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The line array roll set (LARS) process was developed to manufacture doubly curved plates for industrial applications. LARS process
deforms a flat plate into a doubly curved plate in a step-wise manner. Forming three-dimensional plates with various curvatures is
very challenging, and to obtain highly precise final products, it is necessary to design and appropriately allocate forming increments
at each step. In some material processes, formability can be improved by performing multi-stage forming using a preform prior to
fabrication of the final shape. In this work, we employed an intermediate shape as a preform for multi-stage forming in the LARS
process in order to fabricate the desired plate with optimal quality. The intermediate shape used in the LARS process is defined by
a surface with homogeneous curvature in both the longitudinal and the transverse directions, and therefore, fabrication can be
achieved without complicated controls of the forming tool. We also developed an approximation method based on a genetic algorithm
Jfor designing an intermediate shape of a curved plate. We demonstrated the effectiveness of the proposed method and multi-stage
Jforming methodology through the application of approximated preforms to the manufacture of ship hull plates.

1. Introduction

Bodies of automobiles, ships, and airplanes are composed of doubly
curved sheet metal. Although various processes are available for
manufacturing doubly curved sheet metal, such as stamping, stretch-
bending, and roll forming, the high cost and time requirements for set-
up make them unsuitable for manufacturing small batches of doubly
curved sheet metal parts. The inefficiency of the conventional
techniques used to form doubly curved plates has resulted in research
on and development of various new metal forming methods.

Some flexible forming processes that have attracted renewed
attention do not require expensive conventional equipment and time-
consuming set-up, making them more suitable and efficient for the
small-volume production of doubly curved sheet metal. For example,
Rady' proposed a dieless method with two rollers, in which a curved
plate could be formed with repeated passes of narrow-width rollers
using the asymmetry of the roller shapes and the angular velocity of the
upper and lower rolls. Further, Yoon and Yang® proposed a flexible
sheet metal forming process that combines the advantages of
incremental forming and the roll forming process. Additionally, Shim

and Yang® proposed a new method termed the line array roll set
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(LARS) process for the fabrication of doubly curved plates. More
recently, Li et al.* proposed a continuous forming method based on the
flexible roll-bending process for the fabrication of three-dimensional
sheet metal parts.

In the LARS process, a flat plate is incrementally deformed into a
doubly curved plate as the deformation proceeds simultaneously in the
longitudinal and transverse directions in a stepwise manner. To
manufacture specific target shapes, the forming schedules must be
designed carefully. Because the final shapes for industrial applications
have complicated curvature distributions, it is challenging to determine
the forming path and process parameters that have a critical influence
on the quality of the final product. In the previous study, Shim and
Yang® investigated the forming sequences in the LARS process and
found that it is more effective to form a doubly curved plate from a
singly curved shape thereby improving the quality of the formed plate.

In the present study, we propose a multi-stage forming process
wherein an intermediate shape is used as a preform. In this multi-stage
forming, the forming path is as follows: first, the flat plate is fabricated
into an intermediate shape that is closest to the desired shape, and then,
the intermediate shape is deformed into the final shape. The formability

and accuracy of the final product are strongly dependent on the
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Fig. 1 (a) Schematic diagram and (b) pilot machine of the LARS
process

intermediate shape; therefore, determination of the intermediate shape
is an important step in the design of the multi-stage forming process.

In this paper, we propose a new method for the approximation of a
given surface into an intermediate shape. For the optimized preform
design, the approximation method employs a genetic algorithm (GA) as
a global optimization method and applies it to many kinds of surfaces,
including a compound surface, for evaluation. Finally, we demonstrate
the effectiveness of the multi-stage forming process by applying the

approximated preform to the manufacture of ship hull plates.

2. LARS Process

2.1 Roll set

The schematic diagram and pilot machine of the LARS process are
shown in Fig. 1. The LARS process equipment comprises a pair of
symmetrical upper and lower roll sets with three rows of rolls in each
set, which are categorized as driving rolls and idle rolls, as explained
next. The rolls in the central lines of the upper and lower roll sets are
motor-driven, and so, they can simultaneously deform and move the
metal plate using the friction between the rolls and the plate. The
remaining rolls are idle rolls that generate the bending deformation in

cooperative conjunction with the driving rolls.

