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This abstract is a survey abstract dealing with the development of vacuum technologies for heat
treatment. The article provides a classification of the technologies usingmaaf 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 pS2sphRvku je pops&n vIivoj zraoSs?tzoeunc?? p
ochlazovac? intenzitou bBDhem kal en? kl es§8
VdTsl edku toho sel afitom@ut i?20 hd §estdteermo joika® twSt o s Kk
vivoj vakuovich pec?2 vydg§vg§ dvPDma smRry. Jec
a hledg&8n2 vhodnDhjpgSecthl apkluy npll yprruo. kJailreln 2s mNDr s |
pro kalezal o§enh®mj FamohfS@¥as ivhnertn2ch plynT
sn8§slednim zakm§lem2 ml §zni , |l 2mg je mogn® vyr
n8stnopgeg2mi n8klady nedg maj?2 vakuov® technol
Kl 2] ov8 slova: n8edirmpijtoawc®e olkcaer bi,dk,aliemer t mpx

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 bowaries. 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 piothare
technologically advanced and casfective 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 irddmetateel. 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 hardedire to the protection of steel
surface during heating, but the limited cooling intensity during gas quenching is the main
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disadvantage of conventional vacuum furnaces. High alloyed tool steels have high
hardenability, as shown in Fig. 1, [1]. Due to gthamount of carbon in many cases, the
precipitation of presutectoid carbides results in decreased toughness and thermal fatigue
resistance of tools, [2].
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Fig. 1. CTT diagrams of selected tool steels [1]

Carbide precipitation

Martensite

Fig. 2. Carbides precipitated on grain boundaries [2]

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

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

2. ANEW TYPE OF ATMOSPHERE FURNACE FOR TOOL HARDENING

In common integrated quench furnaces the active gas atmospheres that are used cannot
fully protect the steel surface and decarburization or carburizatiomplkate 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 retainedeaiist 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 applicatiof 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 heliumra 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.

SR (OSSE

Fig. 6. Functionalschema 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 arrangedtypl furnace with an
enclosed vestibule sealed on a quenching basin with a lift for veracesiort 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 thestieule. 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,an 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 th
helium gas atmosphere.

Gas atmosphere giype 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 samejples 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 @ssure 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 ocel i pr o pr&8&cisknal mt ud
opracovsgn?2m, brougeny a tepelnlD zpracovs8ny

Nakonec byly vzorky Il egthDny do zrcadlov®ho
povliaky Cr AgN o koncentrac?2ch stSZbutvon3 hm.

zjigthNDno, ¢ge pS2sada 3 hm. WAg nem8§8 viznamnl
stranhD pS2sada 15 hm. %Ag m§& na rTst povlakt
vyni kaj2c? adhezi na z8kl adn? atlke® i 8ll as tObas
pSi tSen? s protikusy z Al 203 a lit®ho c2nov

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 thgrfilmih. 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 asst bronze)

1. INTRODUCTION

Thin CrN-basedfilms have been used in variety of industrial applications di&pper
machining, aluminium die casting and forming and wood proce$$in@]. 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 sdlfbricating and multpurpose coatings was based upon
the fact that comercially 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 exhiblirealfing
properties due to their low shear strength.

Selflubricating effect is based on incorporation of small amount of noble metals,
mostly silver, into the basic CkFNIm. Silver is completely insoluble in CrN and forms nano
particles in basic Cridompound. Thse 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 addiion of small amount of silver into ZrN, YSZ and CrN increases tfie®H ratio [8],
wear resistancf®] and significantly reduces the friction coefficient [103].
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CrAgN coatings deposited on various substrates, but excepting ledeburitic tool steels,
were studied by several authdikl - 13]. They established alterations in the dayer
growth orientation with increased Amntent [12]. The friction coefficient of the layers with
22 at.% Ag, measured for the 100&t@el counterpart at 60C was redoed 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 CrAfpis.

Current paper deals with the development of adaptive nanocomposite CrAgN coatings
on the Vanadis 6 GV ledeburitic tool steel. It describes and discusses the basic coating
characteristics | i ke wear r esi astadunationpfthér i ct i
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 sdmal dimensions (plates 55 x 10 x 1 mm), they were
subgcted 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 reginwth 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 dput 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 &50thecleaning. For
the deposition, the temperature was increased to°600sing 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-J800F. Coated specimens were
immersed into liquid nitrogen and broken down before tladyars.

The nanohardness and the YoungEs modul us
the instrumented nanoindentation test under a normal load of 20 mN, at a NanoTest (Micro
Materials Ltd) nanohardness tester equipped with a Berkovich indentdrotRoroatings, 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
scratchtester. The scratches were made under progressivesmglaload 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 thg and L, critical loads, respectively, has been calculated. The
critical loads were determined by the recording of the signal of acoustic emission as well as
by the viewing of the scratches on the light micrographs. Theritical load corresponded to
the occurrence of fitanhomogenities in the coating and thg tritical 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 CShnlisc
tribometer, at ambient and elevatethperatures, up to 50. 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. Foraeh 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 consistsf the matrix, formed with tempered martensite and fine carbides, uniformly
distributed throughout the matrix. As established recently [14] that it is mainly Q- M
phase that underwent the dissolution in the austenite during the heat processingsulisis re
in the saturation of the austenite with carbon and alloying elements, which leads to high
hardness of akeat treated material. Other part of theQwicarbides, and almost complete
amount of MGphase remained undissolved. After the heat treatmeng\vitrage hardness of
the material was 724 HV 10.

(S o

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

Figure 2. SEM micrographs showing the microstructure of CrAg3N (a) and CrAgl5N (b)
films developed on the Vanadis 6 steel substrate

The thickness of the film with 3%Ag addition was 4.2rm, Fig 2a. Previous paper
[27] was devoted to the analysis of CrAgN films prepared at the temperature €260
(corresponding to heating up due to ion bombardment only). It has been established that the
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films formed at low temperature have a similar thiegs, 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 6r8n, 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 261C, as reported previously [15]. The situation in the cdgdefilm
with an addition of 15 wt% Ag is clearly differeintindividual columnar crystals are not
visible but separate Agarticles can be shown on the SEM micrograph, Fig. 2b.

Figure 3. SEM micrograph showing the surface microstructure of CrAgil5Nm (a) and
corresponding ED$nap of silver (b)

SEM micrograph in Fig 3a, made from the surface in thedBtection regime, and
corresponding EDS mapping of Ag, Fig 3b show that silver $omdividual grains on the
surface at higher concentration. Previous paper [15] did not documented tHisnfaatly
due to the fact that lower temperature was used for the deposition and the silver concentration
was too low for the formation of individuerystals 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
N 1.49 Gtraofan@r AddaN 15.97 N 1.44 GPa. -Currert
addition does not result in significant changes in coating hardrnésshardness of 3 wt% Ag
containing film deposited at 50C was 16. 13 N 1.83 GPa, Ta
wt%Ag, on the contrary, led to substantial hardness reduttion was only 11. 4
Similar effect of the silver addition on the coating hardness has also been reported by Yao e
al. [16] for magnetron sputtered nanocomposite coatings with varioues sitlditions. An
explanation can be given by the fact that Ag is very soft in nature and tparfigies
embedded in CrN make a softening of the coating. Also the size -plaAgles should be
probably considered the larger the Agyrains are the moreonsiderable softening of the
film.

bl
3

t

The YoungEs modulus of pur e°C @erdbfabou240Cr Ag 3 |
GPa [15]. Also, small Ag addition in the film formed at 5@ 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
YoungEs modul us-content ihYSibased ceairggehds bAeny established, has
thus been confirmed.
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Table 1.Mechanical properties of the layers deposited at D0

Coating Hardness [GPa] Young I%s mo d
CrAg3N 16.13N 1. 83 246N 17
CrAg15N 11.43N 0. 61 204N6

For the film with 3 wt%Ag addition, the first symptoms of coating damage occurred at
the average loading of around 47 NjjL Coating damage begins with an appearance of semi
circular tensile cracks, Fi gfiimid mFig. #thkkis it ot a
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
N (Leo).

Figure 4. Light micrographs showing the failures after scratch tesi: @rAg3N, L, b
CrAg3N, L, ¢ CrAgl15N, L, di CrAgl15N, L

Relatively softer 15 wt% of Ag containing coating fails also by the manner of semi
circular tensile cracks, but thasthnce 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 i it ranged around 6.4 N, Table 2. Figure 4d shows the total failure of the CrAg15N
coating. Here, higér distance between adjacent cracks is also clearly evident. One can
assume that softer CrAg15Ncoating can store a higher amount of plastic energy before
failure. This seems to be logical since silver is soft in nature, forms individual particles in the
coating and can make the coating more resistant to the brittle failure. Total failure of the
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coating with the 15 %Ag addition became at much lower load than that of 3 wt%Ag

containing film, Table 2.

Compared the obtained results to those recorded from the coatings developedCat 260
it seems that elevated deposition temperature {6)thas favourable effect to the CrAg3N
adhesion. For the coating with 15 wt%Ag, weak adhesion has been recordendtthat
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 Lea [N] L2 [N]
CrAg3N 46.9N8.1 82.6N8.4
CrAg15N 6.4N0.6 44.1N6.3

Table3.Fr i cti on

coefficients of coatings
Testing temperature CrAg3N CrAg15N
[°C]/coating Al,O3 CuSn6 Al,O3 CuSn6
Room temperature 0.400 0.261 0.390 0.261
300 0.240 0.222 0.110 0.220
400 0.160 0.246 0.139 0.144
500 0.168 0.165 0.143 0.126

agai nsi

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 pibctitmsame 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 theaddjtion can be
expected in low temperature applications. At higher omerdemperature, 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. flere 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 Agontent. Practical application of the coating with
higher Ag-content is, however, doubtless. On the one side highecoAtent induces an
improvement of friction characteristics for both types of counterparts. On the other side,
however, the film with high Agontent had poor adhesion on the substrate. Intiaddi
increasing Agcontent makes the film deposition process more expensive.

CONCLUSIONS

Investigations of magnetron sputtered dilllhs with various Agadditions have
brought the following findings:
The films with 3%Ag and 15%Ag formed at 500 had ahickness of 4.2xm and 6.3
nmm, respectively. Compared to the results obtained on the films developed®a 2@an be
concluded that while the deposition temperature did not affect the final coating thickness,
higher Agcontent led to greater thicknesfthe film.
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The CrAg3Ncoatings 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 YoungEs modul us.

The adhesion of CrAg3Xlim formed at 500°C was much better than that of the film
with the same Agaddition but made at 26TC. 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. The fricion coefficient was reduced by 7%% 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 indtrial 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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PRASKCNE NCSTREOBEL WOM ZPRACOVCNE

TOOLS CRACKING AFTER HEAT TREATMENT

Anton2n KS2g ]
ZLU Pl zeR, Univerzitn? 2KRiz@kBndz6u.ci 4 Pl zeR, Cze

ABSTRACT

Ll §nek se zablTvg sledov&n2m mognich pS2|in
S500 BohlerRozvoj trhlin byl pozorov8n po tepeln®
podstathD pSich§zely-vmesea®u ndpDt2pSpSinyro
pravdhRDpodobnhj g2 pS2]linou bylo nevhodn® tepe
hl av2nl2i poSu byl o nedodr gen2 parametrT tepeln®

girg? souvislosti me z i pS2] i nami rozvoje pra
infor mace, kter® byly uvedeny na mikihul ® ko
strukturn?2m stavem a zbytkovIim naphDt?2m.

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 possiblstiress introduced during grinding arfd more likely i 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 ccing and internal stresses. These are supplementary to the data on crack
development, structure states and residual stresses presented at the previous conference.

1. bvOoD

Proces iniciace a rozvojr hl i n j e pWBeky o pmjpenn k®dhezn2ch si
podstata vznikdedogkazdmnkgre mn8stroje | imit
pogkozen? dted®khat hil edzi ska, neboS | omov§ p
informace. Tytomf or mace se tlkaj2 oslaben® struktur
zat Dgovgn2 mTge blt zpTsobeno jak nevhodnou
Uvedenl pS2sphvek pojedn§v§%qua}strukturnz
slabinD, k't er Ssouvigidsta o dhal.®@nN@p ago Vao e
sn§sednlm technol ogi ckl €mTZpis V-8 N Z m.

b HUniform (@)

Obr. 1T Hl oubkov® r ozl
napbDhiciovan®ho v
brougenz|[ 1]

Fig. 11 Depth profile of residual stres
resulting from the heat introduced k

Elagtic-Plasti
! <----- Elastic
: ¢ Analytical (E{astic)
Ak
!i

Depth (mm)
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Po brougen? droSgeklyi vie 32dt78kSl56 00 Bohl er O pr

i niciovat tr htloitn8l,n 2k tdeers@& rvuekdcliy nk8str oj e. Ja
iniciuj? pomDrnN vysok8 zbytkov§8 naphit?2, k t
a pS2padn®ut sdamaufkd rumac 2 , tak i nap IPpSSe?wlan Np o |

bezdefektn?2ho ng§stroje tato vnesens naphit 2
u materi 8l u narugena vnitSn? (kohezn?z) pevn

hodnotuad@2 energie se uvolRuje rozvojem trhlin
pSi brougen? ] e nezbytn® hl edat girg? souv
technologie brou@drka ejrdlkchh pSelpadre&8.h Wlge t a
objevz?, ag odstranBDn2m povrchov® vrstvy. Ma t
pSitv§Sen2 jemnNjg2 strukturu a n§sledkem t
st Sedn?2 | §sti se mohou |jig n8slpeodkzeark alh remnld g 2a
odstranhDn2 mat er ioSljue vrean 2p opworpcShu idhojcdeacki tr hl
Ng§sleduj2c?2 pS2pad dokumentuje rozvoj trhlin
byly vyvol §ny nedodrgen2m podmdobekkltepgk 8®h
hrany budouc2ho h)jg8dneghoro8§k62 smhDrem k

2. MATERICL A TEPELNEf ZPRACOVCNE

Vrt8ky bylyavgrodkauy1z3247 S500 Bohl er, kte
0,9%V; 1,4%W,; 7,6%Co.

Vprvnz f 8zi byvir dbwiEyngs ¥0ksskyve kter® popr a
Zt ®t 0 d8vky byl yt dbbldiSmyu,vrt &k ybé¢ha ktnwhul ibryy. o\
jako A, vrt8&8k bez tr hl i sy ljna®knds $SB.e idKuagl 2ecn22m bryd

Tab.1Re gtiempel n®ho zpracov§gn?
Table1l Heat treatment schedule

Pec | 1 2 3 4 5

Popisi Vzduc|PSeddhPSedadh Austenitizace| Kali2 c

n8§pl R sug:? GS 540 GS 750 Semperneutr. GS 430
Teplota(t): | Do 40/ 850A( 1050A 1170ACN550AC
Lagono

(s): 137 137 137 137 137
Popug| Datum Las (h Teplota Vidrg na
| popougt
1 19. 3. 4:0071 6:25 565AC 60min
2 19. 3. | 10:3071 12:45 565AC 60min
3 21. 3. 6:057 9:20 565AC 60min
4 21. 3. | 17:451 19:55 565AC 60min

Kal en2 a popudgthDn2 bylo provedeno it9ak, ge v

Vdal g2 s®rii pogadova
Polotovari Kipouze kal end?Z
pod® | m®l mou met al oigrzafie
Polotovar i P i kal eno 1
580AC/ 60min+560AC/i6@mbhe

ch anallz byly do
0AGC/ ¢33r kEu byl od
by | amalelbbz 8n od bu
PAQuUHIMnos: 560AC
0 AvCz/ olrOksumi b y | ode

ni d
& @ e
& k d
17 [
b8 b |
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pod®l nou a pS2|lnou imeoraelkoghyalfi odebr &mabilzw
n§gs

0
8stroje.
Polotovari Ni k al eno 1 1p7dpACqd t11Bri7cs
560AC/ 60mi n+565AC/ 60mi n+¥Y69A0t ®0 mizon+ XKG@a5AQN 6 0
vzorek pro pod®l nou a piS2zlomroeuk nbeytla loodgerbar f§inc koo
il ky n8stroje.

