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Abstract Now that Finite Element springback predic-
tion has become possible, springback compensation can
also be carried out in the context of a forming simu-
lation, before actual production tools are made. The
Displacement Adjustment (DA) and Springforward
(SF) methods were applied to an analytical bar stretch-
bending model, in order to gain insight about the influ-
ence of material, process and geometrical parameters
on springback and compensation. The DA method was
investigated in both a one-step and iterative variant.
In one-step DA, a compensation factor is required.
This factor can be directly calculated for the analyti-
cal model. The results can be used as a guideline for
industrial processes, where such a calculation is not
possible. Finally, it was shown that iterative DA leads
to better tool shapes than SF, and that practical and
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Introduction

Many sheet metal parts, especially in the automotive
industry, are produced with the deep drawing process.
An initially flat blank is deformed plastically, using a
set of tools, generally a die, punch and blankholder.
When the tools are opened after forming, the product
will spring back due to internal stresses in the blank.
Finite Element (FE) forming codes have been im-
proved significantly in the last decade and the pre-
diction of springback has become more accurate (Cao
et al. 2005). At the same time, high strength steels and
aluminium are used more frequently. These materials
are known to show large springback deformations and
the forming process becomes harder to set up correctly.
Therefore, it has become essential to predict springback
correctly in the FE simulations, not only to identify
and quantify problems, but also to solve them. This
decreases the process planning effort and costs to pro-
duce geometrically accurate products.

The objective of springback compensation algo-
rithms is to adjust the geometry of the forming tools
so that after springback, the product will achieve the
desired shape. To avoid many practical issues, the goal
of the algorithms presented in this paper is to find the
optimal forming shape, instead of the tool surfaces. This
is the shape of the product when the tools are still closed
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Fig. 1 The forming shape

(see Fig. 1). The shape of the forming tools can be
directly derived from the forming shape. This will not
be demonstrated here, instead the authors refer to the
industrial examples in Lingbeek (2003), Lingbeek et al.
(2005a, 2006).

Two methods for springback compensation are pro-
posed in literature, the Displacement Adjustment (DA)
method (Gan and Wagoner 2004; Gan et al. 2004;
Wagoner et al. 2003) and the Springforward (SF)
method (Karafillis and Boyce 1992a, b, 1996). The
DA method is a strictly geometrical method, based
on the intuitive idea to displace the geometry of the
forming shape in the direction opposite to the geo-
metrical error. In “Principle of the DA method”, the
method will be described in a more exact way. During
tests with industrial problems (Lingbeek et al. 2005b,
2006) some basic questions arose: the effectiveness of
the method depends on various parameters includ-
ing the part geometry, material and process settings.
In this paper, relationships between these parameters
and the effectiveness of the compensation process are
established.

The SF method has a more physical approach, based
on the internal stresses that cause springback. There-
fore, it has the potential for faster and more effective
compensation. However, the method turned out to be
problematic (Gan and Wagoner 2004). In “Principal
problems of the SF method” the algorithm will be
explained in detail. It will be shown that the basic as-
sumption of the SF method is not suitable for iterative
application, and that the results of the one-step variant
depend on material and process parameters.

The main focus for springback compensation is
the use in combination with FE simulations. How-
ever, these simulations have some practical issues and
comprise several complex physical and numerical phe-
nomena. Therefore, a simple analytical model for a
stretch-bending process is used to analyze compensa-

tion methods in this paper. In the following section, the
model is introduced.

An analytical model for forming and springback
prediction

The simulation of forming processes is applied in the
automotive industry on daily basis, but it is not without
problems:

– The uncertainty of convergence of implicit FE
calculations or the corresponding inaccuracies of
explicit calculations are still subject to discussion
(He and Wagoner 1996).

– Physically and numerically complex phenomena
such as contact and friction make interpretation of
FE results difficult.

– The numerical cost is high

Therefore, an analytical model of a forming process
was used to investigate the compensation methods.
Besides the fast and reliable calculation, this has
another advantage: since the model is straightforward
and because it only has few parameters, it can also
provide principal insights in the compensation process.

