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Abstract: In injection moulding production, the tuning of the process parameters is a challenging job, which relies heavily on the
experience of skilled operators. In this paper, taking into consideration operator assessment during moulding trials, a novel intel-
ligent model for automated tuning of process parameters is proposed. This consists of case based reasoning (CBR), empirical
model (EM), and fuzzy logic (FL) methods. CBR and EM are used to imitate recall and intuitive thoughts of skilled operators,
respectively, while FL is adopted to simulate the skilled operator optimization thoughts. First, CBR is used to set up the initial
process parameters. I[f CBR fails, EM is employed to calculate the initial parameters. Next, a moulding trial is performed using the
initial parameters. Then FL is adopted to optimize these parameters and correct defects repeatedly until the moulded part is found
to be satisfactory. Based on the above methodologies, intelligent software was developed and embedded in the controller of an
injection moulding machine. Experimental results show that the intelligent software can be effectively used in practical produc-
tion, and it greatly reduces the dependence on the experience of the operators.
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1 Introduction ing of process parameters for an injection moulding

machine (IMM) is very complex and difficult, be-

There are three major factors affecting the qual-
ity of an injection moulded part: process parameters,
polymer material, and mould design. In production,
the type of polymer and the shape of the mould are
usually predetermined; hence, optimizing the process
parameters is the most convenient approach to im-
prove the moulded part’s quality. However, the tun-
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cause there are two dozen parameters included in the
process, and the relationships between the part quality
and the process parameters is not easily represented
mathematically (Chen and Turng, 2005). Tradition-
ally, the tuning of parameters for IMM was a proce-
dure of trial and error, which relied heavily on the
experience of skilled operators. Unfortunately, an
unskilled operator generally needs over ten years to
become a skilled one, and skilled operators are in
short supply (Mok et al., 1999).

To reduce the dependence on the experience
of skilled operators, some soft computing methods,
such as neural network, expert system, case based
reasoning (CBR), and fuzzy logic (FL), have been
employed. Chen W. et al. (2008) addressed a dynamic
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quality predictor through a self organizing map and a
back propagation neural network. Bozdana and Ey-
ercolu (2002) proposed an expert system called
EX-PIMM to determine the injection moulding
process parameters. Kwong (2001) developed an
intelligent system for designing the injection mould-
ing process based on CBR technology. Chen M. ef al.
(2008) established a fuzzy optimization approach for
optimizing the process parameters to control weld
line positions. Among these studies, the availability
of an artificial neural network depends on sufficient
training samples, which decreases its practicability.
For the expert system method, the main bottleneck is
the acquisition of knowledge. The CBR technique
hardly deals with moulding defects, and it is difficult
to obtain the initial process parameters using FL.

In this paper, based on the operators’ reported
considerations during moulding trials and the advan-
tages of soft computing methods, CBR, empirical
model (EM), and FL methodologies are integrated into
an intelligent model for automated tuning of process
parameters. CBR and EM were employed for setting
the initial process parameters, while FL was used to
optimize the process parameters on-line. The proposed
model was verified by performing trials on a real part.

2 Theory and implementation

In most practical production, the tuning of pro-
cess parameters for IMM is a procedure of trial and
error. When a new mould is installed, the operators
first recall some previous similar cases to setup the
process parameters for the mould. If there is no sim-
ilar case, the operators determine the process pa-
rameters based on their intuitive thoughts acquired
through long-term experience. Then a moulding trial
is performed, and usually some defects are encoun-
tered. Next the operators optimize the parameters
repeatedly until the moulded part is found satisfac-
tory. According to the operators’ considerations dur-
ing moulding trials, a hybrid intelligent model was
constructed, as illustrated in Fig. 1. CBR and EM
were employed to determine initial process parame-
ters, imitating the skilled operators’ recall and intui-
tive thoughts, respectively. FL was employed for
optimizing parameters and correcting defects, simu-
lating the operators’ optimization thoughts.
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Fig. 1 Architecture of hybrid intelligent model

2.1 Case based reasoning

CBR is a kind of similarity reasoning method,
which solves a new problem (target case) by reusing
solutions of past similar problems (source cases) in a
case base (CB). That is, CBR=CB+similarity rea-
soning (Sun and Finnie, 2005).

