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Abstract: The material of nickel aluminum bronze (NAB) presents superior properties such as high strength, excellent wear
resistance and stress corrosion resistance and is extensively used for marine propellers. In order to establish the constitutive relation
of NAB under high strain rate condition, a new methodology was proposed to accurately identify the constitutive parameters of
Johnson—Cook model in machining, combining SHPB tests, predictive cutting force model and orthogonal cutting experiment.
Firstly, SHPB tests were carried out to obtain the true stress—strain curves at various temperatures and strain rates. Then, an objective
function of the predictive and experimental flow stresses was set up, which put the identified parameters of SHPB tests as the initial
value, and utilized the PSO algorithm to identify the constitutive parameters of NAB in machining. Finally, the identified parameters
were verified to be sufficiently accurate by comparing the values of cutting forces calculated from the predictive model and FEM

simulation.
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1 Introduction

As a copper-based alloy, nickel aluminum bronze
(NAB) presents great advantages of high strength, and
corrosion resistance, and thus is extensively used for
marine propellers [1]. These optimum characteristics are
mainly controlled by the thermo-mechanical behaviors in
the cutting process. Many researches on NAB have
mainly focused on microstructural evolution, corrosion
properties [1—4], flow behavior under conventional
material tests [5], and no regarding the plastic
deformation behavior in machining. However, the
material behavior encountered in conventional material
tests could not be applied to metal cutting. Therefore,
developing the constitutive model and
identifying the involved parameters are urgently needed
to explain the material properties that influence the
cutting process in both FEM simulation and analytical
modelling of process variables.

Generally, for a constitutive model, the reliable flow

accurate

stress data and the corresponding mathematical equation
are required. Flow stress data are mainly obtained from
three methods [6], i.e., material compression test [7—9],
cutting experiment [10—13] and FEM [14—16]. SEDIGHI
et al [7] investigated an approach in parametric
identification of the high strain rate constitutive model
using SHPB tests, and determined the model parameters
by Levenberg—Marquardt method. PUJANA et al [10]
proposed a reverse method to determine the constitutive
model based on the variables in primary shear zone (PSZ)
and second deformation zone (SDZ), and successfully
identified the constitutive parameters of the steel
42CrMo4 and 20NiCrMo5. SHATLA et al [11] and
SARTKULVANICH et al [12] used the orthogonal slot
milling to obtain the wvariables in PSZ, and the
constitutive parameters were derived from the iteration
method by matching OXCUT output with the
experimental cutting force. TOUNSI et al [15] and
OZEL [16] obtained the constitutive parameters by
matching FEM  prediction with the measured
cutting force in orthogonal cutting. However, these three
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methods have still some drawbacks. For SHPB method,
strains were less than 1, the strain rates were not higher
than 2x10*s™' [7], and the experimental equipment was
relatively complex and high-cost. Cutting experiment
method needed numerous cutting experiments and was
time-consuming, and the identified results were not
unique [12]. For FEM method, the adjustment of flow
stress every time required many iterations to match
predictive and measured value of cutting force, and each
iteration needed more than 5 h [12].

Considering the previous review and the vast
advantage of Johnson—Cook constitutive model in
describing the material plastic flow behavior in
machining [14,17], a methodology was proposed to
identify the constitutive parameters of Johnson—Cook
model for NAB material in machining. This was based
on the combination of SHPB tests, predictive cutting
force model and orthogonal cutting experiment. The
method set up an objective function of the predictive and
experimental flow stresses, put the identified values of
SHPB tests as the initial value, and adopted the PSO
algorithm to derive the constitutive parameters in
machining. The identified parameters were verified by
comparing the values of cutting forces obtained from the
predictive model and FEM simulation.