The analytical springback model (Wagoner and Li
2005, 2007) represents a stretch-bending process that
was developed to assess the accuracy of FE springback
calculations. An initially straight bar is bent to a form-
ing shape with radius R due to a bending moment M
and a tension force T. When the loading moment is
removed, the bar springs back to a radius r (Fig. 2). For
each parameter, SI units are used in this paper.

The strain in the direction along the beam ε is cal-
culated in the following formula. The tension strain
is εt.

εxx = ε = z
R

+ εt (1)
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Fig. 2 The analytical stretch-bending model and the main model
parameters

By entering ε = 0 into the previous equation the neu-
tral line z0 can be found:

ε = 0 ⇔ z0 = −Rεt (2)

An elasto-plastic material model was chosen, using the
Hollomon law:

σ =
⎧
⎨

⎩

σ0 + K(ε − σ0
E )n σ > σ0

Eε −σ0 < σ < σ0

−σ0 − K(|ε − σ0
E |)n σ < −σ0

(3)

In this model, σ is the stress, t the thickness of the beam,
E is Young’s modulus, σ0 is the yield stress, K and n are
parameters for the hardening behavior. At the end of
the deformation stage, the bar is held in equilibrium by
the tension force T and the moment M. These can be
calculated analytically as follows:

T =
∫ t/2

−t/2
σwdz (4)

M =
∫ t/2

−t/2
σ zwdz (5)

Here, w is the width of the bar. Details of the assump-
tions of the model and the calculation of the previous
integrals can be found in Wagoner and Li (2005). It is
important to notice that only the springback caused by
the unbending moment, not the release of the tension
force, is considered in this model. It can be calculated
with the following formula (Wagoner et al. 2008):

1

R
− 1

r
= M

EI
(6)

Here, I is the area moment of inertia. For a given
desired radius after springback rtarget, the required
forming radius R̄ can be directly calculated from
Eq. 6:

1

R̄
− 1

rtarget
= M

EI
⇔ EIrtarget

M(R̄)rtarget + EI
− R̄ = 0 (7)

Fig. 3 Optimal forming radius R̄ for various normalized tension
forces

Since M = M(R), this is a nonlinear equation. The
function is well-behaved so that a bisection algorithm
was used to find R̄ numerically. In Fig. 3 the results are
visualized for various values of the normalized tension
force T̄. Here, the tension force is divided by the force,
required to achieve plastic deformation under tension
only:

T̄ = T
σ0wt

(8)

The desired radius was set at rtarget = 1.0m and
rtarget/t = 100. The material is IF-steel (see Table 1).
SI units (m, Pa, N) are used in the paper. This is a shal-
low curvature, which can be found in many automotive
body panels. When the stretching force is increased, R̄
converges to rtarget.

The explanation for this phenomenon is that, like in
more complex forming processes, springback decreases
with increasing in-plane tension (Kuwabara 2005). The
stress-state over the thickness of the bar is assessed
in two situations: with no additional tension load and
with a heavy tension load. The stress profile over the
thickness of the bar is visualized schematically in Fig. 4.
When the elastic zone is drawn out of the bar, the stress
state gets a gentle slope and the unbending moment ,
and therefore springback, diminishes. When springback
becomes minimal, the bar can be bent to the desired
shape directly and no compensation is required, as
Fig. 3 shows.

Table 1 Material data

Young’s modulus Yield strength K n

IF-Steel 210 GPa 150 MPa 425 MPa 0.40
DP-600 210 GPa 420 MPa 600 MPa 0.47
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Fig. 4 The unbending
moment for pure bending
(left) and heavy tension load
(right)

Principle of the DA method

For most industrial forming processes, an analytical
model is not available and therefore an optimal forming
shape (in this case represented by R̄) cannot be calcu-
lated directly. For simple 2D geometries with a limited
set of geometrical parameters, general optimization
strategies can be applied to these parameters, as was
demonstrated in Ghouati et al. (1998). For complex
shaped products the number of parameters is too large
for such approaches and more general springback com-
pensation methods, such as DA, must be used (Fig. 5).