2.2 Principles of LARS

The LARS process was designed to generate curvatures
simultaneously in the longitudinal and transverse directions throughout
the entire plate via several movements of the plate. The principle of
deformation in the LARS process is illustrated in Fig. 2. For generating
a curvature in the longitudinal direction, once the metal plate is pressed
by the central driving-roll array, it is bent downward or upward and

transferred in a direction tangential to the rotation direction of the

metal plate
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driven *..4 idlg

metal plate
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Fig. 2 Principle of deformation in (a) longitudinal direction and (b)
transverse direction
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Fig. 3 Single-stage forming (top) and multi-stage forming (bottom)

driving rolls. For generating a curvature in the transverse direction, the
metal plate is bent after suitably configuring the upper and lower roll
sets by adjusting the relative position of each roll. Through this process,
as the metal plate is transferred in the longitudinal direction,
deformation proceeds incrementally until the desired shape is achieved

and the manufacture of the doubly curved metal plate is completed.

3. Definition of Intermediate Shape

Fig. 3 shows the forming procedure for fabricating a desired
compound shape with a complicated distribution of curvatures. Because
most of the desired shapes for industrial applications are compound
shapes with complex curvatures, real-time control of the roll heights is
necessary during the fabrication of the final shape. However, real-time
control of all the rolls in the roll sets requires specialized techniques,
which can induce shape error during fabrication of the desired shape.
In the multi-stage forming process, prior to forming of the final shape,
a flat plate is deformed into an intermediate shape from which the final
shape can be fabricated. The main purpose of defining an intermediate
shape as a guide for the final shape is to simplify the control of the
process parameters, such as adjustment of the roll height. In the case
that an intermediate shape has a homogeneous curvature, it can be
fabricated without complicated controls of the forming tool, as shown
in Fig. 4. Because the intermediate shape has a constant radius of
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curvature in both the longitudinal and the transverse directions, real-
time control is not required at this stage. The intermediate shape
obtained in the first stage is then formed into the final shape by
exercising real-time control. Thus, the errors associated with real-time
control can be minimized provided that the intermediate shape is
closest to the final shape.

For the same reason, Yun et al.® attempted to determine approximated
cylindrical surfaces of doubly curved plates for least line heating in a
hull forming process in shipyards, and Randrup’ proposed a method for
the approximation of a given surface by a cylinder using the weighted
Gaussian image of the surface. However, unlike previous research on
optimizing the design of a cylindrical shape that approximates a
compound shape, the intermediate shape defined in this study is a type
of doubly curved plate with curvatures in both the longitudinal and the
transverse directions.

4. Approximation of Intermediate Shape

The optimal design problem is formulated to search for an
intermediate shape that is closest to the final product, and the problem
is solved using a GA. The following section describes the objective
functions and constraint conditions for the design variables, as well as
the GA, which is widely used for optimization.

4.1 Design variables

To determine the intermediate surface closest to the final shape, the
approximation is formulated by an optimization problem. The
intermediate surface can be represented by an explicit function by using
the radii of curvature in the longitudinal and transverse directions. The

1 —cos(sinil(ﬁ)ﬂ )

L
are the radii of curvature in the transverse and

explicit function is expressed as

e e 1-cos(sn ()|

where por* and pp*
longitudinal directions, respectively.

The goal of optimization here is to determine p;* and p;* of the

Final shape
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Fig. 5 Distance between final shape and intermediate shape

intermediate shape that approximates the final shape; thus, o;* and o, *
are the design variables for the optimization.

4.2 Objective function

Fig. 5 shows an example of a final shape and the intermediate shape
that approximates it. Point pi(x; y; z;) is on the final surface, and point
pi¥Ce® yi* z*) on the intermediate surface corresponds to point p;,
where x;=x;* and y=y;*. The intermediate shape is approximated by
minimizing the distances between the points p; and p;* on the final and
intermediate shapes, respectively, where the distance between p; and p;*
is defined by the difference in their z-coordinates. Therefore, the
objective function can be expressed as follows:

min. F=X& =3 |p-p* )

where 7 is the number of points on the surfaces.