2 Johnson—Cook constitutive model

The Johnson—Cook constitutive model is used
widely in the simulation and analytical prediction of
cutting process due to its high accuracy and
mathematical simplicity, which can also describe the
material behavior at high strains, high strain rates and
high temperatures. So, it is chosen here to describe the
plastic deformation behaviors of the material NAB, as
given in Eq.(1):

n i _ T_Tr "
o= (A+Bs )[1+Cln[g_oﬂ 1 [Tm—Tr] (1)

where o is the flow stress, ¢ is the plastic strain, & is
the strain rate and 7 is the temperature. The material flow
behaviors are defined by five parameters 4, B, C, n and
m, which are yield strength, strain hardening modulus,
strain rate hardening coefficient, strain hardening
exponent and thermal softening exponent, respectively.
In addition, &, , 7, and T, respectively represent
reference strain rate, room temperature and melting
temperature. For NAB, the melting temperature is
1058 °C.

3 SHPB tests and results

The material used in the tests was NAB alloy,
ZCuAl9Fe4NidMn2, and its chemical composition (mass

fraction) is: 80.30% Cu, 9.28% Al, 4.45% Fe, 4.24% Ni,
1.42% Mn, 0.0076% Zn, 0.011% Sn and 0.022% Pb,
which is accordance with the standard GB1176—74
ISO484.

SHPB tests
stress—strain curves at various temperatures and strain
rates. In order to increase uniformity in deformation, the
interfaces among the bars and specimen were lubricated
with grease. Heating furnace was used to warm up the
specimen and made the temperature reach the set value.
The strain gages pasted on the bars can be used to
measure and collect the strain signal. What is more, the
initial diameter and height of the cylindrical specimens
were 2 mm and 2 mm, respectively. And special
treatment of the parallelism, flatness and roughness was
made for the reliability of the experimental results.

The designed temperatures and desired strain rates
for SHPB tests are listed in Table 1. Since actual strain

were used to obtain the true

rate was not a constant, all the tests were repeated three
times, and the data had good repeatability.

Table 1 Designed parameters of SHPB tests

Temperature/°C 25 200 400 600 800
2000 2000 2000 2000 2000
6000 6000 6000 6000 6000
16000

Desired strain

rate/s !

16000 16000 16000 16000

The experimental results of SHPB tests are shown
in Figs. 1 and 2. Figure 1 gave the true stress—strain
curves of NAB at different temperatures and the same
desired stain rate, while Fig. 2 represented ones at
different desired stain rates and the same temperature. As
seen in Figs. 1 and 2, the flow behaviors of NAB had the
effect of obvious strain rate strengthening and thermal
softening, i.e., at the same temperature, when strain rate
increased, the flow stress increased. While the flow stress
decreased with temperature rise under the same strain
rate. This phenomenon can be attributed to: high strain
rates forced the crystal movement at the grain boundary
and resulted in the increase of flow stresses; at high
temperatures, the thermal activation effect increased the
dislocation slip plane and slip direction, and led to
crystal plastic deformation easily, thus the flow stresses
decreased along with the temperature rise.

Furthermore, quasi-static compression tests were
also conducted using the Gleeble 3500 machine at a stain
rate of 0.001 s™' and room temperature. The cylindrical
specimens used were 5 mm in diameter and 5 mm in
height. Load and displacement of loading head were
recorded. Then, true strain and stress of specimens could
be calculated. The results of quasi-static compression test
are shown in Fig. 3.
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Fig. 1 True stress—strain curves of NAB at different temperatures and desired stain rates: (a) 2000 s '; (b) 6000 s'; (c) 16000 s
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Fig. 2 True stress—strain curves of NAB at different stain rates and desired temperatures: (a) 25 °C; (b) 200 °C; (c) 400 °C;

(d) 600 °C; (e) 800 °C
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Fig. 3 True stress—strain curve of NAB in quasi-static
compression test

Through eliminating the elastic deformation part of
the experimental data, five unknown constitutive
parameters in Eq. (1) were derived by the fitting
technology. Figure 3 reflected the true stress—strain curve
in quasi-static compression test, i.e., &,=0.001 s,
T:=298 K(25 °C), then Eq. (1) can be transformed as

0=A+B¢"

2
where 4 is the yield stress which could be obtained from
Fig. 3, i.e., A=295 MPa.

Using the nonlinear fitting method, we can get
B=759.5 MPa, n=0.4757 (Fig. 4).

