As an example gear parts made of sintered steel are shown
in picture 7 after a PulsPlasma®-Nitriding treatment.
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Fig. 7: PulsPlasma®-nitrided sintered components

3.5  Partial treatment

No other surface layer heat treatment procedure offers so simple possibilities of the partial
treatment as the PulsPlasma®-Nitriding. Areas that may not to be nitrided can be masked
mechanically by steel plates, tubes or bolts. A painting with specific pastes can be used also,
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but have to be removed after the treatment. The surface quality of the covered areas remains
unaffected.

, in which only the threads at the ends had to be treated for the reduction of the galling. This
could be achieved by a tube covering of the piston-rod area that was also the condition for the
surface rawness of this face should not influenced.

Fig.: 8 PulsPlasma®-nitrided Filter rod threads

3.6 Process combinations

Due to related procedures and almost identical systems engineering it is possible to combine
different surface treatments in a PulsPlasma®-unit in one process. For the further
improvement of the corrosion resistance of nitrided components a PulsPlasma®-Oxidation
treatment can be connected to a PulsPlasma®-Nitridingt, just by changing some process
parameters and process gases. This oxidation treatment will form a 1 to 3 um thick Fe3O4-
layer on the compound layer. Depending on the steel quality and the used nitriding process a
corrosion resistance of up to 200 hours can be achieved in the salt spray test according to DIN
or SAE. A further advantage of the subsequent oxidation treatment is to improve the sliding
properties of the treated surface, so that under certain circumstances, the lubricant used for
such friction pairs treatment can be reduced in such a way.

A further alternative is a so called duplex coating, the combination of PulsPlasma®-Nitriding
with a Plasma CVD-hard coating or DLC deposition (Diamond like carbon), which are only
few um thin. By the first nitriding treatment a good support of the extremely hard, wear-
resistant Plasma-CVD coatings will be reached. A further result of such a treatment is the
increase of durability for tools and machine parts.

An Picture 9 shows as one example an extrusion tool for plastic production after a duplex
treatment of PulsPlasma®-Nitriding and PulsPlasma®-CVD-DLC-coating.
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Fig. 9: Worm screw after Duplex treatment

4. CASE HARDENING vs. PulsPlasma®-NITRIDING

The foregoing should make clear that PulsPlasma®-nitriding represents a good alternative to
the classical surface heat treatment procedures as case hardening, salt-bath nitrocarburising or
ammonia-gas nitriding.

An overview about the main differences of gas nitriding to PulsPlasma-Nitriding shows
picture 10.

criterion Gas Nitriding PulsPlasma®-Nitriding
treatment temperature range 500 - 600 °C 300 — 600 °C
time for nitriding depth <0,5 mm factor 3 factor 1
gas consumption NH3;, CO; (factor 30) N2, Hz, CH,4 (low)
pollution by process high no pollution
diffusion layer only not possible possible
distorsion by treatment medium none / low
covering for partial nitriding difficult, by paint easy, by steel masking
treatment of steel w. high chromium not possible possible,
C. corrosion res. can achieve
treatment of sintered steel not possible possible
treatment of Titanium not possible possible

Fig. 10: Comparison Gas nitriding - PulsPlasma®-Nitriding
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An aspect wider, not to be underestimated is added: The economical one. An industrial
example is shown as follows. Sometimes it is absolutely reasonable to rearrange the part
production in order to be able to reduce the energy and costs-intense case hardening of gear
components for the benefit of a PulsPlasma®-Nitriding.

It has to be considered, that surface layer properties as surface hardness, wear resistance, are
similar or even better compared to the case hardening. After case hardening a lot of parts will
have to be reworked due distortion by use of high temperature and quenching for hardening.
In contrast to that the plasma nitriding can be done at lower temperatures with minimized
distortion.

Strength demands, which in combination with the selected thermal treatment methods on the
wear and lifetime behaviour of a gear, may require by selecting an appropriate base material
also can be done by means of nitriding. In the reported example [1] should replaced the case
hardening of gear wheels for printing machines made from case-hardening steel 15 CrNi 6 E
by PulsPlasma®-nitriding. First of all a suitable material was determined for this purpose on
calculative way and through practice tests. Picture 11 gives an overview of the calculated
material characteristics.

' M5CNIGE |31CiMevev
Case hardened PulsePlasma®-hardened
Gear Output kW 130 130
Contact pressure N/mm? 6,35/6,11 6,35/6,11
Dlnion Wﬂr’lm! R e R R R LR R R
Flank fatique N/mm? 38,6 38,8
Resistance to pitting (arithmetically) 5,21/5,42 5,4/5,62
pinion gearwheel
Allowable tooth root stress Nimm? | 96,1850 | 96,1/850
plnm gsarmse‘ Hmhnhhl AR hnananaEanaaa N i EaR R RN n NN Rk
Tooth base endurance strength Nfmm? 360 450
pinion gear'whee|
Tooth fracture resistance 3,74/4,23 4,68/5,29
{anthmetically) pinion gearwheel

Fig. 11: Strength calculation of gear wheels from various materials

As a result of the change of different production steps savings of expenses up to 30 % could
be realized next to a better service performance of the gears in the component manufacturing.



\.’lTll’.Z.UﬂﬂJ 22 — 23 November 2011, Jihlava, Czech Republic

00 €
80O €
700€]
600 €]

O surface hardening
500 €1 O arinding
EH  Machining
400 € L |B Material
300€
I 2
200¢€ 392 é =
=
100 € —
o€ o T F ; — ) - i —
Case hardening PulsePlasma®-Nitriding

Fig. 12: Manufacturing costs for various heat treatment methods

5. SUMMARY

The PulsPlasma®-nitriding of components for the improvement of the wear and corrosion
behaviour and to extend the life time is described and explained. Due to some further
procedural advantages this process is increasingly used for surface heat treatment. In contrast
to the case hardening this nitriding process makes a resource saving heat treatment possible
and leads very often to the lower manufacturing and operating costs as a whole.