Geometric springback compensation is based on
the following principle: the shape error between the
sprung-back product S and desired geometry D is mea-
sured, where S and D are topologically identical sets
of points on each geometry. Generally the forming
geometry, the shape of the product before the tools are
released, will represent D.

S = [�s1, �s2, �s3, ..., �sn
]

(9)

D =
[ �d1, �d2, �d3, ..., �dn

]
(10)

When FE meshes are used, these points can be rep-
resented by the nodes, but in for a general description

Fig. 5 Principle of the DA method

of geometry, it the one-to-one relationship from a point
�sn on the springback geometry to a point �dn on the
desired geometry suffices. Points of the tool-surface are
displaced in the direction opposite to the shape error to
provide the compensated forming geometry C. This is
described in the following equation:

C = [�c1, �c2, �c3, ..., �cn
]

(11)

C = D − a(S − D) (12)

The idea is that a product that is formed to the com-
pensated forming geometry C will spring back to the
desired geometry D. Due to nonlinearities in the deep
drawing process this aim is never achieved fully: from
practical experience it is well-known that the compen-
sation has to be slightly larger than the springback in
order to obtain the optimal product geometry. There-
fore the compensation factor a , ranging from 0.7 to 2.5
in practise (Lingbeek et al. 2006), is included in Eq. 12.
The value of a is different for each forming process
and cannot be predicted effectively. In fact, it is not
possible to calculate one parameter a which will result
in a compensated forming geometry that is satisfactory
at each point.

Therefore the DA method, as proposed in Gan and
Wagoner (2004), Gan et al. (2004), Wagoner et al.
(2003), is an iterative procedure, avoiding the use of the
compensation factor.

C j+1 = C j − 1 · (S j − D) (13)

Again, the desired geometry is the vector D. The
forming shape of the j + 1-th iteration is calculated by
compensating the j-th forming shape with the actual
shape deviation S j − D. In this way an acceptable prod-
uct is usually achieved in less than 10 iterations. Note
also that each point in C is adjusted individually so
that it becomes theoretically possible to achieve a fully
optimal forming shape.

The non-iterative variant, called one-step DA,
should not be dismissed. Even though the single
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overbending factor makes the results less accurate
(Lingbeek et al. 2006), it is sometimes the only way
to carry out springback compensation, for example
when geometrical measurements of prototype products
(Ohnimus et al. 2005) instead of FE simulations provide
the shape deviation field.

One-step DA

Firstly, the focus is on the one-step application of the
DA method. More specifically, the influence of various
process and material parameters on the compensation
factor will be shown.

The general DA method relies on displacement data,
whereas only bending radii R and r are calculated in the
analytical model. However, the springback displace-
ment u at the end of the bar can be derived directly
from these variables, as shown in Fig. 2.

u(R) =
√

R2 − l2 − R (14)

With the springback displacement and the optimal
forming displacement, the optimal compensation factor
ā can be directly calculated using Eq. 14.

ā = −1 · u(R̄) − u(rtarget)

u(r) − u(rtarget)
(15)

The results are shown in Fig. 6. In the graph the com-
pensation factor is drawn for varying tension force T,
and for two materials, interstitial free (IF) steel and DP-
600 (see Table 1 and Fig. 7). It can be concluded that
for higher strength materials, a higher compensation
factor needs to be applied. When there is an elastic
band present inside the bar (for IF steel T̄ < 1.32)
the compensation factor rises with increasing tension.
When the force is so large that the bar is deformed
plastically in the entire cross section, the compensation
factor becomes 1.0.

In one-step application of DA the compensation
factor needs to be applied because the forming process
is nonlinear: after springback compensation, the form-
ing process has changed and springback has become
different as well.

