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Refer§t je pŚehledovĨm refer§tem zabĨvaj²c² se vĨvojem vakuovĨch technologi² tepeln®ho zpracov§n². 
V ļl§nku je provedeno zatŚ²dŊn² technologi² pouģ²vaj²c²ch vakua rŢzn®ho stupnŊ.  Pops§ny jsou 

vĨvojov® tendence konstrukce v klasickĨch pec²ch pro tepeln® zpracov§n² i pece pro rŢzn® typy 

chemicko-tepeln® zpracov§n² s vyuģit²m 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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ABSTRACT 

V tomto pŚ²spŊvku je pops§n vĨvoj zaŚ²zen² pro kalen² n§strojŢ. Je dobŚe zn§mo, ģe s rostouc² 

ochlazovac² intenzitou bŊhem kalen² kles§ vĨskyt precipitace karbidŢ na hranic²ch zrn. 

V dŢsledku toho se zhorġuj² dynamick® vlastnosti n§strojŢ.  S ohledem na tuto skuteļnost se 

vĨvoj vakuovĨch pec² vyd§v§ dvŊma smŊry. Jeden smŊr je zaloģen na zvyġov§n² tlaku plynu 

a hled§n² vhodnŊjġ²ch plynŢ pro kalen² v pŚetlaku plynu. JinĨ smŊr spoļ²v§ ve vĨvoji  zaŚ²zen² 

pro kalen² n§strojŢ zaloģen®m na ohŚevu v atmosf®Śe inertn²ch plynŢ (argon nebo helium) 

s n§slednĨm zakalen²m v term§ln² l§zni, ļ²mģ je moģn® vyrobit technologicky zdokonalen® 

n§stroje s niģġ²mi n§klady neģ maj² vakuov® technologie. 

Kl²ļov§ slova: n§strojov® oceli, kalen², precipitace karbidŢ, inertn² plyn, rychlost kalen²   

 

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 

mailto:mladen.stupnisek@fsb.hr
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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].  

 

 
  

Fig. 1. CTT diagrams of selected tool steels [1] 

 

 
 

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. 

 

 
Fig. 3. Influence of quenching intensity on the softening of hot work tool steel under the 

surface during die casting [3] 

Carbide precipitation 

Martensite 
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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. 

 

 
 

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. A NEW 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. 

 
 

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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ABSTRACT 

Vzorky vyroben® z oceli pro pr§ci za studena Vanadis 6 byly vyrobeny tŚ²skovĨm 

opracov§n²m, brouġeny a tepelnŊ zpracov§ny standardn²m reģimem pro danĨ materi§l. 

Nakonec byly vzorky leġtŊny do zrcadlov®ho lesku. V tomto stavu byl materi§l povlakov§n 

povlaky CrAgN o koncentrac²ch stŚ²bra 3 hm.% a 15 hm.%. Mikrostrukturn² analĨzou vylo 

zjiġtŊno, ģe pŚ²sada 3 hm.%Ag nem§ vĨznamnĨ vliv na mechanismus rŢstu povlaku. Na druh® 

stranŊ pŚ²sada 15 hm.%Ag m§ na rŢst povlaku vĨznamnĨ vliv. Povlak s 3 hm.% Ag m§ 

vynikaj²c² adhezi na z§kladn² materi§l. Oba typy povlakŢ maj² vĨborn® tribologick® vlastnosti 

pŚi tŚen² s protikusy z Al2O3 a lit®ho c²nov®ho 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
3
/E

2
 ï 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 
o
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-fi lms.  

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, YoungËs 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 
o
C for the cleaning. For 

the deposition, the temperature was increased to 500 
o
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 YoungËs 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 Lc1 and Lc2 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 Lc1 critical load corresponded to 

the occurrence of first inhomogenities in the coating and the Lc2 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 
o
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 M7C3-

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 M7C3-carbides, and almost complete 

amount of MC-phase remained undissolved. After the heat treatment, the average hardness of 

the material was 724 HV 10.  

 

 

 

 

 

 

 

 

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

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM micrographs showing the microstructure of CrAg3N (a) and CrAg15N (b) 

films developed on the Vanadis 6 steel substrate 

 

The thickness of the film with 3%Ag ï addition was 4.2 mm, Fig 2a. Previous paper 

[27] was devoted to the analysis of CrAgN films prepared at the temperature of 260 
o
C 

(corresponding to heating up due to ion bombardment only). It has been established that the 

30 mm 

3 mm a 3 mm 
b 
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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 mm, 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 
o
C, as reported previously [15]. The situation in the case of the film 

with an addition of 15 wt% Ag is clearly different ï 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 ï 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 ï 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 

Ñ 1.49 GPa and that of CrAg3N 15.97 Ñ 1.44 GPa. Current results confirmed that small Ag-

addition does not result in significant changes in coating hardness ï the hardness of 3 wt% Ag 

containing film deposited at 500 
o
C was 16.13 Ñ 1.83 GPa, Table 1. The addition of 15 

wt%Ag, on the contrary, led to substantial hardness reduction ï it was only 11.43 Ñ 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 ï the larger the Ag-grains are the more considerable softening of the 

film.   

The YoungËs modulus of pure CrN and CrAg3N deposited at 260 
o
C were of about 240 

GPa [15]. Also, small Ag addition in the film formed at 500 
o
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 

YoungËs modulus with increased Ag-content in YSZ-based coatings has been established, has 

thus been confirmed.  

 

 

1.5 mm a b 
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Table 1. Mechanical properties of the layers deposited at 500 
o
C 

 

Coating Hardness [GPa] YoungËs modulus [GPa] 

CrAg3N 16.13 Ñ 1.83 246 Ñ 17 

CrAg15N 11.43 Ñ 0.61 204 Ñ 6 

 

For the film with 3 wt%Ag addition, the first symptoms of coating damage occurred at 

the average loading of around 47 N (Lc1). Coating damage begins with an appearance of semi-

circular tensile cracks, Fig. 4a. The ñtotalò 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 ï 88 

N (Lc2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Light micrographs showing the failures after scratch test: a ï CrAg3N, Lc1, b ï 

CrAg3N, Lc2, c ï CrAg15N, Lc1, d ï CrAg15N, Lc2 

 

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 ï it ranged around 6.4 N, Table 2. Figure 4d shows the total failure of the CrAg15N 

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 

c 

b a 

d 
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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 
o
C 

it seems that elevated deposition temperature (500 
o
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 Lc1 [N]  Lc2 [N]  

CrAg3N 46.9 Ñ 8.1 82.6 Ñ 8.4 

CrAg15N 6.4 Ñ 0.6 44.1 Ñ 6.3 

 

 

Table 3. Friction coefficients of coatings against two different counterpartËs materials 

 

Testing temperature 

[
o
C]/coating 

CrAg3N CrAg15N 

Al2O3 CuSn6 Al2O3 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 
o
C had a thickness of 4.2 mm and 6.3 

mm, respectively. Compared to the results obtained on the films developed at 260 
o
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 YoungËs modulus.  

The adhesion of CrAg3N-film formed at 500 
o
C was much better than that of the film 

with the same Ag-addition but made at 260 
o
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 
o
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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Obr. 1 ï Hloubkov® rozloģen² zbytkov®ho 

napŊt²  iniciovan®ho vnesenĨm teplem od 

brouġen²[1] 

Fig. 1 ï Depth profile of residual stress 

resulting from the heat introduced by 

grinding[1]  
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ABSTRACT 

Ļl§nek se zabĨv§ sledov§n²m moģnĨch pŚ²ļin rozvoje trhlin u n§strojŢ z n§strojov® oceli 

S500 Bohler. Rozvoj trhlin byl pozorov§n po tepeln®m zpracov§n² pŚi n§sledn®m brouġen². V 

podstatŊ pŚich§zely v ¼vahu dvŊ pŚ²ļiny - vnesen® napŊt² pŚi brouġen² a druhou 

pravdŊpodobnŊjġ² pŚ²ļinou bylo nevhodn® tepeln® zpracov§n². VĨsledky analĨz prok§zaly, ģe 

hlavn² pŚ²ļinou bylo nedodrģen² parametrŢ tepeln®ho zpracov§n². V ļl§nku jsou tak® uvedeny 

ġirġ² souvislosti mezi pŚ²ļinami rozvoje prasklin a vnitŚn²m napŊt²m. T²m jsou doplnŊny dalġ² 

informace, kter® byly uvedeny na minul® konferenci v souvislosti s rozvojem prasklin, 

strukturn²m stavem a zbytkovĨm napŊt²m. 

 

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 ï more likely ï 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. ĐVOD 
 

Proces iniciace a  rozvoj trhlin je vģdy spojen s pŚekroļen²m kohezn²ch sil materi§lu. Sama 

podstata vzniku poġkozen² je z hlediska funkce n§stroje limituj²c². PŚesto je tŚeba vznik 

poġkozen² sledovat i z druh®ho hlediska, neboŠ lomov§ plocha obsahuje velmi cenn® 

informace. Tyto informace se tĨkaj² oslaben® struktury popŚ. nevhodn®ho zatŊģov§n². Toto 

zatŊģov§n² mŢģe bĨt zpŢsobeno jak nevhodnou aplikac² n§stroje, ale tak® konstrukļn² chybou. 

UvedenĨ pŚ²spŊvek pojedn§v§ o strukturn² 

slabinŊ, kter§ byla odhalena aģ v souvislosti 

s n§slednĨm technologickĨcm zpracov§n²m.  

 

mailto:kriz@kmm.zcu.cz


                                                    22 ï 23 November 2011, Jihlava, Czech Republic 

 

 

Po brouġen² dr§ģky ve vrt§ku z oceli 1.3247 S500 Bohler o prŢmŊru 12 mm se zaļaly 

iniciovat trhliny, kter® vedly k tot§ln² destrukci n§stroje.  Jak zachycuje obr.1, pŚi brouġen² se 

iniciuj² pomŊrnŊ vysok§ zbytkov§ napŊt², kter§ jsou d§na jak nerovnomŊrnĨm ohŚevem  

a pŚ²padnou strukturn² transformac², tak i napŊŠovĨm pole od brusn®ho kotouļe. V pŚ²padŊ 

bezdefektn²ho n§stroje tato vnesen§ napŊt² nemaj² za n§sledek poġkozen². Jestliģe je  

u materi§lu naruġena vnitŚn² (kohezn²) pevnost, pak tato vnesen§ napŊt² pŚekroļ² limitn² 

hodnotu a dalġ² energie se uvolŔuje rozvojem trhliny [2].  PŚi posuzov§n² poġkozen² n§stroje 

pŚi brouġen² je nezbytn® hledat ġirġ² souvislosti, jinak se stane to, ģe bude oznaļena 

technologie brouġen² jako nevhodn§. V nŊkterĨch pŚ²padech mŢģe tak® nastat, ģe trhlina se 

objev², aģ odstranŊn²m povrchov® vrstvy. Materi§l pŚi povrchu mŢģe m²t n§sledkem vŊtġ²ho 

pŚitv§Śen² jemnŊjġ² strukturu a n§sledkem toho tak® snese vŊtġ² vnitŚn² zbytkov® napŊt². Ve 

stŚedn² ļ§sti se mohou jiģ n§sledkem hrubġ² struktury iniciovat poġkozen² po zakalen² a po 

odstranŊn² materi§lu na povrchu dojde k objeven² popŚ. iniciaci trhliny[3].  

N§sleduj²c² pŚ²pad dokumentuje rozvoj trhlin po brouġen² n§sledkem strukturn²ch slabin, kter® 

byly vyvol§ny nedodrģen²m podm²nek tepeln®ho zpracov§n². Trhlina se obvykle ġ²Śila od 

hrany budouc²ho hlavn²ho ostŚ² smŊrem k j§dru vrt§ku. 

 

2. MATERIĆL A TEPELN£ ZPRACOVĆNĉ 

 

Vrt§ky byly vyrobeny z materi§lu 1.3247 S500 Bohler, kterĨ m§ 1,1%C; 3,8%Cr; 9%Mo; 

0,9%V; 1,4%W; 7,6%Co.  

V prvn² f§zi byly dod§ny vrt§ky z vĨrobn² d§vky 400ks, ve kter® popraskalo 58 ks.  

Z t®to d§vky byly dod§ny vrt§ky jak s trhlinou, tak bez trhliny. Vrt§k s trhlinou byl oznaļen 

jako A, vrt§k bez trhliny jako B. Kalen² bylo provedeno v soln® l§zni s n§sleduj²c²m reģimem. 

 

Tab. 1  Reģim tepeln®ho zpracov§n² 

Table 1  Heat treatment schedule 

 

Pec ļ 1 2 3 4 5 

Popis ï 

n§plŔ 

Vzduchov§ 

suġ²c² 

PŚedehŚev ï 

GS 540 

PŚedehŚev ï 

GS 750 

Austenitizace  

Semperneutr. 

Kal²c² ï     

GS 430 

Teplota (t): Do 400ÁC 850ÁC 1050ÁC 1170ÁCÑ10ÁC 550ÁC max 

Ļas ponoŚen² 

(s): 
137 137 137 137 137 

 

PopuġtŊn² 

ļ: 

Datum Ļas (hod) Teplota 

popouġtŊn² 

VĨdrģ na teplotŊ  

1 19. 3. 4:00 ï 6:25 565ÁC 60min 

2 19. 3. 10:30 ï 12:45 565ÁC 60min 

3 21. 3. 6:05 ï 9:20 565ÁC 60min 

4 21. 3. 17:45 ï 19:55 565ÁC 60min 

 

 Kalen² a popuġtŊn² bylo provedeno tak, ģe vĨsledn§ tvrdost vrt§kŢ byla HV10= 960 ï 974.  

 

V dalġ² s®rii poģadovanĨch analĨz byly dod§ny n§sleduj²c² vzorky: 

Polotovar ï K ï pouze kaleno 1170ÁC/137 s ï Z tohoto vzorku byl odebr§n vzorek pro 

pod®lnou a pŚ²ļnou metalografickou analĨzu ï vzorek byl odebr§n od budouc² ġpiļky 

Polotovar ï P ï kaleno 1170ÁC/137 s; popuġtŊno 560ÁC/60min+ 

580ÁC/60min+560ÁC/60min+530ÁC/105minï Z tohoto vzorku byl odebr§n vzorek pro 
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pod®lnou a pŚ²ļnou metalografickou analĨzu ï vzorek byl odebr§n od budouc² ġpiļky 

n§stroje. 

 

Polotovar ï N ï kaleno 1170ÁC/137s  popuġtŊno 

560ÁC/60min+565ÁC/60min+565ÁC/60min+565ÁC/60min ï Z tohoto vzorku byl odebr§n 

vzorek pro pod®lnou a pŚ²ļnou metalografickou analĨzu ï vzorek byl odebr§n od budouc² 

ġpiļky n§stroje. 

Vrt§k C1 (4910846) ï byl zuġlechtŊn jako polotovar P. Z tohoto vrt§ku byl odebr§n 

vzorek pro pod®lnou a pŚ²ļnou metalografickou analĨzu ï vzorky byly odebr§ny od ġpiļky 

n§stroje. U tohoto vrt§ku byly pozorov§ny trhliny iniciovan® po brouġen². 

 

3. VħSLEDKY ANALħZ 

 

Jako prvn² byla posouzena materi§lov§ shoda, kter§ byla zjiġtŊna mŊŚen²m koncentrac² 

dŢleģitĨch prvkŢ u vġech vzorkŢ. Z mŊŚen² vyplynulo, ģe se ve vġech pŚ²padech skuteļnŊ 

jedn§ o ocel S500 Bohler a vġechny prvky jsou v dan®m toleranļn²m poli koncentrac². 

 

Dalġ² analĨzou byla stanovena mikrotvrdost HV0,05.  

 

Lokalitou, v n²ģ byla zjiġtŊna hodnota mikrotvrdosti HV0,05, byl pŚ²ļnĨ metalografickĨ 

vĨbrus, kterĨ byl zhotoven v m²stŊ poġkozen² (u n§stroje A to byl jiģ dodanĨ stav, u n§stroje 

B doġlo k rozvoji trhliny aģ pŚi rozŚezu na metalografick® vzorky). U vzorku A bylo dosaģeno 

hodnoty HV0,05 =1156,4Ñ53,8 a u vzorku B to bylo hodnoty HV0,05 =1211,6Ñ58,7. 

 

Tab.2   PŚehled tepeln®ho zpracov§n² jednotlivĨch analyzovanĨch vzorkŢ a dosaģen® 

prŢmŊrn® hodnoty HV0,05 

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

values 

 

Oznaļen² 

vzorku 

Reģim tepeln®ho zpracov§n² Hodnoty 

HV0,05 

Polotovar ï N kaleno 1170ÁC/137 a popuġtŊno 

560ÁC/60min+565ÁC/60min +565ÁC/60min+565ÁC/60min 
1306,2Ñ100,2        

1124,2Ñ84,6 

Polotovar ï P kaleno 1170ÁC/137 a popuġtŊno 560ÁC/60min+ 

580ÁC/60min +560ÁC/60min+530ÁC/105min 
1032,4Ñ38,7        

1234,2Ñ67,8 

Vrt§k C1  kaleno 1170ÁC/137 a popuġtŊno 560ÁC/60min+ 

580ÁC/60min +560ÁC/60min+530ÁC/105min 
1348,6Ñ162,9        

1106,6Ñ54,3 

Polotovar ï K pouze kaleno 1170ÁC/137 s 871,2Ñ52,6        

837,8Ñ20,2 

 

Z ARA diagramu oceli vyplĨv§, ģe pro zakalenou a nepopuġtŊnou strukturu je 

charakteristick§ tvrdost okolo 880HV. T®to hodnoty bylo dosaģeno i u vzorku K. RovnŊģ byly 

potvrzeny vĨsledky tvrdosti nezakalen® stopky polotovaru (n§stroje), u kter® byla dosaģena 

tvrdost okolo 310õ324HV0,05 a zjiġtŊna nezakalen§ struktura tvoŚena glubulitickĨmi karbidy 

pŚedevġ²m prim§rn²ho charakteru.  