Technically sophisticated installation concepts and the use of PulsPlasma®-Technology
allows both, a uniform treatment of large quantities of smaller components in a charge, as
well as the nitriding of large tools or gear wheels.

Through process combination with a post oxidation treatment or a plasma-assisted hard
coating and/or -DLC deposition in one installation, component properties keep on being able
to be optimised.

6. LITERATURE

[1] Urban Spatz, strength test of hardened and plasma nitrided gears wheels for printing
machines, final year project, University Augsburg 1995
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VLIV PLASMOVE NITRIDOVANYCH VRSTEV NA LOMOVE
CHOVANI CR-V NASTROJOVE OCELI

EFFECT OF PLASMA NITRIDED LAYERS ON FRACTURE
BEHAVIOUR OF CR-V TOOL STEEL

Peter Juréi®, Stanislav Krum®
8MtF STU Trnava, Paulinska 16, 917 24 Trnava, Slovac Republic
*CVUT v Praze, Fakulta strojni, Karlovo nam. 13, 121 35 Praha 2, Czech Republic

ABSTRACT

Vzorky pro ttibodovy ohyb vyrobeny z Cr-V ledeburitické oceli Vanadis 6 byly tepelné
zpracovany pi1 dvou zakladnich rezimech, pomoci kterych byla dosaZena rliznd konec¢na
tvrdost. Vzorky mély rtznou plochu prifezu od 1 x 10 mm do 10 x 10 mm. Po tepelném
zpracovani byla na vzorcich provedena plasmova nitridace pfi riznych kombinacich teploty a
doby procesu. Testovani houZevnatosti pomoci statického tfibodového ohybu prokazalo
dominantni roli pfitomnosti nitridované vrstvy na povrchu, a to jak u pevnosti v ohybu tak u
mechanismu $ifeni lomu. Vliv austenitiza¢ni teploty byl vyznamny pouze v piipadé¢, byl- li
material nenitridovan. Charakter iniciace a Sifeni trhlin byl nizkoenergeticky tvarny v ptipade¢,
byl-li material nenitridovan. Pfitomnost vrstvy vytvofené plasmovou nitridaci méni charakter
iniciace a $ifeni lomu na transkrystalicky $tépny. Vysledky ukazuji, Zze pro praktickou aplikaci
je nezbytné vzdy vzit v ivahu snizeni houzevnatosti materialu vlivem plasmovée nitridovanych
vrstev na pOVI‘ChU.

Three point test samples made from the VANADIS 6 Cr-V ledeburitic steel were heat treated
using two basic regimes, bringing a different hardness. The cross section of the specimens
ranged between 10x10 mm and 1x10 mm. After the heat treatment, plasma nitriding was
carried out at various combinations of the temperature and the processing time. The testing of
fracture toughness by the method of static three point bending established the dominant role
of the presence of nitrided layer on both the bending strength and the fracture mechanism.
Only if the material was not plasma nitrided, the role of the austenitizing temperature became
clearly shown — the higher temperature was the three point bending strength was worse. The
character of the initiation and propagation of the fracture was low — energetic ductile when the
material was hardened and tempered. The presence of the plasma nitrided region on the
surface changes the initiation as well as the propagation mechanism to that of cleavage.
Lowered material toughness due to presence of nitrided layer should anyway be taken into the
consideration in practical use of nitrided tool steels.

1. INTRODUCTION

Ledeburitic steels made via the powder metallurgy (P/M) manifest many advantages in
comparison with the steels of the same chemical composition, but produced by the
conventional ingot fabrication techniques. They have much finer microstructure in terms of
the grain size and carbide particles size. P/M ledeburitic steels do not contain any carbide
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bandings, clusters or other inhomogeneities [1-3]. These facts are displayed in excellent
mechanical properties, particularly in toughness and fracture toughness [4].

Plasma nitriding is a widely used surface treatment technique bringing an increased
hardness, wear resistance, reduced friction coefficient and better corrosion resistance. These
properties can be attributed to the presence of fine nitrides, which are formed via the
interaction of nitrogen atoms with iron and alloying elements [5-11]. However, hard surface
region is sensitive to the initiation and the propagation of brittle fracture since it can be
expected that it’s fracture toughness is very low.

Current paper deals with the evaluation of toughness of no-nitrided and nitrided VVanadis
6 ledeburitic tool steel and brigs some new remarks and recommendations to the practice, to
end-users of nitrided tools.

2. EXPERIMENTAL

Specimens with various cross — section, with a 100 mm in length, made from the
ledeburitic VANADIS 6 steel (2.1 %C, 7 %Cr, 6%V, Fe bal.) were heat treated (austenitized,
nitrogen gas quenched and double tempered) in a vacuum furnace to a resulting hardness
given in Table 1. Subsequently, the specimens were plasma nitrided in the RUBIG —
Micropuls - plasma equipment. VVarious combinations of the temperature and dwell time were
used, see Table 1. In this Table, important parameters of nitrided region are recorded, also.

Table 1 — Surface content of interstitials, nitrogen diffusion depth and carbon redistribution
vs. nitriding parameters.

Nitriding Nitrogen surface Carbon surface Nitrogen diffusion
content (wt.%) content (wt.%) depth (um)
470 °C/30 min 1.84+-0.39 2.06+-0.31 13
470 °C/120 min 3.61+-0.24 1.13+-0.09 25
500 °C/60 min 5.37+-0.7 1.13+-0.2 46
530 °C/120 min 7.52+-0.66 1.76+-0.13 56

For microstructural examination (including the fractography) the light microscopy, the
scanning electron microscopy and the high resolution transmission electron microscopy
(HRTEM) were applied. Samples for light microscopy were standardly prepared, e.g. ground
and polished with diamond paste, the last step with the 1 um diamond paste and etched with
Nital-reagent and Murakami-reagent, respectively. The specimens for the scanning electron
microscopy were prepared by deep Nital-reagent etching. For the HRTEM, thin foils were cut
from bulk samples and prepared by lon Slicer.