For this analytical process the only parameter that
is changed during compensation is the forming radius.
Changing the forming radius will change the amount
of springback, and the behavior of the stretch-bending
process is different in three cases:

– εt = 0, pure bending
– 0 < εt ≤ t

2R , elastic band inside the bar
– εt > t

2R , fully plastic deformation

Fig. 6 Optimal compensation factor for two different steels at
varying tension force, R/t = 100

Therefore, different compensation factors are required,
which explains the complex shape of Fig. 6. The stress
profiles in thickness (z−)direction of the bar are shown
for all three situations in Fig. 8 (left). The grey lines
represent bending to a radius of 1.0, the black lines
show the stress profiles when the bar is bent further,
to a radius of 0.8. The thickness t equals 0.01, and the
material is IF-steel. In the case of pure bending, the
elastic band becomes slightly narrower with increased
bending. In case of fully plastic deformation, only a
very small change occurs (due to the hardening in the
material). However, in the intermediate case, the stress
profile becomes quite different because the neutral line
shifts.

The unbending moment, causing springback, is cal-
culated by integrating the function σ(z)z over the thick-
ness, as shown in Eq. 5. This function σ(z)z is shown
in the figures on the right, again for bending radii of

Fig. 7 Stress-strain curves for IF-Steel and DP-600



164 Int J Mater Form (2008) 1:159–168

Fig. 8 Stress profiles (left) and the springback moment integrand (right). IF-Steel, R/t = 100

1.0 (grey) and 0.8 (black). The unbending moment, and
therefore springback, only changes significantly in the
intermediate case, due to the shifting of the neutral axis.

The unbending moment becomes larger by bending
further, so springback becomes larger as well and a
compensation factor higher than 1.0 can be profitably
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Fig. 9 Optimal compensation factor vs. target radius. t = 0.01,
IF-Steel

used. The location of the neutral axis is dependent of
the tension strain in the following way (see Eq. 2):

dz0

dR
= −εt (16)

This means that the shift of the neutral axis increases
with increasing tension strain, so the change in spring-
back increases with increasing tension strain as well.
This explains the increasing compensation factor in
Fig. 6 in the intermediate case. When the tension strain
is so large that the neutral axis is not present anymore,
only plastic deformation takes place and the optimal
compensation factor becomes 1.0.

The relationship between the tool geometry and the
compensation factor ā has been investigated. In Fig. 9,
ā is shown with varying values of rtarget/t. In industrial
parts, the curvature differs strongly over the geometry.
The model shows that the shallower the geometry is,
the lower the compensation factor.

Iterative application of DA on the model

Figure 10 shows the shape error during the subsequent
iterations with the iterative DA process for various
tension forces. The shape error is defined here as the
displacement error at the free end of the bar. Note
that the shape error was normalized by dividing it with
the shape error using the original tools (hence the
value of 1.0 at the first iteration). This is done because
springback is different for different tension loads. It can
be concluded that the iterative implementation of DA
will converge to the correct forming-radius, irrespective
of the tension force T, but T does influence the conver-
gence rate of the method.

With increasing tension force T the convergence
becomes slower, until the load is so high that the bar

Fig. 10 Convergence of iterative DA with various tension
strains, R/t = 100, IF-Steel

is fully plastically deformed (for IF-steel: T̄ > 1.32),
then convergence is very fast again. This is shown
more clearly in Fig. 11, which shows the rate of
convergence μ:

μi = ri+1 − rtarget

ri − rtarget
(17)

For the DA process in combination with the analytical
model μ is approximately constant for each iteration.
For large values of T, μ approaches zero, which means
that the speed of convergence is very high. Note that
the graph is similar to graph Fig. 6. In the iterative DA
process, the tools are compensated with a factor of 1.0
in each iteration, so when the optimal ‘one-step’ com-
pensation factor is close to one, very fast convergence is
obtained. When an elastic band is present in the bar the
compensation becomes slower as the process is more
non-linear.

Fig. 11 Rate of convergence in the 5th iteration for varying
tension force, IF-Steel, R/t = 100
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The conclusion is that when the bar is fully plastically
deformed, not only the compensation becomes very
fast, also springback is reduced drastically. From an
industrial standpoint, this is important for shallowly
curved objects such as a car roof, where there is rel-
atively little plastic deformation in the product area.
Not only will springback become larger, it also becomes
harder to compensate effectively.