 

Z dalġ²ch hodnot vyplĨv§, ģe hodnoty jsou velmi vysok®  aģ 1348HV0,05. Tato tvrdost je tak 

vysok§, ģe ani pŚepoļtov® tabulky na hodnoty HRC neumoģŔuj² pŚepoļet (nejvyġġ² 

pŚepoļten§ hodnota je 940HV = 68HRC.  Jak vyplĨv§ z obr. 2 je pro ocel S500 nejvyġġ² 

sekund§rn² popouġtŊc² tvrdost pr§vŊ hodnota 68HRC. Dosaģen® vysok® hodnoty lze 
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Obr. 3 Lomov§ plocha vrt§ku A. K poġkozen² doġlo pŚi 

brouġen²   

Fig. 3 Fracture surface of A drill. The failure occurred 

during grinding   

v nŊkterĨch pŚ²padech zdŢvodnit pŚ²tomnost² karbidŢ, kter® jsou rozm²stŊny v matrici  

a v pŚ²padŊ mŊŚen² v m²stŊ, kde je karbid pod povrchem je ovlivnŊna i hodnota mŊŚen². Tyto 

rozd²ly se pak projevily na velikosti smŊrodatn® odchylky. Avġak i s vylouļen²m tŊchto 

vyġġ²ch hodnot je celkov§ tvrdost vysok§. N§sleduj²c² sn²mky dokumentuj² um²stŊn² malĨch 

vtiskŢ HV0,05 (velk® vtisky byly zhotoveny pŚi zat²ģen² HV2 a korespondovaly s dosaģenĨmi 

hodnotami mikrotvrdosti HV0,05). 

 
Obr.2 PrŢbŊh tvrdosti v z§vislosti na teplotŊ popouġtŊn². Nejvyġġ² hodnoty HRC68 

je             dosaģeno pŚi popouġtŊn² na teplotu 540ÁC [4] 

Fig. 2 Hardness vs. tempering temperature curve. The highest value ï 68 HRC ï was 

obtained with the tempering temperature of 540ÁC 

 

Vysok® hodnoty tvrdosti vych§z² ze strukturn²ho stavu, kterĨ je uveden v n§sleduj²c² kapitole, 

ale tak® z pŚ²tomnosti vysok®ho zbytkov®ho napŊt² a t²m i zvĨġen®ho nebezpeļ² vzniku trhlin. 

Tyto trhliny mohou vznikat jiģ po tepeln®m zpracov§n², ale jak jiģ bylo uvedeno, i po 

brouġen². Pro nalezen² pŚ²ļiny je nutn® sledovat vġechny dostupn® informace a d§vat jejich 

vĨsledky do korelace. Proto byla 

vŊnov§na pozornost i stavu 

lomov® plochy, neboŠ jak jiģ 

bylo uvedeno, trhlina se mŢģe 

ġ²Śit v m²stŊ strukturn²ho 

oslaben². T²m u n§strojov® oceli 

bĨvaj² nejļastŊji nevhodnŊ 

vylouļen® velk® popŚ. 

vyŚ§dkovan® karbidy.  

Dalġ² provedenou analĨzou byla 

faktografick§ studie rozlomen®ho 

vrt§ku A. Tato analĨza byla 

provedena za ¼ļelem toho, aby 

byl zjiġtŊn stav oslaben® oblasti, 

kterou se ġ²Śil lom. 

Lom byl iniciov§n od povrchu 

tj. bŊhem brouġen² doġlo ke 

zvĨġen² zbytkov®ho napŊt² a 

n§sledkem toho byly vytvoŚeny 

napŊŠov® podm²nky pro ġ²Śen² 

trhliny. 
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Obr. 4  Detail lomov® plochy 

Fig. 4 Detailed view of the fracture surface 

Obr. 5  Strukturn² stav vrt§ku A v pŚ²ļn®m smŊru metalografick®ho vĨbrusu.  

Fig. 5 Microstructure of A drill on metallographic cross section.  
 

Jak jiģ bylo uvedeno v ¼vodu, 

trhlina se obecnŊ v materi§lu ġ²Ś² 

nejslabġ²m m²stem popŚ.  oblast², 

kde jsou vyġġ² napŊŠov® stavy 

napŚ. koncentr§tory napŊt², 

defekty, ale i karbidy. Proto je 

pŚ²nosn® detailnŊ sledovat lomovou 

plochu a vyhodnotit ji nejen 

z hlediska kŚehk®ho poruġen², ale i 

z hlediska  stavu, velikosti a 

rozm²stŊni karbidŢ.  Z proveden® 

fraktografick® analĨzy (obr.3; 4)  

vyplĨv§, ģe poruġen² nenastalo 

n§sledkem jejich nevhodn® 

redistribuce.   Jak vyplyne 

z n§sleduj²c² metalografick® ļ§sti 

jejich tvar a rozloģen² ve 

struktuŚe je odpov²daj²c² normŊ a 

kladenĨm poģadavkŢm. 

Metalografick§ analĨza a jej² 

vĨsledky jsou vģdy stŊģejn²m bodem expert²z posuzuj²c² pŚ²ļinu poġkozen² n§stroje ve vazbŊ 

na jeho strukturn² stav. UmoģŔuje zachytit jednotliv® souvislosti mezi pouģitĨm stavem 

polotovaru z hlediska protv§Śen², rozm²stŊn² karbidŢ, ale i provedenĨm tepelnĨm 

zpracov§n²m. Pro dosaģen² sn²mkŢ v poģadovan® kvalitŊ bĨv§ vyuģit nejen svŊtelnĨ 

metalografickĨ mikroskop, ale  tak® Ś§dkovac² elektronovĨ mikroskop. Tak tomu bylo i v t®to 

presentovan® expert²ze. Vedle popisu struktury, popŚ. jej² mikroļistoty bĨv§ posuzov§na  

i velikost austenitick®ho zrna dle normy ĻSN EN ISO 643.  

Uveden® struktury byly zviditelnŊny lept§n²m ve 3% Nitalu po dobu 15 s. Pouze polotovar ve 

stavu pouze zakalen®m bylo zvoleno 30% leptadlo HNO3 v etylalkoholu s dobou lept§n² 30s. 

Ze z²skanĨch vĨsledkŢ metalografickĨch analĨz vrt§kŢ A; B byl z§kazn²k upozornŊn na to, ģe 

struktura nen² ve spr§vn®m stavu. Kalen² bylo provedeno z vyġġ² teploty, neģ bylo 

zadavatelem uvedeno (1170ÁC). PŚedpokl§dan§ teplota kalen² byla 1190 ï 1200ÁC. Tato 

teplota odpov²d§ oceli S 500 Bohler[4]. PŚi z§kazn²kem uv§dŊn® teplotŊ 1170ÁC by nedoġlo 

k tak vĨrazn®mu rozpuġtŊn² karbidŢ. RovnŊģ stav dodan®ho polotovaru je spr§vnĨ. Nebylo na 
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Obr. 6  Strukturn² stav vzorku K zachycenĨ 

pomoc² Ś§dkovac²ho elektronov®ho 

mikroskopu 

Fig. 6 Scanning electron micrograph of K 

specimen microstructure 
 

Obr. 7 Desky martenzitu jsou zachyceny  

i u tohoto vzorku P  

Fig. 7 Martensite plates have been found in 

P specimen as well 

nŊm sledov§no ģ§dn® neģ§douc² karbidick® vyŚ§dkov§n². PŚesto by bylo vhodn®, kdyby byl 

v²ce protv§Śen a to kvŢli velikosti austenitick®ho zrna (bylo posuzov§no aģ u druh® s®rie a je 

uvedeno v tab.3).  

Podle strukturn²ho stavu je velmi nevyhovuj²c² proces popouġtŊn².   Jak vyplĨv§ z tab.ļ. 9 

jsou sice teploty 565ÁC voleny ve vazbŊ na sekund§rn² tvrdost, ale struktura tomu 

neodpov²d§. Ve struktuŚe jsou zachov§ny desky martenzitickĨch jehlic, kter® jsou 

charakteristick® pro n²zkoteplotn² popouġtŊn². Jejich pŚ²tomnost nasvŊdļuje tomu, ze proces 

popouġtŊn² neprobŊhl podle poģadavkŢ. Podle vlastn²ch vĨpoļtŢ je potŚeba dobu prodlevy na 

popouġtŊc² teplotŊ i s dobou ohŚevu prodlouģit alespoŔ na 120 min, aby probŊhly vġechny 

procesy. 

Ve druh® s®rii byly dod§ny dalġ² polotovary i vybrouġen® vrt§ky, kter® mŊly rovnŊģ podobnou 

strukturu, jako ty z prvn² s®rie. Tak® u vrt§ku C byla pozorov§na poġkozen² shodn§ s defekty 

vrt§ku ĂAñ a posl®ze i vrt§ku ĂBñ. Tak jako u pŚedchoz² s®rie byly i u t®to zdokumentov§ny  

a posuzov§ny oblasti ve stŚedn² ļ§sti a u okraje. V pod®ln®m a pŚ²ļn®m smŊru. 

Jak dokumentuj² vġechny tyto strukturn² sn²mky bylo kalen² provedeno z teploty, kter§ byla 

vyġġ² neģ je ud§v§no zadavatelem. Tento ¼sudek vyplĨv§ z toho, ģe je pomŊrnŊ velk® 

mnoģstv² prim§rn²ch karbidŢ rozpuġtŊno. Oļek§van§ teplota kalen² je 1190-1200ÁC. Tato 

teplota nen² na kalen² v soln® l§zni nijak vysok§, neboŠ u podobn® oceli ĻSN 19857 je 

doporuļena teplota kalen² v soln® l§zni 1240-1270ÁC! Jedn§ se o pomŊrnŊ vysokou teplotu a 

proto je autorem doporuļena max. teplota 1230ÁC a to i pŚestoģe byly na pracoviġti KMM 

zkouġeny teploty aģ 1280ÁC a po kr§tk® ļasy austenitizace tj. do 3 min nebylo zaznamen§no 

zhrubnut² zrna nebo vznik neģ§douc² ledeburitick® struktury.  

NejvŊtġ²m nedostatkem je, dle zjiġtŊn® struktury, popouġtŊn², neboŠ nedoġlo ke vzniku 

sorbitick® struktury. Zakalen§ a popuġtŊn§ struktura je tvoŚena martenzitickĨmi jehlicemi, 

kter® jsou znakem nedokonal®ho popuġtŊn². Toto nedokonal® popuġtŊn² bylo zjiġtŊno i pŚes 

uvedenou zmŊnu u vzorku P; C. 
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Obr. 8 Vrt§k s oznaļen²m C. Polotovar tohoto n§stroje byl tepelnŊ zpracov§n shodnŊ se 

vzorkem P. RovnŊģ struktura je shodn§, obsahuje velk® mnoģstv² 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. 

 

Posledn² analĨzou bylo zjiġtŊn² velikosti austenitick®ho zrna dle normy ĻSN EN ISO 643. 

V tab. 3 jsou pro druhou s®rii uvedeny velikosti zrna zjiġtŊn® z pŚ²ļn®ho metalografick®ho 

vĨbrusu v oblasti stŚedu a okraje. 

 

Tab.3  Velikost  austenitick®ho zrna 

Table 3  Austenite grain size 

 

Velikost austenitick®ho zrna dle normy  ĻSN EN ISO 643 

Vzorek Oblast Hodnota G 

N StŚed 7 

Okraj 9 

P StŚed 10 

Okraj 10 

K StŚed 7 

Okraj 9 

 

Pro zajiġtŊn² poģadovanĨch vlastnost² se vyģaduje, aby u n§strojovĨch ocel² byla max. 

velikost zrna G 10. Ļ²m je vŊtġ² hodnota G, t²m je zrno jemnŊjġ². Tuto podm²nku splnil pouze 

vzorek P. U ostatn²ch dvou vzorkŢ N; K byla ve stŚedu menġ² hodnota tj. vŊtġ² zrno, neģ 

v oblasti okraje, ale obŊ hodnoty nejsou vyhovuj²c². Tento rozd²l napov²d§, ģe na velikost zrna 

mŊl pŚedevġ²m vliv protv§Śen² polotovaru. StŚed byl m®nŊ protv§Śen a proto zde byla vĨchoz² 

struktura hrubġ² oproti okrajovĨm oblastem. Z toho vyplĨv§  doporuļen² na dodavatele, aby 

zajistil vŊtġ² protv§Śen² stŚedn² oblasti polotovarŢ. 
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4. ZĆVŉR 

 

Z dosaģenĨch vĨsledkŢ vyplĨv§, ģe n§stroje jsou kaleny z teploty, kter§ je o 20-30ÁC vyġġ² 

neģ ud§v§ zadavatel. PŚesto ji lze jeġtŊ nepatrnŊ navĨġit. Podobn§ ocel 19857 (dle ĻSN) se 

v soln® l§zni doporuļuje kalit aģ z teplot 1270ÁC. Dalġ²m doporuļen²m bylo pouģ²t teplotu 

austenitizace aģ 1230ÁC. Po zakalen² by mŊl m²t polotovar tvrdost 65HRC.  Doba zvolen® 

austenitizace byla odpov²daj²c² prŢmŊru polotovaru. Doporuļen® teploty je tŚeba jeġtŊ 

odzkouġet a odladit pŚ²padn® nepŚesnosti s mŊŚen²m teploty soln® l§znŊ. 

PopouġtŊn² v souļasn®m stavu nepln² svoji funkci, neboŠ struktura je tvoŚena martenzitickĨmi 

jehlicemi, prim§rn²mi a sekund§rn²mi karbidy. Ve struktuŚe je pŚ²liġ vysok® zbytkov® napŊt², 

kter® s dalġ²m vnesenĨm napŊt²m od brouġen² vede k iniciaci poġkozen². Pro sn²ģen² 

zbytkov®ho napŊt² je nutn® dos§hnout jemn® sorbitick® struktury. K jej²mu dosaģen² je nutn® 

nejen odpov²daj²c²ch teplot, ale tak® doby prodlevy. Na z§kladŊ z²skanĨch zkuġenost²  

i doporuļen² je navrģeno, aby prvn² popouġtŊn² bylo provedeno na teplotu 570ÁC. Druh®, tŚet² 

a ļtvrt® popuġtŊn² pak na teplotu 550ÁC. Rozhoduj²c² je doba prodlevy, kter§ samotn§ by mŊla 

bĨt alespoŔ 60min a ohŚev na popouġtŊc² teplotu dalġ²ch 40 min. 

Z hlediska dodan®ho polotovaru, nebyly shled§ny odliġnosti v chemick®m sloģen². RovnŊģ 

vyhovuj²c² je stav karbidŢ, kter® jsou tv§Śen²m rozbity aniģ by byla pŚ²tomna pŚ²liġn§ 

vyŚ§dkovanost popŚ. anizotropie. JedinĨm nedostatkem polotovaru je jeho nerovnomŊrn® 

protv§Śen², kter® se projevilo odliġnou velikost² zrna ve stŚedu a na okraji. Ve stŚedn² ļ§sti je 

n§sledkem menġ²ho protv§Śen²  vŊtġ² velikost pŢvodn²ho austenitick®ho zrna oproti 

okrajovĨm oblastem.  
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ABSTRACT 

Cr-V ledeburitick§ ocel Vanadis 6 byla tepelnŊ zpracov§na rŢznĨmi zpŢsoby, s i bez periody 

zmrazov§n². Na tepelnŊ zpracovanĨch vzorc²ch byla zjiġŠov§na houģevnatost pomoc² zkouġky 

tŚ²bodovĨm ohybem. VĨsledky naznaļuj² ponŊkud pŚekvapivŊ, ģe zmrazovan® vzorky maj² o 

nŊco niģġ² tvrdost, avġak nikoli houģevnatost oproti vzorkŢm bez zmrazov§n². Ve vybranĨch 

pŚ²padech bylo dokonce zaznamen§no, ģe zmrazovan® vzorky vykazovaly vyġġ² plastickou 

deformaļn² pr§ci do lomu neģ vzorky nezmrazovan®. Tato vyġġ² plastick§ energie do lomu se 

projevuje rovnŊģ ve zvŊtġen®m reli®fu lomovĨch ploch materi§lu po tŚ²bodov®m 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. ĐVOD  

 

Tepeln® zpracov§n² n§strojovĨch ocel² pro pr§ci ze tepla patŚ² k nejn§roļnŊjġ²m disciplin§m 

oboru. Nejenom z hlediska vlastn²ch postupŢ, ale pŚedevġ²m z hlediska urļen² a dodrģov§n² 

parametrŢ procesu pro dosaģen² optim§ln²ch vĨsledkŢ ģivotnosti pŚi znaļen® variabilitŊ 

tepelnŊ zpracov§vanĨch d²lŢ. PŚi volbŊ parametrŢ procesu je ale vģdy nutn® vz²t v ¼vahu, co 

jsou postupy objednan® a co postupy obvykl®.  

A zde vznik§ rozpor mezi poģadavkem vĨrobce n§stroje na zajiġtŊn² ģivotnosti n§stroje, a 

postupem objednanĨm ļi obvyklĨm. Je paradoxem, ģe pr§vŊ objednavatel nem§ vŊtġinou 

zajiġtŊny postupy obvykl®, nebo nem§ o nich ani ģ§dn® povŊdom², na druh® stranŊ pr§vŊ toto 

poģaduje od dodavatele tepeln®ho zpracov§n².  

