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In this paper, pre-preg intercrossed GFRP composite is cut in the square and undergone through hot
compression moulding. During this process, flow front of actual sample and simulation results with
finite element method (FEM) is compared. Pre-preg intercrossed GFRP composite is made of
stacking plain weaved pre-preg, and material cannot be slipped by the entanglement between fibers.
Based on the assumption of the significant influence of friction, o = 100 of slip parameter is used in
FEM flow analysis according to the Galerkin method, which is well matched to experimental results.
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Introduction. Glass fiber-reinforced plastic (GFRP) composites are anisotropic
materials that have different flow characteristics in longitudinal and transverse direction of
the fiber. Anisotropy of viscosity and friction between mould and material is considered to
conduct FEM analysis. This methodology can have the benefits of cost reduction from
repeated test, saving material development lead time, prevention of weld line, determination
of moulding condition, analysis on flow characteristics and physical properties. Therefore,
to identify the flow state of materials within mould during hot compression moulding of
GFRP composite, slip between mould and material interface and slip parameter needs to be
confirmed [1-7].

Interface at GFRP composite is an important factor that can influence mechanical
properties of final composite materials. Intrinsic physical/chemical/mechanical properties
of reinforcing fiber and resin are significantly varied, and properties of the interface will
dominate the mechanical performance of composites. For example, if interface strength is
low, the composite material will be determined by low interface strength, and reinforcement
with high strength and high elasticity cannot ensure sufficiently and expected performance
level. If interface strength is too high, resistance for crack propagation becomes low, and
fracture toughness is dropped. Study up to now handles material under moulding process as
pseudo plastic fluid, and there is no slip at the interface between mould and material for
flow analysis. However, as the viscosity of material increases, the slip will occur at the
interface [8—14].

The orientation of reinforcing fiber is random in composite, and it is treated as
isotropic Newtonian fluid for analysis in the two-dimensional plate. These methods have
the limitation for FEA on high anisotropy considering slip at the mould-material surface. In
this study, pre-preg intercrossed GFRP composite is cut out in the square, and pressed via
hot compression flow moulding. Experimental results and FEM analysis on flow front are
compared and reviewed.

1. Governing Equation. To derive flow front of GFRP composite, two-dimensional
hot compression flow moulding in the arbitrary plane as shown in Fig. 1 is considered.
According to the non-compressive condition, continuity equation can be denoted as
follows:
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Fig. 1. Coordinate systems using derivation of governing equations.

where u, v, and w is flow rate at x, y, and z direction, respectively. Value of / is
compression rate, and flow rate component at mould surface, z= w= *//2. Therefore, w
can be denoted as follows:

W= @

From Egs. (1) and (2), continuity equation can be derived as below:
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For Egs. (4) and (5), 4 is viscosity ratio (u,, / W) in x and y direction.

With considering slip term at mould-material interface into Egs. (3), (4), and (5) and
substituting boundary condition, the complete solution can be derived. However, this
equation can be used only in the dimensionless form. Therefore, dimensionless parameters
are defined as follows:

X oy _dx _dy — Ph
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L L dt dt 2Ky, hi?
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where Ky is fluid friction coefficient, and the continuity equation (3), equations of
motion (4) and (5) can be denoted as dimensionless constitutive equations:
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From Egs. (8) and (9), dimensionless constant, «, which governs slip at the mould-material
interface, is determined by flow rate field, and its range is between 0~ 0. If a= 0, simple
expanding flow occurs with the same flow front as the one predicted by the generalized
Hele-Shaw (GHS) model. As «a increases, there is no slip at the interface, and initial shape
during moulding can be maintained during the flow. That is, if friction is high (K 5 = »),
there is no slip (a = 0). If friction is low (K = 0), slipping happens all the time (a = »),
and flow front will maintain the initial charging state.
Meanwhile, u, v and u, v has the following relationship from Eq. (6):

M=ZLE, v=—Ly. (10)

2. Finite Element Formulation. To define flow rate distribution of GFRP composites
in mould, solution from governing equations of (7), (8), and (9) needs to be resolved using
boundary element method or numerical analysis on FEM. In this study, finite element
method is used to derive the solution, and given governing equations are converted to the
weighted residual equation using the Galerkin approach. Using FEM, it is converted to the
separated equations, the coefficient of governing equation, u, v,and p is determined; u,
v is calculated from u, v.

