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Predictions of Mechanical Properties of Quenched and
Tempered Steel

Bozo Smoljan” - Dario Iljki¢ - Furio Traven
University of Rijeka, Faculty of Engineering, Department of Materials Science and Engineering, Croatia

Mechanical properties of quenched steel directly depend on the degree of quenched steel
hardening. Fracture toughness and fatigue limit depend on microstructural constituents, and distribution
of the usual intermetallic particles and non-metallic inclusions. Fatigue resistance of quenched and
tempered steel is achieved by eliminating coarse alloy carbides present in steel. Properties of matrix may
also have an important influence on fracture and fatigue proper behaviour. Most high-strength materials
are fracture and fatigue limited. Fatigue strength is directly proportional to the difficulty of dislocation
cross slip. Grain size has its greatest effect on fatigue life in the low-stress, high-cycle regime.

In this paper, fatigue crack initiation threshold of quenched and tempered steel is predicted. The
method of computer simulation of mechanical properties was applied for a workpiece of complex form
made of quenched and tempered steel. Distribution of as-quenched hardness within workpiece of complex
form was predicted by computer simulation of steel quenching using the finite volume method.
Microstructure composition and hardness of tempered steel were predicted based on as-quenched
hardness. Fatigue crack initiation threshold of quenched and tempered steel were predicted based on
microstructure composition and hardness.

It was found that the proposed method can be successfully applied in calculating fatigue crack
initiation threshold of quenched and tempered steel.
©2010 Journal of Mechanical Engineering. All rights reserved.
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0 INTRODUCTION distance from the quenched end of Jominy
specimen and the Jominy hardenability curve.

The numerical simulation of hardness The time of cooling at specimen point can be

distribution in quenched steel specimen is one of
the highest priorities in simulating the phenomena
of steel quenching and in predicting the
mechanical properties of quenched steel
specimen. Strength, toughness and fatigue
properties can be estimated based on steel
hardness [1]. Prediction of hardness, strength, and
fatigue crack initiation threshold distribution in
quenched steel specimen will be made by
computer simulation.

Strength, toughness and fatigue properties
of quenched and tempered steel directly depend
on steel microstructure. For that reason, two main
problems have to be solved in simulating steel
quenching: prediction of temperature field
change, and prediction of microstructure
composition and mechanical properties. The
mathematical model of steel quenching can be
based on calculated characteristic time of cooling
from 800 to 500°C, fg5 [2] and [3]. The hardness
at specimen points can be estimated by the
conversion of cooling time results to hardness by
using both, the relation between cooling time and
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predicted by the numerical simulation of cooling
using the finite volume method [4] and [5].

1 PREDICTION OF FATIGUE PROPERTIES

The  structural  transformation  and
mechanical properties can be estimated based on
time relevant for structure transformation. The as-
quenched hardness at specimen points can be
estimated by the method explained in reference
[6] based on cooling time #ys.

The referent hardness at specimen points
in the quenched and tempered state can be
estimated from the referent as-quenched hardness,
HRCquenched» by [7] and [8]

HRC .
HRC _ quenched ) (1 )

tempered K

Factor K can be expressed by:

K=C, 1" exp A[L] ~B|, )

temp
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where Tiem, [K] is the tempering temperature, ¢ [h]
is the time, while 4, B, Ci, a, n; and n, are the
material constants that are established by
regression analysis of hardness of quenched and
tempered steel. Eqgs. (1) and (2) are valid for
carbon and low alloy steel.

The results of austenite decomposition
depend on the chemical composition of steel,
severity of cooling, austenitizing temperature and
steel history. In accordance with reference [9]
three kinds of basic structures are observed in
CCT diagrams: martensite, bainite, and ferrite-
pearlite. Microstructure composition of steel is in
relation with actual steel hardness. Steel hardness
is generally equal [9]:

HV = {(%ferrite + %pearlite)HV(ﬂP) +

3
+(%bainite)HV(B) +(%martensite)HV(M)}/100‘ ®

Amount of phases’s volume portions is
equal unity:

{(%ferrite + %pearlite) + A
+%bainite + %martensite} /100 =1. @

If the total hardness and the hardness of
microstructure constituents are known, and if the
phase fraction of one of microstructure
constituents is known, it is not difficult to predict
fractions of other phases by the Egs. (3) and (4).
The austenite decomposition results can be
estimated based on time relevant for structure
transformation.

