Lucian PARVULESCU, Dan FLORICAU, Mircea COVRIG

Politehnica University of Bucharest

A new control method for the three level active neutral point
clamped converter for low speed applications

Abstract. This paper presents a new control method for the Three-level Active Neutral Point Clamped (ANPC) converter. The advantages of this
method are presented and a power loss analysis is made for an extreme modulation index. The results obtained are compared whit those obtained
for two other control methods. Simulation and experimental results are presented in order to validate the theoretical studies made for this method.

Streszczenie. Zaprezentowano nowg metode sterowania trzypoziomowym aktywnym przeksztattnikiem typu ANPC. Wykazano zalety tej metody
oraz oceniono straty mocy przy ekstremalnej wartosci indeksu modulacji. Przestawiono tez wyniki symulacji oraz rezultaty badan. (Nowa metoda

sterowania trzypoziomowym przeksztattnikiem typu ANPC)
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Introduction

Multilevel conversion structures constitute a solution to
improve the performances given by the classical structures
with two voltage levels. For medium voltage applications,
the cost of the semiconductor devices is increased.
Multilevel structures offer a reduction of the voltage stress
that compensates for the increased number of devices. Also
this structures offer the advantage of reducing the size of
the output filter by lowering the total harmonic content.

The development of these structures began with the
solution given by Bhagwat in 1980 called Stack Cell
Converter (SC) [1]. This solution gave a reduction to half of
the voltage stress in the semiconductor devices but had the
disadvantage of an unequal loss distribution that
represented a limitation to the maximum output power that
could be achieved.

In order to solve this problem, several multilevel
structures were developed. Among them the most utilized in
industrial applications is the Neutral Point Clamped
Converter (NPC) because of the low number of devices
used comparative with the other structures [2, 3].

This structure has a wide industrial spread mostly in
medium voltage applications in the range 2kV-8kV. The
main disadvantage of this converter is the operation at
small modulation index (M) when the devices must cope
with various thermal stresses. This structure was followed
by the Active Neutral Point Clamped Converter (ANPC)
developed by Bruckner in 2001. It presents the advantage
of an increased number of degrees of freedom [4]. This
advantage leads to the possibility to use more control
methods [5, 6, 7]. These methods differs by the
performances given and were compared from the point of
view of the losses in the semiconductor devices [8, 9].

This paper presents a comparative study between the
losses obtained for the NPC structures and those for two
control methods for the ANPC structure. Also one of the
controlled methods is proposed for the first time in this
article and presents the advantage of increased
performances at low modulation index. Simulation and
experimental results will be presented in order to validate
the theoretical studies performed for this new control
method.

Power loss estimating method

The temperature of the power devices defines the
maximum output power and is dependent to conduction and
commutation power losses [9]. To know the maximum
output power it is necessary to estimate the total power
loss. This has been made by knowing the thermal and
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electrical parameters of each device. To make this calculus
the following simplifying hypothesis were made:

» the output current is sinusoidal

» the dead time for the transistors is neglected

The total power losses, both in conduction and in
commutation, represent the sum of the losses in transistors
and diodes.

Conduction power loss
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In equations (1) and (2), Vp,¥pg,Vr,Tp are

parameters for each device taken from the datasheet, while
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Commutation power loss

Commutation loss depends on the turning on energy,
Eon(ic), and turning off energy, Eorr(ic). These are
characteristics given in the catalog and are dependent on
the switched voltage vsyw and switched current ic. The total
energy absorbed on a commutation period by a device
represents the sum of these energies.

