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SCIENTIFIC AND TECHNICAL SECTION

VIBRODIAGNOSTIC PARAMETERS OF FATIGUE DAMAGE

IN RECTANGULAR PLATES. PART 1. A PROCEDURE OF DETERMINATION

OF DAMAGE PARAMETERS

V. V. Matveev and O. E. Boginich UDC 620.178.5:620.179

We describe a procedure of approximate analytical determination of fatigue damage parameters of

rectangular plates. As an initial damage characteristic we apply the relative value of the plate

potential-strain-energy variation due to availability of a Mode I crack, and, based on this value, we

find relations for determination of the plate natural frequency variation, as well as parameters of

distortion of monoharmonic oscillations in the modes of main resonance and superharmonic

resonance of the 2nd order.

Keywords: rectangular plate, fatigue damage, Mode I crack, closing crack, vibradiagnostic damage parameters,

principal and superharmonic resonances.

Introduction. Among numerous studies of vibration of cracked bodies, as applied to the problems of

fatigue-damage vibrodiagnostic of such bodies, the vibration of plates has received comparatively little attention.

Investigators usually consider changes in natural modes and frequencies of vibration as vibrodiagnostic

parameters of damage, with primary emphasis on the determination of plates’ natural frequencies as a more sensitive

damage indicator. Specifically, Cornwell et al. [1] noted that the strain energy distribution method [2] as a

modification of the experimental modal method applied in vibration tests of a 430 450 9× × -mm plate using 31

accelerometers revealed only the notches of more than 50 mm in length. The findings [3–6] suggested a poor

damage sensitivity of changes of vibration modes. However, it should be mentioned that a change of natural

frequency is not always an adequately sensitive damage indicator. In particular, the tests of aluminum plates

(measuring 250 225 2 5× × . mm) with through-the-thickness notches 12 mm in length showed that the maximum

change of frequency in five vibration modes did not exceed 1% [7]. Analysis of other vibrodiagnostic parameters,

such as distortion of monoharmonicity of a vibration process and occurrence of sub- and superharmonic resonances

[8–11], was applied to plates in [12] only.

Just some of the above-mentioned works consider rectangular plates mainly with through-the-thickness edge

or central cracks/notches. The known design-theoretical studies of vibration of rectangular plates consider both the

finite-element numerical solutions [13] and numerical-analytical ones, which are based on the Levi–Nadai solutions

with setting up of first- and second-kind Fredholm integral equations including singularity of crack-tip stresses [14]

and use the finite Fourier transformation of discontinuous functions. In order to solve this problem, some version of

the discrete method is used [15]. It consists in splitting a plate into a few subregions according to the crack pattern,

choosing a set of shape functions for each subregion, setting up a continuity matrix for the whole region of the plate

and an equation for eigenvalues by minimizing the energy functional [16].
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There have been a few studies known which are dedicated to investigation of vibration of a plate with a

surface crack. In particular, Plakhtienko [12] considered vibrations of a rectangular plate with surface cracks

simulated by some wedge-shaped notches with right-angled tip and with a depth equal to the crack depth. The notch

width was a priory taken equal to double crack depth. The equations of vibration are set up on the basis of the

Ostrogradskii–Hamilton principle and the Ritz method. There is also a different approach to modeling a crack, which

was applied by Anifantis et al. [17] when studying vibration of an annular plate. An edge surface crack of constant

depth is simulated by local distributed compliance determined both by finite-element method (FEM) as well as by

using the energy relationships of linear fracture mechanics and the known expressions for Mode I stress intensity

factor as derived for a prismatic beam with an edge crack.

The numerical-analytical solutions proposed therein fail to explicitly yield relationships for a change of

natural frequency of a plate as a function of the relative size and location of a crack and relative dimensions and

vibration mode of the plate. This is attributable to the crack simulation method used and to the fact that the problem

for eigenvalues should be considered by incorporating a change of the plate’s vibration mode in the presence of a

crack.

The present study considers approximate analytical methods of determination of main vibrodiagnostic

parameters of fatigue damage in rectangular plates with various edge grip conditions, vibration modes, and Mode I

crack types, neglecting any change of vibration mode in the case of crack opening displacement. This assumption is

quite reasonable for opening displacement of small cracks, as was demonstrated by the example of prismatic bars [18,

19]. This is essential from the standpoint of vibrodiagnostics of early stages of fatigue damage in plate-shaped

structural members.

This paper covers the main principles of the procedure of determination of damage parameters.