The characteristic cooling time, relevant
for structure transformation for most structural
steels, is the time fg5. If other heat treatment
parameters are constant, the  austenite
decomposition results in some location of a
cooled specimen will depend only on the time #gs.
Phase hardness for Jominy specimen depends on
chemical composition and cooling rate parameter
that corresponds to actual distance d of Jominy
specimen quenched end. It has been adopted that
cooling rate parameter is equal to log(#s) and
hardnesses of basic phases, i.e., martensite,
bainite, and ferrite-pearlite are equal to [10]:

Y " tyjsa
HV =HV_ —K, log ) (5)

M
8/5max

tB
HVE = HVE - K,log—2%, (6)
8/5max
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P+F
8/5N

HVdP”: :HV;+F+KP+F logw, (7)

8/5d

where N is normalizing, and HV”_ is hardness of

lower bainite. Characteristic values of HV",..,
HVBmaxa H +FN7 KM: KB, KP+F: ZLMS/Smaxa tB8/5maX:
1" Fgsn, Myssa, £°y5a and £ g4 in Egs. (5), (6) and
(7) have to be evaluated for investigated steel
based on Jominy test results and the relation
between time of cooling from 800 to 500°C tys,
and the Jominy distance [11]. Hardness of
quenched  structures  with  characteristic
percentage of martensite can be predicted by
using the diagram of hardness at different
percentages of martensite vs. carbon content after
Hodge and Orehoski [12] and [13] and Jominy
curve. The regression relations between the time
tys and characteristic pearlite fractions are
established [10].

Mechanical properties of quenched steel or
quenched and tempered steel directly depend on
the degree of quenched steel hardening [1]. The
relation between hardness, HV, and yield
strength, Ry [Nmm™] is equal to [6]:

R, =R,y; =(024+0.03C) HV +170C-200, (g,

where C is the degree of hardening is defined as
the ratio of the measured hardness after
quenching to the maximum hardness that can be
achieved with the actual steel [14].

Fatigue crack initiation threshold, AKy
could be estimated based on yield strength and
microstructural  constitution. The effect of
tempering and microstructure composition is
relatively small for region 2 growth rates, but the
effect may be large near the threshold in region 1
growth rates. Continuous ferrite phase reduces
fatigue crack growth resistance near the
threshold. Therefore, a substantial reduction in
fatigue crack growth resistance near the threshold
is possible with segregation of ferrite phase in
form of continuous network.

For the low- to medium-strength steels, it
is useful to compare the grain size with the
reversed plastic zone size, R,. [15] to [18].
Controlling microstructural unit for low- to
medium-strength steels is reversed plastic zone
size, R,:, which is useful to compare with the
grain size. Using twice the plane-strain plastic
radius and twice the yield stress due to the stress
reversal gives [15]:
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R - 2AK?
" 67(2R,) )

Cyclic slip will not proceed if the grain
size, d, is greater than the reversed plastic zone
size. Substituting that d = R,., the fatigue crack
initiation threshold, AKy, below which fatigue
cracks would not initiate at specimen points in the
quenched and tempered state, can be estimated by
[15]:

AK, =R ,(127d)"* =6.14R,d"* . (10)

For ferritic-pearlitic microstructure grain
size refers to ferritic grain size, but for tempered
martensite grain size refers to prior-austenite
grain size [15] and [19]. The effects of ferrite-
pearlite  volume portion in as-quenched
microstructure on fatigue crack initiation
threshold, AKy, could be expressed by:

AK, = nAlRedl/2 , (11)

where n is the parameter depending of ferrite-
pearlite  volume portion in as-quenched
microstructure, while 4, is the material constant
derived from Eq. (10). For example, if ferrite-
pearlite volume portion equals 10% parameter n
equals 0.6.

If threshold values were normalized by
grain size and plotted against yield strength, the
slope of this curve could then be compared with
Eq. (10). The data plotted in this manner predict
parameter A, equaling 5.0 instead of 6.14. Further

experimental work is needed for the final
verification of represented model.

2 PRACTICAL EXAMPLE FOR PREDICTING
MECHANICAL PROPERTIES FOR
QUENCHED AND TEMPERED STEEL

The established method is applied in
failure analysis of quenched and tempered steel
shaft made of steel 42CrMo4 (DIN). The
chemical composition of steel is 0.38 %C, 0.23
%S1, 0.64 %Mn, 0.019 %P, 0.013 %S, 0.99 %Cr
and 0.16 %Mo. Jominy test results of steel
42CrMo4 are shown in Table 1.

Geometry and failure of the quenched
workpiece are shown in Figs. 1 and 2,
respectively.

The shaft was treated by two heat
treatments: in the first, after heating to 850°C for
1 hour, the shaft was quenched in oil with the
severity of quenching H = 0.25, and in the second
treatment, the shaft was quenched in oil with
severity of quenching H = 0.7. The tempering
temperature was 600°C. The shaft treated by the
first heat treatment was broken after a short time
of application.