SamozŚejmŊ, ģe dalġ² obs§hlou kapitolou je konstrukce n§stroje, volba materi§lu a jeho 

tvrdost,  nebo zpŢsob pouģit² n§stroje ve vĨrobŊ, v tomto ļl§nku ale budeme vych§zet 

z pŚedpokladu, ģe toto objednavatel jiģ zkoumal a uvedl do souladu s postupy obvyklĨmi jako 

Ăthe best praxisñ.   
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2. VSTUPNĉ MATERIĆL A JEHO KONTROLA  

 

I kdyģ skupina materi§lŢ pro pr§ci za tepla je obs§hl§, pro vġechny oceli plat² v podstatŊ 

stejn§ pravidla vstupn² kontroly. Jej² definice je obsaģena v Nadca 207, rev. 2008 [1]. Tato 

definice je sice urļena pŚedevġ²m pro formy na tlakov® lit², lze ji ale obecnŊ aplikovat i na 

ostatn² aplikace jako je napŚ. z§pustkov® kov§n², n§stroje pro extruzi Al profilŢ, v§lcov§n² 

nebo lisov§n² za tepla.   

 

 
 

Tab. 1 ï Klasifikace materi§lŢ dle Nadca  

Tab. 1 ï Hot-work steels classification by Nadca  

 

Z hlediska vstupn²ho testov§n² je kontrola chemick®ho sloģen² z§kladn², ne vġak rozhoduj²c² 

podm²nkou.  

O vĨslednĨch mechanickĨch vlastnostech rozhoduje pŚedevġ²m mikroļistota, velikost zrna, 

mnoģstv² a rozloģen² prim§rn²ch karbidŢ. Z tohoto hlediska, pro rozliġen² pr§vŊ tŊchto vlivŢ,   

je postupem obvyklĨm povinnost zkoum§n² vstupn² jakosti materi§lu pomoc² r§zovĨch 

zkouġek houģevnatosti.  

Je prok§z§no, ģe ļ²m vyġġ² je r§zov§ houģevnatost materi§lu, t²m vyġġ² je odolnost materi§lu 

proti tvorbŊ trhlin z tepeln® ¼navy. Vyġġ² hodnota r§zov® houģevnatosti mŢģe rovnŊģ 

pozitivnŊ ovlivnit vznik makro trhlin souvisej²c²ch s napŊŠovĨmi stavy.  

R§zov® zkouġky jsou prov§dŊny na vzorc²ch ide§lnŊ kalenĨch za podm²nek ochlazen² do oleje 

a mŊŚen® hodnoty by mŊly dos§hnout hodnot definovanĨch standardem Nadca 207, rev. 2008  

(Tab. 3). V pŚ²padŊ, ģe predikovan® hodnoty nejsou dosaģeny, je odpovŊdnost na dodavateli 

materi§lu nahradit dodanĨ materi§l materi§lem, kterĨ by poģadovan® parametry zajistil.  

R§zov® zkouġky jsou prov§dŊny na vzorc²ch s nejm®nŊ vhodnĨm smŊrem vl§ken a t²m je 

zajiġtŊno, ģe budou hodnoceny limitn² mechanick® vlastnosti materi§lu.  

 

3. TEPELN£ ZPRACOVĆNĉ  

 

Tepeln® zpracov§n² tŊchto ocel² by mŊlo bĨt provedeno dle obecnŊ zn§mĨch, obvyklĨch 

postupŢ. Je ot§zkou, co se tŊmito obvyklĨmi postupy mysl². Pro vŊtġinu modern²ch ocel² 

neexistuj² ļesk® standardy, existuj² jen firemn² materi§lov® listy. VĨjimku tvoŚ² standard 

Nadca 207, rev. 2008 [1], i ten je ale jen doporuļen²m pro ļleny asociace tlakov®ho lit² 

v USA.  

Spr§vnŊ vedenĨ proces tepeln®ho zpracov§n² by mŊl zajistit dosaģen² oļek§vanĨch 

mechanickĨch vlastnost² podle vstupn²ho materi§lu. Kdyģ pomineme moģn® probl®my s 

deformacemi pŚi ohŚevu, pak nejdŢleģitŊjġ²mi f§zemi TZ je austenitizace a ochlazov§n².  

Austenitizace by mŊla zajistit na jedn® stranŊ spr§vn® rozpuġtŊn² uhl²ku v matrici, ļ§steļn®  

rozpuġtŊn² karbidŢ, na druh® stranŊ by ale nemŊla umoģnit nadmŊrn® zvŊtġen² austenitick®ho 

zrna oproti vĨchoz²mu stavu. Tyto dva poģadavky jsou v protikladu a je nutno volit 

kompromisn² Śeġen² v§zan® na dobu a teplotu austenitizace, a s ohledem na to, ģe ohŚ²v§me 

3D tŊleso v heterogenn²m prostŚed² vakuov® pece.  
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Tab. 2 ï Tabulka povolenĨch a doporuļenĨch teplot austenitizace  

Tab. 2 ï The table of temperatures allowed or recommended for austenitizing  

 

V pŚ²padŊ, ģe nen² poģadov§no TZ dle specifikace NADCA, pak za obvykl® teploty jsou 

povaģov§ny teploty urļen® vĨrobcem pouģit® oceli. Pokud je TZ poģadov§no dle NADCA, 

pak tyto teploty jsou uvnitŚ povolen®ho p§sma, obvykle na jeho doln² hranici (Tab. 2)  

Vyġġ² teploty austenitizace sice zajiġŠuj² lepġ² rozpustnost prim§rn²ch karbidŢ,  tyto karbidy 

ale naopak precipituj² bŊhem ochlazen² (kalen² v proudu plynu) po hranic²ch zrn a sniģuj² 

vĨslednou houģevnatost materi§lu. ParadoxnŊ, a to pr§vŊ vlivem vŊtġ² rozpustnosti karbidŢ, 

vyġġ² teplota austenitizace znamen§ vyġġ² odolnost proti popouġtŊn² bŊhem pouģit² oceli na 

pracovn² teplotŊ n§stroje (Obr.1), vŊtġ² odolnost proti trhlin§m z tepeln® ¼navy, souļasnŊ ale 

velk® nebezpeļ² rŢstu zrna.  

 

 
 

Obr.1 ï Odolnost proti popouġtŊn² dle kal²c² teploty pro Dievar a QRO90 [2] 

Obr.1 ï Temper resistance of quenched and tempered Dievar and QRO90, tempered on 600 C 

[2]  

 

KromŊ teploty a doby austenitizace je jeġtŊ dŢleģit§ rychlost ochlazov§n², kter§ sniģuje nebo 

omezuje moģnost precipitace tŊchto karbidŢ. Vyġġ² teplota rovnŊģ d²ky v²ce obohacen®mu 

austenitu uhl²kem sniģuje Ms a zvyġuje mnoģstv² zbytkov®ho austenitu v matrici. Ten pak  

transformuje na nepopuġtŊnĨ martenzit, popŚ. cementit a ferrit,  pŚiļemģ ve vġech tŊchto 

pŚ²padech doch§z² k poklesu houģevnatosti.   

DruhĨm nejdŢleģitŊjġ²m parametrem austenititace je doba. Prodleva na austenitizaļn² teplotŊ 

mus² bĨt dostateļn§ pro homogenizaci austenitu, pŚitom dojde tak® k ļ§steļn®mu rozpuġtŊn² 

karbidŢ, nesm² vġak umoģnit nadmŊrnĨ, nekontrolovatelnĨ rŢst austenitick®ho zrna. Ļ²m 

vyġġ² je teplota t²m kratġ² ļas austenitizace by mŊl bĨt. V pŚ²padŊ, ģe je poģadov§no tepeln® 

zpracov§n² obvykl®, je nutno se drģet pŚedpisu vĨrobcŢ oceli. V pŚ²padŊ, ģe se jedn§ o tepeln® 

zpracov§n² dle Nadca, pak ļas austenitizace je ļas pŚedepsanĨ jako 30 minut od ¼pln®ho 

prohŚ§t² d²lu do ukonļen² prodlevy za splnŊn² n§sleduj²c²ch podm²nek (Obr. 2):  
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Obr.2  ř²zen² teplot vakuov® pece bŊhem ohŚevu a austenitizace  

Pic. 2 ï Temperature control of vacuum furnace during the heating up and austenitizing  

Obr.3  Um²stŊn² termoļl§nkŢ Ts a Tc 

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

 

Ts (povrch) = Tp (pec) a souļasnŊ Ts (povrch) -Tc (j§dro) < 14 C 

 

V pŚ²padŊ, ģe pec nen² vybavena mŊŚen²m teploty vs§zky 2 termoļl§nky Ts a Tc,  je 

maxim§ln² doba prodlevy na teplotŊ povolena na 90 minut od Ts=Tp 

Proto, aby tento parametr mŊl objektivn² a kontrolovatelnĨ charakter, mus² bĨt kromŊ vĨġe 

uvedenĨch podm²nek definov§na i poloha um²stŊn² termoļl§nkŢ. OdpovŊdnost za vyhotoven² 

spr§vnĨch otvorŢ pro termoļl§nky Ts  a Tc m§ vĨrobce n§stroje.  (Obr.3).  

Velice dŢleģitĨm parametrem veden² procesu je rychlost ochlazov§n² v oblasti mezi teplotou 

austenitizace a dosaģen²m teploty cca 400-450ÁC. Ta by mŊla bĨt kontrolovanĨm parametrem 

s minim§ln² hodnotou 28ÁC/min. JedinŊ za t®to podm²nky lze minout oblast precipitace 

karbidŢ u materi§lŢ typu H11(1.2343) a H13(1.2344), znamenaj²c² zhorġen² r§zov® 

houģevnatosti materi§lu (Obr.4).  

Proto, aby materi§l pŚeģil tuto velkou rychlost ochlazov§n² bez trhlin a extr®mn²ch deformac² 

je nutn®, aby jeho tvar byl tomuto c²li uzpŢsoben. Daleko dŢleģitŊjġ² pro dalġ² vĨvoj 

ģivotnosti, v²ce neģ-li deformace, jsou tepelnĨm zpracov§n²m dosaģen® strukturn² vlastnosti 

materi§lu. Precipitace karbidŢ a extr®mn² rŢst velikosti austenitick®ho zrna jsou jedn²m ze 

z§kladn²ch zdrojŢ ne¼spŊchu. Extr®mn² rŢst zrna mŢģe v nŊkterĨch pŚ²padech vyvolat i 

nehomogenn² deformace hutn²ho polotovaru, nemus² tedy vģdy souviset s nadmŊrnou ļi 

nevhodnŊ zvolenou teplotou austenitizace.  Vġechny d²ly pro vysokorychlostn² ochlazov§n² 

mus² bĨt vybaveny minim§ln²mi radiusy R3-5 mm na vġech kritickĨch tvarech, mus² bĨt 

oġetŚena drsnost povrchu po obr§bŊn², a nesm² bĨt vytv§Śeny jak®koliv vruby, na kterĨch by 

se koncentrovalo napŊt². Je tedy obvykl®, ģe vĨrobce n§stroje svoje d²ly pŚiprav² tak, aby 

mohly podstoupit proces vysokorychlostn²ho ochlazov§n² bez ohledu na deformace. 

V opaļn®m pŚ²padŊ, jak§koliv vĨjimka z tohoto pravidla, mŢģe zpŢsobit a obvykle i vede 

ke zhorġen² mechanickĨch vlastnost² oceli.  

Rychlost ochlazov§n² nen² obvykle pŚedeps§na a volba je tedy na dodavateli tepeln®ho 

zpracov§n² vyjma pŚ²padŢ, kdy je objedn§no TZ dle Nadca.  Protoģe tento parametr nen² ani 

obecnŊ uv§dŊn na materi§lovĨch listech, pak lze jen velice obt²ģnŊ hovoŚit o parametru 

obvykl®m. Proto, aby bylo jednoznaļnŊ rozliġeno, zda-li tento parametr byl volen vhodnŊ 

nebo nevhodnŊ je nutno prov§dŊt objektivnŊjġ² hodnocen² TZ pomoc²  r§zovĨch zkouġek.   

Po kalen² mus² bĨt materi§l popuġtŊn, a to minim§lnŊ 2x. I pŚes veġkerou snahu o dokonļen² 

martenzitick® pŚemŊny obsahuje materi§l st§le jeġtŊ velk® mnoģstv² zbytkov®ho austenitu. 
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Obr. 4 ï ObecnĨ IRA diagram se zn§zornŊn²m kritickĨch oblast² pro materi§lu typu H13 

Pic. 4 ï CCT diagram H13 steel with critical regions and temperatures   

 

 

Jednak je to d§no polohou Mf, a jednak t²m, ģe se jedn§  o 3D tŊleso s heterogenn²m 

rozloģen²m teploty uvnitŚ. V okamģiku kdy je povrch ochlazen na 70 ÁC uvnitŚ tŊlesa se mŢģe 

nach§zet jeġtŊ i v²ce jak 50% zbytkov®ho austenitu.  Je tedy ot§zkou, kdy zapoļ²t s prvn²m 

popouġtŊn²m, kdyģ jeġtŊ nen² dokonļena pŚemŊna austenitu na martenzit.  

ZpŢsob obvyklĨ Ś²k§, ģe co nejdŚ²ve po kalen², jakmile d²l dos§hne teploty 50-70ÁC. 

Probl®mem ale je, ģe pr§vŊ pŚi dochlazov§n² je nejvŊtġ² nebezpeļ² vzniku trhlin vzhledem k 

tomu, ģe jsme ji pod Ms a doch§z² k superpozici pnut² jak z rozd²lu teplot, tak z f§zov® 

pŚemŊny. Proto dochlazov§n² v peci pod proudem plynu je aplikov§no obvykle aģ do dosaģen² 

Tc = 150ÁC (nŊkteŚ² vĨrobci ocel² doporuļuj² dochlazovat v peci aģ do 100ÁC), d§le pak jiģ 
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jen na voln®m vzduchu.  Ļas do dosaģen² Ts=Tc=50ÁC je pak v§z§na na hmotnost a tvar 

tŊlesa.   

Proto ļasov§ definice doby do prvn²ho popouġtŊn² je abstraktn² pojem a nelze jej povaģovat 

za pŚedem definovanĨ parametr. Dochlazov§n² po kalen² mus² bĨt ale Ś²zeno i po vyjmut² d²lu 

z pece. Z tohoto dŢvodu se na d²ly umisŠuje magneticky up²nanĨ (obvykle bimetalovĨ) 

teplomŊr a mŊŚ² se teplota povrchu d²lu pŚi dochlazov§n² mimo pec. O t®to f§zi procesu (proto 

obvykle) nen² z§znam.   

Po dosaģen² obvykl® teploty Ts=50 ÁC je moģno zapoļ²t s popouġtŊn²m, tato doba ale mŢģe 

trvat u rozmŊrnĨch n§strojŢ i nŊkolik hodin. RovnŊģ n§hled na tuto teplotu Ts=50ÁC je 

rozd²lnĨ mezi Nadca a nŊkterĨmi vĨrobci ocel². Z tohoto dŢvodu se postup obvyklĨ bude liġit 

dle zadavatele, a mŢģe se liġit i podle typu pouģit®ho materi§lu.  

PopouġtŊn² mus² provedeno  minim§lnŊ dvakr§t, a to s ohledem na nepopuġtŊnĨ martenzit 

vzniklĨ rozpadem ZA po prvn²m popouġtŊn². Pro n§roļnŊjġ² aplikace je vġak lepġ² popustit 

vġechny strukturn² sloģky minim§lnŊ 2x a proto 3-n§sobn® popouġtŊn² je nutnost². 

 

4. VħSTUPNĉ KONTROLA TEPELN£HO ZPRACOVĆNĉ  

 

Tak jak je dŢleģit§ vstupn² kontrola nakupovan®ho stavu materi§lu pro vylouļen² budouc²ch 

sporŢ, tak stejnŊ dŢleģit§ je kontrola stavu po TZ. Kontrola je prov§dŊna opŊt pomoc² 

r§zovĨch zkouġek na vzorku materi§lu, kterĨ proch§z² spolu s re§lnĨm d²lem celĨm 

pochodem tepeln®ho zpracov§n². V pŚ²padŊ, ģe r§zov® zkouġky nedos§hnou po TZ obvyklĨch 

hodnot KCV, dodavatel TZ je povinen prov®st opravn® tepeln® zpracov§n². ObecnŊ je shoda 

na tom, ģe je povoleno pouze jedno opravn® tepeln® zpracov§n². JeġtŊ ale pŚed jeho 

aplikov§n²m je nutno materi§l vyģ²hat na mŊkko. Podm²nky ģ²h§n² vyplĨvaj² buŅ z pŚedpisu 

dodavatele oceli a nebo Nadca, pokud jsou urļeny.  

V pŚ²padŊ, ģe ani opakovan® TZ ned§v§ odpov²daj²c² vĨsledky, a pŚitom vstupn² zkouġky 

testov§n² materi§lu jsou toleranci, poskytovatel TZ by mŊl bĨt povinen uhradit vġechny 

doposud vynaloģen® n§klady.  