Weighting function, P"is multiplied by both variants of Eq. (6) in the dimensionless

continuity equation, and can be integrated for the arbitrary area V:

0
[P (i, +v , +)dxdy=0. (11)
g

For steady flow of incompressible viscous fluid, interpolation function of flow rate
and pressure needs to avoid duplication into simultaneous equation in total system.
Interpolation function and weighted function should be 2nd order for flow rate and 1st
order equation for pressure. The element was a secondary trigonal one, and the
corresponding interpolation function for flow rate and pressure is the following:

u=@q(x, Yg, v=Pux, y)vy, a=1~6, (12)

P=W,(x, y)P;, A=1~3 (13)
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The weighted function is as follows:
W= Oy, Yy, V=D, (x, ), a=1~6, (14)
P*=lpa(xay)P;7 A=1~3 (15)

By substituting Eqs. (12)—(15) into continuity equation (11), it is summarized as

0 0 0
Pl [ (W@, Ydxdyug + [ (¥,®;, Ydxdyvg + [ (¥ )dxdy |= 0, (16)
4 4 Vv

0 0 0
where, if [ (W, @ )dxdy=Hjg. [ (¥,®4 ,)dxdy=H}g.and [ (W, )dxdy=1, is, itis
4 V 14

denoted as the following:

Hiﬂ“ﬁ"‘HiﬁVﬁ"'Ii:O’ (17)
Uy [Sifug +(Siy —To5 g +Hi, P;1=0, (18)
ve [(S 25 = Toy ug +Syvg — Hy, Py]= 0. (19)

Separated continuity equation (17) and equations of motion (18) and (19) can be
denoted as matrix like below:

¥ SR-TE) —Hi, 0" o
v
Sap—Top)  Sip —Hj, 0 Pi= 0. (20)
Hig Hjg 0 I (| 10

Equation (20) is derived for each finite element in the flow field and merged to obtain
the finite element equation for the whole system. By substituting boundary condition to the
finite element equation for the system, the corresponding flow rate and pressure can be
derived.

3. Finite Element Calculation Procedure. In this study, slip parameter is applied to
commercial GFRP composite and pre-preg intercrossed GFRP for evaluating the
corresponding flow analysis theory and experimental results. The coordinate system used in
governing equation is shown in Fig. 1. Governing equation with compression ratio shown
in Fig. 1 is denoted as below:

. Kn
_p,[+ﬂvl,ﬂ_27 V[=O, (21)
h
Vi +Z= 0, (22)

where p is pressure and u is the viscosity of material (u is assumed to be same as u),
Ky is fluid friction coefficient, v is flow rate, and / is the thickness of the material.
Equations (21) and (22) is converted to dimensionless as follows:
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* 1 *
~ P +§0‘V, i—vi =0, (23)
v +1=0, (24)
o1 #
* 2KHhL * dx[ % x,- * h() e .
where po =—p|—">—| , v, =, x; =, t =log—, hq is initial thickness
h dt L h

of material, and L is a characteristic length.

To verify the flow model, material acquires a square shape, and each element uses
trigonal 2-dimensional one. Figure 2 shows the mesh for finite element analysis including
initial element and joint. Virtual fiber is aligned in x and y direction with same spacing
(81 for x direction and 81 for y direction). Using finite element method, flow rate,
pressure, and the gradient is derived.

¥ (mm)

21 22 23 24 25

“le/1e 16/

20 1

Fig. 2. Initial element, node, and mesh of FEM.