Principal problems of the SF method

Instead of simply compensating springback based on
geometric deformation, the SF method uses the cause
of springback, the internal stresses. The procedure is
presented in the block-diagram of Fig. 12, taken from
(Karafillis and Boyce 1996). Note that Cn is the forming
shape in the n-th iteration and D is the desired shape.

In the analytical model, springback is caused by the
unbending moment only, therefore, the method can be
easily adapted:

1. Forming: The bar is stretch bent to the desired
radius Rref

2. The reaction moment M0 is calculated
3. SF: Moment M0 is reversed and applied to an

unstressed bar with radius Rref . The radius R1 of
the spring forward geometry is calculated.

4. Forming after compensation: The bar is stretch
bent to radius R1

5. Repeat steps 2-4 until Ri is stable

Fig. 12 The SF algorithm (Karafillis and Boyce 1996)

In combination with the analytical model, the results
of SF are very good: after compensation the remaining
shape error is an order of magnitude lower than with
the DA method in case of pure bending, and twice as
low for larger tension forces.

However, in realistic, three dimensional forming
processes, serious problems arise. As there is no sin-
gle unbending moment anymore across the blank, the
unbending moment needs to be generalized to the
difference in the internal stress state after forming and
after springback. This stress state is extracted from the
forming simulation, reversed and applied to a virgin
blank in the desired shape. Generally, springback hap-
pens under the action of large tensile stresses, so, during
the SF calculation, these stresses become compressive.
This makes the compensated geometry very sensitive
to small changes or errors (Gan and Wagoner 2004),
buckling can occur and in some cases the FE calculation
will even fail to converge (Lingbeek et al. 2005b).

In the DA method, a desired geometry D is speci-
fied (Eq. 12), and this desired geometry is approached
iteratively. A target geometry is not specified in the SF
method, but the SF method is also applied iteratively
until a stable solution is obtained. However, this does
not necessarily lead to the best obtainable tool shape.
This was demonstrated for an elasto-plastic bar stretch-
ing problem (Lingbeek 2003). A straight, rectangular
bar is stretched (into the plastic region) to the desired
length l, using a stretching force F. After release of the
force, the bar springs back and obtains its final length.
A simple elastic-linear plastic material model was used.
The same procedure was followed as for the stretch-
bending model, but instead of the unbending moment,
the reaction force −F was used.

When the ideal plastic behavior is used in the model,
and the bar is stretched beyond the yield point it shall
be clear that the process force does not change when
the bar is stretched to a different (larger) length: the

Fig. 13 Material model for the bar stretching model



Int J Mater Form (2008) 1:159–168 167

Fig. 14 DA and SF convergence in an elasto-plastic bar stretch-
ing model

force is determined by the yield stress only. Hence, the
reaction force −F in step two will always be identical,
F1 = F2 = F3 = ..., the SF shape also remains identical
l1 = l2 = l3 = .... and consequently in each iteration the
same shape is produced.

When a hardening material model (Fig. 13) is used,
the process will converge but a shape error will remain,
unlike the DA method (Fig. 14).

Conclusion

The analytical stretch-bending model provides insight
in springback behavior and in how to compensate it
most effectively. It has been shown that the compen-
sation depends on geometry, material and process pa-
rameters:

– The compensation factor is higher for strongly
curved geometries

– The compensation factor depends strongly on the
in-plane tension in the bar

– The compensation factor is higher for higher
strength steels

– No single correct global compensation factor can be
provided for complex blank geometries

– The convergence speed of the DA method also
depends on material, process and geometrical pa-
rameters

– The iterative DA method leads to better tool
shapes than the SF method

– The SF method is sensitive to the position of fixa-
tion points due to high compressive stresses in the

blank, and due to buckling effects, calculation of
the compensated geometry is not possible in most
cases.

Finally, the analytical model has potential for further
exploration. If a relationship between the stress state,
material and geometry and a local compensation factor
could be established for FE (shell-)elements, a better
one-step compensation method could be developed.
As in industry springback compensation procedures
are mostly based on one trial tool-geometry only and
iterative methods are too time-consuming and costly,
this would mean a significant improvement.