 

  
 Stav ģ²hanĨ  

 Stav kalenĨ a 

popuġtŊnĨ   

   PrŢmŊr    Min    PrŢmŊr    Min   

   (J)   (J)   (J)   (J)  

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 r§zov® houģevnatosti KCV pŚed a po TZ dle Nadca [1] 

Tab.3 Theoretical values of toughness for steel documented by Nadca [1]  
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Obr. 5  R§zov§ houģevnatost materi§lu H13 pŚi rŢznĨch rychlostech ochlazov§n² a stejn® 

tvrdosti 45 HRC [3] 

Pic. 5  Toughness of H13 steel after different cooling speed on samples with the same 

hardness 45 HRc [3]  

 

Hodnocen² vĨsledku TZ pomoc² mŊŚen² tvrdosti je naprosto nedostateļn®. Je zn§mo, ģe 

vġechny typy struktur po TZ mohou m²t za urļitĨch okolnost² stejnou tvrdost, jen nŊkter® ale 

spr§vnou houģevnatost, pŚ²padnŊ zcela jin® dalġ² mechanick® vlastnosti a to jak pŚi okoln² tak 

i zvĨġen® teplotŊ.  

V pŚ²padŊ, ģe po TZ je tvrdost vyġġ² jak zadan§, pak je vhodn® zaŚadit 4. nebo i dalġ² 

popuġtŊn² na tvrdost poģadovanou.  Vych§z² se z toho, ģe zadavatel m§ exaktnŊ doloģen® 

dŢvody, proļ takto tvrdost stanovil a dodavatel TZ nem§ povinnost tyto dŢvody zkoumat.  

V pŚ²padŊ, ģe tvrdost po TZ je ale niģġ² neģ-li objednan§, pak bez znalosti r§zov® 

houģevnatosti nelze optim§lnŊ rozhodnout.  Vzhledem k tomu, ģe niģġ² tvrdost znamen§ vyġġ² 

houģevnatost,  obvykle je spolehlivŊjġ² materi§l uvolnit do pouģit², neģ-li jej opakovanŊ 

pŚepracov§vat. Krit®rium, kter® tento proces ale mŢģe rozhodnout, je pouze v r§zovĨch 

zkouġk§ch. Pokud tedy objednavatel tyto r§zov® zkouġky neprov§d² jako obvyklĨ zpŢsob 

testov§n², pak nelze ani oļek§vat, ģe by mohl bĨt ¼spŊġnĨ ve sporech o reklamaci TZ.    

 

5. VYMRAZOVĆNĉ  

 

Kryogenn² zpracov§n² ocel² pro pr§ci za tepla se doposud pŚev§ģnŊ uplatŔuje pro n§stroje na 

tv§Śen² za tepla. Proces vymrazen² je zaŚazen obvykle ihned po kalen² tak, aby pokles teploty 

pod Mf umoģnil dokonļit f§zovou pŚemŊnu. PŚi dalġ²m poklesu teploty pak doch§z² nejenom 

k dokonļen² rozpadu ZA ale i k precipitaci sekund§rn²ch karbidŢ zlepġuj²c²ch odolnost proti 

opotŚeben².  

 

 
 

Obr.ļ. 5 TypickĨ prŢbŊh teploty pŚi uplatnŊn² kryogenn²ho zpracov§n² [4] 

Pic. 5  Typical cryogenic treatment graph [4] 
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Z hlediska zmŊny r§zov® houģevnatosti nebyly shled§ny z§sadn² zmŊny v jej²ch hodnot§ch, 

byla ale zjiġtŊno vĨrazn® zlepġen² abrazivn²ch vlastnost² materi§lu. Proto tento zpŢsob 

dochlazov§n² je v²ce obvykl® u n§strojŢ pro tv§Śen² za tepla neģ-li u n§strojŢ pro tlakov® lit². 

Standard Nadca 207, rev. 2008 tento proces doposud nezn§.  

 

6. POVRCHOV£ ĐPRAVY 

 

Optim§ln² zpracov§n² ocel² pro pr§ci za tepla m§ za z§sadn²  ¼kol, t²m je nezhorġit vĨchoz² 

vlastnosti materi§lu. V ģ§dn®m pŚ²padŊ je ale nedok§ģe zlepġit. V pŚ²padŊ, ģe aplikace 

vyģaduje jin®, specifick® vlastnosti, pak je lze Śeġit dalġ²mi n§slednĨmi povrchovĨmi 

¼pravami.  

Jedn§ se buŅ o nitridaci, PVD vrstvy a nebo kombinac² oboj²ho, tzv. duplexn² povlaky.  

Tyto povrchov® ¼pravy pŚin§ġ² zlepġen² v tŊch pŚ²padech, kdy je potŚeba zmŊnit amplitudu 

tahovĨch nam§h§n² na tlakov® nebo kdyģ je potŚeba zabr§nit zvĨġen®mu opotŚeben² nebo 

difuzi tv§Śen®ho nebo odl®van®ho materi§lu do oceli.  Povrchov® ¼pravy maj² rovnŊģ vĨznam 

v okamģiku, kdy je potŚeba zabr§nit interakci zpracov§van®ho materi§lu s materi§lem 

n§stroje. U forem na tlakov® lit² se jedn§ pŚedevġ²m tzv. soldering,  tedy interakci povrchu 

n§stroje a Al.  

ĐspŊġnŊ se ale rozv²j² i procesy znamenaj²c² lepġ² z§bŊhov® vlastnosti materi§lu formy, jako 

napŚ. Ś²zen§ oxidace v pŚ²padŊ forem pro tlakov® lit². Jej² vĨhodou je  zlepġen² rovnomŊrnosti 

rozptĨlen² lubrikantu pŚi z§bŊhu n§stroje a t²m i lepġ² chlazen² povrchu s niģġ²m abrazivn²m 

¼ļinkem a pŚedevġ²m zamezen² pŚ²m®ho kontaktu hlin²ku a povrchu oceli v poļ§tku provozu, 

kdy forma jeġtŊ nen² zajet§ a je n§chyln§ k iniciaci mikroobjemovĨch center pro soldering a 

praskliny z tepeln® ¼navy. 

 

 

 
 

Obr. 6 ï Forma pro tlakov® lit² po procesu Ś²zen® oxidace  

Pic. 6  -  Die casting mould after process of oxidation    

 

7. ZĆVŉR  

 

Tepeln® zpracov§n² je kvalifikov§no jako zvl§ġtn² proces, jehoģ parametry maj² mnoho 

promŊnnĨch. Tyto parametry maj² nejenom technickĨ aspekt souvisej²c² s proveditelnost² 

procesu, maj² souvislost i s parametry obvyklĨmi,  kter® ovlivŔuj² pr§vn² str§nku vŊci. I pŚes 

vĨrazn® zlepġen² povŊdom² o tomto probl®mu lze konstatovat, ģe neust§lĨ ekonomickĨ tlak 

vede Śadu firem k vynech§n² z§kladn²ch, i kdyģ obvyklĨch operac²,  a v tom okamģiku pr§vn² 

str§nka vŊci se st§v§ obt²ģnŊ obhajitelnou.  
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ABSTRACT 

Tento pŚ²spŊvek vysvŊtluje potŚebu Glob§ln² datab§ze ochlazovac²ch intenzit pro kapaln§ 

kalic² m®dia za ¼ļelem pŚedpovŊdi tvrdosti, mikrostruktury, napŊt² a deformace po zakalen², 

pŚiļemģ mŊŚen² se prov§d² na re§lnĨch stroj²renskĨch d²lech se sloģitĨmi tvary. Souļasn® 

laboratorn² postupy pro vyhodnocen² ochlazovac² intenzity pouģ²vaj² mal® testovac² vzorky a 

pro vĨpoļet koeficientu pŚestupu tepla se pŚedpokl§d§ metoda soustŚedŊn® tepeln® kapacity. 

Byla vypracov§na metoda teplotn²ho gradientu pro vĨpoļet pŚestupu tepla za pouģit² 

Liġļiļovy/Petroferovy sondy. Byl vysvŊtlen vztah kritick® hustoty tepeln®ho toku k poļ§teļn² 

hustotŊ tepeln®ho toku. Je pŚedstaveno zvl§ġtn² zaŚ²zen² pro testov§n² intenzity kalen² v 

provozn²ch podm²nk§ch. Zm²nŊn je dvouf§zovĨ projekt Mezin§rodn² federace pro tepeln® 

zpracov§n² a povrchov® inģenĨrstv² (IFHTSE), kterĨ byl ned§vno schv§len.     

Kl²ļov§ slova: kalen², modelov§n², ochlazovac² intenzita, datab§ze 

 

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 

quenchants (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 

mailto:bliscic@fsb.hr
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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 Ĭ 60 mm. 

The results of these tests (temperature/time and temperature/cooling rate plots ï 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. 

 

 
a)   b) 

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: 

¶ To use small silver probe for evaluation of critical heat flux densities [1]. 

¶ To calculate the heat transfer coefficient based on testing by the Liscic/Petrofer 

probe and solving the inverse problem [2]. 

Fig. 1. Typical a) temperature/time and  b) 

temperature/cooling rate plots for test 

specimen 12.5 mm diameter Ĭ 60 mm 

quenched in oil, according to ISO 9950 ï 

Industrial quenching oils ïDetermination 

of cooling characteristics ï Laboratory test 

method 
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¶ 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 ï 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:  

¶ Description of chemical and physical properties; 

¶ Specification of test conditions;  

¶ Incorporate own testing methods; 

¶ 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; 

¶ 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;  

¶ Critical heat flux densities determined by e.g. Japanese New Silver Probe, according 

to JIS 2242- method B; 

¶ 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 ï 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
th
 Congress of the International Federation for Heat Treatment and Surface 

Engineering (IFHTSE) held on 17-20 October 2011 in Glasgow, U.K. the ñLiquid Quenchants 

Database Projectò 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 

( ) p

p l

d

d

T
Q hA T T c V

t
r= - =-

 
(1) 

where h is the heat transfer coefficient on the probe surface, A is the surface area of the probe, 

Tp the probe temperature, Tl the quenchant temperature, c the specific heat of the probe 

material, ɟ 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 Tl is uniform, the next relation is derived from 

equation (1): 

( ) p

p l

d

d

TV
q h T T c

A t
r
å õ

= - =-æ öç ÷
 

(2) 

where q is the heat flux on the probe surface, and 

p
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(3) 

The heat transfer coefficient can be directly calculated from the cooling rate dTp/dt, therefore 

the preciseness of q 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 Bi = h R/ɚ < 0.2, where R is the radius of the probe and ɚ is 

thermal conductivity (for silver ɚ 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-Capacity Method. 

 
a)      b) 

Fig. 2. a) Japanese New Silver Probe of 10 mm diameter Ĭ 30 mm according to JIS K 2242 ï 

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 ÁC 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. 

 

 
 

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 ÁC 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: 

T
q

x
l
µ

=
µ  

(4) 

where: q is the heat flux density (W/m
2
) that is the quantity of heat transferred through a 

surface unit per unit time, ɚ is the thermal conductivity of the body material (W/mK), ÖT/Öx 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 Ĭ 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 ÁC 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. 

Fig. 3. Examples of calculated heat transfer 

coefficients from the cooling curves shown in 

Fig. 2b [5]  
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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. Ĭ 80 mm and b) 80 mm Dia.Ĭ 320 mm, quenched in low viscous 

accelerated oil of 50 ÁC with medium agitation. 

  

   
a)       b) 

Fig. 5. Cooling curves measured by the probes of a) 20 mm Dia. Ĭ 80 mm and b) 80 mm 

Dia.Ĭ 320 mm, of the same design as the Liscic/Petrofer probe, quenched in low viscous 

accelerated oil of 50 ÁC 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. 

ad a) The probe of 80 mm Dia.Ĭ 320 mm has a mass of 13.6 kg, a ratio surface/volume of 

only    56 m
-1
, 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.Ĭ 80 mm has a mass of only 0.2 kg, a ratio surface/volume of 225
 
m

-

1
, 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 ÁC of 

the bigger probe (600 seconds ï see Fig. 5b) only 9.2 times longer than the complete cooling 

time for the smaller probe (65 seconds ï see Fig. 5a)? 

This can be explained by comparing the maxima of relevant temperature gradients: 

max. ȹT80 = 415 ÁC and max. ȹT20 = 114 ÁC, 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 ÁC, while for the big 

probe the same temperature gradient was only 8 ÁC, as shown in Fig. 5a, and Fig. 5b 

respectively. 

Fig. 4.  Cooling curves measured by the 

Liscic/Petrofer probe (50 mm Dia. Ĭ 

200 mm) quenched in low viscous 

accelerated oil of 50 ÁC with medium 

agitationagi 
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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: 

( )div grad
T

c T
t

r l
µ
=

µ  
(5) 

All physical properties: ɟ (density), c (specific heat capacity) and ɚ (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 Ŭ for the boundary condition at r = R: 

( )ex

T
T T

x
l a
µ
=- -

µ  
(6) 

where Tex is the measured external temperature of the quenchant. To determine Ŭ, the 

measured cooling curve at 1 mm below surface at r = r1 = R-1 mm is used. The inverse 

problem of computing Ŭ is solved by the following numerical procedure: 

1. Solve the heat conduction equation (5) within the spatial domain 0 < r < r1 with the 

measured 

      T = Tmes as a Dirichlet boundary condition at r = r1. 

2. Because r1 < R, extend the solution towards the boundary from r = r1 to r = R and 

3. Calculate Ŭ from equation (6) with measured Tex by using numerical differentiation. 

Á 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. 

Á 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. 

Á 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 Ŭ in step 3. 

Based on this calculation the heat transfer coefficient is determined as function of surface 

temperature ï see Fig. 6a, and as function of time ï see Fig. 6b. 
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a)        b)     

 

Fig. 6. a) Heat transfer coefficient for the Liscic/Petrofer probe (50 mm Dia. Ĭ 200 mm) 

quenched in low viscous accelerated quenching oil of 50 ÁC with medium agitation, ï as 

function of surface temperature; b) Heat transfer coefficient for the Liscic/Petrofer 

probe quenched in low viscous accelerated quenching oil of 50 ÁC with medium 

agitation, ï as function of time 

 

 

4.   CRITICAL HEAT FLUX DENSITIES ï 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 qcr1 and qcr2 

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 ï see Fig. 5a and 5b, prove this fact. 

 

 
 

Critical heat flux densities qcr1 and qcr2 are inherent properties of any vaporizable liquid. The 

first critical heat flux density qcr1 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. 

 

Fig. 7. Schematic presentation of the 

temperature gradient at the surface, in 

the very beginning of cooling a) for a 

cylinder of 20 mm Dia.Ĭ 80 mm and b) 

for a cylinder of 80 mm Dia.Ĭ 320 mm 
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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 qcr2 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 qcr1 and qcr2 that is true for all vaporizable liquids: 

cr1 cr25q q= ³
 (7) 

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

density can be: 

cr1 cr1 cr1; ;q q q q q qº
 (8) 

When q  qcr1 full film boiling (vapour blanket) will appear. When q å qcr1 transition boiling 

is observed. In case q  qcr1 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 qcr1 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 qcr1 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 qcr1 by 2-3 times. 

To provide for uniform cooling i.e. to eliminate distortion variation, the critical heat flux 

density qcr1 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 qcr1 and qcr2 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.Ĭ 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 ÁC to 80 ÁC, and a flow velocity (agitation rate) from 

0 to 1.4 m/s. 

     a)               b)     

 

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
3
 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
3
 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 ÁC; 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 quenchant 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 qcr1 and qcr2 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 

Ļl§nek popisuje dosaģen® vĨsledky a pouģit² nov® generace vakuovĨch pec² HPGQ 

(vysokotlak® kalen² inertn²m plynem).  Proveden² kalen² pŚi tlaku 25 barŢ umoģŔuje 

dos§hnout takovĨch vlastnost² pŚi vytvrzov§n², kter® jsou srovnateln® s hodnotami 

dosaģenĨmi pŚi pouģit² oleje, zat²mco vakuov§ cementace a nitridace nav²c vytv§Ś² velkĨ 

potenci§l pro spuġtŊn² odliġn®ho tepeln®ho zpracov§n² a termochemickĨch procesŢ a rovnŊģ i 

v²ce procesŢ kombinovanĨch do jedin®ho pecn²ho cyklu.  Sezn§m²me V§s s technickĨmi a 

technologickĨmi aspekty vyuģit² pece, pŚiļemģ budeme prezentovat sn²ģen² provozn²ch 

n§kladŢ a ¼spory energie. 

 Navzdory glob§ln²m ekonomickĨm obt²ģ²m pokraļuje vĨvoj vakuovĨch technologi² a 

vybaven² pro tepeln® zpracov§n² v aplikac²ch, kde vakuum pŚedstavuje nezbytnĨ z§klad 

vybaven² pece . Jedn§ se zejm®na o pece jednokomorov® vybaven® vysokotlakĨmi plynovĨmi 

kalic²mi syst®my (HPGQ). Intenzifikace plynov®ho kalen² umoģŔuje tepeln® zpracov§n² nejen 

legovanĨch ocel², ale i typŢ ocel² konvenļnŊ kalenĨch v oleji.  Doch§z² k trval®mu pokroku 

ve vakuov® cementaci (LPC ï FineCarbÈ, PreNitLPCÈ), kter§ pŚedstavuje st§le vŊtġ² 

konkurenci pro cementaci tradiļn². Nav²c se objevily prvn² aplikace vakuov® nitridace(LPN - 

FineLPNÈ).  