For this optimization, the sum of squares of the z-coordinate
differences for all the points on the final shape is computed iteratively
until the optimized design values py* and p; * are satisfied.

4.3 Constraint conditions

As stated earlier, a flat plate is deformed into the final shape via an
intermediate shape, so the curvature at each point p;* on the intermediate
shape is less than that at each p; on the final shape. The constraint
conditions for the design variables are as follows:

* *
KT < KT, max and KL < KL, max

3
where Ky . and &g, . are the maximum curvatures in the transverse
and longitudinal directions, respectively, of the final shape.

Prior to computation of the optimization problem, the curvature at
each point on the final shape must be calculated using a geometrical

approach to find &7 e and &z, g

4.4 Genetic algorithm (GA)

A GA is a search technique that is commonly used in computing to
determine exact or approximate solutions of optimization and search
problems and GAs are categorized as global search heuristics. They are
a particular class of evolutionary algorithms (also known as evolutionary
computation) that use techniques inspired by evolutionary biology,
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such as inheritance, mutation, selection, and crossover (also called
recombination).

GAs are implemented as a computer simulation in which a
population of abstract representations (called chromosomes or the
genotype of the genome) of candidate solutions (called individuals,
creatures, or phenotypes) of an optimization problem evolves toward
better solutions. The evolution typically starts with a population of
randomly generated individuals and advances in generations. In each
generation, the fitness of every individual in the population is evaluated,
multiple individuals are stochastically selected from the current
population based on their fitness level, and the individuals are modified
(recombined and possibly randomly mutated) to form a new population.
The new population is then used in the next iteration of the algorithm.
The algorithm terminates either when the maximum number of
generations has been produced or when a satisfactory fitness level of
the population has been achieved. If the algorithm has terminated for
the former reason, a satisfactory solution may or may not have been
reached.®

4.5 Algorithm implementation

A typical GA requires two items to be defined: (1) a genetic
representation of the solution domain and (2) a fitness function to
evaluate the solution domain. A standard representation of the solution
is an array of bits. The fitness function is defined for the genetic
representation and measures the quality of the represented solution. The
fitness function is always problem dependent. In this work, the solution
set is composed of curvatures of the intermediate surface that satisfy
the constraint conditions; these curvatures are represented by binary
coding.

In this problem, the objective is stated as the minimization of
function F, rather than the maximization of a profit function. As a
result, it is necessary to associate the objective function with a fitness
function through mapping. Typically, to transform a minimization
problem to a maximization problem, the cost function is simply
multiplied by -/. With GAs, this operation is insufficient because the
measure obtained is not guaranteed to be non-negative. Therefore, the
cost function F, as defined in Eq. (2), is transformed into a profit
function as follows:

G=Cpux—F when F<C,. otherwise G=0 “)
where C,,, is an input coefficient that is sufficiently larger than the
largest values of F and is empirically defined by test computations.

The searching algorithm to determine satisfactory values of the
design variables, objective function, and constraints is summarized by
the flow chart in Fig. 6. The main control parameters used in the GA
were set via test computations and are listed in Table 1. Visual C++ was

used for implementation of the optimization algorithm.

5. Evaluation and Discussion

5.1 Algorithm validation I (simple surfaces)
The proposed searching algorithm based on the GA was applied to

several types of surfaces to evaluate its feasibility. Simple double
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Fig. 6 GA for optimization of intermediate shape

Table 1 Parameters for GA

Parameter Value
Crossover rate 0.8 (one-point crossover)
Mutation rate 0.01
Number in population 100
Maximum number of generations 1000
Selection roulette wheel selection
pr= 3000mm
pL= 5000mm

’

(a)

pr= 10000mm

(b)
pr=2000mm

D

pL=-10000mm
(c)