Based on the proposed mathematical
model, a computer simulation of microstructure
composition and fatigue crack initiation threshold
was done.

Table 1. Jominy test results of investigated steel 42CrMo4

Jominy distance 15 3 5 7
[mm]

9 11 13 15 20 25 30

Hardness [HV] 610 605 590 576

555 524 487 446 379 344 324

Jominy distance 35 40 45 50
[mm]

55 60 65 70 75 80 -

Hardness [HV] 311 303 297 293

292 291 289 288 288 288 -

A\/ 41, 28 192 56 90
_ B = |8 = g | g A
S| SIS S S =
457

Fig. 1. Workpiece geometry
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Fig. 2. Workpiece failure
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Fig. 3. Distributions of as-quenched hardness (a) for quenching in oil; H = 0.25, (b) for quenching in oil;
H = 0.7 in Rockwell units (HRC), from which hardness in Vickers units (HV), yield strength R, (Nmm™)
and microstructure phase (vol %) have been calculated - see Tables 2 and 3

Characteristic time fys was calculated by the
numerical method explained in reference [5]. In
the applied mathematical model of quenching
values of heat transfer coefficient were calibrated
for Grossmann H-value equal to 0.25 and 0.7 [5].
Fig. 3 shows distributions of as-quenched
hardness in Rockwell units (HRC), from which
hardness in Vickers units (HV), yield strength
Ry [Nmm™] and microstructure phase volume
portion have been calculated. The predicted
values of as-quenched microstructure and
mechanical properties of the workpiece are given
in Table 2 for quenching in oil with the severity
of quenching H = 0.25, and in Table 3, for
quenching in oil with severity of quenching H=0.7.

118

The predicted values of mechanical
properties of the workpiece quenched in oil with
severity of quenching H = 0.7, subsequently
tempered at 600 °C, are given in Table 4. It is
observed that near the workpiece surface the as-
quenched microstructure of  homogeneous
martensite is achieved by quenching in oil with
severity of quenching H = 0.7 (Fig. 3b). More
heterogeneous as-quenched microstructure in
surface locations is achieved by quenching in oil
with the severity of quenching H = 0.25 (Fig. 3a),
which leads to reduced fatigue crack initiation
threshold.

By economical aspects of simulation
of investigated shaft manufacturing, most suitable
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Table 2. Microstructure and mechanical properties of the as-quenched workpiece for quenching in oil;
H=025

Field in Fig. 3a

Properties

A B C D E
Hardness [HV] 610-575 575-510 510-440 440-340 340-290
Yield strength, R, [MPa] 2013-1898  1898-1683  1683-1452  1452-1122  1122-957
F+P 0 0 0 0 0-12
Phase fractions [%] B 1-2 2-19 19-42 42-74 74-83
M 99-98 98-81 81-58 58-26 26-5

Table 3. Microstructure and mechanical properties of the as-quenched workpiece for quenching in oil;
H=07

Field in Fig. 3b

Properties

A B C D E
Hardness [HV] 610-575 575-510 510-453 453-370 370-298
Yield strength, R, [MPa] 2013-1898  1898-1683  1683-1495  1495-1221  1221-983
F+P 0 0 0 0 0-10
Phase fractions [%] B 1-2 2-19 19-37 37-64 64-81
M 99-98 98-81 81-63 63-36 36-9

Table 4. Mechanical properties of the quenched (H = 0.7) and tempered workpiece

Properties Field in Fig. 3b
A B C D E
Hardness [HV] 291-290  290-280  280-272  272-256  256-234
Yield strength, R, [MPa] 960-957  957-924  924-898  898-845  845-772
Fatigue threshold, AKy, [MPam'?]  22.6-22.5  22.5-21.8  21.8-21.2  21.2-20.1  20.1-10.5

shaft manufacture process is to manufacture the
shaft from the quenched and tempered bar of 130
mm diameter. But in this case, in critical location
A (Fig. 1), heterogeneous microstructure of
ferrite, perlite, bainite and martensite will be
achieved, with very low fatigue limit.

3 SUMMARY

A mathematical model for prediction of
fatigue crack initiation threshold of quenched and
tempered steel was developed. The mathematical
model has been applied in failure analysis of a
quenched and tempered steel shaft. The hardness
distribution in the quenched workpiece is
estimated based on cooling time from 800 to
500°C, tg/5, and on results of the Jominy test. The
computer program used for predicting the time of
cooling, fgs is based on finite volume method.
The prediction of distribution of microstructure
composition and yield strength is based on
estimated steel hardness. Fatigue crack initiation
threshold is predicted based on yield strength and

microstructural constitution. Further experimental
work is needed to verify the proposed model.