The structure of the developed CB is illustrated
in Fig. 2. CB contains a number of cases, which are
pre-defined in an organization. Each case includes a
problem description and a problem solution. As the
name implies, the problem description part represents
the case’s characteristics, and the problem solution part
states the case’s solutions. The problem description
includes polymer data (thermal properties, pressure-
volume-temperature parameters, and rheological pa-
rameters, etc) and cavity data (cavity volume, average
thickness, and flow length, etc), whilst the problem
solution is the process parameters of the IMM, in-
cluding injection, packing, cooling, and melting pa-
rameters. Currently, there are 56 cases involved in the
constructed case base. The ranges of the average
thickness, flow length, and cavity volume for these
cavities are 0.76—4.09 mm, 27.52-490.52 mm, and
702.89-1469300.21 mm’, respectively, and the
number of polymers is 23.
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.| Problem
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Case 2 Problem Process
Case base : solution "| parameters
N
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Fig. 2 Structure of the case base

Based on the constructed CB, similar cases are
selected by applying the similarity analysis sequen-
tially to each case. The global similarity S between the
target case and the source case is shown as
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where W;and v; are weight coefficients, and A is the
sensitivity factor. s.(7) and s,(j) are local similarities
for cavity data and polymer data, respectively. Xop;
denotes one parameter of the cavity data or polymer
data for the target case, whilst xg, represents the cor-
responding parameter for a source case.

Once some similar cases are chosen, their solu-
tions are adapted to the target case by case adaptation
strategies. If the number of chosen similar cases is
one, and the similarity of the similar case is greater
than 0.95, then the solution for the case can be used
for the target case directly. If several similar cases are
selected and they fulfil a case matrix (x-coordinate is
the flow length, y-coordinate is the average thick-
ness), the solution of the target case can be calculated
by interpolation method.

Note that if the number of selected similar cases
is zero, or there is no strategy for case adaptation,
CBR fails for setting the initial process parameters.

2.2 Empirical model

The procedure of determining the initial process
parameters based on EM is summarized in the fol-
lowing steps.

Step 1: Determine the process parameters based
on a polymer database, including the recommended
parameters. Some process parameters (the mould
temperature 7y, and the injection temperature 7;) are
primarily dependent on the type of moulding poly-
mer, so the polymer database is adopted to set these
parameters.

Step 2: Optimize the process parameters ac-
cording to some optimization objectives. The rela-
tionship between the injection pressure Pi,; and the
injection time #y is a complex U-shaped curve, as
shown in Fig. 3 (Shoemaker, 2006). With short in-
jection time, the injection pressure is very high be-
cause of high flow rate. As the filling slows down, the
injection pressure drops. However, if the injection
time is too long, the flow front temperature during
filling will decrease and the viscosity will increase,
which causes the pressure to rise again. The optimum

injection time is the point on the curve where the
injection pressure is the lowest. In this study, a fast
strip analysis model is first employed to predict the
U-shaped curve between the injection pressure and
the injection time. Then a search method is adopted to
optimize the injection time and the corresponding
injection pressure based on the predicted U-shaped
curve. The fast strip analysis model is described in
detail in (Zhao et al., 2010).

A

Injection pressure
\ —— — Flow front temperature

Injection pressure or
flow front temperature

\/

Injection time

Fig. 3 Schematic diagram of injection pressure and flow
front temperature at different injection time

Step 3: Calculate the process parameters through
some empirical formulae. The injection stroke Li,; can
be calculated by the cavity volume ¥ and the sectional
area of screw Agew:

Lo=——. )

The cooling time ¢, is calculated from an empirical
equation:

h2 T;:ject - Tw
Lol =— In , 3)
2na \ T,-T,

where £ is the average part thickness, o denotes the
thermal diffusivity, and Tgjec: represents the ejection
temperature. The packing time £y, 1S estimated to be
10 times the injection time:

tpackzloxtinj- (4)
Step 4: Transform the above parameters to ma-

chine related parameters. The nozzle temperature
Thozz1¢ and the hydraulic pressure Pyyq are given by

Tnozzle:TOa (5)
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where P is the pressure of polymer melt, f denotes
a frictional factor for pressure loss, and A4pison and Aroq
represent the sectional areas of the piston and the
cylinder rod, respectively.

2.3 Fuzzy logic

FL is an approximate inference methodology
that imitates human uncertain reasoning capabilities
(He et al., 2001). Fig. 4 shows the structure of the
presented fuzzy inference system. The inputs of the
fuzzy system include the encountered defect D and
the current process parameters P; (i=1, 2, ..., n), and
the outputs of the fuzzy system are the adjustments
for the process parameters AP; (i=1, 2, ..., n), which
contain the adjustment ratio and direction. The ad-
justment ratio of P; is calculated by a fuzzy inference
engine based on the current value of P; and the seri-
ousness of D, and the adjustment direction of P; is
generated by a rule based reasoning engine accroding
to the types of P; and D.