To input the flow stress data under the same strain
rate and different temperatures (Fig. 2) into the material
constitutive module of Deform 2D/3D, and keep 4, B
and n constant, parameters C and m could be obtained by
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Fig. 4 Experimental and fitting results in quasi-static

compression test

fitting method automatically. Therefore, the constitutive
parameters of Johnson—Cook model for NAB could be
estimated to be 4=295 MPa, B=759.5 MPa, n=0.4757,
C=0.023 and m=1.24. Furthermore, the identified
parameters were used to predict the stress—strain
response. Figure 5 compared the experimental and
predicted results. It could be seen that the predicted
values agreed quite closely with the experimental data,
which reflected the trend that the flow stress of NAB
material varied with the change of strain, strain rate and
temperature.

4 Identification of Johnson—Cook constitutive
parameters in machining

In order to reflect the flow behavior of NAB
material and obtain the accurate values of constitutive
parameters in actual machining, the constitutive
parameters, which were identified from the compression
experiment in Section 3, were modified using the
predictive model of cutting force and orthogonal cutting
experiment. Figure 6 shows the flow chart of identifying
Johnson—Cook constitutive parameters for NAB material
in machining. The involved predictive model of cutting
force could be used to predict cutting forces, cutting
temperature, and the related status parameters in
deformation zone, in which the input variables were
workpiece material properties, tool geometry and cutting
parameters. The detailed introduction should refer to
Ref. [18].

The experiment setup for orthogonal cutting is
shown in Fig. 7. The uncoated inserts referenced Sandvik
Coromant TNMG 160404—QM were used to cut the
NAB tube with the following dimensions: inner diameter
50 mm, wall thickness 2 mm and length 200 mm. The
rake angle was —6° and the relief angle was 0°. The
radius of cutting edge was too small that could be

regarded to be perfectly sharp. The cutting parameters
were designed for 16 sets. To ensure the effectiveness of
experimental results, each cutting experiment was
repeated three times, and each cutting process lasted for
10-30 s. Table 2 shows the designed parameters and
experimental results.
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Fig. 5 Comparison of flow data obtained from experimental
(bold dot line) and predicted (fine line) results at different strain
rates: (a) 2000 s™'; (b) 6000 s~ '; (c) 16000 s

According to the flow chart in Fig. 6, the
identification of constitutive parameters for NAB in
machining can be summarized as follows.

1) With the initial values identified from
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Fig. 6 Flow chart of identifying Johnson—Cook constitutive parameters for NAB material in machining
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Table 2 Designed parameters and experimental results

Cutting  Width Chip  Cutting Feed
Test . ee .
No velocity/  of cut/ (mm~r’1) thickness/ force/ force/
" (mmin) mm mm N N
1 0.025 0.04 134.2 74
2 0.05 0.07 2355 107
60 2
3 0.10 0.15 406  194.5
4 0.15 0.22 5922 2594
5 0.01 0.02 62.6 333
6 0.025 0.05 129.6 777
75 2
7 0.05 0.08 2254 1139
8 0.10 0.14 402.2 194.6
9 0.01 0.02 59.7 393
10 0.025 0.04 126.7 75.6
90 2
11 0.05 0.08 2243 109
12 0.10 0.16 403 190
13 0.01 0.02 61.2 37
14 0.025 0.04 145 72.3
100 2
15 0.05 0.07 223 114.4
16 0.10 0.14 400 186

compression test in Section 3, let 4 and B as the
constants, n, C, and m as the variables, and set a certain
increment.

2) Given the same cutting parameters, the predictive
tangent force, radial force and flow stress
(Ef’ired,l*"rf’imd,af’md) were calculated using the predictive
model of cutting force, and the experimental ones
(FSP,FSP,07") were obtained from the orthogonal
cutting experiment and Egs. (3) and (4). Equation (5)
was the objective function. In the subsequent iterative
cycle, the algorithm would automatically adjust the

constitutive parameters.

t
¢ = arctan (LS,(Z] 3)
t, =t sina
G=W(Ft cosg—F, sin¢) “)
1
1 N O_pred 2
f(4,B,n,C,m)=min FZ' F—l 5

where ¢ is the shear angle; ¢, is the depth of cut which is
equal to feed; #, is the chip thickness; a is the rake angle;
w is the width of cut; N is the experiment number.