A Procedure of Determination of a Relative Energy Characteristic of Damage in a Plate with a Crack.

Let us consider a homogeneous rectangular plate of uniform thickness t, which contains shallow cracks in the

sections parallel to the plane yOz (Fig. 1).

As with bar-shaped elements [8, 9, 20], the presence of small cracks is integrally assessed in terms of a

relative change of the plate stiffness,

α =
−D D

D

c
, (1)

which in this particular case is represented by cylindrical stiffness

D
Et

=
−

3

212 1( )
,

ν
(2)

where Dc is the cylindrical stiffness of a cracked plate during deformation under such conditions that the crack or a

portion thereof lies in a zone of nominal tensile stress in bending, σ x ; Dc is further expressed in terms of the

parameter α,

D Dc = −( ) .1 α (3)

Considering the small size of the crack, we disregard its effect on any change of the plate’s vibration mode

which is taken as

w x y AX x Y y( , ) ( ) ( ),= (4)

where X x( ) and Y y( ) are the beam functions that correspond to beams with similar edge grip conditions.

Analyzing a plate with or without a crack or with a crack being closed, with the value and distribution pattern

of internal forces (bending moments M x , M y and torque M xy) being equal, we set up the energy balance equation

Π Π ∆Πc c= +0 , (5)

550



where Π0 is the potential energy of an intact plate,
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Πc is the strain energy in a plate with an open crack, which is determined in terms of Π0 and α as

Π Πc x y xy
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∆Πc is the strain energy increment due to a crack-induced increase in the plate compliance and is to be determined

with a specified value and distribution pattern of internal forces.

As mentioned above, the assumption that the pattern of distribution of internal forces is the same for an open

and closed cracks enables us to neglect any change in the plate vibration mode in the case of an open crack. This

assumption is acceptable for relatively small cracks, especially taking into account that the known experimental

studies of the influence of damage on the vibration mode of plates [1, 3–6] demonstrate a poor sensitivity of modal

changes to damage.

The energy balance equation (5) in view of (7) yields

α
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is a convenient energy characteristic of damage in a plate, which will be used for further analysis.

We disregard any displacements of the surface crack, i.e. consider them to be Mode I cracks. Therefore, the

determination of the parameter κ is reduced to finding a potential energy increment ∆Πc for a given value and

pattern of distribution of the bending moment in this particular case,
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551

Fig. 1. Schematic representation of a homogeneous rectangular plate of uniform thickness t

with a linear shallow crack.



which governs the value of nominal bending stresses σ c in the sections where the crack is located (x xc= ),

σ c x xy z M y
z

t
c

( , ) ( ) .= =12
3 (10)

In view of the relationship between the potential energy derivative for a unit-thickness layer along the crack

and the stress intensity factor (this relationship results from the consideration of two-dimensional problem of a crack

in a loaded linearly elastic plate-like body [21]), an expression for the potential energy increment due to the existence

of a normal rupture flat crack of area S and contour Γ located parallel to the plane zOy in the plate can be written,

with some assumption, as follows:

∆Π Γc
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where K1 is the normal stress intensity factor which is a function of the nominal maximum bending stress σ c y( ) in

the crack section (x xc= ), as calculated for an intact plate, and a function of shape, size, and coordinates of the crack

front (of the contour Γ) point under consideration; δρ
�

is the vector of possible displacement of the crack front points;

θ is the angle between δρ
�

and a normal to the crack front.

Given the expression for the stress intensity factor K1 for a particular type of crack, and in view of formulas

(6), (8), (10), (11) the value of κ can be determined for the crack size and location under study, for the specified plate

dimensions, grip conditions, vibration modes:
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A Procedure of Determination of Vibrodiagnostic Parameters of Damage in a Plate. Based on

determination of a plate’s natural frequency in a given vibration mode in terms of the ratio between the reduced

stiffness K and reduced mass M of an equivalent system with one degree of freedom, considering that the reduced

stiffness of a plate with an open crack is given by K Kc = −( ) ,1 α and similar to (3), we have the following expression

for the natural frequency of a plate with an open crack:

ω αω
κ

ωc = − =
+

1
1

1
0 0 , (13)

where ω0 is the natural frequency of an intact plate, which is equal to K M .