 Tyto pece jsou plnŊ automatick®, Ś²zen® poļ²taļem a vybaven® syst®my technick® 

podpory ve formŊ simulaļn²ho softwaru pro vakuovou cementaci (SimCarbÈ, SimHardÈ) a 

kalen² (G-Quench ProÈ). V souļasnosti jsou jednokomorov® vakuov® pece HPGQ schopny 

pracovat s celou Śadou technologi² tepeln®ho zpracov§n², jako napŚ²klad: ģ²h§n², tvrd® p§jen², 

slinov§n², kalen², popouġtŊn², cementov§n², nitridace atd. Tyto postupy tepeln®ho zpracov§n² 

lze prov§dŊt individu§lnŊ nebo je seskupovat do jedin®ho cyklu, napŚ. tvrd® p§jen² + 

cementace + kalen² + popouġtŊn² [1] nebo kalen² + popouġtŊn² + nitrifikace atd. D²ky tomu je 

pec HPGQ vġestrannĨm, pruģnĨm a v²ce¼ļelovĨm zaŚ²zen²m v sestavŊ pro tepeln® a 

chemicko-tepeln® zpracov§n², kter® zajiġŠuje vysokou kvalitu, opakovatelnost a spolehlivost 

pŚi minim§ln²ch n§kladech, kdy souļasnŊ zkracuje dobu zpracov§n² a spotŚebu energi² a 

surovin a z§roveŔ zachov§v§ neutralitu vŢļi okol² a pŚirozen®mu ģivotn²mu prostŚed². 

 

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 

mailto:m.korecki@secowarwick.com.pl
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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 ï FineCarbÈ, PreNitLPCÈ), which is becoming more and more 

competitive to traditional carburizing. Furthermore, first applications of vacuum nitriding 

have appeared (LPN - FineLPNÈ).  

Those furnaces are fully automatic, computer controlled and equipped with technical support 

systems in the form of simulation software for vacuum carburizing treatments (SimCarbÈ, 

SimHardÈ) and quenching (G-Quench ProÈ). 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 

single chamber HPGQ furnaces were only 

available in the pressure class of 10 ï 12 

bar, which enabled quenching of alloy 

steels, mainly tool and high speed steels 

(titanium and molybdenum), for cold and 

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 Ŭ at the level of 

300-500 W/m
2
K. The current standard is 

class 15 furnaces which feature cooling 

efficiency of 400-700 W/m
2
K and thus 

have a wider application range which 
Fig.1.  Furnace HPGQ 25 bar N2/He type 25.0VPT-

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
2
K, which enables quenching 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
o
C/min in the temperature 

range of 1030 do 540
o
F. The tests 

following the requirements, done on a 

400/400/400ò steel block in standard 

HPGQ furnaces confirmed the 

effectiveness of the latter in die hardening 

(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
o
C/min, 

900/800/1200 mm ï 55
o
C/min, and for 1200/1200/1800 ï 40

o
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 ï 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
o
C/min gave the impact strength of 17 J, the rate of 100

o
C/min 

produced approx. 24 J, while a significantly lower cooling rate of 8
o
C/min yielded a mere 8 J 

[6]. 

In the course of hardening it is equally 

important to achieve uniform cooling from 

all sides and to disallow extensive 

temperature differences between the 

surface and the core of a workpiece as 

these may lead to major distortions due to 

thermal stress and, in extreme cases, 

cracking or damaging of the tool.  

 It is for such considerations that the 

HPGQ furnaces are equipped with a 

system of controlled quench which 

provides for the adjustment of cooling rate 

according to one of the thermocouples 

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 

Fig.2. Cooling rate test for dies in HPGQ furnace 

size 600/600/900 mmôô (Seco/Warwick) 

 

Fig.3. The real trend of interrupted quench of the 

H13 tool 

 



                                                    22 ï 23 November 2011, Jihlava, Czech Republic 

 

 

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 of 

treatment results in the given 

circumstances. The G-Quench Pro
È
 

software offered with HPGQ furnaces by 

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 

simulation is a CCT graph with cooling 

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. 

 

THERMO -CHEMICAL TREATMENT IN HPGQ FURNACES 

  

 Vacuum carburizing by FineCarb
È
 

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 

FineCarb
È
 vacuum carburizing is the 

currently implemented method of 

carburizing preceded by nitriding - 

PreNitLPC
È
.  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).  

 

Fig.5. Sample workload after carburizing and 

hardening in vacuum furnace LPC+HPGQ type 

15.0VPT-4022/24 (Seco/Warwick) 

 

Fig.4. The tool steel hardening simulator G-Quench 

Pro
È
 (Seco/Warwick) 
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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 

temperature [11]. For 

comparison, carburizing 

with the PreNitLPCÈ 

method at the temperature 

of 1040oC is 4-5 times 

shorter than the one 

carried out at the 

conventional temperature 

of 925
o
C (Table 7).  

 

Due to their disequilibrous nature, running vacuum carburizing treatments requires a 

computer assistance. The SimVaCÈ  constitutes an integral part of the FineCarbÈ vacuum 

carburizing technology and of the expert 

system [12] which focuses on the 

development of the latter. It facilitates the 

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 SimVaCÈ is a sophisticated 

simulation software consisting of a vacuum 

carburizing module SimCarbÈ and a 

hardening module SimHardÈ (Fig. 8).   

It allows a high precision prediction 

of the results of real processes based on a 

process or an outcome simulation. The 

process simulation presents the effects of a 

preset process as a carbon profile and a case 

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). 

Case 
depth 

[mm] 

Carburising time for 16MnCr5 

925
o
C 950

o
C 980

o
C 1000

o
C 1020

o
C 1040

o
C 

0.5 1h23m 0h57m 0h39m 0h30m 0h24m 0h19m 

1.0 5h30m 3h50m 2h35m 2h00m 1h35m 1h15m 

2.0 22h00m 15h10m 10h20m 8h00m 6h10m 4h50m 

 100 % 69 % 47 % 36 % 28 % 22 % 

Fig.6. The comparison of grain size 

after the LPC and PreNitLPC
È
 

treatment at 1000
o
C for steel 

18CrNiMo7-6 

 

Fig.8. The structure of SimVaC
È
 simulator ï 

vacuum carburizing and hardening 

(Seco/Warwick 
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Similarly to vacuum carburizing, 

the HPGQ furnaces may be used for 

vacuum nitriding (already functioning in 

the PreNitLPCÈ 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 

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.  

 

 

Austenitization was effected at the temperature of 1030oC, followed by hardening in 

12 bar nitrogen, then twice tempered at 570oC/2 h and finally nitrided at the temperature of 

540oC 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). 

 

Fig.9. The outcome of SimVaC
È
 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
o
C the case obtained was 1.40 

mm for steel 20MnCr5 

 

Fig.10. The trend  of complex heat treatment 

process of tool steel H11 

 

Fig.11. The hardness profile and 

microstructure obtained after complex 

treatment for steel 1.2343 
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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) 

 

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 (PreNitLPCÈ). 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. 

- A substantial 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 ï 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.  
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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 PreNitLPCÈ 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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1.ABSTRACT 

Podtlakov§ cementace (LPC) jako modern² progresivn² technologie pŚedstavuje budoucnost 

cementaļn²ch procesŢ. Dovoluje v®st procesy pŚi vysokĨch nauhliļovac²ch teplot§ch, ļ²mģ 

umoģŔuje z²sk§vat hlubġ² vrstvy za kratġ² ļas. Podtlakov§ cementace m§ nespornŊ mnoho 

vĨhod, pŚesto existuj² urļit® limity z hlediska kvality z²sk§van® mikrostruktury oceli, kter® 

souvis² zejm®na s pouģit²m vysok® teploty bŊhem nauhliļen². PŚedch§zen² rŢstu 

austenitick®ho zrna, vysok§ rovnomŊrnost vrstvy, kratġ² proces cementace, prevence 

vysok®ho pod²lu zbytkov®ho austenitu jsou pŚ²klady benefitŢ, kter® technologie PreNitLPCÈ 

pŚin§ġ². Ekonomick® ¼spory jsou jen dalġ²m dopadem aplikac² PreNitLPCÈ  . V tomto 

pŚ²spŊvku jsou shrnuty komplexn² vĨsledky z aplikac² technologie PreNitLPCÈ  

v podm²nk§ch zak§zkov® kal²rny. 

 

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. PreNitLPCÈ 

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 PreNitLPCÈ benefits. 

Economic savings are subsequent impact of PreNitLPCÈ applications. The article offers 

experiences with real applications of PreNitLPCÈ technology in conditions of commercial 

heat treatment shop with comprehensive evaluation of  PreNitLPCÈ effects. 

 

 

2. PreNitLPC
È 

  

 

Technologie PreNitLPC
È 
byla vyvinuta Đstavem materi§lovĨch vŊd a inģenĨrstv² na 

Technick® UniverzitŊ v Lodģi ve spolupr§ci s firmou Seco / Warwick S.A.  jako dalġ² krok ve 

vĨvoji podtlakov® cementace FineCarb
È
 . S vyuģit²m pŚednitridace povrchu posunula 

technologie PreNitLPC
È 

  podtlakovou cementaci  smŊrem k vyġġ²m nauhliļovac²m teplot§m 

a umoģŔuje tak vĨznamnĨm zpŢsobem ġetŚit n§klady na tepeln® zpracov§n² a  vyuģit² ġirġ² 

ġk§ly ocel² neģ je pro podtlakovou cementaci bŊģn®.  

Technicky je proces zaloģen na d§vkov§n² ļpavku do komory vakuov® pece bŊhem 

nepŚetrģit®ho ohŚevu na cementaļn² teplotu v intervalu 400Á-800ÁC. Dus²k, vpravenĨ do 

povrchov® vrstvy oceli, podporuje proces cementace akcelerac² difuze uhl²ku, redukc² 

tendence tvorby karbidŢ, a co je nejdŢleģitŊjġ², znaļnŊ limituje rŢst austenitick®ho zrna. Takto 

vytvoŚen§ vrstva se vyznaļuje vĨbornou mikrostrukturou a vyhovuj²c²mi mechanickĨmi 

mailto:p.salabova@prikner.cz
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vlastnostmi, kter® rozhodnŊ nejsou horġ² ve srovn§n² s vrstvou vytvoŚenou pŚi niģġ²ch 

teplot§ch. 

S vyuģit²m vlastnost² technologie PreNitLPC
È
 je 

moģn® prov§dŊt cementaļn² procesy pŚi 

teplot§ch vyġġ²ch jak 1000ÁC, coģ vede 

k vĨznamnĨm ekonomickĨm ¼spor§m   

v n§kladech na tepeln® zpracov§n².        

[ 1,2,3 ]                                                            

 

                                                                                      

                                                                                                 

 

 

 

3. PřĉPADOVĆ   STUDIE 

 

Vliv aplikace technologie PreNitLPC
È 

 na strukturu a vlastnosti cementovan® oceli bude 

pŚedveden na pŚ²padov® studii standardn²ho LPC procesu: 

Á Teplota cementace 1000ÁC 

Á Veden² procesu v 9 period§ch (sycen² ï difuze) 

Á Kalkulovan§ povrchov§ koncentrace uhl²ku po procesu 0,7 % 

Á Kalen² pŚ²mo po cementaci z teploty 820ÁC tlakem 15 bar dus²ku 

Á PopouġtŊn² pŚi 200ÁC/ 2 hod. 

Poļ²taļov§ simulace v program SimVac koresponduje s uģit²m oceli 16MnCr5, ale do studie 

byly zahrnuty tak® CrNi oceli a ocel 14 220. 

PopsanĨ proces  byl aplikov§n na uveden® vzorky ocel² jako standardn² podtlakov§ cementace 

(LPC) a pro srovn§n² za stejnĨch podm²nek pŚi pouģit² technologie PreNitLPC
È 

 . Dosaģen® 

vĨsledky budeme nyn² porovn§vat a demonstrovat na nich pŚ²nosy aplikace PreNitLPC
È 

 . 

 

 
 

Obr.2 Poļ²taļov§ simulace procesu pŚ²padov® studie v programu SimVac 

Fig.2 Simulation of case carburizing study made in SimVac software 

 

 

Obr.1 Proces PreNitLPC
È
 

Fig.1 PreNitLPC
È
 process 
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Graf 1 Porovn§n² dosaģen® hloubky Eht 

Graph 1 Reached Eht comparison 

Graf 2 Povrchov§ koncentrace uhl²ku  

Graph 2 Carbon surface concentration 

Graf 3 Velikost austenitick®ho zrna  

Graph 3 Austenitic grain size 

3.1. Dosaģen§ hloubka cementovan® vrstvy (Eht, CHD) 

 

Dosaģen® parametry cementovan® vrstvy lze porovn§vat 

z rŢznĨch hledisek v z§vislosti na druhu procesu a 

jakosti hodnocen® oceli (Graf 1). Dosaģen² urļit® 

hloubky cementovan® vrstvy je z§visl® pŚedevġ²m na 

typu pouģit® oceli. ObecnŊ se ukazuje, ģe CrNi oceli 

reaguj² mnohem pozitivnŊji a citlivŊji na zpŢsob 

cementace, vļetnŊ aplikace PreNitLPC
È 

 . Proto jsou 

tyto oceli schopn® dos§hnout aģ o ı  hlubġ² vrstvu pŚi 

aplikaci pŚednitridace povrchu. Na prvn² pohled se 

rozd²l nezd§ velkĨ, v cementovan® vrstvŊ CrNi ocel² 

je vġak ukrytĨ jeġtŊ jeden vĨznamnĨ efekt, kterĨ 

napom§h§ vĨznamn® diferenciaci cementace tohoto  

druhu oceli od jinĨch. 

V pŚ²padŊ, ģe byla aplikov§na technologie PreNitLPC
È
 

na CrNi oceli, bylo zjiġtŊno, ģe na povrchu povrchov§ 

koncentrace uhl²ku zŢst§v§ vyġġ² v porovn§n² se 

standardn²m LPC procesem (Graf 2). Rozd²l 

v koncentrac²ch ļin² kolem 0,07 ï 0,08 % uhl²ku, coģ je 

dostateļn§ z§soba k vytvoŚen² hlubġ² cementaļn² vrstvy 

(v Ś§du desetin )  nebo zkr§cen² doby procesu aģ o 1 

hodinu. 

 

 

 

 

 

3.2. Velikost austenitick®ho zrna 

 

Na cementovanĨch vzorc²ch byla hodnocena 

velikost austenitick®ho zrna jak v cementovan® 

vrstvŊ, tak v j§dŚe vzorkŢ, viz. Graf 3. Ļerven§ 

linie v grafu oznaļuje maxim§ln² velikost 

austenitick®ho zrna, kter§ je  standardnŊ 

poģadovan§. Velikost zrna niģġ² jak 5 jiģ nen² 

akceptovateln§. 

Jak vyplĨv§ z grafu, ģ§dn§ ocel cementovan§ 

standardn²m LPC procesem pŚi 1000ÁC hodnocen² 

prakticky nevyhovŊla pr§vŊ z dŢvodu n§rŢstu 

austenitick®ho zrna na nepŚ²pustnou velikost. 

Proti tomu stoj² analĨza vĨsledkŢ po cementaci 

technologi² PreNitLPC
È 

 . Vġechny vzorky ocel², vļetnŊ ocel² CrNi, kter® jsou zn§m® svou 

n§chylnost² k hrubnut² zrna, vyhovŊly poģadavkŢm. V tomto parametru cementovan® vrstvy 

spoļ²v§ jeden z nejvŊtġ²ch rozd²lŢ mezi standardn²m procesem podtlakov® cementace a 

aplikac² pŚednitridace povrchu. 

Velikost zrna hodnocen§ v j§dŚe se nijak vĨraznŊ nemŊnila a t®mŊŚ vġechny vzorky maj² 

vyhovuj²c² zrno. 

 

 



                                                    22 ï 23 November 2011, Jihlava, Czech Republic 

 

 

Obr 3 Struktura oceli 16MnCr5 po 

podtlakov® cementaci  

Fig 3 16MnCr5 microstructure after 

LPC and PreNit comparison 

Obr 4 Struktura oceli 18CrNiMo7-6 

po   podtlakov® cementaci  

Fig 4 18CrNiMO7-6 microstructure  

after LPC and PreNit comparison 

Graf 5 Vliv teploty 

Graph 5 Temperature 

impact 

3.3. Mikrostruktura cementovan® vrstvy 

 

Hodnocen² mikrostruktur§ln²ch charakteristik cementovan® vrstvy nejv²ce vypov²d§ o 

pŚ²nosech technologie PreNitLPC
È
. Na Obr.3 mŢģeme porovn§vat mikrostrukturu 

cementovan® oceli 16MnCr5 po  standardn² LPC pŚi 1000ÁC  a po aplikaci PreNitLPC
È
 za 

stejnĨch podm²nek. 

Ve struktuŚe oceli 16MnCr5 se vyskytuj² ļetn® 

ostrŢvky cementitu, a to nejen v exponovanĨch 

oblastech rohŢ, ale i v m²stech s rovnĨm povrchem 

vzorku. PŚiļemģ vĨskyt cementitickĨch struktur je 

vĨslovnŊ neģ§douc² pro jakoukoliv cementovanou 

strukturu! Obsah zbytkov®ho austenitu ve vrstvŊ se 

pohybuje v rozmez² 15-20%. 

Na spodn² dvojici obr§zku jsou struktury po aplikaci 

PreNitLPC
È
. Tyto struktury jsou prost® cementitu, 

bez viditelnĨch jinĨch strukturn²ch defektŢ, 

s jemnĨm austenitickĨm zrnem. Tak® d²ky tomu je 

pod²l obdrģen®ho zbytkov®ho austenitu o dva Ś§dy 

menġ², v rozmez² 5-10%. 

 

Rozd²ly jsou jeġtŊ v²ce viditeln® v pŚ²padŊ 

hodnocen² CrNi ocel² (Obr. 4). Jak jiģ bylo 

pops§no, tento druh ocel² je velmi citlivĨ k hrubnut² 

zrna pŚi vyġġ²ch teplot§ch. To se po kalen² projev² 

n§rŢstem jehlic martenzitu, kter® vyrostou tak 

velk®, jak velk® bylo zrno austenitu pŚed kalen²m. 