The depth profiles of carbon and nitrogen were established with the WDX - microprobe
analyser CAMEBAX-MICRO. Five measurements were made on each specimen and the
mean values and standard deviations were calculated.

Hardness measurements using a Vickers's method were performed using a Zwick
hardness tester, applying a load of 10 kg for surface hardness and 50 g for hardness depth
profiles determination. The depth profiles were measured on carefully prepared specimen
cross-sections at an inclination angle with respect to the surface (bevelled specimens) of 12°,
to improve the depth resolution. The distance between the adjacent indents was 20 pm.

The toughness has been investigated using the three point bending test method. The
distance between supports was 80 mm. Specimens were loaded in the central region, at a
loading rate of 1 mm/min, up to the moment of the fracture. Five specimens were tested at
each combination of nitriding parameters.
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3. RESULTS AND THEIR DISCUSSION

Figures 1 aand 1 b show that the microstructure of the substrate material consists of the
matrix with fine, uniformly distributed carbide particles of regular, spherical shape and with a
size of several microns. The carbides are of two basic types. The first ones are larger, white
regular particles of the M;Cs-phase. The second type is the MC phase, visible as smaller grey
spherical formations. The matrix consists of needle — like tempered martensite, Fig. 1b. As
reported previously [12], tempered martensite is of two basic types: the dislocation type with
a high density of dislocations and the twinned martensite. No proeutectoid phases were

£

r heat treatment

Figure 1. Light (a) and SEM (b) micrographs of the material afte

Figures 2 - 5. Light micrographs showing the microstructure of nitrided regions developed at:
(2) 470 0oC/30 min., (3) 470 0C/120 min., (4) 500 oC/60 min., (5) 530 0C/120 min.
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Light micrographs in Figs 2 — 5 show the nitrided surface regions formed at various
processing conditions. They differ from the no-nitrided material mainly in the darkness of
appearance, which can be referred to the presence of fine nitride precipitates. In the specimens
processed at 470 oC, neither the compound layer nor the nitride network was found, Figs. 2,3.

On the other hand, these structural constituents are clearly visible in the material
processed at 500 °C for 60 min. and 530 °C for 120 min., respectively, Figs. 4 and 5. On the
micrographs in Figs. 2-4, there is also the nitrogen diffusion depth marked out by yellow band
on the right hand side. Note that there is not the nitrided region marked in Fig. 5 since it
reaches deeper than the effective scale of the micrograph.

Nitrides formed during the processing create individual formations embedded in the
base material, Fig. 6. The size of the formations is of about several tens of nanometers. They
have a lamellar structure with the thickness if individual lamellae ranging between 1 and 3
nm, Fig. 7. Previous investigations [10, 12] fixed that the nitrides are formed by iron and
nitrogen and chromium and nitrogen, respectively.
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Figures 6, 7. HRTEM micrographs showing detail microstructure of nitrides in the region
developed at 500 oC for 60 min.

The saturation of the material with nitrogen increases the hardness, as shown in Fig. 8.
Measurements revealed relatively high near-surface hardness even for the specimens treated
at lower temperature and/or short dwell time. For the specimens processed at higher
temperature and/or longer time, the near surface microhardness increases rapidly. The
maximal values exceeded 1600 HV 0.05. The main difference between specimens processed
by various nitriding conditions is that the hardness after processing at lower temperature drops
down at a shorter distance from the surface. On the other hand, only a slight hardness
decrease was observed in the specimen processed at 530 °C for 120 min. These differences in
microhardness depth profiles are also reflected in the surface hardness, which is markedly
lower for the specimens processed at 470 °C (882 HV 10) than for those nitrided at 530 °C
(1122 HV 10).

Figure 9 demonstrates that the austenitizing temperature is a relevant factor influencing
the three point bending strength, but only in the case of no nitrided material. In the case of the
presence of the plasma nitrided layer it is clearly shown that this layer itself is the main factor
influencing the toughness and the effect of the austenitizing temperature becomes much less
significant. The toughness decreases again as the thickness of nitrided layer increases.

The differences in the three point bending strength of no — nitrided samples caused by
different austenitizing temperature increase as the cross section of the specimens decreases,
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Figs. 10, 11. Concerning the influence of nitrided layer, no differences between the specimens
with various cross sections, austenitized at different temperatures, were found, compare Fig. 9

to Figs 10 and 11, respectively.
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Figure 8. Microhardness depth profiles for the material nitrided using various parameters.
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In all of the specimens with no — presence of a nitrided layer, the fracture surface
exhibits clear symptoms of so - called low — energetic transcrystralline fracture with a dimple
morphology of the surface, Fig. 12a. As apparently shown, the initiation of fracture is realised
through decohesion at the carbide — matrix interfaces and fragmentation of carbides, also.
These processes proceed mainly at the surface, in several centres and on the tensile strained
side, as demonstrated in SEM micrograph in Fig. 12b. What is only one difference between
the specimens austenitized at different temperatures (and having a different hardness) that
from macroscopical point of view, the fracture surface of the specimen quenched from the
lower temperature manifest a lot of secondary cracks, Fig. 12c. However, from microscopical
point of view, these differences could only hardly be observed.

The fact why the material austenitized at a lower temperature has higher fracture
toughness can be considered as natural. It is known that the austenitic grain size increases as
the temperature is raised and, also the products of the decomposition of the austenite (like
martensite) can be expected to have coarser structure. These phenomena are well known as
the limiting ones for the toughness and can clarify the lowering of the three point bending
strength with increasing austenitizing temperature.