Vit 8k C1 i(b4910z8u4g6l)ec ht NDn tjoahkod op ovlra t8kwa rb yR
vzorek pro pod®l nou a pB¢frooky mbyhyogdabi §k
ng§stroje. U tohoto vrt8ku byl y¥. pozorovsg§ny ¢tr

3. VhSLEDKY ANALAKZ

prvn? byla posouzena materi 8l ovs8 shod:

gitTch prvkmnB8ewYeuvpplvgmulkd, Fe se ve v
] 8 o ocel S500 Bothdae®matl migecdooyi pkokygepso
Dal g2 anallTzou byla stanovena mikrotvrdost H
Lokalitou, vn2 § byl a zjigtNDna hodnota mikrotvrdos:
vibrus, kterm? byl pbokozem? v(u n8strojee A to
B dogbavkji trhliny ag pSi rozSezu na metalo
hodnoty HVO, 05 =1156, 4N53,8 a u vzorku B to

Tab.2 PSehileegpcel n®ho zpracovgn2 jednotlivlich anal
pr TmDrn® hodnoty HVO, 05

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

values

Oznal enRegim tepel n®ho zpr acov §r Hodnoty
vzorku HV0,05
Polotovari N [k al eno 11ydpAlCdtliBivo a 1306, 2N
560AC/ 60mi n+565AC/ 60min 41124, 2K
Polotovari P |k al eno 1 1yd®pA\lCdtliBivo a560AC/|{1032, 4N
580AC/60min +560AC/60min41234, 2K
Vrt 8§k (kaleno 117®dpACygtiBvo a560AC/[{1348, 6N
580AC/60min +560AC/60min41106, 6K
Polotovari K [pouze kaleno 1170AC/ 137 4871, 2N§
837, 8N2
ZARA di agr amu ocel i vypl Tvg, ge pr @ zaka
charakteristick8 tvrdost okolo 880HV. T®to h
potvrzeny visledky tvrdost. nezakalen® stopl
tvrdost okolo 3108324HVO0, 05 audjuilgtDmkT méz &k
pSedevg2m prim8&rn2ho charakteru.

Zdal g2ch hodnot vy,pITv§, ge hodnoty jsou vel

vysoks§, ge ani pSepoltov® tabulky n a hodn

pSepo en § hodah®dHRC.j e DPaA®OHVYypEFRI y®8 pro ocel
r pr 8v

| t r
sekund§8 2 popougt Dc?2 tvrdost 8vhD hodnot
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vhNDkterTch pS2padech zdTvodnit pS$S2maricinost 2
avpS2padnNdmmBs®nakdiedj podd povrchem je ovlivnDd
rozd2?ly se pak projevily na veVyli&@aobkén2 mmiRAc
vygg?2ch hodnot je celkov8 tvrdost vysok§g. N !
vtiskT HVO, k5 b(ydegl k@ ovtoiveeny pSi zhaaaearrl miV:
hodnotami mikrotvrdosti HV0,05).
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Obr.2 Pr TbNDh txgudiosltostyv na teplotn popo
je dosageno pSi popougtiNDn2 na teplotu
Fig. 2 Hardnessvs. tempering temperature curvéhe highest valu¢ 68 HRCi was
obtained with the tempering temperature of 5

ugt Nn
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Vysok® hodn

noty tvrdosti vych§8zr®§«lee dujruck? ukan
tak® z pS?2
y
r
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mohou vznikat j i glo yvaenlena, egpe | n®m
nalezen2? pS2|liny je nutn® sle
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Jak j 19 by |¥v o d
trhI I na smatebe
nejslabg??m m2st
kde | s ouna pviySjogv2a

naps§. koncent

plochu a vyhodnotit ji neje -i
zhl edi ska kSehk(
z hlediska stavu, velikosti
rozm2stiDni pkavd
fraktogmalfli Tk ® (

vypl Tvs, ge po

nNn8sl edkem jejis

redistribuce. Jak vyplyne

zn8sl eduj 2c? me

j ejich tvar a z | n2 vV e

strukt ySe I e Od%bé Dtall%ola\izejvofthefrg]c?t)u\r/ne@urfacleOChy

kl adenl m pogadav%%{rﬁ.

Met al ografickg$§ anal Tl za a j ej 2

vidkg jsou vgdy stRhRgejn2m bodem expert2z pos
na jeho strukturn? stav. UmogRuje zachytit
polotovaru zh | edi sk a protvg§Senz, rozm2stmin? kar b
zpacov_E8nz2m. Pr o dps@adkeanvan®n2knkall iv D bl vs§ Vy
met alografickl mikroskop, ale tak® $®dlovac

presentovan® expert2ze. Vedl e popisu astrukt
i velikost austenitick®ho zrna dle normy LSN
Uveden® struktury byly zviditelnDny | ept8n2n
stavu pouze zakalen®m by letylalknhvloddebo u3 0 ®%pt &pe a

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

Obr.5Stu kt ur n2 s tpaS2 | mr@&ng ksumNA uv met al ogr af
Fig. 5 Microstructure of A drill on metallographic cross section.

Ze z2skanlTch visledkT metalograficklch anall
struktur a nenz u.ve Kaslpamg2vn®mivgsggpvyovegdgeénodby,z r
zadavatelem uvedeno (1170AC). R SedpoAkd.§ daatse
teplota odpo002dBdH»hodee[4]S PSi z8&kazn2kem uv§g
kt ak virazn®mudT.ozRPwwWrn Mn 2stkav bdodan®ho pol ot
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nNDOm sl edov8§no ¢g8dn® neg8douc? karbidick® vy
v2ce protvg§Sen a to kvTli velikosti austenit
uvedeno utab.3)

Podle strukturn2ho stavu je vel mi habyhov 9j
jsou sice teploty 565AC voleny ve vazbh n
neodpov?2dsg. Ve struktuSe j sou zachovsgny d
charakteristick® pro n2zkoteplotn?2 popougt Dr
popougtiDn?2 neprobnDhl podle pogadavkT. Podl e

popougt Dcdobepl othiSewvusprodloudgi obRhley poiRe nal
procesy.

Ve druh® s®ri.i byly dod8ny dal g2 polotovary
strukturu, jakotypr vn2 s®rie. Tak® u vrt8ku defekyyl a po
vit8ku AAA a pos|l ®zpSedohoBkus ABiie HBwky jiako
a posuzovs&ny oblasti pwa® tin®erd m2 plSEd thi®ma sunhNa k

SpotMagn  Det WD )—{ 20 pm P SpotMagn  Det WD |—{ 10 um
5.0 15ﬂﬂ SE 20.7 Polotoy kaleno - pricny | . 50 2500x SE 106 Polotovar 1170°C; 530°C - podel,

Obr.6 St rukturnz zattay Obr. 7 Desky martenzitu jsou zachyce
pomoc?2 S§8§dkovac? h iutohoto vzorku P

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

specimen microstructure

Jak dokumentuj?2 vgechny tyto stepkouyn2ksat!l
vygg2e ned8viSno zadavatel emtohloe,nt ge Vas e d @lo mR 1y
mnogstv2 prim8rn2ch karbidT r oz plu2g0tOdn®.. T tec
teplota nerms»oln® k8ken?2 nvjak vysokg§g, neboé |
dopor elpd md atsbdIn®n2d-§ADACR40edn8 se o pomhdDrn
proto je autorem doporul ena max. teplota 12
zkougeny teploty ag 1280AC a po kr8tk® | asy
zhrubnut?2 zrna nebo vznik neg8douc?2 | edeburit
NejvhDtg2zm nedostatkem | e, dle zjigtDn® str
sorbitick® struktury. Zakalen8 a popugtDns

kter® | smadaxkarkelmMm®ho popugt Dn?2, Toto nedokon
uvedenou zmPDnu u vzorku P; C.
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~ S v o 3.
Obr.8Vrt ke nal enz m C. Pol otovar tohoto n8str o]
vzorkem P. RovnhDg strukturalge shodn8, obsah
Fig. 8 Drill designated as CThe stock for this tool was heat treated according to the same
schedule as P specimehheir microstructures are identical, containing a large amount of
laths.

Posledn?2 anallzou bylo zingt Bhe wel mkod&tSIN &
Vt ab. 3 jsou pro druhou s®pPiSPE| n@®bdemet akbgk
vIibr wdbdaswti st Sedu a okraje.

Tab.3Vel i kost austenitick®ho zrna
Table 3 Austenite grain size

Vel i kost austenintoireny®h & SANT
Vzorek Oblast Hodnota G
N St Sed 7
Okraj 9
P St Sed 10
Okraj 10
K St Sed 7
Okraj 9
Pro =zajigtnDn? pogadovanich vlastnost?2 se V)
veli kost zrna G 10. L2m je vDtg2z hodnota G,
vzorek P. U ostatbyth deost $rduk MeNgsé Khoedc
vobl asti okraje, ale obhD hodnoty nejsou vyho
mNlI pSedevg2m vIiiv protv§Sen2? polotovaru. St
struktura hrubg?2 optohb ®kpHppotrm| ebt asteno
zajistil vnDtg?2 protvs§Sen2 stSedn? oblasti po



‘ﬂTll!Z‘.UJﬂJ 227 23 November 2011, Jihlava, Czech Republic

4. zZCVnhR

Zdosagenlich visledkT ypItTe\p§,otg‘ye -R B A/G/§0dj2ce jos
neg ud8vs8 zadavatel. PSesto ji l ze jegthnN ne
vsol n® | 8§zni dotpeopludtuj 22 k®B®AG.t mayl g2 m dopor ul
austenitizace ag 1230AC. Po zHRKQG.| enBo thay zmd |
austenitizace byla odpov2daj?2c? pr TmDr u p o |
odzkouget a odladimNSed2pgadre® | ve ySesona®t il §z n T
Popougstolun2asmn®m stavu nepln2 svojitéonktickht
jehl i cemi, pri m8r n2 mi a sekund8r nz mi kar bi dy
kterd@!l §2m vnesenIim napDhthincioalcibrpadglmzenkec

zbyt kov®ho naphDt2 je nutn® djoej8hmw udo §a&gmm? s
nej en odpov2daj?2c2ch teplot, ale tak® doby
i doporulen2 je navrgeno, aby prvn2 popougtC
a |ltvrt® popugthNn2 pak pa tephopuoB8bO6RE, RbLEe
bTt alespoR 60min a ohSev na popougtRhRc2 tepl
Zhl ediska dodan®ho polotovahemi alk®dyl 31 che ed.
vyhovuj 2c? je stav karbidT, bgktar @®Spsomna v P
vySg8§dkovanost popS. anizotropie. Jedinim ne
protv§Sen2, kter® se projevilo odlignou veli
n8sl edkem meng2ho prot vishSehm?2 ausNeéGrt i wekl®hko
okrajovim obl astem.
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OPTI MCLNé POSKIUUPWEHA TEPELNEHO
ZPRACOVCNE MATPEHRI (PLRRCCI ZA TEPLA

OPTIMAL PROCESSES OF VACUUM HEAT TREATMEN T
OF HOT WORKING MATER IALS

Ji S2 Stanislav
Bodycote HT, Tanvaldsk8 345, 46311 Liberec
jiri.stanislav@bodycote.com

ABSTRACT
Cr-V Il edeburitick8 ocel Vanadis 6 bbgzpaiody epel n

zmrazov§gn? Na tepelnD zpracovanlch vzorc?2ch
t S2bodovim ohybem. VIisledky naznaluj2 ponhku
nNDco nigg?2 tvrdost, avgak ni koBh2hoWégevydbt as
pS2padech bylo dokonce zaznamen§no, ge zmr a
deformaln2 pr8ci do |l omu neg vzorky nezmrazo
projevuje rovnhRg ve zvDtgemp®mtrSelbio@fow ®nm mhwlk

The CrV ledeburitic steel Vanadis 6 has been subjected to the heat treatment with and
without a sukeero period. As a measure of toughness, three point bending tests have been
carried out on heat treated specimens. Results indidhigd rather surprisingly, slight
decrease of the dempered hardness and no worsening of toughness of the material occurred
due to the sulzero processing. On the contrary, higher plastic component of the work of
fracture was observed for sabro procesed material. Higher plastic energy until the fracture
was reflected in the topography of the fracture surfaces.

1. bVvVOD

Tepel n® zpracovsg§n?2 n§dgtempadjaonelacn§tokenll? ggmo dp |
oboru. Nejenomh | edi ska vlastn2chhpedtshpd, ualendSad
parametrT procesu pro dosagen? opti m8l n2ch
tepelnhD zpracov 8 gmircatmed o ITT .p rPSie swovjdh ual & ov
j sou postupy objednan® a co postupy obvykl ®.

A zde vzni k8 rozpor me z i pogadavkem virobce
postupem objednanTm |i obvyklTel demPpavBtdgk
zajigthDny postupy obvykl ®, nebo nem8 o nich
pogaduje od dodavatele tepeln®ho zpracov§gn?2,
SamozSej mn, ge dal g2 obs8hlou kapitolou je

trdost, neboz p Tsob pougit? nt8asmtroo j Bl &rek uv Taloeb Nb udv
zpSedpokladu, ge toto objednapwsttallpyj iodp vaykd d m
At he best praxisi.
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2. VSTUPNé MATEBHOKDNTROLA

I kdyg skupina znaatteepl8d T) @rob 98 BIlc8§po pgtoatvihe
stejn8 pravidla vstupn?2 kNadca 209, Irey..2008 [&]] Tato d e f i |
definice je sice urlena pSedevg2m pro for my
ostatmateaphkb je naps§s. z8pustkov® kovsgn?2, n
nebo | isovg8§n2 za tepla.

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

Tab.1iKl asi fi kace materi 8l T dl e Nadca
Tab. 1i Hot-work steels classification by Nadca

Zhl edi ska
podm2nkou.
O vislednTch mechanicklch vliastnostech rozh
mnogstv2 a rozlogenédhptro mBredichk&arpi dTroZl i
je postupemovwibviykdti mzkoumgn?2 vstupn? j akost

vstupn2ho t essloow@enrt2 |z§ kkloandtnr2o,l an ec

zkougek hougevnatostl.