(3) E\ger (ic) = Eon (i) + Eopr (ic)

The equation (3) can be approximated by a parabola
with constant coefficients, A, B, C which are obtained from
the device characteristics [8]. For a device that switches
with the frequency f over a period of time A the following
expression for the commutation power loss is resulted:

(4) P:.f'h'(A'A—i_B'ISWAV+C'1S2uf'RMS)
Vdef

In (4) Vier is the maximum voltage supported by the

device and is a datasheet value, A is the duty cycle, while

!
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current for the used device. The expressions for the
average and rms current depend on the rms value of the
output current and are the following:

IWRMS are the average and rms commutation
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In (5) and (6), f(x) is the modulation function and is given
by the dependency between the current that flows through
the device in conduction and the reference wave. For the
converters structures presented in this article, f(x) has a
sinusoidal form and depends on the modulation index M.

Three-level NPC Converter

This structure is made from four Insulated Gate Bipolar
Transistor (IGBT) modules and two clamped diodes (Fig. 1).
The transistors are complementary controlled: S1-Sic, S2-
Szc. Every switch S is made from a transistor T and a
reversed diode D.

Fig. 1. Three-level NPC Converter

The control is made by comparing a sinusoidal
reference wave Sr with two triangular carry waves Sy and
Sp2 phase shifted on the y-axis (Fig. 2).

Fig. 2. PWM Control for the NPC converter

The main disadvantage of this structure is the presence
of a single zero stage that leads to an unequal loss
distribution. For this reason it is presented a power loss
analysis at a small modulation index for the structure
working as an inverter. This is the critical operating point for
this structure (Fig. 3).
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Fig. 3. Simulated distribution of losses for NPC using
FF200R33KF2C IGBT devices (Vpc=3000V, Irms=200A,

fsw=1000Hz) at M=0.05.

Three-level ANPC Converter

This structure is made from six IGBT modules that
create three switching cells: S4-S1c, S2-Sac and S3-Sac (Fig.
4).
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Fig. 4. Three-level ANPC Converter

In this chapter is presented two PWM control methods
that lead to a different power loss distribution in the
semiconductor devices. A similar comparison was made in
[10], but at a low modulation index the presented structures
worked as rectifiers. In that article the total amount of power
losses was the same for each structure and control method
because at any given time there were in conduction exactly
two devices. This new control method creates two parallel
current paths that leads to a reduction of the total power
loss and therefore to an increase in efficiency.

1) Strategy PWM-1

This control method was presented in [8]. The reference
wave S, is compared with two triangular carrier waves
phase shifted by half a switching cycle (Fig. 5). Following
this comparison results four switching states: P (Vpc/2
voltage level), O1 and O (zero voltage level) and N (-Vpc/2
voltage level). To obtain the P state must be in conduction
the devices S1, Sy and S3, while for the N state the Sic, Sac
and Szc must be on.

>
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Fig. 5. PWM1 Control for the ANPC converter

The power loss distribution is given by the zero states
01 and Oq. In Fig. 6 is presented the power loss distribution
considering that the ANPC structure works as an inverter.
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Fig. 6. Simulated distribution of losses for PWM 1 using
FF200R33KF2C IGBT devices (Vpc=3000V, Irms=200A,
fsw=1000Hz) at M=0.05.
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The most stressed devices are Tic and T3 which have
only conduction losses because they switch at zero voltage.
These devices limit the maximum output power level. To
compensate this drawback it is necessary for each device
to have similar power losses.

For this reason a new control method is proposed in this
article, called PWM-2.

2) Proposed PWM-2 strategy

This is a new control method that has the effect of
dividing the current taken by the devices Sic and S3 by
creating two parallel current paths for the zero voltage
switching states.

The sinusoidal reference wave S, is rectified and
compared with a triangular carrier wave S, (Fig. 7).
Following the comparison process, results four switching
states: P, O1, Oz and N. To obtain the O4 state (zero voltage
level when the reference wave in positive), Sic, Sz and S;
must be on, while for the O, state (zero voltage level when
the reference wave is negative) the Sic, Soc and Sz must be
on.

Fig. 7. PWM-2 Control for the ANPC converter

To describe this control method, in Table 1 are presented
the moments when each device is in conduction.