Figure 12. SEM micrograph showing the
fracture surfaces of the no — nitrided specimen,
austenitized at: (a) 1050 °C - overview, (b)
detail. (c) austenitized at 1000 °C

The mechanism of fracture initiation in case of nitrided specimens differs clearly from
that of no — nitrided samples. The initiation is, in a way similar to the no — nitrided material,
located in a tensile strained face, but the fracture exhibits clearly the symptoms of
transcrystalline cleavage, Figs. 13 a, b. As shown, the thickness of the cleavage region
corresponds well with the nitrogen diffusion depth, see Table 1.

Details of cleavage facettes from various places from the nitrided region are shown in Fig. 14.
SEM micrograph in Fig. 14a shows the cleavage region at the surface, micrograph in Fig. 14b
in the central area, respectively. Cleavage facettes manifest small steps that are connected
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probably with the structure of the surface layer. Previous experiments clarified that the layer
consists of the martensitic needles containing nitrogen, and ultra-fine nitride particles.
Relatively coarse carbides are broken down during the propagation of the crack and they can
also serve as the nuclei of the crack re — initiation.

£ s@f"-‘

Figure 13. SEM micrographs showing a cleavage fracture of the nitrided layer, developed at:
(a) 470 °C for 30 min., (b) 530 °C for 120 min.

Figure 14. SEM micrographs showing details from Fig. 13b
(a) close the surface, (b) approx. 25 um below the surface

The investigations of the fracture behaviour show that the cleavage propagation of
cracks is connected with only a negligible plastic deformation. All of the energy input into the
material is spent only for the formation of two new surfaces. This is a difference, compared to
the no — nitrided material, where a low plastic deformation of the material was found
throughout the specimens and, as a consequence, the three point strength was remarkable
higher. The lowering of material toughness with an increasing nitriding temperature and/or
time can be explained through the fact that the portion cleavage region from the total cross
section area increases as the thickness of nitrided layer increases.

Although it is clear that the presence of nitrided layer at the surface lowers the
toughness of the material, i.e. it acts in an undesirable manner, nitriding will still be used in an
industry. Previous experiments confirmed that the nitriding increases the fatigue life — time of
tools made from P/M ledeburitic steels [13]. Other important aspect is an improvement of
wear resistance, or, in many cases, also the improvement of adhesion of thin PVD — films
formed on pre-nitrided surfaces [14 - 18]. But, the conditions of the nitriding should be
chosen carefully, in order to minimize the lowering of the toughness of the material.
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4. CONCLUSIONS

The microstructure of nitrided regions consists of the martensite, undissolved carbides
and nano-sized nitrides. These nitrides form lamellar formations embedded in the matrix.

The presence of nitrides increases the hardness of nitrided regions considerable.

In the case of no — nitrided material, the austenitizing temperature plays a dominant role
in the fracture behaviour. The three point bending strength drops down as the austenitizing
temperature increases.

In no-nitrided material, the main mechanism of the fracture initiation is a nucleation of
dimples at the matrix-carbide interfaces. The fracture was propagated in a ductile, low —
energetic manner and the surface exhibits clearly dimple morphology.

Even the presence of the plasma nitrided layer at the surface makes a significant
lowering of the bending strength. The thicker the nitrided layer is the lower fracture
toughness, since the cleavage region, where a low energy for the crack propagation is spent,
increases as the nitrided region becomes thicker.

A transcrystalline cleavage was found as a main mechanism of crack initiation and
propagation in case of nitrided layers. The thickness of cleavage regions corresponds well
with the thickness of nitrided regions measured by metallographical methods.

Although the plasma nitriding brings many benefits into the tool industry, it’s
parameters should be carefully adjusted and controlled to avoid too significant lowering in the
material toughness
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U procesti cementace a nitridace v plynu pfedstavuji ochranné natéry proti nauhli¢eni a syceni
dusikem standardni zptsob ochrany tvrdosti proti zvySovani tvrdosti. Natéry proti cementaci a
nitridaci se pouzivaji rovnéz pii podtlakovych procesech. V referatu jsou shrnuty vlastnosti,
které musi natéry pro podtlakové procesy spliovat, aby je bylo mozné primyslové pouzivat.
Déle jsou diskutovany vysledky pouziti ochrannych natérti pifi podtlakové cementaci za
standardnich a zvySenych teplot a vysledky chranéni povrchi pti plasmové nitridaci.

Protective coatings represent standard way of protecting against the increase in hardness for
carburizing and nitriding in gas atmosphere. Coatings against carburizing and nitriding are
used also in vacuum processes. The paper summarizes the properties, which have to be
fulfilled, so the coatings could be used industrially. The results of applying protective coatings
for vacuum carburizing under standard and elevated temperature and results of protecting
surfaces during plasma nitriding are also discussed.

1. UVOD

Pfi cementaci a nitridaci vznika Casto potieba chranit ¢asti povrcha zbozi proti difizi uhliku
nebo dusiku do jadra materidlu. Ochranné natéry vytvareji bariéru proti pfestupu a zabrafuji
ptistupu nauhlicujicich latek k povrchu oceli a pribéhu cementacnich a nitrida¢nich reakcei.
Proti cementaci se pouzivaji nejCastéji natéry na bazi oxidu boritého nebo kyseliny borité.
Tyto natéry chrani proti cementaci v plynu do hloubky nejméné 1,3 mm. Vyhodou téchto
natérlt je, Ze jsou odstranitelné oplachem teplou vodou nebo se rozpusti pfi prani v
alkalickych nebo neutralnich pracich prosttedcich. Pro vétsi hloubky se pouZzivaji natéry na
bazi koloidni médi nebo povlaky keramické. Nevyhodou téchto natéra je skuteCnost, Ze se
musi odstrafiovat mechanicky. Proti nitridaci se pouzivaji natéry obsahuji koloidni cin.