Je prok8&8z8no, ¢ge | 2m vygg?2 je r8zov8§8 hougevi
prot. t vor @@e [tnr@ | ¥ama vzy . Vygag? hodnowvalDg 8zo
pozitivnhD ovliivnit vzmiabpnRBakdomitshlaivy.souvis
R8§8zov® zkougky jsou prov8dRDny na vzorc2ch id
a mhRSen® hodnoty by mRly dos8&8hnout hodnot de
(Tab.3). Vp S2 padn, ge predikovan® hodnoty nejsou
materi 8l u nahradit dodanl materi 8l materi 8§l e
R8zov® zkougky jsou nerjowhiddDnvyh ordan | wz smmd)fr ehm s
zajigtNDno, ¢ge budou hodnoceny | imitn2 mechan
3. TEPELNE ZPRACOVCNE

Tepel n® zpracov8n2 tRchto ocel? by mRIlo bit
postupT Je ot8zkou, co se tNDmibdermnbayyhk!| b me
neexistuj? |l esk® standardy, existuj?2 jen fii
Nadca 207, rev 2008 [1], [ ten je ale jen
v USA.

Sprg&vnhN vedenl proces t e piesltni®h o d ozspar gaecno?v § o #

mechanicklch vlastnost 2 podle vstupn2ho mat
deformacemi pSi ohSevu, pak nejdTlegithj g2 mi
Austenitizace by mDla zaugs$stDine nmadlrfikcdn® | Stsnt
rozpugtBDn?2 karbidT, na druh® stranhD by ale
Zrna opr ot vichoz2mu s t apratikladu Tayjé autnad ot p o g a
kompromi sn2 Segen? v 8eniwac® ash|l dobébm matep)]ote
3D t Dhets®er genn2m prost Sed?2 vakuov® pece.
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970 970|

980 W400 980
990 VIDAR VMR 990

1000 SUPREME [ DIEVAR E38K 1000
1010 W300 | TQ1 1.2343 1010]
1020| ORVAR ISOBLOC | W403 I 1020]
1030] SUPREME VMR I 1.2365 1.2344 | QRO90 1030
1040| RPU 1040]
1050 1.2367 1050]
1060 HOTVAR| 19541 | 1060
1070 1.2999 1070]

1080 DOPORUCENA TEPLOTA 1080
1090 POVOLENA TEPLOTA 1090)

1100 1100

Tab.2i Tabul ka povolenTch a doporulenich teplot
Tab. 2i The table of temperatures allowed or recommendedustetitizing

VpS2padn, ge nen?2 pogadov8&8no TZ dle specifi
povagovsgny teploty urlen® virobcem pougit®
pak tyto teploty jsou uvnit$S povolen®ho pgsm
Vygg2 teploty austenitizace sice zajigSuj?2 |

ale naopak precipitujp?roviduenp| yahll) a zpeon 2h r(akna lc
vlislednou hougevnat ost mat er i 8lpw.sthParsdadoxXm,
vygg? teplota austenitizace znamen8 vygg?2 o
pracovn?2 teplothD n8stroje (te@lprel h)® YanRtvys GoC
vel k® nebezpel?2 rTstu zrna.

480

P S—

T 460 =

¢ 450 \\*\

£ 440 ey

£ 430 [ - Dievar 1020 \\4

§ 420 | T Dievar 100 S

£ 410 - ¢~ Dievar 1150 e

§ a0 | o *

390 4 —=—QRO 1100

380 +QR01150

0 5 10 15 20 25
Tempering Time, h

Obr.17 Odolnostp o't i popougtiNDn2z dle kal2c2 teploty p
Obr.17 Temper resistance of quenched and tempered Dievar and QRO90, tempered on 600 C

[2]

KromhD teploty a doby austenitizace je jegth
omezuje mognost precipitace tDchto karbidT.
austenitu uhl2kem sniguje Ms a maticiyTgupale mno ¢
transformuje na nepopugt DnlT martenzit, popS
p82padecrpod<doehs§122hol<ugevnatosti

Druhlm nejdTlegithRjg2m parametrem austenitit
mus2 Dbilltn& opsrtaatleomogeni zac.i austenitu, pSito
karbidT, nes m?2 vgak umognit nadmBRrnT, nekon
vygg?z je teplota t2m kraptéjﬂpaldans aguestjeenlpagzaad
zracovgn2 obvykl ®, je nutnpS3dpadhgefiepSedped
Zpracovsgn? dl e Nadca, pak | as austenitizace
prohS$g8t2 d2lu do ukon|len?2 prodle@&vy za splnhn
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90 MIN Otvor pro umisténi Ts,
hloubka 12 a2 19 mm e
" | 30MIN -
- Do 15mln+—— *-{ }‘F 1 Ez
Do 15 mi 7..‘ f é E [
u AN
=
oo 3 7
I []
0 O ) |
3 o
wl T
/ \
L// Tc je umistén v chladicim
% = > &= kandle blizko stfedu viozky
Obr . 2 f2zen?2 teplot vakuov® pece bhDhem ohSe

Pic. 21 Temperature control of vacuum furnace during the heating up and austenitizing
Obr . 3 Um2stNDn2 termoll 8nkT Ts a Tc
Pic. 31 Location of thermocouples Ts(surface) and Tc(core)

Ts (povrch) =Tp (peck s o uTllsgpoevreHi}Tc (j 8dro) < 14 C

VpS2padhN, e pec nen2? vybavena mRSen2m tep
maxi m8§l n2 doba prodlevy na teplothD povolena
Prot o, aby tento @makametol omat olbjleke¢ hamakt e
uvedenlich podm2nek definovg8na i poloha um2st
spr8&vnich otvorT pro termoll nky Ts a Tc m§
Velice dTlegitlm parraymehlroest veddstimezi tppidoce sw |
austenitizace a dd4$8@€n2 Mat dyl ontdy acbd t4&d®nnt r
smini m8Il n?2 hodnotou 28AC/ min. JedinhD za t ®t
karbidT u materi 8T HL@pa. 2H31414)1,. 23 43@dmenaj ?2c
hougevnatosti materi 8&lu (Obr. 4).

Proto, aby materi g8l pSegil tuto velkou rychl
j e nut n®, aby jeho tvar byl tomut o c21i u .
givotnostlii, defog me®, jsou tepelnim zpracov
materi 81 u. Precipitace karbidT a extr®mn?2 r

z8kladn2ch zdroj T nevspnhcnhk.t eE X tech@ypoBipra @ s t
nehomogenn?2 deformace hutn2ho poladtmdy amow, |n
nevhodnlD zvolenou teplotou austenitizace. |
mus2 blt vybaveny i nmmm&na2 wmjececkybs ymuRBT cthl
oget Sena drsnost povrchu po obr&bhRn2, a nesi
se koncentrovalo naphDt 2. Je tedy obvykl ®, g
mo hl vy podstoupit proces vV 'y s blé&do rny défdrneaset n 2 h o
Vopal n®m pS2padhD, tphat€kopiravivlljamkanTge zpTs
kezhor gen2 mechanicklch vliastnost 2 oceli

Rychl ost ochl azov§8n? nen? obvykle pSedepss§8n
zpracovs§npadTy,j madyy Sj2e objedng8§no TZ dle Nadca
obecnhN uvs&§dhNn na materi8lovlich 1listech, p ak
obvykl ®m. Prot o, aby byllio tjeendtnoo zmand ame trro zbh y

nebonevhodD j e nutno prov8dNt objektivnhDjg2 hodn
Po kalen? mus? blt materi §l popugt Dn, a to
martenzitick® pSemhDny obsahuje materi 8l st §lI
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dPremium O6Heat Treating

1300
1700 -
ta_ B
(o] %
15:51 _ Peorlile
& 1500 1030 U
}__.. ) nn I~
= 630 U (C
Lo 1100 A
O
2 -
L)
= 900 A
W 660%F {990 U C 4
700 A — Baifi
ﬂ) ( 41\7114” l% R 1 T 1 T 10T | 1 ITTTTT4
| ‘ — IR
0 0 0 B
. 10
460UC) TIME, Seconds hours
Obr.4iObecni | RA diagram se zn8zornhn2m kritic!
Pic. 41 CCT diagram H13 steel with critical regions and temperatures
Jednak je to d&no polohou Mf, ah ¢ teedrnoagke ntnZ ir
rozlogen2m tekdmgiyk wvkndyt Sj.e Vpovrch ochl azen
nachgget | vice jak 50% zbytkov®hopawsteni:t
popougt Dn2m, k~dyg jegtnD nen? dokonlena pSemn
ZpTsob obvyklII Sz kg, ge co nejdS2ve0ACo kal
Probl ®mem pr8vjpPDepSyg dochlazovg§n2 je nejviDtg
t omu, ge jsme jisuwpedr pMsziar dphaB 2?2 tf&Bhzl oont® t

pSemI’Jn,y. Protmediochdodzpv@mwdem plynu je aplik
Tc=150AC (nhRDkteS2 wvirobci peacdl 2a gd odpoo riudl QuA C) ,d
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jen na voln®m vzduchu. Las do dosagen?2 Ts-=
t DI esa.

Proto | asovg8 definice doby do pryephpopag@gowut
za pSedem definovanl parametr. Dochlazov§gn?

zpece. £z ohoto dTvodu se na dz2ly umi sSuj e ma g n
teplomlDr a mNDS2 se teplota po@rtc®uodtEmi ppro
obvykle) nen2 z8znam.

Po dosagen2?2 obvykl® teplpopodTgtEBON2RAC tja&t anodc
trvat u rozmRrnTch n8strojT i nhRkolik hodir
rozd2l nlT mezimiNawdaea b omkted riiTvddu se postup
dle zadavatele, a mTge se I|ligit i podle typu
Popougt Nn?2 mu s 2 provedenbl edemimg@l nBpdpagt B
vzniklT rozpadem ZA PoopmEmomnpppgdugipDmkace
vgechny strukturn? sih@&glypyn® miop®lumgD Nk qepma
4. VASTUPNE KONTRBILMEAE® ZPRACOVCNE
Tak jak je dTlegit8 vstupn?2 kontrolacAakupo
spor T, tak stejnhD dTlegit8 je kontrola sta
r§zovich zkougek na vzorku ma8lenliBdl d2 | &kmecg
pochodem tepel np&hrop azdpx, a cjoev §n§z.o vW® z kolughky ne
hodnot KCV, dodavat el TZ je povinen prov®st
na tom, ge | e povoleno pouze jedno opr avnd
aplikovg&§n2m je nutno materi 8l vyg?2 pSedpniasumhl
dodavatele oceli a nebo Nadca, pokud jsou wur
VpS2padh, ge ani opakovan® TZ ned8v§8§ odpov?
testovgn? materi 8l u jsou toleranci, poskyto
doposud vyndg.l ogen® n8kl a
) St av k al

Stav g*ha popugt nNnl

Pr T ml Min Pr T ml Min

() () Q) Q)
H13 13,6 10,8 10,8 6,1
Thyrotherm 2367 13,6 10,8 10,8 6,1
Dievar 19,0 14,9 14,9 12,2
W403 VMR 13,6 10,8 10,8 6,1
W300 Isobloc 19,0 14,9 14,9 12,2
Thyrotherm 2343 Supr 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 E38K 19,0 14,9 14,9 12,2
Aubert Duval ADC3 19,0 14,9 14,9 12,2
Tab. 3 Hodnoty r8zov® hougevnatost.i KCV pSed

Tab.3 Theoretical values of toughnésssteel documented by Nadcg [1
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it e o
Fast quench Moderate quench Slow quench
CVN = 207 CVN = 10J CVN = 5]
Obr . 5 R8zov8 hougevnatost materi 8l u H13 p

tvrdosti 45 HRC [3]
Pic. 5 Toughness of H13 steel after different cooling speed on samples with the same
hardness 45 HR(3]

Hodnocen? visledku TZ pomoc? mnNSen? tvrdost
vgechny typy struktur po TZ mohou m2t za wur|
sprg§8§vnou hougevnatost, pS2padnhD »pSél akjoilm® d
i zvligen® teploth.

VpS2padh, ¢ge po TZ je tvrdost vygg2 jak za
popugt Nn?2 a tvrdost tpoohgoa,dogveanpoadayvavyeclh §m¥&
dTvody, prol takto It virzd onsetm8s tpaonvoivninlo sat dtoydtaov a
VpS2padh, ge tvrdost-l ipoolljZedineen@) e pak gd2ezr
hougevnatosti nelze optitomBiunnNDgeomhgdhouvrdo¥y
hougevnatost, o bnvaytkelrei 8jl e usypd InB H | ijdeol) | godpuagki a \
pSepracovs§vat . Krit®rium, kter® tergtzmvpchce
zkougk8ch. Pokud tedy objednavat el tyto r 8z
testovg8n2, pakgeebyemamli itekBymdgnl ve spor

5. VYMRAZOVCNE

Kryogenn? zpracov8n2? ocel? pro prs8ci za tepl
tv8Sen2 za tepl a. Proces vymrazen? Je zaSaze
pod Mf umognil dokonlit f8zovou pSemiDnu PSi
kdokon|len? rozpadu ZA ale | k precipitaci S €
opot Seben?z,
1200 -
. austenitizing
1000 -
— 800
g pre-heating
g 800~ tempering
5 . \
E 400 / quenching (oil)
% 200 1 / cryogenic treatment \1/7\
-202 [ \o / % 2 2 Ao &
o Time [h]
Obr . | . 5 Typickl prTbnRh peptovgnpS{4liplatnin

Pic. 5 Typical cryogenic treatment graph [4]
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Zhl edi ska zmhDny r8zov® hougevnajteojs2tcih nheobdyn oyt
byla ale zjigthRno virazn® zlepgen? abraziwv
dochlazoe#8obvylkl ®2ae¢ n8§strojfl T mr o 8tsu§Dgn[2 pra
Standard Nadca 207, rev. 2008 tento proces d

6. POVRCHOVE BDPRAVY

Optim8I n2 zpracovsg8§n?2 ocel? pro pr8ci |
viastnos i  mat e&r§idsnl@m pS2padhD je a@alSépacm
vygaduje jin®, specifick® vlIastnost
Yapr avami .

za tep
okgge ap
p ak

Jedn8 se buN o nitridaci, PVD vrstakwyy a nebo
Tyto povrchov® Yprtddecyh pSizmagize chl e kigdegn?j ev pot
tahovich nam8§hg&8n2 na tlakov® nebo kdyg je ¢
difuzi tvg&§Sen®ho nebo odl ®van®&h or onvart g i8Il zun ad
vokamgi ku, kdy e pot Seba zabr §nmat eirnt8dreark
ng§stroje. U forem na tlakov® | it? se jedns
ng§stroje a Al

PDsphRNDgnhD se ale rozv?2g22 zi§ bpxhoocve®s yv | zansat meonsat ji 2 cm
napS. S2zes8paxiNddoeew pro tlakov® |itz2. Jej
rozptilen2 Jlubrikantu pSi z&8bhNRhuggEmtabjazia
“wlinkem a peSeednev g9 m@&hm kont akpol Bt km2 lpw oa o
kdy forma jegth nein®i cziag eit §miak rjoeo bnj 8ecnoyvl Tnc8h ke

prasklnyzt epel n® Yinavy.