Fig. 7 Sample surfaces for validation of proposed algorithm: (a)

concave 1, (b) concave 2, and (c¢) saddle

curvature surfaces, which have homogeneous curvatures, were first
examined before the proposed algorithm was applied to compound

surfaces. Fig. 7 shows sample surfaces chosen for validation. These
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Fig. 8 Input surface and approximated intermediate surface (unit: mm):
(a) concave 1, (b) concave 2, and (c) saddle

surfaces include two types of concave surfaces (Figs. 7(a) and (b)) and
a saddle surface (Fig. 7(c)). According to the definition of Gaussian
curvature,” the p; and p; values of a concave surface have the same
signs whereas those of the saddle surface have opposite signs. Because
all of the sample surfaces selected for the validation have homogeneous
curvatures, the outputs (intermediate shapes) that are approximated by
the algorithm should be identical to the input (sample surfaces). The
surfaces were exactly and automatically subdivided into quadrilateral
meshes, and their nodal points were used as input point data for the
approximation. The computing system used was a Pentium IV (CPU
2.8 G) machine with 2 GB memory.

After the computation, the longitudinal and transverse curvatures of
the sample surfaces were compared with those of the approximated
surfaces, as shown in Fig. 8. It was found that the curvatures of the
approximated surfaces resulting from the optimization were identical to
those of the input surfaces. The intermediate surfaces can be well
approximated by global optimization with constraints as defined in
section 4.3. From the validation results, it can be concluded that the
optimization problem including the design variables, the objective
function, and the constraint conditions defined in the previous section
is well established and that its performance is reliable enough for its
application to surfaces that are more complicated. Furthermore, the
computation time for the approximation as summarized in Table 2 is
reasonable in spite of the use of the GA-based global searching
algorithm. Thus, the GA-based searching algorithm for optimal
solutions is competitive and practically applicable. The feasibility of

Table 2 Results of test approximation

Sample - Approximaled RS Cpty e prrr
Concave 1 Concave 1
(3000 - 5000) (3005 - 5010)
Concave 2 Concave 2 10~15 s Less than
(2000 - 10000) (2015 - 10020) 1%
Saddle Saddle
(2000 - (-)10000) (2003 - (-)10016)
curvature
Lz I

curvature
LR

-

(c)

Fig. 9 Sample surfaces and their Gaussian curvature distributions: (a)
Sample surface 1, (b) sample surface 2, and (c) sample surface 3

the proposed algorithm for shapes that are more complicated is
discussed in the following sections.

5.2 Algorithm validation II (compound surfaces)

The proposed algorithm, which was verified by application to three
sample surfaces as explained in the previous chapter, was also applied
to compound surfaces that have non-homogeneous curvatures (shown
in Fig. 9). The sample surfaces in this case were concave surfaces having
curvatures that change substantially at each point on the surface, as is
clear from the distribution of Gaussian curvatures; thus, the selected
sample surfaces are appropriate as examples of compound surfaces. The
proposed algorithm was validated using these sample surfaces, which
have a variety of curvature distributions, Gaussian curvatures, and sizes.

The results of iterative computations performed for determining
intermediate shapes for the selected sample surfaces are presented in
Fig. 10; this figure also shows the optimized design values with the
Gaussian curvature distributions. The intermediate surfaces have a
uniform Gaussian curvature distribution because they have homogenous
curvatures in both the longitudinal and the transverse directions. Figs.
11 and 12 show comparisons of the cross-sectional profiles of the final
and intermediate shapes for sample surfaces 1 and 2, respectively. On
the basis of the computation results, the cross-sectional profiles were
approximated by circular arcs with a minimum level of shape errors.
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Fig. 11 Comparison of cross-sectional profiles of final shapes and their
intermediate shapes (sample surface 1) (a) Longitudinal cross-section

(b) Transverse cross-section

These circular arcs can be easily preformed before the final forming
stage; therefore, it is possible to reduce forming errors that may occur
in the final stage and also to facilitate hardware control. We thus
conclude that the proposed algorithm for approximating an intermediate
surface of a given final shape can be effectively used for the design of

preforms in multi-stage forming in the LARS process.