2. POZADAVKY NA NATERY PROTI PODTLAKOVE CEMENTACI
Natéry na bazi oxidu boritého se styl zdkladem vyvoje natérti proti podtlakové cemetaci.

Natéry museji spliiovat nasledujici poZzadavky:
. Dokonalé zabranéni reakci nauhlicujicich slozek s povrchem oceli,
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. ptilnavost k povrchu materidlu, mala citlivost ke stavu povrchu soucasti.

. snadné prani v horké vod¢ nebo alkalickych prostiedcich nebo v ptipadé kovovych
povlakii snadna mechanickd odstranitelnost,

. nizky parcialni tlak vSech slozek, aby nedochéazelo k ovlivnéni pecniho prostiedi,

. minimdalni reakce ostatnich slozek natéru s povrchem soucasti,

. jednoduché nanaseni (nastfikem, ponorem, natérem nebo vytlacovanim)

. minimalni reakce ostatnich slozek natéru s povrchem oceli

. vznik rovnomerné vrstvy.

Soucasti musi byt u vSech natéri pied aplikaci dokonale suché a odmasténé, prosttedek po

aplikaci dokonale proschly.

3. NATER PROTI PODTLAKOVE CEMENTACI

a 0z o4 0.6 08 1 12 14 15

=+~0bsah uhliou v nechrinéném veorku [%]
B-0bsah uhblou ve veorku chringném %]

Obr. 1 Prubéh tvrdosti zakaleného
vzorku chranéného a nechranéného
vzorku s oceli 20MoCrS4 pri teploté 950
°C.

Na zaklad¢ natérd standardnich natérd proti
cementaci v plynu na bazi oxidu boritého B203
byl vyvinut natér Vacucoat 0091. Natér
predstavuje velmi dobrou ochranu proti
cementaci. Na obr. 1 je srovnani tvrdosti
chranéné a nechranéné oblasti na materidlu
20MoCrS4 po cementaci na hloubku 0,8 mm,
pii teplot¢ 950 °C po dobu 120 minut. Na
povrchu vzorku nebyla nalezeny zadna
anomalie. Povrch vrstvy je bez zietelného
oduhliceni . Je tvofen vysokouhlikovym
martenzitem u  nechranéné  vrstvy a
nizkovuhlikovym  martenzitem u  vrstvy
chranéné.

Povrchové vrstvy oceli chranéné natérem Vacucoat 0091 pii teploté 1000 °C a 1050 °C jsou
uvedeny na obr. 2 az 5. Na povrchu vSech vrstev cementovanych za takto vysoké teploty jsou

patrné svétle se leptajici vrstvy.

P;é:

IRk S
Zvets. 800 x Lept. Nital Zvéts. 500 x Lept. Nita
Obr. 2 Struktura povrchu oceli Obr. 3 Struktura povrchu oceli 16MnCr5

16MnCr5 chranené naterem Vacucoat, 1050 chranéené natérem Vacucoat, 1050 °C, pri

°C, p7i ohievu Prenit .

ohrevu Prenit.
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Zvets. 800 x Lept. Nital Zvets. 500 x Lept. Nital

Obr. 4 Struktura povrchu oceli 16MnCr5 Obr. 5 Struktura povrchu oceli 16MnCr5
chranéné naterem Vacucoat, 1050 °C, chranené ndtérem Vacucoat, 1050 °C,
standardni proces standardni proces

V obr. 6 a 7 jsou uvedeny zavislosti tvrdosti na vzdéalenosti od povrchu chranénych i1
nechranénych vzorkd.
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1. Rada = Ehvt 550 HY 0.5 = 0.00 mm 2. Rada = Eht 550 HY 0.5 = 0,00 mm

Obr. 6 Pribéh tvrdosti na chranéné cementované oceli 16 MnCr5, teplota procesu 1050 °C,
proces PreNit (aplikace NH3 pri ohievu 400-700°C), ddle cementace za podtlaku 1050°C na
1,0 mm.
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Obr. 7 Srovndni pritbéhu tvrdosti na chranéné a nechrdanéné cementované oceli 16 MnCrS5,
teplota procesu 1000 °C, proces standardni bez prenitu.

Pro vyjasnéni charakteru povrchové vrstvy byla provedena GDS analyza boru. Vysledky
jsou uvedeny v obr.8.
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Obr. 8 Obsah boru v povrchové vrsrtvicce oceli puodtlakove cementované oceli 16MnCr 5
pod vrstvou ochranného natéru

Z povrchové analyzy je patrné, Ze na povrchu dochazi ke zvySeni koncentrace boru v oceli.
Lze predpokladat, Ze zvySeni koncentrace boru je zpisbené rozkladem oxidu boritého na
povrchu oceli. S ohledem na skute¢nost, Ze pti standardnich procesech do 950 °C obtizné
leptatelnd vrstva pozorovéana nebyla, 1ze pte predpokladat, Ze rlist vrstvy nasycené borem je
teplotné zavisly a vyznam syceni borem se bude se zvySujici teplotou zvySovat. Tuto zavislost
bude nutné jesté¢ kvantifikovat, stejné¢ jako fdzové slozeni svétle se leptajici vrstvy.
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Vypatovani slou¢enin béru bude pravdépodobné doprovodnym jevem pouziti natéru na bazi
B203 pfi teplotach cementace nad 1000 °C.

S ohledem na skutecnost, ze chranéni se pouziva vétSinou na plochach urcenych k obrabénti,
nebude mit tato skute¢nost negativni vliv na cementovanou soucast.