Obr.6i For ma pro tlakov® |it2 po procesu S2zen®
Pic. 6 - Die casting mould after process of oxidation

7.ZCVnR

Tepeln® zpracov§n? je kvalifikov8§no jako z\
promBDnnl ch. Tyto parametry maj? pmey ediotmeltneoc
procesu, maj 2 souvi l ost i s parametryl op®egk

s
virazn® zlepgen? povhDdom? o tomto probl ®mu
vede Saduwy nfeicrhemz2k z8kl adn2ch, tiorkdykam@pivkyk | dr
str8nka vRci se st8&8v§ obt2gnhD obhajitelnou.
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Mni ENE | NTENZEINEY KA OLETENRWEFI C
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MEASUREMENT OF QUENC HING INTENSITY,
CALCULATION OF HEAT TRANSFER COEFFICIENT AND
GLOBAL DATABASE OF L 1QUID QUENCHANTS

Bogildiagl il , T. Filetin )
Faculty for Mech. Engineering, University of Zag b |, l vana Lulila Street
10000, Phone/Mobile: 00385 1 4856571 ; 00385 98 9273Bbliscic@fsb.hr

ABSTRACT

Tento pS2sphRvek vysvRDtluje potSebu Glob§l n?
kalic2 m®dia za W% elem pSedpoviRdi tvrdosti,
pSilemg mNSen2 se provs§d2 na r eé8lynl cho wltason
| aboratorn?2 postupy pro vyhodnocen?2 ochlazov
pro vipol et koeficientu pSestupu tepla se p:
Byla vypracovs8na metoda tepsbupédahdepglradizan:
Liglilovy/ Petroferovy sondy. Byl vysvDtlen v
hustothD tepeln®ho toku. Je pSedstaveno zvl &
provozn2ch podm2nk8ch. tZmMaDinn §reo ddnv2o uff e§dzeorvd c
zpracovg8§n2 a povrchov® ingenlirstv2 (I FHTSE),
KI 2] ov&adlem¥a: model ov8n2, ochlazovac?2 intenz

This paper explains the need for the Global Database of Cooling Interisttiésquid
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 tesspecimens, and lumpdtatcapacity 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. Catical he
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 aBdrface 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
gquenchants (different ikds of oils, different polymesolutions and other watdased
solutions, molten salvaths, fluidized beds, and fast moving compressed gases). Any of these
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guenchants 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
guenching; interrupted quenching; delayed quenching; martempering; austempering; spray
qguenching.

Yet there is nagenerally 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 guench
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 cendiiorently, 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 ABTB482 and

ASTM D 6549 for polymetsolutions), using a small specimenof3@m di amet er | 6
The results of these tests (temperature/time and temperature/cooling rate ggetsig. 1)

are not directly applicable to real engineering components, because they do not provide heat
transfer data for the complete quenching pescof 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 tidor designers and workshop engineers, available worldwide.

1000 ‘ . T
nc | i |

50 = ] Fig. 1. Typical a) temperature/time anu
\ | | temperature/cooling rate plots for test
| specimen 12.5 mm di ame’
4 quenched in oil, according to ISO 9960
~ / — Industrial quenching oil$ Determination
of cooling characteristics Laboratory test

b) [ method

0 5 10 15 20 s 250 25 50 75 100 K/s125
Time Gooling rate

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 sucha database, as a tool for computer programmers, computer modeling and
prediction of quenctinardness, microstructure, stresses and distortion can become a normal
practice when quenching real engineering components of complex geometry.

The foreseen projecof development of the database is two phase:
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Phase 1: Compiling the experimental results from different investigators, and
establishing the database.
Phase 2: Further development of computer modelsDBfor engineering components

with complex geometry, irgy 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:
1 To use small silver probe for evaluation of catli heat flux densities [1].
1 To calculate the heat transfer coefficient based on testing by the Liscic/Petrofer
probe and solving the inverse problem [2].
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1 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 thicksgogsns, many holes
and norsymmetric cavities), from the other sitl®ne 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 sases means
different duration of the vapodilm phase at different points, and this leads to distortion.
Because we cannot measure the temperature at so many different points on the surface, the
guestion is: What is to be done to obtain real heat tnartdia 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 cylindripabbe, 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 advanceeD3inverse heat condtion 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:

1 Description of chemical and physical propesti

1 Specification of test conditions;

1 Incorporate own testing methods;

1 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 mbematical procedure;

1 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;

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

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

By applying the newest theory and methods, the foreseen database would supply
comprehensive infonation 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/copanies. 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
economie$ Brasil, Russia, India, China, which actually constitute the major part of potential
databaseusers. 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 18 Congress of the International Federation for Heat Treatment and Surface
Engineering (IFHTSE) heldon4Z0 Oct ober 2011 IiLiguid@ueachamte w, u.
Database Proect has been officially |l aunched, and D
as is 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 ramprti
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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 p@bg equal to the deease in the internal
energy of the probe

dT

Q=hA(T -T) =o=\V-22 (1)
whereh is the heat transfer coefficient on the probe surfAas the surface area of the probe,
T, the probe temperaturd; the quenchant temperature,the specific heat of the probe
material,} the specific density of the probe materMlthe volume of the probe,time, and
dTy/dt the cooling rate of the probe.
If the quenchant temperature around the prhbe uniform, the next relation is derivetbin
equation (1):

B &V dT
a=h(T, -T) =& o’ @
whereq is the heat flux on the probe surface, and
V adT ./ dt

A%ﬁ 3)

The heat transfer coefficient can be directly calculated from the coolingTgtk, dherefore

the preciseness gfandh values depends on the accuracy of the cooling rate calculated from
measured cooling curve data.

The LumpedHeatCapacity Methodcan 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 tthe 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 asedtibe silver probe is
uniform, if the Biot number B= h R/a-< 0.2, whereR is the radius of the probe arsdis
thermal conductivity (for silveais 16 times higher than for stainless steel or for Inconel).

Fig. 2a shows the Japanese New Silver Probd0omm diameter and 30 mm length,
according to JIS 224&hethod 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 thampedHeat—Capac:lty Method

Supporting New Silver Probe 2
rod (JIS K 2242 - method B) 800

Sivor Probe (10mm dia. by 30mm)
Quenchant :No agitation

#1.0sheathed New sliver rod probe ~

%) i Polymer (30 °C, 10%PAG)
h I-sheathed ¢ |
thermocouple as a metal-sheathed _ g L 13 ]
[fl  Connecting rod e i gl I Moten salt (230 °C)
%A geometrical center. ® 'l \\‘ 0il (120 °C, JIS2-1) ]
il £ 400 v Sl
wn] i 8 * A el o
m% ¢5 ‘E, l‘ X
t T .Em Sl
“©w 11ty - O TT—eemms==T
= _;_\ Silver rod L 1 A 1 A . . L .
body 0 2 4 6 8 10
#10| | Time t(s)
a) b)

Fi g. 2. a) Japanese New Silver Probe of 10
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 higgt conductivity of silver, as it can be
seen from Fig. 2b, when quenched in oils t
seconds, and when quenched in brine, water or potgwlation of low concentration, in less

than 2 seconds. Such probe is welitesd for laboratory evaluation of the critical heat flux
densities of a quenching fluid in the very beginning of the cooling process.

100000 F——p——r— ——F— —o— Citywater,30°C l
1 —+— 10% PAG polymer, 30 °C|
g 17— oil (Is1-2), 80°C 4
t _ Wy | —O— 0il (J1S2+1), 120°C E
5 - ¢ || —0— Molten salt, 230 °C
g 1 4 o 10%sbrine30°C |
g P Fig. 3. Examples of calculated heat transfer
2 g F N coefficients from the cooling curves shown in
IopPST Fig. 2b[5]
100 ‘ I l
0 200 400 600 800 1000

Surface temperature (°C)

When quencing real workpieces of bigger size, made of steel, the temperature field across its
section is not wuniform, and the cooling tim
section size and the quenchant's cooling intensity) takes many hundreds secoss)

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 differanceooling 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 itselfdescribed 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
9=/t (4)

where:q is the heat flux density (W/hthat is the quantity of heat transferred through a

surface unit perunittimexi s t he t her mal conduct i vi/tOg of tt

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 0 nd i amet er 1T 20
length instrumented with three thermocouples placed within the same radius at the half length
crosssection. 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 esesgon. 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 becedtmalt er mi r
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 convertedsaanplifiers with a programme

enabling digital recording all three thermocouple signal outputs, and simultaneous drawing
three cooling curves in real time, see Fig. 4.
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Temperature Gradient Methochn, of course, be used also for probes of the same design
having different diameters, but always the same fafid= 4:1. Fig. 5 shows results of such

probes of a) 20 mm Dia. I 80 mm and b) 80 n
accelerated oil of 50 AC with medium agitat:i
= Probe of 50 mm Dia. x 200 mm ‘= 1 mm below surface

- (Liscic probe) : :.sl ::n below m’i‘i ]

' N
i W\ Fig. 4. Cooling curvesneasured by the

= LiscidPetroferpr obe (50 mm Di a.
N N 200 mm) quenched in low viscous

" N accelerated oil o

-

T e et IR T —— S

= AT=29°C = Cantre s AT=8°C = — Contre |
j’gsoo \ 'g.»,nu Lol ». 15 N \..‘A_..g \

%m \ Max AT=114 °C gw \\ ‘

10 01 1 0
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2 | b)

Fig. 5. Cooling curves measured by the prob
Dia.l 320 mm, of the same design as the Lisci
accelerated oi l of 50 AC with medium agitat:i

Irrespective of the probe diameter and massTémmperature Gradient Methagkhibits two
very important features:
a) It displays clearly thedynamic of heat extractiomuring the whole quenching

process.
b) It shows thenitial heat flux densityat the beginning of cooling.
ada) The probe of 80 mm Dia..l 320 mm has a ma:

only 56 nt, 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.l 80 mm has a mass of
! and a heat capacity of only 94 J/K megenting 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

t he heat <capacity of the smaller probe! Why
the bigger prbe (600 seconds see Fig. 5b) only 9.2 times longer than the complete cooling

time for the smaller probe (65 secoridsee Fig. 5a)?

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

maxTg=p 415 AC TwadlmdxACmp as the mentioned fig
ad b) Two seconds after immersion the temperature gradient between 1 mm below the
surface and the centre of the probe for the
probe the same temperature gradient was| y 8 AC, as shown in F
respectively.
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It appears that the smaller probe cools from the beginning faster than the bigger one, but later
the temperature gradients within the bigger probe are much bigger (i.e. the heat fluxes are
bigger)than within the smaller probe. This is the reason why the cooling time of the bigger
probe is only 9.2 times longer than of the smaller probe, although its heat capacity is 64 times
bigger. This analysis shows how the Liscic/Petrofer probe, based ofiethperature
Gradient Methodcan precisely describe the dynamic of heat extraction during the whole
guenching process.

To calculate the heat transfer coefficient based on experiments with the Liscic/Petrofer probe,
the XD inverse heat conduction method s&ed. 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 raBiushe temperature distribution

T(r, t) inside the cyhder, for times > 0, depending only on the radial coordindtem the

centre of the cylinder, is determined by thB heat conduction equation:

rc% = div( gradT) 5)

All physical properties} (density),c (specific heat capacity) ara@(heat condctivity) 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 €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 coefficiddfor the boundary condition at= R:

/= 4T R) ©)

where Tex is the measured external temperature of the quenchant. To detdgmthe
measured cooling curve at 1 mm below surface atr; = R-1 mm is used. The inverse
problem of computind)is solved by the following numerical procedure:

1. Solve the heat conductieequation (5) within the spatial domain @ < r; with the

measured
T = Tmesas a Dirichlet boundary condition t r.

2. Because; <R, extend the solution towards the boundary froar; tor = Rand

3. CalculateUfrom equation (6) with measurddy by using numerical differentiation.

A Since temperatures are measured at discrete times, they have to be smoothed. This
is done by cubic spline leastjuares approximation to get sufficiently smooth
global approximation over the whole time range.

A Numeiical 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.

A The solution extension in step 2 is computed by local extrapolatiod basew
degree polynomial leasiguares approximation. The same approximation is also
used for the numerical differentiation needed to compliestep 3.

Based on this calculation the heat transfer coefficient is determined as function of surface
tempeaturei see Fig. 6a, and as function of tiineee Fig. 6b.
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Fig. 6. a) Heat transfer coefficient for théscic/Petrofep r obe (50 mm Di a. |

2

quenched in low viscous accelerated quenching oil & wi t h mediasm agi t

function of surface temperature; b) Heat transfer coefficient for the Uissiofer

probe quenched in | ow viscous accelerated

agitation,i as function of time

4. CRITICAL HEAT FLUX DENSITIES 71 THEIR INFLUENCE ON DISTORTION

OF THE WORKPIECES AT QUENCHING

In every quenching process there is iaiial heat flux densitywhich depends on the
workpiece to be quenched, from the one side, andriheal heat flux densitiesg andgcr.

which depend on the quenchainbm 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 gradnt 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 prabsee Fig. 5a and 5b, prove this fact.

204 804

. /—0.] sek. i /—0.1 sek
| 8sec | ar e i | Ar Fig. 7. Schematic presentation of the
| ! et | \ "= temperature gradient at the surface, in
| = = the very beginning of cooling a) for a
I AT o, AT | ; . <
| lreig Mat Brame | r=d0 cylinder of 20 mm Dia.
A R for a cvlinder of 80nmDi a. | 32

al b)

Critical heat flux densitiege1 andder2 are inherent properties of any vaporizable liquid. The
first critical heat flux density is the maximum heat flux density that causes film boiling
(vapour blanket) at the very beginningtbé quenching process, as shown in Fig. 8.
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Fig. 8. Four modes of cooling at quenching a), critical heat flux densities b), according to [7]

The second critical heat flux densigy, is the minimum amount of heat energy necessary to
support fim 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 betweeny1 andq that is true for all vaporizable liquids:

qcr1:5 3qcr2 (7)
According to [8] upon immersion of a steel part into the quenchant, the initial heat flux
density can be:

qD CLrl; qO q:rl; q] q:rl (8)
Whenqg L' g1 full film boiling (vapour blanket) will appear. Whena g1 transition boiling
is observed. In casgl! g 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 fist critical heat flux densitygc1 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 wértbeagt.
The more resistant a liquid is to boiling, when heat is applied, the higher is the lmquid's
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 tihe 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 incregsdy 2-3 times.
To provide for uniform cooling i.e. to eliminate distortion variation, the critical heat flux
densityqc1 should be greater than the initial heat flux density. To achieve this, the practical
know-how includes the knowledge of the additive, its concenimatand adequate water
velocity.
Both critical heat flux densitieg;1 andqe2 can be determined experimentally using a small
silver probe as e.g. the Japanese New Silver Probe shown in Fig. 2. Finding the daighest
for a given quenchant will optimézthe 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 ithe 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.l
measurement and recording tt@oling intensity of any liquid quenchant (oils, wabarsed

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 rateskig. 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 fromtg@omAC t o
Oto 1.4 m/s.
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Fig. 9. a) Experimental quenching tank of 300 liter capacity for evaluation of the cooling
intensity of oils, water, watdrsased solutions and polymsolutions b) Experimental salt
bath of 1 fhcapacity for evaluation of the cooling intensity of oehing salts for
Martempering and Austempering [10]

For isothermal quenching in sddath the same centre has a proprietarytssth of 1 m salt

capacity for Martempering and Austempering processe® 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 crossection, and austempeavorkpieces of up to 30 mm thickness. The
working range of this facility is: temperatu
addition 0 to 2 vol. %.