PŚiļemģ pŚ²liġ dlouh® jehlice martenzitu vn§ġej² do 

struktury kŚehkost. KromŊ toho, ostrŢvky cementitu 

jsou ve srovn§n² s ocel² 16MnCr5 masivnŊjġ². 

Obsah zbytkov®ho austenitu narostl na ne¼nosnĨch  

20-30%.  

OġetŚen²m struktury pŚednitridac² povrchu se 

podaŚilo mikrostrukturu natolik stabilizovat, ģe 

neobsahuje cementitick® ¼tvary, velikost zrna je  

pŚimŊŚen§ a obsah zbytkov®ho austenitu po kalen² a popuġtŊn² na 200ÁC se sn²ģil na 15-20%. 

Tento vliv technologie PreNitLPC
È
 byl ovŊŚen i na vrstv§ch 2 a 3 mm, pŚi cementaļn²ch 

teplot§ch 1050ÁC a vģdy s pozitivn²m vyhovuj²c²m vĨsledkem v oblasti hodnocen² 

mikrostruktury. 

 

4. EKONOMICK£ HODNOCENĉ PROCESš PřI APLIKACI PreNitLPC
È 

  

 

JednoznaļnŊ pozitivn² pŚ²nos technologie PreNitLPC
È 

 spoļ²v§ 

v pouģ²v§n² vysokĨch nauhliļovac²ch teplot pŚi souļasn®m zachov§n² 

vynikaj²c² mikrostruktury oceli a jej²ch mechanickĨch vlastnost², 

zat²mco bŊģn§ podtlakov§ cementace je limitov§na jiģ pŚi teplotŊ 

1000ÁC. 

Na Grafu 5 je demonstrov§n vliv teploty cementace na dosaģen² 

poģadovan® hloubky Eht. Dos§hneme-li pŚi teplotŊ 950ÁC 100% 
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poģadovan® hloubky Eht, pak pŚi nauhliļovac² teplotŊ 1000ÁC obdrģ²me za stejnĨ ļas 150% 

Eht a pŚi teplotŊ cementace 1050ÁC dokonce 220% Eht ! Tato z§vislost se zd§ bĨt line§rn², 

z praxe vġak v²me, ģe je mnohem v²ce exponenci§ln². 

PŚevedeme-li tyto technick® parametry do tabulky, kter§ hodnot² ekonomick® ukazatele 

procesu, dostaneme porovn§n² re§lnĨch ļasŢ cementace. Tab.1 porovn§v§ celkov® doby 

cementaļn²ch procesŢ oceli 16MnCr5, tzn. pro cementaci v plynu ļas od zaloģen² vs§zky do 

pece 750ÁC, ohŚev na cementaļn² teplotu, cementaci, ochlazen² na kal²c² teplotu, kalen² do 

soln® l§znŊ a nezbytn® pran². V pŚ²padŊ cementace ve vakuov® peci byl do hodnocen² zahrnut 

ļas od zaloģen² vs§zky do vytaģen² ġarģe z pece pŚi pokojov® teplotŊ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Tab.1 Porovn§n² celkov§ doby cementace oceli 16MnCr5 

Tab.1 Total carburizing time comparison for 16MnCr5 steel 

 

Pro teplotu cementace 1000ÁC jsou v tabulce uvedeny dvoje ¼daje ï jednou jako standardn² 

LPC cementace, jednou s pouģit²m PreNitLPC
È
. Z uvedenĨch ¼dajŢ je jasnŊ patrn®, ģe pŚi 

stejnĨch parametrech nauhliļovac²ho procesu lze aplikac² PreNitLPC
È
 zkr§tit ļas potŚebnĨ 

k dosaģen² stejn® hloubky vrstvy aģ o des²tky procent, pŚiļemģ ¼spory se s narŢstaj²c² 

hloubkou cementace zvyġuj². U cementac² kolem 5 mm mohou ļinit aģ 40%. Naopak, pro 

velice kr§tk® procesy se do doby cementace prom²t§ ponŊkud delġ² doba ohŚevu, pŚi kter® se 

prov§d² pŚednitridace povrchu a vyuģit² t®to technologie potom nen² optim§ln².  

Z pohledu srovn§n² podtlakov® cementace vs. cementace v plynu lze uspoŚit pro 1 mm 

hloubku cementace 20-50% ļasu v pŚ²padŊ standardn² podtlakov® cementace a aģ 65% pŚi 

aplikaci PreNitLPC
È
.  Vġechny ļasov® ¼daje lze samozŚejmŊ velmi jednoduġe pŚepoļ²tat na 

¼sporu finanļn²ch prostŚedkŢ. 

 

 

5. ZĆVŉR 

 

Z§mŊrem ļl§nku bylo zhodnotit vĨsledky aplikac² technologie PreNitLPC
È
 v porovn§n² se 

standardn² podtlakovou cementac² a vyvodit jej² pŚ²nos pro uģit² v ġirok® praxi tepeln®ho 

zpracov§n². Za t²m ¼ļelem byla provedena Śada zkouġek, pro kter® byla stanovena pŚesn§ 

pravidla. Testovac² ġarģe mŊly shodn® parametry v teplotŊ a prŢbŊhu procesu, kalen² a 

popouġtŊn². Z§vŊrem lze konstatovat, ģe technologie PreNitLPC
È
 umoģŔuje: 

 

V Cementaci pŚi teplot§ch vyġġ²ch jak 1000ÁC bez negativn²ho vlivu na kvalitu 
cementaļn² vrstvy, a to zejm®na u CrNi ocel² 

V Pouģit² ġirġ² ġk§ly ocel² pro podtlakovou cementaci neģ je bŊģn®, zejm®na u 

n²zkolegovanĨch a nelegovanĨch ocel² 
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V Dodrģen² velmi vysok® kvality cementovanĨch vrstev, zejm®na omezen² hrubnut² 
austenitick®ho zrna, tendence vyluļov§n² karbidŢ, tvorba neģ§douc²ch struktur ( 

cementit, zbytkovĨ austenit) 

V Đspora n§kladŢ na chemicko-tepeln® zpracov§n² zkr§cen²m ļasu cementace aģ o 

des²tky procent 
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ABSTRACT 

Vakuov® pece s kalen²m v plynu a v kalic²m oleji jsou zn§my kvalitou zpracov§n², 

spolehlivost² a reprodukovatelnost² dosaģenĨch vĨsledkŢ po tepeln®m zpracov§n². Pouģit²m 

rŢznĨch zpŢsobŢ chlazen² je moģn® pŚizpŢsobit pec specifickĨm potŚeb§m pro danou aplikaci. 

Souļasn® metody obr§bŊn² slitin umoģŔuj² vytv§Śet tvarovŊ sloģit® d²ly o velkĨch rozmŊrech 

s velmi vysokou pŚesnost². Poģadovan® mechanick® vlastnosti se stanovuj² s ohledem na 

ļinnost, pro kterou budou pozdŊji pouģ²v§ny. 

Tepeln® zpracov§n² je ovġem nutn® pŚizpŢsobit pro kaģdou souļ§st s ohledem na jej² sloģen², 

geometrii a vlastnosti tak, aby bylo dosaģeno poģadovanĨch vĨsledkŢ. 

Vakuov® zpracov§n² n§m d§v§ moģnost pŚizpŢsoben² cyklu pomoc² pŚesn®ho ovl§d§n² 

nŊkolika parametrŢ bŊhem ochlazovac² f§ze. Po kr§tk®m uveden² principu ochlazov§n² ve 

vakuov® peci budou pŚedstaveny 3 pŚ²klady prŢmyslov®ho tepeln®ho zpracov§n² masivn²ch 

d²lŢ v peci s kalen²m v pŚetlakov®m plynu s pŚizpŢsobenĨm Śeġen²m ochlazov§n².  

Pot® co kalen² v pŚetlakov®m plynu narazilo na limity kvŢli omezenĨm rozmŊrŢm 

zpracov§vanĨch souļ§st² a obsahu leguj²c²ch prvkŢ, stalo se vakuov® kalen² v oleji 

atraktivn²m Śeġen²m s dokonce jeġtŊ vŊtġ² spolehlivost² a reprodukovatelnost² dosaģenĨch 

vĨsledkŢ. Tato technologie je pŚedstavena jako ekonomick® doplŔkov® Śeġen² ve vakuov®m 

tepeln®m zpracov§n², v pŚ²padŊ potŚeby vyroben² vysoce kvalitn²ch materi§lŢ. 

 

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 

quenching becomes an attractive solution with even better quality reliability and 
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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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ABSTRACT 

StejnŊ jako v jinĨch procesech tepeln®ho zpracov§n² tak® i ve vakuovĨch pec²ch s grafitovou 

izolac² se na nutnou provozn² teplotu zahŚ²vaj² nejen zpracov§van® d²ly, ale i topn® prvky a 

cel§ topn§ komora. BŊhem tohoto procesu je velk® mnoģstv² dodan® energie spotŚebov§no na 

vytopen² neuģiteļn® Ămrtv® hmotyñ v topn® komoŚe. PŚi n§sledn®m kalen² v pŚetlaku plynu 

teplo uloģen® ve vs§zce stejnŊ jako v topn® komoŚe opŊt br§n² v pŚed§n² energie. 

Vakuov® pece s inovativn² konstrukc² topn® komory jako syst®m *eSS* SCHMETZ 

spotŚebuj² m®nŊ elektrick® energie d²ky menġ²m ĂzbyteļnĨm ztr§t§mñ, a z§roveŔ se zkracuje 

doba ohŚevu vs§zky. Vzhledem k optimalizaci zaŚ²zen² pro veden² plynu se vstŚikovĨmi 

tryskami je moģn® dos§hnout vyġġ² ochlazovac² 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 ñdead 

massò 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 ñempty lossesò. 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 THERMO PROCESS 

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 

mailto:andreas.dappa@schmetz.de
http://www.schmetz.de/
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efficiency of industrial furnaces. Investments provide a double benefit: for the operating costs 

and for the environment. 

ñThe most environmental friendly and safest kilowatt hour is the one that is not consumedñ 

(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 ñEnergy using Productsò-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 ñdead massesò of the hot zone. The bigger the 

hot zoneôs 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 volumeôs 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 Ădead lossesñ. These ñdead lossesò 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 

zoneôs insulation from the usual 40 mm (for example ñSIGRATHERMò) to 60 mm reduces 

the ñdead lossesò 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 ñdead massesò have to be minimized. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 ï gas 

distribution plates made of hard graphite (pic. 5) ï 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 l x 

h) with one gas inlet and gas outlet opening each. Here the energy need of the ñdead massò 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.o. 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 



                                                    22 ï 23 November 2011, Jihlava, Czech Republic 

 

 

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 ï 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 l 

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 º 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). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 TH E COOLING SPEED AT THE PART AND OPTIMIZI NG 

THE QUENCHING HOMOGE NEITY  

 

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 l 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 ï HFT Biel, Switzerland, also at a smaller vacuum furnace with the 

dimensions of useful space 400 x 600 x 400 mm (w x l x h) with the new nozzle plate 

compared to the standard gas distribution plates. 
 

 

5.0 PROFITABILITY AN D 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 ú 0,12 per kWh and a smaller in-house heat treatment 

department has to pay ú 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 l 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 ú 0,15 per kWh (incl. power ratio of the supplier) the current costs 

for the hardening operation of this standard furnace would be ú 73,500.00 per year. 

Thus an average current consumption reduction of 15 % saves ú 11,025.00 per year here.  The 

equipment with increased hot zone insulation and nozzle plates for this furnace size 

additionally costs about ú 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 ú 11,025.00 = ú 88,200.00. Considering the additional 

investment costs this means a profit of ú 63,200.00 (ú 88,200.00 - ú 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 ï 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: ñThe 

most environmental friendly and safest kilowatt hour is the one that is not consumedñ. 
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Stefan Heineck 
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ABSTRACT 

Pro Ś²zen² podtlakovĨch procesŢ napŚ. cementace je moģn® pouģ²t ļidlo analyzuj²c²  vod²k na 

principu tepeln® vodivosti. VĨstup ļidla dobŚe koreluje s nauhliļuj²c²m ¼ļinkem podtlakov® 

cementace. Vod²kov§ sonda pŚedstavuje doplŔuj²c² informaci ke st§vaj²c²m Ś²zen² procesu. 

Bude pŚedstaven syst®m uģivatelsk®ho zad§v§n² programŢ pomoc² krokov® vizualizace na 

pŚ²kladu podtlakov® 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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ABSTRACT 

Numerick® modelov§n² technologickĨch procesŢ pomoc² metody koneļnĨch prvkŢ nebo 

jinĨch matematickĨch metod patŚ² mezi bŊģn® n§stroje pro n§vrh technologickĨch postupŢ, 

kter® jsou ļasto pouģ²v§ny v rŢznĨch prŢmyslovĨch oborech. Đļeln® vyuģit² numerick® 

simulace vede obvykle k vĨrazn®mu zvĨġen² efektivity vĨvoje novĨch technologi². V oblasti 

tepeln®ho zpracov§n² jsou bŊģnŊ prov§dŊny simulace kvŢli predikci pnut² a trhlin 

souvisej²c²ch s ohŚevem a ochlazov§n²m materi§lu. U procesŢ spojenĨch s difuzn²m sycen²m 

povrchu souļ§st² a n§slednĨm tepelnĨm zpracov§n²m (napŚ. cementace) je vġak poļ²taļov§ 

simulace vyuģ²v§na jen velmi zŚ²dka. Souvis² to pŚedevġ²m s vĨraznŊ vyġġ²m poļtem 

technologickĨch parametrŢ, kter® mus² simulace podchytit. Oproti klasick®mu tepeln®mu 

zpracov§n² je nav²c tŚeba zohlednit chemickĨ potenci§l syt²c²ho prostŚed², difuzn² souļinitele 

a dalġ² parametry, jejichģ pŚesn® hodnoty nen² snadn® stanovit. 

V tomto ļl§nku je pops§n numerickĨ model cementace a n§sledn®ho tepeln®ho zpracov§n² 

ocelovĨch ozubenĨch kol. V modelu sestaven®m ve spoleļnosti COMTES FHT a.s. pro 

simulaļn² software DEFORM HT byly zohlednŊny rŢzn® rychlosti difuzn²ho sycen² 

v z§vislosti na nastaven®m uhl²kov®m potenci§lu. Simulace umoģŔuje s pomŊrnŊ vysokou 

pŚesnost² pŚedpovŊdŊt hloubkovĨ profil koncentrace uhl²ku pŚi rŢzn®m nastaven² parametrŢ 

cementaļn²ho procesu. D§le model umoģŔuje predikovat vĨsledn® rozloģen² f§z², profil 

tvrdosti a velikost (resp. smŊr) deformac² po kalen² v rŢznĨch kalic²ch m®di²ch. 

 

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 

mailto:pavel.suchmann@comtesfht.cz
mailto:bdostal@wikov.com
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also describe the resulting distribution of phases, hardness profile and distortion upon 

quenching in various quenching media. 

 

 

1 ĐVOD 

U ozuben®ho kola z materi§lu 18CrNiMo7-6 zn§zornŊn®ho na obr. 1 se po cementaci a 

n§sledn®m kalen² pravidelnŊ vyskytovaly deformace zubŢ. C²lem provedenĨch prac² bylo 

vytvoŚit komplexn² numerickĨ model pro analĨzu vlivu jednotlivĨch technologickĨch 

parametrŢ (teplota cementace, uhl²kovĨ potenci§l, teplota austenitizace, kalic² m®dium aj.) na 

vznik a intenzitu tŊchto deformac² a pomoc² tohoto modelu nal®zt zpŢsob, jak deformace 

ozuben®ho kola minimalizovat. 

 
Obr. 1: VĨkres ozuben®ho kola urļen®ho k cementaci 

 

2 VSTUPNĉ DATA PRO VħPOĻET 

VĨpoļet byl proveden na vĨŚezu kola, kterĨ byl zvolen tak, aby obsahoval jeden zub v cel® 

d®lce. Geometrie pouģit§ pro vĨpoļet neobsahovala d²ry, coģ bylo dalġ² nutn® zjednoduġen² 

kvŢli zkr§cen² potŚebn®ho ļasu pro vĨpoļet. Na ŚezovĨch rovin§ch byla d§le aplikov§na 

podm²nka rovinn® symetrie. T²m bylo zajiġtŊno, ģe se segment pŚi vĨpoļtu choval stejnŊ, jako 

by se nejednalo o vĨŚez. KvŢli zpŚesnŊn² vĨsledkŢ v oblasti zubŢ byla s²Š uzlŢ pro numerickĨ 

vĨpoļet v t®to ļ§sti zjemnŊna. PouģitĨ segment vļetnŊ s²tŊ koneļnĨch prvkŢ je zn§zornŊn na 

obr. 2. 

 
Obr. 2: Segment kola pouģitĨ pŚi vĨpoļtu 
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Charakter prostŚed², ve kter®m se kolo nach§z² v prŢbŊhu cementace a n§sledn®ho kalen², byl 

v numerick®m modelu pops§n pomoc² n§sleduj²c²ch okrajovĨch podm²nek: 

¶ prŢbŊh teploty 

¶ koeficienty pŚestupu tepla 

¶ uhl²kovĨ potenci§l 

 

Zat²mco teplotn² kŚivky a hodnoty uhl²kov®ho potenci§lu bylo moģn® pŚevz²t pŚ²mo 

z technologick®ho postupu dodan®ho z§kazn²kem (viz diagramy na obr. 3 a 4), hodnoty 

koeficientŢ pŚestupu tepla pro rŢzn® f§ze procesu musely bĨt stanoveny na z§kladŊ 

dostupnĨch ¼dajŢ v odborn® literatuŚe a dŚ²ve provedenĨch mŊŚen² v laboratoŚ²ch spoleļnosti 

COMTES FHT. Koeficient pŚestupu tepla pro ohŚev a ochlazov§n² v peci byl zvolen 

konstantn², s hodnotou 0,1 N/(s.mm.ÁC). Pro kalen² do oleje o teplotŊ 60ÁC byl pouģit 

koeficient pŚestupu tepla podle grafu na obr. 5 a pro dochlazen² na vzduchu (po dosaģen² 

teploty kola pod 100ÁC) byl pouģit opŊt konstantn² koeficient s hodnotou 0,02 N/(s.mm.ÁC). 