Under the deformation conditions such that the crack is alternately open in one half-cycle and closed in the

other, the natural frequency of this nonlinear system with an asymmetric bilinear elastic characteristic is determined

from the known relationship [22] which, in view of formula (13), becomes

ω
ω ω

ω ω
α
α

ω
κ

ωccl
c

c

=
+

=
−

+ −
=

+ +
2 2 1

1 1

2

1 1

0

0
0 0 . (14)

Thus, the problem of determination of natural frequencies of a plate with an open crack (ωc) and a

periodically closing crack (ωccl ) is reduced to finding the characteristic κ (12) for the given mode of vibration.
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The values of a relative change of natural frequency of a plate are conveniently used as vibrodiagnostic

parameters of the plate damage induced by a Mode I crack

β
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+ −
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0 1 1

10

(15)

in the case of open cracks, and

β
ω ω

ω
κ
κccl
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−

=
+ −
+ +

0

0

1 1

1 1
(16)

in the case of periodically closing cracks.

Figure 2 shows the relative changes of natural frequency of the plate, βc and βccl , as a function of κ.

Noteworthy is the following potential feature. In case there is one closing crack, the value κ to be determined

corresponds to the vibration half-cycle where the crack is open, i.e., σ c y( ) > 0, while in the other alternate half-cycle

where the crack is closed and the plate acts as an intact one, we have κ = 0. On the other hand, in the case of more

than one crack, the characteristic κ can have either different or equal values in alternate half-cycles (±), κ ( )+ and

κ ( )− , depending on the crack location as determined by the value of coordinate xc , and on the vibration mode of

interest.

In this case, the plate natural frequencies in the respective half-cycles are given by

ω
κ
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while the plate natural frequency per cycle is determined by
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and the respective relative change in natural frequency of the plate is estimated as
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With ω ωc( )− = 0 , i.e., where all of the cracks are closed in the alternate (−) half-cycle, we have κ κ( )+ = ,

κ ( )− = 0, and formulas (17), (18), (19) will accordingly become (13), (14), (16).

However, some publications stated that the change of natural frequency of structural members as noted in

practice is inadequately sensitive to the presence of small cracks. It is commonly accepted that a reliable damage

diagnostic is possible if a change of natural frequency exceeds 5% [23], i.e., with κ > 0.1–0.2.

Furthermore, the use of natural frequencies of a plate as a vibrodiagnostic damage indicator requires a

cumbersome procedure of certification of initial frequency values for an object to be inspected, with strictly

reproducible grip conditions.

Therefore, there is a need to assess the potential effectiveness of sensitive vibrodiagnostic damage indicators

such as the parameters of vibration harmonicity distortion resulting from nonlinearity of a vibrating system due to the

presence of periodically closing cracks, i.e., where the values κ differ in alternate cycles [κ κ( ) ( )+ −≠ ].

The most representative parameters of the harmonicity distortion as determined during the harmonic analysis

of a measured vibration process of an elastic body with a closing crack is the value of a ratio of constant component

A0 and second-harmonic amplitude A2 to the fundamental-harmonic amplitude A1. These parameters are revealed
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both in the principal resonance (excitation frequency υ ω= ccl ) [8] and especially in the 2nd-order superharmonic

resonance (υ ω= 0 5. ccl ) [9] and can be expressed in terms of κ.

A study of vibration in a given natural mode for a plate with a closing crack is brought down to analyzing

vibration of an equivalent system with one degree of freedom with an asymmetric bilinear characteristic of restoring

force [12]. The forced vibration of such an essentially nonlinear system [24] can be described by the equation [20]

d u

dt
h

du

dt
u u q t

2

2 0
2

02 1 0 5 1+ + − + =ω α υ[ . ( )] sin ,sign (20)

where h is a coefficient representing dissipative properties of the vibrating system.

The complexity of an analytical solution of this equation explains why the known publications provide no

expressions for explicit definition of the solution parameters. The method of setting up the solution in Fourier series,

which yields approximate solutions with an accuracy required, involves usually rather intricate and cumbersome sets

of transcendental equations which are far from being convenient to analyze and require numerical solution [12, 24,

25].

Therefore, for approximate estimation of such main vibrodiagnostic parameters as the A A0 1 and A A2 1

ratios we use the explicitly established dependence of these ratios on the parameter α in the principle resonance [20]

and weak (A A2 1< ) 2nd-order superharmonic resonance [26].