6. CONCLUSIONS

Development of new computer aided experimental techniques enable to aimrastery

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 advancedB software code for calculation of the heat transfer coefficients at
every point of the surfagfor 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 coditions

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 spesgfitrements 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 densitigg; and g2 of the relevant quenchant. This
information is vital to know whéer 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 testn 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

Ll 8nek popisuje dosagen® visledky a pougit
(vysokoltdmkx ®i tkeart nz2m plynem). Proveden? K
dos8hnout takovich vliastnost?2 pSi vyt vrzov
dosagenimi pSi pougit2 oleje, zat2mco vakuo
potenci §INDnpr mddpuwym ®ho tepeln®ho zpracovsg§n?2 ;
v2ce procesT kombinovanlch do jedin®ho pecn:
technologickT mi aspekty vyugit? pece, pSil e
n8kl adTyerergi#s p o

Navzdory glob8ln2zm ekonomickim obt2g2m po
vybaven? pro t eapellinkka c2mxrhgc okvdBen2vakuum pSeds
vybaven2 pece . Jedn8 se zejm®na oymewvé mjiedn
kalic2mi syst®my (HPGQ) . Intenzifikace pl yno
|l egovanich ocel 2, ale i otegpT. ot®oah®ebBv @Eolknl
ve vakuov® cérmdmteair b ELP®reNitLPEESt §ke envd
konkurenci pro cementaci tradil| n?. Naw2c se
FineLPNE).

Tyto pece jsou plnhD automatick®, S2zen®
podpory ve formhR simul al n2alcd o dfitmCar b Epr i
kal eifQuefiGh PsroouH)a.snWst i j sou jednokomorov® v
pracovat£ el ou Sadou technologi? tepeln®ho zprac
slinovgn?2, kal en2 p ccpeo uag tdN n 2T,y t coe npeonst t ouvp8yn 2t, e
|l ze provgdnt individu8l nD nebo je seskupov

cementace + kalen2 + popougtihDn2z [1] nebo kal
pec HPGQ vgestrannl/i!ma,lowﬁmnganaeSSZtaaevnmmmrvo t ep
chemicket e pel n® zpracov§g8n?2, kter® zajigSuje vys
pSi mini mg§l n2ch n8kl adech, kdy soul asni zkr
surovin a z§8r ovietRu zvaJelhio voskvasl 2neautp Qilr ozen®mu

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 obtainedwoil, while vacuum carburizing and nitriding additionally
create a great potential for running different heat treatment and tiodr@naical processes as
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well as multiprocesses combined in a single furnace cycle. Technical and technological
aspects of # 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 ibasie 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 notadioly steels but also steel
grades conventionally quenched in oil. There is continuous advancement in vacuum
carburizing (LPCi Fi neCar bE, PreNitLPCE), which is
competitive to traditional carburizing. Furthermore, first applicatiohsracuum nitriding

have appeared (LPNFi ne LPNE) .

Those furnaces are fully automatic, computer controlled and equipped with technical support
systems in the form of simulation software
Si mHar dE) an@Qugeurecnhc hRmmoE) . Presently, the HP
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 therimemnical treatment equipnten

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. ut$tanoling
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 ofZEDkm/h. Such an intensive

gas stream at high pressure results in very efficient quandhthorough penetration even
through densely packed workloads [2, 3].

In the middle of the previous decade tiggs—
single chamber HPGQ furnaces were or
availablein the pressure class of 1012
bar, which enabled quenching of allo o~
steels, mainly tool and high speed ste \
(titanium and molybdenum), for cold angzs®
hot working (1.2379, 1.2080, 1.236%7
1.2367, 1.2343, 1.2344), with a limitatio
imposed by the size ofvorkpieces andlg
workload density. Those furnace &
achieved cooling efficiency expressed
heat transfer coef
300500 W/nfK. The current standard i
class 15 furnaces which feature coolir

efficiency of 406700 \_N/rr?K and thus Fig.1. Furnace HPGQ 25 bar N2/He type 25.0\
have awider application range whict  4035/36 manufactured by Seco/Warwick S.A.
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includes alloy steels for carburizing (16MnCr5, 18CrNiM&)7 tool steels and HSLA (high
strength low alloy 42CrMo4, 40CrNiMo6) for workpieces of small creesstions [3].

The next border was crossed in 2009 with the appearah25 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 10a600 W/nfK, which enables quenchlng of a wide range of
typical carburizing steels and HSLA [47/ // A | .
grades and even bearing steels (100Cr6
As far as tool steels are concerned,
cooling efficiency parameter is met ev
by the standard 10 bar furnaces. Using t!
example of hot working tool steel HI1:
(1.2344) and the NADCA [5] hea
treatment requirements for dies,
minimum average cooling rate wa
determined at Z&/min in the temperaturd
range of 1030 do 546. The tests, -

following the requirements, done on \‘ - \
. A

400/ 400/ 4000 steel

HPGQ furnaces confirmed the Fig.2. Cooling rate test for dies in HPGQ furnac
effectiveness of the latter in die hardenir size 600/600/900 mmoéod (-
(Fig. 2).

The cooling rates obtained significantly exceeded the limit and, depending on the
furnace workig area, were respectively: for a 600/600/900 mm furnace apprdiC/ngi,
900/800/1200 mni 55°C/min, and for 1200/1200/180040°C/min [4]. Therefore, class 15
bar furnaces may be expected to yield cooling rats higher by approx. 30 % and the 25 bar He
onesi 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 Charmpt¢h test for H13 (1.2344)

steel, the cooling rate &5°C/min gave the impact strength of 17 J, the rate ofQ00In

produced approx. 24 J, while a significantly lower cooling rate’@frgin yielded a mere 8 J

[6].

In the course of hardening it is equal"j

important to achieve uniform cooling fron [58, B ) 53 |

all sides and to disallow extensive«® —t1 1 T I8

temperature  differences between tI_ )
surface and the core of a workpiece ws J—— | 2
these may lead to major distortions due “* { \ | [
thermal stress and, in extreme cas._ |- _ | AL ﬁ
cracking or damaging of the tool. o0 | \Vay S =R e | obe

It is for such considerations that th =« Pa s = '
HPGQ furnaces are equipped with Ia e —.
system of controlled quench whic = auwif — El
provides for the adjustment of cooling ra Fig.3. The real trend of interrugid quench of the
according to one of the thermocoupl H13 tool

placed inside a workpiece. Apart frohat,
it is possible to run cooling based on the temperature difference between the workpiece
surface and its core as well as interrupting the surface quench until the core reaches the
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temperature (interrupted quench, martempering, austempering). Thelledntrooling
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 s e
treatment  results in the givel ¢ - & 2 - — —
circumstances. The -Quench Prb o | I — ~—
software offered with HPGQ furnaces b = e e

Seco/Warwick provides for quencl S ——————

simulations of hot and cold working too 5 = - = i
steels. The simulator takes into account | BB 0 L
number of quenching parameters such <" == N ‘}\\ = —
the type and size of furnace, the type a . : \\ il
pressure of queihcgas, the steel grade, th < * \ pmem
geometry of the workpieces and the 'i ‘ =

loading density. Based on the above inpl
a cooling curve is plotted for a selecte
point from the surface to the core of tr
reference part. The outcome of tfrig.4.The tool steel hardening simulator@uenct
simulation is a CCT graph wht cooling Pro® (Seco/Warwick)
curve and expected hardness (Fig. 4).

Furthermore, the software facilitates -lime 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 FineCdrb
method has been introduced in over
industrial  applications  with  singlg
chamber HPGQ furnaces. It is based o
ternary mixture of carburizing gase
(acetylene, ethylene, hydrogen) and
adequate manner of treatment, whig
ensure high efficiency, unifmity and
purity [7, 8]. Combined with gas quenc
it provides an attractive alternative t
conventional processes of case harden@
carried out in atmosphere furnaces wi
oil bath [9] (Fig. 5). A further
sophisticated stage in the development

FineCarb vacuum carburizing is theé  Fig 5 Sample workload after carburizing and
currently  implemented  method ¢ pardening in vacuum furnace LPC+HPGQ type

carburizing  preceded by nitriding- 15.0VPF4022/24 (Seco/Warwick)
PreNitLPC. This technology consists in

feeding ammonia at the initial phase of treatment i.e. at heating for carburizing. The nitrogen
introduced into the stace case in this way aids carburizing by accelerating carbon diffusion
and lowering the tendency to build up carbides and, most importantly, by significantly
limiting the growth of austenite grain (Fig. 6).
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Fig.6. The comparison of grain si.
after the LPC and PreNitLPE
treatment at 100 for steel
18CrNiMo7-6

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

treatments at a lower Case Carburising time for 16MnCr5

temperature [11]. For depth
comparison, carburizing [mm] 925C | 95C°C | 980°C | 1000C | 1020°C | 104C0°C

with the Pr edNit1hoBiC EOhs57m | 0h39m | 0h30m| 0h24m | Oh19m
method at the temperature
of 10400C is 45 times 1.0 5h30m | 3h50m | 2h35m | 2h00m | 1h35m| 1h15m

shorter than the one 20 22h00m| 15h10m| 10h20m| 8h0Om | 6h10m | 4h50m
carried out at the
100% | 69% | 47% | 36% | 28% | 22 %

conventional temperature
of 925°C (Table 7).

Due to their disequilibrous nature, running vacuum carburizing treatments requires a
computer assistance. amhénSemVaCEpaconsefiltilt
carburizing technology and of the expert
system [12] which focuses on th SimVvaC®
development of the latter. It facilitates tr Process Simulator
design of processes of vacuum carburizi
and hardening in high pressure gas as w
as the aalysis and optimization of
treatments without the need for real te: (
which usually are timeonsuming and l \
costly. The Si mvVacC d
simulation software consisting of a vacuu
carburizing modul e c C
hardening modul) Si

It allows a high precision predictior ~ SimCarb” SimHard™
of the results of real processes based o “arburizing Module Quenching Module
process or an outcome simulation. Tl Fig.8. The structure of SimVaGimulatori
process simulation presents the effects o vacuum carburizing and hardening
preset process as a carbon profile and a ¢ (Seco/Warwick

hardness profile. The outcome simulation

pronpts 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 temperatunmetisequence 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 fer mixture of carburizing gases (Fig. 9).
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Similarly to vacuum carburizing,

the HPGQ furnaces may be used f =5 &= &i% =% « Qre=
vacuum nitriding (already functioning ir_ = avaress Trend :.:-ﬁ
the PreNitLPCE met o o 2 i

consists in feeding ammonia to the vacut - . = —
furnace chamber at convent@ nitriding . - e

temperatures. Currently research and te
are being carried out, chiefly on tool stee
[13], aimed at mastering the process a {F
working out simulation methods. While i - s
appears obvious that the lengthy nitridir ' —
treatments in the HPGQ furoes will not
be justified, an interesting alternative mig|
come from the relatively short, limited t
several hours, nitriding of tool steels,
applied as complementary to hardenii  Fig.9. The outcome of SimVaGimulation of
and leading to a very hard and thin ca Vvacuum carburizing (LPC) and gas hardening
which boosts the functional paraters of (HPGQ) shown as a hardness profile based on
the tools. This would be particularl carbon profile. During the 2 h treatment at the
advantageous when the entire he temperature of 104C the cas®btained was 1.4(
treatment is done at a single furnace cyc mm for steel 20MnCr5
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 iedpcbperties 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 15.0VP4022/24.

st e |

- e b e e -

Fig.10. The trend of complex heat treatme Fig.11. The hardness profile and
process of tool steel H11 microstructure obtained &r complex
treatment for steel 1.2343

Austenitization was effected at the temperature of 10300C, followed by hardening in
12 bar nitrogen, then twice tempered at 5700C/2 h and finally nitrided at the temperature of
5400C for 4 h (Fig. 10).

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

A reduction in energy requirements for the HPGQ furnace occurs at a few areas
simultaneously. Among the basic areas chnical 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 monitang in the workload is used as well as processes of high temperature
carburizing (PreNitLPCE). As far as electri
ensure a stable power demand not exceeding the maximum level while maintaining the
highest posble 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.

- Startup 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 arstarsait an
inverter to control the blower motor. Since the furnace operating sesjgees 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 ndigy in the furnace. After theoretical
analysis and testing an appropriate device was fdurah inverter which, apart from
controlling the work of an induction motor, may control the power of the resistance heating
elements supplied through a transform@vhat 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.

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

PRy 0.66| 0.84| 0.18| 27 %

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

apparentpower 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 andaling 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 forheat and thermahemical 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 ofZ%bar N2/He furnacesnables 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 foace 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 (theatiain 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 daur i zi ng acc. to the PreNi
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 ftdoy 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 powemanagement system facilitates economical and optimal use of
energy.
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1. ABSTRACT
Podtl akov8 cemenotdecen?( lIpR®)grjeakon?2 technol og
cementaln2ch procesT. Dovoluje v®st procesy

umogRuje z2sk§vat hlubg?2 vrstvy za kratg? |
vihod pSest® lebhnhiettdy sK aurklvial ity z2sk8van® m

Ssouvi s? peum®ham svysok® teploty bnNhem na
austenitick®ho zrna, vysoks§ rovnomBDr nost %
vysok®ho podalsu enhbytuk gw®ho paS2kl ady benefit T,
pSingg:? Ekonomick® Yspory jsou jernomdal g2 m
pS2sphvku j sou shrnutgplkampPexnedchwbsobgdly
vpodm2nk8ch zak8zkov® 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 arbnstarier
guality of steel s mi crostructures after h
technology was developed to protect microstructure quality during high temperature
carburizing processes . Preclusion of grain growth, high uniformity, shcatburizing

t i mes, prevention of high residual austenit
Economic savings are subsequent i mpact o f f
experiences with real appl i c aitonsoofh ®omneefcial Pr e Ni

heat treatment shop with comprehensive evalu

2. PreNitLPCE

Technologie PreNitLPEbyl a vyvinuta ®BHstavem materi §l o\
Techni ck® Wand gierwea tfIpowBacp/ Wakd ic ks S. A. jako da
vivoji podtl akov®& .Semegi aéeen PpiSeedBatbi dace

technologie PreNitLPE podt | akovou cemgggadei nasmbDi é mvikc?
a umogRuje tak viznamnim n@®Tspbeamoy&mn$i ta n &
gk8ly ocel?2 neg je pro podtlakovou cementac.i
Technicky je proces zal ogen na d8vkov§8n? |
nepSetrgit®ho ohSevu na cemMenAtCal nBu st2ekp | ov pur -
povr chony®vy ocel i, podporuje proces cement e
tendence tvorby karbidT, a co je nejdTlegitQD
vytvoSen§ vrstva se vyznaluje vibornou mi K
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3.1. Dosagen8 hloubka cementovan® vrstvy (Eh
Dosagen® parametry cementwovan® vrstvy | ze po
zr TznT ch ISevydisd®lst v na dr uhu procesu a
j akost i bodhocen& af 1) . ) ¥ ur|it®
hloubky cementovan® vr st vVviylf | g 1 ( pSede
typu pougit® oceli. Obelen zuj e, ge (
reaguj 2 mnohem pozitivn i na
cementace, vVv|etnbDB .BRrptd jsou
tyto ocedos Shkrhowtn®a g o u pSi
aplikaci pSednitridace wwrcs  teomT vn2 p
rozd?2| neczei@en/ted\kar;®vvr@rgf‘iﬁorcd\)\ld§rpzce~dosa(
je vgak ukrytl jegth Jeérﬁpﬂ1Ré,(al:héonEﬂtrE&nban38nfekt’
napom8§hg8 viznamn® diferenciacl cementace toh
druhu occali od jinld )
VpS2padh, ¢ge byla aplikovégna
na Cr Ni ocel i, byl o zjigtDhDno
koncentrace uhl 2 pbor ozviIns8tn®v 8§ s

standardn?m LPC procesem (
vkoncentrac2ch ol OB2 %k aled Mk, O
dostatel vgtvdSema klubg2 cem
_\ (vS8du desetin ) nebo zkr §ce
TERLCE 11 Snchekeat B hodinu.