 

 
Obr. 3: PrŢbŊh teploty bŊhem cementace a kalen² kola 

 

 
Obr. 4: PrŢbŊh uhl²kov®ho potenci§lu v peci bŊhem cementace a kalen² kola 
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Obr. 5: PrŢbŊh koeficientu pŚestupu tepla pŚi kalen² do oleje 

 

 

Z kŚivky uhl²kov®ho potenci§lu zn§zornŊn® na obr. 4 bylo nutn® odvodit koeficienty rychlosti 

reakce uhl²ku pouģit® pŚi vĨpoļtu. Pro prvn² zkuġebn² vĨpoļet byl zvolen konstantn² 

koeficient (resp. jeho hodnota byla pouze funkc² uhl²kov®ho potenci§lu), coģ se vġak uk§zalo 

jako nevhodn® vzhledem k tomu, ģe rychlost difuze silnŊ z§vis² na teplotŊ, kter§ se bŊhem 

cel®ho procesu pohybuje ve znaļn®m rozpŊt². Z tohoto dŢvodu byl koeficient rychlosti reakce 

uhl²ku zad§n jako funkce teploty, viz obr. 6. 

 

 
Obr. 6: PrŢbŊh rychlosti reakce uhl²ku v z§vislosti na teplotŊ 

 

Na povrchovou reakci uhl²ku bezprostŚednŊ navazuje proces difuze. Difuzn² souļinitel byl 

zad§n jako funkce teploty, a to shodnŊ pro ferit, bainit i martenzit (viz obr. 7). Pro austenit byl 

zad§n konstantn² souļinitel difuze odpov²daj²c² hodnotŊ 7,4.10
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Obr. 7: PrŢbŊh difuzn²ho souļinitele v z§vislosti na teplotŊ 

 

Aby bylo moģn® predikovat vĨsledn§ pnut² v ozuben®m kole po tepeln®m zpracov§n², bylo 

d§le zapotŚeb² definovat pro kaģdou sloģku vĨsledn® mikrostruktury (martenzit, bainit, ferit) 

pŚ²sluġn® fyzik§ln² vlastnosti (tepelnou vodivost a roztaģnost, mŊrnou tepelnou kapacitu, 

modul pruģnosti a tvrdost). Tyto hodnoty byly stanoveny na z§kladŊ dat z materi§lov® 

datab§ze spoleļnosti COMTES FHT a v prŢbŊhu zkuġebn²ch vĨpoļtŢ byly postupnŊ 

zpŚesŔov§ny. 

 

Pro umoģnŊn² popisu strukturn²ch zmŊn v z§vislosti na teplotŊ byl do numerick®ho modelu 

vloģen diagram IRA materi§lu 18CrNiMo7-6. Vzhledem k tomu, ģe kinetika f§zovĨch 

pŚemŊn silnŊ z§vis² na obsahu uhl²ku, bylo nutn® do vĨpoļtu implementovat alespoŔ dva 

diagramy IRA pro rŢzn® obsahy tohoto prvku. Pouģit® diagramy jsou zn§zornŊny na obr. 8. 

 
Obr. 8: Pouģit® diagramy IRA pro limitn² koncentrace uhl²ku 
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3 VħSLEDKY VħPOĻTU 

Na obr. 9 je zn§zornŊn vypoļtenĨ prŢbŊh koncentrace uhl²ku bŊhem cementace a kalen² 

ozuben®ho kola. 

 
Obr. 9: PrŢbŊh koncentrace uhl²ku v ļase 

 

BŊhem tepeln®ho zpracov§n² je deformace souļ§sti zpŢsoben§ nejen samotnĨm teplotn²m 

gradientem, ale pŚedevġ²m rozd²lnĨm chov§n²m jednotlivĨch f§z². Tato deformace je nejl®pe 

vyj§dŚena posunem jednotlivĨch uzlŢ s²tŊ. Na n§sleduj²c²ch obr§zc²ch je tento posun 

zn§zornŊn v 10n§sobn®m zvŊtġen² ve zvolenĨch ļasech bŊhem cel®ho procesu.  

 

 

 
a)   b) 

 

Obr. 10: CelkovĨ posun uzlŢ s²tŊ, 10kr§t zvŊtġenĨ 

a) na zaļ§tku simulace - teplota cel® souļ§sti 650ÁC 

b) bŊhem syt²c² f§ze ï teplota cel® souļ§sti 920ÁC 
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a)   b) 

 

Obr. 11: CelkovĨ posun uzlŢ s²tŊ, 10kr§t zvŊtġenĨ 

a) cel§ souļ§st 820ÁC pŚed ochlazen²m v oleji 

b) po 30s kalen² do oleje 

 

 

 
a)   b) 

 

Obr. 12: CelkovĨ posun uzlŢ s²tŊ, 10kr§t zvŊtġenĨ 

a) po 5min kalen² v oleji 

b) konec kalen² 

 

 

Pro posouzen² prŢhybu zubŢ na konci kalen² byly vypoļteny celkov® posuny v radi§ln²m 

smŊru. Diagram na obr. 13 ukazuje, ģe po cementaci a kalen² doch§z² k prŢhybu zubu 

v radi§ln²m smŊru a maxim§ln² odchylka mezi nejniģġ²m a nejvyġġ²m m²stem na hlavov® 

kruģnici ozuben² ļin² cca. 0,025 mm.  
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Obr. 13: Vypoļten§ deformace zubŢ ve smŊru osy Y 

 

 

 

NumerickĨ model ukazuje, ģe nejvŊtġ² strukturn² zmŊny v souļ§sti nast§vaj² podle oļek§v§n² 

bŊhem kalen² do oleje. V diagramu na obr. 14 je zn§zornŊn koneļnĨ pod²l jednotlivĨch f§z² 

v rŢznĨch hloubk§ch pod povrchem zubu. Porovn§n²m jednotlivĨch bodŢ je vidŊt, ģe nejvŊtġ² 

pod²l martenzitick® f§ze je v povrchov® vrstvŊ a smŊrem ke stŚedu kola kles§. Naopak 

bainitick§ f§ze smŊrem ke stŚedu podstatnŊ narŢst§. V nauhliļen® povrchov® vrstvŊ je velkĨ 

pod²l zbytkov®ho austenitu, coģ je zpŢsobeno n²zkou teplotou konce martenzitick® pŚemŊny 

v materi§lu s vysokĨm obsahem uhl²ku. 

 

 
Obr. 14: Vypoļten® pod²ly f§z² v rŢznĨch hloubk§ch pod povrchem zubu 
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4 POROVNĆNĉ VYPOĻTENħCH A NAMŉřENħCH HODNOT 

Na obr. 16 ï 18 jsou zn§zornŊny sn²mky mikrostruktury re§ln®ho kola na povrchu zubu a 

v hloubk§ch 6 mm a 10 mm pod povrchem. Pod²ly mikrostrukturn²ch sloģek vyhodnocen® 

z tŊchto sn²mkŢ se velmi dobŚe shoduj² s vypoļtenĨmi pod²ly zn§zornŊnĨmi na obr. 15. 

 

 
Obr. 15: Mikrostruktura kola 0,3 mm pod povrchem (b²l® oblasti odpov²daj² zbytkov®mu 

austenitu, pod²l cca. 5 ï 10 %) 

 

 
Obr. 16: Mikrostruktura kola 6 mm pod povrchem (smŊs martenzitu a bainitu, pod²l bainitu 

cca 15%) 
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Obr. 17: Mikrostruktura kola 10 mm pod povrchem (smŊs martenzitu a bainitu, pod²l bainitu 

cca 30%) 

 

V grafu na obr. 18 je d§le uvedeno srovn§n² experiment§lnŊ zjiġtŊnĨch hodnot tvrdosti 

v povrchov® vrstvŊ cementovan®ho ozuben®ho kola a dat dosaģenĨch simulaļn²m vĨpoļtem. 

Simulaļn² vĨpoļet je v grafu reprezentov§n dvŊma kŚivkami, kter® se liġ² rŢznĨmi vstupn²mi 

hodnotami tvrdosti pro martenzit. Prvn² kŚivka ukazuje vypoļtenou tvrdost pŚi zad§n² 

konstantn² hodnoty (martenzit = 55HRC). Druh§ kŚivka ud§v§ pŚepoļtenĨ vĨsledek pro 

tvrdost martenzitu v z§vislosti na obsahu uhl²ku. 

 

Obr. 18: Porovn§n² namŊŚen® a vypoļten® tvrdosti 
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V Tab. 1 jsou zn§zornŊny maxim§ln² hodnoty vĨchylek namŊŚenĨch na hlavov® kruģnici 

testovan®ho kola. Vzhledem k tomu, ģe bylo promŊŚov§no cel® kolo, nejsou tyto vĨsledky 

statisticky zcela srovnateln® se simulac², kter§ postihuje pouze jeden zub. Maxim§ln² 

namŊŚen§ hodnota prŢhybu je zhruba 2x vyġġ², neģ bylo vypoļteno pŚi simulaci (viz obr. 13). 

 

Tab. 1: NamŊŚen® hodnoty prŢhybŢ zubŢ 

Zkuġebn² kolo OL 232 575 (01915) 

Stav pŚed kalen²m 
po cementaci a 

kalen² 

max. rozd²l 

vĨchylek 
0.0669 0.0563 

 

 

5 ZĆVŉR 

PŚedstaven® vĨsledky ukazuj², ģe je moģn® s pouģit²m dnes dostupnĨch simulaļn²ch technik 

sestavit pomŊrnŊ pŚesnĨ numerickĨ model cel®ho procesu difuzn²ho nauhliļov§n² a 

n§sledn®ho tepeln®ho zpracov§n² ozubenĨch kol. Model poskytuje pomŊrnŊ pŚesnou 

informaci o rozloģen² f§z² a prŢbŊhu tvrdosti po fin§ln²m zpracov§n². Je moģn® jej pouģ²t 

rovnŊģ pro predikci deformac², ovġem konkr®tn² velikost deformac² zat²m v dan®m pŚ²padŊ 

nen² v numerick®m modelu kalkulov§na s dostateļnou pŚesnost². 
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ABSTRACT 

PŚedn§ġka se vŊnuje nasazen² CFRC materi§lŢ pro vĨrobu nosnĨch roġtŢ v oblasti tepeln®ho 

zuġlechŠov§n² kovovĨch materi§lŢ. Kr§tce je zm²nŊna nomenklatura, pak samotn§ produkce 

CRFC materi§lu. PodrobnŊji jsou pŚedstaveny vlastnosti CFCR materi§lŢ ve srovn§n² 

s vlastnostmi dosud pro tyto ¼ļely pouģ²van® 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. 
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ABSTRACT 

Pro zkoum§n² byla pouģita ocel pro pr§ci za studena Vanadis 6. Vzorky z oceli byly 

mechanicky opracov§ny, brouġeny, tepelnŊ zpracov§ny podle standardn²ch podm²nek a 

leġtŊny do zrcadlov®ho lesku. Takto zpracovan® vzorky byly povlakov§ny CrN, resp. CrN 

s pŚ²davkem stŚ²bra. Pouģit§ povlakovac² technologie bylo reaktivn² magnetronov® 

napraġov§n². Vzorky byly zkouġeny statickĨm tŚ²bodovĨm ohybem. Bylo zjiġtŊno, ģe pevnost 

ve tŚ²bodov®m ohybu nepatrnŊ kles§ pro vzorky, povlakovan® procesy PVD. Nicm®nŊ, jak 

pokles pevnosti ve tŚ²bodov®m ohybu, tak sn²ģen² plastick® lomov® pr§ce bylo velmi mal®. 

Tyto skuteļnosti n§s opravŔuj² konstatovat, ģe v pŚ²padŊ n²zkoteplotn²ho povlakov§n² 

magnetronovĨm napraġov§n²m CrN s/bez pŚ²davku Ag tepelnŊ zpracovan® oceli Vanadis 6 

neexistuje z praktick®ho hlediska riziko zkŚehnut² materi§lu. 

 

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. 
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ABSTRACT 

Vztahy se z§kazn²ky jsou vģdy dŢleģit® pro kaģdou organizaci a pro provozy tepeln®ho 

zpracov§n². Je moģn® zajistit soulad mezi poģadavky z§kazn²ka a poģadavky provozu 

tepeln®ho zpracov§n²? Jak zlepġit vz§jemn® vztahy? Metoda CRM je vĨsledkem 

dlouhodob®ho vĨvoje z§kaznickĨch vztahŢ. Aplikace analytick®ho i operatvn²ho zpŢsobu 

CMR mŢģe vztahy z§kazn²kŢ a dodavatelŢ vĨraznŊ zlepġit. 

 

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. ZĆKAZNĉK A PROVOZ TEPELN£HO ZPRACOVĆNĉ 

Vztahy se z§kazn²ky jsou jedn²m z nejdŢleģitŊjġ²ch aspektŢ pro ¼spŊch organizac², kter® 

poskytuj² sluģby charakteru speci§ln²ch procesŢ svĨm z§kazn²kŢm. Je to vz§jemn§ z§vislost. 

Pro z§kazn²ka nen² snadn® nebo se nevyplat² provozovat provoz tepeln®ho zpracov§n². Je na 

sluģbŊ sv®ho obchodn²ho partnera v t®to vŊci zcela z§vislĨ. Nav²c z§kazn²k tepeln®ho 

zpracov§n² je vŊtġinou vĨrobce urļitĨch d²lŢ a s§m je dodavatelem. Proto m§ sv® z§vazky jak 

mnoģstevn², tak term²nov® a vģdy spojen® s dodrģen²m poģadovan® kvality plnŊn² 

specifickĨch poģadavkŢ svĨch z§kazn²kŢ. Udrģet si dobrou pozici v tomto ŚetŊzu pro 

z§kazn²ka tepeln®ho zpracov§n² taky nen² vģdy snadn®. 

 

Naproti t®to z§vislosti z§kazn²ka v ŚetŊzci dodavatelŢ, je z§vislost provozu tepeln®ho 

zpracov§n². Bez spolehlivĨch z§kazn²kŢ, kteŚ² maj² dŢvŊru ve sluģbu a vĨsledky plnŊn² svĨch 

specifickĨch poģadavkŢ je pro provoz tepeln®ho zpracov§n² pozitivn² vĨsledek jen obt²ģnŊ 

pŚedv²datelnou ot§zkou.  řeġen² vztahŢ tak, aby obŊ strany byly pŚev§ģnŊ spokojeny je velmi 

obt²ģn® a ļasto vyvst§vaj² ot§zky: 

ü Jak zjistit co poģaduje z§kazn²k, co mŢģe nab²dnout a jak® jsou poģadavky jeho 

z§kazn²ka? 

ü Jak naj²t soulad mezi poģadavky z§kazn²ka a poģadavky provozu tepeln®ho 

zpracov§n²? 

ü Jak udrģet spokojenost z§kazn²ka na co nejvyġġ² hladinŊ? 

ü Kdo je ten nejvhodnŊjġ² z§kazn²k pro n§ġ provoz tepeln®ho zpracov§n²? 

mailto:raskova.s@seznam.cz
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2. JAK£ JSOU POĢADAVKY ZĆKAZNĉKA? 

Z§kazn²k potŚebuje od provozu tepeln®ho zpracov§n² velmi spolehliv® sluģby. Oļek§v§, ģe 

vĨrobky pŚedan® k tepeln®mu zpracov§n² dostane zpŊt: 

ü Ve stanoven®m term²nu. 

ü Vģdy zpracovan® dle specifikace, kterou poģadoval. 

ü V pŢvodn²m tvaru nebo v rozmŊrech pŚedpokl§dan®ho toleranļn²ho pole. 

ü Tak® oļek§v§, ģe povrch vĨrobkŢ bude nepoġkozen, identifikace a balen² budou 
dodrģeny. 

Jak® m§ s§m moģnosti ovlivnit sv®ho dodavatele?  Od sv®ho z§kazn²ka m§ poģadavky na 

tepeln® zpracov§n² ï druh, mechanick® hodnoty, zkouġky. Na z§kladŊ poģadavkŢ kvality a 

sv®ho z§kazn²ka m§ povinnost Ś²dit procesy svĨch dodavatelŢ sluģeb. Ale protoģe s§m tyto 

profese nem§, je toto Ś²zen² velmi obt²ģn®. Jak® k tomu vyuģ²v§ moģnosti? 

 

ü Komunikaci ï vĨmŊnu informac² o specifikac²ch poģadavkŢ, mnoģstv² vĨrobkŢ, 

druhu tepeln®ho zpracov§n², term²nech 

ü Z§kaznick® audity ï postaven® na katalogu ot§zek sv®ho z§kazn²ka nebo 

pŚedpokl§danĨch poģadavc²ch. 

ü CQI-9 ï soubor dotazn²kŢ pro samohodnocen² provozu tepeln®ho zpracov§n² a pŚi 

z§kaznick®m auditu jen ovŊŚuj² shodu skuteļnĨch zjiġtŊn² s vĨsledky zjiġtŊnĨmi 

vlastn² organizac² tepeln®ho zpracov§n². 