3) Based on the PSO algorithm, when the difference
of flow stress between the predictive model and
experiment was within the given error, the algorithm was
stopped and outputted parameters 4, B, n, C and m,
which was the optimization solution.

The entire algorithm was implemented on the
software MATLAB 8.0. Table 3 shows the results of

Table 3 Johnson—Cook constitutive parameters for NAB in

machining
A/MPa B/MPa n C m
295 759.5 0.405 0.011 1.09
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constitutive parameters of Johnson—Cook model for
NAB in machining.

5 Parameters validation

In order to verify the accuracy of the identified
Johnson—Cook constitutive parameters, under the same
conditions (material properties, cutting tool geometry,
cutting parameters) shown in Table 4, the software
AdvantEdge was used to simulate the orthogonal cutting
process of the NAB material. And the results of cutting
forces between the predictive model and simulation were
compared. It can be seen from Fig. 8 that the predicted
values had a good agreement with the simulation ones.
The maximum error was within 15%, which indicated
that the identified constitutive parameters of
Johnson—Cook model for the material NAB was
sufficiently accurate.

Table 4 Cutting condition in simulation and prediction

Test  Cutting velocity/ Feed/ Width of Rake
No. (m'min") (mmt ") cut/mm  angle/(°)
1 100 0.15 2 0
2 100 0.30 2 0
3 150 0.30 2 0
4 200 0.20 1 =5
5 300 0.10 1.5 5
14
121 B
- Ftslm
10+ = Fr'"“l
Z gm Fom
3 st
g
% 6f
g
5 4t
2 ' I
0 HE K]
1 2 3 4 5
Test No.

Fig. 8 Comparison of cutting forces between predictive model
and simulation (F}: Tangent force; F: Radial force)

6 Conclusions

1) The NAB material presented obvious effect of
strain rate strengthening and thermal softening, and at
different strain rates and temperatures, the effect showed
small change.

2) The constitutive parameters of Johnson—Cook
model for the NAB material in machining were
identified based on the combination of SHPB tests,

predictive cutting force model and orthogonal cutting
experiment. The corresponding Johnson—Cook model
was

. 1.09
o =[295+759.5¢" 1+0.011In| — I S
295+759.56%4951 140,01 11| - ||| 1= L=
) Tm_Tr

3) For the parameter validation, the maximum error
between predicted and simulation results was within
15%, which showed that the identified constitutive
parameters presented high accuracy.

Acknowledgement
The authors would like to thank Qi WEI for SHPB
tests in Tsinghua University, China.

References

[1]  CARTON J S. Marine propellers and propulsion [M]. 3rd ed. London:
Butterworth-Heinemann, 2012.

[2] AL-HASHEM A, RIAD W. The role of microstructure of
nickel—-aluminium—bronze alloy on its cavitation corrosion behavior
in natural seawater [J]. Materials Characterization, 2002, 48(1):
37-41.

[3] ANANTAPONG J, UTHAISANGSUK V, SURANUMTCHALI S,
MANONUKUL A. Effect of hot working on microstructure
evolution of as-cast nickel aluminum bronze alloy [J]. Materials &
Design, 2014, 60: 233—-243.

[4] WHARTONJ A, BARIK R C, KEAR G, WOOD R J K, STOKES K
R, WALSH F C. The corrosion of nickel-aluminum bronze in
seawater [J]. Corrosion Science, 2005, 47: 3336—3367.

[5S] THOSSATHEPPITAKA B, UTHAISANGSUKB v,
MUNGSUNTISUKC P, SURANUNTCHAIA S, MANONUKULD
A. Flow behavior of nickel aluminium bronze under hot
deformation [J]. Materials Science and Engineering A, 2014, 604:
183-190.

[6] SARTKULVANICH P. Flow stress determination in metal cutting:
Review of the literature and flow stress database [D]. Ohio: The Ohio
State University, 2001.