4. NATER PROTI PLASMOVE NITRIDACI A PROTI NITRIDACI ZA
PODTLAKU

Proti plasmové nitridaci jsou pouzivany osvédcené natéry na bazi médi. Tyto natéry ovlivni
elektrickou vodivost povrchu a zabrani pfestupu dusiku do materidlu. Predstavitelem této
skupiny ochrannych prostiedki je Siroce pouzivany Condursal N9. Jako alternativni
prostedek je k dispozici Condursal NOW na bazi B20O3 , ktery je mozny pouzit vSude tam,
kde by byly na zavadu elektricky vodivé slozky Condursalu N9, ptipadné nutnost natér
mechanicky odstraiiovat. Ochranné G¢inky je mozné dokumentovat na obr. 9.
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Obr. 9 Ochrana pomoci pasty Condursal N9W. Dokumantace pomoci GDOS analyzy
povrchu po pulsni plasmové nitridaci.

5. PODMINKY USPESNEHO POUZITI NATERU

ProtspéSnou aplikaci natéri proti chemicko-tepelnému zpracovani je nutné dbat na
nasledujici zasady:

. Zajistit optimalni fedéni - nesmi dojit k prefedéni

. Provést dokonalé promichani — tendence k usazovani té¢ZSich komponent natéru

. Zajistit rovhomérné nanaseni

. Existuje moZnost nékolikandsobného nanaseni - obvykle vSak neni nutné

. Je bezpodmine¢né nutné nechat natér dokonale proschnout. Nedokonale proschlé

natéry snizuji vakuum a ptipadné odpryskavaji
. Natéry nesmi zasychat za pfili§ vysoké teploty. Nesmi dojit k varu fedidla
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6. NEJCASTEJSI PRICINY NESPRAVNE FUNKCE OCHRANNYCH NATERU

. vyschly natér

. nedokonalé promichéani

. nerovnomeérné naneseni, pokapani nechranénych ploch

. rychlé zasychani

. nedokonalé proschnuti natéru

. poskozeni natérti po nanesenti

7. ZAVER

. Pro ochranu proti chemicko-tepelnému zpracovani za snizeného tlaku a v plasmé

napt. podtlakové cementaci a plasmove nitridaci jsou k dispozici ochranné natéry s moznosti
prumysloveé aplikace.

. Ochranna schopnost natéra je z technického hlediska zcela dostatecnd. Pii pouziti je
vSak nutné respektovat specifické vlastnosti a chovani natérti v prostiedi snizené¢ho tlaku.
. Pti teplotach cementace nad 1000 °C je nutné pocitat s mirnym prinikem boéru do

povrchové vrstvy, ktery se projevuje vznikem svétle se leptajici vrstvy o tloust’ce nékolika
mikrometra.
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ABSTRACT

Kaleni nastrojii se vyuziva k dosazeni vyssi pevnosti a odolnosti proti opotiebeni. Laserové
kaleni jako povrchova technologie je primyslové vhodna ca. 10 let. Vykonové diodové lasery
(HPDL) s vazbou do optického vlakna jsou obzvlasté vhodné pro tyto ucely z divodu
relativné kratké vinové délky zafeni. Dosahovand Gc¢innost systému je kolem ca. 35 %. Je
moznd Sitka stopy az do ca. 60 mm. Teplota povrchu je pfesné¢ snimana pomoci kamery.
Systém ftizeni vykonu laseru LomPocPro zajiStuje v procesu na povrchu ndstroje teplotu
s presnosti =10 K. Skenovaci syst¢ém LASSY umoznuje prabé€zné v procesu vytvoreni
proménné Sitky stopy a profilu intenzity laserového paprsku. Po kaleni je potiebné pouze
minimalni nebo zadné dokonfovani nastroje. Nastroj miize byt okamzité ptipraven k pouziti.
Spole¢nost ALOtec uspéSné vyuziva svij vlastni prvni skuteCné mobilni laserové kalici
systém na trhu..

Hardening of tools is used to increase the strength and wear resistance. Laser hardening as a
surface hardening process is available for about ten years. Fiber-coupled high power diode
laser (HPDL) are especially suitable because of the advantage of shorter wavelength. The
system overall efficiency of about 35 % is achieved. Track widths up to 60 mm are possible.
The surface temperature is precisely measured with a camera. The deployed laser power
control LomPocPro ensures the best temperature stability (£10 K) on the tool surface.

The dynamic scanning system LASSY allows variable laser beam intensity profiles and
hardening track widths.

Immediately after hardening with small or without any rework the tool is ready for
production. ALOtec successfully uses his own first really mobile laser hardening system on
the market.

Tvrdenie povrchu sluzi k vytvoreniu povrchu odolného proti opotrebeniu.

RozliSuju sa procesy, kde dochadza k prekaleniu celej suciastky, ako je napr. bezné kalenie
Vv peci, plosné procesy ako plazmova niridacia, kde se zvySend tvrdost’ dosahuje len do male;j
hibky, ale tiez parcialne posobiace povrchové procesy, ako je kalenie plamefiom, induké&né
kalenie a laserové kalenie (LK), kazdé sinou hibkou prekalenia a mierou presnosti
kopirovania povrchu.

Laserové¢ kalenie v mnohych aplikaciach vytlacilo indukéné kalenie a kalenie plameniom.

Laserové kalenie — spravna vol'ba: Laserové kalenie sa v priemysle pouZiva uz asi 10 rokov a
jeho vyznam neustale rastie. Moznosti pouzitia su stale SirSie. Ako zdroj energie s popri CO2
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laseroch a Nd:YAG laseroch k dispozicii tiez priamo vyzarujuce vykonové diddové lasery
(VDL) a vykonové diodové lasery s vazbou do optického vldkna. VDL vyzatuji na pomerne
kratkej vinovej diZke. Proces absorpcie energie do obrobku je tak v porovnani s inymi zdrojmi
Ziarenia ovel'a u¢inngjsi. U¢innost VDL dosahuje cca. 35 %.