KaģdĨ z uvedenĨch bodŢ poskytuje pro vz§jemn® z§kaznicko- dodavatelsk® vztahy vĨhody, 

ale ne vģdy takov®, kter® obŊ strany potŚebuj².  

 

Komunikace je velmi odvisl§ od povah kontaktn²ch osob obou stran. Zda-li si vz§jemnŊ 

porozum² nebo nikoliv. Z§kladn² informace jsou vymŊnŊny vģdy. Ale pokud nen² schopnost 

porozumŊn² ï pracovn² empatie pro pracovn² poģadavky protistrany, tak v okamģic²ch, kdy se 

vyskytnou pŚek§ģky na jedn®, nebo druh® stranŊ  vyskytne pŚek§ģka, nebĨv§ Śeġen² 

nejsnadnŊjġ².       

 

Z§kaznick® audity ï jsou velmi dobrĨm a objektivn²m prostŚedkem, pro ovŊŚen² skuteļnĨch 

vztahŢ. K nesouladu vġak doch§z² ze dvou dŢvodŢ. Auditor z§kazn²ka m§ zkuġenosti 

s urļitĨm provozem tepeln®ho zpracov§n², kterĨ se zabĨval ¼plnŊ jinĨm zpŢsobem plnŊn² 

poģadavkŢ a zjiġtŊn® odliġnosti povaģuje za odchylky, aniģ m§ moģnost objektivnŊ posoudit, 

zda se skuteļnŊ o odchylku jedn§. Nebo auditor z§kazn²ka nem§ vŢbec zkuġenosti s provozem 

tepeln®ho zpracov§n² a dotazy m§ postaven® na z§kladŊ poģadavkŢ dostupnĨch standardŢ 

kvality. To ovġem mŢģe v®st taky ke vzniku neporozumŊn².  

 

CQI-9 ï soubor dotazn²kŢ ï je objektivn²m n§strojem, kterĨm jsou do hodnocen² zappojeny 

jak strana provozu tepeln®ho zpracov§n²- proveden²m samohodnocen², schopnost pod²vat se 

na vlastn² provoz Ăzvenkuñ. Tak® pro z§kazn²ka, kterĨ zrovna nen² v technologi²ch tepeln®ho 

zpracov§n² Ădomañ tento n§stroj vĨznamnŊ pomŢģe pŚi objektivn²m hodnocen² poģadavkŢ a 

schopnost² je splnit. 

 

3. JAK£ JSOU POĢADAVKY TEPELN£HO ZPRACOVĆNĉ? 

Provoz tepeln®ho zpracov§n² m§ obdobn® poģadavky jako z§kazn²k. PotŚebuje pr§ci ï sv® 

zak§zky na tepeln® zpracov§n² a to vĨrobky: 
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ü Pro urļitĨ druh tepeln®ho zpracov§n², kterĨ je schopen poskytovat 

ü V dostateļn®m mnoģstv² pro udrģen² rentability a spolehlivosti procesŢ 

ü S dostateļnĨm term²novĨm rozsahem, aby bylo moģno specifikaci poģadavkŢ splnit 

ü S dostateļnou informac² ï identifikac², dokumentac²,  

ü V odpov²daj²c²m stavu ï nezneļiġtŊn®, nedeformovan® 

 

Mnoh® z tŊchto poloģek vŢbec z§kazn²k nezn§, jin® nerespektuje. MnohĨ z§kazn²ka nem§ 

znalost o tom, jak® podm²nky je vhodn® splnit, aby proces tepeln®ho zpracov§n² byl jednak 

v odpov²daj²c² kvalitŊ a jednak v poģadovan® rentabilitŊ. Co velmi ļasto z§kazn²k 

nerespektuje je term²n. VŊtġinou je povaģov§na sluģby tepeln®ho zpracov§n² za urļitĨ ļasovĨ 

polġt§Ś ve vĨrobn²m toku, kterĨ m§ dohonit to, co pŚed t²m bylo ztraceno. Tuto pŚek§ģku 

vŊtġinou mus² Śeġit provozy tepeln®ho zpracov§n², kter® jsou souļ§st² velkĨch organizaļn²ch 

celkŢ.   

 

4. JAK NAJĉT SOULAD MEZI POĢADAVKY ZĆKAZNĉKA A POĢADAVKY 

TEPELN£HO ZPRACOVĆNĉ? 

Poģadavky na dobrĨ soulad mezi poģadavky z§kazn²ka a jeho dodavatele jsou dlouhodobou 

radost² i starost² obou stran a ļasto je hled§no Śeġen². Jedn§ se o vztahy ļasto oznaļovan® 

CRM ïCustomer ï Relationships ï Management. Jedn§ se o datab§zovou technologi² 

podporovanĨ proces shromaģŅov§n², zpracov§n² vyuģit² informac² o firmŊ, vĨrobk§ch. 

V dŢsledku prob²haj²c²ch zmŊn v poģadavc²ch trhu, postaven² organizac² a zmŊn§ch kvality 

odbŊratelsko ï dodavatelskĨch vztahŢ se pŢvodn² pŚ²stup mŊn² v orientaci vŢļi potŚeb§m 

z§kazn²ka. Pro kaģdou organizaci je vĨhodn®, kdyģ z§kazn²kem je organizace schopna pŚin®st 

dostateļnĨ objem pr§ce, za pŚijatelnou cenu v pŚijatelnĨch poģadavc²ch. Vztahy 

dodavatelsk®ho ŚetŊzce minul®ho stolet² byly orientov§ny na 4P ï product (vĨrobek), place 

(um²stŊn²), price (cena), promotion (propagace). Orientace na vĨrobek vġak neposkytuje 

vģdy podnŊty pro pozitivn² vztahy obou stran. 

Souļasnost podporuje orientaci na poģadavky z§kazn²ka. Z§kazn²k je ten, kdo nese pr§ci a t²m 

i finanļn² vĨsledek. Je snaha m²t takovou skladu z§kazn²kŢ, aby bylo vģdy dostatek pr§ce a 

byl pŚedpoklad pozitivn²ch vĨsledkŢ. To splŔuje bl²ģe orientace ke 4C -  customer total cost 

(n§klady), customer value (hodnota), convenience (komfort) a communication 

(komunikace). 

Kaģd§ spoleļnost se zabĨv§ tŊmito probl®my: 

1. Udrģen² st§vaj²c²ch z§kazn²kŢ 

2. PorozumŊn² z§kazn²kŢm 

3. Schopnost jim naslouchat 

4. Identifikace kl²ļovĨch procesŢ 

5. Zvyġov§n² spokojenosti z§kazn²kŢ pŚi zlepġov§n² kl²ļovĨch procesŢ 

6. Tvorba marketingov® strategie k udrģen² st§vaj²c²ch z§kazn²kŢ a z²sk§n² z§kazn²kŢ 

novĨch 

7. Schopnost oslovit nov® z§kazn²ky 

ř²zen² vztahŢ se z§kazn²ky je strategie, kter§ se orientuje na vybudov§n² a podporu 

dlouhotrvaj²c²ch vztahŢ se z§kazn²ky. Nen² to tedy jen technologie, ale zmŊna filosofie 

spoleļnosti tak, aby dŢraz byl kladen na z§kazn²ka. VĨhodnŊ lze vyuģ²vat st§le se rozv²jej²c² 

http://cs.wikipedia.org/wiki/Marketing
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technologie IT. VŊtġina z§kazn²kŢ dnes vyģaduje st§le bliģġ² kontakt se svĨmi dodavateli. Pan 

prof. Ing. Jarom²r Veber, CSc. lze  zav§dŊn² CRM rozdŊlit do n§sleduj²c²ch f§z²: 

1."pre-pre - st§dium CRM": iniciativa obchodu na stranŊ z§kazn²ka, dodavatel zpracuje v 

obchodn²m oddŊlen², respektov§n² z§kladn²ch technickĨch a z§ruļn²ch legislativn²ch 

poģadavkŢ 

2. "pre - st§dium CRM": obchodn² oddŊlen²/marketingov® oddŊlen², Śada prodejcŢ, 

nekoordinovanĨ pŚ²stup, indik§tor prodeje Ătrģbyñ ï tlak na cenu 

3."0. st§dium CRM": tradiļn² marketing ï zamŊŚen² na produkt, marketingovĨ mix ï 4P 

4. "1. st§dium CRM": orientace na z§kazn²ka ï napŚ. ve smyslu normy ISO 9001, reaktivn² 

pŚ²stupy ï hodnocen² spokojenosti z§kazn²ka 

5. "2. st§dium CRM": proaktivn² pŚ²stupy k z§kazn²kovi, win-win, vztahy, hodnoty, 

partnerstv², CRM-software 

Operativn² CRM - Operativn² CRM je pŚedevġ²m podporou obchodn²ch procesŢ zahrnuj²c² 

prodej, marketing a sluģby. Vġechna komunikace se z§kazn²kem je sledov§na a uchov§na v 

datab§zi a v pŚ²padŊ potŚeby je efektivnŊ poskytnuta uģivatelŢm. Operativn² CRM se vyuģ²v§ 

pŚedevġ²m v n§sleduj²c²ch obchodn²ch procesech: 

¶ Tvorba marketingovĨch kampan² a jej²ch sledov§n² 

¶ Automatizace prodejn²ho procesu a jeho sledov§n² 

Analytick® CMR - Analytick® CRM analyzuje z§kaznick§ data k dosaģen² rozd²lnĨch c²lŢ: 

¶ Optimalizace efektivnosti marketingovĨch kampan² a jej²ch vyhodnocov§n² 

¶ Hled§n² potenci§ln²ch prodejn²ch kan§lŢ, udrģen² z§kazn²ka atd. 

¶ AnalĨza chov§n² z§kazn²kŢ ï tvorba cen, vĨvoj novĨch vĨrobkŢ 

¶ Podpora pro rozhodov§n² ï pŚedpov²d§n² a analyzov§n² z§kaznick® rentability atd. 

 

http://cs.wikipedia.org/wiki/Soubor:CRM_Analyticke.jpg
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Kolaborativn² CRM - Zahrnuje speci§ln² funkcionalitu, kter§ umoģŔuje komunikaci 

organizacea jeho z§kazn²kŢ prostŚednictv²m rŢznorodĨch kan§lŢ za ¼ļelem dosaģen² vyġġ² 

kvality interakce se z§kazn²ky. Operativn² CRM nab²z² uģiteļn® informace, kter® vznikaj² pŚi 

interakci se z§kazn²kem, jednotlivĨm obchodn²m oddŊlen²m, jako je prodej, technick§ 

podpora a marketing. Jedn§ se napŚ²klad o poskytnut² informac² o specifickĨch z§kaznickĨch 

poģadavc²ch ļi dotazŢ na nov® sluģby z technick® podpory prodeje marketingu. C²lem 

kolaborativn²ho CRM je sd²len² tŊchto informac² z²skanĨch ze vġech oddŊlen² pro zvĨġen² 

kvality poskytovanĨch sluģeb z§kazn²kŢm. NovĨ zpŢsob v komunikaci se z§kazn²kem 

umoģn² srozumitelnĨm sdŊlen²m poģadavkŢ tepeln®ho zpracov§n² z§kazn²kŢm l®pe 

porozumŊt a vztahy vĨraznŊ zkvalitnit. 

VĨzkumy uk§zaly, ģe spoleļnosti, kter® vytv§Śej² spokojen® a loaj§ln² z§kazn²ky maj² v²ce 

opakuj²c²ch se obchodŢ, niģġ² n§klady na akvizice novĨch z§kazn²kŢ a silnŊjġ² znaļku. To vġe 

se transformuje do lepġ²ch finanļn²ch vĨkonŢ. Jestli tyto strategick® n§stroje vyuģ²vaj² jin§ 

z§kaznick§ partnerstv², proļ se o nich nŊco nov®ho nedozvŊdŊt a nevyuģ²t ty kroky, kter® 

pomohou st§vaj²c² vztahy se z§kazn²ky zlepġit?  
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ABSTRACT 

PŚ²spŊvek se zabĨv§ extr®mn²mi pŚ²pady vytvrzov§n² povrchu laserem. BŊhem kalen² souļ§st² 

s tenkou stŊnou je tŚeba Śeġit dostateļnĨ odvod tepla. Ale i takov® souļ§sti mohou bĨt kalen®. 

Kalen² velkĨch d²lŢ s hmotnost² mnoha des²tek tun je opakem dŚ²ve uveden®ho pŚ²padu. 

Ļelisti bucharu s hmotnost² 40 tun pŚedstavuj² takovĨ pŚ²pad, kdy bylo laserov® zaŚ²zen² 

provozov§no na pracoviġti z§kazn²ka. Diskuse je vŊnov§na odpovŊdi na ot§zku, proļ je 

laserov® kalen² pŚ²znivŊjġ² z hlediska potlaļen² vzniku trhlinu vysokouhl²kovĨch ocel² a litin s 

tvrdostmi nad 65HRC. PŚedevġ²m d²ky velmi jemn® martenzitick® mikrostruktuŚe. 

 

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. 

 

 

ĐVOD  

 

 Laserov® technologie na sebe strh§vaj² st§le vŊtġ² pozornost. Svedļ² o tom i narŢstaj²c² 

poļet pŚ²spŊvkŢ na konferenci tepeln®ho zpracov§n². VzrŢst§ tak® poļet akademickĨch 

pracoviġŠ, utr§cej²ch grantov® prostŚedky na st§le vĨkonnŊjġ² lasery a lepġ² vybaven². 

VĨkonovĨ laser jiģ lze naj²t v Plzni, BrnŊ BratislavŊ. PŚesto je v ĻR dosud jedin® re§lnŊ 

funguj²c² komerļn² pracoviġtŊ vytvrzov§n² povrchu laserovĨm paprskem. Vznik a poļ§tky 

fungov§n² laserov®ho pracoviġtŊ firmy MATEX PM jste mohli sledovat pŚi minulĨch 

roļn²c²ch DnŢ tepeln®ho zpracov§n².   

  V tomto roce se pŚ²spŊvek vŊnuje mezn²m pŚ²padŢm kalen² povrchŢ materi§lu laserem. 

PŚi kalen² souļ§st² s tenkou stŊnou je tŚeba Śeġit nedostateļnĨ odvod tepla. Protip·lem je 

kalen² souļ§st² o hmotnostech mnoha des²tek tun. Budou pŚedvedeny uk§zky kalen² 40 

tunovĨch beranŢ, kdy byl laser pŚevezen na pracoviġtŊ z§kazn²ka. Diskuse je vŊnov§na tak® 

ot§zce proļ vysokouhl²kov® oceli a litiny po kalen² nepraskaj² ani pŚi tvrdostech kolem 

65HRC? PravdŊpodobnŊ d²ky velmi jemnozrn® martenzitick® mikrostruktuŚe, jak bude 

uk§z§no. 

 

mailto:nemecek@matexpm.com
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KDYĢ NEMšĢE MOHAMED K  HOřE... 

 

 Pokraļuj²c² osvojov§n² technologie laserov®ho kalen² vede od segmentŢ forem a 

ozubenĨch kol pŚes velk® formy o hmotnostech do 20tun aģ po strojn² d²ly rozmŊrŢ 12 metrŢ 

a hmotnosti v des²tk§ch tun. Protoģe ale nedisponujeme tak tŊģkou manipulaļn² technikou, 

mus² bĨt laser pŚevezen na pracoviġtŊ z§kazn²ka.  

  

 Na pŚ§n² z§kazn²ka v dŢvodnĨch pŚ²padech je moģn® prov§dŊt laserov® zpracov§n² na 

jeho pracoviġti. PodobnĨm zpŢsobem se realizuj² kalen² ve Ġkoda Auto na litĨch litinovĨch 

form§ch pro taģen² plechŢ karoserie automobilŢ. V souļasnosti se buduje kompletn² mobiln² 

buŔka laserov®ho kalen² a svaŚov§n², kter§ zjednoduġġ², usnadn² a zrychl² st§le se mnoģ²c² 

poģadavky na vĨjezdy do extern²ch pracoviġŠ.   

 

 V r§mci renovace kovac²ho lisu ve spoleļnosti CPF bylo poģadov§no vytvrzen² tŚec²ch 

ploch a dr§ģky pro up²n§n² z§pustky u dvou beranŢ, kaģdĨ o hmotnosti 42 tun. Celkov§ 

kalen§ plocha ļinila 60000 centimetrŢ ļtvereļn²ch, obr. 1.  

 

 
Obr.1. Kalen² beranŢ kovac²ch lisŢ u z§kazn²ka 

 

Protoģe vĨsledky byly vynikaj²c², probŊhla bŊhem letn² odst§vky oprava a kalen² dalġ²ho 

beranu. Tentokr§t, aby se uġetŚily dalġ² n§klady, bylo kalen² provedeno bez demont§ģe cel®ho 

zaŚ²zen². ObdobnŊ bylo zaŚ²zen² namontov§no do vĨrobn² linky z§kazn²ka pro odzkouġen² 

pod®ln®ho svaŚov§n² trubek.  

 

 OpaļnĨm probl®mem je kalen² tenkĨch vŊc², kde mŢģe nastat pot²ģ s nedostateļnĨm 

odvodem tepla. Obecn® pravidlo, ģe tl. stŊny m§ bĨt alespoŔ desetin§sobek hloubky kalen², 

zhruba plat². Je tedy moģn® kalit i stŊnu 1 nebo 2 mm, ale jen do hloubky Ś§dovŊ dvou 

desetin. Ale lze dŊlat i jemnŊjġ² vŊci, vlastnŊ mikrokalen². PŚ²kladem jsou stŚiģn²ky na pap²r a 

samolepky, kde na tenk® ocelov® f·lii o s²le asi 0,2 mm je speci§ln²m postupem vytvoŚena 