Thus, in view of the relationship α κ κ= +( )1 the relative value of the constant component in both the

principal and superharmonic resonances is given by

A

A

0

1 1
≈

+
κ

π κ)(
, (21)

the relative value of the second-harmonic amplitude in the principle resonance (υ ω= ccl ) by

A

A
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1

2

9 1
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+
κ

π κ( )
(22)
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Fig. 2. The influence of the plate damage parameter κ on the relative change of natural frequencies

βc and βccl and relative values of constant component A A0 1 and second-harmonic amplitude

A A2 1 in the principle resonance.



and in the 2nd-order superharmonic resonance (υ ω= 0 5. ccl ) by

A
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Formula (23) was derived for the case of a weak resonance and therefore its use with an adequate accuracy is

restricted by the condition κ
ω

ω
<

−
5 5

1 5 5

0

0

.

.
,

h

h
where h ω0 can be expressed in terms of the logarithmic decrement of

vibration δ,
h

ω
δ
π0 2

= . When the above restriction is satisfied, the difference between the values calculated by (23)

and the results of numerical solution of the differential equation (20) for a limiting value of κ does not exceed 5%.

For the case where the nonlinearity is governed by a difference between the parameter κ in alternate

half-cycles [κ κ( ) ( )+ −≠ ] the equivalent value α
κ κ

κ
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+
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and accordingly the parameter κ in formulas (18)

through (20) should be taken equal to
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For comparative assessment of representativeness of the change of natural frequency of an elastic body with

cracks and the main parameters of distortion of monoharmonicity of the vibration process in the principle resonance,

relationships (21) and (22) are shown by dashed lines in Fig. 2. It is evident that in the principal resonance the

monoharmonicity distortion parameters are somewhat less representative in comparison to the level of the natural

frequency change. However, an absolutely different trend is observed in the superharmonic resonance. For the case of

the 2nd-order superharmonic resonance, the dependence of the second-harmonic relative amplitude on the damage

parameter κ is shown by solid lines for various values h ω0 that represent dissipative properties of the vibrating
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Fig. 3. The effect of the plate damage parameter κ on the second-harmonic amplitude ratio A A2 1

in the case of the 2nd-order superharmonic resonance for various values of the coefficient h ω0

representing the plate damping capacity (solid lines) and on the relative change of natural frequency

of the plate (dashed line): (1) h ω0 = 0.001; (2) h ω0 = 0.0025; (3) h ω0 = 0.005; (4) h ω0 = 0.0075;

(5) h ω0 = 0.01; (6) βccl .



system in the range of logarithmic decrement δ h = 0.628–6.28%, while the dashed line indicates the function of the

relative change of natural frequency of the elastic body (βccl ) with a crack. The dash-and-dot line in Fig. 3

corresponds to a limit value of the parameter κ, which for a given value δ, allows one to use formula (23) with a

good reliability, i.e., corresponds to the condition κ
δ

π δ
=

−
2 25

225

.

.
.

In the case of the superharmonic resonance, the monoharmonicity distortion parameter A A2 1 is seen to be

more than one order of magnitude more significant, in comparison to the change of natural frequencies, and it can be

considered as the most sensitive damage indicator.

Conclusion. Based on the energy relationships of linear fracture mechanics and the results of solving a

differential equation of forced vibration of an elastic body with an asymmetric bilinear characteristic of restoring

force, we have presented herein a procedure of approximate analytical determination of the relative energy

characteristic and vibrodiagnostic parameters of damage in rectangular plates due to the presence of Mode I cracks.

REFERENCES

1. P. Cornwell, S. W. Doebling, and Ñ. R. Farrar, “Application of the strain energy damage detection method to

plate-like structures,” J. Sound Vibration, No. 2, 359–374 (1999).
2. R. A. Osegueda, C. Carrasco, and R. Meza, “A modal strain energy distribution method to localize and

quantify damage,” in: Proc. of the 15th IMAC, Orlando, Florida, USA (1997), 2, pp. 1298–1304.
3. Y. Chen and A. S. J. Swamidas, “Dynamic characteristics and modal parameters of a plate with a small

growing surface crack,” in: Proc. of the 12th IMAC, Honolulu, USA (1994), 2, pp. 1155–1161.
4. S. H. Petro, S. E. Chen, H. V. S. Ganga Rao, and S. Venkatappa, “Damage detection using vibration

measurements,” in: Proc. of the 15th IMAC, Orlando, Florida, USA (1997), 1, pp. 113–119.
5. Y. Chen and A. S. J. Swamidas, “Modal updating for crack detection in plated T-joints,” in: Proc. of the 15th