Graf2Povr chovg§ kon:t
Graph 2Carbon surface concentratiol

3.2. Vel i kost austenitick®ho zrna

Na cementovadAbtboh byta

vel i kost austenceéme RtPb 0 a NZE :

vrstvDj,§dtSek vvzor kT, Vi z 7456 = ] &er vens§

linie vgr af u oznal uje ) - : (0 Sst
austenitick®ho zrna, andar di
pogadovan§g. Vel i kost 5 jig

akceptoa t el n §.
Jak vymlrlay&, z g8dns§ AR,
standardn2m LPC proces:s 14220

prakticky nev@"ﬁmwdﬂlhan@rgfg\;v{}il%o
aust gnl tick®ho zrna (ﬂaepﬁ) uspﬁMtl‘Ea&rzﬂTs&e veI i kost

Proti tomu st oj? anal |l za cement
technol ogiF2. P\/rgeeN:ihtnLyPQ/zorky ocel 2, vlietnhD oc
n8chylmrowbhrutk? zr na, v ythomtNd yp gproaymealtarvik Tene mevn
spol 2vs8ngijeuwd@tnf2lzcTh meawzzd standardn2m procesem
aplikac?2 pSednitridace povrchu.

Vel i kost zrra@&dSedrmsaecemi§ ak viraznhD nemDnil a
vyhovuj2c?2 zrno.
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3. 3. Mi krostruktura cementovan® vrstvy

Hodnoeme kRt ostruktur 8l n2ch charakteristik cen
pS2nosech t echif.ol oNggi e ObRr.e3Ni TG € me éaorovn§v

cementovan® ocel] 16MnCr 5 po standarzan? LP
stejnich podm2nek.

Ve struktuSe oceli 16MnCr 5

ostr T Tvky cement ietxp,onavamad c h

Lpc oblastech m2shtTe ohard &m ipowr c h e

Bras20% v zorku. PSilemg viskyt ceme

vislovnhD neg8douc?2 pro jakec
strukturu! Obsah zbt k ov®h o austenitu
pohybujewr 0 z me-20%. 15

Na spodn?2 dvojici obrgzku |
PreNitLPC. Tyto struktuy j sou prost ® ce

Obr 3Struktura oceli 16MnCrspo °0€2 ~ viditelnlch jinlch St
podtl akov® cementShemnl m aus‘t eniticklm zrnem.
Fig 3 16MnCr5 microstructure after pod2_I2 obdrgen®ho zbytkov®ho
LPC and PreNit comparison me ngr:q z mela%. >

Rozdz21ly j sou j e gtpl$ 2 pvazdcie v
hodnocen? Cr Ni ocel 2 § jig b
pops8no, tento dr uhhr uobcne i vl k
zrna pSi vygg2ch tepkdot kal en?
n8r Tstem jehlic mar t ey rostou
vel k®, jak velk® bylo pSed Kk
PSilemg pS21ig dlouh® itu vn!
struktury kSehkost. Kr ; ky cen
j sou Ve ecelhsgnl26 MaCr ) '

Obsalz byt kov®ho aust enit UopukuRnidokeli 1BErNiIRMIEE#NO0s NnT ¢

20-30%. p.0 podtl akov® cement
Oget Senzm struktury pF%QQS@HNFI\/ID?—an?br%SﬁructUI%OVr chu
podasSilo mi krostr ukt urgger  BeahdPrreNiKcompalisgnb i 11 zov
neobsahuje cementitick® Ytvary, velikost zrn
pSimNSeng§ a obsah zbytkow®hmaald0AC2We po2ka
Tento vliv technologie PreNitLPCb y | ovRDSen i na vrstvs8ch 2 a

teplot8&ch 105p00Az0 t av negrdyvyshov wjb?l cazsm i v Thsoldendok
mikrostruktury.

4 . EKONOMI CKE HODNOCENE& PROGENKKPCPI I APLI K

Jednoznal ni pozitivn? FSsmpmd
vpoug2vsgn2 vysoklch nauhl il ova
vyni kaj 2c? mi krostruktury oc e
zat2?mco bRNRgn8 podtlakd®mg [fremel

1000AC. -
Na Grafu 5 je demonstrov§8n v té’pio@ty
pogadovan® hloubky 55t-t95§hd?£pﬁﬁﬁe%6\9%turé00%

impact
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pogadovan® hloubky Eht,lO;ﬁ)@lACpi’éibdn[@amlei!zmv&dZ
Eht a pSi teplotnD cementace 1050AC dokonce

zpraxe vgak v?2me, ge je mnohem v2ce exponenc
PSeveldiemeéyto technick® parametry doateleabul ky
procesu, dostaneme porovng8n? re§lnlch | asT
cementaln2ch procesT ocelpil ylnauMn Grs5 ,0 dt zzna.l opjrec
pece 750AC, ohSev na cementaln? tueplkatle,nzcea
soln® |1 8znhN apftpbybn®ememnadceVve vakuov® pe
|l as od zalogen?2 vopEzxlky pdbd wytko§eonw® gaempdeotd.

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

100 54 46 38

100 78 59 50 39

100 72 62 50 42

Tab.lPor ovng8n?2 cel kov8 doby cementace o
Tab.1Total carburizing time comparison for 16MnCr5 steel

Pro teplotu cemetnatbauclecelOJOvOe,édCEJnJQ/siwww\d jea kal ag tea
LPC cementace, jednoupso u g i t 2 m “.PZueridtelnP @ h %daj T je jas
stejnlch param?ehoephomeasuthlIteE\/za<pI§|tkaczl aBRr e
kdosagen? stejn® hloubky vrstvy amardgstdep?2t
hl oubkou cementace zvyguj 2. U cementac?2 kol
velice kr8tk®byproemsyt aece dpr a@aim2t 8§ ponhDkud de
provsg§d?2 pSednitridace povrchu a vyugitz2 t®to
Zpohl edu srovng8n?2 podtlakpV®neemert aucsp 0 B$ t
hloubku cementace 200 % | pSapadhN standardn?2 podtl akove@
aplikaci PreNitLPC, Vgechny | asov® wWdaje |z samozSe
“uusporu finanln2ch prostSedkT.

0]
e

5. ZCVnR

zhodnotit Visbdbedkys8rypls

Z8mPDrem | 1 8nku bylo
standar dn?2 podtlakovou cemenfacdsk@ pyvavdite
zZzpracovsgn?2,. Za t2m Y% elem byla provedena Sa
pravidl a. Testovac? gargel ontfhvya mjnm'ﬁha@u,pakai
popougt Nn?2 Z&§vhDrem | ze kofusnmoagtRouvjaet:, ¢ge tech
V Cement aci pSi teplots8gch vygg2ch ] ak 100
cementaln?2 vrstvy, a to zejm®na u Cr Ni 0cC
V Pougit 2 girg2pogks8lajk ovoal 2cement aci neg |
n2zkol egovanich a nelegovanich ocel 2
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V Dodr gen?2 vel mi vysok® kvality cementovan
austenitick®ho zrna, tendence vylulovsgn?
cementit, zbytke | austenit)

V Pspora n8kl adtTepred n®h empiralco v 8 n 2 zkr 8cenz2r
des2tky procent
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ABSTRACT

Vakuov® kpéeaplymm avvkal i c2 m ol ej i j sou zn8my

spolehlivost2 a reprodukovatelnost?2 dosagenl
rTznlTch zpTsmoddin @ hd KAizze;mPsgeit pec specifickTl |
Soul asn® metody obr8&8bRDn2 slitin umogRuj2 vyt
svel mi vysokou pSesnost 2. Po g ado voaled@nm nme c han
|l innostrouphadlbtue pozdnj i poug2vs8ny.

Tepeln® zpracovg§n2 je ovgem obhte®emShap[sepbi
geometrii a vliastnosti tak, aby bylo dosagen
Vakuov® zpracov§gn? n&m d&§&v§ mognneohsot opve igzdp8Tn
nNDkoli ka parametrT bRDhem ochlazovac2 ff8§ze.

vakuov® peci budou pSedstaveny 3 pSzklady p
d2Ipgcisk al epSmtyv ak o vp®&nm zpplTysnoub esn |anz oSveg§gre2n.2 m o c h |

Pot® co patémkow®m plynu narazilo na [ i mi
zpracovs8vanich soul 8§st? a obsahu | ®lgjiuj 2 c2c
atraktivn2domk®degenznngs D vNDtg? spolehflichost 2
visledkT. Tato technologie je pSedstavena |
tepel n®m zppS2apcaodvi® npro,t S)eby vyroben2 vysoce KV

The gas and oil quenching vacuum furnaces are known for their treatment qualityljtyeliab
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 sectionstbrogeneity 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 causetingyan

a vacuum furnace, we will present 3 industrial examples of heat treatment of massive parts in
gas quenching furnace with their walllapted cooling solution.

Once gas quenching has raised its limit because of part size and alloy grade, vdcuum oi
guenching 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 oiB.M.I. Fours Industriels
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INCREASE OF THE ENERGY EFFICIENCY OF GRA PHITE
INSULATED VACUUM FUR NACES

Andreas Dappa

SCHMETZ GmbH, Hol zener StracCe 39, 58708 Mend
Tel: +49 2373 686155, Fax: +49 2373%86-200

e-mail: andreas.dappa@schmetz,dieternet:www.schmetz.de

ABSTRACT

StejnhN jako v jinTch procesech t epmitavadho zpr
izolac? se na nutnou provozn2? teplotu zahS2
cel 8 topn8 komor a. BNDhem tohoto procesu je Vv
vytopen2 neugiteln® Amrtv® hkatgi2 vvtppa®l &l
teplo ulogen® ve vs8zce stejnhD jako v topn®
Vakuov® pece S i novativn? konstrukc? topne
spot Sebuj?2 m®nN elektrick® ener grviedR o2k yz kmearcg
doba ohSevu vs8§zky. Vzhl edem k optimalizaci
tryskami je mogn® dos8hnout vygg?2 ochlazovac

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
temperatur e. During this process a | arge am
masso of the hot zone. At the subsequent ove
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 te®d8*

|l ess current due to |l ess Aempty | osseso. Si
addition weight optimised gas guiding systems with inflow nozzles also realise a possible
higher quenching speed.

1.0IMPORTANCE 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 th@roduct quality and a reasonable epstformance 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 ergy costs you can save a lot of energy by increasing the energy
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efficiency of industrial furnaces. Investments provide a double benefit: for the operating costs

and for the environment.

AThe most environment al fri entdhlayt ainsd nsoatf ecsdn
(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 thmgudPh-regatent(EWwws . A
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 EceDesignRegulation 2005/32 EC ifuture.

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 hois Zog&ted 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 ofthefed ner gy i s |l ead into the fidead mass
hot zoneds volume and the |l oad the more ener
course to run as much parts as possible wit
restricted only to the design features of the hot zone and where applicable to the loading
media.

Pic. 1 SCHMETZ onehamber vacuum furnacePic. 2Hot zone with graphite insulation

Graphite material is mainly used for the insulation of hot zohgaauum 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 afifi time.

During the heating and temperature soaking cycle (pic. 3) the fed electrical heat energy has to
compensate Adead | ossesi. These nAdead | osse
insulation structure that is as tight as possible. Usually emd0Othick 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 nable to distinguish. Thus the exclusively use of Ggb4lity is
absolutely necessary.
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SCHMETZ SYSTEM - FUTUR -
Heizphase, Konvektion ¢ Heating Phase Convection m

Gasklappe (oben) Heizelemente
top gas flap heating elements
=

Waérmetauscher
Ofentar el on

Gasklaj nten) i . -
bottom ggs%fap(u ) T : } Kiihlventilator
\ Sl | cooling fan

ll| HeiBgasumwalzer
convection fan

Hei
hot zone

Pic. 3Vacuum furnace: Convection heating process

By using increased insulation better insulation values are achieved. An increase of the hot
zoneods insulation from the wusual 40 mm (for
the fdead |l osseso in temperature soaking cyc

1.2 Heat energyprocesses 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
activelyt o be cooled fidead massesoO have to be mir

SCHMETZ SYSTEM *2R* [ scrmerz |

Kuhlphase (Klhlung von oben) « Cooling Phase (Top Cooling)

Gasklappe (oben) Heizelemente
top gas fiap heating elements

4 = 3 Warmetauscher
Ofentiir v O\ \\ heat exchanger
H

furnace i
= £= =1

Gasklappe (unten) ” .
bottom gas flap Kiihlventilator

| cooling fan

[
HeiBgasumwalzer

convection fan

t
hot zone

Pic. 4Vacuum 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 dlael Ispace. To guarantee a uniform and
distortionless quenching the gas flow is distributed via special gas guiding devices
throughout the complete load space. The gas guiding devices integrated in the fiogasne
distribution plates made of hard grageh(pic. 5)i 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. 5Standard 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 neaft26io

kg at a standard vacuum furnace with the dimensions of useful space 600 x 900 x 600 (w X | X

h) with one gas inletandgasut | et opening each. Here the en
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) combinegpldr@specific improvements

of an increased hot zone insulation and the weighimised nozzle plates as gas guiding
devices.

Besides the process temperature the current consumption in the vacuum heat treatment
process generally also depends on indicaikesfor 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 higdpeed steel) and a rough overpressure gas quenching have a
relatively high current caaumption. A heating process to a low tempering temperature (for



‘!lTll’.Z.UﬂﬂJ 227 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 medrthe 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 desigriCEIMETZ system *eSS* achieve savings of abouf 12D % 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 idergidimensions of useful space 900 x 1200 x 700 mm (w X |

x h). The older furnace has a usual graphite insulation thickness and standard gas distribution
plates, the new furnace is equipped with the energy saving system *eSS*. Identical hardening
and tempeng loads with 1500 kg tool steel were heat treated in both furnaces. At this very
good load capacity a current saving of 362 K¥Wh4,6 % could be detected with the new
system for the complete hardening and thmees tempering. Simultaneously the praces

time was shortened with about 4 hours by 10,7 % (pic. 7).

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

R e ——

SoNe total current consumption standard : 2.477 KWh
1000 /1| total current consumption system *eSS*: 2.115 KWh
/| difference : 362 KWh or 14,6 %
G 8004 -00/ time difference : 3,82 h or 10,7 %
2 6004
g :“ 'l [ ] /’I Q‘ - 7 Q " o /’
E \ / “"-‘ /
e 4004 | ; / \ / ¥4
/ { / /" /
| 4 / “"\ //
200 4 l'. ’ "‘-.“ : / /
/ @ ‘ ] . 3 b "
0 T T
0 5 10 15 20 25 30
time (h)

Pic. 7Heat 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*

3.0ADDITIONAL CAPACITY

At heat treatment processes of different kinds and in different sized furnaces a considerable
process time reduction could be determined. In the above mentioneda@&ming and
tempering process the process time is reduced by 1@7at#out 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 possiblea Ahortened 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 | x h)
and a 340 kg (gross) bolt load. Thermocouple measurements in reference bolts of different
diameters prove a cooling speed increase of approx. 10 %.

