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Abstract

This work proposes the zero sequence voltage component (ZSVC) of the stator three-phase voltages as
a method for detecting winding inter-turns short circuits in permanent magnet synchronous motors
PMSM operating under transient conditions. Additionally it proves the linear relationship between the
ZSVC and speed, which is effectively used as a fault severity index. The acquired ZSVC temporal
signal is processed by means of the Hilbert-Huang transform (HHT).

Experimental results presented in this work show the advantages of the method to provide helpful data
for online diagnosis of stator winding inter-turn faults.

I. Introduction

Faults in PMSMs are classified into three types: electrical, magnetic, and mechanical faults. Electrical
faults involve abnormal connection of the stator windings, stator open turns and stator short circuited
turns [1-3]. Inter-turn shorts-circuits are one of most usual failures in PMSM. These kinds of failures
are generated by problems in winding insulation. The no detection of such faults may produce other
problems in the machine, i.e. demagnetization of the rotor PMSM permanent magnets [4].

There are several techniques for detecting inter-turn short-circuits. For example, when dealing with
low-voltage induction motors such faults can be diagnose accurately by using the motor current
signature analysis (MCSA) based on the monitoring of the frequency components that are function of
the slip of the machine and the fault level [5-6]. In PMSMs the slip is zero and therefore the fault
frequency components are superimposed with the ones that appear in a healthy machine [2]. The
amplitudes of such harmonics depend on the actual speed and the load of the machine and changes in
amplitudes are only appreciated when the short-circuit involve several turns.

In this work, it is proposed the diagnostic of incipient stator winding inter-turns short-circuits in
permanent magnet synchronous motors PMSM running under transient conditions by means of the
ZSVC [7-8]. The ZSVC first harmonic amplitude is extracted from the HHT transform and its linear
relationship with speed is analyzed as a fault severity index.

II1. SPMSM with inter-turn short circuits

The severity of inter-turn short-circuit faults depends on the speed of the PMSM and the ratio p=
n/N, being n the number of short-circuited inter-turns and N the total number of turns per phase. Inter-
turn short-circuit faults may originate large circulating currents in the shorted turns.

Considering some shorted turns in phase A, the PMSM equations can be written as follows [9]:
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Where:

[Vs.ave]: Stator 3-phase voltage matrix.

[is.abc]: Stator 3-phase currents matrix.

[Lg,]:  Stator inductance matrix

[Apm.abe]:Stator 3-phase magnetic flux matrix due to permanent magnets.
ig: Circulating current in the shorted turns.

[Rs]: Stator resistance matrix.

[A,]=[100]"

[L;]=[LMM]'

[Vo]: Zero-sequence voltage component

Additionally, the fourth equation for shorted turns can be expressed as:

Where:
Vi Voltage in the shorted turns
R¢ Resistance between shorted turns.

Apma: Flux in the phase a due to the permanent magnets

After some algebra operations in equations (1) and (2) the expression for the zero-sequence voltage
component (ZSVC) V, is obtained as follows [10]:
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As shown in equation (3), the circulating current ir in the shorted turns influences the ZSVC, which

amplitude may be used as an alternative for inter-turn fault diagnosis.

III. Detection of inter-turn short circuits by means of the ZSVC

A) ZSVC measurement scheme

As shown in section I, the ZSVC is an alternative to identify inter-turn faults. A disadvantage of
using ZSVC for fault diagnosis is that the method needs an accessible neutral point. However, this
configuration can be used for other purposes such as fault tolerant drives, where and extra inverter leg
is connected to the neutral point of the SPMSM in order to isolate faulty power semiconductors [11].