That is, joint for trigonal element and displacement of fiber is determined according to
the previous calculation. On the next step, the coordinate of trigonal element and location
of fiber is confirmed. Analysis target (shape of material) is set to square (80X 80X 3.8 mm).
The number of joints is 25, and number of the elements (triangles) is 32. Target has a
symmetry to x- and y-axis, and 1/4 will be used for analysis.

To obtain the finite element equation, the Galerkin method is applied. At the given
time, Eqgs. (23) and (24) is put together to resolve dimensionless value, v; , v;, and p.
From v, v, )
segment and v,, v, (if compression speed is 7.5 mmy/s, 0.02 s), moving the displacement
of each joint can be determined. From the previous coordinate for joint, the next coordinate
can be derived. Until moulding is finished, above steps are repeated. That is, Egs. (7), (8),
and (9) is put together at the given time to resolve dimensionless #, v,and p and from 1,
v flow rate in x, y direction, u and v [Eq. (10)] is obtained.

Flow chart for FEM methodology is given in Fig. 3. The parameter for slip parameter
(a) is selected, which can influence the flow of material significantly.

flow rate in x and y direction, v, v, is derived. By multiplying time
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Fig. 3. Flow chart of program for analysis.

4. Results and Discussion. After cutting out commercially available GFRP composite
into the square, it is put into hot compression flow moulding with the press. The
corresponding flow analysis using FEM is compared with experimental results.

Figure 4 shows the shape of the test specimen (flow front) according to slip parameter
of the interface (@). According to the figure, if a= 0, the material is not slipped at the
interface. For the shape, it tends to flow in the circular form. If slip parameter () is getting
bigger, namely infinite, flow front can maintain initial shape.
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Fig. 4. Change in flow front according to «.
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Figure 5 shows theoretical flow analysis results and experimental one for the previous
GFRP composite with 40 wt.% fiber content ratio. In this case, slip parameter (o = 0.2) is
applied to the square shape. If fiber content ratio is 40 wt.%, 0.44 and 0.68 of compression
ratio (R,.) shows the good correspondence between flow analysis and experimental results.

VY (mm) Y (mm)
80 —— ! Experimental (1) 80 ——  Experimental (1)
---:FEM Lt ---!FEM

—— 1 Initial state (2)

\\ s {! 50 X (mm) }\ 5 ) 50 X (mm)

TS\ —: Initial state (2)

a b

Fig. 5. Experimental and FEM shapes of initial state on GFRP (40 wt.%): (a) compression ratio
R.. =0.44; (b) compression ratio R, = 0.68.

Figure 6 shows theoretical flow analysis results and experimental one for pre-preg
intercrossed GFRP composite with 40 wt.% fiber content ratio. Pre-preg is made of plain
weaving and stacked over. Due to tangling between fibers, the material cannot be slipped.
a=100 of slip parameter is applied correspondingly. x:y = 1:1 and x:y = 2:1 of plain
weaving shows the matching results between flow analysis and actual experimental results.
Plain weaved GFRP pre-preg no happen separation of matrix and resin and fiber orientation.
Therefore, matrix and reinforcement is well formed.
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Fig. 6. Experimental and FEM shapes of initial state on 0/90° fabric GFRP (40 wt.%, R
(a) x:;y = 1:1; (b) x1y = 2:1.

. = 0.55):

Cl

Conclusions. GFRP pre-preg is prepared, and it is used to manufacture intercrossed
GFRP composites. Manufactured composites are under hot compression flow moulding, and
the following results are achieved. Pre-preg intercrossed GFRP composite is made of stacking
plain weaved pre-preg, and material cannot be slipped by the entanglement between fibers.
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Based on the assumption of the significant influence of friction, & =100 of slip parameter
is used in FEM flow analysis according to the Galerkin method, which is well matched to
experimental results. Therefore, various intercrossing methods, such as twill, silk weaving,
textus, Mock Leno, etc. other than plain weaving, can be applied to prepare GFRP
composite. Structural stability, fiber deformation, and mechanical strength of these materials
should be evaluated and built the database. Using this database, these materials can be widely
used in industry, such as tank or container in chemical industry, ship body of small ship and
yacht, structural member of automobile, pipelines, and aerospace industries, etc.