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

5.0 PROFITABILITY AN D DEPRECIATION

The European industrigurrent 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 -lhoase heat)reatmént 4 O,
deparment has to pay a4 0,18 per kWh.

The profitability of the *¢SS* system is analysed at an example of a vacuum hardening
furnace with the standard dimensions of useful space 600 x 900 x 600 mm (w x | x h). At the
hardening process at this furnace size witimgard 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 assunaed. At
expected current price of 4 0,15 per KkWh (i
for the hardening operation of this standard
Thus an average current consumpéeryeartmere. €hduct i o
equipment with increased hot zone insulation and nozzle plates for this furnace size
additionally costs about 0 25,000.00. The de
The life time of the graphite part of the hot zone can be infleérby several factors (for

example burroff through oxygen brealn, mechanical wear and tear caused by not cleaned

parts, bringin of cuttings, damage during loading). But providing appropriate operating and
thorough furnace care an average hot zongitife 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 U0 11,025.0
investment costs this means a profitid3,200.000 ¢ 88 ,-20Q@50000. 00) . Wit
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 d 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 alsfit¢edein
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almost all older SCHMETZ orehamber 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 furnaes with the innovative hot zone design SCHMETZ system *eSS* achieve less
current consumptions. 1020 % of the usual current consumption and thus direct operating
costs can be saved.

Process time reductions of 10 % can simultaneously be achieved and tdwnsiderable
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 showcaoling speed increase by approx. 10 %.

Furnace operators as well as heat treatment customers can financially participate in the energy
efficient furnace technology. With regards
most environmental friendlyed s af est kil owatt hour is the o
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UGI VATELSKE ZRBOGEN#MS POMOCE
KROKOVE VI ZUANA ZRICEKLADU POBDTLAKO
CEMENTACE

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

Stefan Heineck
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ABSTRACT

Pro S2zen? podtlakoviehmpygo®epDPumgadpS.| ideé me mtr
principu tepeln® vodivosnauhlMIsutjiep 2lm dd]la nkel
cementace. Vod2kovg sonda pSedstavuje doplR
Bude pSedst avesnk ®hys tzRand SwEinkatperlogr am] po moc?2
pS2kladu 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.uljng 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 stepstep visualization orthe example of vakuum case
hardening will be presented.
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ABSTRACT

Numeri ck® model ovgn? technologickich proces
jinTch matematickich metod patS2 mezi bRgN®
kter® jsog2Vv&msywatYeb prTmyslovich oborech.
simulace vede obvykleXT r azn®mu zvigen?2 efekti voblasy vTvo

tepel n®ho zpracovsgn? j sou bNngnnN prov§8§dNny
souvi sejhBemch echlazovg§n2m mat eriif&@lzin.2 mU sprcec
povrchu soul 8st2 a n8slednim tepelnim zprac
simulace vyug2vs8&na | en vel wilra3nhtk av.y g§8 mv ig
technologameichH, pater® mus? simulace podchy
zpracovsgn2 je nav2c tSeba zohlednit chemickl

ry

a dal g2 par amet , jejichg pSesn® hodnoty ne
Vtomto | I 8nkurjekpbomse8el nemement ace a n8sled
ocelovich ozuwdarll ah slkslt.av¥n®m ve spolelnost
simul al n2 software DEFORM HT byl y zohl ednr
vz8vislosti na nastcavedmu®m Su hmu?l knecve® nunnoajtRsug ek
pSesnost? pSedpovhRdNt hloubkovl profil konc:e
cementaln2zho procesu. D8l e model umogRuj e |

tvrdosti a veli kgt plrrésagn.é oshmlkra)l idce2fconr rm®d i 2 «

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. Purposefulutilization 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
predictirg 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 difilsagadenrichment 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 alldies carbon concentration depth profile

to be predicted with high accuracy for various parameters of the carburizing process. It can
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also describe the resulting distribution of phases, hardness profile and distortion upon
guenching in various quenching madi
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U ozuben®hat ekroil8 uz61 8Or8\NzioMon7fDn®ho na obr . 1
n8sl edn®m kal en? pravidelnnD vyskytovaly def
vytvoSit komplexn2 numerickl mbdehnoplroogi ak &
parametrT (teplota cementace, uhl 2kovli poten
vznik a intenzitu tRDchto defor mac? a pomoc?
ozuben®ho kola minimalizovat.
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2 VSTUPNC DATAOREO® VhP

Vipolet byl proveden na viSezu kolacek®erT

d®l ce. Geometrie pougit8 pro vipolet neobsal

kvTli zkr gcoen2aspuotpSeobnv@® pol et. Na Sezovlch

podm2nka rovinn® symetrie. T2m bylo zajigtDn

by se nejednalo o viSebl akvTl izubgSdyh@Anz28l s

vipoit®t o | §sti zjemnDna. Pougitl segment v e
obr. 2.

Obr. 2: Segment kola pougitl pSi
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Charakter prostSed?,pvEbRher ®emesret kod oa nmg 1§
vhumer i ck®m modekd p&ps8dup2c2ch okrajovich
T prTbNDh teploty

f koeficienty pSestupu tepla

f uhl2kovl potenci §l

Zat2mco teplotn2 kSivky a hodnoty uhl2kove@
zt echnologick®ho postupu dodan®hod), h&hkotyz n2 k et
koeficientT pSestupu tepl a pro rTzn® f 8ze
dostupni obBda@T IvteratuSe al alBédvat pSowledemd
COMTES FHT. Koeficient pSest uppeci bylegvdlea pr o
konstantn2, N/ (BodmotA&€y. OPto kalen?2 do ol e]
koeficient pSgsafipunaepba. p&dlae pro dochl aze
teploty kola pod 100AC) byl pwQogN/t( so.pnit. AD)n.s
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Obr . 3: PrTbnRDh teploty bDhem cement a
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Obr . 4: PrTbNRDh uhl 2kov®ho potenci 8lu v p
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Obr. 5: PrTbnRh koeficientu pSestupu t

ZkSivky uhl2ken®zorpOn@®noaaShbbr. 4 bylo nutn@

reakce uhl 2 ku pougit® pSi vipol tu. Pro pr v
koeficient (resp. jeho hodnota byla pouze fu
jako neviekdendki® muz h ge rychl ost di fuze silnD z
cel ®ho procesu pohyhbtuojheo tvoe dzTnvaoldnu® nb yrl o zkpoletf2i.c |
uhl2ku zad8n jabkw6funkce teploty, viz
Rychlost reak
rozhranz2 kov
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Obr . 6: PrTbDh ryZ8hwiloksostiremaaaceephotR
Na povrchovou reakci uhl 2ku bezprostSednh n
zad8n jJjako funkce teploty, a to shodnhD pro f

zad&8n konstantn? scd| hoidn&tnde.i7f 4zd O0odpov2daij
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Difusivita pro ferit, perlit, bainit
a martenzit
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Obr . 7: Pr TbNDh dz §wizsnl2chsot is orud itnd g led teld

Aby bylo mogn® preddZkwhan®mw lkdled ngo pmepél nv®r
d8l e zapot Seb2 definovat pro kagdbaini farify o gk u
pS2slugn® fyzik8In2 vli astnost. (tepelnou vo
mo d u | prugnost i a tvrdost). Tyt omahtoedrnio& lyo vI®
dat ab8ze spol el nostpir TICIODMT E S k FHdbIng ¢ o svil ppn N

zpSesRovEny.

ro umognhNn?2 popi sz vsStsd wlsttur m2ac ht ezprmidrt NDv byl
l ogen diagram | RA-6.mMatlledemik8d mu ,18&e NikMm2t i ka
SemlRn silnhN z§8vis? na obsaplue nuehnl t2okwa t baylleos
diagramy I RA pro rTzn® obsahy tohoto prvku.
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3 VhSLEDKY VhPOLTU .
Na obr. 9 je zn8zlboomddentviypod temll?2 pu TihhiMme m c e

ozuben®ho kol a.

ZmNDna koncentrace uhl povrch zubu
2
V porovnsgn S n8rTstem obs 2mm pod povrchem zubu
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Obr . 9: PrTbNDh kaseentrace uhl 2 ku

BNDhem tepeln®ho zpracovs8§n2 je deformace s
gradient em, ale pSedevg?2m rozd%2formackoy&n
vyj 8§dSena posunem jednotlivich uzl T s?2
zn8zornhNDn v 10n8sobn®m zvNDtgen2 ve zvol en

- <

Displacement
Total disp (mm)

R

a)

Obr . 10: Celkovl posun uzl T s2tn, 1
a)naz al 8t ku -tsepniudtaacecel ® soul 8§8sti 6
b) bDhemisgpbPotaf&ek® soul §8sti 92
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Obr. 11: Celkovl posun uzl T s2tn, 1
a) cel 8 soul 8st 8depAC pSed ochl a
b) po 30s kalen2? do ol ej e
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Obr.12: Cel kovl posun uzl T s2th, 10kr
a) po 5moleg kal enz v
b) konec kal en?

Pro posouzen?: pr Thybu zubT na koncadik&l renmh
smiDr u. Diagram na obr. 13 ukazugreThydpeas pmabc
viadi 8l n2m smRDru a maxi m8l n2 odchyl ka mezi

krugnici ozuben2 |]in2 cca. 0,025 mm.
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Obr . 13: Vypolten8 deformace zubT Vi

Numerickl model wukazuje,sdwl Shietjiviegst] Sk&jwknp

bNDhem kal endi adgor aariue jnea. o\ r . 14 je zn8zornDn
vi TznTch hloubk8&8ch pod povrchem zubu. Porovn
pod?z| mar t enzpiotvircckh® vi®8 zver sijt & Nuv ak od mDrkelne sife 9
bainitickg§ f8ze smhDrem ke stSedu podstatnh
pod?z| Zzbyt kov®ho austenitu, cog je zpTsobenct

u
vmat erviyd awk Ism obsahem uhl 2 ku
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Obr . 14: VypolrtTegm® cpho hd low btk& 8z wod povr
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4 POROVNCNE VYPQHL TAENDBAMNT E
Naobr. 16118 jsou zn8zornhDny s
vhl oubk8ch 6 mm a 10 mm pod povrchem. Pod?|
zt Dchto sn2mkT sevypomi edomiSepsthdldyj2n8zornhi

NhCH HODNO
n2mky mikrostruktt

Obr . 15: Mikrostruktur kol a 0,3 mm pod pov
austenitujlop®d21 <cca. 5

Obr . 16: Mikrostruktura kola 6 mm pod povr cl
cca 15%)
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Obr . 17: Mikrostruktura kola 10 mm pod

poVvr C
cca 30%)
Vgrafu na obrl8j e d&8l e wuvedeno srovng8n? experi men
vpovrchov® vrstvhD cementovan®ho ozuben®ho ko
Simul al n2z gurlgpfou ertepreezvent ov8n dvBDma kSivkami
hodnotami tv d o st | pro martenzit. Prvn?2 kSivka ul
konstant n?2 hodnoty (martenzit = b55HRC). Dr
tvrdost martenzituz 8vi sl osti na obsahu wuhl 2 ku.
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Obr. 18: Porovn§n2 namhRSen® a vypol
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VTab. 1 jsou zn8zornNny maxi m8Il n?2 hodnoty
testovan®ho ktodmu, Vel leygleom romhNRSovE§no cel ®
statisticky zcela srovnateln® se simul ac?,
namhNSen§ hodnota prThybu je zhruba 2x vygg?,

Tab. 1: NamhRSen® hodnoty prThybT zubT
Zkugeb n|OL232575(01915)

po cementaci a
kal en?

0.0669 0.0563

Stav pSed ka

max. ro
vichyl e

5 zZCVnR ) )
PSedstaven® vl sl edKkpyo uugkiazzum 2d n egse djoes t mopnn & hs

sestavit pombDr ni pSesnl numericklI mo d e | C ¢
n8sl edn®ho tepel n®ho Zpracov§gn? ozubenlch
informad o rozlogen2 f8z2 a prTbhRDhu tvrdosti p

rovnDg pro predikci deformac?, dadam®m lp&hipad
nenfumer i ck®m modaealowstlkdled mloauv Préee snost 2 .
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NOSNE ROGTY VYROBPNZ| TNECHA(CFRC)
GRAFI TOVhCH MATERI CL

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

Mi | ada 2ZrhamaswK8mped, Fr ant igek Rybs§

8SGL Carbon GmbH, WerneonSiemensStr. 18, D86405 Meitingen, Germany,
milada.zimova@sglcarbon.de

PSGL Carbon Polska, Letkov 120,326 00 Plzen 26, Czech Republic,
frantisek.rybar@pl.sglcarbon.de

ABSTRACT
PSedn8gka se vDnuje nasazen? CFdoRICl amsattie rtieSd €Tl
zuglechSovg§n2 kovovlich materi 81 T. Kr 8tce | e

CRFC mat edrrio8dnulj i Poj sou pSedstaveny vliastnos
svliastnostmi dosud pro tyto YW ely poug2van®

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

Other information or58GL CarborlGmbH
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MATERI CLY PRO VAROBU PFéPRAVKS PR
ZPRACOVCNE

ALLOYS FOR THE PRODUCTION OF FIXTURES FOR THE
HEAT TREATMENT

Stanisl a&vnBgtk&yoboda
AFE CRONITE C2Z, Gkrob8rensk8 484/ 8, 61700 Br
stanislav.palka@afecronite.carnost.svoboda@afecronite.cz

ABSTRACT

Pro zkoum§8n?2 byl a pougita ocel p oceli bydyr 8§ c i Z
mechanicky opracovsgny, b ougeny, tepel nD zj
|l egt Dny do zrcadlov®ho | esku Takto zpracov
spS2davkem stS2bra. Poug|t§ povl akovac? t e
napragovsgn2. Vzorky byly zkougeny statickIm
ve tS2bodov®m ohybu nepatrnh kles§ pro vzor
pokl es pevnost. ve tS2bodov®m ohybu, tak sn
Tyto skutelnosti ns§gs pPfrpaiD] n2 kbosmptovat
magnetrono ovim napragovsg§n2m CrN s/bez pS2davl
neexistuemdr akti ck®ho hlediska riziko zkSehnut?2 m

The Vanadis 6 cold work tool steel has been used for the investigations. The samples were
machined, groundheat 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 CrAgidted 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 riskgoiifsiant embrittlement

of the material due to the C¥Mr CrAgN-coating.

Other information oAFE CRONITECZ



mailto:stanislav.palka@afecronite.cz
mailto:arnost.svoboda@afecronite.cz

‘!lTll’.Z.UﬂﬂJ 227 23 November 2011, Jihlava, Czech Republic

POUGI T¢ CFC A/MTEPEAGOVCNE

CFC USING IN THE HEAT TREATMENT

Martin Barthelmie, Matthias Noch
GTD Graphite Technologie GmbRaiffeisenstr. 1, EBB5428 Langg°ns, Ger man

matthias.noch@atdraphit.de
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VZTAHY SE ZCKAZNGEKY

CUSTOMER RELATIONS

Stanislava Ragkovs
raskova.s@seznam,d2zech Republic

ABSTRACT

Vzt ahy se z8kazn2ky jsou vgdy dTlegit® pro
zpracov§gnz. Je mogn® zajistit soulad mezi

tepel n®ho zpracovsgnz2? Jak zl epgit vz8jemno(
dlouhodob®ho vivoje z8kaznicklch vztahT. Ap
CMR mTge vztahy z8kazn2kT a dodavatel T viraz

Customer relations are always importador 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 relat&rips. Application of analytical and operational method
CMR can be customer and supplier relations significantly improved.