PWM inverters inject zero-sequence voltages in the stator windings. Therefore the sum of phase
voltages is different from zero and influences equation (3). The ZSVC generated by the inverter can be
removed by means of a three-phase balanced resistor network [12]. In Fig. 1. the sum of currents
through the balanced resistor network is zero,
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From (4) it results,
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The balanced three-phase resistor network allows removing the inverter ZSVC from the neutral
voltage of the machine. Thus the voltage V., is only influenced by the motor with the advantage that
the voltage sensor can be scaled according to the ZSVC amplitude [12].
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Fig. 1: Inverter-fed SPMSM showing the inverter, the stator windings connections diagram and the
resistor network used to generate an artificial neutral point

B) Stationary operating conditions

A special 380 V ac SPMSM with adjustable stator winding inter-turn faults and an accessible
neutral point was modified to perform experimental tests. The motor has 3 poles pairs, rated torque of
2.3 Nm, rated current of 2.9 A, and rated speed of 6000 r/min. Experiments have been carried out by
means of healthy and faulty motors.

According to equation (3), in a healthy SPMSM the fault current iris equal to zero and the spectral
content of the ZSVC must be composed only by the third harmonic and their odd multiples. In a
PMSM with inter-turn faults, the ZSVC depends on the circulating current ir and the spectral content
of the ZSVC must have also a large first harmonic. Fig. 1a. shows the experimental circulating current
ir through the four shorted turns of a PMSM running at 600, 3000 and 6000 r/min. Note that the i,
current is several times the rated current of the motor and could severely damage the machine. Fig. 1b.
shows the spectral content of the ir current where is proved that the shorted turns current has odd
harmonics. These harmonics, according to equation (3) can affect the ZSVC. Fig. 2. shows the ZSVC
spectrum of a healthy and faulty PMSM with two and four shorted turns running at 5500 and 1500
r/min. It proves that the first harmonic amplitude increases with the fault severity (the reference
spectrum is the third harmonic amplitude of the healthy PMSM when operating at 6000 r/min).

Table 1 summarizes the ZSVC odd harmonics amplitude differences between healthy and faulty
machine.
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Fig. 2: a) Circulating current in a faulty motor with four shorted turns when operating at 600, 3000,
6000 r/min. b) Spectrum of circulating current in four shorted turns at 6000 r/min.
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Fig. 3: Experimental ZSVC spectral content of healthy and faulty PMSM with 2 and 4 shorted
turns. a) 5500 r/min. b) 1500 r/min.

Table 1: Vo m odd harmonics amplitude difference in dB between faulty and healthy

conditions.
Harmonic order 2 shorted
of the Vg, ZSVC Healthy turns 4 shorted turns
5500 r/min, rated load
1th -55.17  -33.15/22.02* -17.44 /37.73*
Sth -57.09 -55.04 /2.05* -44.52 /12.57*
1500 r/min, rated load
1th -61.42  -51.36/10.06* -30.56 / 30.86*
Sth -63.17 -58.71 / 4.46* -42.82 / 20.35*




C) Non-stationary operating conditions

Fourier Transform does not allow to analyze non-stationary signals such as currents and voltages .
Thus this method is not appropriate for analyzing the currents and voltages of PMSMs operating
under transient conditions such as load variation or speed changes, since voltage and current signals
are closely influenced by these variations. In this work, transient signals are analyzed by means of
Hilbert-Huang Transform (HHT). HHT represents the signal that will be analyzed in the time and
frequency domains by applying the Empirical Mode Decomposition (EMD) followed by the Hilbert
Transform[13]. Instead of Fourier analysis that use a constant amplitude series of sine and cosine
functions for representing each component of the signal frequency, the HHT technique is based on the
instantaneous calculation of the frequencies of the EMD signals which are obtained by applying the
Hilbert Transform [14].

In order to study the behavior of the ZSVC under non-stationary conditions, experimental tests
were carried out with a healthy and faulty PMSMs. A sinusoidal speed reference with amplitude of
1000 r/min, frequency of 0.1 Hz and offset of 4500 r/min was applied. Therefore the PMSM was
operating between 3500 and 5500 r/min. Fig. 4. shows a window of the HHT spectrum (centered in the
first harmonic, between 175 and 225 Hz) of a healthy (Fig. 4a) and faulty PMSMs with two (Fig. 4b)
and four shorted turns (Fig.4c). While in the healthy spectrum it is not possible to distinguish the first
harmonic (referenced to healthy third harmonic amplitude at 6000 r/min), in the faulty spectrums the
first harmonic visibility increases with the severity of the short circuit fault.
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Fig. 4. Experimental ZSVC Hilbert Huang spectrum of a healthy and faulty PMSMs operating
under speed changes (3500-5500 r/min). a) Healthy. b) 2 shorted turns. c) 4 shorted turns.