6. Industrial Application of Multi-Stage Forming using
Intermediate Shapes

The developed approximation algorithm was applied to the
shipbuilding industry. Specifically, an under-construction patrol ship in
a shipyard was selected as the industrial application. As shown in Fig.
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© ~ approximated shape
3 2
g
L]
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Approximated shape -0 900 600 -300 0O 300 600 900
x-coordinate
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40/ » final sh_ape
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e 04 I
e
“
.20
Approximated shape 300 200 -100 0 100 200 300
y-coordinate
(b)

Fig. 12 Comparison of cross-sectional profiles of final shapes and their
intermediate shapes (sample surface 2) (a) Longitudinal cross-section

(b) Transverse cross-section

s

(b)

Fig. 13 (a) Patrol ship and (b) target hull plate selected as the industrial
application

13(a), the selected patrol ship and its hulls are composed of many
curved plates of varying double curvatures and sizes. Considering the
specifications of the experimental setup as shown in Fig. 1, the target
hull plate shown in Fig. 13(b) was chosen for design testing. The
intermediate shape based on the selected target hull plate was calculated
by using the developed approximation program; the calculation results
are shown in Fig. 14 and summarized in Table 3.

In our previous research,'’ we developed springback compensation
logic to determine the bending radii in two orthogonal directions by
adopting theoretical and empirical equations, which were derived to
predict the inevitable springback phenomenon in cold sheet metal
forming processes. In this study, the springback compensation logic

was utilized to fabricate the intermediate shape.



INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING Val. 15, No. 10

OCTOBER 2014 /2091

Final shape Intermediate s

curvature
T

lal
-

Fig. 14 Final shape and its intermediate shape

Table 3 Input data and calculated forming information

Intermediate plate
or¥ 2050 mm
o* 9920 mm

Target plate
Length 2500 mm
Width 1000 mm
Thickness 6 mm
Material (AH32)
Yield stress: 467 MPa, Young’s modulus: 207 GPa

roll height (mm)

i~

11
=S

R1 R2 R3 R4 R5 RE

Target plate

Flat plate

»

Single-stage forming

(a)
max
25~75%
mean
min

roll height (mm)

100

50

R1 RZ R3 R4 R5 R6

Flat plate Intermediate shape

Pre-forming

Target plate

Final forming
(b)

Fig. 15 Comparison of roll height changes between (a) single-stage

forming and (b) multi-stage forming using an intermediate shape

As discussed earlier, the main objective of adopting an intermediate
shape as a preform is to minimize the need for real-time adjustments of
roll height during plate transfer, because real-time control of all rolls in
the roll sets is a high-level operation requiring specialized techniques,
which may induce shape error during fabrication of the desired shape.

In Fig. 15, position changes required in the z-direction for all the rolls

200 400 600 800 1000

x-coordinate

(a)

200 400 600 800
y-coordinate

(b)

Fig. 16 Comparison between formed (i.e., final) shape and target shape

(=3

1000

in (a) longitudinal and (b) transverse directions

Fig. 17 Fabrication and assembly of target hull plate

to fabricate the given target product are compared between single-stage
and multi-stage forming. In single-stage forming, the rolls need to move
a lot to deform the flat plate into the target shape. Conversely, because
multi-stage forming uses an intermediate shape with a constant radius
of curvature, there is almost no movement in the preforming stage, and
only a small amount of movement is required in final forming.
Multi-stage forming of the final plate using an intermediate plate
was completed successfully, on the other hand, the single stage forming
experiment failed. It means that doubly curved plate could not be
fabricated by using single stage forming, so that the formed plate could
not be compared with the experimental result of the multi-stage
forming. Then, to verify the accuracy of the final plate obtained by
multi-stage forming, it was measured along the central lines in the
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longitudinal and transverse directions by using a coordinate-measuring
machine (CMM). The measured points are plotted in Fig. 16 for
comparison with the target profiles. As seen in the figure, the final
product is remarkably consistent with the target plate shape and the
difference between them is insignificant. Although the maximum
deviation between the final plate and the target plate is about 3 mm
(equivalent to 98.5% accuracy), the shape error is acceptable because
it is within the allowable range defined by shipyards. The formed
product (i.e., plate), after being inspected and subjected to reinforcement
welding, was assembled as shown in Fig. 17.