Acknowledgments. This study was supported by research fund from Chosun
University (2015).

1. J. W. Kim, H. S. Kim, and D. G. Lee, “Effect of molding condition on waviness
profile of GFRP composites in compression molding,” Acta Physica Polonica A, 123,
337-340 (2013).

2. C. Meola and G. M. Carlomagno, “Impact damage in GFRP: New insights with
infrared thermography,” Composites Part A: Appl. Sci. Manuf., 41, 1839—1847 (2010).

3. H. Yan, J. T. Zhang, and P. C. Zhai, “Discrete element modelling on creep behaviour
of PI/SiO, composite,” Mater. Res. Innov., 18, Suppl. 4, S4-1057-S4-1061 (2014).

4. C. Chen, Y. Qian, A. Wang, et al., “Optimised design of structure for orthotropic
piezoelectric fibre composite materials based on Ansys,” Mater. Res. Innov., 18, Issue
S2, S2-136-S2-139 (2014).

5. O. Kumbuloglu, L. V. J. Lassila, M. Turkun, and P. K. Vallittu, “Effect of various
disinfection methods on bonding strength of glassfibre post to root canal dentine,’
Mater. Res. Innov., 16, Issue 2, 79-83 (2012).

6. T.T. Do and D. J. Lee, “Analysis of tensile properties for composites with wrinkled
fabric,” J. Mech. Sci. Technol., 24, No. 2, 471-479 (2010).

7. J. W. Kim, H. S. Kim, and D. G. Lee, “Study on fiber orientation of weld line parts
during injection molding of fiber reinforced plastic by image processing,” Mater. Res.
Innov., 15, Issue S1, S1-303-S1-306 (2011).

8. M. S. Sureshkumar, D. Lakshmanan, and A. Murugarajan, “Experimental investigation
and mathematical modelling of drilling on GFRPcomposites,” Mater. Res. Innov., 18,
Issue S1, S1-94-S1-97 (2014).

9. J. Ryu, Y. K. Ju, S. W. Yoon, and S. D. Kim, “Bending capacities of glass fiber
reinforced plastic composite slab,” Mater. Res. Innov., 17, Suppl. 2, S12-S18 (2013).

10. J. F. Dong, P. Jia, S. C. Yuan, and Q. Y. Wang, “Compressive behaviours of square
timber columns reinforced by partial wrapping of FRP sheets,” Mater. Res. Innov., 19,
Issue S1, S1-465-S1-468 (2015).

11. D. G. Lee and J. W. Kim, “Effect of mould temperature on separation and orientation
during compression moulding of fibre reinforced composites,” Mater. Res. Innov., 18,
Issue S2, S2-382-S2-386 (2014).

12. J. W. Kim, H. S. Kim, and D. G. Lee, “Manufacturing and characterization of glass
fiber/polypropylene prepreg for automotive bumper beam,” J. Comput. Theor. Nanosci.,
12, No. 5, 842-846 (2015).

13. D.G. Lee and J. W. Kim, “Study on the measurement of fiber orientation during press
molding of long fiber-reinforced thermoplastic composites using counting method,” J.
Comput. Theor. Nanosci., 12, No. 5, 875-879 (2015).

14. H. Yu, S. Chen, Y. Jiang, et al., “Modelling thermal damage mechanism of dam in
extremely frigid area by FEM,” Mater. Res. Innov., 18, Issue S2, S2-978-S2-981 (2014).

Received 03. 08. 2015

B

ISSN 0556-171X. IIpobaemor npounocmu, 2016, Ne 1 137




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /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 [612.000 792.000]
>> setpagedevice