IMAC, Orlando, Florida, USA (1997), 2, pp. 1332–1338.
6. S. E. Chen, S. Venkatappa, S. Petro, and H. Ganga Rao, “Damage detection using 2-D strain energy

distribution and scanning laser,” in: Proc. of the 17th IMAC, Kissimmee (1999), 1, pp. 869–875.
7. R. Ruotolo, C. Surace, and F. Sferrazzo, “Crack detection in a thin panel using vibration-based inspection,”

in: Localized Damage, Bologna (1998).
8. V. V. Matveev and A. P. Bovsunovskii, “Efficiency of the method of spectral vibrodiagnostic for fatigue

damage of structural elements. Part 4. Analysis of distortion of harmonicity of vibration cycle of beams with

closing transverse cracks,” Probl. Prochn., No. 1, 5–12 (2000).
9. V. V. Matveev and A. P. Bovsunovskii, “Some aspects of vibration of an elastic body with a “breathing”

discontinuity of material,” Probl. Prochn., No. 5, 44–60 (2000).
10. S. L. Tsyfanskii and V. I. Beresnevich, “Detection of fatigue cracks in flexible geometrically non-linear bars

by vibration monitoring,” J. Sound Vibration, 213, No. 1, 159–168 (1998).
11. S. L. Tsyfanskii and V. I. Beresnevich, and M. A. Magone, “Vibrodiagnostic of fatigue cracks in aircraft

planes by using nonlinear effects,” Defektoskopia, No. 2, 87–94 (1993).
12. N. P. Plakhtienko, “Second-order resonance of a plate with long defects of integrity,” Probl. Prochn., No. 1,

105–116 (2001).
13. A. S. J. Swamidas and Y. Chen, “Monitoring crack growth through change of modal parameters,” Eng. Fract.

Mech., 186, No. 2, 325–343 (1995).
14. B. Stahl and L. M. Keer, “Vibration and stability of cracked rectangular plates,” Int. J. Solids Struct., No. 8,

69–91 (1972).
15. K. M. Liew, K. C. Hung, and M. K. Lim, “Roles of domain decomposition method in plate vibrations:

treatment of mixed discontinuous periphery boundaries,” Int. J. Mech. Sci., 35, 615–632 (1993).
16. Liew K. M., Hung K. C, and M. K. Lim, “A solution method for analysis of cracked plates under vibration,”

Eng. Fract. Mech., 48, No. 3, 393–404 (1994).
17. N. K. Anifantis, R. L. Actis, and A. D. Dimarogonas, “Vibration of cracked annular plates,” Eng. Fract.

Mech., 49, No. 3, 371–379 (1994).

556



18. A. P. Bovsunovskii, “On determination of the natural frequency of transverse and longitudinal vibrations of a

cracked beam. Part 2. Experimental and calculation results,” Probl. Prochn., No. 3, 45–53 (1999).
19. V. V. Matveev and A. P. Bovsunovskii, “Efficiency of the method of spectral vibrodiagnostics for fatigue

damage of structural elements. Part 3. Analytical and numerical determination of natural frequencies of

longitudinal and bending vibrations of beams with transverse cracks. Solution,” Probl. Prochn., No. 4, 19–31

(1999).
20. V. V. Matveev, “Efficiency of the method of spectral vibrodiagnostic for fatigue damage of structural

elements. Part 1. Longitudinal vibrations. Analytical solution,” Probl. Prochn., No. 6, 5–20 (1997).
21. Fracture (in 7 volumes), Mathematical Background of the Theory of Fracture [in Russian], Vol. 2, Mir,

Moscow (1975).
22. Vibrations in Engineering. Handbook (in 6 volumes), Vibration of Nonlinear Mechanical Systems [in

Russian], Vol. 2, Mashinostroenie, Moscow (1979).
23. Î. S. Salawu, “Detection of structural damage through changes in frequency: a review,” Eng. Struct., 19,

No. 9, 718–723 (1997).
24. B. I. Kryukov, Forced Vibration of Essentially Nonlinear Systems [in Russian], Mashinostroenie, Moscow

(1984).
25. N. P. Plakhtienko, “On diagnostic of piecewise-constant stiffness in nonlinear resonances,” Prikl. Mekh., 27,

No. 10, 112–120 (1991).
26. V. V. Matveev, “Approximate analytical determination of vibrodiagnostic parameters of non-linearity of

elastic bodies due to the presence of a closing crack. Part 2. Determination of diagnostic parameters in

principal and 2-nd order superharmonic resonances,” Probl. Prochn., No. 5, 5–22 (2004).

557



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