Table 1. Switching sequences of ANPC PWM-2

Output Switching Switch Sequence

Voltage Stat

(Vao) ate Si | Sic S2 | Sc | Ss |Sic
Vpc/2 P 1 0 1 0 1 0
0 04 0 1 1 0 1 0

0, 0 1 0 1 1 0

-Vpc/2 N 0 1 0 1 0 1
To show the advantages of this control method,

simulation waveforms are presented for the output voltage,
the current through different devices and the voltage taken
by the T, device (Fig. 8).

The resulted load current has a rms value of 200A while
the current through the devices T4 and Tsc has a value of
100A, which leads to the reduction of the current for this
devices and therefore to the reduction of the total power
losses. The T, transistor has only conduction losses
because it is in conduction at zero voltage.

Fig. 9 shows the power loss distribution for the ANPC
converter working as an inverter controlled with the PWM-2
strategy. As it can be seen the power loss levels are
reduced and are better distributed among the power
semiconductors. The T4 and Tsc transistors have the lowest
power losses, while the T, and Tac devices support the
greatest conduction currents. The power losses for the T1c
and T3 transistors are reduced with 173.4% compared with
the PWM-1 control strategy, while for D, and Dyc the losses
are reduced with 161.5%.
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Fig. 8. Simulated wave forms for PWM-2 (M=0.05, Vpc=3000V,
lrms=200A): (a) output voltage; (b) current through Tic and T;
devices; (c) current through T, device; (d) switched voltage by
device T,.
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Fig. 9. Simulated distribution of losses for PWM-2 using
FF200R33KF2C IGBT devices (Vpc=3000V, Irws=200A,

fsw=1000Hz) at M=0.05.

On the O switching state, the load current flows through
the following devices: Dic--T2 and Ts--Dac forming two
parallel current paths. Similar on the Oz switching state the
following devices creates the parallel paths: D,--T1c and
Toc—Ds. For the NPC and ANPC with PWM-1 there were
exactly two devices in conduction on any switching state.
Because of this reason, for the PWM-2 control method the
total losses obtained are different than for the other control
methods presented.

Table 2 depicts the values for the total power losses, in
conduction and in commutation for the three control
methods.

Table 2. Total power losses (FF200R33KF2C IGBT devices
(Vbc=3000V, lrmus=200A, f.,=1000Hz) at M=0.05

Conduction Switching [W] Total [W]
W]
NPC 1358.2 302 1660.2
PWM-1 1358.2 302 1660.2
PWM-2 1029.2 447.8 1477

As it can be seen the proposed method leads to smaller
total losses and to increased efficiency.

An important parameter of the power conversion is its
efficiency (7).

@) U:P_(PCON"'PSW)

In this equation, n=efficiency, P=total active power,
Pcon=conduction losses, Psw=switching losses.

The smallest efficiency value appears at the critical
modulation index point, at M=0.05 where the power loss
distribution were presented for the three control methods
(Fig. 10). When the modulation index is almost one, the
conversion efficiency is 99%.
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Fig. 10. Efficiency for PWM 2 using FF200R33KF2C IGBT devices
(Voc=3000V, Irms=200A, f;,=1000Hz)
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Another important parameter of power conversion is the
total harmonic distortion factor (THD) described in (8), (9).

G
(8) THD —\n=3

n

© XV =Vius -V

In these equations, THD=total harmonic distortion, Vi=rms
value of the first harmonic, V,=rms value of the n-order
harmonic, Vrus=total RMS value of the waveform.