7. Conclusions

Successful and optimal prediction of the intermediate shape in multi-
stage forming is a prerequisite for the accurate and efficient fabrication
of curved plates. In this paper, we have proposed a simple and efficient
method to approximate a preform, i.e., intermediate shape, for a given
compound surface for multi-stage forming in the LARS process. Using
examples of curved hull plates of a ship, we showed that the proposed
approximation method is simple and effective enough to predict an
appropriate preform for fabrication of the given design shape. Both the
approximation and the optimization including the design variables,
objective function, and constraint conditions are well formulated and
the performance of the method is reliable enough for its application in
industry. Furthermore, the computation time required for the
approximation is acceptable in spite of the global searching technique
used.

The proposed method can be used for the design of preforms for
multi-stage forming in the LARS process. As opposed to single-stage
forming, wherein the rolls need to move considerably to deform the flat
plate into the target shape, multi-stage forming uses an intermediate
shape with a constant radius of curvature, so there is almost no
movement in the preforming stage and final forming requires only a
small amount of movement. Through the forming of an intermediate
shape, it is possible to minimize the shape error that might occur during
fabrication of the desired shape. Because this simple method is fast and
stable, it can be utilized in industries where many curved plates are
fabricated within a short period. In future research, it would be
beneficial to estimate additional parameters, such as the number of
forming steps and the preferred forming direction, for the fabrication
process with the help of the intermediate shape. In addition, it is
necessary to accurately predict the amount of springback in final
forming stage and compensate it to minimize the production time as

well as to enhance the product quality.

REFERENCES

1. Rady, E. H. M., “Mechanics of Die-Less Forming of Doubly Curved
Metal Shells,” Ph.D. Thesis, Department of Ocean Engineering,
Massachusetts Institute of Technology, 1992.

2. Yoon, S. J. and Yang, D. Y., “An Incremental Roll Forming Process
for Manufacturing Doubly Curved Sheets from General Quadrilateral

10.

Sheet Blanks with Enhanced Process Features,” CIRP Annals-
Manufacturing Technology, Vol. 54, No. 1, pp. 221-224, 2005.

Shim, D. S., Yang, D. Y., Chung, S. W, and Han, M. S,
“Optimization of Forming Steps in the Incremental Forming of
Twisted Shapes using a Line Array Roll Set (LARS),” Int. J. Precis.
Eng. Manuf., Vol. 11, No. 5, pp. 715-723, 2010.

Cai, Z. Y., Li, M. Z, and Lan, Y. W., “Three-Dimensional Sheet
Metal Continuous Forming Process based on Flexible Roll Bending:
Principle and Experiments,” Journal of Materials Processing
Technology, Vol. 212, No. 1, pp. 120-127, 2012.

Shim, D. S., Yang, D. Y., Kim, K. H., Chung, S. W., and Han, M. S.,
“Investigation into Forming Sequences for the Incremental Forming
of Doubly Curved Plates using the Line Array Roll Set (LARS)
Process,” International Journal of Machine Tools and Manufacture,
Vol. 50, No. 2, pp. 214-218, 2010.

Yoon, D. K., Shin, J. G, and Ryu, C. H., “A Determination of
Approximated Cylindrical Surfaces of Doubly Curved Surfaces for
the Least Line Heating,” Journal of the Society of Naval Architects
of Korea, Vol. 36, No. 3, pp. 135-144, 1999.

Randrup, T., “Approximation of Surfaces by Cylinders,” Computer-
Aided Design, Vol. 30, No. 10, pp. 807-812, 1998.

Goldberg, D. E., “Genetic Algorithms in Search, Optimization, and
Machine Learning,” Addison-Wesley Professional, 1st Ed., pp. 15-
32, 1989.

Do Carmo, M. P., “Differential Geometry of Curves and Surfaces,”
Prentice-Hall Englewood Cliffs, pp. 82-95, 1976.

Shim, D. S., Yang, D. Y., Lee, D. J., and Han, M. S., “Development
of Process Design Program for Manufacture of Desired Shapes
using Line Array Roll Set (LARS) Process,” Int. J. Precis. Eng.
Manuf., Vol. 14, No. 8, pp. 1501-1504, 2013.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