[71 SEDIGHI M, KHANDAEI M, SHOKROLLAHI H. An approach in
parametric identification of high strain rate constitutive model using
Hopkinson pressure bar test results [J]. Materials Science and
Engineering A, 2010, 527: 3521-3528.

[8] LIYJ,LIQ, WUAP MAN X, WANG G Q, MURAKAWA H, YAN
D Y, WU H Q. Determination of local constitutive behavior and
simulation on tensile test of 2219-T87 aluminum alloy GTAW joints
[J]. Transactions of Nonferrous Metals Society of China, 2015, 25(9):
3072-3079.

[91 LIU Wen-hui, HE Zhen-tao, CHEN Yu-qiang, TANG Si-wen.
Dynamic mechanical properties and constitutive equations of 2519A
aluminum alloy [J]. Transactions of Nonferrous Metals Society of
China, 2014, 24(7): 2179-2186.

[10] PUJANA J, ARRAZOLA P J, SAOUBI R M,
CHANDRASEKARAN H. Analysis of the inverse identification of
constitutive equations applied in orthogonal cutting process [J].
International Journal of Machine Tools and Manufacture, 2007, 47:
2153-2161.

[11] SHATLA M, KERK C, ALTAN T. Process modeling in machining.
Part I: Determination of flow stress data [J]. International Journal of
Machine Tools and Manufacture, 2001, 41: 1511-1534.

[12] SARTKULVANICH P, KOPPKA F, ALTAN T. Determination of
flow stress for metal cutting simulation-a progress report [J]. Journal



[13]

[14]

[15]

Zhong-tao FU, et al/Trans. Nonferrous Met. Soc. China 26(2016) 1105—-1111

of Materials Processing Technology, 2004, 146: 61-71.

LEI S, SHIN Y C, INCROPERA F P. Material constitutive modeling
under high strain rates and temperatures through orthogonal
machining tests [J]. Journal of Manufacturing Science and
Engineering, 1999, 121: 577-585.

SHI B, ATTIA H, TOUNSI N. Identification of material constitutive
laws for machining—Part II: Generation of the constitutive data and
validation of the constitutive law [J]. Journal of Manufacturing
Science and Engineering, 2010, 132: 051009.

TOUNSI N, VINCENTI J, OTAO A, ELBESTAWI M A. From the
basic mechanics of orthogonal metal cutting toward the identification

[16]

[17]

[18]

1111

of the constitutive equation [J]. International Journal of Machine
Tools and Manufacture, 2002, 42(12): 1373—-1383.

OZEL T. Investigation of high speed flat end milling process [D].
Ohio: The Ohio State University, 1998.

SHROT A, BAKER M. Determination of Johnson—Cook parameters
from machining simulations [J]. Computational Materials Science,
2012, 52: 298-304.

FU Zhong-tao, ZHANG Xiao-ming, WANG Xue-lin, YANG Wen-yu.
Analytical modeling of chatter vibration in orthogonal cutting using a
predictive force model [J]. International Journal of Mechanical
Sciences, 2014, 88: 145—153.

BRI TR YIEIIN TRMRE S H A

Mk, IR, GEH2 IHm !, PRE

1L R RS FUBRL 2 5 TR B By hiliE e s 5 HoRE R sl %, i 430074;

2. HEREHERY MRS T

BB, 1IN 430074

+

B F: ST WAORHAL AT R R T B A DR RN JE R T TR i . O T
SEHAE RN A A N AR KRR, SRR DIHIN T e Johnson—Cook MRS B RIKI B )y k. 1% 5154
71 SHPB a4 s i, A Sl vI) o K B A VIRISER: . B2E, M5 SHPB SEHS B T 76 A A A2
HORRIR LN MR SERAR Y J— WA 2k AR, LR T IR AR N g RSB A2 1 ) 1) H AR 2, K SHPB. K2
AR AR SEAE A VIME, R PSO ik SO MBI A A S fefa, WP OISR A BRICH 5

SRASI DI S AT 6, BRAIE T BT RS B e
KEER: EEEW; AWSE; Johnson—Cook B, HER L

(Edited by Wei-ping CHEN)




<<
  /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