Although it is difficult to analyze the time-frequency representation due to the amount of data
provided, the HHT transform has relevant information about the evolution of the ZSVC harmonics
with speed. The first harmonic amplitude is tracked and extracted searching for the maximum around
the frequency of interest. This frequency is obtained from the actual speed of the motor (with £10
tolerance). Fig. 5, Fig. 6Fig. 7 show variation with the speed of the first harmonic amplitude for a
healthy and faulty PMSMs with two and four shorted turns. Note that the amplitude of the first
harmonic increases with the number shorted turns (fault severity).
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Fig. 5: Experimental ZSVC of a healthy PMSM. a) Speed variation. b) ZSVC first harmonic
amplitude.
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Fig. 6: Experimental ZSVC of a faulty PMSM with two shorted turns. a) Speed variation. b) ZSVC
first harmonic amplitude.
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Fig. 7: Experimental ZSVC of a faulty PMSM with four shorted turns. a) Speed variation. b) ZSVC
first harmonic amplitude.



IV. Inter-turn short circuits fault severity index

The goal of a diagnosis system is to distinguish and quantify faulty operation modes from healthy
one. Therefore it is highly desirable to dispose of a fault severity index which enables the proper
diagnosis of the fault under different operating conditions. In this work it is analyzed the behavior of
inter-turn short circuits in PMSM running at several speeds and it is proposed the ZSVC as a fault
diagnosis method. Fig. 8 shows the evolution with the speed of the ZSVC first harmonic for healthy
and faulty PMSMSs. Note that the correlation coefficient and the slope of the linear fit between the first
harmonic amplitude and the speed increases with the fault severity. Thus, these two mathematical
coefficients may be used as fault severity indexes. Table 2 summarizes the slope and the linear
correlation coefficient values obtained from the linear fit.
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Fig. 8: ZSVC first harmonic evolution with the speed of a healthy and faulty PMSMs. a) Healthy.
b) Two shorted turns. ¢) Four shorted turns.

Table 2: Linear relationship between ZSVC fist harmonic and speed.

Healthy 2 shorted turns 4 shorted turns
Slope 1.797x10° 6.589 x10° 3.492 x10°
Correlation coefficient (R) 0.7201 0.8650 0.9687




V. Conclusion

In this paper it is proposed the diagnosis of inter-turns short circuits faults in a PMSM running
under stationary and non-stationary conditions by means of the first harmonic of the stator winding
zero sequence voltage components. It has been proved that its amplitude depends on the circulating
current through the shorted turns. For non-stationary conditions it is proposed the data processing by
means of the Hilbert-Huang transform, followed by the extraction of the first harmonic amplitude with
a frequency tolerance interval of £10%. Experimental results show the linear relationship between the
first harmonic amplitude of the ZSVC and the actual speed of the PMSM. Additionally it has been
proved that both the slope and the correlation coefficient arising from the linear fit between the ZSVC
first harmonic amplitude and the speed increases with the fault severity, which can be used as fault
indicators.

VI. Acknowledgements

This work was supported in part by the Spanish Ministry of Science and Technology under the
TRA2010-21598-C02-01 Research Project.

VII. References

[1] B. M. Ebrahimi, J. Faiz, and M. J. Roshtkhari, "Static-, Dynamic-, and Mixed-Eccentricity Fault
Diagnoses in Permanent-Magnet Synchronous Motors," IEEE Transactions on Industrial Electronics, ,
vol. 56, pp. 4727-4739, 2009.