1.ZCKAZNEK A PRCBLQWZEHIE ZPRACOVCNGE

zné kg Tljespiut Njjegrncczhm azspekt T pro

Vztahy se z8ka
l ugby charakteru speci 8l n2ch proc

poskytuj?2 s

Pro z8kazn?ka nen? snadn® nebo se nevyplat?
slugbnN sv®ho obdhadn2hdcipazdealea az@&pes h®ho N:
zpracovgn2 je vhRDtginou virobce wurlitlTch d21T
mnogstevn?2, t ak termélndv@enazmvgacbygad;q»mque® k
specifickich pogadavkT svich 2z &kt zou2@gt N Udi
z8kazn?2ka tepel n®ho zpracovg§n?2 taky nen?2 vgd
Naprot i t®to z88éeé6Npesti daGiwanekd, vje ZzZ8Vi
zpracovsg§n2. Bez spolehlivich z8kazn2kT, ktesS
speciflgcakdlacvhk]'pqe pro provoz tepeln®ho zprac
pSedv2datelnou ot&8zkou. fegen2 wvztahT tak,
obt2gn® a | asto vyvsts8vaj?2 oté8zky:
0 Jak zjistit co pogadujejaB®ajrsol, pogati:
z8kazn2ka?
0 Jak naj 2t soul ad me z i pogadavky z8kazn-
zpracovsgnz2?
0 Jak udrget spokojenost z8kazn2ka na co ne
0O Kdo je ten nejvhodnhDjg2 z8kazn2k pro n8g
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2JAKESQU POGADAVKY EKQ@RAZN

Z8kazn?k potSebuje od provozu tepeln®ho zpr
virobky tpSpealam®mk zpracovs§n2 dostane zpht:
0 Ve stanoven®m ter m?2nu.

Vgdy zpracovan® dle specifikace, kterou g
VpTvodn?2nmaowvvoazrmulr ech pSedpokl §8dan®ho tole
Tak® ol ek8&8vs8, ¢ge povrch virobkT bude ne
dodr geny.

Jak® m8 s8m mognosti ovlivnit sv®ho dodavat
tepel n® uZgruhanechm 8Ok ® hodnot vy, zkougky. Na 1z §|
sv®ho z8kazn2ka m§ povinnost S2dit procesy
profese nem§, je totbofdzenpagveEmmogbodggn®.

[ et e e

omunikacii v mDnu i nspecnafciPkac2ch pogadavkT,
uhu tepel n®ho zpracovs8§n2, term2nech
kaznicKki®p oasutdaivieyn® na kat al ogu ot §8zek
Sedpokl §8danTch pogadavc?2ch.

9isoubor dotazn2kT pro samohodnoicenz p
k

a

c:

c:

aznick®m auditu jen ovWBsjeéedkyodjui ¢tk
stn2 organi zac?
ezdenlfch bodT pos
e vgdy takov®, kt

tepel n®ho zpracov§gn?2.
yt rdedprvatekb§ke@mudt a8
r®@ obNhN strany pot Sebu

c
5 S<NOT NaX
<—<er_3m(m*

Kagd
al e

Komunikacej e v el mi odvisl 8 od povah-l ko rstiakvtzn&jcehn
porozum?2 nebo nikoliv. Z8kl adn?2 informace | s
porozupmNaéovn2 empatie pro praodkwami,ikidéa dadavk
vyskytnou pSek8gky na jedn®, nebo dr uh® st
nejsnadnij g2z2.

Z8kazni ckj® caw dv & lymi dobrTm a objektivn2m pro
vzt ahnfesok|l adu vgak doch8z2z8keazdd¢ &aa B v ozdkTu.
surlitTm provozem tepeln®ho zpracov§gn?2, kKter
adavkT a zjigtnDn® odlignost.i povaguje z
se skutelnhD o odchybdknem@dwgb e povdzenu g @ d
|l n®ho zpracov8§n2 a dotazy m8 postaven
ity To ovgem mTge v®st taky ke vzniku

e
a
0$
®
n

Q9isoubor digteamm?kktivnzm n§str ojzappjenykt er T r
k strana provozproepdén®mosamohodng&aén?, R
vliastn2 provoz Azvenkufi. Tek®nptogizi&hzne
racovsg§n2 Adomad tento n8st roadjn owlemrta nproll apdar
hopnost?2 je splnit.

3. JAKE£ JSOUKYWY OGRMRIWNEHO ZRRACOV

Provoz tepeln®ho zpracov8§n? m8 obdobs®®poga
zak8zky na tepeln® zpracovg§n2 a to virobky:
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Pro urlitlT druh, tleped h®he sphapew §méskyt o
Vdostatel n®m mnogstv?2 pro udrgen2 rentabi
Sdostatelnim term2novim rozsahem, aby byl
Sdostatelndudenfofmkaé?2, dokument ac?2,
Vodpov?2dajihrezmest gv idn®, nedefor movan®

c.cCc

Mnoh®NDeht o pologek vTbec z8kazn2k nezn8, ji

[
znal ost o tom, jak® podm2nky je vhodn® spln
vodpov2daj?2c? k walgiatdld v ani®lj ieddBrmtkaCo v el mi | a
nerespektuje je term2n. VDtginou je povagovs§
poIgt§S ve virobn2zm toku, kterT m8§&§ dohonit
vRDt ginou mus?2 Segitv§mrrgv kzye rt®e g esloru® hsoo uz pdrsa 3¢
cel kT.
4 . J AK NAJ & TMEZYOULRPOGADAVKYNERBOKAYZ POGADAVKY
TEPELNEHO ZPRARCOVCNGE
Pogadavky na dobrT soulad mezi pogadavky z§|
radost 2 [ staaotst 2] ®bbued§manSagdn?. Jedns8§
CRM iCustomeri Relationshipsi ManagementJ edn8 se o0 datab8zovc
podporovanl proces shromagNov§gn2, zpracovs§8n
VdTsl edku probpd@javc2cth Zmbmnu,v postaven?2 org
odbRr aitdeoldsakvoat el skTch vztahToskeemptTomidn? TIpiS2 g
z8kazn?2ka. Pro kagdou organizaci je vihodn®,
dostatelnl awbaj e mSipragceep,50 pateedmd chv pogadav
dodavatel sk®ho SetRNDzce mi ARilp@duct( sTt rodpkeek) by |
( umz2 s pricken(éena),promotion ( pr opagace) . Orientace na vIi
vgdy podnhDh¥% perebapgzobbwu stran.
Soul asnost podporuje orientaci na pogadavky
i finan|ln2 visledek. Je snaha m2t takovou sk
byl pSedpoklad pozit i2vyne? cotr i4€ nstusiendek tfkakcodto s pl R
( n 8 k lcaswbryier valughodnota) conveniencgkomfort) acommunication
(komunikace).

Kagdg8 spolelnost se zablvsg§ tNDmito probl ®my:

1. Udrgen?2 st 8vaj2c2ch z8kaznzkT

2. PorozumiDn2 z8kazn2kTm

3. Schopnost jim naslouchat

4. Il dentifikace kl2]ovich procesT

5. Zvygovsgn2 spokojenosti z8kazn2kT pSi zlep
6. Tvorbamar ketdtngatve®gi e k udr gen? st 8vaj2c2ch
novlch

7. Schopnost oslovit nov® z8kazn?2ky

f2zen?z vztahT se z8kaznz?2ky ] e strategi e, k

dl ouhotrvaj2c?2ch vztahT se z8kazn?2ky. Nen?

spol el nosti t ak, aby ®&ThadnbByl zkl ageg2aat z§k


http://cs.wikipedia.org/wiki/Marketing
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technologie | T. VDtgina z8kazn2kT dnes vygad
prof. I ng. Jarom?2r Veber, CSc. | ze zavsg§dhDn?
l"prepre-st 8di um CRM'bc hiondu ima isvtar anlD z8kazn?2ka,
obchodn2m oddNRDl en2, respektov8n?2 z8kladn?2ch
pogadavkT

2."pre-st §dium CRM": obchodn? oddRlen2/ marketing
nekoordinovanl|lpp&édsej @ pakhaicendy K 8t or

3."0. st&dium CRMzamNSed?P| na maokietR ng mar ket

4. "1. st§dium CRM'napSienveaseyshuzBhbamy2ksC
pS2sithbmpynocen? spokojenosti z8kazn2ka
5.2.¢ §dium CRM": proakt i vn-in pz&Ryshodngyy k z 8kazn

part ner softwee CRM

Operati vn®peCRMivn2 CRM je pSedevg2m podporo
prodej, marketing a slugby. Vgeahma ulkchmwmiinla:
databg8zi a v pS2padhD potSeby je efektivnhD po
pSedevg2m v n8sleduj2c2ch obchodn2ch procese

T Tvorba marketingovich kampan2 a jejz2c
T Automatizace prodejn2ho procesu a jeh

Analyt i ck ®AGMRYt i ck® CRM analyzuje z8kaznicks§

T Optimalizace efektivnost:i mar ketingovlIch
T Hled8&8n2 potenci8ln2ch prodejn2ch kan8l T,
T Anallza chové&@&obBacen8lwd zmjk hovlich vIirobkT
9 Podpora propSedpbodéddg&8m2 a analyzov8§n?2 z8K
C R M Analytické CRM
Méreni
Optimalizace hodnoty
pracovniki zakaznika
Analy i
szl Voasvat:
Hodnoceni
Méfenikontribuce rizikovosti
partneru
Analyza
spokojenosti
Analyza zakaznikt
zisku/piijmu
Whodnocgni
Segmentace kampani
zakaznikt

Hodnoceni
zajemct
Analyza

kanalt Analyza
sekvence nakupu
Modelovanitendencim
k dal$imu nakupu Ztrata zakazniki
analyza a predikce


http://cs.wikipedia.org/wiki/Soubor:CRM_Analyticke.jpg
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Kol aborativaédhrQRMe speci 8l n? funkcionalitu
organizacea jeho z8kazn2kT prostSednictv2m
kvality interakce se z8kazn?ky. Operativn?z C
interakci sez 8 k azn?2 kem, jednotlivim obchodn2m odd
podpora a mar keting. Jedn§8 se napS2klad o poc
pogadavc2ch | dotazT na nov® slugby z tec
kolaboratm2 ho CRM je sd?2l en? tDchto infor mac? Z:
kvality poskytovanlich sl udkebmunBkaehn?ksTem. z §\
umogn?2 srozumitelnim sdRlen2m pogadavkT t

por ozumnDt aaz nviX tzakhvya lviTtrni t .

Vizkumy uk8zaly, gJge spolelnosti, kter® vytyv
opakuj2c2ch se obchodT, nigg2 n8klady na akyv
se transformuje do | epge cht rfdtnaqil mk® hn &dtkromj
z8kaznick8 partnerstv?z, pr ol se 0o nich nDhDco
pomohou st8vaj2c?2 vztahy se z8kazn2ky zlepgi
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EXTREMNE PF & PAADOW CZNER POVRCHU
LASEROVh M PAPRSKEM

EXTREME CASES OF LASER BEAM SURFACE
TREATMENT

StanislavN D me | e k

MATEX PM s.r.o., Tesl ova 10®RB.hdcdgk@maBe@pin.cdd Pl z e
ABSTRACT

PS2sphRDvek se zablTvg§ extr®&mn2mi p$S2 psaoduy| 8Svsytt2v r
s tenkou stRnou je tSeba Segit dostatelnl od
Kalen2 velklTch d21T s hmotnost2 mnoha des?2t
Lelisti bucharu s hmotnost2 40otumspbed®t av
provozov8no na pracovi gti z8kazn?ka. Di skus
|l aserov® kalen? pS2znivhDjg2 z hlediska potl a
tvrdost mi nad 65HRC. PSedevgPomk ®2 mykves mi uk e

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 witimgntens of tons in weight is counterpart to before
mentioned case40 tons in weight forging hammer heads hardening will demonstrate an
example of laser transport on costumer workplace. Discussiatedscated to answer the
guestion why laser processae gentler to avoid crackingpr high carbon steels and cast
irons with hardness over 65 HRC. Presumably due to very fine martenzitic transformation
products occurrence.

bVvOD

Laserov® technologie na sebe stir hnBavral st asjt?
pol et pS2spNDvkT na konferenci tepel n®ho zp
pracovi gs, utr8cej2ch grantov® prostSedky I
Vikonovli | asePl Zrig, |IBrenmaBrrdtRdolsadD.j ed@Sa®t a
funguj 2c?2 komer | n2 pracovigtnD vytvrzov§gn? p
fungov§gn? | aserov®ho pracovigtn firmy MAT E>
rolnzc2ch DnT tepeln®ho zpracovgn?z2.

\Y

tomto roce sjee pBémsmpNDmekSy@adiTm kalen2 po

PSi kal ent2e nskoow| 8ssttlBnosu je tSeba Segit nedos
kal en?2 soul 8§st? o hmotnostech mnoha des?2t ek
tunovich beranTpSekwkyemylnal pse@acovi gtN z8&kazn
ot 8zce prol vysokouhl 2kov® ocel. a |itiny |
6 5HRC? PravdRDpodobnnD d2ky vel mi jemnozr n®
uk8z8no.


mailto:nemecek@matexpm.com
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KDYG NEMMGBMEDK HOF E.

Pokraluj2c? OSVvojovsgn? technol ogi e | aserc
ozubenTch kol pSes velk® formy o hmotnostect
a hmotnostides 2t k8ch tun. Protoge alpulhadn3pboeroh
mus?2 blt | aser pSevezen na pracovigth z8kazn

Na pS&§n2 ¢BkadmP&l mS2padech je mogn® pro

jeho pracovigti. Podobnim zpTsobem se reali:
f or m8c ht apgren? pl echT ksaorud saesrnioes ta u tscemobbuid uTj.e W
buRka | aserov®ho kalen2? a svaSovs§8§n?2, kter$§

pogadavky na vijezdy do extern2ch pracovigs.

Vr §mci renovace odeJaowsha ICIPFu bwd ospogadoyv
ploch a dr8gky pro up2n8n2 z8pustky u dvou
kalen8 plocha |inila 60000 centimetrT |tvere
Obr . 1. Kal en2 beranT kovac2ch | isT u z8kazn?

Protoge visledky byly vynikaj?2c2, probDhIl a
beranu. Tentokr8t, aby se ugetSily dal g2 ngk
zaS2zen2. ObdobnhN bylo zaS2zen? noadeoknot vogveSnn2o
pod® n®ho svaSovs§n2 trubek.

Opalnim probl®mem je kalen?2 teaddshatvddcrl,

odvodem tepl a. Obecn® pravidlo, ge t 1. st NDn,
zhruba ©plat? Je tedphpom@gmdn, k alliet jienstddnunhl :
desetin. Al e | ze dnDI at i jemnBDjg? vDci, vl as
samol epky, kde na tenk® ocelov® f - 1|1/ o s2|