Mechanical properties of quenched and
tempered steel workpieces can be successfully
calculated by the proposed method, and that the
proposed method can be successfully applied in
failure analysis of quenched and tempered steel
workpieces. For efficient estimation of fatigue
crack initiation threshold additional data about
microstructure are needed.

Using a numerical simulation of
microstructure and mechanical properties, it was
established that better results of fatigue crack
initiation threshold can be achieved by quenching
in oil with higher severity of quenching.

4 REFERENCES

[1]  Smoljan, B. (2006) Prediction of mechanical
properties and microstructure distribution of
quenched and tempered steel shaft. Journal of

Materials Processing Technology, vol. 175, no.
1, p. 393-397.

Predictions of Mechanical Properties of Quenched and Tempered Steel 119



[3]

[4]

(6]

[7]

(8]

[9]

120

Strojniski vestnik - Journal of Mechanical Engineering 56(2010)2, 115-120

Smoljan, B. (1999) The calibration of the heat
conductivity coefficient in mathematical
model of steel quenching. Proceedings of
MicroCAD 99, Miskolc.

Smoljan, B. (1995) The calibration of the
mathematical model of steel quenching.
Proceedings of 5" World Seminar on Heat
Treatment and Surface Engineering, Isfahan.
Patankar, S. (1980) Numerical heat transfer
and fluid flow, New York: McGraw Hill
Book Company.

Smoljan, B. (1998) Numerical simulation of
as-quenched hardness in a steel specimen of
complex form.  Communications  in
Numerical Methods in Engineering, vol. 14,
no. 1, p. 277-285.

Smoljan, B. (2002) Numerical simulation of
steel quenching. Journal of Materials
Engineering and Performance, vol. 11, no.
1, p. 75-80.

Smoljan, B. Smokvina Hanza, S., Iljki¢, D.,
Totten, G. E., Felde, I. (2008) Computer
simulation of mechanical properties of steel
dies. Proceedings of 2nd International
Conference on Heat Treatment and Surface
Engineering of Tools and Dies.

Reti, T., Felde, 1., Guerrero, M., Sarmiento, S.
(2009) Using generalized time-temperature
parameters for predicting the hardness
change occurring during tempering.
Proceedings of the International Conference
on New Challenges in Heat Treatment and
Surface Engineering.

Filetin, T. (1992) Calculation of mechanical
properties according to Blondeu, Maynier;
Dollet and Vieillard-Baron, Theory and
H., Luty, W. (eds.), Springer-Verlag.
Smoljan, B. (2002) Computer simulation of
microstructure transformation during the

[16]

[17]

[18]

quenching. Proceedings of 1" International
Surface Engineering Congress and 13th
IFHTSE Congress, Columbus.

Rose, A. et al. (1954) Atlas for heat
treatment of steels I, vol. 2, VDI, Verlag
Stahleisen, Diisseldorf. ( in German)

Spies, H.J. (1992) Mechanical properties of
ferrous and nonferrous alloys after quenchig,
B., Tensi, H., Luty, W. (eds.), Springer-
Verlag, Berlin.

Smoljan, B., Butkovi¢, M. (1998) Simulation
of mechanical properties of hardened steel.
Proceedings of MicroCAD 98, Miskolc.
Just, E. (1976) Heat treatment — Material
effects on quenching and tempering, VDI
Berichte, no. 256, p. 125-140.(in German)
Wilson, A. (1996) Fatigue and fracture
resistance of ferrous alloys in ASM
Handbook-Volume 19: Fatigue and fracture,
ASM International, Material Park, OH.
Beevers, C.J. (1977) Fatigue crack growth
characteristics at low stress intensities of
metals and alloys, Met. Sci., p. 362-367.
Yuen, A., Hopkins, S.W., Leverant, G.R.,
Rau, C.A. (1974) Correlations between
fracture surface appearance and fracture
mechanics parameters for stage II fatigue
crack propagation in Ti-6Al-4V, Met. Trans.,
vol. 5, p. 1833-1842.

Cooke, R.J., Irving, P.E., Booth, C.S,,
Beevers, C.J. (1975) The slow fatigue-crack
growth and threshold behavior of a medium-
carbon alloy steel in air and vacuum, Eng.
Fract. Mech., vol. 7, p. 69-77.

Ritchie, R.O. (1979) Near-threshold fatigue-
crack propagation in steels, International
Metals Reviews, vol. 24, no. 5-6, p. 205-230.

Smoljan, B. - Iljki¢, D. - Traven, F.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