Adjuster 1
D - d
:m AP1
5 - =
—» Seriousness’ Juster Adjustment
. of D »| Fuzzy inference |ratio of P,
: Fuzzy Value of P,= engine e AP
Py rule Type of D™ Rule based '
assigner | | Type of P,-= reasoning engine |Adjustment
: . direction of A,
P, Adjuster n :
— -

Fig. 4 Structure of the fuzzy inference system

Obviously, the key point for the fuzzy inference
system is the fuzzy inference engine. Fig. 5 illustrates
the schematic diagram for the fuzzy inference engine
with two inputs and one output. Fuzzification trans-
forms the seriousness of D and value of P; to a fuzzy
value for fuzzy inference, and defuzzification con-
verts the inference result from a fuzzy value to a crisp
value, i.e., the adjustment ratio of P;.

Fuzzy rule
base
Seriousness
of D i
- Inference .. |Adjustment
Fuzzification Defuzzification
V::lalue of P, H procedure H lmﬁ’i

Fig. 5 Schematic diagram for the fuzzy inference engine

In the fuzzy rule base, there are plenty of fuzzy
rules. These fuzzy rules are collected from the domain
experts and/or from the observation data of moulding
trials. A fuzzy rule with two antecedents is described as

ifxis 4 and y is B, then z is C,

where x, y, and z represent linguistic variables for
defect seriousness, parameter current value, and pa-
rameter adjustment ratio, respectively. For ease of
use, high accuracy, and avoiding dimension disasters,
linguistic values 4 and B are both naturally described
by the fuzzy set {small, medium, big}, while the
fuzzy set for linguistic value C is {lowest, lower, low,
medium, high, higher, highest}. The definition of
these fuzzy sets is shown in Fig. 6, where x4 denotes
the fuzzy membership function of linguistic value. As
such, the fuzzy rule can be used linguistically. For
example, “if short shot is big and the injection pres-
sure is small, the adjustment ratio of the injection
pressure is the highest” is a fuzzy rule that might be
used in correcting the defect of short shot.
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Fig. 6 Fuzzy sets
(a) Linguistic values 4 and B; (b) Linguistic value C

The Mamdani inference model is adopted for
inference, and maximum/minimum operators are
used as T-norm/T-conorm operators (Zhang and Sun,
1997). For each fuzzy rule “A;xB;—C}”, the result C;
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can be defined by the inputs 4y, By, and the fuzzy
relation Ry as

C,=(4,xB,)oR,
=(4,xB,)° [

Xx¥YxZ

ty, (X) Ay, (X) A pr, () /(% 9, 2).
(7

During the inference process, several fuzzy rules
may be considered simultaneously, and then Eq. (7)
becomes

C=(A><B)oURk =U[(AxB)oRk]=UCk, (8)

k=1 k=1

where 7 is the fuzzy rules’ number. Hence, the fuzzy
result C is generated by aggregating inference results
Cy for all considered fuzzy rules. Finally, the centroid
of area strategy is adopted to defuzzify the fuzzy
result C to a crisp value (Zhang and Sun, 1997).

3 Verification

Based on the above methodologies, intelligent
software for automated tuning IMM process pa-
rameters was developed. The developed software was
run in the IMM controller (P10CY, EST control
technology Co., Ltd., China), and its interfaces are
given in Fig. 7.

A real part in production was used to verify the
intelligent software (Fig. 8). Its weight, average
thickness, flow length, runner weight, and runner
length are 16 g, 2 mm, 60 mm, 3 g, and 80 mm, re-
spectively. The injection was performed with the
IMM (HTL110B, Haitai Plastic Machinery Co., Ltd.,
China), and the selected polymer was polypropylene
(PP K8303, Yanshan Petroleum Chemical Co., Ltd.,
China).

After specifying the type of polymer and mould
data on the input page (Fig. 7a), the initial process
parameters were calculated, and the first moulding
trial was started. Fig. 9a shows the first moulded part
with a medium defect of short shot. Next, operators
input seriousness of short shot into the software on the
feedback page (Fig. 7b). The software automatically
optimized the process parameters of IMM, and the
second moulding trial was executed, where the short

shot disappeared, but a small defect, burn, was en-
countered, as shown in Fig. 9b. Similarly, seriousness
of burn was fed back to the software, and the third
moulding trial was performed. This time, the moulded
part was found satisfactory, with no defects (Fig. 9c);
i.e., optimum process parameters were obtained. Ta-
ble 1 lists main process parameters of the IMM in the
three moulding trails. From the above procedure, it is
seen that the developed intelligent software can be
used in practical production, and it greatly reduces the
dependence on the experience of skilled operators.