Obr. 1: Laserové kalenie na priklade vacky

Kalite'né st nastrojova a konStrukéna ocel, nizkoteplotna ocel’, oceloliatina a ré6zne druhy
liatiny ako siva liatina s lupienkovym anebo gulickovym grafitom (najmenej 80% podiel
perlitu). Pre priamo kaliteI'né materialy sa pozaduje obsah uhlika najmenej 0,22 hmotn. %.
Nauhlic¢ena ocel’ moze byt taktiez kalena laserom.

Povrch obrobku sa ohreje na austenitiza¢na teplotu. Rychlost’ nérastu teploty je pritom viac
ako 1000 K/s. Toto prebiecha riadenym sposobom, az do blizkosti bodu tavenia, avSak bez
jeho dosiahnutia. Doba zotrvania na teplote je podl'a druhu materialu

10-3 s az 10 s. K odvodu tepla dochadza do samotného obrobku. Obvykle sa pracuje pri
atmosférickych podmienkach. Pritom sa vytvara vel'mi tenkd, vi¢Sinou nevyznamnd vrstva
vrstva kysli¢nika. Tato moze byt bez tazkosti odstranena.

Pri kryti ochrannym plynom mézno tvorbe kysli¢nika zabranit’.

Vysledna Struktura je pri laserovom kaleni v porovnani s ostatnymi metédami kalenia
podstatne jemnozrnnejSia. Hodnoty tvrdosti lezia na hornej hranici oblasti, ktord je
dosiahnutel'nd vytvdaranim martenzitu.

Maimalna dosiahnutel'na hibka zakalenia je zavislka od materialu a je mozna az do hibky 1,5
mm.

Pri vysokolegovanych samokalitelnych oceliach mozno dosiahnut’ aj va¢siu hibku zakalenia.

1000 T T T T T T T

800

600

400

hardness / HV0.05

200

o o5 1,0 1,5 20 25 30 35 40
depth / mm

Obr. 2: Hibka zakalenia pri laserovom kaleni
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O postupe kalenia by sa malo rozhodovat na zaklade funkénych poziadaviek na obrobok a nie
z dovodu napr. dostupnosti kaliacej technolégie alebo dokonca z dovodu tradicie.
Neoddvodnené bezpeénostné obavy konstruktéra alebo stanovovanie nepotrebne velkej hibky
zakalenia je uz dnes tiez prekonané.

Pri vysokom tepelnom zat'azeni, ako napr. pri kaleni v peci dochadza k deformaciam v
dosledku uvolnenia napiti pochadzajucich z obrabania. Potrebné st materialové pridavky na
eliminaciu rizik. V kone¢nom dosledku sa musi zakalena suciastka nakladne dokon¢ovat'.
Cielom je redukcia nékladov na obrabanie po kaleni, resp. findlne obrabanie na obrobku v
mikkom stave. Ciastoné kalenie pomocou vykonového diddového lasera poskytuje pre to
resp. pre bezdeformacné kalenie tie najlepSie podmienky. VloZené mnozstvo tepla tvori
obvykle len zlomok oproti inym kaliacim metoédam a naviac sa vnasa vel'mi cielene.

Zakladna tvarnost’ v jadre obrobku zostdva zachovana. Nachylnost’ k tvorbe trhlin sa vyrazne
znizuje.

Dalsie Zihanie nie je potrebné.

Obr. 3:Laserové kalenie 3D-ohybovych hran pre spracovanie plechu

K d’alsim vyhodam laserového kalenia patria vysoka energetickd ucinnost’, kratky cas
spracovania a z toho vyplyvajtca rychla dostupnost’ obrobku pre nasledajici vyrobny proces.
Mozna je integracia LK do spojitého vyrobného procesu (1).

Proces LK sa vyznacuje ekologickostou a Cistotou. Nie st potrebné nakladné procesy ako
napr. vakuum. Dodato¢né média na chladenie ako voda alebo olej nie st potrebné.
Vyzaduje sa len volI'ny pristup laserového li¢a na povrch obrobku..

Nitridovanie (plosné) a laserové kalenie je mozné kombinovat. Na obrobku sa zakalia
definované body alebo kontury. Nasledne prebehne plo$né nitridovanie obrobku. V dosledku
laserového kalenia vopred je dosiahnuté vytvorenie podstatne stabilnejSej nitridovej vrstvy.

Pouzitie LK otvara konStruktérovi a vyrobnému technolégovi nové mozZnosti a slobodu
napadov. Hospodarnsot’ LK je uZ niekol’ko rokov preukézana.

Dostupné su vykonové diodové lasery s vykonom do 10 kW. S takym vykonom lasera je
mozné dosiahnut’ §irku kaliacej drazky az do cca. 60 mm.
Vizba viacenych laserovyvh systémov, napr. Pre Specidlne aplikécie, je takisto mozna.
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Laserovy Ii¢ je navadzany pomocou robota. Pridavny oto¢no-naklapaci stol na polohovanie
obrobku zaistuje takmer bez vynimky pristup laserového lic¢a ku kalenej pozicii. V pripade
potreby je robot rozsireny o linedrny alebo portalovy systém.

Obr. 4: Zadkaznicke zariadenie na laserové kalenie ulozeni na rotacnych dieloch.

Riadenie vykonu lasera sa uskutociiuje pomocou Specialneho systému LompocPro. Tento
zaituje najleSiu moznl teplotnu stalost’ na povrchu obrobku v rozmedzi cca. +/- 10 K. Této
skutocnost ma zasadny vyznam pre rovnomerni vyslednu tvrdost predovsetkym pri
meniacich sa podmienkach odvodu tepla.