[2] J. Rosero, J. Ortega, J. Urresty, J. Cardenas, and L. Romeral, "Stator Short Circuits Detection in PMSM
by means of Higher Order Spectral Analysis (HOSA)," in Twenty-Fourth Annual IEEE Applied Power
Electronics Conference and Exposition, 2009. APEC 2009. , 2009, pp. 964-969.

[3] J. Rosero, L. Romeral, E. Rosero, and J. Urresty, "Fault Detection in dynamic conditions by means of
Discrete Wavelet Decomposition for PMSM running under Bearing Damage," in Twenty-Fourth
Annual IEEE Applied Power Electronics Conference and Exposition, 2009. APEC 2009. , 2009, pp.
951-956.

[4] S. Grubic, J. M. Aller, L. Bin, and T. G. Habetler, "A Survey on Testing and Monitoring Methods for
Stator Insulation Systems of Low-Voltage Induction Machines Focusing on Turn Insulation Problems,"
Industrial Electronics, IEEE Transactions on, vol. 55, pp. 4127-4136, 2008.

[5] J. Jee-Hoon, L. Jong-Jae, and K. Bong-Hwan, "Online Diagnosis of Induction Motors Using MCSA,"
IEEE Transactions on Industrial Electronics, , vol. 53, pp. 1842-1852, 2006.

[6] A. Bellini, F. Filippetti, C. Tassoni, and G. A. Capolino, "Advances in Diagnostic Techniques for
Induction Machines," IEEE Transactions on Industrial Electronics,, vol. 55, pp. 4109-4126, 2008.

[7] M. A. Cash, T. G. Habetler, and G. B. Kliman, "Insulation failure prediction in induction machines
using line-neutral voltages," in Conference Record of the 1997 IEEE Industry Applications Conference,
1997. Thirty-Second IAS Annual Meeting, IAS '97, , 1997, pp. 208-212 vol.1.

[8] L. Parsa and H. Lei, "Interior Permanent Magnet Motors With Reduced Torque Pulsation," /EEE
Transactions on Industrial Electronics, , vol. 55, pp. 602-609, 2008.

[9] T. R. Jawad Ahmed Farooq, Abdesslem Djerdir, Abdellatif Miraoui, " Modelling and simulation of
stator winding inter-turn faults in permanent magnet synchronous motors," COMPEL: The
International Journal for Computation and Mathematics in Electrical and Electronic Engineering, vol.
27,p.9,2008.

[10] L. Romeral, J. C. Urresty, J. R. Riba Ruiz, and A. Garcia Espinosa, "Modeling of Surface-Mounted
Permanent Magnet Synchronous Motors With Stator Winding Interturn Faults," IEEE Transactions on
Industrial Electronics,, vol. 58, pp. 1576-1585, 2011.

[11] O. Wallmark, L. Harnefors, and O. Carlson, "Control Algorithms for a Fault-Tolerant PMSM Drive,"
IEEE Transactions on Industrial Electronics,, vol. 54, pp. 1973-1980, 2007.

[12] F. Briz, M. W. Degner, P. Garcia, and A. B. Diez, "High-Frequency Carrier-Signal Voltage Selection
for Stator Winding Fault Diagnosis in Inverter-Fed AC Machines," IEEE Transactions on Industrial
Electronics, , vol. 55, pp. 4181-4190, 2008.

[13] R. Puche-Panadero, M. Pineda-Sanchez, M. Riera-Guasp, J. Roger-Folch, E. Hurtado-Perez, and J.
Perez-Cruz, "Improved Resolution of the MCSA Method Via Hilbert Transform, Enabling the



Diagnosis of Rotor Asymmetries at Very Low Slip," IEEE Transactions on Energy Conversion, , vol.
24, pp. 52-59, 2009.

R. Yan and R. Gao, "Hilbert-Huang Transform-Based Vibration Signal Analysis for Machine Health
Monitoring," IEEE Transactions on Instrumentation and Measurement vol. 55, p. 10, 2006.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /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

  /CreateJDFFile 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 (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