00406 Hs CBR 050501
Material Name ABS |4 Part Weight(g) 0.0
Average Thick(mm) 0.0 Flow Length{imm)} 0.0
Gate Num 0 Runner Weight(g) 0.0
Runner Lengthimm) 0.0 Done
CBR | FBR | [ |

(a)
E_]_I]H___[E_ Hs FBR 55;35_;5
Type Degree Type
Short shot [None ]+ Air Bubble
Shrink None - Delamination
Flash None = Dark
Warpage None - Bad gloss
Ripples Opacity
Burn Hard demolding
Data Save Password: [* Save
cer [ FBR ] ! |

(b)

Fig. 7 Interfaces of developed intelligent software
(a) Input page for polymer and mould information; (b)
Feedback page for defects

Fig. 8 Example of injection moulded parts
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(a) (b)
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Fig. 9 Moulded parts
(a) First trial run; (b) Second trial run; (c) Third trial run

Table 1 Main process parameters in the moulding trials

Trial Nozzle Cooling Injection Injection Injection Packing Packing
temperature (°C) time (s) pressure (MPa)  stroke (mm) time (s) pressure (MPa) time (s)
1 230 8 3.0 30.5 1.1 3 11.0
230 8 4.8 54.5 2.0 3 12.5
3 230 8 4.2 54.5 1.7 3 12.5

4 Conclusions

In this study, a hybrid intelligent model com-
bining CBR, EM, and FL was constructed for auto-
mated tuning of the process parameters. CBR and EM
methodologies were employed for the initial pa-
rameters setting, while FL approach was used to op-
timize parameters on-line. The reliability of the de-
veloped model was verified by conducting a real case.
Therefore, an unskilled operator can perform tuning
of the process parameters reliably and efficiently
using the developed model. Although the developed
intelligent model provides good results, further re-
search concerning how to use the process parameters
adjustment history is required for a more efficient
correction of part defects.

References

Bozdana, A., Eyercolu, O., 2002. Development of an expert
system for the determination of injection moulding pa-
rameters of thermoplastic materials: EX-PIMM. Journal
of Materials Processing Technology, 128(1-3):113-122.
[d0i:10.1016/S0924-0136(02)00436-3]

Chen, M., Tzeng, H., Chen, Y., Chen, S., 2008. The applica-
tion of fuzzy theory for the control of weld line positions
in injection-molded part. IS4 transactions, 47(1):119-126.
[doi:10.1016/j.isatra.2007.07.001]

Chen, W., Tai, P., Wang, M., Deng, W., Chen, C., 2008. A
neural network-based approach for dynamic quality pre-
diction in a plastic injection molding process. Expert

Systems with Applications, 35(3):843-849. [d0i:10.1016/
j-eswa.2007.07.037]

Chen, Z.B., Turng, L.S., 2005. A review of current develop-
ments in process and quality control for injection molding.
Advances in Polymer Technology, 24(3):165-182. [doi:
10.1002/adv.20046]

He, W., Zhang, Y.F., Lee, K.S., Liu, T.I., 2001. Development
of a fuzzy-neuro system for parameter resetting of injec-
tion molding. Journal of manufacturing science and en-
gineering, 123(1):110-118. [doi:10.1115/1.1286732]

Kwong, C.K., 2001. A case-based system for process design of
injection moulding. International Journal of Computer
Applications in Technology, 14(1-3):40-50. [doi:10.
1504/1JCAT.2001.000259]

Mok, S.L., Kwong, C.K., Lau, W.S., 1999. Review of research
in the determination of process parameters for plastic in-
jection molding. Advances in Polymer Technology,
18(3):225-236. [doi:10.1002/(SIC1)1098-2329(199923)18:
3<225::AID-ADV3>3.3.C0O;2-V]

Shoemaker, J., 2006. Moldflow Design Guide: a Resource for
Plastics Engineers. Hanser Gardner Publications, Cin-
cinnati, OH, USA, p.13-14.

Sun, Z., Finnie, G., 2005. A unified logical model for
CBR-based e-commerce systems. International Journal of
Intelligent Systems, 20(1):29-46. [doi:10.1002/int.20052]

Zhang, Z.X., Sun, C.T., 1997. Neuro-Fuzzy and Soft Com-
puting. Xi’an Jiaotong University Publishing House,
Xi’an, China, p.52-56 (in Chinese).

Zhao, P., Zhou, HM,, Li, Y., Li, D.Q., 2010. Process pa-
rameters optimization of injection molding using a fast
strip analysis as a surrogate model. The International
Journal of Advanced Manufacturing Technology, 49(9-
12):949-959. [doi:10.1007/s00170-009-2435-7]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