References

Cao J et al (eds) (2005) Benchmark study report. Proceedings
6th int. NUMISHEET conference, part B, Detroit, 15–19
August 2005

Gan W, Wagoner RH (2004) Die design method for sheet spring-
back. Int J Mech Sci 46:1097–1113

Gan W, Wagoner RH, Mao K, Price S, Rasouli F (2004) Practical
methods for the design of sheet formed components. J Eng
Mater Technol 126(4):360–367

Ghouati O, Joannic D, Gelin J (1998) Optimisation of process
parameters for the control of springback in deep drawing.
In: Huétink J, Baaijens FPT (eds) Proceedings 6th NUMI-
FORM conference, Enschede, June 1998

He N, Wagoner RH (1996) Springback simulation in sheet
metal forming. In: Lee J-K, Kinzel GL, Wagoner RH (eds)
Proceedings NUMISHEET ’96. The Ohio State University,
Ohio, p 308

Lingbeek RA (2003) Aspects of a designtool for springback
compensation. Masters thesis, University of Twente

Lingbeek RA, Huétink H, Ohnimus S, Petzoldt M, Weiher J
(2005a) The development of a finite elements based spring-
back compensation tool for sheet metal products. J Mater
Process Technol 169(1):115–125

Lingbeek RA, Huétink J, Ohnimus S, Weiher J (2005b) Iterative
springback compensation of numisheet benchmark #1. In:
Smith L et al (eds) Proceedings 6th NUMISHEET confer-
ence, vol A, Detroit, 15–19 August 2005, pp 328–333

Lingbeek RA, Meinders T, Ohnimus S, Petzoldt M, Weiher J
(2006) Springback compensation: fundamental topics and
practical application. In: Juster N, Rosochowski A (eds)
Proceedings 9th ESAFORM conference, Glasgow, 26–28
April 2006, p 403–406

Karafillis AP, Boyce MC (1992a) Tooling design in sheet
metal forming using springback calculations. Int J Mech Sci
34:113–131

Karafillis AP, Boyce MC (1992b) Tooling design accommodating
springback errors. J Mater Process Technol 32:499-508

Karafillis AP, Boyce MC (1996) Tooling and binder for sheet
metal forming processes compensating springback error. Int
J Mach Tools Manuf 36:503



168 Int J Mater Form (2008) 1:159–168

Kuwabara T (2005) Advances of plasticity experiments on metal
sheets and tubes and their applications to constitutive mod-
elling. In: Smith L et al (eds) Proceedings 6th NUMISHEET
conference, vol A, Detroit, 15–19 August 2005, pp 20–37

Ohnimus S, Petzoldt M, Rietman B, Weiher J (2005) Compensat-
ing springback in the automotive practice using MASHAL.
In: Smith L et al (eds) Proceedings 6th NUMISHEET con-
ference, vol A, Detroit, 15–19 August 2005, pp 322–327

Wagoner RH, Gan W, Mao K, Price S, Rasouli F (2003) Design
of sheet forming dies for springback compensation. In: 6th

Int. ESAFORM conference. University of Salerno, Salerno,
pp 7–12

Wagoner RH, Li M (2005) Advances in springback. In: Smith L
et al (eds) Proceedings 6th NUMISHEET, vol A, Detroit,
15–19 August 2005, pp 209–214

Wagoner RH, Li M (2007) Simulation of springback: through
thickness integration. Int J Plast 23(3):345–360

Wagoner RH, Wang JF, Li M (2008) Springback. In: ASM metals
handbook on forming and forging, vol 14. ASM, Metals Park
(in press)


	Theoretical verification of the displacement adjustment and springforward algorithms for springback compensation
	Abstract
	Introduction
	An analytical model for forming and springback prediction
	Principle of the DA method
	One-step DA
	Iterative application of DA on the model
	Principal problems of the SF method
	Conclusion
	References




<<
  /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 0.1000
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