Using these equations and the results obtained by
simulation, results the dependency of THD and the
modulatuion index M (Fig. 10). The total harmonic content
results for a small modulation index.
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Fig. 10. Total harmonic distortion for PWM 2 using FF200R33KF2C
IGBT devices (Vpc=3000V, lrus=200A, f.,=1000Hz)

In order to validate the proposed control method, an
experimental bench was developed, having a RL load with
the value of 10Q+4mH connected between A and O (Fig.
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Fig. 11. Experimental results for PWM-2: Output voltage, V_AO
(50V/div) and load current, i_load (2A/div).
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Conclusions
In this paper the NPC and ANPC structures were
presented. All the analysis presented was made with the
PSIM simulation environment. For the NPC structure, the
power loss analysis was presented at a low modulation
index and the result was an unbalanced loss distribution
that leads to a limitation of the maximum output power level.
For the ANPC converter, two control methods were
presented. For both methods, the power loss distribution
was given at the critical modulation index considering that
the ANPC converter was working as an inverter.
The PWM-2 control method was described for the first
time in this article and presents the following advantages:
» a better loss distribution
» reduces power losses in conduction
» increased efficiency
» divided current in the middle devices
» increased maximum output power
In order to show the performances of the new control
method, the dependencies of the total harmonic distortion
factor and of the efficiency with respect to the modulation
index were presented.
This control method provides better results at a small
modulation index and it is best suited for low speed
industrial applications.

Acknowledgments

The work has been funded by the Sectoral Operational
Programme Human Resources Development 2007-2013 of
the Romanian Ministry of Labour, Family and Social
Protection through the Financial Agreement
POSDRU/88/1.5/5/60203.

REFERENCES

[1] P. Bhagwat, V.R. Stefanovic, Generalized structure of a
multilevel PWM inverter, IEEE Industry Applications Society
Annual Meeting, 1980, pp.761-76.

[2] A. Nabae, |. Takahashi, and H. Akagi, “A new neutral-point-
clamped PWM inverter”, IEEE Trans. on Industry Applications,
Vol.IA-17, pp. 518-523, 1981.

[3] I.M. Salagae, H. du T. Mouton, "Natural balancing or neutral-
point-clamped converters under POD pulsewidth modulation”,
34th Annual IEEE Power Electronics Specialist Conference,
PESC 2003, pp. 47-52, vol 1, 2003.

[4] T. Bruckner, S. Bemet, “Loss balancing in three-level voltage
source inverters applying active NPC switches” IEEE 32nd
Annual Power Electronics Specialists Conference, PESC.
2001.

[5] Li Jun, A.Q. Huang, S. Bhattacharya, Tan Guojun “Three-Level
Active Neutral-Point-Clamped (ANPC) Converter with Fault
Tolerant Ability”, Twenty-Fourth Annual IEEE Applied Power
Electronics Conference and Exposition, APEC 2009.

[6] P. Barbosa, P. Steimer, J. Steinke, M. Winkelnkemper, N.
Celanovic, “Active-neutral-point-clamped (ANPC) multilevel
converter technology”, 2005 European Conference on Power
Electronics and Applications.

[7] D. Floricau, E. Floricau, M. Dumitrescu, “Natural Doubling of the
Apparent Switching Frequency using Three-Level ANPC
Converter”, Journal Przeglad Elektrotechniczny (Electrical
Review), Polonia, R.85 (2009), nr.1, pp.151-155, 2009.

[8] D. Floricau, G. Gateau, A. Leredde, R. Teodorescu, “The
efficiency of three-level Active NPC converter for different PWM
strategies”, 13th European Conference on Power Electronics
and Applications, EPE 2009, pp. 1-9, 2009.

[9] D. Floricau, “Modulation functions and conduction intervals of
3L-NPC and 3L-ANPC converters”, Journal Przeglad
Elektrotechniczny (Electrical Review), Polonia, R.85 (2009),
nr.10, pp.228-232, 2009.

Authors: ing. drd. Parvulescu Lucian, Politehnica University of
Bucharest, spl. Independentei no.313, 060042, Romania, E-mail:
parvulesculuci@yahoo.com , prof. dr ing. Floricau Dan,
df@conv.pub.ro, Politehnica University of Bucharest, Romania,
prof. dr. ing Covrig Mircea, E-mail: mircea.covrig@upb.ro .

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 5/2011




<<
  /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 true
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /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