Teplota povrchu sa snima pomocou kamery a spracovava sa v riadeni vykonu. Toto sa
uskutociiuje v kaliacej stope vel'mi presne vd’aka konkrétnemu priradeniu hodnoty teploty k
plosnému elementu.Tym je splnena najddlezitejSia zakladna podmienka pre rovnomerné
zakalenie pri najvysSich kvalitativnych ndrokov. Definitivne je zamedzené vytvaraniu
natavov.

Dalgie procesné parametre, ako su rychlost posuvu laserového lic¢a a jeho uhol dopadu na
materidl, va¢Sinou podmienené geometriou obrobku, sa urcuju na zaklade dlhoro¢nych
sktsenosti.

Zrkadlové systémy umoziuja, aby laserovy la¢ dosiahol aj na vnltorné oblasti obrobku s
optimalnym uholm dopadu.

Systémy nasadené k deleniu lac¢a zaist'uji napr. pri LK 3D-striznych hran funkéne korektné
hodnoty tvrdosti.

Obr. 5: Laserove kalenie 3D-striznych hran pre spracovanie plechu.
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Na vytvorenie premenného profilu intenzity resp. Sirky kalenej stopy priamo v kontinudlnom
procese bol vo Frauhoferovom ustave IWS v Drazd’anoch vyvinuty systém na dynamické
tvarovanie lic¢a s oznacenim LaSSy. Tiez sa obvykle oznacuje ako skener. Skenovacia
frekvencia je az 200 Hz. Laserovy li¢ moze tak premenne sledovat’ vybrané plochy atalebo
ich aj vynechat’.

Vymena pevnej optiky napr. za Gcelom zmeny Sirky stopy odpada. Zamedzuje sa vytvaraniu
prechodovych oblasti oblasti v dosledku $tart-stop javu.

Pomocou modulu LASMON su analyzované zdroje laserového Ziarenia a laserova optika.
Snima sa rozdelenie hustoty vykonu v tvarovanom laserovom 1a¢i a tot moze potom byt
znovu zobrazené na 3D-modeli.

Pomocou simulaéného softwaru DCAM sa je mozné programovat’ drahu laserového luca v
rezime off-line. K tomu nie je eSte potrebnd fyzickd pritomnost’ obrobku. Mézu byt
importované CAD data zo vSetkych beznych CAD-systémov.

Alternativne mozno vytvarat programy metodou teach-in (manudlne plohovanie do
jednotlivych stradnic).

Obr. 6: Off-line simuldcia

V novom sidle v Dresden-Kesselsdorf pontika spolo¢nost ALOtec laserové kalenie ako
sluZbu.

Pracuje sa so zariadenim vysSie uvedenej koncepcie a popisanym know-how. K dispozicii je
rozna tzv. pevna optika pre zodpovedajice Sirky kaliacej stopy. Maximalna Sirka stopy je
okolo 22 mm, ¢o postacuje na takmer vSetky zadania tloh.

Laserové kalenie sa realizuje napr. na malych dieloch, vackach ozubenych kolesach, striznych
a tvarniacich nastrojoch a strojarskych sucasti rozneho druhu.

Na zelanie je vykonavané meranie tvrdosti a zhotovuji sa metalografické vybrusy.

Zvarove oblasti nie st dodato¢ne kalené.
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Bild 7: Laserové kalenie zavernych hran (lisovaci ndstroj)

Firma ALOtec vyraba a dodéava laserové kaliace zariadenia do celého sveta.
Zariadenia sa vzdy konfiguruju podl'a pozadaviek uzivatela. K dispozicii su lasery s vykonom
az do 10 kW.

Obr. 8: Koncepcia zariadenia

Laserové kaliace zariadenia st rozsiriteIné o laserové navéaranie prasku a/alebo drotu. Aj tu je
nasadeny kamerovy systém riadenia procesu. TaktieZ umoziuje riadenie teploty rychlych
procesov v tekutej faze resp. konStantné natavenie zdkladného materidlu a vytvorenie
optimdlnych vlastnosti ndvaru. Cielom je dosiahnutie pokial moZzno o najpresnejSie
priblizenie tvaru navaru pozadovanym kone¢nym obrysom.

Parametre procesu navarania si vzdy uzivatel'sky Specifické. Vyber pridavnych materidlov sa
uskuto¢nuje na zdklade poziadaviek zdkaznika, napr. poziadavky na odolnost’ proti
opotrebeniu, rdzova odolnost’ resp. odolnost’ voci korozii.

Zelané vykonové parametre, ako napr. objem navaru za asovii jednotku, st zabezpedované
vol'bou r6znych vykonovych parametrov lasera a typov trysiek.

Firma ALOtec pontka tieZ malé laserové kaliace systémy. Tieto zariadenia na laserové
kalenie st kofigurované ako zariadenia typu ,,zapni a pracuj* (Plug and Work). Systém je
taktiez rozsiritel'ny o moZnost’ navarania prasSku a/alebo drotu.

Investi¢né naklady sa pohybuji vyrazne pod zndmou trhovou uroviiou.



W@Z.Uﬂﬂ] 22 — 23 November 2011, Jihlava, Czech Republic

Firma ALOtec kali od roku 2010 na objednavku priamo u zadkaznik. K tomu ma k dispozicii
mobilné laserové kaliace zariadenie. Aj tu je laserovy lG¢ vedeny pomocou robota. Vykon
lasera inStalovaného v systéme umoziuje dosahovanie Sirky stopy az do cca.. 13 mm.

Obr. 10: Mobilné laserové kaliace zariadenie pri nasadeni u zékaznika

ZHRNUTIE

Kalenie sa musi realizovat’ rychlo, lacno a funk¢ne spravne.

Laser umoznuje kalit hotovy obrobok viac-mene bez deformacii. Dokoncovanie je
redukované na minimum resp. uplne odpada.

Obrobok je po kaleni thned’ k dispozicii pre nasadenie do vyroby.

Je mozné mobilné kalenie u zdkaznika.
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